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Effects of farmers’ direct seeding technology on
rice production efficiency
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(1. College of Economics and Management, South China Agricultural University, Guangzhou 510642, China;
2. Agricultural Information Institute, Chinese Academy of Agricultural Sciences. Beijing 100081, China;

3. Business School, Yangzhou University, Yangzhou 225009, China)

Abstract In order to explore the effects of the extensive use of direct seeding in southern China, based on the input—
output data of 574 rice production cycles of 420 farmers in four southern provinces, this study investigated the impact of
direct seeding technology on rice production efficiency from three perspectives including labor productivity, land
productivity and technical efficiency. The results showed that: 1) Direct seeding technology significantly improved the
labor productivity of rice; 2) Direct seeding technology had no significant effect on the land productivity of rice; 3) The
adoption of direct seeding technology reduced the technical efficiency of rice. However, in the case of distinguishing
farmers’ planting scale, with the increase of rice planting scale the impact became insignificant when the planting scale
reached a certain critical value. In conclusion, the adoption of rice direct seeding technology is an important coping

strategy against the background of rising labor costs, and this technological change is an important embodiment of
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China’s induced technological change theory. In addition, in order to save labor, farmers can bear a certain degree of

output loss, indicating that the rice production mode has completely changed from intensive to extensive management.

In order to give full play to the positive impact of direct seeding on rice production efficiency, we should tap the

advantages and potential of direct seeding technology. focus on improving the supporting facilities and conditions of

direct seeding technology, such as land leveling and land exchange, and further promote the popularization of direct

seeding technology among farmers who have reached a certain rice planting scale.

Keywords direct seeding; production efficiency; peasant household; land scale
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Fig. 1 Analysis framework of the impact of direct seeding technology on rice industry
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Table 1 Definition and descriptive statistics of variables
77 ik Y A Ui e Ton o 22
Variable type Variable Definition Mean SD
0 % BE AR 1k HIBHAR FRNEFHEHEAR=1; AR M=0 0.70 0.46
Core explanatory Direct seeding technology
variables
97847 % Labor productivity KR/ 55 F) T A T 57. 30 85.21
i s ke/ LAY
Explained variable gy /- j* % Land productivity KREE R/ FER A, kg/hm® 7 649.63 1663.73
FHARZHE Technical efficiency 0. 64 0.16
HAH: R K FHY Other technologies adopted
HLAR B3 304 4 25 HLah (G RAID=1;Fsh=0 0.74 0.44
Mechanical spraying of pesticides
W 976 4 25 UCHL 1.62 0.76
Number of pesticide sprays
FEEN D HHE? Family demographics
F A B=1; =2 1.02 0.15
P o) A o Head of household gender
C | variabl o . . .
ontrof variable ZHEFIR Years of education PR SR Z ERBE TR 6.29 3.07
FHEEN MU Family size 4.63 2.02
WA Non-farm income ratio % 72.23 30. 87
HiH R AE® Land features
+HEF i Soil quality =1 =2;%=3 1. 66 0.63
Wi A Irrigation convenience RUETEWE =1 AR =2, 1.18 0.41
BRY=3
HELZE R Plot type 0= FeB& /K H ;1="FHh 7K H 0.84 0.37

T QA H AR R F & 5 T K R RO R ST, ST BEAR Ry 574 4 DMUs. @%KE A FRFAE 3 T IR P AR ST, 36 420 4~ O Mk
FRAETE TR A A P A BT 58 45 50K P ARDK R i o — D it AL B 3t 420 4,

Note: @O Farmers’ technology adoption is based on rice planting cycle, and the statistical samples are 574 DMUs. @ The household

population characteristics are based on the surveyed farmers, which is 420 in total. @ The plot characteristics are based on the

typical plot of the surveyed farmers. Each farmer’s rice planting record one typical plot, which is 420 plots in total.
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420 DMREARL B ML B 50 A R L 151 DREACSE [ )
B 137 MREAR R B AL 78 N REAR Sk H YLV
554 MREARK HZHA .
2.4 EEBEARARKBEFNGITOH

R 2 5% LA A R G K R A 7 R R A
Gy E SRR LA MOKRER = I S8 S L R
SHTREREF O X R AR &G, LR AT
A7 A PR 22 5
2.4.1 RFAGFLFEHBEASH

