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Abstract; In order to clarify the best fertilization method for reducing application of chemical fertilizer, high
yield and stable yield of rice, a study based on an 11-year long-term experiment in the rice-growing area of South
Henan Province was established. The experiment including five treatments no fertilization (CK) , chemical fertilizer
(100% F) , 22 500 kg/ha Chinese milk vetch +80% chemical fertilizer (G +80%F) , 22 500 kg/ha Chinese milk
vetch +60% chemical fertilizer (G +60% F) and 22 500 kg/ha Chinese milk vetch +40% chemical fertilizer (G +
40%F). The inter-annual variability, coefficient of variation (CV) , sustainable yield index (SYI) of rice yield and
the characteristics of fertilization treatment, environment and the interaction between them based on the additive main
effects and multiplicative ( AMMI) model, were analyzed to comprehensively evaluate the effects of long-term appli-
cation of Chinese milk vetch combined with reduced chemical fertilizer on rice yield stability. Results showed that fer-
tilization significantly increased the annual average yield of rice. Compared with no fertilization, the rice yield of
chemical fertilizer and Chinese milk vetch combined with reduced chemical fertilizer treatments increased by 21.26%

and 19.55% -23.25% , respectively. The highest average yield of rice was from the treatment of G +60% F. Fertili-
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zation reduced the CV of rice yield, and the CV of G +40%F treatment was the lowest, followed by G +60%F treat-
ment. The SYI of Chinese milk vetch combined with reduced chemical fertilizer treatments was higher than that of
chemical fertilizer and no fertilization treatments. The AMMI model clearly explained the interactive effects of fertili-
zation treatments across environment and it was a good method to evaluate stability of rice yield under long-term ferti-
lization. The stability parameter was CK >G +80%F >100%F > G +60%F > G +40%F. Considering the benefits of
high yield, stable yield of rice and reducing the usage of chemical fertilizer, we determined that the effect of apply-

ing 60% chemical fertilizer combined with 22 500 kg/ha Chinese milk vetch was the best.

Key words: Rice; Chemical fertilizer reduction; Chinese milk vetch; Yield stability; Coefficient of variation;

Sustainability index; AMMI model
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Tab.1 Major meteorological data during rice growth period

TiH Ttem 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
HEE/C Daily mean temperature ~ 23.29  22.94  22.87  23.06  24.17  24.60  22.94  23.03  24.11 2422 24.54
P& 1/ mm Precipitation 1071.90  645.60 859.70  492.40 738.00 832.10  903.80  709.10  903.00 967.80  637.50
H HEAF%/h Sunshine hours 735.20 805.50  821.40 882.30 853.60 1064.30 806.10 920.50 967.20  946.30  991.00

AHRANE/C

Effective accumulated temperature

2439.10 2378.80 2373.50 2404.10 2598.20 2 687.30 2374.20 2397.00 2586.30 2610.30 2 656.30

1.2 Rt
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HE(CK) ; @i L AL (100% F) ;322 500 kg/hm® %8
= +80% fLAE (G +80% F) ;@22 500 kg/hm® 482

¥ +60% IE (G +60% F) ;322 500 kg/hm® 482
P +40% HUIE(G +40% F) . BRI 4 RER,
e AR, LA (5 1 5, TR AP T a)
WA EE RS 3 FhEh 22,5 ~30.0 kg/hm® | AL
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Tab.2 Average annual yield of rice in different fertilizer treatments

_ % CK 1 r=3%/9, % 100% F 3 r=K /9
whm KAREEE (/) Ok B He100% I S/ %

Treatment A - 1 Increasing yield compared with Increasing yield compared with

reatmen verage annual rice yie CK 100% F
CK 8 098.78 +326.31b - -17.53
100% F 9 820.29 £230. 10a 21.26 -
G+80%F 9 972.00 +268.79a 23.13 1.54
G +60%F 9 981.52 +233.48a 23.25 1.64
G+40%F 9 682.33 £195.46a 19.55 -1.40

