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 OE KRAHEZEMLRE, HEAFHEE(CK) M E(NPK) & EY#4AELH+ LT
(SNPK) Fnf A R L H+LAE(SINPK)4 M AR AR REAE F AN NER &
FLER IS RECERB NN £ REUW, 20102011 FHENEFHAZTFH - &
SNPK 5 SINPK 4 # 3K FF EH B %5 T NPK 42, HEH5.7% ~7.3%. 5 NPK Fn
SINPK # k. ,SNPK & 8 Z R & 74 7 &, 1B & 3.8% ~8.8%. 5 F i v JE Fn A5 3 b2 K it H
AL SNPK 5 7T HEAR B AKE S E ek EEE 85, LAV &k 7 sk &
BB AR E T 1.8% ~2.0% 5.9% ~6.5% 16.0% ~41.6% #17.3% ~7.8% . +3E 5
BEEBEEHER BB EE L EMME KRR MR 2B 5% 0.999 Fr0.980. SNPK # & #
RELFERRBrERLIEARARARE S EMRE T HEI L.
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Effects of rice straw returning mode on rice grain yield and soil carbon pool management in-
dex in double rice-cropping system. WU Jian-fu', ZENG Yan-hua'?®, PAN Xiao-hua', SHI
Qing-hua', LI Tao', WANG Su-ying' ('Ministry of Education Key Laboratory of Crop Physiology,
Ecology and Genetic Breeding/ Jiangxi Province Key Laboratory of Crop Physiology, Ecology and Ge-
netic Breeding , Jiangxi Agricultural University, Nanchang 330045, China; *College of Agronomy,
Nanjing Agricultural University, Nanjing 210095, China; °State Key Laboratory of Rice Biology,
China National Rice Research Institute, Hangzhou 310006, China). -Chin. J. Appl. Ecol. ,2013 ,24
(6): 1572-1578.

Abstract: A 2-year field experiment was conducted to study the effects of different rice straw retur-
ning modes on the rice grain yield and soil carbon pool management index ( CPMI) in a double rice-
cropping system. Four treatments were installed, including balanced mineral fertilization ( NPK) ,
NPK plus cut rice straw returning ( SNPK) , NPK plus incinerated rice straw returning ( SINPK) ,
and no fertilization (CK). In treatments SNPK and SINPK, the 2 years average grain yield of early
rice and late rice was basically the same, and much higher than that in treatment NPK, with an in-
crement of 5. 7% —7.3% . As compared with treatments NPK and SINPK, treatment SNPK in-
creased the grain yield of early rice significantly by 3. 8% —8. 8% , and enhanced the contents of
various soil carbon forms and the soil CPMI, with the soil total organic carbon, active carbon, min-
eralized carbon contents, and the soil CPMI increased by 1.8% -2.0% , 5.9% -6.5% , 16.0% -
41.6% , and 7.3% -7. 8% , respectively. There was a significant parabolic correlation between
soil CPMI and rice grain yield (r=0.999 and r= 0.980 in early- and late-rice season, respective-
ly). Treatment SNPK also increased the grain yield, the contents of various soil carbon forms, and
the soil CPMI in the next early rice season.

