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Introduction

Competition between wheat (Triticum aestivum L.) and weeds is one of the most important restrictions of
global production of this plant, and Human solutions for management of pests and weeds have destroyed the
biodiversity in agroecosystems (Bushong et al., 2011; Lemerle et al., 2001). The function of natural and
agricultural ecosystems is based on biodiversity. Destruction of biodiversity is a serious threat to the
sustainability of agricultural ecosystems and, ultimately, food security in the world. Use of pesticides and
chemical fertilizers is one of the most important methods of intensive management in agriculture that damages
biodiversity (Marshal et al., 2003).

Materials and Methods

A factorial experiment based on a randomized complete block design with three replications in two years of
2012-13 and 2013-14. The test factors included pesticides at three levels (Non insecticide, Deltamethrin as a
general insecticide and Phyenrythion as a specific insecticide) and Herbicide on four levels (Non herbicide, two
herbicides 2,4.D , Topic and the combination of them) was carried out. Weeds were sampled 5 times during the
growing season, and Weed species were identified and counted. Sampling was performed before and after the
treatment. Relative density and relative frequency of weeds, weed Species, Shannone diversity index, Species
reachness and wheat yield were studied.

Results and Discussion
Data analysis showed that in both years, the effect of herbicides on the weed density and dry weight of

broad-leaf weeds and total weed dry weight were significant. However, the effects of pesticide treatments on the
density and dry weight of weeds were not significant. In both crop years, the use of two herbicide mixtures had
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the greatest effect on reducing the density and dry weight of broadleaved weeds and total weed dry weight. The
highest Shanone diversity index was observed in non-herbicide treatments in 2012-13, which had a significant
difference with other treatments. The highest Shannon diversity index was observed in the control plots, and the
lowest Shannon diversity index were observed in the combined treatments of both herbicides in the 2013-14 crop
year. It seems that the combination of both herbicides, in addition to dry weight and density, has the greatest
impact on weed species diversity. The species observed in both years were similar to each other. The main weed
species of the field included Convolvulus arvensis L. Descurainia sophia Webb ex Prantl  Avena ludoviciana

Durieu, and Secale cereale L. The contribution of grass species to the total density was 30% and the share of
broad-leaf weed was measured at 70%. Therefore, the frequency of broadleaved species was higher than that of
grass weeds in the field. Herbicides changed the demographic structure of weed societies and reduced the weed
biodiversity index. In both years, different treatments of pesticides did not have a significant effect on the
changes in weed density. The effect of herbicides in both years and the effect of pesticides only in the 2013-2014
on the yield of wheat were significant. The application of pesticides significantly increased the economic yield of
wheat. However, increasing the density and dry weight of the weed decreased wheat economic yield. Wheat
economic yield decreased with increase in weed density and weed dry weight.

Conclusion
Herbicides have changed the population structure of weeds and reduced the biodiversity index of weeds.
Negative and significant correlations were observed between wheat yield and species richness and shannon
diversity index in both years. In general, Intensive management, specially herbicide usage in wheat
agroecosystem, changed the composition of the plant communities and reduced the biodiversity and weed
species richness. The result of the reduction in diversity in this ecosystem is a greater dependence on chemical
inputs, which causes environmental pollution and a threat to agricultural sustainability.

Keywords: Conventional Agriculture, Herbicide, Insecticide
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Table2- List of weed species that were sampled with specification, relative density and relative abundance in two crop years

of study
Sl Sl
L "’“Lc PU g om0 "iu e °_°"5& “.f'“‘”“”’% Rela‘fi‘:/:a‘g’usngsance Rel‘:\.;:/:ajer)l-;ity
Scientific name and persian name Family Life Cycle 201213 2013-14 201213 2013-14
Gl )30 Sy
Convolvulus arvensis L. Convolvulaceae perennial 48.3 42.7 16.3 19.6
&b pasls
Sisymberium irio L. Brassicaceae annual 30.9 21.9 10.7 8.3
Sl pass
Descurainia sophia (L.) Webb ex Prantl Brassicaceae annual 46.2 34.7 17.6 155
i
Veronica persica Poir. Plantaginaceae annual 22.9 20.1 9.6 8.2
gy
Malcolmia africana (L.) R.Br. Brassicaceae annual 20.8 17.7 6.2 59
o5 gl st
Lactuca serriola L. Asteraceae annual 1.0 14 0.3 0.5
SosiS
Stellaria media (L.) Vill. Caryophyllaceae annual 22.6 184 9.5 7.3
opli
Fumaria officinalis L. Papaveraceae annual 19.8 14.2 6.9 5.7
Glaucium sp. Papaveraceae annual 3.5 3.1 1.0 1.0
iy SV
Avena ludoviciana Durieu. Poaceae annual 20.8 21.2 8.3 10.3
Bromus japonicus Thunb. Poaceae annual 9.0 9.0 3.6 4.2
sl
Secale cereale L. Poaceae annual 29.2 23.3 10.0 13.5

Db on oanlie dloriz 2ly5 GBS g)l50 )3 15 Alugs ygos (Sj a2 a5l 4gS cpl
1 This species is also seen on the fields as a Biennial plant
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Fig. 1- Relationship between relative frequency and relative density of Weeds that sampled by quadrats in two years of study
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The linear equation with its coefficient of regression explanation is shown in Fig.
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Fig. 2- Weed density changes in the field under treatments with herbicides and pesticides in 2011-2012
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Vertical bars on the points are standard error mark. On the axis of time, the arrow with a dash reflects the time of spraying herbicide
and the arrow with a continuous line indicating the time of spraying the pesticide.
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Fig. 3- Weed density changes in the field under treatments with herbicides and pesticides in 2013-2014
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Vertical bars on the points are standard error mark. On the axis of time, the arrow with a dash reflects the time of spraying herbicide
and the arrow with a continuous line indicating the time of spraying the pesticide.
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Table 3- Source of variation, degree of freedom and mean of square effects of pesticide, herbicide and their interactions
on weed dry matter and density in 2012-2013

L @, job e S 5 joB e o515
S 833 Weed dry matter Weed density
S.0.vV broad-leaved Grass broad-leaved Grass
df Total Total

weeds weeds weeds weeds
ns ns

Sk 2 0.01 2.0y 0.005 (0.2 (LS 0012 2.5 0.007 (L.0f* (8:2)
(Block) &) 2 0.01 &) &0 0.005
a3l ns ns

sl 2 0.01 (1/9y® 0.056 (1.9 OS5 5019 3.9y 0.02 2.8/ 54)

Insecticide (1) 0.003 0.01
- . ns ns

oS wile 3 0.10 (29.0f" 0.53 (27.8)" ®.6) 0.06 (20.1) 0.09 (20.1)" (4.8)
Herbicide (H) 0.04 0.005
ns ns

Ix H 6 003185 0.34 36.3)" (1:;2 0.04 (26.9f* 0.07 29.6f* (202'(‘?1)
E”b 22 0.024856) 0.08 33.8) ggﬂ 0.021 (46.6) 0.031 (46.5) (246?

rror . .
et e 7.6 19.8 113 10.2 143 8.2
CV (%)

b ploml oty B 03l i (il )ly 232 plosl cae
2,0 5lai dbgype pusd muie 4y a5 Al o Ol uibly JST 51 (sioyd oims s jly S polie

