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Effects of gravel-sand mulching and irrigation on soil hydrothermal conditions and fruit yield in ecological
jujube forests on degraded field

LIU Qiaoling', LI Wangcheng"**, ZHAO Guangxing', JIA Zhenjiang', AN Wenju', WANG Jie', MU Min'

(1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China; 2. Engineering Technology Research Center
of Water-Saving and Water Resource Regulation in Ningxia, Yinchuan 750021, China; 3. State Key Laboratory of Land Degradation and
Ecological Restoration in Northwest China, Yinchuan 750021, China)

Abstract: In this study, we aimed to investigate the effect of amount of irrigation water under gravel-sand mulch conditions on
hydrothermal parameters of soil and fruit yield of date palm forests in fallow gravel-sand mulched field. The field experiment was
conducted in an arid zone in central Ningxia. To investigate the effects of gravel-sand mulch and irrigation on soil temperature, soil water
storage, jujube fruit yield, and water use efficiency, we used two types of mulch (gravel-sand mulching (M) and bare soil (N) ) and three
different amounts of irrigation water (low water: 180 mm(W 1), medium water: 210 mm(W2), and high water: 240 mm(W3) ). The results

showed that gravel-sand mulching increased the soil temperature at a depth of 0~10 ¢m by 0.8~3.1 C compared with that of bare soil. The
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soil warming period (10: 00—14:00) after gravel-sand mulching was significantly shorter than that of bare soil (8: 00—14:00), and the

warming rate was 0.4 “C+h™ faster than that of the bare soil treatment. The method of mulching and the amount of irrigation water had a
significant effect (P<0.05) on the amount of soil water stored at a depth of 0~80 c¢m during the entire fertility period of the jujube trees, and
the gravel-sand mulching treatment increased by 10.97% on average with the amount of soil water stored compared with that of the bare
soil treatment. The highest increase was 14.54% at the leaf bud stage, when the soil water content was low. The growth index, yield, and
water use efficiency of jujube trees under gravel-sand mulch conditions were higher than those under bare soil, and the yield from high to
low was W3>W2>W 1, which increased by 5.99%, 10.54%, and 26.79%, respectively, compared with that of the bare soil treatment, with
the highest water use efficiency of MW2 being 1.55 kg*m™. In condusion, the MW2 treatment is a suitable planting pattern for date palm

forests on fallow and gravel-sand mulched field in the central arid zone of Ningxia.

Keywords: gravel—sand mulching; irrigation amount; soil hydrothermal conditions; jujube growth; yield
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Table 1 Irrigation water during date palm fertility
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Wl W2 W3 time
B 2R 05-18 £ 06-07 33.0 39.0 45.0 1
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Flowering and fruiting
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EEH 180 210 240 9
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Table 2 Change of daily average soil temperature in different

growth stages(°C)

BIZEREHIS JFAEAR SN SRSEIZRM] RGN
Jb . . .
Leaf bud Flowering Fruit Fruit
Treatment .. .
stage and fruiting  enlargement maturity
NW1 21.8+0.2b 23.6+0.3b  28.6+0.3bc  20.8+0.3d
NW2 21.5+0.3be  23.5+0.3b 27.3+0.3d 19.8+0.3e
NW3 21.1+0.3¢ 22.9+0.3¢ 26.3+0.3¢ 19.5+0.2¢
MW1 23.7+0.3a 25.4+0.3a 29.7+0.4a 23.1+0.3a
MW2 23.6+0.3a 25.4+0.3a  29.2+0.3ab  22.7+0.2b
MW3 23.4+0.3a 25.1+0.3a 28.1+0.3¢ 21.5+0.3¢
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Table 3 Growth and yield indicators of jujube under different treatments

FUR TR

B

B RIERS AL

Trﬁfﬁmt Frui_énfje 1% Single fruit \}’fiﬂe%jgtg:ij‘)) New tip . New tip Hanging fruit Hz}nging fruit 7;/(3;?]5 ?‘lj
mass/g length/cm thickness/mm  length/cm thickness/mm
NW1 8.68+1.19b 12.41+0.63b  180.94+10.08¢c  40.17+6.73c 5.33+0.42d  19.70+0.80b 1.39+0.11b 1.08+0.09¢
NW2 8.96+2.65h 12.67+0.67b  236.56+15.77b  50.17+4.33bc ~ 5.68+0.43cd  21.17+1.07b 1.43+0.09b 1.43+0.02b
NW3 12.78+1.59ab 14.69+0.63a  258.14+11.50a  51.20+7.69bc¢  6.77+0.22bed ~ 23.23+1.59b 1.54+0.07ab 1.37+0.02b
MW1 10.79+1.94b 13.12+0.68b 229.42+8.32b  60.90+11.11ab  7.05+0.59bc  20.70+2.52b 1.61+0.13ab 1.39+0.05b
MW2 14.76+1.72ab  12.75+0.74b 261.49+8.92a  65.70+£8.65ab  8.11x1.67ab  22.97+1.16b 1.65+0.18a 1.55+0.09a
MW3 17.73+2.53a 15.75+0.86a  273.59+10.02a  73.77+11.87a  9.15+1.04a  30.80+4.33a 1.76+0.08a 1.47+0.05ab

