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Abstract This study aimed to clarify the effects of different mulching measures on the soil moisture of
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fruiting apple orchards and the growth of fruiting trees in the loess plateau of western Shanxi, and find the
best mulching measures for the soil moisture and yield improvement of fruiting trees in the rain-fed
agricultural area. In this study, 17-year-old ‘Fuji’ apple trees were taken as the research object and five
treatments of straw mulching (SM) , horticultural fabric mulching (BF) , black mulching (BM) , white
mulching (WM) , and clear cultivation (CK) were designed. The field locating and observing experiment
was conducted to explore the comprehensive effects of different mulching measures on the soil moisture of
apple orchards, the growth condition of apple fruit trees and the yield from April to October 2023. The
results showed that: 1) Compared to the CK treatment, all of the mulch treatments effectively increased the
average soil volume water content in the 0~120 cm soil layer from 1.76% to 23.66% during the entire
reproductive period, the coefficient of variation of soil moisture was increased and the soil water storage
capacity was increased by 16.57 to 48.56 mm. 2) Compared to CK treatment, the mulching measures
were more conducive to the growth of branches, and increased new shoot length by 10. 28% to 19. 44% (P<<
0.05). 3) Compared with CK treatment, the mulching treatments remarkably raised the soluble solids
content by 1.93% to 10.78% (P<<0.05) , soluble sugar content by 4.55% to 22.44% (P<<0.05), and
reduced the titratable acid content by 7.89% to 15.79% (P<<0.05). 4) Compared with CK treatment, the
mulching treatments significantly increased the apple yield by 6.55% to 11.33% (P<<0.05), and improved
the water use efficiency by 2.09% to 5.98%. Compared to the other mulching treatments, the horticultural
fabric mulching treatment increased apple yield by 1.54% to 4. 49%, obtained a high comprehensive score
(0.59) , and increased the economic benefits by 2.06% to 6.74%. Therefore, the horticultural fabric
mulching was the best mulching measure for fruiting apple orchards in western Shanxi region.

Keywords apple; soil moisture; fruit quality; yield
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Fig. 2 Vertical changes in soil moisture during apple fertility under different mulching treatments
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F1 FARAESLENERFHERK HEREHHZ N
Table 1 Effects of different mulching treatments on apple new shoot growth and leaf area index

Ab 3 B JE /em A M /mm - T AR A

Treatment New shoot length New shoot diameter Leaf area index
CK 31.6145.07b 6.614-0.77a 1.27+0.87a
SM 37.25+5. 46a 6.594-0. 56a 1.38+0.87a
BF 35.4545.13a 6.374-0.69a 1.45+0.90a
BM 35.9345. 11a 6.224-0. 56a 1.47+0.83a
WM 35.5546. 75a 6.434-0.63a 1.51+1.07a

T« [ B AR 14 AT ) 7 1 3 7R 22 5K 8,38 (P=>0. 05) , AN [ B 38 7R AN ) b B0 ) 22 53 . 3 (P<<0. 05) . T Il
Note: Same letters in the same column of data indicate non-significant differences (P=>0.05) , while different letters indicate significant
differences between treatments (P<Z0. 05). The same below.

x2 AEABEENEXNERRILTENHIG
Table 2 The effect of different mulching treatments on the yield of apple fruit

Ak 3 g5 R K K R /g Fe R/ (t/hm™) K o3 F A/ (g /m ™)
Treatment Fruit number Mean fruit weight Yield Water use efficiency

CK 265.33+6.66a 245.94+9.85b 40.77+0.51d 10.03=£0. 13c

SM 270.00+£8. 00a 257.52+10. 19a 43.44+0.68c 10.51=+0. 16a

BF 276.3348.08a 262.9548. 82a 45.3940. 29a 10.4040. 07ab

BM 269.00+15. 04a 265.92+8.73a 44.70+0. 87ab 10. 2440. 20bc

WM 274.00+19. 54a 256.61+9.54a 43.91+0. 24bc 10.63=+0. 06a
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M8 T CK AN, BF 4b B8 T 7= 5 2 1 e il
IR 11.33% (P<<0.05) . i i % 3¢ 2 /P g 3
J R WUE 43 B7 0] 1, Bx BM &b 3846, H il 7 35 4b
PR K 43 R H R AR T CK Ak B4 5 3. 69 %0~
5.98% (P<<0.05),
2.3.2 ARABEALEMNSERRERRA Y H

AN TR B 55 Ak P O6E S S SR SR B 5 e AN —
(£ 3. BRRIERES BT CK b3, 5 75 4b 34
Xof S S I S O 5 ) 1k B 2 K- (P<<0..05) .
Bk SM &b BE A5, BF \BM Al WM 4b B (14 7] %5 74 % &

