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Moisture effect analysis of pumpkin and oil sunflower intercropping in semi-arid

area of northwest Hebei Province

HUANG Wei"* ,ZHANG Junhua', LI Wenhong' ,ZHANG Lifeng’

1 College of Agriculture and Forestry ,Hebei North University ,Xuanhua 075131 , China
2 College of Agronomy ,Agricultural University of Hebei,Baoding 071001 , China

Abstract: In the recent years, the environment has deteriorated in the plateau in northwest Hebei Province. Farmland has
been converted to forestland and grassland following national policy. As the area of cultivated land has decreased, the
income of the rural population has reduced. In the past decade, out-of-season vegetables have been cultivated in meadow
chestnut soil, which accounts for 10% —15% of the total cultivated area. This has led to an increase in income of the rural
population. The area of sand chestnut soil, which accounts for 60% —70% of the total cultivated area, is not effectively
used. Improving the use of local resources, particularly sand chestnut soil, has become an important challenge. Pumpkin
can be used as both a vegetable and food crop and its economic value is 7—S8 times more than that of naked oats. Because it
is drought tolerant and suitable for larger spaced planting, it is usually the first candidate crop used to improve the local
economy of arid areas. Experiments were conducted during 2009—2010 at the Zhangbei Agricultural Resource and
Ecological Environment Key Field Research Station, Hebei Province, China to study the water efficiency of the pumpkin-
planting patterns used in this area. Four patterns of pumpkin and oil sunflower intercropping were compared to determine
whether a stereo-planting pattern of pumpkin and oil sunflower can increase the efficiency of use of water and soil resources

and increase the economic value of crops in the plateau of northwest Hebei Province. The four planting patterns included
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sole cropping of pumpkin (Sp) and oil-sunflower (So), as well as intercropping with one row of oil sunflower (IC,), and
intercropping with two rows of oil sunflower (IC,) between pumpkin rows. Water balance, water use efficiency, variation of
water use among different stages and sites and yield were studied by monitoring soil water in each planting pattern. The
results showed that oil sunflower competed with pumpkin for soil water during the late growth stage of pumpkin in IC, but
there was no water competition in IC,. Total rainfall during the growing season was 201. 6 mm, and soil water balance
differed among treatments. In all cases, water percolation was low, and soil moisture storage was always negative. Nearly
all water loss occurred through evapotranspiration, which varied according to the soil treatment. The seasonal
evapotranspiration of plants in IC, was less than those of plants in So, Sp, and IC,, which measured 46.57% , 41.22% ,
and 46. 73% , respectively. The economic yield of pumpkin decreased from 30. 00% with IC, to 71. 42% with 1C,.
Compared with So, oil sunflower intercropping increased the yield per plant from 190.71% to 241.26% , showing that oil
sunflower has some advantages over pumpkin. The land equivalent ratio of pumpkin to oil sunflower had a range of 1.08—
1.22, while the water equivalent ratio had a range of 1.07—1.26. The economic value of Sp was the greatest of the four
planting patterns; although it did not differ significantly from IC, , it was significantly lower than the other planting patterns.
In this region of rain-fed dry land farming, sparse planting of pumpkin, without oil sunflower intercropping, could allow

effective use of the water resources in the plateau of northern Hebei Province.
Key Words: pumpkin; oil sunflower; intercropping; soil moisture; water use
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Table 1 Physical characteristics of the tested soil

LR HE S ALBRIE HIBEES ST eSS HIARK

Depth of Soil Bulk density Total porosity Field capacity Wilting moisture Soil available water

/em /(g/cm®) /% /% /% /% /mm

0—20 1.53 41.88 19.71 4.06 15.65 31.29
20—40 1.56 40.74 10.26 3.10 7.16 14.31
40—60 1.77 32.82 9.64 3.51 6.13 12.25
60—80 1.64 37.73 13.15 3.26 10.39 20.77
80—100 1.61 38.86 20.60 3.20 17.40 34.79

x2 EREMERR
Table 2 Plant pattern of treatments
fb IMZEATRREE B INATRRRE
Treatment Row and plant spacing of Row and plant spacing of
reatmen oil sunflower pumpkin
M5 BAAE Oil sunflower Sole crop(So) 50cmx25¢m —
RN RS 1 AT
Pumpkin intercropping with one row oil sunflower(IC, ) 200em>x25cm 200emxd5cm
Rl 2 2 47 150cmx25cm
.. . . . 200cmx45cm
Pumpkin intercropping with two row oil sunflower (IC,) 50cmx25¢m
umpkin Sole crop( S — X

i T/ Pumpkin Sole crop(Sp) 200x45

2 (ICy)

