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Fig.1 Rainfall distribution during watermelon growth period
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Table 1 Basic physical and chemical properties of soil
THARL B

. EC &/ L L A
+ZEEElem  pH{E 1 Joi el g v, )
(uS €m™) 3 o FEKE%
(gem™) (g%g")

0~20 8.38 619.37 1.65 747 21.14
20~40 8.40 809.43 1.62 8.31 24.28
40~60 8.37 825.18 151 8.17 24.00
60~80 8.44 1038.91 150 7.23 25.23
80~100 8.22 873.09 155 4.65 29.38

2 Hb VR R R MR SR K, bR K IR AR
200~260 m Ju [ N, Tk R R EES . N KERS
JB TR 2 FTs .

K2 BBOKHES B TR
Table 2 Salinity and ionic composition of irrigation water

PHIE  ECfl/(mSem?) Ca¥/(gL?)  COZ/(@gL?)

Mg* /(g L)

KY@L™h  Na'f(gl) HCOs/(gL?h Cr/gL?  SoZ/(gL™)

7.96 5.18 0.15 0.01 0.26

0.01 0.21 0.05 1.15 0.11

1.2 It

RIS TE H AT, BRI 2R, Sk Rl BE
RN 15cem, B LB 1 m BRIER, 50% 3
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Fig.2 Distribution of soil moisture content before and after irrigation
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Fig.3 Conductivity distribution of each treatment before and after irrigation
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Table 3 Average conductivity of different soil layers before sowing and during harvest uS/cm
. Eidn) W3 g AR A
T EHElem
Q1 /b3 Q2 4b¥e Q3 b3 Q1 /b Q2 4b¥g Q3 A Q1 kb Q2 kb3 Q3 kb3

0~20 568431 659422 63135 384427 396439 389418 3245 -40+7 3845
20~40 850446 712441 866437 598445 516459 465422 -3043 2844 4647
40~60 870428 833416 772457 73057 617433 572447 -1644 -2643 2646
60~80 1146449 1004486 966468 640424 553436 552429 4447 4543 -43+7
80~100 740477 929439 950462 67964 560442 547459 2746 -4046 -4246
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Fig.4 Conductivity distribution of each treatment during harvest
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Table 4 Effects of different dripper flow on morphological index of watermelon

phril T fZ/em Hizlem IR B IkPa RPRTE/kPa ESIZE

Q1 23.0540.35a 32.20H..60b 88.54+1.58a 1.6040.11a 1.4140.03ab
Q2 24.6342.15a 32.2740.57b 86.68+44.45a 1.9140.29 1.3240.11b
Q3 23.0040.60a 35.3540.45a 88.0446.43a 1.4740.40a 1.5440.02a

W AR SORE 0.05 AP HBERER. TR,

HE& 5 ATAL A ER SRR AL R (TG AT
PEETELE 11%KFBLE, TR 9.5%LL L,
EREHAE T%~9% 8], &AL R 2R .
AR SRR SR A L TG AT BT
Y s2 i IF AR 4R C B2 Q3 AbHE,

B Q1. Q2 Mg RES NIRRT 14.8%F
53.7%. ] I VEBE & A e /2 Q2 AbEEIA 75.04 g/kg,

5 Q1.Q3 AbHHAHLL, AT iAMENE & 4> A $E = T 54.3%.
22.3%. Ak, Q2 AbHEIEE LT, Q3 A4k C

B
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Table 5 Effects of different dripper flow treatments on watermelon quality

b3 SR ] PEE T 5% ST AT PRI A 5% SIRI% VCI(mg kg™) TR (g kg™)
Q1 11.7540.05a 9.650.15a 0.080.01a 34.7942.25a 48.64+2.60c
Q2 11.5740.67a 9.9040.35a 0.070.01a 25.9842.99b 75.0445.70a
Q3 11.8040.02a 9.550.35a 0.090.01a 39.93+.91a 61.3542.53b

HIZE 6 AT, PO B R Sk N T K
8 T AT A B R 7K RE AL HE KR B P LA
IR MG A F R . AR, 8K
ki, AR IR R RS ERK AR
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Table 6 Effects of different dripper flow treatments on
watermelon yield and irrigation water use efficiency