HAHBT CK b 2 5 25 43 5 $2 /&1 22. 44 % . 12.62%
A 11.31% (P<<0.05) . 7 Al & MR & &= I, BM.
BF H1 SM &b B AH # T CK &b 3 A % A% 7. 89 % ~
15.79% (P<<0.05) . MAEHEEY & & L,
BF 4b B 48 Fh 20 0 e, 0 CK b #8341
10. 78 % (P<C0. 05) , WM 4b F $ F+ 850 R e /)y, 8 CK
b PR 1. 93% o AN (R 35 A B X SR S A R A B
Wi 77 7E 22 5, SM 5 BF Ab 323 31 B 2% %5 T CK &b B
22.04% H112.73% (P<<0.05), 7 BM WM 4t 2 5
CKAMFE T W 22 5% .

®3 AAEZRENFERRELRRNIIG
Table 3 Effect of different mulching treatments on apple fruit quality

CIRCTES S nE e R A TR EEIEY S " L s -,
T ot ot MR H I8 RSO/
SR &/% /% /% Glucosinolate Fruit shape (kg/cm?)
Treatment  Soluble sugar Titratable acid Soluble solid o L shap -8
ratio index Fruit hardness
content content content
CK 16.71+0. 38¢ 0.38+0.00a 12.434+0. 32¢ 44.20+1. 38c 0.85+0.05a 8.80+0.92¢
SM 17.47+0.45¢ 0.3240.01d 13.00=£0. 26bc 58.22+2.10a 0.88=£0. 04a 10.74£1. 32a
BF 20.46+0. 39a 0.35+0. 01bc 13.774+0. 25a 58.0240. 71a 0.88+0.08a 9.92+0.63ab
BM 18.82£0.71b 0.34=£0.00c 13.27£0. 46ab 54.774+3.11a 0.88=£0. 04a 9.21+0.41bc
WM 18.60+0. 31b 0.36+0. 00ab 12.67=+0. 59bc 48.06+1.47b 0.89+0.02a 9.67+1.17bc

2.4 FAAEZMEHEREFUBSEETH
2.4.1 TRBERBHERZFIXS

Tl 7R B B S T A T 0 28
WG, AR AT B A B A T A

7 26 bR T CK b B, {H 35 508 3 0 5
FEE T CKALFE 6. 54 % ~11.33% (P<<0.05) , & 5%
WiE W ERTE 7. 14%~14. 35% , Hovh BF 40 B HUS
() 28 B 30 25 Be s , 1K 233 717. 64 J6/hm?

*4 AEABZREMERZFNE

Table 4 Economic benefit of apple under different mulching treatments JG/hm’
o ERE A 2 i BN RS NN 5 bR B S s
b Hp ﬂﬁzz’gkﬁjml‘ EK*/T.JU ’ ﬂ?lﬁ '+ A R S R TR s
Fertilizer Pesticide Bagging Labor Mulching material ) .
Treatment . Total apple revenue Economic benefit
cost cost material cost  cost cost
CK 24 430 1750 8 3584-209. 74a 54 630 0 293 547.4443 677.41d 204 379.44+3 619. 82d
SM 24 430 1750 8 5054252.00a 55 260 6 804. 00 312 736.6544 886.67c 222 791.6544 825. 37bc
BF 24 430 1750 8704+254.61a 58 200 5249.67 326 802. 1442 056.05a 233 717. 6442 029. 06a
BM 24 430 1750 8484+473.90a 58 200 2 280. 00 321 867.2146 228. 52ab 229 003.21+5 761. 28ab
WM 24 430 1750 8631£300.49a 62 400 3 039.98 316 176.8941 692. 16bc 218 965. 8941 485. 38¢
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2.4.2 ZAITEH

A TR B i D5 2O SE SR A K g M AR L
SR it SO A B W A7 A 22 5, MR 5 — 45 A xfE LA
H A i T 3, AR T 9 SR RSN SR e B0k xS
AR TR K o R A AR AT 2R A, LU R
I35 7 M DR SR 00 3 R el A e A B G U s
THRSER =8 R R AT RCR 5 10 48 Fn 19

sF R BR B, 4548 B I AR LS S 2R B0 M A 9
FE B A A AS 45 Kb B 25 A o B, AR o AT
HeF (R 5) . e BRI 3 Fh 78 55 Ab BLK WKl BE
SM 1 BM 4b # , FL 25 & 453 43 433 R 0. 59.0. 58 Al
0.45, HH 1L AT W, BF Ab 28 AH 8 7 At 4b R 7E — 2 2
BE bR A b B R AR SE S BT L i 5 K A R
B

