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Effects of Applying Liquid Organic Fertilizer on the Yield of Drip-irrigated Potatoes,
Soil Carbon and Nitrogen Characteristics during the Growth Period

SHI Xiaohua', LIU Kun', LIANG Junmei*, Wulan',ZHAO Guoding1 LJJIA Liguo1 ,FAN Mingshou1
(1. College of Agronomy , Inner Mongolia Agricultural University, Hohhot 010019, China;
2. Inner Mongolia Autonomous Region Academy of Agricultural and Animal Husbandry Sciences, Hohhot 010031, China)

Abstract: To address environmental problems from irrational chemical fertilizer use in the potato production, and to optimize organic
liquid fertilizer application strategies, this study conducted a field experiment at the northern foot of the Yinshan Mountains in Inner
Mongolia. Compared with traditional basal application of solid sheep manure, the application of organic liquid fertilizers significantly
increased the potato yield, plant dry matter accumulation, leaf area index, and nitrogen accumulation, and significantly enhanced
the soil organic carbon, nitrate nitrogen contents as well as catalase, sucrase, and urease activities. Applying 16 m*-hm™ of organic
liquid fertilizer during the tuber expansion period produced the best results, increasing the potato yield by 34. 9% compared with that
of the sole chemical fertilizer application, markedly improving plant dry matter accumulation, leaf area index, and nitrogen accumu-
lation. This study determined the optimal application rate of organic liquid fertilizer during the tuber expansion period for potatoes at
the northern foot of the Yinshan Mountains, and revealed the synergistic regulatory mechanism by which top-dressed organic liquid
fertilizer affecting the potato growth, development, and soil carbon-nitrogen characteristics, thereby providing technical support for
the rational use of organic liquid fertilizers in this region.
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i EVE SRR LSRR AR 48 & T 5K — IR B ARG S R R
PTG S AR IE K e RS ERA G E A9 R RS, AP Ak it AR SR A T A i o
gl & LR I ETG R F - RANESAHER HE
B 5 IR BASAL SR Ml ) PR & R AR T S O A W RUE SR AR A AU E 2 3T
j(EEI"J2 P05, HOR b & = A BB K ) AR SR A K Dy B AW ) B H it F SOR 52
B TS TR IRAL A A UKL, RSl RS R RN IS SR A S 2 A R R S
B S 0E AR BRI AR AR M sh Aol vl RR 5 BN BIEG 0 7E DA (Solanum tuberosum L.)
RIBEHEEGEAR T Hh WA IUIEHRISE S 32 X2 — A BT X, Fh 37 0 B I e

Yr#s B #1:2025-12- 21

ELWAE: N%E AT RH%ﬂﬁéE T H (202 QNOSOSO :20250N03182) ¢ P SE AR K 5 R A5 IERHIF IR 35 H (NDYB2020-13,NDYB2022-11) 5
%fﬂzﬂkiﬂﬂ#?ﬁ SRR BFFEN B (YB2024202014) ; P15 38 X “HeA 2442 T H (2025TEL13)

TEEB N AEE(1986—), 5, Ti‘?j: I#Jﬂi I§M$Q@%Eﬁﬁilﬂl B IE A7 ATHFSE . E-mail: nmndssh@imau. edu. en; R EVEH B4 (1965—) ,
B oA #eZ, I%M%%%(%Eﬁq:iij—ﬁmfﬁh E-mail : fmswh@126. com




2 MOSE R K 2 R R R 2 D)

2026 4

T GE AT HLALHE FH AR, T Eh 88 38 A )™ S i A7 A
PCRE AR i R AR A (R AL > AT, A AR
o Eh B AR AR T USRI, ARG
B A S e R T AR GRS HE B TR HLIE , A
[l $& Tt i AR = i, Bk = RGBT 7
SRR .

