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Effects of Different Water and Nitrogen Treatments on Root Growth and Yield
of Spring Soybean under Mulched Drip Irrigation

BAI Pan-pan', REN Jin-tao', ZHANG Jian-xin', GUO Tai’, XUE Li-hua’, WANG Zhi-xin>, SUN Shi-ren’,
ZHENG Wei’

(1. College of Agronomy, Xinjiang Agricultural University, Urumqi 830052, China; 2. Jiamusi Branch of Heilongjiang Academy of Agricultural Sciences,
Jiamusi 154000, China; 3. Institute of Food Crops, Xinjiang Academy of Agricultural Sciences, Urumqi 830091, China)

Abstract: In order to explore the effects of different water and nitrogen treatments on root growth and yield of spring soybean
under mulched drip irrigation, we used Henong 71 as the test material and carried out water and nitrogen two-factor split-plot
test in the field. We set up the total irrigation amount in the main area of 1 875 m’-ha™' (W,), 2 625 m’ +ha™" (W, ) and
3375 m’-ha™' (W, ), the total nitrogen application rates in the secondary area of 0 kg-ha ' (N,), 120 kg-ha ' (N,) and
240 kg-ha™' (N,) , and studied the effects of nine water and nitrogen treatment combinations on dry root weight, lateral root
length, lateral root surface area and yield of 0-100 cm soil layer at different stages of spring soybean. The results showed that
the dry root weight, total lateral root length and total lateral root surface area of spring soybean in 0-100 cm soil layer increased
by increasing irrigation amount and nitrogen application amount. On July 15 (pod stage) and August 15 ( seed filling stage) ,
the dry root weight of 0-20 ¢m soil layer accounted for 75.37% -82.43% and 71.97% -85.26% of the total dry root weight,
respectively. On July 15, the dry root weight density of W, N, treatment was the highest in 0-20 cm soil layer, which was
9.84% and 17.75% higher respectively than those of Wy N, and W, N; treatments. The total lateral root length and total
lateral root surface area reached peak on August 15 and July 15, respectively, and W, N, treatment performed the best. The
yield and 100-seed weight could be significantly increased by increasing irrigation amount and nitrogen application rate at the
same time, but the pods and seeds number per plant were affected less. The highest yield was obtained under W, N,
treatment, which was 5.70% and 14. 80% higher than those under W, N, and W, N treatments respectively, and 49.76%
higher than that under W, N, treatment. Under the same nitrogen application level, the irrigation water use efficiency and
nitrogen fertilizer partial productivity decreased with the increase of irrigation water. Under the same irrigation conditions, the
irrigation water use efficiency and nitrogen fertilizer partial productivity reached the highest in N, level. The dry root weight,

lateral root length and lateral root surface area of seed-filling stage were positively correlated with yield. In summary, the
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increase of irrigation water and nitrogen application rate mainly increased the dry root density, lateral root length density and

lateral root surface area density in 0-40 cm soil layer of spring soybean under mulched drip irrigation condition. Well

developed root is the key factor of high yield of W,;N,. Under the conditions of this experiment, the suitable irrigation amount

of spring soybean under mulched drip irrigation was 3 375 m’ +ha~

", and the nitrogen application rate was 120 kg+ha™'. Under

2 -2

this condition, the maximum total dry root weight reached 119.80 g-m ™", the total lateral root length was 1 910.58 m-m ™",

the total lateral root surface area was 2.64 m>-m ™,

and the yield was 6 083.10 kg-ha™".

Keywords : mulched drip irrigation; water and nitrogen treatment; spring soybean; roots; yield
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Table 1 Rainfall during soybean growth in 2021
H (H.H) el H# (A, H) % T & H# (H.H) 6% ) 5
Date ( month-day) Rainfall/mm Date ( month-day ) Rainfall/mm Date ( month-day) Rainfall/mm
4.014.10 21.30 6.01-6.10 3.43 8.01-8.10 1.55
4.114.20 7.57 6.11-6.20 5.29 8.11-8.20 25.49
4.214.30 2.48 6.21-6.30 7.34 8.21-8.31 4.03
5.01-5.10 2.35 7.01-7.10 1.96 9.019.10 8.57
5.11-5.20 12.40 7.11-7.20 2.84 9.119.20 0.65
5.21-5.31 1.67 7.21-7.31 31.63 AT Total 92.78
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Table 2 Irrigation and pure nitrogen treatment