£S5 TRAESLEBENERFE KN ALERRIRRZMERERHES TN

Table 5 Comprehensive evaluation of subordinate function on apple yield, water use efficiency and fruit quality
) 7. A L Hy " 7 A | 7l 3% nl s »nmu 0 nl G o2 fis A= /0
i 5 ?i’aﬂ‘i%i/g SEM R /U k)j‘?’FJﬁH»:ﬁl$/ RS /N ’T‘{Fﬁ'mﬁaa;‘/ﬁ
Mean fruit . . (kg/m®) Soluble sugar Titratable acidity
Treatment . Fruit number Yield -
weight Water use efficiency content content
CK 0.14 0.52 0.10 0.16 0.09 0.96
SM 0.48 0.76 0.60 0.77 0.50 0.20
BF 0.65 1.08 0.97 0.62 0.90 0.63
BM 0.73 0.72 0.84 0.43 0.55 0.51
WM 0.45 0.95 0.69 0.92 0.26 0.77
CvV 0.04 0.03 0.04 0.02 0.08 0.06
HE 0.07 0.05 0.06 0.04 0.11 0.09
Weight
Ak 3 A T W & /%% B R T IV 8 5L HESERE B/ (kg/em®) Za

Treatment  Soluble solids content ~ Glucosinolate ratio  Fruit shape index Fruit firmness Comprehensive score

CK 0.22 0.09 0.58 0.35 0.14

SM 0.50 0.87 0.70 0.62 0.58

BF 0.88 0. 86 0.68 0.41 0.59

BM 0.63 0.67 0.70 0.25 0.45

WM 0.33 0.30 0.73 0.42 0.35

(Y 0.05 0.11 0.06 0.17 —

*Ii 0.07 0.17 0.09 0.25 —

Weight

3 W ® I 5 FE AR e AR R K R R AN b K oy i R
‘ T

3.1 5ok 4 X 35 9 AL

TR SRR AR AE K R R BN
ENNIR S 3w e N EE R A DI RS [N AL
R BR Y 77 2 B R R AR R R 2 R
TORBEUA KL, A I b 3 54 3 2 bl Mk 70 R

A R R T T G BHLBR SRR = ]
1 7K VR A B R BB AR 3R )2 R K A B o R &
P R KR R R R T
CKAMEE A RN 36 A B A A4 = S SR R B W 0~
120 em 4 2 P ¥ £ KR & K &E 1770~
23.82Y% , v BF 4b #1445 7 &4OR Fe AE , SMAL B R
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Z WM Ab BRI 25 . 3% AT B2 i T 7 5 R
FET A B ROR L 22 5 S 80, 2 A 2 B T M
S ST B — T 2 AL A TR BT R BK
PE5E S MRS FF A B TR ARz A R
T & B BT A B AR S AR 3B Kb R e
FEm A BB BB & BT 5 KRR AR
RE LKy o HHEZE R AR Ty 09 HI 55 6 AT K
O3 PR 4 A A G B 1 KO BEAIR T K 43 A8 ) AR S
ML T K o T EA R R R E R AR
R, AR E AP 0~60 em )2 +3EK 4728
TR BB AL e K, T 60~120 em 2 AE 4k A X FA
SE 45 A B R] ) HE R+ K 4 AR S CK> WM >
BM>SM>BF, iX 5k AR & W F 50 45 R — 80, %
W2 5 A R T RS K AR

R IF 5% 2 B b T O A ) HE K 4 7R
K ERRIREN A oK U A K kKT i
iV A A KT OK S R HEK AN 2 2 TE o
JENCE S ARWRSE R AR T CK A B a5 A F AT
RAR B EE W K& 6. 41~29. 97 mm, X 5 FH %
THEVIE AR 2 B A AR RN AR
| K R A AE 22 R, R BF>SM >
BM>WM>CK, A G/ H T EKFEHF | 2 b A
BalE TS AR TFREABERE L
U S A AT B 26 A WA 43 RN, 7E AR 0 1) 2%
K T T R T B S D Wb A B
FEUE5 B8 7 DA TR 90 2 T B R A 1 LA 4R A
{14 R VR G B 2 B K S RS R Y
- HEK Ay i BE A, B A A B e S B A
B FE 2% 2 MK A, DRt R S A AT
R 5 FLAT A BRSO .
3.2 AEABEFRXTEREKANF I