(S0)

E1 ExEMHEAXEE
Fig.1 The diagram of plant patterns

2B TE 60 em , B JIERLAEZEIE N | E MG 162870 7 36 80 em FEffMuE (1), BIWMN Sp (IC, . 1C, ) Fl
FE 1 ATREJNIC PR 1 4790 2% IC, FIRE 2 179038, S, FIE 4 1TIM 35 I8 R 76 g &2 @A T Ik T -, o
At A R RS AN ZE Y58 K 1 ke, DURIZh B 006 . LAJG e JICRTIH 25 25 AN B 08K, 1 2ok T 3R AR HEA T4 7
A % 3K 43 BORE AL ] —/KSF 1 -, £ AR PRI R A — M K A4S #,8 A 22 HUkdk, 2010 4FEE
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BRI E 0—80 em +J2 HHEM S /KE B 10 em — 2, RABIM(K 5 E N3 m2 m 1 m) K4
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06-03
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g 07-23
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08-12
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06-14
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07-13 [
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08-12
08-22

e

B2 AEGEERMETEREMS 0—0cm TERTESKE
Fig.2 Soil water content of 0—40 cm at different sites of pumpkin strip in different treatments

(1) AR AT O em A 5AL s (2) SFEERIIVAAEAT 50 cm 2548 ; (3) J9EERGINAHEAT 100 cm {375 40
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S KR T Sp0. 58 mm ;i 1C, B AN45 S HAE T Sp , AR5 Sp A 4. 19 mm , 1C,, i 24 4 88 A5 FE K X0 B
JNFRAEAT 7K AT AE AR T B R 5 4

PE G JNAPAEST 50 em D75 AL 0—40 em HEH HIEK & & S5 AFFEATEN 0 em 1 S AT,

K2 LW B RIFAEZ R (7 A 4 B) BERGRAAAT 100 em A7 540 i T 0N E 8 35, Sp0—40 em + 2K
IS KRR AR AR IC, M IC, T 7 H 4 HE ) Sp7.26 mm F13.27 mm; B RIFAEZ 5, & (947 6] 55 5
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(B 2) AL, HO2 T 2R, S R 5 98 55 , 1725 A 3955 4607 i Ab #9357k it AR IR AE R 31, 18] 3 3R
B 1C, ANUGHI S AR 22 76 = 3 B2 T AE R 3K 20, MAE R VAR SR I (7 H 23 B ) J& , HoK o425 8500 B 82 5 re R
FRREAT , ORI R A A TED O em {3 54k 40—80 em + )2 F 7K 1C, 5% Sp FEAK 7. 43 mm, BERGJIVFIAETT 100
em 7 AL 40—80 em + 2 & /K 1C, %8 Sp B 7. 02 mm ; 11 1C, W B AN AT BRI O em 137 5 4k 40—80 em +
JZ KR Sp HE75 6.39 mm,, [AIFF 1 AT IR ZEAS = A 0 RS AR T 7K 40 35 4

550
50.0 F
450+
400
350
300
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200 F
150 @ 2 (©)]
100
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0

—4—Sp —>—1C2 —a—|C1
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40—80cm soilwater content/mm
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07-04 |
07-13
07-23 -
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B3 AELEEKITEAREAS40—80 cm TETEEKE

Fig.3 Soil water content of 40—80 cm at different sites of pumpkin strip in different treatments

2.2 [AIApMSE TR TG A (] B AS [R A7 o 4= 498 7K 4015 e A 52 )

F3 KW ERMATI(6 A3 H—6 A 23 H) , Mg INFHEAT AR 50 S K EZSIHE . |
T HUE AR KRN, B R AT R O em {37 A5 4L 0—80 em + )2 +3E/K 73 & Sp  IC, 1 1C, -2 5 Hi I pg JI
FEHAT 50 em {7 f5AL 3. 84 mm 2. 59 mm A1 8. 60 mm, = H i Eg JINFHAEFT 100 em 37 £54E 9. 95 mm 10, 76 mm Al
10.57 mm, BP0 E RG22 KRR IR B8 AL T EHOK a2 2% %