Key words: rice straw returning mode; double cropping rice; yield; carbon form; carbon pool
management index.
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KRR EE AR EEY, R RE T+
BB —F BN A MUK, A EEN
AP R A B B RS BTE LR
W RS S AR Ty ek - A AR B SR AR
W7 R I e R A it A A 5 )y T LA o AR
R JLARE 3R KR LA A I3k i s & i, b
e 4 B TR AL T 218, 180 H Hi TR RS AT 9% IR AL
A 20% ~36% HAVENEEL, B BAbe T E 57 (04 7 FF 76
45% ~60% . X AMGR TR T A HLGER, [R5 e
T B, A LT A0 ) B E Y R 7E
Yl L HEEEHY ORERF - EK A3 A TR A6 10 25 0 T
A EEAEH, R 5 4 BR A AR b 2 bl A 5
(A LT B T A B R S e+ 38 HIL R Y AR
fb. KLUk, Bl TAEE X 2RV R +
B BEC M A A T KR RS, AR A, £
BEA LT 408 ) S IR BE R, AU T 3
it i 20 | [ 32 55 BT I 2, BVFELEAT AR 1Y
SR I AL AE A WL A, A — A L
i 5 4R Ve A KR %), 7E R AR )y
EE FHEAE . Lefroy 2517 38 1 A [A] ¥ BE KMnO, %
b A LR T AS RS P2 4 1) e P AL
BT, IR R T A S e A B B A T
PEA HLTAS(H BEF S50 s e 38 Jot B AR R s IR
FE AR Ak i L RE RUER R AR - M B N A
AR AT LA A By b 3 FEAS T) 36 P AT ML 4
b/ -+ HEAS SRS EAS LR A e N, I HLAT DA AR 3
PUTTG AL - S8 ik 2 4 B8 0PI A oy 3 AT AL
Jo et S G I e A A R 5 R R G R EURR ) W D 4
P, e A B it 5 | = 1 BB AR Ak i) AR
TS 1 A= o o E N1 3 e ROV S S E 25 B AR =
Lefroy 251V B U B 1 4 SRR 4 45 B4 400 %) kA& LA
Sk, EAMER T st i 20 " E g d e xt
ANFHHES R 720 A FEAE T 5 AN [ By 78
- SR AT WU 05 P 2R AR B R A B BT TR
W R R I, Rk 5 ARk Y LA T AR
7 A HUIG 1 1 HETE A 5 A ik 9 HAE AT LA
Ji i R HEA ML A LR

H AT AN [ 248t T KR = 1 & R HEA AL
T VR PP B4 B0 Ak T g i 215100 ]
FERAE 251 T Rl 4 B 3 G X2 L W g 7 1 A
SRR 2R A B B W 1 4 B 2D T R X T 1Y)
WFSEXT T PF 4 7 7 X2 A DX R A S 1 fb 4 B
Jite ARAE YIRS FEAE R A RN S Al v] #5252 % Je B
A EE RIS E SCRSCEMA. Ik, AR SCESE R4

AR, 1 AR F ()2 7 IR IR F T T A () e A
FH 7 0 WU g 7 g 0 i I 45 B 8 B B R
DA S ol 5 RS DX RS e VA 2050 R R K e A B
AL BEIEFER.

1 #R5EFEE

1.1 kR

I T 2010—2011 A7 VL P 45 7 Bt 2RI
RN HEAT 2009 AFBEREHLARISCIR J5 | 64T . R A
FER AR Y 2 4 4 ZEH EE AR5, 5 ET +
HELARME I O . A HLER 19. 81 g - kg, &R 2. 27
g - kg™, B % AL 126. 0 mg - kg, HALAR 97. 9
mg - kg™ AW 31. 34 mg - kg™, pH 5. 48. fitix
HL R A A SR G PEAR 996 AR EAR T025.
1.2 Rt

R 4 AL 1) AR (CK) 52) Hjifi N P
K AE(NPK) ;3) f5 B4 be KA H + 10 JE (SINPK) ,
R A Ui B HLIS AR B A Je , N T ARA) R, I 1
JE BRI RUIK | VE T K TP B AL B, 1 R
L M REHEAE ;4) FE R U e 4 i aA B+ (SNPK) |
RIS s FL SO AR B | e A B K A R D AR A 5 ~ 8
em /NBE, FUREAE BN TS K S R R AL e B
At e MR EENE ; WA Al BN TSI IS 5 2 4F
BRI AR HUIERE A L VE W R FEEEAE. AR
BRI X T FR AN 326. 7 m?. [ A it AT A B AR
FoA A B B AR AR B R AS R4 N 165
kg « hm™ HEAH 195 kg « hm™ I #ERS N : PO, :
K,0¥Jh 1 :0.45:0.9. AR« 1315,2010
AR MR RS RE R IA H & 4y 9 R 6750 F1 6980
kg - hm™, fF 50K 38 H & 4 ) o8 1079 A1 1085
kg « hm™;2011 455 B R R 04 FH 4 43301 o 8122
18016 kg - hm™ , & B i i [ 4t 53 51l oy 1274 Fl
1099 kg « hm ™. FF 5 RIRG K B R 3R 00 O
PSE DA R W Y195 9 A i 3 RLE = =)
REFFEAE - ArEEAE - AR =5 : 2 : 3, BAEA
REFEFEAL - SrBERE - AL =4 : 2 : 4 5 5 IR
BRRE T BEAL © BEAE =7 3 i ; B AR — U Ak
JETE LIS PR 28 5 6 i T R LA 8. 1 ) 7K 43
TR TV /K TE , JFC Al A5 P i B AR — B
1.3 W Sehs Korik

