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Results and Discussion

Yield data are summarized in Table 1. No significant differences

Table 1, Performance of iron and zinc chelates on flax at
' Crookston, Minnesota in 1968

Yield, bushelg per_acre

Fe Fe Zn Zn
Check _10# S# S# 2.54 Ave.
Nored =~ 9.5 9.6 6.2 9.6 8.1 8.6
Bolley 7.7 7.3 6.4 9.1 8.1 7.7
B5128 13,1 10.8 9.3 14.8° 10.3 11.7
Summit  12.2 10.83 9.7 1l4.4 16.7 12.8

Ave. 10.6 9.6 7.9 12.0 10.8

Analysis of variance indicated treatments were not statistically
different. Cultivars and treatment x cultivar mean squares were
highly significantly different. The standard error (S.E.) for
cultivarial means was 0.6 bu. The S.E. for the difference between
cultivars within one treatment was 1.3 bu,

were noted between treatments. The cultivars reacted differently when
averaged over the treatments. Further differences can be noted for the
treatment x cultivar interaction. The cultivar Summit responded to
both rates of zinc chelate and B5128 and Bolley responded to the high
rate of zinc. The yield of B5128 and Sumit was significaﬁtiy‘depressed
by iron chelate at both rates. Other differénces were slight depressions
of yleld for certain treatments over the check.
Conclusions

These results alone do not lead to any-definite conclusions. Some
cultivars were found to respond to zinc and not to iron. The treatments
were not significantly different. This study should be continued at

least one more year.
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The Lffect of High Retes of Zinc Application to a
Zinc:Deficient Sail in Swift County on Corn
Growth and Leaf Zinc Concentreation in 1968
0. M. Qunderson end J. M. MecGregor

Since the effect of relatively heavy spplications of gzinc es gramler
ZnS0,*Hz0 were not known, an experiment wes initisted on a sino deficient
calcarecus loam., Three four rovw plot replications were treated with gran-
ular ZnS0,+H20 to supply 10, 40, 80 end 160 pounds of zinc per acre for
contimicus corn. The treatments were broedcast and plowed down.

Growth cbservations were periodicelly made and there were no epperent
differences in eithe:'i"ato of growth,or appearence of the carn plants.
Sixth leaves were sanpleddnrl.ngm]yaﬂking, and these were enalysed
for both Zn and P coﬁiont; ﬁ:e results ere shown in the following teble.

The Effect of Heavy Zinc Applications on Corn lLeef Zinc Con-
contrations to & Zinc Deficient Soll Near Benson, Swift County,

Minnesota.
Rate of Zinc Applicati Replicate 1 Replicate 2 Replicate 3 Average
hba?AE Corn leaf ginc in perts per million
10 es m4‘8 0 1’005 1203 17.0 14.6
40 a8 w“ﬁ 0 17.0‘\ <ot 19.7 e ‘ 18.8 18.8
80 as m 03 ) 21.9 ]8. % 28,0 22.9
MJZO : mo . ---.'..,u: 31-“-‘ . kN “32«8 A 34-9

Inctéas:l.ng the rate ot ginc appncation to t.he sqd.l -from;10 :to 40
-pounds mmre hwrﬂued avdrage leef sinc sbout 4 PRy while the 80 poun’2
per ecié ‘Tate produced a further increase. Incraeaing the zi.nc application
rate to léoupamdo per acre 'mare then dwbled leaf gine, but even this corn
leaf ai.nc goqcpntraucn is reletively conmon in carn leaves grown on meny
Minnesota soils where no presently recognized Zn deficiency ocours,

Since the hesvier rates of Zn spplication hed neither apperent benew
ficiel nor detrimental effect on corn growth, end leaf zinc concentreticns
were not sbnormelly high, yleld semples'were not teken in this experiment.
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The 1566=-67-68 Experiments on Effect of Zinc Sources end

Zinc Phosphate Interaction on Corn Leef Composition and
Grain Yield on a Celcareous Loonm in Swift County
0. M. Cunderson, J. M, NecGregor, S. D. Evans & G. W, Rendall
In the spring of 1966, & project was commenced to study:
1. The effect of several camercial zinc fertilizer meterials, and
2. The effect of increasing amounts of phosphete fertilization on the zinc
and phosphorus content of the sixth corn leaf and on the resulting esr
corn yield.

Two rendamized block experimental areas were established in mid-Mey of
1966 on the Richard Mikkelson ferm scme 2 to 3 miles north of Benson in
Swift County. Esch experiment consisted of 7 treatments replicated 4 tines.
411 zinc treatments except ome chelated zinc source (which was row appliec
each year) and all P treatmenis were broadcest and then plowed down. Tae
farm operstor elso epplied a total of 100 + 40 + 4O per ecre as & blanyaet
broedcast spplication before plowing, In 1966 the spring was late, so 90
day maturity corn wes plented. Atrezine wes applied on June lst and ieat
semples were tsken in early September. In 1967, the planting season wec
earlier and a 100 dey corn maturity was used. A mid-September frost
materially decreased the 1967 ear corn yield. The 1968 growing season
wvas more normal,

One of the problems in field experiments with ginc fertilization 1s
the extreme variebility of soils in their response to zinc epplications.
For this reeson, large espparent differences may not be statisticelly
significant.

The initial soil pH was 8.2, end soil P uginrs Brev iic.1 awtenar-per
(1:10) varied from 3 to 50 pounds per acre.

LY
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Visual Zn.Deficlenoy. Symptom Reting end Zn Conpent of 6th Corn Leaf

In esch of the three yesrs of the stuly, visusl estimstes of severlty
of zinc deficiency symptoms have been ma&’&t‘about 8ilking time. A scele of
0 to 10 was used by two individuels:making mependent, ratings with the
lower velue representing the most severe symptoms on the four replications
of each treatment. The two ratings of the four plot averages were then
averaged and 10 of the 61;h corn leeves from the ground on each plot were
then collected, weshed, dried, ground and enelyzed for szsinc content. Both
the visuel ratings and leaf zinc concentretions for the three years ere
shown in Teble 1.

It is cbvicus that a close relationship exists between the visuel Zn
deficiency symptams exhibited by the corn plants end the zinc content
preasent in the leaves ot that (silking) time. It would appear that there
is little edditionsl value in determining leef zinc content by chemical
methods when visual deficiency symptoms are so well correlated.

The Effect of Zinc and Phosphate Lpplications on Corn Leaf Composition

Corn leaves were snalyzed for ‘both Zn #nd P during each of the three
groving seasons and the values obt‘ifh@ved ere ‘shovn in Teble 2.

In the zinc saurce study, increasing rates of Zn es gramilar 2SO, *Hy0
(363 Zn) heve significantly increased sinc leaf content in each o,fthe
three géa}'e end depressed leaf phosphorus in 1966 end 1967, but 6t 1n 1968.
The effect of ZnMNS on leaf zinc";aa intermediete, with the chelated zinc
(Nazzn) showing the least incresse in leaf zinc, with a varieble but gen-
erally lesser effect on leaf phosphorus.

The eddition of phosphate to the soil, especially et the higher rates,
depressed leaf zinc in 1966 end 1967, but resulted in no significant de-
pression in 1968. Higher phosphate spplications increesed leaf P, but
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_ Teble 1. Visuel Ratinga of Zino Deficiemcy in Growing Corn Plents snd
WML T 24ne Content of Sixth Carn lLeaves.

1966 2967 968 _
Visuel Leef 2n Vieuel lesf 2n Visuel Leaf in

1666 .. .
Trestment (1bs/A) reting® ppm B reting® ppn reting® ppu

No zinc 51 7.2 3.2 9.2 3.0 14.8a
10 as 20S0,(P.D.1966) 7.9 1l7be 7.1  13.8 6.5  6.4eb
20 W 8.7 1L.0b 8.6 18,2 87  23.4be
o n 9.0 18.08 85 2.5 9.0 2.4

WVaszmWs( " ) 8.7 9.3 8.0  i2.8a 7.5 15.3-

0.5 Zn as Zn 45 ' '
(rowamally) 2.6 . 8.6° 6“ . 1]_-'834 . 6.0 12.13

2.5.2n s Zn 45 o e
(P.D 1966) 6.0 8.3¢ 3.9 11.5¢d 3.0 12.7e

ghoaghg e~Zinc Ingracﬂog o
40 F05 (P.D. in 1966) 7.0 10.0sb 7.5 10.2bc 7.0  13.3

80 " ( " ) 7.0 10.28 7.0 12.58 5.7 16.1a
1600 (7w )59 8u4be 8.0 ~10.5sbe” 6.2 13la
3200 ( ' w ) 3.9 7.5 5.0 9.0bc 3.2 127
60° (v ) 2.7 7.3 3.5 .26 2.5 9.3
320" +10Zn es T A’

504 (P.D. in 1966) 8.5 12.4e 8.4  13.2a 8.7  15.5a

640 P205 + 10 Zn as
804 P.D. in 1968) 709 11.0a 805 12.08b 8.2 17038

& 0 = severe zine deficiency symptoms, 10 = essentially normel corn growth
P.D. = plowed down
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Teble 2. The Effect of Zinc & Fhosphate Treetments on the Zinc & Phosphorus
Content of the Sixth Corn Leaf (1966-1968)

Ppm leaf zinc z leef phosphorus
Treatment (1bs/A) 1966 1967 1968 1966 1967 1968
No sine 7.2¢ 9.24  14.8¢c 0.400a 0.367a 0.410cd

10 es ZnSO4(P.D.® 1966) 11.7bc 13.8¢  16.4bc  0.297bc 0.304be 0,3384
20 " 14.0b  18.2b -23.48b .0.259c 0.273¢  0.462be
40 " " 18.0a 26.58 29.482  0.259¢ 0.28lbec 0.511b
10 es ZnMNS(P.D.1966) 9.3bc 12.8¢cd 15.3¢c  0.326abc 0.285bc 0,630a

0.5 Zn as NepZn
(row enmally) 8.6c 11.8¢d 12.1¢ 0.394a 0.33leb 0.351d

2,5 Zn as NegZn
(P.D. 1966) 8.3c 11.5¢d 12.7¢  0.372sb 0,323abc 0.458bc

40 P,05 (P.D. in 1966) 10.0sb 10.2sbc 13.3a  0.35bc 0.317c  0.410

go v n 10.2eb 12.56b 16.la  0.313bc 0.312c 0,338
160 n 8.4bc  10.5ebc 13.1a - 0.359bc 0.323¢  O0.462
320 » n 7.5¢  9.0bc 12.7a  0.400b 0.436b 0.510
640 " n 7.3c  8.2c  9.38  0.486a 0.570a 0.630

320 Po05 + 10 2n es ’

640 P,05 + 10 Zn as

8 p.D. = plowed down
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" the eddition d’ 10 pamda of ginc per ecre gemany increessed leef zinc
I. and lmmd P 1ovela Since the effect of edded Zn and P205 significently
" affected leaf Zn and P in the firat- tvo yeers of this study and with no

significant effect in the tiird yesr (1968), 1t is possible that these

" two element edditions made early in 1966 ere beccming less effective cn

the third corn erop. | .

