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The high yield of undersized tubers was most likely the result of heat stress causing a second tuber set.

Petiole nitrate on a dry weight or sap basis increased at all sampling dates with increasing N rate (Table

11). On July 11, marketable yields were associated with petiole nitrate-N of 1.7% on a dry weight basis and

1200 ppm on a sap basis. Nitrogen content of Russet Burbank tubers ranged from 76 to 100 lb N/A with no

effect due to N treatment (Table 12). The N content of vines ranged from 5 to 20 1b N/A and increased with
increasing N rate. Total N content of the vine plus tuber ranged from 82 to 118 1lb N/A and increased with

increasing N rate. At equivalent N rates, posthilling N applications did not affect N content of the tubers

but tended to increase N content of the vines. Tuber dry matter accumulation decreased with increasing

fertilizer N.

Il 17.55" rain total
34 [ 10.95" irrigation total

Inches of water

Weeks after planting

Figure 1. Rainfall and irrigation at Becker, MN during the 1995 growing season.

Table 1. Effect of nitrogen treatments on Norland fresh weight of vines, tubers, and gquality. Becker, MN.

MESHEMEHEN L L mor—e—— i e Fresh weight------=--mceee—eme— Growth Hollow

Vine <1%" 1%-1%" 1%-2%" 2%-2%" 2%-3" >3" Total Cracks Heart
N total N timing Tons/A —=———————=———————— CWE/A-m—m—mm——mm—m e % incidence

A, 125 (25,50,50)* 8.12 Tl (ke 108.5 82.1 92.8 20.4 335.7 20 2.0
2. 165 (25,70,70) 8.06 9.3 21.3 116.7 O el 20.1 329.8 1.0 3.0
3 205 (25,90,90) 8.48 9.2 18.8 10d.0 95.7 7i.4 25.8 310.9 0.0 1.0
A 245 (25,110,110) 8.29 /= & iy 103.2 72.2 81.0 23.9 305:3 B0 5.0
5 285 (25,130,130) 8.73 8.6 18.1 94.8 71.9 66.5 26.8 286.7 5.0 o)
6. 165 (45,60,60) 8.25 10.3 16.5 102.8 83.6 82.5 27.3 323.0 .3 S
s 165 (65,50,50) 7.40 8.9 16.3 1195 U8R BE3 16.2 340.1 3.0 5.0
8. 165 (85,40,40) 703 8.9 20.8 130.5 92.6 82.4 14.3 349.5 4.0 9.0
9. 205 (45,80,80) 7.94 12.2 19.6 104.3 84.2 77.8 lTeer SRR S alll) 2.9
10. 205 (65,70,70) 8.48 8,0 298 104.6 84.0 73.2 26.4 315.7 1.0 1.0
1L. 205 (85,60,60) 7.43 7.7 17.4 109.7 100.5 78.5 22.8 337.6 4.0 6.0
i) 205 (65,90,50) 8.11 8.1 '18.0 105.6 91.2 74.6 23.6 321.1 3.0 8.0
Significance NS NS NS NS ] NS NS e NS ++
BLSD (0.05) = pe= - - 23.6 - - 48.6 - 75

Contrasts

Lin Rate N (1, 2, 3, 4, 5) NS NS NS ++ * % ++ NS *k NS NS
Quad Rate N (1, 2, 3, 4, 5) NS NS ++ NS NS NS NS NS o NS
Lin Rate N (2, 6, 7, 8) et NS NS NS NS NS NS NS ++ ++
Quad Rate N (2, 6, 7, 8) NS NS - & NS NS NS NS NS NS
Lin Rate N (3, 9, 10, 11) NS NS NS NS = NS NS NS NS NS
Quad Rate N (3, 9, 10, 11) NS NS NS NS NS NS NS NS NS NS
Planting rate (3) vs (12) NS NS NS NS NS NS NS NS NS *

1 = planting, emergence and hilling respectively. NS = Nonsignificant; ++, *, ** = significant at 10%, 5%
and 1%, respectively.
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and 1%, respectively.

Table 2. Effect of nitrogen treatments on Norland nitrate-N concentration in potato petioles (dry weight
basis) and nitrate concentration in petiole sap, as determined by various procedures. Becker, MN.
SPRSRBIENTE . — = — - esmeanieosabmmbns = Date —
June 15 June 28 July 17
dry weight sap dry weight sap dry weight sap
Petiole-N Horiba Petiole-N Horiba Petiole-N Horiba
N total N timing e e e ppm NO;-N -- ———— -
oy 325 (25,50,50)* 19646 1250 14142 1138 4917 513
2 165 (25,70;70) 19644 1225 LSETD LTS 6341 657
3. 205 (25,90,90) 20202 1300 17370 1375 11866 875
4. 245 (255130, 1.1.0) 20151 1375 18680 1450 17222 1233
Bk 285 (25,130,130) 20218 1350 18937 1425 1751% 1278
5. 165 (45,60, 60) 19965 1250 16179 1100 6980 748
7z 165 (65,50,50) 18568 1225 14084 1042 3706 340
8. 165 (85,40,40) 17662 1075 9563 808 1327 208
SR 205 (45,80, 80) 19746 1300 17602 1350 10944 943
10, 205 (65,70,70) 19996 1375 18110 1275 13651 1125
11, 205 (85,60,60) 19069 1225 15466 JTUES 4946 590
il 205 (65,90,50) 19920 1250 17252 1150 8207 778
Significance NS ++ * o o B
RBLSD (0.05) - 220 2622 193 3659 399
Contrasts
Lin Rate N (1, 2, 3, 4, 5) NS s . — b s
Quad Rate N (1, 2, 3, 4, 5) NS NS NS NS NS NS
Lin Rate N (2, 6, 7, 8) NS Hlle ik = <l i
Quad Rate N (2, 6, 7, 8) NS NS ¥ NS NS NS
Lin Rate N (3, 9, 10, 11) NS NS NS * * % NS
Quad Rate N (3, 9, 10, 11) NS NS NS NS L ®
Planting rate (3) vs (12) NS B NS * ++ NS
1 = planting, emergence and hilling respectively. NS = Nonsignificant; ++, *, ** = significant at 10%, 5%

and 1%, respectively.

7 ’

Table 3. Effect of nitrogen treatments on Norland nitrogen content, concentration and dry matter production.
Becker, MN.
Treatment
Nitrogen content N concentration Dry matter
Vine Tuber Total Vine Tubexr Vine Tuber Total
N total N timimg == —emss=e—ea 1b8/A ~s5——v=—r @ ——=s $ N —==== —mmmmm——— Tons/A -------
1= 125 {25,50,580)2 48.7 75t =43 120.3 275 1.47 0.88 243 3.31
25 165 (25,70,70) 55.9 70.9 126.8 336 1..58 0.85 2.26 3.1%
33 205 (25,90,90) Y73 73.8 b= 1 3.42 1.64 0.83 2.24 3.07
4. 245 (25,110,110) 59.8 S2es 132.4 3.65 1.68 0.82 2.14 2.96
5L 285 (25,1230,130) 69.1 65.6 134.7 2-95 1.66 0.89 1.99 2.88
6. 165 (45,60,60) 59.9 72.0 131.9 3.34 1463 0.88 2.21 3.09
/5 165 (65,50,50) 44.8 68.9 13357 2.92 1.45 077 2.39 3.16
8. 165 (85,40,40) 35.8 63.0 98.8 0 ) 1.19 0.75 2.66 3.41
9. 205 (45,80,80) 55.8 68.1 123.9 2.31 1.63 0.84 2B 2.97
10. 205 (65,70,70) 732 82.1 155.3 3.80 182 0.96 2.26 322
11 205 (85,60,60) 48.2 81.2 129.4 3.24 1.57 0.75 2.59 3L38
il 205 (65,90,50) 62.0 67.7 129.7 3.45 1.62 0.88 2.10 2.98
Significance * NS . X% & NS % NS
BLSD (0.05) 24.6 - 2357 0.64 0.38 -— 0.5% -
Contrasts
Lin Rate N (1, 2, 3, 4, 5) * NS NS e NS NS " =
Quad Rate N (1, 2, 3, 4, 5) NS NS NS NS NS NS NS NS
Lin Rate N (2, 6, 7, 8) * NS L S R NS . NS
Quad Rate N (2, 6, 7, 8) NS NS NS NS NS NS NS NS
Lin Rate N (3, 9, 10, 11) NS NS NS NS NS NS ++ NS
Quad Rate N (3, 9, 10, 11) RSE NS NS NS NS NS NS NS
Planting rate (3) vs (12) NS NS NS NS NS NS NS NS
1 = Planting, emergence and hilling respectively. NS = Nonsignificant; ++, *, ** = significant at 10%, 5%
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Table 4. Effect of nitrogen treatments on Snowden fresh weight of vines, tubers, and quality. Becker, MN.

