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Spatial variation of soil evaporation in mountain apple
orchards under drip irrigation and mulching

LI Huangtao', CAO Hongxia', YANG Shiyu', ZHANG Yi', PEI Shuyao', NAN Xueping”, LI Zhijun'
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry of Education, Northwest A&F
University, Yangling, Shaanxi 712100, China; 2. Shaanxi Fruit Technology Group Co. Lid., Yangling, Shaanxi 712100, China)

Abstract; Reducing soil evaporation is an important way to improve water use efficiency in orchards, and
mulching is an effective method to reduce soil evaporation. This research aimed at the apple tree on the loess plat-
eau, studied the spatial distribution of soil evaporation during four wet-dry cycles in apple orchard. This experiment
set three irrigation levels (high water, medium water and low water) , two mulching methods (fabric-mulching and
non-mulching) and three points based on the distance to drip line in horizontal direction in each treatment to exam-
ine the spatial variation of soil evaporation under different irrigation amount and mulching. The correlation between
space point, meteorological factor, soil water and soil evaporation were also studied. Under high-water and medium-
water treatments, soil evaporation presented a ‘single-peak’ spatial distribution curve, while under low-water treat-
ment, there was non-significant difference in soil evaporation at the three horizontal points. Soil evaporation was ef-
fectively inhibited by fabric-mulching. At the medium water, the soil moisture at the point 60 cm away from the tree
line was significantly increased and the soil evaporation was reduced by 5.26% ~27.75%. The partial correlation a-
nalysis showed that the influence of point and environmental factors on soil evaporation was weakened and the influ-
ence of soil moisture on soil evaporation was increased. Recommending combination of mulching and irrigation is
fabric mulching and medium water.

Keywords: drip irrigation; fabric mulching; soil evaporation; spatial distribution
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Fig.1 Meteorological data for apple growth period in 2021
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Table 1 Irrigation date and amount
WK H I TE7K i Trrigation amount/mm
Irrigation date BH BM MH MM

05-21 30.78 16.63 23.83 18.17

06-21 32.51 24.05 26.92 22.33

07-01 33.40 24.36 27.16 23.46

07-21 33.64 25.25 29.11 21.176

1.3.3 2EAKFE  HHEIKREH Time Do-
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T3; IMKO, Germany ) #F47ill &t , RAE Y 48 & /K%
BT K% (em® « em™) ., TRIME 458 F &
7 A sifi B Kwifr C Bk, B HTE9 @ 00 HIR4E
0~40 cm 2 A FH KR,

1.4 Fitoh

RIS EE K Microsoft Excel 2019 3 44:1F 47 %%
PSR FH SPSS 26.0 847 7 25 43 At S AR e 43
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ARFRR B 75 b A 7 56 0 3R 2 K A I R T 36
AEFRELER 1.41% 12.80% . 14.80% 9. 14% ; 1E 5 i
C, = KA BT el 20 kb An 75 5 1) R 2 L HEK A 7E 4
AT = W AE R o A A A 5. 55%
14.90% ,16.43% ,24.93% ; 1M HK AL BT el 25 b A 7
S FRZ LK TBEA 2 T -8G5 3. T

®2 BET-EEANEMSKREBIER
Table 2 Fundamental meteorological data

during each wet-dry cycle

N Y==] —
FiH H 3 SRR X ?QISH!;[?QT
[tem Date( m—d) Average olar radiation
temperature/°C /(MJ - m™2 - d7!)
TR s 05 0520 18.02 14.58

Wet—dry cycle 1
- 2

Wet—dry cycle 2 06-25~06-30 26.59 14.69
-V \
FAREERS 00 06-07-10  27.54 15.46
Wet—dry cycle 3
—JRAE R
T-IRAE 4 07-26- 0731 r6.56 o

Wet—dry cycle 4
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Fig.3 Average surface soil water content in 0~40 cm

soil layer during dry-wet cycle 1
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Table 3 Variance analysis of soil moisture content
in dry-wet cycle by various factors
P2 T-BAER 1 T-IRMEH 2 TR 3 T-IRMEH 4
F. :t\ Wet—dry Wet—dry Wet—dry Wet—dry
actor cycle 1 cycle 2 cycle 3 cycle 4
1 ® % * % * % % %
M ERES ERES * % B
P ® %k % %k ® %k % %
IXM * ok I * ok ® %k
IxP * % * % * % ® ok
MxP ns ® ns ns
IxMxP * x - ns ns

TE TAGERMEAOKT M AERBE 22 28 P AR A (8] AL ns 7R
BRRGHE, + « FRIE P<0.0I KT %

Note: I indicates irrigation level, M indicates mulching type, P indi-
ns indicates non-significant difference, #

cates different point,

indicates significant difference at P< 0.01 level.
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o TTEAN S AL B SAL A B I8 R B ST € 7E
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16.09% , 1fii el 2 A 78 5 T a5 for A 1 328 R 3 ai
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Table 4 Comparison of daily soil evaporation in each treatment