The effects of the 1966 zinc end phosphate soll treatments on ear
ocarn ylelds during the three yesrs and emounts of eveilsble soil ainc es
determined by the Institute of Agriculture Soil Testing Leborstory dn 1968
sexplings are shown in Teble 3. \‘

It 1s obvious thet the sinc scil test is extracting the zinc applied
to this calcarecus losm more then two years earlier, vith'a general direct
relationship to the amount of zinc applted. '

The greet veriability in the severity of szinc deficiency exhibited
by carn plants growing on this seil is well illustreted by the lerge dif-
ferences in eer corn yleld following fertilization with the different
sinc sources, but these were not mathemsticelly significant in either
1967 or in 1968. The general trend is shown by the th';'ee'ygar“ yield -
averages. L -

Heav.ler P205 applications mada in 1966 appaared t.o depreaa the
amount of zinc extrsoted by test and signiﬁcantly depresaed ecorn y:l.alda
in 1966 and in 1968. The 1966 eddition of 10 1bs. of Zn/A incressed the
emount of zinc extrected fram soils sempled in 1968 end also ear corn
yields in the two more favorsble growing sessons (1966 and 1968).
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Table 3, The Effect of 1966 Zinc:&‘Phosphate‘Fé;iiiization on 1968 Availsble
: ‘ Soil Zinc, and on 1966, 1967 end 1968 Ear Corn Yield

1968 Soil Test glbs QBZA[ Ear Corn 7 15.5% moisture(Bu/A

Soll Treatment Rep. Rep. Rep. Rep.
(1bs/A) 1l 2 3 4 Avg. 1966 - 1967 1968 Avg,
No zinc 1.6 1.6 0.9 0.9 1.2 92.0be 56.,1a 71.3e 73.1

10 es ZnSO,(P.D31966) 0.9 1.8 1.8 1.9 1.6 115.4a 77.58 92.4a  95.1

2 o ( " ) 3.6 2.9 4.6 2.5 3.4 111.8a 75.6a 94.8a  94.1
40 v ( v )50 56 3.3 57 4.9 109.32 8l1.7a 88.8a 93.3
10 88 ZOMS( " ) 2.2 2.0 2.4 1.6 2.1 103.8sb 79.2a 86.9a © 90.0
0.5 as NepZn o ‘ L

(row anmally) 1.5 1.1 1.1 2.0 1.4 85.5c 69.7a 93.4e 82.9
2.5 as Waoln B '

(P.D. in 1966) 4.1 1.9 1.1 1.4 2.1  93.3bc 58.4a 79.0a  76.9

Phosphate~Zinc Interaction
40 P05 (P.D.%1966) 0.8 1.7 1.6 1.3 1.3 98.48b 68.5a 86.9sbc 84.6

80 " 1.0 1.1 3.8 2.1 2.0 96.98b 65.82 94.5bc  85.7

160 " " 1.0 1.6 1.0 1.5 1.3 96,38b 60.8a 100.0c  85.7

320 ® " 0.9 1.3 1l..2 1.6 1.2 96.82b 50.2a 8l.48b 76.1

. 640 0 " 0.9 1.4 0.8 1.3 1.1 83.4b 34.32 72,08 63,2
320 " + 10 Zn as )

80, (1966) 3.9 3.9 2.2 3.0 3.2 113.6a 74.8a 92.6bc  93.7

640 " " 45 2.6 7.7 2.6 4.3 107.6a  74.7a 100.6c  94.3

@ P.D. = plowed down

The 1968 corn grain was analyzed for zinc concentrations, and the individual
analyses for each plot are shown in Table 4. The average concentrations were
then calculated and the actual zinc removed in the 1968 corn grain was determined
on the dry grain basis, assuming 56 pounds of corn yrain per bushel at zero

moisture content.
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Table 4. Zinc in 1968 Corn Grain at Benson. Mickelson—Swift'County.

Zinc in 1968 Corn Grain (ppm) ° 1968 Pounds of

Soil Treatment 1 2 3 4 Average Yield Zn_removed
(1bs/A) Bu/A per acre
No zinc 26.4 17.0 20.9 7.3 17.9 71.3 0.060
10 as ZnSO,7H,0(P.D?1966) 18.3 16.3 22.5 14.4  17.9 92.4 0.078
20 i ( " ) 18.0 16.5 11.0 20.7 16.6 94.8 0.075
40 " ( * ) 31.8 34.8 27.8 26.0 30.1 88.3 0.127
10 as ZnMNS ( * ) 23.5 16.3 12.9 18.0 17.7 86.9 0.073
0.5 as Nazzn v
(row annially) 14.5 16.2 15.2 ‘9.4 13.8 93.4 0.061
2.5 as NajyZn
(P.D. in 1966) 21.3 16.2 16.4 14.8 17.2 79.0 0.064
Phosphate-Zinc Interaction
40 P,0g (P.D.21966) . 15.4 13.5 12.4 14.8 14.0 86.9 0.058
8o " " - 9.3 11.5 17.3 13.8 13.0 94.5 0.045
160 " " 11.5 10.4 13.5 12.0 11.9 100.0 0.056
320 " " 8.0 8.5 12.4 9.% 9.7 81.4 0.037
640 " 7.0 11.4 9.9 7.9 9.1 72.0 0.031
320 "+ 10 zn( ") 19.4 15.2 13.5 15.5 15.9 92.6 0.070
640 "+ 10 Za( “ ) 11.7 15.8 12.0° 14.4  13.5 100. 6 0.064

2 p.D. = plowed down

It is evident that only the 40 pound rate of zinc application (made in 1966)
produced a marked increase in zinc present in the corn grain. Phosphate treat-
ments produced a steady decrease in the zinc concentrations in the graim, but
this was remedied by treating with 10 1lbs of 2n/A.

It is evident that relatively small amounts of zinc per acre are being

removed in the corn grain.

€
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Effect of Micronutrient Additions to Soybeans on Seed Yield

G. E. Ham, R. D. Frazier, W. W: Nelson and S. D. Evans

] . 2z
v
A
:

The seed treatments outlined in Table 1 were applied to Chippewa
64 soybean Seed4befere planting at Big Lake, Lamberton, Waseca, Morris

and Rosemount. Foliar analyses indicated that the concentrations of

-

nutrients added were normal or above normal on the check plots and the
addition of these nutrients did not significantly affect the concentra-

tion of the element in the leaves.

Table 1. Effect on Soybean Seed Yield When Different Micronutrients were Added to
Chippewa Soybeans in 1968

Location : Average

Big Lake Lamberton Morris Rosemount Waseca of all

bu/acre bu/acre bu/acre bu/acre bu/acre locations
check 15-1 3403 23.0 28.9 4207 i 2808
Mo 50gm/acre 13.4 35.4 27.2 28.7 44,1 29.8
Mo 100gm/acre = 11.7 34.3 26.9 28.2 41.8 '28.6
Co 30gm/acre 13.3 35.2 26.8 25.9 40.6 28.4
Co 30gm/acre 14.3 31.6 - 25.4 24.4 2.4 - 27.6
Fe 2 1bs/acre 16.3 36.5 26.9 25.6 41.5 29.4
Fe 4 1bs/acre 13.0 37.3 27.2 26.9 41.5 29.2
Zn 2 lbs/acre 14.5 38.7 27.1 29.4 43.0 : 30.5
Zn 4 lbs/acre 15.9 37.8 27.1 26.9 43.1 30.1
Mn 4 lbs/acre 14.1 37.6 27.0 28.1 42.3 29.8
Molycofix 2 14.9 33.0 26.1 24.4 41.7 28.0
Polyplex -~ 2 16. 33.6 35.4 25.3 42.2 28.5
Cu 1 1b/acre 15.6 31.4 25.0 24,8 45.1 - 28.4
Cu 2 lbs/acre 16.4 33.5 24.4 24.6 44,6 28.7
Molynoc b 13.9 34.7 26.9 29,2 43.1 29.6

8 obtained from W. R. Grace Co., Princeton, ¥llinois and added at recommended rate

b Obtained from Kolo Inoculant Co., Quincey, Illinois and added at recommended rate
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The Effect of Zinc and Phosphate Applications on Zinc
and Phosphorus Concentrations in Corn leaves and Ear on Corn Yield
of Two Farm Fields in Western Minnesota in 1968
Orville M. Gunderson and John M. MacGregor

Two western Minnesota corn fields were selected for Zn:P inter-
action investigations late in 1967. Three'replications, each consisting
of six 15' x 40' plots were treated in a randomized block: the treat-
ments being; check, 60 lbs PZOS/A, 120 1bs P205/A, 240 1bs P205/A,
10 1bs Zn/A, and 240 1lbs P205 + 10 1bs Zn/A. These were applied and
plowed down in the fall and field corn was planted in 30" rows in the
spring of 1968.

Hot and very dry weather occurred during tasselling and silking
and thisrgreatly reduced ear corn yields and the possibilities of
zinc or phosphate effect. The two field results are best considered

individually. Applied Zﬁ was granular Zn804.H20 and superphosphate was

the P source.

The Eldren Lichtsinn Farm Experiment - Dumont, Traverse County

Corn had been grown on this Bearden silt loam in 1967. Soil pH
averaged 7.4, available P was 10 1bs/A, K was 200 1lbs/A, and available
soll zinc test showed 2.2 1lbs/A (high). Table 1 shows the 1968 corn
leaf zinc and phosplhiorus concentrations at silking (under drowth
conditions) and the eventual yield of ear corn.

Table 1. Fertilizer Treatment, Concentrations of Leaf Zinc, Phosphorus,
and the Ear Corn Yield in 1968 on the Eldren Lichtsinn Field.

(Bearden silt loam)
Yield of ear corm

Treatment (lbs/A) Leaf zn (ppm) % Leaf P (bu/A @ 15.5% moisture)
Check 21.0 0.289 102.9
60 P205 23.0 0.280 92.5
120 P,05 26.8 0.286 111.0
240 P505 17.9 0.303 100.0
10 Zn 20.7 0.284 103.9
240 P205 + 10 Zn 19.4 0.283 106.4
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The results show no consistent relationship in leaf Zn, P, or corn

yields to the applied phosphate or zinc treatments. The low soil test
value for soil P of 10 pounds per acre would indicate a probable phosphate
yield response, but this did not occur. The relatively high test for
available soil zinc is more consistent with the erratic yieid results,

but zinc applications to this soil failed to increase corn leaf zinc

which might be normally expected.

The Charles Burmeister Farm Experiment - Chokio, Stevens County
This was a Hamerly clay lo#m'having a pH of 7.4, extractable P was
13 1bs/A, an exchangeable K level of 370 (high), with a low available
zinc test of only 1.2 ppm. Due to a drainage problem, only two replica-
tions of this field were harvested. The results are shown in Table 2.
Table 2. Fertilizer Treatment, Concentrations of Leaf Zinc, Phosphorus,
and the Ear Corn Yield in 1968 on the Charles Burmeister Fam.

(Hamerly clay loam)
Yield of ear com

Treatment (1bs/A) Leaf Zn (ppm) % Leaf P (bu/A @ 15.5% moisture)

Check 19.5 0.239 66.6
60 P,0g 18.2 0.245 80.2
120 P,05 14.3 0.266 71.3
240 P,05 16.6 0.241 67.5
10 Zn 21.4 0.206 73.3
240 P,05 + 10 Zn 34.0 0.241 73.9

With data from only two replications, and with all values béing
quite erratic, it is not possible to draw any valid conclusions from
the results on this experimental field.

In conclusion, the extremely dry soil conditions at silking time
when leaf sampling was done, may have seriously affected the leaf Zn:P
balance and nullified the possibility of obtaining the usual Zn:P inter-
action previously observed in the comn growing on zinc deficient soils
of western Minnesota. Corn yields were apparently independent of the

applied mineral treatments.
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A Survey' of Micromitrient Additiohs to Cormn
- - In Scuthwest Minnesota.

G..D. Holocmb and-H. L, Meredith !

During recent years there has been considerable concern of the need
for the eddition of micromtrients. As corn ylelds increase, it has fre-
quently been suggested that the absence of ene or more of the micromztriente
mey limit yield. Results in many aress of the nation have shown a profit-
able yield response to the application of a mioromtrient. Por clerity,

N, P, and K, mutrients required in larger mnounts, ere referred to as the
major mtrients or macromtrients. The mtrients required in trace amounts
are referred to as minor or micromtrients.

There has. been only limited research with"hierozhrt:.rienis in southwest
Minneaota 'rhese results plus & general knowledge of mieromtriente have
served es the basis ‘for recamendation of micromztrient needs in this part

of the state.

To evaluate the need and to obtein leaf values for mtrients s demon~
stration plots were established in Cot.tom:ood, J ackeon, Nobles, and Rock
Counties during May of 1968. The indicator crop was corn, The micro-
mitrients consisted of zinec, copper, manganese and iroh. Plots were
established in cooperation with the Tenneseee Valley Authority, the

1G. D, Holcamb is Area Soils Extension Specislist, University of
Minnesota, Marshall, Minnesota., H, L. Merediths is TVA Representative,
Soil Science Department, University of Minnesota, St. Peul, Minnesota.

