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How can soil testing and formula fertilization be more
effective: A dual perspective based on threshold
and moderating effects

LIU Qiang, LYU Jie
(College of Economics and Management, Shenyang Agricultural University, Shenyang 110866, China)

Abstract This study analyzed the micro-level survey data from 859 corn-growing households in Northeast China
to explore effective methods for enhancing the efficacy of soil testing and formula fertilization. Based on the
calculation of agricultural production efficiency by using the stochastic frontier production function, the
endogenous switching regression model was adopted to evaluate the impact of soil testing and formula fertilization
on agricultural operating income and its internal mechanism. The threshold regression model and the moderating
effect model were utilized to construct the corresponding situational conditions to enhance the positive impact.
The results show that: 1) The promoting effect of soil testing and formula fertilization on agricultural operating
income is more obvious in farmers who have a part-time livelihood and a low degree of land fragmentation. Under
the counterfactual framework, the use of soil testing and formula fertilization increased the agricultural operating

income by 7.64% to 13.04%. 2) The analysis of the internal influencing mechanism shows that the use of soil

R BHA: 2025-05-08; # 3 A # : 2025-09-09

E4TH: BRMALHFESEAMA(228.2D083); B R A AR 2 E S E LT H (72373101)

#F—1E#H: XZR(ORCID:0009-0001-5119-2132) , {# £ 5T 4 . E-mail: liugiang@stu. syau. edu. en

ERAEE: BACORCID:0000-0003-0850-7271) , # % , EENE R W ZFIE L 5B KM R, E-mail : jieluesy @syau. edu. cn



H

11 RBIR AT < 0 b TC 5t AT LB AT 20 - T 1 DA 5 908 9 200z 1Y) 00 AR £

277

testing and formula fertilization improves agricultural production efficiency, and mainly promotes the increase
of agricultural operating income by reducing fertilization cost. 3) There is a threshold effect of planting scale in
the impact of soil testing and formula fertilization on agricultural operating income. With the increase in planting
scale, the promoting effect of soil testing and formula fertilization on agricultural operating income increases.
Situational factors such as productive services, high-standard farmland construction and contiguous management
play a moderating role in the impact of soil testing and formula fertilization on agricultural operating income, which
can positively amplify the effect of increasing income. In conclusion, the change in the efficacy of soil testing
and formula fertilization is jointly constrained by the differences in farmers’ resource endowments and external

situational factors. This study can provide empirical evidence and enlightenment for optimizing the promotion

environment of green technology and implementing fertilization guidance according to local conditions.
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Table 1 Variable definitions and descriptive statistics of the sample

A A 5 RAE ME b 22
Variable Definition and assignment Mean SD

lk 28 W A Agricultural operative income RS RE MM, oo, FET . 10.827  1.259
I 4 2 J7 7t JE Soil testing and formula fertilization — J&=1, % =0 0.092  0.289
Al A= 7= %R Agricultural production efficiency P Bt AL H T pR R A S B 0.638 0.124
Rk LA Planting scale A 52 B B if B, hm? 6.090 16. 364
H 75 IR 45 Productive service JEMA I RAL A 2 S B R A Z L, % 0.346  0.308
S g .
SiZi—{ﬁﬁdDjr?fzmland construction 2=1,5=0 0-2510.434
% H Ak 4 % Contiguous management £=1,%=0 0.638 0.481
Pk 5 Gender B¥e=1,%& =0 0.644  0.479
A Age JPRAE RS, % 56.136 10.314
% # A ¥ Educational attainment ZHHFER,AE 7.891 2.877
[ 1T it ¢ Self-rated health A H A il R~ A R =1~5 4.037  1.036
A2 B Trrigation scale FEWE T A S AR A 2 b, % 0.107  0.282
+ 3 3 #% Land transfer 2=1,%=0 0.377  0.485
YEH A2 Crop types Tl il 1 4 b 2 %, Ah 1.315  0.585
22 38 i F] £ Convenience of transportation EHE~FEHIF=1~5 3.730  1.046
Ak 45 91 Agricultural training AR S Al A 7 R BRI, ) 0.974  2.387
F1 4 % % Natural disasters f=1,%4=0 0.832 0.374
7 ZME A Effectiveness cognition A 0 4 e 5t AE A AR K =1, R /h=0 0.461  0.498
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Table 2 Basic information of soil testing and formula fertilization, planting scale and agricultural operative income

