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Effects of Reduced Chemical Fertilizer Combined with Chinese Milk Vetch
(Astragalus sinicus L.) Incorporation on Rice Yield and
Nitrogen Use Efficiency in Double—rice Cropping System
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Abstract: The effects of incorpotation of reduced chemical fertilizer combined with Chinese Milk Vetch
(Astragalus sinicus 1..) on rice yield and nitrogen use efficiency was studied in subtropical double-rice
cropping system. The experiment was carried out in a double-rice cropping system, and ten different
treatments (two levels of reduced chemical fertilizer combined with four different amounts of Chinese milk

vetch) were set to investigate the effects of different combination on the yields and nutrient use efficiencies of
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early- and late-rice. The results indicated that early-rice yields of all treatments which applied with 15 000~
37 500 kg/hm?®Chinese milk vetch and 80% recommend chemical fertilizer showed significant increasing, and
was 5.0%~13.2% higher than that of recommended fertilizer treatment (100%F). The early-rice yields of
treatments which applied with 15 000~ 22 500 kg/hm? Chinese milk vetch and 60% recommend chemical
fertilizer showed no significant differences with that of the 100%F treatment, while the early-rice yields of
treatments applied with 30 000~37 500 kg/hm? Chinese milk vetch and 60% recommend chemical fertilizer were
5.496~8.5% higher than that of 100%F (P <(0.05). Agronomic efficiency, partial factor productivity and
recovery efficiency of applied chemical fertilizer N of all treatments with Chinese milk vetch applied were all
significantly higher than that of 100% F in early-rice season. but no significant differences were found in
late-rice season. When nitrogen derived from Chinese milk vetch application was counted into the total nitrogen
input, agronomic efficiency of applied N of all treatments with Chinese milk vetch application showed
declining trends as the Chinese milk vetch increasing in early-rice season. Compared with 100 %4F, agronomic
efficiency of applied N of all treatments with Chinese milk vetch application showed no significant
differences, but N recovery efficiency was significantly decreased when the Chinese milk vetch application
was 37 500 kg/hm? and above. Soil total nitrogen content of all treatments with Chinese milk vetch application was
higher than that of 100%F, but the differences were not significant (P >>0.05). However, the differences of soil
available nitrogen content between 100% F and all treatments with Chinese milk vetch application were
significant (P<C0.05). Long-term application of Chinese milk vetch combined with chemical fertilizer showed
positive effects on yields and nitrogen use efficiency in both early- and late-rice seasons in subtropical
double-rice cropping system. Continuous application of Chinese milk vetch was conducive for soil organic
matter and total nitrogen content, and its impact on soil available nitrogen content improvement was significant.
Therefore, the combination ratio of Chinese milk vetch and chemical fertilizer not only can reduce chemical fertilizer
application, but also is an effective technique to improve rice yield and soil fertility in double-cropping paddy
field. Based on the experiment results and experimental area condition, 60% recommend chemical fertilizer
+22 500~30 000 kg/hm? Chinese milk vetch is appropriate.

Keywords: reduced chemical fertilizer; Chinese milk vetch application; double-rice cropping system; yield;

nitrogen use efficiency
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BRYET A BRI R A T 987 T A WOIR Je
7~10 R&Hk .10 HIKZE 11 Awlesk.
1.2 HRAR
1.2.1 K& Kty 2 B i K oF
(20 260 40 Yo W IE &) T 43 0 Bt 4 466 B2 Y 52 =
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CK 2512.9¢ 2091.4f 2970.6¢ 2338.6¢
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fb 7 L Wi i i e A
KL T R A T R A R FF AT KL R FF
CK 12.8 7.6 12.1 7.6 32.2¢ 15.9¢ 35.9¢ 17.8b
100% F 13.5 7.7 12.8 7.6 82.1b 29.9b 79.5b 36.1a
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80B 14.6 7.8 14.6 8.0 95.2a 32.9ab 92.5a 39.3a
80C 14.0 8.0 14.6 7.8 94.1a 36.4a 93.4a 39.2a
80D 13.6 7.6 14.0 8.0 93.6a 35.5a 90.0ab 40.6a
60A 14.1 7.9 13.6 7.3 83.7b 28.2b 83.8b 34.7a
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60C 13.2 7.6 13.9 7.8 84.6b 31.7ab 87.4ab 37.2a
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CK - - - -

1004F  23.8e 40.5d 42.6e 55.8ab
80A 32.2d 53.2¢ 65.0d 49.6b

80B 33.4cd 54.3¢ 66.7cd 50.1b
_80C 35.1cd 56.0¢ 68.7¢ 51.1b
T ep e 57.4c 67.5¢ 54.0ab
60A 38.0be 66.0b 70.9hc 53.7ab
60B 39.7b 67.7b 73.9b 53.8ab

