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Effect of combined application of Chinese milk vetch and nitrogen fertilizer
on nitrogen uptake, utilization and dry matter accumulation in early rice

QIAN Chenchen'?, WANG Shubin'?, YANG Binjuan'?, HUANG Guoqin"*""

(1. Research Center on Ecological Science, Jiangxi Agricultural University, Nanchang 330045, China;
2. Colleges and Universities Union of Ecology in Jiangxi Province, Nanchang 330045, China)

Abstract: This study evaluated the effect of combined application of Chinese milk vetch (4stragalus sinicus L.) and different
levels of nitrogen (N) fertilizer on dry matter accumulation and N use efficiency of early rice in order to determinate the
suitable N level under application of Chinese milk vetch. Field treatments were set with four N application levels (90 kg-hm ™2,
120 kg'hm™, 150 kg-hm™ and 180 kg-hm™) under 22 500 kg-hm™ Chinese milk vetch using the winter fallow field with general
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N fertilizer level (150 kg-hm™) as the control. In the experiment, Chinese milk vetch was planted in winter and incorporated into
soil in spring before early rice transplant, while N fertilizer was applied as base fertilizer, tillering fertilizer and heading fertilizer
with 5 ¢ 3 ¢ 2 rate. The rice plants were sampled at tillering, booting, heading, filling and maturity stages of the early rice. Dry
matter weight and N content were assayed, and the relative indexes were calculated. The results showed that all N application
treatments had higher dry matter accumulation than the control. Specifically, the treatments with Chinese milk vetch combined
with 90 kg(N)-hm ™ and 120 kg(N)-hm™? increased dry matter (9.65 t-hm 2 and 9.97 t-hm™?) respectively by 11.18% and 14.86%
compared to the control. Dry matter accumulation increased with duration of growth and peaked twice, one at sowing-tillering
stage (19.26%-24.77%) and the other at heading-filling stage (45.23%—52.75%). The combined application of Chinese milk
vetch and N fertilizer supported N integration that was beneficial to rice growth. The amounts of N accumulation of early rice
treated with Chinese milk vetch and N fertilizer were higher than the control, with increases of 6.95%—18.68%. Among the
treatments, that of Chinese milk vetch combined with 90 kg(N)-hm™ had the highest production efficiency of dry matter and N
harvest index, with respective increases of 3.94%—-14.08% and 6.65%—14.90% over other treatments. The results indicated that
combined application of Chinese milk vetch with 90 kg(N)-hm™ or 120 kg(N)-hm™ was satisfactory because they reduced N
fertilizer and increased N use efficiency at the same time, which was the ideal fertilization model for the study area.

Keywords: Chinese milk vetch; Nitrogen fertilizer; Early rice; Dry matter; Nitrogen uptake
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Table 1 Effects of different treatments on dry matter weight of population at main growth stages of early rice t-hm™
Treatment Tillering stage Booting stage Heading stage Filling stage Maturity
A 2.15+0.12a 2.62+0.05¢ 3.78+0.09b 8.05+0.24b 8.68+0.14c
B 1.95+0.06a 3.06=0.06b 4.45+0.04a 9.40+0.15a 9.65+0.27ab
C 1.92+0.14a 3.58+0.17a 4.66+0.13a 9.42+0.42a 9.97+0.24a
D 2.09+0.07a 3.04+0.16b 4.54+0.12a 8.81+0.46ab 9.440.29ab
E 2.16+0.09a 2.70+0.04bc 3.78+0.02b 8.58+0.17ab 9.10+0.06bc
A: +150 kg(N)-hm™%; B: +90 kg(N)'hm™; C: +120 kg(N)'hm™; D: +150 kg(N)-hm™; E: +180 kg(N)-hm™
3 + ;

(P<0.05) A: winter fallow with 150 kg(N)-hm™2 application in

early rice; B: Chinese milk vetch plantation in winter and incorporation in spring combined with 90 kg(N)'hm’2 application in early rice; C: Chinese
milk vetch plantation in winter and incorporation in spring combined with 90 kg(N)-hm™ application in early rice; D: Chinese milk vetch plantation in
winter and incorporation in spring combined with 90 kg(N)-hm™ application in early rice; E: Chinese milk vetch plantation in winter and incorporation

in spring combined with 90 kg(N)'hm’2 application in early rice. Values in the table are mean + SE of 3 replicates. Different lowercase letters in the
same column mean significant differences at 0.05 level.