£3 BRFTRARERBRELLSLHEKSSE/ mm

Table 3 Soil water content of pumpkin at different sites during different periods/mm

SHEM(6 23 H—7 A 23 H JAERY(T H23 H—8 H22 H
HWIC6 B3 H—6 F 23 ) ?FH.%I‘?EE;@(.FJ -FJ ) %;&ﬁik%ﬁ(. H . A )
gt Seedling stage (Jun3—Jun23) Vine-extending and flowering stage Fruits growing stage
Treatment codling slage LJunsmun (Jun23—Jul23) (Jul23—Aug22)
0 c¢m 50 e¢m 100 ¢m 0 cm 50 ¢cm 100 ¢m 0 cm 50 ¢cm 100 ¢m
Sp 91.98a 88.14b 82.03a 80.63b 79.74b 77.60a 57.18b 62.96b 59.75a
IC, 93.15a 90. 56a 82.39a 87.31a 86.71a 76.48a 66.56a 70.06a 58.97a
IC, 94.02a 85.42b 83.45a 84.28b 76.16b 70.96b 51.28¢ 58.05¢ 48.97b

FRAMFIFR 1LSD ZE K 2ERA B E (/NG FE: P<0.05, KEFH: P<0.0 1)
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HEARINVERTII(6 H 23 H—7 A 23 H), 3RS R0 LR AR K R RN X 2 | 3875 K &
Wi Rt K AR 08 3, S (RIS s, B R AT R g IR A T O em 57 557 Ak > BE R JRFPREA T 50 em 437 45 4k > BE R TR
FRHEAT 100 em {37 55 4L, MR BT ZE AROK ME B R

FNVEREI(7 H23 H—8 A 22 H) ,BEKEW/D, NIEWHEA = RIE B0, FEKGR BRI, &3 &,
I 4540 1 38 A K KR BE R, 215 19 Sp JIC, A 1C,3 AN AN ) A B A R JRFRAE A TR O em 37 05 B RE TR
FHFEAT 50 cm A7 S FE RS RAHAE AT 100 em fi7 5 0—80 em + )2 8- & /KB [%F] T 51. 28—66. 56 mm,
58.05—70.06 mm, 48.97—59.75 mm, M AA AR B HEEFEK Y Sp ALFEAY 100 em {37 a1 & 7K i [F FERE 22 59. 75
mm , &I — B R R PR 2 I — B B P b = D - K A S A
2.3 (RIS ] 9 - K o5 o - J2 R AR AR A 52 T

AR 2 K o3P R AE B TVRII S8 A AR F IR AR an 8] 4 BoR . Bl )2 REE AR ML, &
AP + 2 0 3 S K AR AR AL . 0—20 em )2 HIONERE 1, SZ AN KA F B 8 e 2 1%
K, BRI 38 K i b TP R SR R A7 6 2% R RV AR 28 I 1) s | JFG 398 K it T Rt e b, I+
e K AR B ER :20—40 em )2 HHEEIK AR BEBS /N T 0—20 em, 40—60 cm /2 T2 3R
FRBANE FIEFE AR AN Rl Rl 4552 12 58 B Ky, 75 40, AR R WIS K J3 (8 4 38 55 K B2 B AIG
B, AT DATE S AR R B KA R 2K 4 BB R 32 30K 73 AR AR AR X AL 2 M, 60—80 em + 2 3 4:
ZRERT D A T RRK S TN KA 58 B s, HEK s /N, AR A B WA/

40.00 ——0—20cm  —8—20—40cm —&—40—60cm  —%— 60—80cm
£ 35.00
£
‘g‘ 30.00
IS
8 25.00 +
g
g 20.00 »
15.00 +
10.00 +
5.00 +
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
BI9SIQRETY SINIALASNY BIQITQREYN
88855655888 88855655888 8885586558883
Date

B4 FAELBEFHEAEERLESKE

Fig.4 Soil water content of different soil layers over time by treatments Sp,IC, ,and IC,