ME PRk PEE(Chm?)  EEBKO R RCRI(kg m?)
Q1 10.4640.20b 41.1040.75b 50.6740.97b
Q2 10.7440.63ab  42.1532.40ab 52.0243.05ab
Q3 11.1440.68a 43.6542.70a 53.9643.23a




WaEdl S WSk RN RS K R A A e AR e

LA

33T 8

LB LR K 5 NE . BPEIK LR
NG, THIEEK R LKL A Ly, #
G BIES KRR =, AHZH Koy igkae JIBR 1,
B G Bik b 2 R AL 25 5 8P, (R 0
FEIR PO S K B, SRR BUREBUN, KA
WO NER . N, B2 RSLR A &k
IKBEST, SFUKS R —EHaEEY, MaskE
PR R AL SR K 2 3 N2, B3k 4 2 o) 43
PEAT IR, §m 3352 K07 AP, AR 6K 3R 40 A
E 2 R 5 350 E 2L [R5

KA R AAEREK G 12 h WP, sk &
FEAZIN 18] B N 53 s 338K 440 AR 120, B S
gE G 2 N BRI, FRE X KR B R,
T BRI/, X 5 AT AP 45 1A, ARRI6 K
AYIE BN 51 7 ) PRI gy 4k SR [R], J BRI AT R A
W ERPBR AL T B LB AN, LB D E ih
RSk i B SR R SRR
R T KT IEITE R ARUKRIEHEE /KI5 BURE R ] R
HEIKATRR, Z I 8] BY N 3E/KE 352 B AR IR S 1752
Wi K, 7K Ar A T KA — R (1 22 S, Ul B Sk
TR A IR S AR BN KA, R E
IR IR B BRI AT

TR/ QL AbFRE Sk R 77 1 B ShVR FE UK,
JIE TR B Eh R R E E E IR IS, MER KK
Q3 AFEFEX ik, KELZLUINERD R, X 5H]
NV e A A o USRI L A 2 I, X ]
Re AR P TVAE B BARS K 22 B8, EBEE A NEEYE T
VA S B, SFEKEE S, nlsgm gL o
AR

2 p ) S5 OV o 2 0, i S VR R SRS R E DR
TR I 2], 532 )9 Sk AL o R 3 VR I [X
DO, mEYR AR T, BEER R BKARL
B, RHEYEKEE . A RIEE T AEKT
WkEAZ 4 Lh, AR RAOKE R, #EKGEH
Sk BRI T BT AR SRS T 1 338 B /K R BRI X 3

AT SRR R E VR — &, 6 a2
3 RVRIE X 5 I ER XA, K B /NG ) - 35
Y X R /NBY, I X 5 X 454 AT SRR 2R
KB WK, ARG HE K & B/, UK HE 25 1
TRUNOHEK BB SBEI N EHIREERER, 5
SIS TR K B N RIG R R, DRI HRE A4
oG TS K A S Rk E A .

4 25 ip

1) B SER A, KR A,k
WO AR K TR EE B ] 0~60 em -k 2% L 338 35 /K Sk iy

2) With X AREE Sk B n, A <A, B
TR R R . WFTTIX s i e SR b
T S i 1 KT ) o

3) ARI KR 4 Lih K2R A7 IR SE
a BRIV, RIBIRE. 4E4EER C. FIVATEREE
B, MR DR AT T RS ORI Y R B R
S ER RS, 4 Lh KPR S KR
RERAE T BT

SEH:

[11  BNE. TEIERHAE S PR R R ST [D]. #1:
TR K, 2015.

[21 ZxW, BEE. EREUKREARIUR X R E]. Tl R, 2012,
28(17): 76-80.

[8]  JRZEZE. Hefb i v nf L 49K $42 B2 5 i) (R A 40L9F 5% [D].
ZJNBE TR, 2021,

[4] MULUMBA L N, LAL R. Mulching effects on selected soil physical
properties[J]. Soil and Tillage Research, 2008, 98(1): 106-111.

[5] WANG J, GHIMIRE R, FU X, et al. Straw mulching increases
precipitation storage rather than water use efficiency and dryland winter
wheat yield[J]. Agricultural Water Management, 2018, 206: 95-101.