2.1.2

( 2,
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Table 2 Dry matter accumulation and its ratio in main growth stages of early rice under different treatments

Sowing—tillering stage Tillering—booting stage Booting—heading stage Heading—filling stage Filling—maturity stage
Treatment

DMA RTDM DMA RTDM DMA RTDM DMA RTDM DMA RTDM

(thm™) (%) (thm™) (%) (thm™) (%) (thm™) (%) (thm™) (%)

A 2.15+0.12a 24.77 0.47+0.11b 5.41 1.16+0.11ab 13.36 4.27+0.30a 49.19 0.63+0.27a 7.27

B 1.95+0.06a 20.21 1.11+0.12ab 11.50 1.39+0.06ab 14.40 4.95+0.13a 51.30 0.25+0.40a 2.59

C 1.92+0.14a 19.26 1.66+0.28a 16.65 1.08+0.17b 10.83 4.77+0.44a 47.84 0.55+0.27a 5.52

D 2.09+0.07a 22.15 0.95+0.09b 10.06 1.50+0.04a 15.89 4.27+0.34a 45.23 0.63+0.18a 6.67

E 2.16+0.09a 23.74 0.54+0.13b 5.93 1.08+0.03b 11.87 4.80+0.19a 52.75 0.52+0.14a 5.71
A: +150 kg(N)"hm™; B: +90 kg(N)'hm™; C: +120 kg(N)'hm%; D: +150 kg(N)'hm™%; E: +180 kg(N)-hm™

DMA: ; RTDM: 3 + ;

(P<0.05) A: winter fallow with 150 kg(N)-hm 2 application in early rice; B: Chinese milk vetch plantation in winter and

incorporation in spring combined with 90 kg(N)-hm™ application in early rice; C: Chinese milk vetch plantation in winter and incorporation in spring
combined with 90 kg(N)-hm™? application in early rice; D: Chinese milk vetch plantation in winter and incorporation in spring combined with
90 kg(N)'hm™ application in early rice; E: Chinese milk vetch plantation in winter and incorporation in spring combined with 90 kg(N)-hm™
application in early rice. DMA: amount of dry matter accumulation at the growth stage; RTDM: ratio of dry matter accumulation to total accumulation
in the growth stage. Values in the table are mean + SE of 3 replicates. Different lowercase letters in the same column mean significant differences at
0.05 level.

, . 46.50%, A E
19.26%~24.77%  45.23%~52.75%,  (P<0.05), 7.83 4.75
(P>0.05) — :
C , A D E , (P<0.05),
(P<0.05); — , D A . 41.33%; D
, C E(P<0.05), 38.89%; . 14.00%, ABE (P<
— 0.05)
(P>0.05) : ,
2.1.3 18.50%~ 23.50% 64.50%~68.67%
« 3 D , C
: (P<0.05); B A CD
C (P<0.05)
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Table 3 Dry weight ratios of stem-sheath, leaf, panicle at middle and late stages of early rice under different treatments %

Ratio of stem-sheath Ratio of leaf Ratio of panicle
Treatment

Heading stage Filling stage Maturity stage Heading stage Filling stage Maturity stage Heading stage Filling stage Maturity stage

A 38.67+£0.33¢  28.00+0.58a  22.00+0.58a 41.33+0.33a  18.00+0.00a 11.67+0.67bc 20.00+0.58ab 54.00+0.58a 66.33+0.33bc

B 43.33£0.67ab 27.67+1.67a  20.67+1.20a 36.67+0.33¢  21.66+2.67a 10.67+0.33¢c  20.00+1.00ab 50.67+4.33a 68.67+0.89a

C 46.50+1.44a 26.25+1.25a  20.75+0.75a 35.00+0.41d  17.75+0.75a 13.25+0.48ab 18.50+1.71b 56.00+1.87a 66.00+0.71bc

