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INTRODUCTION RESULTS AND DISCUSSION

Numerous cash crops are grown in North Dakota. This long term study investigates the effects of tillage

system and N fertility regime on the Table 1.Year Table 4. Year by Fertlity Table 10. Rotation by Fertility
profitability and sustainability of N oM P pH N oM P pH N oM P pH
differing crop rotations. 0-15cm  15-30cm  30-45cm  46-60cm  0-15cm  0-15cm  0-15cm Year  Fertility' 0-15m  15-30em  30-45cm  46-60cm  O-1Sem  0-1Sem  0-15m  Rotation Fertility' 0-1Sem  1530cm  30-45cm  46-60cm  O-1Sem  O-1Sem  0-ISem
) 4 ; -
kg ha! o kg ke gkg mgkg” |71 p— gkg'  mgkg'
1999 13.73 13.73 13.73 13.73 1999 0 8.30 3.64 5.62 12.89 Rot 1 0 15.62 8.41 10.48 12.14 335 11.74 6.48
2000 1042 9.09 2210 : 38.17 15.86 671 45 13.48 5.18 8.78 26.65 45 23.26 13.85 18.08 3512 3.62 11.53 6.46
‘ : . . . : 90 17.45 9.37 1697 69.62 90 31.93 18.42 29.59 7827 3.54 9.07 5.98
2001 20.58 7.41 11.68 33.99 13.42 6.45 M 15.71 574 8.22 2111 M 21.66 10.89 14.62 28.39 3.60 34.91 7.00
2002 23.93 14.70 15.76 35.81 17.25 6.48 2000 0 8.86 637 14.84 10.68 6.72 Rot2 0 1395 6.04 7.08 15.60 347 0.55 6.45
Average 17.17 11.23 15.82 13.73 35.99 15.51 6.55 45 10.31 944 23.06 11.08 6.65 45 19.05 8.66 11.02 26.71 3.50 10.97 6.44
90 10.83 11.40 29.18 8.42 6.27 90 21.32 11.41 19.28 49.32 3.40 8.20 6.28
M 11.67 9.14 21.33 33.24 721 M 2246 9.36 11.02 21.48 3.76 31.03 6.95
2001 0 14.84 4.71 6.87 8.50 6.46 Rot 3 0 8.89 475 6.74 10.83 3.46 9.36 6.61
45 20.80 6.98 9.34 7.25 633 45 12.39 6.88 11.54 18.12 9.63 6.47
90 26.28 10.97 22.06 7.53 6.08 90 21.37 13.91 27.28 81.26 9.30 6.03
M 2041 8.43 30.42 6.94 M 11.88 5.54 8.61 13.45 3127 7.09
2002 0 1531 74l 137 046 Average 18.65 9.84 14.69 3257 15.55 652
- # 20 14.32 13.74 647 LSD 0.05 463 2.74 2.74 1373 1.97 0.14
a2 Toarhy Rotation N oM P pH ]\(1’ 2’;.90 17]:(,7 “Hji : 3: ! M=Manure, numbers indicate kg of total N applied
Year  Rotation 0-15cm  15-30cm  30-45cm  46-60cm  0-1Sem  0-15em  0-15cm Average 17.17 14.86 32.57 15.51 6.55
e o ke LSD 0.05 5.35 3.17 NA 228 0.16
1999 Rot 1 15.69 771 & ha 13.52 38.48 gke ke ! M=Manure, numbers indicate kg of total N applied
. . . . . Rot 2 1442 5.58 7.68 2830 —
Investigate the effects of Cropping Systems on crop yield and quality, crop pest frequency and severity, and Rots 1100 aer $9 300 Table 9. Fertility N o . .