. g NS

Lo g o0 Jlein] zokaw 13 (g dme g 5 gxe et iy

IFAY -AY oly; Jo
Table 5- Source of variation, degree of freedom and mean of square effects of pesticide, herbicide and their interactions
on weed dry matter and density in 2013-2014

e s e SS9 s e oSy
Ol pudi gho 833 Weed dry matter Weed density
SOV df Total Broad-leaved oo \weeds Total Broad-leaved Grass weeds
weeds weeds
stl{k 2 0.07 8.1 0.07 3.3y 0.07 (10.8)™ 0.03 (6.6)™ 0.02 2.9y 0.04 (17.5)
oc
sl 2 000405  0.12(6.2) 0.01 (2.1  0.001 (0.3y® 0.04 6.7y 0.01 (4.4)
Insecticide (1)
oiS il 3 03(443™  0.65@47.2)" 011242  0.1(45.8)" 0.2 (42.3)™ 0.01 26.1)"
Herbicide (H)
IxH 6 003(102ys  0.12(17.9) 0.01(7.1ys  0.02(12.7ys  0.04(18.8) 0.004 (0.6)
E”" 22 003(36.8)  0.047 (25.4) 0.03 (55.8) 0.01 (34.6) 0.02 (29.3) 51.4 (0.01)
rror
el e 9.3 16.8 10.8 8.2 11.7 7.9
CV (%)

dpdy sl o) 0oy o (puibly 42 jos plosl car
2, 5lei dbgype pusi muie 4 oS Al o Ol uibly JST 1 (sduo s s lis suly S8 polie
wleN g elo Jloasl polaw )3 (g3 e g 43 xe b s Sy FEIF S
For analysis of variance, data was converted by logarithmic method.
The values in brackets represent the percentage of the total variation variance that belongs to the respective change source.
=+ andns gre significant at of 5%, 1% probability level and no significant difference, respectively..
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Table 6- Effect of herbicide application on weed density and weed dry weight after treatment in 2012-2013

SASdle jlo Suid 39 w1y
Herbicide“ Dry matter (g.m?) Density (plants per m?)
Total Broad-leaved weeds Grass weeds Total Broad-leaved weeds Grass Weeds
oSl u”b 144,72 66.92 77.82 24.42 1472 9.8
No_herbicide
S99 106.2% 44,02 62.22 19.1% 11.1% 8.02
2,4-D
Jikox <2905 g 26.2% 79.6° 17.8% 8.0 9.8°
Topic
2,4-D + Topic 73.6P 9.3¢ 64.22 11.1° 3.1° 8.0

Al o 0S5 b Iy gxe BB 4B o yd A0 liebol pdans ,d (LSD) Sl xe coglis JBlus 901 Lwlslp oS yidio Chyn S JBlos b i s gl p Sl *
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using *
LSD Test.
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Table 6- Effect of herbicide application on weed density and weed dry weight after treatment in 2013-2014

d.«fd.l.c )w Swis 039 ﬁs‘;
Herbicide“ Dry matter (g.m?) Density (plants per m?)
Total Broad-leaved weeds Grass weeds Total Broad-leaved weeds Grass weeds
oSl %’9_’\" 91.12 32.2@ 58.92 29.32 1242 16.9%
No_herbicide
25 57.30 1.8° 55.6° 15.65 1.0° 1472
2,4-D
iker w23 g6 32.0° 44.4% 227 11.1° 116%
Topic
2,4-D + Topic 36.4¢ 3.6° 3290 10.7¢ 1.8b 8.9°

sl oo ;0S5 b b e BB 131 1o yd WD lisebsl gaws y3 (LSD) Iy gize coglis JBlus yg0j] ool p oSyt By 5 Jolis b (slopSilio *
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using *
LSD Test.
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Fig. 4- Weed Shannon Diversity Index in herbicide treatments at each sampling term in two years of experiment
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Vertical bars on the columns indicate a standard error.
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Introduction

Guar (Cyamopsis tetragonoloba L.) is an annual plant that tolerates salinity and drought from the legume
family, which can be used as an alternative product in low-water plains. Considering the characteristics of the
guar, such as having the ability to fix nitrogen biologically and a relatively deep root system, high adaptability to
drought and poor soils, high competitive power and favourable morphology, it seems that placing it in
intercropping, cultivation, can increase the efficiency of the final yield of intercropping crops. Utilizing the
intercropping system for plants is an effective measure to improve soil fertility, increase the absorption of
nutrients and improve the efficiency of water consumption, and it is considered one of the most important
scientific methods to help maintain the stability and balance of the living system of soil. Therefore, this research
was carried out with the aim of comparing different patterns of intercropping cultivation of guar next to the
roselle (Hibiscus sabdariffa L.) with its pure cultivation at different levels of nitrogen fertilizer in the field of
Toos Planting Manager Company in Taybad city, located in Polband plain.

Materials and Methods

The experiment was performed as a split plot in the form of a randomized complete block design with two
factors and in three replications. The first factor included eight ratios of mixed crops, which were implemented
as follows: sole cultivation of guar, one row of guar + one row of roselle, two row of guar + one row of roselle,
three row of guar + one row of roselle, one row of guar + two row of roselle, one row of guar + three row of
roselle, two row of guar + three row of roselle and three row of guar + two row of roselle. The second factor
included nitrogen fertilizer, based on the recommendation of the soil laboratory, at three levels: without giving
nitrogen fertilizer (zero kg per hectare) and 50 and 100 percent of the guar's requirement for nitrogen, one half at
the time of planting and the other at the time of pod formation.
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Results and Discussion

The results indicated a significant superiority of sole cultivation of guar treatment in 100 percent of guar's
requirement for nitrogen fertilizer in terms of the number of pods per plant and the length of the roots.
Nevertheless, in attributes of weight of one hundred seeds and pod length, a significant superiority changed in
favour of the treatment of three rows of guar + one row of roselle under conditions of 100 percent of guar's
requirement for nitrogen fertilizer. In attributes of shoot dry weight and seed yield, the two treatments of sole
cultivation of guar and three rows of guar + one row of roselle, under the condition of providing 100 percent of
the nitrogen fertilizer requirement, have a significant advantage and were placed in a statistical group. The study
of roselle traits showed that, except for the three-row guar + one-row roselle treatment, all treatment levels of the
intercropping arrangement showed the highest sepal dry weight under conditions of 100% fertilizer requirement.
However, the results of the land equivalent ratio (LER) trait showed that the only treatment where LER was
above one, is the treatment of one row of guar + three rows of roselle, under the condition of providing 50% of
the N fertilizer requirement.

Conclusion
Based on the results of this research, the only treatment whose intercropping was justifiable is the treatment
of one row of guar + three rows of roselle, under the condition of providing 50% of the N fertilizer requirement.
Therefore, it seems that this intercropping combination is recommended for farmers who like this type of
planting system. Doing intercropping for species with different phenology can increase the productivity of
agricultural lands while creating biodiversity and guaranteeing production.
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@l clacumd o)y o (et al, 2021Shahbazi) Ko
o435 (Mentha piperita L.) 1as Lis g 5lg 5 bgleo cuis
9155 LAl CutS las 93 13 S SIS (g il &S 38
Cewddny (Jald Ui 0o > YO + 165 oo YO bglore cuiS” (565
3l L3l b ol gains caisl, oluly ol pogdls sl
Slaplisl Sis (59 (9395 jli dopd Vev a jho Sl (g8 355
Ul S5 55 oS wizn 23l il s o ine sgons (lpe
U1 ol 45 sy o 5k 2 Lol el 5555 (Sojolm oS
o el Sl 2350 (5395 el 3 B 0311 4 Ll e
S5 e 4l an g b sl I, bl s, g 1S
A (g 5 L i3l g 0oy LS5 1) Loy Lol
39205 5 Sl (50905 bl plod 5iis sl 0139558 929 calle
(Taiz & Zeiger, 2010) cul i85l oo 3T L2iSTly ya o of
09 9 039 L 3y90 «J8g)lS JoSge s )3 (yizmen (17954
S5 B9l JoSge yo (2 yom sl (17955 3929
O3 ozl s ol b 1Y (Taiz & Zeiger, 2010) ai walyss
9 LS (oo iy o0 Yl 4y (ilaie IS (2lgn (sbapluil Suis

