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Impact of cultivated land operating scale on the ecological efficiency of farmers’
rice production: a case of Changde City

WEN Gaohui'’, HUANG Danni', XIE Yilin', HU Xianhui'

(1. School of Geographical Sciences, Hunan Normal University, Changsha 410081, China; 2. Hunan Key Laboratory of Geospatial Big Data
Mining and Application, Changsha 410081, China)

Abstract: Improving the ecological efficiency of rice production is key to achieving the dual goals of guaranteeing the stable growth
of grain production and reducing the environmental loss of cultivated land use. Cultivated land is the basic source of agricultural pro-
duction. Therefore, exploring the impact of cultivated land operating scale on the ecological efficiency of rice production by farmers
is of great importance in promoting moderate-scale agricultural operations and the sustainable utilization of cultivated land. Unlike
other studies that have mostly focused on the medium and macro dimensions of cities and provinces, this study was based on the mi-
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cro dimension of grain production—farmers’ perspectives. Moreover, the conclusions obtained from this study can compensate for
the lack in previous studies in terms of targeted exploration on the impact mechanism of cultivated land operating scale on farmers’
rice production (ecological) efficiency and the existence of a nonlinear relationship between them. Using data from 416 questionnaire
surveys from farmers in Changde City, a random frontier analysis method was used to construct an efficiency calculation model and
an impact model to empirically test the relationship between cultivated land operating scale and the farmers’ ecological efficiency of
rice production. The results were: 1) Farmer scale levels and the rice production ecological efficiency need to be improved. Among
the sample farmers, the number of smaller operating scale farmers was the highest, accounting for 94.95% of the total sample, indicat-
ing that small-scale farmers remain the main forces of agricultural production. The average farmers’ ecological efficiency of rice pro-
duction was 0.830, with a room for improvement of 0.170. 2) Cultivated land operating scale had a significant impact on the farmers’
ecological efficiency of rice production. The ecological efficiency of rice production by farmers tended to increase and then decrease
with the expansion of the cultivated land operating scale. Their relationship was non-simple linear but exhibited an “inverted U” with
an inflection point located in the range of 1.2—1.4 hm’. It is not necessarily true that the larger the cultivated land operating scale, the
higher the ecological efficiency of rice production by farmers. The blind expansion of the cultivated land operating scale could lead to
a decrease in the farmers’ ecological efficiency of rice production. Therefore, it is necessary to promote moderate-scale cultivation of
cultivated land. 3) The farmers’ ecological efficiency of rice production was also significantly positively affected by the education
level of the household head, dependency ratio, and the proportion of agricultural income. It was significantly negatively affected by
the age of the household head. The aforementioned information indicates that we must recognize that small-scale farmers will contin-
ue to exist for a long time. Based on this, we should further increase plot sizes to promote moderate-scale cultivation of cultivated
land and promote cultivated land concentration to reduce the degree of cultivated land fragmentation. Furthermore, the government
should not only continuously promote fertilizer reduction and efficiency improvement to accelerate the development of low-carbon
agriculture, but also develop new farmers and increase their support to promote the ecological transformation of rice production.

Keywords: Rice production; Cultivated land scale operation; Ecological efficiency; Stochastic frontier model; Peasant household
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Fig. 1 Influence mechanism of cultivated land operating scale on farmers’ rice production ecological efficiency
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Table 1 Index system of rice production ecological efficiency evaluation
eSSl At s Ei=17n TETR NI
Type Variable ~ Symbol Index Indicator connotation
®A HEIRA L BETIVIE N AR AP I BUKAS A R AR 57 3 ]
Input  Labor input Labor input (d-hm ) Labor time input per unit sown area during rice production
BABA K, EEREABA TR B R B KR A 7 i R T AT 2
Capital input Fixed capital input  Irrigation input Cost of irrigation per unit sown area during rice production
%hm™)
FHLEA BN RER I BUKAE A R B R SRS 4 . SRl . BRHBL. ksl
Agricultural &Y SN
machinery Cost of personal or rental farm-transporters, transplanters, cultivators, harvesters and
input (¥hm ) other agricultural machineries per unit sown area during rice production
TANFEABA LA TN PANRRFEAUKRE A B SR AR . BRIE . B B ARSI 2R
Floating Fertilizer input Cost of purchasing nitrogen fertilizers, phosphate fertilizers, potassium fertilizers,
capital input *hm™) compound fertilizers and other fertilizers per unit sown area during rice production
RATA B RN TR AR R A 7 R P S AR 2 14 2
Pesticide input Cost of purchasing pesticides per unit sown area during rice production
%hm™)
A BANARFP I RBUK A R v W SE 1 31
Seed input Cost of purchasing seed per unit sown area during rice production
%hm™)
P R Y, FohE AR UK A
Output  Desirable Production Rice production per unit sown area
output (kg-hm ™)
W7 G weAbRcE A4 i R B
Undesirable Carbon emission Carbon emissions per unit sown area
output [kg(CO,eq)-hm ]