of sample farmers

AR

Overall sample

FIREA /Ll R

Family farm/

e A

Ordinary farmer

Gy P Professional farmer
Variable Option
A /A R/ % REARER /A B/ % REAREE /A B/ %
Sample size Ratio Sample size Ratio Sample size  Ratio
0 A T8 7 it A A 2L Jiti J 79 9.20 33 5.83 46 15. 70
Situation of soil testing and
formula fertilization it FH 780 90. 80 566 94.17 247 84. 30
<1.0 hm” 155 18.04 136 24.03 19 6.48
i AL
Wﬁ”ﬁ”ﬁﬁ . 1.0~3. 3 hm’ 437 50. 87 348 61.48 89 30. 38
Distribution of planting scale
>3.3 hm’ 267 31.08 82 14.49 185 63. 14
<2 T7T 78 9.08 71 12. 54 7 2.39
A L FWA I A 2 Ji~5 Ji Tt 224 26.08 180 31.80 44 15. 02
Distribution of agricultural B
[_
operative income 5J1~20 J1Jt 377 43.89 264 46. 64 113 38.57
>20 17T 180 20.95 51 9.01 129 44.03

3.2 REYEUNERRRESH
3.2.1 M ey A6 e kR 0G4 B A 5 o S

SR FH P9 A B g 0] 50 ASE R A o g S ST HE 4 5
o B B S S bt I 4 T A R R S B
T R BT B R A By 2R
290 A B 5 e AR G Al 288 WA B S H kb B Ak
VAR = P AP S oy 1 WD I = N S
Mgl 2B I A LA B &R IEER . Hr kb
AL A 7 S TR 0 - O AR ARl 27 ik

KSR B 13,04 %6 5 %0 B8 20 4 7 A 2ot I 4 e D7 A
Ja, HeAgRML 2B WK BT 7. 6400, U BT Ak B4R
FUB RS WOSOCR AL T IR e o R RE R T
Fe oA HUOE AR 5 B AR 7 R IR g5 itk = 4
AN A 7 PR BT 0 i 2, K 2 Rk b G ik i i i
T B Al 28 58 WA TR DA B4 T T AR, AT 4
il 7% B ZH A i W o PR, I S O i
AE AT RS e 7 i Al 28 08 I A CBE i 7. 6400~
13.04% .

R3O E T HEAE RS IR Ml 22 E N B A0 BB R

Table 3 Calculation of the treatment effect of soil testing formula fertilization by soil testing on

agricultural operative income

4151

Group

it
Applied

e
Unapplied

Ak 3 200

Treatment effect

Ak B2l Treatment group 11.300€0.061)
11.541€0.019)

11.519€0.018)

X #E 2l Control group
A Overall sample

1.4747(0.078)
0.76977(0.024)
0.83477(0.022)

9.826(0.048)
10.772C0.014)
10.685(0.013)

TE T IR RAE 1026 .59 R 106 K e 4T A R AR bR DR

, and " indicate significances at the 10%, 5%, and 1% levels, respectively. Robust standard

Note: *, 7
errors are in parentheses. The same below.

3.2.2 AT At fe 23k dm AL 8 R M AT
Sy A BRI T T it S AN ) SR RE 288 O 3l
B Ak (8 57 o 1k 52 W, DA P Sl A6 R JEE R A b 4

Tl

R AR AR E 19 7 THD R O S o 20 T
AT HE T R BEARAR O N AR 455
FrAE T 7 AU 22 S R A S el B R P LR
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e 77 it A X6 et el ZH A B Al 2858 A S B B
E AT AR I N (1 YA R F A A =1
W A B I 35 B0 I R R 3 2 W A Sl T
JEE R0, 0 - T i A Xk A P i sk R e
TR TR DR Al SR A T EOR I
T8 T, %k Al AR 7 Y R AR R A X AR, B U
T 75t A ) R AR R TS OO B R
SUE A RCR BT R, I S E D i AT Y R A
W RO D33 o DRIk Sl P o I T O it A 3 i 2%
R R T AT

A TR A 1) 25 4 7 R A B 5 T AR K

(ERE R 6 g I et IR VAR RS = i I
O S BORE BEAS 3 g AR AR E v R R 3 4L, 2k
THBA R I 4ol UL 24 i 0 68 Al i 2 50 e T
0t 15C 7 G AE Xk Al 22 58 A AR T 3 B 1)
SO, FL R A A 20 A TR) AT B 2 g, I - S
77 Tit A 4y 384 WS A5 I A O B g o T RE Y SRR B
240 A R B 55 B0 0 B e BILBRAE Al 32 BR A )R 2
80 b, B 37 R KR, 5 SB0Hb R 1Y R P i AT E B
8 T FORS 3 S 22 00 5 B TS Y 95 Sl 5 R RN [R) g
AT IR DT A a0 A T e S G R 1
o DI, A 3t A0 e A i 1 24 0 - 15 5t A 202 1Y
HHENRZ—.

