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Effects of straw and biochar returning on rice yield, nitrogen use efficien-
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Abstract: In order to clarify the optimum straw returning mode for improving rice yield, nitrogen use efficiency and

soil fertility under the rice-crayfish integrated system, a
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field experiment was conducted to investigate the

and no nitrogen fertilizer application (CK), no straw re-

turning (NS), straw returning (S), biochar returning at
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low rate (LB) and biochar returning at high rate (HB). The results showed that the tiller number, leaf SPAD value and

leaf area index at different rice growth stages as well as the percentage of productive tillers, aboveground biomass, nitrogen

uptake and grain yield were only significantly increased under LB and HB treatments compared with NS treatment. But there

were no significant differences in these indicators between LB and HB treatments. Indicators of rice nitrogen use efficiency

were significantly increased under LB and HB treatments compared with NS and S treatments, but there were no significant

differences in nitrogen partial factor productivity, nitrogen use efficiency for grain production and nitrogen use efficiency for

dry matter production between LB and HB treatments. On the whole, LB and HB treatments resulted in the marked increa-

ses in soil redox potential, pH, cation exchange capacity, organic carbon content and availabilities of nitrogen, phosphorus

and potassium compared with NS treatment. But there were no significant differences in soil redox potential and pH between

LB and HB treatments. Therefore, by integrating the performances of various treatments on rice yield, nitrogen use efficien-

cy and soil fertility, the optimum straw returning mode under the rice-crayfish integrated system is applying biochar at low

rate (7.5 t/hm”) , which can improve rice yield, nitrogen use efficiency and soil fertility.
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Table 1 Effect of straw and biochar returning on yield and yield components of rice under a rice-crayfish integrated system

) s o ey R Ve T i
2022 CK 148.89¢ 225.42b 88.28a 24.26a 6.84c
NS 178.89b 232.74ab 85.64c 24.42a 8.40h
S 186.67h 236.87a 86.61bc 24.47a 8.70b
LB 212.22a 240.12a 87.07ab 24.80a 9.34a
HB 219.44a 238.78a 87.30ab 24.65a 9.70a
2023 CK 133.33¢ 222.54b 91.28a 27.23a 7.25¢
NS 165.56b 231.41ab 88.64c 26.72a 8.79b
S 173.33b 234.03a 89.28hc 26.67a 9.17b
LB 197.22a 237.33a 89.97b 26.49a 10.20a
HB 200.56a 235.43a 90.30ab 26.68a 10.62a

CK ; JoRFFid FURITE ZIE it I AR 38 5 NS - TEAE AP0 AL 2R ; S . REFFIA AL BE ; LB« IR AR 4 55 AL 3 1B . o i AR Wy S il T AL 3, () — 4703 [7]

—HVER R AN R)/INE PR FROR 22 5% B35 (P<0. 05) .
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ARFT A NS Ab#R I 254 =, o LB Al HB AbFRAE
2AEN D IEERE T 7. 14% M1 6. 61% , {5 LB Al
HB AR Z (A o 3% 25 5%
2.3 JKFGA K SPAD {EFIM EFAFEEL

FEUF HAERE X T 5 NS AL FRAH 1L, K FF 3k T
) BRI S AL BEAY K RE A SPAD fH &
iR 48 F s O 35 AR 4k, LB FTHB AR B (Y 0 5
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Table 2 Effect of straw and biochar returning on tillering dynamics

of rice under a rice-crayfish integrated system

wp . ZEHEH(x10%, 1 hm?) R
ATERS #eEm mim (%)
2022 CK 217.78d 196.67¢c 158.89¢  68.37b
NS 259.44¢ 235.56b 188.89b  68.95b
S 272.22b 241.67b 196.67b  69.10b
LB 291.11a 263.33a 212.22a  72.90a
HB 299.44a 270.56a 217.22a  73.29a
2023 CK 201.67d 194.44¢ 141.67¢ 66.25b
NS 246.67¢ 232.78b 174.44b  67.52b
S 256.11b 238.89b 182.78b  68.84b
LB 273.89a 258.89a 208.33a  73.30a
HB 279.44a 263.33a 212.22a  72.19a