FER MR A, T R g Ak R AR BEE 2
(0 ~15 em)5 S riMIRA TFE 3 4y, T R AL
B | T Tk B R AT AR B 0 . 4 R LBk R
K, CrO, AL ).+ e P a1 SCik[ 8 ]



1574 NMoOH A A R 24 4

*1 BEENMERPR B HAFRSLE(g- kg ) RIEHE (kg - hm™)
Table 1 Nitrogen, phosphorus and potassium contents (g + kg™ ) of returning straw and straw ash and input quantity
(kg + hm™) to rice farmland

5 H I AN B P, 05 B X,0

Season Returning 2010 2011 2010 2011 2010 2011
metel TaR s ARt wmE &R wWE &R @WE G wmE Gh s
Content  Input Content  Input Content  Input Content  Input Content  Input Content  Input
quantity quantity quantity quantity quantity quantity
A 1 6.0 40.3 7.2 58.4 0.9 6.0 1.5 12.0 15.6 105.2 14.2 115.7
I} 2.4 2.6 1.3 1.7 3.2 3.4 5.6 7.2 83.4 90.0 83.8 106. 8
B I 5.7 39.4 6.3 50.8 0.6 4.4 1.3 10.8 14.0 97.9 13.8 110.7
| 2.3 2.5 1.3 1.4 3.2 3.4 5.4 5.9 84.8 92.0 83.1 91.4

A 5FRE Early rice; B.WifH Late rice. | [A) The same below. 1 .34 FHAF®H Returning straw; Il A HEK Returning straw ash.

BN AR AT I 29 15 mg A HURR Y HAF
ASREHH (100 mL) N, A 25 mL 333 mmol - L'
KMnO, % AL 1 h, 5235 )5 4000 r + min™" B0
5 min, BRI, RSB PR 1 625 T ke, R )5
A EEEE T 565 nm b @2, MR 4 KMnO, ¥
FEM AR R TR A PR B i (mg C - ¢7') (b
T 1 mmol - LflKMHOHﬁ%% 0.175 mmol - L7'8{
9 mg C). HEFfRRRk 5 R B 7 L B
AFES ¢ KT RO EUf R 8 3 RE 54l
T, FHZE 1R 7K 08 22 fe K ) 457K & 1% 60% , ¢
25 CHEFRMNEETR, B0 3 WEHE  Higid
PR TR CO, 15 mL 1 mol - L™ NaOH 1AW
W, 2ERE 35 3 d IR 0.5 mol - L™ H, SO, ¥ ik 2 ik
THA BB i, T FH AR 7 700 K.

FEKREWCHEIET 1 R, 45 b BRAE I8 25 A7 SO
Fefith b FOP 500 3 A HLS BT R, 454
POy 3 A4S 100 B ORI W4T FR &0 .

1.4 HEAR

e A = Bt — & M ; B PEFE B (CPL) = e
A WL/ S 75 4% T 3 LR ; B 305 B (A) =
TR/ RS 5 B 223 BB 48 45 ( A) = A% FH Bl 3 1
[/ 27 1 MR G BE ik R BELAE £ (CPMI) = Bk
VS B P 1% B HE B x 100 5 AL B A 30K = 571k

x2 BELHAANNER BESENMN

e/ - A BB x 100% ; 6 VB A 2% = 16 P/ 1
HEAT WL X 100% .
1.5 Hdlab

IRIGEE R ] Excel 2010 F1 DPS 7. 05 %4 ik
1380115387, A Duncan #1582 #2292 (LSR) #17 i
EVER TS, W KR E N «=0. 05.

