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Introduction

In sustainable farming systems, the use of organic fertilizers is of particular importance in increasing crop
production and maintaining sustainable soil fertility. Nowadays, the consumption of organic foods is introduced
to consumers as an alternative. The result of the application of chemical products is the crisis of environmental
pollution, soil and water resources, and the health risk to human society. Nowadays, in order to reduce the effects
of misuse of chemical inputs, chemical fertilizers can be replaced with organic biological fertilizers, including
animal manure, compost, and green manure. In this regard, chicken manure has a positive effect on the physical,
chemical, and biological characteristics of the soil, and due to its richness in uric acid, the nitrogen contained in it
is used by the plant much faster than the nitrogen of other organic fertilizers. Vermicompost is considered a good
source of soil fertility due to its organic materials. Organic matter in the soil improves the permeability and
drainage of the soil and also prevents excessive dryness of the soil by maintaining sufficient moisture. Despite the
fact that vermicompost can be used as a fertilizer in organic farming, high levels of this fertilizer may cause salinity
effects in the plant, which affects the growth and development of the plant and even it can cause the death of
cucumber as one of the crops sensitive to soil and water salinity. The cucumber (Cucumis sativus L.) is one of the
important vegetables that can be produced in a greenhouse all year round. Fresh consumption of cucumber
throughout the year has increased its production. The development of technology and the short growth period of
this product has made it possible to grow it in most climate zones. Therefore, in thisresearch, the effects of different
levels of water deficit with the simultaneous application of vermicompost and chicken manure on cucumber plants
in the Behbahan region have been investigated.

Materials and Methods

In this study, different levels of irrigation water, vermicompost, and poultry manure on ground cucumber were
investigated. The experiment was performed in the form of split plots based on completely randomized design and
the form of stacks. Treatments included three levels of poultry manure (2, 4 and 8 ton ha™), three levels of
vermicompost (3, 6 and 9 ton ha*) and three levels of water stress (100, 75 and 50% of plant water requirement).
Both vermicompost and poultry manure were applied to the soil before planting. Harvest was done every three
days. Fruit weight, diameter and length, plant length, the protein of the dry matter of the fruit percentage, and leaf
chlorophyll in each plot were carefully measured. Also, the yield and water productivity at the end of the season
were calculated.

Water productivity

Referring to the yield to irrigation water ratio, is obtained by the following relation (Payero et al., 2009):

WP=Y/IR 1)

In this equation, WP represents water productivity (kg/m?), Y denotes the yield (kg/ha), and IR shows the
amount of irrigation water (m®/ha).
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Statistical analysis

The analysis of variance for the results obtained from different treatments was conducted using SAS software
(SAS 9.1, SAS Institute, Cary, NC, USA). The mean values of the main factors and interactive effects were
compared using the Duncan method at the 1% and 5% levels of significance.

Results and Discussion

The results showed that irrigation, poultry manure and vermicompost had a significant effect on the measured
parameters at the level of one and five percent probability. Reduction of water consumption reduced yield and
yield components, but in this regard, no significant difference was observed between 100% and 75% of water
requirement. The highestyield was obtained in the treatment of 100% of plant water requirementand consumption
of 4 ton ha of poultry manure and 6 ton ha* of vermicompost, in this regard, no significant difference was
observed with the treatment of 75% of water requirement. According to the results obtained from this study;, it can
be said that there is no significant difference in terms of yield between treatments of 75 and 100% of plant water
requirement. Therefore, the amount of water given to the plant can be reduced to 75% of the plant water
requirement, and with proper management, less water can be consumed without a significant reduction in crop
yield. Examining the effects of irrigation water on the amount of the protein of the dry matter of the fruit showed
that the highest amount of the protein of the dry matter of the fruit (56.31%) was obtained in the treatment of 75%
of the water requirement and the protein of the dry matter of the fruit was less in other treatments. The interaction
effect of vermicompost and poultry manure resulted in the highest percentage of cucumber protein at a treatment
of 4 tons ha* of poultry manure and 6 tons ha-1 of vermicompost (58.42%). However, when the simultaneous use
of 8 tons ha'® of poultry manure and different levels of vermicompost was employed, the percentage of protein in
the fruit's dry matter decreased. The combination of droughtstress, poultry manure, and vermicompost, along with
their interaction effects, significantly influenced the chlorophyll a and b values at both the 1% and 5% probability
levels. As the depth of irrigation water decreased, the amounts of chlorophyll a and b also decreased. The treatment
with 100% water requirement of the plant showed the highest amounts of chlorophyll a (0.63 mg/g fresh weight)
and chlorophyll b (0.36 mg/g fresh weight). However, no significant difference was observed compared to the
75% treatment. Regarding the interactions between vermicompost and poultry manure, it was found that when
using 6 tons ha™* of vermicompost to reduce yield and its components, the use of poultry manure should be reduced
to 4 tons ha’. On the other hand, when higher levels of vermicompost (9 tons ha) are used, the application of
poultry manure should be reduced to 2 tons ha™.