ANFEPLIE ST HAAT 53 SCILEE 2.
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Table 2 Indexes and connotations of the variables for evaluating rice production ecological efficiency

2 At (i TEFR A
Type Variable Symbol Indicator connotation
PR IKAEA SRR RPEE, Lt WAL A7 BB AL S A S e PR R A7 AR SO E
Explained variable  Rice production ecological efficiency Farmers’ rice production ecological efficiency value calculated through a random
frontier production function model
R RS Bz s SCA 20204F B Z TR A I AR
Core explanatory Cultivated land operating scale Sown area of single season rice in 2020 (hm’)
variable
PEfil ARt M NFHIE Fr AR age Fr AR
Control variable Personal Age of head of Age of the head of household
characteristics household
FEZHERE  edu INF R LR =1 Wrh=2; mh el fe=3; K& KLl F=4
Education level of Primary school or below=1; junior middle school=2; high school or special (or
head of household technical) secondary school=3; junior college or above=4
FREERFE IR dep 20204F 5K 2 AR 55 Bl ) Bt/ AR BE T 3 ) B
Family Dependency ratio Number of non-agricultural labor force / number of labor force in peasant households in
characteristics 2020
RABASLE pro 202044 A/ BE A
Proportion of Net agricultural income / gross houschold income of peasant households in 2020
agricultural income
ZEHIE PR fra PR R G R AR
Operating Degree of Number of plots / rice sown area (plots-hm )
characteristics cultivated land
fragmentation
AL mar A AL O R A LY
Distance to market Distance from the farmer’s address to the central town or market town (km)
or town
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Table 3 Carbon emission coefficients of different carbon sources from rice production

IR Carbon source HERZ L Emission coefficient ByE kR Data source
AN Nitrogen fertilizer 2.39 kg(COzeq)-k,t:{1 CLCD 0.7
A Phosphate fertilizer 0.66 kg(CO,eq)kg ' CLCD 0.7
HAE Potassium fertilizer 0.57 kg(CO,eq)kg ' CLCD 0.7
E 4 Compound fertilizer 1.77 kg(COeq)kg CLCD 0.7
A2 Pesticide 4.9341 kg(CO,eqykg ' 28]
31 Diesel oil 0.5927 kg(COeqykg ' [29]
Bk Ploughing 312.6 kg (COzeq)yhm ” (30]
Y Trrigation 14.537 kg (CO.eq)hm [31]
JKFGRPF Rice seed 1.84 kg(CO,eq)kg ' Ecoinvent 2.2

AP AL T AR B2 A S A P R YD o T 25 2 (D) S AR R S A T s e U AR PRI D4R S ) 2016—20204F M IX G4k

5, TR 2R AR IR T3 K R R 0.5815, FRIL, HHEWESEBRAR HE il 7 B [Dubey HF5E{H25 kg(CO,eq)hm * P15 Kk M RN FRANE 1A 14.537
kg(COzeq)'kg’] - In the present study, diesel consumption per unit area of single season rice is represented by an approximate value of the diesel consumption
per unit area of each county (district) in Changde City. According to the regional statistical data from “China Electricity Statistical Yearbook” from 2016 to
2020, the average thermal power coefficient in Hunan Province in recent years has been calculated to be 0.5815. Therefore, the actual carbon emission
coefficient for irrigation, the product of value of 25 kg(CO,eq)-hm™ from Dubey’s research and thermal power coefficient, has been revised to 14.537
kg(COeq)kg .