2The cocperating county agricultural agents of these counties were
respectively Paul Sendeger, Rey Pelmby, Robert Koehler, and Kent Ringkob
and this investigation was made possible lergely through their active
participation.
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No starter ' . 119.7
Starter only 118.3
2 1bs. zinc + starter 4.4
2 1lbs. zine, 2 lbs. manganese + o
starter 107.0
2 lbs. zine, 2 lbs. menganese, 1 lb. :
copper + starter 107.3
4 lbs, zinc + starter 114.7
2 1lbs, iron + starter 117.8
Starter c-ly ' 112.0 )

Jackson County--Curtis Pietz farm., Planted Mey 3. Hybrid, Pioneer 3582.
Insecticide, Thimet. Fertilizer: broadcase 0+97+65 per acre; pref:llant_.
160 ﬁounds nitrogen per acre; with seed, 60 pounds 7-24-3 per acre.
Harvested December 6. Stand, 21,500,

Treatme! 1bs, materi er acre Yield, Bu/A at 15,5% Moisture -

1 lbs, zinc + starter 124.9
Starter only 127.3
1 1b. zinc, 1 1b. iron, 3/4 1b.

menganese, 1/2 1b. copper + starter 127.4
Starter only 119.2
2 1lbs, zinc + starter 124.5

Nobleg County——Joel McCervel farm., Planted May 10, Hybrid, Funks G184,
Fertilizer: 110 lbs. nitrogen per acre preplant; 96 pounds 7-21-7 per
acre with planter. Harvested November 26, Stand, 18,000.
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Treatment ‘lgg, material per ggge) " Yield, @ZA at _15,5% Moisture
I 1T IIT Average

2 1lbs. zinc + gtarter 89.7 84.6 - 87.1
Starter only 92.6 84.7 83,3 86.9
2 lbs. 2zinc, 1 1b. copper, 1.5 lbs.

manganese, + starter 8.,  86.7 - 84.0
4 lbs. zinc + starter 86.4  78.6 -— 82.5

Table 1. Analyses of corn plents at 15 to 24 inches height (leaves ex-
tended) from Jeckson, Cottonwood, Nobles and Rock Counties,
Minnesote, 1968.

Percent Parts Per Milllon

) 4 K Ca Mg 2n Cu Mo Mn B
C. Pietz, 2 lbs, Zn AT 3.5 60 .30 30 12 1.8 53 12
Pieta, ZD,FG,Mn,Ou 049 3023 070 033 27 14 1.9 61 13
Pietz, check #1 (W) ol 3.6 .59 .29 24 13 1.5 54 11
Pietz, #l Zn 054 305 066 o33 33 14 106 610- 12
J.McCarvel, 2 Zn A3 3.4 A9 A0 44 12 2,2 49 13
JJMcCarvel, E, Ck, 37 3.2 W46 W38 27 11 2.0 40 12
McCervel, Zn,Mn,1 Cu 39 3.8 A8 .36 39 15 1.4 45 10
MeCaxrvel, W, Ck, o34 3.6 42 W36 35 12 1.4 35 10
Mccmel’ l& Zn 043 302 047 036 40 11 2-3 39 14
R, O'Toole, 4 Zn A0 3.1 W49 W37 32 12,9 2.1 51 9.9
R. 0!'Toole, Check 39 3.0 .56 47 33 12 1.8 58 9.4
R. O'TOOle, Zn,Fe,Mn,Cu 036 3'4 -46 040 36. 13 102 54 7.0
R, O'Toole, 2 Zn AO 3.2 58 W49 33 14 1.8 59 8.8
R. O'TOOJ.G’ Starter ol&o 3.2 52 o7 34 14 1.6 53 7.5
W. Turner, Pop-up 37 3.0 .56 .38 40 11 1.4 39 10
W. Turner, 2 Zn W39 3.2 66 .38 30 12 1.8 45 12
W. Turner, 2 Zn-Mn A0 3.1 .68 43 33 13 1.7 44 11
W, Turner, Zn,Mn,Cu A2 2.8 57 W34 31 12 1.9 4 13
We Tumer, 1;. Zn . -40 303 054 039 38 11 1.4 35 10
W. Turner, Fe 39 3.0 .53 .36 39 1 1.2 42 9.7
J. Hedquist, Zn W42 3.6 AT 2T 3 8.2 1.1 45 9.1
J. Hedquist, Cu 6 3.5 .50 .27 33 9.1 1.4 48 10
J. Hedquist, Check b 3.2 U6 W24 32 9.5 1.4 48 11
J. Hedquist, Mn AT 3.5 .50 30 30 8.5 1l.4 51 10
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No mutrient deficiency symptams were cbserved throughout the growing
seagon., There did not appear to be any yield response to sterter ferti-
lizer in these comparisons., None of the micromitrients edded appeared
to effect the final yleld. The micromutrient solutions did not sppear
to consistently alter the ccmposition of a particuler micromutrient in
the plant, Although these date are not conclusive, indications ere t;hat
in 1968 ylelds were not increased by the micromitrient edditicns under
the conditions studied on the farms represented in the southwest coun-
ties of Minnesota.

The sbove tissue data may be used as ccmposition references for
normal or neer-normal corn plants in this part of the state at this
stege of development, The comperison of tissue P end soll test P on
yield sppears in Table 2, The soil test results are shown in Teble 3.
Scoil tests of the farm in Jackson and part of the semples from Cottonwood
County are fairly high. Semples from Nobles, Rock end part of Cottonwood
County reflected low phosphorus soil tests. The highest corn ylelds were
mede on the Hedquist farm in Cottonwood County (high soil tests - 127
bu/A) end the Pietz farm in Jackson County (high soil tests - 125 bu/A).

Teble 2, Comperison of tissue P end soil test P with yleld of corm,
southwest Minnesota, 1968.

Average Average Average
Tissue Soll Test Average Corn Yield

Farmer County ~E%_ _Plbs/a _pH__ __ Bu/b

Pietz Jackson 485 39.5 6.0 124.8
Turner Cottonwood «395 15.6 6.5 13,9
Hedquist @ Cottonwood 452 51.8 6.1 127.3
McCarvel Nobles 392 13.2 6.1 85.1

0'Toole Rock 0390 1004 606 109.2
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Table 3. Soil tests of soils used in survey of micromtrient
deficiencies in southwest Minnesote, 1968.

Semple '

Number County Farmer pE . P! K2 Tregtment

S-25 Jackson Pletz 6.0 37 300 11b. Z2n

S-26 Jackson Pietz 5.7 54 330 21b. Zn

S-27 Jackson Pletz 6.1 40 300 Check

S-28  Jacksem Pletz 6.0 27" 280 21b. Zn, 2 1b, Mn,

, 1 1b, Cu, 2 1b, Fe
S-29  Cottonwood Turner 6.4 12 200 21b. Zn, 2 1b, Mn,
11b. Cu

S-30  Cottomwood Turner 6.7 14 220 Pop-up

S-31 Cottonwood Turner 6.6 12 230 2 1b, Zn, Mn

S-32  Cottonwood Turner 6,5 15 230 21b. 2n -

S-33 Cottonwood . Turner 6.3 23 210 2 1b. Fe

S=3/4 Cottonwood ‘Turner 6.0 17 200 4 1b. Zn

8~-36  Cottonwood Hedquist 5,9 58 390 Check

S5-37  Cottonwocod Hedquist 6.2 48 360 1 1b. Cu

S-38 Cottonwood Hedquist 6.2 62 400 21b, Zn

5-39 Cottonwood Hedquist 6.1 45 330 2 1b. Mn

8-40 Cottonwood Hedquist 6.3 A6 300 Starter only

S-41  Nobles McCarvel 6.6 12 300 Check

S=42 Nobles McCarvel 6.4 20 360 4 1b. 2n

S-43 Nobles McCarvel 6.4 8 2860 2 1b. 2n -

S-/4  Nobles McCervel 6.6 9 270 2 1b, Zn, 1 1b, Cu,
: 1.5 1b. Mn

S-45  HNobles McCervel 6,6 17 410 Check

S-46 Rock 0'Toole 6.6 8 250 Starter only

S-47  Rock O'Tcole 6.7 8 210 21b. Zn

S48 Rock 0'Toole 6.7 9 2,0 Check

S=-49 Rock 0O'Toole 6.6 12 300 2 1lb. Zn, 2 1b, Fe,

1,5 1b. Mn, 1 1b, Cu
S-50 Rock O'Toole 6.5 15 280 4 1b. Zn

1Bray No. 1 extraoting solution, soil-solution ratio of 1:10.
Neutrel 1 N ammonium acetate extracting solution and Perkin-Elmer

fleme photcmeter.. .

Interpretation of phosphorus and potessium contents of Minnesota soils.

Extractable Phogphorus (P)

Exchengeable Potassium (K)

Relative Level

Low
Medium
High

Very high

Lha

. Per Acre

0-10
11-20
21-30
Over 30

Lbs. Per Acre

0-100
101-200
201-300
Over 300

RK
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Summary and Conclusions

A demonstration wes conducted in southwest Miimesote to delineate
the response of the sddition of mieromtrients on the growth of carn,
No mlcromtrient deficlencles were noted throughout the growing seasan.
No response to micromtrients wes noted viaually ar reflected in corn
yields, No leaf analyses were partioculerly low in any of the elements
meagured, T ° ' | o '

Tissue P and scil test P velues corresponded to corn ylelds. The
higher P values were grouped with the highest yield.

The results of this demonétﬁtibnx help to emphasize the need for
mainteining soils at e desireble fertility level as determined by soll
test. ; ' .

Zine deficlency typically occurs on soils with high pH and low
orgenic metter levels., Since all of these soils were below 7.0 in pH,
it 18 not surprising that a zinc response was not noted. Menganese
and iren ere seldom 1imiting except on scils with e pH sbove 7.5.
Additions of copper to mineral scdls have préﬂwsly been observed to
have 1ittls or no influence on tissue Cu cr on yleld vhen spplied at
the rate used 1n this study. M
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Cobalt Content of Minnesota Soils, Legumes, and Grasses

J. M. MacGregor and J. L. Keogh

In the wid-194Q's, a cobalt deficigngy ;n calves was reported near the
town of Dundas, in Rice County, Minnesota. Feeding experiments conducted by
the late Dr. Thor W. Gullickson of theAthen_Department of Dairy Husbandry,
established that the inclusion of cobalt in the diet of the unhealthy animal
resulted in apparently mormal health and subsequent growth. Since very
little was known of the cobalt status of Minnesota soils or of the pasture
or hay plants growing on different soils, a study was commenced in the late
summer of 1948 on this problem.

Bulk soil samples were qollected from 11 representative soil types at
locations from Beltrami County in the north to Fillmore County in the
southeast. Samples of the grasses growing in these soils were also collected
for analysis. The soils were potted in the greenhouse in triplicate and
seeded to meadow fescue in February, 1949. A solution of cobalt sulfate

(CoS0 -7H20) was added to the potted soils to supply 0.0, 0.5, 1.0, and 5.0

4
pounds of cobalt per.acre. To avoid contamination and maintain natural growth
as much as possible, no other fertilizer materials were added. The grasses
were harvested when heading out and analyzed for cobalt concentrations. The
sampling location, soil type, pH, total soil cobalt, cobalt content of native

grass and of the meadow fescue grown in the greenhouse with the cobalt-treated

soils are shown in Table 1.

€y
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10

11

Table 1.

County

..Fillmore

Renville

~Fillmore
‘Mille Lacs .

jSherburne

Stevens

Clay

Wabasha
Martin
Beltrami

Rice

Soil Type

.+ Kenyon Si.L.

~ Nicollet L.

Tama Si.L.

Milaca VFSL

Zimmerman LFS

Nutley Si. C.

. Fargo Si. C.L.

Fayette Si.L
Clarion
si.L.

Clarion L;

Soil pH’

6.8
7.6
5.7
5:5
5.4
6.3
6.2
6.8
7.5
5.9

5.9

Total sotl Co.