Result
According to the results obtained from this research, it can be said that there is no significant difference in
performance between the treatments of providing 75% and 100% of the water requirement of the plant, therefore,

the amount of water given to the plant can be reduced to the amount of 75% of the water requirement of the plant.
With proper management, less water can be consumed without significantly reducing the yield of the product.
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Figure 1- Location of the study area in Iran and Khuzestan province
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Table 2- Some chemical characteristics of irrigation water
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Table 3- Some chemical characteristics of the vermicompost and poultry manure used in research
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1- Water Productivity
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Table 5- Results of analysis of variance (mean square and degree of freedom) of measured quantitative traits

Oyt @lio Slaspe (ke
Sources of changes Average of Squares

@33l p -
Degree of ‘f"xity’rf@’- 5,5dos Qg Job dgse ylad °9':: Qt)s
freedom ater Yield Plant length Fruit diameter ul
productl\;lty (ton) (cm) (cm) weight
(kg. m™) (gr)
R()%) 2 4,290 3.51m 0.26m 0.127m 18004.03"
Repeat
A_(‘ﬁ)F"-') 2 523.29" 24573.12™ 215.23" 3.08™ 2534.15"
Irrigation
R*A 4 411 1.43 1.74 0.235 15675.27
Bty 259) 2 98.76™ 2571.56™ 4271 0.75™ 18735.42"
Poultry manure
A*B 4 74.69" 1983.42™ 18.72" 247 16489.21"
R*B(A) 12 5.61 3.19 1.15 0.108 18531.21
C("““’_f“’g *29) 2 487.36" 14264.64™ 173.42" 5.24™ 23571.05*
Vermicompost
A*C 4 57.23" 1754.26* 25.84™ 3.02" 16235.12"
B*C 4 36.71" 375.85" 7.63" 0.75™ 23184.61"
A*B*C 8 17.45 41552 10.31" 0.76" 25354.21"
R*C(A) 36 5.64 4.74 1.25 0.105 22321.14
() s ey
Coefficient of 5.63 7.9 5.78 6.54 8.5
variation

(S sme pAE NS heoyd Sy g doyd iy Jlein] haw ) (6yls gx®* 9*
zand **significance at the probability level of five percent and one percent, ns non-significance.

ol (650503151 S liuo (93131 4 50 9 Sl po (uS5ie) il lg 3285 LS 1 Jga
Table 6- The results of analysis of variance (mean square and degree of freedom) of measured qualitative traits

Oy 2bho Olazpo cpibe
Sources of changes Average of Squares

@3l 4y —
Degree of freedom a Jadg,ls 9,5 dgre Suid o3lo (g
Chlorophyll a (mg.gr™) Ch(lgqr;g?}l/)ll b The protein of the dry matter of the fruit (%)
()R 2 25167.24" 0.45"s 0.86M
Repeat
i
(ol A 2 2574.25% 6.08™ 341.27"
Irrigation
R*A 4 31426.02 0.25 1.19
(s£y0 255) B ’ 28627.12 0.48" 2853
Poultry manure
A*B 4 20543.28 3.87" 26.73™
R*B(A) 12 1872201 0.07 1.17
(SusgesS o) C 2 32476.52 434" 156.75"
Vermicompost
A*C 4 16238.62" 357" 32.24™
B*C 4 26854.31" 1.05™ 6.12™
A*B*C 8 25615.06" 0.56" 12.18"
R*C(A) 36 22736.03 0.33 1.08
() &S a2 9.71 5.75 6.34