PRLILG , ASAIF 5 001 B % 2 O i 2 7 30, e e ik
T 22 LB it A [F] 2 A A HILAE , R SR A A
PLPIRT L8k BRI AR IE S Th 8 A KRB 5
W], TS 2 M DX 0 5 % S8 2R 7 rh U A HLIE A o

Bt A 30 i FH S, DA SR AR B e AR DL
Y S ) (0 ] R SR R R BRI T ) R S
FRF AR
1 #RE5FE
1.1 RIEHhEER

RIS T 20224F 4 A—9 AENS TS 228
A P EAT iz ARSI 1.3 °CL iR
1780 m, LFAEHAZY 100 d, + 3 5545 + o iR 56 Hh 1+
MRS AR A PE I WL 1,

F1 Rt T IEEARIBU MR

Table 1 Basic physical and chemical properties of soil in the test site

+)Z/em FHLF/ (g kg™) (g kg AR (mg-kg™") R/ (mg-keg)  AE/(grem™) pH
0~20 23.63 1.58 20. 59 100. 89 1.53 8.00
20~40 22.89 1.53 14. 16 87.22 1.59 8.03
40~60 18.42 1.23 8.38 73.56 1.61 8.15

1.2 iXEwigit

iSn N FY USRI T I e Wy S TR
PRE VE I WER A A IR S K bl 4 1 XSUF Rk 5 A
FEER AL KT 2225 (AL 34. 7% 2% 1. 93%) FI
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Table 2 Test treatment and fertilization amount

g PPUBRR WA U (b )
(t-hm™) ifijE2sd 40 d

CK

XoPoM 4

XsPo 8

XiePo 16

XoPs 8

XoPro 16

XaPy 4 4

XsPs 8 "

EFEA T ARFRERKRAIICER

®3 REENEFHSE

Table 3 Nutrient contents of liquid organic fertilizer

RIS HA pH HHLE/ (g L) TN/(mg-17") NH,-N/(mg-L™") K&/ (mg L") #208/ (mg- L)
YR i 7.70 2.09 799. 3 71.85 66.01 191. 55
Ny 7.68 2.13 831.5 76. 67 72.59 201.72
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Table 4 Effect of organic liquid fertilizer application
strategy on potato yield components
PRRERY O RRREE RRER e

A kg % (kg+hm™)
CK 4.7+0.4 ¢ 0.60+0.02 ¢ 55.0+3.3d 29685+1219d
XoPoM  4.5+0.3 ¢ 0.59+0.02¢ 53.0+1.7d 29221+1199d
XsPo  5.2+0.7be  0.66+0.03 ¢ 58.2+1.8 c¢d 30444+1 018 d
XisPo  6.4+0.4ab  0.85+0.03 ab 67.0+1.2b 35168+1 272 be
XoPs  6.620.6ab  0.84+0.04 ab 63.9+0.9 be 34 695+1 056 be
XoPis  7.4+0.2 a 0.95+0.06a 76.5+2.0a 40041+1015a
XsPs  5.620.5abe  0.74+0.06 be 59.5+2.2 ¢d 31 667+1 242 cd
XsPg  6.7+£0.2ab  0.86+0.06ab 69.0+2.0b 36576+1028b

E RS RE DB FE A R AR £ F 2 F(P<0.05) .

At P

2.1.2 HRZFEBREHHR

W SRR EARRREN SR
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R TE 60 d i 2 Kb Bk B (E . 7 254 LI 4]
W, AL B XoPie R IR AL, AR R TE45 d.60d
F175 d 387 8 25 s 1 [l S LAt A 3, G HEAE 60 d s
I8 B e, B R) ) CK 4R i 38, 7% , 358 X, PM Ab 4R
132, 0%, WAEBWIE TF15 d i FTA b a2 5 R
W3, N30 d PR, A5 Ab B A 25 57 4 7 BB, Xa6PofE
30 d KB SR W3 R T CK Ml X P db B, 7 45~
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Table 5 Effect of organic liquid fertilizer application strategy on nitrogen accumulation in potato plants