(ppm)

1.3
1.8
2.1,
3.2
3.3
4.4
5.3
5.4
5.8
6.5

7.0

Co. in native

grasses (ppm)
H 0.18
0.16
. 0.18
0.14
0.13
0.12
0.15
0.18
0.15
0.20

0.11

Cobalt Content of Some Minmnesota Qoils, Native Grasses and of Meadow Fescue.

Meadow fescue grown in greenhouse

0.0 .

0.14
0.09
0.12
0.14
0.08
0.08
0.08
0.10
0.05
0.14

0.15

Cobalt applied in lbs/A

0.5

ppm cobalt at heading
of meadow fescue

50.10
0.06
0.20
0.10
0.16
0.09
0.10
0.10
0.10
0.29

0.14

1'0

0.22
0.20
0.16
0.22
0.12
0.10
0.11
0.10
0.10
0.18

0.07

5.0

0.33
0.10
0.18
0.31
0.16
0.36
0.33
0.15
0.19
0.86

0.15
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The lack of correlation Setween total soil cobalt, the cobalt concentra-
tion in the grasses growing on the sample sites, and the concentrations in the
meadow fescue grown in the greenhouse where cobalt had béen added at different
rates was interesting but inconclusive, and since funds were not available
to continue this study, the investigation was temporarily discontinued.

Precipitation in many areas of Minnésota during 1951 was exceptionally
heavy, with a moistufe excess of 10 to 12 inches on the annual basis being
relatively common. At this time Dr. William Andberg, a veterinarian located
at Anoka, observed several cases of what he considered to be cobalt deficiency
in dairy cattle on some farms of the area. These farm soils are quite sandy
in nature, the most common soil type being Zimmerman loamy sand. Dr. Andberg's
observations (which continued into 1952) were reported to this department and

it was decided to apply cobalt sulfate (CoSO °7H20) spray at to pastures on

4
several farms where possible cobalt nutritional deficiencies had been observed.
The rates of cobalt application were to be the same as those used on the 11
soils of the 1948-49 greenhouse study at 0.0, 0.5, 1.0 and 5.0 pounds per acre.

Pastures on four Anoka County farms received cobalt sprays (in quad-
ruplicate) early in May and a bluegrass and a legume pasture on the problem
farm near Dundas in Rice County (Clarion loam) were also treated at the same
time. None of the plot areas were fenced and these were grazed with the
remainder of the pastures. Forage samples were harvested where possible from
each plot, both in mid-June and again in early August for cobalt analysis.
The forage samples were dried, ground and stored until late in 1968, at which
time improved analytical equipment and methods were available for cobait
analyses.

The cobalt content}of the two 1953 forage cuttings are shown in Table 2.

In some instances, the pastures were grazed too closely and forage samples

were not obtainable.

8



Table 2.

- Soil type

"
o
"
T

Clarion

"

'
"

loam

"

County
Zimmerman loamy sand Anoka

Parm operator

Paul Paulson

Peter Sortberg

(1) "
n "

George Giddings

L 1] "

Peter Georges
1] n
" "

Don Fergasomn
1" 11

" 11

The Cobalt Content of 1953 Pasture Forage on Five
Applications in Early May.

Total

Soil Co

ppm
1.19

0.56

1.65

0.72

2.26

2.49

Dashes (--) indicate where close grazing eliminated sampling.

Forage
type

alfalfa

timothy

alfalfa
1"
brome

brome

alfalfa
brome
timothy
legume mix.

bluegrass

Cutting

First
Second
First
Second
First
Second
First
First
Second
Second
Second
Second
First
Second
First

Second

Minnesota Farms Following Soluble Cobalt

Rates of cobalt application to soil

(1bs/A)

.0 05 1.0 3.0
Parts per million of Co in forage
2.09

0.15 0.18 0.38 0.88
0.81

0.13 0.18 0.38 —_—
0.30 0.98 0.78 1.88
0.15 0.23 0.38 1.38
0.15 0.53 0.17 0.31
0.13 0.70 1.00 2,22
0.13 0.18 0.23 —
0.28 — 0.28 0.88
1.63

0.23 0.13 0.18 0.75
0.28 1.50 2.50 7.13
0.15 0.23 0.38 0.18
0.08 9.50
1.00 1.63
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Although the cobalt concentrations of the different forage species are
quite variable, it is apparent that applications of soluble cgbalt to these
solls results in some increase in Co concentration of the forage plants on
these soils. There appears to be little difference between cuttings, and the
legumes tend to be somewhat higher in cobalt content. However, it would
seem to be more practical to supply cobalt directly in animal feeds rather

than to soils of pasture or haylands.
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1968 Soybean Inoculant Testing Prégfam

. G. £. iam, Department of Soil Scienée Qnd
V. B. Cardwell, Department of Agronomy and Plant Genetics

The plots were located‘at Rosemount, Waseca, Lambefton, Morris
and Big Lake, Minnesota. The soil test reéults for soil samples taken

at thege locations are shown below:

Soil Soil Extractable Exchangeable X
Location pH texture phosphorus potassium Sulfur Zinc
pp2m .-  pp2m - pP2m pp2m
Big Lake 5.9 loamy sand 200(VH)2  200(M) 5(L) 2.6(H)
Lamberton 6.0 silty clay loam "13(M) ~ 210(H) 3(L)  1.3(M)
Morris 7.8 s8ilt loam 13(M) 220(H) (M 1.1(L)
Rosemount 6.1 1loam 28(H) 250(H) - 8(M) 2.1(H)
Waseca 5.8 loam 40(VR) 310(VH) 10(M) 2.9(H)

8VH=very high, H=high, Memedium, Lelow

Materials and Meth@ds

Inoculants applied by the inoculant coﬁpanies and humus inoculants
applied soon before planting to Chippewa 64.soybean seeds wé;é evaluated
for influence on soybean seed yield. The seed was suppliéd byi£h;
University of Minnesota and all seed was from one source. .fh; ﬁlégting
dates were as follows: Big Lake, May 10; iamberton, May 143 ﬁorris,‘
May 21; Rosemount, May 23; Waseca, May 25. The Border rows of the three-
row plots were planted with a tractor-mounted cone‘planter while the
treatment or center row (including chgcks) was planted b} opening a
furrow with a wheel hoe, shaking the seeds from a coin envelope and
covering with a garden rake. Seedling emergence was as good or better

in the hand-planted rows as in the mechanically planted. border rows.

ot
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Foliar analyses of leaf samples taken during the summer showed that the
concentration of P, K, Ca, Sr, Na, Te, Mg, 2n, Cu, Mo, Mn and B in the
leaves was normal. The center row of each plot was harvested for seed
yield. A 15-foot section of the center row was cut, threshed with a

small plot thresher, cleaned and weighed. Yields for statistical analyses
were based on bushels of soybeans per acre on the basis of 12.0% moisture.
The yields are shown in Tablé 1. Yields from Grand Rapids and~Crookston
are not included due to the adverse growing season at these two locations

which resulted in unsuitable testing conditioms.

Results and Discussion

Inoculation of soybeans did not significantly affect soybean seed
yields. The analysis of variance %or all locations is shown in Table 2.
The only significant effect was location. The reason for the significant:
location effect is obvious from the data since the average yield varied
from about 15 bushels per acre at Big Lake to over 40 bushels per acre at
Waseca. The analysis of variance for each location by itself showed no
significant F values at the .10 level of significance.

The failure of inoculation to increase soybean seed yields confirms
studies conducted by the University of Minnesota during 1967 and studies
reported by other researchers in other states.

The samples of seed from the Morris and Waseca inoculation plots
are being submitted to the U.S. Regional Soybean Laboratory at Urbana,

I1linois for oil and protein analysis.

Summary and Future Plans
The 1968 soybean inoculation test results confirm the opinios
expressed and the position taken in Soils Fact Sheet Number 9, "Inocula-
tion Problems of Soybeans." The inoculation test will be discontinued

unless the various companies wish to finance additional tests.
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Inoculant

brand

> b

QOO0 - -

(- - )

Table 1.

Type
1noculaqg

Humus 1
Humus 2

Check
Research 1
Réséarch 2
Humus 1’
Humus 2

Check

Research A
Research B
Hdumus 1

Humus 2
Preinoc. Check
Preinoculated

Check
Research A
Research B
Humus 1
Humus 2

Effect of Inoculation on Soybean Seed Yields (Bu/A)
~ at Various Locations in Minnesota in 1968

Big Lake
bu/acre

Morris
bu/acre

N
S
-8

nN

.. e o & @
OCOONONS OO

NN
OO UVMW

NNMNMOMNNODNDN
Nswsooonn
* ® L]

Location

Rosemount

bu/acre

MDNNMNDNNNND
NSNS

. [ ] [ I
OQUVO WM

[=)]

NN

~ ~
L] L] . [ )
S OO

NN
o O

Waseca
bu/acre

Lamberton

bu/acre

Average
of all

locations

bu/acre
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Table 1
Page 2 of 2

Check
Research 1
Research 2
Humus 1
dumus 2

NN N o)

Check
Research 1
Research 2
Humus 1
Humus 2

i =i g bep v

Check

Strain 1
Strain 2
Strain 3

cdaad
0 00 O
h Hh th
RRREZ

Nodulating isoline
Nonnodulating isoline

Average of all checks
Average of all inoculants

Coefficient of variation

15.9 24.3
15.0 28.1
16.2 24.8
15.6 26.1
16.3 25.1
15.6 27.9
16.0 27.6
13.1 26.1
14.8 26.8
17.2 26.4
15.4 24.9
15.5 25.2
13.4 26.2
14.4 27.2
14.1 28.2
8.8 17.7
15.5 25.2
14.9 26.3
19.6% 9.7%

26.1 40.0
23.0 41.1
24.7 43.3
24.5 41.7
25.3 43.3
27.8 43.5
27.0 41.6
26.0 40.4
29.2 43.1
29.8 39.9
27.8 43.2
26.5 43.0
27.3 42.7
26.9 42.3
31.6 44.8
18.6 33.5
27.3 42.5
26.7 42.2
10.3% 6.52
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Table 2. Analysis of Variance for Soybean Seed Yield (bu./Acre)
When Uninoculated and Inoculated Seeds Were Compared
at Big Lake, Lamberton, Morris, Rosemount and Waseca,
Minnesota in 1968.

Source of Variation Degrees of Fteédgp Mean Square . F.Valuea
Location (L) . 4 14,372.50 . 419.39##
Replicates (R) 3 34.95 | 1.02.NS
Rx L (error a) ‘ 12‘ . 34:27 ;

Inocula;ion (1) ?2 L 10.30 1.06 NS
LxI 128 9.66 0.99 NS
Rx1 96 7.94 0.82 NS
Error (error b) 384 ‘ 9.72 0.82 NS

8x*indicates significant at the .0l level of significance; NS indicates not
significant at the .10 level of significance '
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Soybean Variety - Rhizobium Japonicum Interaction Studies

G. ¥. Ham, R. .. Andé;son‘and J. R,,iofgren

Seven strains of Rhizobium japonicum (soybean rhizobid) obtained
from the U.5.D.A. Beltsville collection were used to inoculate three
different varieties of soybeans at Cfookston and Grand Rapids in 1968. .
The peat-based inoculants were applied to the seed the night before
planting and kept refrigerated until planted. The replications with
three row plots in 24-inch rows were utilized with the center row of
each plot inoculated. The growing season was cooler than normal at
both locat*ons.