1 E=667 m*,
Note: 1 mu=667 m>.

(3 A, MW 3 Kb B, NW AR FR R A
MW 3 &b B 25 301 AE 4 F8 bR A £ A NW L Ak B 79 38 i
DA MR TR 3 B Ry Ak IR R (104.26% ) > 3T A
(83.62%)>HT W5 HL(71.67%) > 1 K (56.35% ) >/~ &t
(51.20% ) > B0 5 JFi it (26.91% ) > A {1 (26.62%) . 7
10 FIVEE 7K 1 28 B A G S8R A R R 7 () i
KIRF G E K- (P>0.05) . AL B 7K 43 ] FRCR
M B F AR AR R MW2>MW3>NW2>MW I>NW3>
NW 1. 610 Ab 35K 43 F) SR B AR A BE3E in T
7.30%~28.70% , i A 00 () ORI 28 BOR B I, 248
1o 3K AR A FARCE A R it
3 itig
3.1 AEAbIE T8k AT (L

TR FNHE R AR 0% E 125 i - HOK A0 A AR e,
MTTSEME K . 5 AR B A L 5 D2 &
Pork e 2%, WA A ORI 2 D SR T )2 R 4
i, AT FEAIK 0~80 em = 39851 1f1 (1) 745 53 R $50F0 H 7] i
KR BLAh, B T2 REMEHE o 22 10 K PH 4R 5 %
R ARER , T BE B T R, DAL 0~10 em
() H [R) A 398 0 HE R AR B 0.8~3.1 °CL X 5 LI
WIS B B B WD 51 F 0~10 em 1 J2 V-3 1 2R &
FE#R 1 55 0.5~4.5 CHZ5ERAMRL . 0~10 em 1219 +
B QAR b SRR A A B H A A A B )
TR B J L 3 55 0 B A I A B 0 kA 7
Jei A HENE IR WA B B IS TR AR . S5
BB TEAS R () A2, ASBIF 9 % B RD 4% 14F HeL E
0~10 em H ZAS Ak F2 S FHR I B LR+ o A2 b, TR
B AR 5 0.4 °C-h' L Sk Al BE R T YR I &
TR TN E EE ST AR 240 2% 7E LR AR AT
B F AR E TR U D I A%
FET)E 5 R BT AP S - 49 R X I )
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JO7 R I RN 5 25 PR AR 2R AR A R I, PG R
WO JZ 78 PO R, 5 B0 2l B2 s Ty, IR P
T Ji] FEI BRI T J2= 1 A 200, i o B 0 I 48
P THRA IS . LI A KR SRR TG, 2
LS KRR, e A R U, B RS
PR R BN, IR I B S 52 SR B B
DR AP PR A ko - S0 52 A48 S A KO H ] g iR 22
Fb KR R . 7E 0~50 em H3ETR B WF 58 &
B, BEAD AE K ) 32 AR AR S AR 5 T i
KBRS A K 9 52 EAE RIS N T 1 el B2 e
S T MK o AR RESS AL HE KT B9 L R I
B4, WiE BATEPUE R, SR THIR 134 £ ZOR
2 T K S B B AR BARR B TR, £
PERE AR R A

ABIFTE R WAL AT AR R 0~80 em 3R/ &
DAL HE T MR R AR B, I 2 A B TR AR
AL, DD 78 A, TN K™, BERD AL HI ) IR
R AR X R A B W T 2 R S e ey, A SRS
R AR o 24 AR AIRT, 5 i AOHE K A B 5
FE R 1R T, S PR AR 2 TR
56 Hir ) B [ AR T AD SR a3, M KR AR X
IR 3 R i S AEOREY DA, A Ak B SR K Y
R PE W 2F R Wt o Ah  BERD R K 4 22 A
TEIZ A T A 2 5 35 KT RIAR SR T AR . B
WRJE SN T A A R AR5 Hh SR S i R
Wee T A N R, AT RE R S ORI R B
10 A PSR 1 A BRI R A AR A D A
3.2 AEAIEE KSR FTEMKS T AEENEN

TR — LG CRAP R E R It , BB
] LK T 28, B K oA ROM TR ol L AR
R I 5 R HAT R R R RCR™. R
ARt AR AR R L PR B R AR RS T, AT i
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PR AL BRSO SR A AR BRR, [R] IR B
RAIETE . KRR L SR A B SR T
KA R AN X TARIE = BOR AW, Bk
IR FARCRIEAR™ . AT 4RI, SR R N e
PR H AT AR g AR AR A R AR A A e K R A B
NAUR T R R (HERR A B R R A R, HLBE
A HE KGR 3 F R S s A, A b Ak 2
FIER LAk B85 Sy KR R R o R SR e . Y
I, 2R G518 Ky AR K R RTRCR S
b, B K AL B (MW2) 2y 1 B AR T A IR B
10 Hb OB B A AR AR 2

it

(1) SRR A0 FEAH HE , 00 Ab BB AR T - 3
AR5 ZBOR H A KR 22, $ m 17 R 3R R At
BEREE . L IEE S THE R RS FHER B A H
SREEPL, Ak D 55 KO A IR R ) 5 e LA
PUrE A RS FHE 1S 25 AR B 5 TR K S 80 R
MR SRR I T, D - R TR
T

(2) BRI IR 0~80 cm T HEN /K 7E B4 4T
A = TR AL B, FL7E 885 AR AR Y 1 25
- B 184 v 3 14.54%

(3)FE = FPHEKEL T , 0D BRI AR K AR AR
L R i1 & DR R S S i S S\ P E AL L %

24 R E K B 210 mm B K 0 B R e, N
1.55 kg -m™, iZ AR A5 X A] fiff 7= 4 9 10.54%, 2T
B T S 1R B 0 i MG B A R AR
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