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I.CFC-TFFM PRECIPITATION P.ECOppf.

D.G. Baker and E.L. tuechy

Two pr<?c±y:ltst?cr records, among many otho.rs, can be cited to show that we are currently ir a
"vet" regire. The records we hpve ch<r.c.r. to show are those of Minneapolis-St. Paul (1837-1983) and
Fbirn'Ont (1887-1983), Fig. 1 and 5', rt fjfctiveJy. T.n each illustration the asterisks represent the
total preclpltf^.cr. tach year and the long straight line, ic t.ha average for the total record. Thi-
next longer,t straight line, (it is at the right hard ride) represents the average or normal lor the
1951- \Sr.O period. For Minneapolis-St. Feu! this 30-year average, is rlif.ht?.;- l«s= than the long-term
rverage, while for Fairmont it Ji*. slightly higher. The next btrright Hre above is the average for
the most recent 10 years, 1974-1983. And above thir JO ytiu:: line at each station is another end
shorter line tht.l: rtrreFertp the average for the Ir.ct 5 years, 1979-1983. Table 1 sumnarir.er what
thepe ♦*x records 6how about the recent annuel precipitation averages.

Table 1. Precipitation averages at Minneapolis-St. Paul and at Frlrrcnt.

Period Mlrreapolis-St. Paul Fairmont

1837-1983 26.83 in.

1887-1983 — 28.80 in.
le51-3f)f.O ?c.4? in. 29.14 in.

1974-1983 28.6C ir.. 31.59 in.

1979-1983 3U.C?ii. 36.?? ir.

These results, which show a marked recent increase In the annual total precipitation at the two
nations, are not unique to either oi there fwo stations, or even to the FtPte of Minnesota. The
ripe in Devil's Lake (North Dakota) and Salt Lake (Utah) and the reriu.'r^rp problems have been in the
news for sotie Lime. Tt is quite apparent that rvch if not all of the problems encountered by
property owners on cor'* .Veal lakes are due to the recent precipitation increase.

The r''c records shown in Fig. 1 and 2 make it obvious that the current high precipitation is
not the first time ouch an event hes occurred. Indeed the two record*- show that wetter periods of
even greater duration have occurred at leapt three of four times previously within the record
period.

A second print of value to learn from the two records is that each wet period has beer followed
by a dry one. A third point tc he gleaned is that while at first glance the rise and fall appear to
have some regularity while the wet and dry periods are variable enough that a prediction as to their
future occurrence cannot be made with any degree of confidence.
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SOIL MOISTURE

P.C. Baker, W.W. Nelson, G. Pare'./•".?. and D.L. Ruschy

Tht- recent precipitation iwv»-./.rr ir pJpo evident in the soil moisture record at Lamberton,
Southwest /fv'rn-lriiral Experiment Station, in tho last three reasons, 1982-198*. Fip. 3, 4, and 5,
respective};'; the i.r-i.1 B'oieture has greatly exceeded the Ir.rr-terw Average that beg/»r ir J1)64. 'ihe
s££ecu that these three year? luv.',- r,«d upon the long-term averrf-r ir considerable: compare the
IOC/:- ?"PI rverage with that of 19M-I9v\ ebewn in Fig. 6.

M Waseca the 1984 season did net ehev up as an especially wet sparer in tents of the soil
T'?:>':i"-f reppurements as shown ir Flfi. 7. However, in comparing an average r.rrrer at Waseca to one
i>.t Lamberton it is evident that Wasecp her r wttov growing season. Not only ic the. total water
content greater ac Wasec/i hut rj-p Fppeea soil water profile does not ehev the large midseason
decrease In rc-'rturr supplies typical of Lamberton and western Minnesota. This very irpcrtsnt
difference betv.-iit; the two stations must be reflected 'r c-rc? yields, since Waseca's water supplies
"p.rr.raily remain much higher during, tho critical sllking-tasselirp prd girdin filling periods.

Lamberton S.W. Exp. Station
Soil Moisture
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Figure 3.
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The average total plant avr,?.?rWr roil water In 5 feet of poll under corn at Lamberton for the
1964-19P' perrcf! in to be seen in Fig. 8. This is sitiilar tc the generalized plctnrr- of the noil
moisture profile thtr Yat been shown in previous yearo. Tl r-hcvr that on the average In the vrel: of
June 10 the maximum anient.- ;'i? re«ched and the minlrruir cccurr cr cr aLout Sept. 9. The drawdown in
soil vp.tc- br-.'-t-vor there two dates (what we hr.ve termed the "grand consumption" period) rmevrte to
about 3.CO irchep. Fig. 8 also illuptrptrr '.he two soil moisture recharge pericdc: (1) late summer
and fall recharge from abo:t f>nt. 9 tc noil freeze-up, which ucualJy occurs in the first week of
December, and '?* the nuving recharge from soil thaw (about Mie firpt week in April) upM1 rhotit
June 10. The fn.Tl rtscharge period is ordinarily gro.*.f>r then that of spring on agricultural soils.

Fig. 9-15 permit a more detailed examination of the soil moisture rrn'-cnsl changes to be made.
Thf rrvrr depths represented by F.lft. 9-15 ere the intervals in which the ^n-i'rch column of soil is
npmpled.

There ie some indication of a lag with depth cf the spring recharge. More, evident, however, is
the Vr, with depth of the time when the minimum soil moisture content is reached. The approximate
dates when the naxlpur> and minimum amount of water is reached en the average at each depth are shown
in Table 2.

Table 2. Approximate ibiter cf the maximum and minimum water content at different depths under ccrr.
at Lamberton, 1964-I9P*.

rtepth Dr.re oi Bate of Interval,
Maximum Minimum Days

0-6 ir. June 10 Julv 22 42

6-12 June 10 Aug. 26 77

12-18 June 10 Sept. 9 91

18-24 June 10 Fep^. 9 91

24-36 June 17 Sept. 23 98

36-48 June 17 Oct. 7 112

48-6C June ?& Oct. 14 112

The maximum water content at each depth interval shows litt:?c variation because It Is pimply a
matter of the rate at which the water can percolate through the soil. On the other hand, the time
at which the mir.inw if reached is essentially a function of when the roots are able to rcr.ch a
given depth as well as the rr.cvenent of water (both upward and downward) to regions of lower soil
water content.

A.W.C. in Figures 8-15
represents the plant
Available Water holding
Capacity.
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IC7.L KOISTURE MODELING

J.A. £ar.dlo, F.7.. Kuehnast, P.I. Fvechy, m:<1 I).'?. Baker

Ct-iZ moisture is meucurod cr only p few sites across the pt.'te. One reason for the lack of
more ireprrrcrcents is that it is a difficult ard time consuming task. As a repult. rhcrc hr.s been an
attempt to devclr.j. nFihemetical models based on varlabTcc 'rportant to soil moisture puch cc
precipitation and tenptiarure. A model was developed hpro which permits an estimate to be madt° oi
thf lor.g- t'-rr vpr4ation in soil moi^tur*. The ltsuits based on the long-tena I"f:ne.rpcHp-St. Paul
v/euther records is illuptrrrrd in Fig. 16, 17, and 18. The first two show the year by year
variftion in the calculated soil woifiUirr- for September 1 and November 3 of each year. The third,
*:"£;. 18, is for the soil moistutt ccnter.t ep of May 1 but the data have beer rmcM-.hed. The
rrcrthing permits the trendp re be ihcvr. and obscures the usually tiirtrpefirp annual variations.
The computer pngror. vhlo.h was used to prepare Fip. Tfi- IE was developed by Mr. Jamee Zsndlc of the
State Climatolopy Office. Students and staff my bo interested in the computer prog-'.in end mry
conitct Mr. Zandlo for the program.

TTwM''»i''''i'i->i»i''|i'''J'''U'iiij'''M'iiii'''̂ V!Al'»Wi'«XViV''»VkWA'iAT W'ic'Mc1 "i"'"oKn'sd: 208 198241836 mjH.nau nrw-sirHUL mt,v1hjj inn inn so- m im
STATE CLIMATOEOGV OFFICE - Ninnesota Departoent of Natural Resources • HATERS

Figure 16.
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THF TVI11 CITY TEMPERATURE RECORD AHD CLiHA'.'IC FTAPTITTY

L.G. I-ch.er and P.T.. Puschy

That climate is constantly c.hf.rfr-'rf if sometimes forgotten, and thus it is assumed to be
pprroyirrtcly ov absolutely constant. Ever those of u«3 who accept the dynaric pppcct of climate
eometimea forget rbi> dffciee of charge that has occurred -.in t.hr. recent p»Pt. The variation ir
precipitation ut I'.ir.r.pnpol.is-St. Paul has alrepdy t.prn shown in Fig. 1. In that figure the long
curved line ruj.rrrftp the general trend line with the annual variations suppresui.-d. The.
temperature variation trend upon the long-term Twin City record, 1820-1983, also shows marked
v«riat:".crt, Fifc. 19. A 30-year running avc-rc 1p phown. Two quite dramatic changes in direction
of the tr.r.pisrature curve are shown. The temperature was declining until rrcuf. 1E9C when another
change took place. Thl.p vex an upward trend that reached a maxiirur Ir. rhcut 1960, which wap
succeeded by a decrease that has fcrr-rght the laean down to about what it was ir the ?.930'n.

44.6

£ 43.0 H

S? 42.8
o

Twin City Temperature
1820 -• 1983 Data
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Figure 19. End of 30 Year Period
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Climatic anoralles (variations that appear to be cut of the ordinary, an ur.upup! evert) ere
often difficult to pin oowi. tid vnrify. Some seem to he more cr 7»rr .V=£i-udary and might be termed
o.'ci vivrr' tales". Others are tru.lv uuucuaj events - or at least events thu- iter to he out of

• .-; real event that does elude a pveci.se .->i-d quantitative
•cr-*- rrd. of course, its duration variee from year to year.

Keverthplrrr its occurrence is frequent enough that it 1p a recognized feature, brother event that
has been difficult to prove but remains as something Mm?, t.'o rl! peeir. to have heard of ia the co-
called January thi.v. l'wever, to be certain as to itp occurrence (do we all agree on its time of
occurreviCf;: t-.r.^ y, piddle, or late January?) we must be able to define it before wt car. IroV for it
in our records.

We did not have the "January thaw" in mind whet: wc ivfrp calculating the menr dally temperature
»•. ".).*•. St. Paul campus weather station. l.1«or analysing the 1963-19P3 rerpfiV.Mure record a marked
'Tperature increase of about 7ci: v&u- noted centered on January 21. Thir fr rhown ir. Ftp. ?.0. The
same very notsccs'IOe feature was found In the Kirreepolis-St. Paul airport record for the same
period. In order to dcrcrrire the confidence that could be pieced in our finding we analyzed thr
Wrmep-polio-St. Paul record decade by decade for the 1891-1980 period. The "January thaw" could he
observed in four of the nine decades. ro 1* vr.uld appear that the "January thaw" remains an
erfcrxifivsl feature in terms of ite predictability. Upon occasion it apparently can be a strong and
noticeable feature, but it retu'iiu; inconstant and unpredictable in *t.r- pppearance.

vivrr' tales". Others an; t-ul

.vrder. One is Indian summer, vYfc.h
«o.:..i'itioii. It does not occur evi-.r-,-

U.
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0)
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AGRICULTURAL YEAR PRECTTTATTON, SEPT. 1983
E.L. Kuehnast and D.G. Baker

AUG. I9F4

Basiid nprr the long-term Lamberton soil mcieture study it has become evident thpt the l?-month
precipitation period of interest tc Mirrchota agriculture is not January-Pecemher, but it is
September-August. Thia if hocrv.rc the sell moisture reached itc minimum in late August but beginning
In September the soil irr*p.ti:rr reservoir begins to be recharged. Thie surplus then is not used vrf.I
the next crop season. Thus the precipit.itior rf Importance to the 1984 crop war. the precipitation
which fell between September J?r*3 sre August 1984.

AGRICULTURAL YEAR PRECIPITATION

Figure 21.
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It ie evident from Figs. 21 and 22, which fhcw the total annual precipitation ard the
normal, reppectivcly, that the southern half of th^ state was well supplied. Except
over Watonvor. County in south-central Minnesota thf. drrrrtfrep from normal ranged all
»r 10 inches in three different areas: one in the extreme southeast corrrr, cnother
the Twin City metropolitan arer, and a third running in a narrow band from Kprdiyohi
to southern Pine County.

Below precf j>J.trf!er occurred in a large part of the northern half of the state.
a small area in Pennington, Cleprrrtcr, and Beltrami counties in the northwest where
was at least 4 inches.

AGRICULTURAL YEAR

PRECIPITATION DEPARTURE FROM NORMAL
SEPTEMBER 1983 - AUGUST 1984

departure from
for F rmcll area

the way up to 8
centered over

County northonot

The driert vvf

the departure

Prepared by.:
DKR, Division Of Waters
State Climatology Office

4' 6 8 10 108
Figure 22.
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SOIL MOISTURE SITUATION, SPRING 1985
E.L. Kuerri-rt and P.G. Baker

This report 1*3 from a mathematically modeled soil moisture prplypie that ia based on precipitation
data. The model estimates the amount of plant available water rhp* is contained within a 5 foot
cclurr of rediurr to fine textured eo:'..'.. The Indicated results should be ai.'jurted pecording to
whether the actual soil within a piver f»r enr hold more (a heavy or clay soil) or ?.opb (a light or
esndy soil) than the basic 10 irr-hrp..

^reas with 10 inches or mere of soil moisture in Fig. 23 are considered tc be at or near their
maximum water holding capcity. Roils In the P tc JO inch areas will be near maximum capacity with
normal spring raina. Tbrp. p]] cf Minnesota except the northwest is expected to have soils; tt their
maximum capacity thir ppring. The areas with normal to slightly above normal soil moisture
conditions ere Kittson, Marshall, Penningtr-r r.rd Clay and parts of Roseau, Red Li'ke, Polk, Norman
nnd T.'ilken counties.

The difference between the epring of 1964 versus 1985 is that last year the rcils did not freeze
because of the exceptionally heavy early enow cover. Thus the woil water from the upper layers
percolated into the cub-rollp all winter (W.W. Nelaon, University of Minnesota, Southwest r-porirent
?tPtion, stated that the "drrlrrp- tiles ran all winter"). This year in rlnoat the reverse with
little to no snow cover through Decwbr.r rrd minimum snow cover into February. This has resulted
with deep frcct depths of more thatn 24 inches acreep the state by February 1, 19P5. Vithin the wet
frozen soils there car be no percolation and most of the r.ncw pelt water and even the rains that may
occur during snow melt will be lost as runoff. As a result there, will be little change in the soil
moistuvn condition* between the time of r.oil freeze-up and this spring's thaw pp.riod.

This is the fourth sprirr ir a row, as a whole, across Minnesota there will be high soil moisture
conditions. The question is, what affect doer thir have on spring planting? The mean date in
Minnesota when 50% of the corn was planted in the last 10 yenrp war the 13th of May. The five wet
sprirpp. of the last 10 years were 197P, 1979, 1982, 1983 and 1984 and the 502 ccrr plpnt dates for
Minnesota were May 16, May 23, May 13, May IP, Kay 17, respectively. (All planting dates - Federal
Crop Reporting Service). 'nterpretetion of these data show an average of about 5 days delay in
planting, which pJfo extended the maturity date about 5 dcyp from ?0th September to abevt the 25th
of September. By extending the maturity 5 days it approximated ? to 3% additional corn moisture at
harvesting.
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Prepared by:
State Climatology Office of the
Division of Waters, Department of
Natural Resources and Soil Science
Department, University of Minnesota

Figure 23. Plant available soil moisture on November 1, 1984
expressed in inches for the top five feet of medium to
fine textured soils. Data derived from a soil moisture

model based on precipitation data only.
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jT-'Fl.T!n?rr CF KTTPOGFN FORM, NITROGFN PATF, TJliJhO
OF NITROGEN APPMCATIOr /IT NITRIFICATION INHIBITORS

70R riM^C-AYEl; CORN - BECKER, MN 1984

G.I. Mrlzer rrd 7. Graff

Nitrogen nnmtfrritiut or. the coarse textured irrigated f.r*?p of Minnesota Ip a ma.lor deripion that all
cr;r-. growers must make in their production pyptem. Nitrogen management includes many aspects of
r-'trcper fertilization such ac rr.te.t-, fcrms, methods, times, equipr-ert. prd additives. Nitrogen
fertilizer appliestier, ic ;>r M«sential component fcr top yields on these coarse textured eoile, crd
many tin*;: thr prcducer does not have the flexibility ip nitrogen management that n producer on a
liner textured soil might have. The vpp cf nitrification inhibitors under irrigation also present*
seme new nitrogen manageirer* trchrioues that should be considered. The most common method for
application of nitriflrr«-!ri; inhibitors is with simultaneous application of anhydrous arnmorir. limbs"
irrigation, nitrogen application tu«y tahr pipce ir several manners, ranging from one single
aprllcrftm to multiple application, which vey he facilitated through the Irrigation water. With
such management sysrercr. a variety of fertilizer nitrogen fcrmr ray be utilized. These man<-geirer:t
alternatives often add to the coot of production and reouire e reasonable amount of timeliness tc
avoid yield reductions. A new trial was established in 1982 to evaluate the significance cf nitrogen
rates, nitrogen form, timing of nitrogen application and the use of nitrification inhibitors for
irrigated corn prcductirr.

Experimental Procedures

An expericrrf rrrpipting of 25 treatments, with four replications was arranged ir. f rrrdemized
complete block design and established at the Sand Plain Research Farm near Becker, Minnesota.
Variables in the experiment consisted rf three nitrogen rates (0, 84, 168 kg/ha), three nitrogen
sources (anhydrrnp cmonia, urea and 28% nitrogen solution), two types of application (prcplant or
sidedrepr at 10-leai growth stage) and three nltrifloetlor inhibitors (none, H-Serve and DCD). Due
to the different types and rates of material utilized, the experiment was rot cenducted in a complete
factorial arrangement. Modifications include: 1) Nitrificaticr Irhlbitor treatments were applied
only with preplant N applications; 2) only 28% N solutions ard prhydrous ammonia were applied as
oidrdrrrp v application; 3) N-Serve applications were made at 0.56 kg/ha rate cf replication; 4) the
DCD treatments were applied as a percentage cf the total N applied. Urea and 28% N solution were
applied at rates of 10% DCDN vr.il e anhydrous ammonia wap applied at a rate of 2.5% and 5% N as DCD.
Urea was supplied by £FW containing 10% DCDN, applications of DCDL were made to 28% N solution and
DCPG to anhydrous ammonia to obtain the appropriate concentration of DCDN.

Prior to planting, broadcast application of potassium-magnesium sulfate (336 kg/ha C-O-22),
potassium (252 kg/ha C-C-60), and phosphorus (112 kg/ha 0-46-0) were made and incorporated hy
plowing. Nitrogen applications were made prior to planting (Kay 2nd) and at the 10-leaf stage of
growth (June 21st). Corn (Pioneer 3906 •- 95 relative maturity) was planted on Kay 3rd in .76 m rows
at a pppi'.lr.tion of 75,800 seedB/ha. Starter fertilizer was applied at the rate of JP5 kg/ha 8-10-30
side banded at planting. A tank mix of Atrazine (2.24 kg/ha) ard Ipeso (2.24 kg/ha) was applied on
May 4th for weed control. The incecticide Lorsban was applied through the irrigation system on July
11th at thr rrtf of 8.12 kg/ha for corn bore control.

Leaf samples from opposite and below the ear at mid-silking were obtained on July 19th, dried and
enrTyped for Kleldahl nitrogen. Total dry matter production and final yield? were determined on
September 19th by hand harvesting 11.6 m2 of plot area. Ears were separated from the stalks, field
weights of each obtained, and pamples removed for moisture and nitrogen determination. Grain yields
were adjusted to 15.5% moisture.

The irrigation program was p.trrted on June 28th and continued through September 5th with a total of
31.4 cm being applied through irrigation. An additional 46.2 cm of water was obtained durirp the.
growing season as rainfall. Large rainfall cvr.ntp were received in mid-June and were responsible
fcr pif;rificant leaching of nitrate-N especially with some of the treatments applied early in the
season.

General Results

The experimental renultF and statistical analysis are presented in Tables 1 and 2. Due to the
incomplete factorial rrturo of the treatments the statistical analysis was conducted utiliring
Heve.ral different combinations of the treatment*. The different methodu included: 1) mean
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comparison of the 25 treatirer*r, rr.A factorial combinations including ?.) two nitrogen rates with
chrte nitrogen forms with and without ?• Serve, 3) two N rates with two I! forms applied at two
differert timer of application, 4) two N rater, with four nitrification Inhibitor treatments applied
with anhydrous amrcr.ie, and I) two N rates with three nitri'ir.rtior inhibitor treatments with urea.

Thr. reformation included in Tablet- 1 tnd 2 present information repprd'nf: prain, stover, and total dry
rrtter production as well as I* co:.cemrations within the plant p&rtr. r.rd K rercval. This brief
dlpourfir-v vill include evaluation of only grain yields.

The leaching losses o. nitrate-N associated with many of the- rrrly pprlng N applicationp were
extremely severe at thie lecr.rion in 1984. This is primarily the v»!t;ult of the major precipitation
event th.-.r orctirred approximately five weekc after the early N application*. Thir tire period
allovec fcr substantial nitrification of rr-Tionium-N to nitrate-N so relatively large quantities of
nitrate were lost by leccbirp. Thp extent of N loss on yield reduction can be evaluated by comparing
the yields associated with prcpl.itit N applications with treatments applied at the 10-leaf stage of
growth.

t'itrcgen rate - Grain yield? was significantly (.05) increased up through the highest rate of F
application (168 kg/ha). Thir v».u7.d be expected since the highest E rate ia nlightly lower than thr
currently recommended rate of upplic«f.or. The factorial combinatlore fcr grain yield indicated
slpnifirrrt interactions for rate x form, rate x time, rate x inhibitor, and rate y form j: time.
The number of interactions reflect the complexity of nitropr.r rate as a component of nitrogen
management. The rate x fcrm interaction suggests that yleV.r obtained with urea and 28% K solution
were reduced dramatically at both R rat^e while anhydrous ammonia did not reflect r.r much N loss at
the higher rate of N application. Trr rr.tr :: time of application interaction cuggested that N
losses were more severe at tin; lot; V *v>te than at the higher N rate. Thin would suggest that the
ccri-crr.ion of ammonium-N to nitrate-N probably took place faster under the lower rate of N
application. The N rate x inhibitor interaction would suggest thr.*: VCP performed better ncri>B!< N
rates than did M-Serve. ll-fe.rve demonstrated yield Irerrcuau at the higher N rate, but provide-d
minimal influence ft the low N rate. The inhibitor DCD provided yield increases at both K rptep.

Nitrogen Form - When nitrogen Icppff r.rc minimal, different N fertilization sources would tend to
provide similar rcrrltp. Pcwever, in 1984 leaching losses due to mid-season precipitation were very
ec.vere. Under these conditions prhrdrous ammonia was superior to the other nitrogen sources.
Broadcast forms of fertilizer K r.uch pf urea and 28% solution produced similar results. Although
urea is 1P07 eirmcnium forming, it is possible that differential nitrification due to method of
application (broadcast incorporated vs. injected amcorl.p) coupled with the mid-season leaching
events were repponpih.l.o fcr the observed results.

Nitrification inhibitors - All nitrification inhibitors tested provided significant positive yield
increases. At the low N rate POP war, the most effective inhibitor acroBs all three N sources
tested. At the higher N rate N-Serve end PCD provided similar results when used with anhydrous
ammonia (both were effective in reducing K loss). The product DCD was clearly puperior to M-Serve
at the higher N rate when U6ed with urea and 28% N solution.
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Table 1. Influence of N form, N rates, nitrification inhibitors, and timing of application on
yield grain, and dry matter production on irrigated corn Becker, MN - 1984.

Treatments

N-Rates N-Form Inhibitor Time

kg/ha

Control

84

84

84

84

84

84

84

84

168

168

168

168

168

168

168

168

84

84

84

84

168

168

168

168

P-Value

BLSO (.05)

AA

AA

28%

28*

UREA

AA

28%

UREA

AA

AA

28%
28%

UREA

AA

28%
UREA

UREA

AA

AA
28%

UREA

AA

AA
28%

N-Serve

N-Serve

N-Serve

N-Serve

N-Serve

N-Serve

10% DCDN
2.5% DCDG

5% DCDG
10% DCDL
10% DCDN

2.5% DCDG

5% DCDG

10% DCDL

PPL

10-lf

PPL

10-lf

PPL

PPL

PPL

PPL

PPL

10-lf

PPL
10-lf

PPL

PPL

PPL

PPL

PPL

PPL

PPL

PPL

PPL
PPL

PPL

PPL

Grain

Yields

Bu/A mt/ha

57.6
98.3

147.0

69.8
99.1
65.4

92.6

71.7
77.7

135.3

169.9

72.9

148.1
58.3

161.1

75.5
88.4

96.1
125.8

129.3

93.4
176.6
166.7

164.8

104.0

99

13.2

3.62

6.18
9.24
4.34

6.23

4.11

5.82

4.51
4.89
8.51

10.68

4.58

9.31

3.67
10.13

4.75
5.56
6.04

7.91

8.13

5.87

11.11
10.48

10.36

6.35

99

0.83

Dry Matter Production
Grain Stover Total

-mt/ha-

3.04 3.00 6.04
5.20 5.35 10.57
7.79 5.80 13.59
3.69 3.33 7.03
5.24 4.75 9.99
3.45 3.65 7.12
4.90 5.06 9.97
3.78 4.03 7.84
4.12 4.48 8.60
7.17 6.58 13.75
9.00 6.27 15.27
3.85 3.92 7.77
7.84 5.87 13.73
3.09 3.06 6.16
8.53 7.10 15.63
3.99 4.55 8.55
4.68 5.67 10.35
5.08 5.39 10.50
6.63 6.56 13.24
6.85 6.65 13.51
4.95 5.08 10.06
9.34 7.84 17.20
8.82 7.21 16.04
8.74 7.43 16.19
5.51 5.71 11.22

99 99 99

0.69 0.74 1.32

Factorial Arrangement ( N-Rate X N-Form X, Inhibitor j_

N-Rate

84
168

P-Value

N-Form

AA
28%
UREA

P-Value

Inhibitor
Control
N-Serve

P-Value

Rate X Form
Rate X Inhibitor

Form X Inhibitor

Rate X Form X Inhibitor

Table 1 continued on next page

79.3
98.6

99

4.99
6.20

99

4.19
5.21

99

4.32
5.15

99

8.53

10.63

99

121.8 7.66 6.45 6.02 12.47
72.5 4.56 3.83 3.96 7.79
72.4 4.55 3.83 4.21 8.06

99 99 99 99 99

83.3 5.23 4.41 4.32 8.73
94.5 5.94 4.99 5.15 10.17

99 99 99 99 99

99 99 99 97 99
98 98 98 96 98

93 93 93 99 97
84 84 84 82 78
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Table 1 continued

Treatments Grain Dry Matter Production
N-Rate N-Form Inhibitor Time Yield Grain Stover Total

kg/ha Bu/A mt/ha mt/ha

Factorial Arrangement (_ N-Rate X^ N-Form X^ Time j_

N-Rate

84 103.6 6.51 5.49 4.82 10.30
168 131.5 8.27 6.97 5.67 12.63

P-Value 99 99 99 99 99

N-Form

AA 137.6 8.65 7.28 6.00 13.30
28% 97.5 6.13 5.15 4.46 9.63

P-Value 99 99 99 99 99

Time
PPL 94.1 5.92 4.97 4.79 9.79
10-lf 141.0 8.87 7.46 5.67 13.15

P-Value 99 99 99 99 99

Rate X Form 39 39 39 2 20
Rate X Time 95 95 95 16 68
Form X Time 83 83 83 99 99
Rate X Form X Time 99 99 99 83 99

Factorial Arrangement ( N-Rate X Inhibitor with AA)

N-Rate

84 111.1 6.99 5.91 5.91 11.83
168 157.0 9.87 8.31 7.08 15.41

P-Value 99 99 99 99 99

Inhibitor

Control 116.8 7.34 6.18 5.96 12.16
N-Serve 126.9 7.98 6.72 6.07 12.81
2.5% DCDG 146.3 9.20 7.75 6.88 14.45
5% DCDG 147.1 9.25 7.79 7.03 14.85

P-Value 99 99 99 99 99
DLSD (.05) 0.65
N-Rate X Inhibitor 99 99 99 83 97

Factorial Arrangement {_ N-Rate X Inhibitor with Urea )

N-Rate
84 79.7 5.01 4.21 4.50 8.74
168 107.8 6.78 5.71 5.53 11.24

p-Value 99 99 99 99 99

Inhibitor
Control 61.8 3.89 3.27 3.36 6.63
N-Serve 83.1 5.23 4.39 5.06 9.47
10% DCDN 136.3 8.57 7.21 6.63 13.86

p-Value 99 99 99 99 99
N-Rate X Inhibitor 99 99 99 99 99
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Table 2. Influence of N form, N rates, nitrification Inhibitors, and timing of N application on
leaf N content grain N content and total N removal by irrigated corn. Becker, MN - 1984

Treatments

N-Rates N-Form Inhibitor Time

kg/ha

Control

84

84

84

84

84

84

84

84

168
168

168
168

168

168

168

168

84

84
84

84

168

168

168
168

AA

AA
28%

28%

UREA

AA

28%

UREA

AA

AA

28%
28%

UREA

AA

28%

UREA

UREA

AA

AA

28%

UREA

AA

AA

28%

P-Value
BLSD (.05)

N-Serve

N-Serve

N-Serve

N-Serve

N-Serve

N-Serve

10% DCDN
2.5% DCDG
5% DCDG

10% DCDL

10% DCDN
2.5% DCDG

5% DCDG
10% DCDL

PPL

10-lf

PPL

10-lf

PPL

PPL

PPL

PPL

PPL
10-lf

PPL
10-lf

PPL

PPL

PPL

PPL

PPL

PPL

PPL

PPL

PPL
PPL

PPL

PPL

N-Concentration

Leaf

1.39

1.91
2.83
1.49

2.34
1.39

2.00
1.20

1.39

2.50

2.89
1.48
2.64

1.49

2.60

1.56
1.73

1.55

2.22
2.35

1.15
2.61
2.80

2.58
1.73

99
0.28

Grain

-%•

1.22

1.11
1.29
1.20

1.13
1.08

1.23

1.11
1.18

1.21
1.54

1.12
1.39

1.22
1.26

1.20

1.09

1.16

1.22
1.23

1.19

1.35
1.33

1.39

1.11

99
0.10

Stover

0.50

0.39
0.53
0.49

0.46
0.43

0.43
0.41

0.43

0.47
0.55
0.44
0.61

0.49
0.54

0.41
0.39

0.41
0.41
0.43

0.41

0.49
0.41

0.49
0.43

99

0.09

N-Removal
Grai n

37.4

58.0

100.5
44.7

59.6

37.5
60.6

42.2

49.0

86.9

140.0

43.0

109.3
37.9

108.4

47.9

51.3

59.5

81.7
85.5
58.6

126.7

118.2

121.5
61.8

99

11.2

Stover Total

-kg/ha-

15.0

21.3

30.9

16.5
22.2

15.8
21.7
16.6

19.5
31.6

34.7
17.1

35.9
15.2
38.5

18.6
22.6

22.5

26.7
28.6
21.0

39.3
29.4

37.1
24.5

99

6.3

52.4

79.4
131.5
61.1

81.8
53.4
82.3
58.9
68.6
118.5
173.8
60.2
145.4

53.3
146.9
66.6
73.8

80.3
108.5
114.3
79.6

165.9
147.7

158.7
86.3

99

14.8

Factorial Arrangement ( N-Rate X^ N-Form X Inhibitor J_

N-Rate

—W
168

P-Value

N-Form

AA

28%

UREA

P-Value

Inhibitor
Control
N-Serve

P-Value
Rate X Form

Rate X Inhibitor
Form X Inhibitor

Rate X Form X Inhibitor

Table 2 continued on next page

1.56

1.89

99

1.15

1.18

86

0.43

0.46

94

48.7

62.6

99

18.6
23.8

99

67.3
86.6

99

2.25 1.20 0.46 78.5 28.2 106.8
1.43 1.15 0.43 44.4 17.2 61.7
1.50 1.14 0.44 44.0 18.2 62.3

99 92 67 99 99 99

1.71 1.16 0.45 51.4 19.6 71.0
1.74 1.18 0.43 59.9 22.9 82.9

43 62 80 99 99 99
98 48 99 99 99 99
89 43 23 94 89 95

73 87 99 94 89 95

49 99 90 76 35 62



Table 2 continued

Treatments

N-Rate N-Form Inhibitor Time

21

N-Concentration
GrainLeaf Stover

Factorial Arrangement £ N-Rate X N-Form £ Time j_

N-Rate

N-Removal
Grain Stover Total

-kg/ha-

84

168

2.14

2.38

1.18

1.31

0.47

0.52

65.7

94.5
22.7

29.9

88.5
124.5

P-Value 99 99 95 99 99 99

N-Form

AA

28%

2.53

1.99

1.29

1.21

0.49
0.50

96.1

64.2

29.7
23.0

125.8
87.1

P-Value 99 99 40 99 99 99

Time

PPL

10-lf

1.84

2.68

1.16
1.34

0.45
0.54

58.1

102.1

21.6

30.9

79.8

133.0

P-Value 99 99 99 99 99 99

Rate X Form

Rate X Time

Form X Time

Rate X Form X Time

69

46

95

98

85

99

98

89

1

82

54

98

89

99

74

99

6

63

87

98

80

99

9

99

Factorial Arrangement ( N-Rate X Inhibitor in AA 1

N-Rate

84

168

2.12

2.62

1.20

1.30

0.41

0.48

71.4

108.7

24.6

34.2
96.2

142.9

P-Value 99 99 97 99 99 99

Inhibitor
Control

N-Serve

2.5% DCDG

5% DCDG

2.20

2.30

2.51

2.46

1.16
1.25
1.28

1.31

0.43
0.48
0.41

0.46

72.5

84.4
99.9

103.5

26.4
30.1

28.1

32.9

99.0
114.6

128.1

136.5

P-Value 92

N-Rate X Inhibitor 62

Factorial Arrangement X. N-Rate X Inhibitor with Urea )

N-Rate

84

168

P-Value

Inhibitor
Control

N-Serve

10% DCDN

P-Value
N-Rate X Inhibitor

1.45
1.94

99

1.44

1.56

2.08

99

99

99

54

1.14

1.22

98

1.15

1.13
1.25

98

99

81

48

0.42

0.46

94

0.46

0.41

0.45

96

97

99

71

48.7

72.0

99

37.7

50.2

93.1

99

99

80

82

19.3

25.6

99

15.5

20.9

30.9

99
99

99

80

68.1

97.7

99

53.4

71.2
123.9

99

99
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INFLUENCE OF B0RD3S KOltf P>T TPF YIELD AND NUTRIENT

UTILIZATION OB SIX COI't: IVBVrDF

G.L. Na.Vrr ard T.J. Graff

The agricultural producer ie becoming inereaplrpjy j.wdre of the importance ot management for maximum
economic return. 1.7 th the revpre economic pressures producers' ere currently encountering, the
tendency is to cut back or rcrc rf the variable inputs used in crop production. The lowering of
prodvet.'.oi cost is a viable consideration ir. increasing economic return, an long £8 decreased
production dues not offset the benefit iron decreasing the productlcr cert. fr. n!tentative to the
above approach Is Improved naiu\gement. If a producer can obtain hipher yields with relatively little
change in inputs, higher economic returns would result. Mapppfrrr*: for higher production and at the
f-.,-rc tlr-r Hphest economic return 1p very complicated and it takes a top t-Hi.r.pcr to evaluate all of
the alternatives which are available. A trV v.-.r established at the Sand Plain kesearch Farm near

Becker, Minnesota to frlrrte the ability of six com hybrids to respond to row competition '..r\ r
"non-i-tiiting" production environment.

Experimental Procedure

To examine the influence of border rows, hyl.-id.p yrre rprdomly allocated into experimental plots 45
ft. Jrt.p rnd '/O ft. wide. Each experimental plot was split to allow for two hyhridn. Tour rows (30"
ppacing) of the randomly selected hybrid were planted to tlm ripbt rr left of the center split.
Enough experimental plov.r. were eatablished to allow frr t-h.e rii: hybrids with four replicationc to be
established Ir r complete block arrangement. The experimental area therefore locked like eight rows
of ccrr (two hybrids) separated from the next eight rows by 10 ft. of non-planted r.ren. Fach row
within the experiments p.V/t wpf treated as an individual experimental unit and evaluated separately.
Row position was numbered 1-^ v;i'h I being closest to the non-planted area. The corn hybrids tested
included DeKalb DK447, Northrup King 7\VT/?. Pioneer 3906 (94-95 day relative maturity - R.M.),
Jacques JX77 (100 day E.K.), Funks G4342 and Pioneer 3732 (1C5 day R.M.).

Prior to p.V.ntinp, potassium magnesium aulfate (300 it/a. 0-0-22), phosphorus (SO /'/a 0-4f-0), and
potassium (250 #/a 0-0-60) was hroadcept prd incorporated by plowing. Nitrogen wop. applied in split
applications as anhydrcur f.rrcrip end 28!f nitrogen solution (UAN). The first N application war* rr.dp
on May 2nd (prior to plertlrp) of 175 i?N/A as anhydrous ammonia with N-Serve (0.5 #ai/a). Three more
applications of nitrogen were applied tr.rcitph the irrigation system by ITAtt solution. Applications of
UAN were made or June 27th (20 i?N/a), July 5th (50 ifN/a), and July 31at (30 #N/a). These rpplJcation
times would correspond to the 9-10 leaf vegetativ; ptrgr • prrtpppel, and post pollination. A portion
of the N at the pretassel application (20%) was applied as ammonium ru?.fnte rather then UAN.

Con: vrr planted on Hay 2nd in 30 inch rews at a population of 34,800 seeds/a. Ir. f rcrth to south
orientation. Heed control was accompliphed with r> preemergence application of Atrezine (2 #ai/a)
plus Lasso (2 Hal/h). To rlrimire corn bore damage, Lorshan was applied through the irrigation
system on July IItr.

Leaf samples from opposite and below the ear at mid- rilkirp were taken on July 19th. Samples were
dried ground, and analyzed for elemental concentrations. Grain yields and total dry matter
productlcr was measured on September 24th. Samples were obtained by hand hnrvpprinp the whole plot
area. Ears were separated from the stalks and separate field weights, and samples obtained from each
portion (grain «;r.d rtover) for moisture determination and elemental concentrations. Grnlr yields
were adjusted to 15.5% moisture.

The irrigation program v.-.r rtprted on June 26th and continued through August 30th with a total of
10.05 inches cf water being applied through irrigation. An additional 19.42 inches of water vr.n
obtained during the growing season as raiufal.T.

General Results

A summary of the yield components and rctrient utilization characteriotics are presented in Tables
1-7. As a general rtrtcmnnt, both hybrid and row position influenced yield and nutrlert frtf.kee. It
is Interesting to note that the yield components (Tab)e 1) were Influenced by hybrid and row position
bnf there was no interaction. This suggests that all varieties reacted Ir r rinilar manner as row
position changed. This relationship wae not observed with most of the rutrient utilization data.
Although hybrid and row position were important, there was in most cases a highly significant
interaction. Thir would puppest that the hybrids did not respond equally to the change ir
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competition plarrr' i;i?or their, by row position. Although thir. ptudy did not isolate why trppe
inter.icrfoi'r taiEted, it does pose some iiiterrintirp eueptlons related to the effectiveness of a
hybrid in t.aking up nutrients at verierr ?.c.vels of competition.

because of the volume of data cc^'ected end the number of additional calculations that can be mack,
it is impossible tc oorr^.c.foS.y interpret all of the data. With reppect to grain yield, Furkp d?t-n.,
Pioneer 3732 and beKalb DK477 were among the hiRhert yielde while Jacque? JX77, Pioneer 3906 and
Frrth.rup King PX9242 were somewhat lower. Although longer relative vati^ri.ty hybrid are normally
ppsociated with high yielde, this trend was not observed for a!7. hybrid?. PeKalb DK477 which wpp
among the highest yielding had the lowest relative matnrlfy. The yields from all hybrids responded
to row pusitior ir the Fame manner, and there w.-.r. no Influence of row position on «»•*/ yield parameter
past the ilri't row (outside).

Unlike the yield parameter; rrtrient utilization characteristics of the hybrids did not respord to
row pnnitlon in the same merrpr rrignifiuaut interactions). Pioneer 373? in row position one had the
highest total P uptake, and P upts.';.'.' (,,<:crt>rFed substantially with increasing row number. Other
hybrid? erhihited little or no variation in total P uptake due to row position. Although Pioneer
3906 in row position one had the highest total K uptake, thr hiphert yiplding hybrid, Funks G4342,
had the highest total K uptake across rows. This reflect? the fact that row position had lees
influence cr. Y rntpke with Funks G4342 than with any other hybrid.
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Table 1. Leaf N content, grain yield, dry matter production, grain N content and nitrogen removal
by six corn hybrids Becker MN. 1984.

Treatments Dry Matter Production N-Conc • N-Removal

Row Grain Grain Stover Total Grain Stover Grain Stover Total

No Yield

Bu/A —-T/A-- -% —#/A

Funks G4342 1 251.9 5.96 4.05 10.00 1.32 0.62 157.3 50.4 207.7

Funks G4342 2 203.8 4.82 3.54 8.37 1.30 0.65 126.0 46.4 172.4

Funks G4342 3 204.4 4.84 3.57 8.42 1.26 0.69 122.1 49.2 171.3

Funks G4342 4 217.3 5.14 3.58 8.72 1.22 0.59 125.8 42.5 168.3

Northrup King PX 9242 1 205.6 4.86 3.53 8.47 1.69 0.77 165.1 55.4 220.5

Northrup King PX 9242 2 182.2 4.31 3.27 7.59 1.49 0.69 129.1 45.5 174.6
Northrup King PX 9242 3 175.9 4.16 3.07 7.24 1.41 0.80 117.2 50.0 167.3
Northrup King PX 9242 4 179.6 4.25 3.42 7.67 1.27 0.72 108.1 49.6 157.8
Dekalb DK477 1 241.3 5.70 3.75 9.46 1.44 0.77 165.4 58.2 223.7
Dekalb DK477 2 197.1 4.66 3.07 7.73 1.33 0.63 125.0 38.6 163.7
Dekalb DK477 3 198.2 4.68 3.04 7.74 1.34 0.65 125.8 39.9 165.8
Dekalb DK477 4 204.7 4.84 3.12 7.12 1.22 0.61 118.8 38.4 157.2
Jacques JX77 1 214.8 5.08 3.69 8.77 1.36 0.69 138.9 51.3 190.2
Jacques JX77 2 193.2 4.57 3.01 7.58 1.32 0.68 121.1 41.0 162.1
Jacques JX77 3 192.6 4.55 3.01 7.57 1.29 0.70 118.3 42.2 160.6
Jacques JX77 4 191.3 4.52 2.89 7.42 1.26 0.67 114.2 39.1 153.3
Pioneer 3732 1 249.1 5.89 4.35 10.24 1.24 0.82 146.8 71.8 218.7
Pioneer 3732 2 201.8 4.77 3.61 8.38 1.23 0.77 117.2 55.9 173.1
Pioneer 3732 3 199.9 4.73 3.77 8.50 1.21 0.71 114.6 54.2 168.8
Pioneer 3732 4 213.4 5.04 3.76 8.80 1.16 0.66 117.6 50.3 167.9
Pioneer 3906 1 229.0 5.41 4.01 9.42 1.59 0.68 172.4 55.0 227.5
Pioneer 3906 2 189.7 4.48 3.44 7.93 1.57 0.65 141.4 45.0 186.5
Pioneer 3906 3 194.6 4.60 3.30 7.91 1.57 0.57 141.9 37.8 179.7
Pioneer 3906 4 188.9 4.47 3.34 7.81 1.36 0.59 121.5 39.9 161.4

Main Effects

Hybrids

Funks G4342 219.3 5.19 3.69 8.88 1.27 0.64 132.8 47.1 180.0
Northrup King PX9242 185.8 4.39 3.34 7.74 1.46 0.75 129.9 50.1 180.0
Dekalb DK477 210.3 4.97 3.24 8.22 1.33 0.67 133.7 43.8 177.6
Jacques JX77 198.0 4.68 3.14 7.82 1.31 0.68 123.1 43.4 166.6
Pioneer 3732 216.0 5.11 3.87 8.98 1.21 0.74 124.0 58.0 182.1
Pioneer 3906 200.5 4.74 3.52 8.27 1.51 0.62 144.3 44.4 188.7

P-Value 99 99 99 99 99 98 98 99 83
BLSD (.05) 7.3 0.17 0.17 0.33 4.5

Row

1 231.9 5.48 3.90 9.40 1.44 0.72 157.6 57.0 214.7
2

3
*

194.6 4.60 3.32 7.93 1.37 0.68 126.6 45.4 172.1
194.3 4.59 3.29 7.90 1.34 0.69 123.3 45.6 168.9

4 199.2 4.71 3.35 8.06 1.25 0.64 117.7 43.3 161.0

P-Value

BLSD ).05)
99

5.8
99

0.14
99

0.15
99

0.26
99 99 99 99

3.8
99

7.0

Hybrids X Row 62 62 3 8 99 90 on K£ Aa
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Evaluation of Formolene foliar feed N source on potatoes at Becker, 1984.

W. E. Fenster, M. O'Leary and G. Buzicky

Experiments on the Formolene product were conducted on potatoes at Becker in 1983 and 1984. The
objective of using a liquid nitrogen product is to add substantial amounts to the potato foliage
when the nutrient demand is the greatest. The Formolene fertilizer (30-0-2) efficiency was
compared to normal amounts of soil applied ammonium nitrate (34-0-0) on irrigated sandy textured
soils. Fifty pounds per acre of N were applied during tuberization to the control plots to offset
the possibility of blight spreading from the control area to the adjacent plots. All plots were
replicated 4 times.

Soil test means were: pH=6.5, P=65, K=223, Mg=325, Zn=.8 ppm, S=4 ppm O.M=Med.

Treatments were as follows:

1. Control
2. U. of MN recommendations (soil applied)

across all P?0f = lOOtf/A (planting time)
plots except K^O =300#/A (planting time)
control S = 15#/A (planting time)

N = 25#/A (planting time)
Total N = 210#/A split

Splitting of 210# N as follows:
85# N/A at emergence
50# N/A at tuberization
50# N/A at canopy closure

3. Formolene foliar at 60# N/A
+ 25# N at planting and 85# N/A at emergence as ammonium nitrate

to soil (total of 170# N/A).

Foliar scheme

a. 10# N/A at 10" to 12"
b. 30# N/A at tuberization
c. 20# N/A at canopy closure.

Formolene foliar at 100# N/Ait lUUf N/A

+ 25# N/A at planting and 85# N/A at emergence to soil (total of
210# N/A).

Foliar scheme

a. 20# N/A at 10" to 12"
b. 20# N/A at tuberization
c. 30# N/A at plant bloom
d. 30# N/A at canopy closure.

U. of MN rate of soil applied, with 40# N/A reduction from recommendation (170# N/A
total).

25# N/A at planting
85# N/A at emergence
30# N/A at tuberization
30# N/A at canopy closure.

Please refer to title page of this publication for information regarding application and use of
this article.
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Table 1. Yields and size difference of potatoes comparing Formolene and ammonium nitrate
fertilizer 1984.

Treatment

Treatment

1

2

3

4

5

Significance

BLSD

C.V.

Tuber
yield
CW 7/A

332

478

418

437

457

**

42

7

%of sample by weight (oz.)
0-3 3-6 6-9 9-12 >12

3 27 36 22 12

4 31 33 18 14

3 27 35 17 18

3 25 33 24 15

3 24 29 27 17

ns ns ns ns ns

78 25 24 36 51

Summary

Where equal amounts of N were applied there were no significant differences in tuber yield due to
nitrogen sources. Even though there was 50 pounds of N applied to the control plots the fertilizer
treatments from both N sources showed a significant yield Increase over the control.

There was no significant effect on tuber size due to method of treatment.
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NITROGEN FERTILIZATION FOR PROCESSING SWEET CORN ON AN IRRIGATED SAND:

INFLUENCE OF RATES, TIMING AND A NITRIFICATION INHIBITOR — 1984

C. J. Rosen and H. J. Buchite

Nitrogen fertilizer management for processing sweet corn is an important concern to processors and
their growers. Coarse-textured soils are subject to excessive drainage which consequently increases
nitrate-nitrogen losses from the root zone. Although many studies have been conducted dealing with
nitrogen management for field corn, the differences in growing season and harvested product make it
difficult to extrapolate the data from these studies to processing sweet corn. The objectives of
the present study were to: 1) optimize rates and timing of nitrogen fertilizer for sweet corn on
coarse-textured irrigated soils, and 2) evaluate the effectiveness of N-Serve, a nitrification
inhibitor, for sweet corn production.

Procedures:

The experiment was conducted at the Sand Plains Research Farm in Becker, Minnesota on a Hubbard
loamy sand (1.9% organic matter). Prior to planting, phosphorus, potassium and sulfur were broad
cast according to soil test recommendations. There were nine treatments which included a control, 4
nitrogen rates (50, 100, 150, 200 lb N/A), 100 lb N/A plus N-Serve (0.5 lb ai/A), 150 lb N/A plus N-
Serve (0.5 lb ai/A), 100 lb N/A split (1/2 preplant, 1/2 6-8 leaf stage), 150 lb N/A split (1/3
preplant, 1/3 6-8 leaf stage, 1/3 12 leaf stage). Nitrogen source for all preplant applications was
anhydrous ammonia. For the split applications, anhydrous ammonia was used preplant and ammonium
nitrate as a sidedress. All preplant treatments were applied 3 May 1984. Each treatment was
replicated 4 times in a randomized complete block design.

Two varieties, Code 5 (early maturing) and Jubilee (midseason maturing), were planted on 4 May 1984
along with a banded application of 160 lb/A 0-26-26. Plant population was approximately 22,000/A.
Each plot consisted of 4 - 40 ft rows with 2.5 ft between the rows.

Whole plant samples collected at the 6-8 leaf stage (before any sidedress application) and leaf
samples from opposite and above ear collected at mid-silking were dried, ground and analyzed for
total nitrogen content. Leaf samples from the 100 and 150 lb N/A treatment with and without
inhibitors were analyzed for P, K, Ca, Mg, Fe, Mn, Zn, Cu, and B using an inductively coupled plasma
emission spectrometer.

Total yield (ear and husk), husked yield, and stover yield were obtained by harvesting 2 - 15 ft
rows within each plot. Subsamples of ears, husk and stover were taken to determine X moisture for
nitrogen uptake calculations. The following quality measurements were also made: ear length, %
moisture in kernels, and % usable ears (5.5 inches or greater with tip removed).

From May through July, approximately 7 inches of water was supplied by an overhead irrigation system
and 14.8 inches was provided from rainfall. Code 5 was harvested 30 July 1984 and Jubilee was
harvested 7 August 1984.

Results:

Both sweet corn varieties responded to nitrogen applications up to 200 lb N/A compared to the check
plot. No significant gain in ear fresh weight yields was obtained over the 150 lb N/A rate (Tables
1 and 3). Code 5 had significantly greater ear yields with N-Serve or split N applications at the
100 lb rate compared to the 100 lb N/A preplant. There was no significant difference between 100 lb
N/A plus N-Serve and 150 lb N/A as a preplant, split application or with N-Serve. Although similar
trends were observed with Jubilee, 150 lb N/A as a preplant gave superior yields compared to 100 lb
N/A as a preplant, split application or with N-Serve. For both varieties, yields on plots receiving
preplant applications at 150 lb N/A were not significantly different from those receiving 150 lb N/A
with N-Serve or split applied. In general, ear length and % COC eligible followed yield trends.
Maximum quality was obtained from sweet corn that received 100 lb N/A or more regardless of whether
applications were split, preplant or with N-Serve added.

Nitrogen concentrations in whole plant samples at the 6-8 leaf stage were lower for the control and
50 lb N/A treatments compared to the other nitrogen treatments (Tables 2 and 4). At the 6-8 leaf
stage all split application treatments had received only 50 lb N/A. In general, plants having
nitrogen concentrations less than 3.3% at the 6-8 leaf stage without subsequent sidedress applica-
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tions ended up deficient in nitrogen at silking as measured by leaf nitrogen. It should be noted
that subsequent nitrogen deficiency may still occur on plants with nitrogen concentrations greater
than 3.3% at the 6-8 leaf stage if nitrogen availability is limited after this point. Ear leaf
nitrogen concentrations increased with nitrogen applications rate. N-Serve and split applications
had no effect on ear leaf nitrogen concentration at a given rate. Ear, husk and stover N concentra
tions generally increased with nitrogen application rate. Total nitrogen uptake increased with
increasing nitrogen rates. N-Serve and sidedress applications appeared to enhance N uptake compared
to the preplant application at the 100 lb rate. There were no differences in total N uptake between
preplant, N-Serve addition or split application at the 150 lb rate.

Leaf elemental concentrations of calcium at mid-silking were significantly lower in N-Serve treat
ments compared to those without N-Serve (Tables 5 and 6). In Code 5, leaf K and Mg were also
significantly lower when N-Serve was used.

General Comments:

Results from these experiments are based on one year of data. Differences in time and amount of
rainfall can profoundly alter nitrogen leaching and subsequent plant response on coarse-textured
soils. In general, N-Serve and split applications at 150 lb N/A offered no advantage over a single
preplant application. At the 100 lb N/A rate, N-Serve or split application were necessary in order
to avoid yield loss. This research will be conducted next year to gain a broader data base for
sweet corn response to nitrogen fertilization and management on coarse-textured soils.

The assistance of G. Titrud, G. Buzicky and T. King during the course of this research is gratefully
acknowledged.
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Effect of nitrogen rate, nitrification inhibitor and sidedress
applications on Code 5 sweet corn yield and quality.

Treatment Yield (T/A) Ear Length % Moisture % coc

lb N/A Green

2.29

Husked

1.58

inches in Kernels

77.2

Eligible

0 5.9 31.2

50 3.76 2.66 6.8 76.1 58.1

100 5.52 3.48 7.6 75.2 70.0

150 7.22 4.61 8.4 73.3 83.9

200 7.54 4.72 8.1 74.0 72.1

100+N-Serve 7.09 4.32 7.8 74.0 74.2

150+N-Serve 7.26 4.53 8.1 75.7 79.9

100 2 splits 6.82 4.22 7.8 73.2 76.1

150 3 splits 7.54 4.65 8.1 72.7 72.5

Significance ** ** ** NS **

BLSD (.05) 0.85 0.52 0.8 ~~ 16.4

Table 2. Effect of nitrogen rate, nitrification inhibitor and sidedress
applications on nitrogen concentration in various plant tissues
during the growing season and total nitrogen uptake (Code 5).

Ii

Ear

1 Content —

Husk Stover

Total

N UptakeTreatment 'Whole Plant Leaf Above Ear Ear Husk Stover

lb N/A (6-8 Leaf)

3.19

(Silking)

2.88

— (Harvest) ~ lb N/A lb N/A

0 1.60 0.57 1.46 8.1 1.5 39.9 49.5

50 3.53 2.97 1.65 0.53 1.24 14.8 2.0 44.9 61.8

100 3.55 3.42 1.66 0.56 1.30 24.1 4.0 54.0 82.0

150 3.63 3.73 1.72 0.62 1.63 29.8 6.0 74.5 110.3

200 3.79 3.79 1.75 0.64 1.88 31.6 6.4 81.7 119.7

100+N-Serve 4.13 3.48 1.70 0.61 1.66 29.5 6.5 76.1 114.0

150+N-Serve 3.84 3.75 1.71 0.73 1.51 29.0 7.6 66.9 103.6

100 2 splits 3.16 3.58 1.59 0.68 1.36 25.7 6.5 58.7 90.9

150 3 splits 3.37 3.80 1.61 0.70 1.84 27.8 7.2 65.4 100.4

Significance ** ** NS NS * ** ** ** **

BLSD (.05) 0.37 0.20 — _ 0.40 5.6 1.6 16.2 18.6
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Effect of nitrogren rate, nitrification inhibitor and sidedress
applications on Jubilee sweet corn yield and quality.

Treatment Yield (T/A) Ear Length % Moisture % C0C

lb N/A Green

3.40

Husked

2.47

inches in Kernels

75.4

Eligible

0 6.2 34.8

50 3.91 2.81 6.5 74.2 46.6

100 7.10 4.96 7.5 75.5 84.3

150 9.60 6.60 7.5 75.3 75.6

200 9.11 6.27 7.7 74.7 75.9

100+N-Serve 8.00 5.80 7.6 75.0 79.2

150+N-Serve 9.00 6.29 7.6 75.8 80.0

100 2 splits 7.66 5.43 7.5 75.0 79.2

150 3 splits 8.18 5.86 7.7 74.6 80.6

Significance ** ** ** NS **

BLSD (.05) 1.65 0.98 0.4 "" 14.8

Table 4. Effect of nitrogen rate, nitrification inhibitor and sidedress
applications on nitrogen concentration in various plant tissues
during the growing season and total nitrogen uptake (Jubilee).

__——__—__ % N -.___ ._—_____»_ K1 Content — Total

Treatment Whole Plant Leaf Above Ear Ear Husk Stover Ear Husk Stover N Uptake
lb N/A (6-8 Leaf)

3.11

(Silking)

2.03

(Harvest) — lb N/A lb N/A

0 1.52 0.49 0.93 15.9 1.4 22.4 39.7

50 3.16 1.89 1.42 0.46 0.92 17.6 1.6 23.6 42.8

100 3.85 2.66 1.48 0.53 1.18 37.4 4.2 48.6 90.2

150 3.81 3.32 1.71 0.94 1.40 50.4 9.9 58.5 118.5

200 3.85 3.24 1.60 0.76 1.45 47.9 6.8 58.5 113.3

100+N-Serve 3.80 3.11 1.48 0.63 1.37 42.2 3.9 63.2 109.4

150+N-Serve 4.01 3.31 1.65 0.65 1.57 50.4 5.8 64.2 120.4

100 2 splits 3.31 3.02 1.48 0.72 1.30 38.5 5.7 49.8 93.7

150 3 splits 3.25 3.38 1.74 0.74 1.66 43.1 5.6 68.0 116.7

Significance ** ** * ** ** ** * ** **

BLSD (.05) 0.42 0.27 0.25 0.24 0.36 12.6 4.4 14.2 24.4
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Table 5. Inflinence of N-Serve and N rate on leaf elemental concentrations

at mid-silking: Code 5.

Treatment N P K Ca Mg Fe Mn Zn Cu B

lb N/A % ppm

100 3.42 0.36 3.22 0.54 0.32 126 104 29 21 5

150 3.73 0.36 3.19 0.56 0.33 132 142 31 22 5

100+N-Serve 3.48 0.34 3.07 0.50 0.29 122 88 30 22 6

150+N-Serve 3.75 0.37 3.06 0.50 0.28 126 112 31 22 5

N rate effect ** NS NS NS NS NS NS NS NS NS

N-Serve effect NS NS * * ** NS * NS NS NS

N rate X N-Serve NS NS NS NS NS NS NS NS NS NS

Table 6. Influence oif N-Serve and N rate on leaf elemental concentrations

at mid-silking: Jubilee.

Treatment N P K Ca Mg Fe Mn Zn Cu B

lb N/A %

100 2.66 0.30 2.82 0.63 0.35 91 116 21 8 6

150 3.32 0.37 2.97 0.65 0.39 106 162 31 11 6

100+N-Serve 3.11 0.37 3.04 0.58 0.37 100 91 28 10 6

150+N-Serve 3.31 0.39 2.91 0.59 0.38 103 120 27 10 6

N rate effect * * NS NS NS * * NS * NS

N-Serve effect NS * NS ** NS NS * NS NS NS

N rate X N-Serve NS NS * NS NS NS NS NS * NS
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1984 WEATHER
R. K. Severaon

Mild temperatures during January and February of 1984 kept the snow depth to a minimum. The maximum
snow depth of 5 inches occurred during the first week of February regressing to only a trace of snow
on the ground by the last week of February. On the average, February 1984 was the fourth warmest
February recorded at Crookston since 1890. February 16 set a new daily record maximum for precipi
tation with 0.53 inches of moisture of which .35 inches fell as rain. Two new all-time high tem
perature records were also set in January with readings of 38°F on January 4 and 40°F on January 6.

The ground frost reached a maximum of 39 inches during the first week of March. By March 18 the
entire snow-pack had melted and the surface ground frost began thawing. By April 1, the frost was
out to six inches from the surface. March and April were about normal in regard to average tem
perature and one-inch below normal in average precipitation.

May was unusually dry receiving only one-third the normal precipitation for this period as can be
noted in the following table. On the other hand, June marked a period of well-above normal precipi
tation. In a six-day period from June 3-8, 5.65 inches of rain fell leaving water standing in most
fields which was devastating to some crops. On June 7, 3.28 inches of the 5.65 inches were
received. In the 95-year history of weather records for the month of June in Crookston, June 1984
ranked fourth in most precipitation.

July marked the driest July recorded in the weather station history. The .48 inches of rain
received was only 15% of the normal 3.09 inches expected for this month. August and September were
also below normal for precipitation with deficits of .81 inches and 1.42 inches, respectively.
August was also about 3.5°F above normal in regard to average temperature with a record high tem
perature of 98°F recorded August 28. August 20 set a new record for daily precipitation with 1.23
inches of rain recorded.

October will be remembered for years by many people in the sugarbeet industry. Above-normal tem
peratures during the first third of the month halted piling operations. October 13 marked the
beginning of a 9-day period of rain dumping 3.31 inches again halting piling operations. The last
week of October the temperatures dropped to the mid-teens and then to single digits freezing the
remaining sugarbeet crop in the ground. October ranked as the third wettest October in weather sta
tion history with 3.91 inches of precipitation. A new record low temperature record was also set
October 31 when the mercury dipped to 5°F surpassing the old mark of 10°F set in 1906.

November was well-below normal in regard to precipitation with .13 inches recorded of which .11
inches was received in 2 inches of snow. Another temperature record was surpassed November 25 with
a reading of 54°F recorded. The old record was 50°F set in 1914.

The mean temperature for the year was 0.7°F above normal. The last spring frost was recorded May 25
(29°) which initiated a 111-day growing season ending September 14 (29s) when the first fall frost
occurred.

The precipitation for 1984 totaled 18.42 inches of which 16.69 inches were recorded as rain and 1.73
inches were contained in 24.2 inches of snow.

Table 1. Weather summary for 1984 with averages for precipitation and mean temperature (1890-1979)
Precipitation Mean

1984

Temperature
Month Snow Precip. Rain Total 1890-1979 1890-1979

January 5.5 .23
Inches - - -2- - -

.56 6.6 •" °F3.7
February 3.8 .55 .35 .90 .59 21.4 8.1
March 6.9 .24 .01 .25 .84 21.1 22.9
April — — 1.19 1.19 1.57 44.5 41.4
May — — .79 .79 2.59 52.5 54.6
June — — 7.11 7.11 3.56 64.5 64.4
July — — .48 .48 3.09 70.0 69.6
August — — 2.09 2.09 2.90 71.0 67.4
September — — .74 .74 2.16 51.5 51.5
October T T 3.91 3.91 1.43 45.3 45.3
November 2.0 .11 .02 .13 .78 26.0 26.7
December 6.0 .60 .60 .60 6.4 11.5
TOTAL 24.2 1.73 16.69 16.42 20.67 40.1 39.4
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SOIL TEST LEVELS AND CROP QUALITY AS AFFECTED BY DIFFERENT FERTILIZER PROGRAMS
IN A CONTINUOUS WHEAT CROPPING SYSTEM

J. A. Lamb and R. K. Severson

The objective of this study was to measure the effects of different fertilizer programs, so called
maintenance versus build, over a 10-year period on soil test levels and crop quality in a continuous
wheat cropping system, Soil test and crop quality measurements are taken to provide information for
evaluation and determination of the most effective program. The study was originated in the spring
of 1978.

Experimental Procedure: Five treatments with 4 replications were arranged in a randomized complete
block design. Each of the 5 fertilizer treatments was based upon soil test data from the plots on
which that treatment had been applied to in the previous years. All of the treatments were applied
in the fall of 1983 and plowed down. Marshall wheat was planted May 2, 1984 and harvested August 16,
1984. Whole plant samples were taken at maturity (July 30, 1984) for elemental analyses. Whole
plant samples taken at maturity (soft dough) were used to determine forage yields and to calculate N,
P, and K uptake. Soil samples were taken after crop removal to measure the effects of the treat
ments.

Results and Discussion: The effect of the treatments on elemental analyses at maturity is shown in
Table 1. Significant differences in analyses occurred between the check and other treatments for N,
K, Ca, Mg, Zn, and B.

The plants receiving fertilizer treatments had greater concentrations of N, K, Ca, Mg, and B. The
addition of N, P, and K above the recommendations did not increase the concentration of these
minerals. Plant Zn concentration decreased by the increased P fertilizer supplied to the plant.

Table 1. The effect of 5 fertilizer programs on the elemental analyses of whole plant samples taken
at maturity (soft dough] of spring wheat

Treatment Elemental Analyses

N P205 K20 N P K Ca Mg Mn Zn Cu B

lb/ac - • - - - - - - % - -• - - - - - PPm -

0 0 0 1/ 1.15 0.23 0.90 0.09 0.14 35 24 2

90 35 30 2/ 1.52 0.24 1.38 0.14 0.19 39 22 3

90 35 30 3/ 1.47 0.24 1.26 0.12 0.18 38 22 3

80 35 30 4/ 1.51 0.23 1.29 0.15 0.19 36 20 3

50 35 30 5/ 1.46 0.23 1.26 0.14 0.19 38 16 3

Significance ** N.S. ** ** ** N.S. + N.S. **

B.L.S.D. (.053 0.20 0.13 0.03 0.02 5.9 0.30

C.V. (X) 9.0 4.1 7.3 16.4 8.1 12.9 16.6 23.8 8.1

1/ Check
2/ Soil test recommendation

3/ Soil test recommendation + 30 lb KoO/ac
N/acii) Soil test recommendation + 30 lb

5/ Soil test recommendation + 30 lb P205/ac
** and + are 0 .01 and 0.10 significance levels, rectpectively .

The grain yield, protein, grain N removal, D.M. yield, forage P uptake, and K uptake were signifi
cantly affected by the addition of fertilizer from any of the 4 fertilizer treatments (Table 2).
There were no differences in these variables between fertilizer treatments. The forage N uptake was
significantly affected by the use of the 4 fertilizer programs. The additional P Teatment had a
lower N uptake but still considerably greater than the check.
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Table 2. The effect of 5 fertilizer programs on grain yield, test weight, protein, grain N removal,
forage yield, N, P, and K uptake of spring wheat.

Treatment

Grain Forag e

Yield

Test

Weight Protein

N

Removal

D.M.

Yield

Uptake

N P205 K20 N P K

- - lb/ac - - Bu/ac lb/Bu % lb/ac - - lb/a

0 0 0 1/ 41.9 62.0 12.45 55.4 5604 64.7 13.0 50.2

90 35 30 2/ 67.4 61.3 14.55 103.3 9689 146.8 22.7 134.7

90 35 30 3/ 70.8 61.7 14.54 108.2 9487 139.8 22.7 119.3

80 35 30 4/ 69.0 61.9 15.05 109.3 10388 157.4 23.9 134.1

50 35 30 5/ 71.1 62.4 14.61 110.2 9141 132.3 21.1 114.4

Significance ** N.S. ** ** ** ** ** **

B.L. S.D. (.05) 5.0 1.15 11.8 1410 26.6 2.6 26.0

C.V. (%) 5.5 1.0 5.2 8.5 10.9 14.2 8.7 16.1

}J Check
2/ Soil test recommendation
.3/ Soil teat recommendation +
4/ Soil test recommendation +
5/ soil teat recommendation +

30 lb K20/ac
30 lb N/ac
30 lb P205/ac

** is the 0.01 significance level

The soil test values for the 5 treatments are shown in Table 3. The only soil nutrient significantly
affected by fertilizer treatments was P at both the 0-6" and 6-12" depths. The check had a signifi
cantly lower soil P level compared to the fertilized treatments. The +30# P2O5 showed a trend toward
higher soil P values of both depths.

Table 3. The effect of 5 fertilizer programs on residual NO3-N, P, and K soil test levels after
seven years in a continuous wheat cropping system.

Soil Test Levels

Treatment
NO3-N NaHC03 Pi'

0-6" 6-12"

Excha

0-6"

ngeable
*6/

N P205 K20 0-1' 1-2' 2-3 • 3-4' 4-5' 0-2' 0-5' 6-12"

lb/ac -

0 0

90 35

90 35

80 35

50 35

ol/
30 2/
30 3/
30 4/
30 5/

15.5

25.0

21.0

25.0

27.5

lb/depth

8.0 7.0

12.0 15.5

10.5 19.5

16.0 30.0

17.0 26.0

8.0

22.5

25.5

31.5

31.5

17.0

20.0

22.5

26.5

25.5

23.5

37.0

31.5

41.0

44.5

55.5

95.0

99.0

129.0

127.5

- - lb/

8.0

19.3

17.8

13.5

19.3

4.3

9.3

11.3

10.0

12.5

281

294

309

274

318

226

225

235

208

231

Significance
B.L.S.D. (.05)
C.V. (%)

N.S.