2 RISV ESHE 5 AN TR/ INE B3R 7R Ak B H] 22 57 i 3 (P <0..05)

Note: The different letters in the table indicate that the data in different treatments are significantly different at the 5% level.
2.2 EREEBEREWENKBIAETHEREY UK R, BEEmESMEIE 2401wk
A ok HplR b Fon = 2R E (kg/ (hm’+a)) .
FH T T AT, 25 it N0 A K R AR P2 iR [ 28 HP DL G +60% F Fil G +80% F AL 3~ i fa 52 or
TR P sha s ARG R iR M FEAFE AR Fie b, B G +80%F AbFELL 19.22 kg/(hm’ - a)
AL FER] I B AR, B 2013 4E50, CK AABEE AU T 2013 - 2014 4FEE G +60% F Ab 7, 1561
BAROK P sh, X 5 HIEFR A BA A K, 2014 )5 G +80% F BRI ¥ LT G +60%
2013 4F CK % 100% F AbBROK RS P28 T EAbAE  F ARFE;100% F 1 G +40% F AbBR = 2 a4k Ji
Hic it 45 2~ B Ab B S 2013 KRR E N H 1Y Ha], CK Ab3 ™ i AL T i N . & AbFEA
AR S H BRI B e THAMARE Y (R 1), % SR EENIE, B0 R4 A0 307 5 A7 A AR PR ik
HE R P AR K FERE G, 25 538410, TR 3 (R IR HOUR I K,
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9754.72(R? =0.026) \¥¢ . 400r =40.34x +9 440.31(R? =0.043) ,
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The dotted lines in the figure represent the trend lines of rice yield, the
fitting equations are as follows: ycx =24.53x +7 951.62(R? =0.006) ,
Y100%r =60.36x +9 458. 11(R? =0.069) , v, g00r =357- 02x +9 629. 90
(R*=0.045), ¢, e00r =37-80x +9 754.72(R? =0.026) ,yc, swnr =
40.34x +9 440.31(R? =0.043).

the start of the experiment, y represents the fitting value of annual yield of

x denotes the number of years from

rice in the xth year of the experiment.
E1 FAEERLETKBESETUES
Fig.1 Trend of annual rice yield

in different fertilizer treatments
2.3 ERRERBEXENKBESFETRRER
QEsEE3ES =g kA )

KR 7 e R T R 2R 8 TR M ] K e
ARSEREL(CV) Rl FFEEVESR B (SYT) 3R, li K 3
A CK AR FEAR I 2240 K, 35 %)) 1 031. 87 kg/hm?,
Yl AN Tt A AR BEAR B i P s R i AE 4R i 177K

TP A EE . T NEREAR 7oK F ™ 88 S R A, DA
G +40% F b HIAS S 2 WU Ik, FoUCH G +60% F Ak
P T AE AT v KA 7 B AT RR MR, L G +40%
F b BERTHFEEE AR SR &, FORN G +60% F Ab L
58 23 U it U e A N A 3 T RSP R T PRt AL
HE AT, 8 A T i 55 2 B ] i g A R 7™ 18 )
FRgifE, LRa % IoKR ™ & P iR S R AT
SEVERSEL, LA G +60% F AL FRAUR ST,
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Tab.3 Variation coefficient and sustainability index of

rice yield in different fertilizer treatments

REE bR/ (kg/hm?) ABRERBU % TSRS
Treatment s (8% SYI
CK 1031.87 12.74 0.67
100% F 727. 64 7.41 0.79
G +80%F 849.98 8.52 0.81
G +60%F 738.32 7.40 0.83
G +40%F 618.10 6.38 0.85
2.4 BEXEFMMEHENESHRER EEBXKE
EREMR M

F AN [t S Ak 2 385+ AR T3 7K SR ] T
45 it LA FHL 26 A [) AT 493 T Xk 07 ) <00 L A8 B A 1 5
AFTR] BRI T 4% i I Ak 6T 37 11 32 1R g 7K SF 1
S AMMI ASEFY () — A 2 | B« it S Ak B o 4 4
S5 B IREE S5 AR o — AR BE R« A58 Rl
FH DPS BRAEXT 11 a K 015 7 3 90 7K A 7 f A 7 HK
GI7E LR K AMMI BRI (6 4) , 45