A g

Period Point

BM BL MH MM ML

ANRE; T-1IEA 1 5+ 1806 4, E 2 1A
B R 3N AN IR ERARE,

el 2 b A 7 3 XA () 57 A HE 2 S i) i 2
AR BVE KT, s A PIF 5505 XY L%
KESFANRE, BKABTR, S0 B FE 2 A
SR B R AT B 1 T -BIE 3,
T 1RG4 b 22 5 OR 3 oK A BRI 2 M A B
R IR AE 4 AT -8R h AN 55 40 )
W T 23.65% .5.26% 27.75% .20.25% ; AN HE K Ak
P e 2 b A P 15 5 AN 35 22 () IR R AE 4 AT -
BIEAZEFAEE  "AKSIT, S0 C ANEBEE
4 AT - YA B g el S M A T T Ak B 4 ) v b
25.64% 73.22% .32.26% .23.68% I 14 2% Kk ok
A P AN i A el 2 b A 7 5 DU 4 i 920 19.38%
5.00% .12.61% ,23.36% ) +- 5825 & s N K Ab #L 7E
4T 1RG5 M A A s 5O B ) 1
EETCRELES,
23 K EBERZTE AN TERLZNTEZME

35 MWK 36 e 8] a5 3 AN R X
FRAEIA R IR R T 22 0T, AT AT K KO-
53] s AT DA 39878 & i U S 2 S R T
BHATESR 2 N 55 4 DT - IBEAR P 2R L
A WERW 7R A AT - IRAE I G B R
TEXUN R TAE A, Bk 5EE M TR 5%
T R AR — 80 MK 528 ) AW R 2
VEFRAE 4 AT 1808 R o0 4 38235 & BRI 2] 3k
BRI KT B 5 45 28 (] A WU 238 BALAE S

x5 BARMNT-BEAPTERRNTESH
Table 5 Variance analysis of each factor on soil

evaporation during dry-wet cycles

TGS 1 TGRS 2 T -AERR 3 TR 4

A 132Ba  1.33Aa 1.11Aa  1.28Ba 1.13Aa 1.02Aa SES
I B 187Aab 148Abc 1.00Ad 208Aa  L.13Acd 0.99Ad Factor  Verd Wet-dry Wet-dry Wet-dry
cycle 1 cycle 2 cycle 3 cycle 4
C  1.16Bbc 1.04Abc 091Ac  1.56Ba  1.29Aab 0.97Ac
A 0.78Bab 0.58Bb  0.6Ab  0.81Cab 0.82Bab 0.86Aa I % % % % % % %
2 B 153Ab  1.33Abc  0.36Bd 2.32Aa  1.26Ac  0.39Bd
M ns * ok ns ns
C 049Ch  057Bb  0.34Bc 1.38Ba  0.6Cb 0.48Bbc
P * ok * ok k% EE
A 1.37Ba 1.29ABa 1.26Aa 137Ba 1.14Aa 1.18Aa
3 B  28Aa 2.09Ab  132Ac 278Aa 151Ac¢ 121Ac IxM ns w o ns ns
C 1.05Bb 0.97Bbc 0.93Abc 1.55Ba  1.11Aab 0.54Bc IXP % % % % % ns
A 10IBa 086Ba 096Aa 1.02Ba 1.00Aa 0.89Aa
MxP * ns ns ns
4 B 16Aab 1.63Aab 0.94Ac 1.83Aa  13Aabc 1.12Abc
IXMxP ns # o ns ns

C 087Ba 082Ba 0.82Aa  1.14ABa 1.07Aa  1.08Aa

T (RPN R R S Py R [ — B G 3 b LR R 22 57
AT A RING F R R AN TR Ak B i) - $E 28 5 22 S W 2355 W 31K
F P<0.05,

Note: The different capital letters in a column indicate significant
differences among treatment, the lowercase capital letters in a row indicate

significant differences among treatment; significance level at P<0.05.

TE AR AKOKT M AR 25T P AR AR 25 (/] AL ns
FORERARAE, = ¢ # SHIFIRTE P<0.05 5 P<0.01 /KT

Note: I indicates irrigation level, M indicates mulching type, P in-
dicates different space point, ns indicates non-significant difference, =
and * * indicates significant difference at P<0.05 and P<0.01 level,

respectively.
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Table 6 Correlation analysis of soil evaporation

ZMEA KR KRR K ks
Space Air Solar Wind  Soil water
point  temperature radiation  speed

b

Treatment
content

el 22 Hl A7 4

0.103 0.119  0.287**  0.132  0.484" "~

Fabric-mulching

N . s -
. 0.246 0.089  0.404 0.111  0.309
Non-mulching

e x| = = AMRIFIRE P<0.05 5 P<0.01 KPR,
Note; * and * #* indicates significant difference at P<0.05 and P

<0.01 level, respectively.
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