03950 395 9 bglbwo CauiS byl ol Codi 165 3 yas (sl 93 ,Shos (Sl po (pSSlie) wilylg 41505 - Jou
Table 2- ANOVA (mean of squares) for yield and yield components of guar under conditions intercropping and nitrogen

fertilizer
. W e Yoo oy 3, Sos
. wyd SelNl S 039 g s e ola IS o Wl Slaws e )
g o V 8313 slop No. of pods per  No. of seeds per alls N
o df Shoot dry weight plant pod 100-seeds  Seed
weight yield
)‘)5\) . 2 342 102 0.983 1.57 7721
Replication
bgbee et
|ntercropping 7 397 126 ™ 3.83™ 412 6868 ™
arrangement (1)
il sl 14 0.549 0.566 0.0007 0.0009 74.7
Error (a)
Ois > 2 575" 176 513" 573" 10479
N fertilizer (N)
097 ”T ) :\‘ﬁ"‘ s 14 237" 8.47™ 0.259 ** 0194*  531*
X
o ules
32 0.530 0.143 0.001 0.003 395
Error (b)
it s - 151 1.37 0.50 111 2.10
CV (%)

o> S e 53 o pime s
**: significant in 1% level
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Table 3- Mean comparisons of interaction of intercropping and nitrogen fertilizer on shoot dry weight of guar (g.plant™)

bglseo cuis

0395 355
Nitrogen fertilizer

039 Bypan pas
Non-nitrogen
fertilizer

Intercropping arrangement

8395 3o > 00
50% of fertilizer
requirement

(355 3l oy Vo e
100% of fertilizer
requirement

s LAl s 5.0
Sole cultivation of guar
Sl S ) S+ IS casS )

b 386
One row of guar + one row of roselle
b cusS Gy K+ leS cuiS @y 9

oy 38.8
Two row of guar + one row of roselle
b cuis @) SO+ oS s ) A

oy 51.7
Three row of guar + one row of
roselle
sl S Gy g3+ HIeS cutS @y S
Sy 37.1
One row of guar + two row of roselle
Gl cuiS () dw + IS cuiS Gy S
P 36.7
One row of guar + three row of roselle
Ui sl CudS Gy dw S CulS () g
Two row of guar + three row of 38.7
roselle
Uiy sl CudS () g3+ HleS S iy dw
Three row of guar + two row of 514
roselle

57.7 60.5

49.6 534

48.5 52.6

55.5 59.7

38.2 40.5

38.6 46.7

51.7 54.2

54.5 55.0

LSD0.05=1.21

= oy sl cusls lacid, sl byl ) oS bl s )
oS digge ol ol G iy (555 IS cillS sk,
rogMe Canl 005 g5 oS 3 gy )3 B sl zalS 5 s 5
2 0395 395 e Gl L (3iod (nl Sloabl 4 25 b
S mize yobods gy > BME lawi gl S Calises polaws
LY e5a 5pis 48 losls i cldlls 5,8 Ly Lol
3 205 e LS ety o sl 5 039 g Sl I
(Sarmad Nia & Koocheki, il $5 o Judg IS 50w Liul3dl
03e 155 5 595 i sly el S &5 Lbel 5l 5 2013)
Ll 4y 398 Sy )3 1) ey 5 (S 0pdd wb Suis
Bg0ds 5,0)5 &S w0 ka5 4 11 ((Salvagiotti et al., 2008)
i ader 5l oy Slas glial Gal38l ) Sl oo (95 (S 5
5 ol b Syt dioly e 1 L3l 50 ,1sS olS &gy 3 BME

3 st ke Gl b dogle oS il (slajlass 5
SIine ysbd g )3 BMUE ol (9355 jli o3 Ve 4 Hho
b 55 ol pelly cmipen (F J3i2) b il
55 A G (55 Gy <l Sl dlass & (g lowd gslaws
oEalS (29 JoB jsbas IS g 53 SIS Sl el g5
5 0351 Yk 05l ol Sl (S 55 aShl & sy b 28 iy
d9axal (gady cos sy odlgls ol lalS 1 el olals
o 4 Sl 4o colie Uy g (Majnoon Hosseini, 2015) siws
Sarmad) 1S’ o 4w |y 05 4 iy dsly op 55 oSy
39 el by lals 45 54 3e4 1 (Nia & Koocheki, 2013

— 4l Yool Ll sl Jlays5 5 (logas cuanl j Lidanzl ol

wlagil)] » )l bds o) Giy sl Gas s 5l



YAQ Ll le8 balko calaS o ,Sdos 61321 9 0,5hos (ol 5 oyl 5o 5 539090

A 0 A ol i3l NN 5 Canwl diansly ity (5905
iy ) by d9se 4o )3 WS o0 9y (plrerd 355 Yol o
sk oS 5 ).u_w}d L)w‘)_‘)‘ L)] LR U.:I.\_C )_a.oL& uA>

(Arshadi et al., o,Sen 5 c13,l .((Khoshouei et al., 2022
3956 ddy) L 90 yuolic enld aS aialy lobl 2021)
Jsbo Gldl 5 (Sgaysn Sl slogl 5 a5 (559,55 Logas
yolis Qi 390 )3 Slgi o0 990 (nl § Sl e 2550 Ay,
S Ayn a5 4 bl e 3956 len slmpli] i 4 i
Sy > SME Mg 5 g (Jors e paie geald Gl o
J=B 395 Glie (Ral331 9 915 392y (eniiine LLS) IS
e 0390 9l (pleed 395 38 525k 1 olS ot
23)5 o0 leS gy yd M dlass il 38l

—)» b (Ghorabaei Toghrekan et al., 2022) -, S
s d 3) o5t 355 s 55 3,Shos slia) ol
V0 g yimo o 93 3) yiud g (LS )3 p)SghS Vev 9 Fe Y
4)-».0&1-»)?’ 9\‘:& AR l..é_.{.)) 4.1-.01.‘94_.»»).) ()L&h » F)§9LS
395 ,Sa 45 p Sl Ve 28 L) digy p3 OME Slawd oy i
o) abols )3 jind 395 LS )3 £S5 LS VO 5 (o590

Oh&ed g oy gotlans Kod adsd > 03,8 edalie e ile
3 BMLE sl )b e i3l (Mostafavi Rad et al., 2016)
5;)LS" (wy» b (Arachis hypogaea L.) uejpbl jo 1) &g
GBS LS )3 255k Ve Gliseds ol cul sl W59 5i5 255
a0l sl ey a5y 0 B e Mg &Sty oS3 4 008

oL @y Aby lp &5 (03950 pogada) ole yole onlyd

55 531 53 SUE s 1 (5 i 255 5 bbie S like 51 sSilen cumglla — Jgo
Table 4- Mean comparisons of interaction of intercropping and nitrogen fertilizer on no. of pods per plant of guar