Few or no nodules were present on the roots of the uninoculated
plénts at both locations. Yields at Grand Rapids were increased by as
much as 7.8 bushels per acre by inoculations while yields were increased
by as much as 5.9 bushels per acre at Cro;kston (Tables 1 and 2). The
effects of rhizobia strains and the strain x variety interaction were
significant as indicated in Tables 3 and 4. This indicates that rhizobia
strains increased yields significantly and the effect of a strain was not
the same on all varieties. However, sorting out the best strain (s) for
each variety is virtually impossible due to year vari.ation and also due

to location, i.e., the best strain on a variety may not be the best

strain on this variety at another location or in another year.
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Table 1. Effect on Soybean Seed Yield When Different Strains
of Rhizobium Japonicum Were Applied to Soybean Seeds
"Planted at Crookston, Minnesota in 1968

Average

Rhizobium Soybean Variety of all

Japonicum " Altoma Portage II-55-14 varieties

strain bu/acre bu/acre bu/acre bu/acre
Check 15.4 16.7 16.1 16.1
38 21.3 20.2 17.5 19.7
110 17.7 21.8 19.5 19.7
122 16.0 19.1 20.7 18.9
123 16.8 20.6 17.0 18.1
126 19.9 20.8 17.6 19.4
135 16.3 17.8 16.8 17.0
138 18.4 20.0 21.4 19.9
Average of all straims 17.8 19.6 18.3 18.6

Table 2. Effect on Soybean Seed Yield When Different Strains
of Rhizobium Japonicum Were Applied to Soybean Seeds
Planted at Grand Rapids, Minnesota in 1968

Average

Rhizobium Soybean Varlety of all
Japonicum Altona Portage II-55-14 varieties

strain bu/acre bu/acre bu/acre bu/acre
Check 27.6 30.0 29.8 29.2

38 31.2 34.2 37.0 3.1
110 32.5 32.1 35.6 33.4
122 33.3 34.3 32.0 33.2
123 30.8 31.7 31.3 31.3
126 35.3 34.1 34.4 34.6
135 30.6 32.8 32.3 31.9
138 32.3 36.4 37.6 35.4
Average of all strains 33.2 31.7 33.8
Table 3. Analysis of Variance for Soybean Seed Yield

When Soybean Seeds Were Inmoculated at Planting Time at
Crookston, Minnesota in 1968

Source of Variation Degrees of Freedom Mean Square Calculated F Value

Replicates (R) 2 7.10 0.83 NS
Varieties (V) 2 6.75 0.79 NS
RxV 4 8.55

Strain (S) 7 20.73 4.68%%
VxS 14 9.24 2.09%

42 4.43
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Table 4. Analysis of Variance for Soybean Seed Yield
When Soybean Seeds Were Inoculated at Planting Time at
Grand Rapids, Minnesota in 1968

Source of Variation Degrees of Freedom Mean Square Calculated F Value

2.50 0.99 NS

Replicates (R) 2

Varieties (V) 2 26.34 10.48%*
RxV 4 2.52

Strain (S) 7 36.69 9,94%%
VxS$S 14 6.75 1.83T
RxVxS$ 42 3.69
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Sugarbeet Rotation Study - 1968
Northwest Experiment Station, Groockston, Minnesota

Olef C. Soine, Soil Scientist

This is the .second yeer of this rotation étudy, it no-definite
trends are vis:lble. at this time., The yields of all crops were good,

The sugarbeet yields ere approximately 38 percént higher in 1968 than
they. were in the drought year of 1967, The beet plots follow the last
eraop in.each rotation as given in téble (e.g., Rotation 1, beets follow
sw. cl; fallow; Rotatlon 2, beets follow the oats crop, etc.). The
vheat yiefids in 1968 were similer to those in 1967. The barley yields
were sbout 25% below laét year's yields.

The crop ylelds for the 6 rotations for 1968 with 1967-68 averages
ere given in Table 1.

Table 2 gives the 1967 crop, yield, percent sugar, purity index,
and sodium, potassium, and emino-N. in parts per million for the 6 rota-
tions. .The beets were harvested on September 23, and this early date
mgy in part asccount for the low percentages of suger and the high purity
indexes. The percent sugar varied froam 11.90 to 13.20 for the beets from
Rotetion 1 and 6, respectively. Rotation 1 beets hed the highest purity
index and sodium content, but the differences were not significent. The
rotations did not show eny significant differences in the potaessium con-
tent of the beets. The beets that followed the sweet clover and the
black fallow treatments contained the highest amount of amino nitrogen.
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Table 1. Crop ylelds for 6 rotations for 1968 with 1967-68 averages.

1968 1967-68 1968 1967-68 1968 1967-68 1968 1967-68
Rotetion 1 Beets ‘ ‘ Wheat _Barley Sw., cl, fallow
21,44 T 17.28 T 54.4 bu., 55,1 bu. 65.0 bu.  83.1 bu, — —_—
Rotation 2 Beets Wheat Barley Oats
- 18,76 16.24 53.6 54.6 77.9 89.4 114.0 125.4
Rotation 3 Beets Potat o Wheat Barl
19.29 16.21 309 282.5 9.4 50.6 75.2 83.4
Rotation 4 Beets Wheat Barley A1f. hay fallowk#
7 20,19 16.11 56.1 52.9 73.6 89.6 2495 1b.
Rotation 5 Beets . Wheet , Barley Bl, fellow
_:‘ . P 22023 17078 . V 57.3 58-7 . 75'2 8708 -
Rotation 6 Beets Wheat ' Barley Soybeans
' 20,36 16.88 57.8 57.7 75.3 83.2 21.4 27.5

# No. 1 Potato
##* Moisture content 20%

Table 2. The 1967 crop, yield, percent sugar, purity index, and sodium, potassium end emino-nitrogen
for the 6 rotations, 1968.

Rotation 1967 Yield Sugar Purity Sodium . Potassium Amino-N,
No. Crop T./A. % Index P.P.M.
1 S, ¢l. F, 21.44 11.90 1076 1034 1542 528
2 Oats 18.76 12.50 811 792 1543 351
3 Barley 19.29 13,03 763 705 1226 439
4 Alfalfa 20.19 12.86 911 792 1483 517
5 Bl, fallow 22,23 12.23 971 862 1323 552
6 Soybeans 20.36 13.20 787 592 1555 438
L.S.D. N.S. N.S. N.S. N.S. N.S. MN.S.
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Alfalfa Removel vs Plow-Under for Sugerbeets in 1968
Northwest Exper:l.ment Statien, Crookston, Minnesota

Olaf,Q, Soine, Soil Sclentist

In this study, a 21-ac§e field of old ‘al.t‘alfa’was used to evaluate
the effec_t of removing the first orop versus ploving it upder- for sugar-
beets ;the following year. Thig field hed been -in alfalfa for 3 crop
. Yyears end the stand was mediuﬁ. The trea'lznents were randomized and laid
- aut in 100 ft. strips ecross the field. The firat crop of alfalfa was
removed for hey from 4 strips and the remaining 4 strips were left end
the field was plowed on June 28-29, 1967. It wes fert.ilized with
250 lbs/acre of 0-46~0 in the fell and 100 1lbs/acre of 5-42-0 at plant:l.ng
time.

The .eets were mechanically thinned and no hand labor was used.

The beets were harvested September 20, 1968. Table 1 gives the
field data,

e

Table 1. Yield of beets, percent sucrose, purity index and mumber of -
~ beets harvested.

No. beets

Treatment - Yield Sucrose  Sucrose Purity  harvested

, tons/A  1lbs/A percent  index /80 f£t. row
Alfalfa
removed - 15,45 3930 12,72 766 64
Alfalfa oo
plowed under 15,90 3892 12.24 864 70

Alfalfa Yields: Ylelds were taken fram each plot and the average for
all plots was 1858 lbs of dry matter per acre. This is equivalent to
1.1 tons of elfalfa hay at 15% moisture content. Figuring alfelfa hay
at 316,50 per ton, the velue of alfelfe would be ;18.65 per acre.
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A

. Soil Fertility Experiments on Potatoes

C. J. Overdahl, G. W. Randall and C. P. Klint

The following tables are a summary of fertility trials on sandy soils with

irrigated potatoes the past 3 years (1966 1967 and 1968) ‘

| It is of interest to note a slight reduction in the K soil test from a
600+ to 435 lbs. on plots that were untreated with potassium for three years.
There is an appareﬁt corresponding‘yield response to potassium,

Reduction of magnesium levels in the potato petiole is directly related to
the increase in potassium levels. Thus far no response has been measured in
potato yield from magﬁesium treatments, either as doiomitic limestone,
magnesium .ulfate or magnesium chloride, even when petioles from untreated
maguesium plots were as low as .15%.

With the Norland variety at tﬁe Gray farm, yields from 300 pounds of
nitrogen were superior to those from 150 pounds N, At the Sand Plain farm,
with the Russet Burbank variety, 150 pounds of nitrogen gave potato yields that
were significantly higher than 75 pounds, but 300 pounds was not significantly
higher than 150 pounds. The low gotg} yield perhaps accounts for the 1ack of

increase beyond 150 1bs. of N. The plan is to use a different variety in 1969,

Table 1. Effect of potassium on potato yield, % K and % Mg in petiole.
egsman Farm, Hennepin County, mesota.

1966 1967 . 1968

CWT/A CWT/A CWT/A
200 + 150 + 0 332 206 178
200 + 150 + 150 325 225 280
200 + 150 + 500 277 . 222 271

% K % Mg %K _%Mg % K_% Mg
200 + 150 + 0 11.6 .14 8.0 .22 6.8 .35
200 + 150 + 150 12.7 .12 8.0 .20 7.6 .23
200 + 150 + 500 12.8 .14 7.9 .20 7.9 .14

K soil test = 600+ in spring of 1966, in fall of 1968 200+150+500 plot tested
600+ but 200+15040 plots averaged 435 1lbs. of exchangeable K.

Slightly lower N & P rates were used in 1966.

Variety - Norland

<1
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Table 2, Effect of dolomitic limestone on yield of potatoes (CWT) and %
magnesium in tissue; Tessman Farm, Hennepin County, Minnesota,

Lime rate 1966 1967 1968

1bs/A Yield Z'Mg Yield 7 Mg - Yield % Mg

0 344,21 276 .20 322 .16
1000 368 .18 : 193-- .17 323 .17 -
2000 377 .21 224 .17 326 .20
4000 356 .21 243 .23 328 .19
8000 = oo 227 .22 300 .23

Soil pH 5.4. Lime had no effect on soil pH or yield.

Table 3. Effect of magnesium (Mgso4) on yield of potatoes and 7 Mg in petiole.
Tessman Farm, Hennepin County, Minnesota.

Mg 1bs/A 1967 1968
Yield Cwt., Mg %  Yield Cwt. Mg %
0 339 .22 371 .15
25 : 328 -7 .23 - - 362 .15
50 341 .26 370 .17
75 344 .25 373 17
300 322 .23 346 - 209

Average of 5 reps. 20041504500 applied on all plots both years, 7541504150 in
the row. S ; o

Magnesium applied in the row in 1967; same rates were broadcast in 1968.
Magnesium was significantly higher in petiole from 300 pound treatment 1n 1968.
There was no response to applications of magnesium,

Variety - Nbrland

Table 4. Effect of potassium on potato yield, % K and Z_MB in petiole.
Gray Farm, erburne County, Minnesota.

1966 .. 1967% 1968
CWT/A CWT/A CWT/A
. 200 + 150 + 0" 207 111 252
200 + 150 + 150 232 194 336
200 + 150 + 250 3137 198 332
200 + 150 + 500 1338 199 347
200 + 150 + 1000 341 203 329
2K 7ZM %ZK %M % K % Mg
200 + 150 + 0 - - 4.5 049 4.9 072
N 200 + 150 + 150 8.3 .55 7.6 .22 7.5 .32
QZ 200 + 150 + 250 10.00 .38 9.0 .15 7.8 .26
200 + 150 + 500 11.8 .31 9.0 .13 7.6 020
200 + 150 + 1000 11.3 .37 9.0 .15 7.8 .17

* Yield reduced by severe hail damage.
Petiole analysis in 1966 at Ohio, 1967 & 1968 at U. of ‘Minn,
Variety - Norland
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Table 5. Effect of phosphorus on ébtato yield, 7 P in petiole. Gray Farm,
Sherburne County, Minnesota.

