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Table 1| Emission coefficients for non-point

source pollution

T s s . MR Bl AE
S+ QLRI 75 3 H A 32 48 7 W K S Bk 0 1 ORI Souree ofpolluion ' 0P B T
}EH—F , iﬁ*u HE*“/I’ ':F' E(J/;Ej‘ ﬁ?’??ﬁﬁﬁ@i%/?ﬂ:fé ?}ﬁﬂ( A/ (kg/hm?) Planting sector / 0.79 6.68
o, IR BEAR A AL T S BN AR A BRI S, 7K =35/ (kg/t) Aquiculture sector 28.36 0.10 1.35
ABFFALE ek FE Pt o R P PR AR I e s (2) | A/ [g/(d- )] Broiler duck 4.54 0.19 040
*2 BHMFEXNERNEER
Table 2 Efficiency measurement indicators for rice paddy farming modes
FRARPERT . . _ o o
Characterstic TR HbRE] PHE fME% RUME Rk
] of met ';s Selection of indicators Description of indicators Mean SD Min Max
TICS
TR A e A F A T B/ hm? Loz Lis 0.06 667
Land inputs Total area of rice field integrated farming model ' ' ’ ’
FETHA e AR AR TR/ kg
118.67 178.06 1.50 1200
Seed inputs Total seed inputs of rice field integrated farming model
TLIBEA FAMIEBA /g 1453.74  1856.13 40 10 500
Fertilizer inputs Total fertilizer inputs ’ '
e AN FE . .
AR KEHA B R A R A/
Input o S . 1450 2160 0 17 330
L Pesticide inputs Pesticide inputs during weed and pest control processes
indicators
BLRELA TR RSN /5 2670 4530 0 28 500
Machinery inputs All machinery inputs o '
A SE Ik N R E R (VN 368 5 59 | 5
Labor inputs Total labor input, inclusive of family and hired ' ’
HAHA B _EIR A Z S AL A /T 4050 16 830 0 310 000
Other inputs Other inputs apart from the aforementioned inputs
2 24 = < p
Mg i Bk T AR FREE B kg 857418 831459 1876  30839.79
Desired output Total outputs Total output of rice field integrated farming model
PUNE S =2 4 N S =N
fesihi i B AL ke 10.33 59.52 0 1042.45
COD Total chemical oxygen demand
AR , .
B ST YRR /K
Undesired o B 1068 1283 058 8954
TP Total phosphorus pollution emission
outputs
A SRS Yt kg L5 L7 0.07 -
TN Total nitrogen pollution emission - ’ ' '

e FESL BRI, R IEFR AR EOE L. Note: In the actual analysis, the above indicators are all in logarithmic form.
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PRI R SR 5

R RBERHE . T2 L E
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Table 3 Definition of variables and descriptive statistical analysis

ARG o . FEACHE " o .
oo o it 25 ] qo e P ERMER SOME KRG
g " Variables Descriptions of variables . P Mean SD Min Max
variables size
IS ES Wi SFA J7 L0 LR AR EE R [0,1]
Technical The technical efficiency measured by the SFA method 1167 0.59 0.17 0 0.94
&S o efficiency ranges between [0,1]
Efficiency
indicators AR i it SBM-DEA J5 JEI L R AL A58 U D
Ecological [0,1] The ecological efficiency measured by the SBM- 1167 0.47 0.23 0.11 1
efficiency DEA method ranges between [0, 1]
5 Gender 1=81,0=%t: 1=Male, 0=Female 1167 0.77 0.42 0 1
SZHFH TR P SRR Z B R AR/ AR
1167 7.43 1.96 6 16
Education level  Years of actual education of the household head
AR FrESCBRAERS % -
1167 58.93 8.68 32 84
Age Actual age of the household head ?
FrEADNEHIE e . )
Hosseiald e, T E BB B8 K
- Number of days the household head rested due to physical 1167 15.03 42.10 0 365
head’s personal Health status . .
. discomfort in a year
characteristics
FHERREE A R, h 638 5 A se kR L 15
HE AR @150 % A BORAE N 1, A0k 0 The willingness of
Willingness the hous.ehol('l head l'o pr(')tecl the envnronmem w§s mea- 1167 0.34 0.47 0 1
to protect sured using six 5-point Likert scale questions, with a score
the environment  above the 50th percentile assigned a value of 1, and a
score below it assigned a value of 0
FREBNTE .
YN
Total mumberof 2 AHE/A 1167 583 248 1 20
. Number of household members
family members
FHELE BIA . _
EAT B
Annual total wIE qﬁ(/\/ﬁ?ﬁ 1167 4.33 4.19 0 15
. Annual household income
household income
A R BERHE VAN SE AR AR AT RS AL AN (1=02, 0=15)
Household char- Agricultural The household has received at least one type of agricultur- 1167 0.90 0.30 0 1
acteristics subsidy al subsidy (1=Yes, 0=No)
(R ERALARR (1=7,0=7)
Agricultural Household participation in agricultural insurance (1 = 1167 0.34 0.47 0 1
insurance Yes, 0 = No)
YN IR IR
e it BT it HL(1=J&,0=75) Use of
The usage status  — ) et REEANEIMLA=R JUseof 167 026 0.44 0 1

