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Research on the optimal irrigation schedule of watermelon in gravel
mulch field based on Jensen model
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Abstract: The paper aimed at the problem of rational irrigation schedules and high efficiency utilization of water re-
sources for watermelon in gravel mulch field, adopted the test pits contrast method in 2008 and 2009, using the water pro-
duction function as Jensen model, analyzed the water consumption rule, key water requirement period and optimized the
irrigation schedules by using Jensen model for watermelon in gravel mulch field. The results showed that: (1) The water
consumtion in whole growth period of watermelon in gravel mulch field was 79.6 to 409.9 mm. (2) The order of key wa-
ter demand period for watermelon was ‘ seedling stage > flowering and fruit setting stage > expand initial stage > expand
middle stage > stretch tendril stage > expand late stage’ . (3) The water sensitive index for each growth stage were: A, =
0.6171, A,=0.2707, A;=0.0355, A,=0.1097, A5=0.1390 and A,=0.1106. (4) Through the optimal irrigation
schedule found: the yield increasing effect was the most obvious when the irrigation supply was 80 to 240 mm; The high
yield can be obtained when the irrigation supply reached 320 mm. The optimal irrigation schedule were: 20 to 30 mm in
seedling stage, 50 to 55 mm in vine-extending stage, 40 to 45 mm in flowering and fruit setting stage, 70 mm in expand
initial stage, 60 to 70 mm in expand interim stage, 60 to 65 mm in expand late stage.

Keywords: watermelon; gravel mulch field; irrigation schedules; Jensen model
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T R R S
1 MRS
1.1 RERERER

AR T T RSP I &L 2 a7, b4
36°56' , R4 105°15" , ¥54K 1 697.8 m, {56 [H 3% )8
it FETAEN 1.37 g-om ™3, HEFFKE R
24% (i KF) . LI E N 0.70 g kg™, &
RH0.439 g kg™, 2BER 0.64 g kg™, AN
29.4 mg-kg ™, ERLHE 11.49 mg-kg ™!, BHEAH H70.5
mg kg™, AN 16.93 g kg~ !, pH{E N 8.63,
1.2 RIEit

FEARIFIAE I3 AR RIRI 4R 7K AR R SRl 5544
Y HBATIR 2 m, BREE 1.5 m A3 BRI BT R 16 440
B3 S, R HIFAIRERT , T 2008 4FF1 2009 4
17 VR bR YT By 2k AR b b F 4%
2mx1.5m ¥ 48 X, AN XA 0.6 mx0.6 m
BRI ERFEER, 2H 0.6 mx 0.6 mx 0.6 m KA
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SR ER LS ILINER SRS SRR ET 8 SN [ b2
R BRI G #R AL T ORI OIRS T (B 1R R
BCE KD AE ), BRI 3T 55 35O S Rk f 4, Ok
FUIATE JEREK T LACH T ORAIEIE & i, #E T
ALFRVEIK 30 m®+hm = 2(RF 9 Le#k 1),

JITAS ) ) 2 B A A BRAE R A B B i Bk b
IKEF AR K B AR, BAR T B sk 1 s, %
HE) 1 7R A — K, B B AR K E BTN 90 m? -
hm~2,
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Table 1 ~ Experimental irrigation scheme
B BB The growth period
e
Treatment i fiis TTAEAL 4] Bfljt@]%ﬂ Jig R w3 [ ZNEE
No. Sprout Str.elch BIUS?Um and Expand initial - E)‘(pand Expand
tendril stage fruit stage stage interim stage late stage
1 1 1 1 1 1 1
2 1 1 1 1 1
3 1 1 1 1
4 1 1 1
5 1 1
6 1
7 1 1 1 1 1
8 1 1 1 1 1
9 1 1 1 1 1
10 1 1 1 1 1
11 1 1 1 1 1
12 1 1 1 1
13 1 1 1 1
14 1 1 1 1
15 1 1 1 1
16 1 1 1

TR RR S 1 UKHEACE BT K, SEBR 2 90 m? « hm = 2H9 7K 23 22 U HE A AT o

Note: ‘1’ indicated the one time irrigation, actually put the irrigation quota of 90 m®+hm~? into the test barrel for many times.