1966 - . 1967 1968

CWT/A % P CWI/A % P CWT/A % P
200 + 0 + 500 255 . .29 145 .20 213 .21
200 + 150 + 500" 325 .26 258 .51 318 .33

N & P treatments were slightly lower in 1966,
Variety - Norland -

Table 6. Effect of nitrogen on potato yield. Gray Farm, Sherburne County, Miun,

<1

1966 Yield Cwt. 1968 Yield Cuwt.
S0 + 100 + 500 228 75 + 150 + 500 317
100 + 100 + 500 307 150 + 150 + 500 331
200 + 100 + 500 %6 300 + 150 + 500 368

No N yields taken 1967 due to hail and plot damage.
Variety - Norland ‘

Table 7. 1 Zfect of nitrogen on potato yield. Sand Plain Experiment Farm,
Sherburne County, Minnesota. '

1968 Yield Cwt.
75 + 150 + 500 139a
150 + 150 + 500 204b
300 + 150 + 500 216b

4 replications
Variety - Russet Burbank

Table 8. ect of potagsium an nesium treatment Cl,) on yield of
tatoes, % K an in petiole. Sand Plain Experiment Farm,
County, Minnesota 1968.

Treatment Yield Cwt.
xzo Mg A+B A

0 0 158 81
150 0 170 91
500 0 189 126

0 50 195 118 ‘
150 50 199 115

183 102
N + Po0r + K0 Potash Effect Mg Magnesium Effect
lbs/A CWT/A 1bs/A CWT/A

200 + 150 + O 176 0 172
200 + 150 + 150 185 50 192
200 + 150 + S00 186

There were no significant differences in yield from either K or Mg. Yields
were very low with many B size potatoes. 1968 soil test pH = 5.5, P = 200%,
K = 190. Variety - Russet Burbank



155

Fertilizer Triéls on 0il Cfﬁps
Northwest Experiment Station, Crookston, 1968

Olaf C. Soine, Soil Scientist

Taﬁe Mustard: This completes a 3-year fertilizer study on tame
mustard and the yield results are given in the following table.

The 1966 growing season was favorah}e with above normal precipita-
tion during June, July, and Augﬁst, and above normal temperatures
during April and May. The summer drought of 1967 reduced the yielding
potential of the crop. The excessive rainfall, cool and cloudy weather
during the 1968 growing season were not too favorable for mustard.

The highest ylelds were obtained in 1966 but there were no
significant differences between the treatments. The 20+40+0%* (20 1b.
N broadcast, 40 1b. P applied with drill) gave the highest yield
response.

In 1967, 20+40+0* treatments produced the highest yields but the
yield differences were not significant in this tr}él.

There were no significant yield differences in the 1968 trial.
The 40+80+40 treatment gave the best yield differences in the 1968.

| The 3-year average yields varied from a low of 855 to a high of
1071 1bs. per acre but the differences between the treatments were
not significant. The 30+40+20%* treatment gave the highest 3-~year
average yleld, but it was not the highest yielder each year. The
higher rates like 40+80+40 and 80+160+80 did not increase the yields

when compared to the other rates.
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Fertilizer Trial on Tame Mustard
Yield in 1lbs/acre, 1966-68

Treatment | 1966 1967 1968 °  Avp. 1966-68
N-P-K- 1bs/acre

0+0+0 . 1028 852 812 . 897
104+04+0% 1030 814 729 858
20+0+0%% 17 735 683 863
0+40+0 1095 860 703 886
10+40+0% 1228 918 727 958
2044040 %% 1363 820 748 977
10+40+0 1057 835 981 958
204+40+0 * 988 1046 740 925
30+404+0%% 1128 905 806 946
20+40+20 1119 861 895 958
30+40+20% 1200 1055 959 1071
LO+40420%% 1097 840 786 908
40+80+40 - 852 1078 . 965
80+160+80 - 791 919 © 855
L.S.D. N.S.  N.S. N.S. N.S.

10+0+0%* and 204+0+0%%*, 10 and 20 lbs. N. respectively, broadcast prior
to seeding.

10+40+0% and 20+40+0%*, 10 and 20 1lbs. N. broadcast, 0+40+0 applied in
band with drill at seeding time.

Avg. date of seeding - May 2

Avg. date of harvest - August 7

Sunflowers: The following table gives the yield, bushel weight,
and oil content of sunflowers for the past 3 years.

In general, the highest yiélds were obtained in 1967 and 1968.
The fertilizer treatments varied from year to year and no single
treatment gave a consistent high yield each year. The 40+80+0 treat-
ment gave the highest average yield response for the 3-year period.

The 0+0+40 treatment gave the lowest average yield for the 3-year period.
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There was very little variance in éhe average bushel weights for
the 3-year period. ' ' S LT

The average oil content for.'1966-67 varied from 40.2 to 45.8% for
the 80+160+80 and 0+40+20 treatments, respectively, compared to 44.6%:
for the check plot.

Fertilizer Trial on Sunflowers: .

~

Treatment Yield 1bs/acre - . Bu.wt. Percent oil

NPK 1966 1967 1968 Ave.l1966-68 Avg.1966-68 Ave.1966-67
. 40+80+0 1670 2094 1894. 1886 - 29 44.2
20+40+0 1582 2205 1529 1772 .. 28 45.0
80+160+-80* =-~. 1390 2126 1758 28 40.2
. 40+804+40 1664 1711 1830 1735 . 29 44.7
0+0+20 1550 1791 1768 1703 28 45.2
204040 1465 1626 2002 1698 28 45.5
20440420 1527 1971 1553 1684 .. 29 44 .8
040420 1505 1754 1620 1626 . __. 29 45.8
40+040 1621 1319 1879 1606 29 44.4
0+0+0 1397 1578 1844 1606 = - ‘29 44 .6
04-80+40 1412 1638 1723 1591 28 45.1
©.0+8040 1450 - 1680 1555 1562 ' 29 . 45.3
0+40+0 1515 1393 1570 1493 29 45,1
0+0+40 1288 1290 1684 1421 . 28 44.0

* 2-year data
Avg. date of seeding - May 7
Avg. date of harvest - October 5
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Summary of 1968 Soil Fertility Work on Sunflowers
from the Depertment of Agronomy and Plant Genetics

R. G. Robins onl

Dept. of Agroncmy and Plent Genetics
No fertilizer trials were conducted in 1968, However, within trials
of row widths, plant populations, varietles, and crop sequence, comparisons
were made of very high rates of N-P-K versus no fertilizer. The yield data
in Teble 1 are the grand aversges of many treatments and represent the aver-
age response to fertilizer in these trials.,

Table 1. Effect of fertilizer on soll test results and sunflower performance
at four locations.

S tests,J 1968,1b/A ower
: ~ Soll - Fertilizer No fertilizer Yie 1b/A __Date bloom
Location texture P K P K Fert. No fert. Fert. No fert.

Rosemount silt loam 66 210 4, 190 1249 1062 7-25 7-28
Rosemount silt loam 48 290 26 230 1808 1488 726 7-29
Elk River sandy losm 200 280 200 180 576 692  7=25 7-28
Grand Rapids loamy sand 114 270 75 150 1614 1594 8-10 8-13

On the basis of these soil tests and previous experience with sunflowers,
yleld increases from P or K would not be expected even though the fertilizer
applications greatly increased available P and K, All of the soil tests
were rated high or very high in P and medium to very high in K.

In all tests, visual response to the N-P-K fertilizer was obvious--
greener leaves, increased vigor, more rapid growth. This wes probably due
to the high retes of N=-120 to 300 1b/4/.

Fertilizer decreased seed yield at both 30,000 and 60,000 populations
and in 3 of 4 verieties at Elk River., The populations were too high but were
chosen in expectation of irrigation which was not available when needed.
Stalk and leaf growth were obviously greater on the fertilized plots, at
least until bloom stage. One inch of irrigation water was applied to one
replicete at bloom stage July 25 (too late), On this one replicate, irriga-
tion alone increased yield to 851 1b/A end irrigation plus fertilizer to

1212 1b/A.

1rie1d work at Grand Rapids was conducted by Agronomist R, H. Anderson.
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Yield Potentials on a Dorset Sandy Loam;;ﬁhik Rapids, 1968

G. W. Rehm, E. C. Seim and A. C. Caldwell

In order to determine the yield potential of the soils in the Park
Rapidp area with maximum fertility levels, yield production trials were
carried out for corn, soybeans, potatoes,,gnd sunflqwérs. The production
trials for corn are reported separately. The yields for each crop are

shown in Table 1.

Table 1. The Yield of Potatoes, Soybeans and Sunflowers From
" the Yield Potential Trials at Park Rapids 1968.

Crop Variety Yield

Potatoes ' Norgold 554 bu./A

Burbank 670 bu./A

Soybeans | Portage o 23.9 bu./A

C Clay * ' 36.0 bu./A

Grant 34.8 bu./A

Sunflowers Paradovich 1542 1b./A
Potatoes:

Both Norgold and Burbank russets were grown in this study. The
seed pieces were planted approximately 1 foot apart in the row in 24
inch rows. The fertility program was: 500 1b, K/A as 0-0-6 0 and
Kzsoa, 50 1b. P/A as 0-46-0, 200 1b. N/A as 33-0-0 and 50 1b. S/A as
K2504. In addition, 200 1b. N/A was sidedressed in 2 separate applications.
Chlordane at 16 1b./A was applied at 50 1b./A to provide a systemic insect
control. These two materials were disced in at planting time, The natural
rainfall was supplemented with approximately 10 in, of water by weekly

irrigation from July 13 to August 13. After each irrigation
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the plants were sprayed with 1 1/2 1b./A of Polyram 80-W to prevent
both early and late blight.
Soybeans:
The three varieties of soybeaﬁs wére planted in 24 in. rows at
a rate of approximately 90 1b./A. The fertilizer applications included:

200 1b. K/A as 0-0-60 and K,50,, 50 1b. S/A as K 304, 30 1b. P/A as

2
0-46-0, and 100 1b. N/A as 33-0-0. These materials were disced in at
planting time. Randox at 10 1b./A was also disced in to control the
perennial grasses. The soybeans received approximately 12 inches of
supplemental irrigation throughout the summer.

Sunflowers:

The sunflowers were planted in 24 inch rows with a spacing between
the seeds in the row of approximately 6 inches. The fertilizers applied
included: 300 lb. K/A as 0-0-60, 30 ib. P/A as 0-46-0, 50 1b. S/A as
gypsum, 200 1lb. N/A as 33-0-0 and 1 1b. B/A as fertilizer borate.
Chlordane was applied at 16 1b./A to control soil insects. All of these
matérials were disced in at planting time. A sidedress application of
100 1b. N/A was made when the plants were approximately 2 feet tall.
Approximately 12 inches of supplemental irrigation was supplied through-
out the summer.

Discussion:

It should be pointed out that the yield of the Burbank russets was
significantly greater than the yield of Norgold russets. With regard
to the soybeans, the yields of the Clay and Grant varieties were not
significantly different from each other but were significantly different
from the yield of the Portsge variety. However, at the time of frost

the CGrant variety was not mature and as a result the harvested soybeans

were of poor quality.

e
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The Effect of Vériety and Popul#ti&n on Corn field at Park Rapids
| G.AW; Rehm, E. C. Seiﬁ and A. C. Caldwell

As partAof anroverall productioﬁ study, ﬁﬁe effect of piant
population on the yiéld of 7 comn varieties wa§ studied during the
sunmmer of 1968. Both 65-68 ana 75-85'day hybrids were includeé. The
short season varieties were the Tfojan TX~68 and Pioneer PXE-; hybrids.
The longer season varieties were Pioneer 3985, Trojan TX-80, Jacques
JX-21, Northrup King PX-417 and Minnesota Hybrid 806. The short season
variefies were planted to give apprﬁximately 30,50, and~100 thousand
plants per acre. The longer season hybrids were pianted to give
approximately 20; 30, and 40 thousand plants per acre. All varieties
were planted in 24 inch Tows. All populations of each variety were
replicafed 5 times.. | N

Fertilizer applications were constant for all populations of all
varieties. The nutrients applied incl;dé&: ‘300 1b. K/A as 0-0-60,
50 1b. P/A as 0-45-0, 50 1b. S/A as NaySO;, 10 1b. Zn/A as ZnS04.7 H,0,
1 1b. B/A as fertilizer borate and 150 1b. N/A as 33-0-0. These
materials were plowed down and worked in at planting time. In addition,
150 1b./A of a 5-15-10 liquid fertilizer were épplied as a starter and
150 1b. N/A were sidedressed when the corn was approximately 24 inches
high. Corn rootworms were controlled by applying 4 16.‘actual chlordane
per acre and perennial grasses were controlled by applying 10 1b.
Randox/A. The corn was sprayed with 1.5 lb. Sevin per acre to control
corn borer. The rainfall for the summer amounted to 12,68 inches with
9.98 inches falling during June. From July 13 to August 31, 14 inches

of supplemental irrigation were applied.
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The sixth leaf at silking was taken for nutrient analysis in the
laboratory. The total S content was determined by wet digestion and
subsequent turbidimetric agalysis. The remainder of the elements
reported here were determ;ped by emission spectrographic analysis.

