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Effect of supplemental irrigation with harvested rainwater on
watermelon (Citrullus lanatus) production in gravel-and-plastic

mulched fields in the Loess Plateau of Northwest China
XIE Zhong-Kui', WANG Ya-Jun', CHEN Shi-Hui’, ZHANG Zhi-Shan', WEI Xing-Hu'

(1.Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou

730000, China; 2. Agricultural Department of Gansu Province, Lanzhou 730000, China ). Acta Ecologica Sinica,2003,

23(10):2033~-2039.
Abstract: Trials were conducted to examine the effects and economic feasibility of supplemental drip

irrigation on watermelon production in gravel-and-plastic mulched fields in the Loess Plateau of northwest
China in 2001. The trial comprised four levels of supplemental drip irrigation: Omm, 22.5 mm, 45. 0 mm
and 67. 5 mm. The treatments were laid out in two complete randomized blocks with 4 replications. The

precipitation during the experiment, which covered the watermelon growing period was 125.8 mm. The
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results indicated that soil water content increased with increasing irrigation amounts. Soil water content
was the greatest for the 67.5 mm irrigation treatments (D;). 2. 2% higher than non-irrigated treatments
(D,). Soil water content fluctuated greatly at the soil depth intervals of 6~40 ¢m and 40~80 cm, and was
relatively stable in the 80~ 120 cm layer. Supplemental irrigation increased watermelon yield and water
use efficiency (WUE) in the gravel-and-plastic mulched fields. The 45.0 mm and 67.5 mm irnigations
increased yields by 36. 3% and 45. 7% respectively. The 67. 5 mm drip-irrigation had the highest water use
efficiency (WUE) of 26.7 kg/m?®, which was 17. 0% higher than the non-irrigated treatments. Irrigation
amount also influenced soluble carbohydrate content of watermelon. There were small differences in
soluble carbohydrate content for irrigation less than 45. 0 mm, however, the soluble carbohydrate content
decreased by more than 0.44% for 67.5 mm irrigation. The net economic income was estimated to be
highest (43,677 yuan/hm?) for the 67.5 mm supplemental irrigation treatment followed by 45.0 mm
supplemental irrigation (41,360 yuan/hm?) treatment. The highest net profit per m* of water was 18. 48
yuan (RMB) for the 67.5 mm supplemental irrigation treatment. The study demonstrated that
supplemental drip irrigation has a positive role in increasing the productivity of watermelon in gravel and
sand mulched fields in the Loess Plateau of northwest China.

Key words :gravel-mulched field; watermelon; supplementary irrigation; yield; efficiency
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BRI EE KR 250~350mm BHAPVBFEREITEER., YHRIERMEERMBZ —E
mEFESFBERYER . REEDNET, HTHERZE BLIREARERRBREY K FIHENTE
FE MEAHEENFABE . AFLEASERVERZVARN . FEEKARER SRS SHERAZ N
HWEEEZOIAESE, MoaAEETREALENT HERE S I RER IAEHERNASR . CERTH
B E-MEENRBREEAEE . ZHENMNFEZEENXE. FEHRRAPHEEFRIDBENERHR . &
BAKAABMINBE . HEKEREMLMAOKESRFANER . DHEARMBPEK.JE. K.
WX E.ENTEDHRE BrEMERIeees2R] R4 BRI 42188 500hm?, FE 4
FEXHAASHER . UEASHENTEHENE 20X, A LKERKB OB RERE, WX
E 9 Montpellier , % By Texas.Montana 1 Colorado,® 1 #) Chamoson 2L R BE .

DEEBEANBRLVIRELZ HZEDEFHRABAIENRHN DHEDBREHR SR,
HHEEYERNPEY EETERANARNBOA S EDRFEKEREEM, L RPEFRKS
BBV, L HEAKBETRTEIEENBES KR EVAREBE WM™ R,HFRKPFRK. i
— S HBEDEKN KRG, LA TER. PHAEZFH FEEENRSE . —REKTE, S 3M0 B
FRHAAXRMBEEAFRN . XHFAZGERDPEMN L RAAERES U HSHZREN., Bilt,20H-BRAHE
K. BHEHEATXHUIBEE . AIASEADHEH, MEERTAT 2R K EHNKER, 27 HE
BBANSFR. BRDE4EN S A EAREAKE. REVHERRENBK  BX L RATHER
AR, BRRAEEZERNBEXEFEARA M EKERBERET - FITIZIHARNERE.
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HE HEBMNETY. ER I RAETEILSEER KRR, RAD HERR L, B XHEL 113
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HAWNETEHXEEWNAKERMNAENBRENERZ —. BRIBA AL X8 B KA AR H LR
AP
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1.1 HEXEAHER

