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Response of rice yield to different long-term fertilization regimes
and the environment
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Abstract This study was based on a long-term fertilization experiment on rice-rice rotation started in 1982 at the HengYang
Red Soil Experiment Station of Chinese Academy of Agricultural Sciences. Six fertilization treatments of the experiment were
chosen — chemical nitrogen (N), phosphorus (P) and potassium (K) fertilizer (NPK), cattle manure (M), NPK plus M (NPKM),
NP plus M (NPM), NK plus M (NKM) and PK plus M (PKM) in this study. The effects of fertilization, environment and their
interaction on rice yield stability were determined according to inter-annual variability and coefficient of variation (CV) of rice
yield, sustainable yield index (SYI), contribution of fertilizer to rice productivity, as well as the additive main effects and
multiplicative interaction (AMMI) model. Results showed that among various treatments, NPKM treatment had the highest

grain yield. Rice yield increased with increasing N fertilizer. The yield-increasing effect of combined application of chemical P
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and K fertilizers was better than that of sole application of P or K fertilizer at the same N application rate. Chemical K
fertilizer presented better yield-increasing effect than chemical P fertilizer. Under long-term application, organic fertilizer was
more favored rice yield increase than chemical fertilizer. There was no significant difference in early rice yield between M and
NPK treatments under the same nutrient input. However, yield of late rice under M treatment was significantly higher than that
under NPK treatment. For all the treatments, the CV of rice yield decreased with time. However, the application of M plus
chemical fertilizers had smaller yield CV than the application of chemical fertilizers alone. For all the treatments, the CV of
late rice yield was higher than that of early rice yield. However, the SYI of late rice yield was lower than that of early rice.
Also for all the treatments, SYI was highest for NPKM treatment (0.51). SYI for M and NPK treatments were 0.44 and 0.42,
respectively. The order of contribution rate of fertilizers to rice yield was: organic fertilizer > chemical N > chemical P >
chemical K. The results of AMMI model showed that different fertilizer treatments had different response to the environment
for different experimental years. Thus based on the results, the use of chemical fertilizers in combination with organic
fertilizers (NPKM) was the optimal fertilization regime of maintaining high crop productivity and yield stability of double
cropping rice in the study area.
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Fz1 REPHEREREFESKEFHIE1982—2011 )
Table 1 Main meteorological factors in the study area during the study period from 1982 to 2011
Item 1982—1986 1987—1991 1992—1996 1997—2001 2002—2006  2007—2011
Annual mean temperature ('C) 18.0 18.0 18.2 18.6 18.6 18.7
Annual mean precipitation (mm) 1258.4 1287.5 1359.0 1404.0 1469.4 1003.5
Annual sunshine duration (h) 1369.0 1429.5 1388.4 1403.3 1588.7 1542.2
1.2 in=(Ynexm—Yrim)/ Yexmx100% (2)
1982 6 .o 1) N (%), Ynexkm NPKM
+ (PKM); 2) T (NKM); (kghm™), Yexw  PKM
3) + (NPM); 4) (M); 5) (kg'hm™)
(NPK); 6) + (NPKM)
1.8 mx15 m=27 m’ 3
mels m=27 m ’ 2 BEREHH
( 2.1
R N 0.32%, P,0s5 0.25%, )
K20 0.15%), ( N46%) ( la : ’
P,05 12%) ( K;060%) -
5,
’ ’ 1987
2 b b
, NPKM
*2 BABEBSFKERBERS 3

Table 2 Fertilizer application rates of different treatments for
every rice season kg-hm™

Chemical fertilizer

Treatment rr(lzjr:tllree N P,O5 K,O
PKM 22 500 0 56.3 33.8
NKM 22 500 72.5 0 33.8
NPM 22 500 72.5 56.3 0

M 22 500 0 0 0
NPK 0 72.5 56.3 33.8
NPKM 22 500 72.5 56.3 33.8
1.3
6 (1982—2012 )
, Excel 2003
; DPS Vi s
AMMI R
(One Way-ANOVA) ,
LSD
syr U
SYI= (Y-0,_1)/Ymax (D
Y > Onl » Yinax
( )
( ) (
) ( )

[13]

NPKM NPM NKM PKM M NPK
6 185 kg-hm™ 5910 kg-hm™

5560 kg-hm™ 5 346 kg'hm> 5 283 kg-hm™?
5172 kg-hm™ NPKM NPM  NKM 3
NPKM>
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7 , 1989 ,
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4474 kg'hm™? 4296 kg-hm™ NPKM ; NPK
NPM  NKM 3 , NPKM
NPKM>NPM NKM(P<0.05), NPM NKM NPM NKM M PKM NPK
) 11 241 kg-hm™ 10 633 kg-hm™ 10 137 kg-hm™