(3) KGR R Zh N A S %R 0k I 7t
Bh AR H AR R | H IR G R

(4) PHJI= 5 P8 TR L e, D i e —
ANVGIRA BT, A8 5 B — b B 3 S H A 1 o i
YA ARG 42 1R 3 330 4+ hm = 235 & (kg
hm™?),

2 HERHT

AREEFHEAIERFEKENT T
IR A B~ D BB ) W Ak 3 G TR ) A=
B BAEK RS FE K=, TFRANE

W, - Wy=W, +Py+ K+ M- ET (1)
K, Wo, W, R BT BRI FNAE — B B o B i) 48 1K)
A J2 N A K B (mm) 5 W, O B T3 R0 3 2 1
Tin 8 n i K B (), 403 XN 2 A B B P TG AR
AN TCREII 5 Py A ARAAE - S 1008 118 )22 P A &K
RT3 (mm) ; K IS B ¢ YR K #h 45 5 (mm)
Bl K = ke, k 0o BY BN I3 B2 30 R KR 4
iy MO Bee N BYHERE K 5 (mm) ; ET B INHY
YEYII & it (mm) o

FABERT i KK SE TR, BRI A] 153 b it vy
JNSEFBRFE KR THREZ R IR 20 WNFR 2 AT DIAEH,
FAE BB BOE K B B K 2 AR L, K & 20

2.1

AN FARETK S 2, T 7K B/ B A B R RE K S/,
JERD PG B AR & 1 D) S VR AR K & B i 1
K, PN I, P RAE K A 2 5k, 2475 )T
LRI LUG AEFE K A b . SR K & )y
(R AL B 6, L EPVE 1 7K AL 3, SAEK BTN 79. 64
mm, FE/K B I R Ry A B 1, B K B 6 1K,
B FHAERIEATHE K , #E/K 2R 409.90 mm, Hix
A PRFE /K FRIN — R B .l S o BT
KB, BEBE R 80 mm, th R BLFE /K B d5e /N 79. 64
mm F 7 KA 409.90 mm Z [0 B — 5 IFE K BLEE,
AbFE 1 AL 6 FEIK FEAKIK M 400,320,240, 160 mm
180 mm , LACAE Ay 1531 0 e 2 1) A 4

2.2 AREEKLENEREENZIE

VOB LUS & — P8 IR B i, SR F5
R Ab 3 3 SR AT, AR S i i
3 3304 hm =2 EEL 8™ fiE (kg hm ™) A UL 25 L 2
BRI, N 1 FR .

ME 1B A 2,.7.8.9.10. 11 FEAR
WiBe— KR LT, B K I8 61 9% , {1
37% , FFAEAL T 50% , 1KW1 54% |, g A
B9k 39% I KI5 18% o

FEALFE 3.12.13,14 15 24 & BB K A1 Bl
T, 40 B3 K R0 S A% B — K R
43% ; AhFE 12 & B A K rp A 45 il — K ™= a2
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Table 2 The water consumption of watermelon in each stage with different treatment

o - fhEEIy] IFAEAE R liZNE ] [ ZNGE: [iZNEE U] SRk
yUBLIRE v A
Stretch Blossom and Expand Expand Expand Total water
Treatment No. Sprout . . . L .
tendril stage fruit stage initial stage interim stage late stage consumption
1 66.00 70.07 46.71 72.23 89.19 65.71 409.90
2 73.05 52.88 35.25 74.01 57.05 28.00 320.24
3 49.61 73.83 49.22 73.07 28.74 5.52 268.95
4 77.23 53.29 35.53 28.45 1.89 7.39 185.21
5 67.55 59.63 39.75 3.92 5.42 6.12 159.31
6 46.33 16.24 10.82 8.60 2.03 4.38 79.64
7 21.65 40.22 26.81 67.93 80.80 64.28 301.68
8 38.34 20.23 13.49 66.64 78.46 61.85 279.01
9 60.15 65.22 43.48 52.24 78.54 55.75 355.39
10 59.03 58.22 38.82 27.99 51.50 61.37 296.92
11 57.13 60.04 40.02 71.91 59.77 35.67 324.53
12 40.85 20.75 13.84 68.78 55.75 32.80 232.76
13 21.28 39.39 26.26 5.20 57.15 67.13 216.40
14 24.94 47.53 31.69 71.82 54.08 28.81 258.88
15 40.02 21.69 14.46 68.53 53.78 30.14 228.62
16 46.34 15.17 10.11 66.79 47.71 25.12 211.24
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Fig. 1
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FUWHEK RV S AR K  Ab 3 4 7
AP 16 77 i F AT, 15 B A AR R A
IKFIFEE 2,