ARGy FE T 574 A KFE A 7 FA BRI . 5 5
A PR KR 0 7 R A AT A R gk 2 iy
. IKRERYEH 7= H R 7 649, 64 kg/hm? . M AE =4
ARTE A FPRLK R 87 24 b LA 0. 63 hm®
FE AN 242,76 T.0F/hm?, T4l 45 58 4
A SN [A] 9 5 A 7= it YA 3 [m] B 9 Jo B A o Z A
— TR AT B LR G T (E A DL T
B R, A P R K R T 4 1 4 I AR 34
BAGEE A B BN IT., R R BOR R
AR 1 305.75 J6/hm” s4LAEEEA Ry 2 227, 8 J6/hm” ;
KRG AN 1598, 1 J6/hm?; /K #& N 48 J6/hm?® 5 %
RESR IR 89. 25 J6/hm” s Hofth 32 th oy 128.1 J¢/hm’,
[ N S o R S Y R i & S SN £
R B A 5B AR R R K R A AR b e Rl At
SRR 55 O TR % A BB, LOT Ol B, %
& AR FL A TS 72 K RS AR A - b B BRI R
25 MR KRG 4 A A2 77 31 v, K W SE LA Ak
JIR 55 0% 4, B8 T AR R A AR P i ARl A 23 Ak IR
%4 2 611,95 JG/hm?*,
2.4.2 RPRMARBHAF T XNAEL = BEA K

5 Hr

KPR T N T B TR LA 6 R 3 Fh
A7 20 AR LR T AN [R5 R =K R A 7= 1 7
IMEALERINEER 2 PR, R T BB = I A B
FEREIRFEAE 7= X 43 S A T R R AE 3 AN R, 8
AR 1 55 3 S R e AR = K2k,

PHBIE 420 A4 AL 3RA5 574 A KRG A 7= 3 8
it o A LR b R R A 43 51 R 86,399 I 89 A
T HUAE LA 5 4 DMUs, P I Fe A7 0 8 43 B
ANTEHBMANTHEMPA T, N=HERE. 5A
AR R A L R L 3 I L o e R 0 Y R Ay
WK T 3.02%.6. 7% H1 9. 48% . XF i H , A5 XF
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BAARHEAT T BT, e N EHIRACKE . |
FEAN TAHRAE R Y s % A 20518 0. 59 hm?
F10.15 hm®, §i 4% i T J5 25 3K 4 A% 5 1 B0 A 09+
Hu B TR 22 SN RS Y LR AR = N T
AR, T B R ) B RIS TN TSR, R N TF
BB AKTE R B 55 50 S KT N TR,
MR AT . HIE ST S IBRA R A AT
B 1/3 2247, 1 B2 H 0 A 43 00 B AR T 824 Al
27.52% . IRcJa P MRS ELRE 1 ) O AR 4R A S AIK
FATHER, WY R AT E . 5N T4
L5, i e R 19 A Ml 4 2 Ab IR 55 LG At 4 A B R
BEIEMHR AT, A FE s THEEBT
HAENMEA . WL Lo kE, EREKRE 3%
EATEFBEAR ST 3 Sy A, AT TIE BT

A A, HJa . BARPLWAE B A 5 4> DMUs, {H
P 3% Fh R A 21, 78 hm? L i T E AT
TARB 7=, MUMOR B A R R AN T
A N TAHRAAL R 91. 2 T /hm*,
2.4.3 RPRRABA G X AeRAG A M E B S
B T KRG 45 T8 A 7= H I 45 o BIOME L 3L
AT L HR T B R A% b 5 =X K R A 7 8k
RAGHR BN 3 iR, AWFST £ B OCHE HEEM
N TARM AR 25 5 HLBCR B DL B 2 Fhos 2
A YRR AE R IEF I b . ERE A SY
SR N T T 66, 5%, (H )& A p= %
N ARBCE A MR T 6. 49% 1 11.29% , 554, Bl
ARG 57 2h A - SR s T BRI TR+
Hiu 2B 7 BN AR ORI

®3 TEEBEBMAXPKBESAELREST

Table 3 Comparative analysis of rice production efficiency of different seeding methods

#% M7 Seeding method

G i B
. . Hi% A T A HLAR A B
Variable Description
Direct seeding Manual seeding Mechanical seeding
A R E/ (kg/ THE) 62.91 37.78 253. 66
Labor productivity
+ A =%/ (kg/km?®) 7 511. 10 7 998. 68 7 223.57
Land productivity
B N ¥ o~1 0. 62 0. 69 0.59
Technical efficiency
A B DMUs 403 166 5