Kl 4 RS FEAR L2 S KEES A 2 HarRBE THIF MR, B 0—20 cm 1 20—40 cm>
40—60 cm>60—80 cm;8 H 2 HJFMI &L T 284k 40 em LAF +)2 HIEE /KR E T 40 em VU 42 HHEE K
R T R R S AR 1 78 K FIAELAR 11 25 16 R BT I FE 0—40 em + )2 BY7K 43, % 40—80 em +
JEFZM RN T EL,

2.4 [EFPIRSE B K AR oA

ARA B B BEAS A S B K A 4 AR b e 4, % 4 FWI7Em N IR Bt (6 A 3 H—6 H 23
H)ZEE /N, 2T W 6. 93% —11. 16% , Sp K 4> 4R 85, H 28 50 Bk 210 e il e Kol
60. 58% ,#5-AbBRIF I HIEE K WEFFAEWI (6 A 23 H—7 H 23 H) BEE KA A K, 4540 FRZE 0
K, B B iR 5 A B I 40. 21% —53.87% , T3 E K & i BATHNL 5 31, 1C, i T X0 3 p s 5 5
AT /NI I 28 A i, R B o f/ N, B B 33 /K 3611 9. 28 mum , 171 i) 30 B4 i1 5% 1) 5 U RE /K 25 5 2R L
ik 126.04% , By Br + 487K 43 75 B 25. 63 mm, S 58 A KRR AR A RE S AR 1, B B 2R Bl o AR B T
39.21%—50.53% , HFREKA R, 3R ZE BB K 1) LA, IR AR 253 ZUARE KA 8, 1C, Ml 1C, #E
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5 KK 47. 88 mm 5 48. 71 mm , 1M S, W] i T H (0] A 3 RE /K 12K, 30 4 33 ml R 2 sk s/ | 3tk
A DL R IR R S T

A B IR K B R S T AR, R 0.07% —0.41% ,87. 81% —91. 88% Iy 4% T ZE BUFE 7K Hh [ 7k
Pt | £ HEK O B R A S A = SR R X AR 7= B Rk 2 AR, U I S5 A B R T 5
FFEZK BE 1 (5 (B P FH AR B J5 B K S8 4 ) B 5, i JNAL T4k 45 4

R4 FELEHKETFHILR

Table 4 Comparision of water balance in different treatments

Y Payout/mm FHEE K
Ko Rl TR BlAH  ZBA EERA
i34 (A Ab ¥ BINE AeAH S Percolation ~ Variation of Evaporation
Stages Rainfall Treat-ment Water Variation of = E coefficient soil water /Rainfall
R . Evaporation
/mm percolation soil water /% storage/ /%
storage Rainfall /%

T Seedling stage 41.2 So 0.016b 25.26a 15.92¢ 0.04 61.31 38.64

Sp 0.016b 16.22¢ 24.96a 0.04 39.37 60.58

1C, 0.084a 20.78b 20.33b 0.20 50.44 49.34

1C, 0.013b 20.63b 20.56b 0.03 50.07 49.90
S TTAEM 98. 1 So 0.080c -25.63c 123.67a 0.08 26.12 126. 04
Vine-extendi-ng and Sp 0.121b 1.12b 96. 88b 0.12 1.14 98.74
flowering stage IC, 0.619a 9.28a 88.22¢ 0.63 9.46 89.91

1C, 0.142b -0.33b 98.31b 0.14 0.34 100. 19
R RKIN 62.3 So 0.043¢ -27.76a 90. 02¢ 0.07 44.56 144.49
Fruits growing stage Sp 0.006d -39.48b 101.77b 0.01 63.37 163.35

1C, 0.130a -48.71c¢ 110. 88a 0.21 78.19 177.98

IC, 0.080b -47.88¢c 110. 10a 0.13 76.85 176.72
1T Total 201.6 So 0.139¢ -28.13¢ 229.59%a 0.07 14.04 113.88

Sp 0.143¢ -22.14b 223.60b 0.07 10.98 110.91

1C, 0.833a -18.65a 219.42¢ 0.41 9.25 108. 84

IC, 0.235b -27.59¢ 228.96a 0.12 13.69 113.57

2.5 p IR RIE 5 AR Ry 7 R R K 20 A RCR:

VRSN, AT 25 5 2 20 B kD AR [R] 32 63 1l R AR RN [R] A 23 () 43 A5 SO K 43 R0 1
e GG RO LRI E TR AR A RO 3R 5 R WY, BERIFP I ZE R 093G N, w7 R R R,
1C, 2877 b8 Sp AR T 30.00% ,1C, %% Sp WA T 71. 42% ; 171 1] Fh e 2 B bk 7 e A R 2R T I 2542 5 | 1C,
A So $E T 190.71% ,1C, %58 So #8555 1 241.26% ., [HFPPI/EY) 5 5AAE = AR (R Y LA, R B 28 HA i
FIGEIRSa A RE T, 6 B A R i R B AR, 11 R JTCALL T 5 i 0

DA Bl 1A G 5 LN TRV A A 7 5 SR R B 45 25 T T S5 18 7 %o B TG0 ™ 1 8 A MEAE L 1C, 19 LER 2
1.08,1C, 2 1.22 ;1% 5 X W R A Bl i /K 4396, L WER P8 4R, 1C, 19 WER 4 1.07,1C, 15 1.26, 3%
FHAMERG IR 1. 43 5 T AR ZE M 2B L3, 1C, 1l % 7= il M2 20 5 7= (5 Ve I RRF T
1C, MJEAL 20. 69% ; MR F={EK 3 RCE 1C, 5 S, 55 ,1C, 5 S, 48 Sp MK 22.55% —33.14% .,
3 iTFig

PG R RS T R AK a3 AR R 2 DX ARl R 1) B R BOGE BRI SRR A B Ry =R
FRREAS AL A AL L, e P SR 5 0 e TR IR K B N 8 IR AR 35 3 i, (5 /K S5 VR W AE /K i e )
G BRI TR X AL, pi A & J5 2R 7 25 17 A0 55 = i 28k, SRR IR AR LA 5e /0 ML, v ™
HAFLAGRIIE . ATFFT S5 SR, [RIFP 1 4TI EAS 77 A % g SRR A T 19 7K 5358 4, [R1F I A7 9 2% 5% g SRR ARLA 7
PR3 = T B R s S, B[RRI S AR R e JIO™ B R I, 20k R Sp FRIKT 30. 00% ,1C,
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B Sp BEAR T 71. 42% 5 17 () Ffrif 35 B 7 et A VTV 25 A I 3 4 1, 1C, 8 So 455 1 190. 71% ,1C, %5 So 42
BT 241.26% , HRR BN RS IR TE 4 o6, 2 S Mo FOEIRIR e o6 21 Xt
R ] 4 SRS IS R s B R A 2R G0 B A B A A A0 S A5 A S5 I8 < TR P R A A R VR A S S
B PIT I, —SEH 3RO IR FE 4RI, TR R K A R TR 4 SR 0 ST A R B T

x5 ATRLEFEMKSFARE

Table 5 Yield and water use efficiency of different treatments

IC, 1C,
MH S S
Hom S I e MR Wz So
Pumpkin Sunflower Pumpkin Sunflower
ﬁz H=N
%}ﬁ:éﬂ‘ . N 3922.22aA 2986.66hB 4744.70cC 1387.57cB 7520.00bB 10320. 00aA

Dry biomass yield /(kg/hm”)

EAY i s

. L 2 10277.78aA 7194.44bhA 1530.00cC 2937.50cB 2606. 70bB 3586.70aA
Economic yield/ (kg/hm”)

LAY

Ll o, 20555. 60aA 20508. 90aA 16301. 80bB 14346. 80cB
Economic value /( J6/hm*)

Fekd . 223.60a 219.42a 228.96a 229.59a
Water consumption/mm

= TK A F] 2% %
Fﬁkﬁ%”ﬁ)&z . Uy 91.93a 93.47a 71.20b 62.49c¢
WUE of economics /( JGmm™'+hm™)
Frit L 2 B LER of biomass 1.00 1.22 1.08 1.00
PR SE BHELE WER of biomass 1.00 1.26 1.07 1.00

