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Effects of different water nitrogen couplings on dry matter accumulation,
nitrogen uptake and yield of summer soybean

LI Ya-jie, XU Wen-xiu, ZHANG Na, SU Li-li, ZHANG Yong-qiang, TANG Jiang-hua, HAO Wei-wei
( College of Agronomy , Xinjiang Agricultural University , Urumqi, Xinjiang 830052, China)

Abstract: In order to study the effects of different water-nitrogen couplings on dry matter accumulation, nitrogen
uptake and yield of summer soybean, a field experiment was conducted based on a two factors split plot experiment in
Yining County from the July to October. For the split plot design, the irrigation factor was assigned to the main plot with
4 irrigation levels as 3 000 m**hm~=2(W1), 3 600 m’+hm~2(W2), 4 200 m*+hm~2(W3) and 4 800 m’-hm~*(W4),
and the nitrogen factor to the subplot with 3 nitrogen levels as 0 kg*hm~2(N0), 150 kg*hm~2(N1) and 300 kg*hm >
(N2). The results showed that with the increase of irrigation quantity, the average increase rate of dry matter (Va), the
continued days of dry matter accumulation (T) and nitrogen uptake were all presented a trend of being increased first then
becoming decreased, reaching the maximum by W3. Under the condition of the nitrogen input increased at low water
(W1), the dry matter accumulation, nitrogen uptake and yield were also increased while the nitrogen use efficiency be-
came reduced. Under sufficient soil water condition, increasing the application of nitrogen elevated dry matter accumula-
tion, nitrogen uptake and nitrogen use efficiency, and excessive nitrogen was not favorable to root absorption of nitrogen,
which adversely decreased the nitrogen use efficiency. In a word, the treatment of W3N1 had the highest dry matter ac-
cumulation, nitrogen uptake and yield (3 741.23 kg-hm~2), 54.30% and 17.02% in yield higher than those of WINO
and W4N2, respectively.

Keywords: water nitrogen coupling; drip irrigation; summer soybean; dry matter; nitrogen use efficiency; yield
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1.1

BRI T3
RIS XL
R T 2013 4F 7—10 H 7EALG B 5 B IG M
P B R RE R 47 XA TR I P B,
J& R R Bl PR T R AR IR, SR T4
B BROEZEIE, H ISR 2 800 ~ 3 000
h, AE IR R 2 257 mm, 60% ~ 70% HY P TR £ 7R
6—9 Afy, ETCFEM 169 ~ 175 d. IRI H + EHF
JZ0~20 em PTG AT 2.35 gokg ™, &
R.0.83 g-kg ™!, Bl A 85.2 mg- kg™, HRLHE 21.8
mg- kg™, HALE 116 mg-kg™'. 13 pH{H 8.4,
1.2 KEigit

RIHEAEY A /INAZ i R F R 2 54 X
W, BB o P, e 4 D EE KR
3000 m®*hm~2(W1) .3 600 m’hm~2(W2) .4 200 m’*
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FEIH T, BB IR A 3% 3 it E K- -0
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B AT b3 1) Fifi 25 17 T8 R 7K 25 K I8 — A A 38 it 2
JE,BEUR 150 kg hm 2R &, N1 4b B 26 9938 fiti— K,
N2 AL BEACIH RN AE ) &30 il — K. A b P & =
WL AT 36 AN/NX L, NX TR 18 m* (3.6 mx 5 m)o
KOG i Tl ok SB0] 43, FpAE % 52.5 T3 A% - hm ™2, 30
em ZEATHE G R (BREE 6.3 em) , /DX IEFN 1217, B
B A 2 R S, BPAFIRIEE 60 em. 25 A4
1AL BRAA it DR &R 75 kg hm ™2, /N X K D4
IRRAERIN KR o 25 A0 PR R AT 7K 8 BRI 53 3]
375 m* 450 m® 525 m® 600 m*, 44 F W E K
8 UK, EAARME K 5 28 n 1 iR o

1.3 JRmBS5A*
1.3.1 FHmegme AW, 5 10 d 55

SIS/ X S BOR &5 Bk, & k025 i A
BLLJEZE ST, T 105°C 327 30 min, 80°CHE T F fH
LT,

F1 FELEBEMNREEERE (m’hm?)