28.5

N.S.

58.1

N.S.

75.7

N.S.

60.1

N.S.

43.1

N.S.

35.9

N.S.

44.2

**

5.0

22.3

**

5.0

29.9

N.S.

12.7

N.S.

11.7

1/
2/
3/
4/
5/
6/

Check

Soil test recommendation

Soil test recommendation + 30 lb K?0/ac
Soil test recommendation + 30 lb N/ac
Soil test recommendation + 30 lb P205/ac
ppm = lb/ac time8 0.05

** is the 0.01 significance level
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RESIDUAL SOIL N, FERTILIZER N, AND INOCULATION EFFECTS ON SOYBEAN PRODUCTION IN
NORTHWESTERN MINNESOTA

J. A. Lamb, R. K. Severson, G. W. Rehm, and M. 0. Johnson

Objectives: The overall objectives of this study are to measure the effects of residual NO3--N, fer
tilizer N, seed inoculation, the interactions of these three variables on soybean production in the
Red River Valley of Minnesota.

Procedures: Four locations were established in Spring 1984 with residual NO3--N for 0-2 ft. ranging
from 13 to 102 lb N03~-N/ac. The textures ranged from sandy loam to a silty clay. The statistical
design was a split plot with four replications. The main plots were inoculated or noninoculated seed
and the split plots were N rates (0, 30, 60, 90, and 120 lbs N/ac). The N fertilizer was applied as
urea and incorporated before the plots were planted. The Hegne, Wheatville, and R. Peterson loca
tions were planted May 16, 1984. The R. Buchholz location was planted May 25, 1984. Plant samples
were taken from the last full trifoliate leaves at early bloom. Periodic root observations were made
to determine the status of nodule formation through the growing season. The plots were hand har
vested September 25-26, 1984.

Results and Discussion: The soybean yields for 1984 are reported in Table 1. Three locations
responded to the application of N fertilizer. The Hegne location showed the largest N response.
This was caused by the low residual N03~-N in the soil (Table 2) at the beginning of the study. The
noninoculated treatment had lower yields than the inoculated and a response was detected (P < 0.20).
This effect could not be documented by root observations during the growing season. Very few nodules
(<3) were found on plants in any treatment at any location. An inoculation x N rate interaction
occurred and indicates the lower yield from lack of inoculation can be made up by the addition of N
fertilizer. The plant analysis (Table 3) at the Hegne location indicates no effect of inoculation
but did indicate a positive relationship between yield and plant N content (r = 0.51).

The Wheatville location had a quadratic response caused by N fertilizer. The majority of the posi
tive response occurred with the first 30 lb increment. The plant trifoliate N concentration
increased linearly with the amount of N applied. This increase did not correlate with yield. The
smaller N response and lack of response to inoculation was caused by the larger amount of NO3--N in
the soil (72 lb/ac).

Table 1. Soybean grain yields for inoculation - N rate study in 1984

Site

NWES Off Station

Hegne Wheatville R. Peterson R. Buccholz

N Rate oi' x-V 0 I 0 I 0 I

lb/ac - bu/ac

0 15.7 24.9 27.2 25.0 27.4 26.6 29.0 28.5

30 19.9 26.0 31.1 29.1 27.8 28.0 27.5 31.4

60 21.4 26.1 31.1 32.8 29.0 28.4 28.7 30.1

90 26.6 27.4 32.0 29.5 26.3 29.0 28.9 31.1

120 28.8 27.0 31.1 28.5 26.1 27.8 27.2 28.8

STATISTICS

Inoculation + N.S. N.S. +

N Rate ** N.S. N.S. ++

Linear ** N.S. N.S. N.S,»

Quadratic N.S. ++ N.S. *

Inoculation X

N Rate * N.S. N.S. N.S,»

C.V. 13.6 5.8 10.8 5.4

y 0 a Not inoculated
2/ I = Inoculated
**, *, ++, and + are 0.01, 0.05, 0.10, and 0.20 probability levels, respectively.
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Table 2. Soil parameters for soybean study locations in 1984.

Organic p 1,2/ r NO3--N
Soluble

Site Matter pH 0-6" 0-6" 0-6" 6-12" 12-24" 0-24" Salts

lb/ac ----------- mmho8

NWES Hegne 2.7
NWES Wheatville 4.3

R. Peterson 2.1

R. Buchholz 5.5

y NaHC03 Extractable P
2/ ppn, a lb/ac times 0.5
y Sampled only to 18"

7.9

7.7

8.0

8.0

12

13

17

12

343

282

145

240

16

28

28

10

16

25

13

28

49

39

72

102

853/

.4

.5

.25

.5

Table 3. Nitrogen concentration of the youngest full trifoliate petiole at bloom for soybean study
in 1984.

Site

NWES Off Station

Hegne Wheatville

0 I

R. Peterson

0 I

R. Buchholz

0 IN Rate 0±' i-V
lb/ac - % N

0 4.49 4.57 5.19 5.39 5.31 5.28 5.73 5.28

30 4.35 4.80 5.32 5.23 5.29 5.27 5.33 5.06

60 4.80 4.80 5.31 5.30 5.34 5.33 5.79 5.48

90 5.11 5.17 5.29 5.51 5.27 5.34 5.71 5.23

120 5.13 5.21 5.76 5.67 5.33 5.40 5.46 5.30

STATISTICS

Inoculation N.S. N.S. N.S.1 ++

N Rate ** * N.S.» ++

Linear ** ** N.S. N.S.

Quadratic N.S. ++ N.S. N.S.

Inoculation X

N Rate N.S. N.S. N.S. N.S.

C.V. 7.0 5.1 4.0 5.2

1/
2/

0 •> Not inoculated

1 * Inoculated

*. and + are 0.01, 0.05, 0.10, and 0.20 probability levels, respectively.

No response to any treatment was found at the R. Peterson location,
high soil NO3--N of 102 lb/ac in the top 2 feet.

This particular location had a

A small quadratic yield response to N occurred at the R. Buchholz location. This was not expected
because of the high soil NO3--N level (85 lb/ac in top 1.5 feet). The positive response was only one
bushel but was statistically significant. A positive response in yield was caused by inoculation.
As stated earlier no visual increase in nodules from inoculation was observed. The plant trifoliate
N concentration analysis indicated no response to N. There was a negative response from inoculation.
The reason for this is not clear.

Overall, this study has revealed that soil NO3--N levels do influence yield response to N fertilizer
in Northwest Minnesota. Also, some unknown factor, besides high soil NO3--N levels, is restricting
the plant'8 ability to produce N fixing nodules.

This research was supported in part by the Minnesota Soybean Research and Promotion Council,
authors would like to thank them for their support.

The
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HIGH PHOSPHORUS AND POTASSIUM RATES ON CONTINUOUS SPRING WHEAT

J. A. Lamb and R. K. Severson

This study was designed to determine the effect of P and K rate combinations on spring wheat yield,
nutrient uptake, and soil test P and K levels over an extended period of time. The P and K rate
combinations used were selected to provide information on response curves and "maintenance" rates
for both elements. The experiment was located on a Wheatville loam soil.

Experimental procedure: Ten treatments consisting of P and K combinations have been used.
Treatment combinations and applications made to date are shown in Table 1. Treatments applied in
the fall of 1983 were broadcast and plowed down. Nitrogen, as urea, was fall applied at 90 lb N/A
and incorporated with a field cultivator on September 26, 1983. Marshall wheat was planted on May
2, 1984 and harvested for grain yields on August 15, 1984. Whole plant samples were taken at soft
dough July 30, 1984 for elemental analyses and used to determine forage yields and N, P, and K
uptake. Soil samples were taken after crop removal to measure the residual effects of the treat
ments.

Results: Elemental analyses of the whole plant samples taken at soft dough are shown in Table 2.
Significant differences in N, P, K, Ca, Mg, and Zn at soft dough (Table 2) were obtained between
treatments.

Grain yield, protein, test weight, forage yield, N, P, and K uptake values shown in Table 3 indicate
that yield, grain protein, dry matter yield, test weight, and P uptake were affected by the treat
ments.

Soil test results from the fall of 1984 sampling date are shown in Table 4. Samples were analyzed
by North Dakota State University's soil testing laboratory. Significant differences in residual P
and K levels were obtained.

Discussion: Grain yields (Table 3) were very good this year because of ideal environment conditions
for small grains. A response in grain yield to treatments that involved the addition of P and K
fertilizers was shown. The soil test results (Table 4) would indicate that the increased P and K
levels in the soil increased grain yields with a majority of the increase from P fertilization.
Treatments 9 and 10 involved one application at the establishment of the study and had smaller yield
responses and lower soil test values. The soil data indicates that current recommendations for
addition of K fertilizer when the soil test level is less than 300 lb K/ac (150 ppm) is correct.

Plant P (soft dough) and P uptake (forage) correlated well with yield (r ° .83 and .94). Potassium
uptake (forage) and plant K (soft dough) correlated moderately (r = .56) and poorly (r = .18) with
yield, respectively.

Table 1. Phosphorus and potassium treatment combinations at Crookston in the high P and K study.

Treatment Application Date
NO. Spring 1980 Fall 1980 Fall 1981 Fall 1982 Fall 1983

- P205 (lb/ac) + K20 (lb/ain \ - -

1 0 + 0 0 + 0 0 + 0 0 + 0 0 + 0

2 0 + 100 0 + 100 0 + 100 0 + 100 0 + 100

3 50 + 100 50 ♦ 100 50 + 100 50 + 100 50 + 100

4 100 + 100 100 + 100 100 + 100 100 + 100 100 + 100

5 150 + 100 0 + 100 0 + 100 150 + 100 0 + 100

6 100 + 0 100 + 0 100 + 0 100 + 0 100 + 0

7 100 + 50 100 + 50 100 + 50 100 + 50 100 + 50

8 100 + 150 100 + 0 100 + 0 100 + 150 100 + 0

9 150 + 100 0 + 0 0 ♦ 0 0 + 0 0 + 0

10 100 + 150 0 ♦ 0 0 + 0 0 + 0 0 + 0
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Table 2. Effect of P and K rate combinations on the elemental analyses of whole plant samples of
spring wheat taken at maturity (soft dough).

Treatment Elemental Analyses

No. N P K Ca Mg Mn Zn Cu B

• - % - - - • - - - -
ppm .

1 1.63 0.22 1.27 0.13 0.20 41 24 3 3

2 1.56 0.22 1.38 0.14 0.18 42 26 2 3

3 1.36 0.24 1.13 0.11 0.17 38 16 2 3

4 1.47 0.25 1.35 0.14 0.19 42 14 2 3

5 1.43 0.24 1.31 0.14 0.16 38 16 2 2

6 1.51 0.24 1.11 0.12 0.20 40 11 2 3

7 1.53 0.25 1.22 0.14 0.18 40 13 2 3

8 1.36 0.25 1.19 0.14 0.18 36 15 2 3

9 1.53 0.23 1.19 0.15 0.20 39 20 2 3

10 1.59 0.23 1.28 0.17 0.19 40 23 6 3

Significance ** ** * • * N.S. ** N.S. N.S.

B.L.S.D. (.05) .17 .02 .21 .03 .03 4

C.V. (%) 6.9 5.0 9.4 14.0 9.8 8.7 18.2 107.8 19.9

** and * are 0.01 and 0.05 significance levels, respectively.

Table 3. Effect of P and K rate combinations on grain yield, protein, test weight, forage yield,
N, P, and K uptake.

Forage Forage
Treatment

Yield Protein

Test

Weight
D.M.

Yield

Uptake
No. N P K

Bu/A

50.36

%

15.58

lb/Bu

58.30 7029 114.4 15.1 89.8
2 55.88 14.92 60.4 8063 126.3 17.7 112.0
3 63.12 13.78 62.1 8470 115.2 20.5 96.2

4 62.41 14.19 61.5 8256 121.7 20.2 111.3

5 64.95 14.51 60.9 8893 127.2 21.0 117.0

6 59.38 14.26 60.6 8677 131.4 20.4 96.5
7 63.42 13.85 61.6 8940 137.4 21.9 109.3
8 61.97 13.61 61.8 8682 117.8 21.2 103.2
9 57.32 14.56 59.8 7911 121.1 17.8 93.5

10 58.93 14.78 60.1 8320 132.3 19.2 106.5

Significance ** ** ** * N.S. ** N.S.

B.L.S.D. (.05) 5.50 1.08 1.3 1219 2.7

C.V. (%) 6.3 4.6 1.5 8.5 13.2 9.6 15.3

** and * are 0.01 and 0.05 significance levels, respectively.
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Table 4. Effect of P and K rate: combinations on residual P and K soil test levels after five

years of application

Exchangeable
Treatment PH NaHC03 P K

No. 0-6" 6-12" 0-6" 6-12" 0-6" 6-12"

lb/aci/

1 8.1 8.2 7 6 281 243

2 8.0 8.1 8 7 356 299

3 8.1 8.1 26 16 359 304

4 8.1 8.1 48 23 365 281

5 8.0 8.0 27 16 373 304

6 8.1 8.1 41 27 270 238

7 8.0 8.1 42 23 315 253

8 8.0 8.1 55 28 359 291

9 8.0 8.1 14 9 296 246

10 8.1 8.0 11 9 279 249

Significance N.S. + ** ** ** **

B.L.S.D. (.05) 0.1 5 4 41 35

C.V. (%) 1.0 0.9 13.6 16.5 8.9 8.8

y ppm =• lb/ac time8 0.5
** and + are 0.01 and 0.10 significance levels, respectively
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AVAILABILITY OF RESIDUAL NITRATE-N

TO CORN

Lamberton, 1983 and 1984

G. W. Randall and W. W. Nelson

Application of fertilizer N at rates exceeding crop removal can result in rather significant amounts
of residual N left in the soil for the succeeding crop. For instance, after a very dry season, the
quantity of residual N may be such that crop response the following year to added fertilizer may not
be obtained. The purpose of this study is to determine crop response to residual NO.-N and to
measure loss of this N to tile lines.

Experimental Procedures

Nitrogen fertilizer was applied as urea annually from 1973-1979 to tile drained plots each measuring
45' x 50' and lined with plastic at Lamberton. Rates of 18, 100, 200, and 400 lb N/A were replicated
three times. An additional treatment (200 lb N/A as soybean meal) was applied to isolated plots
which were not within the original replications. Consequently, statistical analyses have been per
formed only on the former four treatments.

Corn has been grown continuously from 1973 thru 1984. The grain has been removed and all remaining
residue plowed down annually. Nitrogen removal in the grain has been measured. In addition, N
losses thru the tile lines have been determined by measuring flow rate and NO.-N concentrations when
tile flow occurred. Each fall (when possible) soil samples have been taken to a 10-foot depth to
determine residual NO.-N in the soil.

Because some of the N treatments exceeded the N removal rates, substantial amounts of NO.-N accumu
lated from 1973-1979. Consequently, no fertilizer N has been applied to the plots since May 1979.
Research efforts since 1979 have attempted to monitor the availability of the residual NO.-N to corn
and to follow the movement of NO.-N either in the soil or into the tile lines. Results from 1980-82

can be found in University of Minnesota Agr. Exp. Stn. Misc. Pub 2 (revised) - 1983. p 78-81.

In 1983 and 1984, 125 lb N/A as anhydrous ammonia was applied to an isolated 6-row strip between the
plots so that crop response to the residual N could be compared to this annual application. Because
the soil NO.-N concentrations in the top 3' were very low in the fall of 1983, 40 lb N/A was applied
as urea to all plots in the spring of 1984. Weeds and Insects were controlled adequately on all
plots by pesticides. All plots have been moldboard plowed each fall.

Results - 1983

Because of extremely wet conditions in the fall of 1982, deep soil samples were not taken until
May, 1983. Residual NO.-N concentrations from this spring sampling are presented in Table 1 and do
show the effects of the previous N applications over the 7-year period (1973-79). A slight increase
in NO.-N throughout the 10-foot profile was found with the 100-lb rate compared to the 18-lb rate.
Nitrate-N remaining in the profile 4 years after discontinuing the 200- and 400-lb annual applica
tions was 2X and 5X, respectively, that remaining with the recommended N rate (100-lb N/A). More
over, most of the residual NO.-N was below five feet and, thus, was below the rooting depth of corn.
Even though slightly less residual remained with the 200-lb organic N treatment the distribution was
very similar to the 200-lb fertilizer N treatment.

Corn yields shown in Table 2 were very low due to the hot and dry conditions during July and
August, 1983. Grain yields from all of the previous N treatments were substantially below the yield
of 86.1 bu/A obtained from the 6-row strip where N was applied in 1983. Although the grain yield
from the 400-lb treatment appeared to be slightly higher than from the other treatments, the dif
ferences among treatments were not consistent and were not significant at the 95% level. Grain N
concentration was not affected by the previous N treatments. Silage yield and total N uptake (silage
yield x N concentration) were both increased by the carryover N from the 400-lb N treatment. In
summary, residual NO.-N found in the soil profile in May did not have a consistent effect on corn
production in 1983. Terhaps the NO.-N, which had accumulated with the 200- and 400-lb rates, was too
deep for sufficient plant uptake.

Please refer to title page of this publication for information regarding application and use of this
article.



47

Table 1. Residual NO.-N in the 0-10' soil profile in May, 1983 as influenced by previous N
application at Lamberton.

Profile Annual N rate (lb/A)y
depth 18 100 200 400 200 org.
feet •--- — —-—— ppm

0-1 1.6 2.7 3.7 4.5 3.4
1-2 0.7 1.0 1.5 1.7 1.3

2-3 0.7 0.9 1.5 2.1 1.8

3-4 0.8 1.1 1.8 8.7 2.9
4-5 0.7 1.5 2.7 20.4 3.7

5-6 0.8 2.1 5.8 24.8 5.2

6-7 1.3 3.4 8.0 20.8 5.2

7-8 1.6 3.2 5.3 15.8 3.8

8-9 1.7 2.4 4.1 8.9 2.3

9-10 1.8 2.0 4.8 6.6 1.9

Total lb NO.-N

in 10-foot profile 47 81 157 457 126

— Annual application over 7-year period (1973-79).

Table 2. Corn product!
applications

on and N utilization in 1983 as

from 1973-1979 at Lamberton.

influenced by residual NO.-N from annual N

Annual Final

popl'n.
Fodder Silage Grain

N rate N Yield N uptake Yield N N removal

lb N/A
-3

ppA x 10 T DM/A lb N/A bu/A lb N/A

18 25.1 .52 2.20 34.9 39.7 1.24 23.3

100 23.1 .43 2.10 32.2 39.0 1.27 23.3

200 23.5 .49 2.11 32.8 36.8 1.27 22.0

400 23.0 .53 2.49 40.6 46.4 1.24 27.3

Signif. Level (%():-' 83 92 99 99 92 82 94

BLSD (.05) : .31 7.1

CV (%) : 5.0 11. 7.7 11. 13. 4.2 15.

200 org. 23.3 .41 2.46 38.9 47.9 1.30 29.4

— Probability level that a difference among the four means listed above is significant.

The tile lines flowed from March thru mid-July in 1983. Tile flow among the treatments was extremely
uniform and averaged 15.5 acre Inches (Table 3). Average flow-weighted NO.-N concentrations for 1983
ranged from 6.0 mg/L with the 18-lb treatment to 64.8 mg/L with the 400-lB treatment. Even the 100-
and 200-lb treatments which did not contain enough residual NO.-N in the crop rooting zone to improve
corn yields resulted in average NO.-N concentrations of 11.0 and 25.8 mg/L, respectively.

Table 3. Tile line flew, average NO.-N concentration and total NO.-N losses into the tile lines in
1983 as related to annual N application rates from 1973-1979 at Lamberton.

Annual

N rate

lb N/A

Total

tile flow

Nitrate N

18

100

200

400

200 org.

acre-inches

15.45

14.54

14.15

16.70

16.83

Avg. Concentration
mg/L

6.0

11.0

25.8

64.8

15.2

Losses

lb/A

21.1

36.3

82.6

245.1

58.0
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Nitrate N concentrations in the tile water decreased during the 1983 season (data not shown). Con
centrations decreased from 12 mg/L in March to 10 mg/L in July with the 100-lb, from 31 to 17 mg/L
with the 200-lb rate, from 79 to 45 mg/L with the 400-lb rate, and from 19 to 12 mg/L with the 200-lb
rate as organic N. Nitrate-N concentrations in the 18-lb rate did not change during 1983.

Nitrate-N losses thru the tile lines were quite high (Table 3) and on a relative basis compared very
closely to the amount of residual N found in the 10-foot profile (Table 1). The 200-lb organic N
treatment gave a lower NO.-N concentration and resulted in slightly less NO.-N losses than did the
200-lb N treatment as urea.

Summary - 1983

Large quantities of residual N found below three feet were lost via tile discharge. The amount of
loss and NO.-N concentrations were directly related to residual NO.-N levels found at these depths.
Corn production with the exception of silage yield and total N uptaTce, however, was not consistently
influenced by the carryover NO.-N. Perhaps the corn roots were not deep enough to extract the carry
over N which was susceptible to tile loss.

Results - 1984

Residual NO.-N remaining in the soil profile after the 1983 season and available for the 1984 crop is
shown in Table 4. Very little carryover N was found following the 18-lb treatment. Carryover of
NO.-N in the top 10-feet was 3X and 9X more with the 200- and 400-lb N treatments compared to the
18-lb treatment. Most of the NO.-N was found below 5* with the 200-lb treatment and below 4* with
the 400-lb treatment. Highest NO.-N concentrations were found in the 6-8' zone and 5-7' zone with
each of these treatments, respectively. Although the NO.-N distributions were similar, approximately
30% less NO.-N was found in the soil profile with the 200-lb organic N treatment compared to the same
N rate as urea.

Table 4. Residual NO.-N in the 0-20' soil profile in October, 1983 as Influenced by previous N
application at Lamberton

Profile Annual N rate (lb/A)-'
depth 18 200 400 200 org.
feet

0-1 2.1 2.7 4.7 3.5

1-2 0.3 0.6 1.0 0.6

2-3 0.5 1.1 1.1 0.8

3-4 0.4 1.8 7.4 1.5

4-5 1.2 3.7 18.8 2.2

5-6 1.0 6.8 30.7 4.1

6-7 2.2 10.5 26.6 6.7

7-8 2.1 9.7 17.7 5.8

8-9 2.4 6.5 15.0 4.9

9-10 2.6 5.3 10.1 4.0

10-11 2.2 5.7

11-12 2.1 5.5

12-13 1.8 9.6

13-14 1.8 9.4

14-15 1.1 5.6

15-16 1.2 4.6

16-17 1.7 4.1

17-18 1.1 6.7

18-19 0.9 3.5

19-20 1.4 2.8

Total lb NO.-N

in 10-foot profile 59 195 533 136

—Annual application over 7-year period (1973-79).



49

Soil samples were taken to 20' to determine if NO.-N had moved through the profile over the 11-year
period of this experiment. Very low NO.-N concentrations were found throughout the profile with the
18-lb N treatment (Table 4). Residual NO.-N from the 400-lb rate moved to at least the 20-foot depth
at the end of 11 years.

With the exception of grain N, none of the corn production parameters shown in Table 5 were affected
significantly by the carryover NO.-N in the soil profile (Table 4). Even though a 40-lb rate of N
was added to all plots to stimulate plant growth and root development there was little consistent
evidence that the corn was obtaining much of the residual NO.-N. Because of the high plot vari
ability the "apparent" 12 and 30 bu/A responses with the 200- and 400-lb N rates were not significant
(P = 61%). High plot variability also erased the apparent silage yield, total N uptake, and grain N
removal responses with the 400-lb rate. Corn yields from all plots were substantially below the
138.3 bu/A yield from the 6-row strip where 125 lb NA was added in 1984. Grain N averaged 1.18% N
from this 6-row strip.

Table 5. Corn production and N utilization in 1984 as influenced by residual NO.-N from annual
N applications from 1973-1979 at Lamberton.

Annual Final

popl'n..
Leaf

N

Fodder

N

Silage
Yield N uptake

Grain

N rate Yield N N removal

lb N/A

18

100

200

400

ppA x 10J

23.5

23.1

22.7

23.7

%

2.19

2.04

1.70

2.10

%

.42

.39

.40

.45

T DM/A lb N/A

3.38 53.3

3.30 50.9

3.78 61.9

4.34 75.3

bu/A

86.0

82.6

97.6

116.0

%

1.10

1.09

1.14

1.18

lb N/A

44.7

42.8

52.8

64.5

Signif.
CV (%)

200 org.

Level (%)
J,/

*

62

3.6

23.3

86

11.

1.84

68

9.1

.40

66 81

21. 23.

3.18 48.3

61

25.

77.6

93

3.5

1.08

83

24.

39.8

— Probability level that a difference among the four means listed above is significant.

Tile lines flowed from March thru mid-July in 1984, but flow was not as consistent among the treat
ments as in 1983. This was perhaps due to the extremely heavy rains in June (7.73 inches between
June 8 and 23). Tile flow averaged 19.7 acre-inches for the 5-month period. Because of the high
rainfall amounts it is possible that some water from the untiled borders around the plots may have
moved under the plastic barriers and into the tile plots. This could partially explain the high tile
flow which almost exceeded precipitation during this 5-month period (20.20").

Table 6. Tile line flow, average NO.-N concentration and total NO.-N losses into the tile lines
in 1984 as related to annual N application rates from 1973-1979 at Lamberton.

Annual Total Nitrate-N

N rate tile flow Avg. Concentration Losses
lb N/A acre-inches mg/L lb/A

18 18.27 11.9 49.2

100 16.90 14.6 56.1

200 17.15 18.0 69.7

400 20.77 33.0 155.1

200 org. 25.60 16.2 94.1

Average flow-weighted NO.-N concentrations ranged from 11.9 to 33.0 mg/L in 1984 (Table 6). Con
centrations from the 200- and 400-lb treatments were markedly less than in 1983. However, NO.-N
concentrations from the 18-lb and 100-lb treatments were slightly higher than in 1983, probably Sue
to the 40-lb N addition to all plots and to mineralized N which had accumulated during the dry pre
vious year but which had not been taken up by the 1983 crop.

Nitrate-N losses in the tile discharge were again quite sizable in 1984 (Table 6). Even though NO.-N
concentrations have decreased since 1979, the large flow volumes coupled with concentrations between
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12 and 33 mg/L resulted in losses ranging from 49 lb/A with the 18-lb treatment to 155 lb/A with the
400-lb treatment. Both NO.-N concentrations and losses were higher for the 200-lb organic N treat
ment compared to the same n rate as urea.

Residual NO.-N remaining in the soil profile after the 1984 season is shown in Table 7. Approxi
mately 2X and 5X as much NO.-N was found in the 0-10' profile with the 200- and 400-lb N rates, re
spectively, compared to the 18-lb N rate. Similar to October, 1983, most of the NO.-N was found
below 5* with the 200-lb treatment and below 4' with the 400-lb treatment. Highest nO.-N concen
trations were found in the 6-8' zone and 5-7' zone with each of the treatments, respectively.
Although the distribution of NO.-N within the profiles was similar, 20% less NO.-N was found in the
soil profile with the 200-lb organic N treatment compared to the same N rate as urea.

Table 7. Residual NO.-N in the 0-10' soil profile in October, 1984 as influenced by previous N
application at Lamberton.

Profile Annual N rate (lb/A)1'
depth 18 200 400 200 org.

feet - ppm

0-1 1.9 2.8 3.1 2.5

1-2 1.0 1.7 1.8 1.3

2-3 1.2 2.1 2.7 1.2

3-4 1.4 2.6 4.8 1.9

4-5 1.6 3.2 11.7 3.0

5-6 1.7 4.7 19.9 3.8

6-7 2.2 7.1 19.8 6.9

7-8 2.3 8.1 15.7 6.0

8-9 2.8 7.2 13.5 4.9

9-10 2.9 4.8 10.7 3.8

Total lb NO.-N

in 10-foot profile 76 177 415 141

— Annual application over 7-year period (1973-1979).

Summary - 1984

Large quantities of residual N were lost via tile discharge again in 1984. The source of that lost N
was thought to be primarily from N mineralized during the previous season as well as that which had
accumulated at depths below 4' from the 1973-79 fertilizer applications. Even though NO.-N concen
trations in the water from the high N rates were lower than in past years, the high flow volumes in
1984 resulted in substantial NO.-N losses via the tile lines. Corn production, with the exception of
grain N concentration, was not affected by the carryover NO.-N from the previous N treatments. Sig
nificant amounts of residual NO.-N still remained in the soil profile below 5' and 4' at the end of
1984 with the 200- and 400-lb N Irates, respectively.

12-YEAR TILE DRAIN SUMMARY

Total NO.-N losses via tile discharge water are presented in Table 8 for the fertilized period
(1973-797 and for the residual period (1980-84). Due to higher precipitation in the last 5 years,
approximately two-thirds of the 12-year tile flow occurred in the 5-year residual period. Nitrate-N
losses during the residual phase of the study approximated the losses during the 7-year fertilizer
application period. From 29 to 41% of the fertilizer applied at the 200- and 400-lb N/A rates (the
recommended rate is 100 lb N/A) were lost from the soil thru the tile lines during this 12-year
period.
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Total

Applied

•Ji/
Nitrate-N Lost thru Tiles—' Percent of

(1973-79 1973-79 1980-84 1973-84 applied N lost
lb N/A

126

700

1400

2800

80

161

299

639

lb N03-N/A

87 167

138 299

239 538

637 1276

%

23

29

41

— Does not include the 40-lb rate applied in 1984.

2/
- 20.8 acre-inches tile drainage in 1973-79, 43.0 acre-inches in 1980-84.
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TWENTY-FIVE YEARS OF FIELD EXPERIMENTATION WITH
NITROGEN SOURCE, PLACEMENT, AND TIME OF APPLICATION

TO A WEBSTER LOAM NEAR LAMBERTON, MN

G. L. Malzer, W. W. Nelson, and T. Graff

(Annual reports of this experiment have been reported in Soil Series 74 through 113 and some of this
information will not be included here).

The fertilizer treatments have now been applied annually to the same plots area for 25 years. After
ear corn removal and stalks cutting, the fall plow down treatments are broadcast on their respective
plots and the entire area is then plowed to an approximate 12 inch depth. The fall surface N
treatments are then broadcast, with no further working of the plow area. Each plot is 20' by 77.5'
and the 4 replications are arranged in a randomized block. Spring N treatments are broadcast before
seedbed preparations late in April or early May. The corn is planted in 30 inch rows at a plant
population of 20,000 plants/A, using a band starter fertilizer of 8-24-12 at a rate of 180#/A over
the entire expermintal area, thus supplying an additional 14 #N/A to all plots. Nitrogen sidedressing
treatments were broadcast in June.

The yields obtained in 1984 were below average when considering the long term previous average for
this experiment. Treatments averages in 1984 appeared to follow the trends which had been
established with the long term average yields.

TWENTY-FOUR YEAR AVERAGE

The average grain yields for the twenty-four years of this experiment are shown In Table 2. Only
modest differences were obtained between nitrogen forms, time of application and incorporation in
the 1984 experiment. In 1984 with 40 #N/A applied as urea fall plow down was superior to ammonium
nitrate fall plow down. When both materials were applied at the same rate to the surface there was
essentially no difference. When urea was applied as a spring top dressed treatment, it was also
superior to ammonium nitrate. This is observed in the long term average.

Plowing down 160 #N/A in the fall was much more effective than the lower N rates and approached the
yields that were obtained with the sidedress application of nitrogen. Urea applied in the fall
produced similar yields to spring applications,ammonium nitrate also produced similar yields.
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Table 1 Influence of nitrogen form, nitrogen rates,on grain N content, grain N removal, and
grain yield on a Webster loam near Lamberton MN. 1984.

N-Rate

#/A 1_

Check
40 NH4NO3-
40 Urea
40 NH4NO3
40 Urea -

80 NH4NO3
80 Urea -

160 NH}NQ3-
160 Urea -

40 NH4NQ3
40 Urea -

80 NH4NO3
80 Urea -

40 NH1NQ3-
40 Urea -

80 NH4N03-
80 Urea -

160 NH4N03-

P-Value

(BLSD.05)

N-Cont. N-Removal

Grain Grain

fpd c
fpd
- fps
fps
- fpd
fpd
fpd

fpd

std

- std

std

sd5
sd

sd

sd

sd

%

1.09

1.02

.1.06
'l.03
1.08

1.12

1.00

1.08

,1.14
- std41.03

1.03
0.97
1.13

1.04

0.99
1.16
1.27
1.13

99

0.12

#/A

28.9

32.2

36.4
32.4
32.3

38.9
36.4

49.9

51.9
31.8

38.5
36.9

44.4
43.1

42.8

58.1
58.1
58.8

99

9.7

Rep
1

Rep
2

Rep
3

Rep
4 Ave

Bu/A 15.5 %

43.8 60.1 51.8 69.7 56.4
68.1 72.2 48.4 78.3 66.8
65.3 80.1 65.5 79.3 72.6
64.4 63.9 62.2 73.8 66.1
50.2 72.3 53.4 76.3 63.0
63.0 114.1 53.1 57.2 71.8
62.1 94.5 70.3 79.5 76.6

102.2 102.2 103.2 81.9 97.4
99.3 120.7 79.3 85.2 96.1
32.7 95.8 59.5 75.5 65.9
69.6 62.0 82.9 99.6 78.5
81.8 81.8 72.5 84.2 80.1
81.0 91.5 57.9 103.1 83.4
85.2 88.9 92.5 81.2 87.0
76.7 101.3 108.9 81.0 92.0

113.8 115.4 83.2 112.0 106.1
92.3 92.4 93.5 107.2 96.4
84.1 123.9 116.2 114.2 109.6

99

19.0

^he entire area received an additional 14 #N/A as starter fertilizer annually ( 180 #/A 8-24-12),

2fpd - fall plow down

3fps - fall plow surface

4std - spring top dress

'sd - sidedress
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Table 2. Yields of ear corn during 24 years on tiled Webster loam near Lamberton with annual
applications of NK1NO3 or urea nitrogen at different rates, times, and placement.

N-Rate 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973

#/A 1 Bu/A
Check 49.5 88.2 26.1132.6 72.9 33.1 11.1 53.4102.4 92.8 85.7 40.8 75.6 69.2
40 NtyiJOj-fpd? 42.3 87.5 30.9 148.6 88.6 34.9 26.8 75.7 131.6 109.3 96.3 88.7 113.6 92.0
40 Urea-fpd 55.1 78.2 29.1 148.8 100.3 38.8 19.8 86.9 132.5 124.5 120.4 100.7 113.9 101.2
40 NHiAKh-fps 3 49.0 96.7 29.6 140.1101.5 45.6 24.3 75.1135.2 124.6 122.5 81.5 109.9 93.0
40 Urea-Tps 62.3 101.3 37.0 140.7 84.1 57.4 30.9 87.2 134.0 136.1 121.2 82.4 106.7 97.8
80 NHiNCh-fpd 67.4 97.9 43.6 149.6 100.8 63.4 47.3 114.3 131.2 146.8 134.7 108.0 143.1 121.7
80 Urea-fpd 61.7 76.9 36.7 154.5 104.9 73.0 37.8 117.2 142.6 144.3 141.4 107.8 140.1 117.9

160 NKjNOb-fpd 69.8 97.9 46.7 147.7 100.9 70.8 38.5 127.4 140.2 158.7 141.7 120.2 147.6 121.0
160 Urea-fpd 79.4 112.5 43.5 152.8 112.4 73.5 37.7 121.3 149.9 161.0 140.4 110.6 151.7 114.9
40 NHjNfo-std* 66.2 92.0 45.4 152.2 99.8 63.4 23.7 99.8 128.0 142.0 125.6 84.0 117.0 104.0
40 Urea-std 45.4 91.1 31.4 147.6 100.6 59.8 33.8 95.0 140.5 143.4 118.9 94.6 116.5 97.1
80 NrkNQj-Std 59.3 90.0 32.7 149.2 112.5 74.2 49.0 128.3 144.7 159.5 140.4 122.7 142.7 118.0
80 Urea-std 57.7 99.1 40.5 149.3 115.7 84.4 41.8 128.6 138.7 155.9 146.2 116.0 142.1 117.6
40 NKiNCb-sdS 63.6 92.6 39.5 148.6 90.4 54.8 38.6 96.8 133.4 142.3 127.1104.5 136.0 99.1
40 Urea-sd 57.7 95.6 24.9 142.3 94.1 48.4 50.4 86.1 132.2 143.3 117.1 100.5 133.9 103.9
80 NftNfo-sd 50.4 98.4 46.7 140.7 113.0 68.1 43.8 101.6 137.7 140.3 127.7 97.6 124.7 109.4
80 Urea-sd 76.9 86.4 48.2 143.8 121.4 64.7 47.3 117.0 146.9 166.2 140.5 124.4 149.8 124.0

160 NtoNth-sd 40.7 97.4 77.7 151.7 109.5 77.6 51.4 120.2 141.5 148.3 136.9 104.2 150.0 117.1
Ave. Bu/A 58.6 93.3 39.4 147.5 101.3 60.3 37.8 101.8 135.7 140.9 127.0 99.4 128.6 106.6

24 yr.
1974 1975 0 1977 1978 1979 1980 1981 1982 1983 1984 Ave

Check 53.4 58.4 141.2 64.6 37.6 46.5 65.8 71.0 30.0 56.3 61.8
40 NHl Nth-fpd 2 80.5 88.6 145.1 98.1 63.1 67.6 77.4 91.5 43.0 66.7 79.2
40 Urea-fpd 96.9 96.6 165.2 110.2 76.7 65.2 87.0 119.1 41.0 72.5 86.3
40 NftNCh-fps 3 88.3 78.2 149.4 101.3 64.6 69.7 89.4 107.4 41.0 66.0 82.2
40 Urea-Tps 85.0 78.9 156.8 101.4 80.2 63.8 80.5 113.0 44.0 63.0 84.8
80 NHLNCh-fpd 103.6 89.2 156.9 128.4 94.8 90.3 89.6 132.0 55.0 71.8 98.3
80 Urea-fpd 107.2 96.9 146.0 123.6 86.2 84.7 101.8 131.4 46.0 76.6 97.0

160 NHiNOj-fpd 113.1 90.4 149.8 129.3 108.7 109.3 91.3 138.2 66.0 97.3 103.9
160 Urea-fpd 105.1 82.4 163.0 124.4 127.3 103.7 97.6 133.8 63.0 96.1 105.4
40 NHlNCb-std4 82.8 88.0 160.0 97.4 86.6 77.2 90.0 115.0 46.0 65.8 89.1
40 Urea-std 94.5 89.0 165.2 103.9 74.5 64.3 86.6 102.4 47.0 78.5 88.1
80 NHiNfo-Std 92.9 97.6 162.9 117.1 87.3 74.4 101.4 134.9 57.0 80.0 100.1
80 Urea-std 108.5 93.6 162.2 127.4 100.3 84.4 102.8 125.9 62.0 83.3 102.1
40 NHiNCb-saS 82.7 91.8 153.8 106.8 99.2 71.9 83.6 116.1 49.0 86.9 91.3
40 Urea-sd 80.4 92.6 165.4 104.8 94.2 80.4 87.4 116.2 51.0 91.9 91.2
80 NHiNCb-sd 87.6 95.3 163.2 110.6 106.3 76.9 79.3 135.2 49.0 106.1 95.6
80 Urea-sd 95.6 90.1 162.8 126.7 118.1 89.6 87.4 131.0 55.0 96.3 103.4

160 NfyNOj-sd 105.5 91.3 160.3 126.0 148.0 109.8 96.7 136.3 70.0 109.6 106.4

Ave Yield Bu/A 92.4 88.3 157.2 111.2 91.9 79.4 88.6 119.5 51.0 81.4 92.6

P-Value 99 99
BLSD(.05) 19.0 5

1 The entire area receivied an additional 14 #N/A as starter fertilizer annually (8-24-12 9 180 #/A).
@ 1976 No Yields Taken

2 fpd - fall plow down

3 fps - fall plow surface

4 std - spring top dress

5 sd - sidedress
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WEST CENTRAL EXPERIMENT STATION - MORRIS

WEATHER SUMMARY - 1984

Precipitaition Temperature Soil

(10
Temperature

94-yr Dev. 94-yr. Dev. cm depth)

Month Period 1984 av. from av. 1984 av. from av. 1984 10-yr. av.

January 1-31 0.74 0.68 + .06 9.7 8.0 +1.7 * 20.7

February 1-29 1.05 0.67 + .38 24.8 12.6 +12.2 * 23.9

March 1-31 1.28 1.09 + .19 21.4 26.7 -5.3 * 29.2

April 1-10 0.05 0.58 - .53 42.8 37.9 +4.9 *

11-20 1.65 0.65 +1.00 45.2 44.4 +0.8 *

21-30 0.64

2.34

1.08

2.31

- .44

+ .03

48.6

45.5

48.2

43.5

+0.4

+2.0

44.0
*Total or av. 41.4

May 1-10 1.70 0.78 + .92 45.8 51.9 -6.1 44.6

11-20 0.39 0.95 - .56 58.6 55.8 +2.8 57.5

21-31 0.45

2.54

1.25

2.98

- .80

- .44

55.7

53.5

60.1

56.1

-4.4

-2.6

59.6

54.0Total or av. 57.1

June 1-10 2.70 1.26 +1.44 65.6 63.1 +2.5 65.6

11-20 2.04 1.27 + .77 63.1 66.5 -3.4 63.6

21-30 1.50

6.24

1.38

3.91

+ .12

+2.33

68.0

65.6

68.2

66.0

-0.2

-0.4

71.0

66.8Total or av. 69.3

July 1-10 0.68 1.48 - .80 68.2 70.0 -1.8 74.7

11-20 0.38 1.03 - .65 69.0 71.3 -2.3 75.6

21-31 0.26 1.03 - .77 71.5 71.5 0 77.5

Total or av. 1.32 3.54 -2.22 69.6 71.0 -1.4 75.9 76.7

August 1-10 1.84 1.05 + .79 73.5 70.3 +3.2 76.0

11-20 0.08 0.90 - .82 72.4 69.2 +3.2 79.4

21-31 4.42

6.34

0.98

2.93

+3.44

+3.41

66.7

70.7

66.9

68.7

-0.2

+2.0

70.2

75.1Total or av. 73.9

September 1-30 1.82 2.19 - .37 53.2 59.1 -5.9 58.2 61.5

October 1-31 9.21 1.62 +7.59 . 47.2 47.3 -0.1 48.2 47.8

November 1-30 0.16 0.96 - .80 30.6 29.7 +0.9 32.2 33.6

December 1-31 1.15 0.68 + .47 13.0 15.5 -2.5 24.5 23.4

April-August
Growing Season 18.78 15.67 +3.11 61.0 61.1 -0.1 * 63.8

January-December Annual 34.19 23.56 +10.63 42.1 42.0 +0.1 * 46.7

•^Equipment inoperative.
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MANURE RATE STUDY

West Central Experiment Station - Morris

S. D. Evans, P. R. Goodrich and R. C. Munter

Solid and liquid beef manures were applied at three rates and the effects were compared against
check plots. Results from previous years are given in Soils Series 91, 95, 97, 99, 103, 105, 107,
109, and Misc. Publ. 2-1982-84. The last manure applications were made in the fall of 1978, but
fertilizer has been applied to the fertilized check each year.

I. Planting Information

The plots were planted with Pioneer 3901 on May 1, 1984, @ 24,300 seeds/acre. Counter was
applied @ 8.8 lbs/acre (1 lb/acre active ingredient) in the row to the entire area at planting.
The fertilized plots received 120 +50 + 50 (N + P2O5 + K2O) lbs/acre on October 25, 1983.
Lasso @ 2.5 lbs/acre and Bladex @ 2.2 lbs/acre were applied broadcast on May 11. Silage
samples were taken by hand on September 17 and the grain harvest was taken with a plot combine
on November 2 and 5.

II. Soil Sampling and Analysis

A. 1983 Measurements

NO3-N was the only variable measured in the fall of 1983. The values shown in Table 1
indicate some changes from NO3-N level one year earlier. The NO3-N in the 0-1' zone
increased slightly for all treatments, while values decreased or stayed the same for LB
and check treatments in the 1-2' zone. Conversely, in the SB and FE treatments, the NO3N
level in the 1-2' zone increased. NO3-N levels were consistently lower in both the 2-
and 3-4' zones.

N03l>
2-3'

B. 1984 Measurements

Extremely wet conditions prevented NO3-N samples from being taken in the fall of 1984.

III. Plant Tissue Analysis

The nutrient concentrations in the ear leaves at silking in 1984 are given in Table 2. There
were significant effects on all elements. Solid beef manure generally increased leaf levels
of P, K, and Fe and decreased leaf levels of Mg and Zn as compared to the fertilized check.
The effects of liquid beef manure were similar to those of solid beef manure but the effects
were reduced.

IV. Yield Measurements

A. Grain - Yields of the solid beef manure treatments were not significantly different from
the fertilized check, but the LB1 and LB2 treatments were both significantly less.

B. Silage - The LB1 and LB2 treatments yielded significantly less than the fertilized check.

V. Summary

The 1984 season was the sixth since manure had been applied. The LB1 and LB2 treatments of
manure were no longer adequate for grain yields to be equal to the fertilized check.

Please refer to title page of this publication for information regarding application and use of this
article.
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RESIDUAL EFFECT OF HEAVY APPLICATIONS OF ANIMAL MANURES ON CORN GROWTH

AND YIELD AND ON SOIL PROPERTIES

West Central Experiment Station - Morris

S. D. Evans, P. R. Goodrich and R. C. Munter

The experiment initiated in 1970 was continued. Treatments and results from previous years are
given in Soil Series 88, 89, 91, 95, 97, 99, 103, 105, 107, 109, and Misc. Publ. 2-1982-84. Manure
was applied in 1970 and 1971 only. Fertilizer has been applied to the fertilized checks each year.

I. Planting Information

The plots were planted with Pioneer 3901 on May 1, 1984, @ 24,000 seeds/acre. Counter was
applied @ 8.8 lbs/acre (1 lb/acre active ingredient) in the row to the entire area at planting.
The fertilized plots received 120 + 50 + 50 (N + P2O5 + K2O) lbs/acre on October 25, 1983.
Lasso @ 2.5 lbs/acre and Bladex @ 2.2 lbs/acre were broadcast on May 11. Silage samples were
taken by hand on September 17 and the grain harvest was taken with a plot combine on November 5.

II. Soil Sampling and Analysis

A. 1983 Measurements

NO3-N was the only variable measured in the fall of 1983 (Table 1). In the fall of 1982
the total NO3-N in the 0-4' profile was greater on all manure treatments than on the fer
tilized check. The 1983 values indicate that total NO3-N of LB in the 0-4* profile is
greater than the fertilized check, while SB and LH are now less.

B. 1984 Measurements

Extremely wet conditions prevented NO3-N samples from being taken in the fall of 1984.

III. Plant Tissue Analysis

The nutrient concentrations in the ear leaves at silking in 1984 are given in Table 2. There
were significant effects on many elements. The N and Zn concentrations were less for all
manure treatments when compared to the fertilized check. Concentrations of Mg were less for
SB and LB, and Fe was less for LH as compared to the fertilized check. The SB and LB treat
ments had significantly greater concentrations of K than did the fertilized check leaves.

IV. Yield Measurements (Table 3)

A. Grain - The LH treatment was the only treatment which had a significantly lower grain yield
than the fertilized check.

B. Silage - The silage yield for the LH treatment was also the only one significantly lower
than the fertilized check.

V. Summary

This is the first year since manure treatments were applied in 1970 and 1971 that yields were
significantly lower for a manure treatment as compared to the fertilized check. Grain and
silage yields were both significantly lower for the LH treatment. However, plant analysis
indicates that the other two manure treatments may be approaching critically low levels of
nutrients, especially N, Mg and Zn.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 1. Levels of NO3-N in a Tara soil thirteen years (Fall 1983) after the application of high
rates of manure.

Treatment

Depth CK FE SB LB LH

- ft-

0-1

1-2

2-3

3-4

7.4

1.7

1.1

1.8

8.8

20.8

58.1

52.1

NO3-N, ppm

11.9

3.1

22.6

56.2

10.3

17.7

65.9

105.0

7.4

3.0

26.6

33.9

Table 2. Summary of analysis of corn leaves at silking - 1984.

Elements

Treatment N P K Ca Mr Fe Zn Cu Mn B

- -
_ _ .- - % - _ _ _ - ppm -

CK 1.38 0.14 1.53 0.45 0.38 80.3 10.6 4.0 62.8 7.7

FE 2.92 0.26 1.68 0.52 0.39 108.6 19.4 5.0 75.4 7.1

SB 2.28 0.27 2.13 0.46 0.24 100.8 12.0 5.1 86.5 7.4

LB 2.24 0.30 2.15 0.47 0.25 102.6 11.7 5.6 74.8 7.3

LH 2.09 0.28 1.93 0.47 0.31 90.7 14.3 4.8 65.7 7.5

Signif. level (%) 99 99 99 94 99 99 99 77 77 17

BLSD(.05) 0.52 0.05 0.25 0.05 0.09 13.9 2.1 - - -

CV(%) 12.8 10.3 7.2 5.2 14.7 7.4 8.6 15.8 16.6 8.7

Table 3. Summary of plant measurements - 1984.

Treatment

CK

FE

SB

LB

LH

Signif. level (%)

BLSD(.05)

CV(%)

Grain

Moisture

at

harvest

Yield

@ 15.5%

M

- % - -Bu/A-

23.4 52.6

23.7 122.5

22.9 117.6

22.6 109.9

23.8 76.7

50 99

- 28.7

3.9 16.0

Silage

Dry
matter at

harvest

Silage
yield
(D.M.)

Ear wt.

Silage wt.

- % - - lbs/A - - - % - -

44.5 7614 51.7

43.4 15172 56.1

48.8 13630 58.5

47.3 13030 54.8

48.1 11215 55.0

82 99 83

- 3877 6.4

6.1 16.4 5.4
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SOIL TEST LAB COMPARISON

West Central Experiment Station - Morris

S. D. Evans and G. A. Regimbal

In west central Minnesota there are several laboratories where soil samples are analyzed and
fertilizer recommendations given. Recommendations of commercial laboratories sometimes differ
greatly from the University of Minnesota Soil Testing Laboratory. In order to develop educational
material for extension soils specialists, trials were started at the West Central Experiment Station
in 1980 on a corn-wheat rotation. Results from 1980-83 trials were summarized previously (Soil
Series 109 and Misc. Publ. 2).

In the fall of 1983 soil samples from the plow layer and 0-2' zone (corn only) were taken from all
plots except the check. The soil from the four replications was combined to make two samples (plow
layer and 0-2') from each treatment. The samples were dried thoroughly, mixed, subdivided and sent
to the appropriate laboratory. Recommendations were requested from five laboratories for corn at a
yield goal of 130 Bu/A and spring wheat at a yield goal of 65 Bu/A. Analyses requested were (1) a
complete analysis on the plow layer samples and (2) a nitrate-N analysis and recommendation on the
0-2* samples for treatments to be planted to wheat. After receiving the soil tests and recommenda
tions (Tables 1 and 2), the fertilizer treatments were calculated with an adjustment for soil build
up with Lab C. Lab C gave no indication that the 0-2' sample was used for the nitrogen recommenda
tion on wheat.

General

The experimental design is a randomized complete block with four replications on each crop. Two
blocks, each with 24 plots, are adjacent and alternate between wheat and corn. The plot size is
15 feet by 40 feet. Row spacing on the corn is 30 inches.

Wheat

The N, P, K and S were applied by hand on October 26, 1983. Zinc, manganese, copper and boron were
dissolved in water and sprayed on the plots on October 27. All plots were then moldboard plowed.
In the spring the plots were field cultivated and dragged. On April 24, 1984, the plots were seeded
to Era wheat @ 1 3/4 Bu/A. Hoelon was applied @ 3 pts/A on May 29 and Bromate @ 1 pt/A on June 1.
The plots were harvested with a plot combine on August 9.

Corn

N, P, K and S were applied by hand on October 26, 1983. Zinc, Manganese, copper and boron were dis
solved in water and sprayed on the plots on October 27. All plots were then moldboard plowed. In
the spring the plots were field cultivated and dragged. On May 1, 1984, the plots were planted to
Dekalb-Pfizer T950 @ 24,300 seeds/acre. Counter was applied at planting @ 1 lb/A (active ingredient).
Lasso @ 3 lbs/A and Bladex @ 2.2 lbs/A were applied broadcast on May 3. The plots were harvested on
October 23 with a plot combine.

Results and Discussion of the Wheat Trial

The soil tests and fertilizer recommendations are shown in Table 1. The soil test results were

somewhat variable between labs. The recommended amounts of N, P and K had wide variations and labs
B, C and D suggested applying sulfur. Lab B also recommended zinc, manganese, and copper and lab C
recommended boron. There was a significant difference in lodging between labs, but no differences
in grain yield, grain moisture or plant height (Table 3).

Lab E had the lowest fertilizer cost ($30.45) and the highest return over fertilizer ($323.55),
while lab D had the highest fertilizer cost ($57.70) and the lowest return over fertilizer ($275.10),
except for the check ($151.60) (Table 4).

Please refer to title page of this publication for information regarding application and use of this
article.
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Results and Discussion of the Corn Trial

Soil test results are shown in Table 2. Once again recommendations varied for N, P, K and micro-
nutrients. Sulfur was recommended by labs B, C and D and lab B also recommended manganese and
copper and lab D recommended boron.

Table 3 shows no significant difference between labs in plant height, plant weight, grain yield or
grain moisture.

Fertilizer costs ranged from $42.40 (lab E) to $67.58 (lab B) (Table 4). Economic return over
fertilizer had a range of $245.46 (lab B) to $282.91 (lab D).

Five-Year Summary

The combined average return per year for 1980-1984 shows a range of $38.82 (lab B) to $79.80 (lab E)
over the check. For wheat, lab C shows the smallest return over the check, while lab E shows the
greatest. For corn, lab B is showing a negative return over the check, while after five years, lab E
has returned $101.64 over the check. It appears that the recommendations of labs for sulfur and
micronutrients are not resulting in significantly higher yields over those which do not; consequently,
economic returns over fertilizers are less for those labs.

Table 1. Soil test results and the suggested fertilizer program for wheat in 1984.

Soil Test Results

Test Lab A Lab B Lab C Lab D Lab E (UM)

PH 8.0 7.9 7.8 7.9 7.9
P (Bray 1), ppm - 13 L - - 6.0

(NaHC03), ppm 8 L 12 L 23 8 L 7.0

K, ppm 108 H 133 M 127 120 120

O.M., % 3.4 3.7 H 2.6 MH M

Ca, ppm 5100 2650 H 4422 3720 M -

Mg, ppm 480 467 VH 453 560 H -

Na, ppm 9 - 7 - -

S, ppm 4 L 5 L 3 6 L 1.0

Fe, ppm 12.5 H 12 M 13.1 7.8 H -

Mn, ppm 4.5 VH 5 L 5.9 2.1 ADQ -

Zn, ppm 1.02 H 1.9 M 1.3 1.6 H 1.3

Cu, ppm 0.65 H 0.9 M 0.6 0.54 H -

B, ppm - 1.4 H 0.6 1.4 M -

ENR (lb/A) - 85 - - -

Nitrate-N (lb/A) 60 14 M 6 38 16

C.E.C. (meq/100 g) 29.8 17.5 26.2 23.8 -

Soluble salts (mmhos/cm) 0.3 - 0.2 - -

Suggested Fertilizer Program1

Nutrient Lab A Lab B Lab C Lab D Lab E (UM)

(lb/A) •

Nitrogen 92 100 115 70 100

Phosphorus (P2O5) 62 70 40 40 40

Potassium (K2O) 63 95 1902 65 30

Sulfur 0 12 20 35 0

Zinc 0 1.5 0 0 0

Manganese 0 3 0 0 0

Copper 0 0.5 0 0 0

Boron 0 0 1.0 0 0

lAll values indicate pounds of nutrient suggested per acre for a yield goal of 65 bushels per acre
for wheat.

2Values include maintenance plus 1/2 of suggested buildup.
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Table 2. Soil test results and the suggested fertilizer program for corn in 1984

Soil Test Results

Test Lab A Lab E( Lab C Lab D Lab E (UM)

PH 7.8 7.7 7.4 7.7 7.7

P (Bray 1), ppm - 17 M - - 14

(NaHC03), ppm 17 L 7 L 18 12 M 10

K, ppm 123 H 142 M 151 129 H 128

O.M., % 4.3 3.8 2.7 MH H

Ca, ppm 4000 2620 H 2753 3400 M -

Mg, ppm 595 565 VH 543 460 M -

Na, ppm 10 - 17 - -

S, ppm 3 L 4 L 2 8 ML 2.0

Fe, ppm 14.6 H 17 H 20.6 9.6 H -

Mn, ppm 5.8 VH 6 L 7.5 2.3 ADQ -

Zn, ppm 1.27 H 2.2 M 2.0 1.4 H 1.8

Cu, ppm 0.59 H 0.7 L 0.6 0.52 H -

B, ppm - 1.3 H 1.0 0.9 L -

ENR (lb/A) - 86 - - -

Nitrate N (lb/A) - - - - -

C.E.C. (meq/100 g) 25.3 18.2 18.7 21.5 -

Soluble salts (mmhos/cm) 0.38 - 0.2 - -

Suggetited Fertilizer Program1

Nutrient Lab A Lab E\ Lab C Lab D Lab E (UM)
- - (lb/A) -

Nitrogen 132 145 140 145 90

Phosphorus (P2O5) 97 80 55 75 90

Potassium (K2O) 54 125 1252 75 40

Sulfur 0 15 24 30 0

Zinc 0 0 0 0 0

Manganese 0 3 0 0 0

Copper 0 1 0 0 0

Boron 0 0 0 1 0

1A11 values indicate pounds of nutrient suggested per acre for a yield goal of 130 bushels of corn
per acre.

2Values include maintenance plus 1/2 of suggested buildup.

Table 3. Effect of fertilizer recommendations on various plant measurements - 1984

Wheat Corn

Lab

Plant

Lodging

Plant

Height at
Harvest

Grain

Yield

Grain

Moisture

Early
Plant

Height

Early
Plants (10)
Dry Weight

Grain

Yield

Grain

Moisture

- Scorei - -in- -Bu/A- - % - -in- - grams - -Bu/A- - % -

A

B

C

D

E (UM)
Check

1.8

2.2

2.5

1.5

1.8

1.0

32.5

31.5

31.2

32.5

32.2

25.2

85.1

84.2

87.0

83.2

88.5

37.9

13.4

13.4

13.4

13.3

13.3

13.2

29.6

30.6

30.0

29.4

29.0

28.6

66.5

81.0

75.5

76.0

70.0

68.0

116.2

111.8

118.7

121.3

113.9

88.3

25.4

24.9

25.4

25.0

25.5

26.2

Signif. level (%) 91 99 99 47 30 41 97 96

BLSD (.05) 0.7 2.2 8.0 - - - 22.2 0.9

CV (%) 24.1 5.0 7.5 1.7 6.3 17.5 11.7 2.1

lodging score: 1 = No lodging, 9 = Flat.
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Table 4. Economic return over fertilizer costs - 1984.

Wheat Corni

Value of Return Return Value of Return Return

Crop @ Fertilizer over over Crop @ Fertilizer over over

Lab $4/Bu Cost* Fertilizer Check $2.80/Bu Cost Fertilizer Check

A 340.40 38.39 302.01 150.41 325.36 52.90 272.46 25.22

B 336.80 53.59 283.21 131.61 313.04 67.58 245.46 -1.78

C 348.00 36.38 311.62 160.02 332.36 60.32 272.04 24.80

D 332.80 57.70 275.10 123.50 339.64 56.73 282.91 35.67

E (UM) 354.00 30.45 323.55 171.95 318.92 42.40 276.52 29.28

Check 151.60 0 151.60 - 247.24 0 247.24 -

*Values used ($/lb) were as follows:
Mn = $1.05, Cu = $2.40, B =• $2.30.

$0.26, P205 =• $0.25, K2O = $0.12, S = $0.20, Zn = $0.95,

Table 5. Five-year summary of yields and economic returns - 1980-84.

Wheat* Corn**

Total Economic Total Economic Combined

Total 5-year Return Return Total 5-year Return Return Average
5-year Fertilizer over over 5-year Fertilizer over over Return

Lab Yield Cost Fertilizer Check Yield Cost Fertilizer Check per Year
- Bu/A - - - - - $/A - - - - - Bu/A - - - - - $/A - - - - -$/A-

A 312.0 137.37 1110.63 252.23 572.9 250.53 1269.17 58.59 62.16

B 320.4 204.23 1077.37 218.97 563.4 300.03 1185.71 -24.87 38.82

C 319.4 235.16 1042.44 184.04 584.2 326.63 1223.01 24.80 41.77

D 302.6 161.55 1048.85 190.45 577.9 291.10 1241.66 31.08 44.31

E (UM) 317.1 112.63 1155.77 297.37 572.1 203.72 1312.22 101.64 79.80

Check 214.6 0 858.40 - 458.6 0 1210.58 - -

*Wheat valued at $4/Bu, 1980-84.

**Corn valued at $3.00, $2.40, $2.00, $3.00, and $2.80/Bu in 1980, 1981, 1982, 1983, and 1984,
respectively.
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EFFECTS OF NITROGEN AND PHOSPHORUS APPLICATION METHODS ON SPRING WHEAT - 1984

West Central Experiment Station - Morris

S. D. Evans, W. E. Fenster, J. Grava and G. L. Malzer

The objective of this study was to compare nitrogen and phosphorus application methods on spring
wheat. This is the fourth year of this study initiated to determine if dual banding of nitrogen and
phosphorus is more effective than broadcast or drill applications on spring wheat growth and yield.

Experimental Procedures

Soil sample results by rep are given in Table 1. The broadcast 0-46-0 was applied by hand on
November 2, 1983. The anhydrous ammonia and 10-34-0 were applied with a dual applicator the same day.
The material was placed at about an 8-inch depth with a knife spacing of 12 inches. In the spring of
1984 the plots were field cultivated and drug on April 25. The study was seeded to Era wheat @
1 3/4 bu/acre.

Whole plant samples were collected on July 26 and were used to calculate forage yield and N and P
uptake. The plots were harvested on August 10 with a plot combine.

Yield and Nutrient Uptake

The nutrient uptake and yield results are given in Table 2. A significant difference in dry matter
yield occurred between treatment 5 and treatment 8. The difference appears to be due to fertilizer
rate and not application method.

The phosphorus concentration in the tissue and phosphorus uptake at the soft dough stage tended to
decrease or stay the same as N was increased, except with drill applications where levels stayed the
same or increased slightly.

The N concentration and uptake was not significantly different between 50 and 100 lbs N or applica
tion methods, but the trend was for increased levels as N was increased.

Grain yield was not significantly affected by N rate except for the N only treatment in which yield
was decreased when N was increased. At the 100 N rate the NP1, NP2 drill placement and N knife, P
broadcast treatments all outyielded the N only treatment.

Grain protein levels were not significantly different between N rates or placement methods.

The 1984 study on placement methods shows very few effects due to placement or rates on any of the
variables measured.

Table 1. Soil teat results October 1984.

Rep

1

2

3

4

5

6

titrate samples were taken in October 1983 (0-2') and are an average of reps 1-2, 3-4, and 5-6.

Please refer to title page of this publication for information regarding application and use of this
article.

P Soil Test Exch.

K

Soil

PHOlsen Bray NO3-N1
lb/A - lb/A - -lb/A

8 14 278 8.0 43.2

16 17 302 7.8

14 17 289 7.8 53.6

9 16 281 8.0

9 14 283 7.9 44.0

11 14 297 7.7



Table 2. The effect of N and P application methods on spring wheat.

Treatment Description Whole Plants @ Soft Dough Stage

Grain

Yield

Trt.
Fertilizer Treatment D.M.

Yield Phosphorus
Phosphorus

Uptake Nitrogen
Nitrogen
Uptake

Grain

No. Placement Source N P205 Protein

- lb/A - lb/A % lb/A % lb/A Bu/A %

1 Check - 0 0 7865 .204 16.1 1.20 95.0 53.5 12,2

2 Dual NT, Knife AA.APP 50 40 8844 .217 19.2 1.34 119.6 65.7 12.3

3 Dual NP, Knife AA.APP 100 40 9022 .192 17.3 1.51 135.8 63.4 13.3

4 N Knife, P BCST AA.TSP 50 40 8883 .243 21.6 1.34 119.7 65.5 12.7

5 N Knife, P BCST AA.TSP 100 40 9232 .203 18.8 1.52 140.5 65.4 13.4

6 N Knife, NP1 DRILL2 AA.UR.TSP 50 40 9098 .225 20.6 1.33 122.2 68.2 12.3

7 N Knife, NP1 DRILL2 AA,UR,TSP 100 40 9151 .226 20.7 1.46 133.1 65.7 13.0

8 N Knife AA 50 0 8303 .210 17.5 1.27 107.0 64.2 12.2

9 N Knife AA 100 0 8473 .190 16.1 1.41 120.8 59.4 12.9

10 NP Knife, NP2 DRILL3 AA,APP,UR,TSP 50 40 8616 .203 17.4 1.22 105.2 64.6 12.6

11 NP Knife, NP2 DRILL3 AA.APP.UR.TSP 100 40 8880 .209 18.6 1.48 131.2 66.0 12.7

Significance level (%): 98 98 99 95 99 99 96

BLSD(.05) 894 .035 3.7 0.29 29.3 4.6 1.1

CV(%) 7.4 11.9 14.9 14.3 17.8 6.4 5.8

*AA = Anhydrous Ammonia (82-0-0), APP = Ammonium Polyphosphate (10-
UR = Urea (46-0-0).

2NP1 DRILL = 10 N + 40 P2O5 at seeding with drill.

3NP2 DRILL = 10 N + 10 P2O5 at seeding with drill.

34-0), TSP = Triple Super-Phosphate (0-46-0),

ON
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EFFECT OF RESIDUAL SOIL NITRATE-NITROGEN ON SOYBEAN YIELDS

West Central Experiment Station - Morris

S. D. Evans and G. L. Malzer

Many studies in Minnesota and other midwestern states have shown little effect of nitrogen fertiliza
tion on soybeans. Trials in Nebraska by Rehm and Sorenson (1977) showed some response to carryover
nitrate-nitrogen. There are some reports from farmers in Minnesota that soybeans seem to yield more
following corn which was well fertilized with nitrogen. This study was set up to determine if NO3-N
deep in the soil profile would affect soybean yields in Minnesota. The study was set up on a Doland
silt loam on a site where a nitrogen fertilization study on corn had been carried out since 1973.
Nitrogen rates in this study ranged from a low of 9 lbs/acre (starter fertilizer only) to a high of
160 lbs/acre.

Experimental Procedures

Soil samples were taken in 1-foot increments to a depth of 5 feet in the fall of 1983 to measure the
level and location of the residual NO3-N from the previous treatments. In the spring of 1984 the
area was field cultivated once. Treflan @ 3/4 lb/acre and Amiben @ 2 1/5 lbs/acre were applied, the
area was field cultivated twice and drug once. The experiment was seeded to Evans soybeans @
9.5 seeds/foot in 30-inch rows on May 17. Soil samples were taken again to a 5-foot depth on June 17,
just as the soybeans were beginning to bloom. The plots were harvested with a plot combine on
September 28.

Results and Discussion

The results of the NO3-N samplings are shown in Tables 1 and 2. The previous N treatments greatly
affected the NO3-N levels in the soil. Soybean yields (Table 3) were not significantly different.
Further analysis of the data will be carried out to analyze individual plot yields in relation to
the NO3-N in the various depth increments.

Table 1. Effect of previous N treatment on the residual soil nitrate-nitrogen on a Doland silt loam
(October 12, 1983).

Depth
Increment

- ft-

0-1

1-2

2-3

3-4

4-5

Average

Previous N Treatment (lbs/acre)

9 40 80 120 160

- NO3-N (ppm)

2.5 2.9 3.8 5.1 8.6

1.4 1.4 2.4 7.1 28.5

1.1 2.0 15.2 33.1 65.0

1.9 6.4 15.3 42.9 44.3

4.2 6.6 9.9 30.7 16.5

2.2 3.9 9.3 23.8 31.4

Table 2. Effect of previous N treatment on the residual soil nitrate-nitrogen on a Doland silt loam
(June 17, 1984).

Depth

Increment

-ft-

0-1

1-2

2-3

3-4

4-5

Average

Previous N Treatment (lbs/acre)
9 40 80 120 160

NO3-N (ppm)

13.6 12.8 13.3 17.3 14.8

6.0 6.6 8.6 9.4 23.4

5.0 13.9 8.7 13.7 38.2

5.7 9.5 16.1 24.4 42.5

5.7 9.7 15.6 35.3 44.0

7.2 10.5 12.5 20.0 32.6

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 3. Effect of previous N treatment on soybean yields.

Previous N Treatments Soybean Yields
- lbs/acre - - - bu/acre -

9 40.6

40 40.2

80 43.0

120 43.1

160 42.5

Significance Level (%) 36

BLSD (.05)

C.V. (%) 8.2
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CONTINUOUS CORN SILAGE

West Central Experiment Station - Morris

S. D. Evans

I. Experimental Description

In 1965 an experiment was initiated on Mclntoch silt loam to determine the effect of removal
of continuous corn silage and fertilizer on corn grain and corn silage yields and on soil
properties. Rates of fertilizer used were 74 + 48 + 48 (N + P2O5 + K2O) and 148 +96+96.
All plots received a broadcast application of 10 lbs/acre of zinc as zinc sulfate in the fall
of 1965.

