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Effects of plastic film mulching combined with increased fertilization on soil
physicochemical properties and 'Yanfu 10' fruit quality in apple orchards
of the Ningxia Yellow River irrigation area

Jia Yonghua, Ma Jun, Chu Yannan, Yue Haiying, Xu Zehua, Li Xiaolong
(Institute of Horticulture, Ningxia Academy of Agriculture and Forestry Science, Yinchuan 750002, China)

Abstract: [Objective] This study aimed to improve the soil environment and nutrient status. [Method] A field
experiment was conducted with four treatments under surface mulching: conventional fertilization (CK), vermicom-
post alone (T1), biofertilizer alone (T2), and combined application of vermicompost and biofertilizer (T3). Soil sam-
ples were collected from two depths ((0,20] cm and (20,40] cm) at different stages after flowering. Soil physical
properties (water content, bulk density, electrical conductivity) and chemical properties (organic matter, pH, total salt,
and available nutrients) were analyzed. Key fruit quality indicators were measured at maturity, and the technique for
order preference by similarity to ideal solution (TOPSIS) was employed for comprehensive evaluation. [Result] (1)
Soil water content decreased with increasing soil depth across all treatments, while bulk density increased. T3 treat-
ment significantly increased water content in the (0,20] cm layer by 12.5% and reduced bulk density by 8.7% com-
pared with CK. Soil organic matter, alkali-hydrolyzable nitrogen, and available potassium contents peaked at 90 days
after flowering, with the most pronounced increase observed in T3. (2) All fertilization treatments significantly re-
duced soil pH and total salt content, with T3 showing the greatest improvement in salinity indicators. (3) T3 treat-
ment significantly increased fruit firmness and soluble solids content, significantly reduced total acid content, and
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comprehensively improved fruit quality. [Conclusion] TOPSIS analysis indicated that the combined application of

vermicompost and biofertilizer synergistically improves soil organic matter and optimizes nutrient supply.

Keywords: vermicompost; biofertilizer; physicochemical properties; soil nutrients; fruit quality; TOPSIS
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%A4: pH, 8.33; AW, 5.02 gkg™'s 2%, 0.32
gkgls AW, 044 gkg!s &8, 1730 gkg!s B
iR %, 15.30 mg-kg'; HALEE, 40.60 mgkg'; H
R, 142.25 mgkg s

R E ERMAFA ABE 10 57 (Malus do-
mestica 'Yanfu 10", J&kA “HR 157, BHEE 5 4,
MRATEEN 1.5 mx4.0 m, R& AN 2 hm* . 2023
FEHKZE (10 A1 HZE 10 A 10 H) FFAHREREAE,
EIRN 40 cm, JREAVLIE (44253 m*667 m2+%
Kith 2 m-667 m2), KRR i EE.
1.2 R

2024 £ 3 A 25 H (HIREED FFI1T N iE
REALER . RIS HE B 4 NI, SRR 4 AN b EE
T1 AN AL; T2 R E P An Ol 25
FEBE D5 T3 Ml A5 A9 e AR it s CK 9 A
AE (AFERED . FEAE RS 3 m3-667 m 2+ KiEs
2 m*667 m2, T1 APEMEEIEZ 1 667 m2 &
By s e N s T2 Ab BEORG REGE AR B O AR 4%
15L-667 m2 (I EWmiE; T3 4S5 5 RSN
MIREFS, 4% 3 5T T1 Msmis AR5 AR 4 AL R i
B a5l AE 3 t667 m=2 SALELZE AT B B AE 15 L-667
m 2R A . SACE AL 3 1T, SRR 600
m?, RHBEVIXAHES . BATHAEKE N 80 cm,
TAT IR MO, Ar A O 52 B 78 7 I 2
AR o B IERVE T SRS SR IR R IER 3y, FEAR
HAPETCN: AIURSE, 45%; 2E&FE, 991
gkg s EREEE, 475 gkg s B EE, 12,5 gkg !
pH 1E, 7.46; 4#&E, 275 gkl BRI
R TS 2 R AEMHAR AR AW, A ROE R
10" ANty 4% 40 g BCE R
1.3 HmEX&E

MAESE 30d (5 H 20 H) JF4G, F3RE 30 d Bkt
1R, ZRE (10 AR 450, JLHUEE 6 Ik (FE
J& 30+ 60+ 90, 120, 150 F1 180 d). fHHERE 7 cm
() 302 el , R FH A 28 T B AN A BE ) (0,
20] cm A1 (20, 40] cm HZRATRAE (FE “X”
XA PG S 1N, A RE T AN, 3RS
A0 CKARBRNEAT R iR TR . B[R] —
T2 5 ARFE S HIRIB S SERN 1| NMREFE,
ZREYR R APISERYE, RS 72 A IR