FAHWEE 1, F—F 0 R —5 85 5 A RN FRER R 225 W
#(P<0.05),
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R SPAD {EAHLE 2 4- N LB Fil HB ARSI/ E4T
W1 SPAD fH AT BISF-X38 0 10. 67% F1 14. 35% , 74k
RS> S48 010 12. 86% F11 17. T4% , 78 LA 43 1)

SEREETN 21, 119% 1 27. 18% ., 540, 5 NS Ab B A -
THFRFE B L, 2 550 LB A HB A 3 75 35 15 1514351
SERHEIN 12 62% F1 17. 72% , AEAAEIH 43 51 K34 i
12. 84% 1 17. 40% , 7€ B 4390 F- 241 149 13. 72%
M 17.26%.,

®3 FEFREWRE B FEIRHERRXKFEM 5 SPAD EfH ERIEEAI 200

Table 3 Effect of straw and biochar returning on leaf SPAD value and leaf area index of rice under a rice-crayfish integrated system

ntH SPAD L ITPACIEAd
Ay b3
LA il A LA il JASY
2022 CK 34.62¢ 36.13¢ 14.92¢ 2.92¢ 4.07¢ 2.76¢
NS 37.90b 39.83b 20.57b 4.28b 6.66b 3.68b
S 38.40b 40.83b 21.37b 4.36b 6.79b 3.77b
LB 41.13a 44.43a 24.70a 4.78a 7.43a 4.07a
HB 42.33a 46.20a 25.93a 4.99a 7.76a 4.14a
2023 CK 33.83¢ 35.47¢ 14.60c 3.06¢ 4.22¢ 2.85¢
NS 37.52b 39.50b 20.63b 4.35b 6.73b 3.68b
S 38.63b 41.03b 21.53b 4.46b 6.88b 3.89b
LB 42.33a 45.10a 25.20a 4.94a 7.68a 4.30a
HB 43.90a 47.20a 26.47a 5.17a 7.96a 4.49a

AALTULAR 1, AR SRR ARG PR 22 5 .35 (P<0. 05) .

2.4 kBB EMEMENREREE
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A Y R R N ) A A 3R] S 2 R
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Fig.1 Effect of straw and biochar returning on aboveground biomass and nitrogen uptake of rice at maturity stage under a rice-crayfish in-

tegrated system
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TAEFE 1 BRI T 13, 65% A1 18. 20% , £ FIEAF
R FERCR E RIS T 6. 51%1 9. 13% 16 & AT
WA 0% LA B T 11, 16% 1 15. 14% ., 55
AN, FHEAR 38R B FWUR R | U AL R F %
MENESTHRARAE S LB F11 HB AL FH T %% NS b3 i
FE, L= F 2 a5 W, s BRI Yy HB
R4 BEFRAEWSSE BB RO R F AR H 0

ALFRSLB AbFE>S AR PR, 2 4F N, S LB il HB AbFHAH
XFF NS A FALA 2#A0F Lar IFEE T 21. 89% |
76.31%F1 101. 59% , 76 FNE 2 WA R 14350 $2 5
T 19.77% 67. 47%H1 87. 31% , 1& AN A= B 3
AR T 15, 72% 43. 23%F1 55. 92% , 1E AL Tk
R EERE T 16. 40% 54. 69% 1 68. 31%