[6] RAHMA A E, WANG W, TANG Z J, et al. Straw mulch can induce
greater soil losses from loess slopes than no mulch under extreme

[Ik

ALK

rainfall conditions[J]. Agricultural and Forest Meteorology, 2017, 232:
141-151.

[71 B3, S¥%, 3Kk, % KBS ik AR 440 H OB iR % 3K
AR R B IIRENA]. 1K, 2021(4): 75-81.
WANG Rong, MA Ling, GUO Yongting, et al. Effects of optimal water,
fertilizer and interval of water dropper combination on growth and yield of
cucumber in solar greenhouse[J]. Water Saving Irrigation, 2021(4): 75-81.

[8]  Buhgis, A—4h, F4har, 5. T 20T R4S A
T AF IR b b 5 BT 5 0 S R AE I A 9], F R M RO 5
2022, 40(1): 86-94.
RUAN Xiaohan, BAI Yiru, WANG Youdi, et al. Characteristics of matrix
flow and preferential flow in gravel-sand mulched field in different
planting years based on multi-index analysis and fractal dimension[J].
Agricultural Research in the Arid Areas, 2022, 40(1): 86-94.

[0  BURIL, BTN, FEM, & TEHBHT RN LR RS T LR
FRAGH]. K ELREREAR, 2022, 36(2): 219-227.
JIA Zhenjiang, ZHAO Guangxing, LI Wangcheng, et al. Estimation of soil
evaporation under mixed sand cover in arid regions of central Ningxia[J].
Journal of Soil and Water Conservation, 2022, 36(2): 219-227.

[10] Ho%, Hwwll, FEM, & ETKmARERT B+ R4t
AR R AGSEWTIE[]. WEWHEK244R, 2020, 39(10): 35-41.
MA Jian, FENG Kepeng, LI Wangcheng, et al. Using water surface
evaporation to estimate soil SurfaceEvaporation in arid regions in
central Ningxia[J]. Journal of Irrigation and Drainage, 2020, 39(10):
35-41.

[11] EZER, EVEEE, S, 5 RUBUKEERE T2 Z R R R
THOK SR RISmI]. BEHK SR, 2020, 39(9): 7-13.
TAN Junli, WANG Xi’na, JIN Huijuan, et al. The effects of grading and

35



FEBLHEZK 23] http://www.ggpsxb.com

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

36

thickness of gravel mulching on water and salt movement in soil under
brackish water irrigation[J]. Journal of Irrigation and Drainage, 2020,
39(9): 7-13.

Sy 5, R, DR, S SRR R b g R 0 Ky
JR7= BRI D). HERENL T AR 4R, 2018, 36(11): 1 200-1 204.

MA Zhongsheng, TAN Junli, MA Xiaofu, et al. Effects of different
planting years on soil salinity and watermelon yield in gravel-sand
mulched field[J]. Journal of Drainage and
Engineering, 2018, 36(11): 1 200-1 204.
wimE, KEG, EESR, & WERARSE FE R A KAt
AKERIIRZ M), ARl TR 544R, 2020, 36(24): 107-117.

ZHANG Yingchun, ZHANG Fucang, FAN Junliang, et al. Effects of
drip irrigation technical parameters on cotton growth, soil moisture and

Irrigation Machinery

salinity in Southern Xinjiang[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2020, 36(24): 107-117.

B, BEm, FXOR, 5 B BN RFEREON FA EOK RS
AT FE[]. PUAbbkARE244), 2016, 31(6): 7-12, 18.

GE Guanghua, YIN Caiyun, WANG Jiagiang, et al. Soil water salt

distribution rule in desert riparian forests in the upstream of Tarim River[J].

Journal of Northwest Forestry University, 2016, 31(6): 7-12, 18.

ENIE, ERAE, ZECE. RO G AL BARE K B AR e A B
Fr=me s ]. HEREN LI TR 544R, 2018, 36(10): 958-962.

WANG Fengjiao, WANG Zhenhua, LI Wenhao. Effect of water sensor
location and irrigation threshold on physiology and yield of cotton[J].
Journal of Drainage and Irrigation Machinery Engineering, 2018,
36(10): 958-962.

el PR SR, N, SRR A F 35K Eh oA R 2
il B RIS R [9]. K FIAR, 2010, 41(12): 1 483-1 490.