222 MEARTE 223 EHITE

R R B B B B B B 25 T HUBES, A 1 AR 7 2 5 A O
B % T R R SRR B A R R AR R %S AN B R, KR L SCAMHT LB A
BT i ) B R R e p i SRR, W P I . SEEAFIERIZ 4

ANE YRR TR e 1A P KR P B b ks AR 3 D TT IR AR R P 22 B (3 2)-

BEATGTE . AR ER AT A B M T B, B 23 HERIE

SR B AR P RAELE 777 R SO Xl 28 58 ML PR IR T 2020 4F 11 H 4y PR A 9] 5 4 ?ﬁ

Xof KR A 7 AR SRR AN B T R DT AR I, 8 A 7 5 WIT R P RIS A, 27 %ﬁzﬂﬁlﬁ‘EEu

PrAAE W4 ol 1o AR Ry BF Ml 2275 KU s 5 A 2 WL SRR T R R . ARl A A E I DA R R,

B I BRI AT AT R, A 2 LA X AR R K R AT BEIRE . DUEE ﬁé%%ﬂllm{%

EEFE{% SRCRAT G, (BT [ AN TR, B EL S AT F 7 DO R A X SR IO R AL
2B S AR A A SRR T REIFAR T B R A A Ty 5, AR B e By G, B R (X))

fﬂ% PR, HIE 5T R TR BEFE B L 22
KA A = AR AP AEAR R R AR

2 E RS LI 2 AMEH (738, MR 4 R B rh o O B R A i, B

(738 TEHC 4 47 BORE; 4047 BORE BEDL AR 96 25
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2y 15 P, it 10 M (1) 40 M7 BN .
8] A SR HRCI NS 1 R TP 2, I A 3 G 8 O AR A
AR Az B A BOR EE HA AR 55 B g, LR AR
623 {3 A< J [l 2, ] Bk 8 43 JC 2% 1) 4 Jm 3 3Rk 45 600
A SR, A RN 96.3%. 5 R H 2020 4 |-
AT PR ORI 20 Ml X 22 Dy 1K 3 ) A8 g W K R,
PR AR B, TP A R AR A RS2 R, R R
TEAF 5 45 3R 00 B A AT RE P, SCEAUM) R A 2R
7 T R A BEA T T B SRS, S B ) A0 i e R
Y& 106 i, Be 2 DL 416 1y 5075 A5 f A P 18] A5 %030 A
HBFFEREA

FEAAR FURFAE A0 4 T 7R 1) AR P P ERRAE
KB, FEAAR PP F2 A 4 5 3k i, 7 2 AR i K B
61724, 60 4% L LW P £/ £, A 239 7, dilk
57.45%; HEARL T P EZ B BEREZ N ERLUT,
i b 59.13%; {UF 36 FREARR P P BT R
T, AL 8.65%. 2) NZKIEEFFER T, FEA R P 5K 2
FNHEE AL 4 N, IH 3~4 D55 sh A
FIERZ , H 269 11, 15 L 64.67%; FEA AR 71 5 pE AR
v 2l A2 13 759.86 IG, FBE A il A T
10 000 JCHYAR P i %, A 306 )7, 5 Fb 73.55%; FEAR
P2 R WA T, 5 HE 96.15%, Mol B4 i .

x4 BEMZIHRPAERFE

Table 4 Basic characteristics of interviewed farmers in Changde City

NS . L kt@] RS e Bk Hﬁ@J
Personal Frequency Ratio . L Frequency Ratio
. Type Family characteristic Type
characteristic (households) (%) (households) (%)
A <50 74 17.79 FRIETF B it <2 92 22.12
Age 51~60 103 24.76 | Number of household labor 3~4 269 64.67
>60 239 57.45 =5 55 13.22
ZYHRE INE R 246 59.13 FKIEAA A A <5000 140 33.65
Education level Primary school and below Household agricultural ~ 5001~10 000 166 39.90
wrh 131 31.49 income (¥) >10 000 110 26.44
Junior top school Hell 155 glife 1 0.24
% 33 7.93 || Concurrent employment  Pure farmer
High school or special (or technical) I Hefe 15 3.61
secondary school One-part-time
KERL T 6 1.44 farmer
Junior college or above T 3Hege 400 96.15
Fane2=g0) AT 36 8.65 Two-part-time
Social identity Served as a village official farmer
B A 380 91.35

Never served as a village official

I Sifede A e ;o s ol i [a) B A5 LR RO 76 s A2 AR L TG B4 ) . One- and two-part-time farmers refer to farmers who

are engaged in one and two non-agricultural activities, respectively, at the same time.