%fj:kg-hm’z
b F BIIEPN
15d 30d 45d 60 d 75d

CK 28.53+1.23 a 46.71+3. 10 be 81.81+2.93d 171.74+8.35d 158.47+4.33 b
XoPoM 30.02+1.48 a 43.46+3.24 ¢ 82.78+4.24 d 180. 46+7.34 d 151.63+4.32 b
XsPy 29.68+3.21 a 51.69+3. 58 be 92. 68+5.94 cd 175.98+6. 11 d 163. 53+7. 30 ab
X.6Po 30.46+1. 19 a 62.62+3.48 a 103. 40+6. 17 be 193. 26+6. 38 cd 165. 67+2. 59 ab
XoPg 30. 75+0. 84 a 46. 17+1. 57 be 107. 41+7. 65 be 204.99+6. 96 be 168. 30+4. 63 ab
XoPi6 20.87+2.29 a 45.15+2. 24 be 132.11+4.72 a 238.26+6.74 a 181.25+6. 12 a
X,P, 28.43+1.37 a 50.36+1. 50 be 98. 14+4.93 cd 190. 27+5. 05 cd 169. 59+8. 06 ab
X¢Pq 29.09+1.62 a 53.31+1.77b 118.27+5.98 ab 219. 56+5. 66 ab 168. 63+5. 78 ab

E B 7 3HE R R G R R AL B ) £ 2 (P<0. 05)
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Table 6 Effects of liquid organic fertilizer application
strategies on the total nitrogen contents in potato field soils

P i gokg!
e 0~20 cm 20~40 cm
30d 45d 30d 45d

CK 1.59+0.01b  1.58+0.01b 1.58+0.02a 1.54+0.02a
X,PM  1.61+0.01 ab 1.61+0.01a 1.59+0.01a 1.55+0.01a
X,P, 1.61+0.01 ab 1.59+0.01b 1.60+0.03a 1.56+0.04 a
X Py 1.63x0.02a 1.62+0.01a 1.61+0.0la 1.59+0.02a
X,Pg 1.5940.01b  1.62+0.01a 1.58+0.02a 1.59+0.02a
XoPe  1.59+0.01b  1.64+0.01a 1.59+0.01a 1.60+0.01 a
X,P, 1.60+£0.01 ab 1.61+0.01 a 1.59+0.01a 1.56+0.03a
X¢Pg 1.61+0.01 ab 1.63+0.0la 1.60+0.01a 1.59+0.02a

E: R P HER R S AT RRKET £2F 2% (P<0.05),

ZERARNRE . AE30 diF, XisPokh BN XsPokh BR A A
MUBR 5 1 535750 T XoPoM AL B, 23 5142 75 18. 5% Al
12. 1%, 1E 45 dif, b3 XoP 6 A HLBR & 5 e i
355 T XoPoM AL B, #2155 26. 6%, 7 60 d B, XoPis
A A B 3 T CKL 3 5 20. 6%, 275 d i, &4k
PR ZE S AR E, X —@En el T4 M Y
VAR AT AL 388 3 38 o s B A [R) B 3 5 A P
Bl AR IE T A LR R R SR E

®7 REEVIEEARENDHREHO-20 cm T ETEFINHRES EHNHIT

Table 7 Effects of organic liquid fertilizer application strategy on the soil organic carbon contents in 0-20 cm

soil layer of the potato field Hfg-ke!
fham IEIEES
15d 30d 45d 60 d 75d

CK 12.4+0.8 a 12.0+0.2 ¢ 12.5+0. 4 ¢ 12.6+0.6 b 12.3+0.3 a
X,P,M 12.2+0.6 a 12.4+0. 5 be 12.4+0.2 ¢ 12.9+0. 2 ab 12.4+0.8 a
X¢Py 12.1+0.9 a 13.9+0.4 a 13.3+0. 4 be 13.2+0. 8 ab 13.0+0.5 a
X,6Po 12.0+0. 7 a 14.7+0.4 a 14.1+0.4 b 14. 0+0. 2 ab 13.7+0.4 a
X,Ps 12.0+0.6 a 12. 1£0. 3 ¢ 14.2+0.1b 14. 1+0. 3 ab 13.9+0.5 a
XoP6 12.3+0.8 a 12.1+0.3 ¢ 15.7+0.5 a 15.2+0.5a 14.1£0.5 a
X,P, 12.0+0.7 a 13.5+0. 6 ab 13.7£0. 4 be 13.5+0. 6 ab 13.2+0.2 a
X¢Pg 12.1+0.9 a 13.9+0.4 a 14.7+0. 2 ab 14. 620. 3 ab 14.0+0.2 a