Treatment =  memmmmmmmmmmmeee———e Fresh weight------=—=—————- Specific Hollow

Vine <1%" 1%-2%" 2%-3" 3 Total Gravity Heart-%

N total N timing Tons/A -- cwt /A ——— incidence
15 125 (25,50,50)* 540 7 209.8 150.2 40.0 414.1 1.0896 5.0
s 165 (25,70, 70) ek il ¥t 1993 145.5 292 383.4 1.0883 L]
e 205 (25,90,90) 7.74 14.4 182.1 158:3 30.6 385.4 1.0875 4.0
4. 245 (25,110,110) 7.80 14.5 172.8 146.1 27.5 360.9 1.0879 2:0
5. 285 25 ,130,130) 8.67 1783 164.9 128.4 38.6 349.2 1.0869 4.0
6. 245 (25,70,70) +80? 8.24 16§83 169.4 127.0 34.6 347.9 1.0880 4.0
Significance ¥ NS o b NS 2 NS NS
BLSD (0.05) s - 37.2 273 - 37.6 - -

Contrasts

Lin Rate N (1, 2, 3, 4, 5) i NS =8 ++ NS i » NS
Quad Rate N (1, 2, 3, 4, 5) NS NS NS ++ NS NS NS NS
Post-hilling (4) vs (6) NS NS NS NS NS NS NS NS

1 = planting, emergence and hilling respectively. 2 = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

Table 5. Effect of nitrogen treatments on Snowden nitrate-N concentration in potato petioles (dry weight
basis) and nitrate concentration in petiole sap, as determined by various procedures. Becker, MN.

Treatment --—= Date —-—— —-—
June 19 June 29 July 11
dry weight sap dry weight sap dry weight sap
Petiole-N Horiba Petiole-N Horiba Petiole-N Horiba
N total N timing = =  ——————mmeemmemmmm e ppm NO;-N ---
18 125 (25,50,50)! 18916 1500 13156 1090 4011 610
o 165 (25,70,70) 20544 1700 18331 1450 11108 1203
3 205 (25,90,90) 20780 1675 19144 1425 15536 1375
o 245 (25,110,110) 20846 1700 20499 1600 17449 1575
B 285 (25,130,130) 20755 1775 21254 1675 21293 1725
e 245 (25,70,70) +80? 20433 1650 20514 1550 20772 1600
significance * * % * % * x * % * %
BLSD (0.05) 1576 108 1808 127 2491 186
Contrasts
Lln R.ate N (1, 2, 3[ 4, 5) * % * % * % * k * % * %
Quad Rate N (1, 2, 3, 4, 5) NS NS g * * *x
Post-hilling (4) vs (6) NS NS NS NS * NS

! = planting, emergence and hilling respectively. 2 = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

Table 5 cont. Effect of nitrogen treatments on Snowden nitrate-N concentration in potato petioles (dry
weight basis) and nitrate concentration in petiole sap, as determined by various procedures. Becker, MN.

Treatment Date —-—-——=—————————————— e
July 25 August 8
dry weight sap dry weight sap
Petiole-N Horiba Petiole-N Horiba
N total N timing ppm NO;=N ——————emmem e
1 125 (25,50,50)* 783 305 929 198
2 165 (25,70,70) 3047 568 1540 285
3. 205 (25,90,90) 4557 630 2781 335
4. 245 (25,110,110) 9328 1110 6109 640
S 285 (25, 130, 130 12842 1375 9805 943
6. 245 (25,70,70) +80% 9682 983 6496 655
Significance A =2 o it
BLSD (0.05) 1907 283 3320 233
Contrasts
Lin Rate N (1, 2, 3, 4, 5) i * o *x
Quad Rate N (1, 2, 3, 4, 5) x NS ++ *
Post-hilling (4) vs (6) NS NS NS NS

! = planting, emergence and hilling respectively. ? = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.



Table 6. Effect of nitrogen treatments on Snowden nitrogen content, concentration and dry matter production.
Becker, MN.

Treatment Nitrogen content N concentration Dry matter
Vine Tuber Total Vine Tuber Vine Tuber Total
N total IS ol N Iha/A ——==ssE= 1 ia=reu $ N —====  —mmm—— Tons/A -=-=-—---
£l 125 (25,50,50)* 15:.9 102.2 118.8 1.59 1.11 0.49 4.64 BS
2is 165 (25,70,70) 26.3 96.1 122.4 1.92 1.10 0.68 4.39 5.07
B 205 (25,90,90) 35.2 96.0 131.2 2.17 1.:186 0.81 4.10 4.91
4. 245 (25, 110, 110) 45.1 95.9 141.0 2577k 1.23 0.84 3.88 4.72
S5 285 (25,130,130) 5oz 94.8 147.0 2.86 1220 0.91 3.94 4.85
65 245 (25,70,70)+807 45.0 86.4 1314 2.56 1.13 0.88 3.87 4.75
Significance N NS NS s NS S ++ NS
BLSD (0.05) 9.7 - == 0.43 - (s ria 072 --
Contrasts
Lin Rate N (1, 2, 3, 4, 5) i NS 5 o NS L e NS
Quad Rate N (1, 2, 3, 4, 5) NS NS NS NS NS NS NS NS
Post-hilling (4) vs (6) NS NS NS NS NS NS NS NS

1 = planting, emergence and hilling respectively. ? = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

Table 7. Effect of nitrogen treatments on Goldrush fresh weight of vines, tubers, and quality. Becker, MN.

IPERREmaEEin s - | s———emhees e Fresh weight-----—=—==-=eu-- Specific Hollow
Vine Knobs <3 oz 3-6 oz 6-12 oz >12 oz Total Gravity Heart-$%
N total N timing wie s M e cWt/A-———=—=———m—————— incidence
ol 125 (25,50,50)* 2:43 1227 | 6356 WIB4I5N B30 ss 28.6 425.5 1.0692 4.0
s 165 (25570, 70) 3«30 14.5 59.8 1319:9 179.0 52.3 423.5 1.0688 4.0
3. 205 (25,90,90) 3.83 22.5 42.7 1077 1672 47.3 3875 1.0685 5.0
4. 245 (25,310,110) 3.80 16.5 5%.6 104.7 il (B 2.5 405.4 1.0635 310
5. 285 (25,130,130) 4.26 20.4 48.6 82.5 185:1 52.6 389.1 1.0650 2.0
6. 245 (25,70,70)+80? 3.18 193 €543 B6.9 161.0 49.2 381.7 1.0659 3.0
Significance NS NS ++ i NS NS NS e NS
BLSD (0.05) - - 20,2 iy S - —— - 0.0030 -
Contrasts

Lin Rate N (1, 2, 3, 4, 5) b NS NS K NS ++ NS % NS
Quad Rate N (1, 2, 3, 4, 5) NS NS NS NS NS NS NS NS NS
Post-hilling (4) vs (6) NS NS NS s NS NS NS NS NS

1 = planting, emergence and hilling respectively. 2 = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++ and ** = significant at 10% and 1%, respectively.