3 SKIELRKSH

30 HZEMESKAKBEFESEEXR

TEAIIA AR 2% A5 % BREAS A P 7K R A 7 2 2
R R BEAT A AT, AU Frontier 4.1 X £ 7 bR #5 F11 Fifi
HUFT VR AR AT A 56, 25 5 o SREA A P oK Ag A=
FE A 2SRRGB FH BE ML AT U A A H R SR ] Cobb-
Douglas (C-D) A= s EUE A . T4 R a0 5 fw,
BRI 45 5 B4,y {50 0.956, H7E P<0.01 /K F i
&, Ui B BEPLIE 2h 0 A8 S A5 95.6% Sk i F AR &R
T, 4.4% K5 T REHL TR

REZEZWEZE AR, B ERFREA
AR PR A P HEARORA BRI T2 8] (38 5), ¥1H
41 0.830, TEBLA RS AT AR, #5718
BRAESCRITNA 0.170 B9FEFF2S 0] A& P ]k R A 7=
A ARORZE R, e/ IME R 0.218, e KAH A 0.980.

RS5 BEAKPKBESESHE RMAKEARIE
EI)
Table 5 Rice production ecological efficiency for overall
sample farmers (without technical inefficiency)

At E 4 FRfiE T

Variable Coefficient Standard error 7 value

Constant 9.034™ 0.247 36.579

InL -0.065"" 0.016 -3.943

InK 0.004 0.024 0.172

InC -0.962"" 0.020 —48.021

s 0326 0.061 5312

y 0.956" 0.013 75.665
ff%i".ﬁﬁ%ﬂﬂ% @"Mﬁ 6.652

Log likelihood function value

B ISR LR R SR T LR test 87.941
i K{H Maximum value 0.980
#%/]ME Minimum value 0.218
SEHI{E Mean value 0.830

#RRINP<0.01. L. KFICHY T L IWF1, *** represents significant
effects at P<1% level. Meanings of L, K and C can be seen in Table 1.
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IKFELE PR AR SR N 0.8~0.9 I IRZE, i 43.03%;
HUOZ 0.9 LUL, i E 29.57% (& 2).

SR FH 2R [0 03k ot 0 20 8 A 15 4 1 K AR A
FEAEBRCRIATING (K 3) BB, 1A% [R5 K 2%
AN LT, AR P 7K R A 7 A 25 20RO b 22 8 JLASS
PRA B R, BRI M 2875 R 15 o P K e 2R
AEBBORBIEMALEK R, HEERIAM R A
R, E—2 R A kbl =W EE L X
B0 . Logistic 15 4E 4R HEAT i e L& Al 1T,
R ENH LA R A . R IR Z5 R R,
AR PR AR A 7 A ROR 5 HE 2 B B AT RE TR R
A LR PR R S f8] U B 6 &, 7F 1.2~1.4 hm®
1) X 6] A BE A7 7E Ml A4 P KOG A 7= A A 508 e 1 3108
(R b 2 7 RS 3 05 S LA, 0~1.2 hm” X [H]
AR PR R A P A SRR (A R 0.828, 1.2~1.4 hm” X
] A P 7K A 7 A SRR B R 0.875, >1.4 hm’ X

IR = AR SRR
Farmers’ rice production [1<0.7 @0.7~0.8 [30.8~0.9 [@>0.9
ecological efficiency

2 BEARPAKBEFESUELSESHE
Fig. 2 Distribution of proportions of rice production ecologic-
al efficiency for overall sample farmers

— Z&PEMT Linear regression

— R [FH Quadratic regression
BN P12 011 Linear regression of
smaller operating scale famers

RBP4 [B1H Linear regression of

larger operating scale famers
1 1
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Farmers’ rice production ecological efficiency
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Fig. 3 Relationship between cultivated land operating scale
and farmers’ rice production ecological efficiency

e
9

[i] A P2 KRR A= 7 AR SRR R 0.855, i — L IRk
TR FUKREAE =4 S BORAE 1.2~1.4 hm® X ] P 35 5]
o B, PA 1.3 hm® S50 Bt i R REAR A P gk 47 K]
O3 IEo B HEAT et [m1 5, ok b AL 2R A mT L & B
0~1.3 hm’ [X [1] Py R b 2838 FUBE 5 4 Pk R A P AR 2
R R IEAH &, T7>1.3 hm® X 8] P 0] Sy 740 56 56
F, VLU R mHEZ5 R AT A5, 2 8 R 5 4 Pk
R A = SRR 8 U B 2R . IR IE % e HoAh
S P 2R 1 DL T B85 18 R SRR ST, T — 2
Il 28 8 R R H — R I AR KRS A 7 AR A K
A R A TR R
3.2 ML E MR AKEE T E SRR
321 HHEEMENRAKBEFESHEZZM
KBRS