534 4 3

SUKAESE: B S G 7 B 5] O DX S R ] IR K o s 10 5 B R 609

i (3 ANX I X 4 AN EBEX3 IREE X2 AN, B
A LR AR50 2 mm AT 0.149 mm i,
FF T A M S I o
1.4 #H@NE

S 24 v B VAR 5 R DSIAE T vk e 48 As: K
R e IS K& SRR )70 e 25
KA BALENE pH; KRB SENE 2R G & K
F B AR RA AN E AR & & RAWMEY
BOE E TR & s KA NaHCOs = 4e-FHER L
RN MO O B R NH4OAC 1242- K JEt
FE LI S A B . AN AR B R BT LIE R 30
AR, TSR E . B R PARE R
R M GY-1 BUGHREE VR SR SChE g T4
oA e nr A TEE TR & & R A NaOH i 58 2
Mg B & s [ LA TV PEE & i S R
FREMIE.
1.5 HIEE

RGBSR SPSS 18.0 Giit i fF kAT %

SR F AT, ASE AL PR ) 22 B L ECR A Duncan
BrAE M=, FIH GraphPad Prism 1ER. K H
Pearson ¢ AT R 70 T4 B4 M T 5 SR S 2
[ ) 9% 22 o K FH TOPSIS V' X6 A [F] b 2 -+ 3344,
PR e R S AT S5 6 VN

2 HERESR

2.1 RGBT IEYIEM RAISN

XF IR R RIS R (R 1 AR 2) B
~: (0, 20] em RS BUEFEFRIY S T(20, 40]
cm T2 B IR EOKBEAEAFR LB R THE
Fekash, T1E)5 90 d IAFIE{H . 7E(0, 20] cm )2,
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Table 1  Soil physical properties under different treatments in the (0,20] cm soil layer
pOsl SRAF IS [H] TKE% ZHE/ (gem™) 5%/ (uS-em™)
CK 1t)5 30d 9.29+0.68" 0.90+0.01% 327.67+4.26°
1e)5 60 d 12.83+0.24° 0.88+0.01° 322.67+3.28°
1EJ590d 12.97+0.67* 0.85+0.05" 291.00+2.89°
1e)5 120 d 12.48+0.59° 0.89+0.01° 287.67+1.86°
1eJ5 150 d 10.74+0.57° 0.90+0.02% 285.60+5.34°
1t)5 180 d 8.40+0.47¢ 0.98+0.02° 284.60+5.51°
T1 1e)5 30d 11.64+0.55b 0.88+0.01° 304.00+3.212
1e)5 60 d 16.90+0.18° 0.8440.01° 292.67+5.55%
16)5 90 d 17.74+0.57° 0.78+0.03¢ 256.37+3.85°
1eJ5 120 d 13.72+0.80° 0.86%0.01° 249.80+4.18%
1eJ5 150 d 12.09+0.730 0.8620.03" 238.33+4.91<
1eJ5 180 d 10.80+0.90¢ 0.94+0.02° 231.20+3.63¢
T2 1t)5 30d 11.68+0.51¢ 0.86+0.01° 302.67+4.67°
1e)5 60 d 17.14+0.49° 0.78+0.01¢ 301.3344.10°
16)590d 17.37+0.56° 0.76+0.03¢ 243.83+5.02°
1e)5120d 14.28+0.38° 0.87+0.02° 242.67+7.31°
1eJ5 150 d 11.58+0.27¢ 0.85+0.02° 240.77+3.56
1£)5 180 d 9.94+0.474 0.94+0.01° 226.77+1.84¢
T3 1t)5 30d 13.36+0.67¢ 0.8620.03" 289.33+4.48%
1t)5 60 d 22.40+0.34 0.78+0.01¢ 284.67+6.74°
1£J5 90 d 21.54+0.922 0.75+0.03¢ 225.67+4.10%
1e)5120d 17.27+0.81° 0.8140.02" 236.33+5.81°
1eJ5 150d 13.73+0.43¢ 0.84+0.01b¢ 217.13+4.47°
1e)5 180 d 11.74+0.61¢ 0.94+0.01? 214.73+3.32¢

e S ER G A RN FRERORFE — LR AR E Z 7 EE (P<0.05) .
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11.90%. 11.15%#1 13.64%; (20, 40]cm +JZ T1.
T2. T3 A5 R T 11.73%- 10.51%F1 12.59%,
CK LtiR#FxER. LIERFEEMAETEESE, T
16J5 180 d [ £ HAK. (0, 20] em -2 CK. T1. T2,
T3 KbEEA LI RIS 30 d 50 FE T
13.14%. 23.95%- 25.08%7%1 25.78%; (20, 40] cm