Table 8. Effect of nitrogen treatments on Goldrush nitrate-N concentration in potato petioles (dry weight
basis) and nitrate concentration in petiole sap, as determined by various procedures. Becker, MN.

e o e et o e e Date =—=—=-—--memmm e e
June 19 June 29 July 11
dry weight sap dry weight sap dry weight sap
Petiole-N Horiba Petiole-N Horiba Petiole-N Horiba
N total N timing == == —— ppm NO;-N =-=--— - -—
il 125 (25,50,50)* 19812 1500 14878 1200 4775 533
e 165 (25,70,70) 21778 1675 18177 1400 9865 840
3. 205 (25,90,90) 21396 1625 1975% 1475 13138 1075
2 245 (25,116,110) 21446 1675 21392 1600 17016 1375
S 285 (25, 130,130) 22834 675 21456 1600 18646 1450
6. 245 (25,70,70)+80? 21938 1625 20452 1575 17600 1400
Sigrlificance NS %* % * % * % * % * %
BLSD (0.05) -— 87 1759 108 2497 82
Contrasts
Lin Rate N (1, 2, 3, 4, 5) ++ il *¥ s o e
Quad Rate N (1, 2, 3, 4, 5) NS ++ & = ++ v
Post-hilling (4) vs (6) NS NS NS NS NS NS

: = planting, emergence and hilling respectively. ? = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.
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Table 8 cont. Effect of nitrogen treatments on Goldrush nitrate-N concentration in potato petioles (dry
weight basis) and nitrate concentration in petiole sap, as determined by various procedures.

P i o s Date ——==we—mmmmm e
July 25 August 8
dry weight sap dry weight sap
Petiole-N Horiba Petiole-N Horiba
N total N timing =000 @ mmmmemmemmmme———e ppm NO;-N ——————mmmmmme e
i1 125 (25,50,50)¢ 1639 268 1297 295
2, 165 (25,70,70) 5368 473 3335 403
B 205 (25,90,90) 6914 745 4311 545
i 245 (25,110,110) 11675 1003 7683 673
5l 285 (25,130,130) 14362 1275 9522 918
% 245 (25,70,70)+80? 12046 983 4091 610
Significance e £ % =
BLSD (0.05) 2057 158 3557 330
Contrasts
Lin Rate N (1, 2, 3, 4, 5) A 2 W e
Quad Rate N (1, 2, 3, 4, 5) NS NS NS NS
Post-hilling (4) vs (6) NS NS £ NS .

1 = planting, emergence and hilling respectively. ? = Two post-hilling applications at 40 pounds N/A each.

NS = Nonsignificant; *, ** = significant at 5% and 1%, respectively.

Table 9. Effect of nitrogen treatments on Goldrush nitrogen content, concentration and dry matter
production. Becker, MN.
Treatment
Nitrogen content N concentration Dry matter
Vine Tubexr Total Vine Tuber Vine Tuber Total
N total NiEimamgla s =—=e————s MEEYEN ot oo e & N —=-==  —m————— Tons/A —==-—==-
il 125 (25,50,50)* 8.7 84.4 93.1 1,63 1.10 0.27 3.83 4.10
2. 165 (25,70,70) 12.6 94.2 106.8 L7 1.28 0.37 2275 4.12
3 205 (25,90,90) 23.4 97.6 121.0 2.14 L=y 0.53 3.13 3.66
4. 245 (25,110,110) 17.9 103.0 1209 Znlg 1055 0.41 3.34 RIS
S. 285 (25, 130,130) 23.8 68.7 92.5 2.49 1.19 0.43 2.31 3.34
6. 245 (25,70,70)+80? 18.9 87.0 105.9 2.34 1.46 0.40 3.00 3.40
Significance b NS NS p NS ++ NS NS
BLSD (0.05) 10.2 = == 0.56 - 0.20 - --
Contrasts
Lin Rate N (1, 2, 3, 4, 5) X NS NS et NS i * *
Quad Rate N (1, 2, 3, 4, 5) NS ++ * NS ++ 4 NS NS
Post-hilling (4) vs (6) NS NS NS NS NS NS NS NS

! = planting, emergence and hilling respectively. ? = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

able 10. Effect of nitrogen treatments on Russet Burbank fresh weight of vines, tubers, and quality.
Becker, MN.

Mceatmentl © 0 e s e Breslwedght oo Specific Hollow
Vine Knobs <3 oz 3-6 oz 6-12 oz >12 oz Total Gravity Heart-%
N total N timing TENS AN et == CWE/A-=—m—m e mmm e incidence
1. 125 (25,50,50)° 1.74 68.9 188.5 174.9 96.9 20.9 550.1 1.0836 10.0
2. 165 (25,70,70) 2.49 70.4 155.3 173.1 114.3 24.9 538.0 1.0848 6.0
B 205 (25,90,90) 4.44 67.1 159.8 151.1 127.9 24.7 530.6 1.0839 L
4. 245 (25,110,110) 4.29 759 141.6 149.0 136.3 30.2 533.0 1.0840 11.0
52 285 (25,130,130) 4.96 74 .3 126.8 140.4 125.9 32.0 499.4 1.0829 10.0
6. 245 (25,70,70)+80°? 4.36 68.7 144.2 144.8 125.6 25.4 508.7 1.0830 14.0
Significance _ NS e i NS NS NS NS NS
BLSD (0.05) 0.89 == R 24.1 - - - - -
Contrasts
Lin Rate N (1, 2, 3, 4, 5) R NS Ak fod ++ NS & NS NS
Quad Rate N (1, 2, 3, 4, 5) ++ NS NS NS NS NS NS NS NS
Post-hilling (4) vs (6) NS NS NS NS NS NS NS NS NS

1 = planting, emergence and hilling respectively. ? = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.
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Table 11. Effect of nitrogen treatments on Russet Burbank nitrate-N concentration in potato petioles (dry
weight basis) and nitrate concentration in petiole sap, as determined by various procedures. Becker, MN.
TREACRERE ... - = e seesr—moespeeaeeeie = Date ==~=== =
June 19 June 29 July 11
dxy weight sap dry weight sap dry weight sap
Petiole-N Horiba Petiole-N Horiba Petiole-N Horiba
N total e as S e PPM NO;~N === mm o e e e
2 125 (25,50,50)* 21275 1600 12811 1125 S13]1 600
2 165 (25,70,70) SLT=T 1675 17132 1400 11103 925
5 205 (25,90,,90) 23516 1700 18274 1400 15322 1150
4. 245 (25,110,110) 22816 1750 18709 1475 17057 1275
N 285 (25,130,130) 23195 1750 19377 1425 18698 1425
6. 245 (25,70,70)+802 22192 1600 19307 1425 16789 1400
Significance = e S i oy h
BLSD (0.05)_ 1813 150 2251 174 2053 105
Contrasts
Lin Rate N (1, 2, 3, 4, 5) i * ** e L e
Quad Rate N (1, 2, 3, 4, 5) NS NS b Lo e i
Post-hilling (4) vs (6) NS . NS NS NS e

1

Planting, emergence and hilling respectively. ? = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

Table 11 cont. Effect of nitrogen treatments on Russet Burbank nitrate-N concentration in potato petioles
(dry weight basis) and nitrate concentration in petiole sap, as determined by various procedures.

eEAEweRts. - . .. rmm—emaee o Soeaeese Date --——==——c—mmmm—me
July 25 August 8
dry weight sap dry weight sap
Petiole-N Horiba Petiole-N Horiba
N total N timing =~ 0000 mmemmmeemmeeeeeo pPm NO;—N ——————— e
e 125 (25,50,50)* 1483 308 1625 204
2. 165 (25,70,70) 5078 610 2075 258
3 205 (25,90,90) 8052 855 4058 423
45 245 (25,11.0/,31:0) 11492 1075 3786 429
5 285 (25,130,130) 13971 1325 8560 830
CES 245 (25,70,70)+802 11313 125 7545 640
Significance i A —— &
BLSD (0.05) 1460 125 3053 210
Contrasts
Lin Rate N (1, 2, 3, 4, 5) E A X * %
Quad Rate N (1, 2, 3, 4, 5) NS NS ++ =
Post-hilling (4) vs (6) NS NS * ++

1 = planting, emergence and hilling respectively. 2 = Two post-hilling applications at 40 pounds N/A each.

NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

Table 12. Effect of nitrogen treatments on Russet Burbank nitrogen content, concentration and dry matter
production. Becker, MN.
Treatment Nitrogen content N concentration Dry matter
Vine Tuber Total Vine Tuber Vine Tuber Total
N total Sl WSS 1bs/A —======= = ———-= $ N ~———==  —memm—— e Tons/A —--—--—--
In 125 (25.,50,50)% 5.4 76.3 Bi=i7 0.97 0:-76 0.28 5.05 LHEE)
2L 165 (25,70,70) 5 97.6 104.8 & i 8:8L 0.32 523 =, %0
£ 205 (25,90,90) 14.7 88.6 103.3 1.49 0.91 0.49 4.84 5.38
4. 245 (25,310, 100) 11.4 7.0 108.4 1.41L 0.98 0.40 4.99 D39
L 285 (25,130,130) 20.1 S0L3 110.4 1 88 1.06 0.52 4.28 4.80
6. 245 (25,70,70)+802 18.8 100.0 118.8 1.66 1.07 0.585 4.71 5.26
Significance N NS NS bk NS " NS NS
BLSD (0.05) 6o - - 0.45 - 0.08 - --
Contrasts
Lin Rate N (1, 2, 3, 4, 5) e NS ++ =% L il e NS
Quad Rate N (1, 2, 3, 4, 5) NS NS NS NS NS NS NS NS
Post-hilling (4) vs (6) % NS NS NS NS et NS NS

! = planting, emergence and hilling respectively. ? = Two post-hilling applications at 40 pounds N/A each.
NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.



17

POTATO RESPONSE TO PHOSPHORUS ON HIGH PHOSPHORUS TESTING SANDY SOILS: ON-FARM TRIALS - 1995%
Carl Rosen and Dave Birong®

Abstract: On farm trials were conducted to evaluate Russet Burbank and Norland potato
response to phosphate fertilizer on high P testing irrigated soils. Treatments
evaluated included banded applications of phosphate fertilizer at planting as well
as foliar and emergence sidedress phosphate treatments. For Norland, phosphate
fertilizer treatments had no effect on yield except the P foliar treatment which
decreased yield due to foliage burn following application. For Russet Burbank,
yields increased with phosphate fertilizer applied at banding up to 100 1b P,0:/A.
Foliar P applications tended to reduce yields due to burn damage. For both
cultivars, increasing phosphate fertilizer increased P concentrations in petiole
tissue.

Experiments at the Sand Plain Research Farm at Becker have consistently shown significant potato yield
responses to phosphate fertilizer on soils testing less than 25 ppm P. On higher P testing soils (> 25 ppm),
potato response has been inconsistent. Because of this inconsistency, growers tend to use high rates of
phosphate fertilizer regardless of soil test as insurance against yield loss. This practice has led to a
steady increase in soil test P levels over the years. Few studies have been conducted that define the P
requirement of irrigated potatoes under grower conditions where soil test P levels have been built up to very
high (> 50 ppm) levels. Fine-tuning of phosphate fertilizer recommendations has only been addressed on small
plots at the Sand Plain Research Farm. Response on a larger scale under grower conditions is essential to
completely understand phosphorus requirements of irrigated potatoes. Determining this response can
potentially reduce phosphate fertilizer input without detrimentally affecting yields. The objective of this
study was to characterize the response of irrigated Russet Burbank and Norland potatoes to phosphate
fertilizer on high P testing soils.

Procedures
Two commercial fields in Clear Lake and Becker were selected for this study. Norland was grown at the Clear

Lake site and Russet Burbank was grown at the Becker site. Selected characteristics of each site were as
follows:

Clear Lake Becker
Potato variety grown Norland Russet Burbank
Previous crop Sweet Corn Dry Bean
Soil pH (1:1 - soil:water) 5.4 6.0
Bray P1 170 ppm 93 ppm
K -~ (ammonium acetate) 205 ppm 172 ppm

Specific procedures at each site are as follows:

Clear Lake - A total of nine treatments were evaluated. Five of the nine treatments included: 0, 60, 120,
180, and 240 1lb P,0./A. The phosphate fertilizer was banded at planting along with nitrogen, potassium, and
sulfur starter. Each fertilizer treatment was custom blended using combinations of urea, triple
superphosphate, potassium chloride and ammonium sulfate to supply the various phosphate rates while keeping
the other nutrients constant. Rates of N, K, and S at planting were: 25 1b N/A, 160 1lb X,0/A, and 18 1b S/A.
Plots were six rows wide and 250 ft in length. An additional two treatments included a sidedress application
of 100 1b P,0./A as 0-46-0 at emergence. The final two treatments included 11 1b P,0;/A foliar (in 30 gal
water) applied as 10-34-0 at the hilling stage. These sidedress and foliar applications were superimposed
on 30 ft strips within the 0 and 60 1b P,0s/A treatments. Norland "B" size potatoes were planted with a
pick planter on April 22, 1995 at a spacing of 9" within the row and 36" between rows. Each treatment was
replicated four times. Additional nitrogen was applied at emergence on May 19 at the rate of 111 1b N/A and
at hilling on June 6 at the rate of 34 1lb N/A. A grower treatment bordering the experiment was also compared
to the phosphate treatments. Fertilizer rates for the grower treatment were: 1000 lb 8-10-30 at planting,
56 1b N/A at emergence and 34 lb N/A at hilling. Petiole samples were collected on June 28 for nutrient
determination. Vines were killed on July 17. Two, 20 ft rows from the middle of each plot were harvested
on July 26. Tubers were graded according to the following size categories: 1less than 1.5, 1.5-1.875",
1.875-2.25", 2.25-2.5", 2.5-3", and greater than 3".

lpunding for this research was provided by a grant from the Area 2 Potato Research Council.
2Extension Soil Scientist and Assistant Scientist, respectively, Department of Soil, Water and Climate.
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Becker - A total of seven treatments were evaluated. Five of the seven treatments were: 0, 50, 100, 150, and
200 1b P,0;/A. A nitrogen, potassium, sulfur starter fertilizer without phosphorus was banded at planting.
The starter fertilizer supplied 31 1lb N/A, 200 1b K,0/A, and 21 1lb S/A. Russet Burbank "A" size potatoes
were planted with a cup planter on April 14, 1995 at a spacing of 11" within the row and 36" between rows.
Immediately after planting, the phosphate fertilizer (0-46-0) treatments were applied as a band with a belt
type applicator 2" below and 3" to each side of the tuber. Plots were 8 rows wide and 50 ft in length. Each
treatment was replicated four times. An additional two treatments included 11 1b P,0/A foliar (with 30 gal
water) applied as 10-34-0 at the hilling stage. The foliar applications were superimposed on 4 of the 8 rows
within the 0 and 60 1lb P,0./A treatments. Additional nitrogen was applied at emergence (May 25) at the rate
of 63 1b N/A and hilling (June 9) at the rate of 120 1b N/A. Nitrogen was applied through irrigation on July
1 (40 1b N/A) and July 15 (20 1b N/A). A grower treatment bordering the experiment was also compared to the
phosphate treatments. The phosphate rate for the grower treatment was 131 lb P,0s/A. All other nutrient
rates were the same as in the experiment. Petiole samples were collected on June 27 for nutrient
determinations. Vines were killed on September 1. Two, 20 ft rows from the middle of each plot were
harvested on September 11. Measurements at harvest included: total tuber yield, graded tuber yield, specific
gravity, and incidence of intermal tuber disorders.