HR A 1 S RS 43 B AN FE bR 2 B, i Bh Frontier
4.1 XA AR R R IGAY C-D AE 7 bR B BE ML AT IR A
HEAT R KA SR AG T, 0 B Bkl 26 78 R X SRR AR A
FUORFEAE P AR AR EOCR I ), AL 1 A0 A% O R R
70 S P b 28 7 AR 1 — YRR R 0, AR 2 4 A
T ol AR i, AR 3 g A SRR I R AR, g5 A
6 TR . BERL SRS T R A, p EARIK R 0973,
0.965 F1 0.955, 138 5 1% 4 25 Pk ACEAS 56, Ui 1] 5%
ZET AR S R L HORARRBORI, X LRI 1,
B 2 FASERY 3 ] I, i R AR ek R B0 SR R AR ek
A AR A 3 BROGH A0 AR g ) [ 45 SR
S, AR MR BT o B b 2 R A — YR T
Xof AKCRE A 7 AR AR RLCR A 3 I I ) B R
TR 7K R A 7 AR AR RO 3 R 1) B, P 2 (]
(6 RAE R ML X R, KA A SRE S
B 2 B b 22 8RR R T e 4 S R AR, B2 5
U R ER . XUl BBk 28 IS 2 K, AR T
A PR 25 WA 2B R AT R R BC L, [ B R A
SE YR, MUK N G5, 45 A 7 R R A
Sx Bl B, DI B S AR P K R A 7 AR 2S00 1T Y
Bl 28 B B R K, A 7 T RE TG 1 B g ) Ak
b 2 7 RUASE A DG 0 45 ) ST, o B0k L 4 T, BT 34
INT A 28 AR, PR AR T RSN 2R, 1 AR
IR HE P SRR AR

Pl AR B, AN AR SR SR AE RN 2858 R AE
XA FOKRE AR 7= A S ROR A B 1) P AR
W4 Xk A P AR A 7 A SRR 3 T ) S ), AR i
BRI A P A r A 7= WA T BB A R < IH, FLIE % B
TRR TR, R T AR UEA M = 5, S0 1) T34 4k
HE A 25 25 (A, AT BEL RS K A 2 72 A 2SR 3
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R 6 MHILENRI BHARRFKBEFESYENZMMEITER MAERIERED)
Table 6 Estimated results of the impact of cultivated land operating scales on rice production ecological efficiency for all sample
farmers (with technical inefficiency)

HEHI1 Model 1 2 Model 2 FII3 Model 3
Eﬁ Y bRz T itk =8 bR - it &5k PR T
Variable Estimated Standard Estimated Standard Estimated Standard
coefficient error Tvalue coefficient error Tvalue coefficient error Tvalue
H 4 Constant -1.729 1.349 -1.28 -2.240° 1314 ~1.705 ~0.843 0.710 -1.186
SCA -2.199 " 0.164 -13.37 -1.268" 0.490 —2.588
SCA® 0276 0.025 11.18 0.169" 0.063 2.682
age 0.026" 0.013 1.988 0.014" 0.008 1.828
edu -0.351" 0.161 -2.185 -0.241" 0.101 -2.386
dep -0.422" 0212 ~1.989 -0.253 0.134 ~1.885
pro ~3.930" 2.000 -1.965 21327 0725 -2.941
fra 0.017" 0.009 1.876 0.005 0.007 0.699
mar 0.006 0.012 0.528 0.008 0.012 0.683
e 0.568 " 0.272 2.09 0.438" 0.182 2.403 0.312™ 0.076 4.112
y 0973 0.016 60.13 0.965™ 0.015 63.855 0.955™ 0.014 68.958
Log*ikelizfgilfunc@tiiﬁ%alue 65.024 68.636 70.745
by 0 D il =N
LIS R T i 104.684 111.908 116.126

LR test
IR GIFRIRP<0.1, P<0.05HIP<0.01, &4 LI, LEREHLHTI AR N S BERLh, 20 PR 2 Al T E R B 58k, R
AR XS RO ARRCR A 010 ) (1, X AR P KRR A 7 A GRS J2 E [ 1; m [R 3R A8 1 A+ R BN IR, 7R 1278 B X R AR R 7
SEIE Y, XA PR AR A = A SRR R R SRl . *, ** and *** represent significant effects at P<10%, P<5% and P<1% levels, respectively. Meaning

of the symbols can be seen in Table 2. In the stochastic frontier non-efficiency influencing factor model, if the estimated coefficient of an influencing factor

variable is negative, it means that the variable negatively impacts the technical inefficiency and positively impacts the farmers’ rice production ecological

efficiency. If the estimated coefficient of an influencing factor variable is posotive, it means that the variable positively impacts the technical inefficiency and

negatively impact the farmers’ rice production ecological efficiency.