Table 1 ~ The amounts of drip irrigation under different treatments at different stages

b3 ik HilY ~ FF AL FEIEHA ~ 25361 L5 ~ BRI BRI ~ A JEsy
Treatments Emergence water Seeding ~ flowering Flowering ~ podding Podding ~ graining Graining ~ maturing Total
W1 375 750 750 750 375 3000
w2 450 900 900 900 450 3600
w3 525 1050 1050 1050 525 4200
W4 600 1200 1200 1200 600 4800

IR Logistic J5FEXS T4 i AL R B A b b 47
PG Y=Y/ [1+e4 ]

AP Y A REH WG RTYRMHREE (g
B 50 MRS RIREL(D) 5 Yo A EAR T B RE
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R2 FREKELESHEXE M EEHS TYRIRRL Logistic IR HFFHEE

Table 2 The Logistic equations and their eigenvalues of dry matter accumulation in the aboveground parts of

summer soybean under different irrigations and fertilizer treatments

sz Jife Va T Vi T e
Treatments Equation /(g plant='-d 1) /d /(g plant='-d 1) /d

WINO Y=16.96/(1 + 80.33¢~0-5851) 0.17f 99.87h 0.37h 48.77f 0.982
WIN1 Y =21.01/(1 +73.88¢~0-0870r) 0.20d 102.33f 0.45d 49 .48¢ 0.997
WIN2 Y =21.53/(1 +61.34e~0:07631) 0.20d 103.28e 0.44e 48.80f 0.989
W2NO Y=16.97/(1 + 66.64e~-%851) 0.18e 101.87g 0.39¢ 48.64f 0.989
W2N1 Y =23.05/(1+79.30e0-08501) 0.21c 105.49¢ 0.47¢ 51.44b 0.995
W2N2 Y =20.44/(1 + 68.90e ™ -%8231) 0.20d 106.13¢ 0.45d 50.89¢ 0.991
W3NO Y'=20.96/(1 + 58.74¢~0-07561) 0.20d 105.00c 0.43f 49.34e 0.984
W3NI1 Y =24.65/(1+79.94¢0-08%1) 0.23a 108.72a 0.51a 53.07a 0.998
W3N2 Y =21.71/(1 + 68.39¢~0-08%41) 0.21c 107.52b 0.45d 51.50b 0.994
W4NO Y =20.57/(1 +54.83¢~0-07) 0.20d 103.74e 0.43f 48.31g 0.981
W4NI1 Y =23.66/(1 +95.56¢~"-08%01) 0.22b 106.44¢ 0.50b 53.02a 0.992
W4N2 Y =21.46/(1 + 67.58¢~"-08241) 0.21c 104.38d 0.45d 49.93d 0.99%4

T AR P RERIR 22 58 5% B3R, T

Note: different letters indicate significant difference (P <0.05), and hereinafter.
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Table 3 Effects of different irrigations and fertilizer treatments on secondary parameters of dry matter

accumulation in the aboveground parts at each stages of summer soybean by different treatments

pori]

Wit H Fast increase period

R Cumulative period

ZZ 3 Slow growth period

Treaments Y1 T, vy Y T, v, Y; T, Vs Y
/g /d - /(geplant='+d"1) /g /d - /(gplant='+d"") /g /d - /(gplant=t-d~1)
WINO 3.49 34.13d 0.1d 9.52¢g 29.29¢ 0.33d 3.32h 36.45f 0.09d 16.33h
WINI 4.42¢ 34.34d 0.13b 12.07d 30.29f 0.40b 4.21e 37.7de 0.11b 20.70e
WIN2 4.44¢ 33.19 0.13b 12.13d 31.23¢ 0.39hc 4.23e 38.87c 0.11b 20.80e
W2NO 3.8e 33.39 0.11c 10.39f 30.51e 0.34d 3.62¢g 37.97d 0.1c 17.81g
W2N1 4.65b 35.95b 0.13b 12.71¢ 30.98d 0.41b 4.43¢ 38.56cd 0.11b 21.43cd
W2N2 4.57b 35.05¢ 0.13b 12.50¢ 31.67b 0.39bc 4.36cd  39.41b 0.11b 21.79¢
W3NO 4.43¢ 33.39 0.13b 12.10d 31.9a 0.38¢ 4.22e 39.71ab 0.11b 20.75¢
W3NI 5.21a 37.12a 0.14a 14.23a 31.9 0.45a 4.96a 39.71ab 0.12a 24.40a
W3N2 4.59b 35.45b 0.13b 12.54¢ 32.11a 0.39bc 4.37cd  39.96a 0.11b 21.50¢
WA4NO 4.35d 32.42f 0.13b 11.88e 31.78ab 0.37¢ 4.14f 39.55b 0.10c 20.37f
W4NI 4.9a 37.7a 0.13b 13.55b 30.63e 0.44a 4.72b 38.11d 0.12a 23.23b
WAN2 4.53b 34.32d 0.13b 12.39d 31.21¢ 0.40b 4.32d 38.85¢ 0.11b 21.24d