Number of samples

3 LIEERSH

RNt B 1% B2 AR R W AR A 7 ) R
ARy R I D A AT SRR R (E A U T Y
JE N EIRGEIHA SRR E 5 BRI TS B
LU HUARAR B¢ B 25 045 A 22 5 W I, ELRE AR i AT 5
A A A SEE R I8 . LU SEIE 2 i K% &
LA AN AR AR 9 A 75 5, 36 569 4~ DMUs. A6
53 SeR M OLS J5 Al i+ 1 R F 56 %4 57 2 48 7
SR A R AR AR R B T BOR R T e
FEAENAEE LA K OLS Al 37 Az B4 i 5% ) A, A BF
G ) P A B AR RN A PR A T % B AR SR X 55 B A
PR b M A AR R U, G T B R X

B AR AR5 08 7 1 A 5 AE R CD AR P R AR
FEA E A One-step SFA fili i+ B & % K R 4 AR %%
I
3.1 EBHANZTHEFTRE LHEFTRNE L.

OLS f&it

L% F AR X A P KR 95 sl A R S 4 A
FERSZM ) OLS i a5 sk 4 fim. BARWT .
55— SR LR B X A K R 55 30 A 7 Ak 1
RE R 0. 257, HIE ISR FRE., BWE. K
PR ERERAR B4R & 7KW S A%, 5
TSR AR AR A ;KR R PR R A R
Boh—o.123, M B AE S GEiKFRE. BEWE,
PR EAGRHOR W REAR T KRS Y A 7
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Table 4 Impact of direct seeding on land productivity and labor productivity: OLS estimation and treatment effect estimation

57 g) £ 77 % Labor productivity

+ A ;=& Land productivity

- \ Probit —J¢  AbFHAL T . Probit —7¢  AbFRH AL I
3 OLS 11t OLS 11t
. WP Treatment BT R Treatment
Variable OLS OLS
o Probit select effect o Probit select effect
estimation estimation
equation estimation equation estimation
H 0.257" 1.282°" —0.123" 0.323
Direct seeding (0.081) (0.452) (0.058) (0.251)
) A 2R FH B R 7 L A5 2.768 2.768"
Proportion of farmers in the (0. 484) (0. 484)
same village using direct
seeding
AR HT L IMR —0.646" —0.278"
(0. 280) (0.156)
HLAH A 155 24 0.348" 0.340" 0.088 0.075
Mechanized spraying (0.10D (0.101) (0.073) (0.073)
H P R O 0.517 0.035 0.480"" 0.084" 0.035 0.084"
Acreage (0.064) (0.102) (0.065) (0.046) (0.102) (0.048)
i He RN - T7 O 0 —0.018 —0.003 —0.011 —0.023" —0.003 —0.023"
Square of acreage (0.015) (0.024) (0.015) (0.01D) (0.024) (0.01D)
Rl 0.123 0. 097 0. 044 0.038
Gender (0.247) (0. 246) (0.179) (0.179
ZHE AR 0.019" 0.021 0.011 0.011
Years of education (0.01D) (0.011D) (0.008) (0.008)
P UNEE 0.014 0.012 0. 003 0.001
Family population (0.019) (0.019) (0.014) (0.014)
JE AR A L B —0.001 —0.001 —0.001 —0.001
Non-farm income ratio (0.001) (0.001) (0.001) (0.001)
HE R 251 —0.204" —0.211" —0.242"" —0.251""
Irrigation conditions (0.083) (0.083) (0.060) (0.060)
HiJE Hh 5 0.203" 0.454"" 0. 007 0.188"" 0. 454" 0.192"
Topographic features (0. 101 (0.152) (0.132) (0.073) (0.152) (0.095)
B A5 Province REAY RECE RECY ] REAY RECE RECY
SR Season of rice B B Rty B B B
I T 2.940" —2.103" 2,448 6.570"" —2.103" 6.458"
Intercept term (0. 354) (0.401) (0.412) (0. 256) (0.401) (0.295)
W %L Observations 569 569 569 569 569 569
R-squared 0.418 0.424 0.091 0.084

TE s % Lo eex SRRIFRORTE 10265201 126K P L3, T,

Notes: * , %% , #x% are significant at 10%, 5% and 1% levels, respectively. The same below.
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3.2 TREURKN.ETAENMER
3.2.1 AARRA