R4 ETRE LALLM+ iR TR 0 5 R M 447 45 B

Table 4 Heterogeneity analysis results based on different degrees of part-time employment and land fragmentation

AR eS| L A it FH it FH Ab BH AL N
Variable Category Observations Applied Unapplied Treatment effect
N AL B B 186 8.428(0.149)  10.437(0.050) —2.0087(0.058)
Degree of part-time ER 273 11.034(0.123)  10.518(0.019) 0.516™(0.125)
employment ik 400 11.637(0.028)  10.802(0.015) 0.835™(0.032)
b A R = 278 9.488(0.046)  11.377(0.078) —1.890°"(0.090)
Degree of land EE 291 11.560€0.036)  10.765(0.020) 0.79577(0.041)
fragmentation 1% 290 13.640€0.063)  10.808(0.020) 2.83277(0.066)

TE e AR B R P AR o AR 3 BB A A A HE >0, 6.0, 3~0. 6 F1<20. 3IAG TR . 4 b A R AR AR B i R R A3 i AR SR

hm® Mo e $ic it =>7. 5.4, 3~7. 5 HI<<4. 3MfliT&s 5.

Note: High, medium and low degrees of part-time employment respectively represent the estimated results of the proportion of non-agricultural

employment in households™0. 6, 0.3-0.6 and<<0. 3. High, medium and low degrees of land fragmentation respectively represent the

estimated results of the number of plots per hm?>>7. 5, 4. 3-7. 5 and<(4. 3.

3.3 REMRRBENEELE
3.3.1 A TMaAL K RERSR

N BRARAE A B % 72 5 ot T R0 215 22 4 R A £
T B, AN BIE 5 SR P8 7 45 73 DC P V5 U R AT o = 5
g , A5 300 = P50 77 e AT XS Al 22 5 O B Ak BR AN

GRS, TR EE I8 AT ST BT 4B T AL |
AR VT FC RV BC 3 Fh 7 SBEATIHE o A2 A A v i
ZEAEVCRCIS /) , W 7530 W 22 A3 BB IE . 3RS
A LA TR] 7 YR AT 31 B4 Ak BRSO (S AT 22 5, (HL AR5 3]
THO—EZE 0 BT AR N T A2 E A

x5 @GS TEERR I 65 HERKN TR TSR

Table 5 Estimation results of the propensity score matching model on the income effect of soil testing and formula fertilization

UE FiC U7 Ak 321 X R 21 20y o 1 22 T1H

Matching method Processing group  Control group Difference SD T value
iIT 45 VT 2. Neighbor matching 11.277 10. 801 0.476 0.162 2.95
S 42 L 2 Radius matching 11.277 10. 768 0.509 0.143 3.56
1% VL B Kernel matching 11.277 10. 780 0.497 0.143 3.48

3.3.2 ATIAERSHGAERLER
%8B A AR P BA B R R ARO 2B AT

AR HR BE At A AT BE S A 8 g A RE ek T - e Oy
Jit IS, W8 R T T R o 9k 55 A 3 — i) PR 2R i)
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a5 R R 6, Al W AR5 — B, T HAS & 1
] 9 2% 50 25 o0, 36 WA 8P O mT LAAT S fE ik
A I S T AE A e o [R]IRE A AT R0 5
Kleibergen-Paap rk LM %t it i i 45 4 1 3, 55 T 2
¢ & K 5% Kleibergen-Paap rk Wald F 4t i1 & 19

45 >>16. 38, Ud W] T H A B B A B9 /Y g B
FHOGHE o Fi 3% 6 58 — B Be ity [ )9 45 SR AT WL, 75 58 53
G JE N A TR A I - P 5 AE Xk Al 22 A
MR IH R 2 . L AR LS R AR
fa

®6 BETTATSHENNEMKRESER

Table 6 Endogeneity test results based on the instrumental variables method

=X
5

Variable

BB
Second stage

BB

First stage

A 2 M A A Effectiveness cognition

W 4 B 77 it A Soil testing and formula fertilization

% il 48 7 Control variable

Al A 5 Under identification test
59 T HL7F 5 K 5 Weak identification test
i LT Constant term

F i {E Observations

RZ

0.1357°(0.021)

1.3497(0.550)

RECE RECE
41.963"°[0.000]

