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Table 1- Soil physical and chemical properties
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pH EC (dS.m') Organic matter (%) K (mgkg') P (mgkg') TotalN (%) Texture
Sandy clay loam
7.42 1.42 0.36 14.3 0.09 -
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Fig. 1- Arranging method of furrow and ridge in the experiment
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Table 2- Irrigation value (m>.ha™') in studied treatments including 19 mm of rainfall

Ll baw
i 90% 60% 30%
Irrigation level (FC)
S 5 S P PSR PSF P PS-R PS-F S P PSR  PSF
Planting pattern
5 K_Ji
rae s 6852 6233 6563 6680 4635 4218 4512 4633 3104 2852 3024 3124

Water consumption (m™)

0SB /Do + 938 7)o+ bglses cuS PS-F ity g5y b, 5els1 70+ + 518 7)o+ Lglsee catS PSR igiS Lalls s P ooy Sobdl Lalls cuzs' S

P 092
S: Sunflower sole cropping, P: Pumpkin sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F:
100% of pumpkin + 50% of sunflower in furrow
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3- Water use efficiency
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1- Time domain reflectometry
2- Land equivalent ratio
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Table 3- Analysis of variance (mean of square) of pumpkin studied traits

ogao dlaai 1D dlas S 039 BTN
g 3, Sos 3 ,Shos 3 ,Shos
5 e &g 40 2ga0 4 ° &l REYESE
i @be : %I 99 90 dome als oy Oax
! Fruit Seed Singl - 1000- oil 2 ;
S.0.V. gle Fruit Seed 0il Proline
df  number number fruit ield ield seed percentage ield
per plant  per fruit weight y y weight y
Sk 2 0.029" 22.40m 10185" 4.63™ 1085" 119" 2.84n 78.28" 0.05™

Block

LS)L.A.J
Frigation 2 4.46™ 8845™ 2026184 8087 540093 1365 135" 39306 2.86™

(A)
ol elas

Main 4 0.002 24.93 26951 30.09 1567 111 1.28 37.16 0.03

error
s 55)

Planting 2 0.600™ 238" 93469 945" 43871" 4.25m 0.764" 3896  0.115™
pattern
B)

AxB 4 0.068" 23.96™ 30430 348" 5817" 1.42m 0.201" 423™ 0.031"
e sl 12 0.017 47.18 7229 56.40 887 124 3.82 70.24 0.009
Sub error

Latey

KW - 9.39 6.12 4.97 13.20 9.25 10.45 6.08 8.69 11.88

CV (%)
oy So g gy Jleiol gaw 1> (6)bidne g (5 bidn pie g *F 5 * S
ns, * and **: non-significant and significant in the level of 5% and 1%, Respectively.
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Table 4- Interaction effect of irrigation levels and planting patterns on pumpkin studied traits
S
Treatment Cuils 6o gy > dgao Dnd  Dgae ST (59 gao 2ySdes Al 3 Slos £, 0,5as Y
&bl b Planting Fruit number Single fruit  Fruit yield  Seed yield Oil yield Proline
Irrigation level pattern per plant weight (g) (tha™) (kg.ha') (kg.ha) (umol.g! FW)
FC)
P 2.05% 22142 7.54° 578.3% 162.7° 0.2112
90% PS-R 1.67¢ 1966° 5.48¢ 458.9¢ 130.2¢ 0.215
PS-F 2.332 22607 8.74* 670.6 187.9* 0.208?
P 1.56° 18082 4.69° 311.4° 100.8° 0.8252
60% PS-R 1.21¢ 17172 3.45¢ 238.5¢ 77.27° 0.736°
PS-F 1.86° 18082 5.592 39542 126.6* 0.553¢
P 0.466¢ 1130° 0.87° 54.46° 19.80° 1.53%
30% PS-R 0.582° 1130° 1.09° 67.52° 24.34° 1.36%
PS-F 0.8122 1356* 1.84° 116.4 41.10° 1.12°

s> 09y ST 70+ 43S 7N+ + Lglo cutS PSF catidy (g9, ofo, Skl /- +35 /1o bgles cuiS PSR a8 Lalls cuis P
P: Pumpkin sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F: 100% of pumpkin + 50% of sunflower in
furrow

o 53b 9051 bl do > gy Joinl a1 (6 dme BMB] glyls (B by Coygots iy 4D S yidhe gy
* Column means with the same letter are not significantly different as slicing by Duncan test (p< 0.05)
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Table 5- Simple effect of irrigation and intercropping pattern treatments on some pumpKkin traits

slowd Bga0 4> Al dlany &y 5 439 o9y Mo yd

Treatment Seed number per fruit 1000-seed weight (g) Oil percentage

L 90% 142.7%* 118.6° 33.18°
S

Irrigation (FC) 60% 113.6° 107.5% 32.27°
& 30% 80.10° 94.01° 28.91°
. < P 110.2° 106.4° 32.31°
"“f’L{ B PS-R 108.3° 106.3? 32.27°
Plantlng pattern PS-F 118.52 107.5° 31.78b