R OLS it i, W] B A7 75 P4 2E 1 [n) R, 52 3%
SHAGITEE R iR . AR R A A P i B R
10 o FEIFEAR ;030 i 25 Bsf o 20 250 A 11 HE SR FH 4
AR PR BA R FHBOR A W45, {H R IS R
FBEARETHAR,BEABA KM AT GE A7 A 7 i
oL B . EE AR, B ARNRAA R
BEHLAG o TR P PR A 25 R T R B R OR Pk
A PR ARG A F AN [F] 9 9% U5 50 Rk R 02 15 SR FH T 4
AR AP GRS T DL AR B 1, gk o
F PR AR 7 R R AR (HR ) b — S R
FLWR R TC I WSS B 1Y, an e ;i MEA% L BB T L XU R
T A5 3 AN AT LS ) TR 2 A 4 X KRR A 7 AR
R, AR Zm X e R AT R Sl AG T4 R A
Tt BRI AR P B B ERRAT R IR E S BT A
AAFAE A VEBE N 25, A28 N AE PRI R, T g 5 & Al 1
Tl 5% o Ak FHLRSCN; ABE RS2 Ak B o 5 AT O ) A R
JiikZz— B, A 5% W 2 A B 3 AT AR i M A
50 o DA fife i oA A e )
3.2.2 AHEIGAA . A A E ML E

fab 2 0 AR L 1 Heckman 5 By B4 11 31 #6
KPS 11 U5 5 A8 A0 5 0 16 BB R LI A 30 K R
Hr b (IMRO J5 9 1m0 9 7 B L 32 055 8 1) G 23 0 44
A IMR R £ i Al i 25 . b i IMR AT DU IF i
25 AT R T AR ) R R ] AR A T Y )
VE R HEMPE 29 AR B B 20 2 3 Ak — 24
A ARG s TR P B SR AT A R A R T
=2 H AR IMR 52w 4k P R AR K RE 19 55 3 A
R AR, T HARY B, Ak P2
(] A4 R E A 3L T DA E B B R TR %R 1 4% 46 R
PR, DI FEAS A b R b oR B i A P o 4
T A P B Lo AT R A A A P e S R A R LR R
AL T 25 22 ) AR S, [A) B L 32028 B AN 52 I R
IKAE A 7= 19 55 Bl A 7 3R 4 A 7R R % T
AR B A A B 3 AN

A 3B AR Y 43 SR P AS 20 B S JR R L Probit
TITIEBE T AR AN A IMR & 1E i 45 5105 A TR
it 25 R an sk 4 Frox . M Probit — 0 36 £ J7 2 (1)
S5 R E L 158 R R FH B A P L )7 AR
XA P LR SR FHAT O 04 52 ) 2 0 Y 1% R T R
VB HE At P 2 BRAS 1t i) 22 25 s JLOK, “ MR b 3
WEFm RS BN RA, BRI S, 5 AL,

AP R R AR K B SR B ER . A H AL
AR (Y 25 B 5 B Il UH R R 1 48, IMR X 55 g 2k
7 A b A 7RG T R B B — 0. 646 Al
—0.278, HFE 5% M 10 % /K I 3 . R W IMR 7]
DA 8808 A 100 22 5 RV DA 0 728 o 9 Al 1485 2R
KT LG H AR SR F G 97 gl Az 7 S I R BN
1. 282 HAE 1%KL 8 3, W% AR & %) 4 Hb AR = o
BIEERZCN 0. 323 HAEF, 245U L RIFZE
RTS8 —J&, 5 OLS FIH K, &b
FRAL (] U BB A A0504 1 AT Hi 25  ff 2e p A o )
TR ERER R KRG 55 Bl A 7 AR 4 M AR R
OLS Al 45 5 2 i A%, 15 1 J5 R 5476 R K
57 B Ay R B I 2 E s, BRI EE OLS 4
TSR T 1. 025, 10 B K F AR X X K # 4 HE
PRI N W . b, b SCHR AR T R
& 45 PAIESE

3.3 EEEARI KB AL EZ N : One-step SFA

&it

A gt ke DA A ) R, AR A ST A B E A CD R
e PR F R One-step SFA 11T B4 AR R
FAXTAR FOK R AR BOR B, 2 5 Mt T KR #h
FE AR A= 77 R B AR 28038 T 52 ) DR 3R A A 3 45 2R
¥ Je T 2 AR RS (1) & FE R R, B (2)
BN T L% AR AN A b AR (%) 28 L,