Table 4 Effect of straw and biochar returning on nitrogen use efficiency of rice under a rice-crayfish integrated system

iy g RIRIRAETT RURACEECR ANEFM FANAEIMAAHAR RIOTTRER FULkRA ™ FUE TR
(kg/kg) (kg/kg) A= (%) (kg/kg) (%) M (kg/kg) AR (kg/kg)
2022 CK - N - ~ ~ 55.18a 108.52a
NS 55.99h 10.39d 31.37d 33.13d 18.59d 49.47¢ 95.00h
S 57.98h 12.38¢ 36.45¢ 37.71c 21.30c 50.20c 98.17h
LB 62.26a 16.67h 50.15b 44.87h 26.79h 52.05h 105.07a
HB 64.70a 19.10a 54.72a 48.97a 29.02a 53.49ab 108.17a
2023 CK - - - - - 56.80a 110.81a
NS 58.59h 10.23d 32.13d 31.83d 17.45d 50.24c 96.84h
S 61.11h 12.75¢ 39.63c 37.44c 20.63c 52.79bc 101.44h
LB 68.02a 19.66h 56.25b 48.07h 28.84h 54.16ab 108.19a
HB 70.80a 22.44a 64.32a 52.21a 31.50a 55.33a 112.74a

AP 1, A0 [E— I S R R NE TRER R 225 35 (P<0.05) o —3R7s JoBE

26 TERE SHEEBA pH MABEFRKRE
TESEATREIRILAERR S ) 2 4R, H A EAE S |
LB 1 HB &b ¥ T ¥4 NS 4b A B F B, B LA
2023 47 HB AbH N B AR (£ 5) . 2 FNE
HESAb I I 57 T pH A A 38 ) DA i 341K 26 3Ry
HB AbFESLB AbFH>NS b FE>S 43 BH B 755 4
FEALFRIE] M = BIE L BN HB AL BE> 1B b PE>S 4b
FHSNS Zb B, 5 NS A3 _FRTEARAR L, S Ab P
RN E2ER (R 5), HHEAIIE AL pH
TE LB A3 T AXAE 2023 4F4 NS A3 25 52 &,
16 HB LB R 2 AFE #4748 NS 43 i 3545 & 3 LB I
HB PR Z [A] 22 S AN 3% . LB Fl HB Zb3 2 4R PN 4
HEPH S T AC bk Y% NS Ab PR g 5 4R, H HB AbFE
WEET LB LB,
27 TEFHSEREFNH
TEFATREIR R 2 4R PN, RIS
HARMAE VR 7EAL B B F AR BN HB A H#E>LB Ak
PH>S AbHESNS Ab B AR ke $i, H Ab B [A] 22 55 e 4F
FRAEKC TG R (R 6) . 7E 2023 4F, 5 NS Zb3EAH I,
THEE LR SR AE S AN R R B0 R, T
LB F1 HB AR 435l i 34 /0 1 11. 31%F1 20. 71% ,
HAHBAL M 3w T LBALBE ; SNSALBAR I, +

x5 HHREVREANBIREERTERE SNEFREA,

pH FIPAE FX SR F M
Table 5 Effect of straw and biochar returning on soil volumetric
weight, redox potential, pH and cation exchange capacity

of soil under a rice-crayfish integrated system

wq | AL T

Ry ibp (g/em?) HL AL pH S
(mV) (emol/kg)

2022 CK 1.34a 66.98bc 7.32b 19.86¢

NS 1.33a 67.68bc 7.33b 19.97¢
S 1.32a 65.68¢ 7.30b 20.59b¢

LB 1.30a 70.24ab 7.39ab 21.39b

HB 1.28a 72.46a 7.44a 22.68a

2023 CK 1.33a 64.50b 7.29b 20.06¢

NS 1.32a 65.00b 7.30b 20.17¢

S 1.30a 62.80b 7.26b 21.02¢

LB 1.27ab  73.06a 7.43a 22.45b

HB 1.21b 75.80a 7.51a 25.01a

FALFLILE 1 L, [ AR SR A RN R R 22 5
% (P<0.05),

AR A MM EEE S Al LB AbB R
SR ERAN TAE HB ACFRE R 4350 B 2140 6. 12% |
11. 48%F1 6. 94% , 5 1A HLUAK & AR, 78 2023 4F
S B - IR GRLY B R A RO R AL
TS NS AbBRTC B 3 25 5, 1 7F LB Al HB AZbEE 3%
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A NS AhF i E R, Horh HB ARS8 s T LB &b,
TE 2023 4F, 5 NS ACFEAHEY LB F1 HB ACFRI) +3EmR A
FeAr i BN T 7. 83% 1 14. 04% , + 3RSt A & 1

