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Effects of chemical fertilizer reduction on rice yield and soil fertility in
yellow-mud paddy field under the continuous return of milk vetch
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Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract: [ Objectives ] We studied the effects of different chemical fertilizer reduction rates on rice yield and
paddy field fertility under the long-term return of milk vetch (4stragalus sinicus) for efficient and sustainable rice
production. [ Methods ] The field experiment was carried out in Fujian Province from 2009 to 2019, with
cropping system of single-rice cultivation followed by milk vetch planting. There were seven fertilization

treatments: no fertilizer application (CK), conventional chemical fertilization rate (100%F), applying 100%, 80%,
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60% and 40% of the conventional chemical fertilization rate under the return of milk vetch (M+100%F, M+80%F,
M+60%F, M+40%F), and milk vetch (M) only. Rice grain and straw samples were collected at the rice harvest
stage to detect the N, P, and K content, rice grain yield and amino acid content from 2017 to 2019. Soil samples at
0—20 cm depth were collected in 2019 at tillering and maturity stage for the determination of soil bulk density, pH,
organic carbon, microbial biomass nitrogen (MBN) and soluble nitrogen. [ Results ] Compared with CK, the rice
grain and straw yields in all the fertilizer treatments (P<0.05) increased by 11.4%—21.3% and 17.1%—39.0%, respectively.
Compared with 100%F, M+100%F and M+80%F increased rice yield by 3.7% and 3.0%, straw yield by 5.1% and
5.6%, while the other treatments produced similar grain and straw yields. M+80%F increased N uptake by 75.4%
and 5.7% at peak tillering and maturity stage, increased the total and essential amino acid contents in grains by
5.2% and 6.7%, while the M+less than 60%F decreased the total and essential amino acid contents. Compared
with the 100%F treatment, treatments including M increased soil nutrient contents by 7.3%—4.3%, soil MBN by
—1.0%—-23.5%, total N by 9.4%—14.1%, and organic matter by 7.9%—12.0%. [ Conclusions ] On the basis of
annual returning of 18000—22500 kg/hm’ milk vetch to the soil, applying 60% of the conventional rate of chemical
fertilizer in the middle and low yield paddy field could maintain rice grain and straw yield. Applying 80% of the

conventional chemical fertilizer rate could improve soil properties, stimulate rice N uptake, yield and nutritional

quality, indicating it the optimum application rate.

Key words: rice; milk vetch; fertilizer reduction; soil fertility; nutrient absorption; grain quality
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by fLHE Chemical fertilizer 4§ 9% Milk vetch return

Treatment N P,0; K,0 N P,0; K,0O
CK 0 0 0 0 0 0
100%F 135.0 54.0 94.5 0 0 0

M+100%F  135.0 54.0 94.5 81.0 18.2 54.7
M+80%F 108.0 432 75.6 81.0 18.2 54.7
M+60%F 81.0 324 56.7 81.0 18.2 54.7
M+40%F 54.0 21.6 37.8 81.0 18.2 54.7

M 0 0 0 81.0 18.2 54.7
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PEH60%ILAL . MH40%F—ETHA40% LI . M—EE R, HRH
BHE 1920250 kg/hmA18

Note: CK—No fertilizer, 100%F—100% fertilizer, M+100%F—Milk
vetch+100% fertilizer, M+80%F—Milk vetch+80% fertilizer, M+60%F
—Milk vetch+60% fertilizer, M+40%F—Milk vetch+40% fertilizer,
M—Milk vetch. The returning amount of milkvetch is 20250 kg/hm?.
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Fig.1 Dynamics and the average rice grain yield and aboveground biomass as affected by fertilizer reduction under the
continuous return of milk vetch from 2009 to 2019
H: CK—AEAE; 100%F—100% AL ; M+100%F—% = 3e+100% FLHE ; M+80%F—% = 3i+80% UL ; M+60%F—% = 3+60% FLIL ;
M+40%F—4 = H+40% fLAE; M—E =3, #F FR[E/NG TR AL IR ] 25 57 B3 (P<0.05).
Note: CK—No fertilizer; 100%F—100% fertilizer; M+100%F—Milk vetch+100% fertilizer; M+80%F—Milk vetch+80% fertilizer; M+60%F—Milk
vetch+60% fertilizer; M+40%F—Milk vetch+40% fertilizer; M—Milk vetch. Different small letters above the bars indicate significant difference