PNCRIRAE S S NODL Nk F 3 DoV € EEid
AR R BN —3. 204 BHAE 1%KF ERE,
BURE ARG H AR KRG A 7= R R &2 3
SEMA SR TE S B 4 HE 0 L T B R SR Y
M) 2 Bt 5 7K R P R RS AN [) ] 2 2 22 577, AR A 5
— BN b RN R, R R XA
KRB AR BOR WA 2 KR, N R HIAR P B
T RRASE , AT T e b B v L, R ) 4 4 T K K R oA
HuHe NBI R A3 5 AR R 4 50 . AR5 4% 5
A2 5B A b R T B R AH R TE B3 LI,
T 1/5 Hiu b B 5 /N MU 20 531 4 3t B 5 B 9% 4 AR 52
SUTG %o 2 L 2 5[] 4 01 %) e v AR SR A B
FEXT KRR R BOR A R, BRI (2) i Al 125 2
25 FiR 28 TR = A 41 5 09 Ak 31 2 50 o sk
HAEG KT 1 83 0, SR 0 28 LI 5 KA T 748
b5 55 T 55 4y i He 4 50 28 I R Bk — 1. 055 A
AR, B R R /N B 5 — 2 A8 I L, TE AR
BRMESG 1/5 BB b, A 7R B3 RS
P 25 P OK R A I H RO . IR E AR HOR
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Table 5 Influencing factors of farmers’ technical efficiency of

rice planting: Results of random frontier estimation

Gk LRI (D R (2)

Variable Model (1) Model (2)
H% —3.204" —2.083"
Direct seeding (0.712) (0.768)
HILAR A 158 2% 0. 634 1.092"
Mechanized spraying (0.513) (0. 605)
Hu BN O 0O 1,476 2. 606
Acreage (0.452) (0. 685)
Hi P N - J7 R EO —0.103 —0.450"
Square of acreage (0.145) (0. 206)
A2 IR 2 —2.190™
Cross term 2 (0.924)
2 XT3 —2.782"
Cross term 3 (0.984)
2 NI 4 —2.355"
Cross term 4 (1.109)
XI5 —1.055
Cross term 5 (1.42D)
53] 1. 907 2.253
Gender (1.585) (1.109
ZHE AR 0,458 0.513""
Years of education (0.108) (0.126)
FENDE 0.408™ 0. 441"
Family population (0.155) (0.163)
e WA L B —0.023"" —0.028""
Non-farm income ratio (0.006) (0.007)
TR 2% —1.834"" —2.165"
Irrigation conditions (0.374) (0.481)
Hb I Hb 55 0.799" 0. 420
Topographic features (0.479) (0.548)
B 7E &t Province RE2L B 54
B p iR Season of rice 48 1l 2 il
T 5 —1.273 —1.392
Intercept term (1.856) (2.039)
WLIMAE Observations 569 569

TE AR L5 A B RE AR AR P 0 - b R NI K 4y 5 AL SRR K 1
— 2 5 PR ELRE R AT N B S LI, 43 3 Ry 28 LI 1, 38 I 2
A& LI 3, A8 LI 4 FIAE LIRS, 1 B s 9 R U 4 58 SCIAY T 2
BV — 4 X R4,

Notes: The land scales of the sample farmers are divided into five groups
from small to large based on five bisection method, and then the
cross items are set for each group and farmers’ direct seeding
adoption behavior, which are respectively cross item 1, cross item
2, cross item 3, cross item 4 and cross item 5. The estimation
results of the last four groups of cross items shown in the figure

are all obtained by taking the first group as the control.
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4 PHAREREBHREY

ASBIE T T ROR A ) R DA — sk R —
YK FE Ry DMUs , 230 B B4 5K X 4R 2 55 3
AR MR R RBOCR Y R . B AR
WESE TAHEFE S A 3 A Bt . — & ELRR ORI A
JUOF Bl R AR L K IE 1] R L E 4R Y B AR
7 A T ELAR PR X AR T A 7 AR R S
s R H AR BOR R RS HR RO 2 T R
{ELRE 5 7K 28 56 KU 0 % R R AR A9 AN B 25

e A BEFEARF I AT IR 7R o S — KRS B4
AT LA 25 P AR 7 5 Bl AR AR 0 05 Bl 1R Y
AW B TR T B0 N . SR T HAR R
X 7R A 5 AR R A S (RO R R
T RE I, W KORE 2B 7= RS B A0 AR B 57 2l AR
M 28 D7 A . A o T AT 29580 71, T L
R —E R IR . B =L B R AR
K EARREARMFEARPCR AR B A R E . &
WIAE— R 2R AT I b M AT |l 3 2 ol A LA 44
T B — %E i FELI S B B 19 AN ] 52 i R 45 3
GEfifE o R AR EL R B B R R B0 B0 L
LHESRRE I L LS . Ausidt— s+
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