60C 43.3a 71.2a 75.8a 57.1a

60D 45.4a 73.3a 79.1a 57.4a

CK - - - -

100%4F  18.0a 34.5a 14.3b 52.4a
80A 18.3a 34.8a 17.1b 48.4ab

80B 18.7a 35.2a 21.6a 43.1b
_80C 19.0a 35.5a 22.1a 43.4b
80D 19.2a 35.7a 20.2a 45.0b
60A 17.7a 34.2a 16.7b 49.3ab

60B 18.1a 34.6a 18.9ab 45.4b

60C 18.4a 34.9a 18.7ab 46.8b

60D 18.6a 35.1a 16.4b 50.0a
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2
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() AR~ ) FH SR B 2 58 25 0 340 T o 19 34 m i o A1 (3%
) ABTCIE S 20 %0 Uk T8 £ 19 4 AN Ak BEIA 2 40 96 B IR
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AbFAH LU 4T R s e . FEAE R AL IE B AT R R .
SV FUIE D 2B 77 07 Bl 5% 2 9 3 S A 3G g
W/ 20 0 0B 4 A AR B BR 80A &b B AU
A= 715 100 4F Z (0] 22 5 AN 1 35 Ak, Hofth 3 A~ 4b
PR BN A= 77 7 ¥ 1 AR T 100 %6 F , FEAR IR B2
4.0~8.9 kg/kg;40 %I AE 4 AL FEH L 60A Fl 60D
Ab ) SENE D A 7 g 43 ) B 3 s AR 1006 F
AbFE (P <C0.05) , 1Ml 60B il 60C 4b# 5 100 % F Z [H]
T EER. 5 100%F A A EL . 20 %6 Wk AR 2 4 4>
b B AR BR 80A AT 80D B ZUNE [T i = 4 1tk 3 v T AN
filKT 100 %6 F &b, HoAt 2 40 B IR 5 100 6 F
T 2 R 540 W IE R 45 A B 5 10040 F Z Al Y
ZHRH 200w EEMZMEHR %, 53 TR
I RACIE R TR R R — B2 7R m il
FH 2 A 45 9 251 T 5 20 Y0 sk A 2t 4% Ak B 19 3% 40 1) %6

WA T 5 2Z XF 8 19 40 Y6 Ik A B AL ¥ (P >>0.05) ,
F4 SEAARBEMEBTEABANGSESFAENHN

i REFMME, WA= I1/ [m] i %< /
(kg » kg™ ") (kg * kg™ %
CK — — —
1004 F 23.8ab 40.5b 42.6b
80A 24.3ab 40.1b 49.0a
80B 22.4b 36.5¢cd 44.8b
80C 21.2b 33.9d 41.6b
80D 20.1b 31.6d 37.2¢
60A 26.5a 46.0a 49.4a
60B 24.1ab 41.0b 44.7b
60C 23.2ab 38.1bc 40.5b
60D 21.8b 35.1cd 37.9¢

2.5 AEHEBLENTEFSSENZIE
M 5 FTLAE .5 FES R R R G A5 5 a0
i FH AR B A - 35 LT & i A (27.4 g/ke) I
PEFt, HAE S it AT A 4 T 2 9D Bl 25 = 0 ia
S NB T R R A . 2020 I B 4 S b
PR THIEE A 6.8%6~16.0%6 340 Y L& 1) 4 AL B
FIHETHIEEE A 6.9%0~13.5%, 4R & & 45t A ik
P 2ZES AR E HYET CK AR (P>0.05), H
20 %6 JEIE 8 4% b BRI 40 96 98 MR 4% A B A A L
P EA TR . FEEE A S RS K s iR
M Ak B 35 = F CK A 100 % F 4B B,
k5 FRLEMLTEFRSSENZN

A AHHLEL/ 2R/ AR/

Ak 38

(gekg H (g+kg ") (mg* kg™ »)
CK 28.43b 1.76b 142.04b
100 % F 30.89ab 1.84ab 147.69b
80A 29.25ab 1.87ab 170.03a
80B 31.45ab 1.89ab 164.13a
80C 31.79ab 1.97ab 180.07a
80D 31.70ab 1.95ab 178.21a
60A 29.30ab 1.91ab 178.63a
60B 30.72ab 1.94ab 171.65a
60C 30.94ab 1.95ab 178.00a
60D 31.11ab 2.04a 176.66a
3 W
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B R YR TR e EE R ERACAEY) . B R4
AR AR AE o g . 3 5 5 eI T T 7 — S
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FiE Y AR ERER AT 5 R
K18 t/hm® W] Rl it 40 20 B A HE EL O GIE A8 oK A 98
A WL ZR A XL Y 5 el B REA B 45 1/
hm? i, B AE £ JIE 368 it 60 26 473 RE 5 B B0 2 A 1Y 4%
PR AR WS AE R AR W] VT TR XTE 20 0 %
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