;PKM M NPK 3 9707 kghm™ 9 676 kg'hm™ 9329 kg-hm™*( 3)
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Table 3 Rice yield changes and coefficient of variation of yield of different fertilization treatments
. (1982720,12 ) R (19827201? ) Yield coefficient of variation (%)
Treatment Growing Average annual yield . Annual variation rate of }jiel(}l
season  from 1982 to 2012 (kg-hm™?) from 1982 to 2012 (kg-hm *-a™') 1982—1990  1991—2000 2001—2012  1982—2012
PKM 5346+220c -57" 19.5 27.0 13.7 22.9
NkM  Barlyrice 5 560+185bc 23 18.6 23.0 112 18.6
NPM 5910+185ab 30" 18.8 17.3 9.9 17.4
M 5283+218c 58" 19.7 26.7 10.3 22.9
NPK 5 1724203¢ -59 183 243 11.4 21.9
NPKM 6 185+196a -14 18.2 21.0 10.0 17.6
PKM 4 4742246b -37 30.4 35.5 23.7 30.6
NKM Late rice 4 729+257ab —43 29.4 33.5 22.7 30.2
NPM 4 880+259ab -39 27.9 37.5 19.7 29.6
M 4 571+264ab -58" 30.8 342 21.0 322
NPK 4296+251b -57" 30.2 32.8 21.4 325
NPKM 5225+258a -29 29.3 32.4 20.3 27.5
PKM 9 676+436bc -112° 23.2 28.6 13.7 25.1
NKM One year 10 137+416abc -85 21.4 28.9 12.6 22.8
NPM 10 633+428ab -88 21.1 27.8 11.5 22.4
M 9 707+455bc -135" 23.0 28.4 11.6 26.1
NPK 9 329+441c -134" 22.1 29.5 10.5 26.3
NPKM 11 241+424a -59 21.6 26.2 10.3 21.0
* 5% ¥R 1% 5% * indicates significant difference at 5% level. ** indicates

significant difference at 1% level. Different small letters indicate significant difference at 5% level.

(0.45 0.44 0.42) (9 676 kg-hmf2
9 707 kg'hm™ 9 329 kg-hm™?) ,
(1982—2000 ) 21.1%~29.5%, 10.3%~
13.7%(2001—2012
o ) 065 o O LR
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=]
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R} — —
33.6% 62.8% 70.1% 40.4% 48.4% ;E& 0.50 | ]
55.9%: PKM M 2 ous)
=8
NPM ’ 2 0401
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035
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( 2), SYI 25.3%~ AL Treatment
34.5%, SYI B2 REMBAELENIES &M AR RS YD
, SYI Fig. 2 Sustainable yield indexes (SYI) of rice yields under
NPKM>NKM>NPM>PKMSMSNPK  NPKM different fertilization treatments
SYI , 051, (11241 kg-hm_z) 2.2
, NPKM >
; NKM NPM SYI (0.50 3
0.48) (10 137 kg~hmf2 10 633 kg~hm72) 17.7% 11.6% 4.7%
R R 21.1%, 18.0%
;PKM M NPK SYI 11.8% 7.9% 23.7%

http://www.ecoagri.ac.cn



1372 2015 23
s 0.4% 0.5% 03% 1.0%
s 3
1982—2012 3
12.8% 1.9% 3.6% 23.8% 6.1% 12.6%
1.1% 02% 03% 1.1%, 8.2% 21.1%,
60 N (NPKM-PKM) [ P (NPKM-NKM)
50 | —¢— ‘L7 Early rice
—8— [ Late rice
40 |
30
20
% 10
8
-
=5-10l
E 60 r K (NPKM-NPM)
2 50
40
30 b
20
10 L
0
-10 .
i E4ERR Years after fertilization (a)
B3 AR E A E PR A E AR A A 18 = R
Fig. 3 Yield-increasing effects of different fertilizers after different years of fertilization
X 1 1982 The first year after fertilization is 1982 (X axis).
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F4 KHBRTUEFEEMNAESN. LEEFEEF AMMI 2 54
Table 4 ANOVA, linear regression and AMMI model analysis of the double cropping rice yields under long-term fertilization

. df SS F P
SOU.I'CC Of variation )
Total 185 1125600 367.46
Analysis of Fertilization 30 1009 099 267.55 130.86 0.000 1
variance
Environment 5 77 944 799.45 60.65 0.000 1
Error 150 38 556 300.46
Total 185 1125600 367.46
Linear regression Fertilization 30 1009 099 267.55 179.62 0.000 1
analysis
Environment 5 77 944 799.45 83.24 0.000 1
FxE 150 38 556 300.46 1.37 0.0372
Joint- regression 1 325273.96 1.74 0.190 1
F-regression 29 15 858 120.53 2.92 0.000 1
E-regression 4 649 568.94 0.87 0.486 0
Error 116 21723 337.02
AMMI Total 185 1125600 367.46
Analysis zf IAMMI Fertilizaiton 30 1009 099 267.55 188.46 0.000 1
mode
Environment 5 77 944 799.45 87.34 0.000 1
FxE 150 38 556 300.46 1.44 0.062 1
IPCA1 34 18 805 526.03 3.10 0.000 1
IPCA2 32 10 112 953.85 1.77 0.0315
Residual 54 9 637 820.58
50 A ¥f4% Environment
20| = Jifii )L 40 ] Fertilization treatment
=-f
30 - -t 27
20
al4 426 224521
< 10 1 A2253“29 a 716
8 ‘1“39‘ 842, 8 31
= O 1 1 1 1l & ’1\(} 1 A9 1 Al l 1 1 J
2000 4000 6000 8000 IOOO()AIOAI.’)IZOOO 14000 16000 18000
-10 F " 219% 15 23%48 a7
a a6
20 F - A?A 4 -
=
=30
- ¢
A 377 Average yield (kg-hm™)
4 AMMI £ S XEERSFFEWRE
Fig. 4 Biplot of AMMII between yields and IPCA1
, : F2(NKM) 3] [14]
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