D 43.50+0.50ab 26.50+0.50a  21.50+0.50a 33.00+0.00¢  19.00+0.00a 14.00+0.00a 23.50+0.50a 54.50+0.50a 64.50+0.50c

E 41.75+£0.75bc 28.50+0.87a  20.25+0.25a 38.25+0.63b  18.50+0.29a 12.00+0.41bc 20.00+1.29ab 53.00+£1.00a 67.75+0.25ab

A: +150 kg(N)'hm™2; B: +90 kg(N)-hm™; C: +120 kg(N)'hm™?; D: +150 kg(N)'hm™?; E: +180 kg(N)-hm™
3 + ; (P<0.05) A: winter fallow with 150 kg(N)'hn(2 application in

early rice; B: Chinese milk vetch plantation in winter and incorporation in spring combined with 90 kg(N)-hm™ application in early rice; C: Chinese
milk vetch plantation in winter and incorporation in spring combined with 90 kg(N)'hm’2 application in early rice; D: Chinese milk vetch plantation in
winter and incorporation in spring combined with 90 kg(N)-hm™ application in early rice; E: Chinese milk vetch plantation in winter and incorporation
in spring combined with 90 kg(N)-hm™ application in early rice. Values in the table are mean + SE of 3 replicates. Different lowercase letters in the
same column mean significant differences at 0.05 level.
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Table 4 Dry matter transformation of early rice under
different treatments

Dry matter
exportation from
stem-sheath and

leaf (t-hm™)

Output percent of dry Apparent
matter from stem-  conversion rate
sheath and leaf (%) (%)

Treatment

0.11+0.01¢ 3.31+0.07¢ 2.20+0.06¢

0.54+0.01a 15.17+0.43a 9.41+0.08a
7.17+0.10b

2.39+0.12¢

0.41+0.02b 10.79+0.43b

0.12+0.01¢ 3.46+0.08¢c

m g QO w >

0.09+0.01¢ 2.98+0.10¢ 1.66+0.07d

A: +150 kg(N)'hm™?; B: +90 kg(N)'hm™; C: +
120 kg(N)-hm2; D: +150 kg(N)"hm™; E: +180 kg(N)-hm™
3 + ;

(P<0.05) A: winter fallow with 150 kg(N)hm™
application in early rice; B: Chinese milk vetch plantation in winter and
incorporation in spring combined with 90 kg(N)-hm™ application in
early rice; C: Chinese milk vetch plantation in winter and incorporation
in spring combined with 90 kg(N)'hm’2 application in early rice; D:
Chinese milk vetch plantation in winter and incorporation in spring
combined with 90 kg(N)-hm™ application in early rice; E: Chinese milk
vetch plantation in winter and incorporation in spring combined with
90 kg(N)-hm™2 application in early rice. Values in the table are mean +
SE of 3 replicates. Different lowercase letters in the same column mean
significant differences at 0.05 level.
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40
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Fig. 1 Nitrogen accumulations at main growth stages of early rice under different treatments

A: +150 kg(N)-hm™; B:
180 kg(N)-hm™

+90 kg(N)-hm™; C:

+120 kg(N)'hm™?; D: +150 kg(N)-hm™; E: +
(P<0.05) A: winter fallow with 150 kg(N)-hm™ application in

early rice; B: Chinese milk vetch plantation in winter and incorporation in spring combined with 90 kg(N)-hm™ application in early rice; C:
Chinese milk vetch plantation in winter and incorporation in spring combined with 90 kg(N)-hm ™ application in early rice; D: Chinese milk
vetch plantation in winter and incorporation in spring combined with 90 kg(N)'hm™ application in early rice; E: Chinese milk vetch
plantation in winter and incorporation in spring combined with 90 kg(N)-hm™ application in early rice . Different lowercase letters mean

significant differences at the same growth stage at 0.05 level.