039 35
bgle caiS Nitrogen fertilizer
Intercroond 0395 B pae pas 6355 3l w03 0 355 3 oy Vo e
pping arrangement
Non-nitrogen 50% of fertilizer 100% of fertilizer
fertilizer requirement requirement
) Al s 30.1 328 34.5
Sole cultivation of guar
Sl S Gy Sy IS S G,
by 217 27.9 30.0
One row of guar + one row of roselle
Gl S ) G+ HleS ST iy 9
by 222 27.7 30.2
Two row of guar + one row of roselle
b S Gy S+ oS S ad) dw
o 293 318 335
Three row of guar + one row of
roselle
sl cuis’ ) 90+ Hle8 culS Cady S
by 215 218 23.0
One row of guar + two row of roselle
b cuis @) dw + IS cuis @y SO
by 211 22.1 26.6
One row of guar + three row of roselle
O Sl CulS ) d IS S i) 9
Two row of guar + three row of 22.0 30.0 30.8
roselle
ooy sl culS (@) g3+ oS cuiS () dw
Three row of guar + two row of 294 30.2 318
roselle

LSD 0.05=10.194
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Sl Cd)y dw Gl IS Gy Sy S g ) sl )
9 DAY (lied cud 5) (s 395 Bpae pis Lulyd )3 (A5
Ciyd) dow CulS oS 93 (65 (B Jgia) Cudls dg2g (320 O/AF
2oy Be g \er el bl 53 5 (sl cndy S it S
cols, als 5l il Wl o BMe 45 aild slawy a5l g065 5L
)95 e S99 598 e 2 (005 b 9 1S ) lUsS Om
sl LS 1 (sl 95 it (eald 5 1S (Rdgrel S
N5 oty ) ol slassly pieo 445 9 )15 b Sl
Slasy hol3 8l ay e Culpdyd oS Wbl bglows culS g9 90 oy

ol 0 (5loss oS 5 93 ol o My &b

UL Hu dala wlaad
g bydsee cts” Jolite 3l a8 oy (Lt il )ly 43 gl
L b pxe doyd S o )3 18 Ve > il dlaw yy y5e 10
MY pS5le L BME )3 il slawd oy s oS (g ysbods (Y Jgis)
6395 L Ao pd Voe el bl 53 JlsS Al Sl
+leS oy dw S Hlow dw o opl jl G S samlie
S a8 g Vor el bl 3 by (sl cind) S i
L 6295 5l 2oy 0 ool Loyl )3 )15 alls S 5 (o8
S (o yieS 08,8 )13 gdm 4y 0 BME Al AN 1 Sbe
90 oS + Hla S ady S S lad 93 o j BMe jd &l

3165 IS 15 ild dlaad g (59 5 395 g bagldro CulS” Jiliie 51 (il dulio -0 Jgun
Table 5- Mean comparisons of interaction of intercropping and nitrogen fertilizer on no. of seeds per pods of guar

095 395
Nitrogen fertilizer

bl oS N
Intercropping arrangement Qi9re Span @I
Non-nitrogen

fertilizer

8395 W oy 00
50% of fertilizer
requirement

8355 3wy Voo
100% of fertilizer
requirement

NS LAl s 736
Sole cultivation of guar '
b S Gy S+ IS s Gy, S

by 6.06

One row of guar + one row of roselle
sl cuiS Gy SO+ leS culS g0
ooy 6.06
Two row of guar + one row of roselle
sl cuis @) SO+ oS s ) dw

oy 7.06
Three row of guar + one row of
roselle
sl S Gy 90+ HlsS culS iy S
Sy 5.93
One row of guar + two row of roselle
sl culS @) dw + IS S sy S

G 5.96
One row of guar + three row of roselle
ObF sl S ) d + IS cliS Ly 9
Two row of guar + three row of 6.06
roselle
Db gl CulS ) 93+ leS S ) dw
Three row of guar + two row of 7.06
roselle

8.10 8.40

7.10 7.36

7.06 7.06

8.06 8.06

6.00 6.06

6.06 7.10

7.06 7.36

7.10 7.40

LSD 0.05=0.158




YA o leF bl calaS o ,Sdos 61321 9 0,5hos (ol 5 (5l Ke 5 539090

Ohr gl casls elaci, daw byl 5 4 bl cuiS j) ol
Ggdlas ooltwl ialS o il g5y 5leS cuils slacad,
Sr5p R Bl ol JleS s (g il g 598 1 lsS
A G o5 (gla ) G CllS IS ) dw S e
ol 5l (U Wlgs o cily Ver y5e sk Sl IS alb S e
i el sy )3 )lsS aiay osjle 4l 5 Sl el K

ODSen 5 oS (g0t g5 by (it Dl g ]
5l o o sladllas > (Momen-Keykha et al., 2018)
S oo S a3 1) lS Gl (15, RL8T L JlsS Lol cuiS
B0 + g5 o yd B+ (0, 50kE] o )3 YO + )18 ao > VO bgle
ol yots 4y ¢y13,50L8] 2o )d VO + )53 0o )3 YO g )1,50k8] wo )y
039 <5 608 )5S gl sl J18 byl 550 o] (IS s
AL S b duglin )3 bglses cuiS glacuns 1 s &l 5
032 3,Slos elizl o inte S b g (IS poboas g sty
ORIl ) ol GRS LBl oAb g (g &5 ladls 3929 4
25 4y . (Khoshouei et al., 2022) c sl salgs als 5 Slas
slodjgl, b by (arass (o s b onl® 45 sy e
JLos ) Lacdde puss) Jb jo sbaaly Cumwdy (g jtimgid
Wl 012 e S SIS Ver e Ll G oo oyl g 4l
(Ghorabaei Toghrekan et al., ;,LSen 5 LS ib L ,e
B35S s 4 5 S 3Shas il gl oyt (o 2022)
) b g (S 53 p)SGkS Vew g Fe Ve aw dw 3) ()9t
g YO e sy alold aw 3 (S )3 2 S ol VO 5 o v 9
Jloss 33 2 )5 AV Glisear 1y &y Jlie (59 o pides eyt sl £+
295 L8 53 )5 LS VO g ()9, 395 1S 53 p)SolS Ve
5 5y Ane 0T esnbie o Blo Fo sy Alols 3 jind
&9y g ploduww o (Abdzad Gohari et al., 2011) ;Ko
(S ) il a0 (Sepideh Dam & Ramroudi, 2015)
bl pass Al Jlie i 5 (Saejeble Al Ve g il
35 3 oy 508 G5 oyt 95 ol il
Ui {Sepideh Dam & Ramroudi, 2015) (5350, 5 paodum

B4 2 4S5 G54 29 (a5 398 ) lie WelS ysbosy il
P eSS YV 4y jio 5l e 395 Bpae Gialil b o
oal38l oy S YA S| Gty a0 YV 5l s puS &l i 59 LS

cél

Olli8l 55 M 3 ails a5 lade Liuljel b s s
+ 198 Gidy 95 ciS aile olalew 53 Ll (0 Jas) 5,8 Iy
SO S + a8 Cany dw cutS 5 by gle ) S S
OF9FS 8295 jlo Mo Ve g 00 maw 93 G (55 sl 3,
S5 bl dgg BME > wild dlaay Yl 5l gyl e S
)bl 45l addllas 4> 35 (Khoshouei et al., 2022) o, Sen
3y Sdas glial g 3y Slas 1 (970 355 9 50 ALj CawgeS
JriS Cod i « e > db olaad &S 0505 5155w plols
b oo Jolge b cov 168 g 039 wejplly olS K
(Arshadietal., )LSan 5 ooyl () K adss )3 0,5 o
2 LS Gla Sy 5l (52 45 $3905 ol (IS > 55 2008)
I e Jlse il o a8 5 48,8 )5 S Ol oy05
XS oo

alaer 059
sl Ver (jg 2 039 g belse cutS lajles Llie ]
Voo Gy o Y Joia) A8 e 8o yd S w3 1S
P oS Gl ) G S IS ) dw cuiS la > b
A odalde p)S Y Sk b (6058 5L Moy Ve u,.ab byl
3L dopd Vee el Lyl o 168 el et low ol 5 e
Joi2) €85 )5 (gam a5y 3 )8 PN ails Ve 9 b esdsS
+lsS caydy SO criS 4 bayo o il Voo 59 op keSS (P
VIA) O3ari 365 Bpae pas lulpd )3 (55 by ) dus S
el L g e S Galisen clajlogs 53 (5 J5i3) 392 (o5
sobod &> Vev (59 9355 Sl dopd Vev i 5l gk ylade
3 —ialy classly & obul 1L Jads) cdb il yls dne