Results

Clear Lake: Yield of Norland potatoes as affected by phosphate fertilizer is presented in Table 1. Total
vield was not significantly affected by phosphate fertilizer treatment. The 2.25-2.5" tubers tended to
increase with increasing phosphate fertilizer up to 180 1lb P,0;/A. The grower treatment resulted in lower
total yield than that obtained in the P fertilizer experiment. The low yield in the grower treatment is
believed to be due to fertilizer placed too close to the seed piece at planting. The foliar applied P
fertilizer resulted in leaf burn and depressed yield. These results suggest that caution be used when
applying 10-34-0 as a foliar fertilizer. The sidedress P fertilizer did not significantly affect yield.

Increasing phosphate fertilizer increased P and decreased Zn concentrations of potato petioles collected on
June 29 (Table 2). Other elements were not affected by phosphate fertilizer rate. All elements were in a
range considered optimum for potato production.

Becker: Yield of Russet Burbank potatoes as affected by phosphate fertilizer is presented in Table 3. Total
yield increased with phosphate fertilizer up to 100 1lb P,O;/A. Foliar P fertilizer at the rate applied,
burned the leaves and did not significantly affect yield. Grower yields were similar to those obtained in
the P fertilizer trial. Phosphate fertilizer had no effect on specific gravity or hollow heart incidence.

Increasing phosphate fertilizer increased P concentrations in petioles collected June 27 (Table 4). The
levels of P in potato petioles were considered to be in the adequate range at the time of sampling. The
possibility exists that petiole P concentrations dropped to below sufficiency levels during tuber bulking.
Petiole analysis later in the growing season may be needed to diagnose P deficiency. Other elements were
not affected by P fertilizer treatment and all except for copper were considered to be in the optimum range.
Reasons for the low copper petiole levels cannot be determined from this study.
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Table 1. Effect of phosphate treatments on Norland fresh weight of vines, tubers, and quality. Clear Lake,
MN.

PiOs Trastmens =  =mm——pemroo—re—a Fresh weight—-—-——==———c=eea—- Growth Hollow
<1%" 1%-17" 1%-2%" 2%-2%" 2%-3" >3" Total Cracks Heart
------------------ e e % incidence
1. 0 10.9 26.1 119.5 73.0 52.7 24 57 3aqa7 3.0 5.0
2. 0 + Foliar! 8.0 19.7 103.9 82.1 43.7 17.4 274.8 14.0 6.0
3. 0 + Sidedress® 12.1 24.5 100.1 77.9 49.4 35.0 299.0 - 12.0 9.0
4. 60 15.2 34.2 136.9 70.9 43.5 13,4 311.8 6.0 4.0
5. 60 + Foliar® 1.3 29.1 120.5 73.7 36.1 23.0 293.7 11.0 8.0
6. 60 + Sidedress? 431, 3.8 i19.8 '73.9 6.3 267 325.7 10.0 520
7 120 0.5 24,7 112.3 84.5 48.3 24.1 304.4 17.0 5.0
8. 180 10.2 26.8 132.2 B85.3 46.6 16.4 317.5 7.0 3.0
9. 240 12.4 28.0 125.9 80.6 47.4 28.9 323.2 11.0 3.0
10. Grower 7.9 16.2 68.0 51.1 50.8 30.4 224.4 18.0 8.0
Significance % b aE L NS NS k% g NS
BLSD (0.05) 5.3 9.5 18.2 13.9 - --  33.7 T -
Contrasts
Lin Rate P (1, 4, 7, 8, 9) NS NS NS - NS NS NS NS NS
Quad Rate P (1, 4, 7, 8, 9) NS NS NS NS NS NS NS NS NS
Grower vs (1, 4, 7, 8, 9) * ki ok ok NS NS i ** NS

1 = ppplied P as a foliar @ 2.9 gallons 10-34-0/Acre at hilling. ? = Applied P as a sidedress @ 100 lbs
0-46-0/Acre at hilling. NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

Table 2. Effect of phosphate treatments on elemental composition of Norland petioles. Sampled June 28, 1995
Clear Lake, MN.

P,0s_Treatment dry weight o Element -- =
NO,-N P, K Ca Mg Fe Mn Zn Cu B
— BB o e e et el e s DRIl ===
ak, 0 17112 0.63 12.1 1.12 0.37 117 229 60 5.2 28
2/ 0 + Foliar® 18208 0.75 12.2 1.05 0.38 118 259 63 3.0 28
3. 0 + Sidedress® 16281 0.72 11.8 1.09 0.35 118 225 57 5.1 28
4. 60 19437 0.58 Te3 0.91 0.33 107 219 58 3.3 25
S 60 + Foliar® 20360 0.62 11.8 0.96 0.35 ALl e 11 58 3.9 27
6. 60 + Sidedress? 17734 0.59 11.8 0.90 0.34 107 175 ) B.4 27
i 120 18650 0.67 12 1.00 0,37 128 222 68 3.5 28
8. 180 19811 0.65 11.4 1.05 0.35 118 236 58 5.5 27
G 240 18423 0.74 Ah2 ] 1S 0.40 115 205 65 4.2 29
10. Grower 20721 0.74 12.2 0.87 0.32 126 220 75 B2O 2
Significance NS ¥ NS NS NS NS NS ++ NS NS
BLSD (0.05) == 0.13 5 == S == == 17 ==
Contrasts

Lin Rate P (1, 4, 7, 8, 9) NS x NS NS NS NS NS NS NS NS
Quad Rate P (1, 4, 7, 8, 9) NS NS NS NS NS NS NS NS NS NS
Grower vs (1, 4, 7, 8, 9) NS St NS NS & NS NS X NS NS

1 = Applied P as a foliar @ 2.9 gallons 10-34-0/Acre at hilling. ? = Applied P as a sidedress @ 100 lbs
0-46-0/Acre at hilling. NS = Nonsignificant; ++, * = significant at 10% and 5%, respectively.
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Table 3. Effect of phosphate treatments on Russet Burbank fresh weight of vines, tubers, and quality.
Becker, MN.
POgigreamment = @ @0 —ee———— ko Fregh weilght———————=—=——+———+ Specific Hollow
Knobs _<3 oz 3-6 oz 6-12 oz >12 oz Total Gravity Heart
———————————————————————— e e e e e e e % incidence
1z 0 42.7 63.2 130.0 148.4 277 412.0 1.0821 0.0
2 0 + Foliar® 40.7 TEZ 135.5 133.4 130 393.8 1.0801 1.0
8 50 47.1 63.3 128.7 166.0 26.1 431.2 1.0822 0.0
4. 50 + Foliar* 34.6 83.6 139.6 153.0 23.6 434.4 1.0813 3.0
5 100 45.8 67.6 140.9 171.8 25.2 451.3 1.0813 1.0
&, 150 40.8 0.1 152.6 165.8 20.4 449.7 1.6817 0.0
7 200 51.0 65.6 138.8 150.7 22.2 428.3 1.0819 0.0
8. Growexr 5552 72.9 140.2 155.0 28.8 425.1 1.0812 1.0
Significance NS NS NS NS NS ++ NS NS
BLSD (0.05) == i == = == 49.1 - --
Contrasts
ILin Rate P (1, 3, 5, 6, 7) NS NS NS NS NS NS NS NS
Quad Rate P (1, 3, 5, 6, 7) NS NS NS NS NS +4 NS NS
Grower vs (1, 3, 5, 6, 7) NS NS NS NS NS NS NS NS

! = Applied P as a foliar @ 2.9 gallons 10-34-0/A at hilling. NS = Nonsignificant; ++ = significant at 10%.