ARSI, T RIS S S92 KN SR T T T G 9T AP b 0 R AR P R U6 46 Ak 3
] - Hk 4T 582 2 5 s TE AR TEAE I | IO 1C, 1 1C, Br IRRpAE Sp 9 6 4 7Kt , BLJC PR AT R oy
R TCHE A TEAE IR | A0 T T B FE D730 000 52 A b 5 5 00, T 8 0 K 5 T 2 15 3
SEROEIE | 25 (07 TSR 106 2 S SO Bk, 5 0 UL A PP WA 1T S8 L UK A0 28 b, T A
SEILIR | 2EHE AERITE ST | SR AR R R0, e S0 K B MR A SR B L 1C, il T
RT3 | MR -5 FEATX B /I 5 A i, LAt /N X0 R T B0 e/, 1C, o T il 32
BRI, 75k A0 % T 1C, , B0 T R A 1E 5 2 7 0 S B e AR WG R, 2606 b 3% S, 00y -
FE 0 306 K Tk 0 T 2 A, b K /b D28 T 0 H 3575 T, R T 7 B 9 A6
RIAE LA PR A 705300, 5 0 T 1 T 2 R T - 0K B, W A W — 1401 B 4 i
HK SMEF BRI ok

FRZR M b AR K AR MR ) AT R R IS T 2R S 1 (i,
R TR R 0/ K 7 T RS2 00 T — R 00 A, 0 A TS 8 A I 4 35 AR R R
BT SR TR TP AL R BT U | 4R A KA R — I | R, RIS SE AR 1/
KAEIH ) A7 AR, SR T B RS BT /A 15 0 DS A M R e K A2 K
LU B HEPE 1) 1 AR )09 S ¢ /1N 22 1R K T o 22 K 5 K o ] 222000 ) [ e 4
Pb S T P - A | A RO R B AR Bt D5 P R R A2 T R4
AT Bl A TG 1 S b

Morris R A2 255 [l 1 522 RE AR AT TSP K AN EEAR A VA SR P T 76 BT T B
BRI R AWD) = [ WU,/ (P, WU +P, WU,) 1™ s AR T M AR 1K 4 FUIACR (AWUE) = | (Y, /
WU /L (P.Y./ WU )+(PyY,/WU,) T2 i ZRAEH a b 4R ssa sb ZREY a b WA, P, P, R i
FIED a b ZERIER R 0 L5 Syt R T MU B EL B A A7 1) b A K 9 e o FRUAR 7 £, L
S AR B 2 A 0 2 I B s o 2 0 e KT sk O DR, R RIE PR A SR T Ak 4 24 it
W (WER ) BB, BV 1l 715877 P 3 TR K S 3308 A A B0 SR % T B0 9 7K 4
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FIFHECRIER BEAE T 78, ASHIFST 8 A3 g I (BRI 25, th T B8 R T BAE KM E SRR IR
VLI PIRIEY (O RAE LE 1), B P WER PE0 T IURIAF 52 6 R 0K 70 R RS R I G BER ) WER A
1. 07—1. 26, 3X 7% 25 T2 AY5R K 75w e 11 5 SR GT R, /I /52 4 35 7= (E 1 5 WER HIEAEfL, H
RERE TS5 8 T m IR B X AE R RED A = e 3485 S B R A A2 175 5t Pl B, B RSUEm S5 T
PR RAEY A TEIE P B S KRG, B UL, 73R R A P2 5 2 B U 3 A0 F2 VR W HH () B B 285 40 A Sl I, 38 6
B B RIVE A B AR, 2 R R B i B AL
4 #ig

PG S IR AE 2Rk R MR A 7 ) P 22 55 8 s IR RIVE P i 25, FLAE G HE AR A A B e 1)
KA 5a 4 | A S T 28 AR A IR R 7K B K, 0 G g TN R 99 1 9 25 1 B 1 9 25 5 R N4 25 7K 3 3
5 TR B v i Sl R A 7= 1 5 JICBAVE A EE R % 30. 00% —71. 42% , 1 [ Fh I 3% PR 7= o A X6 2R
YRS 190.71% —241.26% , H 2 A #ER M 1 b 5 5t LER FlK 43 2 & b WER 433K 1. 08—1. 22 Fil
1. 07—1.26 (B H 235804 5 R IVERAEAR LUAHTE Wal, PRt 120 X A R TR 3 A U IX B B s sl K
IR R RO P A A A A 80T =K
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