22 EBASTYRBEBMESHEFENERX
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Table 4  Correlation coefficients between dry matter accumulation parameters and yields of summer
soybean by different irrigations and fertilizer treatments
Z%L Parameter Vo v, ! V, V3 T, T T, T, Ty
Vi 1
Va 0.986" " 1
Vi 0.961" " 0.978" " 1
v, 0.978" " 0.986" " 0.961" " 1
V3 0.972" " 0.991" " 0.958" " 0.968" " 1
Ta -0.814"" -0.769" " -0.663" -0.819"" -0.822"" 1
T -0.803"° -0.754"" -0.689"" -0.800"" -0.799"" 0.989" ~ 1
T -0.799"* -0.731"" -0.602" -0.788" " -0.813"" 0.967" " 0.931" " 1
T, -0.778" " -0.729" " -0.595" -0.794" " -0.792" " 0.974" " 0.986" " 0.89" " 1
T -0.784" " -0.734"" -0.578" -0.782" -0.780" " 0.955" " 0.998" " 0.786" " 0.999" " 1
7= B Yield 0.729" " 0.789" " 0.712"* 0.726" " 0.731" " -0.426 —-0.403 —-0.439 -0.378 -0.383

e ox Fll % 75 0.05 F10.01 i &K, P<0.01,

Note: * and * * mean significant difference at 0.05 and 0.01 level, respectively.
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Fig.1 Effects of different irrigations and fertilizer

treatments on nitrogen uptake of summer soybean
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Fig.2  Effects of different irrigations and fertilizer

treatments on nitrogen use efficiency of summer soybean
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Table 5 Effects of different irrigations and fertilizer treatments on yield and yield components

b3 BRI AR AL AL /g [Eg A Feit/ (kg hm™?)
Treatments Pods per plant Seeds per plant Grain weight per plant 100-seed weight Yield
NO 15.62+0.12 Bb 34.05+1.05 Be 6.07+0.07 Ce 14.68 +0.02 Be 2424.70 +15.36 Cc
Wi N1 19.13+0.10 Aa 39.76 +1.10 Aa 6.46 £ 0.06Bb 15.00+0.03 Ab 2711.88 + 16.24Bb
N2 18.95+0.10 Aa 37.29+1.20 Ab 6.88+£0.08 Aa 14.92+0.05Aa 2876.93 +17.42 Aa
NO 16.13+0.03 Bb 35.93+1.03 Be 6.32+0.02 Ce 14.99+0.04 Ce 2612.09 +15.48 Ce
w2 N1 21.32+0.30 Aa 43.27+£1.07 Aa 7.65+0.04 Aa 15.64+0.01 Aa 3282.39+10.46 Aa
N2 20.91+0.20 Aa 40.47+1.23 Ab 7.49+0.05 Bb 16.08 +0.04 Bb 3156.17 +20.13 Bb
NO 18.30+0.30 Bb 39.85+0.85 Be 7.38+0.03 Ce 15.97+0.02 Be 3086.41+9.89 Cc
W3 N1 22.54+0.40 Aa 48.98+2.00 Aa 9.25+0.02 Aa 16.17+0.04 Aa 3741.23 +14.24 Aa
N2 21.84+0.10 Aa 45.37+1.37 Ab 8.43+0.07 Bb 16.01 +0.03 Bb 3522.91 +16.28 Bb
NO 17.98 +0.08 Bb 38.56+0.56 Be 7.04+0.40 Ce 15.79+0.03 Be 2953.17+18.15 Ce
W4 N1 21.16 +0.06 Aa 44.35+1.05 Aa 8.48£0.06 Aa 16.04+0.05 Aa 3450.16 + 16.27 Aa
N2 20.08+0.12 Aa 41.64+1.64 Ab 7.39+0.01 Bb 15.83+0.03 Bb 3197.12+ 14.49 Bb
P — — — — —
W 12.732 4.62 20.776 13.04 56.29
N 52.865 71.065 20.451 2.67 58.47
WxN 1.0748 1.415 105.99 171.24 70.54

TE : MG RN REFRIR 0.05 AKCFHY 8.3 225+

Note: Means with different letters in the same column indicate significant difference (P <0.05).
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