F4 TEERLETKEFENBEETE LEETT AMMI ZE 547
Tab.4 ANOVA, liner regression and AMMI model analyses of rice yield in different fertilizer treatments
ik AR 5 R
Method Source of variation 4 88 F P

BA T 225007 el 54 63 768 275. 62

Analysis of variance Jiti A 4 28 086 189.96 16.98 0.000 1
7877 10 19 138 189. 15 4.63 0.000 2
PRe2s 40 16 543 896.51

2 eaElER v i gl 54 63 768 275. 62

Analysis of linear regression it AE 4 28 086 189.96 38.52 0.000 1
7825 10 19 138 189.15 10.50 0.000 1
ZHAEH 40 16 543 896.51 2.27 0.013 9
AT | 1 60 490.77 0.33 0.569 4
i A [=1 )5 3 54 913.78 0.10 0.959 1
78 AT =] 9 11 506 447. 17 7.01 0.000 1
R2E 27 4922 044.79

AMMI BB 5357 pe¥iil 54 63 768 275. 62

Analysis of AMMI model Jite e 4 28 086 189.96 200. 85 0.000 1
7825 10 19 138 189.15 54.74 0.000 1
ZHAEH 40 16 543 896.51 11.83 0.001 1
IPCAL 13 13 558 275.22 29.83 0.000 1
IPCA2 11 2 678 922.74 6.97 0.008 3
IPCA3 9 61 981.81 0.20 0.986 1
B 7 244 716. 74
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HIEWAER, 5 HABFE R AT BAE I IE, EbRs
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FE AR MR, B BREREGE T A 11, e it A A )
IRAE = i (R 7 RO R A, FR 2 AT 5 12 4
Jita A A 3RS M AT, 13 f1 il AT Ah B AR A 22,
f4 3 £2 5 Jiti A Ak B X A RR 3 7 sk SR At £1 i AE
AEFRXE K= B 1 7 ORI 2% | 56 75 IR R 3G 7™
Far= LA 4( G +60% F) ZbHR R fcls

40 4

= 54% Environment
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] fia
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2 AMMI RS ZEERSFENIRE
Fig.2 Biplot of AMMI between yields and IPCA1
SRy A AR it S Ak XS K R 7 AR E TR T R
ma, A 2 A~ 32 B IPCA {H 43 il H 58 4% it A Ak
HREESE D, E(£5), HEI R 5K 2 Pin

A7 B A E PR SE R AR — 3 % D, (H R R/ -
CK>G+80%F >100%F >G +60%F >G +40% F,
D, B8N Zem i N A B 0 B2 5 PR B, 1l B
R KRR R E M, DL G +40% F AL FE R RS
SE PEBRAT , RN G +60% F AL3E,
*5 AEAKRLETKEFEREESH
Tab.5 Stability parameter of rice yield

in different fertilizer treatments

bR Treatment IPCA1 IPCA2 D,
CK -47.63 12.79 43.75
100% F -8.88 -35.28 16. 46
G +80%F 31.33 1.68 28.58
G+60%F 16.85 8.23 15.73
G +40%F 8.33 12.58 9.16

3 A5t

A PR AL IR 3 S K R AR Y e R
FIRREEMERR B0, BRI AR 5 R 4, AMMI AL B
VERLNE 43 M 52 B, A [) it A Ach 2R AN () 46 4
Dy XF RS A AN — B, Z5 A T TR AR PR AR AR
fiIE AR S5 R AT RESR AR B R T AMMI A AL PT-Afy
PR E LSS R 22 500 ke/hm® 48 25 ST 60%
AR IE A P A 122 DX K R e 7 R B Ui I 1Y) e A i
HEFE it