II. 1984 Operations

In 1984 the variety was Dekalb-Pfizer T950 and was planted @ 24,300 seeds/acre. Counter was
applied @ 1 lb/acre (active ingredient) at planting on May 23. Lasso @ 3 lbs/acre and Bladex
@ 2.2 lbs/acre were applied broadcast on May 24. Silage yields were taken on September 28 and
grain yields on November 2 and 5.

III. Silage Yields - Dry matter; tons/acre

Treatment 1984 yield
Silage, low fertility 5.47
Silage, high fertility 6.44
Grain, low fertility 5.90
Grain, high fertility 6.72

IV. Grain Yields - Bushels/acre @ 15.5% M.

1984 yield
Grain, low fertility 91.8
Grain, high fertility 103.0

V. Check Yields

1966-84 yield
5.67

6.15

5.71

5.99

1966-84 yield
90.5

94.0

Yields on an additional unfertilized, unreplicated check adjacent to the experimental area:

Grain (0+0+0)
Silage (0+0+0)

VI. Discussion

1984 yield
20.8

2.99

1966-84 yield
46.5

3.68

A. In 1984 the grain high fertility silage yields were significantly higher than the grain
low fertility or silage low fertility treatments. The silage high fertility plots had
significantly higher silage yields than did the silage low fertility plots.

B. The 19-year average yields show very little difference between silage and grain plots,
but there is still a slight advantage for the higher fertility level.

Please refer to title page of this publication for information regarding application and use of this
article.
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ALFALFA FERTILITY—MANAGEMENT STUDY

West Central Experiment Station - Morris

S. D. Evans and C. C. Sheaffer

With the newer alfalfa management procedures, higher yields have resulted. In many cases this might
put the plant under greater stress, so it is important to investigate the effect of P and K fertili
zation on alfalfa yield and stand longevity. Therefore, a study was set up at Morris in 1983 to
investigate the effect of (1) P and K fertilization, (2) alfalfa cutting schedule and (3) variety on
alfalfa.

Experimental Procedures

The experiment was set up in 1983 on a Tara silt loam site that tested medium in Bray P (19 lbs/acre)
and high in exchangeable K (234 lbs/acre). The experiment was direct seeded on May 23-24, 1983. The
design was four replications of a split-split plot. The main plots were cutting schedule. The first
split was P and K fertilizer and the second split was variety. In 1983 the area was harvested but no
yields were taken and no fertilizer applied. In 1984 the cuttings were taken as scheduled. Fertili
zer was applied by hand after the first cutting except for the 300- and 400-lb K rates where 200 lbs/
acre was applied after the first cutting and the remainder after the second cutting. The 4-cut
schedule was harvested on May 30, June 28, July 30 and August 29. The 3-cut schedule was harvested
on June 13, July 13 and August 16. Yields were taken with a small flail chopper, weighed and a mois
ture sample collected from each plot. Samples of the Answer variety were saved for chemical analysis.
Soil samples were taken of the 0 to 2-inch and 2- to 8-inch zones in early September.

Results and Discussion

Total seasonal yields (Tables 1 and 2) were not significantly affected by any treatment (Table 3).
Significant treatment effects were found when the data was analyzed by individual cuttings. With the
3-cut schedule, variety (Table 4) was significant on both the 2nd and 3rd cuttings (P='94%). With the
4-cut schedule only the PK treatment was significant (P»98%). The effect is due to P fertilization
with No-P yielding 1798 lbs/acre, 50-P @ 2086 lbs/acre and 100-P @ 2182 lbs/acre.

Dry matter percentage (Table 5) was significantly affected by PK treatment in 5 of 7 cuttings,
cases the No-P treatment was drier than the 50-P and 100-P treatments.

In all

Statistical analysis of the soil tests show many significant fertilizer effects on the 0 to 2-inch
soil zone (Table 6). In all cases increasing either P or K fertilizer increased the P soil test and
K soil test, respectively (Tables 7 and 8). Fertilizer did not affect soil tests in the 2- to 8-inch
zone.

Table 1. Effect

Morris

of cutting i
in 1984.

schedules, P and K ferlcilization and varieties on alfalfii yields at

Fertilizei: Rate

K20

1/2 Bud (4 cuttings) 1/10 Bloom
Variety

(3 cut:tings)

Average

Average
Variety

Average

over

P205 Vernal Answer Vernal Answer Fertilizer

- - lb/A

0

50

100

Dry Matter

4.82

5.24

5.30

(T/A)

4.

5.

5,

200

200

200

5.32

5.46

5.23

5.33

5.44

5.31

5.33

5.45

5.27

,95

.40

,29

4.88

5.32

5.29

5.10

5.38

5.28

50

50

50

50

50

0

100

200

300

400

5.13

5.48

5.30

5.60

4.84

5.33

5.39

5.29

5.64

5.47

5.23

5.44

5.30

5.62

5.16

5.21

5.14

5.22

5.35

5.40

5,

5.

5.

5,

5.

.29

.09

,08

,45

.47

5.25

5.12

5.15

5.40

5.43

5.24

5.28

5.22

5.51

5.30

Average 5.29 5.40 5.35 5.21 5,.25 5.23 5.29

CV = 5.8%

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 2. Effect of P and K fertilization and variety on alfalfa yields at Morris in 1984.

Fertilizer Rate Varieties

P205 K2O
- - lb/A - -

0 200

50 200

100 200

50 0

50 100

50 200

50 300

50 400

Average 5.25 5.33

CV = 5.8%

Vernal Answer

- Dry Matter (T/A) -

5.07 5.14

5.35 5.42

5.26 5.30

5.17 5.31

5.31 5.24

5.26 5.18

5.47 5.54

5.12 5.47

Table 3. Effect of cutting schedule, P and K fertilization and variety on alfalfa yields.

Variable

Cutting Schedule (CS)
PK Treatment (PK)
CS x PK

Variety (V)
CS x V

PK x V

CS x PK x V

Std. Error Signif. Level1
- T/acre - - - % - -

.22 37

1.13 50

.25 43

.05 83

.08 42

.15 39

.22 21

Probability that differences are not due to chance.

Table 4. Effect of P and K fertilization and variety on alfalfa yields by individual cuttings.

3-cut Schedule 4-cut Schedule

Variable

PK Treatment (PK)
Variety (V)
PK x V

1st 2nd 3rd 1st 2nd 3rd 4th

Level (%)J

33

6

25

80

51

40

48

84

1

68

60

72

12

94

52

51

94

81

98

76

27

Probability that differences are not due to chance.

Table 5. Effect of P and K fertilization and variety on alfalfa dry matter percentage by individual
cuttings.

3-cut Schedule 4-cut Schedule

Variable 1st 2nd 3rd 1st 2nd 3rd 4th

Signif. Level (%)l
PK Treatment (PK) 14 98 40 90 90
Variety (V) 42 15 51 38 11
PK x V 79 65 74 10 19

Probability that differences are not due to chance.

96 > 99

31 27

45 86
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Table 6. Effect of cutting schedule and P and K fertilization on Answer only on soil test levels in
September 1984.

Soil Tests (lbs/acre)

Bray P Olsen P Exch. K

Variable 0-2" 2-8" 0-2" 2-8" 0-2" 2-8"

Probability1 (%)
87 83

> 99 68

17 83

Cutting Schedule (CS)
PK Treatment (PK)
CS x PK

87

> 99

17

21

79

92

'Probability that differences are not due to chance.

29 29

99 50

70 10

Table 7. Effect

1984).
of P rate on Answer only on soil test P of the 0 to 2-•inch soil zone (September

Fertilizer Rate

P205 K20 Bray P Olsen P

- lbs/acre - lbs/acre - - - -

13 10

27 22

53 49

0

50

100

200

200

200

Table 8. Effect of K rate on Answer only on soil test K of the 0 to 2-inch soil zone (September
1984).

Fertilizer Rate

P205 K2°
- lbs/acre -

50 0

50 100

50 200

50 300

50 400

Exch. K

lbs/acre

311

354

405

452

540
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EFFECT OF LIQUID STARTER RATE AND ANALYSIS ON CORN GROWTH AND YIELD

West Central Experiment Station - Morris

S. D. Evans

With the increase in reduced tillage systems, many new types of fertilizer placement devices have
been developed. One of these is a knife which is mounted inside the double disk openers on minimum
row crop tillage planters. This device supposedly places the liquid fertilizer 1/2 to 3/4 inch to
the side and 1/2 to 1 inch below the seed. This study was set up to examine the effect of two liquid
fertilizers, 10-34-0 and 0-12-12, at two rates, 10 and 20 gal/acre, on corn growth and yield, when
applied with this device.

Experimental Procedures

The study was set up on a Hidewood silty clay loam with a Bray P soil test of 15 lbs/acre and a
K soil test of 288 lbs/acre. The liquid starters used were standard 10-34-0 and an 0-12-12 made
from phosphoric acid (0-52-0) and pure KCl (0-0-62). The treatments were (1) 10-34-0 @ 10 gal/acre,
(2) 10-34-0 @ 20 gal/acre, (3) 0-12-12 @ 10 gal/acre and (4) 0-12-12 @ 20 gal/acre. The variety was
Pioneer 3906 planted at 24,300 seeds/acre on May 30-31. Nitrogen was applied sidedressed on July 9
to provide 120 lbs N/acre. Bladex was applied @ 2 1/2 lbs/acre on July 10 just as the corn was
emerging. The treatments were replicated six times. Stand counts were taken on July 25 and height
measurements were made on July 10. The plots were harvested on November 5 with a plot combine.

Results and Discussion

The stand counts (Table 1) were not significantly affected by treatment. The height measurements
show an increase in height as the 10-34-0 rate was increased, but a drop in height when the 0-12-12
rate was increased. Yields show no significant effect of rates of 10-34-0 or between 10-34-0 and
0-12-12 at the low rate. With 0-12-12, the higher rate was significantly lower yielding than the
low rate. Grain moisture on the 0-12-12 material @ 20 gal/acre was significantly higher than all
other treatments.

The results of this study in 1984 show some detrimental effects of placing liquid 0-12-12 @ 20 gal/
acre near the seed with this fertilizer knife. There was no effect on early stand. This type of
device works well, but needs further research to determine rates and materials that may be safely
used with it.

Table 1. Effect of 2 liquid starter fertilizers at 2 rates on corn at Morris in 1984.

Material Rate

gal/acre

10-34-0 10

10-34-0 20

0-12-12 10

0-12-12 20

Signif. Level (%)

BLSD(.05)

C.V. (%)

Stand

(6-25-84)

Plant

Height

(7-10-84)

Grain

Yield

Grain

Moisture

plant/A - - inches - - Bu/A - - % -

23,087 23.9 76.5 32.8

22,555 33.5 84.2 30.2

23,523 30.5 80.6 31.8

23,232 27.1 69.6 36.6

66 96.5 94.5 98

- 4.4 11.9 9.3

4 11 11 10

Please refer to title page of this publication for information regarding application and use of this
article.
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Problems with Irrigated Corn 1982, 1983, 1984

W. E. Fenster, Mike O'Leary and Greg Buzicky

The two experiments in the Staples area established in 1982, were again conducted in 1984 at both
farms. These were located on the Staples experimental farm and on the Roth farm northeast of
Staples. Both areas have sandy textured soils and are irrigated. The objective of these trials
was to probe possible causes for apparent corn yield restrictions.

County Agricultural Agents and irrigator farmers In recent years have reported corn production
problems where corn yields appear to be on the decline. In 1979 two farmers In Morrison County
complained that yields dropped by two-thirds from the year before. In 1980 and 198) the Wadena
County Agricultural Agent reported similar problems.

Treatments of the experiment are shown In Table 1 along with corn yield data and leaf tests. The
Roth farm site was not in corn in 1983.

1982 results

Yield data in 1982 from the Roth farm Indicated a significant response to nitrogen, and a
significant benefit from the use of the inhibitor "N-Serve" but no benefit from boron even though
plant analysis of the corn leaf at silking time showed below sufficient levels of boron. The
Staples site showed no benefit from the inhibitor, the sulfur, the boron, or from split application
of N in 1982.

1983 results

Data from the Staples farm in 1983 showed a significant response to nitrogen. The 80 pounds iper
acre N treatment (treatment 2) at the eight leaf stage plus inhibitor provided significantly higher
yield than 160 pounds (treatment 3) of N per acre added preplant, at the Staples farm. With no
Inhibitor the treatment of 160 pounds in split applications added at eight leaf, 12 leaf and
tassel ling stages gave yields as high as any. The 200 pound N with inhibitor treatment gave no
further yield Increase over the 160 pound treatment with Inhibitor. There was no significant
increase in yield from magnesium or sulfur when used as starter with NPK fertilizer.

1984 results

In 1984 at the Staples farm there was a significant response to nitrogen. The 160 pounds of N
preplant without inhibitor yielded no better than 80 pounds of N at the 8 leaf stage with inhibitor,
as on other years the 200 pounds of N gave no higher yields than the 160 pounds treatment. There
appeared to be a great benefit by adding N at the 8 leaf stage over the preplant treatment time,
since the inhibitor on the 160 pounds treatment at preplant was no better than the 160 pounds
preplant without inhibitor. There was no benefit from magnesium or sulfur at the Staples farm.

In 1984 at the Roth farm there was a significant nitrogen response. The 80 pounds of N per acre with
inhibitor at the 8 leaf stage was significantly higher than 160 pounds of N preplant without
Inhibitor. The 200 pound treatment preplant without inhibitor was significantly lower than 200
pounds with the inhibitor but this treatment effect was significantly lower than 160 pounds per acre
with inhibitor when N was applied at 8 leaf stage. Split applications of 160 pounds of N gave
highest yields either with or without Inhibitor. There was a significant drop in yield when sulfur
was omitted (treatment 13 compared to treatment 12). There was no apparent magnesium benefit.

please refer to title page of this publication for information regarding application and use of this
article.
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Table 1. Nutrient treatments on corn at various growth stages at the Staples and Roth irrigated
farms. 1983, 1984.

Total-''
/CN/A

20

Broadcast ISlitrogen

2/
Starter^'

1984
Roth

56

Amount

poll'
and time

8 leaf^

of applicat ion

12 leaf Tassel

Yield Bu/A
1383 1984

Trt

+ +

K

+

S

+

Mfl

+1 66 70

2 100 80+ + + + + + 133 124 130

3 180 160 + + + + + 100 91 122

4 180 160+ + + + + + 121 136 116

5 180 160+ + + + + + 152 149 131

6 180 80+ 80 + + + + + 142 146 143

7 180 80 40 40 + + + + + 162 145 150

8 180 80+ 40 40 + + + + + 156 137 142

9 220 200 + + + + + 101 139 145

10 220 200+ + + + + + 135 138 123

11 220 80 80 40 + + + + + 154 141 139

12 220 80+ 80 40 + + + + + 158 141 147

13 220 80+ 80 40 + + + - + 143 143 148

14 220 80+ 80 40 + + + + 153 147 135

15 220 80+ 80 40 +' + + - - 144 134 137

16 220 80+ 80 40 142 132 139

CMIDRF (1984 Roth (1984)

Trts 1-12 12-16

ns

1-12

AA

12-16

AA

i

SignIfleant

BLSD (.05) 16 — 15 9

C.V. * 9-3 7-3 8.8 3.9

1984 Soli test averages: Staples pH - 6.2, P - 59 lb/A, K - 252 lb/A, Mg - 233 lb/A, S - 4 ppm,
Zn - 4 ppm.

Roth pH - 5-7, P - 115 lb/A, K - 242 lb/A, Mg - 145 lb/A, S - 1 ppm,
•/ Zn - 1 ppm.
—+ associated with N rate indicates use of N-Serve (1/2 lb/A a.i.)

-/20 #N
Both

,20 #P205, 40 #K 0, I0# Sand 10 #Mg applied per acre as
farms received 120 #K„0 over all plots.

starter if used.
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Table 2. Plant analysis of corn of the 6th leaf. Staples (C) and Roth (R) farms 1984.

Treatment

R

N (%)

C

P

R

(%)

C

K (%) «•

R

(2)

C

•.' (ppm)

R C R c R C

12 3,.0 3.1 .27 .27 2.75 2.81 .23 .22 .20 .23 6 6

13 .27 .26 2.78 2.74 .25 .22 .18 .24 6 6

14 .28 .27 2.80 2.84 .24 .21 .20 .21 5 6

15 .27 .29 2.69 2.75 .25 .21 .18 .23 6 7

16 .28 .28 2.78 2.81 .26 .22 .18 .23 5 5

Adequate levels
•
25 1.75

•
20 • 16 6

Table 3. Nitrogen content in 6th leaf at tasselling time from various nitrogen treatment rates and
methods. Staples (CMIDRF) and Roth farms 1982, 1983, 1984.

Treatment

Treatment

N rate

lb./A 1982

CMIDRF

1983 1984

Roth

1982 1984

1 0 2.08 1.67 1.32 2.31 1.50

2 80 2.48 2.68 2.41 2.84 2.91

3 160 2.93 1.99 2.13 2.80 2.20

4 160+ 3.06 2.74 2.67 3.15 2.53

5 160+ 2.97 2.81 3.07 3.26 3.09

6 80+ + 80 3.29 2.70 2.89 2.96 2.87

7 80 + 40 + 40 3.03 3.04 2.90 2.98 2.88

10 200+ 3.39 3.18 2.70 3.00 2.70

Adequate 2.70 2.70

+means inhibitor added
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^oHN - ioYBivAN ROTATION

il. Meredithi Melvin w'lens and Greg Buzicky

A corn-soybean experiment initiated in 19B1 at the Staples Station to evaluate corn yields under a
regime of continuous corn and corn following soybeans continues.

lioneer 397<i (35-day) and 3906 (95-day) relative maturity hybrids and clay soybeans are utilized as
the test crops in the experiment.

iurpose of Study: This study was initiated following complaints from farmers and extension person
nel of the inability to meet corn yield expectations under Irrigation on the sand plain . It is
recognized that consistently high yields result from the best combination of management and climate.
Tenperatures ranging from excessively low spring and early fall to high summer offer adequate oppor
tunities for havoc. Rainfall, both too little and too much on these coarse textured soils creates
severe management problems. Typically farmers are ill prepared to supply sufficient irrigation water
during periods of severe heat stress. Sxcess precipitation, especially following irrigation, may re
sult in removal of nitrate nitrogen and possibly other vital soluble nutrients as sulfur from the
rooting zone.

This study attempts to apply the best cultural management practices coupled with emphasis on timely
irrigation and nutrition adequacy.

Table 1. Yield and Corresponding Information.

GrainHarvest Stover

Population % Yield Yield
Treatment Bu/A (x 1000) Moisture T/A t/a

ty
n
w

C-C 3978 116.4 26.7 29.2 2.70 2.42
C-C 3906 112.7 31.4 37-5 2.79 3.37
SB-C 3978 124.0 27.1 28.6 2.82 2.70

6(7)
SB-C! 3906 121.7 31.9 36.2 2.86 3.54
CC + Zn 3978* 117.6 26.5 29.2 2.63 2.42

BLSI) (.05) 85 99 99 20 99
Sig level — .27 1.9 — .42
C.V. % 5-3 6.2 4.2 10.8 9.8

Grain/Stover Total

Ratio Tons

1.11 5.12
.84 6.16

1.05 5-52
.81 6.40

1.08 5.05

99 99
.17 .74
11.3 8.4

Received zinc In '81, '82, '83, and '84. All other plots received zinc only in '83.

CC Continuous corn

C-SB Corn-soybeans

Table 2. Fertilizer Applied to Com Plots

#

N

K20
S

Broadcast

180

225

Row or

Starter

Lbs/A

10

10

20

10

5

Total

190
10

245

10

5

60#/A applied 6/15, 7/3. and 7/26
Please refer to title page of this publication for information regarding application and use of
this article.



Table 3. Supplemental Information Cora

Date of .'Ianting: 4/2c
Herbicide: 2.5#Al/A Lasso V4/84

3/4 Pt 2,4-D 6/2/84
Emergence Date: 5/I6
Tassel Began: 7/19
Seeding Note Corn: 32,000 plants/A

77

Harvest: 10/4 corn
Irrigation: 13.5 in.
Rainfall (May-Sep): 12.5 in.
How Width: 30 in.

Table 4. Additional Information on Nutrient Removal

1 + Forage)1Total Nutrients Removed (Grair

Lbs/A

Treatment N I £ £§ M MN Zn Cu B

1

2

5
6
7

118.5
156.0
131.7
I65.O
117.6

17.3
20.9
19.1
23.5
16.1

120.4
160.8
136.2
174.4
123.8

30.5
45.6
35.1
47.3
30.4

18.3
23.5
20.9
25.1
18.1

• 37
.53
.44

.57
•37

.20

• 23
.21

.24

.23

.036

.034

.025

.033

.025

.047

.074

.052

.077

.049

Sig level
BLSD (.05)
C.V. %

99
17.7
8b.?

99
2.8

9.6

99
21.1

9.9

99
9.1
15.6

99
3-5
10.7

99
.10
14.0

96
.03
8.2

99
.004

9.5

99
.01

11.4

Table 5. 1Nutrient Content of Corn Grain1

Treatment N P K Ca M£ Zn Cu B Mn

1

2

5
6

7

1.21
1.48

1.2?
1.50
1.25

• 23
.24
.24

.27

.22

.44

.43

.46

.45

.42

.005

.006

.004

.006

.004

.10

.12

.11

.13

.10

20.8

20.8

21.2

21.5
21.6

1.1
1.4

.8

1.3
1.1

2.4

3-5
2.5
3.6
2.6

4.0

5.6
4.1
6.1
3.9

Sig level
BLSD (.05)
C.V. %

99
.10

5.2

99
.02

4.5

83

5~4
99
.001

15.4

99
.008

4.9

.07

8.2

99
• 31
17.1

99
.19
4.5

99
.45
6.7

Table 6. Nutrient Content of Corn Stover

Treatment N 1_ K Ca Mg Mn Zq Cu B

1

2

5
6

7

1.10
1.09
1.11

1.13
1.08

.104

.10?

.103

.113

.096

- Lbs/A - -
2.00
2.03
2.05
2.09
2.10

.621

.664

.644

.658

.621

.263

.247

.272

.247

.263

71.1
73.1
76.5
75-2
72.0

- - PPM •

18.2
17.0

16.5
16.2
23.5

4.11

3.93
3-92
3.66
4.10

7.03
8.05
6.94

7.93
7.19

Sig level
BLSD (.05)
C.V. %

14

6.8

98
.009
5.4

15

7.1

38

7.7

85

6.1

55

6.1

99
4.2
14.2

32

12.1

99
.58
5-0
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Table 7. Leaf Tissue Analyses at Silking

Treatment N i K Ca Mfi Mn Zn Cu B

• Lbs/A - - .- - - IPM - ,

1

2

5
6

7

2.96
3.02
2.>9
3.10
2.96

.28?

.292

.266
•303
.286

2.72
2.35
2.70
2.56
2.76

.78

.64

.84

.86

.79

.26

.31

.2B

•32
.27

77.2
82.1
11.0

86.9
73-3

23.6
26.8
23.2
24.2
28.6

4.97
5-24
4.61
4.98
5.10

5.41
6.18

5.43
5.85
5.56

Sig level
BLSD (.05)
C.V. %

99
.10

5.2

99
.02

4.5

83

5.4

99
.001

15.4

99
.008

4.9

99
.45
6.7

.07

8.2

99
.31
17.1

99
.19
4.5

Table 8. Leaf Sulfur and Nitrogen-Sulfur Ratios of Corn Leaf Samples at Silking . Staples

Treatment N S

%
N/S

Cont. corn (3978) ^
Cont. com (3906) /
Hot. com (3978) y
Rot. corn (39061/
High Zn (3978) -2/

2.96
3.02
2.89
3.10
2.96

.215

.232

.220

.236

.214

13.8
13.1
13.2
13.2
13.1

Sig level
BLSD (.05)
C.V. %

88

3.4

97
.017
4.5

78

4.4

•^Continuous corn

2/
19 Corn-soybean rotation

•^10 pounds Zn broadcast
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ROTATION NITROGEN STUDY

Waseca, 1984

G. W. Randall, D. T. Walters, and M. P. Russelle

Increasing the efficiency of fertilizer N along with reducing fertilizer N recommendations by im
proved diagnostic techniques, symbiotic N fixation, crop rotation, etc. are goals which are gaining
widespread research support throughout the United States. The adoption of crop rotations or se
quences may plan a vital role in the conservation of N. The purpose of this study is to determine
the N needs of continuous corn (removed for grain), corn removed for silage, second year corn follow
ing soybeans, corn following soybeans and corn following wheat.

EXPERIMENTAL PROCEDURES

Four crop sequences (continuous corn, corn-soybean, corn-wheat and corn-wheat + alfalfa) were begun
in 1974 on a Webster clay loam. Each N plot within each crop sequence is 15' wide (6 rows) by 50'
long. Rates of N (0, 40, 80, 120, 160 and 200 lb N/A) have been applied annually to corn.

The corn-wheat + alfalfa sequence was dropped in 1981 in favor of a continuous corn system where all
of the corn was removed as silage the preceding year. This gives us a comparison of the N needs
between grain removal only compared to total above-ground biomass removal. In 1982, a C-C-Sb rota
tion was introduced to examine the N needs of second-year corn following soybeans.

In 1984, anhydrous ammonia was applied on April 19 to all corn plots. Wheat received 50 lb N/A as
urea before planting. All plots were moldboard plowed in the fall of 1983. Because of high soil
test P and K values, broadcast P and K or starter fertilizer was not used.

Each corn plot was split lengthwise and two corn hybrids (Pioneer 3732 and Pioneer 3906) were planted
in 30" rows at 27700 ppA on May 12. Counter was applied to all corn plots at 1 lb/A to control root-
worms. Butte wheat was planted on April 25. Hardin soybeans were planted on May 15.

Weeds were chemically controlled along with one cultivartion of the corn. A combination of 4 qt
Lasso plus 3% lb Bladex/A was applied preemergence to corn. Soybeans received 4 qt Lasso plus 6 qt
Amiben/A applied preemergence.

Corn leaf samples were taken at silking from rows 2 and 3 (Hybrid A) and from rows 4 and 5 (Hybrid B)
of each 6-row plot. Corn yields were taken by mechanically harvesting the same rows. Grain moisture
and grain N data were obtained on the harvested samples.

After the 1983 harvest, soil samples were taken in the fall to a depth of 5* from the 0 and 160-lb N
treatments which were applied to the continuous corn (grain) and continuous corn (silage) rotations
in 1982. Soil samples were also taken from the 0-lb N treatments in the plots where soybeans, wheat,
and corn following soybeans were the 1983 crops. Two cores were taken/plot, divided into 1-foot
increments, composited/ rep, dried, crushed and analyzed for N0--N by the Soil Testing Laboratory.

RESULTS

Nitrate-N remaining in the soil profile after the 1983 crop which was available to the 1984 corn, is
presented in Table 1. When no fertilizer N was applied in 1983 (except the blanket 50-lb rate to
wheat) very little difference in residual NO.-N appeared among the five crop sequences. For the
second year in a row, levels were lowest following wheat. Approximately 50% of the residual NO.-N
was found in the top foot of the 5-foot profile with all five crop sequences. Very small amounts of
NO.-N were found below 2'. When 160 lb of N was applied to continuous corn (grain and silage) some
residual N was found. About 30% of the carryover was located in the top foot with a uniform
distribution throughout the rest of the 5-foot profile.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 1. Effect of

remaining
crop and N
in the 0-5'

rate applied
profile at 1

to

the

corn in the

end of the

i crop sequence on residual
1983 growing season.

N03-N

Profile depth

1983 Crop
Corn

(grain)
Corn

(silage)
Corn Fol.

Soybeans Soybeans Wheat

feet lb N03-N/foot •

0-1

1-2

2-3

3-4

4-5

33

13

9

8

8

37

13

8

7

13

0 lb N/A
31

12

5

7

11

35

17

13

7

11

28

10

7

6

9

Total (lb NO.-•N/5') 71 78 66 83 60

0-1

1-2

2-3

3-4

4-5

53

28

27

27

20

38

24

34

33

25

160 lb N/A

Total (lb NO.-•N/5') 155 154

Corn yield, leaf N, grain N, grain N removed, and grain moisture at harvest are shown for each of the
treatments in Table 2. All data are an average of the five replications. Averages for each of the
main factors and the two-way interactions along with the statistical interpretations are shown in
Table 3.

Grain yield

Corn yields were suboptimal in 1984 due to the moisture stress conditions from late July through
early September. As in previous years crop sequence had a substantial effect on corn yield. Yields
following soybeans or wheat were significantly higher (15 to 28 bu/A) than when following corn
(either for grain, silage, or first year corn after soybeans) when averaged over N rates and hybrids.
Yields were economically maximized with the 120-lb N rate when averaged over crop sequences and hy
brids. As in 1983, there was no difference in grain yield between P3906 and P3732 when averaged over
sequences and N rates.

Closer examination of the interactions reveals additional information. Surprisingly, the sequence x
N rate interaction was not significant when averaged across hybrids (P » 76% level) even though the
yield response to the 200-lb rate over the 0-lb rate was 46.3, 60.3, 59.2, 64.1 and 49.1 bu/A for the
CC (grain), CC (silage), C-Sb, C-Wht, and second year corn after soybeans sequences, respectively.
The sequence x hybrid interaction showed slightly higher yields for P3906 when corn followed corn.
However, when corn followed either soybeans or wheat, yields from P3732 were slightly better. In
contrast to 1983, there was no N rate by hybrid interaction.

The three-factor interaction between sequence x N rate x hybrid (significant at the 92% level) shows
that yields were generally higher with P3906 than with P3732 at the higher N rates when the sequence
was CC (grain) or CC (silage). When corn followed either wheat or first year corn after soybeans,
there generally was no difference between P3906 and P3732 as N rate was increased. However, when
corn followed soybeans yields from P3732 were higher than P3906 at N rates greater than 80 lb/A.

Corn yield responses to N with each of the sequences did not appear to show any consistent relation
ship to the residual soil NO.-N levels shown in Table 1. Perhaps the NO.-N differences among the
sequences were too small, the absolute amounts too little, and/or losses between the fall of 1983 and
summer of 1984 too great.

In summary, corn yields (averaged over hybrids) from the 200-lb rate were 11, 26, 30 and 5 bu/A
higher when following corn removed for silage, soybeans, wheat or first year corn after soybeans,
respectively, compared to continuous corn. This attests to the advantage for crop rotation in a dry
(stress) year and gives further proof that yield differences due to previous crop cannot be overcome
by high N rates alone.



Table 2. Corn grain yield, leaf N,
previous crop, N-rate and
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grain N, grain N removed and grain moisture as influenced by
hybrid at Waseca, 1984.

N-rate (lb"7AT
Previous Crop Hybrid 0 40 80 120 160 200

Yield i'Kii/AN. ____vDu/a;

Cont. Corn (grain) 3906 72.5 97.5 101.7 118.4 116.6 125.1

3732 77.7 89.2 101.1 111.8 114.4 117.6

Cont. Corn (silage) 3906 78.8 94.3 117.4 127.1 121.0 127.9

3732 74.6 96.4 112.4 122.1 113.9 123.8

Soybeans 3906 88.5 122.2 131.8 143.9 143.0 145.0

3732 87.6 127.0 131.2 148.9 157.5 149.5

Wheat 3906 88.3 104.6 133.7 142.4 142.1 152.4

3732 85.7 119.7 136.4 144.4 141.6 149.9

Corn after soybeans 3906 73.4 98.0 118.9 129.8 131.9 133.3

3732 71.4 103.0 112.5 128.3

v\ —__—

125.3 132.1

Cont. Corn (grain) 3906 1.84 1.99 2.33 2.58 2.79 2.95

3732 1.70 1.90 2.14 2.45 2.67 2.96

Cont. Corn (silage) 3906 1.70 2.01 2.53 2.65 2.78 2.90

3732 1.54 1.91 2.35 2.40 2.77 2.78

Soybeans 3906 1.70 2.16 2.71 2.71 2.96 3.01

3732 1.55 2.33 2.60 2.79 2.84 2.92

Wheat 3906 1.82 2.08 2.54 2.76 2.83 2.91

3732 1.69 2.10 2.51 2.79 2.87 2.91

Corn after soybeans 3906 1.61 1.84 2.29 2.65 2.67 2.90

3732 1.50 1.84 2.35 2.63 2.67 2.79

Cont. Corn (grain) 3906 1.34 1.23 1.35 1.60 1.67 1.66

3732 1.15 1.10 1.24 1.45 1.49 1.55

Cont. Corn (silage) 3906 1.25 1.27 1.41 1.50 1.52 1.67

3732 1.03 1.09 1.22 1.31 1.41 1.53

Soybeans 3906 1.19 1.28 1.42 1.47 1.61 1.66

3732 1.05 1.12 1.26 1.38 1.44 1.46

Wheat 3906 1.33 1.25 1.36 1.55 1.62 1.58

3732 .98 1.06 1.22 1.38 1.40 1.43

Corn after soybeans 3906 1.27 1.15 1.40 1.53 1.61 1.64

3732 1.11 1.11 1.13 1.36 1.46 1.52

- Grain N Removed (lb/A)
65.4 89.5Cont. Corn (grain) 3906 46.1 56.7 91.5 98.1

3732 42.7 46.0 59.5 76.4 80.4 85.5
Cont. Corn (silage) 3906 46.6 56.9 78.1 90.6 87.7 101.0

3732 36.3 49.9 64.8 76.2 75.7 89.4

Soybeans 3906 49.7 74.7 88.9 99.9 108.9 113.2

3732 43.6 67.8 78.1 96.5 106.6 102.8

Wheat 3906 56.4 62.4 87.0 104.7 108.4 113.6

3732 40.0 60.0 78.8 94.0 94.2 100.9
Corn after soybeans 3906 44.0 54.2 79.0 93.9 100.3 102.8

3732 37.0 54.2 60.3 82.6 86.6 94.3

— Grain Moisture (%) ~
Cont. Corn (grain) 3906 16.6 15.9 16.5 14.3 14.2 14.1

3732 23.2 20.4 18.1 16.5 16.3 16.1

Cont. Corn (silage) 3906 16.9 15.9 15.3 15.3 13.7 14.3
3732 22.6 19.4 18.6 18.0 15.5 16.0

Soybeans 3906 18.1 18.1 17.0 16.8 16.6 16.1

3732 22.7 21.0 20.0 19.2 19.5 18.6
Wheat 3906 19.0 18.6 17.6 17.3 16.5 17.7

3732 25.4 22.2 20.1 20.1 19.1 19.3
Corn after soybeans 3906 17.1 17.2 16.4 15.5 15.6 15.8

3732 23.4 20.5 19.8 18.8 18.3 17.7
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Table 3. Main factor and two-factor interaction averages for corn grain yield, moisture,
grain N removal and leaf N in 1984.

N, and

Grain Grain N

removed

Leaf

Source Yield Moisture N N

bu/A % ——~ lb/A %

MAIN FACTORS

Sequence

Cont. corn (grain) 103.6 16.8 1.40 69.8 2.36

Cont. corn (silage) 113.1 18.0 1.36 74.1 2.31

Sb-C 131.1 18.6 1.36 85.9 2.52

Wht-C 128.4 19.4 1.35 83.4 2.48

Sb-C-C* 109.1 16.8 1.35 71.1 2.36

Signif. Level (%) 99 99 66 99 99

BLSD(. 10) 8.8 1.2 - 6.4 .08

BLSD(.05) 10.3 1.4 — 7.5 .10

N Rate (lb/A)
0 79.9 20.5 1.17 44.3 1.66

40 105.2 18.9 1.17 58.3 2.02

80 119.7 17.9 1.30 74.0 2.44

120 131.7 17.2 1.45 90.4 2.64

160 130.7 16.5 1.52 94.0 2.78

200 135.6 16.6 1.57 100.2 2.90

Signif. Level (%) 99 99 99 99 99

BLSD(. 10) 3.7 0.4 .04 3.2 .09

BLSD(.05) 4.3 0.5 .05 3.7 .10

Hybrid

P 3906 117.4 16.3 1.45 81.7 2.44

P 3732 116.9 19.5 1.28 72.0 2.38

Signif. Level (SO : 46 99 99 99 99

INTERACTIONS

Sequence x N Rate

CC(g) 0 75.1 19.9 1.24 44.4 1.77

40 93.3 18.1 1.16 51.3 1.95

80 101.4 17.3 1.30 62.5 2.23

120 115.1 15.4 1.52 83.0 2.51

160 115.5 15.3 1.58 85.9 2.73

200 121.4 15.1 1.61 91.8 2.96

CC(s) 0 72.4 20.3 1.19 40.6 1.56

40 100.5 18.8 1.13 54.2 1.84

80 115.7 18.1 1.27 69.7 2.32

120 129.0 17.1 1.44 88.2 2.64

160 128.6 16.9 1.54 93.5 2.67

200 132.7 16.7 1.58 98.6 2.85

Sb-C 0 88.0 20.4 1.12 46.6 1.63

40 124.6 19.5 1.20 71.2 2.24

80 131.5 18.5 1.34 83.5 2.66

120 146.4 18.0 1.42 98.2 2.75

160 150.3 18.1 1.52 107.8 2.90

200 147.2 17.3 1.56 108.0 2.97

Wht-C 0 87.0 22.2 1.16 48.2 1.76

40 112.2 20.4 1.16 61.2 2.09

80 135.1 18.8 1.29 82.9 2.52

120 143.4 18.7 1.47 99.3 2.78

160 141.8 17.8 1.51 101.3 2.85

200 151.1 18.5 1.51 107.3 2.91
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Grain N

When averaged over U rates and hybrids, grain N was not influenced by crop sequence. Grain N was
increased significantly from 1.17% with 40 lb N/A to 1.57% with 200 lb/A when averaged over sequences
and hybrids. P3906 averaged 1.45% N compared to 1.28% for P3732 when averaged over sequences and N
rates. Protein levels at the optimum N rates averaged about 9.8 (1.56% N) and 8.8 (1.40% N) for the
two hybrids, respectively. In contrast to 1983, a sequence x hybrid interaction was not present.

Grain N removed

N removed in the grain crop was closely associated with both grain yield and grain N concentration.
Highest grain N removal occurred when soybeans or wheat were the previous crop, when 200 lb N/A was
applied, and when P3906 was grown.

N efficiency, as measured by grain N removed fertilizer N application rate, ranged from 24% to 31%
at the 200-lb rate and from 32% to 43% at the 120-lb rate for the CC (g) and C-Sb sequences,
respectively, when averaged over hybrids. When averaged over crop sequences there was no difference
between P3906 and P3732 at either of these N rates.

Leaf N

N concentrations in the earleaf at silking were significantly higher when corn followed either
soybeans or wheat compared to followiong corn when averaged over N rates and hybrids. When averaged
over crop sequences and hybrids, leaf N was increased significantly by each increment of fertilizer N
through 200 lb/A. Significantly more leaf N was found in P3906 than P3732 when averaged over
sequences and N rates. No interactions were found.

Silage production

Measurements were taken from the CC (silage) crop sequence to determine fodder yield, fodder N con
centration, fodder N uptake, silage yield and total N uptake. Data shown in Table 4 indicate a sig
nificant effect of N up to 160 lb/A on fodder yield. Fodder yield of P3732 was significantly greater
than P3906. The highly significant (P = 98%) interaction for fodder N concentration between N rate
and hybrid indicates that fodder N in P3732 was increased to significantly higher levels by the
higher fertilizer N rates compared to P3906. The highly significant interaction for fodder N uptake
(P » 97%) also indicates that N contained in the fodder of P3732 was increased with increasing rate
of N application whereas with P3906 it plateaued.

Silage yields were also increased significantly by N rates up to 160 lb/A and by the P3732 hybrid.
No N rate x hybrid interaction existed. Total N removed in the silage was increased with increasing
N rates up through 160 lb/A. There was no difference in total N uptake between the two hybrids and
no N rate x hybrid interaction.

Soybean production

To determine if N from the 1983 application to corn influenced the 1984 soybean yields, soybeans from
the 0 and 200-lb N treatments were harvested. The data in Table 5 indicate no effect from the pre
vious year'8 N treatment on either soybean yield or seed moisture at harvest.

Nitrogen Uptake Investigation

Because highly significant interactions were found in 1983 between the grain yields of the two hy
brids with N rates and sequences and between the grain N concentrations of the hybrids with the se
quences, an additional investigation was conducted by Drs. Russelle and Walters in 1984. The purpose
of this study was to determine the N uptake patterns of the two hybrids at three times during the
season (12-leaf stage, blister stage (BL), and physiological maturity (PM)) as influenced by N rate
and crop sequence.

Plants from three N rates (0, 80, and 160 lb N/A) were taken from all crop sequences, from both
hybrids, and from three of the replications. In order to not interfere with the main objectives of
the rotation study, only two carefully selected plants were taken from each plot at each growth
stage. The plants were cut at the ground level, chopped, dried, and weighed for dry matter. At
physiological maturity, the ears were separated, the grain shelled from the cob, and the cob returned
and weighed with the stover. The dried plant parts were then ground and submitted for total Kjeldahl
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Table 4. Silage production as influenced by N rate and hybrid in a silage corn rotation at
Waseca, 1984.

Fodder Silage
Fodder Fodder N Silage N

N rate Hybrid Yield N Uptake Yield Removal

lb/A T DM/A % lb N/A T DM/A lb N/A

0 3906 1.47 .41 12.1 3.52 55.4

3732 1.51 .38 11.7 3.51 51.4

40 3906 2.05 .39 15.8 4.70 72.7

3732 2.49 .39 19.2 5.22 71.9

80 3906 2.33 .41 18.9 5.46 89.7

3732 2.88 .40 23.3 6.17 97.8

120 3906 2.35 .40 18.8 5.53 102.9

3732 2.57 .49 26.1 5.58 101.9

160 3906 2.67 .52 27.6 6.49 132.9

3732 2.98 .61 36.1 6.52 129.7

200 3906 2.27 .48 21.9 5.69 116.5

3732 2.68 .70 37.4 5.96 128.8

Individual Factors

N rate (lb/A)
0 1.49 .40 11.9 3.52 53.4

40 2.27 .39 17.5 4.96 72.3

80 2.60 .40 21.1 5.81 93.8

120 2.46 .45 22.4 5.56 102.4

160 2.83 .56 31.8 6.51 131.3

200 2.48 .59 29.6 5.83 122.6

Signif. Level (%):±>99 99 99 99 99

BLSD (.05) : .34 .06 4.2 .54 10.4

Hybrid

3906 2.19 .43 19.2 5.23 95.3

3732 2.52 .50 25.6 5.49 96.9

Signif. Level (%)^99 99 99 95 44

N rate x Hybrid IA^ 29 98 97 54 29

CV (%) : 16. 17. 25. 9.0 9.6

— Probability level of significance

Table 5. Soybean
to corn

yield and moisture
in 1983.

as influenced by N applied

rate

Seed

N Yield Moisture

(lb/A) bu/A

0

200

Signif.
CV (%)

Level (%):

55.6

54.2

73

3.3

9.4

9.3

37

5.2
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N analysis. All values shown in Table 6 were obtained by converting the N concentrations and DM
accumulation on the 2-plant samples to an area basis by adjusting with the final plant population of
each of the plots. Statistical analysis of the population data showed no significant differences in
final plant population. Only data from the BL and PM stages are presented.

Nitrogen in the stover at the BL stage was not influenced by crop sequence or hybrid (Table 6). N
rate and the interaction between N rate and hybrid were both highly significant. The significant
interaction is shown by the lower N yields with P3732 at the low N rates but the higher N yield with
P3732 at the high N rate. Interactions between crop sequence and N rate or hybrid were not signifi
cant.

Stover N yield at PM presented slightly different results. Significantly more N was found in the
corn following soybeans and wheat than when following CC for grain or silage or first year corn after
soybeans. N rate again increased stover N. Similar to the BL stage, there was no effect of hybrid
on stover N at PM. All interactions were not significant.

Total N in the grain at PM was affected significantly by crop sequence, N rate, and hybrid (Table 6).
These results are similar to those presented in Table 3. Highest amounts of grain N were found when
corn followed either soybeans or wheat and with the P3906 hybrid.

To try and determine when P3906 accumulated more N than P3732, the investigators assumed that the
difference in stover N between the BL and PM stage (always less stover N at PM compared to BL) must
be due to translocation of this N to the grain during earfill. This N which had already been taken
up by the plant at the BL stage was termed "OLD N" (Table 6). "OLD N" was not affected by crop
sequence when averaged over N rate and hybrid and was not affected by hybrid when averaged over se
quence and N rate. However, the highly significant N rate by hybrid interaction is very similar to
that found with stover N at the BL stage. Again, it appears as though P3732 was capable of taking up
more N than P3906 by the blister stage and that much of this was translocated to the grain.

By subtracting the translocated "OLD N" in the grain from the total N in the grain, we can calculate
the amount of N that must have been taken up after the blister stage. This N, termed "NEW N" may have
come from late-season absorption of N from the soil by the roots or from N which may have been stored
in the roots at the BL stage. The "NEW N" was affected significantly by the crop sequence, N rate,
and hybrid (Table 6). More "NEW N" was found when corn followed either soybeans or wheat. The ap
parent difference between CC for grain or for silage is not explainable at this time. As expected
Higher N rates increased "NEW N" in the grain. A two-fold increase in "NEW N" occurred with P3906
compared to P3732 when averaged over sequence and N rate. The highly significant interaction between
N rate and hybrid shows substantially more "NEW N" accumulated in the grain with P3906 at the high N
rate compared to P3732.

Total N in the plants at PM was also affected by crop sequence, N rate, and hybrid. Highest total N
uptake occurred with the corn-soybean and corn-wheat sequences, at the 160-lb N rate, and with the
P3906 hybrid.

In summary, these data indicate that P3732 is capable of taking up more N from the soil before the
blister stage with higher rates of N application than is P3906. A large portion of this N appears to
be translocated to the developing grain. However, P3906 at these N rates showed a tremendous ability
to take up late-season N (either from the soil or from the roots) and translocate it to the grain.
This uptake of late-season N more than accounts for any apparent early-season N uptake shortcomings
and results in high grain N concentrations, excellent yields and excellent stress tolerance. The
mechanism or reason for this late season advantage is not known at thia time and needs further
research. Perhaps it could be due to a larger more active root system capable of taking up and
translocating N late in the season or an exudate relationship in the rhizosphere which increases N
availability to the plant. On the other hand the uptake of late-season N could be related to soil
moisture. If the ET demand of P3906 is not as high as with P3732, there could be more moisture
available for late season uptake of both water and N with P3906.
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Table 6. N uptake as influenced by rotation, N rate and hybrid in 1984

Stover

BL

N Yieldi/
PM

Grain N Yield ,at PM Total Plant

Source Total OLDi' NEWi' N at PM

MAIN FACTORS

Sequence
CC (grain) 114 39 104 75 30 144

CC (silage) 120 35 94 85 10 130

Sb-C 126 48 115 77 38 163

Wht-C 120 49 113 70 42 162

Sb-C-C* 116 35 97 81 16 132

Signif. Level (%): 61 99 97 67 97 99

M Rate (lb/A)
G 77 27 70 50 20 97

80 122 39 106 83 23 145

160 158 58 138 100 38 196

Signif. Level (%): 99 99 99 99 98 99

Hybrid
P 3906 119 41 113 78 35 154

P 3732 119 42 96 77 19 136

Signif. Level (%): 9 26 99 23 99 99

INTERACTIONS

N Rate x Hybrid
0 3906 81 28 78 54 24 106

3732 73 26 63 47 16 89

80 3906 130 39 113 91 22 152

3732 114 40 98 74 24 138

160 3906 147 57 148 89 58 204

3732 170 59 126 110 17 187

Signif. Level (%):

Sequence x N Rate
Signif. Level (%):

Sequence x Hybrid
Signif. Level (%):

CV (%):

99 33 17 99 99

85 73 94 97 97 89

12 56 6 38 19 13

15. 21 17. 22. 72. 16

y. BL ablister stage, PM »physiological maturity
—' OLD N » N in stover at BL - N in stover at PM, the difference is assumed to be translocated
. to the grain

—' NEW N •= Total N in grain - OLD N, the difference is assumed to be absorbed from the soil
after blister stage and/or translocated from the roots.

* Position in sequence for which measurements taken
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NITROGEN LOSS TO TILE LINES

AS AFFECTED BY TILLAGE

Waseca, 1984

G. W. Randall and D. T. Walters

Nitrogen losses to tile lines have been documented in a number of research studies including some
conducted at Lamberton and Waseca, Minnesota. These studies primarily showed that N losses were a
function of the N application rate and amount of precipitation. To some degree the time of appli
cation and crop grown have been shown to influence NO.-N loss to tile lines. The purpose of this
long-term study is to determine if tillage has an effect on N utilization, accumulation of NO.-N in
the soil profile, and th" —' ' -' "" " — ~J,~ 1J

EXPERIMENTAL PROCEDURES

the soil profile, and the subsequent loss of NO.-N to tile lines.

A study was initiated in 1975 on a Webster clay loam at Waseca to monitor the movement of N into a
tile line installed in each of 12 plots measuring 45' x 50'. Each plot is enclosed with plastic
sheeting to a 6' fepth. Annual N rates of 0, 100, 200, and 300 lb N/A were applied from 1975-1979.
No N was applied for the 1980 and 1981 croops. Residual N from N applied over the 7-year period
(75-79) was utilized by the 1980 and 1981 corn crops. Soil samples to 10' and tile water samples
taken in late 1981 showed little remaining evidence of the previous treatments.

In the fall of 1981, eight plots with the most uniform tile flow rates over the 1975-81 period were
selected. Two tillage treatments (fall moldboard plow and no tillage) were replicated four times and
randomized over the previous plot histories. Corn was grown on these plots in 1982 and 1983. Per
cent surface residue was measured on April 18, 1984 and averaged 8 and 93% for the moldboard plow and
no tillage systems, respectively.

On April 23, 180 lb N/A as ammonium nitrate was broadcast applied to the surface of all plots. The
moldboard treatment was then field cultivated. Corn (Pioneer 3732) was planted on May 10 at a popu
lation of 27700 plants/A with a John Deere Max-Emerge planter equipped with 2" fluted coulters.
Starter fertilizer was not used because of the high soil tests. Counter was applied at 1 lb (ai)/A
to control rootworms. Weeds were controlled with a preemergence application of Lasso Okft) and atra-
zine (3#/A) applied May 12. Control was excellent.

Early plant growth was determined by harvesting the above ground portion of 10 plants/plot 42 days
after planting. The leaf opposite and below the ear was taken from 10 randomly selected plants per
plot at silking (Moldboard plow = July 23, No tillage = July 25) and was analyzed for N. Silage and
grain yields were taken at physiological maturity by hand harvesting 30 and 60' of row, respectively,
from each plot.

Tile lines began flowing in mid February, 1984 and continued to flow intermittently until mid July.
Conditions were extremely dry in late July, August and September and no tile flow was recorded during
this period. Tile lines commenced flowing again in November for 8 days. When tile lines were flow
ing, flow rates were measured daily and samples taken on a Monday, Friday, Wednesday two-week rota
tion for NO.-N analysis. All analyses were done by the Research Analytical Lab.

Soil NO.-N in the 0-8' profile was determined from two cores/plot taken in 1-foot increments on
October "76, 1984.

RESULTS

Early plant growth with moldboard plow tillage was significantly greater than with no tillage
(Table 1). This was probably due to cooler soil temperatures and slower emergence rates under no
tillage. Leaf N was also signficantly greater with moldboard plow tillage. Final population was not
affected by tillage. Corn silking was delayed 2 to 3 days with no tillage.

Silage and grain yields and grain N removal were significantly higher (P = 95% level) with moldboard
plow tillage compared to no tillage (Table 1). This is in contrast to 1982 and 1983 when differences
between the two systems were not found. Although silage N uptake and grain N tended to be higher
with moldboard plow tillage, these differences were not statistically significant.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 1. Influence of tillage system on corn production and N utilization at Waseca in 1984.
Early

Tillage plant Final Leaf Silage Grain
system growth population N Yield N uptake Yield N N removal|1

g/plantxlO

11.0 24.6

7.3 25.3

lb N/A bu/T

128.8 118.3

120.5 106.1

lb N/A

1.57 87.7

1.49 74.9

Mb. Plow

No Tillage

%T DM/A

2.73 6.22

2.30 5.65

Signif. Level(%):- 99 77 98 99 84 99 79 98
CV (%) : 7.6 2.7 5.5 1.8 5.1 7.2 4.6 5.0

— Probability level of significance.

Precipitation for the February-June period was 4" above normal. Most of the tile flow shown in
Table 2 occurred during that period. Total tile flow, flow-weighted NO.-N concentration, and NO.-N
lost thru the tile lines were not different between the two tillage treatments. Average NO.-N con
centrations rose from about 8 mg/L in 1983 to slightly above 11 mg/L in 1984.

Table 2. Influence of tillage system on tile flow, NO.-N concentration and NO.-N loss at Waseca in
1984. J J

Tillage
system

Mb. Plow

No Tillage

Tile

flow

acre-inches

13.89

12.75

Nitrate-N

1/
Concentration-

mg/L

11.2

11.4

Loss

35.1

32.9

— Flow-weighted

Soil moisture measurements were taken from the 0-5' profile in each plot via neutron attenuation at
weekly intervals. Differences in available water between the two tillage systems were minimal
throughout 1984 (Table 3). However, there appeared to be a slight but consistent advantage for the
no-tillage system during the dry July-September period. In addition, the only tile lines which
flowed in November were from the no-tillage system.

Table 3. Influence of tillage system on available moisture in the 0-5' soil profile for corn at
Waseca in 1984.

Date

Tillage 5/31 6/7 6/14 6/21 6/28 7/6 7/12 7/19 7/26

Moldboard plow
No tillage

7.16

7.48

9.16

9.07

9.21

9.03

' inches

8.68

8.67

available

8.92

8.70

1/
moisture-

6.73 7.08

6.86 7.10

7.47

7.61

6.23

6.83

8/2 8/9 8/16 8/23 8/30 9/7 9/21
inches

3.88

4.00

available moisture

3.92 3.85

4.00 3.86

5.43

5.50

5.02

5.53

4.17

4.25

4.71

5.01

— Determined through the use of a neutron probe.
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Residual NO.-N in the 0-8' profile after harvest was substantially higher than in 1983 when approxi
mately 80 IB/A remained in the 0-6' layer (Table 4). Differences between the tillage systems existed
with an additional 90 lb/A found in the profile under moldboard plowing. Although it was not sur
prising to find greater quantities of NO -N with the plow system, it was suprising to see the rela
tively high concentrations of NO.-N (about 10 ppm) in the 6-8' zone of both tillage systems.

Table 4. Influence of tillage systems on residual NO.-N in the soil profile in October, 1984.

Profile

depth
feet

0-1

1-2

2-3

3-4

4-5

5-6

6-7

7-8

Total (lb NO.-N/A 0-8')

THREE YEAR SUMMARY

Tillage System

Mb. Plow No Tillage
NO.-N (lb/A) ——

42.8 32.6

52.7 33.1

82.5 52.1

56.3 46.2

45.7 37.7

39.0 32.2

42.6 39.1

41.2 40.2

403 313

The cumulative totals for the 3-year period (1982-1984) are shown in Table 5. Corn yields over this
period have averaged 6 bu/A better with moldboard plow tillage, although the difference between the
two systems has widened each year. Approximately 8% more N has been removed in the grain with mold-
board plow tillage. This has been due to both higher yields and slightly higher grain N
concentrations with the moldboard tillage system some years. Even so very little difference in
applied N removed in the grain exists between the two treatments (45% vs 41% for plow vs no tillage,
respectively). Total tile flow was almost identical between the two systems. Even though about 9%
more NO.-N was lost through the tile lines with no tillage, this small difference is considered to be
insignificant when considering tile flow variability among the eight plots over this 3-year period.

Table 5. Cumulative effects of the two tillage systems over the 3-year period.

Parameter

Fert. N applied (lb/A)
Corn grain removed (bu/A)
N removed in grain (lb/A)
Percent of applied N removed

in grain (%)
Tile flow (acre inches)
Nitrate-N lost in tile (lb/A)

Tillage Sysiteni
Mb plow No tillage

540

370

242

540

352

223

45

35.5

73.0

41

36.9
79.6
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SOIL TEST COMPARISON STUDY

Waseca, 1984

G. W. Randall, D. T. Walters, and P. L. Kelly

Soil testing is one of the best and most economical methods of ascertaining the nutrient status of
the soil. The test then serves as the basis for fertilizer recommendations for crops. Many private
and public laboratories provide that service to Corn Belt farmers. The purpose of this study is to
compare the soil analyses and fertilizer recommendations given by five regional laboratories for corn
production in Southern Minnesota. Working with the laboratories in this comparison study we should
be able to improve and standardize fertilizer recommendations for corn and soybean production.

PROCEDURES

Two experimental sites measuring 150' by approximately 300' were selected for sampling in
October, 1979. One of the sites had a history of high P and K fertilization while the other had not
received P or K since 1974. The soil type in the former is a Nicollet clay loam while that in the
latter is primarily Webster clay loam with some Nicollet clay loam. Both sites have been cropped to
continuous corn. Tile lines spaced at 75' intervals provide excellent drainage at both sites.
Neither site can be irrigated.

Four samples consisting of approximately 35 cores each from a 0-7" depth were taken from each site.
All samples were oven dried at 95°F, crushed and mixed thoroughly. The samples were then subdivided
and sent to five laboratories which test the majority of the soil samples from Southern Minnesota.
Soil analyses requested consisted of pH, OM, extractable P, exchangeable K, extractable S and the
micronutrients generally tested by each laboratory. Based on the results from the U of M laboratory
these two sites were then classified as being initially "very high" and "medium-high". The
fertilizer recommendations given by the five laboratories were then applied as five treatments in the
spring of 1980 for corn. An additional check (no fertilizer) treatment was included in the
randomized, complete-block design with six replications. Each plot measures 15' wide and 55' long.

After the 1980 crop, soil samples (5 cores/plot times 6 replications yielding 30 cores per treatment)
were taken yearly from each treatment and sent to the respective laboratory. This allows us to
follow the buildup or decline of nutrients in the soil as affected by the recommendations of a
particular laboratory over a continuous, long period of time.

Soybeans were initiated into this study in 1982 after nine years continuous corn at the very high
testing site and after seven years at the medium-high testing site.

Fertilizer amounts based on the analyses and recommendations from the summer 1983 samples were
applied November 1 to the appropriate plots and plowed down. The fertilizer recommendations were
based on a yield goal of 55 bu/A of soybeans. Soybeans (Hardin) were planted at the rate of
4.5 beans/foot in 15" rows on May 15. Chemical weed control consisted of 4 qt. Lasso and 6 qt.
Amiben/A applied preemergence to all plots.

On July 9 (Rl stage) leaf samples were taken from each plot by sampling fifteen random, most recently
mature trifoliate leaves. Seed yield was determined on soybeans harvested from the center eight rowB
of each plot with a modified JD 3300 plot combine. Seed yields were converted to 13.5% moisture.

In August, 1984, 0-7" soil samples were taken from each treatment at each of the two sites and were
sent to the laboratory of the respective treatment. The recommendations obtained from these samples
will be used for the 1985 growing season.

RESULTS

Very high testing site

The soil test results and the accompanying recommended fertilizer program of each laboratory are
shown in Table 1 for the very high testing site. While the numeric values of the five laboratories
were sometimes similar, the interpretations (whether the soil tests high, low, medium, deficient,
etc.) varied substantially. As a result P and K recommendations among the laboratories were
substantially different. Various micronutrients, sulfur, and lime were recommended by the private
labs. Two of the four labs recommended nitrogen for soybeans.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 1. Soil test results and the recommended fertilizer programs on the very high testing site at
Waseca in 1984.

Soil Test Results- Lab E

Test Lab A Lab B Lab C Lab D (UM)

pH 6.0 6.0 6.0 6.5 5.8

pH (buffer) 6.7 6.8 6.6 6.9 6.3
Phosphorus 35 VH 23 L 22 VH 39 H 17 H
Potassium 194 H 154 L 120 MH 157 H 138 H
Organic matter (%) 4.3 H 2.8 A 3.8 M 3.5 M

Calcium 2050 M 1975 E 3500 4560 H
Magnesium 496 VH 375 E 500 686 M

Sulfur 5 L 6 L 7 M 14 H 7 MH
Iron 89 VH 73 E 12 S 5.6 VH

Manganese 30 VH 21 E 10 S 2.1 VH

Zinc 3.3 H 1.5 E 1.8 VH 2.2 H 1.3 H
Copper 1.2 M .7 A .6 S

Boron 1.1 M .8 E 1.0 S 0.0 VL ___

ENR (lb/A) 92 80

C.E.C. (meq/lOOg) 17.5 16.4 22.3 30.3 —

— All soil test results are stated in ppm unless noted otherwise.

Recommended Fertilizer
2/

Program- Lab E

Nutrient Lab A Lab B Lab C Lab D (UM)

Nitrogen 25 30 0 0 0

Phosphorus (P2°5)
Potassium (K.O)
Sulfur

30 503/
147-'

0 35 30

80 504/
2<H/

78 40

15 10 "2y
't5/

—

Iron — — — —

Manganese — — — —

Zinc — — — «

Lime (T/A) 1.5 .5 1.2

2/
"~ All values indicate pounds of nutrients recommended per acre for a yield goal of 55 bushels of

soybeans per acre.

3/
~ Value includes maintenance recommendation, plus 50% of the buildup recommendation which was to

be applied over a two-year period.

4/
— Sulfur to be applied on a trial basis only.

— As 6.7 qt/A of a material weighing 10 lb/gal and containing 2% Zn, 1% Fe and 3% Mn.

Seed yields were not affected significantly by the fertilizer treatments (Table 2). The maximum
difference between treatments Including the check amounted to only 1.5 bu/A.

Leaf P, Ca, Fe and B concentrations among the five laboratories were not significantly different
(P " .05 level) (Table 3). Higher K recommendations by Labs A and B resulted in higher leaf K and
lower leaf Mg than the other treatments. The Fe + Mn + Zn recommended by Lab D resulted in higher
leaf Mn than other labs but Fe and Zn were unaffected. Leaf Cu was reduced by the fertilizer appli
cations. Leaf nutrient concentrations except Cu appeared to be adequate for optimum plant growth.

Medium-high testing site

The soil test results and the accompanying recommended fertilizer program of each laboratory are
shown in Table 4 for the medium-high testing site. While the numeric values of the five laboratories
were sometimes similar the corresponding interpretations (whether the soil tests high, low, medium,



94

Table 2. Effect of fertilizer recommendations on soybean seed yield on the very high testing site at
Waseca in 1984.

Grain

Lab Fertilizer Recommendations Yield

lb/Ai' bu/A

A 25N + 30P + 80K + 15S 47.7

B 30N + 50P + 147K + 10S 48.5

C 50K 48.4

D 35P + 78K + .2 Fe + .5 Mn + .3 Zn 47.0

E (UM) 30P + 40K 47.4

Check 47.3

Signif. Level (%):- 16

CV (%) 4.8

— P and K expressed on oxide basis.

2/
— Probability level of significance.

Table 3. Effect of fertilizer recommendations on soybean leaf nutrient concentrations on the very
high testing site at Waseca in 1984.

Nutrient

Lab P K Ca Mg Fe Mn Zn Cu B

A .44 2.44 1.16 .44 141 56 46 8.3 50.0

B .45 2.41 1.12 .43 134 55 45 7.3 48.1

C .45 2.31 1.19 .47 136 55 46 8.2 50.2

D .45 2.32 1.16 .45 134 60 43 7.5 49.1

E (UM) .47 2.32 1.12 .47 131 54 42 8.2 48.1

Check .46 2.28 1.16 .48 135 50 43 9.4 50.8

Signif. Level (%): 73 98 73 99 42 99 99 99 91

BLSD (.05) .11 .02 3 2 .5

CV (%) 5.6 3.5 5.1 3.8 6.8 4.8 4.3 5.3 3.8

deficient, etc.) varied substantially. As a result P and K recommendations among the laboratories
were markedly different. Various micronutrients and sulfur were recommended by the four private
labs. Nitrogen was recommended by two of the four private labs.

At this medium-high testing site the treatments that received fertilizer generally yielded signifi
cantly more than the check (Table 5). There were no significant yield differences among the fertil
izer treatments (recommendations).

There was no significant difference among the five laboratories for leaf nutrients P, Ca and Fe
(P = .05 level) (Table 6). As fertilizer K rates increased, leaf K increased and leaf Mg decreased.
All K recommendations resulted in higher leaf K levels than the check. Leaf Cu was reduced by the
fertilizer applications. The Fe + Mn + Zn recommended by lab D did not result in higher leaf con
centrations of these micronutrients. Leaf nutrient concentrations appeared to be adequate for opti
mum growth except for Cu.

SUMMARY - 1984

There were substantial differences among the laboratories' fertilizer recommendations for soybeans at
both sites. Two of the five laboratories recommended N. Phosphorus and K recommendations among the
labs differed by over three-fold. One private lab recommended micronutrients while three recommended
sulfur. With the exception of K and Mn at the very high testing site, the fertilizer rates recom
mended and applied did not influence the leaf nutrient concentrations. Soybean yields were not in
fluenced significantly by the large differences in fertilizer amounts nor was there a significant
difference between fertilizer treatments and the check for the very high testing site.
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Table 4. Soil test results and the recommended fertilizer programs on the medium--high testing site
at Waseca in 1984.

Soil Test Results —' Lab E

Test Lab A Lab B Lab C Lab D (UM)

pH 6.9 7.0 6.6 6.3 6.5

pH (buffer) 7.0 6.7

Phosphorus 19 M 13 L 13 M 25 M 18 H

Potassium 215 H 165 L 125 H 183 H 138 H

Organic matter (%) 5.9 H 3.5 A 5.1 H 4.2 M

Calcium 3610 H 4026 E 6000 7125 VH

Magnesium 554 VH 554 E 700 797 M

Sulfur 5 L 4 L 5 L 14.0 H 5 LM

Iron 48 VH 26 E 12 S 5.6 VH

Manganese 22 H 14 E 10 S 2.1 VH

Zinc 2.1 M 1.4 E 2.1 VH 2.9 H 1.4 H

Copper 1.2 M .9 M 1.1 S

Boron 1.3 H 1.3 E 1.1 S 0.0 VL

ENR (lb/A) 107 110

C.E.C. (meq/lOOg) 23.2 25.2 36.1 47.0 ——

— All soil test results are stated in ppm unless noted otherwise.

Recommended Fertilizer
2/

Program- Lab E

Nutrient Lab A Lab B Lab C Lab D (UM)

Nitrogen 20 253/ 0 0 0

Phosphorus (P,0^)
Potassium (K„0)
Sulfur

60 IOO3/
178-

38 50 30

55 484/ 80 40

15 15 201' —

.5/

—

Iron — — . j —

Manganese — — . _ —

Zinc
"

...

"

.3-

2/
— All values indicate pounds of nutrient recommended per acre for a yield goal of 55 bushels of

soybeans per acre.

3/
— Value includes maintenance recommendation plus 50% of the buildup recommendation which was to

be applied over a two-year period.

4/
— Sulfur to be applied on a trial basis only.

— As 6.7 qt/A of a material weighing 10 lb/gal. and containing 2% Zn, 1% Fe and 3% Mn.

Table 5. Effect of fertilizer recommendations on soybean seed yield on the medium-high testing
site in 1984.

Lab

A

B

C

D

E (UM)
Check

Fertilizer Recommendations

"Tb7A^

20 N + 60 P + 55 K + 15 S

25 N + 100 P + 178 K + 15 S

38 P + 48 K

50 P + 80 K + .2 Fe + .5 Mn + 3 Zn

30 P + 40 K

Signif. Level (%)
BLSD (.05)
CV (%)

1/ P and K expressed on oxide basis.

Seed Yield

bu7A

49.9

50.5

49.9

50.4

51.3

46.1

95

3.9

5.6
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Table 6. Effect of fertilizer recommendations on soybean leaf nutrient concentrations on the medium-
high testing site at Waseca in 1984.

Nutrient

Lab P K Ca Mg Fe Mn Zn Cu B

.___—— ¥ .

A .43 2.35 1.28 .45 124 65 41 6.8 52.0

B .43 2.33 1.27 .44 127 67 37 7.1 50.3

C .43 2.20 1.30 .48 127 63 39 7.5 53.8

D .43 2.27 1.25 .45 122 68 39 6.9 53.2

E (UM) .43 2.14 1.27 .48 126 62 37 7.5 54.1

Check .42 1.83 1.32 .56 129 60 45 10.3 58.6

Signif. Level (%): 20 99 92 99 45 99 99 99 99

BLSD (.05) : .09 .19 4 2 .9 1.7

CV (%) 3.7 3.7 3.2 3.7 5.6 5.3 5.4 5.8 2.9

Table 7. Effect of fertilizer recommendations on yield, value, fertilizer cost and the resulting
economic return on both the very high testing site and medium-high testing site at
Waseca in 1984.