REBEFENSRERERABS TREBFRFRLZEST SR KR (36°13'N, 103°47E). &
BFHRERLERAS BN, EHR b2 3 1 5 e o3 Bl 3 00 6 TR M X, R K TR0 R DR W9 3L 5
WA PEHEENTEREADHEEEANEW . EKRL . FEYREKEY 263mm (B2 H 30a F
B BAKMERBR.IOUGERSAES~I AR . LB KEREON~120KZE.EFEFN 75~
100% . HEHKEN 6% ~48% . BRAERKEN 392. 4mm, B/PEREK RN 154. 9mm, %K 1800m X
5 EEHSBNT.IC HAEHBESBI 9 ICU A . B FHRERERN20.7C(7T AH),220CH
EFUE 3324.5C, 210 CHEREB 2798. 3C . iE B 7E % K B (Potential evaporation) & 930. 6mm, K7 5
BN 681.6mm, FEFHA WK N 2768. 1 h, AXMFEHL TR AIKG L. EL8H., +REINRITH
1.0%~1.1% &8 0. 07%~0.09%, 28 1. 98% ~2. 10% . B B 7~10mg/kg . B # 120~160mg/kg.
AR PR R L 0RELH DEAERBRER S 24%~35%,0~150cm WEFE 1. 20g/cm’,
1.2 iKBEIT

X NEFTKIERAE FIZR & 0mm (1).22. 5mm (D;).45. 0mm (D;}f 67. 5mm (D)4 -
KELR, RARNSAHEBEIESEN . WXERZ. MKERE 3. 6 X5m’. DIAR 8 SHMABE A, T 2001
42 HER BETHMH, BT 0. 70, 87 0.5m .4k 1. om . BHITHE— & Sm KHHEF . BaTH
PFIFDARE GHRTE, SN 2 KA F AEER 2cm BH LA lom BHRE . BR, EFET
EHEE Oecm BHRE, BARXKEE-ITAKEAI—-TRITETFEMARAKE. XN EFENG
A12H).BAHGH 24 HARETERHT A I BDH#T. SREKKRIEITTEKERN /3.

HERHNEFTAREFRREITMWAMIANENED . FRAENETH) . HRBEWE M) 4
HHEEBHEREH DA FaYEEMH). BRAXBRESWMmEUSN . HE I FMRBEERIEEDN 10°,
1.3 WMEMAMHE
1.3.1 TMASNE MNFEREMFBKEKGR 10d A TEMNE 1 KR KG . 8 K#ERE T RN
ABEE VCRBEREE 1. 2m,40cm B ERE 10em B— 8 . 40cm KLU F R 20em B—NEERBAES 1 EE M 2
EE AT RS ERETISCHETH ZLAEHRETE. HELERTSEAIKE.
1.3.2 P HEIEAXENHE FXRAXEARFIEEETREDHAELERBR ETa (Actual
evapotranspiration), T RAWHEER . KR PJRXFE . BT KR . LEEERLRFAMY—, B AL
BREBLFEEEBRAM T KIS, B EAFHAXZRYEDHEREKBYEE K> FES
BA.

ETa=P—-—V 4+ T4+ AW

X, PRETHANMEKR:V YRR —KEKBDTE -FERENMITEEKER, 5571
R K& <3mm B K, T HARBEAR ;AW HE -HRERE LR KEAR, BERBRTRAS.H8
(RIIOBKBRE Smm EZAH . HARSHEY TR KNBEERASE, KAXHEDMT 3 mm BB (E 1K
ek B e K.
1.3.3 B RERKSFPHERENITE HLAELESHHS/DNREAOERE FEWRIC. 7 H 17
H.7H23H.7H 288 A3 B4 4KWEAMNTRAITTRE.REHTLEL I HE. FHAXES
ARMAFEHNMEANESHE. T REAE . AMENRAGTHFESN . SEAHMATR AT HEKER
Mk B & AL A K 4 R PR KRR
1.3.4 A5 THAEMGESSERAENSFETTHETETRRAIERE  HPHEREN T
ATEAFEREH A RTANE.ZENECENEP R . MPHNEAERANQEFERTHR. H
MEZENBHEAEPRLUEGERAERFBRAN 2L . BT FEARBUIKT  DHARHEHEGIHLL 20 a
M7ait. AAHEFEREQENF B R ER. BEEE RAGARAERA. 8 TAETEFDEH2 R
MR EFKES —PERAR. A AR KN AT ECRENRAANEXKRARES. HP, BH
BH-—8G0MHA/(EFREXEHEEXERSER). TEFYRERRLE 263 mm i, BDRBRH T HHL