The yield data for the very short season hybrids are preseated
in Table 1. The values reported are averages of the 5 replications.
In general, the yields were not as high as expected and there was no
significant difference among the varieties or populations. It should
be pointed out that in this table and al; subsequent tables, treatment
means followed by the same letter are not significantly different at
the 57 level. Although yield differences were not significant, the
average yields were higher for the lower plant populations. It is
interesting to note the high precentage of barren stalks at the higher
populations. This is probably a significant factor leading to the
yield reductions.

Table 1. The Yield, Molsture Content, Shelling % and % Barren Stalks of
Short Season Corn Hybrids Grown at Park Rapids in 1968

Variety Population Yield Shelling Hy0 Barren Stalks

Plants/A. Bu/A. 4 % %

Trojan TX-68 30,000 72.1 74.4 32.9 b 14.7 b

Trojan TX-68 50,000 66.4 72.1 36.1 ab 27.4 ab

Trojan TX-68 100,000 63.7 72.1 38.4 a 26.7 ab

Pioneer PXE-1l 50,000 62.2 77.1 33.0b 32.5 ab

Pioneer PXE-1 100,000 53.6 77.8 32.6 b 43.1 a

N.S. N.S.

The nutrient content of the short season hybrids at the various
populations is given in Table 2. Although there are significant differences
among varieties and populations for various elements, no general trend is
evident from the data presented. In general, there is a reduction in the

tissue content of several of the nutrients with an increase in the plant

population.
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Table 2. Nutrient Content of Short Season Corn Hybrids Grown at Park Rapids in 1968

Populatioh

Pladfs/d.
30,000
50,000
100,000
50,600 .

100,000

S P

K Mg Ca Sr Fe Zn Cu Mo Mo B
2 _ppm

. 2%ba 420 2.07a w402 .720 17.3 926.8 36.7a 8.18 6.8 49.5ab 8.3
.221ab #307a 1.90ab .385 .654 16.1 748.,5 30.8ab 8.09 9.3 38.6¢c 6.4
.205b .296a 1l.42c 471 | .697 17.4 884.5 25.l1bc¢ 7.74 7.4 35.2c 7.2
.221ab .321a 1.92ab .410  ,720 17.3 787.3 24.6bc  7.02 9.4 54.8a 6.9
.204b .284a 1.63bc .492 .717 17.6 835.4 20.3c 6.84 9.0 47.5b 6.1

NS N.S. N.S5. N.S. N.S. N.S. N.S.
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The yileld data for the 75-85 day hybrids are presented in Table 3.
The highest average yield was produced by the Pioneer 3985 hybrid planted
at 40,000 plants per acre. The smallest average yield was produced by
the Trojan TX-80 variety planted at 20,000 plants per acre. The highest
individual plot yield was 144.4 bu./A produced by the Pioneer 3985 variety
at 40,000 plants per acre. The values reported in Table 3 are averages
of 5 replicationms.

Table 3. The Yield, Moisture Content, Shelling Percentage
and Percent Barren Stalks of 75-85 Day Corn

Hybrids at Various Populations

Moisture Shelling Barren

Variety Population Yield Content  Percentape Stalks
Plants/A. Bu/A. 4 % %

Pioneer 3985 20,000 *103.5 bed 45.3 82.6 13.4
Pioneer 3985 30,000 98.8 bed 43.4 83.1 9.5
Pioneer 3985 40,000 122.3 a 43.3 82.4 4.7
Minnesota 806 20,000 108.5 abc 39.8 78.1 4.8
Minnesota 806 30,000 111.0 abe 41.4 76.5 9.7
Minnesota 806 40,000 106.6 abc 41.4 77.9 7.5
Jacques JX-21 20,000 112.9 ab 42.6 81.8 5.8
Jacques JX-21 30,000 110.7 abe 43.0 82.7 15.4
Jacques JX-21 40,000 113.9 ab 44.6 .82.8 10.8
Northrup King

PX-417 20,700 101.0 bed 37.3 80.2 10.1
Northrup King :

PX-417 30,000 111.5 abc 37.0 79.8 5.4
Northrup King

PX-417 40,000 122.2 a 35.4 79.6 5.3
Trojan TX-80 20,000 88.4 d 39.9 82.2 2.3
Trojan TX-80 30,000 100.3 bed 41.2 82.7 6.2
Trojan TX-80 40,100 93.8 cd 41.8 82.3 13.8

*Treatment means followed by the same letter are not significantly different at
the 57 level.

The effects of variety as well as population can be separated and
analyzed statistically. The effect of population on corn yield is shown
in Table 4. The values reported are averages of all varieties at any one
population. The yield at the 40 thousand population was significantly

higher than the yield at the 20 thousand population but was not
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significantly different from the average field of all vaiieties planted

at 30,000 plants per acre. There was no significant yield increase’

when the population was increased from 20 to 30 thousand plants per acre.

In addition, population had no significant effect on the moisture content,

shelling percentage or percent barren stalks of these 75-85 day hybrids. |
Table 4. The Effect of Population on Yield, Moisture Content,

Shelling Percentage and Percent Barren Stalks of
75-85 Day Corn

Population Yield Moisture Content Shelling Barren Stalks
Plants/A. Bu/A. % % R
20,000 102.9 a 41.0 81.0 7.3
30,000 106.5 ab 41.2 81.0 6.5
40,000 111.8 b : 41..3 - ) ‘£0.9 8.4
N.S‘ . N.S. N.s.

The efiect of vari;ty on corn yield‘ig shown in Tablg 5. Tﬁe.values
reported in this table are averages fof all populations of any one variety.
Considering all populations of.each variety, the average yield of Trojan
TX-80 was significantly lower thaﬁ the average yieids for the Jacques
and Northrup King hybrids but was not significantly different from the
average yield of either the Pioneer or Minnesota hyyrids. Likewise,
there were no significant differences among the yields fo; the Pioneer, |
‘innesota, Jacques, and Northrup King vérieties when all populations were
considered.

It should also be noted that the moisture content og the Northrup
King variety was significantly lower.than any of the other four varieties
at all populations. There was no variét?-population interaction for any

of the variables listed in Table 5.
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Table 5. The Effect of Corn Variety on the Yield, Moisture Content,
Shelling Percentage and Percent Barren Stalks of 75-85 Day Corn

Variety Yield Moisture Content Sheiling Barren Stalks
Percentage
Bu/A 3 Z Z

Pioneer 3985 108.2 ab 44.0 a 82.7 a 9.2

Minnesota 806 108.7 ab 40.9 a 77.5 b 7.3

Jacques JX-21 112.5 a 43.4 a 82.2 a 6.0
Northrup King

PX--417 111.6 a 36.6 b 79.9 b 7.0

Trojan TX-89 94.2 b 41.0 a 82.4 a 7.4

N.S.

The effects of population and variety on the nutrient éompésition of
corm plants are shown in Tables 6 and 7. The data in Table 6 show that
plant population had no effect on the tissue content of any of thé
nutrients measured. The content of nutrients was, however, influenced
by variety (Table 7). Again the results are variable and there is no
distinct pattern. It is interesting that the Trojan variety has a
distinctly lower sulfur content. This occurred even though 50 1lb. of
S/A was applied at planting time. Again there was no variety-population
interaction for any of the nutrients studied. (See Tables 6 & 7 on
following page.)

In general, the yield of the 75-85 day varieties increased with
increasing population and some varieties proved to be superior to others.
The yields of the 65 day hybrids were, however, ‘much lower than expected.
In addition, there was no consistent effect of either population or
variety on the nutrient content of the corn tissue.

The results of this study show that very respectable, but not
exceedingly high, corn yields can be obtained ip the Park Rapids area.
The data from the 65 and 68 day varieties points out the need for more

study of these hybrids.

<2



Table 6. The Effect of Population ca the Nutrieat Conteat of 75-85 Day Corn
Population S P K Ca Mg Sr Fe Zn Cu Mo. Mn B
“Piants/A. SR — — S ppm
20,000 : .260 .365 1.97 .667° . .300 17.6 893.4 31.8 9.8 .89 616 8.4
36,000 .258 -369 2.24 .656 .254 16.8 865.0 32.3 9.6 .74 66.3 = 9.0
40,000 .249 0355 2,11 .64 .274 182  745.2  30.4 8.6 .75  63.. 8.4
N.“. N.5.  N.5..  N.S. H.S. N.S. N.S. N.S. N.S. N.S. N.S. NS,
~ ’
o T , ‘
- Table 7. The Effect of Variety on the Nutrient Content of 75-85 Day Corn
Variety S P K Ca Mg Sr Fe Zn Cu Mo Mn B
: T T e B e pPpm ————
Pioneer 3985 .282 a .397b 2.14 ab .657 .265 be 17.1 811.0 30.6 9.1 .77 64.1a 7.8
Minnesota 806 .273 a  .376 a. 2.15 ab .661 .304 ab 17.2 933.6° 34.1 10.9 .92 73.3a 9.7
Jacques JX-21 ".257 b .32 a 2.44 a .640 ..210 ¢  16.7 781.3 29.9 8.6 .67  64.4 a 8.7
Northrup King-- .250 b .35l a 1.8 b  .655 339 a  17.4 812.4 28.8 9.2 .88 54.7b 8.0
PX~-417 .
Trojan TX-80 .218 ¢ .330a 1.94b .667 «262 bc 19.2 834.3 33.9 8.8 .73 61.6 a 8.6
N < ¥ a w.Q N <Q N. ], N.e
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The Effect of Salt Applications to an Ostresnder Silt
Loam at Rosemount and to a Webster Clay Loem at Lemberton
on Soil Conductivity, Plent Population, and Yields of Hark
and Chippewa 6/ Soybeens in 1968
J. M. MacGregor, F. M, Burson, W. W. lelson and G. W. Randall

Since esrlier studies of soybeen chlorosis in Minnesote indicated
that soluble salt concentrations in the soil were probebly & contributing
fsctor, it wes decided to apply chemical selts to the soil et two loca~
tions in quantities sufficient to artificially increase saturation ex-
tract electrical conductivities of 2, 4, and 6 millimhos per centimeter
in order to study the effect of such treatments on soybeen growth end
yield. Two varieties were to be grown - Hark, which has & low chlorosis
tolerance and the more chlorosis tolerent veriety Chippewa 64 using four
replications in a rendomized block, with each plot being fifteen feet
wide and twenty feet in length.

Soil samples of the O"-6" depth were collected at the two locations
early in 1968.and these were studied in the laboratory to determine the
approximate salt quantities required to induce the desired conductivities
for the 6" soil depth. Two selt treatments were employed - 1igSO, slone,
and a mixture of CaS0;°2H,0, MgSOA, K2804 end NayS0,, the relstive pro-
portions of the latier based on the cation distribution reported in the
Profile 5 of the Soil Survey of the Southwest Experiment Stetion at
Lamberton.

The calculated salt treatments weré applied April 30 to Mey 3 end
disked in before the two soybesn verieties were plented. The Lemberton
experiment soybesn plants were severely demaged by heail in early Msy.
This planting was then disked and replanted, but the new stand proved too
varieble and uneven, independent of the salt treatments spplied. The
yellowing which leter developed in these soybeans showed no visuel rele-

tion to soil salt trestment but followed the characteristic verietal

«
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effect, being mich more severe on the Hsrk than on the Chippewa 64 plants.