T ENH TR T 1123%. 19.84% . 18.79% Fll
23.15%. T1. T2. T3 A FH&4ERE CK A
Zw, HA Ll T3 ZRrEARE. FrAEREQRO,

40] cm 2 PBIE KT (0, 20] em L2,
B 209, it AR S5 B S5 ) R R ATk

= 2 (20, 40] cm = EAEIEATIEMIR M R
Table 2  Soil physical properties under different treatments in the (20,40] cm soil layer

JOpi SRAFIS ] BKEY% A/ (gem™) MBS/ (uSem™)
CK 1£JE 30d 8.26:+0.62° 1.03+0.043 302.00+5.512
16/5 60 d 8.41+0.29% 0.98+0.00° 301.33+4.06%
1€)590d 10.92+0.472 0.98+0.01° 278.33+4.26°
1) 120d 11.09+0.582 0.96+0.01° 274.00+4.36°
)5 150d 8.33+0.55° 0.95+0.01° 270.974+3.47°
)5 180d 7.46+0.73° 1.08+0.06° 268.10+6.00°
Tl )5 30d 10.08+0.54¢ 1.06£0.03% 286.3345.46°
1e)5 60 d 13.50+£0.41° 0.97+0.02b 274.67+4.81%
165 90d 15.65+0.76° 0.93+0.00¢ 233.00+8.08°
)5 120d 13.16+0.59% 0.93+0.01¢ 224.33+4.33%
16JE 150 d 11.47+0.38¢ 0.98+0.01% 220.70+5.07°
)5 180d 10.46+0.33¢ 1.14+0.06* 220.1742.46°
T2 )5 30d 10.31£0.55° 0.94+0.01° 282.67+4.37%
16J5 60 d 15.30+0.40° 0.88+0.01%¢ 275.83+3.44%
)6 90d 14.29+0.36° 0.84+0.02¢ 235.67+6.67°
15 120d 10.21+0.21° 0.88+0.02b¢ 230.2043.80°
)5 150d 9.64+0.39° 0.90+0.02b¢ 228.60+2.30°
165 180 d 10.25+0.63° 1.03+0.06° 224.004+3.21°
T3 )5 30d 11.96+0.51¢ 0.94+0.02° 255.83+4.76°
1eJ5 60d 18.03+0.73% 0.85+0.00¢ 254.8342.62%
1€)590d 18.18+0.422 0.82+0.01¢ 226.67+6.96°
)5 120d 15.20+0.15° 0.85+0.00¢ 219.704+2.36°
16JE 150 d 10.89+0.69 0.88+0.01% 203.83+4.64¢
)5 180d 10.04+0.124 1.08+0.06° 195.8343.37°

e A SR A RN P RER R — R R A FIAR ) 22 5 B (P<0.05).
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20] em 2R G B A T (20, 40]cm +)Z,
H(0, 20] em T EME & EEA R T35 25
ST E BRI . #E(0, 20] cm 2, #E /5 90 d CK.
T1. T2. T3 AEER HIEMAE R SRS 30 d 77
30
25
20
15
10

BHRE B (gke™)

— £J530d
o #EJ560 d
- Y590 d
=z )5120d
o 15150 d
1£J5180d

T ETFT 40.49%. 43.09%-. 52.04%A0 58.56%; fF
(20, 40] cm )2, FHAHEME S ERALG 30 d
D ETET 25.94%. 24.53%. 26.26%A1 30.97%.

(@) (0, 20]em £JZ; (b) (20, 40]cm +)2. EFARRNEGFRFREFEE (P<0.05).
1 TRETHEBIREE

Figure 1 Organic matter contents in soils under different treatments
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Figure 2 Total salt contents in soils under different treatments
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Figure 3 Contents of alkali-hydrolyzable nitrogen in soils under different treatments
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Figure 4 Available phosphorus contents in soils under different treatments
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Figure 5 Available potassium contents in soils under different treatments
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Figure 6  Soil pH values under different treatments
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= R E T AN EE, 3 CK AREEFH T 40.91%.
SERRW, T3 it EAE 200 35 5 5 0 5 U B

S, APURERS TRRE, WETERIEY) S E
FFERREL, PR T SR & B R  RSREE .