2 HRE5HMH

2.1 FERCA By 2O W | iR e e S HA P
ENESpA]

PRAE 2 (a0 45 AR 3R B, A ks 7 =00 L i
T R AEE 2 22 5% (R 2). TR 2R T
SRR A5 A Ak 3 e 34 I v T L ZERE A K
AR R G, PIAE DU 2% (1) SF- 35 7= 5 L SNPK Al
SINPK AbFHILAFEF- (02 B 3 " T NPK 4b#, 3
W8 5.7% ~7.3% ; P4 73 77 5 SNPK Ab 3
L T SINPK A1 NPK AL B, B4 0H 4 3. 8% ~
8. 8% , MMM -3 7~ = 2 ¥ 4 SINPK >SNPK>NPK,,
AL PR E) 22 5 2 R il [ — 2% LRSS R
e T HA P AL #E, H90E R 3. 4% ~ 4. 3% |, 1fif NPK FlI
SNPK AbFH[] 2% F R 3. R EL R AR ), W e 7= et
SINPK #4b B 5 3 = T NPK H1 SNPK 4b B, 54 i Jy
9.5%~9.8% , 1M J5 P& Z 022 A i 2. R R 22

Table 2 Effects of rice straw returning way on yield of early and late rice (kg - hm™)

Qb3 2010 2011 X7 Average yield
Treatment L WA R e A 2 A 2 ZEI AR 4 ZERG
Early rice Late rice Early rice Late rice Early rice in Late rice in Rice in four
two seasons two seasons seasons

CK 4386.0c 5952.0¢ 3919.5¢ 5107.5¢ 4152.8d 5529.8d 4841.3¢
NPK 6691.5b 8143.5b 7095.0b 8205.0b 6893.3¢ 8174.3c¢ 7533.8b
SINPK 6750.0b 8919.0a 7699.5a 8971.5a 7224.8b 8945.3a 8085.0a
SNPK 6979.5a 8122.5b 8016.0a 8722.5a 7497.8a 8422.5b 7960. 1a

[R5 J5 AN [R) - b e s 22 57 8. 2% (P<0. 05) Different letters in the same column meant significant difference at 0. 05 level. T[] The same below.
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Table 3 Effects of rice straw returning way on yield com-
ponents of early and late rice

Gy Ak AREE SRR 459 THRIE

Year Treatment Effective Spikelet Seed 1000-
panicle per setting rate  grain mass
(10* - hm™2)  panicle (%) (g)

20010 A CK 168.3b 110.7a 97.2a 29.2a
NPK 286.2a 114.9a 90. 4a 28.4a

SINPK 287.3a 122.7a 93.1a 27.7a

SNPK 301.5a 122.0a 93.5a 28.3a

B CK 237.6¢ 148.8a 89.3a 23.0a

NPK 357.8a 147.7a 82.8a 23.7a

SINPK 315.9b 161.8a 82.5a 24.0a

SNPK 311.9b 151.3a 82.5a 24.5a

2011 A CK 214.5d 78.8b 95.0a 29. 1a
NPK 335.9b 86.9b 84.9¢ 28.9a

SINPK 318.9¢ 100. 8a 86.0c 28.8a

SNPK 343.1a 97.3a 88.8b 28.7a

B CK 241.8¢ 143.9b 90. la 24.6b

NPK 350.7a 140.2b 85.1¢ 24.3c

SINPK 342.6b 153.9ab 84.4c 24.3c

SNPK 343.5b 141.7b 89.5a 24.4c

3 ~4 ZEi [ SNPK F1 SINPK AbFHf6 L i = ReAS
FPF (H¥) 8 75 T NPK Ab B LRSI IR N 8. 5% ~
13.0% , R RS IE N 6.3%~9.3% . FWALES T 5
PR, AR 4 s B A T4 e 2R AR R R e
FOF PRSI T A RO (R 3) T R A A
I FH —ZE X Y 47 B A 7 o 1) 52 M B | (EL RS 0
SL 20 AR T M fg = w04 i, Rk g/ T
FERE A L HIE /D T A2 2 BPRE )
& 3 AIAT, JOie e PRI & M AR | 45t A Ak 3
8BRS TR SRR B 3 v T R AR SR IR A AR
T, SRR LA T R AR AR AR bk A L
AR — 0 717 IR D AR ], A e 4 S ALk L g 37 T
VA RO /D, T RE S TR RS RS 008 H s Tl
Yoy R LT LI AR AR NI T R RS 1Y)
Ay BE. FLRS AR B SNPK I SINPK b FHAH2Z 48/
{HX5 3575 T NPK AR FE 1M R ARG SINPK Ab 3 i 25 5
T NPK il SNPK b ¥, J5 Wi 2 [A] 25 5 A 0 35 5 4%
SR I LI IR B 5 5 TR Ab P R) 25 5 AN I 2. A OG
AyMT A SR R R ) 32 R R DR B R A RO
FERRIEL, 57 A AR SR B K M e R AL
439724 0.990 1 0. 999 , 1 B A = 2 B 5 A AU A
B G MR ECh 0. 912.
2.2 FEEA Oy 2O e E IS S A e
AU