Soil ‘of the surface 6 inches ‘was sampled on half of 'bhe '72 plots of
each field in eerly July end the electrical conductence of the saturated
soil extrac_tdetermined. Population counts were also made in early July.
The Rosemount field wes hervested by mowing fwo of the six 30-inch rows
for 10 feet. Due to a saturated soil condition on the Lamberton field
from September until snow in November, yield samples were not cbtained.
Soil semples of the first and second 6" depths on ell plots were collected
eerly in November, and these are being analyzed for electricsl conductence
for possible repetition of this study during the 1969 growing season,

The 1968 results are shown in Tables 1 and 2.

Table 1. Soil Treatment and Electricel Conductivity, Soybean Populatiocn,

and 1968 Yield of Hark snd Chippewe 64 Soybeens on an Ostrander
Silt Loem at Rosemcunt.

Treatment ‘Sat. extract Soybean population . Yield

end desired conductivity ____ 1.000's/A (bu/a)

conduct ‘vity  mmho/cm Hark Chippewe 64 Hark Chippewa 64

(actual)

1 Check 0.72 a 133.8 b 114.5 b 28.8a 20.3 ¢
2 2mmho MgSO, 1.6 b 147..b 121,60 29.6a 2578
3 2mmho Salt Mix 1.38 b 135.4b 113.4 b 33.22 25.5e
4 /mmho MgSO, 3.5 ¢ 138.8 b 110.4 b 31.6 e 23.2 a
5 4mmho Salt Mix 12.93¢ 125.4 eb 119.4 b 28,4 & 26.6 a
6 6mmho MgS0y, 4e56 4 104.4 a 77.2 a 28.0 a 25.2 a
7 6mmho Selt Mix 3.4lc¢  137.1b  115.2 b 3.6 e 28.0a

F Valie 42.6 T 5,11 6.60 0.91 2.46

Significance *H B i w8, - .8,

cv 16.8 - 13.0 15.0 13.7 12.8
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Table 2. Soil Treatment and klectrical Conductivity and Populations of
Hark and Chippewe 64 Soybesns on a Calcarecus Vebster Cley
Loam st Lemberton.

Treatment Sat. extract Plant population
and desired conductivity - l000's/8
conductivity mmho/cm Hark Chippewa 64
(actual)
‘l Check 1,08 a 121.9 a 73.2 a
2 2mho MgSO, 144 & 111.5a  71.5a  Too vet
3 2mmho Selt Mix 1.58 & 12,52  8.9a  for
4 Jummho Mg304 2,96 b 99.4 8 95.1 a yield
5 4mmho Salt Mix 3.02 b 120.5 = 63.4 a sampling
6 6umho MgSO, 4,10 ¢ 124.0 a 97.2 2
7 6mmho Salt Mix 3.45 be 113.5 a 98.9 a
F Value 17.4 0.51 0.94
Significence ## PR i€.5,
cv 21.8 29.7 50.1

Although there was a significent increese in the conductance of the
soll of both fields with increasing salt trestments, the selt effect was
not as large as that desired. Since the 1igS0; was more soluble than the
salt mixture, this salt produced the maximum conductivity of 4.56 mmhos/
cm on the Rosemount field. —

Plant populations of both varieties at Rosemount were significantly
depressed by meximum conductivity with the highest rate of 1gSO, epplica-
tion. There was no appa‘i'ent characteristic chlorosis effect observed by
the plents of either variety at eny time on the Ostrander silt loam.

There was little difference in yield of the Hark veariety on the
variocus salt treated plots, and though the Chippewe 64 yields increased
they were not significant, the untreated yield was considerably less

than thet on some of the salt treatments. It is possible that saybeen
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yields might be responsive ‘to scmé component of one or more of :the edded
salts. .
It i1s gpparent that f..'actors other than ‘high soluble salt concentre-
tions in the soil such ;sAtemperat;re, moi;@m, aeration; ei';'c. » 8re

probebly importent contributors to soybean chlorosis.

. . . o



ducted to study the effects of trace element applicationms.
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Trace Element Study with Kexifuclqr Bluegress and Timothy - 1968

John Greve, G, W, Randall, D. S, Fairchild,
D, M. Larsen snd R. S. Fernham

Four field experiments with Kentucky bluegrass and timothy were con-

A1l materials

vere top-dressed on established stands of grasses on growers' fields.

General information on the experimentel sitesis given in Teble 1.

Table 1. Location, soil type and other information concerning the
experiments

Field Species, hLge of

No. Location variety stand Soil type

1. E, Helmstetter K. bluegrass 1965 Rocksbury losm
Lake of the Woods County Park seeding

2. Ed. Bsumgartner K. bluegrass Renovated Bearden sllty
Rogsesu County Park 1965 cley loam

3. D. Hebstritt K. bluegrass Renovated Peat
Rosean County Park 1966

4. Al. Ravendelen Timothy 1965 Unidentified
Lake of the Woods County Climax seeding loem
A Latin square design was used with six treatments repliceted six

times. Following smounts end socurces of trace elements were used:
Treatment Rate

1. ilone -—

2. Boron (B) 2 1b./scre boron

3. Copper (Cu) 50 1b./acre CuSO,-5H 0

4. Mangenese. (Mn) 25 1b./acre }nSO,

5. Zinc (2n) 25 1b./acre ZnSO,°H0

6. B, Cu, Mn, 2n Seme as above

\



All treatments received .e .ﬁniforrm Qppiid;tion of ﬁ, P and K,  A11
materials vere applied on October 10, 1967.

The individuel plots were 10 feet wide and 20 feet long Plant
tissue samples were collected et the beginning of heeding cut fran
flelds 1, 2 end 4. No plent semples, at this stage of development, could
be collected on the peat (field 3) because the field was imundated by
flood. Nitrogen content was determined by the micro~Kjeldshl procedure.
Contents of the other chemical elements were determined in the multiele-
ment emission spectrovhotcmeter. £ strip 17 feet long and 34 inches wide
up the center of each plot was cut for seed yields.

Adjacent to each of the four main experiments with tréce eiemé;xts,
six addij:ional plots were established to measure the effects of fertiliza-
tion with N, P and ‘K on seed ylelds. ‘Increases in seed yieldé, fenging
fram 120 to 460 pounds per scre, resulted from epplication of the three
najor mtrient elements (Teble 2).

Trace element treatments did not increase seed yields of the two..
grasses (Table 3) .. Applications of boron and zinc resulted in signifi-
cently lower seed yields of Kentucky bluegrass on mineral soil (Field 1).

Effects of trace element treatments on the qhemical composition of
grass tissue on mineral soils are shown in Tebles 1;, 5 and 6, Increases
in boron content of the tissue resulted from B applications on all
fields., Mangsnese content in Kentuclq bluegrass wes increased only on
field 1. Copper and zinc contents were not affected by trace element

treatments,
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Table 2. Effect of Fertilization on the Seed Yield of Park Kentucky
Bluegrass and Climax Timothy, 1968. . -

Plent Field 1 " Field 2 Field 3 Field 4

Wutrients Bluegr. ~ Bluegr. Timothy Bluegr.

Lpplied Rocksbury 1 Bearden sicl Unident. 1 Peat

N P205 K20 (E.H.) (EOBO) (A.R.) (D.H.)

Lbs./Acre Yield of seed, 1lbs./acre

None 232 171 43 422

60 + 30 + 30 591 387 270 -

90 + 45 + 45 693 500 368 - A
20 + 40 + 40 - - - 583

30 + 40 + 40 - - - 543

Fertilizer treatments were made on October 10, 1967.

Teble 3, Lffect of Trace Element Applications on the Seed Yields of
Kentucky Bluegrass and Timothy, 1968.

Treatments Field 1 Field 2 Field 3 Field 4
of Bluegr. Bluegr Timothy Bluegr.
Trace Loam Sicl Loam Peat
Elements (E.H.) (E.B.) " (4.R.) (D.H.)
Yield of seed, lbs./acre
Vone 621 ¢ 350 375 602
B (Boron) 52/, a 367 353 600
Cu (Copper) 612 ¢ 332 373 599
Mn (Manganese) 5906 be 316 370 597
Zn (Zine) 550 eb - 307 388 625
B, Cu, Mn, Zn 591 be 387 368 583
Significance L H,S. N.S. .S,
cv(%) 7 20 10 12,

A1l plots received following emounts of plent nmutrients: TIield Ho. 1
and 2 60+30+30; field No. 3 90+45+45; field Wo. 4 20+40+40. 411 ferti-
lizer materials were applied on October 10, 1967.
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Table 4. Lffect-of Trace klement Applicstions on the Chemical

Composition of Kentucky bluegrass tissue, 1968.

Field 1. E.H. -Leke of the Woods County, Rocksbury loam.

Treatment I O Mn Zn
‘ Perts per million in dry matter
None | 58 10 ~ 30b 28
B 8b 10 20 eb 29
Cu 5ea ’ 10 29 &b 28
Mn 5 e 11 33ec 30
Zn 5a S 27 & 34
B, Cu, Mn, Zn 7% 1 31 be 32
Significence LA .S, it " W.S.
cv (%) 1 | w7 13
Teble 5. Effect of Trsce rlement Applicetion on the Chemicel
Composition of Kentucky bluegrass, 1968.
Field 2. k.B., Roseau County, Bearden Sicl
Treatment B Cu dn Zn
Parts per million in dry metter

None 5a 13 25 23
B 7b 9 26 20
Cu 5ea 11 23 21
Mn 5e 12 25 22
Zn 5a 17 24 27
B, Cu, Mn, Zn 7Y 17 27 27
Significance k] N.S. N.S. N.S,
cv (%) 1 71 13 23
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Table 6. Effect of Trace Llement Applications on the Chemical
Composition of Timothy Tissue, 1968,
Field 3. A.R., Lske of the Woods County,.Un;dentified loem.

Treatment B Cu Mn Zn

Parts per million in dry metter

Hone 9 a 11 32 39
B 12 b 12 26 39
Cu 8 a n 30 37
Mn 8 a 11 30 37
Zn 8 a 12 35 42
B, Cu, ¥n, 2n = 12b 12 30 A
Significance | i N.S. ilsS. .S,

cv (%) 17 15 11 12

<
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L B v/ A
t Soil Testing -
John Grava |
Soil test.iné e.n.t'_éx.'ed & new phase on September ‘1'3,“196& when the soil
testing laboratory of the University of Minnesota started making ferti-
lizer and lime reccmmendations with a computer. Computerized reccmmen-
detions can be made for 72 different crops. | |
A complete updating of the soil testing laborstory has also taken
place. The improvements include: (a) 3alring of two full-time junior
scientists, (b) introduction of tests for sulfur, zinc end soluble salts
(conduetivity), (c) adoption of the SMP buffer as e lime requirement test,
end (d) speeded-up service. .'
The leboratory processed a totsl of 25,339 .samples. The nmumber of
various types of samples anslyzed during 1968 is shown by the following

data: ’
Regular farm, gerden and lawn samples | 20,962
Speciels (S 689, Zn 818, S.S. 372, L.R. 351) 2,230
Florist (Greenhouse) samples 1,438
Limestone 35
Departmental research samples 674

Total 25,339
Heavy reinfell snd extremely wet soil conditions made semple
collection most difficult., Because of thst, the expected semple pick-up
promoted by the improved service did not meterislize. In fact, 7500
less soll samples were submitted for testing during the lest four months
of 1968 then during the seme period in 1967. The monthly distribution

of regular soil semples received by the laboratory is shown in Teble 1.
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Table 1. Monthly Distribution of Reguler Soil Samples Received
by the University of Minnesote Soil Testing Laboratory

During 1968.

Month Jumber of Semples
January 1585 -
February. 1570
March 2952
April : 2815
dey C 1012
June S - 369
July 462
fugust 1027
September 2432
October 3492
November 2248

December 1506

,~I31