5> 09> ORI 0+ + 935 e+ Lglsee cuiS PSF waity g5, o, Sdl 70+ + 508 71+ bgle catS PS-R (g8 s s P
P: Pumpkin sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F: 100% of pumpkin + 50% of
sunflower in furrow
g 5500 gl ol 1 0> ety Sl s 53 (6o sine B (sl gt o )3 Stie By olagi o ol
* For each treatment, column means with the same letter are not significantly different by Duncan test (p< 0.05)
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Table 6- Analysis of variance (mean of square) of sunflower studied traits

) Gb b b 40 aily dlasy

P ] W 059 s 5 Shes Of9y oy oo
S.0.V. 83! .Head Seed number per 1000.-seed Seed yield Oil Proline
d.f diameter head weight percentage
ok 2 0.733m 155590 16.75m 38338" 1.66™ 0.004"s
Block
. “5’,["’" 2 462 1132859™ 13427 7855473 98.91™ 12.80"
Irrigation (A)
el sl 4 0.585 8783.5 7.17 24572 19.76 0.015
Main error
cuiS oSl
Planting pattern 2 87.59™ 258470™ 5.19m 14792809* 1.74n 0.005™
(B)

AxB 4 6.89" 21247 0.581"™ 7740711 0.063™ 0.003"
o= sl 12 0.943 3006.4 17.24 30629 11.58 0.009
Sub error

o - 9.09 4.57 6.27 8.01 8.46 6.75

CV (%)

doyd Vg0 Jous! maw 13 (60 dme 5 (g b e pie il g FE o F s
ns, * and **: non-significant and significant in the level of 5% and 1%, Respectively.

OIS 33 (o 32 3590 Olbno p Sl G901 9 (5Ll b (S 02 31 (Lo gl -V Jgoa
Table 7-Mean comparisons for interaction effect of irrigation levels and planting patterns on sunflower studied traits

e 3 os o9
i Treatment _ d’-" shi Bab 3 Al sl &ls Prolilne_1
Sl Cwils 5o Head diameter Seed number per head Seed (pmol g
Irrigation level Planting (cm) yield
(FC) pattern (kg ha')
S 27.39° 1344.8¢ 3986* 0.2112
90% PS-R 29.70° 1492.4° 1804° 0.215°
PS-F 33.00 1640° 2095° 0.208?
S 22.77° 1098.8° 2966% 0.825°
60% PS-R 24.75° 1213.6° 1472¢ 0.736°
PS-F 31.35° 1574.4% 1890° 0.553¢
S 15.51° 754.4° 10082 1.53%
30% PS-R 14.19° 705.2° 603¢ 1.36%
PS-F 18.81% 951.22 8320 1.12°

5> 09> oSBT /B + 935 /V e+ Lglsee oS PSF iy g9 o, Sl 0+ + 935 71+« bgle cuiS PSR (b, Kibsl L5 cis' S
S: Sunflower sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F: 100% of pumpkin + 50% of sunflower
in furrow
s S g0l il o gy o] gaws )3 (I3 cime BMEB] (hyls (B3 o o yguody gt y 3> S e by >
* Column means with the same letter are not significantly different as slicing by Duncan test (p< 0.05)
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OS] Clho (B9 31 oy 39 D590 (S ylowd 83l i1 31 (Sl duny o —A Jou>
Table 8- Mean comparisons for simple effect of studied treatments on some Sunflower traits

Sowd &> 4l 39 9y oy oo
Treatment 1000-seed weight (g) Oil percentage Proline (umol.g™' FW)

L 90% 75.24%" 43.16° 0.241°

. “5,’ 60% 71.44% 40.83 1.51°

Il’Tlgathl’l (FC) 30% 52.44¢ 3662b 2.622

. - S 65.61* 40.69* 1.46°

"’“T)L{ < PS-R 66.37* 40.11# 1.45°

Plantlng pattern PS—F 67 132 39823 1.462

5> 090 ST 7D+ + 938 Ve e Lglie cuiS PS-F waniy (g9) o, Sl 70+ + 1S /) e+ bglies i PS-R (oo, Sidl s s S
S: Sunflower sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F: 100% of pumpkin + 50% of
sunflower in furrow
g 5500 gl ol 1 0> ety Sl s 5 (6o sine B (sl gt o )3 S tie By olagi o ol
* For each treatment, column means with the same letter are not significantly different by Duncan test (p< 0.05)
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3959 3w sd Olire g Sy e paSls el 4y e Ol 29008
Gl 29108 G5 ¢y ) 35 (il (ilve S talS
Ois paals g b ojlul dadly a5 (g0)50 Ll galawlga
Gooding et al., ) il wlg Js 4 1) 5,Shee il day)]
oy 9 S ali o xb g0 40 .(2003; Pierre et al., 2008
L5y base 1> O 59eS 55,5 )55 (Kafi & Rostami, 2009)
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Table 9- LER values in different planting patterns of pumpkin and sunflower as affected by drought stress