among treatments at 0.05 level.
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Fig. 2 Response of rice grain yield and aboveground biomass to milk vetch return and chemical fertilizer reduction
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Table 2 Rice yield and yield components as affected by continuous milk vetch return and chemical fertilizer reduction

pise | FERL= HE (kg/hm?) R (x10%hm?) FERIEL THRE (g)
Treatment Grain yield Effective spike number Grain number per spike 1000-grain weight
CK 6920.6+313.6 d 169.84+3.80 d 163.30+6.70 a 22.85+0.31 a
100%F 8161.7+35.7b 208.90+6.70 ¢ 154.50+13.90 a 23.40+0.27 a
M+100%F 8478.7+157.8 a 223.69+4.22 a 169.00+13.41 a 23.32+0.12 a
M+80%F 8412.5+163.8 a 228.60+2.07 a 156.91+12.69 a 23.24+0.40 a
M+60%F 8137.5£159.5b 226.89+1.69 a 160.39+10.54 a 23.43+024 a
M+40%F 7951.0+141.0 ¢ 223.71+£3.55 a 172.74+13.67 a 23.344+0.17 a
M 7740.5+247.1 ¢ 215.10+£5.40 b 148.90+28.1 a 23.52+0.48 a

i CK—AHNE; 100%F—100%AKAE ; M+100%F—% = 3+100% L ; M+80%F—% = 3+80% AL ; M+60%F—4 £ 3e+60% LI ;
M+40%F—% B +40% LA ; M—E mHE, FPRFZE H2009—20194EF =8, P MR R % h2017—20 1945 F 3 {E, Bl b F1
{H=SD. [F]—3E 5 ARl FREFROR [R]— 8 bRrE AN IR AR B 22 57 9. 2% (P<0.05).

Note: CK—No fertilizer; 100%F—100% fertilizer; M+100%F—Milk vetch+100% fertilizer; M+80%F—Milk vetch+80% fertilizer; M+60%F—Milk
vetch+60% fertilizer; M+40%F—Milk vetch+40% fertilizer; M—Milk vetch. Grain yield was the average of 11 years, and the yield components were
the average of 2017-2019, the data were mean+SD. Different small letters after data in the same column indicate significant difference among

treatments at 0.05 levels.
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FHLE, 58 25 0 3% 25 B O T it A 1) FH o A0 A X 7K A
FERLTRL TG 35 52 M o 3 150 Y B T AR A% R
58 2 R S A A Tt R Pt T A K A o A 2
SR EZMRE o BRI B () 5 10 4EHE
A R E () AR, R EZ RN
T y=—15.43x+13167 (R*=0.9550%*) £/~ (& 2b),
2.2 KREEEESEFEIDKEERSE SRR ER
A

HRIEEE 11 4F (2019 4F) 43 BEWI 25 Ak BIUK RE AR 77
SAATEE R (3% 3), HEACALFEIIHR & T o BEHH K RS AR

BRA. B, WO, 5 CKAMLL, BEiREHIR 43.1%~
77.6%. 3.9%~26.6%. 13.6~32.8%. #5iti A BLAH
A S &5 CK AR L, SR WK,
LI M+100%F . M+80%F AbFE )& & & fcimi, 4330
23.58 fi123.29 g/kg, L CK AAH ST
77.6% H175.4%, Lt 100%F AP/ B2 5 T 24.0%
F122.5%. HIRHE M+40%F Al M+60%F AbFE , #5
UL M+60%F ., M+80%F 4B fi 5, & 455k
3.24 F13.20 g/kg; B & i A& M+80%F Ab 2
(28.47 g/kg), 5 CK 5% ; HUE M+100%F Al
M+60%F b3, #5555 26.17 F1 27.04 g/kg,
5 CK Z 5 Rk B E KT,