43.64116. 38}
—0.000€0.096) 10.05177(0. 343)
859 859
0.588

3.4 RAAEFHRPERIGIRE

oA 3t — 2 G iR AL A 0 4 P T e A =2 T )
A IR A, R P AR [ U ) D7 s A T LA G 56
SRR T, Al UL A T HAT AT A 2RI A 1, A&
b Az PR AN - 7 A R W R RO A
7RO I T 5 i o R 22 E A B R W b R
FEP A R LAFIE . JEURAE T, 30 R E 5 it HE ]
DAAR 4 - 38 v 50 5% 2 5 i R4 o HE LA 5 P

LT A5, 42 s A A it T 285 i a2 it A 465 44 114
A AL, 980 AT B A0 55 B B A SR IR AE—E AR
JE S A ARy i, DT AR v Al A R ROR S SR F
TATE o g RGN PR T it A R e A AR 7 REOR
018 25 PR R B A e A A A7 A ) i 47
AR N WO R AR BB T [ o 3R 7 A, I S D
i FES = R P AR T G AT RAS , T X iy 4% 7 B ) B T
A fr it — P o

x7 WEERAEEZMEMRLEZERNKIERNHKRESER

Table 7 Action mechanism test results of soil testing and formula fertilization on agricultural operating income

o Al 2B 7= R FQAZY-2 ' PN ‘ . _
25 i RALIE R - W RA R R
i Agricultural production Agricultural R .
Variable . . Fertilization cost ~ Yield per mu
efficiency operative income
il . —
WA BT I o 0.204"" (0. 071) 0.3667(0.150) 0. 828 0. 024
Soil testing and formula fertilization (0.298) (0.039)
g R 0.693(0.077)
Agricultural production efficiency
e 2yl i
B £ 5 i £ 4 o 4 il £ 4
Control variable
2B o7
T B 0.4737(0.191> 9.744™(0. 326) 4.4577 (0. 698) !
Constant term (0.146)
UL
R . 859 859 859 859
Observations
R? 0.580 0.765 0.454 0.861

1.1/ =0. 0667 hm?.
Note: 1 mu=0. 0667 hm?.
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R8 MEMENTHEMEREER
Table 8 Threshold effect test results of planting scale

A 2 THAE T LM P 954 B 17 I 1]
Threshold number Threshold estimate LM test P value 95% confidence interval

Pi— "THE Single threshold 2.87 203. 588 0. 000 [2.67,2.93]

L E [T HE Double threshold 7.00 76.723 0. 000 [5.00,7.27]

= [']#§ Triple threshold 10. 67 20. 189 0. 140 [8.00,12.00]

TR 58I A TE i B R Al 28 75 W AT
oA NI DAL A CIE R il E e N i e 5/
DX Ti] Py I T 7t A e e ol 28 75 Wi A B A T A80R

SRR 9. AT WL bR AR AE (O, 2,87,
(2.87,7.00],(7.00, +oco) 3 3AX [A] P, P + fic Jr
Jit JE X Al 28 5 WS A 4 B AT 8 3 T s e, ELRE A
oo R RS A 388, AR 5 e AR 4 5, 3R B U - G
07 it NEFE 42 T+ AR M 28 8 W A D7 T, R B 30 B AN
HEAERLAEE . TR RTE T AR R A A 7 Oy 2 I A
2B B JE ), A P23 AE — 2 I R [ PN 6
T AC A B MO A B R OBUE T Y B
TR G PR AR A I - i S 8 i ot B R A A
2GR VERE AR 5 /AR P I T B AR T AR
FNR A A A P i 1) T 2 4B A 77 5 A IR AL AL A
F AR YRR A A — X R o R
A5 el fb 2278 ik b 1 it T 55 L R i A A PR A
PR 25 41l 24 7 I 4 P Ty it AR 3R B R PG AR RN 1 R
P ANRE 38 2 2 0 4 AR SR 0 2 B AR b 2278 A R /N
Wi E 38 o5 T > b R R B — AR S L R
FEbf Al 2878 ) &l 2 5L Al A R R
TAEMR S5 A= 77 AR F AR 2 28 ALl AR R 51 A
B 0 A7 20K R A TR B8 B AR SR g 2 B B e -
B 7 il S X A ol 22 78 MR 1 2 TR R A e 4 o 5 B
AR i — DY K AR S5 AR 7 I AR
B WA, A % A E 4L 80k R R B B, ol
AR R TR L E R YR T Al R il A T A g ) AN
BlALIE I Ml AR 7 P BT SR T B 1S 5 i AT Al A=
7R 2208 5 R Q1 T 1Y P O S0 A B S Kk