H1 24 FT LUA H it A Ak 2 TA)BF 4 J2 38T AL

*4 BEIHARNWITERERESRETUENZIT
Table 4 Effects of rice straw returning way on contents of
soil carbon with various types and their availability

b3 AP mER 0k WLk PR
Treatment Organic Active  Mineralized — HHCE AR
carbon carbon cartbon  Availability ~ Availability

(g-kg™?) (g-kg™) (g-kg!) of mineralized  of active

carbon carbon

(%) (%)
A CK 19.62b 4.04c 0.%c 4.77c 20.57¢
NPK 19.90a 4.27b 1.96a 9.82a 21.43b
SINPK 19.92a 4.30b 1.42b 7.10a 21.59b
SNPK 20. 10a 4.65a 1.36b 6.74a 23. 16a
B CK 19.32b 3.97¢c 1.44bc 7.43¢ 20.52¢
NPK 19.77a 4.57b 1.66b 8.37b 23.12b
SINPK 19.81a 4.59h 1. 36¢ 6.84c 23.20b
SNPK 20.17a 4.86a 1.92a 9.51a 24.12a

FOR P A 10 VY Values were the average of two years. I [ The
same below.
W22 5 R, A8 E S TR, 805N
2.5% ~4.4% . R 25 22 7 0A H RE I 4 5 1
FHLIR & i, BRI T =5 1. 8% 5 X I P ik (1) 5% M)
FEP M SNPK>SINPK \NPK>CK , A5 5 4> &4 H AL 3
2R T HAAL I SRS 5. 9%~ 22. 7% , TiiT SIN-
PK il NPK b3 1] 22 5 30/ N 5 % A 1) 5 i 3 R
3 SNPK>NPK>CK SINPK. ARG H % £ £ %4 i
W A A F 4980 BILK 30 PR AR R A i 2 1 1Y) 42
15, TS R 355 53 I R

b PR 7 S AT BRI A3 b T LR e
A LR T, TGP HLER T A7 0 Ll R, R +
BTG A A BE R ORI A ROR S
TR AR A AR AR S5 AR — 3. 5 A A B A
L, R B 42 22 2 4 i 0 T A FEGH R 8 IR R AT
BRI AT
2.3 AEEA By SO0 A eh A HILE U R

HE 5 AT LAE Y, 450t AR A 21 1 e e A Ak 7% 1
FESPON I B T B X W R TR R YR
16.5% ~23. 1% . FEAH A NE ACE T, 4 58 f e 1%
FE R IZE NG FE AR K Bk SNPK>SINPK =~ NPK, H.
T 25 1 T O A 5 Al P i R it S Ak 3L ) ) 2
SEAN B S ik B A B 45 B3R B SNPK > SINPK
NPK , Fil #3355 T Ia P, 105 PR 2 ) 22 5 AN B
. FUARE R A B E WAL HA R TR S R R 0
T A B AR AHOC /A R W (BT 1), - P45 B
FERCSG AR MR 2 B M R MR
3924 0.999 F10.980.
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Table 5 Effect of rice straw returning way on soil carbon pool management index