REIFTE R AR 20% ~40% 175
T, B 15 000 ~30 000 ke/hm® %5 = WA HEF-IE 7K
FEAN™ AT AR AR RIZS 18, 11 a KN
R 45 B WoR, BIE 22 500 kg/hm® 48 235, Ul &
20% F1 40% kB 43 5] ¢ B it Ak A 34 7 1. 54%
1. 64% , FEH A58 2= DB 5 B 9 35 4 e vk
JEIKFEXTRRL TR 152K, LB R Bl
FIRREE R KRR AE R AR AL BT 5 35 43, AT 4R 5 142 5
KRR, SRR 60% A, K AE AR 34 7= A1k
T AUt AR AR B 158 B S AL AR ek it ik 22 i, 3
ROFRATRD  ORRE KRR K A, LR A B
L RTANFOLT , R0 R 1 2 9d it , Bk B8 Of UE K A8 =
7=, MCRESC I 5 I I AR B BOR R

SR MRS A FOK AR 7 R 1 8 S R A (CV) Ml
ATRFLETEFR R (SYT) , CK AL B K RGP i CV {H i
K, SYI &/, it AL AT BEAIR CV, #2755 SYT By K/,
LA AE 25 14 T /K RS el P 95 22 , 5 6 W™
M BEWE BN, it A A ) T BRI A 55 R X
FEE BRI AR AR A S R G RREE, AR
H1.,G+60%F F1 G +40% F 43 CV A5 AR T~ 25 1k
REFUAS it AL , SYT AL s T Bt A AL FNAS i IS, 156 B 9k
AL 4 2 9 BT e R RS P A e v ]
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TERNFR G 5 53— 7 TR 58 = 40 8 e S ] A 0l = e F
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Fem A KU R i KA R AR R
T R T 55 & S P AL e

XTI R 7 1 3 7K A 7 e A AR E T, A B
FAE R RARDCRESEAR RSO0 T, AR 7 2ok
VR T AL AL B ABE K —FH S HARH T AR
FRECRAT Fr B R BUZ TN VR 7 A Tk ST +¢
b E RO R S S R BOR VN =
T M, A& B R0 128 BAE F 22 A5 7t At b
PR IAE I LU, JER B iR 22 BAE T, AMMI A5
U] LU 7 225000 R0 3 B0 AT 485 4 e —i 0, il
FH AE 55 358 B AERON EAT VAN, B R AR
ook FE - i e SE0(D,) K/NR.CK > G +
80%F >100% F > G +60% F > G +40% F, D, {i i
N RRE MR IR R 5 AR RO AR P
RN EE R —3, M5 AT e e M AR BT A 7™ i vl R
SRR RTS8 AR A, H 22 S FERITE G +
80% F 1 100% F 4b ¥ |, H AT e S A2 2013 45
725 S 3 G + 80% F ALFH K A ALK ™ &, j= A ad
5, DT A 7™t A B U s R K, B PEAIR T 100% F
AbFH

CK.100% F Wb B 5 G +80% F .G +60% F FlI
G +40% F L0305 355 B AR BBUN AR, NI AES4R
N7 ,2008,2011,2013,2017 4F 5 H Ath 4 )y 19 2R
Bi 22 S FEARBIAE H 40 P i | H BRI EO A &L
R 1 ,2008 4F K 2017 4F [ W & 5 1 2l 47 4y
2011 4EFERT AR T HARAE 47,2013 4F H ¥ H ]
I B A ORI Y e T A ARy, DR 28 5 K A
)AL I, 5 Ab B 22 TR A RET 7 R B B 722 Ak 1) i) iz
R R, B WA | AR KR
AV 1 B B (R 5 e 35 A 3 2%, AN [ i T A 3R A
ARG AF A5y %ot PR 458 W 1 T F AN — 3, AW IR,
G +80%F .G +60%F .G +40% F kb3 FE< I8 T
AR TR | H RRE RGN, R FREEXT KA
HHA RN, tawrEERn =R kR
B PR v oA T R G S H R B O ks K
RET 7 B 1) 55 Wi A2 672 TE )

B RAFEIX 5 2 B fif R i — M E 30 000 kg/hm’
SiA, SR A Ty R S i S S ), 58 s e S
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