®6 BHREMKTAMNBRXERATERSSEREFTRENHT

Table 6 Effect of straw and biochar returning on nutrient content and nutrient availability of soil under a rice-crayfish integrated system

A BB i iR epEE BRI AR E EA AR

Iy EREIN T 8. 55% 1 17. 97% , 36 30w & 5y
BB T 12. 88% 1 23. 11% , -k 212235
DERINT 9. 78% N 17. 45% .,

2R

i i (ko) (ko) (k) (whke PR Ok (mgke)  (me/ke)
2022 CK 19.08b 1.94a 0.59b 12.36a 9.87b 174.56¢ 18.11¢ 177.99¢
NS 19.17b 1.95a 0.60b 12.42a 9.88b 172.78¢ 18.03¢ 175.54¢
S 19.61b 1.96a 0.61b 12.55a 10.02b 179.55bc 18.68bc 180.26hc
LB 20.13ab 1.98a 0.63ab 12.74a 10.16ab 184.08ab 19.55b 185.67ab
HB 21.23a 2.02a 0.66a 12.96a 10.53a 192.96a 21.04a 193.46a
2023 CK 19.16¢ 1.95b 0.60b 12.37b 9.81c 176.66¢ 18.29d 178.02¢
NS 19.27¢ 1.96b 0.61b 12.40b 9.83¢c 178.48¢ 18.48cd 176.95¢
S 20.11¢ 1.99h 0.61b 12.65b 10.20bc 184.35¢ 19.21¢ 185.43¢
LB 21.45b 2.03ab 0.64ab 12.93ab 10.60b 193.74h 20.86b 194.25b
HB 23.26a 2.08a 0.68a 13.26a 11.21a 210.56a 22.75a 207.83a

AP 1 A — AR R — SR e AN /NS AR OR 225 B3 (P<0.05)

2.8 KEEFERERERSTEEAERERE WA BCS S A AR AL pH B AR SC

Xk

ISSLNTTEIN LA (S S AW T VNS S 1}
b5 - HEA R DU OGO &R T -5 HL A AR
THERRIBIFFAEIE R R G R (R 7)o Horb KA PR
FoE L EAERAE YR A AR 0T B SPAD {H
5 A T O RO G i g A - 4

ANRE B IS E R BT, 5 I 1A #e
AL R E RS e e
R BB PR S8 AT SO N O A
TEARSG BRILZ AN, KA 73 BE RS 2R BE KU 1S + 0
T AP NI RO T W IE AT, i
55 At SRS SR bR TE] AR S PEA 5

FE 738 bt b 2 M b 26 IR ARG 53 b, K R i
7 KBFERRERIERS LRI ISR Pearson 8% H 5 4F

Table 7 Pearson correlation analysis between the indicators of rice yield and growth and the indicators of soil fertility