Lgids o0 PRt Lmﬁ).g u.,)u_ioﬁ Jaw}; wlS W?’CL’ o)Sw
Ly olals »1iJ (Sarmad Nia & Koocheki, 2013)
5 sl Gla y suwgd <ly e 358 Ol ezmed (35400l
log Coanl j| (hbozb ol dly loasly 45 o Jlisey
b g She Syl y8 BB el pie g cunl )6
¢ hbgEl (gt Jaily ials alawlga Sl e ( idgl
aily Callaol 43355 yol pl g 00,8 dnlge muie Cudgizmo b1y olS
Vlaznl (3aios ol o 2l audly olyen 4 1y baydy yiile oS

-l )3 S sbds g9y G55 sl clds iy glulale
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Table 6- Mean comparisons of interaction of intercropping and nitrogen fertilizer on 100 seeds weight of guar (g)

039 35
Dalseo CuiS Nitrogen fertilizer
Intercropping arrangement 3o Span pas S35 sl oy 0 $395 Sl o3 Yo
Non-nitrogen 50% of fertilizer 100% of fertilizer
fertilizer requirement requirement
) ol s 5.46 5.97 6.16
Sole cultivation of guar
Gl S ) S+ IS cuiS @) S
by 3.97 5.06 5.46
One row of guar + one row of roselle
Gl S @y S+ HleS ST i), 90
by 4.06 4.90 5.16
Two row of guar + one row of roselle
b S Gy S+ oS culS ad) dw
o 5.16 5.97 6.33
Three row of guar + one row of
roselle
sl S Gy g+ IS cutS sy S
by 3.86 3.97 4.26
One row of guar + two row of roselle
b cuiS @) dw + I8 cuis @y SO
b 3.76 3.97 4.76
One row of guar + three row of roselle
Uiy gl CudS sy dw + leS cudS Cady 90
Two row of guar + three row of 3.97 5.16 5.36
roselle
Oyl CudS (g + HleS cuiST () dw
Three row of guar + two row of 4.96 5.26 5.40
roselle

LSD 0.05=10.091

S 165 d) S ClS lod dw )3 0 &l 5 Sles oy ka8
Sl d) dw CulS IS Gy S CulS (B sl sy S
2 55 Gl ad) 93 CulS F leS i) 93 CulS g (D5
Oos (Y Jgiz) 4205 dasMe (595 395 S pae pas bl
=y 3 (Momen-Keykha et al., 2018) 4, Ko 4 S
Oty 45 1508 ()35 by Sl Ly IS bl s |
9 10,08l ao )3 YO + 165 2o )d VO Laylys )3 165 4ily 5 Shas
(o=l pogde Al Jols (159508 355 LS 53 Sl Ve 3 )18
Oil38l 5 g S8 U gyt 48 ey a5 4 oz
Verdn yho Sl 598 Bpae Al L 5 andly jleS Al 3 Slae
4o 01 ba s St oole Sl gy (i50 (6295 3l (el o>

dily g Slac
3,S0os p y5ei g balswe cuiS blate Sl as ol olis pls
2l s Slas oy b &S gysbds ¥ Jado) dd Jly xe HleS &l
SO CadS + g 5 )y dw cuiS g ,leS allb S Hle 40
2 oaalio (6395 L5 o> Vo v el bl 3 b5 (sl s,
2 S YOb g YOV 4 i gy I8 aily 5,Slee jlod 93 pl 0 g
oAl eS8 loss los 93 nl Sl e (Y J9i2) Sy @pe i
balpd )3 (57 sl sy S CudS IS ) dw S g 1S
VYT 5 VEY 5l ash 5y Slos b i pas (6355 5L o ps 00 oyels
il (glaylas ) 485 )58 (gim 45) > @pesie 3 )5
(Y Jsis) cdl olisl oyl me jolody aily 5,Slee (4365



YAY o leF bl calaS o ,Sdos 61321 9 0,5has ol 5 oyl 5o 5 539090

5 ALl e sbraibly U 3uios ol gubs ciomen 2l i3
oels a8 Wl oL 8 (Mirza Shahi et al., 2017) ), Ko
il dne Gl cage ©)3 5l )90 (k0 395 Moyd Ve

D9 guned 13,5 ] 5,Slas g 5,Sles

9 S oy ol ol 0a b ba b S slajlass 5o 4l
Phaseolus ) 5w Lo (s, (Lack et al., 2015) ), e
S i ;LS 3 p S LS A By ae a5 0y L vulgaris)
il 5ySloe wlS IS Sid 00l o5y o a3l 60l 355 xuio
oLS (il 32 1) g Oliee 9 Cudldyy pad LS« Sglm 3 Slos

Ho5 Al 5,5dos 1 59 395 g balue CuiS ol 51 (1Sl dus o -V Joas
Table 7- Mean comparisons of interaction of intercropping and nitrogen fertilizer on seed yield of guar (g.m%)

039 355
Nitrogen fertilizer

Dalses cuiS —
Intercropping arrangement I "_9"“ i
Non-nitrogen

fertilizer

8395 W oy 00
50% of fertilizer
requirement

355 i a0y Voo
100% of fertilizer
requirement

S Al cuss 315
Sole cultivation of guar
b S Gy S+ IS s Gy, S
Sy 248
One row of guar + one row of roselle
b S Gy S+ leS S @y 9
b 264
Two row of guar + one row of roselle
sl cuis @) SO+ oS s ) dw

oF 311
Three row of guar + one row of
roselle
Gl cusS Gy 9o+ IeS cusS (s, S

b 261
One row of guar + two row of roselle
Gl S Gy dw + IS cuss Gy K

Sy 255
One row of guar + three row of roselle
Ui sl CudS () dw + S CulS () g
Two row of guar + three row of 254
roselle
G sl a8 iy, 93 4 S S i e
Three row of guar + two row of 309
roselle

342 357

296 320

295 316

333 355

264 265

265 286

312 325

314 323

LSD 0.05=10.4

FlgS a3y o S g 5 sl cd) S cutS IS )
395 51 Ll LS 2l e n i 05 Sl cd) A CuiS
& ol 2 9 1) )5 (glel 095 o )3 (S g 00l i
35 ALY 5 APY AN AEE AYY iy Ul 405 3l olags
byl cuiS (5)log slocaS 5 53 &5 a0 Hla5 4 (A Jgi2)
oAl CiS lg S hud) S LS B sl sladig &S Soj

o sl sla S
L) dald slass

2 oS sl bl ool jg g bele cuis il
S o gl S Ggbds (A Jgin) 1 ) g Sy S s
sle ) SO clS + IS ) S clS (g gl el
90 S b )F sl pd)y 9> S8 H S ) S S (b
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39S 5y)lS S wdl s s 4o 50 (Moosavi et al., 2020)
ORIl ol e gl ) 5 slo (23e8 LS Jaudly (5950
PSS o iy o e (5355 355 ke Gl 5 31
S ine pbodnr i 55 Sl (Sl el dlas liSe