Coefficient of variation

(x> gxe pIe NS o yy Sy g deoyd i Jlain] a5 (65 me™* 9*
sand **significance at the probability level of five percent and one percent, ns non-significance.
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Table 7- Comparison of the average of measured quantitative traits

. <l 89054 3, Slos Qg Job dgs0 yla g o9
) Water Yield Plant length Fruit diameter Fruit
treatment productivity (ton) (cm) (cm) weight
(kg. m®) (gn)
L;,l )L.,. X\ .
Water %)+ + 3.26b 36.21a 108.12a 3.42a 117.27a
el O e requirement
o e 475
(faye) Water %75 3.65a 30.53a 95.32b 3.32 11454a
Amount tof |rrlsgat|on requirement
water (m?) o s 750
Water %50 3.12b 16..58b 74.79c 3.11b 103.63b
requirement
CawgpeS (09 yldde 3 2.94b 26.52b 97.43b 3.3a 105.71b
) } 6 3.22a 35.74a 108.87a 3.4a 118.12a
(U ) o3)
Amount of
vermicompost 9 2.63c 21.68c 86.25¢c 3.1b 95.46¢
(ton.ha®)
L0 395 Hlade 2 3.15b 30.29b 88.48c 3.41b 109.67¢
. . 4 3.54a 3767a 97.75¢ 3.83a 115.54a
(U > o3)
Amount of poultry
manure 8 2.89c 24.38c 76.23c 3.11c 96.28¢
(ton ha®)

5yl ine ST 7 0 Jlais] daw 15 (S0l (igej] bl GleSs Gg e syl (sla pSilie pg a5
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 8- Comparison of the average intraction effects of the amount of irrigation water and poultry manure (BxA) on the
measured quantitative parameters

o e g
Amount of Amount of Water Yield Plant length  Fruit length Fruit Fruit
irrigation water (m=) pou'&% rg];ll?ure pr(olg ucmtl\;;ty (ton) (cm) (cm) diameter (cm) W&;g)h t
ol s e 2 3.05¢ 29.41b 92.45b 9.41b 3.32b 110.47b
Water %)« + 4 3.16b 36.54a 100.05a 11.51a 3.56a 125.61a
requirement 8 3.03c 28.64b 78.63c 8.65¢ 3.12c 97.54c
&l 3 275 2 3.16b 28.52b 84.24c 9.12b 3.26b 108.56b
Water %75 4 3.34a 33.47a  89.87c 10.87a 3.48a 120.42a
requirement 8 3.15b 24.35¢c 70.12de 8.25¢ 3.01c 81.12d
&b Lo 2 2.85d 20.42cd 75.19d 7.34d 2.85d 93.45¢
Water %50 4 2.64e 16.81d  69.32¢ 7.12de 2.68e 78.34d
requirement 8 2.52f 14.23de 60.27f 6.73e 2.54f 62.24e

RPRY )‘J@.‘m Y- A Jleis! mdaw OSJIJ oya)"\ U»L.ul 2 oS Gy «hls S Sihe giw 53
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 9- Comparison of the average intraction effects of the amount of irrigation water and vermicompost (CxA) on
quantitatively measured parameters.