Table 4. Effect of phosphate treatments on elemental composition of Russet Burbank petioles. Sampled June
27, 1995. Becker, MN.
Po0: Prpatiene - BL e e e ae e e =t oS s Element —---e--mmm e e
NO,~N P K Ca Mg Fe Mn n Cu B
PEMm AW = Sdm ——————-== Jia—=C_——o= ppom Gw —----——-
it 0 18577 0.36 123 0.80 0.47 141 160 49 1.9 26
2y 0 + Foliar! 17414 0.33 9.7 0.76 0.44 150 196 57 1.4 25
3. 50 16673 0.35 103 0.83 0.45 152 175 46 1.9 26
4. 50 + Foliar* 19017 0.35% 10.5 0.79 0.46 143 189 53 1.3 26
S. 100 18046 0.37 T 0.85 0.48 145 161 43 1.8 25
6. 150 16402 0.38 858 0.78 0.45 146 159 43 TLG 28
s 200 17859 0.47 10.6 0.88 0.47 146 148 41 1.1 25
2 Grower 18670 0.39 D6 0.70 0.43 134 156 43 1.9 24
Significance NS & NS NS NS NS NS NS NS NS
BLSD (0.05) = 0.05 — =2 == i = e = —
Contrasts
Tin Bate P (1L, 3, 5; 6, 7) NS A% NS NS NS NS NS NS NS NS
Quad Rate P (1, 3, 5, 6, 7) NS wh NS NS NS NS NS NS NS NS
Grower vs (1, 3, 5, 6, 7) NS NS NS ) NS NS NS NS NS NS
! = Applied P as a foliar @ 2.9 gallons 10-34-0/Acre at hilling. NS = Nonsignificant; **, * = significant

at 1% and 5%, respectively.
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EVALUATION OF ROW SPACING EFFECTS ON YIELD AND QUALITY OF IRRIGATED POTATOES:

Carl Rosen, Dave Birong, and Glenn Titrud?

Abstract: Preliminary studies were conducted at the Sand Plain Research Farm in
Becker to evaluate 30 inch row spacing at two plant populations (15,840 and 18,216
plants/A) on irrigated Russet Burbank potato production. Total vyield was
significantly greater at 30 inch spacing compared to 36 inch spacing at both plant
populations; however, the yield increase was primarily due to an increase in smaller
(<6 o0z) sized tubers. Higher yield of 6-12 oz tubers was obtained with the lower
plant populations regardless of row spacing.

Traditional spacing between rows for potatoes is 36 inches. However, row spacing for many of the rotation
crops such as sweet corn, field corn, and soybean is 30 inches. Efficiency in farming operations could be
improved if potatoes had the same row spacing as rotation crops since tractors could be used interchangeably.
In addition, narrowing the row spacing for potato production may also increase nitrogen use efficiency by
reducing the amount of inter-row area subject to nitrate losses. Before a switch to 30 inch row spacing is
made, growers need to know how tuber production may be affected. The objective of this study therefore was
to determine the effects of 30 inch row spacing on yield and quality of irrigated Russet Burbank potatoes.

Materials and Methods:

The experiment was conducted at the Sand Plain Research Farm at Becker on a Hubbard loamy sand with a
previous crop of rye. Selected chemical properties prior to planting (0-6") were: Soil pH (1:1 -
soil:water), 6.4; Bray Pl, 26 ppm; and NH,0Ac K, 119 ppm. Residual nitrate-N in the top 2 ft was 5 1b/A.
Two between row spacings were tested - 30" and 36" at two plant populations -~ 15,840 and 18,216 plants per
acre. These plant populations correspond to 11 and 9.5 inches within row spacing for 36" rows and 13.2 and
11.5 inches within row spacing for the 30" rows. The four treatments were replicated 4 times in a split
plot design with between row spacing as the main plots and within row spacing as the subplots. Each plot
was 6 rows wide and 40 feet in length. Furrows were opened mechanically and a starter fertilizer of (lbs/A)
25 N, 110 P,0,, 200 K,0, 20 Mg, and 33 S was banded 2 to 3 inches to each side below the furrow. Russet
Burbank "A" size cut tubers were planted May 2, 1995 by hand, Admire was applied directly in furrow for
insect contreol and the rows were then mechanically hilled. Nitrogen as ammonium nitrate was applied at the
rate of 90 1b N/A at emergence (May 29), and 120 1lb N/A at hilling (June 9). Petiole samples were collected
on July 6 and then dried and ground for nitrate determination. Vines were killed Sept. 14 and the middle
two rows of each plot were harvested on Sept. 21. Measurements at harvest included: total tuber yield,
graded yield, tuber specific gravity, and intermal disorders. Subsamples of vines (prior to killing) and
tubers (at harvest) were collected for moisture and nitrogen determination.

Results:

Yield and quality as affected by row spacing is presented in Table 1. Use of 30 inch row spacing
significantly increased total yield compared to 36 inch spacing. This effect, however, was due to an
increase in the number of smaller sized tubers (less than 6 oz). Number 1 potatoes (6 to 12 oz) increased
with wider spacing within rows (lower plant populations) but were not affected by between row spacing.
Spacing had no effect on hollow heart incidence or specific gravity.

Petiole nitrate-N on July 6 was lower for the 30 inch spacing compared to 36 inch spacing with no effect due
to plant population (Table 2). The higher tuber yield of the 30 inch spacing may have been a strong sink
for N which in turn would have lowered the amount of nitrate-N in the petioles. Because of higher total
yvield/dry matter production, total N uptake with the 30 inch row spacing was greater than uptake with the
36 inch row spacing (Table 2). These results suggest an improved N use efficiency at the 30 inch row
spacing.

Based on one year of data, 30 inch row spacing does not appear to be that useful for processing potatoes
where larger sized tubers are required. There may, however, be some merit in using 30 inch spacing for
potato seed production or fresh market red potato production where an increase in total yield of smaller
sized tubers is desirable. Additional studies are required before a general recommendation regarding row
spacing effects can be made.

lFunding for this research was provided by a grant from the Area 2 Potato Research Council.
2pxtension Soil Scientist and Assistant Scientist, respectively, Dept. of Soil, Water and Climate;
‘Supervisor, Sand Plain Research Farm.
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Table 1. Effect of row spacing and plant population on vine yield and yield and quality of Russet Burbank
tubers. Becker, MN.

Between Within  Plants Tuber Yield
Row Row per Tuber Size Vine Specific Hollow
Spacing Spacing Acre Knobs <3 oz 3-6 oz 6-12 oz >12 oz Total Yield Gravity Heart
inches inches s = == GWG/ & Tons/A %
30 11.4 18,340 92.1 147 .4 178.2 141.5 5%:2 611.4 1605 1.0819 20.0
30 1323 15,840 84.8 117.8 181.0 168.1 47.5 599.2 15.80 1.0802 18.0
36 9.5 18,340 84.5 08,1 134.9 156.1 47.1 520.7 16.07 1.0809 1910
36 11.0 15,840 78.5 89.0 127.6 187.2 Sl3 B33:6 U542 1.0825. 23.0
Significance NS =% 2 ++ NS i NS NS NS
BLSD (0.05) -- 28.4 47.4 37.3 - 38.1 - - -
Spacing NS X L NS NS wh NS NS NS
Population NS ++ NS ¥ NS NS NS NS NS
Space X Pop NS NS NS NS NS NS NS NS NS

NS = nonsignificant; **, *, ++ = significant at 1%, 5% and 10%, respectively.

Table 2. Effect of row spacing and plant population on petiole nitrate-N (sampled July 6) and nitrogen
content, concentration and dry matter production of Russet Burbank potatoes at harvest. Becker, MN.