D)5 g il

392 slaplasl S G5
Sl lsp laplul S i 1 (s 5 byl i
dw 45 gygbdy A Jgan) A5 ) dme o )d K s > 5
S S S oy S iy sl IS S o
cle iy dw casS + loS Cindy 93 cuiS g by sl i,
0938 i it By )3 o, VAV g Yoo VAL iy by
09,5 S 3 g odb yoluaidl dg 5 an |y Llsa slaplul s
u”)—’dl—>=°—’3)®w5+)]9§w>)m s)LouJ).)).u
et ol 3 alen (cloplil S8 59 45 (o ysbay s sanlie

(3 Jgia) 392 592 )3 )5 WY

4 Hle S ccis lacad, ol il dbglswe cuis la il
sls sladsy o Ll adls ol ials caw sy S 5l i
295 9 Led al3 8l ad (515 LS| e )3 0900 (55
29 oy sla olS jd Llj asls sl il cuw Silg5 oo laie
(059 39S Jlde iulil b yises [(Yazdan Panah, 2016)
S SI¥S ) g el Jalil gyl e ysbas bl 4503 slus
el buly 53 4815 45 & (595 355 Bpae pas by 3
O 4SSy 515 4 (Ve J9aa) Sy (59 395 o> Ve
2 Ll 8l ol Ay plgs 5 Jgyi (2lie pais ceald oljee
OFar e Rl g adly g2y (ot L3I 55 slo &g
e (159540 591 (aliend 395 3,18 B )b 5l olS ey B
AU g Lo, S e i sl o bl L sl )8l
o latend 4y Cepw 9 Sy gdaw Gl 5oy
(Khoshouei et al., 2022; Goldani et al., L35 i dszb
Gl L i sl sladiy 5 Ly asLa slass zol58l 2016)
O 5 (S5wge oy oo Jlai 4y (ilale ¢()]9 55 395 olie

(395 355 3 bske CuiS bl Cod 5 5l 355008 (s151 53Kt (Slatyo eiba) il ly 42325 A Jgan
Table 8- ANOVA (mean of squares) for yield and yield components of roselle under conditions intercropping and nitrogen

fertilizer
* e 1 é‘“‘ - = -
JUVE Ly Y103 &3l as s Ll a5l lod bpldil s (39 S pwls oS (59
SYOAY/ df 2 Shoot dry weight Sepal dry weight
No. of fertile branches
ol 2 0.514 53.2 0.194
Replication
attund 7.0 664 ™ 561"
Intercropping arrangement (1)
cill gl 14 0.625 42.4 0.553
Error (a)
0397 35 2 338™ 9616 772*
N fertilizer (N)
0o ”T X :’l"“’ i 14 0.625 1 195 0.504
X
e ok 32 0.319 13.7 0.150
Error (b)
Sl ; 7.28 1.92 3.73
CV (%)

B Gxe s 9 do)d S o jd I pixe cud ey NS g
** and ns: significant in 1% level and non-significant, respectively
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Table 9- Mean comparisons of intercropping on no. of fertile branch and shoot dry weight of roselle

bgloes Cuis g 4 Ll A LG dlaes 2o Well s (59
Intercropping arrangement No. of fertile branches per plant Shoot dry weight (g.plant?)
PP sl o2l i 8.22 199
Sole cultivation of roselle
G sl S iydy S+ IS el sy 6.44 200
One row of guar + one row of roselle
Oyl cudS dy G IS cuiS Gy g 8.11 191
Two row of guar + one row of roselle
Uiy sl cudS Candy S+ IeS S iy duw 5 66 173
Three row of guar + one row of roselle '
Oy sl cudS @y g+ S cutSt () S 8.33 193
One row of guar + two row of roselle
ObF Sl Gl L)y ds + I6S S Ly 8.01 193
One row of guar + three row of roselle
Uiy gl CudS () dw + leS cudST () 90 755 197
Two row of guar + three row of roselle
Uiy gl CulS (aydy 90+ ,leS cuiS (@) dw 777 194
Three row of guar + two row of roselle
LSD 0.05=1.52 LSD 0.05=12.5

0P Sl (lgp plNT WS (59 9 g2 y3 Llj ASLE S 2 (59 5% 395 1 eSle Al -V ¢ Jgaa
Table 10- Mean comparisons of nitrogen fertilizer on no. of fertile branch and shoot dry weight of roselle

Oiays 355 G o Ll a3l olaas Slon el Sis 54
Nitrogen fertilizer No. of fertile branch in plant  Shoot dry weight (g.plant?)
Cis Srae pis 6.46 172
Non-nitrogen fertilizer
35 g 2oy 00 7.83 193
50% of fertilizer requirement
@255l o Ve 9.00 212
100% of fertilizer requirement
LSD 0.05=0.941 LSD 0.05 = 6.16

sl I35 by G (sl o e e
Slaplisl St (59 )9yt 355 e GLIBIL roxen
P 5550 ppS WY g cdl (Rll ) ine jsba 3 (2len
bulyd ) 459 53 ppS VIV d ()59, 395 B pie Lailpd
OB a2 bV J9a2) dasy (55 355 o) Ve el
s i Gy ol eald (dido)lS JoSUge plalo 5 (5900
9 (Taiz & Zeiger, 2010) o35 (5958 Judg 5 slo JsUg0 yino
b5 sl o slapliol it 5y Gl o ol b 1Y
(Moosavi et al., l,lSen g (suwso duwy oo yLo5 &y ilaio
o Ofg e 295 o p)LS 4SS (IS (AdoS ) f 2020)
Sl ol sl i 5 Sy o Sl (g9 5 alanly

IsS Gladis a Cons S35 sla Jail sladip & 4295 L

MacMillan) )lsS' sladis: (351 o> 05 9 Gos o5 9 <)o S
mCady i s oS sy ool a5 4 S50 )b 5l (et al., 2021
s e iy sl oS glacaydy LS 0 )l cuiS sl
U5 Qe 5 50kl (05 b Sbadin g ) e
Gl glagioll o 2lie jole Gla 3 iy iy oy,
Slaplisl Sis (59 )3 )b ine D9l jop o byl cuis
)18y (Yazdan Panah, 2016) oly b5 .l oas  slom
2o ol aoren g (o) Ololidl pboul a8 cusly bl
Slos g Ol Gis )3 ol 15U by sl sl cabio cuils

9 S odle ey Egdge (pl g ALdl (b5 gl olS > lid
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y SLaadloes, S (laj g Sodt yoe Jobo 039 5o S5 4
A8 o 35 1y ogse 5 S eSS 8o)d 25k (s g 03l (a8l
2 S heins gl b aeis ol caasl(Rahemi, 2004)
» = (Moosavi et al., 2020) )LSe 5 (s5-wgo .Cawl 33lg5
i 3] 39yt 35 ke Sl oS WS )5S oo
sobdn (05 le 3 Sl S (g S )3 p Sl Y+
53,8 )35 Gl S5 (g ) .l Gl )l gne
i By 3 S pelS 3 Slas (35555 358 )5 Gl L oS
. (Timothy & Futuless, 2014)5,8 |y yiol38l (o)l sze joboas
o33l 56 (Sepahrom & Moosavi, 2016) ggwge 5 pg ol
395 Gl (b by sle 3 ) Spuls Sutd 5 Shos I ixe
W53)S )5S S )3 p S olS A 4 jho ) (Bpae (g