soil fertility and quality. 2000 Rot | 891 9.38 2421 6.76 \ P
Rot 2 11.48 7.87 19.29 6.68 Fertility 0-15cm  15-30cm  30-45cm  46-60cm  0-15cm 0-15cm 0-15cm
Rot 3 10.32 10.00 2343 671 Table5.Rotaion P B arg g
2001 Rot 1 217 931 1450 644 N oM P pH 0 12.60 6.28 8.27 12.89 3433 10.11 6.52
io: i ?ggz ?fé 191.70(; 6.44 Rotation  0-15cm 15-30cm ??-4Scm 46-60cm 0-15c:n 0-15(:]’2 0-15cm 45 17.87 9.55 13.30 26.65 35.78 10.63 6.46
MATEI“AI.S AND ME'"“"]S 2002 o S e e o e kg ha! e gkg mg kg 90 24.49 1440 2525 69.62 3534 8.86 6.10
- Rot 2 21 “” ;4 07 T i’ 16.38 Rot 1 23.12 12.89 18.20 38.48 35.28 16.81 6.48 M 18.31 8.40 11.20 21.11 37.23 32.24 7.02
Rot 3 17.10 0.44 1221 16.62 Rot2 19.18 8.87 12.33 28.30 35.32 14.85 6.53 Average 1832 9.66 14.51 32.57 35.67 15.46 6.52
7 Tt H : H ; : - 3 ) S0 60 Rot 3 13.63 7.76 13.54 30.92 36.28 14.97 6.55 1 P :
This study was initiated in 1987 and is conducted at the North Dakota State University Carrington Research Average 17.32 9.40 15.01 32.57 15.60 o e o e ] Bt e e M=Manure, numbers indicate kg of total N applied
Extension Center near Carrington, North Dakota, on a Heimdal-Emrick loam soil. It consists of three, four- LSD 005 463 274 274 1942 197 014 g
year crop rotations with three replicates. Each crop in each rotation occurs in every year. Within each crop
(0.45 ha main plot) in a rotation, three tillage systems (0.15 ha sub-plots) are imposed, four N fertility
treatments (0.0375 ha sub-sub-plots) are imposed perpendicular to the tillage systems (Figure 1). The crop Table 6. Tillage Table 8. Tillage by Fertility
rotations for the 1999-2002 crop cycle were the traditional rotation Hard Red Spring Wheat (HRSW) Tablo3.Year by TWiage N oM P pH . , N oM P pH
(Triticum aestivum L.)/Sunflower (Helianthus annuus L.)/Barley (Hordeum vulgare L.)/Fallow (Rot 1), the dad b - i o . Tillage'  0-15em  15-30cm  30-45cm  46-60cm  O0-1Sem  O-15em  0-15cm Tillage'  Fertility”  0-1Sem  15-30cm ‘:"““"‘466“‘"‘ 0;:;‘“ :’";51;": 0-15em
alternating grass legume rotation HRSW/Soybean (Glycine max L.)/Durum (Triticum turgidum L.)/Field Pea Year  Tillage'  0-15cm  15-30cm  30-45cm  46-60cm  0-15em  O0-15em  O-15em | e T gkg'  mgkg' M 0 14.60 7.29 977 1569 3.39 9.68 6.53
(Pisium sativum L.) (Rot 2), and the compound or stacked rotation HRSW/Corn ( Zea mays ~ } i iy gkg'  mgkg! M 20.18 1115 17.61 40.54 3513 15.03 6.54 45 2025 12.41 16.64 30.64 3.52 1129 647
L.)/Soybean/Canola (Brassica napus L.) (Rot 3). The tillage systems are conventional (T), minimum tillage 1999 M 1534 7.24 1359 4054 N 16.27 7.35 9.16 16.39 37.49 17.15 6.45 %0 26.87 15.62 3180 90.23 345 798 015
: o B : : - N 13.11 4.72 6.66 1639 T 18.49 10.47 16.78 40.77 3439 14.20 6.58 M 19.01 929 1214 25.59 3.69 3116 7.01
(M), and no-till (N). The N fertility treatments are ammonium nitrate broadcast applied each spring to non- T 1275 6.00 9.53 40.77 Average 1832 9.66 14.51 32.57 35.67 15.46 6.52 N 0 10.14 4.67 5.66 9.90 3.57 11.49 6.50
leguminous non-fallow plots at 0, 45, or 90 kilograms (kg) of nitrogen per hectare (ha) or as manure (M) 2000 M 10.65 10.01 2339 37.55 15.35 6.72 | M=Mini NeNowtill. T=C. onal 45 16.01 6.94 8.11 14.57 3.76 10.54 6.35