099 3l B .
Sslel ol lao ai,;,s Pl aSle wpdsh speldib  CES o0l
Amount of Amou;t of \(IjVate_r_ Yield Plant length  Fruit length d.Fru't Fr_u'r;[
irrigation water (m-) vermicompost procuctyty (ton) (cm) (cm) lameter weight
(ton ha‘rl)) (kg. m?) (cm) (gn)
R RPARE 3 2.95b 27.21b 94.35b 9.31b 3.12b 108.34b
Water %)« « 6 3.16b 35.75a 100.16a 11.43a 3.56a 122.51a
requirement 9 2.35¢ 21.44c 76.64c 8.84c 3.01c 94.04c
& 3 475 3 3.14b 25.52hc 84.13c 9.18b 3.16b 104.36b
Water %75 6 3.38a 33.51a 90.37b 10.91a 3.21a 116.22a
requirement 9 2.85¢ 19.45¢ 71.18de 8.15¢ 2.89c 76.52d
RPN 3 2.91b 18.62cd 75.05d 7.26d 2.42d 90.35¢
Water %50 6 2.74d 16.01d 67.41e 6.54de 2.21e 75.44d
requirement 9 2.53e 13.13e 59.87f 6.12e 2.04f 60.64¢e

)1l ine M3 7 0 Jlais] aw 13 (S0l (igej] bl laSs By gyl (sla o Sile pgt a5
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.

9 Oliadjply prae (5 Jld g (kS (5 yows )y g (Jobeo
Sl 3 Sopn (S 8T bl 0pé g ady e LI L
Sreevalli ) 546 5,Sles ;5 pousd 4 oo Colpsyd Ll o 3, lee
J(etal., 2001

G g b Jobs ()08 0aS g2 Sl HAd (SdS (A5 o
P 4% )3 9 99 oo (o el @lo g 0 (Jobo 0)lg> (05
oiels” (Taiz and Ziger, 1991) >4 0 Sy paw ials &
015 slam 3l Colled Sl g jringid o Sl & e Sy o
(Paris et al., 2018) 355 o0 5,Slos inlS" cucly culysyd o

Uil cel oll O Jlude gl Y Jos gl 13,Sles

FYEIVY) ol 5 aopn Voo jle 1o Slae oyt i 3, Shes
b aoyd VO les o o Shes Hlade el Cawd @ ([
Aoy Voo Hles byl cpl 5l as sel cund 4, (> o5 Ye/0Y
&Sl a5 G &S bl cwls b e agls I s
otels cel ol i wilpe plas Cugb) i 4 Cund
g sloshad (oylol 1 4l 4 an g b Lol 93,5 o o 5,Shes
203 VO o 53 3,os (ialS il o b po olS Ay 0 )lgen
2 olS o Sles el g5 o gae JolS (ilel e 4
S S s gl ialS s 4 Sy e (S Lyl
o e Cale (13 YU Cuz oS (B e (655l a3l i )18 Wy



V¥ 15— 510,5 Y 0,leds PV ale (S5 g T 4,25

s 5 0318 (5o §la ally o (BC) CamigeaS oy 5 (o 0 395 ik 13T (s dumlin Y gt

Table 10- Comparison of the average intraction effects of poultry manure and vermicompost (CxB) on quantitatively
measured parameters

£ 0yl CuwgeeS o0yg sl 2l (559000 5 Slos Ggy Jgb dome Job dgmo ylad 2980 039
Amount of Am_ount of Wate_r_ Yield Plant length Fruit length Fruit F'tu't
poultry manure vermicompost productivity . weight

(ton ha')) (ton ha™!) (kg. m-3) (ton) (cm) (cm) diameter (cm) (gr)

2 3 2.95¢ 23.42c 84.34c 9.11c 3.07c 113.71c

6 3.16b 30.75b 94.16b 10.23c 3.28b 117.72b

9 3.65a 34.95a 100.24a 11.54a 3.54a 120.41a

4 3 3.14b 29.12b 91.53b 10.28b 3.21b 116.45b

6 3.75a 36.63a 102.67a 11.82a 3.61a 124.52a

9 2.85¢ 19.25d 70.28d 8.05d 2.82d 110.34d

8 3 2.71d 18.65d 68.25d 7.36d 2.61d 111.64d

6 2.44e 15.41de 63.21de 6.14e 2.37e 10224e

9 2.31le 13.43e 57.37e 6.03e 2.34ef 97.54f
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Figure 2- Comparison of the average intraction effects of irrigation water, poultry manure and vermicompost (Ax B xC) on
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Table 11- Comparison of the average of the measured qualitative traits