o AL
SEpRy Hb L FB A ZEBER RS It F SPAD i L NIPASiRA

A -0.845 1 -0.878 1™ -0.554 1 -0.692 3" -0.829 6** -0.6725"
AL S LA 0.697 2 0.753 5* 0.628 1 0.859 6™ 0.8121* 0.594 4

pH 0.7205* 0.779 8 ** 0.618 3 0.847 7** 0.827 4** 0.600 0

FH ¥ 3 ff i 0.844 5™ 0.886 8 ** 0.626 0 0.757 8" 0.870 6™ 0.689 2~
AL 0.851 8* 0.890 1™ 0.606 8 0.752 2" 0.862 5™ 0.687 5*
LRGE 0.884 0** 0.9152* 0.618 5 0.746 5* 0.8737* 0.723 3*
R 0.873 6™ 0.916 4™ 0.741 0" 0.846 6™ 0.932 9™ 0.764 2"
sy 0.890 8 ** 0.930 9** 0.726 8* 0.8450* 0.930 4* 0.762 5"
WAL 0.841 2* 0.879 9* 0.611 0 0.754 1* 0.858 9** 0.680 4
e L 0.843 5™ 0.8823™ 0.579 8 0.716 9* 0.844 1™ 0.670 2"
AR 0.861 8* 0.902 9** 0.637 8" 0.782 3* 0.883 1™ 0.704 0"
U C ey 0.824 6™ 0.870 7* 0.588 1 0.760 8 * 0.849 1™ 0.650 1"

n=10,Ry s =0.631 9, Ry =0.764 6, * Fl ™ 43 5| 3e7R W EAH X (P<0. 05) I A I (P<0.01) . F KRG ZEBERCN 4 BE R B0, nt
SPAD eI T B Kk R A
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FEH KRR ST, T A ST & BLA W) ¢
S HE A K R 188 77 200 58 T R AT 38 T Shen
SOV e BE U2 R A T R R K R RS FE AR 4
sk H KR 7 ik B 2 8 TR RS RS AR IR L, ZERF IR
HAEBER T ABFSE & BK R R AR FH I 7K A 434
FERCR AN 5, K REAS AT A2 4 ik H i S AR v
TKRE R, KRR R S H T B R 1A
Fl2o ORI AR R, KR RS AT A 9 ¢ AA 5
IKFE RS FF 8 B ELAT 5 8 7K R 40 BE S - - SPAD
LRI T RS B, X SR TR R AR e A A= 00,
PRHEKAE T o0 B, L e B A W s ia 4r
WAESE T X — ., KR EAEA] R S m K Rg A
KR I B A B R Y BRI
IKFERAEARAE T K UK RS R A A 7= 1 A 80%
B A B R ALK RERE R AR o3 FH 2R A4 T 43 il
IKFEFE AT IR L 5. 98% 8. 23% .20. 57% , Fe Al
7K g Hb b F A= ) A0 43 0 42 8. 60% Fl
5.28%., SHIAWFGE G5 R AL, AW 55 & B ARG HF
IAERE R K FERE AR A 9 ¢ 148 FH 350K R A3 HE L
A = KRR A R,

A= e ih AR K RS I 6 2 2 AR K AR
HEFIFH R AR AR LR %7 Huang 457 #F 98 & PR,
IR SRR A W 5 A8 A AS A FE ol 7RG RO 401 4 SR
KT 9%~ 10% , /K A8 A W =3 I T 23% ~ 27%
FEIPHAER T L K I T KK 4
RIEZE T N e Pk % o 21 H i K kb, 30 UIE
PSRRI EUIE R R A RS FF AR e 4544
T B S LB R R R A AR A R
(4 BH S 1 W BRERE 71 AR O S IR AR I R A5
R K REFEFF A 4 e A AL BB 4 398 BH B F 38 it
B S TOK RS AT T AL P | X 2 B + 3 4 2
R R RE 7, 2R v K R IR A O R (i itk
FEXT R R ORI, K RERE AT AE s 4444
IR AR (AR A S ) , BRIS R 4T 1
TESE X — A,

47 BN T AKE X K RS AR R AR K S
FEEA BB AR kB, FE R AR
T KR A RN e S A R AR
F S, M5 HoAth AR 7 45 bR 2 3 o
IEAHSE, FREFILAEAL SR, KRS RS 2 P o i FH