MALEE 2 FHALFE 7.8.9.10.11 & , 76 7#E /K 5 Al
K UEARTRN G B0 R, AR BE 2 9 7= 5 B d & T Ak
HE7.8.9.10, 11, WAL EE 7 ;= 5 A1k, B LA G 09 J2:
FIIK I S5 AR, T PG TR K 3 1 ¢ K 6 9 I ™

The effects of different irrigation treatment to watermelon yield

HEAHEMEm, DRSS RRE , AR RS
M5 UMK RN 90 m® - hm 2B, B Bk
Eb PG I K 5 9 B ™= 52% , IRl RE, 7818 K5
FRHRAK, HAMKIRECH 4 U, #MKEHI N 90 m® - hm =2
(TSR AL 3 FOALFE 14 AHHE, 4B BR 3 1 K )
BOK AR FE 14 FIAEK , VE T A SERK | PE A K
WK 61% , NALBR 15 FIAEBE 16 7] LAF H7E
HE R AR R B B R W1 20—k i e
46 % , i W K ATHBE K H e,

F LS S8 P JINTT 7K R S B B B R v 3 >
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Table 3 Statistical analysis of watermelon yields

PR 22

FRifEZE

i Standard i A Standard i % Ll
Average Median Mode o Variance Kurtosis Skewness
error deviation
7068 .61 696 .08 6278.70 — 2784.33 7752479 1.3687 1.1133
. e/ ME B . % o o 5 (95.0%
o SN BRI St M A1) by TGS 0%)
Minimum Maximum . Observed X L. Confidence
Area Summation Maximum(1) Minimum(1) ..
value value number coefficient
10901.4 3090.2 13991.6 113097.8 16 13991.6 3090.2 1483.663

MFE 3 G BT 8 R A b g B A
W AR R T 0,40 Bk 1.3687 Fil 1.1133,
1o U B SO RS ER A8 AR RN DE 2 40 A A EL AT 22, W AEL
A% K A= AE 38 s 2
2.3 [ERPHBFR]I Jensen B Ay 3L

IR A 77 R R — e = R e AR R R K i
(W), 5LbrlE & (k75 0) & (ET,), T3S KE
(0,) o F/R R AR 7 i R PR A = FhFE b « BRI
BrEE(Y), ¥ (K = Y/W), 858 (y =
dy/dw)mo

YERK I3 77 sR B Y B2 AR R 2 il 24, HEFG
A AT T A5 55 750 ) 3 A A RS A B 5 7 A
Jensen FEH1 2] kU,

Y, = ( ETG)%

TZ‘HETm (2)

K, v, WEWSERR ™ & (kg - hm™2); Y, WIEY i
K= (kg - hm™) 5 ET,, YEYIE K& (mm) ; ET,
J LRI K (75 K75 ) 1 (mm) ; A, HAVEVIAN A B B
B P i R U R B CRAR RO L0 = 1,2, m,
B BRI TS

AU 50 235 2R K 3 2B 7 pR Rk b 1Y) e s A A
(Jensen BT ) N7 T FE AP 3 PG JI/K 434 7= R L, U
X (3) Fimss

Ya ( ETa(l) )0.6171( ETa(Z) )0.2708( ETa(S) )0.0355

Y, = \ET,) ET,) ET,)

ETG 0.1097 ETG 0.1390 ETG 0.1106
[Ea) ) )

M (3) AR RD G T AS A 5 B B 1 7K 438
JREBA, = 0.6171,4, = 0.2707, 4, = 0.0355,4, =
0.1097,A5 = 0.1390,4, = 0.1106,

A DL B BOK G RS Hb P R P R IR . 2
JIT AR Ve K 43 USRI R D 420 b 78 T
A HRRIARE , PR PRt PG TR A 3 X B I TR 25 K
FAAE R H P2 LRI, DR ol 28] e 2 2 (] 4
K5 A BAEl 6 H RARRS: 30 2K, A TE )R
BTN 173,10 B 738 B OF 23R

7 16.6°C IR IAIRAR 8.3°C, SR K e o it £ I EAS
IR, B3 24.3°C, I RE I LAY 45 A 2 B R 2R 2%
JeAR MBI BE RSP AR, VYR AE KA AR
I/, AR T I 2 i T AR A R A
R R AR - U R R R