TR AF B Y K R AL RS FE R 40 & R
it Ak PR SA B v T OK R AR A S 5, 5 CK AL,
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RE RN 5.9%~56.8%, M+80%F &bI ki
AT B, K 100%F FEERMT 39.9%, 45
AFRIRDKFEFFRCRE . PR SR E 2R

AN TRt HE A BR ) K REREFT L. B . B & LA
CK A3 S ik 2 B FEAE S, Hd M AR A 5 =
BCK A FR I AL, HARKOIMFETA . W, #
T 5 CK A HEAH L C i 25 57

4 WoR, AT AL B K REAE MROFRL AL . W .
PR B B CK AL BR A3 3  14.9% ~43.7%,
3.3%~26.4%, 4.2%~34.9%, HH M+80%F AbH )
FRRLA . . PR R, HAFR MRS
CK AL 3R b A 3 25 5 1 EOK -, 5 100%F 4bFHAH
FEER S 1 39.9%, FPRIAI SR 5 M A BEAH [
KE R B E K. 100%F ., M+100%F . M+80%F
WCFREFFRLA . WL PRRE E R AR . A
b BE KRR ARG AT 2. B L B IO B CK Ay il B
5.9%~50.3%, 14.8%~37.0%, 2.5%~28.5%, Hrh
M+80%F . M+100%F 4bHFEFFL . . APk
#hEE, #S CK A2 Fak W E K, A
T EES . S KR EA R B, &
SRS CKARFEAT HI3E N 14.3%~38.8%, 4.6%~
25.4%, 2.9%~24.2%, HPRE. HERKES
CK AbHfiZz R ¥k W EIKF-. IAh, BiRWIESE S
B 5 AL it 45 A B 100%F A FEAH H G i 3 2%
S, BRI RR M ALBSN —H B R E AR

A 3550y REL 7 (6 5) KA, B M 4b
HAN, HARAMIEA PR Z BRI N R R, RER
At R 27.12~90.42 kg/hm?, BEEHAH N 153~
46.10 kg/hm?; M+100%F ., M+80%F . M+60%F Ab i
HZR B4y 4.7~39.2 kg/hm?, 1 100%F ., M+40%F .
M AL B S  10.56~36.45 kg/hm®, W48 < e 4 4
BESAEGMERA B TRIIESREA . .
PSR IT-FH
2.3 E-EEEPEMLARBESKEFNEE
BREErEn

P A 58 o o 34 2 T R B AR IS it et A K AL 1Y
AL (B 3) M9, MEIEEE & T KRR
WREMEG RO, 5 CK A, #5Ee b3
IKFEAF R T 2 IR & S IR 11.1%~19.4%, &
BRI 11.5%~20.7%, H4lE¥ ik B K
o 5 100%F ZbBEA L, M+100%F 4 B A KA 24
e A SR 5 AL D B R 5.2% F6.7%
(P<0.05), AkZLi/DE R, FPhioh s E M A

