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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.



13

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.



24

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.
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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).
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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