(VAR p 3 R U e A0 3t 74 T AE ™ F) B, A
JEAE T IR, QR B OK 22X i ZE FIAE ZE AR R
BEK , AT Ao 7 i SR W21 5 A A 9 1 /N 8
VG e 4 SR — 8

A SR KON A0 3 78 T ) 2 M 65 2 e 40
A RN AH HERE A B B Bk RO, X
VSRR P AR N PINCIE i A= R ILL T ey = RSNl
KAHY], AR B BRI TN, 2 B AR A K 1 Y 5
fil, BT LA AN B B 7K 2 06 7 i i B e .l T
AEAR RIS () B, — e RF ey 1) O 4 ~ 6 d, 1
AR A [ Py RIRE 7Y RS2 5, AN 2o 0 fie 28 7 i i
B H R 3K 5 S B A o T R R A TR
T 3t VY R — 8 o B ) 52 50 7 B AN i JR T S —
B, B LUK SR BN TR #E A K
LR 7K X6k 77 1R T T S 8 5, T DA P TR K
SR ZK o8 V8 I A B )

3 A PG R FE LA

3.1 JERb R IGEBL§ E R R E

Xof T e b PG T R ) B2 1 P Ak, S W
55 1 BBt 2 N T EEE A Y g K
18 W, (mm) FIPG RS A B B =3 5 35 K%

HHefigKE W, rTR(4) AT, B

W, = 10yH,(0 - 0,) (4)

A,y HEMERFE (g em™); H; Ji BB RNg i
JZUR(m) 50 i B Bt RIVg e 24 55 k% 0,

P& Dimilrov 75 £/ 11 ) . 5 8 # €6 2% Ak 1 305
POIRA: K 1Y - 38 55 7K 5 H )45 K & 1 60% ~
80 % I e 2% , AN [6) £ B WA e AN [, 13 R 65%
&1 709% , MRS KIH R 75% o Ffib b 74 JIKHE
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Table 4  The soil moisture content of watermelon for three basic points in each growth stage

HE B
Development stages

Wilting coefficient

H I Sprout 4.4
K H] Seedling stage 5.8
fHEHA Stretch tendril stage 7.2
FEAEAE ] Flowering and fruit stage 7.2
IR 4] Expand stage 7.2
JREAH] Maturation stage 5.9

I T K RS
Optimum moisture content Upper limited moisture
10.2 23.6
16.8 23.6
18.2 23.6
18.4 23.6
19.7 23.6
13.1 18.4

VEPRE ) B B A — > Z B Buk R 72, 1
B LR R R 12
(1) M) K P 7
AR 24 b S B 1 00, s 420 1, G T FH (] /K 2 £
TifEom hA(5) i =L
Wiqi—- W, = P+ M; - ET, (5)
S, We, Wi B @ BBt R LRIV J2 N Y
itk & (mm) 5 ET,; N5 @ B BeSEbn s & & (mm) ; P;
AR K i (mm) ; K; 30T KA 6 (mm) 3 M,
HERE K B (mm) o
(2) KB HE
41 = 4 — My (6)
KA, g qpy RS 050 0+ 1 BB AT KR
m; N5 T B BURHE A E #L
AP PR /K R — B BT , R Jensen 7Y, DLER
PRI i KO H AR e %G B Y, /Y, — 1.0, B0
n by
F = maX(YXma) = maXH(EE]]:ai) L (7)
K, BT, WA @ B BervAERS & (mm) .
3.2 [ERLH PGB B L
DA B FARAE SR AT, AR K o U R AL
KRRy i B R I R G, T LA 5 1 R AR
397 E I 0 b b, PG IS A B85 R 5 K SR SR AR

mi

B, Ak ) 5 7K SR 65 % , 33 ik 158 B 7 30 ek
T BSOS 7 e A S I AN 5[] I 0 K B R, IR 47
20 b V8 TR ) A A o 8 AR O B I AR 1K
TR K RELR G 2% I8, A RE AN 4 3 b 1 1 7 V8 TR o
AL

YEVI /K 53 U R BOE VBT B Bl koot 7 i
B EZI AR ARIIZ B B T K K, AT
MRS TR, 25 By B b b 75 K H #E7K 5 40
5 PR, T DA T B2 AR AL ZE A SRR
ST TRUR R BCREY H T K i T3

HRAE DL 45 A K vk 25 A 3 S R RD
i P IR 1] B 15 1 A S50, 16 25 18 R D b P I
TR B FERE |, ] Excel P2 EAT 4344,
REANFE 6 iR RS 1 g N I R4 4 T Y
e A T TR T