GAO Long, TIAN Fugiang, NI Guangheng, et al. Experimental study
on soil water-salt movement and irrigation scheduling for cotton under
mulched drip irrigation condition[J]. Journal of Hydraulic Engineering,
2010, 41(12): 1 483-1 490.

YANG Chuanjie, LUO Yi, SUN Lin, et al. Effect of deficit irrigation on
the growth, water use characteristics and yield of cotton in arid
Northwest China[J]. Pedosphere, 2015, 25(6): 910-924.

EFE, B, RAN. IR T RRERTAE ™ B B K 70 7= Z 0
KM R FASAII]. ARk TRE 5441, 2016, 32(3): 62-68.

WANG Jun, LI Jiusheng, GUAN Hongjie. Modeling response of cotton
yield and water productivity to irrigation amount under mulched drip
irrigation in North Xinjiang[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2016, 32(3): 62-68.

DANIERHAN S, SHALAMU A, TUMAERBAI H, et al. Effects of
emitter discharge rates on soil salinity distribution and cotton
(Gossypium hirsutum L.) yield under drip irrigation with plastic mulch
in an arid region of Northwest China[J]. Journal of Arid Land, 2013,
5(1): 51-59.

MEI X N, SHEN Z Z, REN J, et al. Effects of dripper discharge
and irrigation amount on soil-water dynamics under subsurface
drip  irrigation[J].  Advanced  Materials 2011,
347/348/349/350/351/352/353: 2 400-2 403.

I, 2L, T, AR SRR AR AR AR 2R 20 A0 R 1R 0]
qolk TREZE4R, 2009, 25(11): 13-18.

SUN Hao, LI Mingsi, DING Hao, et al. Experiments on effect of
dripper discharge on cotton-root distribution[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2009, 25(11): 13-18.
RER, WER, B, & BRUKE T EEAR R KEX K EE
FIRBAEAERIREA[]. K L fREF224R, 2015, 29(3): 272-276, 329.

WU Junhu, TAO Wanghai, ZHAO Wei, et al. Impact of different
irrigation amount of light saline water drip irrigation under mulch on

Research,

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

water-salt transport and cotton growth[J]. Journal of Soil and Water
Conservation, 2015, 29(3): 272-276, 329.

XIE Z K, WANG Y J, JJANG W L, et al. Evaporation and
evapotranspiration in a watermelon field mulched with gravel of
different sizes in northwest China[J]. Agricultural Water Management,
2006, 81(1/2): 173-184.

Rk, SiER], 20, 45, R SR X R AL B o A RRAE Bkt
FAKPEREMIFEIM[I]. £33, 2014, 34(6): 1 512-1 519.

LU Bin, ZHANG Shengli, LI Kan, et al. Distribution of soil macropores
and their influence on saturated hydraulic conductivity in the Huoditang
forest region of the Qinling Mountains[J]. Acta Ecologica Sinica, 2014,
34(6): 1512-1519.

B, EAE, GOUR, FOET CT MG E AR B RLER 4,
IR 5 5MHT[]. o E AR K RIK H, 2016(9): 1-4, 9.

HONG Minghai, HUANG Jiesheng, ZENG Wenzhi, et al.
Characterizing and analyzing soil structure by CT tomography
technology[J]. China Rural Water and Hydropower, 2016(9): 1-4, 9.
WER], DkgE, EVEGR, & UK T LR AR B E
LN KoK A I O], TR X RMEIF 7T, 2022, 40(3):
113-120.

TAN Junli, MA Yongxin, WANG Xi’na, et al. Effects of emitter
discharge rate and water amount under brackish drip irrigation on water
infiltration and distribution of soil moisture and salts with gravel-sand
mulching[J]. Agricultural Research in the Arid Areas, 2022, 40(3):
113-120.

TREW, Z%, 2R, & MRS T Sk s KN
BRI RRRRAL]. TR ARV FT, 2016, 34(2): 224-231.
ZHANG Zhigang, LI Hong, LI Jiang, et al. Effects of different dripper
discharges on soil water infiltration/redistribution under drip irrigation[J].
Agricultural Research in the Arid Areas, 2016, 34(2): 224-231.

WES, KEA. FUKKHFRE T LSRN T H—4E NS IERT 5[]
5244, 2010, 47(3): 415-421.