(LER) G305 6 g3l 2 coeass

2 &S )los s 453l LS o) Sl o @l (o)
ol ploaag ol belre cuiS g oas G Iy LER o)
balpd ) By sl <y dw CdS + IS @) S cutS ey
e 505 e a0 (I J32) 8bcgn (5355 S 20,3 0+ (b
o S (y 2y90 4355 93 bgle CulS o cunl lo (pl 2
m e QLB (aedgus oo 3l edlisl )3 o] 288 S5 Cumdg
CiS 655y 0aiS ol sl K ) i LER o5 olSin amd
Feizabadi & Zare) . il o 2l 5 4 cuws by I
58 sbylesi plw »» LER jials" cle (Emamverdian, 2012
09— By s |y 35 ol 53 bole S g (590
SRS NIV NP P SR
155 sy S ciS jlas ) byl cuiS (35 phians
) (6295 3 20> B+ (el bl )3 05 (sl o) i
S 5 ol 3 olS 93 bawgi 39290 @lia I yig eoliel 4 (g
(Fotohi-Chianeh et -l,LSea ¢ il 58 0b Cons (o)l
9 Ly byle culiS (391 g (ladlas 1 3 al, 2012)
53 Lol asiols J3 b)) 5,90 LER (asls bawgi 1y
S b g ) osle cuiS (slogSl oles 3 o8 5,8
slagSl ol 5 oo 5l odlitul jd (gaiedgw sdimd i 45T M
il e cuiS

Ay gad 5 0By 1 (fey Cute ,sl 4 Gl Sd ek
.(Tran et al., 2014)x5,8 0,Lil Ol 3gue8 bl ps )3 ogaday

S puls KA 559
S pel8 plul Sis ()39 32 Giast 9 belte cuiS lie I
a8 ygbdn (A Jgio) 45 laidne dopd Sy o )3 55 sl
Wi by ) oSS IS ) dw S e Sl e
S dop Vee el baslys ) bglste cuiS (6lows pobaw (olos
Jsazr) ol s 563 ) Sl Sis (g oyt (955
CBlS s )3 55 S pelS St (g oS il il gl
295 By pie laulpd )3 (55 gl cd) St IS ) aw
2o g (V) Joux) 45 oanliie (59 )3 p)5 VIA) (5950
A o B Gl ) SO S e i) dw S o
039 4039 395 bt gobaw )3 blie cutS o taly] b
&S cusl Jb gy pl b Hlis 058 5l (g51eS S puls plul Suis
2 a8 Ly oo plas a1 ol olaid] aed 4 ) Hlade oy YL
Giori ke G L oo ol 53 ool progdle 83 0331 55
S Hlew calises golew 3 6095 5L dopd Vo 4 yao
3 Ll ecdl Gialil (s gine yobods S puanls’ Sis g9 bl
il gola o Sz SS9 50 355 zobaw I o o
aS jeblan 5 Jlie lsisds ol dgng bybie cuiS il
A8 515 6 )lal 0g)S S 53 (6365 ji doyd Vee el Ll
oMz 1S ol b dusliie 3 (B (sl & md e LS @S (i
5y Slas oS aoul g 48,55 )15 bglste cuiS la il 15l cou
B U o 1y (S puals S (39) b5 sl ol (sl
35651 a8b el ) 45ty o a5 s ol 0390 (5955 395" o3l
sleasld (ogata) dlo bl (il 2 0555 355 cute
ool 53 g 48 Canl odd 5,155 4SSl e 3L 038 (L

O Oy 9 4l Job 3 &8> (gl 03,5 Al 5l 3)90 (g0
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Table 11- Mean comparisons of interaction of intercropping and nitrogen fertilizer on sepal dry weight of roselle (g.plant!)

039 35
Dalseo CuiS Nitrogen fertilizer
Intercropping arrangement OFare Span pas S35 sl oy 0 $395 Sl o3 Yo
Non-nitrogen 50% of fertilizer 100% of fertilizer
fertilizer requirement requirement
) oAl i 9.13 11.1 12.8
Sole cultivation of guar

P sl S iy S I S ) S 8.60 11.1 12.6

One row of guar + one row of roselle

P Sl Sl ) S I S ) 52 9.03 10.7 126
Two row of guar + one row of roselle

e “ . ] & o o 1
D7 sl S8 ) S E IS S i, e 7.76 8.93 9.76
Three row of guar + one row of roselle

P Sl Sl 2y 92 ¥ S iy 8.53 10.4 1256

One row of guar + two row of roselle

e “ & . l & . o .
7 sl Sl i, S S i) S 9.46 12.2 128
One row of guar + three row of roselle

7 Sl S 2y o S S ) 52 8.96 11.2 126
Two row of guar + three row of roselle

PP Sl S ) 3 IS Sl ) 8.43 111 12.4

Three row of guar + two row of roselle

LSD 0.05 = 0.645

Sy e cpl b g 392 (6355l dop> Vor el bl 3 b5
a3 Slas g 2lgp slaplil s (g (S p St (59 ) &S
€55 5L o3 Ve e als bl 3 )ls8 palls et e b
P r e Sy o5 B)b iy gl g SNS
Tl 2 (6355 3 hopd Voo 5l sles b 6 b5 Sy
O (3005 (Sl o @l (s ol 0397 udlS” ] s
CulS o sl plyazgi ol bgbs CuiS &S (5 led ey o ol
De a5 ulyd )3 e85 sl cnd, o S 1S o) S
S S 35 iyl Sty o 5 2 U bl e (6365 Sl Ly
rlio (bl o g9 cpl 4 AiedBMe ()0l gl cbgle
Slgiee glite (555098 Ly alaaisS (gl bl cuis il
b=l 2l Jl e Mg (e 9 () £95 dbm] (s

S ioliel 35

=y »° o (Alizadeh et al., 2010) )L Sen 5 0dl3le
obos o Loy a8 0o )8 glsie Lugl 5 ol bgbe ciS
ColSs o 39 K jl i LER asls dbgbe cuiS clajlog
2 il gl (Al S gl 5 ol bl cutS (55
» (Shahbazi et al., 2021) |,Len g (sjlas (5> Auios
O3S (A L g )lo5 bl i’ cilise (glacuns (o)
5 e LER Lasls gl coiS clagSl Lobes 3 &8 w38
Bldpan sl (ud ool 8 ) gsose ol ol g S
09 ey JBlus G950 5 wlie 1 e ool S 93 (gl unslie
W05 o 0lS 93 o (slisS

S 5 4ol

2 s 29 SRy L iagh ol @l bl
Sl ) S S S )y dw el Hles b i olsS
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Table 12- Land equivalent ratio (LER) in treatments of intercropping of guar and roselle

039 355
bl cuiS Nitrogen fertilizer
Intercropping arrangement 039 Spae e $395 jl woy3 00 $395 jl woy3 e
Non-nitrogen 50% of fertilizer 100% of fertilizer
fertilizer requirement requirement
Sl cutS ) KIS S iy S
by 0.867 0.935 0.942
One row of guar + one row of roselle
b cuis () SO+ leS S (ady 90
by 0.888 0.897 0.917
Two row of guar + one row of roselle
sl cuS ) Ko+ oS S i) dw
oy 0.952 0.930 0.935
Three row of guar + one row of
roselle
sl cuiS () g3+ HleS cudS Gy S
S 0.901 0.882 0.903
One row of guar + two row of roselle
Sl S Gy dw + S culS Gy S
by 0.982 1.02 0.950
One row of guar + three row of roselle
Uiy gl CudS () dw + leS cutST () 90
Two row of guar + three row of 0.914 0.970 0.956
roselle
Uiy sl S ydy g+ HleS S (i) dw
Three row of guar + two row of 0.959 0.951 0.931
roselle
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Introduction.

Rice (Oryza sativa L.) is recognized as one of the earliest cultivated crops, providing essential nutrients for
human growth and health. One of the major challenges today is the severe limitation of arable land available for
rice production. This issue is particularly critical in countries with arid and semi-arid climates and limited water
resources, such as Iran, where rice cultivation requires substantial amounts of water. Ecological intensification is
an approach that optimally utilizes natural resources to enhance productivity while minimizing negative
environmental impacts. The present study aimed to investigate the effects of various cultivation systems on the
quantitative and qualitative characteristics of rice (Tarom Hashemi cultivar).