R S LT RS, 455 100%F A #H TG W 3
ZE5
24 ERREGSEESAERRG DIEBALMR
=RpA

S B 5 < B T 4 AL AN AR AR R R
(£ 6)o 5 CKALFHAH LY, jifi AL AL B4 4R 3 T 3960k
ARk AL SR A RO SR
HE 9N 6.7%~21.9% . 4.8%~17.4%. 4.9%~
19.7%. 22.9%~69.6%. 33.1%~123.3%, 5 100%F
FLE, 25 B 4 oAb B + U W a5 4R
BT 4.8%~14.3%, M+100%F Ab R & 0 iRk i 3%
IR o A R it i P 38, - S A A RUR AT
BHRASTEE TRES, 5 100%F A, £
B R AL 3 4 e A W B AR S 4.8%~14.3%, X
YR AR E-1.0%~23.5%, M+100%F 1 M+80%F
REEER FIR A A AR E RS RS T
100%F ZbBE, M+100%F Ab BR3P R
AT PE L 100%F A0 A3 3 5 T 23.5% FI
14.2%; M+80%F Ab¥ i) - 56 Ak 4 A5 4 i E A mT
PEA L 100%F b3 73 53¢ T 13.1% F1 18.4%, 1H
ZERMADE, WA, KPS0 T R £
BAVL . 2. WA, SRS AR, 5
100F% Ab3AH L, S n 5B R A B 2R S m it
T 9.4%~14.1%, APRSEEREE T 7.9%~12.0%.
Horft M+80%F A3 B HIEA ML . 2R .
A A B, 5 100%FAEAHLL, x4t
TR T 8.3%. 10.9%. 8.9%. 67.8%,
HZES¥REBEKFE A, 5 CK AL, it
M pH ¥ L 2R, HRNBESE R AR
R B A E A, o e B A6 R e — a2 i
FER R AR

3 e

30 EEHEEZEMNITERSERNZMRIE
BB ESE

FRE 28 2= PR3 RE AR IR A R0 i, SR +
BAMRKIMEN, HER KL S SR EH,
DB A G . B R ORI, EA R
WIEZRE ST, PN P R R SRy,
YN 22500 kg/hm? A LR A] A R LR &R
112.5 kg9, pehh, BnIAE N GRHEY HAR Rif
REJT WP LR LR, BE VA A 038 rh 358 43 X VA 1k ol
B RN EY AT R B AR L T, AR K
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O W & FER Essential amino acid
80 M ZILMR A& Total amino acids
70 L b a b ab b b

60 |
50 t
40 |
30 t
20 |
10 |

RHER S Amino acid content (g/kg)

CK
100%F
M+100%F
M+80%F
M+60%F
M+40%F

3 RERESHERCERETHEAITNEERSE
(2019 )

Fig. 3 Amino acid content in rice grains under continuous
milk vetch return and chemical fertilizer reduction in 2019
F: CK—Atifil; 100%F—100% fLAL; M+100%F—% =
BE+100% LA ; M+80%F—4 = 5+80% LI ; M+60%F—%=
Pet60% LI ; M+40%F—5 2 55+40% 1Ll ; M—% =, # 1
ANE/NG FHAR F AL TR 22 573 8 2 (P<0.05),

Note: CK—No fertilizer; 100%F—100% fertilizer; M+100%F—Milk
vetch+100% fertilizer; M+80%F—Milk vetch+80% fertilizer;
M+60%F—Milk vetch+60% fertilizer; M+40%F—Milk vetch+40%
fertilizer; M—Milk vetch. Different small letters above the bars

indicate significant difference among treatments at 0.05 level.

Wi AR s 25 AL B R B R sl T
AP, SRR B ML R, HAEREK
T, R REMA T HIEAR, AN
THERHPRZSE, b 100%F AbF Y4 % A
N 9.4%~14.1%. XULH, L = P4 e
M AL BRI e, X | BE SRR
PRt A R AT B — e R R R e RAEH

AENAI AT RIA RN, R 5 A AR
Jiti B A5HE R K RS AR e L R DL SRS AT
P, 5 100%F B EL, KRG LSRR e
It FPRLLL SRS FFARE S i i B R Y2 M+ 100%F
I M+80%F AbFE; F=ig AR, TR EERNE
M+60%F AbFHE ; ik i R A 2 M+40%F F1 M 4k
B, ARAE RN ] (x) FIOK RS RERL S B (v) P B4k
)95 FE y=—7.4541x+8403.9 (R=0.9424**) F /1%,
100%F b B REFFRL =5 10 4FF-2{A 8099 kg/hm?
RATFTRAFH x R 40.9% . X 2% B 1k AR vl it Lt 451 A
40.9% W, KAFFFALZH AT 5 100%F 23557, 1k
FESS it LU ) (o) Rl bR A 7 d (v) PR LR Il
JE y=—15.43x+13167 (R*=0.9550**) &/, #F 100%F
Ab KRG A7 i 10 S 12556 kg/hm® 1L
AT FEH x 2 39.6% X R BILALIRE L1 39.6%