® 3 TREMERBLENFERRRAFZ
Table 3  Effects of different fertilization patterns on apple quality

whE R iEH PR /g fifi B (kgrem2) AL T % SR /% [l /2 L
CK 0.84+0.00° 184.34+1.57° 2.91+0.01¢ 14.06+0.01°¢ 0.33+0.012 0.44+0.02¢
Tl 0.82+0.01% 185.07+0.95° 3.16+0.07° 15.12+0.01%° 0.28+0.02% 0.51+0.01°
T2 0.81+0.00°¢ 179.36+2.20° 3.254+0.05° 16.73+0.012 0.31£0.01% 0.52+0.01°
T3 0.86+£0.01? 190.90+0.95% 3.42+0.04 18.04+0.01° 0.27+£0.01° 0.62+0.022
e BRGNS TR R A — RS A b 2 A) 22 5 535 (P<0.05).
(0, 20] cm (20, 40] cm
000 W @00 g2
00 0 s 8:28 ®0 0o 0.60
00 0O :c 0.30 ® @ @ ccC 0.30
0 ° O 0.00 ‘N KN B 0.00
®©0® ® @®sov [ 030 ©0® 0 @ som 00
® ® DS :g'gg 200 TDS :g‘gg
(N KN PN %G oo Q900N 120
'Y X W: @ [ ] AP
@O ¢ 0 ® 00 «
S ¥ L < & S & v & &
& &

SWC="1IE4/KE; SBD=TIERE; EC-H I %K,; SOM=FHLH; TDS=25; AN=TREE; AP=FHR; AK=#
SSC/ATK=[H Mz Lt .

£ FSI=BJE4%; PW=HLIR&E; P=RlJE; SSC=T]H:[E
TIRBUM RS RIREOEX ST

& 7

ik ATR=H

Figure 7 Correlation analysis between soil physicochemical properties and fruit quality

= 4 (0, 20] cm ZEFREIET TOPSIS SHTFNEREHIF
Table 4 Evaluation results and ranking of the TOPSIS method

IR b S 2 AR, i E s RO 2 B

under different treatments at (0,20] cm

L3 D+ D- C HE7
CK 0.947 0.385 0.289 4
T1 0.601 0.577 0.490 3
T2 0.378 0.786 0.676 2
T3 0.389 0.919 0.702 1

&5 (20, 40] cm TEAFKIET TOPSIS EITFNMEREHF
Table 5 Evaluation results and ranking of the TOPSIS method
under different treatments at (20,40] cm depth

Qb3 D+ D- C HE7
CK 0.910 0.723 0.443 3
Tl 0.869 0.503 0.367 4
T2 0.657 0.573 0.466 2
T3 0.349 0.970 0.735 1

24 HIFBUMRESRSS@EIEXIES T
I 7 AR R, WA TE, S
EKESAETERTEY . R ey B IEAE R

FE(20, 40] em tjEH, 3% 5 R b & B30
M, pHH S VR Y 2R F B, Fr,
B RNV, RS TR A T 11 o 5 1
e WE LT, AR B RS FETERE TR

TG, L5 FRTIR, AN [F i AR AL 345 A 2o 1 45 2
TORFIE,  JF 535 R S 5 5l S A
2.5 TOPSIS Z&1F M
TOPSIS VERHE VN R 5 1E . AR R AR S

HEATHERF o 3% 4 A3 5 B DA D-43 R TR X 52
HIE. AEBARMRAIEES, C BRIt R 55T &
AR B, H AR R AR R 5 PPN S SR . ARt
FLIRE(0, 20] cm AI(20, 40] cm 12 HIEFALIEFR

FKE. FE. BEER, pHE. AR, 2.
TR AR, ) KRS TERR (RE
fad, AR, RSTREREE . RIEPEREEY). BR.
[RZEE) 1247 TOPSIS ZR& 1. 4558 (K 4. £ 5
BoR: 76(0, 20]em )2, T3 4FEH C A, CK
AR AR #E(20, 40] cm 2, T3 4LFE) C {5,
T1 AbFE AR, S55EFH, (Rt A h sl AE A A 4 R
RO 5 R S R A KR, AV iR
3 itig
PRSI ST IR M R A =20

IS K EM A E R R A
KRS o ) B B R0, AL R
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