Very High Testing Site Medium-High Testing Site

Value Fert.-*.' Value Fert. _'
2/

Return—Lab Yield @6.00/bu Cost Return^/ Yield @6.00/bu Cost

bu/A - $/A bu/A - $/A-

A 47.7 286 26 -24 49.9 299 29 - 7

B 48.5 291 38 -31 50.5 303 54 -28

C 48.4 290 6 0 49.9 299 15 7

D 47.0 282 25 -27 50.4 302 29 - 4

E (UM) 47.4 284 12 -12 51.3 308 12 19

Check 47.3 284 <-._ ->« 46.1 277 "•"•
—-..-.

1/

2/

Using April, 1984 prices for each nutrient expressed as dollars/lb as follows: N, .26;
P205, 25; K20, .11; S, .20; Zn, .95.

Return yield value @6.00/bu - fertilizer cost - value of check trt.

Table 8. Effect of fertilizer recommendations on total yield, total fertilizer cost and the
resulting economics on both the very high and medium-high testing site at Waseca
from 1980-1984.

Very High Testing Site Medium-High Testing Site

5-Year Total

?/

5-Year Total

Crop lt Fert. Crop jj Fert.
2/

Lab Value- Cost Return Value— Cost Return-
<J/A $/A

A 1599 265 -100 1803 303 + 94

B 1628 283 - 89 1792 353 + 33

C 1665 189 + 42 1803 223 +174
D 1658 311 - 87 1795 333 + 56

E (UM) 1626 152 + 40 1814 197 +211

Check 1434 0 •»_->-» 1406 0 -*——

1/
3.00, 2.40 and 3.00/bu used for corn in 1980, 1981, and 1983, respectively, and 5.50/bu
and 6.00/bu used for soybeans in 1982 and 1984, respectively, for a five-year total crop
value.

2/
— Return over 5-year period = crop value - fertilizer cost - value of check treatment.
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Economic returns from the fertilizer recommendations for soybeans in 1984 are given in Table 7. On
the very high testing site fertilizer costs ranged from $6 with Lab C to $38/A with Lab B. Positive
economic return to fertilizer programs was not obtained with any of the five labs. On the medium-
high site fertilizer costs ranged from $12 (Lab E) to $54/A (Lab B). Positive economic return to the
laboratories' fertilizer recommendations was only obtained with two labs (C and E). Net returns
ranged from $19 to -$28/A.

Conclusions from the 1984 study can be summarized as follows:

1. Application of high rates of P and K to soils already testing high to very high is not
practical.

2. No direct benefit on soybean yield response was obtained with the addition of N, S or the
micronutrients even though they were recommended by some of the laboratories.

FIVE-YEAR SUMMARY

Economic returns from the very high testing site showed little benefit to fertilization (Table 8).
Net return from 1980-1984 period ranged from $40/A to $42/A with Labs C and E which had the lowest
fertilizer costs, to -$100/A with Lab A. Recommendations from Lab D resulted in the highest
fertilizer cost. Part of the low overall return on this site was due to fertilizer recommendations

for a yield goal of 180 bu/A in 1980 while the yields obtained barely exceeded 100 bu/A due to
drought-stress conditions.

On the medium-high site yield responses paid for the fertilizer recommendations by all five
laboratories (Table 8). However, net return ranged from $33/A with Lab B, whose recommendation
resulted in the highest fertilizer cost, to $211 with Lab E which recommended the least amount of
fertilizer.
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NITROGEN AND SULFUR APPLICATIONS

TO CORN IN SOUTHERN MINNESOTA

1984

G. W. Randall, D. T. Walters, and P. L. Kelly

Corn yield response to varying N rates and application times in Southern Minnesota have been docu
mented frequently. However, response by corn to sulfur (S) on these soils has not been frequently
and consistently reported. Recently, ammonium sulfate as a source of both N and S has become more
common as a fertilizer material in the northern Corn Belt. The purpose of this study was to evaluate
preplant vs split applications of ammonium sulfate compared to preplant application of urea on corn
production on two soils of Southern Minnesota.

EXPERIMENTAL PROCEDURES

Two sites which had been planted to corn in 1983 were selected for this study. One location was on a
Seaton silt loam (Alfisol) on the Charles McNamara farm in Goodhue County. This soil represents a
large acreage of well-drained, low organic matter, loessial soils cropped to corn in Southeastern
Minnesota. The other location was at the Southern Experiment Station, University of Minnesota in
Waseca County. This Webster clay loam soil has inherently poor drainage, high organic matter con
tent, and is extensively cropped to corn and soybeans. It represents a large acreage of soils in
Southern Minnesota and Northern Iowa.

Tillage at the Goodhue County site consisted of fall chisel plowing and then spring disking and field
cultivating prior to planting. The site in Waseca County was fall moldboard plowed and spring field
cultivated. Soil tests for the Goodhue and Waseca sites follow: pH = 7.3 and 6.5; Bray extractable
P, = 101 and 46 lb/A (both Very High); exchangeable K = 237 and 465 lb/A (Medium High and Very High);
and extractable SO.-S =• 7 and 8 ppm, respectively, for the two locations.

Eight N and S treatments were replicated four times at the Goodhue site and 6 times at the Waseca
site in a randomized, complete-block design. Each plot measured 15' wide (6-30" rows) x 30' long in
Goodhue County and 10' wide (4-30" rows) x 55' long in Waseca County.

Corn was planted with a John Deere Max-Emerge planter at a population of 27700 plants/acre at both
sites. Pioneer 3901 was planted on May 16 in Goodhue County while Pioneer 3906 was planted on May 9
in Waseca County. Weeds were chemically controlled with Lasso + atrazine at Waseca and Lasso +
Bladex at Goodhue. Counter waB applied with the planter to control rootworms at both locations.

The preplant applications of both N sources were applied and incorporated by secondary tillage on
May 10 and April 25 at the Goodhue and Waseca sites, respectively. The split application treatments
were applied h preplant and % sidedressed at the 8-leaf stage on June 29 and June 19 at the Goodhue
and Waseca locations, repsectively. Application rates of N and S for the Goodhue and Waseca loca
tions are shown in Tables 1 and 4, respectively.

Ten randomly selected leaves opposite and below the ear were taken at silking for total N and S
analyses. Fodder and grain yields were obtained at physiological maturity by hand harvest techniques
at the Goodhue location while plots were combine harvested at Waseca. All fodder and grain analyses
were conducted on samples gathered at harvest. Chemical analyses were performed by the Research
Analytical Laboratory, University of Minnesota.

RESULTS AND DISCUSSION

Goodhue County: Leaf N was increased significantly (P = 94% level) over the check by the urea and AS
treatments (Table 1). Differences among the urea with and without S treatments and AS were not sta
tistically significant for any of these parameters.

When examining the effect of N rate averaged over N source and time of application, leaf N and fodder
yield were greater with the higher N rate (Table 1). Fodder N, silage yield, total N uptake and
final population were not influenced by N rate. The N source-method of application, when averaged
over N rates, had no effect on any of the above parameters. Moreover, there was no interaction be
tween N rate and N source-time of application.

Please refer to title page of this publication for information regarding application and use of this
article.
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Grain N concentration was significantly improved by the urea and AS treatments over the check
(Table 2). Grain yield, N removed by the grain and ear moisture at harvest were not affected by the
N and S treatments. Factorial examination of the main effects showed no effect of either N rate or N

source-time of application on any of the grain yield parameters. In addition, no interaction between
N rate and N source-application time was noted.

Leaf, grain, and fodder samples from the three high N rate treatments were additionally analyzed for
total S. Results shown in Table 3 indicate no significant (90% level) effect of S applied to this
low OM soil on leaf, grain and fodder S concentrations, total S uptake in the silage, and grain S
removal (product of grain yield times grain S concentration). In contrast to 1983, N:S ratios were
not reduced by the AS treatments. N:S ratios were 13.0, 10.1 and 14.8 with urea and 12.7, 10.1 and
15.3 with the PP application of AS for leaf, fodder and grain, respectively.

In summary, this experimental site did not provide much valuable data to evaluate the treatments.
Only leaf N and grain N were improved by the N treatments. The highest N rate (134 lb/A) resulted in
higher leaf N compared to the 67 lb/A rate but did not influence any of the other parameters. Even
though yields were high, they were not increased over the check by any of the N and S treatments.
Apparently, the residual NO.-N (124 lb/A in the 0-5' profile) plus mineralizable N was sufficient to
sustain the crop. In addition, S0.-S (7 ppm), although not high for this low OM soil, plus mineral
izable organic S must have been sufficient for optimum corn production.

Table 1. Influence of rate, source and time of application of N and S on leaf N, fodder N, fodder
yield, silage yield, total N uptake and final population at GOODHUE in 1984.

Rate

lb/T"

N

Source-'
1/

Check

67

67

67

67

134

134

134

Urea

Urea

AS

AS

Urea

AS

AS

Rate

Tb7A~

79

79

79

158

158

Source

Gypsum

AS

AS

AS

AS

3/
Significance Level (%) :—
BLSD(.IO) :
CV(%) :

Individual Factors

N rate (lb/A)
67

134

Significance Level (%)

N source-time of application
Urea - PP

AS - PP

AS - Split

J/

IISignificance Level (%)?

Interactions

N rate x N source-time

Significance Level (%)?3/

Applciu.
method^'

PP

PP

PP

Split
PP

PP

Split

Leaf

N

%

2.69

2.94

2.87

2.91

2.92

2.92

3.02

3.07

94

.26

5.1

Fodder

N

.62

.67

.67

.67

.73

.73

.66

.72

44

12.

Fodder Silage Total N Final
yield yield uptake population
-—T DM/A lb N/A ppA x 10

3.20

3.13

3.05

2.81

3.08

3.38

3.01

3.29

66

10.

7.52

7.68

7.56

7.28

7.67

7.85

7.35

7.62

18

6.8

139

154

153

150

159

160

151

158

63

7.9

24.5

24.4

24.1

24.8

24.2

23.8

23.2

23.1

14

7.7

2.90 .69 2.98 7.50 154 24.4

3.00 .70 3.23 7.60 156 23.4

97 49 92 36 45 84

2.89 .70 3.21 7.70 157 23.9

2.96 .66 2.91 7.32 151 24.0

2.99 .73 3.18 7.65 158 23.7

82 82 84 70 80

35 58 19 33 27

—. AS = ammonium sulfate

If. PP =preplant, Split =h at PP and Hat 8-leaf stage
— Probability level of significant difference among treatment means



100

Table 2. Influence of rate, source and time of application of N and S on ear moisture, grain yield,
N and N removal at GOODHUE in 1984.

Rate
hi

Source-' Rate

lb/A
Source

lbM

Check

67

67

67

67

134

134

134

Urea

Urea

AS

AS

Urea

AS

AS

79

79

79

158

158

Gypsum

AS

AS

AS

AS

Significance Level (%)
BLSD (.05)
CV (%)

Individual factors

N rate (lb/A)
67

134

jj

:nSignificance Level (%):

N source - time of application

Urea - PP

AS - PP

AS - Split

J/Significance Level (%):

Interactions

N rate x N source-time

Significance Level (%):.2/

Applcru. Ear
method— moisture Yield

Grain

N removal

Ib7A

PP

PP

PP

Split
PP

PP

Split

41.2

40.9

41.1

41.4

40.9

40.5

41.2

41.4

44

1.6

41.2

41.0

35

bu/A

158.0

167.3

165.7

164.5

166.6

163.3

157.4

158.3

11

8.0

165.6

159.7

75

1.32

1.42

1.44

1.45

1.45

1.42

1.50

1.48

97

.10

4.4

1.45

1.47

57

99

112

113

113

114

110

112

110

56

8.5

113

111

58

40.8 164.5 1.43 HI

41.3 161.0 1.48 112

41.2 162.5 1.47 112

72 15 72 15

72 13 46

Table 3. Influence of N source and time of ammonium sulfate application on leaf S, grain S, fodder
S, total S uptake and grain S removal at GOODHUE in 1984.

N Sourc
1/

Urea

AS

AS

Application
method^'

PP

PP

Split

Signif. Level(%)}3-/
CV (%) :

Leaf

S

.225

.237

.232

77

3.7

Grain

S

.096

.098

.098

29

3.2

Fodder

S

%

.072

.065

.070

39

16.

Total S

uptake
lb/A

12.3

11.2

11.8

71

8.1

Grain S

removal

lb/A

7.4

7.3

7.3

22

4.6

i/ AS = ammonium sulfate; Both N sources applied at rate of 134 lb/A
-'. PP = preplant, Split •» H at PP and H at 8-leaf stage
— Probability level of significant difference among the treatment means

Waseca County: Similar to 1983, results from the study in Waseca County were considerably different
than from Goodhue County. This was primarily due to the dry conditions which began in mid-July and
continued through early September. Rainfall totaled only 1.90" over the 8-week period from July 18
through September 11, with a highest 1-day occurrence of 0.48 inches.

Leaf N concentration, fodder and silage yield, and total N uptake in the silage were increased over
the check by all of the urea and AS treatments (Table 4). Fodder N was increased over the check by
only the 178-lb N/A treatments. At the low rate of N, leaf N and fodder yield were both increased by
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Table 4. Influence of rate, source and time of application of N and S on leaf N,fodder N, fodder
yield, silage yield, total N uptake and final population at WASECA in 1984.

Rate
*/

Source— Rate

lb/A lb/A
Source

Applcn., Leaf
method-' N

Fodder Fodder Silage Total N Final
N yield yield uptake population
!£ -— T DM/A ~ lb/A ppA x 10

Check 1.37 .33 1.42 3.18 41.9 23.5

89 Urea - - PP 2.23 .32 2.31 5.48 83.7 25.1

89 Urea 105 Gypsum PP 2.53 .34 2.59 5.90 69.6 26.1

89 AS 105 AS PP 2.44 .33 2.54 5.95 87.1 25.6

89 AS 105 AS Split 2.43 .33 2.36 5.77 81.7 24.8

178 Urea - - PP 2.76 .48 2.88 6.88 128.6 25.1

178 AS 210 AS PP 2.91 .49 2.92 6.73 127.1 26.2

178 AS 210 AS Split 2.80 .48 2.46 6.09 119.9 25.2

Significance Level (%)
BLSD (.05)
CV (%)

Individual Factors

N Rate (lb/A)
89

178

3/
99

.18

7.2

99

.05

12.

99

.25

9.6

99

.52

8.6

99

8.0

8.0

97

1.8

5.1

2.47 .34 2.50 5.87 86.1 25.5

2.82 .49 2.75 6.56 125.2 25.5

Significance Level (%):-' 99 99 99 99 99 01

N source-time of application

Urea - PP

AS - PP

AS - Split

2

2

2

.65

.68

.62

.41

.41

.41

2.74

2.73

2.41

6.39

6.34

5.93

109.1

107.1

100.8

25.6

25.9

25.0

Significance Level
BLSD (.05)

(%):-7
•

31 02 99

.22

92 97

6.3

73

Interactions

N rate x N source-time

Significance Level (%):-7 80 10 56 69 04 70

— AS - ammonium sulfate

2/
— PP a preplant, Split = % at PP and h at 8-leaf stage

3/
— Probability level of significant difference among treatment means
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the urea + gypsum and AS treatments over the urea alone treatment. Silage yield was increased 0.42
to 0.47 T DM/A by the S treatments, but this difference was only significant at the 90% level (BLSD =
0.45). These effects were not found at the high rate of N. No explanation can be given for the
slightly lower final population in the check treatment.

Examination of the main effect of N rate averaged over N source-time of application indicates that
leaf and fodder N, fodder and silage yield, and total N uptake were increased significantly (99%
level) by the high N rate (Table 4). The N source-time of application had an effect on fodder and
silage yield, and total N uptake when averaged over N rates. Results from the PP application of urea
and AS were almost identical. However, splitting the AS application into \ at the 8-leaf stage pro
duced significantly lower fodder and silage yield and total N uptake. Apparently the sidedress por
tion of the split application remained near the soil surface and was never moved down into the root
system where it could have been utilized by the plants. A significant interaction between N rate and
N source-time of application was not found for these parameters.

Grain yield, grain N and grain N removal were increased substantially and grain moisture reduced
significantly by all of the urea and AS treatments compared to the check (Table 5). The urea + gyp
sum treatment and the PP appliled AS treatments did not Improve yield, N concentration, moisture
content and N removal of the grain over the standard urea treatments.

Factorial examination of the main effects showed a highly significant improvement in all of the grain
parameters with the high N rate when averaged over N source-time of application (Table 5). Differ
ences among the N source-time application treatments were only significant (P = 95% level) for grain
N removal when averaged over N rates. Corn grain yield, moisture content, N concentration and N
removal were almost identical with the PP urea and AS treatments. However, the split application of
AS gave significantly lower grain N removal than the PP application of AS. Positional unavailability
of the sidedress portion applied at the 8-leaf stage was thought to be the primary reason for the
somewhat poorer performance of the split AS treatments.

Sulfur analysis conducted on the plant tissue from the 178-lb N treatments showed highly significant
increases in leaf, fodder and grain S with both of the AS treatments compared to urea (Table 6).
This resulted in significantly higher total S uptake and grain S removal with both AS applications.
Ratios of N:S for leaf, fodder, and grain were reduced from 16.0, 11.7 and 15.3 with urea to 12.5,
54.4 and 11.9 with the PP application of AS, respectively. As in 1983, these results were somewhat
surprising on this high organic matter soil which had a moderate extractable S0.-S level (8 ppm).

In summary, grain and silage yields, N concentration in the plant parts, and N and S uptake were
improved by the urea and AS treatments. The highest N rate (178 lb N/A) produced the highest yields
and N concentrations and was judged to be an optimum N rate under the growing conditions in 1984.
The split application of AS consistently did not Improve yields and N uptake when compared to the PP
apllcation in early May. This was primarily due to positional unavailability of the mid-June N ap
plication which apparently was not moved down into the zone of root activity during the dry 8-week
period in July, August and September. Significant and consistent differences between the urea treat
ment and the urea + gypsum and AS treatments occurred for leaf N, fodder yield and silage yield when
a low rate of N was applied but did not occur for the grain yield parameters. Even though S concen
trations in the plant parts were significantly improved, yield response to the added S was not ob
tained.

CONCLUSION

Under the good growing conditions at the Goodhue County location in 1984, corn yields, plant N and S
concentrations, and plant N and S uptake were generally not affected by any of the N and S treat
ments. This was apparently due to sufficient residual NO.-N and mineralizable organic N and S which
sustained optimum corn growth. At Waseca where dry conditions limited corn yields, highly signif
icant and consistent effects of the N and S treatments were found for 14 of the 15 parameters
measured. Yields and plant N concentration and uptake were highest with the 178-lb N rate. Split
application of the AS treatments did not improve yields or nutrient uptake; probably due to position
al unavailability of the sidedress-applied material. Application of S as AS or with urea increased
leaf N, leaf, fodder and grain S, fodder yield, and silage yield but did not improve grain yield when
applied at the low rate.
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Table 5. Influence of rate, source and time of application of N and S on grain yield, moisture,
N and N removal at WASECA in 1984.

N 1/ S Applcn
method^'

Grain

Rate Source-*.' Rate Source Yield Moisture N N removal
lb/A lb/A bu/A % - lb/A

Check 53.3 20.2 1.28 32.5
89 Urea PP 103.8 18.8 1.39 68.6
89 Urea 105 Gypsum PP 106.9 18.6 1.42 71.7
89 AS 105 AS PP 105.6 18.6 1.41 70.3
89 AS 105 AS Split 96.9 18.2 1.43 65.8
178 Urea PP 122.8 18.1 1.73 100.5
178 AS 210 AS PP 121.8 18.1 1.71 98.2
178 AS 210 AS Split 121.7 17.7 1.66 95.7

Significance Level (%)'M 99 99 99 99

BLSD (.05) : 8.1 .9 .07 6.3
CV (%) : 7.4 4.4 4.7 7.9

Individual Factors

N rate (lb/A)

89 103.2 18.5 1.42 69.3
178 122.1 18.0 1.70 98.1

Significance Level (%):-' 99 97 99 99

N source-time of application
Urea - PP 114.8 18.3 1.57 86.1
AS - PP 113.7 18.4 1.56 84.2
AS - Split 109.3 18.0 1.55 80.8

Significance Level (.%)'M
BLSD (.05) :

Interactions

N rate x N source-time

Significance Level (%):3-/

87 72

78 03

36

72

95

4.6

11

y AS = ammonium sulfate
—' PP - preplant, Split » h at PP and S_ at 8-leaf stage
1' Probability level of significant difference among treatment means

Table 6. Influence of N source and time of ammonium sulfate application on leaf S, grain S, fodder
S, total S uptake and grain S removal at WASECA in 1984.

j;Application
N source- method-

Leaf

S

Grain

S

Fodder

S

Total S

uptake
Grain S

removal

Urea PP

AS PP

AS Split

%

.172

.233

.246

%

.113

.144

.142

%

.041

.090

.091

lb/A

8.9

13.5

12.6

lb/A

6.6

8.3

8.1
__

Signif. Level (%):~
BLSD (.05) :
CV (%) :

99

.032

12.

99

.008

4.8

99

.009

10.4

99

1.1

7.9

99

.5

6.0

y
2/

AS = ammonium sulfate; Both N sources applied at rate of 178 lb N/A
^'. PP = preplant, Split =% at PP and % at 8-leaf stage
— Probability level of significant difference among treatment means
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LONG-TERM CARRYOVER FROM

HIGH RATES OF MANURE

Waseca, 1984

G. W. Randall and R. H. Anderson

Conditions sometime exist in livestock operations where acreage, time and/or labor may not be suf
ficient to permit the application of manure to land just prior to planting or at conventional rates.
In addition, the monetary value of the nutrients contained in the manure in relation to prices for
inorganic fertilizers sometimes is relatively low. As a result of these factors, heavy rates of
manure have been applied or disposed of in localized areas; often close to the livestock facility.

With these conditions in mind an experiment was established to determine the maximum quantity of
manure that can be applied and incorporated in a limited non-crop area. Primary objectives were to
investigate: (a) the capacity of land to serve as a disposal medium for excessive rates of manure,
(b) the accumulation and movement of nutrients in the soil profile and (c) the response of future
crops to these high rates.

Experimental Procedures

During 1971, 1972 and 1973, beginning in mid-May and ending in mid-September, dairy cattle manure
taken directly from the barn was applied to the surface of a Webster clay loam soil. Manure was
applied to the same 0.5-acre area in both 1971 and 1972. In 1973, this area was split and manure was
applied to one of the 0.25-acre areas. The manure was allowed to dry for 1 to 7 days before incorpo
rating by disking, field cultivating or periodic plowing by either moldboard or chisel plow. Dry
matter determined at 105 C and nutruent application rates were calculated by weighing each load of
manure and by gathering random manure samples throughout the season for chemical analysis. Total N,
organic N, inorganic N, total P and total K applied in the manure treatments are shown in Table 1.

To evaluate the carryover from the manure treatments a 0.25-acre section has received an annual
application of N (approximately 150 lb N/A) as anhydrous ammonia each year. Supplemental P and K or
starter fertilizers have not been used on the whole experimental site due to very high soil test
levels.

Corn has been planted annually beginning in 1974. Excellent weed control has been obtained with
preemergence herbicides. Corn root worms have been controlled with a rotation of Furadan and
Counter. Soil samples have been taken in 1-foot increments to a depth of 10' each spring. Leaf
nutrient concentrations at silking, fodder N and grain N have been determined annually. Corn silage
and grain yields have been obtained by hand harvesting four replicated sections within each of the
treatments each fall.

Results

The manure application rates and amount of nutrients applied in the manure are shown in Table 1.
These extremely high manure rates resulted in approximately 10, 3 and 5 tons of N, P, and K/A, re
spectively, applied over the 3-year period with slightly less over the 2-year application period.
Approximately 75% of the N was in the organic form with the remainder as NH.-N.

Table 1. Nutrient amounts applied with the manure treatments in 1971-73.

Period

Manure rate (T/A, dry basis)
Nutrients (lb/A)

Total N

Org. N
NH.-N

N0,-N
P J

•U2/1040 T/A on a wet basis.
— 1758 T/A on a wet basis

1971-72

200

11800

8980

2820

3

3220

6210

1/

1971-73

2/
345

20150

15320

4820

5

5840

10780
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Soil and plant samples taken annually (data not shown) and corn yields show that there has been a
long-term effect of these manure rates on corn production (Table 2). Yield differences among the
treatments have not been significant (P = 90% level) in 6 of the 10 years. Significant yield ad
vantages were obtained with at leust one of the manure treatments in 1976 and 1978. Yields in 1979
showed an advantage for the fertilizer N and high rate of manure treatments. Although significant
yield differences were found in 1982, no consistent advantage was seen for either manure or fertil
izer.

Table 2. Corn grain yields from 1974-1983 as influenced by previous manure application rates at
Waseca.

Treatment

Signif.
level

Manure Fertilizer

150 lb N/A
BLSD

Year 345 T/A 200 T/A .05 (.10)
%

NS1974 117.1 119.9 117.0

1975 99.2 93.2 105.3 NS

1976 98.7 88.0 86.4 99 7.5

1977 148.0 158.0 161.8 84

1978 152.9 148.3 138.0 96 11.7

1979 179.6 161.4 183.5 99 11.8

1980 103.1 111.0 lll.l 33
1981 183.3 177.3 177.3 54

1982 148.3 165.2 158.9 93 (12.4)
1983 85.4 77.6 93.2 78

Some of the data shown in Table 3 indicate that the residual effect of the manure may be waning in
the 11th year of the study. Leaf and fodder concentrations and total N uptake were significantly
lower for both of the manure treatments compared to the annual fertilizer N treatment. However,
grain yields from the manure treatments were significantly higher than from the N treatment. Silage
yields showed the same trend but were not significantly different.

Reasons for this apparent discrepancy can probably be attributed to the weather conditions in 1984.
Conditions thru July were excellent for corn growth. At the end of July corn growing on the N treat
ment looked much better (larger, more vigorous and darker green) than on the manure treatments. Less
than 1.5" of rain fell between the end of July and September 12. This dry period coupled with a few
hot days provided a severe stress on the corn. This was especially true on the larger, more vigorous
corn with higher ET needs. Consequently, final yielda of grain and silage (primarily because of
grain) were lower with the fertilizer treatment.

Table 3. Influence of manure and fertilizer application on corn production and N utilization at
Waseca in 1984.

Final

popl'n
Leaf

N

Fodder

N

Silage Grain Ear

Treatment Yield N Uptake Yield N N removal Moisture

Manure-(345 T/A)
" -(200 T/A)

Fert. N (150 lb/A)

ppAxlO"3

25.9

29.1

29.1

%

2.70

2.25

3.06

%

.55

.48

.87

T DM/A

6.32

6.18

5.80

lb N/A

114.3

106.0

125.0

bu/A

114.6

112.8

96.3

%

1.47

1.43

1.53

lb N/A

79.8

76.4

70.3

%

39.6

38.1

37.4

Signif. Level (%):
BLSD (.05) :
CV (%) :

99

1.1

2.4

99

.18

4.1

99

.18

16.

75

6.7

99

10.9

5.4

98

13.3

6.9

61

6.8

79

8.8

87

3.4

Nitrate-N concentrations within the 0-10' soil profile show substantially more NO.-N in the top 2'
with the fertilizer N treatment (Table 4). Much of this could have come from the nitrified anhydrous
ammonia that was applied in late April. At depths below 2' very little difference in NO.-N concen
tration was found among the manure and fertilizer treatments. Consequently, total nitrate-N accumu
lation In the top 10' was higher with the fertilizer treatment as shown by 332 and 454 lb NO.-N in
the top 5' and 10', respectively. Accumulation between 5' and 10' ranged from 99 to 122 lb NO.-N/A
and these differences among treatments were considered to be insignificant.
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Table 4. Influence of past manure treatments and annual N applications of NO.-N in the 0-10' soil
profile at Waseca in June, 1984.

Profile

depth
feet

0-1

1-2

2-3

3-4

4-5

5-6

6-7

7-8

8-9

9-10

lb NO.-N in top

0-5' -

5-10' -
0-10' =»

Treatment

345 T/A 200 T/A 150 lb N/A
—

ppm

2.9 8.8 55.1

4.2 5.6 11.2

3.8 4.7 5.4

3.9 5.4 5.5

4.4 6.0 6.0

4.6 5.6 5.7

5.0 5.4 6.6

4.8 5.6 7.3

5.1 4.9 5.6

5.3 4.6 5.2

77 122 332

99 104 122

176 226 454

Summary

High rates of manure resulted in large quantities of nutrients applied to a Webster clay loam soil in
1971-73. Carryover from these manure treatments without additional fertilizer applications sustained
corn production from 1974-1983. Nitrogen uptake by the corn and soil NO.-N levels in 1984 indicated
that the carryover effect from the previous manure treatments has begun to wane. Corn yields, how
ever, were significantly higher with the manure treatments. This was due to the adverse effects of
the August weather conditions on the annually fertilized corn.
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CONSERVATION TILLAGE STUDY

Waseca, 1984

G. W. Randall, D. T. Walters, and J. B. Swan

With increasing emphasis on controlling erosion and minimizing energy requirements (time, labor and
fuel), tillage practices have changed markedly over the last decade. Many of tillage practices have
come to be known as "conservation tillage". To fit this definition, a tillage practice must leave
30% of the soil surface covered with residue after planting.

EXPERIMENTAL PROCEDURES

To evaluate some of these conservation tillage practices an experiment was started in 1975 with con
tinuous corn grown on a Webster clay loam at the Southern Experiment Station. Five tillage treat
ments (no tillage, fall moldboard plow, fall chisel plow, ridge-plant and till-plant (flat)) were
replicated four times. Each plot was 20' wide by 125' long. Tile lines spaced 75' apart run per
pendicular to the rows in all plots. Beginning in 1979 all plots were split into two, 4-row plots —
one with starter fertilizer and the other without.

After 8 years of continuous corn, soybeans were planted in 1983 to begin a long-term corn-soybean
rotation. Tillage and starter fertilizer treatments remained the same except the till-plant (flat)
treatment was changed to a spring-disk (20" disk blade) treatment (Table 1). Because of increased
pressure of the grass weeds in the no tillage treatment, all plots were split so that either the
front or rear half received a postemergence application of Poast at a rate of h lb/A with 1 qt of oil
concentrate.

Ridges for the ridge-plant treatment in 1984 were built in July, 1983. The fall moldboard and chisel
tillage operations were also done in early November, 1983. Secondary tillage conducted on April 24
consisted of field cultivating the moldboard and chisel treatments and the spring disking. Ammonium
nitrate was broadcast-applied at a rate of 150 lb N/A immediately before the secondary tillage.
Ridges for the 1985 soybeans were built on June 28.

Corn (Pioneer 3732) was planted in 30" rows at a rate of 29,900 plants/A on May 10. All treatments
were planted with a John Deere 7100 planter equipped with 2" fluted coulters. B&H ridge cleaners
were attached to the planter for the ridge-plant treatment. Ten gallons/A of 7-23-5 was used as the
starter treatment.

Broadcast P and K were not applied for the 1984 corn crop because of very high soil tests. Soil
tests on this site averaged: pH=6.7, Bray 1 extractable P=60 lb/A and exchangeable K=424 lb/A.
Chemical weed control consisted of 3% lb Lasso and 3*s lb Bladex/A applied preemergence. In order to
evaluate the effectiveness of the preemergence herbicide application on weed control, a plastic sheet
2' wide and 5' long was placed between the 4th and 5th rows of each tillage plot during herbicide
spraying to prevent the application of herbicide onto the soil surface. Weed counts (grass and
broadleaf) were taken on June 5 from sprayed and unsprayed areas. All treatments except no tillage
were cultivated on June 19. Weed control was excellent on all cultivated plots.

Planting depth was determined by cutting off the coleoptile at the soil surface from all the plants
in a 3-meter length of row in each tillage plot 30 days after planting. The seeds were then
excavated and the length of the coleoptile to the seed was measured. Early plant growth was
determined by harvesting the above ground portion of 10 random plants per plot 33 days after
planting. On June 25 soil samples were taken to a 9" depth from the ridge-planted plots which had
starter fertilizer for the last ten years. These plots were sampled in 3 positions: directly down
the center of the ridge, at 6" to the side of the ridge and midway between the ridges. Before
compositing the 8 cores/plot they were separated into 0-2", 2-4" 4-6" and 6-9" increments. After
drying at 100°F they were submitted to the University of Minnesota Soil Testing Lab for pH, Bray 1
extractable P and exchangeable K analyses.

Yields were taken by combine harvesting the center two rows from each plot. Grain moisture and N
concentrations were determined on each of these samples.

Please refer to title page of this publication for information regarding application and use of this
article.
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Statistical interpretation of the data throughout this report is based on the percent probability
(significance levels) of obtaining a response. A significance level of 95 indicates that we could
expect a real difference to occur 19 times out of 20 and only 1 time our of 20 due to chance. A
significance level below 50 would indicate less than 50:50 odds of being real.

RESULTS

Since the 2-way and 3-way interactions shown at the bottom of Table 1 are generally non-significant,
the comparison of main effects (tillage, starter fertilizer, and previous Poast treatment) is
appropriate.

Significant differences in plant height, final population, grain moisture and grain yield were found
among the tillage treatments when averaged over starter fertilizer and previous Poast treatments
(Table 1). Plant heights taken after silking showed somewhat shorter plants with the ridge-plant
(RP) system. This 4 to 6" difference could have been due largely to the presence of the ridge around
the base of the plant. Plant height was increased slightly with starter fertilizer but was not
affected by the previous Poast treatment.

Final population of the no tillage (NT) plots ranged between 1000 to 1500 plants fewer than with the
other treatments. Differences in final stand did not exist among the moldboard plow (MP), chisel
plow (CP), RP, and spring disk (SD) treatments. Final population was not affected by starter fertil
izer or the previous Poast treatments.

Grain moisture, an indication of maturity, was significantly higher with the NT treatment (Table 1).
This was consistent with previous years when continuous corn was grown. Grain moisture for the MP,
CP, RP and SD systems was not significantly different. Neither starter fertilizer nor the previous
Poast treatments affected grain moisture.

Grain yields were highest with the MP and SD systems, intermediate with the CP and RP systems, and
significantly lower with the NT system when averaged over starter fertilizer and previous Poast
treatments (Table 1). The 4.4 bu/A response to starter fertilizer averaged across tillage systems
was only significant at the 90% level. Even though a statistically significant interaction between
tillage system and starter fertilizer did not exist (81% level), it did appear that the largest re
sponses to starter fertilizer were obtained with the NT (11.9 bu/A) and RP (11.0 bu/A) treatments.
Yield responses to starter fertilizer were less than 4 bu/A with the MP, CP and SD treatments. The
previous Poast treatment did not influence corn yields.

Early plant growth was significantly greater for the MP, CP and SD tillage systems than for the RP
and NT systems (Table 2). Plants in the NT system were only 50% as large as with the MP, CP and SD
systems. Starter fertilizer also increased early plant weight by 20% when averaged across tillage
systems. The interaction between tillage system and starter fertilizer was not significant (38%
level). The correlation between EPG and grain yield was not significant when starter fertilizer was
used (r = +.299) but was significant at the 97% level when no starter was used (r •=» +.486). A linear
rather than a curvilinear relationship was best for each.

Grain N (protein) was not influenced by tillage or starter fertlizer (Table 2). However, N removal
in the grain (product of grain N concentration and grain yield) was significantly affected by both
tillage and starter fertilizer. This effect was due largely to the yield difference among the treat
ments.

Residue measurements taken prior to planting showed significant differences among the treatments for
percent of the soil surface covered with residue from the previous crops (Table 3). The treatments
ranked NT>RP =• SD>CP>MP. After planting, surface residue measurements were taken both within the
row and randomly across the plot area. All tillage treatments showed significantly more residue than
the MP treatment. However, only the RP and NT systems exceeded 30% and therefore met the definition
of "conservation tillage". Within the row measurements showed slightly less residue than random
across the plot measurements for both the RP and NT systems.

Planting depth averaged significantly deeper with the MP and CP systems compared to the NT system.
This was consistent with previous years (Table 3). Planting depth was not different between the MP,
CP and RP systems which is in contrast to previous years with continuous corn when the RP system
usually showed a shallower planting depth. The variability in the seeding depth as measured by
standard deviation and range in depths indicates least variability with the CP, MP and SD systems and
greatest variability with the RP and NT systems. This is consistent with previous years. Seed
placement ranged between 2.2" and 3.0" with the CP system and between 1.8" and 3.2" with the RP
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Table 1. Influence of tillage methods, starter fertilizer and previoui3 Poast herbicide treatment

on corn production at Waseca in 1984.

Treatment 1/ **/
Plant

height

Final

population
GrainiStarter1-'

:ert.

Poastr1

herb.Tillage t Moisture Yield

cm x 10 J % bu/A

No tillage S P 275 26.3 25.7 136.4
it

S NP 271 25.7 28.0 138.0
ii

NS P 269 25.6 28.1 127.7
ii

NS NP 265 24.5 28.8 123.0

Fall plow, f. cult. S P 274 26.3 24.8 157.9
ii ii

S NP 269 26.1 24.5 152.0
ii ti

NS P 274 27.0 24.1 157.6
ii ii

NS NP 271 26.5 24.0 165.7

Fall chisel, f. cult. S P 271 26.3 22.3 146.4
ti ti

S NP 271 26.6 22.9 150.9
ii ii

NS P 268 27.1 22.2 146.3
ti ••

NS NP 272 27.2 22.7 143.1

Ridge plant S P 261 27.0 23.0 150.4
ii

S NP 260 26.9 23.1 145.9
ii

NS P 257 26.8 23.1 131.9
•t

NS NP 258 26.7 21.9 142.5

Spring disk S P 276 27.1 23.4 158.2
tt S NP 276 26.1 23.9 154.3
ii

NS P 272 27.7 23.7 152.8
tt NS NP 271 27.7 22.7 155.5

Individual Factors

Tillage
No tillage 270 25.5 27.7 131.3

Fall plow 272 26.5 24.4 158.3

Fall chisel 270 26.8 22.5 146.7

Ridge plant 259 26.8 22.8 142.6

Spring disk 274 27.2 23.4 155.2

Significance Level (%): 99 99 99 99

BLSD (.05) '• 6 .8 2.0 10.7

Starter Fertilizer

Starter 271 26.4 24.2 149.0

No starter 268 26.7 24.1 144.6

Significance Level (%): 99 63 6 90

Poast Herbicide

Poast 270 26.7 24.0 146.6

No Poast 268 26.4 24.2 147.1

Significance Level (%): 85 85 12 8

Interactions

Tillage x SF 91 86 83 81

Tillage x Poast 69 18 49 2

SF x Poast 71 2 92 66

Tillage x SF x Poast 32 13 53 66

CV (%) 1.3 4.3 8.3 8.0

1/ S = starter fertilizer used and NS - no starter fertilizer used.T.a = Beared j.etci.j.j.4t;L uscu <tuu no - uu oi.on.gi <.«.•.i.--.--.. uo*>~.

— P - Poast herbicide used and NP = no Poast herbicide used in 1983.
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Table 2. Influence of tillage methods and starter fertilizer on corn production at Waseca in 1984.

Treatment ,, Early Grain

Tillage

1/
Starter—

fert.

Early
plant
growth
g/plant

N Protein

N

Removal

lb/A

No tillage S 5.4 1.40 8.7 84.4

No tillage NS 3.8 1.48 9.2 95.5

Fall plow, f. cult. S 11.0 1.43 8.9 106.4

Fall plow, f. cult. NS 8.7 1.43 8.9 107.1

Fall chisel, f. cult. S 10.1 1.46 9.1 100.6

Fall chisel, f. cult. NS 8.9 1.51 9.4 104.4

Ridge plant S 8.4 1.44 9.0 89.7

Ridge plant NS 6.7 1.47 9.2 104.7

Spr. disk S 9.5 1.50 9.3 107.7

Spr. disk NS 8.9 1.45 9.1 108.5

Individual Factors

Tillage
No tillage 4.6 1.44 9.0 89.9

Fall plow 9.9 1.43 8.9 106.8

Fall chisel 9.5 1.48 9.3 102.5

Ridge plant 7.5 1.46 9.1 97.2

Spr. disk 9.2 1.47 9.2 108.1

Signif. Level (%): 99 42 42 99

BLSD (.05) '• 1.2 7.0

Starter fertilizer

Starter 8.9 1.47 9.2 104.0

No starter 7.4 1.44 9.0 97.8

Signif. Level (%): 99 74 74 98

Till x SF IA

Signif. Level (%): 38 62 62 69

CV (%) 14. 4.5 4.5 7.9

— S = starter fertilizer used and NS = no starter fertilizer

system. Even though these differences are less than in previous years with continuous corn, they do
point out the need for careful adjustment of the planter even when following soybeans.

The rate of seedling emergence was determined by counting the number of plants that had spiked thru
in 100-feet of row/plot from the 11th to the 25th day after planting. Emergence, as a percent of
final stand, shown in Table 4 indicates most rapid emergence with the MP, CP, RP and SD systems.
Plants emerged 2 to 3 days later with the NT system.

Leaf samples were taken from the leaf opposite and below the ear at silking. When averaged over
starter fertilizer treatments, only leaf Fe was affected (P = > 95% level) by tillage (Table 5). The
reason for higher Fe concentrations with the RP system compared to the MP and CP systems is un-
explainable and not consistent with previous years. When averaged over tillage systems, the starter
fertilizer treatment showed slightly higher leaf K and Mg concentrations and lower Zn, Cu, and Mg
concentrations. The highly significant interactions between tillage and starter fertilizer for Mn,
Zn, and Cu was generally due to lower concentrations of these nutrients when starter fertilizer was
used with moldboard tillage compared to the other tillage systems. Reasons for this phenonenon are
not evident at this time. All nutrient concentrations in the leaves were considered to be adequate
for optimum yields.
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Table 3. Influence of tillage methods for corn following soybeans on surface residue and seeding
depth at Waseca in 1984.

Surface Residence

Planting DepthBefore

planting

After

Across

plot

Planting
Within

rowTreatment Average S Range

No tillage
Fall plow
Fall chisel

Ridge plant
Spr. disk

93

2

25

61

60

— %

70

3

13

41

18

61

3

17

32

23

65

74

71

69

66

9.0

6.6

4.8

8.7

7.2

51-80

60-90

57-75

45-82

52-74

Signif. Level (%):
BLSD (.05) :
CV (%) :

99

12

17

99

11

18

99

13

30

98

6

5.0

Table 4. Influence of tillage methods on the emergence progress of corn following soybeans at Waseca
in 1984.

Days Post Planting
Treatment 11 12 13 14 15 16 17 18 19 20 21 25

• % emerged -

No tillage 1 23 47 67 92 95 97 98 98 98 98 100

Fall plow 45 91 97 98 100

Fall chisel 44 91 95 97 98 98 99 99 100

Ridge plant 36 81 91 96 97 98 99 99 99 100

Spring disk 44 93 96 98 100

Weed counts (broadleaf and grass) were taken between the 4th and 5th rows from randomly placed 1 ft
sections/plot 24 days after preemergence herbicide application. Weed pressure from broadleaf weeds
was not great, as counts were low from both herbicide treated and untreated areas (Table 6). Grasses
were controlled extremely well in the MP, CP, RP and SD systems. It should be noted that the RP
system had the fewest grass weeds when no herbicide was applied and showed no weeds after herbicide
application. Grass control was inadequate in the NT system because of at least two reasons. Weed
pressure without herbicides was extremely high and probably the greater surface residue accumulation
prevented the preemergence herbicides from fully contacting the soil.

Soil samples taken from the RP treatment after planting showed that regardless of the sampling posi
tion, pH, P and K levels were fairly uniform when compared within each depth (Table 7.) From this we
can conclude that soil samples can be taken randomly from a ridge-planted system that is relatively
flat after planting but before ridging.



112

Table 5. Influence of tillage methods and starter fertilizer on the leaf nutrient concentration
in the corn earleaf at Waseca in 1984.

Treatment Nutrient

Starter

Tillage fert. N P K Ca Mg Fe Mn Zn Cu B

— %

2.02

_

No tillage S 2.72 .29 .45 .34 115 34

- ppm

28 9.1 6.4
it ii

NS 2.62 .28 1.90 .44 .33 108 30 26 8.5 6.5

Fall plow S 2.80 .29 2.09 .47 .31 112 46 23 8.5 6.4
it ti

NS 2.89 .28 2.10 .47 .33 115 57 31 9.8 6.8

Fall chisel S 2.83 .29 2.00 .50 .40 112 48 26 8.7 6.2
ii ii

NS 2.91 .30 1.97 .47 .36 119 44 28 9.3 6.8

Ridge plant S 2.84 .29 1.90 .49 .43 135 39 25 8.7 6.8
ii ii

NS 2.74 .30 1.82 .48 .39 126 37 27 8.8 6.8

Spring disk S 2.92 .28 1.97 .47 .45 123 43 30 9.2 6.8
n ii

NS 2.91 .29 1.94 .47 .39 117 45 30 9.5 6.9

Individual Factors

Tillage
No tillage 2.67 .29 1.96 .44 .34 111 32 27 8.8 6.5

Fall plow 2.84 .29 2.09 .47 .32 114 52 27 9.1 6.6

Fall chisel 2.87 .29 1.99 .48 .38 116 46 27 9.0 6.5

Ridge plant 2.79 .30 1.89 .49 .41 131 38 26 8.7 6.8

Spring disk 2.91 .29 1.96 .47 .42 120 44 30 9.3 6.9

Signif. Level (%): 89 2 51 47 92 97 93 40 19 24

BLSD (.05)
•

13

Starter fertilizer

Starter 2.82 .29 2.00 .48 .39 119 42 27 8.8 6.5

No starter 2.81 .29 1.95 .47 .36 117 43 28 9.1 6.8

Signif. Level (%): 13 11 93 71 99 76 38 99 95 97

Interactions

Tillage x SF
Signif. Level (%): 31 19 50 13 88 92 99 99 98 62

CV (%) 6.0 8.1 3.9 6.2 7.6 5.2 9.6 6.1 5.2 5.0

Table 6. Weed populations on June 5th as affected by tillage and herbicide for corn following
soybeans as Waseca in 1984.

1/Herbicide-^ No Herbicide

Treatment Grasses Broadleaves Grasses

2/
plants/10 sq. ft.-*-

No tillage
Fall plow
Fall chisel

Ridge plant
Spring disk

85

1

3

0

1

1

2

1

0

1

— 3 lb Lasso and 3 lb Bladex/A, preemergence

2/
— Average over 4 replications

1107

16

123

4

155

Broadleaves

7

4

4

6

1
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Table 7. Soil test pH, P and K after corn planting and before ridging after 10 years continuous
ridge planting at Waseca.

Profile Position of ridge sample^/
depth In row 6" to side of row 15" between row

0-2 6.5

2-4 6.7

4-6 7.0

6-9 7.1

SUMMARY

0-2 54

2-4 26

4-6 12

6-9 9

0-2 277

2-4 183

4-6 149

6-9 139

6.4 6.2

6.8 6.6

7.1 6.8

7.1 6.7

49 39

28 25

16 19

10 14

Soil K (ppm)
287 286

191 203

163 166

143 157

—' Average over 4 replications; 8 coreB composited/replication

After 8 years of continuous corn this experiment was changed in 1983 to evaluate five tillage systems
in a long-term corn-soybean rotation. Yield results from this study in 1984 differ from previous
studies where corn yields were generally not influenced by various tillage systems when following
soybeans in a corn-soybean rotation as long as weeds were controlled. Over the 8-year period with
continuous corn a substantial amount of corn residue had accumulated on the aoil surface with NT.

Even with one crop of soybeans in 1983, a large amount of residue still remained (93% surface cover
age) at the beginning of the 1984 season. This accumulation of residue resulted in a 2-3 day delay
in corn emergence, retarded early plant growth, and higher grass weed populations. These factors
more than likely contributed to the 15% yield reduction with no tillage compared to the higher yield
ing tillage treatments. Starter fertilizer improved the NT and RP yields by about 11 bu/A with less
than 4 bu/A responses with the other tillage systems. Yields were not influenced by the previous
Poast treatments. Large differences in nutrient concentrations in the earleaf at silking were not
found among the tillage treatments or between the starter fertilizer treatments. Soil samples taken
in the ridge, 6" to the side of the ridge, or midway between the ridges did not show apparent pH, P
or K differences within depths when taken after planting but before ridging.

Weed pressure without herbicides was lowest for the RP system; however, the herbicides provided
excellent control with all tillage systems except NT. Only the NT and RP tillage systems had greater
than 30% surface residue coverage after planting, and thus met the SCS definition of "conservation
tillage".
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SOYBEAN ROW WIDTH IN A

RIDGE-PLANT TILLAGE SYSTEM

Waseca, 1984

G. W. Randall, D. T. Walters, and P. L. Kelly

One of the tillage systems that is rapidly gaining popularity is the ridge-plant system (sometimes
referred to as till planting). With this system no primary tillage is done. Ridges are built some
time during the previous year and the crop is merely planted on the ridge. Since most Corn Belt
farmers are growing corn in 30" rows prior to soybeans in the crop sequence, ridges are built in a
30" row-width. Most recent studies, however, have indicated soybean yield responses of 0-20% by using
15" and narrower rows compared to 30" rows. Thus, the objective of this study was to evaluate 30"
soybean rows planted on ridges compared to 30" and 10" rows planted on previously ridged areas that
had been tilled lightly before planting.

Experimental Procedures

An area of Webster clay loam which was planted to corn in 30" rows and ridged in July, 1983, was the
site for the study. A split-plot design consisting of three row width-ridge treatments (30" row on
ridges, 30" row with ridge disked, and 10" row with ridge disked) and split into two varieties (Cor-
soy 79 and Hodgson 78) was used. Each individual plot measured 60' long by 10' wide and was
replicated six times. A light 20" diameter blade tandem disk was used to disk the tops off of the
ridges immediately prior to planting the flat treatments. A John Deere 7100 Max-Emerge with B&H
ridge cleaners was used to plant the 30" ridge treatment and the 30" flat treatment. An Almaco
experimental planter was used for the 10" rows. Soybeans were planted on May 16 at a rate of about
160,000 seeds/A. Starter fertilizer was not used because of high soil tests. Weeds were controlled
chemically with Lasso + Amiben.

Emergence rates were taken from May 23 thru June 13 by counting plants in either two 30-inch rows or
four 10 -inch rows per plot. Surface residue accumulation was measured with the line transect
method. Plant height was taken September 21 when greater than 75% of the pods were brown. All
yields were determined by combine harvesting the entire plot.

Results and Discussion

Emergence rate of the soybeans was affected by the row width-ridge treatments but was only slightly
affected by soybean variety (Table 1). Planting in 30" rows either directly into the ridges or where
the ridge tops had been disked resulted in soybean emergence 8 days after planting with 50% of the
beans emerged by 10 days. Rate of emergence was slowest with the 10" rows planted on the disked
ridges. The first plants emerged 8 days after planting, but emergence continued to lag two days
behind the 30" rows with 50% of the plants emerged by 12 days. Emergence was slightly earlier with
the Hodgson 78 variety.

The reason for this delayed emergence can be attributed to (1) disking which tends to dry the surface
soil especially when little rain occurs during the first 5 days after planting and (2) the Almaco
experimental planter did not place the seed as deep in 10" rows as when planted in 30" rows.
Consequently, emergence was delayed significantly by the combination of drier surface soil and
shallower planting. In all row width-ridge treatments, 95% of the seedlings had emerged 20 days
following planting.

Date of canopy closure estimated subjectively showed a large difference between row width but es
sentially no difference between ridge treatment or soybean varieties. The date of closure was July 1
with the 10" rows while the 30" rows did not close until July 22.

Surface residue measurements taken prior to disking of the ridges indicated that 70% of the soil sur
face was covered by residue from the previous corn crop. After planting, surface residues covered
approximately 16% of the soil surface with the ridges that had been disked lightly compared to 23%
with the conventional ridge-plant system (Table 2).

Surface residue measurements taken post-harvest revealed no difference between varieties but slightly
more residue with the 10" row width-ridge treatment (Table 2).

Please refer to title page of this publication for information regarding application and use of this
article.



115

Table 1. Influence of row width-ridge treatment and soybean variety on rate of emergence.

Treatment

Row width-

ridge Variety
Days after planting

8 9 10 11 12 13 14 15 16 17 18 19 20 21 23 28

% emerged

30", ridge Corsoy 79 0 10 34 45 49 63 83 89 89 89 90 92 94 94 97 98 100
30", ridge Hodgson 78 0
30", flat Corsoy 79 0
30", flat Hodgson 78 0
10", flat Corsoy 79 0
10", flat Hodgson 78 0

21 42 58 60 69 85 87 87 89 89 92 92 93 95 97

21 46 55 58 65 80 82 85 89 90 91 92 95 97 100

25 45 59 60 68 80 84 84 88 89 93 94 95 97 98

3 11 32 35 43 66 76 80 85 88 93 95 95 96 99

5 16 26 49 59 66 79 80 87 88 93 94 95 95 98

100

100

100

100

100

Table 2. Influence of row width-ridge treatment and soybean variety on surface residues, plant
height and seed yields.

Treatment Surface

after pltng.
residue

after harvest

Plant height
at maturity

Seed

moisture

Seed

Row width-ridge Variety Yield

% % in. % bu/A

30", ridge
30", ridge
30", flat
30", flat
10", flat
10", flat

Corsoy 79
Hodgson 78
Corsoy 79
Hodgson 78
Corsoy 79
Hodgson 78

26

19

16

15

21

17

22

22

23

22

24

23

32

32

31

31

33

35

8.9

8.3

8.7

8.3

9.0

8.3

46.0

43.7

45.3

44.6

49.0

46.4

Individual Factors

Row width-ridge

30", ridge
30", flat
10", flat

23

16

19

22

23

24

32

31

34

8.6

8.5

8.6

44.9

44.9

47.7

Signif. Level
BLSD (.05):

(%):- 99

5

94 99

2

80 99

1.1

Variety

Corsoy 79
Hodgson 78

21

17

23

23

32

33

8.8

8.3

46.7

44.9

1/Signif. Level (%):-

Row width-ridge x
variety interaction

1/Signif. Level (%):-
CV (%):

93 86 35 99 99

56 32 17 82 83

28. 6.4 8.5 1.7 2.8

— Probability of a significant difference among the treatment means.
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Plant height measured at maturity indicated that the soybeans planted in the 10" row flat treatment
were taller than the 30" row flat treatment. Unexpectedly, there was no plant height difference be
tween the two varieties.

As expected, seed moisture differed significantly among the two varieties (Table 2).
maturing Hodgson 78 was .5% drier at harvest than the later maturing Corsoy 79.

The earlier

Soybean yields were also affected significantly by the treatments (Table 2). Yields from the 10"
rows surpassed the 30" rows by about 3 bu/A. No significant difference occurred between the ridge-
planted and flat planted treatments in 30" rows. The Corsoy 79 variety outyielded the Hodgson 78
variety by 1.8 bu/A. There was no interaction between variety and row width-ridge treatment.

Summary

Data from the third year of the three-year study indicated that light disking of ridges could be per
formed easily and satisfactorily to enable narrow row planting of soybeans in a ridge-plant corn-
soybean sequence. Surface residue amounts can be maintained at satisfactory levels and yields in
creased withthe 10" row soybeans planted in this manner. This, of course, necessitates building the
ridges for corn (if one desires to do so) after the soybean crop is harvested.

THREE YEAR SUMMARY

Table 3. Influence of row width-ridge treatment and soybean variety on 3-yr average surface residues
and seed yields.

Treatment

Row width-ridge

30", ridge
30", ridge
30", flat
30", flat
10", flat
10", flat

Individual Factors

Row width-ridge

30", ridge
30", flat
10", flat

Variety

Corsoy 79
Hodgson 78

Variety

Corsoy 79
Hodgson 78
Corsoy 79
Hodgson 78
Corsoy 79
Hodgson 78

Surface residue

after planting Seed yield
% bu/A

27 43.7

25 45.3

29 43.2

32 43.2

33 50.1

30 49.1

26

30

32

30

29

44.5

43.2

49.6

45.7

45.9
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EFFECT OF TIME OF RIDGING SOYBEANS

ON SOYBEAN PRODUCTION IN A

RIDGE-PLANT SYSTEM

Waseca. 1984

G. W. Randall, D. T. Walters and P. L. Kelly

The ridges in a ridge-plant system are usually considered one of the keys in making the system work.
This is especially important in wet, poorly-drained soils planted to corn which is sensitive to cold
soil temperatures. The ridge warms up and dries more quickly, thus allowing earlier planting.

Construction of the ridges in soybeans for corn the next year poses some potential problems. If the
ridging is done during the growing season, are the soybeans damaged to the point of yield reduction?
Is pod height lowered so as to increase harvest losses? On the other hand, if narrow-row soybeans
are planted, is it possible to build the ridges post-harvest? What are the effects of this late
ridging treatment on surface residue cover?

The purpose of this study was to evaluate three times of building ridges in soybeans on soybean pro
duction.

EXPERIMENTAL PROCEDURES

The experimental site (Webster clay loam) was planted to corn in 30" rows and ridged in 1983. Two
varieties of soybeans (Corsoy 79 and Hodgson 78) were planted with a John Deere 7100 Max-Emerge
planter with B&H ridge cleaners in 30" rows on May 16 at a rate of 160,000 seeds/A. No starter
fertilizer was used. Weeds were controlled chemically with Lasso and Amiben. The ridging treat
ments were superimposed over varieties at three stages of soybean growth (early bloom (Rl),
mid-bloom (R2.5), and post-harvest). A Hiniker cultivator was used to build the ridges. This
split-plot design with ridge treatments as the main plot was replicated six times.

Plant height at maturity and the height of the lowest pod above the soil surface were measured from
5 randomly selected plants/plot just prior to harvest. Harvest loss was determined by counting the
soybean seeds present in 10 random one-foot square areas/plot. All yields were obtained by harvest
ing with a modified JD3300 plot combine.

RESULTS AND DISCUSSION

In 1982 and 1983 problems arose in that some plants ridged at the Rl stage were knocked over by the
dry, hard soil slabs of ridging. To alleviate this damage, a Hiniker cultivator in the non-ridge
mode was used to breakup the soil two weeks prior to the 1984 ridging. The ridging operation at the
Rl stage (July 9) did appear to ridge more smoothly than in the two previous years. Yet speed and
depth of cultivation had to be carefully watched. At the mid-bloom stage (R2.5) on July 16th, the
plants were bigger and did not appear to be quite as sensitive to cultivation speed. Ridge height
at the end of the July treatments was estimated to be about 5 to 6" (amplitude). Soil moisture con
ditions were at field capacity in the 0-6" depth during each of these operations.

Plant height at maturity from the early bloom (Rl) ridging treatment averaged 3" higher than the
mid-bloom (R2.5) and 2" higher than the post-harvest ridging treatments (Table 1). Corsoy 79 soy
beans were 5" taller than the Hodgson 78 variety. A time of ridging by variety interaction was
found indicating a positive growth response with Corsoy 79 with the early bloom ridging treatment.

The height of the lowest pod above the soil surface was shortest with the R2.5 stage of ridging
(Table 1). There was no significant difference between early bloom (Rl) and post-harvest ridging
treatments. The pod height of the Group I variety (Hodgson 78) was significantly lower than the
Group II variety (Corsoy 79). A time of ridging x variety interaction indicates a greater pod
height with Corsoy 79 with the early and mid-bloom ridging treatments compared to the post-harvest
treatment when no difference between varieties was noted.

Seed moisture at harvest was influenced by the variety but was not affected by the time of ridging
(Table 1).

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 1. Influence of time of ridging on soybean plant height, pod height, seed moisture

Treatment

Plant

height at
maturity

Height
of lowest

pod

Seed

Ridging time A/ Variety Moisture Yield

inches cm % bu/A

July 9
ii

July 16
ii

Post Harvest
ii it

Corsoy
Hodgson
Corsoy
Hodgson
Corsoy
Hodgson

79

78

79

78

79

78

41

33

36

32

37

33

13.9

9.9

11.5

10.0

11.5

11.6

8.7

8.2

8.6

8.2

8.6

8.2

46.5

44.3

41.7

41.7

45.6

45.3

Individual Factors

Ridging time

July 9
July 16
Post Harvest

37

34

35

11.9

10.7

11.6

8.5

8.4

8.4

45.4

41.7

45.5

Signif. Level
BLSD (.05):

ixy.y 99

1

92 68 99

1.2

Variety

Corsoy 79
Hodgson 78

38

33

12.3

10.5

8.7

8.2

44.6

43.8

2/Signif. Level (%):-

Ridge time x
variety interaction

2/Signif. Level (%):-'
CV (%):

99

99

4.8

99

99

11.

99

10

1.2

— Corresponds to Rl (July 9) and R2.5 (July 16) stages.

2/
—' Probability of a significant difference among treatment means.

88

81

3.5

Soybean yields when averaged over the two varieties were significantly reduced about 4 bu/A by
ridging at the R2.5 soybean stage (Table 1). It does appear that some of the yield reduction may
have been partially the result of higher harvest losses. Harvest difficulty was encountered be
cause of the lower pod height associated with the mid-bloom (R2.5) stage of ridging. Ridge culti
vation at this time may have also pruned roots and/or increased soil water loss during the very dry
late July and August months. Yield differences between the varieties were not obtained nor was
there a significant interaction between time of ridging and variety.

Harvest losses were 0.4 bu/A greater with the mid-bloom (R2.5) stage of ridging than the early bloom
(Rl) and post-harvest ridging treatments (Table 2). Losses were greater for the Hodgson 78 variety;
perhaps due to lower seed moisture and lower pod height.

Ridge heights were measured shortly after the fall post-harvest ridging operation was conducted. At
that time the post-harvest ridges were approximately 1" higher than the ridges formed in July
(Table 2). The percent surface covered by the residue after harvest was decreased to 42% with
post-harvest ridging compared to approximately 77% with the July ridge treatments when measured by
the line-intercept method. As expected, no difference in residue was observed between the
varieties.
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Table 2. Influence of time of ridging and soybean variety on harvest loss, ridge height
and surface residue cover.

Treatment
IfRidging time —'

July 9
ii

July 16
ii

Post-Harvest
ii ti

Individual Factors

Ridging time

Variety

Corsoy 79
Hodgson 78
Corsoy 79
Hodgson 78
Corsoy 79
Hodgson 78

Harvest Post Harvest Spring'84
loss Ridge ht Residue ridge ht.
bu/A cm % cm

.5 14.1 76 13.2

1.2 14.5 77 12.6

1.0 13.2 77 11.9

1.4 13.7 77 11.8

.6 17.1 42 14.7

1.0 17.1 42 14.0

July 9
July 16
Post-Harvest

.8

1.2

.8

14.3

13.4

17.1

77

77

42

12.9

11.8

14.3

Signif. Level (%):-'
BLSD (.05):

99

.2

99

.8

99

4

99

.7

Variety

Corsoy 79
Hodgson 78

.7

1.2

14.8

15.1

65

65

13.3

12.8

Signif. Level (%):-/ 99 59 11 87

Ridge time x
variety interaction

2/Signif. Level (%):-'
CV (%):

84

23.

19

6.9

01

8.4

— Corresponds to Rl (July 9) and R2.5 (July 16) stages.

2/
— Probability of a significant difference among treatment means.

28

6.4
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Ridge heights from the 1983 experiment were measured on April 17, 1984 and are shown in Table 2.
Ridge heights ranged between 4^ and 5". Significant differences among the time of ridging treat
ments were apparent with the largest ridges resulting from the post-harvest treatment.

SUMMARY

Results from the third year of this study indicate that soybeans were depressed approximately
4.0 bu/A when ridging was done at the R2.5 stage compared to the Rl and post-harvest stages of ridg
ing. Soil cultivation prior to the early bloom (Rl) ridging treatment reduced damage from soil
slabs hitting the plants. These data agree fairly well with the 1982 and 1983 data and suggest a
consistent yield advantage for post-harvest ridging in the fall for the next year's crop.

THREE-YEAR SUMMARY

Table 3. Influence of time

height of lowest :
of

pod
ridging and soybean
and seed yield.

variety on the 3-yr average

Treatment Height of
lowest podRidging time Variety Seed Yield

cm bu/A

Rl
ii

R2.5
ii

Post Harvest
ii n

Corsoy 79
Hodgson 78
Corsoy 79
Hodgson 78
Corsoy 79
Hodgson 78

10.1

8.1

9.7

8.2

11.1

10.7

47.5

43.3

44.7

42.3

47.7

45.4

Individual Factors

Ridging time

Rl

R2

Post Harvest

9.1

9.0

10.9

45.4

43.5

46.6

Variety

Corsoy 79
Hodgson 78

10.3

9.0

46.6

43.7
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NITROGEN FERTILIZATION FOR PROCESSING SWEET CORN ON A FINE-TEXTURED SOIL:

INFLUENCE OF RATES, TIMING AND A NITRITICATION INHIBITOR — 1984

C. J. Rosen, H. J. Buchite and J. B. Hebel

The majority of the acreage used for processing sweet corn in Minnesota is on nonirrigated fine-
textured soils. Because of potential nitrogen losses due to denitrification and/or leaching the
practice of sidedressing or use of nitrification inhibitors in a nitrogen management program have
become issues of interest for many growers. The objectives of this study were to 1) determine
optimum rates and timing of nitrogen fertilizer for sweet corn on fine-textured soils, and 2)
evaluate the effectiveness of N-Serve, a nitrification inhibitor, for sweet corn production.

Experimental Procedures:

The experimental site was located at the Southern Experiment Station in Waseca, Minnesota on a
Webster clay loam (4.0 % organic matter). Phosphorus and potassium were broadcast according to soil
test recommendations the previous fall. Treatments included a control, 4 nitrogen rates (50, 100,
150, 200 lb N/A), 100 lb N/A plus N serve (0.5 lb ai/A), 150 lb N/A plus N-Serve (0.5 lb ai/A), 100
lb N/A split (1/2 preplant, 1/2 6-8 leaf stage), 150 lb N/A split (1/3 preplant, 1/3 6-8 leaf stage,
1/3 12 leaf stage). All preplant nitrogen was with anhydrous ammonia. For the split treatments,
ammonium nitrate was used as the nitrogen source. Each treatment was replicated 4 times in a
randomized complete block design. Two varieties, Code 5 (early maturing) and Jubilee (midseason
maturing), were planted on 11 May 1984 at a population of approximately 22,000/A. Each plot
consisted of 6 - 30 ft rows with 2.5 ft between the rows.

Whole plant samples collected at the 6-8 leaf stage (before any sidedress application) and leaf
samples from opposite and above the ear collected at mid-silking were dried, ground and analyzed for
total nitrogen content. Leaf samples from the 100 and 150 lb N/A treatment with and without in
hibitor were analyzed for P, K, Ca, Mg, Fe, Mn, Zn, Cu, and B using an inductively coupled plasma
emission spectrometer.

Total yield (ear and husk), husked yield, and stover yield were obtained by harvesting 2 - 15 ft
rows within each plot. Subsamples of ears, husk and stover were taken to determine % moisture for
nitrogen uptake calculations. The following quality measurements were also made: ear length, %
moisture in kernels, and % usable ears (5.5 inches or greater with tip removed).

Code 5 was harvested 6 August 1984 and Jubilee was harvested 10 August 1984. Rainfall data reported
from the Southern Experiment Station is as follows: May, 2.22"; June 5.11"; July 3.43"; August
(until Jubilee harvest) 1.3". The total rainfall was 12.06".

Results:

Rainfall at Waseca was very localized. During the month of July very little rain fell on the
experimental plot. Additionally, root growth was extremely shallow, which may have been due to soil
compaction. All plants including those that received 200 lb N/A showed signs of scorching on the
older leaves. Scorching was most severe on the low nitrogen plots.

Sweet corn repsonded to nitrogen applications up to 100 lb N/A (Tables 1 and 3). Yields from plants
receiving the 150 and 200 lb N/A rates were significantly greater than those in the 0 and 50 lb N/A
plots but not the 100 lb N/A plot. Split applications or the addition of N-Serve at either the 100
or 150 lb N/A rates did not offer any advantage in terms of yield increase over the corresponding
preplant rates. For Code 5, plants that received the split application at 100 lb N/A yielded
significantly less than the corresponding preplant and preplant plus N-Serve treatment. Ear length
and % COC eligible were similar for all 100 lb N/A treatments or more regardless of whether applica
tions were preplant, split, or with N-Serve.

Whole plant nitrogen concentrations at the 6-8 leaf stage were generally lowest for plants in the
check plots and those receiving 50 lb N/A (Tables 2 and 4). Except for plants in the check plots,
nitrogen concentrations in whole plants at the 6-8 leaf stage were poor predictors of leaf nitrogen
status at silking. Leaf nitrogen at silking tended to be greater when N-serve was added compared to
preplant without N-Serve and split applications. Even at the high N rate treatments, leaf concen
trations were relatively low « 3.0% for Jubilee). It is possible that environmental factors such
as low rainfall and/or soil compaction restricted nitrogen availability. These factors make it
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difficult to interpret leaf analysis data. Concentrations of nitrogen in ear, husk or stover were
generally not sensitive Indicators of plant nitrogen status. Total nitrogen uptake generally
increased with increasing nitrogen rates. For Jubilee, there were no significant differences in
nitrogen uptake for plants receiving preplant, split or N-Serve treatments. For Code 5, nitrogen
uptake by plants receiving the sidedress application and preplant plus N-Serve at 100 lb N/A were
significantly lower than preplant applications. At 150 lb N/A, N uptake was the same regardless of
treatment.

Preplant applications plus N-Serve had no consistent significant effect on leaf elemental concen
trations compared to preplant applications without N-serve (Tables 5 and 6).