of drones

drones in the production process (1 = Yes, 0 = No)
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45k 3 Continued Table 3
AR . . FEA Gt e .
Coteomn o sk ] qoe TR BRER SWME SRR
g v Variables Descriptions of variables - P Mean SD Min Max
variables size
N s s FRAG P ITAE RS XS IO 0 ST A0 [EAT Ym0 4 28 0%
SR S RIRAK 7J§§ /\vf: 1jniT }::nrjnqe:lilgf:r?rgfi o?ﬂf}vﬁlalé IW/iere
Economic indi-  Level of economic o g‘ & . Y & . 1167 2.01 4.42 0 18.60
the household resides, serving as a proxy for economic de-
cator development
velopment level
PR 2 R P /mm 1167 443 456 151 23.28
Average rainfall  Annual mean rainfall
R —AEZ R H R AR SE 3 d J DA LT 35 ORIk /
H'E‘e::v;;ive X Annual frequency of consecutive daily maximum tem- 1167 4.10 2.63 0 10
perature exceeding 35 “C for three or more days
RS BRRIGE HTRRRTRAE T A 109 4GB T /d
Climatic factors Extreme low Number of days with daily minimum temperature below 1167 32.97 9.28 7 37
temperatures the 10th percentile of the sample period.
B — 42 B 50 mm R E /d 1167 363 299 0 g
Heavy rainstorm  Annual count of days with rainfall exceeding 50 mm ’ ’
T5 —ARZ BN SR O BRI H] /d 1167 93,51 799 14 a3
Drought Maximum annual consecutive days with zero rainfall ’ ’

2 FER5HMH

21 PBARBMERESHERNELR

FE ) b Ak S R W BCHE L A B 5T 2 ) Sta-
tal 8.0 FR AN S5 [ e FH R 3R A5 X AR R AN A
BECE, RN R A, FEARX S BARFP A
BT, WA R A SR A - B R 8RR 0,593,
SRR 0.469, Horp Fef - g - dRAsE = 1y B R B
e, A5 0.760 ; R AE - MR FK R SRR, 3%
BI85 X 1) B AR BOR B AR, 3R (A
h0.581 A -G - MR AL AE AR R M e, RORE
R 0.545 5 7K AE B FRE -G A5 =0 R B LIS BOR(E 7
IR 0.516 1 0.452 ; 17 K - WA 20 il A 2SR R A 1K
104 0.323, LRAKE R -1 MR 7R B R &R M
AEHCR I A T HADB . X B2 28 TR
FOE T P2 = A AR 2R R TR AR
ARG, AR T A 25 5 Ak F48A [F 2T
TR TR MR 2R R R

Sy G B8 AN ) o A X ) R R A S 75 A A R 2
S AR B e R 7 250 B (ANOVA) #EA TR 55,
45 WL 0 R AR FCR A S FOCR A P {E 5 514 0.030
H10.000, FBALE 520 WA T, AN R IR )
BARBEMAESHRAEREES, P, A&
FFE R < - 36 % AN [ b A2 5 22 [ 7y 249 41 25 S5
PEATHI P EL AR (2 5) o 5 R B/R AEH AR RCR I
e -5 - AR A ) 244 5 LA 3 A = i S (B AE 7E
FER . EAEBHORIE , KA S5 RE -

x4 BHMFEXPORABERMESYE
Table 4 Technical and ecological efficiency for

rice integrated farming system

GIEEE. HARE AR
Integrated farming system  Technical efficiency Ecological efficiency
NX EN
T’: ﬁﬁ?ﬁ;j‘. 0.593 0.469
No distinction practices
AR 0.593 0.516
Monocropping rice
-
0.591 0.323
Rice-crayfish
iRl
0.581 0.452
Rice-duck i
S
Fi-AF 0.760 0.545

Rice-duck-crayfish

R - 05 e - M A - 1 5 R -G - R X 2 [ B (.
22 5800 3
22 BARYERRESUEZLMEERSH

AWFFEEE T Z e R AL MABIRY, PR5E T P B4
NFHIE AR R BERIE 22 D PR R UM R 3R 0 R
BORMA SR A, BREERILE 6. %6 %L
(HFRRI B SO0 AR AR R A YRR T, %
AR R 7R By — BRI , 0 BRI Bl A SRR A
RANET5 1 o