AT 5T 2 B, B a6 A HR I 2 B BT RS K R i
XiF T A 25 KL RS B0 A B s, Horp SM
Aab B BT A B B R T B R . X 5B PR AR T
e 7= S BE AT 45 AR, WTRE R THEEE -
3 K B 0 5 6T M TR R s A 0 - 3 9% ) K
b, B8 THAR RIS E, AT 4 i AR R W BOK B R T
A A F A A A TR R a6 A AR b 2 1A T I A
B0 5 4 R, BT SM Ab B R T B B Ok . T
KRS A w0 MR B 3R A 5 e B AR A )
a8 SR I S A A R 1 R T LR T — 2RO

by TAT 7 5 3 O o R R AR R Y TR B A AR

WAE KRB, DO B S S R S
JEUSE ORBFIE R, 5 CK AL BRAH Lb , 7 55 A B AY
RS L NG R NGRS T DI Y/IN
fi LR R S A R AR AR bR A T AR L AT R Y A
FTREAR . WFIR2 S T B 225 sl Y W if
FEERAR . ATREEm THESBRS HES KRS
AN B0 L B R SE SR O A R R E SR ST
L7/ R A NI ) [T SR S a2 G B I 7
SO M TP R AR TR SR A MR S R T AR
T A i e K S AR B 1S 0 R S R 1
it 0 e A AT 43 ik T 1 TR Tl TR S L N L A
FF S 00 A BB R o T B 5 R RE R R
S B G — B R, R A 9 2 W i 7 T LA
A O W] E R E A AT A AT 5 R A
R AW AW R B A AR T CK &b
BE AT DLA R0 R AT E R & & 5. 26 %0~15.79% .
AT BE A R T AR T AT MILIR AH G & L 0 T S R
FEAG R, RI 3 KRR Aok 8 R EOR LA LR & &
REEALR 7, o 2% B ALK M 8 R 5 ko

T 56 1 it X A HE K 4y 0 R ) A 2 4 T R AE S
FEA R 7 A R K 43 R AR T B K 4
FARCR 1 24~ 2 07 O 4 i L 527 i 5 AR FE K
it EokSE AR SY W B AL PR RS AT 5 A
PEAR T U0 7 5 Ak B = K 4y R ROR 8. 75 % Al
19.87% o AWFIE R A T CK AL B, 4 55 4b 71
ERBEIER R 6.55%~11.33%, #2 5 /K 7 Al
AL 2.09% ~5.98% , H v BF &b B (14 38 7= 55 2R
et EEEHFHETHALE, BF 43 & 3%
P W 2E TR AR 0T 0 £ K A R T B Ok TR AR TR
s H AR SR KA K 43 1 R K, R I K
BIARFRILAMM MRS TR R, H S
Ab 3 ER T A S A 0 1Y N5 - HE K 4 1 I A AR
T E SR BE T B K o R RSOR .

B 5 b T AT T Y H bR B B ORT B n
PR e AW KR 8 AR 2 HOCHE MR
R 22 B0 xof 3 S el Wb T 7 S ) A 9 A R R — 4
B R TLAS 6 AR 3028 B R0 3% UE AT S 0 TEAN . A HF
€0 T 5 b T B e SR S A A K R
WUE %5 48 #5189 5% 0], 38 58 R F SR8 oR 8025 A 01 o
TR S A K 43 R 0 R O A 45 A A i
TTE A VE O, I DL 28 5% 58 a8 WA, Kk B3 T el 25
i 7 26 1Y 25 A 1T 4 e A (0. 59) 2 B 4 25 I
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(233 717.64 J6/hm®) , § #F % 6 19 25 &P /- Ik 2
(0. SOMA TR 45 Bl (222 791. 6576/hm?) . 1E3B
SR 20 U A 25 10 [R) B, R 9% 2% R o A BT 1 AR AR AR
t5 o B MR IR RN AT A AT S RS
JE V), el 25 M AR R R R R Rk G T 15 0 ek i R
DA [l o 3% 5% 5 380+ 0 Ak 1) [ 05 il FF 2 R Al mT i
A BER R RS B 55 R AT RS AR AR X PR B G
AR IRV o DAL I, 0 P Bl 25 b A R RS AT 7 o AE 4R R 4
TR B TR EE ] 224 s o b i) T 5 8 ke
A AR as . AR P g e 2 b A A T Y 4 TR A2
[ A R o N S WK /0 wpviok = 37 [ 0 L I

4 & it

VG b DX 5 S S b, 50 B AL B A L
b T B 5 B A 3R R R K A 2R B Y
K B L K A 78 B R, ol R DR R AR
KA 7K G B85, A1 0 A A A K 3 30 e i N
T2 e a5 AR o 5 B 55 b BEAR L T 2
A7 78 36 00 P K 1 A A, 389 - BRI K B 0. 08~
29.98 mm, F AR 1. 54 % ~4.49% , L5V o i
1 (0.59) , BT 2.06%~6.74% . K
2 A 7 26 TR R U M X R 3 3 R e — b
KU RS2 45 B e
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