S A T A OR 5 T K RS AT AL T, K R A AT 22
Yy ek T el L b, e b KRR AR AR K
PEMPEHE KRR b KRR FFAE W ik
REAB 4 o LIRS MLI S L A7, 3 T RE e el e L g
JEPED) R KRR AR B8 3 |, fedE HXS 9% 0 1Y
WAL, S T (2 HE K R = R L D) A, AR SR AR
B, et AR AT A2 0 i 3t TS AU K R A AT
i AR 1 A RN A R i R e T
Sk AR PR AL S, R IIER TR T
TR RN RE 1 Z 5, KRR FE AR B 5k A g
g SR THRE AT AR L IEwE B UENIRE T, KA
PR AR IE AR TS R R AR

REUR VR R K A A A A Wy i i F BSOK R
FFId S RE AR - 3 2 o, it PR AT A B AT
AT BILRRR 75 fak R 235 A e o P, 3K B A8 DAl g o 1 1
AT WL S B I AR LR T KRR AT A
i FH REA 1 o P AR 98 7 i ok b s Uk, i
AT/ A S A 3T R R e A A
PERET AR I B A BN KRR AT
FEIRAS B BRI 58, 33X T RE S FLId S (A A 3
PERE 11 pH #2 i 9 2R i H o R
B RE M AR T A e B o R R 1 B
FacHuar " B TOKAEREFEAE Y A H K FE A
it I REAS P v - e S A A S8k A DAL, — ik
JETKRERE AT AW ¢ ) S WA B 55 e o, oA e el o
THE ARSI 5 — O R S T A
L pH | BHE 204 5 2 5 3R 20 A ROV A O Y £
AR

L5 LR R AR AR BT R AR AR B it
FESR T RIS AR KRR A Bk A = i AR
TOKRERATIR H . ARBETEIL KB, FRIFIAERECT
ey K REAS AT A W8 H (150 v/hm® ) By 7K R ™
TFARBAREKRER AL 534 T (7.5 v/hm?) 3
BN, BNTEH RS R AL T dods 2 AR )
RFFFELE AL 0T WK R A K AR B 1 43 B R B, A
URHAE R 2R o o K R RS AR A2 4 e 3 (15,0
t/hm® ) SRR RS FFAE 4 5 114 7K o 25 R
JRREAS )5 SPAD {H | T ARTE B b b AR A )
ZE 50N 35 TR HOK AR 22 e AN 3 i B Y
R 38k MOKAE R R & SRR 00N ZAE A L
IrMT B, RIS | KRR AT A= ik
PR T R R e RN O A= 77 T FPRLAE 73K
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FRT W A 7 ROR SRR K RS RS AT A2 ) ot 22
S E X ATRER S R =R A F D
—EAESEIN . M SERE Sy 48 bn b b K B, AR 3k
PERLECT , BAR B/K R RS AT A2 1 s I A 4K
FERGFTAE it T B e 1 e R W A0 AT 2k, {H
A E SR ERAL pH 2 A S 2T 2
B T OR AR W (] R 3 2 S, okl M B M) 4%
FEPEAKRE T L ERARE

4 45

BN S L A (Y W W = o R
Wy 3ds AR S 7K A R I ™ 800 5t T /K AR A 1
M 30T 4 I PR 2K R AR e i T8 15 1
KABRIFHR, Fo, LHERE AR
pH FBH B 38 3 it 78 K R R 2R P e ik O 15 2]
o, IR B A AT K RS S AT AR 4 A H
AT AR RNET: X AR R AR 2 T KRG A KA 5
TR, AE/KFERSFTF A= 9 A F AR 2E /K R A R g =
A0, I A Bt 7K A s A 40 o s L 1) 34 0 g 34
i, FEAR KRR T AE YA H (7.5 vhm® ) T
IKAREREAF A=) 538 1T (15,0 v/hm®) 18] JC B8 & 25 5%
PRI, 256 25 oK A ZUIE A 3 3 e
AT AR K FEFREFFAE Y R IEH (7.5 vhm?)
SERBAR SRR T e SE KA 7= RUIE A R 3
- SRR T $E T A3 B RS AT A =K
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