o dgp0 SWid 03lo (59 b Judg S5 a Jsdy i
Treat;nent The protein of the dry matter Chlorophyll b Chlorophyll a
of the fruit (%) (mg.gr) (mg.gr)
L;,l )L.,. /\ .o
%100 water 48.41b 0.36a 0.63a
requirement
el ol e o ks 475
Amount of irrigation %75 water 56.31a 0.31a 0.58a
water (m?3) requirement
o 4 750
%50 water 34.21c 0.19b 0.39b
requirement
CangeoS g0y ylie 3 44.56b 0.25b 0.46b
Amount of 6 55.78a 0.34a 0.59%
vermicompost 9 31.62c 0.18¢ 0.35¢
(ton.ha®)
e 355 Jdde 2 34.28b 0.23b 0.42b
Amount of poultry 4 56.87a 0.31a 0.61a
manure 8 37.64b 0.15¢ 0.38b
(ton ha®)
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 12- Comparison of the average intraction effects of the amount of irrigation water and poultry manure (BxA) on the
measured quality parameters

Sl S ylae E 0 355 ke dgre Sl o3lo g b Judg 5 a Judg 5
Amount of Amount of poultry manure The protein of the dry Chlorophyll b Chlorophyll a
irrigation water (m®) (ton ha') matter of the fruit (%) (mg.gr?) (mg.gr?)
P BERATE 2 42.15b 0.19b 0.46b
100% water 4 45.18b 0.25a 0.63a
requirement 8 39.23c 0.15d 0.35¢
PBRPATS 2 45.63b 0.19b 0.41b
75 Y%water requirement 4 57.85a 0.23a 0.56a
8 36.16¢d 0.13e 0.28d
PERPAE 2 34.25d 0.16¢ 0.31c
50 %water requirement 4 33.56d 0.17c 0.27d
8 26.51e 0.12e 0.21e
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 13- Comparison of the average interaction effects of irrigation water and vermicompost (CxA) on the measured

quality parameters

LS)L.‘.J ui)‘.\ia w%-os@)gﬂ-\a“ bw&.&&bbb&;ﬁ'gﬂ b‘_}g”lf aJ.gég)ls
Amount of Amount Of vermicompost The protein of the dry matter of Chlorophyll b Chlorophyll a
irrigation water (ton.ha™) the fruit (%) (mg.gr?) (mg.gr?)
A 3 4023c 0.17b 0.43b
100 %water 6 47.68b 0.23a 0.59
requirement 9 37.19dc 0.14d 0.32¢
BRPAT 3 44.53b 0.18b 0.39b
75 Y%water 6 55.31a 0.21a 0.55a
requirement 9 38.26¢ 0.12e 0.27c
o T 3 35.75d 0.14d 03c
50 Yewater 6 314le 0.16¢ 0.28¢
9 27.57¢f 0.11e 0.19d

requirement
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 14- Comparison of the average intraction effects of poultry manure and vermicompost (CxB) on the measured quality

parameters
B3 Joho Cuuge agg Jaho  ogwe SuiS oo cuSyy, D e lS 8 Jis S
Amount of poultry Amount of The protein of the dry Chlorophyll b Chlorophyll a
manure (ton hat) vermicompost matter of the fruit (%) (mg.gr?) (mg.gr?)
(ton ha't)

3 45.24c 0.18c 0.42c

2 6 51.26b 0.23b 0.55ab

9 55.87a 0.26a 0.58a

3 50.36b 0.21b 0.48b

4 6 58.42a 0.28a 0.62a

9 40.12c 0.15cd 0.36d

8 3 38.56¢d 0.14d 0.33d

6 36.82d 0.13d 0.31de

9 28.49% 0.10e 0.24e
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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