b3 Fadshk TP TR PRI JE T 2 TG BE TR 2K T PEFEHL Tl PR R 45
Treatment Unactive carbon Active carbon Activity of Carbon pool Carbon Carbon pool
(g-kg™) (g-kg") carbon pool activity index pool index management index
A CK 15.59a 4.04c 0.259%¢ 1.00b 1.00b 100. 0b
NPK 15.64a 4.27h 0.273b 1.05b 1.01a 106.9b
SINPK 15.62a 4.30b 0.275b 1.06b 1.02a 108.0b
SNPK 15.45a 4.66a 0.301a 1.16a 1.02a 119.2a
B CK 15.36a 3.97¢ 0.258¢ 1.00¢ 1.00a 100. 0c
NPK 15.20a 4.57h 0.301b 1.17b 1.02a 119.2b
SINPK 15.22a 4.60b 0.302b 1.17b 1.03a 119.8b
SNPK 15.31a 4.87a 0.318a 1.23a 1.04a 128.5a
°ra AL AR5 KT KA i | 38 B 7 =X
5T R FHARBR A 56, b SCRE 4620 B Ak, R 3 1
i A G I 12. 9% |, 3677 S5CR 235 T G e
| LRI 1. 3% 5 B /P45 00k R 8168 H L7
" 5t . g .
s BB RE R W AR P AR T , L R S B
g, G BEAS BB 5. 8% A1 9. 0% . A5 F W, 75 AL
Zor . B BRI AR SRR OL T, AR U 2= K - 14
L= b
g8t * 7 R A A i Ak B R R G P A R AR
el FEP L3 8 T 500 LA AL 3, 0 5. 7% ~
61 7. 3% . F b At 0 FH b P 35 48 v 1 B4R LA
T T, 5 B A A R R b WA T A BEOAH L, 1 i A
A 3.8% ~8.8% . HHE ™ i 2RI I 1 A3
3

95 100 105 110 115 120 125 130 135
TR EEE IR CPMI

1 HHERR R BE S0 (CPMI) 5 XU R (a) S (b)
YRR

Fig.1 Relationships between the CPMI and grain yield of early
(a) and late (b) rice.

30 i

3.1 FEEA M 5K R CR

FE 3 FH A g s A L PN AMRHEE N D36 A
W 7 R GRS R B A
HePR RE R A 5 A W 2 R 0 R R Rk
g OB DR R B A T A AR AN R AR AT T
KT, BT T 0] 5 0 0. R AR B A il
BRI B AU IR 1) 7 F 5 G, KR T
AP " E 2 AR i T RS R . B 7K
FEBLBOC R AR 1% & e, R R L 4 i i FH L
ARG, RS A R4 E KRS P i, SR
SRR BRI T KA 43 BE 380 1 A7 RO AN B
FERLEL, A= 5 T B 4R R = 0 - v B AE R T
PR SR 0 (HHAUR SR X A B R

TN A SOEEL. Fi R 4 il H— IR, e fd ™ i 5 it
FERE AL BBEA KR (ART O 22 22 Z 4 i ik H, RS
P B TR A A Ah 3L T 5 R R A T Ab
PEELARE T (0 SR e KA AR L R R4 i
S FH A /b 1 A2 IR B B T 2 5 T K
(A P30 2
3.2 MR HS HEmREN R
AL A P R X R A AW AR K

Ty BIREEHE B EARRR T R, 7E BRI 5
A A S YA LS A . W 9 4 s
ﬁﬂﬁﬂ%ﬁﬁﬂ%ﬁﬁ%%iﬁﬁﬁﬁm%MM

SR T 20 AR, 3R AR A BLAR S 48
B U HEAE R 7 41358 Fr i i [XORIT A T8 b [X 5 A B
B BAEMIINN, LRI AR R A 8RR
JE A BRAR RO AR AR B Sy =R A Al A
P2 DA T2 RS A AR AR R R
)T Atk 25 B A 2 45 JLAE 0 (R e i A
HERPAERR ) R A AR R %n?aﬂ/ﬁﬁ*t?”?ﬁa‘é
17T e L5 3 FE ) 8 S AR I T A AL B i
ARFGREE R, 5 Hi LI FIRS be ik EH*E I,
P il R T H AN RSB R o 2 AR
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PR EL, MATHLER | TE PERR IR BR R R A BRI
B4R E T 1.8% ~2.0% .5.9% ~ 6. 5% .
16.0% ~41.6% M 7.3% ~7.8% , £ LILIE R
FE LA FH A 2 J A8 H 389 R TR 2 R 1
e RN A R B P i, R RS 2 4
A G R R R ORI ROR. A
AYMT I, - HERR PEAT B RS W A e e
L OC TR AHOC R B 52 0..999 F 0. 980.
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