General Comments:

Maximum yields and quality for processing sweet corn were obtained with a preplant application of
100 lb N/A. N-Serve and sidedress treatments did not significantly increase yields or quality
compared to corresponding preplant treatments. These data are based on one year of research.
Further experiments are warranted on these fine-textured soils in order to better understand sweet
corn response to nitrogen fertilization and management.
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Effect of nitrogen rate, nitrification inhibitor and sidedress
applications on Code 5 sweet corn yield and quality.

Treatment Yield (T/A) Ear Length % Moisture % COC

lb N/A Green

2.97

Husked

2.20

inches in KerneIs

69.7

Eligible

0 5.9 41.2

50 5.40 3.65 7.2 68.7 72.0

100 7.30 4.81 7.9 69.8 85.9

150 6.75 4.54 8.0 69.2 88.1

200 7.28 4.89 7.8 67.6 86.1
100+N-Serve 7.24 4.97 8.2 68.2 92.2

150+N-Serve 5.80 4.01 7.7 68.8 86.4
100 2 splits 4.79 3.48 7.2 69.3 80.1
150 3 splits 6.80 4.70 7.7 70.5 84.0

Significance ** ** ** NS **

BLSD (.05) 1.57 1.01 0.4 — 10.8

Table 2. Effect of nitrogen rate, nitrification inhibitor and sidedress
applications on nitrogen concentrations in various plant tissues
during the growing season and total nitrogen uptake (Code 5).

N Content — Total

Treatment Whole Plant Leaf Above Ear Ear Husk Stover Ear Husk Stover N Uptake
lb N/A (6-8 Leaf)

3.14

(Silking)

2.06

(Harvest) — lb N/A lb N/A

0 1.68 0.54 1.04 14.2 1.4 24.5 40.1
50 3.49 2.65 1.65 0.54 1.13 29.3 3.3 45.6 78.2

100 3.78 2.91 1.77 0.73 1.42 41.9 6.6 67.4 115.9

150 3.95 3.01 1.83 0.71 1.53 39.3 5.7 65.2 110.1

200 3.96 3.17 1.79 0.75 1.59 40.6 6.4 71.3 118.3

100+N-Serve 3.75 3.03 1.79 0.69 1.08 41.7 5.4 43.6 90.7
150+N-Serve 3.94 3.12 1.74 0.76 1.44 29.2 4.5 61.7 95.4

100 2 splits 3.47 2.73 1.72 0.72 1.29 26.4 4.0 44.4 74.8

150 3 splits 3.43 3.00 1.79 0.74 1.74 36.3 5.3 66.0 107.7

Significance ** ** NS ** ** ** ** ** **

BLSD (.05) 0.21 0.19 _--> 0.13 0.30 10.3 1.8 14.6 17.1
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Effect of nitrogren rate, nitrification inhibitor and sidedress
applications on Jubilee sweet corn yield and quality.

Treatment Yield (T/A) Ear Length % Moisture % COC

lb N/A Green

4.17

Husked

2.73

inches in Kernels

80.1

Eligible

0 6.7 37.0

50 6.75 4.60 7.4 78.8 76.3

100 8.10 5.13 7.3 78.9 74.3

150 7.79 5.12 7.4 77.9 79.4

200 8.31 5.48 7.3 77.9 78.8

100+N-Serve 7.09 4.73 7.4 77.3 80.6

150+N-Serve 8.16 5.23 7.5 78.8 82.6

100 2 splits 7.56 4.70 7.5 77.4 78.4

150 3 splits 8.07 5.27 7.5 79.1 76.8

Significance ** ** ** NS **

BLSD (.05) 1.46 0.86 0.3 _-. 11.2

Table 4. Effect of nitrogen rate, nitrification inhibitor and sidedress
applications on nitrogen concentrations in various plant tissues
during the growing season and total nitrogen uptake (Jubilee).

Total

N UptakeTreatment Whole Plant Leaf Above Ear Ear Husk Stover Ear Husk Stover

lb N/A (6-8 Leaf)

3.29

(Silking)

2.03

(Harvest) — lb N/A lb N/A

0 1.96 0.68 1.28 16.6 4.8 31.6 53.0

50 3.77 2.47 1.88 0.62 1.25 32.9 5.3 55.6 93.9

100 3.96 2.78 1.95 0.74 1.09 37.1 8.5 48.5 94.0

150 3.91 2.88 2.10 0.84 1.14 41.3 8.2 61.1 110.6

200 3.87 2.96 2.12 0.88 1.41 42.5 8.6 70.3 121.4

100+N-Serve 3.97 2.81 2.05 0.81 1.10 36.4 7.2 49.1 92.7

150+N-Serve 3.98 2.93 2.16 0.88 1.35 44.1 9.4 74.2 127.8

100 2 splits 3.55 2.64 1.96 0.71 1.13 37.2 8.3 64.2 91.7

150 3 splits 3.45 2.87 2.08 0.81 1.40 42.3 8.5 65.1 115.9

Significance ** ** NS NS NS ** NS ** **

BLSD (.05) 0.26 0.19 9.6 15.7 17.7
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Table 5. Inflinence of N-Sei•ve and N rate on leaf elemental concentrations

at mid-silking: <3ode 5.

Treatment N P K Ca Mg Fe Mn Zn Cu B

lb N/A

100 2.91 0.32 2.39 0.68 0.28 125 103 24 5 6

150 3.01 0.31 2.39 0.66 0.24 128 110 23 6 6
100+N-Serve 3.03 0.32 2.33 0.66 0.27 132 101 23 5 6
150+N-Serve 3.12 0.31 2.42 0.61 0.24 130 114 24 7 7

N rate effect NS NS NS NS * NS NS NS ** NS

N-Serve effect * NS NS NS NS NS NS NS NS NS

N rate X N-Serve NS NS NS NS NS NS NS NS NS NS

Table 6. Influence of N-Serve and N rate on leaf elemental concentrations

at mid-silking: Jubilee.

Treatment N P K Ca Mg Fe Mn Zn Cu B
—— ¥ — - ppm -

100 2.78 0.29 2.47 0.58 0.27 114 117 37 7 10

150 2.88 0.29 2.45 0.59 0.27 116 123 38 7 10

100+N-Serve 2.81 0.30 2.39 0.58 0.28 109 105 35 6 8

150+N-Serve 2.93 0.30 2.42 0.61 0.27 106 123 39 6 9

N rate effect * NS NS NS NS NS NS NS NS NS

N-Serve effect NS NS NS NS NS NS NS NS * NS

N rate X N-Serve NS NS NS NS NS NS NS NS NS NS
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SULFUR, BORON, COPPER AND MAGNESIUM TRIALS ON A PROBLEM ALFALFA FIELD 1982, 1983, 1984

W. E. Fenster, M. O'Leary and G. Buzicky

Yields of irrigated alfalfa on sandy loam soils have been unsatisfactory at some locations in
Stearns County. This led to the establishment of a trial with sulfur, boron and magnesium where
phosphorus and potassium were maintained at very high levels. These trials were on the Eugene
Heinen farm. The 1983 and 1984 plots were in the same place but different from the 1982 location.

Tables 1 through 4 show alfalfa yields, related soil tests and plant analysis resulting from sulfur,
boron, copper, and magnesium treatments.

Since copper appeared to be low in the plant analysis in 1982 it was added as a variable along with
magnesium, sulfur and boron in 1983 and 1984.

Yields were low in 1982 because no irrigation water was added during first growth. Yields in 1983
and 1984 were reasonably good. No effect on yield due to treatments have been observed any of the
three years.

Plant analysis shows highly adequate levels of all nutrients except copper. Copper treatments
have failed to bring this element to an adequate level according to plant analyses.

Although very high in boron, added boron is reflected in an even higher level in the plant.
Magnesium and copper sometimes show an increase in plant tissue of these elements from treatment.
The magnesium soil test is increased by added magnesium, from 210 lb/A to 290 lb/N and copper is
increased from 8 ppm to 1.1 ppm.from copper treatment.

Table 1 shows treatments, alfalfa yields and check plot soil tests.
1983 and 1984 plant analyses results.

Tables 2, 3 and 4 show 1982,

Table 1. Alfalfa yields relationship to sulfur, boron, copper and magnesium treatments.
County 1982, 1983.

Stearns

Treatment

lbs/A

Alfalfa yields
Tons/acre

(15% moisture)
Soil Test

(Check plot)

Treatment 1982 1983 1984 1982 1983 1984 1982 1983 1984

Check 3.62 5.35 4.90 Text SL SL SL

S 100 50 50 3.85 5.27 5.16 O.M. M M M

B 3 3 3 3.71 5.11 5.10 pH 7.3 7.2 7.1

Mg 300 300 300 3.94 5.04 5.05 P lb/A 200+ 200+ 200+

Cu — 6 6 — 5.47 4.99 K lb/A 443 410 298

Significance ns ns ns Mg lb/A 204 201 210

C.V. 4.4 4.4 7.2 S ppm

Cu ppm

B ppm

Zn ppm

5 2

0.6

0.5

4.5

7

8

5.2

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 2. Plant analysis of alfalfa for 3 individual cuttings according to sulfur, boron and
magnesium treatments 1982.

Tissue Analysis

1st cut - ppm —

treatment lbs/A* S P K Ca Mg Fe Mn Zn Cu B

check .41 .44 3.28 1.67 .25 119 55 30 3 43

S 100 .44 .44 3.40 1.63 .25 110 52 31 3 40

B 3 .43 3.17 1.75 .25 116 55 30 3 43

Mg 300 .43 3.19 1.81 .26 116 57 29 3 36

adequate levels .30 .25 2.40 1.70 .30 30 30 30 10 30

significance ns ns ns ns ns ns ns ns ns ns

C.V. — 2.0 5.5 1.7 9.5 5.3 9.4 3.7 9.7 18.6

2nd cut S P K Ca Mg Fe Mn Zn Cu B

check .32 .44 2.81 1.96 .29 115 69 32 5 47

S 100 .35 .47 2.75 2.05 .28 118 72 33 5 45

B 3 .45 2.80 2.04 .27 110 65 31 6 42

Mg 300 .47 2.72 2.04 .27 111 65 33 5 38

adequate levels .30 .25 2.40 1.70 .30 30 30 20 10 30

significance * ns ns ns ns ns ns ns ns ns

C.V. — 3.6 2.2 2.5 7.7 6.4 14.4 4.2 4.1 17.7

3rd cut S P K Ca Mg Fe Mn Zn Cu B

check .33 .37 2.65 2.12 .26 104 75 26 4 55

S 100 .34 .37 2.49 2.25 .26 104 76 26 4 51

B 3 .35 2.58 2.14 .24 99 70 26 5 50

Mg 300 .36 2.61 2.26 .26 104 78 27 5 45

adequate levels .30 .25 2.40 1.70 .30 30 30 20 10 30

significance * ns ns ns ns ns ns ns ns ns

C.V. — 3.1 3.0 3.6 9.3 4.3 11.6 5.8 9.7 20.6

* Treatment once annually
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Table 3. Plant analysis of alfalfa for three individual cuttings related to S, B, Mg and Cu
treatments 1983.

First Cut _S_ P K Ca Mg Fe Mn Zn _____ B

Trt. lbs/A*

.34 .46

~ % —

2.58 2.15 .24 144 72

- ppm -

35 4Check 36

S 50 .41 .46 2.62 2.22 .25 144 76 38 4 38

B 3 .47 2.59 2.13 .25 143 72 36 4 70

Mg 300 .46 2.62 2.24 .26 150 84 36 4 38

Cu 6 .47 2.62 2.12 .24 148 73 37 4 40

Adequate levels .30 .25 .240 1.70 .30 30 30 20 10 30

Significance * ns ns ns ns ns ns ns ns **

BLSD (.05) 6

C.V. 3.1 6.5 3.6 3.9 9.0 10.9 5.4 9.8 8.8

Second Cut

Check .35 .41 3.00 1.60 .25 111 46 26 4 43

S 50 .41 .42 3.15 1.65 .26 103 45 28 4 42

B 3 .42 3.03 1.68 .25 no 51 27 4 62

Mg 300 .41 2.88 1.68 .27 in 50 28 4 44

Cu 6 .42 3.00 1.62 .26 no 46 28 4 46

Adequate levels .30 .25 2.40 1.70 .30 30 30 20 10 30

Significance ns ns ns ns ns ns ns ns ns **

BLSD (.05) 3

C.V. 2.8 4.5 3.8 3.6 4.8 7.2 3.3 9.3 5.2

Third Cut

.30 .36 2.74 1.65 .20 64 35 22 4Check 40

S 50 .29 .38 2.72 1.70 .20 67 37 22 4 40

B 3 .38 2.76 1.68 .19 64 35 22 4 53

Mg 300 .38 2.81 1.68 .20 64 35 22 4 41

Cu 6 .38 2.79 1.67 .19 68 36 23 4 44

Adequate levels .30 .25 2.40 1.70 .30 30 30 20 10 30

Significance ns ns ns ns ns ** ns ns ns **

BLSD (.05) 3 -- -- -- 2

C.V. 5.1 4.6 2.9 5.2 2.5 5.2 7.2 15.2 3.9

* Treatment once annually
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Table 4. Plant analysis of alfalfa for three individual cuttings related to S, B, Mg and Cu
treatments. 1984.

First Cut S P K Ca M£ £e Mn Zn Cu B

Treatment*

check

lbs/A

.32 .47

— % —

2.91 2.06 .29 104 60

— ppm •

32 3 37

S 50 .43 .49 2.90 2.15 .29 95 55 36 3 36

B 3 .47 2.93 2.09 .30 111 63 33 3 61

Mg 300 .47 2.90 2.13 .34 116 62 33 3 40

Cu 6 .49 2.94 2.11 .30 115 65 36 4 38

Signifiicance ** ** ns ns ** ns ns * * **

BLSD (,.04) .01 .02 3 1 6

C.V.

Second Cut

2.1 4.9 7.2 4.4 9.3 12.1 5.2 14.7 9.9

Treatment* lbs/A

check — .36 .40 2.96 1.84 .27 90 50 28 3 36

S 50 .40 .41 3.00 1.86 .26 88 53 29 3 38

B 3 .40 2.95 1.86 .27 90 55 28 3 60

Mg 300 .40 3.06 1.70 .28 86 44 27 3 35

Cu 6 .42 2.87 1.72 .26 93 55' 29 4 38

Signifiicance ns ns ns ns ns ns ns ns ns **

BLSD (..05) 5

C.V.

Third Cut

3.0 4.9 5.4 5.7 7.6 11.4 5.1 15.1 7.7

Treatment* lbs/A

check — .33 .34 2.64 1.77 .19 105 40 21 3 42

S 50 .32 .34 2.57 1.80 .19 107 40 21 3 43

B 3 .34 2.53 1.83 .19 105 43 22 3 71

Mg 300 .33 2.61 1.66 .21 106 37 20 3 43

Cu 6 .32 2.48 1.76 .19 108 41 20 4 44

Significance ns ns ns ns ns ns ns ns ** **

BLSD .6 7

C.V. ~ 5.4 3.9 6.9 7.7 5.5 9.3 4.5 13.0 10.9

adequate levels .25 2.40 1.70 .30 30 30 20 10 30

* Treatment once annually
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LIMING ACID SOILS FOR CAULIFLOWER PRODUCTION

C. J. Rosen, H. J. Buchite and R. C. Munter

Many of the coarse-textured soils in north central Minnesota tend to be acidic. This tendancy is
accentuated in soils that have been farmed for a number of years without liming. In these
situations, soil pH values of 5.0 and below are common. In recent years, Interest in growing fresh
market vegetable crops in north central Minnesota has increased. At these pH levels, nutritional
imbalance in vegetable crops may occur. The objective of the present study was to determine the
influence of various liming rates on cauliflower production and nutrition.

Materials and Methods:

In November 1983, 200 mesh dolomitic limestone was broadcast on and disked in a Hubbard loamy sand
located in Princeton, MN. The treatments included a control and three rates of lime (0.75, 1.5 and
2.25 T/A). After an initial crop of broccoli was harvested, cauliflower transplants were planted on
12 July 1984 and fertilized with 50 lb/A N, 50 lb/A P205, 150 lb/A K,0, 1/2 lb/A B, 30 lb/A S and 40
lb/A Mg. At planting, all fertilizer was banded 3 inches to the side and 5 inches below the
transplants. There was an additional 50 lb N/A supplied through the irrigation system at four
different times to provide a total of 250 lb N/A for the crop. Plant spacing was 15 inches within
the row and 40 inches between row centers. A randomized complete block design was used with three
replications. Soil samples were collected 25 September 1984. The most recently mature leaves were
sampled 29, 48 and 62 days after transplanting. Nutrient composition of ashed samples was
determined using an inductively coupled plasma (ICP) spectrometer. Because molybdenum availability
is reduced under acid conditions, this element was also included in the ICP determinations.

Four center 15* rows of each plot were harvested on six dates from 12 September - 9 October 1984.
Plants were cut and trimmed to a market ready stage before weighing. Measurements included total
fresh weight, head diameter, and number of harvested heads per plot. To determine the nature of the
response to lime rates, data were statistically analyzed using orthogonal comparisons.

Results and Discussion:

As expected, soil levels of Ca and Mg increased with increasing lime rates (Table 1). The soil pH
increased from 5.3 in the check plot to 5.9 where 2.25 T/A lime was applied. Because of shallow
incorporation by disking, soil chemical properties were affected only at the 0-6 inch depth.
Subsoil (6-24 inch) pH levels were all less than 4.8 regardless of the liming rate.

There was a significant trend for increasing yield with increasing lime rate. Although head diamter
and percent harvestable heads were not significantly affected by lime applications, there was a
trend for an increase in these measurements with increasing lime rate. The greatest benefit of lime
additions seemed to occur when the soil pH was raised to 5.7.

Tissue analysis did not appear to correlate well with liming treatments. Levels of leaf Ca and Mg
were not significantly affected by dolomitic lime. Additionally, Ca concentrations, which generally
Increase in plant tissue with age, tended to decrease in cauliflower leaves with age. Levels of Ca
in leaves at the third sampling date appeared to be in a low range. This low tissue Ca in later
samples may be due to a relatively fast growth rate along with a limited capacity of the root system
to absorb Ca. Throughout the field symptoms of tip-burn appeared on recently mature leaves. This
symptom was not correlated with liming treatments. The exact causes of this tip-burn are not know
but may be related to the low tissue Ca. In general, Mo levels in the leaf tissue tended to be
lowest in untreated plots; however, a statistically significant effect was not detected. By the
final tissue sampling date, Mo tissue levels were all in a range considered to be sufficient. A
significant trend was observed with increasing tissue P with increasing lime rates. This suggests a
greater availability of soil P with increasing pH.

In summary, lime applications appeared to have a significant effect on cauliflower yield. If soil
pH is below 5.5, then a lime application would be beneficial.
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Table 1. Influence of dolomitic lime on soil pH, calcium and magnesium.
Samples taken 9 months after Initial application.

0-6

— Ca -

(lb/A)
6-12 12-24 0-6

— pH

6-12

Lime Treatments

(Tons/A) 0-6

Mg

(lb/A)
6-12 12-24 12-24

0

0.75

1.50

2.25

Regression

396

439

500

613

175

197

186

225

506

378

462

584

160

184

220

279

47 72

80 72

48 68

58 88

5.3

5.3

5.7

5.9

4.5

4.4

4.5

4.5

4.6

4.5

4.6

4.7

Lin. - - - - + - - -

Quad. ++ ++ ++

* + = 10% level, ++ = 5% level

Table 2. Influence of dolomitic lime on cauliflower yield, head diameter
and % harvestable heads.

Lime Treatments

(Tons/A)
Yield

(T/A)
Diameter %

(inches)
Harvestable

Heads

0

0.75

1.50

2.25

4.33

4.73

5.24

5.28

5.3

5.6

5.7

5.7

68.4

64.1

70.3

71.4

Regression Significance*

Lin.

Quad. +

— ™

* + =• 10% level, ++ =• 5% level
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Table 3. Nutrient concentrations in recently mature cauliflower leaves as affected by
dolomitic lime.

Days Lime

After Treatments

(Tons/A)
P K Ca MR Al Fe Mn Zn Cu B Mo

Planting % ppm -

29 0 0.28 3.59 1.99 1.00 38 82 219 21 4 24 0.4

0.75 0.30 3.90 2.15 1.05 34 81 227 23 4 26 0.9

1.50 0.31 3.97 2.09 1.13 33 85 233 22 5 30 0.7

2.25 0.31 4.07 1.94 1.03 38 88 228 24 4 26 0.9

Regression — Signiflcanc A* .....

Lin. - - - - - - - - - - -

Quad. ++ — — — — ++ ™ — — — —

48 0 0.41 2.71 0.96 0.46 24 82 237 34 27 47 1.16

0.75 0.44 2.87 1.16 0.49 28 93 267 34 39 40 0.97

1.50 0.50 2.95 0.85 0.47 22 81 235 37 21 46 0.82

2.25 0.48 2.98 1.04 0.54 21 82 254 38 17 45 1.21

Regression — Signiflcanc

Lin. - - - - - - - - - - -

Quad. + — — — — — ~ — — — —

68 0 0.41 2.64 0.75 0.37 23 71 191 35 40 29 1.18

0.75 0.44 2.71 0.62 0.36 21 75 173 38 62 30 1.21

1.50 0.40 2.50 0.62 0.38 21 71 180 33 64 29 1.60

2.25 0.51 2.59 0.69 0.38 21 86 228 39 76 30 1.50

Regression lificance*

Lin. - - - - - - - - - - -

Quad. — — — — ~ — — — — — —

* + = 10% level, ++ = 5% level
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HIGH PHOSPHORUS AND POTASSIUM RATES

IN A CORN-SOYBEAN ROTATION

Waseca, 1984

G. W. Randall, S. D. Evans, W. W. Nelson and D. T. Walters

EXPERIMENTAL PROCEDURES

Ten P and K treatments (Table 1) were applied at three branch experiment stations (Southern Experi
ment Station, Waseca; Southwest Experiment Station, Lamberton; and West Central Experiment Station,
Morris) in Minnesota. A randomized, complete-block design with four replications was used. The
50-pound rates were estimated to be "maintenance" rates, and the 0, 100 and 150-pound rates provide
the response curves for each element. Treatments 5 and 8 receive P and K, respectively, every third
year for the duration of the experiment. Treatments 9 and 10, applied in the fall of 1973, did not
receive P and K again until the fall of 1978 when the treatments were resumed at Waseca because P
appeared to be limiting. These two treatments were resumed at Morris in 1979 for the same reason.
All other treatments have been applied annually. In 1982, soybeans were planted at Morris and Waaeca
after 8 years of continuous corn to begin a long-term corn-soybean rotation phase of this experiment.

Table 1. Phosphorus and potassium treatments applied in the high P and K rate study.

Application Year (Fall)
Trt. No. 1973,'76.'79,'82 1974.'75,,77,'78,80,'81,'83

lb P205 + K20/A-

•y10±'

0 + 0

0 + 100

50 + 100

100 + 100

150 + 100

100 + 0

100 + 50

100, + 150
i50_/+

1002/lSO^'100 +

0 + 0

0 + 100

50 + 100

100 + 100

0 + 100

100 + 0

100 + 50

100

0

+

+ w^
100 + o yy

— Neither P nor K was applied in 1976.

2/
— The 150-lb rate was not applied at Lamberton or Waseca in 1979 but was

applied at Morris.

- 150 + 100 applied at Waseca in 1978.

- 100 + 150 applied at Waseca in 1978.

-' 0 + 100 was applied at all locations from 1980 through 1983.

-' 100 +0was applied at all locations from 1980 through 1983.

The P and K materials were broadcast on corn residue and plowed down at all locations in the fall of
1984. Phosphorus was applied as CSP (0-46-0) and K as muriate of potash (0-0-60). Starter fertil
izer was not used.

Specific experimental procedures used for soybeans at each of the stations are presented in Table 2.
Management practices providing for optimum yields were employed at each location.

At Lamberton each of the plots was split with the west half planted to soybeans and the east half to
corn. Corn (Pioneer 3732) was planted in 30" rows at a population of 26000 plants/A on May 18.
Weeds were controlled with a ppi application of Lasso (3 lb) and Bladex (1% lb). Plant tissue sam
ples were not taken. Corn was harvested October 21.

Please refer to title page of this publication for information regarding application and use of this
article.
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Planting in 1984 was delayed by late snow at Lamberton and Waseca in April. Yields at Waseca were
reduced by a hot and dry August. Grain yields at Lamberton were reduced somewhat probably due to an
excessively wet June.

Table 2. Experimental procedures for soybeans on the high P and K rate study at the three branch
stations in 1984.

Variable Lamberton Morris Waseca

Planting date 5/19 5/24 5/15
Row spacing 30" 6" 15"
Planting rate 10 beans/foot 3 beans/foot 4>j beans/foot
Variety Corsoy Evans Hardin

Herbicide 2%ti Amiben + 2Jj# Amiben + 3%# Amiben +
30 Lasso/A 30 Lasso/A 3>$0 Lasso/A

(Bdct) (Bdct) (Bdct)
Harvest date 10/1 10/1 9/20

RESULTS AND DISCUSSION

Soil samples taken at the end of the 1984 growing season indicate significant differences in Bray PI
and Olsen's extractable P at all locations (Table 3). There appeared to be a good linear response
between extractable P and P application rate. Soil test P was always lowest with treatments 1 and 2,
which received no P. Intermediate P levels were found with treatment 3 (50-lb P.O. annually) and
treatment 5 (150-lb P.0, every third year). Highest soil test P values were associated with the
annual 100-lb P«0,. treatments at all locations. Soil test P values at Waseca were quite similar to
those obtained In 1983. Soil test P values at Morris, however, averaged approximately 25 percent
lower than 1983 while at Lamberton soil P was approximately 20% higher than 1983.

Table 3. Soil test values as.influenced by 11 year's application of P and K treatments at Lamberton,
Morris and Waseca.—

Treatment

No.-'
PH P K

La Mo Wa L10 L50 L0L M10 M50 M0L Wa La Mo Wa

lb/A
1 5.6 7.8 6.4 57 117 36 7 23 5 24 347 337 227

2 5.7 7.8 6.4 45 92 32 7 23 6 17 464 478 295

3 6.3 7.8 6.2 65 130 52 39 93 34 47 445 442 305

4 5.6 7.7 6.4 118 197 76 72 154 66 89 413 433 326

5 5.9 7.8 6.4 84 156 56 31 74 28 53 446 411 322

6 5.7 7.6 6.6 128 216 79 72 161 63 85 342 331 255

7 5.6 7.9 6.4 114 206 76 55 148 54 79 395 365 263

8 5.8 7.6 6.4 107 192 77 74 163 71 80 373 365 269

9 6.1 7.7 6.6 57 111 38 19 49 15 26 426 359 310

10 5.7 7.8 6.5 104 185 69 15 44 12 79 371 337 292

Signif.Level(%): 94 96 78 99 99 99 99 99 99 99 99 99 99

BLSD (.05) : .2 20 31 13 15 29 13 17 49 53 41

CV (%) : 5.4 2.7 2.5 17. 14. 16. 22. 18. 22. 18. 8.5 8.2 7.5

— Samples were taken in August, October and September for Lamberton, Morris and Waseca,
respectively, before the 1984 treatments were applied.

2/
— Treatments applied in fall of 1983 for 1984 crop.

Use of the 1:50 soil to Bray PI solution ratio on the calcareous Aastad soil at Morris indicated
slightly more than twice as much extractable P in the soil as with the 1:10 ratio at higher levels of
application and about 3 times as much when no P was applied. Soil P values obtained with Olsen's
NaHCO. test on the calcareous soil at Morris were slightly but consistently lower than values from
the Bray PI teBt (1:10 ratio).
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The 1:50 soil to Bray P 1 solution ratio extracted slightly more than twice as much P when no P was
applied at Lamberton while slightly less than twice as much P was extracted when the 100-lb Pn0, rate
was applied
about 30% lower than with the Bray PI (1:10) extractant

Soil P values obtained with the Olsen's NaHCO. test on the acid soil at Lamberton were

Soil test K was influenced by K applications at all locations in 1984 (Table 3). The response to
annual K applications was not as pronounced as with P. Highest soil test K levels were associated
with the annual application of 100-lb K.O/A. Soil pH was not related to P and K treatments.

Analysis of the uppermost mature trifoliate leaf samples taken at the R2 (mid-to-late bloom stage)
indicated significant effects of the P and K treatments on leaf P, K, Ca, Mg, Zn and Cu at Lamberton
and on leaf K, Fe, Zn, Cu and B at Waseca (Table 4). Leaf K was improved significantly by the K
treatments at both locations while leaf P was increased by the P treatments only at Lamberton. Leaf
Ca and Mg were reduced by the K treatments at both locations while leaf B was reduced at Waseca.
Leaf Zn and Cu were reduced by the P treatments at both locations.

Table 4. Effect of high P and K rates on the nutrient concentrations in the soybean leaves at the
Lamberton and Waseca experimental sites in 1984.

Treatment
1/

Nutrient Concentration—

No. Description P K Ca Mg Fe Mn Zn Cu B

lb P205+K20/A %

Lamberton

1 0 + 0 .40 2.13 1.24 .67 139 60 39 8.6 74

2 0 + 100 .39 2.64 1.14 .55 141 52 37 8.6 68

3 50 + 100 .41 2.63 1.19 .56 138 51 35 7.0 72

4 100 + 100 .42 2.51 1.14 .58 139 57 36 5.9 69

5 0 + 100 .39 2.48 1.15 .56 143 54 35 7.6 70

6 100 + 0 .45 2.18 1.23 .67 132 62 36 5.2 79

7 100 + 50 .42 2.49 1.17 .59 130 57 35 6.1 74

8 100 + 0 .44 2.41 1.21 .61 136 53 33 5.3 71

9 0 + 100 .38 2.56 1.15 .56 138 51 36 8.5 76

10 100 + 0 .43 2.37 1.22 .64 138 55 33 5.6 74

Signif. Level (%) 99 99 96 99 37 79 95 99 82

BLSD (.05) .02 .10 .09 .02 4 1.0

CV (%) 3.1 3.2 4.4 2.5 6.3

Waseca

11 6.8 10 7.5

1 0 + 0 .45 1.79 1.32 .67 142 52 51 11.0 59

2 0 + 100 .47 2.30 1.17 .48 128 51 49 10.5 51

3 50 + 100 .46 2.23 1.22 .50 135 57 46 8.9 54

4 100 + 100 .49 2.37 1.17 .49 125 55 42 6.9 53

5 0 + 100 .46 2.25 1.20 .49 123 57 46 8.2 53

6 100 + 0 .49 1.88 1.33 .65 125 57 43 6.9 62

7 100 + 50 .50 2.10 1.18 .53 122 53 42 6.7 54

8 100 + 0 .50 2.05 1.19 .57 125 51 44 7.4 56

9 0 + 100 .44 2.20 1.24 .52 133 57 48 9.6 53

10 100 + 0 .50 1.96 1.21 .60 121 52 43 6.8 57

Signif. Level (%) 82 99 92 99 99 71 99 99 99

BLSD (.05) .21 .06 11 3 1.0 6

CV (%) 6.5 5.8 5.8 6.3 4.6 7.5 4.5 7.4 5.8

1/ Uppermost, mature trifoliate at the R2 stage.

The influence of 11 years of P and K applications on soybean yields is shown in Table 5. Soybean
yields were not affected by the P and K treatments at Lamberton and Waseca although a trend toward a
P response was noted at Waseca. At Morris yields were improved significantly with the 50-lb P205
rate with no additional response to the 100-lb rate. A response to K was not obtained.
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Table 5. Soybean yields at the three sites as influenced by high P and K rates in 1984.

Treatment

No. Description Lamberton Morris Waseca

lb P205+K20/A bu/A

1 0 + 0 39.8 38.3 44.2

2 0 + 100 43.1 36.3 44.3

3 50 + 100 45.8 44.6 47.1

4 100 + 100 41.0 45.3 47.5

5 0 + 100 43.5 43.2 49.5

6 100 + 0 41.7 46.1 46.9

7 100 + 50 42.9 46.8 47.8

8 100 + 0 45.4 45.0 48.0

9 0 + 100 42.4 45.1 44.9

10 100 + 0 40.5 45.4 44.2

Signif. Level (%): 48 99 76

BLSD (.05) : 4.2

CV (%) : 9.7 6.6 5.9

Small corn plant weight and height, final population, and corn yield were not influenced by the P or
K treatments at Lamberton (Table 6).

Table 6. Early plant growth, plant population, and grain yield as influenced by high P and K rates
at the Lamberton site in 1984.

Treatmemt Early plant Final

popl'n
Grain

No. Description Weight Height Yield

lb P205+K20/A g/dry plant cm ppA x 10 " bu/A

1 0 + 0 36 56 22.3 132.8

2 0 + 100 56 56 23.7 138.9

3 50 + 100 40 58 23.7 131.4

4 100 + 100 64 64 23.3 140.6

5 0 + 100 60 56 22.2 122.0

6 100 + 0 59 58 23.6 134.1

7 100 + 50 38 58 22.6 130.0

8 100 + 0 49 59 23.6 144.6

9 0 + 100 40 52 22.5 136.8

10 100 + 0 57 59 23.6 137.2

Signif. Level (%): 81 63 54 82

CV (%) : 34 9.6 5.2 7.5

SUMMARY

These 1984 data are quite similar to past years in that yield responses to K have not been obtained
at any of the sites. Yield responses to applied P have been very consistent at Morris, have occurred
in some years at Waseca and have not occurred at Lamberton. Triennial applications of the 150-lb
rates of P and K appear to be equal to annual applications at the 50-lb rate.
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PLACEMENT OF P AND K FOR CORN AND SOYBEAN PRODUCTION IN
THE NORTH CENTRAL REGION

G. W. Rehm, S. D. Evans, W. W. Nelson, and G. W. Randall

Background and Objectives;

Until recently, farmers had few choices with respect to placement of P and/or K for corn and
soybean production. They could either broadcast and incorporate the fertilizer before planting,
apply it in a band to the side of and below the seed at planting (starter fertilizer) or use a
combination of both of these methods.

Our thinking about placement of P and/or K has changed substantially in recent years. Two factors
are primarily responsible for this change. One factor is the increased popularity of the adoption
of conservation tillage production systems. Without some form of primary tillage, P and K (both
immobile nutrients) remain relatively close to the soil surface if broadcast applications are used.
This may or may not be a disadvantage for broadcast application. Secondly, research at Purdue
University demonstrated that fertilizer banded on the soil surface and plowed under produced corn
yields that were higher than yields produced by the broadcast application of similar rates.

Thus, new methods of fertilizer placement have been developed and promoted 1n recent years. Terms
such as "deep banding" and "surface bands" have entered our vocabulary. With these new ideas,
however, come new questions. These questions had not been answered in previous research dealing
with fertilizer placement.

Therefore, this study was initiated to evaluate the effect of placement of P and K on corn and
soybean production planted with two tillage systems where the soil test levels for P and K vary
over a wide range.

Procedure Used:

This study was initiated at the Waseca, Lamberton and Morris experiment stations in the fall of
1983. Appropriate site characterization data are listed in Table 1.

The treatments used at the Waseca and Morris locations are listed in Table 2. Space limitations
dictated that fewer treatments be used at the Lamberton location and the treatments used at this
location are listed in Table 3.

Some explanation should be provided for treatments 29 through 36 at the Waseca and Morris
locations. The term "Deep Band" describes the placement of the N-P-K suspension used at a depth of
10-12 inches. In treatments 29 and 30, the 10X rate was applied so that it would be in the middle
(M) of future corn rows. In treatments 31 and 32, the "Deep Band" was placed so that it would be
dirctly below the rows (BR) of future crops. The annual rate of P2O5 and K2O will be applied in
the middle of existing rows in a band at a depth of 6-8 inches in treatments 29 through 32. The
appropriate starter wil also be used each year in treatments 29 through 32. In treatments 33
through 36, the deep band was applied so that it would be in the middle of future crop rows. No
addition N-P-K suspension will be applied in treatments 33 through 36 but the appropriate starter
will be used for the designated treatments.

The fall chisel operation was completed after the application of fertilizer. Depth of chiseling
was 6-8 inches. A secondary tillage operation was used in the spring prior to planting in this
tillage system. With the ridge-till system, all fertilizer was applied after the ridges had been
established.

Accepted production practices conducive to attaining high yields were used at all locations.

Whole plant samples (6 plants/plot) were collected from all locations at 4 to 5 weeks after
emergence. These whole plants were dried, weighed, ground and analyzed for P and K by ICP
(Induction Coupled Plasma) procedures. Uptake of P and K by these young plants was computed from
plant weight and concentration data. The ear leaf at silking was also collected at all locations.
These samples were dried and analyzed for P and K by the standard ICP procedure. Grain yields were
Please refer to title page of this publication for information regarding application and use of
this article.
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measured with plot combines at all locations and are corrected to a 15.5% moisture basis.

Standard analysis of variance procedures were used for separation of treatment means.

Results and Discussion:

The data collected in this study are summarized in various ways in this report. The data for all
treatments, except those involving the use of the deep band, are presented in Tables 4, 5, 6, and
7. Very little emphasis will be placed on the 1984 data gathered from treatments involving the use
of the deep band. There is a logical explanation for this. The implement used to apply the
fertilizer at a depth of 10-12 inches (either between or below future corn rows) caused a great
deal of soil disturbance. Soil disturbance in itself could have an impact on the measurements
taken. Therefore, any differences observed for the deep band treatments could be due to either the
fertilizer applied or the soil disturbance created in the application process. More attention will
be given to a discussion of data from these treatments in future years.

The main effects of the four variables used in this study on the parameters measured are listed in
Tables 8, 9, 10, and 11. There were no significant interactions at the Morris location. Some
significant 2-way Interactions between or among variables were recorded at the low fertility site
at Waseca. Two such interactions are summarized in Tables 12 and 13.

The control and the starter only treatments cannot be included in the statistical analysis of the
complete factorial. The effect of the starter only treatment can be compared to the control for
both tillage systems by using "t" test. This comparison for the parameters measured is summarized
in Table 15.

As mentioned, data collected from treatments involving the use of the deep band were not analiyzed
statistically. For those interested, the early growth and yield data are summarized in Table 15.

Because of space limitations at the Lamberton location, the treatments used are
at Waseca and Morris. In addition, two factors severely limited the collection
location. To begin with, an erratic stand emerged from the ridge-till system,
such that it limited the collection of meaningful data from this tillage system,
there was excessive rainfall during the month of June. This excessive moisture
early growth and development of the corn. This was especially true for the low
Therefore, data were gathered from the chisel system at the high fertility site
data gathered are summarized in Table 16.

Table 1. Selected soil properties for the experimental sites.

not as extensive as
of data from this

The variability was
In addition,

severely restricted
fertility site,
at Lamberton. The

Locatiion and Fertil ity Level

Waseca Lamberton Morris

Soil
property

High
fertility

Low

fertility
High

fertility
Low

fertility
High

fertility

PH 6.6 6.0 5.8 6.0 7.5

P (Bray + Kurtz #1)
lb./acre 48 15 33 14 39

K (IN NH4C2H302)
lb./acre 433 270 305 222 259

organic matter, % 3.5 3.5+ 3.0 3.0 3.5+

soil texture: silty
clay loam

silty
clay loam

silty
clay loam

silty
clay loam

silt
loam
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Table 2. Treatments used at the Waseca and Morris locations.

Treatment

Ti11 age

Factor

Number Rate2
3

Placement Starter Use
1 Ridge — — No
2 Chisel — — No

3 Ridge — — Yes

4 Chi sel —
— Yes

5 Ridge X Broadcast No

6 Chisel X Broadcast No

7 Ridge X Broadcast Yes

8 Chisel X Broadcast Yes

9 Ridge 1.5X Broadcast No

10 Chisel 1.5X Broadcast No

11 Ridge 1.5X Broadcast Yes

12 Chi sel 1.5X Broadcast Yes

13 Ridge X Dribble No

14 Chisel X Dribble No

15 Ridge X Dribble Yes

16 Chisel X Dribble Yes

17 Ridge 1.5X Dribble No

18 Chisel 1.5X Dribble No

19 Ridge 1.5X Dribble Yes

20 Chisel 1.5X Dribble Yes

21 Ridge X Band No

22 Chisel X Band No

23 Ridge X Band Yes

24 Chisel X Band Yes

25 Ridge 1.5X Band No

26 Chisel 1.5X Band No

27 Ridge 1.5X Band Yes

28 Chisel 1.5X .
x + ior

Band s
Band + Deep Band (M)

Yes

29 Ridge Yes

30 Chisel
Ridge0,
Chisel6

X + 10X Band + Deep Band (M) Yes

31 X + 10X Band + Deep Band (BR) Yes

32 X + 10X Band + Deep Band (BR) Yes

33 Ridge 10X Deep Band No

34 Chisel 10X Deep Band No

35 Ridge 10X Deep Band Yes

36 Ridge 10X Deep Band Yes

Treatments applied to both high and low fertility sites at Waseca; treatments
applied to high fertility site at Morris

h -44 lb. P205 +87 lb. K-O/acre; 1.5 X=66 lb. P205 +130.5 lb.
K20/acre
3Starter rate was 100 lb. 7-21-7/acre at Waseca; 110 lb. 10-34-0/acre at
Morris

45 X rate was substituted for the 10 X rate at Morris
5M =deep band applied in the middle of the row; BR =deep band applied below the row
^Treatment not used at Morris location because ridges were built prior to the application of
ferti1i zer
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Table 3. Treatments used at the Lamberton location.

Factor

Treatment 2
PlacementNumber Tillage Starter Use*

1 Ridge —
—

2 Ridge Dribble No

3 Ridge Dribble Yes

4 Ridge Broadcast No

5 Ridge Broadcast Yes

6 Ridge Band No

7 Ridge Band Yes

8 Chisel —
—

9 Chisel Dribble No

10 Chisel Dribble Yes

11 Chisel Broadcast No

12 Chisel Broadcast Yes

13 Chisel Band No

14 Chisel Band Yes

15 Plow Broadcast No

Starter used was 100 lb. 7-21-7/acre

2The P,0, and K,0
87 lb/K20/acre*

were applied at the X rate; X = 44 lb. P2C5 and
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Table 4. The effect of tillage system, rate and placement of fertilizer and
starter use on early growth and yield of corn at Waseca and Morris.
1984.

Treatment Early Growth Yield

Tillage Rate Placement Starter W (HF) W (LF) M (HF)2 W (HF) W (LF) M (HF)

weight of 6 plants, g -bu./acre

R — — No 10.5 5.1 8.3 149.6 74.9 118.8

C — — No 8.4 3.4 7.6 151.1 74.2 125.0

R — — Yes 13.5 7.0 12.2 154.3 81.5 127.9

C — — Yes 10.0 4.4 10.2 156.5 82.2 122.8

R X BD No 12.0 5.2 8.4 155.2 81.6 119.2

C X BD No 10.6 4.6 10.0 154.5 99.1 123.8

R X BD Yes 14.1 6.8 12.4 159.3 90.3 123.1

C X BD Yes 12.6 6.4 12.1 157.9 99.3 127.8

R 1.5X BD NO 13.6 7.5 7.9 150.0 84.2 123.5

C 1.5X BD No 11.8 4.0 10.8 151.9 96.5 128.0

R 1.5X BD Yes 13.9 6.5 13.4 146.4 85.7 130.0

C 1.5X BD Yes 12.9 4.7 10.8 150.0 99.2 128.8

R X D No 12.1 5.4 9.1 149.1 99.9 121.3

C X D No 9.7 5.9 8.9 157.8 101.6 124.8

R X D Yes 12.0 6.6 12.1 148.1 97.6 123.0

C X D Yes 10.9 4.5 11.2 166.2 107.0 128.9

R 1.5X D No 13.4 5.2 9.2 152.2 97.4 126.1

C 1.5X D No 9.4 4.5 7.0 148.8 97.4 125.4

R 1.5X D Yes 11.0 6.2 10.9 153.6 98.2 126.6

C 1.5X D Yes 11.1 5.9 12.6 150.6 106.1 128.3

R X B No 12.1 6.0 9.6 150.2 105.3 120.0

C X B No 9.5 4.8 10.6 154.0 110.6 124.3

R X B Yes 11.8 7.0 11.6 149.5 106.6 120.4

C X B Yes 10.9 4.5 14.3 157.8 101.3 124.9

R 1.5X B No 12.0 5.4 7.6 159.2 105.9 121.1

C 1.5X B No 8.6 4.1 9.3 157.2 106.5 125.0

R 1.5X B Yes 12.0 5.8 14.2 157.0 110.8 125.8

C 1.5X B Yes 7.7 4.4 10.5 156.4 107.7 129.2

cTTimO 30 27^ O IO 43

*R =ridge-till, C=chisel; BD =broadcast, D=dribble, B=band at 6-8 inches
deep between rows.

2W (HF) =Waseca, high fertility; W(LF) =Waseca, low fertility; M(HF) - Morris,
high fertility

These designations will be used in subsequent tables.
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Table 5. The effect of tillage system, rate and placement of fertilizer and
starter use on P and K concentration In young corn plants and ear leaf
tissue as well as P and K uptake by young corn plants at the Waseca high
fertility site. 1984.

Treatment Young Plants Ear

P

Leaf

Tillage Rate PIacement Starter P K 1> uptake K uptake _____

% mg/6 plants %

R — — No .428 4.00 44.6 422 .274 4.00

C — — No .469 3.93 36.2 330 .287 3.93

R — — Yes .442 4.09 59.8 555 .277 4.09
C — — Yes .471 4.25 44.2 423 .276 4.25
R X BD No .477 4.08 53.0 500 .279 4.08
C X BD No .440 3.85 45.4 412 .263 3.85
R X BD Yes .465 4.42 65.1 614 .292 4.42
C X BD Yes .493 4.19 57.5 539 .272 4.19
R 1.5X BD No .465 4.09 61.4 559 .277 4.09
C 1.5X BD No .453 4.40 50.9 514 .275 4.40
R 1.5X BD Yes .511 4.39 64.8 609 .291 4.39
C 1.5X BD Yes .476 4.41 57.7 559 .295 4.41
R X D No .474 4.26 52.0 513 .277 4.26
C X D No .491 4.16 42.1 404 .291 4.16
R X D Yes .493 4.05 52.8 485 .265 4.05
C X D Yes .501 4.03 47.8 443 .282 4.03
R 1.5X D No .448 4.12 58.3 555 .269 4.12
C 1.5X D No .454 3.92 40.2 366 .267 3.92
R 1.5X D Yes .467 4.14 49.1 456 .265 4.14
C 1.5X D Yes .489 4.12 51.3 453 .257 4.12
R X B No .475 3.90 55.0 468 .277 3.90
C X B No .472 4.24 41.4 409 .269 4.24
R X B Yes .440 4.22 52.0 500 .272 4.22
C X B Yes .505 4.60 50.0 507 .303 4.60
R 1.5X B No .428 3.95 54.0 484 .264 3.95
C 1.5X B No .473 4.16 37.6 361 .275 4.16
R 1.5X B Yes .447 4.46 52.9 545 .271 4.46
C 1.5X B Yes .487 4.04 34.6 313 .275 4.04

CV (*): 6.4 8.4 33.5 31.4 3.6 8.0
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Table 7. The effect of tillage system, rate and placement of fertilizer and starter
use on P and K concentration in young corn plants and ear leaf tissue as well
as P and K uptake by young corn plants at the Morris high fertility site.
1984.

Treatment Young Plants

Tillage Rate Placement Starter _P

R

C

R

C

R

C

R

C

R

C

R

C

R

C

R

C

R

C

R

C

R
C

R

C

R

C

R

C

X

X

X

X

1.5X

1.5X

1.5X

1.5X

X

X

X

X

1.5X

1.5X

1.5X

1.5X

X

X

X

X

1.5X

1.5X

1.5X

1.5X

BD

BD

BD

BD

BD

BD

BD

BD

D

D

D

D

D

D

D

D

B

B

B

B

B

B

B

B

No
No

Yes

Yes

No

No

Yes
Yes

No
No

Yes

Yes

No

No

Yes
Yes

No

No

Yes
Yes

No

No

Yes

Yes
No

No

Yes
Yes

-%
.411

.385

.432

.389

.413

.421

.408

.412

.416

.418

.428

.407

.417

.398

.429

.445

.419

.399

.412

.442

.421

.416

.424

.420

.405

.400

.433

.422

3.26

3.14

2.88

2.69

3.31

3.60
3.09

3.22

3.46

3.74

3.18
3.34

3.32

3.45
2.94

3.35

3.36

2.95

2.78

3.15

3.34

3.42

2.92

3.50

3.29

3.52

3.09

2.74

CV (2): 7.1 lO"

P uptake K uptake

mg/6 plants—
34.1

30.8
55.4

36.5

34.8

268
243

371

252

280

363
387

412

277

403

419
370

316

306

364

377
314

208
308

405
321

365
342

507
252

330

438

296

42

50
51

33

46
57

45.2

39.7

35
52
50

38

27.8
44.9
55.7
40.3
44.1

49.2
60.6
30.8

37.9
61.4

44.8

"3TT TBTT

Ear Leaf

%-

.249

.239

.259

.247

.258

.253

.250

.253

.252

.240

.246

.244

.243

.259

.249

.254

.247

.245

.242

.248

.264

.257

.255

.254

.251

.250

.260

.255

2.09

2.02

1.82

1.92

2.09

2.05

2.01

1.94

2.06

2.10

2.00
1.88
2.11

2.12

1.90
03

08

91
94

1.85

2.17

2.02

1.94

2.12

2.16
2.16

2.12

1.98

"4T7 BTT"
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Tillage system had a significant effect on some parameters measured at both Waseca and Morris
(Table 8). Early plant growth as well as uptake of both P and K by these plants was greater when
the ridge-till system was used at the high fertility site at Waseca. This may have been due to the
more rapid emergence and subsequent expansion of the root system for this planting system. It's
important to note that tillage system had no effect on yield at this high fertility site.

For the low fertility site at Waseca, early plant growth was higher, P concentration in the young
plants was greater, and consequently P uptake by young plants was higher when the ridge-till system
was used. On the other hand, yield, K concentration in the young plants as well as both the P and
K concentration in the ear leaf tissue was higher when the chisel plow system was used (Table 8).

Tillage system had a significant effect on only two of the parameters measured at Morris (Table 8).
Both grain yield and K concentration in the young plant tissue were higher when the chisel system
was used.

The rate of fertilizer applied had no effect on grain production at both sites at Waseca (Table 9).
The 1.5X rate did significantly increase the concentration of both P and K 1n the ear leaf tissue
at the low fertility site. This increase in nutrient concentration, however, was not related to a
significant increase in yield.

At Morris, grain yield was statistically higher when the 1.5X rate was used. This result is
somewhat surprising in view of the high or very high soil test levels for P and K at this site.
There is no apparent explanation for the apparent reduction in K in the ear leaf when the high rate
of fertilizer was applied (Table 9).

When averaged over the other factors included in the study, placement of the fertilizer had a
significant effect on yield only at the low fertility site at Waseca (Table 10). Statistical
analysis shows that yield from the band application at a depth of 6-8 Inches between rows was
higher than the yield from the dribble application which, in turn, produced higher yields than
those produced from the broadcast application.

Early growth and P as well as K uptake by the young plants at the Waseca high fertility site was
highest when the fertilizer was broadcast (Table 9). Treatment means reported are averages for
both tillage systems used. Placement had no significant effect on early plant growth at both the
Waseca low fertility and Morris sites. The lack of significant differences for these parameters at
these two sites may be due, in part, to the variability in the data recorded. The CV's are fairly
high for these measured parameters (Tables 6 and 7).

The K concentration in the ear leaf tissue was highest at 2 of 3 sites when the fertilizer was
placed in a band between the rows. Placement had a similar effect on the P concentration in the
ear leaf at Morris but no significant effect on this parameter at both Waseca sites. The data
resulting from the analyses of ear leaf tissue indicate that the fertilizer applied in the band
between rows was readily available to the corn root system later in the growing season.

The use of a starter fertilizer in combination with some other method of fertilizer application had
a significant effect on yield at the Morris location only (Table 11). This positive effect on
yield at this site was accompanied by a positive effect on early plant growth. Early plant growth
and yields at the Waseca sites were not affected by starter use in combination with the application
of fertilizer in some other way.

For the most part, the plant analysis data show a positive effect for starter use. The lower values
for K in the young plants and ear leaf tissue resulting from the use of starter cannot be completely
explained at this time. Plant dilution due to higher dry matter production may be one possible
explanation.

The use of starter fertilizer only had a significant effect on yield for both tillage systems at the
low fertility site at Waseca and when corn was planted with the ridge-till system at Morris (Table
12). The results from the Morris location support earlier observations that starter fertilizer
should be a management component for ridge-till and no-till planting systems at all soil test levels.

As would be expected, the use of starter only had a positive effect on early plant growth at the
Waseca low fertility site. Again, K concentration in the corn tissue from Morris was lower when
starter was used. Plant dilution provides the best possible explanation at this time.
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The preceeding discussion has focused on the data collected from the Waseca and Morris locations.
Results collected from the Lamberton location in 1984 were limited but do show some effects from
treatment applied (Table 16). Early season stress contributed to a substantial amount of
variability in the data. This variability may have some treatment effects.



147

Table 8. Effect of tillage system on early growth and yield, P and K concentration in
young corn plants and ear leaf tissue and P and K uptake by young plants.
1984.

Tillage
System Yield Weight

Young Plants

P K P uptake K uptake

Ear Leaf

P K

bu./acre 6 plants, g % —mg./6 plants %

Waseca - high fertility:

Ridge-till 152.5
Chisel 155.3

12.5

10.5
**

.443

.437
4.17
4.17

55.9
46.4
**

524
440
**

.273

.274
1.94
1.99

Waseca - low fertility:

Ridge-till 97.0
Chisel 102.7

*

6.1
4.9
**

.395

.362
**

1.65
2.15
**

24.4

18.0
**

105
109

.202

.232
**

.85
1.01
**

Morris - high fertility:

Ridge-till 123.4
Chisel 126.6

**

10.6
10.7

.419

.416

3.17

3.33
**

44.4

45.2
335
362

.251

.251

2.04
2.01

**, *, + Treatment means are significantly different at the .01, .05, and .10 confidence levels
respectively.

Table 9. Effect of rate of fertilizer applied on early growth and yield, P and K
concentration in young corn plants and ear leaf tissue and P and K uptake by
young plants. 1984.

Ferti1i zer Young Plants Ear 1Leaf
Applied

P„05 K„0 Yield Weight P K P uptake K uptake P _K__

lb./acre bu./acre 6 plants, g -2 mg/6 plants -%

Waseca - high fertility:
44 87 1S5.0 11.5 .442 4.17 51.2 483 .273 1.96

66 131 152.7 11.5 .439 4.18 51.1 481 .274 1.98

Waseca - low fertility
44 67 100.0 5.7 .379 1.89 21.8 109 .211 .88

66 131 99.6 5.4 .378 1.91 20.6 105 .223
**

.99
**

Morris - high fertility
44 87 123.5 10.9 .419 3.29 45.9 362 .254 2.04

66 131 126.5 10.4 .417 3.22 43.7 335 .248 2.02
** **

**, *, + Treatment means are significantly different at the .01, .05, and .10 confidence levels
respectively.
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Effect of fertilizer placement on early growth and yield, P and K
concentration in young corn plants and ear leaf tissue as well as P and K
uptake by young plants. 1984.

Young Plants Ear L

P

eaf
Ferti1i zer
Placement Yield Weight P K P uptake K uptake K

bu./acre 6 plants, g % mg/6 plants %

Waseca - high fertility
Broadcast 153.2

Dribble 153.2

Band 155.2

12.7

11.2

10.6

.441

.435

.445

4.23

4.10
4.20

57.0

49.2
47.2

+

2.1

538

459

448

.274

.271

.275

1.97
1.94

1.99

BLSD (.05) 1.8 80

Waseca - low fertility:
Broadcast 92.0

Dribble 100.6

Band 106.8
**

5.7

5.6

5.3

.372

.382

.381

1.68
1.85
2.17
**

21.8

21.5

20.3

100

106

115

.218

.216

.219

.77

.87

1.15
**

BLSD (.05) 5.9 .25 .05

Morris - high fertility:
Broadcast 125.6

Dribble 125.6

Band 123.8

10.7

10.2

10.9

.415

.420

.417

3.37

3.16

3.23
+

.19

45.1

43.1

46.1

364

325
356

.249

.248

.256

2.01

1.99

2.08

BLSD (.05) .006 .07

**, *, + Treatment means are significantly different from one another at the
confidence levels respectively.

0TT".05, and .10

Table 11. The effect of use of a starter fertilizer in combination with one additional
application of P205 and KJO on early growth and yield, P and K uptake by
young plants. 1984.

Starter

Yield
Young Plants Ear L

P
eaf

Use Weight P K P uptake K uptake ~T

bu./acre 6 plants, g % - —mg/6 plants %

Waseca - high ferti1
153.3

ity:
Ho 11.2 .433 4.09 49.3 462 .271 1.97

Yes 154.4 11.8 .448
**

4.26
**

53.0 502 .275 1.97

Waseca - low fertili ty:
No 98.8 5.2 .371 1.89 19.7 101 .212 .91

Yes 100.0 5.8 .385
**

1.91 22.8
+

114 .223
**

.95
+

Morris - high fertility:
No li3.6 9.1 .412 3.40 37.6 311 .251 2.08
Yes 126.4 12.2 .423 3.11 51.9 385 .251 1.97

• ** + *•* ** ** **

**, *, + Treatment means are significantly different at the .01, .05, and .10 confidence levels
respectively.
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Table 12. The effect of tillage system and rate of fertilizer applied on the P
concentration In the ear leaf tissue from the low fertility site at Waseca.
1984.

Fertilizer Applied

lb./acre

44 87

66 131

Tillage System

Ridge-till
%f

Chisel

.192

.212
.230
.235

Table 13. The effect of tillage system and placement of fertilizer on the P
concentration in young corn plants at the low fertility site at Waseca.
1984.

Tillage System
Fertilizer

Placement Ridge-till Chisel

Broadcast .393 .350

Dribble .404 .360

Band .387 .375
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Table 14. The effect of the use of a starter fertilizer only compared to the control
on early growth and yield, P and K concentration in young corn plants and
ear leaf tissue and P and K uptake by young plants. 1984.

Treatment Yield Weight

bu./acre 6 plants, g

Waseca - high fertility: ridge-till
Control —149.(5 TO
Starter only 154.3 13.5

Waseca - high fertility: chisel
Control 151.1 57T"
Starter only 156.5 10.0

Waseca - low fertility: ridge till
Control 74.9 §72
Starter only 81.5 7.0

* **

Waseca - low fertility: chisel
Control 74T2 TJ
Starter only 82.2 4.4

* **

Morris - high fertility: ridge till
Control rioTS" 573
Starter only 127.9 12.2

*

Morris - high fertility: chisel
Control IZ570 7TB~
Starter only 122.8 10.2

*

**, *, + Treatment means are significantly different at the .01, .05, and .10 confidence levels
respectively.

Young Plants Ear Leaf

P K

%

P uptake K uptake P K

%

.422

.444
+

4.00

4.09

44.6

59.8

422

555

.274

.269

1.35

1.89
+

.432

.440

3.94

4.25

36.2

44.2
330

423

.268

.267

1.92

1.95

.380

.406
**

1.22

1.31

19.8

28.8

65

94

.207

.231
**

.58

.62
**

.348

.368

1.33

1.48

12.3

16.3

48

69

.202

.218

.66

.64

.411

.432
3.26

2.88
+

34.1

55.4
268
371

.249

.259

2.09

1.82
*

.385

.389

3.14

2.69
30.8
36.5

243

252
.239

.247

2.02

1.92
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Table 15. The effect of application of fertilizer in a deep band on early growth and
yield of corn. 1984.

Annual Early
Tillage Deep Band Fertilizer Starter Growth

Locatic>n System Placement Used Used Weight
6 plants, g

Yield
bu./acre

Waseca (HF) ridge-till below row Yes Yes 11.2 154.6
ii

chisel
ii II II

10.6 156.7
ii ridge-till between row No No 11.4 153.4
H

chisel
ii II ii

10.4 163.4
ii ridge-till n II

Yes 10.3 158.0
n

I*

chisel
ii M II

12.1 158.3

Waseca (LF) ridge-till below row Yes Yes 7.1 128.9
ii

chisel
•I ii II

5.0 115.7
M ridge-till between row

it It

7.3 125.5
ii

chisel
H ii ll

4.9 120.1
H ridge-till H

No No 7.1 116.4
n

chi sel
ii II 11

6.4 125.0
H ridge-till

H II
Yes 7.3 114.7

ii

chi sel
•I II II

6.1 124.5

Morri s (HF) chisel below row Yes Yes 12.2 129.1
1 ridge-till between row

II ii

11.1 126.1
' chisel

H it ll

11.0 132.1
1 ridge-till ii

No No 9.1 121.7
i

chisel
•I ii ii

9.0 122.8
1 ridge-till ii n

Yes 11.9 123.6
chisel

n ii •I

13.4 127.9
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Table 16. Effect of fertilizer treatment on early growth, yield, P and K concentration
of young corn plants and P and K uptake by young corn plants at the
Lamberton location when the fall chisel tillage system was used. 1984.

Treatment Yield Weight

bu./acre 6 plants, g

Control 78.1 29.0

Dribble 66.4 25.8
Dribble & Starter 78.3 35.5
Broadcast 71.9 30.2

Broadcast & Starter 75.5 35.2

Band 74.3 25.1

Band & Starter 81.0 35.8
*

..%—

.236

.229

.254

.226

.240

.262

.285

3.69

3.83

3.95
3.82

3.94

3.59

3.78

P uptake K uptake

mg/6 plants

68.8

59.5

89.9
69.5

84.5

64.9

101.6

-2BTT
21.2

1078

992

1400
1165

1386

915
1358
*

~39"3
19.6

BLSD (.05)
CV (%) 18.7

8HT
16.0 11.8 6.6

Table 17. The effect of the use of a starter fertilizer in combination with another

fertilizer application on early growth and yield, P and K concentration in
young plants and uptake of P and K by young plants at the high fertility
site at Lamberton. 1984.

Variable

Yield, bu./acre
Weight of young plants, g/6 plants
P cone, young plants, %
K cone, young plants, %
P uptake, young plants,
K uptake, young plants,

mg/6 plants
mg/6 plants

With Without Significance
Starter Starter

70.3

Level

78.3 *

35.5 27.0 **

.260 .239 **

3.89 3.75 +

92.0 64.6 **

1381 1024 **

T5F—3T + Means are significantly different at the .01, .05, and .10 confidence levels.
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EFFECT OF POTASSIUM PLACEMENT ON CORN PRODUCTION IN

HIGH YIELD ENVIRONMENTS IN SOUTHEAST MINNESOTA

George Rehm, John Moncrief, Mike O'Leary and Greg Buzicky

There's no doubt that conservation tillage production systems are appropriate for use in
southeastern Minnesota. However, if these systems are to be adopted by farmers, there are many
questions that need to be answered. Because the K concentration In these soils is inherently low,
there are several questions that relate to K fertilization and K management. This study is
designed to evaluate the effect of rate and placement of fertilizer K with and without the use of K
in a starter fertilizer on corn production with two tillage systems.

Experimental Procedures:

This study was initiated in the spring of 1984 in a farmer's field in Wabasha County. The soil is
classified as a Fayette silt loam and is characteristic of soils in the region.

Prior to treatment application, 56 soil samples were collected from the experimental area to
provide some measure of site uniformity. The results of this analysis showed the site to be quite
uniform. The average pH was 6.5. The Bray and Kurtz #1 test showed 72 lb. P/acre while the 1 N NH4
C2H302 extraction showed 219 lb. K/acre.

The existing vegetation, sweetclover, was killed with Roundup (2 qt./acre) in late April.
Treatments were applied in mid-May and corn was planted on May 18 with a Buffalo-Till planter
adapted for planting in a no-till situation. Treatments used are listed in Table 1.

A fluid fertilizer (0-0-15) was used for the knife treatments. The broadcast K was supplied as
0-0-60. For the spring chisel tillage system, both broadcast and knife applications of K were made
prior to the chisel operation.

The liquid starter, 7-21-7, was used at 125 lb./acre to supply K in the starter. Where no K was
applied in the starter,10-34-0 was used at a rate to supply the amount of P205 provided by the
7-21-7.

A rotary hoe was used to enhance emergence in the chisel plow system. The corn planted in the
chisel plow system was also cultivated once during the growing season.

Plant samples were collected from each plot at 3 times during the growing season (4-5 weeks after
emergence, ear leaf at silking, whole plant at physiological maturity). These samples were dried,
ground, and analyzed for K by routine procedures. Potassium uptake was computed for small plants
and whole plants at physiological maturity.

Results and Discussion:

Statistical analysis of the data collected showed no significant interactions among the 4 factors
used in this study. Therefore, main effects are discussed in the following paragraphs and
summarized in the tables that follow.

Grain yield, silage yield, early plant growth, and total uptake of K by young plants were higher
when corn was planted in the no-till system (Table 3). These measured differences were significant
at the 992 confidence level. The concentration of K in the ear leaf at silking and the mature
plant was significantly higher when the corn was planted in the chisel system (Table 3). These
observations are consistent with those from other studies involving tillage systems in Minnesota.

The yield differences due to tillage could be related somewhat to a difference in plant population.
The plant population at harvest was slightly lower in the chisel system. Nevertheless, grain and
dry matter yields were certainly not reduced by the no-till planting. This 1s encouraging for
farmers in southeast Minnesota.

Rate of applied K had no significant effect on any of the variables measured in this study (Table
Please refer to title page of this publication for information regarding application and use of
this publication for information regarding application and use of this article.
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4). Since there were no significant interactions, the values reported 1n this table are averaged
over both tillage systems, both methods of placement, with and without the use of a starter
fertilizer.

When averaged over rate applied, tillage system, and starter use, early plant growth as well and K
uptake by these early plants was high when K was knifed between the rows rather than broadcast
(Table 5). Although the row spacing was 38 inches, the young plants were apparently able to use
the knifed in K more easily than the broadcast K. The fact that placement of K had no effect on K
concentration in the older tissue indicates that the broadcast K was utilized later in the growing
season.

Considering all other factors, grain yields were higher when the starter fertilizer was used (Table
6). Total dry matter yield at physiological maturity and early plant growth, however, were
significantly lower when starter was used. These observations are not consistent with grain yields
and there is no ready explanation for these measured effects at this time. The use of a starter
fertilizer when additional K was applied had no effect on the other variables measured.

Two treatments were included in the study which did not fit the complete factorial. These were:
1) complete control and 2) use of 125 lb. 7-21-7 only as a starter fertilizer. These treatments
were included in both tillage systems so the effect of the use of a starter without additional K
could be measured by the "t" test.

In the chisel system, the use of the starter only increased grain yield but had no significant
effect on the other variables measured (Table 7). Starter use without additional K had no
significant effect on any of the variables measured 1n the study (Table 8). These results are not
consistent with results from other studies involving starter fertilizer use in Minnesota and cannot
be readily explained at this time.
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Table 2. The effect of tillage system, rate and placement of fertilizer K and starter fertilizer
on K concentration In corn tissue and K uptake at 2 growth stages. Wabasha County, 1984.

K Concentration K Uptake
Tillage K Starter K

Young Ear Mature Young Mature
System Applied Placement Used Plant Leaf Plant Plant Plant

lb./acre mg/6 plants lb./acre

No-till — No 4.19 1.91 1.11 738 147.0
tl

— Yes 4.30 1.81 1.10 768 148.0
II

40 Bdcst No 4.43 1.79 1.00 829 138.8
ll

40 Bdcst Yes 4.49 1.84 1.15 768 152.7
(l

40 Knife No 4.48 1.87 .99 862 147.8
ll

40 Knife Yes 4.74 1.78 1.00 875 142.0
tl

80 Bdcst No 4.69 1.88 1.15 823 159.5
M

80 Bdcst Yes 4.54 1.89 1.13 682 160.4
ll

80 Knife No 4.33 1.73 1.07 754 150.7
ll

80 Knife Yes 4.54 1.87 1.02 803 147.4
ll

120 Bdcst No 4.24 1.75 1.04 752 150.9
II

120 Bdcst Yes 4.52 1.91 1.08 754 146.0
ll

120 Knife No 4.54 1.82 1.09 838 153.2
ll

120 Knife Yes 4.78 1.96 1.02 860 142.5

Chisel ___ No 4.52 2.09 1.12 810 162.0
ll

— Yes 4.32 2.06 1.23 660 168.0
ii

40 Bdcst No 4.59 2.02 1.17 696 148.5
ll

40 Bdcst Yes 4.72 1.96 1.18 712 146.1
ll

40 Knife No 4.53 1.99 1.04 747 146.8
II

40 Knife Yes 4.40 2.02 1.13 766 144.9
ll

80 Bdcst No 4.51 1.98 1.04 746 141.8
II

80 Bdcst Yes 4.62 2.01 1.22 735 157.1
ii

80 Knife No 4.43 2.12 1.08 808 146.3
ll

80 Knife Yes 4.36 2.08 1.13 665 143.2
ll

120 Bdcst No 4.67 2.11 1.15 741 160.3
it

120 Bdcst Yes 4.54 2.04 1.15 682 155.8
tl

120 Knife No 4.45 1.99 1.10 794 157.6
II

120 Knife Yes 4.59 1.99 1.29 708 168.3

CV: {%) 9.0 9.8 14.8 13.0 14.6



Table 3. Effect of tillage system used on early growth, K uptake, and yield of corn. Wabasha County, 1984.