Between Within  Plants Nitrogen content Nitrogen concentration Dry matter
Row Row per
Spacing Spacing Acre Vine Tuber Total Petiole Vine Tubexr Vine Tuber Total
inches Tfabes $Z8=z0zzZzz<0oZo0 Zo—r=— Ibs/A ~====———- ppm NO;-N === $ N -——— = = === Tons/A -===--
30 11.4 18,340 43.9 137 .6 181.5 15,309 L.D4 126 143 5.96 7.38
30 13.-2 15, 840 516 1503 201.3 155507 | iy 2 1.24 1.54 607 7-61
36 35 18,340 39.0 129.3 168.3 16,885 A58 1:23 1:28 5.28 6.56
36 11.0 15,840 431 197 2 150.3 16,558 1.49 0.98 1.43 5.36 6.79
Significance NS * ++ NS NS NS NS * %
BLSD (0.05) - D 41.6 — — — - 0.63 0.7%
Spacing NS * * 2 NS NS NS L e
Population NS NS NS NS NS NS NS NS NS
Space X Pop NS = NS NS NS z NS NS NS

NS = nonsignificant; **, *, ++ = significant at 1%, 5% and 10%, respectively.



Table 5. Analysis of Variance - Corn/Soybean
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Source DF SS MS E P
Rep 3 328.11 109.37 0.59 0.6245
N 3 51198.11 17066.04 91.55 0.0001
Time 2 2756.07 1378.03 7.39  0.0008
Form 1 581.91 581.91 3.12 0.0791
N*Time 6 817.37 136.23 0.73 0.6255
N*Form 3 715.55 238.52 1.28 0.2832
Time*Form 2 2123.17 1061.58 5.69 0.0041
N*Time*Form 6 1926.04 321.01 1.72 0.1188
Table 6. Corn Yields in 1995 - Corn/Soybean
Anhydrous Ammonia Urea
N-Rate (Ib/A) Eall Spring  Sidedress LSD, Eall Spring Sidedress  LSD, o5
bu/A
40 80.1 83.7 101.0 14.5* 78.1 99.7 80.4 11.3*
80 108.8 111.9 118.9 18.2 95.0 114.3 100.7 15.3"
120 126.9 127.3 123.4 11.6 119.6 132.7 126.4 14.3
160 128.3 132.4 124.9 15.8 123.1 132.0 124.2 16.0
LSDy s 12.4* 184 12.8° 16.7* 14.6" 9.8*
Check 39.8

* Significant treatment

differences
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TILLAGE MANAGEMENT IN CORN-SOYBEAN ROTATIONS
AT THE SOUTHWEST EXPERIMENT STATION

L.D. Klossner, and D.R. Huggins'
ABSTRACT

Tillage practices that improve environmental quality while remaining economically beneficial is a major objective of agricultural
research. Five tillage system: paraplow, ridge tillage, conventional tillage, reduced tillage, and spring tillage were established in corn
and soybean crop rotations in 1986. In 1989, the paraplow treatment was converted to no-tillage and in 1994, the tillage systems were
further divided into five separate row management systems. Overall corn yields were greater for conventional till than any other tillage
treatment. Row management significantly improved yields in ridge-till, reduced till and conventional till treatments. The performance
of row cleaners was variable with some effects on yield that were positive and in other cases negative. The effects of starter fertilizer
on corn yield were also varied. Overall, tillage treatment had less impact on soybean yields than on com yields. Soybean yields were
greatest in 30" rows for the conventional till plots, and in 7.5" rows for no-till plots. Long-term (1986-1995) corn and soybean yields were
greatest in the conventional tillage systems.

INTRODUCTION

This study was initiated in 1986, on a Normania clay loam, to evaluate and monitor five different tillage systems in a corn-
soybean rotation for their effects on crop growth, development, yield, soil hydraulic and structural properties, and other soil quality
properties.

EXPERIMENTAL DESIGN AND TREATMENTS

Experimental Design: Randomized, complete-block, split plot experiment with four replications. Main plots (50'x155') were
tillage treatments of no-tillage, ridge tillage, conventional tillage, reduced tillage, and spring tillage (See Table 1 and 2).
Five subplots (10'x155') consisted of various row management (RM) treatments and differ for corn and soybean crops.

Subplots within corn - detailed corn plot management data is shown in Table 1.
. Row cleaners (Yetter rolling fingers mounted on J.D. 7200 Conservation Planter)
. Without row cleaners
Row cleaners and starter fertilizer (11-33-11)
. Without row cleaners and with starter fertilizer (11-33-11)
. Anhydrous pre-plant indexed on the row (120 Ib N/A), with row cleaners and starter fertilizer (11-33-11)

e

Subplots within soybeans - detailed soil plot management data is shown in Table 2.
1. Row cleaners, 30" rows

2. Without row cleaners, 30" rows

3. With N fertilizer (60 Ib N/A) no row cleaner, 30" rows

4. With N fertilizer(60 Ib N/A), 7.5" rows

5. Without N fertilizer, 7.5" rows

RESULTS AND DISCUSSION

Corn yields were significantly effected by tillage and RM (Table 3). Row management effected yields in ridge-till,
conventional till, and reduced till plots but was not significant for no-till or spring till plots (Table 4). In the ridge tillage, RM5 (A.A.
ppi, with row cleaners, and starter fertilizer) was significantly greater than both RM1 (with row cleaners) and RM3 (with row
cleaners and starter fertilizer). In the reduced tillage system RM4 (without row cleaners, and starter fertilizer) was significantly
greater than every other RM system, except RM5 (A.A. ppi, with row cleaners, and starter fertilizer). When RM systems are
compared with tillage, conventional tillage yields were significantly greater in every RM system.

Soybean yields were significantly effected by tillage and RM (Table 5). Row management effected yields in no-till, ridge-
till, conventional till and reduced till treatments but was not significant for reduced-till plots (Table 6). In the no-tillage, and reduced
tillage systems RM5 (7.5" rows, with no N) showed the greatest yields. In the ridge tillage system RM1 (30" rows, with row
cleaners), soybean yields were significantly less than RM3 (reforming ridges prevented the establishment of RM4 and RM5
treatments). Conventional tillage soybeans planted in 30" rows (RM 1, 3) showed greater yields than those planted in 7.5" rows.
In contrast, greater yields in no-till and spring till were achieved with drilled soybeans (7.5 in rows) than row soybeans. When
soybean RM treatments are compared with each tillage system, no-till yields are greatest with RM5, ridge-till: RM3, conventional
till: RM1, reduced till: RM1-5, and spring till: RM2.

Long-term corn yield data (1986-1995) has shown that conventional tillage has been the greatest yielding tillage system
in 7 out of 10 years, and has averaged 6 bu/A or more than any other tillage system. Long-term soybean yield data (1986-1995)
has also shown that conventional tillage has been the greatest overall yielding tillage system.

' L.D. Klossner, and D.R. Huggins are Assistant Scientist, and Assistant Professor at the Southwest

Experiment Station, Lamberton, MN 56152.



Table 1. 1995 Corn Plot Management

Tillage

System
No-Tillage

no fall tillage

Ridge-Tillage
no fall tillage

Conventional
chisel plow
Fall 1994

Reduced
no fall tillage

Spring Tillage (95)
Flex Tillage (96)
no fall tillage

2
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Corn Sub-Treatments Within Tillage Systems