WK B KK R (A-H)

R H I A A B (A-H)

/lé\ i 7] =N ‘é‘ 5 =N
b Trrigation period ( month-day) / kit Nitrogen period ( month-day ) / LR
s 5 Total irrigation/ 5 5 Total nitrogen
Treatment (m* +hm ™) (m”+hm™%)
(m?+hm~?) /(kg-hm~?)
6-18 7-8 7-20 82 8-18 6-18 7-8
W, N, 375 375 375 375 375 1875 0 0 0
W, N, 375 375 375 375 375 1875 60 60 120
Wi N, 375 375 375 375 375 1875 120 120 240
W, N, 525 525 525 525 525 2625 0 0 0
W,N, 525 525 525 525 525 2625 60 60 120
W,N, 525 525 525 525 525 2625 120 120 240
W5 N, 675 675 675 675 675 3375 0 0 0
WiN, 675 675 675 675 675 3375 60 60 120
W;5N, 675 675 675 675 675 3375 120 120 240
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Note:A, B, C, D, E and F represent 0-100 cm, 020 ecm, 2040 c¢m, 40-60 cm, 60-80 cm and 80-100 cm soil layer,

respectively; Different lowercase represent significant differences between treatments (P <0.05 ), the same below.
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Fig.1 Total root dry weight and root dry weight density in different soil layers of each treatment
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Fig.2 Total lateral root length and the lateral root length density in different soil layers of each treatment
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Fig.3 Total lateral root surface area and the lateral root surface area density in different soil layers of each treatment
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Table 3 Yield, its components and fertilizer utilization rate of each treatment and the variance analysis

. A AR
s i&gjjﬂi , BRI bR R Pt MBI igf
Treatment harvested Pods number  Seeds number 100-seed Yield/ A IWUE/ NPFP/
et (o2 per plant per plant weight/g (kg-hm?) (kgem™) kg )

W, Ny 31.80 a 38.4 ¢ 86.2 cd 14.82 ¢ 4062.00 e 2.17 be -
N, 31.95 a 42.8 b 90.3 ¢ 14.76 ¢ 4248.30 e 2.27 a 35.40 ¢
N, 33.15 a 37.4 ¢ 85.1d 14.80 ¢ 4167.80 e 2.22 ab 17.36 e

W, Ny 32.10 a 43.6 b 95.2 b 15.42 be 4683.15 d 1.80 d -
N, 32.25 a 45.4 b 110.5 a 15.73 ab 5556.60 be 2.12 ¢ 46.31 b
N, 32.55 a 46.0 b 113.0 a 15.71 b 5639.40 b 2.15 be 23.50d
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. ﬁiﬁf‘ BHIH R FRE R iﬁf
Treatment harvested Pods number  Seeds number 100-seed Yield/ B IWUE/ \PED/
plants/ (B m-2) per plant per plant weight/g (kg-hm~2) (kg'm™3) gk )
W, Ny 31.65 a 44.2 b 110.5 a 15.19 be 5299.05 ¢ 1.57 e -
N, 32.55 a 52.2 a 113.2 a 16.52 a 6083.10 a 1.80 d 50.69 a
N, 33.15a 47.8 ab 108.2 a 15.93 ab 5755.20 b 1.71d 23.98 d
F o O#ER(W) 0.067 14.05* 63.07** 33.62%* 247.14* " 198.03 * * 181.12**
i (N) 1.677 4.34* 5.69"* 7.55%* 39.63 " 38.27" " 2082.49 " *
W xN 0.199 1.08 4,38 4.59* 7.30%* 6.29"* 25.82%*

T AR NE R A BRI A R VAT (P <0.05) , W x N AU K 1t 5 it S8 Bk A B ELA0NE, i 23 BIARRAFAE B (P <

0. 05) e fi 1 Femi (P <0.01)

Note: Different lowercase represented significant effect (P <0.05), W x N represented the interaction effect between irrigation amount and nitrogen

application amount, * and **
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represented significant effect (P <0.05) and extremely significant effect (P <0.01) , respectively.
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Fig.4 Analysis on relationship between yield and root dry weight, lateral root length and lateral

root surface area at seed-filling stage
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