Tillage
System

Early
Growth

wt of 6
piants,g

17.8
16.2

K Concentration Yield K Uptake

Young plant Ear leaf Mature plant Grai n Forage

--SK- bu./acre ton D.M./acre

No-till

Chi sel

4.53

4.53
1.84
2.02

1.06
1.14

166.6

160.5

55 55 55 55 55

**, + Significant at the .01 and .10 confidence level respectively. This designation applies to all subsequent tables.

7.08
6.66

**

Young plant

mg/6 plants

800.0
733.3

Table 4. Effect of rate of applied K on early growth, K uptake, and yield of corn. Wabasha County, 1984.

Maturity

lb./acre

149.3

151.4

Early
Growth

wt of 6

pi ants,g

17.3

16.8

16.9

K Concentration Yield K Uptake
K

Applied Young plant Ear leaf

4.55 1.91
4.50 1.95
4.54 1.94

Mature plant

1.08

1.10
1.11

Grain

bu./acre

166.0

162.1

162.6

Forage Young plant

mg/6 plants

781.8
752.0
766.1

Maturity

lb./acre

146.0

150.8

154.3

i-1

lb./acre

40

80
120

ton D.M./acre

6.81

6.84

6.96

•o



Table 5. Effect of placement of K fertilizer on early growth, K uptake and yield of corn. Wabasha County, 1984.

Early
Growth

wt of 6
piants,g

16.4

17.6

K Concentration Yield K Uptake

PIacement Young plant Ear leaf

4.55 1.93
4.51 1.93

Mature plant

1.12

1.08

Grain

bu./acre

163.2

163.9

Forage Young plant

mg/6 plants

743.3

790.0

Maturity

Broadcast
Knife-In

ton D.M./acre

6.79

6.95

lb./acre

151.5

149.2

Table 6. Effect of the use of a starter fertilizer in combination with application of either broadcast or knifed-in K on
growth, K uptake and yield of corn. Wabasha County, 1984.

Early
Growth

wt of 6
piants,g

17.5
16.5

K Concentration Yield K Uptake
Starter

used Young plant Ear leaf

4.49 1.92
4.57 1.95

Mature plant

1.08
1.12

Grain

bu./acre

161.8
165.3

Forage Young plant

mg/6 plants

782.5
750.7

Maturity

No

Yes

ton D.M./acre

7.00
6.74

lb./acre

150.2

150.5

8



Table 7. Effect of the use of a starter fertilizer without the application of additional K on growth, K uptake, and yield of
corn in the chisel system. Wabasha County, 1984.

Early
Growth

wt of 6
pi ants,g

18.0

15.2

K Concentration Yield K Uptake
Starter

used Young plant Ear leaf

4.52 2.09
4.32 2.06

Mature plant

1.12
1.23

Grain

bu./acre

144.7

151.0

Forage Young plant

mg/6 plants

810.0

660.0

Maturity

No

Yes

ton D.M./acre

7.27
6.84

lb./acre

162.0

168.0

Table 8. Effect of the use of a starter fertilizer without the application of additional K on growth, K uptake, and yield of
corn in the no-till system. Wabasha county, 1984.

Early
Growth

wt of 6

pi ants,g

18.0

17.9

K Concentration Yield K Uptake
Starter

used Young plant Ear leaf

4.19 1.91
4.30 1.81

Mature plant

1.11

1.10

Grain

bu./acre

171.0
172.0

Forage Young plant

mg/6 plants

738.0

768.0

Maturity

lb./acre

147.0
148.0

i-

No

Yes

ton D.M./acre

6.88

6.51

cn
to
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TlIE PFtFFFKrF OF "APPAPENT" ATRA7.TNF. IK CP.OUJJLVATER OF SOUTHEAST MINNESOTA

R.S. Adams, Jr., Sheila Grow* and E.C. Aleypnfrr, .'v.*'1

For the past two yer.rr 'he ruthors have been conducting studies in the Karst area of southn.Tf
Minnesota. One rf *-}.t- r-uasurements made has been to monitor atrazine in the water at fct-r

locations. The cpecitic site is in Fillmore County. Vpter ppn-ples were collected ot Fcirview Sink
and Mystery Cave: two sites where surface waters disappear Into pfrV holes. Over a distance of 4
enc" ?' rllee, respectively, these r.treams merge, converge, and emerge in tvr pprings, Moth and Grabau
that rise into Foreatville Creek. Dye tracer require three days to travel from the point of
disappearance to l.lifi pe.'rt r.f repurfacing.

Table 1 Fbovs the concentration of "apparent" atranir.P Ir the samples collected at these four sites
frcsii Kay 30, 1983 until January 12, 1VC5. The data show surges or pepkr cf "apparent" atrazine on
July 5. 1983, followed by p gr.siiu.7l decline in concentration; and pesV.r cr pupvst 27, 1983, November
12, 1963 ami April 29, 1984. Fach of the sampler vpre. trfcnr. within a few days following a rainfall
of two to three d.vv I'nreticn. After a peak passed the quantities measured seemed to return tc pome
equilibrlur rcr.cia.tratlon which slowly declined with th* approach of winter.

Using discharge flow rates from Moth and Grabau Springs the total delivery of "apparent" atrazine is
plotted in Figure 1. These amounts total to approximately 10 prurdf: of "apparent" atrazine
dischfrfpi? to Forestville Creek over the period of a year's time. The estimatei? rre of atrazine in
the insnediat* watershed is 12,000 pourd? cr fbout .083% of the total used was discharged in these
springs.

Why the desigrr.tirr "ppparent" atrazine? A Hewlitt Packard gas chromatograph equlppo!1 vlrh NP/FID
detector and capillary column** was vFft' in the analysis of these samples. Tliree liters of water per
sample were extracted for nt.rr.7?.re by passing through an XAD-?. Amberlite resin. The atrazine was
eluted with prhydrouB ether. The ether evaporated to dryness and the residues dissolved in ?.
milliliters hexene for analyses. The samples were ane?.y>»e«? ir groups of four samples. With each
group a deionized water control was passed through the entire pralytical procedure. In the data
reporter" here 46 controls were found to contain zero atrazine, in three controlp the concentration
was less than 10 nanograms per liter "apparent" atrezir.r. and two controls had concentrations between
10 and 30 nanogrrrr fer .liter "apparent" atrazine. One control was drawn while the deior.i7er was
being recharged and gave extreir.e.ly high readings and had to be discarded. All data given are minus
the control concentrations. These, precautions were taken and these procedures are shown because the
gas chromatograph in a very sensitive quartitative instrument but not a qualitative Irptruncnt.
Confirmation analyser rxift be performed. Such analyses are not sensitive at the nanograms per liter
concentration reported here unless very .large volumes of water are extracted. Intensive confirmation
analyses are planned for the nvrrer of 1985.

The data reported here are consistent with data reported frcr rrrtheastern Iowa and Nebraska. We
feel that peaks of "apparent" atrczine concentration probably <*c represent at least in part "true"
atrprire. For example, with the April 29, 1984 peak, which occurred only at Mystery Cave, a heavy
rainfall occurred April 27, 1984. Several faraerr. in the watershed planted corn early, just prior
to that rainfall event. Vr.ter entering the sinks would not have had time to reach the springe fror.
the April 27, 1984 ralrfrll cn the sampling date. However, the fact that equilibrium levels vere
approached suggests that "noise" or atrazine trlmlrs or "look alikes" may account for part of these
repu7tr. Furthermore, in approximately 5Ca cf wells (remote from the use cf Ptre.sine) tested by
this laboratory "apparent" atrazine was measured. These finding? mpke Intensive confirmation
analyses imperative before these data are accepted as atrazine.

Table 1. "Apparent Atrazine found in sampler freir four water sites in Fillmore County
ir. nanograms per liter.

Date TpI.rviow Sink Mystery Cave Moth Spring Grabau Spring

5-30-83 273 214 64 136

6-6-83 194 216 no 8?

6-12-83 220 146 56 132

6-19-83 78 123 119 80

6-26-83 150 72 97 130

Gradup.te Pesearch Assistant and Associate Professor, respectively, Depprtment of Geology &
Geophysics,
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ATRAZINE
REMOVED THROUGH MOTH AND GRABAU SPRINGS

ASONDJAFM

STUDY YEAR (JUNE. 1983-MAY, 1984)

Figure 1. The discharge of "apparent" atrazine from springs in 1983-1984
study year.
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CALCIUM AND MAGNESIUM AMENDMENT STUDIES ON POTATOES

C. J. Rosen and H. J. Buchite

Soil management practices for potato production differ from those used for most other agricultural
crops in that liming of acid soils to a pH of 6.0 - 6.5 is avoided. The reason for not raising soil
pH is due to the potential for Increasing the incidence of common scab when the soil pH is above
5.2. Approximately 30% of potatoes grown in Minnesota are on irrigated coarse-textured soils.
Because recommendations are not to lime, calcium and magnesium levels as well as soil pH are
generally low. The potential for Al and Mn toxicity also exists due to the increase in solubilities
of these elements with low soil pH. Yields of potatoes grown on many of these coarse-textured soils
have generally declined over the past 10 years. Part of this problem may be due to lack of proper
rotation coupled with an imbalanced soil fertility.

The objective of the present study was to determine the influence of Ca and Mg amendments on
nutrition and production of potatoes grown on a soil with a history of continuous potatoes.

Materials and Methods:

The site was located in Cambridge, MN on an Anoka loamy sand. Potatoes had been grown on this site
for the past 10-15 years. Treatments included:

1. Control

2. 0.4 T/A lime
3. 0.8 T/A lime
4. 1.2 T/A lime
5. 0.48 T/A gypsum + 0.56 T/A Epsom salts
6. 0.96 T/A gypsum + 1.12 T/A Epsom salts
7. 1.44 T/A gypsum + 1.68 T/A Epsom salts

All amendments were applied 8 November 1983 as a broadcast and disked in. The following spring the
entire field was deep plowed to a depth of 8" - 10". The liming material used was a finely ground
(200 mesh) dolomitic lime which enabled a relatively fast reaction with the soil. The gypsum/ Epsom
salt combination was used to provide an equal amount of Ca and Mg as a non-lime source. Spacing
used was 3' between row centers. Applications of N, P and K were made according to soil test
recommendations. The cultlvar used was 'Norland' planted on 23 April 1984. To monitor changes in
soil pH, Ca and Mg levels, soil samples were collected on 7 November 1983, 4 April, 7 July, and 24
August 1984. Plant tissue samples consisting of the most recently matured whole leaf (blade and
petiole) were collected 15 June, 6 July, and 24 July 1984 and subsequently analyzed for nutrient
composition. Two center 15' rows of each plot were harvested on 28 August 1984 with the following
measurements recorded: total yield, A-size, B-size and scab ratings. A randomized complete block
design with 4 replications was used. Because this experiment was of a preliminary nature, non-
orthogonal comparisons were used to determine the significance of trends observed throughout the
experiment. This information will be used in the design of future experiments dealing with potatoes
on acid soils.

Results and Discussion:

Soil Data — Initial chemical properties of the soil before treatments were applied are provided in
Table 1. Phosphorus levels were excessive while Ca and Mg levels were low. At the begining of the
growing season fine dolomitic limestone increased soil pH slightly compared to a slight decrease
with the gypsum and Epsom salts (Table 2). By the end of the season soil pH levels were low for all
treatments. Soil Ca and Mg levels tended to be higher when amendments were added. As with pH,
differences between the control and treated areas were minimal by the end of the season. Higher
rates appear to be warranted in future studies.

Yield Data — Regardless of source, there was a significant trend for plots receiving Ca and Mg to
yield more A-size potatoes (Table 3). In general, potato yields were poor for the entire experiment
regardless of treatment. This was probably due to die-back of the tops about two weeks earlier than
expected. Symptoms of Vertlclllium wilt and Rhizoctonia were noted in the field. It appears that
both of these factors, poor soil fertility and an increase in disease incidence are a consequence of
continuous potatoes. In this study disease problems appeared to be the overriding factor. At the
rates of amendments used, there was no effect on scab incidence.
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Tissue Analysis — Significant effects due to Ca and Mg amendments on leaf nutrient composition were
apparent throughout the experiment (Tables 4 - 6). The most consistent reponses were high leaf Ca
and Mg, and lower leaf K and Mn in the treated plots compared to the control plot. At the rates
used, gypsum plus Epsom salts were more effective than dolomitic lime in depressing leaf Mn levels.
It is conceivable that high tissue Mn coupled with low tissue Ca may increase susceptibility of
these plants to disease.

The assistance of G. Buzicky, M. O'Leary and T. King during the course of this study is greatly
appreciated.

Table 1. Initial soil chemical properties. Samples collected before
treatment application. (Means of 4 samples.)

Soil Depth Buffer P K Ca Mg O.M. so4-s
(inches) fH Index — ——— lb/A - % PP"

0-6 4.9 6.3 520 328 314 65 1.4 3

6-12 4.8 6.5 475 251 307 43 1.2 7

12-24 4.9 6.8 256 331 754 no 0.6 25

Table 2. Soil pH, calcium and magnesium levels during the course of the
experiment. (Means of 2 replications.)

-Date—

7/844/84 8/84
Soil Soil Depth (inches)
Chemical

Property Treatment1 0-6 6-12 12-24 0-6 6-12 12-24 0-6 6-12 12-24

pH
1 4.8 4.7 4.9 4.2 4.5 4.6 4.5 4.3 4.5

2 5.0 4.9 5.0 4.7 4.7 4.6 4.5 4.3 4.5

3 5.0 4.8 5.1 4.5 4.8 4.6 4.5 4.6 4.5

4 5.2 4.9 5.2 4.7 4.7 4.6 4.6 4.6 4.5

5 4.7 4.7 4.7 4.5 4.6 4.6 4.7 4.4 4.6

6 4.7 4.6 4.5 4.6 4.5 4.6 4.6 4.3 4.5

7 4.6 4.5 4.6 4.6 4.5 4.6 4.6 4.3 4.5

Ca

(lb/A) 1 184 189 530 169 147 484 178 195 409

2 214 180 543 149 227 505 185 195 462

3 221 204 553 203 219 595 184 266 463

4 236 208 532 177 207 407 205 283 454

5 184 179 491 185 246 561 173 233 500

6 249 156 438 197 237 383 194 207 390

7 444 163 470 197 266 420 168 308 428

Mg
(lb/A) 1 52 46 100 37 31 99 47 56 104

2 66 42 93 43 43 86 48 57 115

3 72 51 96 40 58 107 41 93 HI

4 79 48 109 43 54 102 53 103 122

5 75 77 146 47 65 152 59 73 165

6 98 84 183 52 57 149 60 60 179

7 85 102 239 48 49 156 60 71 166

1
See Materials and Methods for treatment code.



165

Table 3. Total yield, A-size, B-size and scab rating as
influenced by calcium and magnesium amendments.

Treatment

1

2

3

4

5

6

7

CV (%)

Non-orthogonal
Contrasts

Lin. Lime

Quad. Lime
Lin. G+E4
Quad. G+E
Lime vs G+E

Control vs

lime+G+E

B-size A-size Total Scab

(cwt/A) (cwt/A) (cwt/A) Rating'

51.8 38.7 90.5 1.75

51.4 63.9 115.7 1.58

47.3 70.7 118.1 1.48

66.1 62.4 128.5 1.65

61.6 67.0 128.6 1.67

44.0 73.6 117.7 1.68

49.9 88.1 137.9 1.75

22.9 35.4 25.3 13.7

— Significance-3

_See Materials and Method section for treatment code.
'Scale 0 - 5, 0 = no scab.
3++ = 5% level, + - 10% level.
G+E = gypsum plus Epsom salts.

Table 4. Elemental concentrations in recently mature leaves 53 days after planting.

N P K Ca MR Fe Al Mn Zn Cu B

Treatment1

1

X •

6.745.20 0.63 0.33 0.30 235 219

ppm

614 39 5 46

2 5.40 0.64 6.55 0.37 0.33 239 214 547 41 5 41

3 5.29 0.70 7.52 0.42 0.38 239 211 506 48 7 42

4 5.13 0.64 6.83 0.36 0.38 224 196 502 40 6 41

5 5.01 0.64 6.70 0.44 0.36 250 192 436 44 6 40

6 5.39 0.69 6.63 0.40 0.36 252 188 380 49 7 40

7 5.36 0.68 6.71 0.40 0.38 250 180 373 52 5 39

CV(%) 2.8 6.4 7.3 13.1 11.8 11.2 9.4 10.3 13.1 34.5 11.3

Non-orthogonal
Contrasts Significance* -

Lin. Lime - - - ++ ++ - - ++ - - -

Quad. Lime
Lin. G+E3

++ - - - - - - - + - -

++ ++ - ++ ++ - - ++ ++ - ++

Quad. G+E - - - - - - - - - - -

Lime vs G+E - - - - - - - ++ + - -

Control vs

Lime+G+E — ™ ~ ++ ++

" "

++ ++ ++

*See Materials and Method section for treatment code.
2++ <* 5% level, + - 10% level.
3G+E = gypsum plus Epsom salts.
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Table 5. Elemental concentrations in recently mature leaves 74 days after planting.

N P K Ca Mg Fe Al Mn Zn Cu B

Treament — ¥ ppm
—————

1 4.26 0.41 7.86 0.74 0.44 540 365 1194 50 7 82

2 3.92 0.44 8.01 0.81 0.46 536 388 1144 43 6 93

3 4.07 0.39 7.61 0.85 0.47 387 320 883 37 5 64

4 4.05 0.41 7.45 0.96 0.53 476 354 943 39 8 84

5 4.32 0.42 7.73 0.77 0.47 519 384 918 49 6 80

6 4.26 0.42 7.21 0.81 0.46 560 375 850 47 6 73

7 4.34 0.41 6.76 0.85 0.47 585 320 821 49 5 69

CV(X) 6.3 7.6 8.2 11.5 13.6 21.6 16.0 9.0 14.5 28.6 27.1

Non-orthogonal
Contrasts ,2 __

Lin. Lime - - - ++ ++ - - ++ ++ - —

Quad. Lime
Lin. G+E3

- - - - - - - - - + -

- - ++ - ++ - - ++ - - -

Quad. G+E - - - - - - - - - - -

Lime vs G+E ++ - + + - - - ++ ++ - -

Control vs

Lime+G+E — — ™ + ++ ~ — ++ ™ ™ —

:See Materials and Method section for treatment code.

~++ - 5% level, + - 10% level.
G+E = gypsum plus Epsom salts.

Table 6. Elemental concentrations in recently mature leaves 92 days after planting.

N P K Ca Mg Fe Al Mn Zn Cu B

Treatment1

1

X

8.673.59 0.26 1.03 0.36 480 339 1702 54 107 107

2 3.72 0.27 8.33 1.07 0.47 435 282 1510 45 75 95

3 3.69 0.23 8.27 1.25 0.56 386 279 1307 43 84 69

4 3.70 0.25 8.35 1.29 0.55 393 324 1332 46 87 78

5 3.80 0.25 8.01 1.06 0.51 351 269 1299 43 66 95

6 3.78 0.25 7.90 1.17 0.53 475 294 1306 51 72 77

7 3.71 0.25 7.85 1.28 0.53 538 270 1230 60 66 75

CV(%) 4.8 12.3 5.1 8.8 12.5 27.9 16.3 8.2 20.2 27.6 21.0

Non-orthogonal
Contrasts — Significance*

Lin. Lime - - - ++ ++ - - ++ - _ ++

Quad. Lime
Lin. G+E3

- - - - - - ++ + - - -

- - ++ ++ ++ - - ++ - ++ ++

Quad. G+E - - - - - - - + + - -

Lime vs G+E - - ++ - - - - + - — -

Control vs

Llme+G+E — — ++ ++ ++ — + ++ — ++ ++

\see Materials and Method section for treatment code.
*++ = 5% level, + = 10% level.
G+E - gypsum plus Epsom salts.
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COMPARISON OF THREE PHOSPHORUS SOIL TEST PROCEDURES

TO CROP YIELDS AND PLANT ANALYSIS DATA

J. Grava, W. E. Fenster, S. D. Evans, J. A. Lamb,
M. O'Leary, G. Buzicky, and R. K. Severson

The objective of this study was to determine the relationship between crop yield and plant tissue
phosphorus (P), and the amounts of phosphorus extracted by various soil testing methods. These
experiments, to establish guidelines for making fertilizer recommendations from soil tests, have
been conducted on private farms and at the Branch Experiment Stations since 1981.

EXPERIMENTAL PROCEDURE

Several field experiments were established on calcareous soils in western Minnesota in 1981 to
evaluate three P soil tests and their relationship to crop response from P additions. The crops
included spring wheat, barley, corn and soybeans. Information on location, soil type, crop and
soil test levels of 198^ phosphorus trials is given in Table 1.

Table 1. Cooperator, county, soil type, crop, and soil test levels for 1984 phosphorus trials.

Cooperator:
County:
Soil Series:

Texture:

Crop:
Soil pH:
Olsen P (lb/A):
Exch. K (lb/A):

Crookston Exp.

W. Polk

Hegne
Sicl

Wheat

8.0

15
314

Stn. Morris Exp.
Stevens

Doland

Sil

Wheat

7-8
6

263

Stn. Dahl Far

Norman

Vallers

Sil

Barley
8.3
12

302

The three soil tests compared were the Dray-1 method using 1:10 or 1:50 ratio of soil to extracting
solution, and the Olsen sodium bicarbonate method. The Bray-1 method, used at a 1:10 soil/solution
ratio, was adopted by the University of Minnesota Soil Testing Laboratory for routine analysis in
1954. This method is especially well suited for assessing P availability in acid to slightly alkaline
soils. The reliability of the P soil test on calcareous soils was improved in 1975 by changing the
soil/solution ratio from 1:10 to 1:50. In 1982, the Olsen method of extracting soil P was introduced
for soils having pH over 7-4.

In the 1984 trials, only the 30 lb/A broadcast phosphate rate was applied, except at the Morris
Station where the broadcast P effects were compared with and without the starter fertilizer.

RESULTS AND DISCUSSION

The yields of spring wheat for 1981, 1982, 1983, and 1984 are given In Tables 2 and 3, and Table 4
gives plant tissue and soil test results.

Wheat

Hegne sicl, Crookston Exp. Stn., Olsen P 15 lb/A (Fall 1983). Neither the yield nor the P
concentration in plant tissue were affected by fertilization. Very high relative levels of P were
indicated by the Bray-1 method (1:10 and 1:50) on this soil. Extractable P levels by all three
methods were increased by broadcast fertilizer.

Wheatville sil, Crookston Exp. Stn., Olsen P 10 lb/A (Fall 1983)• The yield was increased by 8 to
10 bu/A with 30 lb P^Oc/A applied every year and from the carryover of 60 or 90 lb P20fj/A applied in
1982. On this soil which demonstrated relatively low P availability, tissue analysis and extractable
P levels by three methods showed close relationship with the amounts of P applied.

Please refer to title page of this publication for information regarding application and use of this
article.
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Poland sil, Morris Exp. Stn., Olsen P 6 lb/A (Fall 1983). Broadcast rates applied in I983 and 1984
(30 lb P2O5/A) were reflected in increased percentage of P of plant tissue and higher soil test
levels by all three methods. Increased yields were observed as a result of annual applications of
phosphate fertilizer, either broadcast or banded, and from higher soil P levels, increased as a
result of previous application of phosphate fertilizer.

Bar1ey

Vallers sil, Dahl Farm, Olsen P 12 lb/A (Spring 1984). The yield was not determined because
excessive rainfall in May and June resulted in heavy infestation with weeds and poor growth of
barley. Gradual increases in plant tissue P and in extractable P by three methods resulted from
broadcast phosphate applications.

Concentrations of eight plant nutrients in plant tissue are reported in Table 4.
of zinc In tissue was decreased by fertilization with P in all experiments.

Table 2. Wheat yield at \3% moisture as affected by phosphorus fertilization
in 1981, 1982, 1983 and 1984.

The concentration

Treatment Location

Broadcast Crookston Exp. iStn. Morris Exp. Stn.

P2°5
Hegr

1982

te

1983 1984

Wheatvill e

1981 1982 19831982 1983 1984 1984

Lb/acre

0

.

51 54 60 53 43 57 63 61 51 74

30 46 58 59 55 49 67 64 65 57 83

60 48 51 60 57 42 65 64 68 59 77

90 46 54 55 55 46 67 64 69 59 80

Significance
BLSD (0.05)

ns +

5

ns ns ns **

7

ns * •kit +

Starter

No Starter

- -

- - - -

64

64
68

64
58
54

80

77

Significance ns * A ns
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Table 3* Wheat yield at .3% moisture as affected by broadcast and row applied
phosphate fertilizer, Morris.

Treatment

Broadcast Starter

P2°5 Lb/A

0

0

30

30

60

60

90

90

Interaction

Significance
C.V.%

1981

63

64

62

65

65

63

64

64

2.5

1982

56

67

64

67

68

68

69

68

*

5-7

1/
Only 30 Lb P20 rate applied In 1983 and 1984.

Year

1983-?-7

-Bu/Acre-

44

57

56

58

58

59

58

59

3.9

1984^

68

80

81

85

77

75

80

79

3.2



Table 4. Phosphorus concentration of entire wheat plant and barley plant at boot stage and relationship
to P treatment and soil test.—

LocationTreatment

Broadcast

P2°5

Crookston Exp. Stn.
2/

Morris Exp. Stn.—

T98T

Lb/acre

Hegne
Wheat

1983 T9"54"

0 •30 •32 .28
30 •30 .33 .30

60 •30 •33 •29
90 •31 .34 .30

Significance ns ft ns

BLSD (0.05) .01

0

30
60

90

0

30

60

90

0

30

60
90

20

54

84

16 15
22 21

24 27
30 34

34 32

45 43
46 53
52 58

81 71
96 86

101 104

111 112

Wheatville

Wheat

TI&T
Wheat

1982 1985 1981 1982 1983~ 1984

.28

.26

.28

.28

15

16

60

-Plant Tissue P t

•30

.30

•32

•33

ns

•27
.29

•30
.32

ft*

.01

.16 .22 .27 •27

.18 .26 .32 •32

.18 .29 •32 .32

.20 •31 .34 .34

ns ft*

.04

**

-Olsen P Lb/A-

10

10

16

18

10

12

25

26

11

-Bray-1 1:10 P Lb/A-

10 9

13 12

22 27
28 38

15

•Bray-1 1:50 P Lb/A-

54 45
54 48
72 84
70 82

21

6

13
15

23

5

9
12

15

6

10

11

16

10 7 8

18 12 10

23 17 13

33 19 19

12 38 30

23 34 34
25 42 40

33 48 55

Dahl Farm

Wheat Barley
1982 1983

Bar1ey
1984

.27

.28

.29

.29

17

23

57

.27

•31
•33
.36

*

.06

.20

.23

.24

•23

**

.03

14 12

15 16

19 21

21 34

12 8

16 15
22 18

22 26

45 62

46 70
64 86

66 102

— 1982 Crookston and Dahl trials were sampled in spring of 1982 prior to treatment, Morris trial was sampled in fall 1981

1983 Crookston and Morris trials were sampled in fall of 1982, Dahl trial was sampled in spring of 1983. All 1984 trials
were sampled in fall of 1983-

All soil test results are means of four replications.

2/
— Plant and soil samples of Morris trial were collected from no starter plots.

-J

o



Table 5. Plant nutrient concentration of wheat and barley at the boot stage, 1984.

Treatment

Broadcast
Plant Nutrient

P 0
r2u5 K Ca Mg Fe Mn Zn Cu B

Lb/A —% ppm

Crookston Exp. Stn.,, Hegne, Wheat - whole plant .at boot stage

0

30

60
90

3.31
3-12
3.16
3.15

.33

.30

•31
.29

•25
.26
.24

.22

93
108
84

88

51

51
51

49

23
21

19
18

4

3

3
3

4

3
3

3

Significance
BLSD (0.05)

ft*

4

Crookston Exp. Stn,., Wheatv ille, Wheat - iit+iole plant at boot stage

5

5
6

4

0

30

60

90

3.63
3.62

3-39
3-37

•33
•34
.35
.34

.26

.28

.30

.26

100

89
171
147

59
61

63
58

31

27
29
27

4

4

4

4

Significance
BLSD (0.05)

*

3

Morris Exp. Stn., 1)oland, Wheat - whole plant at boot stage

0

30

60
90

3-49
3.51
3-54
3.53

.32

•37

.39

.40

.24

.26

.26

.26

85
97

89
86

42

43
42

40

25
20

19
18

4

4

3

3

4

4

4

4

Significance
BLSD (0.05)

ft*

2

Dahl Farm,, Vallers , Barley - whol e plant at boot stage

0

30
60
90

2.19
2.03
1.97
1.71

.45

.45
•38
.44

•25
.22

.25

.23

48

28
28
26

41

41

30
34

15

13
12

10

3
2

2

2

4.1

3.5
3.4

3.3

Significance
BLSD (0.05)

ft*

15

ft*

3 1

**

.6

All indicated P rates were broadcast in 1982; the 30 lb rate was also applied in 1983 and 1984.
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MICRONUTRIENTS AND RELATIONSHIP TO MICRONUTRIENT SOIL TESTS. 1981 Through 1984.

W. E. Fenster and G. W. Rehm

Even though micronutrients for agriculture have been in use for a long time, little or no research
has been done to relate soil tests of these elements to their response in the field. Sulfur and
magnesium, even though not micronutrients, were also included as a variable.

The micronutrient study was initiated on corn in 1981. Three of the original 6 locations were
discontinued for various reasons in 1982 and the three that were continued were planted to soybeans,
in 1983 one of these was planted to snap beans,the other two were in corn. In 1984 the Goodhue
plot was discontinued. Corn was grown at Dakota Co. site and soybeans at the Martin Co. plot.

The "missing element" technique was used whereby a series of plots each having one of the nutrients
omitted were compared to a treatment with all elements included. This design prevented other
nutrients from being limiting factors if there was possible interaction. Only one rate of each
element was used. Since most of the added nutrients were in the sulfate form the sulfur comparisons
were established by themselves on an adjacent area. A boron trial, in addition to being included in
the main experiment, was established on an adjacent area in order to have four levels of boron
compared. Nitrogen, phosphorus and potassium were applied at or above adequate amounts. All plots
were replicated four times.

Yields and Plant Analysis

Tables 1 through 5 show the 1981, 1982, I983 and 1984 results. No significant yield increases were
obtained but it is apparent that nutrient content in the leaves for some elements are increased by
treatments (Tables 1 and 3). Iron, manganese and copper analysis did not show increases from
treatment but were usually in the high category.

Soil Testing

There has been fine cooperation of private laboratories in testing soils from these plots. The
Harris Laboratory at Lincoln, Nebraska, the A & L Laboratories at Omaha, Nebraska and Minnesota
Valley Testing at New Ulm, Minnesota, have run soil analysis from all plots which will in final
summary contribute a large volume of useful data.

Soil tests taken in the fall of I983 show relationships to treatment for magnesium, zinc, copper and
at high rates for boron. No effect from treatment was observed by sulfur, iron and manganese tests.
The one pound boron treatment that was included in a factorial with the other nutrients only on
occasion showed some sensitivity to this treatment but the treatments up to four pounds of boron
show the positive effect (tables 5a and 5b). These tables also show the downward boron movement
to the 2 foot depth during these 4 years. Generally the 4 labs show similar relationships between
soil test and treatment.

The recommended treatments by the various labs are reduced or omitted compared to check plots.
This indicates that the lab tests are sensitive to treatment and reflected in recommendations
accordingly.
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Table 1. Corn, soybean and snap bean yields, plant boron, and soil test boron from four levels of boron applications. 1981,
1982, 1983 and 1984.

Kingston Farm - Dakota Co. - irrigated
loamy sand

Yield -!/
lbs B/A Bu/A lb/A Bu/A

ppm B —
leaf

1981 1982 1983
Corn Soybeans Snap beans

1984 1981 1982 1983 1984
Corn Corn Soybeans Snap beans Corn

0 155 36
1 159 34

2 ./ 147 32

42/ 160 27

significance ns **

BLSD (.05) 4

C.V. 5-0 82

12,440
13,855
12,472
13,728

ns

33

159 7 43
169 8 52
162 12 67
165 18 112

ns A*

3-5
6.2 21.9

— Average of 4 replications, where statistics are shown.

— Four lb. rate not applied I983 or 1984.

•2/ See table 5-

21

48

72

60

9
10

13
8I'

Soil test - ppm
hot H„Q

3)1981 1982 1983 1984

0.25 0.2 0.2

0.3 0.3

0.5 0.8

0.9 1.4
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Table 2. Yields-!- in three counties comparing complete treatments of micronutrients plus Magnesium
to plots using missing element techniques. 1981, 1982, 1983-

Treatment — Martin,-! Dakota
3/

5/omitted (-) Yield z> Yield

added (+) 1981 1982 1983 1984 1981 1982 1983 1984

None 179 56 143 48 156 33 12,185 167
-Mg 181 51 144 46 160 35 14,814 158
-Zn 181 52 145 46 159 33 16,044 155
-Fe 182 53 148 48 151 34 15,036 161

-Mn 180 54 148 49 159 34 12,814 163
-B 178 52 148 46 152 34 14,596 167
-Cu 178 52 146 47 157 33 16,676 158
+ complete 184 54 141 49 156 33 16,246 164

includes S

Significance ns ns ns ns ns ns ns ns

C.V. 4.9 5.0 6.7 7-3 5.6 7.8 27-2 7.1

— average of 4 replications.

2/
— pounds per acre of nutrient added Mg=50, Zn=10, Fe=l0, Mn°l0, B=l, Cu=5 In 1981 and 1982,

residual only in I983, 1984.

•»/
— soils are irrigated sandy loam at Dakota Co., clay loam, non-Irrigated in Martin Co.

-l Martin Co., corn 1981, 1983; soybeans 1982, 1984*
Dakota Co. corn 1981, 1984; soybeans 1982; snap beans I983-
Snap beans yields in pounds per acre.

Table 3> Plant analysis — from micronutrient and magnesium treatments in trials at three
counties. 1981, 1982, I983.

2/
Treatment —

omitted (-)
added (+)

Mg (%)
Zn ppm
Fe ppm
Mn ppm
B ppm
Cu ppm

Martin ^ Dakota $

-(-) (+) (-) (+)
81 82 83 84 81 82 83 84 81 82 83 84 81 82 83 84

.58 .48 .45 .47 .58 .42 .53 .48 .27 .43 .52 .37 .27 .49 .50 .36
21 42 14 38 24 48 20 44 29 45 25 20 34 47 27 25

97 131 99 111 120 84 94 105 117 92 94 98
61 97 57 58 76 63 54 76 77 58 60 63
5 50 7 48 5 39 24 6 9 54 40 8
3 11 3 10 10 10 8 8 10 10 8 9

93 113 100 116
56 61 46 87
5 50 8 46
3 10 3 9

— average of 2 replications from leaf opposite and below ear at silking time.

2/
— symbol + is from treatment of all nutrients. Pounds of nutrients added Mg=50, Zn=l0, Mn=l0,

B=l, Cu=5, in 1981 and I982. Residual in I983.

— irrigated sandy loam at Dakota Co. site, clay loam non-irrigated site in Martin Co.

— Martin Co. corn I98I, I983; soybeans 1982, 1984.
Dakota Co. corn 1981, 1984; soybeans 1982; snap beans 1983.
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Table 4. Yields, — plant sulfur and soil test sulfur with and without sulfur treatments in two
counties. 1981, 1982, 1983, and 1984.

Sulfur

Treatment YI eld Leaf test

U of

Soil

M

Test

(bu/A) (* S) (PPM S)

1981 1982 1983 1984 1981 1982 1983

Martin Co.

1984 1981 1982 1983 1984

None

50#/A
Significance

183
180
ns

54
53
ns

144

152
ns

47
48
ns

•23

.29

.31 .20

.31 .22

2/
Dakota -

.30

•32

16 1 6

5

12

11

None

50#/A
Significance

151
154
ns

33
34
ns

15966
14493

ns

155
143
*

.24

.25

.28 .21

.30 .21
.21

.21

6 1

2

6

6

10

10

— average of 4 replications, corn at both sites 1981, soybeans in 1982, corn in 1983 in Martin
Co. and snap beans in Dakota Co.

2/— irrigated sandy loam soil in Dakota Co., clay loam in Martin Co. (non irrigated).

Table 5a. Boron soil tests In one foot increments to 5 feet of depth. Kingston farm, Dakota
Co. y Fall 1983-

Boron treatment, lb B/A
0 12 4

Depth, feet

0 - 1

1 - 2

2 - 3

3 " 4
4 - 5

.3 .6 .8 •9

.2 •3 .4 .6

.1 .1 .2 .2

.1 .1 .1 .1

.1 .1 .1 .1

Table 5b. Boron soil test on Jokela farm. Goodhue Co., Fall 1983*

Depth, feet

0 - 1

1 - 2

2 - 3

3 - 4
4 - 5

Boron treatment, lb/A
0 1 2 4

ppm

.6 1.1 1.2 1.7

.4 .4 .4 .6

•3 .2 .3 .4

.2 •3 •3 •3

.2 .2 .1 .2

— irrigated sandy loam, Kingston farm; silt loam soil, Jokela farm.

— The 4 pounds rate was not applied In 1983 or 1984.

—All B tests are averages of 2 reps.
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Table 6a. Soil test means for micronutrients. University of Minnesota Lab. 1981, 1982, 1983 and
1984.

Martin Dakota

Treatment — .-- tr\pm except Mg which is lbs,fr\) —

omitted (-) -(-)— -(+)— -(-)— -(+)—
added (+) 1981 1982 1983 1984 1982 1983 1984 1981 1982 1983 1984 1982 1983 1984

Mg 881 990 1124 632 970 1096 1134 312 295 317 444 364 435 577
Zn 1.0 1.2 2.2 1.2 2.3 5.4 6.8 1.0 1.4 1.4 1.6 4.2 6.2 4.5
Fe 21 42 25 26 26 24 30 41 78 56 52 80 48 43
Mn 41 40 22 25 40 17 18 21 19 10 12 18 8 10

B 1.20 2.1 2.2 2.0 1.8 2.4 1.7 .25 2.2 0.4 0.8 2.4 0.9 0.8

Cu 1.28 1.8 1.7 1.8 2.5 3.0 3-7 0.48 0.6 0.9 0.5 3.1 3.4 2.1

— 1981 soil test results before treatment applied, 1982 from treatment plots in 1981 and 1983
from treatment plots in I98I and 1982, 1984 from plots treated I98I, 1982 and I983.

Table 6b. Soil test means for micronutrients. Minnesota Valley soil test lab. I983 and 1984.

Martin Co.

Treatment

omitted (-)
added (+)

Mg
Zn

Fe

Mn

B

Cu

.

1983 1984

1325 1350
2.1 2.0

8 18

2 10

3 3
0.4 1.9

(+)
1983 1984

1200 1675
4.0 6.7

8 12
2 8

4 3
0.4 3.6

Dakota Co.

(-)
1983 1984

400 500
1.8 2.2

8 12

2 10

1.4 0.5
0.4 1.5

(•0—
1983 1984

525 625
4.0 4.8

8 12

2 10

2.4 0.8

0.4 2.5

Table 6c. Soil test means for micronutrients. Harris Lab. 1983 and 1984

Treatment

omitted (-)
added (+)

Mg
Zn

Fe

Mn

B

Cu

Martin Co.

—(-)—
1983 1984

629 585
2.0 1.2

22 21

14 15
1.9 1.5
1.5 1.3

-(+)—
1983 1984

567 567
4.7 6.6

20 26
12 13

2.0 1.6
2.6 3.0

(ppm)

Dakota Co.

(-)
1983 1984

143 164

1.4 1.5
43 41

9 14

0.5 0.8

0.8 0.6

(•0—
1983 1984

227 206

5.8 4.8
36 35

7 11

0.7 0.8

3-3 2.2
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Table 6d. Soil test means for micronutrients. A & L lab. Fall 1983 and 1984.

Treatment

omitted (-)
added (+)

Mg
Zn

Fe

Mn

B

Cu

Martin Co.

1983 1984

549 592

1.7 1.2

19 23

15 13
2.8 1.5
1.4 1.4

(+)
1983 1984

525 582
4.7 6.7
19 27
11 12

3.0 1.4
2.4 3.0

(ppm)

Dakota Co.

—(-)— (+)
1983 1984 1983 1984

171 193 223 212
1.8 1.8 5-2 5.2
46 46 49 46
10 13 7 12

0.9 0.8 0.8 0.8

1.5 0.8 2.9 2.2
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CONCENTRATIONS OF P AND K IN THE RIDGE IN

SELCTED RIDGE-TILL PLANTING SYSTEMS

George Rehm, Floyd Bell in, Jack Morris and Dave Hanson

Ridge-till planting systems for corn and soybean production have increased substantially in
recent years. There is ample evidence that traditional management practices must be changed to
match this conservation tillage production system. Many questions arise about soil sampling
procedures needed for growers who use the ridge-till planting system. Before this question can be
answered, it's important to know something about the concentration of plant nutrients in the ridge.
Therefore, the purpose of the study was to monitor the concentration of P and K in the ridge in
situations where ridge-till practices had been used for several years under widely different
conditions in Minnesota.

Experimental Procedures

Ridge-till fields in 3 counties (Martin, Pope, and Dodge) were sampled in 1984. The sampling
procedure varied with county.

Two fields were sampled in Martin County. One field was in corn in 1984 following a soybean
crop in 1983. The second field was soybeans in 1984 following the 1983 corn crop. Row spacing was
30 Inches in both fields. Soil cores were taken at 4, 8, and 15 inches from the row. These cores
were sectioned into 0-3 and 3-6 inch increments.

These ridges were sampled at 4 times during the growing seson (early May, late May, late July,
and late October). Samples were analyzed for pH, P, and K.

In Pope and Dodge Counties, soil cores were taken in the row, then at 3, 6, 9, 12, and 15
inches from the row. These cores were divided into 0-3, 3-6, 6-9, and 9-12 increments. Six cores
were composited to form one sample. These samples were also analyzed for pH, P, and K by standard
soil testing procedures.

Results and Discussion

The results from Martin County are summarized in Tables 1, 2, and 3. In general, the pH values
were lower for the early May sampling date and increased during the growing season. There was no
distinct change in pH with depths that were sampled.

Soil test values for P were quite variable—especially for the field that was in corn in 1984
(Table 2). Because of this variability it is difficult to make conclusions from the data taken
from the field planted to corn in 1984. Except for the early May sampling, the P concentration in
the soybean field was relatively uniform with respect to distance from the row and the depth
sampled to 6 inches.

The potassium concentration was also quite variable with time of sampling and with depth.
Therefore, no definite conclusions can be made from this data at the present time.

Results of the analysis of soil samples collected from the ridge-till field in Pope County are
summarized in Table 4. The pH of the field was higher than 7.5. Therefore, both the Bray and
Kurtz #1 and the Olsen procedures were used for P analysis.

As would be expected, the P concentration decreased with an increase in depth of sampling.
This was true for cores taken at all distances from the row. Except for the 9-12 inch segment, the
P concentration was fairly uniform up to 9 inches from the center of the ridge. The same general
statements can be made for the concentration of K in the ridge.

This Pope County field had been in a ridge-till system for approximately 5 years. The grower
routinely used a 9-18-9 liquid fertilizer applied at relatively low rates. Consequently, there
were no small zones having high concentrations of P and K in the ridge.
Please refer to title page of this publication for information regarding application and use of
this article.
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The Dodge County field had been in a ridge-till system for 14 years. The standard fertilizer
program consisted of a broadcast application of K with annual use of 10-34-0 applied with the seed
at planting. The pH at this site was less than 7.0.

Using the Bray and Kurtz #1 P test values as a measure of P concentration 1n the center of the
ridge was relatively high to a depth of 9 Inches. This reflects the repeated use of 10-34-0 with
the seed. The P concentration in the 9-12 Inch segment was relatively uniform with distance from
the center of the ridge.

Considering the other segments sampled, the P concentration was relatively uniform at 3, 6, 9,
and 12 inches from the center of the ridge. In general, the P concentration at any depth was lower
at 15 inches from the center of the ridge. The concentration of K was somewhat variable, but, 1n
general, followed the same pattern as the P concentration.

The data generated from this study are, by no means, conclusive. They do Indicate, however,
that the concentration of P and K in the ridge where ridge-till planting systems have been used is
relatively constant to a depth of 6 inches and at a distance of 8 to 9 Inches from the center of
the ridge. So, a preliminary suggestion for sampling a ridge-till system would be to take the
sample to a depth of 6 inches at a distance of 6 to 8 inches from the center of the ridge. This
sampling technique would avoid fertilizer bands created by repeated application of starter
fertilizer.

Table 1. The pH in the ridge of 2 fields in Martin County. 1984.

Distance from
ridge center

1984 Crop

Corn Soybeans

Sample
depth

Early
May

Late Late
May July

Late
October

Early
May

Late Late

May July
Late

October

in. in.

0-3 4 7.3 7.5 8.0 7.5 7.6 7.8

3-6 4 7.4 7.6 8.0 7.5 7.6 7.9

0-3 8 7.4 7.6 7.5 7.5 7.6 7.9

3-6 8 7.4 7.5 7.8 7.6 7.7 7.9

0-3 15 7.5 7.6 7.9 7.6 7.7 7.9

3-6 15 7.5 7.6 7.8 7.6 7.7 7.9
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Table 2. Soil test P in the ridge of 2 fields In Martin County. 1984.

Distance from

ridge center

1984 Crop

Corn Soybeans

Sample
depth

Early
May

Late

May
Late

July
Late

October
Early
May

Late Late

May July
Late

October

In. in. lb. P/acre (Olsen \) —-—--«

0-3 4 32 41 44 64 29 14 16 12

3-6 4 25 45 33 56 14 14 14 10

0-3 8 32 47 39 82 20 22 14 15

3-6 8 21 32 35 53 8 20 13 17

0-3 15 19 46 36 66 37 27 17 17

3-6 15 17 40 35 71 14 25 18 13

Table 3. Soil test K in the ridge of 2 fields in Martin County. 1984.

Distance from

ridge center

1984 Crop

Corn Soybeans

Sample
depth

Early
May

Late

May
Late

July
Late

October

Early
May

Late

May
Late

July
Late

October

In. In. -_-_ Ik 1K/acre -

0-3 4 640 650 430 560 550 280 180 240

3-6 4 550 610 360 460 250 200 140 210

0-3 8 580 700 390 430 270 260 200 300

3-6 8 490 650 310 510 240 240 140 240

0-3 15 410 680 400 530 550 470 160 270

3-6 15 560 610 340 420 300 310 230 220



c
n

e.,—
0

1
•«-»

a
.

c
o

to
O

.

Q
.

C•
»

»

01
O

N
ID

•o
&

.
"T

—
•
a

s
_

0
*

>
»

(0c
1

0
•
f—

t
-

0
1

•m
>O

l
•o

V
I

cC
D

t
,

o
a

.
<

<
-

i
-
T

3
o

0
1

t«
-

to3
1

0

c
u

C
3

0
1

r
—

O
l

to
J
O

>
m

*
>

to
in

j
c

d>
.

+
>

E
>

>
O

l
*

>
,
^

+
J

C
•
f
V

t
n

3

o
>

i
O

e
n

in
o

J
O•
a

3OC
CEoi
.

c
u

uc1
0

a
.

a
t

o

C
M

r
—

tO
•*

I
O

C
O

C
J

,—

0
0

O
N

0
0

C
O

tO
C

O
•
*

i—

>
»

C
O

uC
O

i—
\r

>
r
«

.
i
n

*
C

M

c
u

uuID

a
.

r
o

o
n

t
o

C
O

t
o

C
M

i
-
c
o

i
o

i
n

N
I
C

U
)
N

U
N

t
O

t
O

r
-

M
O

I
O

N

c
o

C
M

l
o

o
t
r
-

O
r
o

tO
O

N

3Oo
r

Eo0
1

u

WO
Na
.

o
i

o

t
o

t
-

t
o

o
C

M
f—

t—
t—

L
O

t
o

0
0

*
C

M
t—

r
-

l—

C
D

in

t—
e
n

e
n

o
i

O
C

O
C

M
C

M
i

O
l

o1
0

P
>

O
N

O
N

tO
C

O
C

M
C

M
>

—

O
^
-

f
-

O
l

C
O

C
M

C
M

i—

p
.
f
4

-
o

m
C

O
C

M
C

M
t—C

M
C

O
I
O

O
N

f—

I
I

I
I

O
C

O
tO

O
N

Xoa
ceoo>oc(
0

4
*in

mc
oQ

.
0

1

O
U

I
I
A

I
A

tO
C

O
C

O
p

~
C

O
«

—
C

M
r
-

O
O

O
O

O
N

C
O

O
C

O
C

O
,—

C
O

.—

O
U

>
O

O
o>

<
t
i
n

e
o

p
«

i
-

*
C

M
C

M
w

—
u<

0

j
o

o
o

i
n

t
o

r
—

p
»

C
t
l
t
>

.
N

T
l-

C
M

C
M

f—

i
n

o
i
n

i
n

i
f
l
u

i
m

r
.

*
C

M
C

M
,—

i
n

i
n

o
o

O
N

O
r
-

tOC
M

C
O

tO
O

N
t—

I
I

I
I

O
C

O
t
o

O
N



182

Table 5. Soil test values for P and K in a ridge where ridge
planting system has been used for several years in
Dodge County.

th

Distance From Row (in.,)

Dep 0 3 6 9 12 15

in • acre (Bray)

0 - 3 213 164 180 147 155 180

3 - 6 162 87 73 90 90 75

6 - 9 117 107 74 91 80 55

9 - 12 48 47 37 36 40 26

th

Distance From Row (in. )

Dep 0 3 6 9 12 15

in .
— 1h D/aere (Olsen)

0 - 3 84 53 54 52 53 40
3 - 6 50 32 32 27 24 24

6 - 9 31 29 21 23 21 17
9 - 12 17 14 15 13 11 11

th

Distance From Row (in. )

Dep 0 3 6 9 12 15

.

•
—— IKin

0 - 3 605 585 545 570 530 570

3 - 6 250 265 240 290 255 250
6 - 9 305 185 250 265 285 275
9 - 12 185 165 160 160 190 195
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EVALUATION OF FOLIAR FERTILIZERS FOR STRAWBERRY PRODUCTION

C. J. Rosen, E. E. Hoover, J. J. Luby and H. J. Buchite

The objectives of this experiment were to: I) determine the influence of various rates and timings
of foliar fertilizers (16-4-4, 9-18-9) on strawberry production; 2) increase the data base for
strawberry leaf tissue analysis; and 3) determine nutrient removal by the strawberry crop.

Procedure:

Treatments were applied to a second year (first fruiting season) planting of 'Earliglow' straw
berries on a Gotham loamy sand soil. A randomized complete block design was used with 5 repli
cations. The planting system was a matted row with 4 feet between row centers. Each plot consisted
of one 20 foot row. The treatments included:

1) control (soil applied previous season, U of M recommendations)
2) 1 gal/A 16-4-4 applied during flowering
3) 1 gal/A 16-4-4 applied during fruit maturation
4) 1 gal/A 16-4-4 split applied during flowering and fruit maturation
5) 2 gal/A 16-4-4 split applied during flowering and fruit maturation
6) 2 gal/A 16-4-4 soil applied during flowering and fruit maturation
7) 2 gal/A 9-18-9 split applied during flowering and fruit maturation
6) 4 gal/A 9-18-9 split applied during flowering and fruit maturation.

Treatments were applied 24 May 1984 and 8 June 1984. Except for treatment 6 which was soil applied,
all others were applied with a CO? sprayer fitted with a fan type nozzle. The fertilizers were
applied with 12 gal water/A at 40 psi. All treatments included WEX, a surfactant at the rate of 3
ml/gal.

Yield measurements were recorded for all treatments on the following harvest dates: 18, 21, 27 June
and 7 July 1984. On 21 June, the most recently mature leaves were sampled for subsequent elemental
analyses.

More detailed measurements were made for treatments 1, 5 and 8. A subsample of fruit was taken from
these treatments to determine moisture content and number of berries per pound. Total N concentra
tions in lyophilized fruit tissue were determined conductimetrically and other elements were deter
mined by ICP spectroscopy.

Results:

Neither of the foliar fertilizers, at the rates and timing used, significantly increased strawberry
yields (Table 1). There was a significant decrease in yield when 2 gal/A 9-18-9 was split applied
during flowering and fruit maturation. The reason for this yield decrease is not known. At higher
rates of 9-18-9 (4 gal/A) applied at the same times, no yield de-crease was observed.

Elemental concentrations in leaves sampled on 21 June are presented in Table 2. Foliar fertilizers
had no significant effect on leaf nutrient levels. It is possible that rates applied were too low
to bring about a significant increase. Leaf burn was not observed from any of the treatments.

When the higher rates of 16-4-4 and 9-18-9 were compared with the control at the individual harvest
dates, no significant differences in yield and number of berries per pound were observed (Tables 3
and 4).

Total nutrient removal by the strawberry crop is presented in Table 5. No differences due to foliar
fertilizers were detected. In all cases, strawberry fruit appeared to remove relatively large
amounts of potassium.
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Table 1. Total yield of 'Earliglow' strawberries as influenced by foliar
fertilizer (total from four harvest dates).

Yield

Treatment (T/A)

Control 8.07

1 gal/A 16-4-4 (fl)* 8.41
1 gal/A 16-4-4 (fr)2 8.76
1 gal/A 16-4-4 (fl + fr) 8.19
2 gal/A 16-4-4 (fl + fr) 7.97
2 gal/A 16-4-4 (soil) 8.60
2 gal/A 9-18-9 (fl + fr) 6.20
4 gal/A 9-18-9 (fl + fr) 8.36

Significance **
BLSD (0.05) 1.34
CV (%) 11.6

•fl = applied during peak flowering
zfr =• applied during fruit maturation

Table 2. Elemental concentrations in strawberry leaves (leaflets and petiole)
sampled at peak harvest.

Treatment N P K Ca Mg Fe Mn Zn Cu

1.03 0.29 58 576

ppm

171.64 0.27 2.25 4 41

1.70 0.28 2.36 0.95 0.29 52 625 18 4 39

1.69 0.28 2.24 0.96 0.29 58 548 19 5 37

1.66 0.28 2.28 0.96 0.29 53 639 19 5 40

1.75 0.29 2.37 0.95 0.29 56 641 19 5 38

1.67 0.28 2.23 1.07 0.30 59 486 19 5 43

1.65 0.30 2.43 0.88 0.29 55 631 20 5 37

1.65 0.29 2.34 0.99 0.29 57 524 20 5 41

NS NS NS NS NS NS NS NS NS NS

7.1 8.3 8.1 9.9 7.7 7.9 19.4 10.5 10.4 14.6

Control

1 gal/A 16-4-4 (fl)}
1 gal/A 16-4-4 (fr)2
1 gal/A 16-4-4 (fl + fr)
2 gal/A 16-4-4 (fl + fr)
2 gal/A 16-4-4 (soil)
2 gal/A 9-18-9 (fl + fr)
4 gal/A 9-18-9 (fl + fr)

Significance
CV (Z)

:fl a applied during peak flowering
2fr " applied during fruit maturation
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Table 3. Strawberry yield at each harvest as influenced by 2 gal/A 16-4-4
and 4 gal/A 9-18-9.

6/18
Treatment

Control 1.38

2 gal/A 16-4-4 1.47
4 gal/A 9-18-9 0.85

Significance
CV (S)

NS

31.9

Harvest Date

6727 7/36/21

1.77

1.92

2.01

NS

19.9

T/A

3.51

3.42

3.85

NS

17.4

1.41

1.16

1.65

NS

33.4

Table 4. Number of berries per pound at each harvest date as influenced by
2 gal/A 16-4-4 and 4 gal/A 9-18-9.

Treatment

6/18

Harvest

6/21

Date

6/27
} /lb

7/3

Control

2 gal/A 16-4-4
4 gal/A 9-18-9

20.8

22.9

20.2

28.2

30.4

29.7

41.6

47.4

43.2

81.8

86.6

73.8

Significance
CV (%)

NS

14.4

NS

12.7

NS

18.6

NS

16.3

Table 5. Total nutrient removal by strawberry fruits as influenced by
2 gal/A 16-4-4 and 4 gal/A 9-18-9 (total from four harvest dates)1.

Treatment N P K Ca Mg Fe Mn Zn Cu B

— lb/A - oz/A -

Control

2 gal/A 16-4-4
4 gal/A 9-18-9

13.9

13.9

14.3

4.2

4.0

4.3

35.3

33.8

35.6

4.3

4.1

4.5

3.0

2.8

3.1

1.17

1.14

1.19

4.42

4.71

4.67

0.34

0.33

0.35

0.15

0.10

0.14

0.39

0.39

0.41

Significance
CV (%)

NS

12.0

NS

11.6

NS

11.2

NS

16.1

NS

15.1

NS

20.8

NS

27.3

NS

27.3

NS

31.9

NS

12.2

Wield for each treatment provided in Table 1.
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FIELD TRIALS WITH "BASIC-H" 1983 and 1984

W. E. Fenster and G. W. Rehm

The effects of the wetting agent "Basic-H" were studied at several experimental farms and by
growing various crops. This product is not marketed as a plant food but meant to Improve water
penetration and thus better water use efficiency.

Plots were established on fine textured, clay loam soils of high organic matter at Waseca, and
Lamberton. The trials at the Morris station were on silt loam soils. The experiments conducted
at Crookston were on high organic matter soils, the 1983 trial on a fine sandy loam, the
1984 trial on a loam soil. The trials at Becker were on very well drained loamy sands with
low organic matter and were conducted under irrigation.

Under conditions of 1983 and 1984 no significant benefits were obtained by the use of the wetting
agent except from one treatment on wheat at the Morris station.

Trials at the Waseca and Lamberton stations were conducted by G. W. Randall, W. W. Nelson
respectively. The following tables present 1983 and 1984 results.

Table 1. Effects of Basic-H on corn yields, moisture at harvest and plant population at Waseca
and Lamberton experiment stations 1983 and 1984.

Yield

(Bu/A)
Moist

(S)
Pop.

(x 1000)

Waseca

1983 1984

Lamberton

1983 1984

Waseca

1983 1984
Lamberton

1983 1964
Waseca

1983 1984

Control 56 68 62 94 21.6 21.5 23.2 31.5 27.1 26.6

Fertilizer (U of M
recommendation)*

121 141 85 115 20.5 19.5 21.7 30.0 27.0 27.8

Fertilizer + Basic-H
(1 gal./A)

111 141 87 116 20.4 19.3 22.1 31.5 27.6 28.2

Fertilizer + Basic-H

(2 gal./A)
117 145 87 121 20.6 20.3 21.4 31.3 26.3 29.2

Basic-H only
(1 gal./A)

53 58 54 95 21.8 22.6 23.1 31.8 26.8 26.1

Significance ** ** ** ** *• *>v ns ns ns ns

BLSD (.05) 10 8 14 7 .6 2.5 ~ —
—

C.V. 7.6 5.0 9.0 4.5 .8 7.3 4.2 2.9 4.9 6.8

*Ferti1i zer recommended N P2°5
50

KgO

150Waseca lbs/A 175 170

Lamberton lbs/A 150 150 60 60 60 60

*This research partially funded by the Shaklee Corporation.

Please refer to title page of this publication for information regarding application and use of
this article.
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In Table lb results at Waseca of another wetting agent "Amway Spray Adjuvant" are shown.

Table lb. Effects of Amway Spray Adjuvant on corn yield, moisture at harvest and plant population,
Waseca, MN 1983 and 1984.

Control1)

Fertilizer (U of M
recommendation)*

Fertilizer + Amway
(1 gal./A)

Fertilizer + Amway
(2 gal./A)

Amway only
(1 gal./A)

Significance ** ** ** ** ns ns

BLSD (.05) 8.4 10 .8 2.6

C.V. 6.6 6.6 1.1 7.7 4.3 7.5

♦Fertilizer recommended N PpQs KqO

lbs./A 175 170 50 0 150 0

Yield
(Bu/A)

Moist

tt)
Populat

(X 10G

1983

ion

10)

1983 1984 1983 1984 1984

56 68 21.6 21.5 27.1 26.6

121 141 20.5 19.5 27.0 27.8

115 142 20.4 18.7 27.2 28.7

114 140 20.4 19.3 27.6 28.4

50 71 21.8 22.2 26.6 26.5

^Soil test 1984, pH=6.8, P=30, K-345

Results from trials with "Basic-H" at the Morris station on wheat conducted by S. D. Evans and
W. E. Fenster are shown in Table 2.
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Table 2. Effects of Basic-H on wheat yields and moisture at harvest time. Morris, MN 1983 and
1984.

Control
1)

Fertilizer (U of M
recommendation)*

Fertilizer + Basic-H
(1 gal./A)

Fertilizer + Basic-H
(2 gal./A)

Basic-H only
(1 gal./A)

Significance

BLSD (0.5)

C.V.

*Ferti1i zer recommended

lbs/A

1)
Soil test 1984, pH=7.2, P=46, K=278

Yield

(Bu/A)

1983 1984

41 84

55 75

59 80

56 81

46 80

4.5

6.1

50

ns

6.6

80

-2-5

0 0

Moist

(Z)

1983 1984

13.2 12.2

12.2 12.6

13.8 12.6

13.9 12.6

13.0 12.3

ns ns

2.8 1.6

_K2p_

30



189

Table 3* Effects of Basic-H on sunflower yield, annual oil content. Crookston, MN. 1983 and 1984.

Seed

Yield

(lbs/A)

1983 1984

964 1743

1180 1825

1192 1949

1169 1873

996 1795

ns ns

11.4 8.9

N -P2°5-

Control

Fertilizer (U of M recommendation)

Fertilizer + Basic-H

(1 gal/A)

Fertilizer + Basic-H

(2 gal/A)

Basic-H only

(1 gal/A)

Significance

C. V.

$

Fertilizer Recommendation

lbs/A 90 18 50

1984 soil test - N0,-N=86, P=13, K=260, 0.M.+3.1*

46

Oil

%

1983 1984

37.5 42.6

38.0 42.5

37.4 42.5

37.1 42.7

37.8 42.9

ns ns

3.4 1.5

V
100
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Table 4. The effect of "Basic-H" on potato yield. Becker, MN. 1983 and 1984.

Yield

(Wt/A)

1983 1984

Control 334 330

Fertilizer A
(U of M recommendation)

460 478

Fertilizer + Basic-H

(1 gal/A)
446 *»53

Fertilizer + Basic-H

(2 gal/A)
424 445

Basic-H only
(1 gal/A)

318 340

Significance ft* *>v

B.L.S. D. (.05) 98 37

C. V. 11.0 6.3

FertiIzer Applied N

150 400

S

lbs/A - 1983 1501/ 15

lbs/A - 1984 21 Ol/ 100 300 15

1984 soil test - pH=6.5, P=65, K=223, Mg=325, S=4, Zn=.8

\J
1983 N is applied tn 3 different application times.

1984 N is applied in 4 different application times.
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Field trials with "Reward" 1984

G. W. Rehm, W. E. Fenster, Sam Evans and John Lamb

Experiments with "Reward" were established on sunflowers at Crookston and on wheat at Morris, 1984.
The product was used on plots where 75% of the recommended N was applied and compared to the 100%
N applicaton. The Reward was foliar applied at the growth stage according to label Instructions.
Soils in these trials were Wheatville loam at Crookston and Tera silt loam at Morris. Reward contains
no nutrients but is used on plants, soil or seeds to make more efficient use of nitrogen by the plant.
The management practices at Morris were as follows: Era wheat was seeded at 1-1/3 bushels per acre
on April 25. The fertilizer was broadcast and incorporated before planting. Harvest was in early
August.

The management practices at Crookston were: Interstate 894 was the sunflower variety. The seeding
rate was 21,550 seeds per acre. Planting was on May 30. The fertilizer was broadcast and
incorporated before planting. Leaf application of Reward was made on July 6. The Insecticide
Pydrin at 1/3 pint per acre was applied July 20 for control of sunflower beetle and again on
August 9 for control of the banded moth.

At Morris on wheat the 80 pounds of N per acre recommended was actually too high and caused
reduction in yield due to lodging. The 75% N rate or 60 pounds of N resulted in a significantly
higher wheat yield over the 80 pound rate. The addition of Reward at both 12 oz. and 24 oz. rate
to the 75% N rate had no significant effect on yield.

At Crookston the recommended N rate for sunflowers was only 18 pounds of N per acre along with 46
pounds of P205. The 758 N treatment was therefore reduced to zero N since the difference between
13-1/2 and T8 pounds of N wouldn't be very meaningful. The treatments used had no significance
on sunflower production at Crookston.

Results are shown in Table 1.

Table 1. The effects of "Reward" on sunflowers and wheat. 1984.

Crookston Morri s
Sunfl owers Wheat

Yield oil Yield H,0 test

Treatments lbs/A % Bu/A Wt. lbs/bu

1. Check 1743 42.6 84 12.2 59.0

2. U.M. recommended 1825 42.5 75 12.6 58.9

3. *75% U.M. N rec. 1787 42.9 84 12.1 60.0

+ 100% P and K

4. *75% U.M. N rec. 1905 43.4 81 124 59

+ 12 oz. Reward
5. *75% U.M. N rec. 1791 41.0 81 126 60

+ 24 oz. Reward

Significance ns ns ** ns ns

BLSD (.05) — — 5.2 — ~

C.V. 10.5 3.0 4.0 2.5 2.8

*U.M. recommendation as follows: Sunflowers N=18 lbs/A, P205=46, K20=0
No. 3 treatment = 0, 46, 0

Wheat N=80 lbs/A, P20c=0, K?o=30
No. 3 treatment = 60 MD/A, P,0,=0, K,0=30

2U5

Soil tests
Sunflowers

Wheat 7.2

P
77
46

K

278

NO

40

0.M%

3.5+

Please refer to title page of this publication for information regarding application and use of
this article.
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EFFECT OF SULFUR FERTILIZATION ON YIELD AND QUALITY OF ALFALFA

AND CORN IN MINNESOTA

George Rehm, Bill Fenster, Mike O'Leary and Greg Buzicky

The importance of S fertilizers for crop production on the sandy soils of Minnesota has been
recognized for a number of years. To date most of the research has focused on the effect of S
fertilizers on crop yield. Very little attention has been given to the effect of the use of
S on the quality of the crops produced. Therefore, this study was designed to evaluate the
effect of S additions to a fertilizer program on both yield and quality of corn and alfalfa on
widely different soils in Minnesota.

Experimental Procedure:

Alfalfa studies—Studies with alfalfa were conducted at 2 locations (Staples, Winona County).
Two sites were selected in Winona County. One site had no history of manure application in
recent years. The second site had been manured heavily.

Gypsum was broadcast to the established stand at all sites in early April at rates to supply
0, 25, 50, 75, and 100 lb. S/acre. Adequate K20 (supplied as 0-0-60) was also topdressed to
all plots at this time.

The soil at the Staples site was classified as a Hubbard sandy loam. This site was irrigated as
needed during the growing season. In Winona County, the soil was classified as a Fayette silt
loam. Relevant soil properties for these experimental sites are listed in Table 1.

The first cutting was taken in late May at the Winona County site with subsequent cuttings at
30-35 day intervals. A total of 4 cuttings were taken from the manured site while excessive weed
growth prevented a 4th cutting at the site which was not manured.

The first cutting at Staples was taken in early June with subsequent cuttings at 30-35 day
intervals. A total of 3 cuttings were taken.

Whole plant samples were collected from each plot for each cutting. These samples were dried,
ground and analyzed for S. In addition, forage quality was measured by using Near Infra Red (NIR)
procedures.

Corn studies—Trials with corn were conducted at two locations (Staples, Goodhue County). The
soil at the Irrigated Staples site was classified as a Hubbard sandy loam. The soil at the
Goodhue County site was classified as a Fayette silt loam. Appropriate soil properties for these
two sites are summarized in Table 2.

For corn, 4 rates of N (0, 75, 150, 225 lb./acre) and 4 rates of S (0, 10, 20, 40 lb./acre) were
combined in a complete factorial with 4 replications. Urea (46-0-0) was used as the N source
while granular gypsum was used to supply the S. All plots received a broadcast application of
200 lb. 0-0-60/acre. At Staples, one half the N was applied before planting while the remainder
was broadcast on the soil surface in early July. All fertilizer materials applied before
planting were incorporated with a disk before planting.

Corn was planted in late April at Staples and early May at the Goodhue County location.
Management practices appropriate for high yield production were used at both lcoations.

Samples of the leaves opposite and below the ear were collected from all plots at silking. These
samples were dried, ground and analyzed for both N and S by standard laboratory procedures.

Total dry matter production (ear included) was measured at physiological maturity. Grain yields
were recorded in October. Samples of chopped whole plant material taken at physiological maturity
were collected from each plot. These samples will be analyzed for S by routine procedures and
forage quality by NIR techniques.
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Table 1. Selected soil properties (0-6 in.) for the alfalfa experimental sites. 1984.

Site Description

Soil

property
Winona Co.

manured
Winona Co.
not-manured

Staples
irrigated

pH
p (Bray + Kurtz #1)
lb./acre

6.6

83

6.7

26

7.0

77

K (IN NH.C9H,0,)
lb./acrV J ' 316 139 152

S0,-S, ppm 8 7.5 5

organic, matter low low medium

soil texture silt loam silt loam sandy loam

Table 2. Selected soil properties (0-6 in.) for the corn experimental sites. 1984.