2) P EZEE RN R OKREA P ESMRA B
TE 1) S, 52 30T o JRE ML o ) A P R T g 2 9 1
TNV, BOA AT REZEAT AR AR 7™, 32 KA AR )™
HE SRR 3) TR LXK RS A 7 AR SR AT B
IR, — 7 T ZEE SR PR B A P g
R B 2 (0 it B 1) AL, 5 — T T HG S FE A M A
AR RS E PE IR R, AN 23 5 A AR AR 25 45K
A=A Gl 4) AP WA B A T K R A 7 AR 2
BESERTE AL A QA NN A=Y P
b 228 HURE — RO, e o 1 et Al A 7 A R
IR AT BE S 2, SN B 1) T B A AR IE AR 2 ; 5) B
b 20 BT BE 7 1) 5 e A P RO 2R 7 AR SRR, B
b 2R A A i R B gy, O ) T R B AL LB Ao, 28
Gy i SRR, HI A B0 22 55 3 1 B, i KR
II AR IAFAEA 55 B T3 AN R [R) A, B AT BE A 7K A
Az i A T A IS AN A 2, T S BOK R A AR
ASRCREFAK s 6) B2 BURT RS 18] 52 MR A P KRS AR 7
SRR, A PRI AR BUBGET, 5 41 FR I8 RO 5
X ity e o B A, A ] BRI D TR IEAR 2 i,
NI FRAE AR 7 B HE T, 12 i 2K AR A 7 Bl A 7 R
322 HMEEMENRAKBEFESHELN
HI53 4HEEIE
Oy it — A B R M 2 RS X A P K R A 7 A

BECRAFE M, 2% O AT BT R AR5 LSk
THERRUAE N, R OKREA P AR ROR KA AR
A B “45 55, B AE IX 8] A 1.2~1.4 hm?, 45 &85 X 5K
B, LA 1.333 hm® R340 45 6, B REA AR P Rl 43 R s/
FRASE AN R AR 0 2 28 . HLAR R 40 1% O an 4% 7
Ji7R, 416 PREAAR P, B /NEIBEAR PORGR B 2 A1
395 17, i Lt 94.95%; BB FACH 21 B, i L
5.05%. 3X Ut B /N B A P AT 2 Rl AR 7 1 32
J14, KRR P AL A 3B A i o 43 iR
Frontier 4.1 X 5 /INFITEE RHUAR AR 7 19 Az 7= R 550N Bl
HUHT 1A AT 4G 36, 45 R /R B/ NV AR 3 ]
Bl ML T A% 28 R SR C-D A= 7= R BOE 2K, 3 KM
B P ASSE AL AL [0 U5 43 A fe /MR AR | 2R, B
K Tobit BRI 1 44 AR Ol B AE | (BFh 2
EHUED), BIR 2 g A F il AR i, RO 3 9 A A5 e
DA f, 25 RN 8 M3 9 Fiom o BEALAT A y
fEAMIK M 0,973, 0.970, 0.955 HL¥55 T 1% &1
KT RGE 5, U B 1 22 T ) AR S R Bk B B AR AR
SRITT, Tobit F 1 rf i 2& ME K 5 K 30 45 SR (Prob>chi®)
WY M 0.039, 0.291, 0.035, HER) A fb T RAF, %)
FEARSRY 1, AR 2 FIASERY 3 RT A, MR AR R R BUE
T A A AR s o 7 e A 30 BOGE A 0 72 2 114 ] 1
S5 B s, A RES M A
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Table 7 Division of farmers’ cultivated land operating scale

27 Type %4345 Division criteria (hm’) S Frequency (households) i kb Proportion (%)
B /INAE Small scale <1.333 395 94.95
B HIE Large scale >1.333 21 5.05

R 8 HEEMENBNRR FKFEE T E SN ER I

Table 8 Impact of cultivated land operating scales on rice production ecological efficiency of small scale farmers