D P EADNNFE . DFRE R B, 2 E 02
SRR H R SR AR RO A 520 . T BB A JELIA
1T, 55 PR A BE Lo S qbE ) TR AR el A 7 5
2, T IX 2 75 3R] BE AR BE 78 23 M B B 51
HEROARM AR o 7 TR XA BCR A A 80K
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Table 5 P-value of the ¢-test for efficiency across different rice integrated farming system
Bt FiARBLK Technical efficiency H AR Ecological efficiency
: I
Models KA AR F-p F-1g kARG AR iR Fei-1ng
Monocropping rice Rice-crayfish Rice-duck Monocropping rice Rice-crayfish Rice-duck
AR / / / / / /
Monocropping rice
iR .
Rice-crayfish 0.903 / / 0.000 / /
-1y . -
Rico-duck 0.784 0.835 / 0.255 0.014 /
F-1g-iF )
Rice-duck-crayfish 0.002 0.014 0.007 0.705 0.471 0.002
A WFE BB . X AT RER N NS R R R,

K, P ERETEE LA L5, FFRE T2
AT 2GR AR 266 T2 U, AT 32 8 1 FP R 45 HlL g
AL A5 A T 3 R A I g P oA TR,
F B AR BT H AR R FNAE SRR A R A 5
F 3 B IR TR B R RCR 2 AN, 7R AR SR
I REA —EEH  HARRE) 8K

R EEEFHE . RIEBANOSESHFEER
EROM KR, R ZEE N (38 0 mT GE 1 A 5
TN HEA AR TE 2R i — B R A T RS
PP . ZRE B AT EORFCR BAT W 25, R
W A 3 v ) R EL A T 2 22 PR R, nT I 3K o
HER AL B it AT SR FAERE 5 | AT 12 T B AR 3K
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Table 6 Assessment of factors influencing Table 7 Comparison of different integrated rice farming

technical efficiency and eco-efficiency models with monocropping rice

[R5 - HARMCE ABRE
> NAES &S FZLNSES . .
M) AT ES ﬁ*ﬂz EELX&K Factors Inl ?n{‘Jnf%‘t . Technical — Ecological
Factors Influencing factors Technical  Ecological category uencmng lactors efficiency  efficiency
category ) efficiency efficiency R —0.053""  —0.178"™
— [ Sa— ok L Rice-crayfish 0.014) 0.017)
Pl Gender 0.025 0.067 Tyt Ricercrayfis ( (
0.011)  (0.016) Integrated rice  F&-1 —0.061  —0.109
0,002 0,004 farming Rice-duck (0.043) (0.067)
Ty Age ) : models - -
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: : PESR] Gend
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B R s .
;iﬁ"z : i et 0008 002 . H;’f“eh(ﬂd | ZHEER 0.000 0.000
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2y 4 3
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otal number of lamily (0.002) (0.003) N -
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gression, the monocropping-rice model serves as the reference

group, and the coefficients for the integrated rice farming models re-
resent robust standard errors. The following table is identical. flect the changes in efficiency relative to it.

the 10%, 5%, and 1% levels, respectively. Values in parentheses rep-
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A comparative study of rice-duck-crayfish integrated farming system
and other rice paddy farming systems

LIANG Pan', CHEN Xuan'*, SHI Longzhong', LI Ronggiang'

1.College of Economics and Management , Huazhong Agricultural University, Wuhan 430070, China;
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Abstract To explore the differences in efficiency and influencing factors among various rice field
farming models, this study constructs an “efficiency assessment-influencing factors” framework based on
field survey data collected from Hubei Province in 2023. By integrating micro-level household survey data
with climate data, we employ both SFA and SBM-DEA models to measure the technical efficiency and eco-
logical efficiency of different rice field farming systems. We systematically examine the efficiency disparities
between these models and evaluate their respective advantages and limitations. The results indicate that:
(1) Among the four rice-farming modes including single rice, rice-crayfish, rice-duck, and rice-duck-cray-
fish, the rice-duck-crayfish mode demonstrates the highest technical and ecological efficiency , with values of
0.760 and 0.545, respectively. In contrast, the technical efficiency of the rice-duck model and the ecological
efficiency of the rice-crayfish model are the lowest, at 0.581 and 0.323, respectively. (2) Factors such as
the gender of the household head, agricultural insurance, economic development level, extreme tempera-
tures, and average rainfall have inhibited the improvement of technical efficiency , while the age of the house-
hold head, agricultural subsidies, total household income, and drone usage positively contribute to technical
efficiency. (3) The age of the household head and indicators of high-temperature heatwaves significantly
improve ecological efficiency , while factors such as the gender of the household head , total household popu-
lation , total household income , drone usage, level of economic development, extreme low temperatures , and
drought negatively affect the improvement of ecological efficiency. (4) Compared to the single rice mode,
the rice-crayfish mode exhibits significant decrease in technical efficiency and ecological efficiency by 0.053
and 0.178, respectively. However, technical efficiency of the rice-duck-crayfish mode is 0.163 higher than
that of the single rice mode. The study indicates that the rice-duck-crayfish model demonstrates the highest
performance in terms of both technical and ecological efficiency , highlighting its substantial potential for pro-
motion.
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