DT BE— 25 A0 Al 2805 WA Y B T A
o P, BE & R WA B4 8% 0, 00 4 16C 7757 AT X
Al 2 E WA B 5 AR L 4R T

x99 ETARMEMEREIHEEIEER
Table 9 Threshold regression results based on different

planting scale intervals

X [i] E¥4
Interval Coefficient
(0,2.87] 0.4057(0. 154>
(2.87,7.00] 0.4977(0.155)
(7.00, too) 0.806™(0. 347)
3.5.2 HHEREENATRE

3k — 25 AR 5N B T AT Xk Al 22 B i A
7 A R RO B 3 5 AR AR U A R I 55
o b E A T 8 3 A 220 34 7 A R o0 A 1
PR e L B BER 45 B 98 5 A0, A5 R LA 10, A
T 1l 0, AR 7 IR 55 A I - E 75 e E 5 i Al 22
FCA T A R B I RO S o IR AR T AR T
DA B A 7 1 IR 55 3k 26 A 38 e IR ok b A B SR 4 45
@A R BERA R 8 2 1 el 45 B 07 X1 A
S (0 2 7 R T AR LA A B BE 5, BT B
BEAZEMRTHRIERASG D EREA
B ) I B T BB A 2 R T, B AT RN T Ty
Jit IS 3%k oA oMb v 2 Ak B9 Al R AR T, 384 Ak 2208
AR AR AR T I S AR TR R T
S 75 0t AE Xk Al 28 5 WA B4 e 2 4 T AT LA 3
B
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R Al | b Sk RS IR S, AN AN S8 T AR
Bl B2t , 42 1 AR A= 7 B AL AR K i S I
HiE 77 it A 25 B B R B A i A 4R I TR S
BL, A4 7 75 v b v A P A U i b RE S 2 8l 4 )
R AR BB A 4R AR A AR A 7 R B e
— AP R AR - E O S A Y AR SO . D
P v A TH A B 45 A TR T A S A 1) 10
e 777 it A 185 WA B k4%

10K 3 2y % 7l 2878 > = 15 77 e A 52 1

SN TS 3 S BTSSR T - NI
228 AR I TR 7 i M 5 B AR M 22 B M B K AT
RFERTTER . BT T, e il 2 fF b6 4
ARAEAL TR RN , 6 AR A B T T4 BRI (] A
IR 0 = 75 777 it A 15 SR ) S WO o T 4 P e
PR TF Jre AR I = 15 75t A A= Ml BE 0% 8 35 ok A IR 55
S5y A FNAHLAS B A, 418 i A 2 3% A T B 2R
L2 TR EAE BEOK - , DT BEAS IR BE el 25 A
PRI , JE 8 — s B0 o 0 o RS2 A B0 - 15 5 it A
TR R E AR, E AR E S BET R
I A e 75 A AE X Alk 28 E WA R B o B 40
DRORIG TR, TTE R B — I e 2 A S HI,
55 R R B0 8 5 RBON OOR DR AR A o DAL, A M
55 bR A I e T T AL 2B 3B I Z e HESh
0 4 e 77t IS e AR A M Ao o v ) B B B AR A B
Ui 3FFIE

R10 ETARBREAZHNETIRKEBER

Table 10 Moderating effect test results based on different situational factors

A AL LA 2 AL 3 iR 4
Variable Model 1 Model 2 Model 3 Model 4
i it A
{)J.j:ﬁﬂj.jﬁfgﬂ o 0.147¢0.183) 0.149€0. 147> 0.126C0. 158> 0.238(0.186)
Soil testing and formula fertilization
tkfﬁwaﬁ% . 0.191¢0.128) 0.170€0. 124>
Productive services
A Al 55 < 4 ] i AT
Productive services X Soil testing and 1.0127(0.373) 0.7987(0.367)
formula fertilization
R s L
PR AR A 0.327°°(0.093) 0. 228 (0. 074)

High-standard farmland construction

o o AR T S B < I T it A
High-standard farmland construction X Soil

testing and formula fertilization
# F 1k 4 8 Contiguous management

Ak > - 2 75 7 AT

Contiguous management X Soil testing and

e
=g
=

24

Zr

formula fertilization

5 il 2% & Control variable REAR
# BT Constant term

859
0. 649

WM {H Observations
RZ

10.00077C0. 343)

1.0537(0. 258) .3907€0. 229)

0.25377(0.074> 0.3027°(0.092)

0.7597°(0.253) 0.8057(0.260)
e 94 e 44 CL 95
9.86877(0.323) 9.8777°(0.336) 9.6797(0.327)
859 859 859
0.677 0. 662 0.703

T« 2 3l G 22 T S 2 M (RTS8 3 2800 L 2 T 1 A e R 9 T A

Note: Before testing the moderating effect, the independent variable

issues.

HPEFT T AR A B

and the moderating variable were centered to avoid multicollinearity
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