2.2.2 ,
5 , B ;
E (P<0.05)
, C D E R C B(P<0.05);
B(P<0.05), , , D B(P<0.05);
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Table 5 Nitrogen contents and uptakes of stem-sheath, leaf, panicle at maturity stages of early rice under different treatments

Total nitrogen content (%) Nitrogen uptake (kg-hm™)
Treatment Stem-sheath Leaf Panicle Stem-sheath Leaf Panicle
A 1.14+0.13ab 2.08+0.15a 1.45+0.04bc 21.67+1.97ab 21.03+1.24ab 83.60+1.49b
B 1.01+0.04b 1.83+0.15a 1.45+0.00bc 19.96+0.93b 19.16£1.70b 95.96+2.20a
C 1.36+0.03a 1.81£0.07a 1.4140.02¢ 33.48+5.64a 23.73+1.58ab 92.68+2.77a
D 1.34+0.11a 1.87+0.02a 1.50+0.03b 27.52+3.63ab 24.29+0.58a 91.33+4.02a
E 1.43+0.10a 2.03+0.06a 1.57+0.01a 26.61+1.99ab 21.9240.73ab 96.80+1.05a
A: +150 kg(N)'hm™2; B: +90 kg(N)-hm™; C: +120 kg(N)'hm™?; D: +150 kg(N)'hm™?; E: +180 kg(N)-hm™
3 + ; (P<0.05) A: winter fallow with 150 kg(N)'hn(2 application in

early rice; B: Chinese milk vetch plantation in winter and incorporation in spring combined with 90 kg(N)'hm’2 application in early rice; C: Chinese
milk vetch plantation in winter and incorporation in spring combined with 90 kg(N)-hm™ application in early rice; D: Chinese milk vetch plantation in
winter and incorporation in spring combined with 90 kg(N)'hm’2 application in early rice; E: Chinese milk vetch plantation in winter and incorporation
in spring combined with 90 kg(N)-hm™ application in early rice. Values in the table are mean = SE of 3 replicates. Different lowercase letters in the
same column mean significant differences at 0.05 level.

4 (P<0.05), E ,
A(P<0.05) , B
2.2.3 , 71.44 kgkg”  71.04%

3 the54%ie

(NDMPE) ;
B [16] [13]

, 3.94%~14.08% 22 500 kg'hm72 R 100% (N
(NHI) 150 kg'hm™  P,0575 kg-hm™  K,0 120 kg-hm™)
20%, 18.8%,
61.83%~71.04%, B 40%~60%

[17]
x6 BFLEPEBHAZTUREFYERNDMPE)FR
W 3X 38 EL(NHI) sy
Table 6 Nitrogen dry matter production efficiency (NDMPE) 5

and nitrogen harvest index (NHI) of early rice under different

treatments ’

= 18.8%~26.9% )
Treatment NDMPE (kg'kg ™) NHI (%)

A 68.73+4.31a 66.19+1.08bc ’

71.443.08a 71.04+1.45a ,

66.52+2.87a 61.83+1.35¢ 120 kg-hm™

65.95:7.97a 63.80+1.43bc — ,

m g O w

62.62+1.84a 66.61+1.08b
A: +150 kg(N)'hm™; B: +90 kg(N)'hm™?; C: + 10.01% [19]
120 kg(Ny'hm™; D: +150 kg(N)'hm™; E: +180 kg(N)hm™
3 +

(P<0.05) A: winter fallow with 150 kg(N)hm™
application in early rice; B: Chinese milk vetch plantation in winter and
incorporation in spring combined with 90 kg(N)-hm™ application in ’
early rice; C: Chinese milk vetch plantation in winter and incorporation 150 kg.th2
in spring combined with 90 kg(N)-hm™ application in early rice; D:

Chinese milk vetch plantation in winter and incorporation in spring 180 kg~hm’2

combined with 90 kg(N)-hm™> application in early rice; E: Chinese milk 2 -2

vetch plantation in g;f/in)ter and Ii)rrl)corporation inyspring combined with 90 kg.hm 120 kg.hm ’
90 kg(N)-hm™ application in early rice. Values in the table are mean +

SE of 3 replicates. Different lowercase letters in the same column mean

significant differences at 0.05 level. , ,
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