FAN ZHANG Fucang.
one-dimensional infiltration of soil water under negative hydraulic
head[J]. Acta Pedologica Sinica, 2010, 47(3): 415-421.

FEZERE, TR, R, 5 AR SRR B KE N R BH LR
T PACRFAIE B F A S I]. S X AR 7T, 2020, 38(4): 19-26.
LU Junsheng, ZHANG Fucang, FAN Junliang, et al. Characteristics and
estimation model of wetted soil volume underdifferent drip discharge

Junliang, Characteristics of vertical

rates and irrigation amounts[J]. Agricultural Research in the Arid Areas,
2020, 38(4): 19-26.

PR, 536, RER, F. ORISR E AR KR KR
FER K5 RIS BT 0], KSR 5K TR 4R, 2020, 31(4):
208-215.

LI Dezhi, TONG Ling, WU Xuanyi, et al. Effects of different dripper
discharge and irrigation frequency on yield, water consumption and
water use efficiency of maize[J]. Journal of Water Resources and Water
Engineering, 2020, 31(4): 208-215.

TR, MR, REERR, 45 R EA BRI AL A
EIKERIERNLHI]. RISk, 2022, 53(2): 355-364.

ZHANG Hongyuan, PANG Huancheng, SONG Jiashen, et al. Effects of
pore structure and Water-salt movement for saline soil under subsurface
organic amendment[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2022, 53(2): 355-364.

IR, PR, BT, S RN FIVEL RN T R K R E 5 £ 03 4 A
ERUBRFIEL]. T34, 2012, 49(3): 428-436.

SUN Lin, LUO Yi, YANG Chuanjie, et al. Salt distribution and
accumulation in soils different in rate of under-mulch drip irrigation
with brackish water[J]. Acta Pedologica Sinica, 2012, 49(3): 428-436.



MsEdl S SRR RS R ER Al S AR P R

Effect of Dripping Rate on Soil Water and Salt Redistribution and
Growth and Yield of Watermelon in Gravel-mulched Field

YANG Zongkai*, TAN Junli***", WANG Xi’na*, MA Rui*
(1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China;
2. Ningxia Research Center for Water Saving Irrigation and Water Resources Regulation Engineering Technology,
Yinchuan 750021, China; 3. Engineering Research Center for Efficient Utilization of Water Resources in Modern Agriculture in

Dry Areas, Ministry of Education, Yinchuan 750021, China; 4. Agricultural College of Ningxia University, Yinchuan 750021, China)

Abstract: [Objective]Gravel mulching combined with drip irrigation is an improved agronomic technique for crop
production in northwestern China. The purpose of this study is to investigate the impact of dripping rate of the
emitters on soil water and salt redistribution, as well as the growth and yield of watermelon. [ Method] The field
experiment had three treatments with the dripping rate controlled at 2 L/h (Q1), 3 L/h (Q2), or 4 L/h (Q3),
respectively. In each treatment, we measured the spatiotemporal variation in soil water and salt, water use efficiency,
as well as growth, yield and fruit quality of the watermelon. [ Result] Horizontal advancement of the wetting front in
the soil increased with dripping rate. After harvest, soil salt content in the 0~100 cm soil layer decreased, with the
decreasing rate increasing as the dripping rate increased. Also, with the increase in dripping rate, the soluble sugar
content in the fruits increased first followed by a decline. Of the three dripping rates we compared, Q2 increased the
soluble sugar content in the fruit the most, up by 54.3% and 22.3%, respectively, compared to Q1 and Q3. With the
increase in dripping rate, the vitamin C content in the fruits decreased first and then ramped up. Q3 gave the highest
vitamin C content, increasing by 53.7% compared to Q2. Increasing dripping rate boosted both fruit yield and
water use efficiency. Compared to Q1 and Q2, Q3 increased fruit yield by 6.20% and 3.56%, and water use
efficiency by 6.49% and 3.72%, respectively. [ Conclusion] Taking soil water and salt redistribution, as well as
watermelon yield and quality into account, the optimal dripping rate for watermelon growth in the gravel-mulched
soil was 4 L/h when using the local saline water for irrigation.

Key words: drip irrigation; dripping rate; gravel-sand mulched field; saline water; distribution of water and salt;
watermelon
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