2036 = B FE 23 &
1 5t /kg it

2 B/RESW

2.1 FFEXE 20 —~— D0 —— D2

ot
-

HAAEMWAHAHIHERSAIH INERKEN
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2.2 PFREFMLBOKRSERE '04-01 0419 05.07 05.25 06.12 06-30 0718 _

H1.EB2AAANTAAREETFHSLEN 8K H # Date
S E EREW . AMEFTHESLBEE T RAKD B 1 B 0~1200m LB L HASEL
BEZTREH. SHHMAM L, GRA D, DD, H Fig.1 Soil moisture variations of 0~ 120cm layer in
D, 4 0~120cm + EM S KEDMTRET 4.13%.
3.78%.3.79% M 2.59% ;4 A T A) 1 E AR
6 B TR b I e .39 0~40cm T EM R KBERKBENRS BN TV BH&{g. 40~
80cm + M E KRR BE AR, BHA @D, B 80~120cm L ERHEKEBERE /D, BES
BRI K& (67. Scmm)MBBH B EmM,
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Fig. 2 Soil moisture variations in three layers in gravel and sand mulched field

2.3 BHELSE, BRE . KRB S &S

MAERI1AFL  PHEBRARMIMLBEZEA> ®1 BRAERRNSE QAR REDENSNE
BREDEES D, D, D, At BHRHADPHE D, 4b Tablel Watermelon yields, average fruit weight and
BE 25.5% .36.3% M 45. 7% . ARABEERER soluble carbohydrate content
REMBENERS-E—F.D:\\D, I D; LHE R BAE  REAK SRR
IREA B Do SLER) 8.0%.9- 2% M 17.9%.D1.D, 4% ;E A:Efe N“’Eﬁ?f fiolhfit
MDD, EHRGLKSHE D AL A 16.9%, Treatment (kg/hm?)  weight (1/18 content
24-4% M 24. 4%, HEELBEH IR, D, L HE (kg) ) %)

58 K DD HI D, £ BB AL 0.44% . 0. 80% Fi Do 40150.0b*  3.213 22.5 10, 42

0.57%, M Do.Dy 1D, b BZ R EF A K, 3 HH B> Ei ZE:T; 4ab  3.470 gz 3 10, 78
. oa . . D .

AT EN T RN, AN R, LA BEY 3510 10.55

D;  58488.9a 3. 788 28.0 9. 98

MEBEE.ANERAK.“RES.SHBTRE.H
HEBEMNERL 45mm EH R H.
2.4 WHTEMLKYHBERSH

* [A—FARFHBRERDE a=0.05 In a colam,the

different letter means significant difference,.a=0. 05
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H2MARNDHAME/KFERHBABR EKBAKSHNARE. ANRFAIEH BEKBET
ASmm B P HME /MNP KBREE R A EHYEKBMIND! 67. 5mm LU E6, TR L RE K
FEAASE/AD, phHETAEAKRAE 175 9mm~218. 9mm Z 6], R G & HAKBER K. DHALAFEK
B/ FEYECAEYME 100mm UL ELEHL HHALRERMERBEN—-MEBERT L. EKLRE K
AFMAERKLABE.D,.D, D, A BHEKHMHAYUEL D, B R T 14.570.11. 4200
17. 0% . 30 D, A B K # AR A B 26. Tkg/m®,

"2 PEERNKSFRE

Table 2 Watermelon water utilization, total water consumption and water use efficiency of various treatments in gravel-

and-plastic muiched fieid

MK E kR TR KA R KB 7K 53 Fi) Y 2 R
&b # . A ..
Effective Supplemental Soil water Total water Water use elficiency
Treatments .. . :
precipitation{mm) irrigation{mm) change (tmm) consumption(mm) (kg/m*)
Do 110. 4 0 65. 5 175. 90 22.8
I 110, 4 22.5 60, 0 192. 9 26. 1
D; 110. 4 45,0 60. 1 215. 4 Zo. 4
Dy 110. 4 67.5 41.0 218. 9 26.7
2.5 BFNREoH ) AEARKKLBRSFANTRESAEKERR

BLEEEILIHEPEAMMAX FEER2ERIIK, Tablke 3 Runoff efficiency and cost for different
MR KBRS FAPREHENYRERFEETEN KRR rainwater harvesting catchments
ROBAAHEKENEERBZ . KRR 55 7= 3 9 R SR gl
FRRA R ARRTENERENRHAZ SAELE Aol 0" Constr- KA
BRK. J 3B TRBAERE L. AR 0 S ey I
I (H, ) , 45 7 2 164 BT 3 CHL) AV T 40 TR 3% CHL) s P ®MB/mY)
SAMBERARENRHEOTRERRARA. — 7, 5 0