K11 Model 1 FiI2 Model 2 K713 Model 3
AR T =% o T =7 — T =% e
S bR ARikR T T RE ARiER Tt fEit&#E FRifER Tt
Variable Estimated Standard Estimated Standard Estimated Standard
R T value R T value . T value
coefficient error coefficient error coefficient error
FHOT Constant -1.427" 0.827 -1.726 —2.669 1.199 -2.226 -0.753 0.823 -0.914
SCA -3.568" 1.661 -2.148 -1.602"" 0.649 ~2.469
age 0.028" 0.011 2.520 0.014 0.009 1.624
edu -0.374"" 0.143 -2.619 -0.289" 0.127 -2.279
dep -0.427" 0.186 —2.299 -0.254" 0.149 -1.709
pro -4.074" 1.583 —2.574 -2.300" 0.951 -2.418
fra 0.0217 0.009 2318 0.004 0.007 0.560
mar 0.006 0.013 0.504 0.007 0.013 0.534
7 0.584" 0.241 2425 0.498"" 0.162 3.071 0.344™ 0.109 3.163
y 0.973" 0.011 84.799 0.970"" 0.010 92.452 0.955™ 0.013 75.097
SR PR LA B
BRI 55.076 58.459 60.077

Log likelihood function value

UK RIS
B e Ejﬁjﬁ i 96.778 103.543 106.779

| R IIRRP<0.1 . P<0.05HIP<0.01, 4550 LILFe2. MR 190 AR O RS R (HF ML 2 B RIASE); BRI A A 1o BREAI3N A 428
M RAR §, *, ** and *** represent significant effects at P<10%, P<5% and P<1% levels, respectively. Meaning of the symbols can be seen in Table 2.
Model 1 includes core explaining varible (land operating scale); model 2 includes control variables; model 3 includes all influencing factor variables.

RO HHBEEMEIRAMER FKFEE T ESHERI

Table 9 Impact of cultivated land operating scales on rice production ecological efficiency of large scale farmers

BRI Model 1 FERI2 Model 2 FER3 Model 3
A T — T — T —
SR it 2% prifELR T flith 2% FRfEs T flith 2% PR T

Variable Estimated Standard Estimated Standard Estimated Standard

. T value R T value R T value
coefficient error coefficient error coefficient error
SCA ~0.011" 0005 2150 0015 0005 -3.000
age —0.001 0.002 —0.390 —0.003 0.001 —0.250
edu 0.044 0.026 1.690 0.031” 0.023 1.350
dep 0.051 0.041 1.240 0.037 0.036 1.030
pro 0.050 0.048 1.050 0.117" 0.047 2.510
fra 0.001 0.003 0.330 0.002 0.003 0.580
mar —-0.001 0.002 -0.360 0.000 0.002 0.050
H B Constant 0.956"" 0.024 4031 0.787"" 0.136 5.780 0.833™" 0.118 7.040
BRI Prob>chi’® 0.039 0.291 0.035

R R FIRP<0.05F1P<0.01. 54575 LI, MRV AMZ LR L ek (i 28 5 D) ; A2 40 A 478 T A s ASHU3 40 A 4T s il PR 3R A8
i, {ETobith A, 5 m  R AR i AT R ECH U, FORi s XA PR AL 7= AR SRR S AR B 1 1 255 R R Al T RO IR, &
TRIRAE XA PR RE A PR AR SRR AR SR IE M Y. ** and *** represent significant effects at P<5% and P<1% levels, respectively. Meaning of the
symbols can be seen in Table 2. Model 1 includes core explaining varible (land operating scale); model 2 includes control variables; model 3 includes all
influencing factor variables. In the Tobit model, if the estimated coefficient of an influencing factor variable is negative, it means that the variable shows
negative impact on the farmers’ rice production ecological efficiency. If the estimated coefficient of an influencing factor variable is positive, it means that the
variable shows positive impact on the farmers’ rice production ecological efficiency.

SRR 1) BF 22 B UL B N A K L2 WU IR PR RS A 77 A SRR
AR 7 e A RRAT 35 IR 1) S 0, B/ LR A P Ak ST B, 33X AT R R O A i 2 MR a2
TR I 28 1 B B, A b 28 R R A i A vy LS AN 55 3 g AR A A BUK P BR,
G IC 05 BEAL, A ) T4 28 A 7 R ALY BT ILRE IS L, S EOR R R R R A
FEOY KR, TR KR A 7 A RO e 2) Bkt a i BN, PRIl S B LS, B2 M