iR P HIERE T AT RRBRKTET 232 %(P<0.05),

2.2.3 MNEREHMERFESERLSEHY A

F 8 R T AN [FIVRARAT AILAE it FH SR g Eh 4% 5
P00 NS A I KN B2 IR AR R S
BIAARAL . AR b 4% it AR A B AS TR] Ast 5 A g 2
Ao ELZEDESTCK, HA R T TR
HaH , TEERZEIE ALY, A0 3 X 6PofE 1 d B A Al 2S5
B, B XoPoM A L i 35 41 5 43, 5%, 1 7E 10 d
A 4% Ah B R) 25 5 8 B3 5 3 20 d B, XoPe&h BRA 2
RA R, B XoPoM AR HH R 157 50. 4% ., (e B 2K
KT, XoP oMb FRAE 1 d .5 d 110 d B RS S A S 2

e, B XoPoM A #4351 42 3 2 15 85. 1% .50. 4% Al
22.0%; %20 d i, 5 AbHR A 22 R 2 o 25550t
T, A AR MUAE it T R R A R
AR 3R B, AR PR R R RN 5 R AR, AT 7E
HRAE T B B i 1 R AR UK
2.3 REEHAEE KR XT L 5 EE A0
29 SR T AN [V AT ATLIES it FH 5 s o) 4 2
FH A 3ot S A U TR R U ity 1% 1 s, L
ROk B, W A AL it FH 2 184, 4% il 3 1
T m s, H 45 dBF5 6 = T 30 diF . 30 dA,
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Table 8 Changes in nitrate nitrogen content in the plow layer under liquid organic fertilizer application strategies
A mg-kg™!
e PeZEIE 1) HeZE g R

1d 5d 10d 20d 1d 5d 10d 20d
CK 19.4£0.9 ¢ 18.8+0.7b 15.5¢1.1a 12.7+1.0d 13.8+0.5¢ 12.7+1.0d 11.4+1.0b 9.6+0.7 a
X,P,M 19.3+1.3 ¢ 18.7+0.9b 15.6+1.3a 13.1x0.4d 13.4+1.3 ¢ 13.1+0.4d 11.8+0.5b 9.3+0.6 a
X,P, 24.1+0.8 b 21.8+1.5ab 16.9+2.0a 14.2+0.3 cd 15.3+0. 6 be 14.2+0.3 cd 12.0+0.7 b 10. 6£0. 8 a
X,6Po 27.7+1.6a 23.2+1.4a 17.0+1.1a  15.2+0.5 bed 17.4+0.9 be 15.2+0. 5 bed 13.1+0. 8 ab 10.3+0.7 a
X, Py 19.1£1. 2 ¢ 18.5+1.0b 15.3+1.1a 16.5+0.5 be 18.8+0.8 b 16. 5+0. 5 be 13.3+0. 8 ab 10.5+0. 6 a
XoPi6 19.3+0.9 ¢ 18.4+0.8 b 15.2+1.0a 19.7+0.7 a 24.8+2.6a 19.7+0.7 a 14.4+0.8 a 11.8+0.6 a
X,P, 21.8+1.5be 19.7+0.8 b 15.8+1.5a  14.7+0.5 bed 16. 2+0. 9 be 14.7+0. 5 bed 12. 6+0. 6 ab 9.8+0.2a
XgPg 23.7+0.9 b 21.5+1.1ab 16.6x1.2a 16.8+0.2b 19.5+1.7b 16.8+0.2 b 13.7+0. 5 ab 10. 8+0.6 a