Planter
JD 4-row

JD 4-row
JD 4-row
JD 4-row
JD 4-row

JD 4-row
JD 4-row
JD 4-row
JD 4-row
JD 4-row

JD 4-row
JD 4-row
JD 4-row
JD 4-row
JD 4-row

JD 4-row
JD 4-row
JD 4-row
JD 4-row
JD 4-row

JD 4-row
JD 4-row
JD 4-row
JD 4-row
JD 4-row

Row
Cult
None

None
None
None
None

6/27/95
6/27/95
6/27/95
6/27/95
6/27/95

6/22/95
6/22/95
6/22/95
6/22/95
6/22/95

6/22/95
6/22/95
6/22/95
6/22/95
6/22/95

6/22/95
6/22/95
6/22/95
6/22/95
6/22/95

Com Subtreatments Within Tillage Systems

1=with row cleaners

2=without row cleaners
3=with row cleaners + starter
4=without row cleaners + starter fertilizer
5=Anhydrous pre-plant indexed on the row, w/row cleaners +

starter fertilizer

Fertilizer

Trts 1 and 2
135 Ib N/A
5/26/95

Trts 3and 4
120 Ib N/A
5/25/95

Trt 5120 b N/A

A.A. ppi 5/5/95

Trts 1 and 2
135 Ib N/A
5/26/95

Trts 3 and 4
120 Ib N/A
5/25/95

Trt 5120 Ib N/A

A.A. ppi 5/5/95

Trts 1 and 2
135 ib N/A
5/26/95

Trts 3 and 4
120 Ib N/A
5/25/95

Trt 5120 Ib N/A

A.A. ppi 5/5/95

Trts 1 and 2
135 |b N/A
5/26/95

Trts 3and 4
120 Ib N/A
5/25/95

Trt 5120 Ib N/A

A.A. ppi5/5/95

Trts 1 and 2
135 Ib N/A
5/26/95

Trts 3 and 4
120 Ib N/A
5/25/95

Trt 5120 Ib N/A

A.A. ppi 5/5/95

Seed

and Starter Fert.
All subtreatments
Pioneer 3531
30,000/A

Trts 1 and 2 none
Trts 3,4 and 5
11-33-11 Ib/A
(N-P,05-K,0)
5/6/95

All subtreatments
Pioneer 3531
30,000/A

Trts 1 and 2 none
Tris 3,4and 5
11-33-11 Ib/A
(N-P,O5-K,0)
5/6/95

All subtreatments
Pioneer 3531
30,000/A

Tris 1 and 2 none
Trts 3,4and 5
11-33-11 Ib/A
(N-P,0:-K,0)
5/6/95

All subtreatments
Pioneer 3531
30,000/A

Trts 1 and 2 none
Tris 3,4and 5
11-33-11 Ib/A
(N-P,04-K,0)
5/6/95

All subtreatments
Pioneer 3531
30,000/A

Trts 1 and 2 none
Trts 3,4and 5
11-33-11 [b/A
(N-P,0.-K,0)
5/6/95

Spring
Tillage
None

None

Disc
5/4/95

Disc
5/4/95

Disc
5/4/95

Weed Control
Bladex 2 Ib/A (ai)
Lasso 3 Ib/A (ai)
5/6/95

Clarity 1 pt/A (ai)
5/12/95

Lasso 3 Ib/A (ai)
5/6/95

Roundup 0/75 Ib/A
(ai) 5/12/95, 5/25/95

Clarity 1 pt/A (ai)
5/12/95

Doubleplay 6 pts/A
(ai)

Bladex 2 Ib/A (ai)
5/4/95

Doubleplay 6 pts/A
(ai)

Bladex 2 Ib/A (ai)
5/4/95

Doubleplay 6 pts/A
(ai)

Bladex 2 Ib/A (ai)
5/4/95




Table 2. 1995 Soybean Plot Management
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Soybean Sub-Treatments Within Tillage Systems

Tillage Sub Row Spring
System Trt*  Planter Cult Ferilizer Seed Tillage = Weed Control (ai)
No-Tillage 1 JD 4-row  None Trt1,2,and 3 None Sencor 0.31 Ib/A
no fall tillage > Iidsow  None Parker 150,000/A Lasso 3 Ib/A
Roundup 1 Ib/A
3 JD4-row  None  Trs 3and 4 Trt4and5 5/24/95
il coio B planied 5120185 s
4N, piante 5
5 JD 752 None  proadcast 5/20/95
Ridge-Tillage 1 JD 4-row  7/10/95 Parker 150,000/A None Sencor 0.31 Ib/A
no fall tillage 2 JD 4-row  7/10/95 planted 5/20/95 ;/a;:/g 5? Ib/A
3 JD4-row  7/10/95 Trs3and4 Select 8 oz/A
4 JD 4-row  7/10/95 ?lgr!leNC/)A) 711/95
4 3.
5 JD4-row 705  proadeast 5/20/95
Conventional 1 JD 4-row  6/16/95 Trt1,2,and 3 Disc Sencor 0.31 Ib/A
Primary Tilage 2  JD4-ow  6/16/95 Parker 130,000 gupios 7
Moldboard plow 3 JD4-row  6/16/95 Trs3and 4 Trt4and5 Select 8 0z/A
Fall 94 4 JD752  None ‘(SNOAbNNO//’S Pf""‘fifso,gz?,gg“‘ 71/95
4iNU, plante
5 JD752  None  proaqcast 5/20/95
Reduced 1 JD 4-row  6/16/95 Trt1,2,and 3 Disc Sencor 0.31 Ib/A
Primary Tilage 2  JD4-tow 6/16/95 Parker 150,000/A  5/00/95 ;;’*;3‘;2 Ib/A
Chisel plow 3 JD4-row  6/16/95 Trs 3 and 4 Trt4and5 Select 8 0z/A
Eall 94 4 JD 752 None 60 Ib N/A Parker 200,000/A 7/1/95
(NH,NO,) planted 5/20/95
5 JD752  Nome  proadcast 5/20/95
Spring Tillage (95) 1 JD 4-row  6/16/95 Trt1,2,and 3 Disc Sencor 0.31 Ib/A
Flex Tilage (96) 2  JD4-row  6/16/95 Perkar 180000A  Sroos rerd-ate
no fall tillage 3 JD4-row 6/16/95 Trs3and4 Trt4and5 Select 8 0z/A
4 JD752  None  60IbN/A Parker 200,000/A 7/1/95
(NH,NO,) planted 5/20/95
5 JD752  Nonme  proadeast 5/20/95
*Soybean Subtreatments Within Tillage Systems
1=with row cleaners, 30" rows 4=with N fert, 7.5" rows
=without row cleaners, 30" rows 5=with no N fert, 7.5" rows
3=with N fert (no row cleaner), 30" rows
Table 3. Analysis of Variance
Corn - 1995 Source DFE SS MS I3 P
Rep 3 184.10 61.37 1.45 0.2297
Till 4 6900.57 1725.14 40.82  0.0001
Rep*Till 12 3822.77 318.56 7.54 0.0001
RowMgt 4 719.90 179.98 4.26 0.0027
Till*RowMgt 16 836.48 52.28 1.24 0.2454
Tests of Hypothesis Using Type Il MS for Rep*Till as error term
Till 4 6900.57 1725.14 542 0.0100
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Table 4. Corn Yields in 1995

Row Management

Tillage System 1 2 3 4 5 LSD,¢s
(bu/A)

No-Tillage 115.1 115.4 118.6 1219 116.1 85
Ridge-Tillage 117.8 121.8 118.0 121.3 123.3 5.1*
Conventional 130.8 136.6 138.5 134.4 131.8 59

Reduced 121.2 123.9 125.4 132.2 128.1 6.1"

Spring 125.9 127.9 124.1 131.0 126.3 7.0

LSD,0s 8.5 16.1 115 9.6 9.8

*Significant treatment differences

Table 5. Analysis of Variance

Soybeans - 1995 Source DF §Ss MS
Rep 3 93.92 31.31
Till 4 356.38 89.10
Rep*Till 12 287.29 23.94
RowMgt 4 85.01 21.25
Till*RowMgt 14 570.08 40.72

Tests of Hypothesis Using Type Ill MS for Rep*Till as error term
Till 4 356.38 89.10

Im

2.82

8.038

2.16

1.92

3.67

3.72

o

0.0409

0.0001

0.0166

0.1108

0.0001

0.0342

Table 6. Soybean Yields in 1995

Row Management

Tillage System 1 2 3 4 8 LSDg o5
(bu/A)

No-Tillage 38.9 36.5 40.0 42.7 442 3.9*
Ridge-Tillage 36.4 39.6 40.7 nd nd 3.7*
Conventional 445 42.1 44.0 40.7 40.6 3.2"

Reduced 39.5 40.1 40.0 40.3 417 29

Spring 42.0 45.8 40.5 43.1 451 3.3*

LSDy 05 SH* 5.2* 5.2 4.8 3.6*

*Significant treatment differences