Location

Soil Property Goodhue County Staples

pH 6.6 7.1

P (Bray + Kurtz #1), lb./acre 56 91

K (IN NH4C2H302), lb./acre 231 178

SO.-S, ppm 9 4

organic matter 1.6 medium

soil texture silt loam sandy loam
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Results and Discussion: Alfalfa yields for the 3 sites are summarized in Table 3. The application
of fertilizer S had no effect on yield at both Winona County sites. Although yields at both sites
were lower than expected, there was no indication of any yield response due to the application of S.

The use of fertilizer S did increase yield of the 2nd and 3rd cuttings at the Staples location.
The first cutting yields at this location were quite variable due to an unknown factor which caused
the stunting of growth in some plots. This factor was not evident for the 2nd and 3rd cuttings.
The application of 25 lb. S/acre was adequate to produce optimum yields in 1984. This observation
is consistent with conclusions reached from other studies in the past.

At the time of this writing, plant samples collected from the Staples location had been analyzed
for S while plant samples collected from the Winona County location had not been analyzed for S.
As would be expected, the S concentration in the alfalfa tissue from Staples increased as rate of
applied S increased. Except for the 3rd cutting, this increase was linear (Table 4). These
results are consistent with conclusions reached from other studies in the past.

The effect of S fertilization on the quality of the forage produced was measured using NIR
procedures. Results of this analysis are summarized in Tables 5, 6, 7, and 8. Rate of applied S
had no significant effect on any of the forage quality parameters measured in 1984.

In 1984, corn grain yields at both locations were influenced by the application of both N and S
(Table 9). Grain yield increased with rate of applied N at both locations with highest yields
recorded from the use of 225 lb. N/acre. Grain yield was also significantly increased by the
application of fertilizer S. At Goodhue County, the use of 10 lb. S/acre was adequate for
maximum yield while 20 lb. S/acre was needed for maximum yield at the Staples site. It should be
pointed out that this is the first reported response to S applied to a non-sandy soil in Minnesota.

Total dry matter yield measured at physiological maturity also increased as rate of N increased to
150 lb./acre. Additional N produced no additional dry matter (Table 10). In contrast to grain
yield, application of fertilizer S had no significant effect on dry matter production measured at
physiological maturity. Except for the problem of variability in this data, there is no ready
explanation for this observation at this time.

There was no signfiicant NXS interaction for both grain and total dry matter yield at either
location.

The results of the analysis of the ear leaf samples collected from the Staples location are
summarized in Table 11. As would be expected the N concentration increased with rate of applied N
while the use of S had no significant effect on the concentration of N in the ear leaf tissue.

The S concentration in the ear leaf tissue was increased by the application of both N and S. The
concentration of S reached a maximum with the broadcast application of 20 lb. S|acre.

At the time of this writing, ear leaf samples collectedfrom the Goodhue County location had not
been analyzed for N and S. In addition, there have been no measurements made of the quality of
the samples collected at physiological maturity. The results of these analyses will be presented
in future reports.
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Table 3. Effect of rate of applied S on yield of alfalfa. 1984.

Cutti ng

S Applied 1 2 3 4 Total

ton dry matter/acre

Winona Co. (manure):

0 1.03 1.16 .90 .61 3.69

25 1.16 1.13 .97 .68 3.90
50 1.07 1.16 .85 .67 3.75

75 1.04 1.19 .92 .61 3.75

100 1.20 1.17 .84 .69 3.89

c.v.:% 7.2 11.5 14.9 11.1 6.4

Winona Co. (no manure):

0 1.84 1.41 .90 _._ 4.15

25 1.90 1.28 .82 — 3.99

50 1.81 1.43 .85 — 4.08

75 1.96 1.32 .89 — 4.18

100 1.84 1.30 .88 — 4.02

c.v.:% 5.4 11.7 8.8 5.3

Staples:

0 .92 1.36 .75 — 3.03

25 1.08 1.57 1.00 — 3.65

50 1.01 1.53 .94 — 3.48

75 1.04 1.52 1.01 — 3.57

100 1.06 1.47 .94 — 3.47

c.v.:% 8.3 13.5 8.8 8.2

Table 4. The effect of rate of applied S on the S concentration in
alfalfa plants. Staples. 1984.

Cutti ng

S Applied 1 2 3

lb./acre

0 .227 .182 .193

25 .279 .268 .260

50 .310 .300 .287

75 .316 .308 .305

100 .328 .327 .297

cv: % 7.7 6.8 7.9

BLSD (.05) .03 .03 .03
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Table 9. The effect of rate of applied N and S on grain yield of corn. 1984.

s
Applied

N Applied (lb./acre)

0 75 150 225 Ave.

Goodhue Co.:

0
10

20
40

Ave.

102.7
122.8
120.8

126.7
TTO

162.1
171.4
181.2

174.2
T72T7

163.8
185.1
174.8
186.2
T7775*

190.0
187.4
184.3

188.4
187.5

154.7
168.9
165.3
168.9

Staples:

0

10

20

40

BLSD (.05) for N = 6.7

Ave.

63.3
78.6
92.0
81.5
70

75

128.0
143.0
145.5
129.1
T35~T

BLSD (.05) for N = 9.9

BLSD (.05) for S = 5.8

150 225

145.3
152.7
154.8
149.1
T507S

152.8
155.1

158.7
154.6
T35T7

BLSD (.05) for S = 12.9

Ave.

122.4
132.4
137.8
128.6

Table 10. The effect of rate of applied N and S on the total dry matter yield
measured at physiological maturity. 1984.

s
Applied

N Applied (lb./acre)

0 75 150 225 Ave.

Goodhue Co. •™ ton ury matter/dcre *

0

10
20
40

4.9
4.8

5.8
5.7

7.3

7.0

6.6
6.9

7.6
7.5

7.2
7.6

7.2

7.3

6.4
7.7

6.8
6.7

6.5
7.0

Ave. 5.3 7.0 7.5 7.2

BLSD ( .05) for N = .5

Staples: 0 75 150 225 Ave.

0 3.9

10 4.2

20 4.4

40 4^5

Ave. 4.3

BLSD (.05) for N = .4

5.7

6.0

6.0

6.2

6.0

ton dry matter/acre

6.2

6.6

6.9

6.2

6.5

5.8

6.3

6.1

6.3

6.1

5.4

5.8

5.9

5.8
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Table 11. The effect of rate of applied N and S on the concentration of
N and S 1n the ear leaf collected at silking from the Staples
location. 1984.

c

N Applied (lb./acre)

Applied 0 75 150 225 Ave.

0

10

20

40

1.49

1.72

1.92

1.79

2.72

2.76

2.88

2.60

2.76

2.76
2.66

2.92

2.55

2.99

2.89
2.93

2.38

2.56
2.59

2.56

Ave. 1.73 2.74

BLSD (.05) for N = .17

2.77

N Applied (lb./acre)

2.84

s

Applied 0 75 150 225 Ave.

0

10

20

40

.119

.147

.152

.147

.187

.181

.203

.192

.174

.199

.220

.218

.162

.210

.216

.219

.161

.184

.198

.194

Ave. .141 .191 .203 .201

BLSD (.05) for N = .014 BLSD (.05) for S = .014
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PLACEMENT OF NITROGEN SOLUTIONS UNDER DIFFERING TILLAGE SYSTEMS

G.L. Malzer, J.F. Moncrief, and G.W. Rehm

The use of 28% N solution (UAN) for corn production has increased over the last several years in
Minnesota. The popularity of this product stems at least partially because of its handling
characteristics and its convenience as a carrier for herbicide applications. With the increasing
emphasis on conservation tillage increased concerns are being expressed related to placement and/or
management of UAN. These concerns are related to the potential volitalization losses or
immobilization of N that may take place if applied to soils with high surface residues (conservation
tillage). The objectives of these experiments were therefore to: (1) evaluate surface vs_. injected
applications of UAN under different tillage systems, and (2) with surface applications of UAN compare
uniform broadcast applications to surface dribble applications under different tillage systems.

MATERIALS, METHODS, AND OBSERVATIONS

Experimental sites - In 1984 experiments were conducted at two locations. One location was in East
Central (EC) Minnesota at the University of Minnesota Sand Plains Research Farm near Becker,
Minnesota. The second location wa6 in South Eastern (SE) Minnesota on a producers field in Goodhue
County. The soils at the EC location are formed from glacial outwash and are deep, coarse textured,
and contain medium to high levels of organic matter. The soils are classified as a Hubbard loamy
sand (Udorthentic Haploboroll) and because of their coarse texture and low water holding capacity
must be irrigated to attain high production levels. The 6oils at the SE location are loess derived
silt loam soils classified as either Seaton (Typlc Hapludalfs) or Mt. Carroll (Mollic Hapludalfs).

Experimental treatments - The treatment combinations at each location were a complete factorial
arrangement of either four (EC) or three (SE) tillage treatments at three nitrogen (75, 150 and 300
§ N/A), with three method of UAN application (broadcast, injected, or surface dribble). The 44
treatments established at the EC location consisted of four tillage systems (no till, ridge till,
chisel, and moldboard plow) with all three methods of UAN application, plus two control treatments
(zero N) for each tillage system. The two control treatments were included to determine the effect
of the injection procedure across tillage systems. The 33 treatments established at the SE location
were set up in an identical manner except that only three tillage systems were Investigated. No
moldboard plow treatment was included because this is no longer a recommended tillage practice in
this area. All treatments were replicated four times utilizing a split-split plot design. The main
plots were tillage with the first sub-plots being nitrogen rate and the second sub-plot being method
of application. The smallest experimental sub-units were 14.7 ft. (4 rows) wide 50 ft. long.

Cultural practices - A summary of the management practices utilized at each location are summarized
in Table 1.
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Table.1. Management practices utilized at the Becker (EC) and Goodhue (SE) experimental locations.

Management
Practice

EC

(Becker) Date

SE

(Goodhue) Date

Tillage Moldboad plow &
plowpacker 4/26

Chisel 4/26

Ridge Till 6/24

1

Planting Date

Culitivation

No Till 5/2

Other Tillage 5/3

Corn Variety Pionner 3906

Seeding Rates 29,580 seeds/A

Row spacing 30 inches

Fertilizer treatments

application 5/9

Starter Fertilizer 1500/A 8-10-30

Other Fertilizer 300#/A 0-0-22 4/3

Insecticide

2

Herbicide

Lorsban 15g 70/A
Lorsban 4e 70/A
Lorsban 4e 7#/A

5/2 & 3
7/11
8/20

Atrazine 2#/A
Dual AE 1.5 pint/A
Round Up 1 qt./A
Atrazine 2#/A + oil

5/11
5/11
5/11
5/29

Irrigation 5.85 Inches
5.65 Inches

July
August

Pionner 3906

28,000 seeds/A

38 inches

14gal/A 7-21-7

Counter 15g 6#/A

5/28

6/29

5/9

5/11 & 14

Lasso 2.5#/A 5/9
Bladex 1.5#/A 5/9
Atrazine 2#/A + oil 6/11
Banvel 1/8 #/A 6/13

At the EC location the ridge till treatments were planted with a Buffalo till planter ( disc
trash cleaners) and a white (12 Inch fluted coulter). At the SE location a Hiniker planter was
used for all treatments ( trash discs were raised for no till and chisel treatments).

2 Excellent weed control was obtained at each location but giant foxtail was a problem on the
no till plots at each location.
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Surface residue cover - Tillage practices can have a considerable impact on the amount of crop residue
remaining on the soil surface. The amount of residue on the surface may likewise influence many
other parameters and processes including soil temperature, soil moisture, mineralization rate, nitri
fication rate, potential for surface volitalization of urea as well as leaching and/or denitrifica-
tion processes. Surface residue cover observed in 1984 were as follows*.

1984 cover *

Location

Becker (EC)
(6/27)

Goodhue Co.

(6/19)
(SE)

Tillage

Moldboard

Chisel

Ridge till
No till

Chisel

Ridge till
No till

In Row

3.5

25.0

16.7

64.0

(4.6)
(13.7)
(12.4)
(17.9)

16.8 (11.0)
10.0 (7.9)
77.8 (17.2)

Between Rows

2.5 (3.5)
41.3 (17.4)
32.0 (14.5)
73.0 (14.6)

23.8 (11.1)
31.8 (14.3)
65.5 (15.3)

* In the row = an 8 inch area centered over the row and between is the remainder,

parentheses is the standard deviation.
The number in

With moldboard tillage there was very little residue remaining on the soil surfaces. The chisel plow
treatment left 15-40% surface cover with the EC (Becker) location having slightly more residue cover.
The ridge till systems were generally comparable in residue cover to the chisel plow treatments
although the ridge till treatments tended to accumulate a larger proportion of the residue between
the rows. As would be expected the no till areas had the highest residue cover ranging from 65-75%
of the soil surface.

Grain yields and N utilization - Leaf samples from opposite and below the ear at mid-silking were
collected on July 24 at the EC location and on July 27 at the SE location. All leaf samples were
dried, ground, and analyzed for Kjeldahl N. Total dry matter production was determined on Sept. 19
and 20 at the EC location and on Sept. 26, 27, and 28th at the SE location. At each location ears
were separated from 40 ft. of row, field weights obtained, and subsamples collected for moisture
analysis and N determination. Grain yields were adjusted to 15.5% moisture. Stover yields were
obtained by removing the above ground plant material in the same 40 ft. row. Subsamples were also
collected for moisture determination and N analysis.

RESULTS AND DISCUSSION - EC LOCATION - BECKER, MN

A summary of the crop yield components Including grain, stover, and total N are included In Table 2.
Parameters used to evaluate N utilization characteristics including concentrations and total N
removal are included in Table 3. Treatment varaibles were evaluated utilizing analysis of variance.
Treatment means are reported for individual treatments and statistically analyzed as factorial
combinations in a split-split block design. Where appropriate a BLSD (.05) was computed to compare
treatment means.

This location has a coarse textured soil with a low water holding capacity. With irrigation and
proper N management these soils can be highly productive. The results obtained in 1984 at this
location were excellent with treatment yields ranging from 41 bu/a to over 180 bu/a. The growing
season, although excellent, was marked with a major rainfall event in mid June and a total monthly
rainfall of over nine inches. It can be assumed that this precipitation resulted in substantial
nitrate-N loss through leaching and probably had a profound effect on the yields obtained from the
various treatments.

Nitrogen and management of UAN accounted for grain yield increases up to 140 bu/a (Table 3).
Management of (placement) UAN across the different tillage systems was especially important in 1984
at this location. This can be demonstrated by examining the number of interactions that were
obtained with UAN management across tillage systems (Tables 2 and 3, continued). A general view of
the main effects would suggest that the highest yields were obtained when 300 #N/a was injected
utilizing a moldboard plow system. All main effects (tillage, N rate, and placement) were important,
but because of the significant interactions, placements and N rate did not react in a similar manner
with all tillage systems and therefore require careful examination.
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Grain •/irJdF vrre Influenced by nil main effects (tillage, N rate, placement) fire? eech Interacted
with each other. The significant tillape by Y rr.te Interaction Indicated that et the low N rate all
tillage systems producer! Hrllpr yields but at the higher 1! rates differences due to tillage were
more apparent. Jr pereitl r«o till was inferior to any ol the other tillage systems at the hifher Y
ratep. The significant tillage by application Fftpr-c' interaction Indicated that the injection of UAN
was puperjer tc the other surface methods of application with all tillage sypferr ejcr.ept modlboard
plow where methotfp oi" application were similar (one exccptlrr). This would suggest that if
appreciable surface reeidue is present, injectiop of IVK would provide the best yield resultr.

Moisture contort rf the grain at harvest was influenced by all three main effects with r.o
interaction. Grain produced frrm the rio-till treatments had the highest moisture content followed by
chisel and then ridge till and molt-bcrrc" plow which were similar. The N rate and method of
application that tended to have the highest yield (300 #N/a and injected p.l.sc tended to have a
higher moisture content at hcrvert.

Stover and total yields tender' fr fc]low the same trend ps that found with grain yield. The N rate
by method of applicpticn interaction again supports the fact that injected applications pave thr best
resultr, but as the N rate increased (300 #N/n) reruJt-s from the dribble application provided
comparable results.

Ir prrerel most of the results pertained to K concentrations, and N uptake frllowed the same trends
as those that vrre c-bserved with the various yield paremeters.

GENERAL CONCLUSIONS (EC LOCATION)

The results from this location were excellent in 1984 pnd point out the importance of UAN placement
with different tillage systems. In general, the injected placement? vere ruperior to either of the
other surface applications v?hcr. surface residue was present. The. dr.te collected this year also
points out the complexity associated with N manapemert end tillage on these types of soils. In many
situations our ccrcern with surface placement of UAN or other urea containing compounds would be
associated with potential surfaop volitalization from the residue or immobiliation of N by the
residue. The results from this experiment would suggest that other processes such as nitrification,
leaching and/or denitrlfixation should also be considered as factors that may interact with placement
especially on soils which may be prone tc Icchlnp and/or denltrification problems.

RFfPI.TS AND DISCUSSION - SE LOCATION - GOODHUE CO.

A summary of the crop yield components, and nitrogen utilisation characteristics similar to the
previous experiments are presented in Tables 4 and 5. The experimental design and treatments were
identical Ir both experiments except only three tillage treatments were evaluated et this location.

Unlike the EC loccti.en, this experimental location, consists primarily of a silt loam soil and yield
reductions associated with N loss (leaching) were not evident at this location. This may partially
explain why many of the treatment interaction obtained at the EC location were not observed at this
location.

The yields obtained at thir location in 1984 were well above average. Grain yields were increased up
to the 150 #N/a appllrpticn but not to the highest N rate. The chisel and ridge till treatments
provided comparable grein yields while the grp.in yields associated with no till were significantly
lower. Averaged over N rates and tillage treatments method of UAN application had no influence on
grain yield. The relatively high P-value for the N rate by method of application interaction for
grain yield, stover yield, and total dry matter yield would suggest that broadcast and dribble
applications cf VPV were inferior to injected application at the low N rates, but aB K rates
increased differences between methods of application were not observed. Reduced N availability or Y
loss may have occurred at all rater., tut at the yield levels obtained the higher N rates masked the
net effect and was therefore not reflected in the growth merrurement.

Most of the Y utilization data at this location tends to follow trends similar to the yipld
information. In general, however, N concentrations and N uptake tended to increase up through the
highest rate of N application (300 HY./f.) . Likewise, even though no till was the lowest yielding, N
concentretlerr in the plant tissue were normally highest with no till. Tillage did not influence
total N removal, but total N found in the grain was lowest, with ro till and highest with chisel.
This might suggest that the timing of N uptake by the crop may be effected by tillage. This may have
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some influence on management in certain situations. The significant tillage by method Interaction
with leaf N suggested that injected application of UAN were superior on the no till and ridge till
treatments while dribble was Inferior to injected and broadcast treatments with the chisel tillage
system.

GENERAL CONCLUSIONS

The results at this location in 1984 follow in a more traditional manner of what might be expected
with UAN placement with different tillage systems. The Injected applications, as would be expected,
were generally better than the other methods. It is expected that the major reasons for reduced
yields at this location with surface applications are related to surface volitalization and/or
immobilization of N by the surface residue. By contrast the magnitude of yield reductions associated
with placement at this location as compared to the EC location were much lower. This in turn brings
out the complexity of N management and tillage systems on different soils. Although the final
recommendation may be the same, the magnitude of the importance may be considerably different. Site
specific recommendations based upon the major and dominant process in soils that may influence
nitrogen management must be considered.
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Table 2. Influence of nitrogen rates, tillage systems, and methods of 28% N application on grain
yields and dry matter production on irrigated corn. Becker, MN - 1984.

Treatments Graini Dry Matter Production
Ti 11 age Method

N-Rate System Applied Yields DM Grain Stover Total

Bu/A %#/A

Control
Control-Knife
Control
Control-Knife

No Till
No Till
Ridge Till
Ridge Till

45.5
44.5
50.9
52.4

62 9 1.07 0.98 2.06

60.7 1.05 1.04 2.09

65.1 1.20 0.91 2.11

65.2 1.24 0.94 2.18

Control
Control-Knife
Control

Chisel
Chisel
Moldboard

55.2
59.5
47.9

65.8
68 0

1 30 1 05 2.35X *nJU

1 40

X »UJ

1.16 2.57
-----_--- 63.1

X *~v

1.13
X • XV

0.92 2.06

Control-Knife Moldboard 55.9 63.2 1.32 1.11 2.44

75 No Till Broadcast 41.0 61.8 0.97 1.05 2.02

75 No Till Injected 76.1 60.2 1.80 1.86 3.66

75 No Till Dribble 49.9 61.9 1.18 1.28 2.46

75 Ridge Till Broadcast 57.7 68.9 1.36 1.07 2.43

75 Ridge Till Injected 80.6 66.4 1.90 1.68 3.59

75 Ridge Till Dribble 64.6 69.2 1.53 1.15 2.68
75 Chisel Broadcast 65.6 66.3 1.55 1.77 3.32
75 Chisel Injected 83.3 67.3 1.97 2.11 4.08
75 chisel Dribble 76.0 67.3 1.79 1.81 3.61

75 Moldboard Broadcast 65.9 67.3 1.56 1.47 3.03
75 Moldboard Injected 61.8 65.2 1.46 1.44 2.90
75 Moldboard Dribble 69.4 66.8 1.64 1.51 3.15

150 No Till Broadcast 42.7 59.3 1.01 1.24 2.25
150 No Till Injected 109.5 60.5 2.59 2.27 4.86
150 No Till Dribble 50.7 61.1 1.20 1.35 2.55
150 Ridge Till Broadcast 74.6 67.6 1.76 1.64 3.40
150 Ridge Till Injected 128.5 66.3 3.04 2.28 5.32
150 Ridge Till Dribble 83.0 67.7 1.96 1.81 3.78
150 Chisel Broadcast 90.9 65.3 2.15 2.26 4.42
150 Chisel Injected 142.6 64.4 3.37 2.78 6.16
150 Chisel Dribble 101.3 67.0 2.39 2.31 4.71
150 Moldboard Broadcast 137.2 68.1 3.24 2.72 5.97
150 Moldboard Injected 135.7 67.0 3.21 2.61 5.82
150 Moldboard Dribble 105.8 68.2 2.50 2.27 4.78
300 No Till Broadcast 53.0 59.4 1.25 1.81 3.06
300 No Till Injected 154.9 59.3 3.66 2.80 6.46
300 No Till Dribble 137.9 60.5 3.26 2.64 5.91
300 Ridge Till Broadcast 125.5 65.7 2.96 2.48 5.45
300 Ridge Till Injected 176.8 64.9 4.18 2.90 7.09
300 Ridge Till Dribble 165.4 66.0 3.91 2.96 6.88
300 Chisel Broadcast 134.8 64.3 3.19 2.69 5.88
300 Chisel Injected 181.8 63.7 4.30 3.44 7.74
300 Chisel Dribble 160.2 64.4 3.79 3.28 7.07
300 Moldboard Broadcast 155.2 66.4 3.67 2.82 6.50
300 Moldboard Injected 170.6 65.1 4.03 3.02 7.06
300 Moldboard Dribble 173.3 60.7 4.10 3.08 7.18
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Table 2. Continued

Treatments Grain Dry Matter Production
Tillage
System Yield DM Gram Stover Total

Bu/A % T/A
Factorial Arrangement (Excludes Controls)

No1}!??6 79.5 60.5 1.88 1.81 3.69
Ridge Till 106.3 67.0 2.51 2.00 4.51
Chisel 115.2 65.1 2.72 2.49 5.22
Moldboard 119.4 66.9 2.82 2.33 5.15
P-Value (%) 99 99 99 99 99
BLSD (.05) 1.6

N-Rate

"7?
150
300
P-Value (%)
BLSD (.05)
Method Applied
Broadcast

Injected
Dribble

P-Value (%)
BLSD (.05)
Tillage X N-Rate
Tillage X Method
N-Rate X Method
Tillage X N-Rate X Method

Table 3. Continued

66.0 65.7 1.56 1.52 3.08

100.2 65.2 2.37 2.13 4.50

149.1 64.0 3.52 2.83 6.36

99 99
0.9

99 99 99

87.0 65.0 2.05 1.92 3.98

125.2 64.2 2.96 2.43 5.39

103.1 65.6 2.44 2.12 4.56

99 99

0.8

99 99 99

99 76 99 85 98

99 18 99 99 99
99 7 99 99 99

94 10 99 17 57

Treatments
Tillage
System

N-Concentration N-Removal

Leaf Stover Grain

—*

Grain Stover

—#/A-

Total

Factorial Arrangement (Excludes Controls)
Tillage
No Till 1.77 0.47 1.20
Ridge Till 1.91 0.48 1.26
Chisel 1.98 0.44 1.22
Moldboard 1.97 0.46 1.29
P-Value (%) 99 98 99

BLSD (.05) 0.04

N-Rate

75 1.36 0.42 1.16
150 1.79 0.44 1.20
300 2.58 0.53 1.37

P-Value (%) 99 99 99

BLSD (.05)

Method

Broadcast 1.61 0.43 1.17
Injected 2.31 0.51 1.29
Dribble 1.80 0.46 1.26

P-Value (%) 99 99 99

BLSD (.05)
Tillage X Rate 99 49 26

Tillage X Method 99 99 43

N-Rate X Method 99 99 99

Tillage X N-Rate X Method 99 99 70

48.0 18.2 66.3

65.6 20.3 85.9

68.7 22.7 91.4

75.1 22.3 97.5

99 99 99

36.2 12.9 49.2
58.0 19.2 77.2

98.9 30.5 129.4

99 99 99

49.1 16.7 65.8
79.7 25.7 105.5

64.3 20.2 84.5
99 99 99

97 80 93

99 99 99

99 99 99

62 66 58
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Table 3. Influence of nitrogen rates, tillage systems and methods of 28% N application, on leaf N,
grain N and nitrogen removal by irrigated corn. Becker, MN - 1984

Treatments N-Concentrati on N-Removal

Tillage Method

N-Rate System Applied Leaf Stover Grain Grain Stover Total

#/A —0/A

Control
Control-Knife
Control
Control-Knife
Control
Control-Knife
Control

No Till
No Till
Ridge Till
Ridge Till
Chisel

Chisel
Moldboard

1 38 0.47
0.44
0.40
0.43

1.03 21.9 9.2 31.2X «JU

1 26 1.14 23.0 9.2 32.3X »LU

1.35
1.32
1.22
1.15
1.22

1.19 28.7 7.5 36.3111'

1.14 28.4 7.9 36.4

0.45
0.44
0.45

1.19 31.3 9.5 40.9X • X J

1.12
1.11

30.7 10.2 41.0
--------- 25.4 8.4 33.8

Control-Knife Moldboard --------- 1.18 0.42 1.12 29.5 9.1 38.7

75 No Till Broadcast 1.23 0.42 1.10 21.8 9.1 31.0

75 No Till Injected 1.78 0.46 1.05 38.2 17.1 55.3

75 No Till Dribble 1.30 0.39 1.14 26.8 10.0 36.9

75 Ridge Till Broadcast 1.24 0.36 1.23 33.7 7.8 41.5

75 Ridge Till Injected 1.65 0.46 1.10 42.3 15.7 58.1

75 Ridge Till Dribble 1.17 0.46 1.27 39.0 10.9 49.9
75 Chisel Broadcast 1.29 0.41 1.07 32.9 14.4 47.3

75 Chisel Injected 1.54 0.40 1.17 46.1 16.9 63.1

75 Chisel Dribble 1.25 0.42 1.15 41.2 15.6 56.8
75 Moldboard Broadcast 1.18 0.41 1.23 38.3 12.7 50.4
75 Moldboard Injected 1.43 0.44 1.16 34.0 13.0 47.0
75 Moldboard Dribble 1.26 0.39 1.23 40.6 12.0 52.6

150 No Till Broadcast 1.18 0.44 1.13 23.1 10.9 34.1
150 No Till Injected 2.35 0.47 1.22 63.6 21.6 85.2
150 No Till Dribble 1.31 0.44 1.07 25.9 12.0 38.0
150 Ridge Till Broadcast 1.34 0.48 1.15 40.6 15.7 56.3
150 Ridge Till Injected 2.51 0.48 1.25 76.5 21.8 98.4
150 Ridge Till Dribble 1.52 0.39 1.26 49.7 14.2 64.0
150 Chisel Broadcast 1.47 0.38 1.11 48.2 17.1 65.3
150 Chisel Injected 2.43 0.48 1.36 92.3 26.8 119.2
150 Chisel Dribble 1.69 0.42 1.11 53.5 19.6 73.1
150 Moldboard Broadcast 2.04 0.47 1.19 77.6 26.0 103.6
150 Moldboard Injected 2.26 0.47 1.28 83.7 24.9 108.6
150 Moldboard Dribble 1.36 0.43 1.22 60.8 19.8 80.7
300 No Till Broadcast 1.46 0.45 1.18 29.3 16.8 46.2
300 No Till Injected 3.00 0.72 1.55 114.0 40.5 154.6
300 No Till Dribble 2.36 0.49 1.35 89.1 25.8 115.0
300 Ridge Till Broadcast 1.96 0.38 1.19 71.0 19.2 90.2
300 Ridge Till Injected 2.91 0.68 1.49 125.7 40.3 166.0
300 Ridge Till Dribble 2.90 0.62 1.42 111.8 37.0 148.8
300 Chisel Broadcast 2.42 0.44 1.25 80.4 23.8 104.3
300 Chisel Injected 2.93 0.53 1.36 116.8 37.0 153.8
300 Chisel Dribble 2.81 0.50 1.41 107.3 32.8 140.1
300 Moldboard Broadcast 2.49 0.47 1.24 92.2 27.1 119.4
300 Moldboard Injected 2.99 0.54 1.52 123.1 32.9 156.1
300 Moldboard Dribble 2.69 0.52 1.53 125.8 32.7 158.5
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Table 4. Continued

Treatments Grain Dry Matter Production
Tillage
System Yields DM Grain Stover Total

Bu/A % T/A
Factorial Arrangement (Excludes controls)
Ti11 age
No Till 149.7 63.1 3.54 2.87 6.41
Ridge Till 158.3 64.7 3.74 2.82 6.57
Chisel 157.3 65.3 3.72 2.94 6.66
P-Value (%) 99 98 99 56 89
BLSD (.05) 2.7 1.5 0.06

N-Rate

75

150

300
P-Value (X)
BLSD (.05)

Method
Broadcast 152.4 64.2 3.60 2.81 6.42
Injected 156.8 64.0 3.71 2.94 6.65
Dribble 156.0 64.9 3.69 2.88 6.57
P-Value {%) 84 99 84 95 94
BLSD (.05) 0.6
Tillage X N-Rate 1 39 1 58 10
Tillage X Method 11 58 11 80 46
N-Rate X Method 85 56 85 96 94
Tillage X N-Rate X Method 71 73 71 32 37

Table 5. continued

Treatments N-Concentrati on N Removal
Tillage
System Leaf Stover Grain Grain Stover Total

% #/A
Factorial Arrangement (Excludes controls)

Tillage
No Till 2.96 0.72 1.39 99.1 42.1 141.2
Ridge Till 2.87 0.68 1.34 101.0 39.1 140.2
Chisel 2.78 0.65 1.39 104.2 38.8 143.1
P-Value (%) 96 62 96 98 39 22
BLSD (.05) 0.04 3.2

N-Rate

75 2.69 0.57 1.27 86.5 30.6 117.1
150 2.90 0.71 1.40 106.3 42.3 148.7
300 3.02 0.77 1.45 111.5 47.1 158.7
P-Value (%) 99 99 99 99 99 99
BLSD (.05) 0.04 5.5 4.1 8.3

Method

Broadcast 2.87 0.69 1.35 98.5 39.6 138.1
Injected 2.95 0.70 1.41 104.8 41.9 146.8
Dribble 2.79 0.66 1.36 101.0 38.5 139.5
P-Value (%) 99 80 99 99 84 99
BLSD (.05) 0.04 3.8 6.3
Tillage X N-Rate 39 71 54 11 47 28
Tillage X Method 98 93 8 1 98 74
N-Rate X Method 99 78 82 87 83 71
Tillage X N-Rate X Method 15 98 40 65 84 60

143.3 64.6 3.39 2.64 6.03

159.9 64.2 3.78 2.97 6.76

161.9 64.3 3.83 3.02 6.85

99 31 99 99 99

6.6 0.16 0.23
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Table 5. Influence of nitrogen rates, tillage systems and methods of 28% N application, on leaf N
content, grain N content and nitrogen removal by corn. Goodhue Co. MN - 1984

Treatments N-lConcentration N-Removal

Tillage Method

N-Rate System Applied Leaf Stover Grain Grain Stover Total

#/A % •—#/A

Control
Control-Knife
Control
Control-Knife
Control
Control-Knife

No Till
No Till
Ridge Till
Ridge Till
Chisel
Chisel

1.91
1.93
1.70
1.79

1.85
1.90

0.52
0.44
0.41
0.40
0.46
0.47

1.12

1.11

1.10
1 06

43.9
44 ft

19.3 63.2
16 6 61.4

37.1
36.8

XV ••w

13 0 50.2X -J nsJ

13.3 50^2X lUU

1.06
1.05

45.9
46.3

14 9 60.9
64.0---------

X~ • .7

17.6

75 No Till Broadcast 2.67 0.69 1.24 75.5 33.4 109.0

75 No Till Injected 2.93 0.67 1.29 89.3 36.2 125.5

75 No Till Dribble 2.60 0.60 1.28 85.6 32.2 117.8

75 Ridge Till Broadcast 2.53 0.61 1.15 78.0 30.8 108.8
75 Ridge Till Injected 2.89 0.52 1.32 95.0 29.1 124.1
75 Ridge Till Dribble 2.66 0.53 1.24 86.1 28.5 114.7

75 Chisel Broadcast 2.69 0.54 1.26 86.6 30.2 116.9
75 Chisel Injected 2.85 0.55 1.36 96.2 31.1 127.3
75 Chisel Dribble 2.40 0.45 1.28 86.0 24.2 110.2
150 No Till Broadcast 3.02 0.58 1.44 100.8 34.1 134.9
150 No Till Injected 3.03 0.85 1.46 106.5 51.2 157.8
150 No Till Dribble 3.01 0.82 1.40 105.1 48.5 153.7
150 Ridge Till Broadcast 2.96 0.68 1.40 103.0 36.0 139.0
150 Ridge Till Injected 2.98 0.77 1.37 109.5 48.7 158.3
150 Ridge Till Dribble 2.84 0.56 1.27 99.7 32.6 132.4
150 Chisel Broadcast 2.84 0.75 1.40 108.9 45.3 154.2
150 Chisel Injected 2.83 0.67 1.46 109.8 40.7 150.6
150 Chisel Dribble 2.61 0.68 1.43 113.6 43.8 157.4
300 No Till Broadcast 3.10 0.79 1.46 111.8 49.0 160.8
300 No Till Injected 3.17 0.76 1.51 113.1 47.3 160.4
300 No Till Dribble 3.15 0.75 1.46 104.4 46.9 151.3
300 Ridge Till Broadcast 2.98 0.77 1.42 112.2 46.0 158.3
300 Ridge Till Injected 2.92 0.91 1.46 110.2 54.7 165.0
300 Ridge Till Dribble 3.05 0.78 1.44 115.3 45.5 160.9
300 Chisel Broadcast 3.08 0.80 1.43 109.5 51.9 161.4
300 Chisel Injected 3.01 0.64 1.45 114.0 38.4 152.5
300 Chisel Dribble 2.77 0.76 1.44 113.1 44.1 157.3
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CORNTILLAGE RESIDUE MANAGEMENT, LANCASTER, 1984

J. B. Swan, A. E. Peterson, W. H. Paulson,R. Higgs, D. Linden,
G. Randall, C. Sheaffer

The driftless soils area has the greatest county average estimated soil losses from cropland in
Minnesota, ranging from 4.0 to 6.6 t/ac/yr in the six counties involved. Typical soils of the
region such a Fayette-Dubuque, Seaton, and associated soils, are highly erodible, form dense crusts
if unprotected from raindrop Impact, and consequently, have low final Infiltration rates and high
runoff from the intense storm events common to the region. New and improved tillage practices are
increasingly being relied upon to meet environmental goals under more Intense cropping systems.
These systems modify the soil and water losses as well as the kind and concentration of materials
in the runoff. A more complete understanding of these tillage systems will allow a more accurate
prediction of their effect on the environment; will permit the maximization of the crop production
benefits of the tillage systems; and will permit them to be more effectively incorporated into the
overall farming systems of the region.

EXPERIMENTAL PROCEDURES

The experimental site is located on the Lancaster Experimental Farm. Four tillage treatments are
replicated four times (table 1), the first replicate is located on Palsgrove silt loam; the other
three replicates are located on Rozetta silt loam. Each treatment is split into normal and mulched
subtreatments. On the no-till (slot plant) plots an additional subtreatment (bare) is established
by removing all residue prior to planting; the residue is then placed on the adjacent mulched plots
of the same tillage treatment. On mulched subtreatments of the moldboard, chisel and paraplow
treatments, corn residue additions are made after tillage but before planting to obtain
approximately 60 to 80 percent surface cover. Plots are approximately 90 to 100 feet in width and
80 feet in length. Row width was 36 inches in 1984. In 1984 corn (Pioneer 3747) was planted (at
29,000 seeds/acre) on May 15. The conventional (moldboard) treatment was plowed about May 1 and
secondary tillage with a disk was done on May 14 on the conventional and chisel treatments. The
fall chisel and paraplow treatments were carried out in early November of 1983. All plots were
planted with a 4-row John Deere 7000 Max-Emerge planter equipped with fluted coulters on one side
and "trash whippers" on the other side which effectively removed residue from an 8 to 9 inch area
over the row.

Nitrogen (240 lbs/A as anhydrous ammonia) with N serve was injected on October 31, 1983 prior to
fall tillage. The starter fertilizer at planting was 180 lbs. of 6-24-24. The insecticide was
Counter at 10 lb/A. Chemical weed control used per acre was 2 qts. Dual, 2 qts. Bladex and 1/4 pt.
Banvel applied preemerge. One pound Atrazine and 1 quart crop oil per acre were applied
post-emergence.

Percent cover was determined from slides made soon after planting. Planting depth, rate of
emergence, plant height, silking date, and leaf number measurements were made on designated
portions of each plot.

Ten plot frames (45-3/4 x 45-3/4 inches) were emplaced on May 16 and covered to protect the
surfaces. Infiltration measurements were made on the paraplow normal, no-till bare and mulch, and
conventional normal and mulch treatments on June 4-8. Random roughness measurements were made
before and after each run. Residue amounts were measured for the mulch treatments.

Neutron probe measurements were made weekly on each plot starting June 9 through August 9. Bulk
density of the surface layer was measured periodically. Hourly spring soil temperatures were
measured on chisel, paraplow and no-till treatments in Rep. 3 for both mulch added and bare
treatments (chisel normal) at depths of 1, 5, 10, 15, 50, 100 cm. Yields were determined by hand
harvesting 60 foot samples (two 30-ft. subsamples) from each plot in mid October, 1984.

RESULTS-CORN YIELDS:

In 1984,corn yields were reduced on all treatments by water stress due to drought during
pollination and grain filling stages; only 1.52 inches of precipitation occurred during the 45 day
Please refer to title page of this publication for information regarding application and use of
this article.
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period from July 17 to August 31, 1985, while air temperatures were 2.8°F above normal in August
(table 2). Corn yields of individual tillage, residue, and in-row residue management treatments
were not significantly different; however, corn yields between replicates were highly significantly
different. As in 1983 average corn yields were related to average depth of rooting measured as
depth to residual clay layer (table 3 and figure 1). In 1984 rep average corn yields increased 13
bu/ac as depth increased from 29 to 62 inches. In 1983 under more severe drought conditions rep
average corn yields differed by 40 bu/acre. In 1981 and 1982 when water stress was minimal there
was no relationship between depth to clay and average yield per rep. Thus the effect of rooting
depth and available water holding capacity in the root zone on yield depends greatly on the
climatic conditions in the individual year as well as on the crop grown. Under the water stress
conditions in 1983 and 1984 at Lancaster, yield consistently decreased as rooting depth decreased
(fig.l).
SEEDBED CONDITIONS

Significant differences in planting depth were measured (table 1) following emergence. In general,
treatments planted with trash whip attachment (TW) had a greater planting depth than those planted
with a fluted coulter (C). The trash whip attachment was adjusted for no-till and paraplow
conditions and consequently ran excessively deep in the looser soil conditions of the moldboard and
chisel plow treatments. Rainfall following planting moved soil into the trench created by the
trash whip units in the moldboard plow treatment and resulted in the significantly deeper planting
depth measured on the moldboard plow treatment.

In-row residue cover was reduced by the trash whip attachments (TH) compared to the in-row cover
resulting from the coulter units (C) (table 1). The trash whip units were more effective in
removing residue from the row on the no-till treatments than on the paraplow treatments indicating
the importance of adjustment to the effective functioning of the unit. For each level of residue
on the no-till and paraplow treatments, rate of emergence was more rapid following use of the trash
whip than with the coulter except for the normal residue paraplow treatment where residue averaged
only 24 percent (tables 1 and 4). This is to be expected since the trash whip units consistently
decreased the level of residue in the row compared to the coulter treatments resulting in higher
soil temperatures in the seedbed zone for the trash whip treatments.

The situation was reversed for the chisel and moldboard plow treatments (table 4) because the trash
whip units created a shallow trench which decreased soil temperature and slowed the rate of
emergence compared to the coulter treatments. This illustrates the necessity of proper adjustment
of the trash whip units to the individual soil conditions created by the tillage treatment; such an
adjustment between plots was not practical with the plot layout used in this study. As in-row
residue levels increased with mulch level, the rate of emergence decreased and number of days to
75? emergence increased. The regression equation

Days to 752 emergence = 10.3 + 0.0635 {% 1n-row cover)

explained 75% of the variation in days to 75* emergence. When the corn yields from individual
replicates of the paraplow and no-till treatments were analyzed as a 2 x 5 factorial design, the
effect of coulter vs. trash whip is significant at the 5 percent level. Thus the use of trash whip
attachments on the no-till and paraplow residue combinations significantly increased yields in 1984
compared to the coulter attachment.

Average population at harvest ranged between 23,400 to 27,200 plants/acre. The 14-tillage and
residue treatments differed significantly with respect to population at harvest. With the
exception of the paraplow mulch treatment, the tillage treatments with low residue and the tillage
and residue treatments with trash whip had the highest populations. This indicates removal of
residue from the row permitted the establishment of better seedbed conditions including presumably
better seed soil contact. The equation

population = 26,622 PPA-33.3 PPA (% in-row cover)

explained 66X of the variation in population at harvest.

The effect of in-row surface residue cover and tillage on soil temperature and on corn growth was
evaluated at Lancaster in 1983 and 1984. Hourly soil temperatures were recorded for 1, 5, 10, 15,
50 and 100-cm depths under the row on the chisel normal and mulch, no-till bare and mulch, and the
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paraplow normal and mulch treatments in 1984. Soil temperatures on both trash whip and coulter
treatments were measured on paraplow and no-till mulch treatments. Soil temperatures were measured
using 4-couples in parallel for 15 cm and shallower depths. Leaf stage observations were taken
periodically. Cumulative 5-cm soil and air temperature growing degree days (GDD) from planting to
6-1eaf stage (Hanway) were linearily related for each treatment. The number of soil temperature
GDD per unit of air temperature GDD was a linear function of 1n-row surface residue cover. The
cumulative air temperature GDD from planting to 6-1eaf stage was also a linear function of cover.
These results are in agreement with those from similar residue management-tillage studies at Waseca
and Rosemount Experiment Stations done by Edward Schneider and the St. Paul, USDA-ARS, staff
respectively. The combined results were summarized and presented in the paper "Tillage and Surface
Residue Effect on Soil Temperature and Corn Growth" by J. B. Swan, E. C. Schneider, J. F. Moncrief
and W. H. Paulson at the 1984 ASA-SSSA Annual Meetings in Las Vegas, Nevada.

Large differences in final (55) minute infiltration rates were measured between treatments (tables
5 and 6). When residue was present on tilled treatments (moldboard plow mulch and normal paraplow
treatments) infiltration rates were consistently greater than where residue was absent (moldboard
plow normal and no till bare). The final Infiltration rates for no-till mulch were very low
averaging only 0.5 inches per hour. This was due in part to the sealed soil surface and higher
water content due to the mulch cover. The surface of the no-till treatment was disturbed by fall
injection of anhydrous ammonia; however, by the planting date of May 15 the soil surface had
resealed and final infiltration rates in 1984 were less than those measured on the conventional
bare treatment, as was the case in 1982. In 1983, two passes with the anhydrous injector knives in
late April, produced 9-10 inch deep slots about 18 inches apart. When protected by mulch these
deep injection marks and their fracture planes were highly effective in increasing the infiltration
rate. In contrast, in 1981, 1982 and 1984 the dense no-till surface was broken only 1n the narrow
planter slot and the infiltration rate averaged about the same as or less than the bare
conventional treatments' infiltration rate. Thus when the no-till surface is sealed, mulch cover
is of little benefit in increasing the infiltration rate compared to conventional tillage, however,
when the no-till surface has channels through which water can move readily, the heavy mulch cover
is very effective 1n maintaining a high infiltration rate. These results Illustrate the dual
requirement of 1) a porous surface with high saturated hydraulic conductivity and, 2) a protective
mulch cover, which are both necessary in order to have rapid sustained infiltration. Residue cover
by itself is not sufficient to produce a high Infiltration rate.

SUMMARY

Five and six year results with continuous corn at Lancaster show nearly equal average yields from
conventional, chisel, and ridge plant treatment with no-till (slot plant) slightly lower 1n some
years (table 7).

To evaluate tillage-residue management practices, a simple tillage-management model was developed
which quantifies the effects of the major physical factors of planting date, final plant
population, net growing degree days (GDD), and estimated water stress. GDD are Included only when
below a threshold value required to mature the crop. The net GDD are calculated as the cumulative
air temperature GDD from planting to frost minus any residue management caused delay in growth up
to the 6-leaf stage. Lancaster data from 1972 through 1983 was used to develop the model, which
has an R2 of 82 percent and a standard error of approximately 12 bu/acre. For the years of 1981-83
the model accounted for 89 percent of the variation with a standard error of 10 bu/ac. The major
effect of tillage on yield was through the effect of tillage on seedbed conditions and water
management. Seedbed conditions were affected by seed-soil contact and depth and accuracy of seed
placement which affect final plant population as well as in-row residue cover which strongly
affects the rate of phenological development of corn up to the 6-1eaf stage. The between row
surface residue cover and soil conditions strongly affect water infiltration and runoff from the
soil surface.

Thus farmers in the driftless soil area can choose between a variety of tillage options which have
yields comparable with conventional tillage, but which are superior in soil and water conservation
and also offer savings in time, labor, and fuel compared to conventional moldboard plow tillage
methods.
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Table 1. Effect of tillage and mulch treatments on percent cover, planting depth, corn emergence, silking date,
population and yield.

Percent Avg Days Date 50% Avg

tments

In Row

Residue

Cover Planting
Depth

Post Plant

To 75%

Plants

Silked

Population
At Harvest

Avg
Trea Entire Yield

Tillage Res idue Mgt. Row Area Dim Emergence July Plants/Ac Bu/Ac

Paraplow Normal1 (N) C 24 22 de 11 24.5 25,700 abed 105.5
TW 12 26 cde 12 24.5 26,700 ab 116.1

Mulch (1X+N) C 78 21 e 15.7 25 24,000 de 112.6
TW 39 32 be 13.3 25.3 24,600 cde 109-1

No Till Bare <:o) C 6 26 cde 13 23.8 26,600 ab 116.5
TW 2 27 cde 10 23.8 26,100 abc 121.7

NormalI (ix) C 41 24 cde 12 23.8 25,200 bede 107-7
TW 11 30 bed 11.5 23.8 26,500 ab 118.7

Mulch (2X) C 72 24 cde 14.8 25.5 24,600 cde 109.0
TW 23 31 bed 12.8 25.5 27,000 ab 118.3

Fall Chisel Normal (N) c 3 26 cde 9 23. 3 27 ,200 a 114.5

Mulch (1X+N) c 67 29 cde 14 25- 3 25 ,000 bede 107.3

Conventional Normal (0) c 1 31 bed 9 23. 5 25 ,300 abed 121.2

(SP. Plow) Mulch (IX) c 66 31 bed 14.5 25 23 ,400 e 116.4

Significance Level 0.191 0.191 0.10

IO
M
-J



Table 2.

Month

April

May

June

July

August

September

October

218

1984 WEATHER SUMMARY, LANCASTER EXPERIMENT STATION

urowi-ng uegree uays

Total Departure

Precipitation
Inches

Growl-ng Degree Days

1984 Departure

Avg
May

3-98

3-92

7.77

2.57*
1-37*
2.36

7-31

29.28

0.78

0.45

3.08

-1.64

-3.10

-1.04

4.91

3.44

201

547

599

649

355

2351

-95

31

-58

51

-88

•159

56.6

64.1

78.6

81.3

84.3

72.1

61.9

First fall low temperatures: Sept 26 (29°F); Oct 23 (27°F)

* 1.52 inches of precipitation between July 17 and Aug 31.

Temperature

u. Average Departure
nin

35.9

43.0

57.9

57-7

59-3

48.1

42.1

46.2

53.6

68.2

69.5

71.8

60.1

52.0

-0.3

-4.0

1.2

-1.8

2.8

-0.8

1.4

Table 3* Average yields by repilcate and precipitation for 1981
clay layer. Lancaster, Wisconsin

1984 and depth to residual

Number Monthly Precipitation

Year ..1..... 2 •Bu/Ac-3 4 May. ....JaDslncneJsaIv August

1981 146.8 146.7 142.1 147.1 0.85 4.28 2.91 11.35

1982 150.0 143-4 142.8 147-3 5.46 3-45 5.29 4.06

1983 72.8 85.2 96.4 111.2 5.18 3.28 3.34** 3.12*
1984 107.3 110.4 118.0 120.1 3.92 7-77 2.57** 1.37**

Avg depth
to clay
res iduum

in Inches 29 41 46 62

* «
1983
July

1984
July

- 1.13 inches precipitation from
3 to Aug 25 (53 days).

- 1.52 Inches precipitation from
17 to Aug 31 (45 days).

1981- Subplots with population < 17,000 omitted.
1983- Subplots with population < 18,000 omitted Rep II, III, IV.
1982- Hissing values estimated for 8 plots out of a total of 48 plots.
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Table 4. Influence of tillage method and in row residue management on rate of emergence

Residue

In Row

Residue

Mgt

DAYS POST PLANT

Treatment

Tillage 7

—Percent

10

of final

13

emergence-

16 22

Paraplow Normal (N) C 2 71 83 92 100

TW 0 58 82 95 100

Mulch (1X+N) C 0 11 51 78 100

TW 0 27 73 98 100

No Till Bare (0) C 5 66 76 90 100

TW 2 77 94 100 100

Normal (IX) C 1 61 84 95 100

TW 0 61 89 98 100

Mulch (2X) C 0 22 60 87 100

TW 0 28 79 94 100

Chisel Normal (N) C 21 86 90 97 100

TW 1 53 82 98 100

Mulch (1X+N) C 0 51 72 84 100

TW 0 32 63 95 100

Conventional

Moldboard

Normal (0) C

TW

28

0

90

39

94

82

99

98

100

100

Mulch (IX) C 0 39 61 89 100

TW 0 21 50 81 100



Table 5. 1984 Lancaster Infiltration rate measurments.

Residue

AppIication
Rate In

1 Hour

Water AppIied
Before Runoff

1nches

Infilti•at ion rate X miinutes after runoff commences - In/Hour
Ti 1lage 2.5 7-5 12.5^ 17.5 *b 5b 41 bb

No Till Bare E 4.72 0.39 4.36 3.16 2.56 2.08 1.96 1.84 1.72 1.72

W 4.40 0.29 3.68 2.96 2.00 2.00 1.88 1.46 1.34 1.64

Mulch E 4.64 0.70 3-92 2.84 1.16 1.04 0.80 0.32 O.56 0.56

W 5.20 0.69 4.00 1.12 0.88 0.88 0.88 0.76 0.76 0.64

Conventional Normal E 4.96 1.65 4.00 3.16 2.08 2.44 2.05 1.60 1.24 1.36

(Moldboard Plow)

Mulch

W

E

5.28

5.28

2.11

10.56*
4.20 3.48 2.88 2.64 2.28 1.92 1.92 2.04

W 4.64 2.86 3.92 3.20 3.08 2.96 2.90 2.78 2.84 2.90

Paraplow Normal E 4.72 0.39 4.08 4.08 4.08 4.08 3-96 3-90 3.84 4.32

W 4.64 0.31 4.04 3.80 3.56 3.20 2.84 3.14 2.72 3.02

No runoff due to presence of large vert ical drainage channel below plow layer.

to
to

o
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Table 6. Infiltration rate 55 minutes after runoff begins.

Treatment 1981 1982 1983
— Incfies/Hour-

1984 Avg.
Tiliage Residue

No Till Mulch 1.46 1.10
nV

3.53 0.60

(No Till Mulch)
(Conv. Bare)

(1.51) (0.72) (6.53) (0.35)

Conventional Bare 0.97 1.52 0.54 1.70 1.18

Mulch 2.72 2.34 1.49 2.90 2.36

(Bare/Mulch) (0.36) (0.65) (0.36) (0.58) (0.50)

Soil disturbed prior to planting by anhydrous ammonia injection in spring prior to planting.

Table 7. Continuous corn tillage yield results at Lancaster, Wisconsin 1979-1983

1979 1980 1981 1982 1983 1984

Average

Tillage
1979-83 1979-84

.

Ridge plant 162 157 157 147 100 - 145 -

Slot plant 163 146 151 141 85 108 137 132

Chisel 160 150 167 154 95 115 145 140

Conventional 169 159 168 151 89 121 147 143

Paraplow - - - — - 106 - -

Planted flat In 1979 and I98I - corn not cultivated to form ridges In 1980 and I983.
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The Effect of Tillage and Potassium Placement on the Availability —«.

of Potassium to Corn

P. Burford, J. Moncrief, J. Swan, and B. Schreiber

Cooperator: Dale Flueger

With the trend towards increased use of conservation tillage taking place,
present recommendations for fertilizer application need to be looked at critically.
Farmers interested in adopting conservation tillage are looking for ways to conserve
soil and reduce input costs without experiencing yield reductions. Potassium is a
relatively immobile nutrient and remains concentrated near the soil surface if not
incorporated. With conservation tillage this could lead to positional availability
problems If the roots become inactive in this region.

The objectives of this study are:

1. To determine the effects of tillage on K availability to corn.

2. To determine the effects of row applied K and tillage on K availability and
growth of corn over a range of soil K levels resulting from broadcast K
treatments.

3. And to characterize the effect of tillage on the distribution of soil K and
determine how this relates to soil test interpretation.

METHODS AND MATERIALS

The experimental plots are located on approximately three and one third acres
land in Sec. 15 of Haycreek Township of Goodhue County, Minnesota on a deep loess
soil over limestone. The soil is a Typic Eutrochrept (Timula silt loam) with initial
soil test values of 20.7 ± 5.3 ppm phosphorus (Bray-1), and 83.0 ± 18.1 ppm potassium
(ammonium acetate extraction). Initial pH was 6.5 ± 0.5 with about 2.5 percent
organic matter. Three T/ac of limestone were applied in 1980. Oats and alfalfa were
grown at the site in 1978, followed by two years of alfalfa. Corn as silage was
grown In 1981 and corn as grain from 1982 to 1984. A 95 day single cross hybrid
(Pioneer 3906) was planted at a rate of 28,000 plants/ac at a row spacing of 38
inches on 20 May 1984.

Terbufos (Counter) was used for control of root worms at a rate of 1.3 lb/ac
a.i. Atrazine/Alachlor (Atrazine/Lasso) mixture was applied at the 4-5 leaf stage
for general weed control at a rate of 2.5 lb/ac a.i. of both herbicides.

Equipment used consisted of: a chisel plow (Glencoe Soil Saver) with chisels
3.5 inches wide and spaced 13.3 inches apart with twisted shovels, a field cultivator
(Bushog), and a planter (Hinicker) equipped with 2 inch fluted coulters.

This study was designed as a randomized complete block with six replications.
Tillage treatments used were, spring chisel plowing (7-9 inches deep) followed by a
field cultivator (4-5 inches deep) and no-till. Broadcast K applications were made
in the spring prior to tillage (0, 200 or 400 lb/ac K„0). Because of preexisting
variability in soil K, regression was used to characterize treatment differences.
Potassium was applied in the row at planting (0-0-5) to every other row. Nitrogen
and phosphorus were also applied (7-21-.1) to all rows. Potassium present in the N-
P row application was due to contamination. The actual application rate of K^O with
these two row applied fertilizers is in table 1. Nitrogen as ammonium nitrate was
applied to the entire plot area (15 May 1984) at a rate of 300 lb/ac to eliminate its
effects.

Please refer to title page of this publication for information regarding application
and use of this article. /"""s
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Table 1. K Applied as Row Fertilizer.

0-0-5 7-21-.1

K K

— (lb/ac) —

5.1 .2

Table 2. Fertilizer treatment application schedule.

Fertilizer
Xype Date Applied Method Rate Applied

Potassium

Chloride (KCl) 15 April 1984 Broadcast 0, 200 and
400 lb/ac KgO

20 May 1984 Row 20 gal/ac

Ammonium

polyphosphate*
urea

(7-21-0)

Ammonium

polyphosphate*
urea

(7-21-0)+ 20 May 1984 Row 20 gal/ac
Potassium How 10 gal/ac
Chloride (0-0-7)

In 1983 and 1984 ten samples per plot were taken, composited for the 0-6, and 6-
12 inch depths. Ten soil samples per plot were also taken and composited for the 0-
2, 2-4, and 4-6, inch depths. Soil samples were taken on two dates in 1983 and
1984, 26 April 1983, 16 June 1983, 10 April 1984, and 2 July 1984 before fertilizer
application and chisel plowing and after fertilizer application and chisel plowing,
respectively for each year. The samples were dried at 97° F, and ground to pass a

Samples for bulk density and soil moisture were taken 7 Sept. 1984 for the 1-4
inch depth increment. Sampling was done between the row, in and out of wheel
traffic. Samples were dried at 105°F.

Whole plant samples were taken at approximately the 6-10 leaf stage of
development on 22 June 1984. Plants were cut at ground level (10 plants/plot).
Grain and stover samples were taken at harvest. All samples were dried at 140*F and
ground to pass a 1 mm sieve.

Residue was measured by the line intersect method (Laflen et al., 1981). The K
levels in the soil tested were determined using ammonium acetate extraction
(Recommended Chemical Soil Test Procedures, 1980).

RESULTS AND DISCUSSION

Table 3 shows the effects of tillage on soil cover both in and between the row.
There was approximately three times the level of cover without tillage than with
chisel plowing regardless of position relative to the row. Within tillage
treatments, the cover in the row was approximately two thirds of that between the
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row. The cover with no-till was more variable due to poor distribution by the < '
combine. Although, there was some effect of cover and tillage on date of emergence
there was no effect on final stand (see table 4).

Table 3. The effect of tillage on soil cover in and
between the row (6/7/84).*

Tillage In Row Between Row

No-till

Chisel

42.2

(25.3)
74.0

(13.9)

16.5

(12.3)
24.0

(14.6)

* Numbers in parenthesis represent the standard deviations,
n=12. In and between the row are defined as the 8 inch area
centered over the row and the remainder, respectively.

Table 4. The effect of tillage on corn emergence and final stand.*

r^
Emergence Final stand

Tillage 5/30 6/1 6/3 6/4 6/5 6/14/84

•% of final stand plants/ac x 103

No-till 0 29.8 77.4 90.3 96.7 26.5
(16.9) (15.1) (8.3) (4.5) (1.4)

Chisel 0 50.0 84.7 95.4 98.7 25.7
(27.2) (16.8) (5.8) (2.1) (1.7)

* Numbers in parenthesis represent the standard deviations, N-12.

Table 5 shows the moisture content of incremented samples taken 2 July 1984 as
affected by tillage. There was greater moisture in the 0-2, and 2-4 inch depths with
no-till than with chisel plowing at the time of sampling.

Table 6 shows that significant differences between no-till and chisel plow
treatments existed for bulk density and soil moisture when no traffic was over the
area (no-till having greater moisture and bulk density). No-till and chisel plowing
responded differently to traffic. Bulk density and soil moisture both increased in
the chisel treatment with traffic, while with no-till no differences were seen in
bulk density or soil moisture with or without traffic. There were no significant
differences between tillage treatments when traffic was present for bulk density or
soil moisture.

r\
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Table 5. The effect of tillage on soil moisture
content on 7/2/84.*

Depth No-till

Tillage
Chisel

inches •% by wt

0-2 16.2

(2.2)

11.8

(1.7)

2-4 18.4

(1.4)

17.5

(1.3)

4-6 18.9

(1.1)

18.2

(1.3)

0-6 18.2

(1.6)

16.2

(1.7)

6-12 19.2

(1.2)

18.8

(1.6)

♦Numbers in parenthesis represent the standard
deviations, n=12.

Table 6. The effect of tillage and traffic on the bulk density,
and soil moisture in the surface 1-4 inches 7 Sept. 1984.*

Bulk Soil

Sample Position Tillage Density Moisture

Between Rows (g/cmJ ) (% by Vol.)

No-traffic No-till 1.4 (.07) 30.0 (2.87)
Chisel 1.2 (.09) 26.4 (1.67)

With-traffic No-till 1.5 (.08) 29.3 (2.09)
Chisel 1.4 (.05) 28.3 (3.00)

*Values in parenthesis represent the standard deviations, N=6.

The vertical distribution of soil K to a depth of 6 inches is shown in figure 1
for no-till and chisel treatments. The effect of the 1983 tillage is still present
at the first sampling date in 1984 (figure la and b for no-till and chisel,
repectively), however, soil buffering and fixation brought the soil test K down at
all depths in both tillage systems from levels of the previous season. There were no
significant differences in soil K between tillage treatments at any depth or rate of
broadcast K on 4/10/84. Broadcast K applications caused a steep gradient of K in no-
till to the 6 inch depth (figure lc). There was also a gradient of K with the chisel
treatment, but not as dramatic as with no-till (figure Id). No-till plots had
significantly higher concentrations of K in the surface 2 inches compared to the
chisel treatment with the 200 and 400 lb/ac rate of broadcast Kg 0. Chisel plowing
had greater soil K than no-till in the 4-6 inch depth increment with the 200, and 400
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Figure 1. The effect of tillage and annual K application
on soil test K distribution before and after tillage

in 1984.
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Table 7. The effect of tillage and annual broadcast K applications on
soil test K for the 0-6 and 6-12 inch depths for 1983 to 1984 sampling dates.*

Rate of K 0

Applied Annually Depth 26 April '83 16 June '83 10 April '84 2 July '84

(lb/ac) (inches) Soil test K (ppm )•

NO-TILL

0 0-6 70.5 (12.7) 65.2 (13.8) 81.2 (11.1) 81.8 (13.0)
6-12 54.0 (19.6) 54.7 (22.5) 70.2 (14.5) 76.8 (13.8)

200 0-6 84.5 (16.4) 124.5 (29.1) 112.7 (21.8) 127.8 (13.6)
6-12 60.9 (23.1) 62.6 (22.8) 72.8 (26.1) 81.0 (17.3)

400 0-6 101.7 (11.0) 175.5 (30.0) 140.2 (30.9) 173.7 (40.4)
6-12 55.8 (17.6) 58.2 (6.2) 74.2 (8.1) 82.7 (15.4)

CHISEL

0 0-6 68.5 (15.3) 72.0 (18.0) 83.7 (12.4) 79.8 (10.0)
6-12 55.8 (10.0) 54.8 (12.4) 72.5 (12.1) 80.3 (14.9)

200 0-6 75.8 (18.8) 111.5 (30.9) 102.2 (25.3) 131.7 (18.6)
6-12 53.5 (16.0) 55.3 (15.2) 78.0 (10.0) 87.0 (18.4)

400 0-6 111.8 (29.8) 152.7 (36.3) 138.0 (28.7) 174.5 (36.3)
6-12 59.5 (22.2) 59.5 (24.8) 72.7 (22.9) 82.3 (19.7)

*Values in parenthesis represent the standard deviations, n«9.

Early growth of corn is shown in figure 2. Early growth was similar for both
tillage treatments within row application treatments, and was independent of soil
test K. Row applied K significantly increased early growth in both the no-till and
chisel treatments. At the 400 lb/ac rate of broadcast K, the increase due to row
applied K was greatest with both tillage treatments.

Early uptake of K is shown in figures 3. Row applied K significantly increased
uptake in both tillage treatments. With or without row applied K the uptake of K by
early growth with the chisel treatment leveled off after the broadcast rate of 200
lb/ac of KgO, while with no-till uptake continued to increase.

Figures 4 and 5 show the effects of soil test K (0-6 inch 7/2/84 sample), and
row applied K on grain and stover yields, respectively. Regression equations
corresponding to the figures are in table 8. Non-significant regressions are
accompanied by NS, and represent the least squares fit of the data.

Responses of grain yields were significantly related to soil test K levels with
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Ffgure 8. Precipitaion at the study site during the 1983, and
1984 growing seasons.
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both tillage treatments when row applied K was used. Chiseled corn also responded in
grain yields to soil K without the use of row applied K. Row applied K did not
affect grain yields with the no-till treatment. At low levels of soil K row applied
K increased grain and stover yields with the chisel treatment. Grain yields were
similar for both tillage treatments. Stover yields responded to soil test K
significantly in all cases. Row applied K increased the harvest index with the no-
till treatment at medium to high soil K levels. Stover yields were similar for both
tillage treatments.

Uptake of K as affected by soil test K, and row applied K is shown in figures 6
and 7 for grain and stover, respectively. Corresponding regression equations are
given in table 9. Uptake of K by grain did not respond significantly to soil K with
the use of row applied K with the no-till treatment, however, grain and stover uptake
of K did respond in all other cases. Row applied K did not affect total uptake of K
with the no-till treatment. Chisel plowing had greater K uptake by grain at low soil
K levels due to row applied K, but stover uptake was not influenced by the row
application.

Table 8. Regression equations used to describe yields.

Equation: y=ea KD .
y = Yields (Mg/ha)
K = 0-6 inch soil test K (ppm)

Row Fertilizer Tillage Equation Exponents R? >p-value

Grain Yields

N-P-K No-till 1.3793 .13333 .335 .05

Chisel 1.1886 (.22504 - .00841 In K) .399 .05

N-P No-till -5.0793 (2.8382 - .28021 In K) .279 .23
Chisel -8.7585 (4.2640 - .41612 In K) .648 .00

Stover Yields

N-P-K No-till -.95672 (1.0170 - .08663 In K) .424 .08
Chisel 1.0185 .20136 .488 .00

N-P No-till -3.4629 (1.9949 - .17799 In K) .487 .05
Chisel -14.511 (6.6408 - .66389 InK) .667 .00
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Table 9. Regression equations used to describe K-uptake by corn.*

Equation: ye3 KB .
y = K-Uptake (kg/ha)
K = 0-6 inch soil test K value (ppm)

Row Fertilizer Tillage Equation Exponents R~2 ^-value
_ ^-

Grain K-Uptake

N-P-K No-till -6.7935 (4.0485 -.40666 InK) .322 .17
Chisel -3.4911 (2.5410 - .23516 In K) .555 .01

N-P No-till -12.473 (6.3647 -.64179 InK) .490 .05
Chisel -15.487 (7.3494 -.71553 InK) .775 .00

Stover K-Uptake

N-P-K No-till -10.106 (4.9287 -.39819 InK) .833 .00
Chisel -26.188 (11.604 -1.0848 InK) .859 .00

N-P No-till -7.4253 (3.9562 - .31005 In K) .682 .00
Chisel -31.042 (13.646 - .23516 In K) .788 .00

SUMMARY

1. Under no-till conditions corn emergence was delayed about one day over that grown
with chisel plowing.

2. Final stand was not affected by tillage.

3. Bulk density was greater with no-till than with the chisel plow treatment in the
1-4 inch depth when there was no traffic over the area.

4. Soil moisture was higher under no-till conditions compared to chisel plowing.
This difference was associated with the top 4 inches.

5. The no-till treatment resulted in three times the soil cover of chisel plowing.

6. Soil cover in the row was two thirds of that between the row with both tillage
treatments.

7. The spring distribution of soil K was not significantly different between tillage
treatments.

8. Soil K distribution 83 days after application of K was greatly influenced by
tillage.

9. With broadcast K applications, soil K in the surface 2 inches was higher with no-



237

till than with the chisel plow treatment.

10. With broadcast K applications, soil K in the 4-6 inch depth increment was higher
with chisel plowing than with the no-till.

11. Changes in soil K with a given K application were similar for six inch cores
with both tillage treatments in 1984.

12. Early growth was increased with row applied K and independent of soil test K.

13. Early growth was similar with both tillage treatments within row application
treatments.

14. The increase in early K uptake due to row application of K was greater at higher
soil test K levels with both tillage treatments.

15. Chisel plow treatments leveled off in early uptake after a broadcast rate of 200
lb/ac of K 0, while no-till continued to increase.