i R I HIE R B FH AT RRKTET 27325 (P<0.05),

RO HHEFE30d.45 dFRIEEVEERARET D4 EH L IEHEFRENZN

Table 9 Effects of liquid organic fertilizer application strategy on soil enzyme activity in potato field at 30 and 45 days

after emergence

30d 45d

pBL T S AL Rl A TR it/ i A HERTRE/ Jh it/

(mmol-d™'+g™") (mg-d™'-g™) (pg-d'g™") (mmol-d™+g™) (mg-d”'+g™) (pged'+g™)
CK 35.4+1.5b 208.2+6.2 b 265. 5+8. 6 be 45.3+1.4b 256. 1+7. 4 ¢ 352.4+11.2d
X,P,M 37.0+1.5 ab 209.4+8.2 b 251.3+7.7 ¢ 46.0+1.3 b 252.6+5.9 ¢ 360.0+9.0d
XsPy 38.7+0. 8 ab 220.5+5.5 ab 287.7+8.4 ab 46.2+1.5b 265.9+4. 6 be 365.1+10. 1d
X, 39.9:1. 4 232.0+4.7a 301.6£6.2a 49.120. 8 ab 285.5+8. 1 ab 384.6£9. 6 bed
X,Pq 35.1+0.9b 206.9+6.8 b 264. 1+£10. 0 be 49.8+1.5 ab 286. 0+5. 7 ab 399. 3+9. 9 abe
XoPi6 35.4+0.6b 206.4+8.3 b 269. 4+5. 8 be 52.9+1.3 a 304.7+8.7 a 430. 8+11.0 a
X,P, 37.3+1.2 ab 215.2+5. 4 ab 278.3+7.2 ab 47.8+1.4 ab 274.2+2. 8 he 375.4+11. 2 cd
X¢Pq 38.8+1.9 ab 221.0+4. 8 ab 288.3+7.6 ab 50. 3+0. 8 ab 291.1+9. 1 ab 416. 1£10. 0 ab

E:FIARBERE FHRTRRAKFET Z7FE%(P<0.05),

X6Po/h B 1% S Hhe S M R R R 05 1 e g, 4

2.4

REFVEEARET LiEREAS LEEGE

CK Zr R 4012, 7% . 11. 4% F113. 6%, 45 d B,
5 A BRI PR T — 20 R, L XoP oAb B 3 il
TG M R I, 1 S A Ul | TREBE Il R R e 3
B CK 43 4 55 16. 8% . 19. 0% H122. 2% , Tii CK FI
XoPoM Ab AL A KN F AR o X PSR R 5
TR HILAE it A 1 T S il 2k 3 B S ML
Eefl, T TE T HHERG TGP

MR X T

SIAT R 10 B, Rk b, RS A VL IR
REWEEG o S S A S AR E (P
0. 05) kil i 2 (P<0. 01) IEAH 3¢ ; A LAk 5 IR B L%
WG o A A S SR S A R B3 (P<0. 05)
ol b i 3 (P<0. O IEMI G . AT br &, &4
A HURK 55 3 Bl =2 1] 43 1) 2 00 2wl Sk 3 EAE G

®10 TEZIEREXESH

Table 10 Correlation analysis of soil indicators

~ P
%E*Zﬁ o ! Hat ol = e A e IS
o) H LK Wit T i AL A AR AR

2R 1
ZERIRT 0.511%* 1
Wit 0. 528%* 0. 671%* 1
i 0.379* 0. 476%* 0.911%* 1
o Ak A 0. 505%* 0. 650%* 0. 940%* 0. 886%* 1
AR 0. 486%* 0. 736%* 0. 725%* 0. 553%* 0. 685%* 1
AR 0.353* 0.323* 0. 375% 0. 141 0.278 0. 492 1

VE R B R TRAE 5% 1% KT EREME
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