. -1 . . . . N 11.22 8.20 15.90 39.83 16.48 6.60 =Minimum, N=No-till, T=Conventiona 90 21.26 10.31 13.91 22.98 372 10.67 5.9
applied at 179 kg ha” of N the first spring of each four-year rotation to all. The crop rotations were designed by 030 004 2703 o e e M 17.69 7.49 8.95 18.12 3.95 3591 6.98
to test varying crop types and water use intensities on crop yield, diseases, insects, weeds, and soil nitrogen 2001 M 243 825 1429 3367 13.32 647 T 0 13.05 6.87 9.40 13.08 334 9.16 6.53
i i iti ion i 5 3 93 5.16 3475 3.45 56
(N), phosphorous (P), organic matter (OM), and pH against the traditional crop rotation in the area. The N 1976 659 7.36 3544 1528 637 - B e N oo o
A : : : : T 19.56 7.39 1337 3286 11.67 6.53 - 2333 2 363 . O.18
crops are planted and harvested each year in a timely fashion as weather and time permit. Plots were soil o i D e v B G v Tillage treatments - M :x 2 Z 4 é :;,Nli i ; 61 = ;q 24 0(2
sampled each fall after harvest. N e 39 520 o 1934 ot i i Lsgrg%es ié% 2‘24 2:4 ‘13'3; 6‘?1 f'JZ 8?4
i 2682 1739 1876 3423 1579 6.50 in the cropping | LSD 003 63 : : : : : :
Average 17.17 9.29 14.87 32.57 35.99 15.51 6.55 _ M=Minimum, N=No-till, T=Conventional
LSD 0.05 463 274 2.74 19.42 137 1.97 0.14 system, (leftto > M=Manure, numbers indicate kg of total N applicd
' M=Mini N=No-tll, T= ional J ini
n n inimum, o-till, T=Conventional rlgnl] m“"m“m
ESULTS AND LISCUSSION " tillage, no-till, and GIINGIIISIIIN
conventional ‘ ,
Year: tillage 4 The no-till system increased OM and pH compared to the other
4 Year affected N levels at all depths, OM, P, and pH (Tables 1, 2, 3, & 4). - - tillage systems. . .
Flg“re 1.Main I]Iol Iayﬂ“t_ 4 The manure treatment resulted in significantly higher OM, P, and pH
Crop Rotation: than the other N fertility treatments.
- Ren. | Rep, 2 55m 4 Crop rotation significantly influences N levels at all depths, OM, P,
4 Rot 1 elevated P and N levels at all depths (Table. 5). i g = and pH
4+ Rot 3 increased OM (Table 5). [ " -
i Table 7. Rotation by Tillage
_ L — N oM P pH
Tillage System: a ] Rotation Tillage! 0-15cm  15-30cm  3045cm  46-60cm  0-15em  0-15cm  0-15cm
4 The no-till system resulted in lower N levels at all depths, higher OM, higher P, and lower pH 298 m kg ha'! ——— gkg'  mgkg!
Rot 1 M 28,00 1669 2448 4680 3490 16.61 648 - -
(Tables 6,7, & 8). —r == =— N 1721 841 1033 1709 3689 17.85 648 Seeding harley in
l | T 24.14 13.57 1978 5156 3406 15.98 648 N
Fe"ili[v }7 ‘ Rot 2 M 20.06 9.19 1281 3615 3477 1429 656 the no-till system.
Lo . . . L N 1938 825 9.85 1863 3731 1679 639
4 The manure treatment produced significantly higher OM, higher P, and higher pH (Tables 4, 8, 9, TR T 18.09 9.16 1436 30,12 33.85 13.46 664
. “ Rot 3 M 13.93 846 1647 3867 3563 1448 6.57
& 10 2l
4 N fertility treatment affected N levels at all depths, OM, P, and pH across years (Table 4). N N fentility N 12.62 5.66 7.56 1345 8.1 1695 648
st T 1432 9.15 1657 4063 3511 13.50 6.61
I Average 18.64 9.84 1469 3257 3563 15.55 6.52
- LSD 0.05 401 238 238 16.81 118 171 0.12
NDS | | ! M=Minimum, N=No-till, T=Conventional
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