#4FRNDEBAFRAIRLBNSHRE 85 0 X os L1z
AW, EETRFMRED . ERTREARERES 4 66 6 ) o5 L3
MIFRAESARANE NN K REKET BHER H, 19.8 5 .15 1.76
RAME KA NBALFTRAKIERE. £t
W, — %K 25m® MM KREMRERE N 820 T, UERB 8a i EARAR 4. 10T/m*, W& 4 F
4, MR 67. Smm ALBEPFENE m® KA AR, 535 43677 Ju/hm*f1 18. 48 Jt/m®, LA #h
o3t HB AL B RS 29. 9% 15. 3% . HIZALH M B R B M BB, K 2. 95, LA RIK 42. 700 M RB B R
KRB N 5. 15, EARFIRFE m® KH9rR R RRAL . 4518 33622 5T /hm*# 16. 03 5o /m’.

3 &St -

3.1 EEMSEFY, AN LK E RN TRE, 58 F M, R Do.Dy . D: # D; 4838 0~
120 +EMEXKBAINTRT 4.13%.3-78%.3.79% M 2.59% S U BARBZXK LRI KB ELFTE
FlLoHho~40 +EMEEBRKX BATRSUNESL RIE67. 5m LR  RELLE 0~120 LEHN
FKEEERK,

3.2 DPHENSETFHEKRS AR ERLHEYFEKBE 175.9~218. 9mm 2Z 6, Bt B HTE R Z
EWHAEBRY—MEEAF. PHAMNE KRS RENHEX. ~RAR . FEKE L, BEALEY
KR AR HERE, KPP 67 Smm ABE K FHRFRE . AR 26. Tkg/m®, (A +h 814
MR 17%.

3.3 BAFFRELRARABENERASE KT EEKEAEN. & ANERREULBRN. KT
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AN 67. Smm B FEPE B R E . 58488. 9 kg/hm? L X BB E 45. 7% . BABAPHBENE o’ KB HH
W B, 4 Bk 43677 TT/hm 1 18. 48 JG/m®, L R AR S BB AL BB 29- 9% 70 15. 3% . BR Bl 2 &
BA%, % 2. 95, X BRI 42. 7% . RS ANEE THE AR EE 45mm KL, 53N 54712. 5keg/
hm?#1 41360 JT/hm?, X B3I 36. 3% H1 23. 024,

x4 HEXRABRILSHRMBSH

Table 4 Economic analysis of various treatments of supplement irrigation

& ™= {E I H Serial cost economics No. Dy D, D, D;

1AM ENEERE (Jt/hm?) Fixed cost of mulching gravel and sand 30000 30000 30000 30000
PHHMENEEMAE (56/hm?) Seasonal cost of mulching gravel and sand 2400 2400 2400 2400

3 WM A S EE A (ST /hm?)Fixed cost of drip system 22500 22500 22500
4 TR G A BT A (T /hm? ) Seasonal cost of drip system 3900 3900 3900
5 B4 7 f A (JT/hm?)Seasonal cost of cultivation 4125 4125 4125 4125
& ¥ 3K B (mm ) Amount of supplemental irrigation 22.5 45 67.5
7 HERAE (65 L/ (mm « hm?))Cost of harvested rainwater 1463 28925 4388
8 BFELRA(GT/hm®)(2+4+5+7) Seasonal total cost 6525 11888 13350 14813
9 F=#& (t/hm?)Yield of produce (t/hm?) 40,15 50. 4 54. 71 58. 49
10 £ 7™ (OT/hm?) Income from produce 40150 50400 54710 58490
11 ¥ ¥ (5T /hm?) (10~ 8)Net seasonal income 33622 38512 41360 43677
12 %W 28 % (11/8) Benefit-cost ratio(11/8) 5.15 3.23 3.10 2. 95
13 #£/K B (mm) water used (mm) 209. 7 215.9 233.9 236.3
14 8 m? KB EHHE (Oc/m?) Net profit per m?® of water used 16. 03 17. 84 17. 68 18. 48

3.4 WEBENAMHIHEREEW AEEBRT Som, L HZHEZRBHEF AKX FMER D 67. 5mm
B, TR & AT K 0. 4%, BB A N ErERAE PEENR. XAHEBEERI R,
BB AL ~RAR. IWEB TR,
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