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

340 o A ARl 2 () 2024

% 32%

P RAAUA 22 A2 R AT A 7 A SRR R v, il 22
Xf H™ A SR, Ul B AR HE R B s AR A 228 i 7R
LR Al A AR 3 G B, A REMUTE A 285 WA
7T R A T AL o 3R A B LA
TEAE A BRI B LA . R ZR A MR,
REAT 280 il e e B A PRI R A 57 30 3 26 5 T P s 1
T4 B T R FH BT AR B L 1Y 55 3l 7 T3
(R BE AT, DT S BEOK A 2R 7= AR AR ROR fefE . AR
I b 2878 FUBON B N AR 2 e Pk R A=
7 A AR B G SRS L 23 M T AL B 2 RS
BE/INUBEA 1 KR AR 7 A 2 R0 AT 2 35 I 1) 52 R
TR B R RAREAR - 7K A 7 A 28 R A 35 w3
iy, HE— 20 BOAIE 1 <Rl 287 MU 5 o KA AR 77 AR
BRCRE U BDSE R RIBT AL, 5 AT S 2t
BT LA AR —EL

4 WiL5E®

41 it
41.1 HHEEMEREXN KBEFEIRRIEN
HMEEEHR

HFHb G B A 2808 SR A ORI T — H
S OIE W A, R 2 NIRRT TS . an g
A0 4R R R M 28 FUR R A B TR A R R
S, B EIMAED ARl AR PE B AR A Ik B A
SR R b 28 B R RR A8 £ K R RN E (Trit-
icum aestivum) 55 HE B AE Y 0 HE PR R0, 3 el
U B OCR, U WITE ML A 7 0 Bl rpo R 5 4 7 o
FA) I ) 5 I A f8] U AU 56 R AFAE 1 . T AR
SR R PR 24 TR ) N W R R K R A 7 B i o
R T R K, B HE A AR I i A

IKFEAE P2 RO PP I R vh, 4 8 KRS A 7 AR 23K
SRR B ] S AR AR £ 7 AR B K S i B A
72 ISR PR FE L H B (10 S AR o A S o SLIERF Y
Sz PR b 2878 WURE 5 4 P KR A 7 A SRR 1R
U B Se 2, PRI & IR R A5 G 2 P2 30RO H A
(3t 25, i J2 DA AR SRR BARAY 4K, B s
JE R 2878 IR A R 5 T B AR bR o (H R TBk
Hb SR 1 B AR Y R TR R L) 2R P AT TR IR I
ARAAELE”, PR R /MR v [ Al &
A BAR Y, 22 Flobk b 288 BB 77 (0 IR 285 25 K 0 5
S, AT Bk M I RIS 28 A SR AR R T gk —
5T
4.1.2 BRI KRR & A SR

AR SCEE A FE T Bk b 2 AR A P K R A
A= SRR B S, (H B S A A P S TR RIS b |
(I E PR AR WAL, I R & M K
PR R SRR . R SO LR B AR E AT T — s IR,
TE 42 0 28 B PO T B b 20 WAL A B, 45 R R
(3 10) BEA X sl A 7 Bk 40 e AL R 3 (b e B0 /4%
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Table 10 Degree of cultivated land fragmentation for sample farmers

ESi] Bk P2 fe e e IKREA PR ASRE
Type Frequency (households) Degree of cultivated land fragmentation (plotshm®)  Rice production ecological efficiency
BURHEA Overall samples 416 11.028 0.830
BN 't Small scale farmers 395 12.953 0.828
BERHUEA F Large scale farmers 21 10.925 0.855
42 #ig FUKRE A 7= HEAS BORIAE D 0.830, 38 A74E 0.170 HY

BT ) T T AR OV A A RO, A BE AL
FTTF A5 U A Tobit B8 73 A1 1 9 3 28 35 LB XS A
KRR A P A ASCR IR o 3 T4 2R R WL 1) A
B b 22 8 UL AL K 1 FKCR A 7 AR SRR B A 4
Th BEAA R BN PR R 2, R L
HOH 94.95%, BN PATH IR A A2 7 9 F2 75 4

RCRIAR o 2) BFH 2B FUBI A P KR AR 7= A 83K
AT E RS, R IR AR T B M OC R A
U RI»SE &R, H B rfe X (84 1.2~1.4 hm’, #f 22
BRI AR B R, FOE B9k B & K A AR
PR AR B, HEAT B M PR 22
) RPUKREAE - ESMFARZIN T EZHERE .
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IS 14 [7] 4 K R AL, [ AR B s R e L R S, fie
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2 4 A N A 38 28, bR e AR B AL . AL AETE
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