Irrigation level (FC) (¢, zhaw

Cuils’ g4I 90% 60% 30% 90% 60% 30% 90% 60% 30%
Planting pattern 985 g3 LER o5l g LER JS LER
Pumpkin partial LER Sunflower partial LER Total LER
PS-R 0.793¢ 0.766° 1.24° 0.452¢ 0.496¢ 0.598° | 1.24° 1.26¢° 1.83°
PS-F 1.16° 1.27° 2.14 0.525b 0.638° 0.825° | 1.68° 1.90° 2.96°

S 090 Ob)igb'é] J0e + 545%\“ ]o91.>mu..&§ :PS-F Wlly (69 Ob)igb'é] Tde + 5.\§Z\~~ ]o9l.>'m eSS PS-R
PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F: 100% of pumpkin + 50% of sunflower in furrow
o SGI yg05] wlaol p do > gy Jloin] gaws )3 (6,15 me BMB] gl (yoiw y2 > S gt g > LER jlog8 ya (ol
* For each LER type, column means with the same letter are not significantly different by Duncan test (p< 0.05)
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Fig. 2- WUE value as affected by planting pattern and irrigation level
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S: Sunflower sole cropping, P: Pumpkin sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F:
100% of pumpkin + 50% of sunflower in furrow
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In each planting pattern, means with the same letter are not significantly different as slicing by Duncan test (p< 0.05)
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Introduction

Limitation of water resources is one of the crucial factors that contributes to the decline in agricultural
productivity (Zhang et al., 2012). Intercropping plays a pivotal role for increasing biodiversity, land use efficiency,
nutrient and water use efficiencies, and enhanced ecological services. Intercropping could be one of the alternatives
to address some of the associated obstacles with modern agriculture, including low yield, pest and pathogen
infection, soil degradation and environmental deterioration, thereby promoting sustainable and productive
agriculture. Naked-seeded pumpkin (Cucurbita pepo L.) is an herbaceous, monoecious, annual plant of the
Cucurbitaceae family (Lewis et al. 1997). The plant is economically and nutritionally important and cultivated for
oil and medical purposes all over the globe. Several studies have reported the chemical composition and oil
characteristics of the pumpkin seed from different origins and varieties (Kostalova et al., 2009). Summer squash
is used for treating Helminth and reducing bad cholesterol. There is no official data about summer squash
cultivation in Iran, but many Iranian farmers cultivate summer squash in marginal lands.Due to the importance of
two species of naked-seeded pumpkin and sunflower and the lack of sufficient and documented information on
intercropping of these two plants under drought stress, the present experiment was conducted to measure the
potential of intercropping of these two plants and investigate their response to drought stress.

Materials and Methods

In order to evaluate the effect of different levels of irrigation and planting pattern on yield quantity and quality
and water use efficiency (WUE) intercropped of pumpkin and sunflower, an experiment was conducted as the
split-plot based on a randomized complete block design with three replications at experiment station of the
Agricultural Faculty of Bardsir, Shahid Bahonar University of Kerman in 2019. The experimental treatments were
irrigation levels (90, 60 and 30% of field capacity; FC) assigned to the main plot and planting patterns (sole
cropping of pumpkin, sole cropping of sunflower, additive intercropping of 100% of pumpkin + 50% of sunflower
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on ridge and additive intercropping of 100% of pumpkin + 50% of sunflower in furrow) as the subplot.

Results and discussion

The results showed that the highest fruit number, single fruit weight, fruit, seed and oil yields of pumpkin were
obtained in additive intercropping of 100% of pumpkin + 50% of sunflower in furrow. With increasing drought
stress level, the superiority of the furrow planting pattern relative to sole cropping was more evident for pumpkin.
The largest head diameter (33 cm) and highest seed per head (1640) was found for additive intercropping of 100%
of pumpkin + 50% of sunflower in furrow when irrigated with 90% of FC. In all irrigation levels, sunflower seed
yield in sole cropping was significantly higher than both intercropping pattern due to its higher plant density. The
maximum proline content for pumpkin (1.52 umol g'! FW) and sunflower (2.63 pmol g' FW) were observed at
the two species sole cropping in severe drought stress condition. Land equivalent ratio (LER) was higher than one
in all the irrigation levels and planting patterns. The highest value of WUE (0.64 kg m™) was related to additive
intercropping of 100% of pumpkin + 50% of sunflower in furrow when irrigated with 60% of FC.

Conclusion

The results of this study illustrated that pumpkin is a sensitive plant to drought stress, and deviation of water
availability from the field capacity significantly declines the yield. The addition of sunflower in the middle of the
furrow between the two rows of pumpkin could reduce the negative effects of drought stress on the plant. This
planting pattern could also significantly improve the fruit and seed yields of pumpkin in both moderate and severe
stress conditions. However, the addition of sunflower on the ridge and between pumpkin plants had no significant
positive effect on improving pumpkin yield under drought stress, due to increased interspecific competition.
Therefore, pumpkin intercropping with high height plants such as sunflower, which causes a shading effect on
pumpkin and reduces evapotranspiration, can be a useful strategy under drought.

Keywords: LER, Oil, Proline, WUE.