Bf, KAEHL EE8A Y= T 5 100%F ZbBE 55, LU
IR AE UL, e AR AR B E L = 9K 18000~
22500 kg/hm® 2544, A OR7K AR b F 30 A= 97 1 A
FERL i 5 100%F ABR = it R4 AH Y, e 2 Al s
L2y 40% HAEH &, HAED 20% AT H i I 8cR
I, Mo b AP FORERL ™ 1R R R T 100%F
AhFR, HCATFIESE S S AT 4 s e —B, 5
GIHTAS [F AL SR REFF R 5 5 1B AE 7™ 5 2009
—2019 4FFifi 5 47 B 19 B3 7= i IR AR, B SR
= YEA AL PR3 7 R E AR T 100%F b3, X iE—
Ut B 22 A B R R 48 2 o it D A A
FN 5 AE 4 58 DU SRR 7= SR . 7R 0B 2
ne, BEE IR RS, KRR ARG A

AW, A 40% VL, XA RS
AWFFE

3.2 E-ESKIRECEITKIESERITFAAERN
A

7T, A HLICHLAE B it 7T A5 %500 1 7K A it
R B BRSPS R TR R, R E
Prreidie o, RORER . 2 SRR 1 it DL S T 2 Sk
PRI it . A BRSSP P R DK G 5 T T A
FRRE, AHRER DR, 5 100%F ZHAHL, %
SLRIE S 0, I Bo i A AT A R s A R W
W SRR TR A i, M+100%F AbBR 1) FFFL
Whis BB 5 E R S 1R 5.2% 5 6.7%,
ZRHEE, AR RN, FOREIR & 20
IKBR T 2 SRR AL, RS2 B EERY . JRiEe
Tt A 2% R 3R BRI o AS e AR IR R TR 5 = 0
AL B AU A it F 2 55 1 R, KRR R I R 5
A 100%F ZAbHE W de s, HEHATgem T, —&
JRAEAE T A AR AR U 100%F Kb 2R 5 42
WA= 1] M+80%F AP & 48 100%F AbH4R 5
T 39.9%, HTAREWERRENA TS, e
RRAK P96 0% 22 i RN I 23 25, DT I e O &4
M, RHFEIER G N, —REREGIESAFEEN
W, e, BEL BS. BR. BRAE, JKFEAEARIIL
TR M, AR TR A, A R
— WA . A, 5 CKAHLL, ¥k 51k
I PC 7 5 Ak B %) 7K e b B A AR SR L R
DLEASA e 4w, Hrph Ll M+100% F Al
M+80%F AbHifE i i . 5 100%F A FRAHLL, 7E
KBTS 2044 T, BUi 100%F Fi 80%F Ab 3
7K R b b AR W L ORFRL DL SRS A AR T i AR
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F, BRET 3.0%~5.6%, H2ZSIHikEEKT;
M+60%F AbHLA K FE R . G AT 7= 5 A i L6 2E 9
HEEARE . X ULHAE B R 28 = 9 18000~22500
kg/hm? 5, FCiE 100% 1EAE (N 135 kg/hm?, P,0; 54
kg/hm?. K,0 94.5 kg/hm?) 5§, 80% L IE I} BEA S i

YER X IR Wi, MmifEdb A K, AR =&
InT
4 ZEip

By R EREAE R £ =3 18000~

22500 kg/hm?® 2514, it 60%~80% 1Y & A it 1k
B, AT AR 7K AR ML AR ) i FORF R R AS R AIR
Wit 80% Ay AL AL, AT s e fb s &
AR REE, BREKREA R R i, H W R
e bbb A e ROR R A, DAL 2 S A A U
PR BTG RN S A R 40 PR I
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