16. Grain yields were not influenced by row application of K with the no-till
treatment.

17. Chiseled corn had increased grain and stover yields at low levels of soil test K
due to row applications of K.

18. Grain yields were similar for both tillage treatments.

19. Row K increased the harvest index at medium to high levels of soil K with the
no-till treatment.

20. Uptake of K by grain was increased by row applied K at low levels of soil test R
with the chisel treatment.

21. Total K uptake was similar for both tillage treatments.

LITERATURE CITED

1. Laflen, J. M., M. Anemiya, and E. E. Hintz. 1981. Measuring crop residue. J. of
Soil Water Conserv. 36(6):341-43.

2. Recommended Chemical Soil Test Procedures for the N. Central Region. 1980. Bull.
No. 499 (Revised). N. Dakota Agric. Exp. Station. Fargo, N.D. 58105



238

THE EFFECT OF TILLAGE, N RATE, AND NITRIFICATION INHIBITOR ON CORN RESPONSE ON AN IRRIGATED
LOAMY SAND SOIL AND DRYLAND SILT LOAM SOIL

J.F. MONCRIEF, G.L. MALZER, G.W. REHM, AND J. CHAPLIN

Proper N management with conservation tillage is of paramount importance. Success or failure when
growing continuous corn with very little tillage depends primarily on: 1) managing the crop residue
to minimize reduced soil temperature affects, 2) adequate weed control, and 3) proper fertilizer
management. Nitrogen management Is important to minimize potential losses from Increasd leaching and
denitriflcatlon due to higher soil moisture levels.

The experimental sites are located at the Sand Plains Experiment Station, Becker, MN and on a
cooperator's farm near Goodhue, MN. The Becker, MN site is located in East Central (EC) Minnesota on
a soil formed in glacial outwash. The Boil at this site is classified as a Udorthentic Haploboroll
(Hubbard, loamy sand). These soils are capable of high production levels when irrigated. Nitrogen
management is always of paramount Importance on these soils. Growers are interested in conservation
tillage on these soils to minimize wind and water erosion (water erosion from natural rainfall and
also water application with low pressure Irrigation systems). They are also motivated by the
potential of reducing production inputs with conservation tillage. The other experimental site is
located in South Eastern (SE) Minnesota on a soil formed in a deep-loess cap over limestone. This
area of Minnesota has the highest potential for soil erosion.

Methods: At the EC site a Buffalo planter equipped with clearing discs was used to plant the ridge
till treatment. A White planter with 2" fluted coulters was used for all other tillage treatments at
this site. At the SE site a Hiniker Series 1 Econo Till planter was used for all tillage treatments.
The cleaning discs were raised for the no till and chisel treatments. Cultural practices utilized in
this study are summarized in Table 1. A continuous corn rotation was used at both sites.

Anhydrous ammonia was used as the nitrogen source. A sidedressed treatment was used at the SE site
in addition to the Spring treatment at both sites. Nitrogen was applied at three rates with and
without a nitrification inhibitor (N Serve) at both sites. The experimental design is a complete
factorial arrangement with four replications as shown in Table 2.

RESULTS AND DISCUSSION

Tillage characterization: The resulting soil cover as a result of tillage is shown in Table 3. Soil
cover slows soil moisture evaporation. This coupled with the increased soil density associated with
the absence of tillage can result.in denitriflcatlon (most likely the SE site) or increased leaching
(the EC site). With moldboard tillage there is little residue and no difference relative to the row.
The ridge till treatment resulted in about one-third the cover in the row as between rows at the SE
site and about one-half as much at the EC site. The chisel treatment at the EC site resulted in less

residue in the row but about the same at the SE site. No tillage resulted in 60-70% cover at both
sites.

The effect of tillage on stands is shown on Table 4. There is no effect of tillage on stand. The
ridge till treatment at the EC site had much less variability, however.

The effect of tillage on soil density and moisture is shown in Table 5. At the EC site there was
traffic on all rows due to the necessary passes to apply N treatments and herbicides. With traffic
all tilage effects have been masked out. There is a significant effect of tillage on soil moisture,
however. These samples were taken the day following .58 inches of rain. The moldboard appears to be
drying down the fastest. It is difficult to explain the higher soil moisture associated with chisel
plowing.

Yield and N uptake: Tillage haB been shown to affect the rate of several soil N transformations. In
some cases there has been less N available with extremes in tillage reduction. One question this
experiment was designed to address is "Is there a difference in N availability resulting from the
tillage associated with anhydrous ammonia application"? The data collected in this reguard is shown
in Table 6. There is no apparent effect of the tillage associated with anhydrous application (no N
was applied).

"Please refer to title page of this publication for Information regarding application and use of this
article".
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Treatment means for yields and N uptake for the EC site are shown in Table 7. There was a
significant effect of all treatments on grain yields and uptake at this site. It is interesting to
look at the tillage in x N-rate X inhibitor interaction. This is shown in figure 1 and 2 for grain
yields and grain N uptake respectively. At the first rate of N there was a greater inhibitor yield
response with the no till treatment. The curves for the moldboald and ridge till treatment are
similar in shape. There was considerable precipitation at this site in June (figure 3). The yields
are similar without inhibitor at the 75 lbs/A rate for all four tillage treatment. There is more of
an increase with the no till treatment with inhibitor at this rate. This suggests that the
nitrification progressed more slowly under no till conditions. This is probably due to cooler
temperature under this treatment which slowed the degxedatlon of the inhibitor and N was present as
NH, during the June rainfall. It is difficult to offer an explanation for the apparent response at
the high rate of N with chisel plowing.

Treatment effects on yield and N uptake at the SE site are shown in Table 8. Generally the ridge
till and chisel treatments resulted in similar yields which were higher than the no till treatments.
Spring N application was consistently better than sidedress. This is probably a result of the
rainfall distribution (figure 4). June was fairly dry and with the exception of one 3 inch rain in
July, it was also. Sidedress was especially a poor option with the chisel treatment.

There was no consistent effect of the nitrification inhibitor at this site,

one would not expect an advantage with an inhibitor.
Again, it was dry and

SUMMARY

Tillage affected soil moisture at both sights. Higher soil cover resulted in more soil moisture.
There was no effect of the tillage associated with anhydrous application an corn yields (no N
applied). Traffic masked the effects of tillage on soil density. There was a differencial inhibitor
response (due to tillage) at the EC site. This is probably due to the temperature effect on the
persistence of the NH, form of N. There was no consistent response of inhibitor at the SE site.
This is the result of the difference in rainfall between sites. The Spring M application was better
than sldedressed N.

Table 1: Cultural practices utilized.

Management East Central South East

Practice Minnesota Data Minnesota Date

Tillage Moldboard Plow 4/24 5/8
Chisel Plow 4/25 6/29
Ridge Till-Cultlviation 6/25

Planting Date 5/3 5/9
Corn Hybrid Pioneer 3906 Pioneer 3906

Planting rate 29,600 plants/A 28,000 plants/A
Row spacing 30 inches 38 inches

Fertilizer Applications
Sow applied at
planting 150/lbs/ 8-10-30 5/2-5/3 14 gal/A 7-21-7 5/9

Anhydrous Ammonia All other spring
N treatment

5/4 All Spring N treatment 5/10

300 lb/A + N Serve 5/8 Sidedress N 6/25
Broadcast 300 lb/A 0-0-22 (Sulpomag)

Insecticide

At Planing Lorsban 15G 7 lbs/A 5/3 Counter 15G 6 lbs/A 5/9
Through irrigation
system Lorsban 4e 7 lbs/A

Lorsban 4e 7 lbs/A
7/11
8/20



Table 1: (cont.)

Herbicide

Preemergence

Post Emergence

Atrazine

2 lbs/A
Atraylne
2 lbs/A

& Dual

1 lbs/A
& Oil

1 qt/A
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5/3

5/29

Table 2: Summary of Treatment

Location

EC SE

Tillage

Moldboard X

Chisel X X

Ridge Till X X

No Till X X

Time of Application

Spring X X

Sidedress X

N Rate

0 X X

75 X X

150 X X

300 X X

Nitrification Inhibitor

with X X

without X X

Table 3: The affect of tillage and percent soil cover.*

Location

East Central

Minnesota

6/8

South East

Spring N
6/19

Sidedress N

6/19

Tillage

Moldboard

Chisel

Ridge Till
No Till

No Till

Ridge Till
Chisel

No Till

Ridge Till
Chisel

In

Row

3.5 (4.6)
25.0 (13.7)
16.7 (12.4)
64.0 (18.0)

70.0 (20.8)
13.8 (10.9)
27.8 (14.5)

69.8 (17.8)
6.5 (3.5)
18.5 (10.3)

Lasso + Bladex 5/9
2.5 lbs/A 1.5 lbs/A
Atrazine & Oil 6/11
2 lbs/A 1 qt/A
Banvel 1/8 16/A 6/13

Between

Row

2.5 (3.5)
41.3 (17.4)
32.0 (14.5)
73.0 (14.6)

51.0 (15.4)
31.8 (9.9)
26.0 (13.5)

64.3 (14.4)
22.3 (12.3)
23.8 (11.2)

*Numbers in parenthesis are standard deviation N = 16. Measurements were made on the 300 lbs/A N
rate only. In row is defined as the 8" area centered on the row.
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Table 4: The effect of tillage on stand.*

Tillage

Moldboard

Chisel

Ridge Till
No Till

EC

Spring N

28.7 (3.1)
29.2 (1.7)
29.5 (0.8)
28.5 (2.5)

Location

Spring N

-plants/A x

26.7 (2.3)
26.2 (1.8)
25.9 (3.2)

SE

SidedreBS N

lo-

27.9 (1.6)
25.5 (2.5)
27.2 (2.4)

* The numbers In parenthesis are standard deviation, n = 16.
Stand counts are for the high N rate only.

Table 5: The effect of tillage and traffic on soil density and moisture in the 1-4" soil depth
(3" cores).

Location

East Central

9/4
(between the row
with traffic)

South East

9/4
(Between the row)

Tillage

Moldboard

Chisel

Ridge Till
No Till

Chisel

Ridge Till
No Till

No Traffic*

1.19 (.07)
1.27 (.06)
1.26 (.09)

Bulk Density

1.57 (.04)
1.58 (.05)
1.57 (.07)
1.59 (.07)

Bulk Density

Traffic

1.40 (.10)
1.44 (.04)
1.40 (.08)

Percent

Moisture by Vol. *

17.3 (1.5)
22.9 (2.3)
18.3 (2.2)
19.4 (3.1)

Percent Moisture by Vol.

No Traffic* Traffic*

26.9 (3.4) 29.8 (1.4)
28.7 (1.9) 33.2 (2.1)
28.9 (3.5) 31.6 (2.9)

* Tillage is s:ignlficant at act". 10. At the SE location traffic is significant a a » .10 for both

bulk density and soil moisture, there is no interaction.

Table 6: The effect of the tillage associated with anhydrous application on yields and N uptake (No
N applied).

Yields N uptake

Location Grain Bu/A
Knife No Knife

Stover T/A
Knife No Knife

Grain Stover

East Central Knife No Knife Knife Ro Knife

Moldboard 56 56 1.3 1.3 32 30 11.7 9.2
Chisel 51 60* 1.2 1.4 31 31 12.7 10.2

Ridge Till 53 52 1.3 1.2 28 32 8.0 9.0
No Till 43 45* 1.0 1.0 23 23 8.9 9.3

South East

Spring

Chisel 93 91 1.7 1.5 46 46 16 14
Ridge Till 74 71 1.3 1.4 38 37 11 11

No Till 85 83 1.6 1.6 45 44 14 16

Sidedress

Chisel 81 91 2.0 2.2 46 46 13 13

Ridge Till 63 71 2.0 1.7 47 37 12 10

No Till 83 83 1.9 2.0 45 44 16 17

*Signifleant as the result of a paired t test at o - .10, n » 4.
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Table 7: The effect of tillage, N rate,and nitrification inhibitor on corn yield and N uptake at
Becker, MN, 1984.

Rate lbs/A Inhibitor

Yield

A

N uptake

Grain S

lbs/A
Tillage N Grain Bw/A Stover T/ tover

No Till 75 _ 93 2.11 57 20
it ii

+ 144 2.75 90 31
ii

150 - 125 2.36 77 28
ii ii

+ 158 2.85 110 39
ti

300 - 164 3.03 121 48
ii ii

+ 169 3.12 115 50
Ridge Till 75 - 115 2.12 65 20

ii ii
+ 135 2.17 85 25

ii
150 - 164 2.72 107 31

it it
+ 156 2.42 119 32

ti
300 - 184 3.37 138 50

tt it
+ 185 3.02 137 41

Chisel 75 - 101 2.48 58 24
ii it

+ 118 2.34 72 22
ii

150 - 141 2.59 90 29
ii it

+ 167 3.02 113 32
ii 300 - 168 3.01 118 43
ii tt

+ 187 3.39 148 45

Moldboard 75 - 72 ].63 42 15
ii tt + 122 2.29 69 22
•i

150 - 152 2.77 103 28
ii ii

+ 141 2.97 88 38
ii 300 - 183 3.10 133 40
ii it

+ 175 3.13 127 41

Main Effects

Yield N uptake lbs/A
Grain StoveiTillage Grain Bu/A Stover T/A

No Till 143 2.70 95 36

Ridge Till 156 2.64 108 33

Chisel 147 2.81 100 33

Moldboard 141 2.65 94 31

P value 99 46 97 77

N rate lbs/A
75 113 2.24 67 22

150 150 2.7] 101 32

300 177 3.14 130 45

P value 99 99 99 99

Inhibitor
— 139 2.61 92 32

+ 155 2.79 106 35

P value 99 97 99 97

Interactions

Till X Rate 93 68 88 2]
Till X Inhibitor 90 95 94 89

Rate X Inhibitor 99 62 96 92

Till X Rate X Inhibitor 93 67 97 28
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Table 8: The effect of tillage, N rate, time of application, and nitrification inhibitor on cc
yield and N uptake at Goodhue Co. , MN, 1984.

Rate lbs/A
Time of

Application Inhibitor

Yield N uptake

Grain

i lbB/A
Tillage N Grain Bu/A Stover T/A Stover

No Till 75 Spring - 147 2.71 104 42
ti it tt

+ 138 2.66 101 40
ii ti

SD - 149 2.67 99 40
ii it tt

+ 147 2.44 104 38
ii

150 Spring - 150 2.92 110 60
ii ii it

+ 155 2.90 107 46
it ii

SD - 149 2.56 100 42
ti tt it

+ 155 2.90 117 49
ii

300 Spring - 155 2.86 106 49
it it ii

+ 155 3.05 114 55
tt ti

SD - 149 2.71 100 46
tt ii ii

+ 146 2.69 102 45

Ridge Till 75 Spring - 154 2.45 99 37
ii tt tt

+ 157 2.82 107 41
it tt

SD - 160 2.71 112 41
it tt •i

+ 157 2.59 104 39
•i

150 Spring - 166 2.96 113 51
•i tt ii

+ 168 2.93 127 50
ti ii

SD - 155 2.75 107 43
•i tt it

+ 164 2.92 121 47
ii

300 Spring - 158 2.83 110 48
n ii ti

+ 162 3.03 111 54
tt it

SD - 164 2.91 117 49
tt tt tt

+ 161 3.03 116 50

Chisel 75 Spring - 162 3.00 116 45
tt it it

+ 162 2.91 113 42
ii ii

SD - 155 2.77 103 39
tt n ii

+ 147 2.62 88 33
it

150 Spring - 171 3.14 118 52
tt •i ii

+ 161 2.99 115 48
ti ii

SD - 153 2.76 101 51
ii ti ii

+ 160 2.76 118 40
ti

300 Spring - 157 3.21 111 52
ii tt tt

+ 159 2.86 121 50
ti ii

SD - 157 2.93 116 41
it ii tt

+ 155 2.82 114 49

Main Effects

Yield N uptake lbs/A
Grain StoverTillage Grain Bu/A Stover T/A

No Till 150 2 .76 105 46
Ridge Till 161 2,.83 112 46
Chisel 159 2 .90 111 45
P value 99 40 99 02

N Rate

75 153 2,.69 104 40
150 159 2,.88 113 48
300 157 2.91 112 49

P value 98 99 99 99

Time of Application
Spring 158 2..90 HI 48
SidedresB 155 2,.75 108 44
P value 98 99 97 99



Table 8: (cont.)

Inhibitor

+

P value

156

156

06

Interactions

Till X Rate 16

Till X Time 96

Till X Inhibitor 51

Rate X Time 69

Rate X Inhibitor 84

Time X Inhibitor 19

Till X Rate X Time 97

Till X Rate X Inhibitor 13

Till X Time X Inhibitor 16

Rate X Time X Inhibitor 91

Till X Rate X

Time X Inhibitor 58

2.83

2.83

06

36

96

99

35

46

07

23

64

60

97

46
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108

108

96

46

45

29

84 27

96 58

55 71

40 48

99 87

06 20

99 19

49 16

81 49
99 64

60 93
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Figure 3: Precipitation and irrigation at the EG site.
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Figure 4: Precipitation at the SE site.

1984 Precipitation Donald Nord Farm

Apri 1 May June July

Months (days)

August September

to
4>
00



249

The Effect of Tillage on Corn and Soybean Production on a Typic Hapludalf Soil

J. F. Moncrief, J. Chaplin, D. Breitbach, C. Eberleln
T. L. Wagar, R. W. Hoff, M. P. Metz, and L. J. Svien

Demonstration plots were established on a Typic Hapludalf soil (Fayette, silt loam) in Wabasha
County, Minnesota In the spring of 1984. The plot area has a slope of 2 to 6 percent. The farmer
- cooperator (Francis Kottschade) idled the land in 1983 (PIK program) and planted it to sweet
clover.

Soli Test and Fertilizer

The pH values range from 6.3 to 6.8. Soil P is generally in the high range (greater than 40) •
soil k is in the medium to high range (200 - 300 lbs/A). The study area is remarkably
uniform.

A row application of 12.5 gal/A of 7-21-7 was made at planting on all corn. This should have
eliminated any limitation due to P and K at the soil levels of this site. Nitrogen was Injected
at 75 lbs/A as 28% urea-ammonium nitrate solution on the no-till, paraplow, and ridge till plots.
No N was applied on chisel plowed plots. Research has shown that there will be less N released
under no-till conditions after a legume. There should be adequateN released with the chisel plow
treatment. The sweet clover stand was excellent.

Weed Control

Herbicide applications are summarized in table 1. The entire demonstration area received an
application of Glyphosate (Round up). This was necessary to control a moderate stand of Quack and
Bromegrass. Excellent weed control in the corn was obtained with a burndown application of 2,4-D
ester plus dicamba (Banvel) followed by a preemergence application of alachor (Lasso) plus
cyanazine (Bladex).

Soybean plots were split to evaluate a preemergence vs. post emergence weed control strategy. This
comparison presented the following problems:

1. The glyphosate burndown on the preemergence plots (treatment A) did not adequately kill the
sweet clover.

2. The soybeans had to be replanted due to crusting rains and resulted in disturbance of the
preemergence treatment.

3. An accurate weed map was not available and several unanticipated weeds were present at moderate
levels. This comparison will be made in 1985*

All tillage treatments received similar herbicide applications for both corn and soybeans.

Soil Cover

The soil cover with crop residue after planting corn is shown in table 2. The no-till and ridge
till treatments are similar. At this point in time during the establishment year they are
Identical. There is about 25% less cover in the row than between with all tillage treatments
except chisel plowing. "In" is defined as an 8 In. area centered on the row and "between" the
remainder. The paraplow treatment resulted in about 10 to 15% less cover than no-till. The
chisel plowing left much less residue and there was no difference In and between the row.
Measurements were also made perpendicular to the rows and gave values similar to the weighted
average of the In and between row measurements (data not shown).

The cover after planting soybeans is shown in table 3> Due to the late planting date and the
narrow row drill (8 In. rows) with a 2 inch fluted coulter (Tye no till drill) the residue levels
are generally lower than the corn plots. The same planter was used on both corn and soybean ridge
till plots (Buffalo till in the no-till configuration). The measurements made perpendicular to the
row is similar to the weighted average of the "in" and "between" values.
Please refer to title page of this publication for information regarding application and use of this
article.
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Stands

The effect on tillage of plant populations is shown in table 4. Corn populations were similar for
the no-till, paraplow, and ridge till treatments. The lower population associated with the chisel
treatment is probably the result of a crusting rain which followed planting.

Due to the soil crusting at this site the soybeans were replanted in the no-till, paraplow and
chisel treatments (narrow rows). These treatments had extremely low populations prior to replanting.
The ridge till treatment was not replanted because the expected yield loss due to late planting was
similar to the expected loss due to low population (about 10-15%). The other three treatments had
similar stands after replanting. With the exception of the ridge till treatment in the soybean
study plant populations would not be expected to limit yields.

Yields

Grain yields were measured by harvesting the center 8 rows of each corn plot and a 14 foot swath
from the center of each soybean plot. Plot length measurements were made to be used In the yield
calculation for each plot (— 233 feet). A weigh wagon (+ 1 lb) was used to determine plot grain
weights.

Corn grain yields and moisture are shown in table 5« There is no significant difference in grain
yields or moisture due to tillage. The chisel treatment had a severe infestation of leaf minor
between the 8 and 12 leaf stage of growth in one plot which may be responsible for this lower
trend in yields with this treatment.

Earleaf concentrations of N, P and K are shown in table 6. It is interesting to note that the
chisel plow treatment resulted in higher N concentrations even though there was none applied. This
is likely the result of slower mineralization and subsequent N release from sweet clover residue
with the other tillage treatments. Lower K concentrations with extremes in tillage reduction are
typical on these types of soils. Potassium or nitrogen would not be expected to be yield limiting
in this study.

Soybean yields and moisture are shown In table 7* The soybeans grown with ridge tillage are
pioneer 1677- All others are Dawson (see stand section). For this reason the ridge till treatment
is excluded from the statistics analysis. Of the remaining treatments only the preemergence - no
till treatment had a significantly lower yield. This was due to a poor control of the existing
sweet clover sod with the burndown treatment (glyphosate). The tillage associated with the other
treatments in conjunction with the glyphosate burndown eliminated any effect of the sweet clover on
soybean yields. The pre vs. post-emergence comparison is of limited value for other reasons (see
weeds). On July 4th all soybeans received an application of Bentazon (Basagran), poast, and crop
oi) (see table ))• Weed control was excellent under all treatments.

Summary

In spite of unforseen difficulties encountered this year there is still a valid comparison of most
tillage treatments. After some difficulty excellent weed control was obtained in all plots. The
lesson to be learned here is to get an accurate weed map the year prior to establishing a demon
stration. Relying on farmer observations may be misleading. The crusting problem is something
that must be accepted as a possibility on these silt loam soils. Crop residue appeared to lessen
the severity of stand reduction.

Corn yields were similar regardless of tillage. When weeds were controlled soybean yields were
also independent of tillage. This is an establishment year. It is not recommended to plant
soybeans following a legume for obvious reasons.

In 1984 all tillage treatments and logistics of carrying out this demonstration have been
established. This will enable the ultimate test of bottom line comparisons of four tillage
strategies in southeastern Minnesota for corn and soybeans in 1985.

Information and Education Activities

This tillage demonstration plot generated a lot of interest in conservation tillage in Wabasha and
surrounding counties. Despite the fact that this was an establishment year a number of activities
were carried out.
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Two field tours were conducted. One tour was held for cooperating agency field staff. This
Included SCS, Extension, SWCD and ASCS personnel with approximately 40 people attending. A second
tour was conducted for the general public with approximately 60 area farmers attending.

A large sign was placed at the site to identify the project and the cooperating agencies. Local SCS
and Extension Field staff prepared a number of news articles. This local publicity resulted In
numerous individual farmer visits to observe crop growth and weed control. These are estimated at
approximately 50 plot visits. Results from the plots will be utilized at farmer meetings being
planned for early 1985.

Interest and enthusiasm remain at a high level for continuing this project in 1985* One anticipated
benefit from this project was that it would generate interest in establishing demonstration plots
in other surrounding counties. This is being done in an adjoining Major Land Resource Area and will
serve as a demonstration site for a new cluster for counties.
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Table 1. Management practices at the Wabasha County, Minnesota site in 1984.

Management Practice

Soil samples

Burndown

Corn

Soybeans

Inject N

Corn Planted

(Pioneer 3906)

Row fertilizer

Soybeans planted
(Pioneer 1677)

Preemergence
Herbicide on corn

Preemergence

Herbicide on soybeans
(treatment A)

Rotary hoe over all plots

Soybeans replanted
Dawson

Remarks

10 core composites 0-6 in.

Sweet Clover 8 in. tall
2, 4-D ester .5 lbs/A
Dicamba .25 lbs/A

Glyphosate 2 lbs/A

A. Glyphosate 21 lbs/A

or

B. Poast

+

Petroleum oi1

.19 lbs/A

1 qt./A
+

2, 4-D ester .5 lbs/A

28% Urea Ammonium 75 lbs/A
Nitrate Solution

All tillage treatments except
chisel plowing

25,500 plants/A Buffalo till planter in
no-tlll configuration (38 inch rows)

All tillage treatments except chisel plowing
chisel plots planted

All corn plots received 12.5 gal/A of 7-21-7

225,000 plants/A Tye no till drill

10 inch rows (38 inch rows Ridge till)

Cyanazine
(Bladex) 1.5 lbs/A

+

Alachlor

(Lasso) 2 lbs/A

A. Alachlor 2 lbs/A

(Lasso)
+

Metribuzin .25 lbs/A
(Sencor)

+

Chloramben 2.4 lbs/A
(Ambiben)

Glyphosate 2 lbs/A
(Roundup)

(a11 soybean plots)

10 inch rows - no-till

Paraplow,and Chisel

Date

April 9

May 10

May 14

May 16

May 16
May 18

May 18

May 22

May 23

May 30

June 11



Post emergence
Herbicide on soybeans
(treatment 6)

Cultivate

Post emergence
Herbicide on

all soybeans

Cultivate

Harvest

Tillage
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B. Bentazon 1 lb/A
(Basagran)

+

crop oil 1 qt./A

Ridge corn (38 inch rows)
Cultivate soybeans (38 Inch rows)

Bentazon I lb/A

(Basogran)
+

Poast .5 lb/A
+

Crop oil 1 qt/A

Ridge soybeans (38 inch rows)

All plots (4 row combine)

Chisel Plow

Paraplow

June 19

July 2

July 4

July 20

Oct. 24

Nov. 8
Nov. 14

Table 2. The effect of tillage on percent soil cover on June 7, 1984 after planting to corn.

No-till

Paraplow
Ridge Till
Chisel

In

59.0 (15.1)
43-3 (14.4)
56.0 (17.3)
16.8 ( 7.6)

Position Relative to Row

Between

percent

84.5 ( 8.4)
71.0 (11.3)
83-3 (15.3)
16.3 ( 8.5)

Perpendicular

80.3 ( 8.7)
69.5 (14.2)
84.3 ( 9-3)
19.0 ( 8.9)

Numbers in parenthesis represent the standard deviation, n»l6

Table 3* The effect of tillage on percent soil cover on June 27, 1984 after planting to soybeans.

No-till
Paraplow
Ridge Til)
Chisel

In

59-5 (16.7)
48.3 (17.8)
70.0 (11.8)
9-0 ( 5.0)

Position Relative to Row

Between

percent

55.5 ( 8.5)
50.0 (15.3)
80.5 ( 8.1)
9-0 ( 4.3)

Perpendicular

61.5 (10.4)
46.0 (10.6)
77.0 ( 7.1)
7-3 ( 4.2)

Numbers in parenthesis represent the standard deviation, n=16.
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Table 4. The effect of tillage on corn and soybean stands on June 7 and 27th respectively.

2
Corn Soybeans

Plants A"1 x IO3 Plants A-1 x IO3

No-Till 24.9 (4.2) 184 (23)
Paraplow 26.8 (3.2) 172 (41)
Ridge Till 26.3 (3-9) 55 (12)
Chisel 21.6 (3.1) 191 (35)

Numbers in parenthesis represent standard deviation, n=16
and 8 for corn and soybeans respectively.

2
Because of poor stand soybeans were replanted on June 11 with
the exception of the ridge till treatment.

Table 5- The effect of tillage on corn yields following sweet clover (Wabasha Co., MN 1984).

Tillage

No-till

Ridge Till
Paraplow
Chisel Plow

Yield

Bu/A"1
e 15.5%

154
148

154
146

Harvest

Moisture (%)

24.7
24.9
24.6
25.0

Table 6. The effect of tillage on corn ear leaf concentrations of N, P, and K (Wabasha Co., MN 1984).

Tillage N P K

No-Till

Ridge Till
Paraplow
Chisel Plow

2.07
3.08
2.97
3.22*

.29

.29

.28

.29

1.80

1.57
1.63
2.07*

*<*<= .10, n = 4
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Table 7- The effect of tillage and weed control strategy on soybean yields (Wabasha Co., MN 1984)

Tillage

Pre

Bu A-1

40.3*
35.0

46.7
43.7

Post

Bu A"'

43-4
34.2
45.1
44.0

Moisture %

Pre Post

No-Till .

Ridge Till1
Paraplow
Chisel

15.6 15.9
17-2 17-5
15.6 15.5
15.6 15-5

All treatments but ridge till were replanted, making an analysis including this treatment invalid.

o<= .10, n = 4.
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INVESTIGATIONS OF TILLAGE, N RATE, AND CORN HYBRID ON A PACHIC UDIC HAPLOBOROLL (TARA, SILT LOAM)

J.F. MONCRIEF, S.D. EVANS, AND A.E. OLNESS

Recently there has been much interest In the interaction between corn hybrid and N response. Tsai et
al. evaluated 16 corn hybrid responses to N fertilizer (spring applied as anhydrous ammonia). They
grouped hybrids into three N reponse types: 1. low fertility types, moderate fertility types, and
high fertility types. Low fertility types didn't respond beyond 60 lbs N/A. High fertility types
responded over the entire range of applied N (400 lbs N/A). They hypothesize three possible
responsible mechanisms for differences: 1. ability to absorb late season N, 2. rate of grain N
assimilation, and 3. duration of grain filling. The economic implications and obvious.

There is also local data from Minnesota suggesting differences in N response between hybrid.
Geadelmann tested 45 hybrids on a loamy sand soil over a range in applied N (0-300 lbs N/A) under
Irrigation and found similar results. A study under dryland conditions comparing two hybrids also
resulted in differences (Randall and Walters, 1984).

There have also been numerous studies showing reduced N availability under extremes in tillage
reduction with a continuous corn sequence. (Mbncrief, et al., 1984; Malzer et al., 1984). One
suspected mechanism for reduced N availability is immobilization of applied N which would result in N
becoming available later is the season when some hybrids would be unable to utilize it. Other
suspected mechanisms are reduced mineralization and increased denitriflcatlon.

The purpose of this study is to investigate: 1. the interaction of corn hybrid and N response, 2.
the effect of tillage on rate of transformation of applied N and its availability, and 3. the effect
of tillage on corn hybrid performance.

Methods: The experimental site is located in west central Minnesota on a Pachic Udlc Haploboroll
(Tara, silt loam) soil. The experimental design Is a split plot with tillage main plots, N rate
subplots, and corn hybrid sub-subplots. There are four replications. Treatments are summarized In
Table 1. Weed control was obtained with Alochlor (Lasso) 3 lbs/A + Cyanizine (Bladex) 2.2 lbs/A
applied preemergence. There was excellent weed control. Row fertilizer whb applied at planting (9.4
gal of 7.4-25-0).

RESULTS AND DISCUSSION

Yields: The relationship between tillage and soil cover, stand and harvest index are shown in Table
2 and 3. Moldboard plowing resulted in a considerable amount of cover. The ridge till and chisel
had similar cover although most was between the row with the ridge till treatment. It is interesting
to note the interaction between tillage and stand. There is a significant reduction under no till
conditions with the Dekalb hybrid. This may be the result of susceptability of this hybrid to
residue borne disease. This will be Investigated more thoroughly In 1985.

Grain yields are shown on Table 4. Due to above average rainfall In June (figure 1) corn generally
responded over the entire range In applied N. At a given level of applied N grain yields were higher
with the Pioneer hybrid. Although the tillage X N rate interaction is not significant ( R value »
81), the no till treatment tended to reach a plateu at the intermediate rate of applied N. The other
tillage treatments continued to respond beyond this rate.

The pioneer hybrid had a more favorable harvest index (HI). Both hybrids had about the same stover
yield. The ridge till treatment resulted in the highest HI. This has been shown in other Minnesota
research (Mbncrief et al., 1984). There was also an interaction between N rate and hybrid (fig. 2).
At the higher N rates both hybrids had similar harvest indexes. This may be related to time of N
uptake. Studies which had a time of application variable show late N to increase HI.

Moisture Stress: Tillage changes levels of soil moisture, soil hydraulic conductivity, and root
distribution. One way of estimating the Integrated effects of many interacting changes is to measure
the moisture stress in the plants themselves. The potential energy of the moisture in the plants

"Please refer to title page of this publication for information regarding application and use of this
article".
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under high evaporative demand are shown In Table 5. With the exception of the early morning reading
(0545) on July 18, which was beyond the sensitivity of the Instrument, P 3906 showed less stress than
the DXL8 hybrid. There also was an absence of any interaction with tillage. Generally the ridge
till treatment shows the highest stress, again independent of hybrid. Stress levels below -8 bars
are considered moderate and as anticipated the differences in stress due to tillage did not show up
in grain yields. Interestingly, the moldboard and no till treatment appear to have similar stress.
The chisel treatment changes in rank from low to high with time.

These measurements were made at tassel and silk emergence. Other research has shown this to be
related to yields if stress in excess of -10 bars is encountered at this time (Moncrlef, 1981). Soil
moisture levels are shown in Table 6. These data support the stress measurements.
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Table 1: Treatment summary at Morris, MN 1984

Treatment

Tillage: Fall Moldboard plow
Fall Chisel plow
Ridge till
No till

N Rate: 0, 40, 80, 120, 160 lbs N/A
applied Oct. 27, 1983 prior to tillage as
anhydrous ammonia

Hybrid: Pioneer 3906
Dekalb XL8
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Table 2: Probability levels of treatment effects on measured variables.

Yield

Source % Cover

Tillage 99

Nitrogen 98

Till X N 86

Hybrid 51

Till X Hybrid 63

N X Hybrid 43

Till X N X Hybrid 82

Grain

95

99
81

99

61

62

42

Total

97

99

32

99

53

87

93

Harvest Index*

67

99

25

99

90

99

60

*Harvest index is defined as the ratio of ear dry matter over total.

Table 3: The effect of tillage and hybrid on stand and harvest index.

Stand Harvest Index*
Percent

Cover P 3906 8 P 3906 DXL8

Tillage

Moldboard

Chisel

Ridge till
No till

P
-plants/A X 10

16.4

54.7
54.3

86.2

26.6

27.7

27.0

28.2

20.8

28.0

28.1

29.1

58.2

57.4

60.1

58.7

54.6

54.6

57.1

52.5

* Harvest index is defined as the ratio of ear yield to total.

Table 4: The effect of tillage and com hybrid on grain yields (Morris, MN, 1984).

N Rate (lbs/A) Tillage

N - 160

N - 120

N - 80

N - 40

No Till

Ridge Till
Chisel

Moldboard

No Till

Ridge Till
Chisel

Moldboard

No Till

Ridge Till
Chisel

Moldboard

No Till

Ridge Till
Chisel

Moldboard

No Till

Ridge Till
Chisel

Moldboard

Pioneer 3906

—Bu/A
Dekalb XL8

116 106

137 125

128 120

135 126

117 97

126 103

120 98

129 121

117 82

120 99

120 95

118 111

95 78

93 75

99 88

102 87

63 48

72 61

86 56
82 61
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Table 5: The effect of tillage and hybrid on leaf water potential at Morris, MN, 1984.

Time Hybrid
Tillage1

2
Significance

Date No Till Ridge Till Chisel Moldboard Till Hybrid Till X Hyb.

V

7/18 1345 P 3906

DXL8

8.4 (1.1)
8.9 (7.2)

8.6 (.33)
10.1 (.37)

7.0 (1.1)
8.6 (.51)

7.3 (1.1)
9.6 (.28)

* *

0545 P 3906

DXL8

.65 (.10)

.68 (.15)
.63 (.13)
.68 (.10)

.68 (.10)

.83 (.05)
.58 (.05)
.65 (.10)

7/19 0950 P 3906

DXL8

3.5 (.76)
4.2 (1.1)

3.4 (.17)
4.8 (.66)

2.8 (.44)
3.7 (.89)

3.3 (.21)
4.0 (.40)

* *

1305 P 3906

DXL8

4.9 (.93)
5.5 (.46)

5.4 (1.1)
7.0 (1.4)

5.3 (.52)
6.7 (.94)

4.4 (1.1)
5.5 (.97)

* *

7/26 1955 P 3906

DXL8

2.0 (.30)
2.5 (.63)

2.2 (.33)
3.1 (.78)

2.0 (.31)
2.6 (.49)

2.3 (.44)
2.8 (.40)

*

7/21 0920 P 3906

DXL8

1.5 (.49)
1.8 (.77)

1.9 (.56)
2.4 (.90)

1.7 (.17)
2.2 (.52)

1.6 (.46)
2.1 (.35)

*

1340 P 3906

DXL8

4.4 (.95)
6.4 (1.3)

6.1 (1.4)
7.7 (.84)

5.3 (.98)
6.7 (.53)

4.8 (1.5)
5.9 (1.6)

* *

~Numbera in parentheses represent the standard deviation.
Treatments with asterisk are significant at a probability level of 90.

Table 6: The effect of tillage on soil moisture distribution on July 27, 1984, Morris, MN

No Till

Ridge Till
Chisel

Moldboard

Depth

0-6 6-12 12-18

X by wt.—

23.3

21.5

21.0

22.8

25.6

23.2

22.8

27.4

22.4

19.8

20.9

23.7

Avg.

23.7

21.5

21.6

24.6

Figure 1: Precipitation, Morris 1984. Figure 2: The.effect of N rate and hybrid on
harvest index.

1

April

Morris 1984
Precipitation

June , July
Montft. (da,.)

.60-

8arvest

Index

.50-

.40

DXL8

40
1
80

N rate lbs/A

120 160
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EFFECT OF TILLAGE AND FREQUENCY OF MANURE APPLICATION

ON N-UPTAKE AND CORN YIELD - 1983-1984 SUMMARY

J. Swan, J. Moncrlef, P. Burford, and B. Schrelber

Cooperator: Dale Flueger

The purpose of this study 1s to determine the effect of tillage and of frequency of manure
application on corn yield and on N uptake. A second purpose Is to determine the amount of nitrogen
take up from manure applications applied one and two years prior to the current cropping year.

Procedure: Liquid dairy manure 1s injected either annually, biennially or triennially on
chisel plowed treatments and annually or biennially on no-till treatments. Yields are compared
with check treatments which receive broadcast potassium and starter phosphorus but no nitrogen
fertilizer and with "fertilized check" treatments receiving high rates of N, P and K. The tillage
treatments, site, cropping history and herbicide applications are identical with those described in
"The Effect of Tillage and Potassium Placement on the Availability of Potassium to Corn" 1n the
1983 and 1984 bluebook. Nitrogen and potassium uptake are measured and reference nitrogen
measurements are made annually on selected plots.

In summary, the greater amount of nitrogen mineralized following tillage with the chisel plow
appears the most likely explanation for the greater yields measured on the checks and carryover
application treatments following chiseling compared to no-till planting. The yield of the biennial
carryover treatment on no-till was significantly lower than current applications 1n both 1983 and
1984. Yields from the biennial carryover treatments were not significantly different than yields
from current applications for chisel plowing in either 1983 or 1984. The check treatments were
significantly lower in yield than all other chisel or no-till treatments.

Average concentrations of N, P and K in the liquid manure are quite consistent (table 2).
the average, slightly more than one-half the nitrogen was in the ammonium form.

On

Please refer to title page of this publication for information regarding application and use of
this article.
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Table 1. Corn Yield - Bu/Acre

Manure
1984 1983

Application No Till Chisel No Till Chisel

None 66.4 c 85.7 c 82 c 95 c

Annual 144.9 a 163.4 a 129 a 133 a

Biennial
Current yr
Carryover from
previous year

155.3 a

101.1 b

157.4 ab

133.4 ab

123 a

107 b

117 b

122 ab

Triennial

current yr
Carryover from
previous year
Carryover from
2 years previous

149.1 ab

125.1 b

128.1 ab

----

Significance level 52 52 52 52

All yields are the average of 3 reps.
All years and tillage systems are analyzed separately.
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Table 2. Nutrient analysis of liquid dairy manure from Dale Flueger farm
for 1982, and 1983.

Concentration of Liquid Manure

1982

Spring
1983

Spring
1983

Fall

NH3-N 0.1852 0.17352 0.1772

Total N 0.3652 0.30602 0.3482

2 Solids 7.212 6.992 7.352

Phosphorus 624 ppm (10260 ppm)
( solids )

672 ppm

Potassium 1895 ppm (34940 ppm)
( solids )

2443 ppm

9000

Amount of N, P20c and K20 in
iQO Gal..of Liquid Dairy ManuManure

1982
Spri ng

1983
Spring

1983

Fall Avg.

NH3-N 139 130 133 134

Total N 274 230 261 255

P2°5 106 128 114 116

K20 171 221 221 204
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THE EFFECT OF TILLAGE ON SOYBEAN PRODUCTION IN MINNESOTA

J.F. Moncrlef, W.E. Lueschen, S.D. Evans, J.H. Ford, W.W. Nelson
G.W. Randall, D.D. Warnes, W.C. Stienstra, and D.R. Hicks

Conservation tillage has gained recent impetus due to a higher level of public awareness of the
Importance of soil erosion control and the potential for reducing production inputs to ease the
economic squeeze present day farmers are experiencing. Soybeans are a major crop in Minnesota. In
1982 a study designed to assess the effect of tillage on soybean production was established at three
locations (the Morris, Lamberton, and Waseca Ag. Exp. Sta.).

Methods: The experimental sites represent diverse climatic and soil conditions. Generally the
Morris and Lamberton sites have lower rainfall than the Waseca site. The Morris site has a shorter

growing season than the other two. The Lamberton and Waseca sites are on soils with aquic suborders
although both are well tiled. The Morris site has better natural Internal drainage. Soybeans
followed corn at all sites. At Morris they were also preceeded by spring wheat. The various
management practices utilized at each site is shown in Table 1. There was a very agressive weed
control program at each site and in some instances several post emergence applications were made to
control weeds. Excellent weed control was obtained at all sites.

RESULTS AND DISCDSSION

Cover: Soybeans were planted in both 10 and 30 inch rows. The till plant treatment was managed with
and without a ridge. A Buffalo planter was used at Lamberton and Waseca and a Hiniker at Morris for
the till plant treatment (all equipped with clearing discs). An Almaco no till drill was used for
all other tillage treatments (both 10 and 30 inch rows).

Stalks were chopped for the fall chisel plow (fall), till plant (fall for ridged and spring for non
ridged). Ridges were built during the corn year. Soybeans were not cultivated.

The soil surface covered with residue is shown on Table 2. At the Morris and Waseca locations cover

with fall moldboard plowing ranged from 5 to 20 percent. At Lamberton there was a wider range in
cover following this treatment. Chisel plowing In the fall resulted in similar cover to the spring
disc (tandem finishing disc) treatment at Waseca but varied by crop and year at the other two sites.
No till wheat resulted in higher cover than corn at Morris. No till after corn at the other two
locations resulted in more cover than Morris.

The till plant treatment was quite variable in the amount of cover. When ridges are built in the
fall after spring wheat, straw is moved Into the ridge. During the planting operation, this straw is
exposed. The result is a fairly high amount of cover In the row. The cover in the row ranged from
22 to 70 percent with this treatment. The cover in the row after a corn crop ranged from 2 to 53
percent. This variability is the result of moisture content of stover at planting, setting of
tillage depth on the planter, and speed. This illustrates the wide variation that can be obtained
with this tillage approach. Generally there is more cover in the row after corn with the non-ridged
treatment and the converse following wheat. This is the result of concentrating the straw in the
ridge during ridge formation and in the case of corn residue, reduced depth of tillage during
planting with the non-ridged treatment. With the range in soil cover established by tillage in this
Btudy there would also be extremes in soil temperature, moisture, and aeration due to tillage.

Grain Yields: The levels of signficance for treatment effects are shown in Table 3. Morris is
analyzed separately due to fewer replications (4 vs. 6 at other two locations) and a better drained
soil. There are two analyses for each site grouping. The first includes row spacing treatment (10"
vs. 30") but excludes the till plant treatments. The other is for 30" row spacing only and Includes
the till plant treatments. Treatments which had significant effects on soybean yields but are not
discussed are: row spacing (10" 30"), and planting date (early late, only early is presented).

At the Morris location there is a significant interaction between preceeding crop, year, and tillage,
on soybean yields. This is illustrated in figure 1. In 1982, no till soybeans grown after wheat
resulted in a lower yield but not after corn. Several no till (after wheat) plots were located in a
lower spot in the field and suffered frost damage in 1982 and this be responsible for the lower

"Please refer to title page of this publication for information regarding application and use of this
article".



264

yields with this treatment (both row spacings). In 1983 the no till soybeans outyielded the other
tillage treatments in 10" rows. Yields were similar In 1984. Yields after wheat were higher each
year presumably due to earlier recharge after wheat and higher soil moisture levels going into the
season.

It appears that there may be an advantage to less soil cover in the row with the till plant
treatment. The "till plant-flat" treatment generally has less cover In the row after wheat than the
ridged treatment. The opposite is the case after corn. The soybean yields are also ranked in the
same direction. This may illustrate an advantage of a clean row area with 30" soybeans. The narrow
row soybeans grown under no till conditions generally yielded as well as a cleaner treatment,
however.

At the Waseca and Lamberton sites there was a significant interaction between year, location, and
tillage. Yields are shown in figure 2. At Waseca, the no till, chisel, and spring disc are similar
(10" rows) and the moldboard treatment tended to fluctuate with year.

This may be due to differences in precipitation. Growing season precipitation is shown in figure 3
a, b, and c for Morris, Waseca, and Lamberton respectively. In 1983 there was an extremely dry July
and first half of August at Waseca. At the Lamberton site the chisel treatment appears to be quite
variable. This is most likely due to the soil moisture level at the time of fall tillage. In wet
falls chiseling was detrimental.

At both the Waseca and Lamberton sites, the till plant-ridged treatment appeared to show an advantage
in 1982 and 1983. In 1984, there was little or no advantage to the ridged treatment over the flat.

SUMMARY

The effects of tillage on soybean yields at three locations and years in Minnesota varied by both
location and year. At the west-central site over the three years and two crops, tillage main effects
were non-significant. Performance of a ridged vs flat treatment appeared to be related to cover in
the row. At the Lamberton and Waseca sites, the tillage treatments appeared to be the most variable
in their relative ranking.

Within the range in soil types and climate of this study it appears that there is no consistent
effect of tillage on soybean yields.

Table 1A: Management variables of tillage-soybean study for 1982, 1983, and 1984 at Morris.

Morris

Soil Type
1982

Pachic Udic

Haploboroll
(Aastad, clay loam)

1983

Udlc Haploboroll
(Barnes, clay

loam)

1984

Pachic Udic

(Aastad, clay 1

Soil test pH
lbs/A P

X

59

32

6.9 - 7.5

26 - 56
384 - 600+

Fertilizer Applied N
lbs/A P-O-

KjO3
Date applied
(Broadcast)

96

396

204

]/2 Oct 1980
111 April 1982

Soybean variety Evans Evans Evans

Planting Date May 6 May 2-3 May 2-3

Herbicide Preemergence

Program
lbs/A

Lasso 3

Amiben 2.5

May 6

Lasso 3

Amiben 2.5

May 4

Lasso 3

Amiben 2.5

May 4
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Table 1A: (cont.)

Postemergence Poast .29 Basagran 1
soil is applied + +
at 1 qt/A as concentration Oil Oil
at 1 qt/A as concentrate June 8 June 23

(apot spray)

Poast .29

+

Oil

June 16

Poast .19

+

Oil

July 16

Roundup
+

1Z solution

Hand wick

June 17

(for perennials)

Poast .38
+

Oil

July 22

Basagran 1
+

Poast

Oil

June 20

Table IB: Management variables of tillage-soybean study for 1982, 1983, and 1984 at Lamberton.

Lamberton

Soil Type
1982

Cumulic

Haplaquoll
Typic Haplaquoll
(Ves - Webster
clay loam)

1983

Typic
Haplaquoll

Typic Haplustoll
(Webster Delft
clay loam)

1984

Cumubic

Haplaquoll
Typic Haplaquoll
(Ves - Webster

clay loam)

Soil test pH
lbs/A P

R

56

176

Fertilizer applied N
lbs/A P-0,.

Date applied

100

100

Fall

100

100

Fall

Soybean variety Corsoy 79 Corsoy 79 Corsoy 79

Planting Date May 1 May 12 May 18

Herbicide Preemergence

Program

Lasso 3

+

Amiben 2.5

Lasso 3

+

Amiben 2.5

Lasso 3

+

Amiben 2.5

+

Roundup .75
May 19

lbs/A May 1 May 16

Postemergence

oil is applied
at 1 qt/A as concentrate

Basagran 1
+

Poast .2

June 8

Basagran 1
+

Oil

June 29

Poast .2

+

Oil

July 2
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Table IC: Management variables of tillage-soybean study for 1982, 1893, and 1984 at Waseca.

Waseca

1982

Typic
Haplaquoll

(Webster, clay
loam)

1983

Typic
Haplaquoll

(Webster, clay
loam)

1984

Typic
Haplaquoll
(Webster, clay

loam)

Soil test pH
lbs/A P

K

55

475

70

475

7.5

75

520

Soybean variety Corsoy 79 Corsoy 79 Corsoy 79

Planting Date April 28 April 30 May 11

Herbicide Preemergence

Program
lbs/A

Lasso 3

+

Amiben 2.5

April 28

Lasso 3

+

Amiben 2.5

May 10

Lasso 3

+

Amiben 2.5

May 11

Postemergence
oil is applied
at 1 qt/A is concentrate

Basagran 1.5
+

Poast .2

+

Oil

July 1

Basagran .75
+

Poast .2
+

Oil

June 25

Poast .2

July 2
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Table 2: The ieffect of tillage and previous crop on percent soil covered by crop residue: after
planting.

Location: Morris

Year: 1982 1983 1984
Previous Crop: Wheat Corn Wheat Corn Wheat Corn

Row Spacing: 10" 30" 10" 30" 10" 30" 10" 30*' 10" 30" 10" 30"
Tillage:
Moldboard 12 10 12 15 5 5 8 10 8 10 11 15
Chisel 36 34 43 35 20 17 21 34 16 19 30 33
Spring Disc 47 53 47 46 18 19 38 36 27 27 50 50
No Till 97 96 79 76 79 83 54 58 85 89 71 74

Till Plant

In Row 58 32 22 8 29 17
Flat Between Row 66 63 68 58 85 60

Ridged In Row 70 24 29 11 49 12
Between Row 81 77 62 52 60 52

Location: Lamberton

Year: 1982 1983 1984
Previous Crop:
Row Spacing:

— .

10" 30" 10"
—ifOrn—

30" 10" 30"
Tillage:
Moldboard 34 23 6 7 11 18
Chisel 55 57 45 49 50 50

Spring Disc 58 54 49 56 56 51

No Till 82 71 74 84 89 90

Till Plant

In Row 45 32 53
Flat Between Row 60 76 76

Ridge In Row 54 24 40
Between Row 75 43 69

Location: Waseca

Year: 1982 1983 1984
Previous Crop:

Row Spacing:

f m—

10" 30" 10" 30" 10" 30"
Tillage:
Moldboard 20 18 11 11 10 15
Chisel 49 51 36 31 37 37

Spring Disc 49 49 35 32 28 28
No Till 86 91 84 83 80 77

Till Plant

In Row 41 37 22

Flat Between Row 46 65 77

Ridge In Row 25 12 2

Between Row 28 32 26

r^
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Table 3A: Levels of signficance of treatment effects on soybean yields at Morris, MN for 1982, 1983,
and 1984. Morris is analyzed separately due different soil type, and replication (4 vs. 6
at other two locations). The are two analysis of variance for each site grouping. One
includes row spacing treatments (10" vs. 30") but excludes the till plant treatments. The
other is for the 30" row spacing only and Includes the ridge till treatments.

Morris

Source Source

**!
cp

Yr x cp
Block (yr
Till*
Yr x Till

Cp x Till
Yr x Cp x

x cp)

Till

Blocks x Till (Yr x Cp)
PD3
Yr x

Cp x
Yr x

Till

Cp x
Yr x

Yr x

PD

PD

Cp x
x PD

Till

Till

Cp x

PD

x PD

x PD

Till x PD

100

100

100

14

73

100

99

100

99

26

97

84

65

52

55
Blocks x PD (Yr x Cp x Till) —

^2
cp

100

99

Yr x cp 99

Blocks (yr x cp)
TillJ 30

Yr x Till 80

Cp x Till 97

Yr x Cp x Till 97

Blocks (Yr x Cp :
PD3

it Till)
100

Yr x PD 100

Cp x PD 71

Yr x Cp x PD 86

Till x PD 47

Cp x Till x PD 29

Yr x Till x PD 62

Yr x PD x Till x Cp 4

Blocks x PD(YR x
RS3

PD x Till)
100

Yr x Rs 100

Ca x Rs 94
Till x Rs 14 1.

PD x Rs 56 2.

Cp x Yr x Rs 75 3.

Yr x PD x Rs 94 4.

Cp x Till x Rs 55

Yr x Till x Rs 59 5.

Till x PD x Rs 60

Cp x PD x Rs 99

Cp x Yr x Till x Rs 24
Cp x Till x PD x Rs 41

Cp x Yr x PD x Rei 93

Yr x Till x Pd x Rs 99

Cp x Yr x Till x PD x Rs 68

Blocks x Ro (Yr x Cp x
Till x PD) —

1. Years: 1982, 1983, 1984
2. Previous Crops: Wheat and Corn

Tillage: moldboard plow, chisel plow, spring dies & no till
Tillage: moldboard plow, chisel plow, spring dies,

till plant-ridge, and till plant no ridge
Planting Date: early (4/28-5/18) and late (5/20-6/2)
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Table 3A: Levels of signficance of treatment effects on soybean yields at Waseca and Lamberton, MN
for 1982, 1983, and 1984.

irce

I 2Loc

100

99

Yr x Loc 100

Blocks (Yr x Loc) —

Till 95

Yr x Till 92

Loc x Loc 53

Yr x Loc x Till 95

Blocks x Till (Yr x Loc)
PD* 100

Yr x PD 90

Loc x PD 100

Yr x Loc x PD 100

Till x PD 43

Loc x Till x PD 67

Yr x Till x PD 66

Yr x Loc x Till x PD 83

Blocks x PD (Yr x Loc x Till)
Rs3 100

Yr x Rs 83

Loc x Rs 15

Till x Rs 7

PD x Rs 39

Yr x Loc x Rs 7

Yr x PD x Rs 5

Loc x Till x Rs 25

Yr x Till x Rs 43

Till x PD x Rs 67

Loc x PD x Rs 43

Yr x Loc x Till x Rs 87

Loc x Till x PD x Rs 31

Yr x Loc x PD x Rs 20

Yr x Till x PD x Rs 83

Yr x Loc x Till x Pd x Rs 88

Blocks x Rs (Yr x loc x
Till x PD)

Waseca and Lamberton

Source

Yr 2
Loc

100

98

Yr x Loc 100

Blocks (Yr x Loc) —

Till 99

Yr x Till 100

Loc x Till 84

Yr x Loc x Till 90

Blocks x Till (Yr x Loc)
PD*

—

100

Yr x PD 70

Loc x PD 100

Yr x Loc x PD 100

Till x PD 51

Loc x Till x PD 82

Yr x Till x PD 44
Yr x Loc x Till x PD 8

Blocks x PD (Yr x Loc x Till) —



Figure 1': The effect of tillage previous crop,, row

75

spacing, and year on soybean yields at Morris, MN.
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Figure 2: The effect of tillage, row spacing and year in soybean yields at Lamberton and Waseca, MN.
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Figure 3a: Growing season precipitation for Morris respectively for 1982, 83,84.
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Table 3b: Growing season precipitation for Waseca respectively for 1982, 83, 84.

Waseca Precipitation 1 982
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Months

* li!If • -V-
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Table 3c: Growing season precipitation for Lamberton respectively for 1982, 83, 84.
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RESEARCH IN WILD RICE FERTILIZATION - 1984

John Grava, Michael Meyer and Paul R. Bloom

Research during 1984 focused on nitrogen fertilization and nitrogen loss mechanisms in paddy soil and
water. Soil, water and air temperatures were monitored during the growing season at Grand Rapids and
St. Paul. A nitrogen source experiment was conducted with the K2 variety on a mineral soil at Grand
Rapids, and a second experiment on peat in 4 x 4 ft. boses at St. Paul.

A. WEATHER CONDITIONS AND PLANT DEVELOPMENT

Average air temperatures at four locations were below normal during May, near normal during June,
followed by below normal July and above normal during August (Table 1.).

Soil, water and air temperatures were measured at Grand Rapids within the experimental paddy No. 1
East, and on the St. Paul Campus within an area where experiments in 4 x 4 boxes were conducted (Fig.
1 and 2).

At Grand Rapids, K2 wild rice emerged on May 26, reached the jointing stage on July 6, 41 days after
emergence and was harvested on August 23, 91 days after emergence. At St. Paul, K2 wild rice was
seeded on May 14, reached the jointing stage on July 5 and reached maturity on August 22.

B. NITROGEN SOURCE STUDIES ON MINERAL SOIL

A nitrogen source and placement experiment with 2nd year stand of K2 wild rice was conducted in paddy
No. 1 East at the North Central Experiment Station, Grand Rapids. The soil is classified as an Indus
clay loam (very fine, montmorillonltic, frigid Typic Ochraqualf). Soil tests (Table 2) indicated a
very high level of Bray-1 extractable phosphorus (102 lb/A) and a medium level of exchangeable
potassium (195 lb/A).

Nitrogen fertilizers included in the experiment were as follows: granular urea (GU), 462 N; sulfur
coated urea (SCU), 37% N; isobutylidene diurea (IBDU), 31% total N (282 water Insoluble, 3% water
soluble). Nitrogen was applied at a rate of 40 lb/A, either on May 15 and incorporated into the soil
by rototilling or topdressed at jointing on July 6. A radomized block design was used in this
experiment. Each treatment was replicated four times. Individual plots occupied a 14 x 14 ft. area
and were separated from adjoining plots by 5 ft. wide alleys. Water level was maintained at 8 to 12
Inches. Ten plants were collected at random from each plot at jointing, and five plants at late
flowering for weight measurement and plant analysis. A 32 sq. ft. area from each plot was hand-
harvested on August 23.

Individual plants at jointing had accumulated over 2 grams of dry matter (Table 3). All nitrogen
fertilizers increased the plant weight above the control when incorporated into the soil. Deep
placed granular urea produced the largest plants which accumulated 75 milligrams of nitrogen each.
Surface applied urea had no effect on growth, nitrogen concentration of 2nd leaf or N uptake by wild
rice. Fertilization with IBDU was nearly as effective as deep placed granular urea. At late
flowering the plant had accumulated from 8.69 to 12.43 grams of dry matter and from 116 to 170
milligrams of nitrogen (Table 4). The grain yield (71 moisture) ranged from 212 to 314 pounds per
acre (Table 4). Although deep placed nitrogen fertilizers tended to produce bigger plants and more
grain than the control, however, the differences were not significant.

The growth of wild rice in this experiment was affected by a heavy infestation of water plantain.
Although the stand was hand-weeded on July the weed problem became more serious as the season
progressed. Water plantain appeard to affect the stand density, growth and tillering of wild rice
and minimized the effectiveness of nitrogen.
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1/
Table 1. Average air temperature as measured at four weather stations.—

Station Month 5 Month

Average
GDD

Year April May June July August T =40
D

rerage air temperature, °F

Fosston, Polk Co.

Norma \-f 41.0 54.6 63-6 69-4 67-5 59-2 2955

1974 41.0 50.5 63.4 71.6 62.8 57.9 2744

1975 34.8 55.7 61.9 70.5 64.6 57-5 2852

1976 46.6 54.9 66.8 68.8 70.9 61.6 3315

1977 49.1 66.4 64.6 70-3 60.6 62.2 3446
1978 41.7 59-2 63.4 67.8 67.7 60.0 3060

1979 36.0 48.7 3/
61.3*4'

63.6 69.6 63.6 56.3 2627
1980 48.9 68.5 71.0 64.6 62.9 3466
1981 44.4 55-3 60.8 68.1 65.7 58.8 2898
1982 37.0 55.14/

50. $> ll>
66.8 63.O 55.5 2477

1983 37-7 69-0 68.5 57.9 2819
1984 45-0 52.6 63-4 67.8 70.2 59.8 2906

Grand Rapids, N.C. School

Normal 39-9 52.7 62.0 67-4 65.1 57-4 2681

1974 41.6 49-4 62.7 70.7 62.8 57.4 2670

1975 34.7 57-0 62.2 71-5 65.2 58.1 2951

1976 47-1 54.4 66.1 68.2 67.4 60.6 3166
1977 48.2 63-8 64.0 69.2 60.2 61.1 3284
1978 41.3 57-9 62.8 66.5 66.0 58.9 2892
1979 37.1 49.5 61.5 68.1 62.6 55-8 2511
1980 46.1 59-9 64.0 69.0 66.4 61.1 3237
1981 43.9 54.8 62.0 68.0 67.O 59-1 2941
1982 38.6 57.7 58.5 68.0 64.4 57.6 2753

1983 39.0 49-7 62.5 71.1 70.1 58.5 2873
1984 44.6 50.8 63.8 67-8 69.6 59.3 2842

Aitkin

1974 42.9 49.8 63-1 71.1 63.3 58.0 2770

1975 39.OM 59-4M 64.4M 72.1 66.2M 60.2 3141
1976 47-5 54.8 66.8 69-3M 68.1 61.3 3267
1977 48.3M 64.4M 65.4M 70.3M 61.0 61.9 3446
1978 40.7M 57.5, 64.1M 67-0M 66.9 59-2 2938
1979 37-7 50.6 62.0 68.1M 63.4 56.4 2585
1980 53.9 58.3 64.0 68.5 66.0 62.1 3394
1981 45.1M 53.8 62.1M 67-5 66.0 58.9 2902
1982 38.3 57-4 57-6 68.6 64.8 57.3 2723
1983 39.6M 49.3M...

53.9M^
60.3M 72.1(4.

69.1-^
71.9M 58.6 2881

1984 43-9 64.4 69.3 60.1 2985

St. Paul, U of M

1982 43.4 61.3 62.4 73-9 67.3 61.6 3332

1983 42.1 55.2 68.7 76.4 76.0 63-7 3640
1984 47.7 57.2 69.1 72.2 73-9 64.0 3478

\J Source: CIimatological Data, Minnesota, Vol. 90 (1984), U S. Dept. of Commerce.
2/ Normals for the period 1931-1960.
3/ M = less than 10 days record missing.
7/ Northwest Divisional Data.
5/ East Central Divisiona Data.
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Fig. 1. Mean air, water and soil temperatures
Grand Rapids — 1984
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Table 2. Soil test values of experimental paddy No. 1 East, Grand Rapids '

Extract- Exchange-
pH able P able K

pp2m pp2m

Nitrate-

Ib/A

N Organic
Matter Zn

% ppm
S

ppm

Cu

ppm

Mg
pp2m

5.6 102 195 17 2.8 7 8 1-7 514

1) Samples collected from 0-6 inch depth on 5/15/84.

Table 3- Effect of nitrogen source and placement on weight of dry matter, N-concentration in
2nd leaf, and total uptake of N by the wild rice plant at jointing. Grand Rapids, 1984.

Treatment Dry matter
grams per

plant
in dry matter
of 2nd leaf

1. Control 2.08 3-05

2. GU, Surf applied 2.06 3-13

3- GU, 4-Inch depth 2.92 3-30

4. SCU, 4-inch depth 2.20 3.23

5- IBDU, 4-inch depth 2.52 3-51

Signi ficance *
ns

BLSD (0.05) 0.11 0.43

C.V. % 13 7

N uptake
in mi 111grams
per plant

49

47

75

57

70

A*

15

17

Table 4. Effect of nitrogen source and placement on grain yield, dry matter production and
total N uptake at late flowering. Grand Rapids, 1984.

Treatment Grain

yield
lb/A-1'

1. Control 224

2. GU, Surf applled 212

3. GU deep placed 300

4. SCU 282

5. IBDU 314

Significance ns

BLSD (0.05)

C.V., % 23

y 7% moisture

Dry matter at
late flowering
grams per plant

8.91

8.69

12.43

11.34

11.28

ns

23

Total N uptake
mi 11igrams
per plant

119

116

170

164

148

ns

28
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C. NITROGEN SOURCE STUDIES IN BOXES

A nitrogen source and placement experiment was conducted in 4 x 4 wooden boxes on the St. Paul
Campus. The following four nitrogen fertilizers were investigated: granular urea (GU); urea
supergranule (USG), 2 gram granule; sulfur coated urea (SCU); and isobutylidene diurea (IBDU). Seven
fertilizer treatments were replicated four times. Nitrogen fertilizers were applied at an 80 lb/A
rate; all boxes received 60 lb P0O5/A and 120 lb. KJ3/A.

A 12-inch thick layer of partly decomposed hypnum peat (hemic), pH 6.4, was placed in the boxes.
Properties of the peat are reported in Table 5. Phosphorus, potassium and deep placed nitrogen
fertilizers were covered with a 4-inch unfertilized layer of peat. Seed of K2 variety was placed in
rows and covered with about 1-inch layer of peat on May 14. On-surface application of nitrogen was
made after seeding. Two extra boxes with deep placed granular urea were set up; No. 51 with wild
rice and No. 52 without wild rice. The water depth in all boxes was maintained at 6 Inches. In a
split-application treatment, half of the granular urea was deep placed (4-1nches) at seeding and half
topdressed at jointing on July 5. Copper sulfate was applied to all boxes to control algae.

The wild rice plants were vigorous and lodged readily. Nitrogen produced dark green colored leaves
and stems in contrast to the light green-yellowish colored plants of the control. Average plant
density was 27 plants per box.

The grain yield [7% moisture) ranged from 173 to 274 grams per box (Table 6). Calculated on a field
basis, the yield would correspond to 1179 and 1864 lb/A of grain. All applications of nitrogen
produced significantly more grain than the control. Deep placed SCU and USG produced higher yield
than IBDU and surface applied GU.

Ammonium N Depletion in Peat by Wild Rice

Two of the boxes at the St. Paul Campus were set aside for the study of the depletion of available
nitrogen by a wild rice crop. Both boxes received 80 lb N/A as granular urea placed at the 4-inch
depth. Box No. 51 was seeded with wild rice, Box No. 52 was maintained without plants. Wild rice in
Box No. 51 produced 280 grams (1907 lb/A) of grain (7% moisture). Three ceramic cups 6.3 cm in
diameter with 100 cm long plastic tubes were placed 1n each box to a depth of 15 cm. So11water was
extracted from the tubes for ammonium N analysis.

Soil samples were collected from the boxes with a Macaulay peat sampler at 0-20 cm and 20-38 cm
depths. Random triplicate samples were collected from each box on four different dates (6/11, 6/25,
7/13, 8/2). A grid sampling system insured that the same spot was not penetrated more than once with
the sampler. Soil samples were extracted with 1M KCl and distilled. Ammonium N in soil water was
determined by direct distillation.

The amounts of ammonium N In soil water and 1n the soil are reported in Tables 7 and 8. There was a
slight Increase in ammonium N from June 11 to June 25. This may have been due to mineralization of
organic N in peat as the soil temperature increased. A striking decrease in ammonium N in soilwater
and in the soil occurred in Box No. 51 with wild rice between June 25 and July 13. This coincided
with the date of jointing on July 5, and early boot about a week later. Our previous research has
shown that wild rice takes up 70% of total nitrogen between the jointing stage and maturity. It is
evident that at the start of jointing the plant uptake of N is very great and acts as a sink for
nitrogen.

In the box with wild rice, nitrogen depletion in the 20-38 cm zone was equal to that in the 0-20 cm
zone. This demonstrates that wild rice in peat is able to utilize nitrogen from well below the
reported rooting depth of 20 cm.

CONCLUSIONS

Nitrogen Incorporation into the soil at the 4-inch depth during seedbed preparation was superior to
on-surface application. Granular urea was as effective as the more expensive slow-release sources of
nitrogen.
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Table 5. Soil test values of peat. St. Paul, 1984

PH

Extract- Exchange
able P able K Zn S Cu Mg Ash

pp2m pp2m ppm ppm ppm pp2m %

6.4 11 29 5.7 38 0.9 648 27-5

Table 6. Effect of nitrogen source placement and time of application on grain yield of wild rice
grown on peat In 4 x 4 ft. boxes. St. Paul, 1984

Treatment Grain yield
grams per . ,

14 sq. ft. area---'

1. Control 173

2. GU, Surf applied 227

3. GU, 4-inch depth 242

4. USG, 4-inch depth 265

5. SCU, 4-Inch depth 274

6. IBDU, 4-inch depth 221

7- GU, Split-applI cation-^ 252

Significance **

BLSD (0.05) 34

C.V., % 121

-- 7% moisture

2/ Split-application = 1/2 prior to seeding, 4-inch depth; 1/2 topdressed at jointing.