M 6 B, HEAD 1 v I i it 25 4G 7K 0 3
KA 3. KR 80 mm B, ZEHI 4R 7 /K %
S H K K 65% 75% Fl 85% N, 7= 4k 7543 1l
WE) 41% ~ 45% 5 (K 528 160 mm B}, 7= 5 A 7845
LR 63.4% ~ 63.7% ; 7K 52 240 mm I}, 7E4)
U 7K H R F5 K 2R 65% . 75% F1 85% I, = 4
KT HEE ) 86.5% ~ 88.9% ; /K £ 4 320 mm
B, TERI G & /K0 B[R RE K 2R 65% 75 % F11 85%

x5 EARERSERITERSH

Table 5 The basic parameter of design irrigation schedule of watermelon in gravel mulchfield

4 pIRLES: NG PNGLE: PN EE:
Stretch Blossom and Expand Expand Expand
Development stages Sprout . . o L
tendril stage fruit stage initial stage interim stage late stage
FEITHEBE ET,, Full irrigation/mm 66 70.07 46.71 72.23 89.19 65.71
IK 3 HURHE B Water sensitive index 0.6171 0.2708 0.0355 0.1097 0.139 0.1106
T RAEG T P,/ mm ) 5.9 5.4 3.0 5.1 5.1 11.0
Bt H 75 7K & /mm 1.89 2.06 4.67 7.22 8.92 6.57
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Table 6  Optimized irrigation schedule of watermelon in gravel mulch field with plastic film mulch in drought years
) BBk i )
ok Period irrigation depth/mm AR
(00/6)) Wo Trrigation . » » Relative
/mm S rm/lt Stretch Blossom and Expand Expand Expand Y,/Y,
P tendril stage fruit stage initial stage interim stage late stage
80 15 20 15 20 10 0 0.4098
160 20 30 25 35 30 20 0.6335
65 42.7
240 25 50 30 50 50 35 0.8652
320 30 55 45 70 60 60 1.0384
80 10 20 15 25 10 0 0.4245
160 15 35 20 40 30 20 0.6699
75 49.3
240 20 45 35 55 50 35 0.8671
320 25 50 40 70 70 65 1.0514
80 5 20 15 20 20 0 0.4534
160 10 30 20 30 30 20 0.6377
85 55.9
240 15 45 35 55 50 40 0.8885
320 20 50 45 70 70 65 1.0685

T SRR R AR T I BT i ok L

IF, 77 R FE A HEE Y 104 % ~ 107 % o 7] W, Bt it
K 2 P10 T 7 255 SR R R A B I, 1 5 SR e B
B ALK R B 80 ~ 240 mm 2 JA], {H 2K ik
F) 320 mm s, AT 3RS o FRAR ) 7= B, B LA, 2R SR
FEEAEE T b H g IR K 524 320 mm AT DAk 2]
7

4 %5 ®

1) RIS, ST T RS VG JRAS [ B B
FIFE K BLAE : Bl A 2 (0 R RIE D FE K 2 i 22
S, AN SR MR AR K BBUR

2) FEHRD b PG JREEA A B I, PO E A &2
WILUG /K B 3K, B R K R B Rk,
PG IR A LS  AEYIRE K B gzl .

3) HEfb b 5 JRAS [ A= & B Bk 4375 Sioxt R b
Hi PG T = S Ry - T > TR AR R > B
KA > B > s > i KJE 1.

4) FIH Jensen LRI HE ST T HEAD Hb PG JRK 43 4=
FERREL, I HAT R T A B BAEY K A BUBFR L A =
0.6171,2,=0.2707, A, = 0. 0355, A, = 0. 1097, A, =
0.1390,1,=0.1106.

S) A R R B A4k & B < B K R A B
B RO O AN i, K B 80 ~ 240 mm
Z A HG P RO B R, K B3R 3 320 mm B, Hs
W0 H PG AT R AR 5 77 e DL TRE R 1 A - v AR K
20 ~ 30 mm, ff = HAHE K 50 ~ 55 mm, 7L AR 30

Note: This amount of water supply was designed under localized irrigation.

7K 40 ~ 45 mm, B RAIAHEK 70 mm, [ K H IR K
60 ~ 70 mm, &% K AR HAHEIK 60 ~ 65 mm,
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