Materials and Methods

This study was conducted through two separate experiments based on a randomized complete block design
with four replications, under nursery and field conditions in the city of Babol, Iran, during the 2022 and 2023
growing seasons. The experimental treatments included three cultivation systems: the System of Rice
Intensification (SRI), an intermediate system, and a traditional system. In the nursery, seed densities for the
ecological intensification, intermediate, and traditional systems were set at 100, 200, and 300 g.m2, respectively.
In field conditions, treatments included transplanting ages of seedlings (20, 30, and 40 days), planting densities
(25, 30 and 20 plants.m), irrigation regimes (water deficit as alternative water, saturated irrigation at the soil
level, and permanent waterlogging in 10 cm above the soil), and the number of seedlings (1, 4, and 8 seedlings
per hill). The traits under investigation included seedling length, stem diameter, and root diameter at the time of
transplanting from the nursery to the field. Evaluated quantitative traits included growth characteristics (panicle
length), yield components (percentage of unfertile grains and number of productive tillers), biological yield,
paddy yield, harvest index, and quality traits (amylose content and gel consistency temperature).
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Results and Discussion

The results from the nursery experiment indicated that the main effect of planting systems on stem length,
stem diameter, and root diameter of seedlings was significant. Except for root length, the interaction between
year and planting systems was not significant for the other traits in the nursery. In the ecological intensification
system, stem diameter, stem length, and root diameter measured 24.5 cm, 4.1 mm, and 0.52 cm, respectively. In
both years, the longest root length observed was 13 cm in the ecological intensification system. In contrast, the
lowest values for these traits were recorded in the traditional system. The examination of quantitative traits of
rice in field conditions revealed significant interaction effects between year and planting systems on the number
of fertile tillers. The highest number of fertile tillers was recorded for SRI. The effect of planting systems was
significant on both biological yield and paddy yield. The maximum biological yield (2.9 kg/ha) and paddy yield
(0.83 kg/ha) were associated with SRI. The highest amylose content and gel consistency temperature were found
in the ecological intensification system (with 22.7% and 3.7, respectively), while the traditional system exhibited
the lowest values (with 21.5% and 3.0, respectively). Correlation coefficients between paddy yield with panicle
length (r = 0.98**), number of fertile tillers (r = 0.99**), and biological yield (r = 0.97**) were all positive and
statistically significant at the 1% probability level.

Conclusion
Overall, the results of this study demonstrate that the ecological intensification system outperformed the
other management systems and can be considered an effective approach in ecological management. This
contributes to sustainable production, food security, and improvements in environmental characteristics.

Keywords: Amylose content, Fertile tillers, Gel consistency temperature, System of rice intensification
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Table 1- Meteorological information from the synoptic station where the experiment was conducted in the 2021-2022 and
2022-2023 growing seasons
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Table 2- Characteristics of rice planting systems in the field
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Table 4- Analysis of variance (mean of squares) for growth traits of rice seedlings influenced by cultivation systems under
nursery conditions in the 2021-2022 and 2022-2023 growing seasons

ey (ke
S palio &3l as o Mean of squares
S.0.V df aalS Job FEPURNCY by y Dgd5 Gos Ay y ylad
Seedling length  Stem diameter  Depth of root penetration  Root diameter
Lo
J 1 1.71m 0.144ms 0.499m 0.0007"
Year (Y)
b s 6 0.398 0.044 0.117 0.001
r(y)
S glaplas *ox . ok o
. 2 429 0.754 90.8 0.083
Planting systems (P)
YxP 2 1.09m 0.049m 1.10™ 0.0006"
Sl 12 0.173 0.038 0.087 0.001
Total error
Sl e 1.90 5.13 3.23 8.00
CV (%)

)3 Ko Jlosn] gaws )3 (gyI> xe 9 (5yI3 e pis i FFG NS
" and **: indicate non-significance and significance at the 1% probability level, respectively.
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Table 5- Mean comparisons for the effects of planting systems on the characteristics of rice seedlings in the nursery in the
2021-2022 and 2022-2023 growing seasons

CuiS Sl g Job JERA autyy b
Planting systems Stem length (cm)  Stem diameter (mm)  Root diameter (mm)
g oS 245 4.12 0.52°
Ecological intensification
|
g 20.4° 3.60 0.50°
Intermediate
|
& 19.8° 3.5 0.33
Conventional

ol 3oy g Jloin] g 13 S 9051 (bl b cize gl pae odimd s aslie (g y> %
* Similar letters indicate no significant difference based on the Duncan test at the 5% probability level.
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Fig. 1- Mean comparisons for interaction between effects of year and planting systems on the root penetration of rice
seedlings under nursery conditions in the 2021-2022 and 2022-2023 growing seasons
2l ol €S 5 lawlgis pllas :IS «j9)gS] (gjlwo i pllas :SRI
SRI: System of rice intensification, IS: Intermediate system and CS: Conventional system.
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Table 6- Analysis of variance of rice growth traits under the influence of cultivation systems in field conditions in the 2021-
2022 and 2022-2023 growing seasons

Ol o (Sl
Mean of squares

@
WWETIP 19 . W asdiww dlasi ) 3 Slos 3 ,Slos s
”:o_c\a/ &33! s adgd Job o) doy dlan . . ol
df S Panicle Number of fertile ) I Cudld
Number of unfilled length tillers Biological Grain Harvest index
spiklets yield yield
Ju 1 9.29™ 960™ 0.375"™ 0.007" 0.001™ 0.700m™
Year (Y)
o ol 6 0.061 0.017 0.153 0.004 0.001 0.506
Error (Y)
Planting systerms 2 465~ 116" 884" 8.95" 0.384™ 626
)
YxP 2 5.40™ 0.736™ 1.50™ 0.0004"s 0.0003m 1.82m
S oles 12 0.124 0.036 0.111 0.001 0.0003 2.58
Total error
Sl 5.92 0.717 1.86 2.14 3.15 4.18
CV (%)

Daoyd o Jlos] pdaw 3 ()b me g (5yId xe pae sy KK NS
" and **: indicate non-significance and significance at the 1% probability level, respectively.
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Table 7- Mean comparisons for growth traits of rice affected as planting systems in the field seasons

Culs’ sl g2 swazdi awigs Job W2 53 sk dxy dlas
Planting systems Unfilled clusters (%) Panicle length (cm)  Number of fertilized tillers (No.plant)
S| il 3,53 30.3° 29,50
Ecological intensification
el 6.05° 26.20 14.2b
Intermediate system
&b 8.19° 22.8° 9.36°

Conventional system

ol 2oy gy Jlosnl g > 5S5IS ygl il I xe Coglis s sdims L aliie Gy > (giw p ,
* Similar letters indicate no significant difference based on the Duncan test at the 5% probability level.
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Table 8- Mean comparisos for effects of planting systems on biological yield, paddy yield, and harvest index of rice

CwiS ol g § 3 ySdos 4l 3 ,Slos Cudld g ol
Planting systems Biological yield (kg.ha') (kg.ha') Grainyield Harvest index (%)
d“"_j’j 5 ‘ ‘”l‘“f"_‘u . 29000 83002 28.6°

Ecological intensification
bely » 12000° 5500P 45.82
Intermediate
&) 9400° 3900° 415
Conventional

ol 2oy gy Jlosol g 13 5S5I ygl bl I xe oglis pas oximd LS alie g
* Similar letters indicate no significant difference based on the Duncan test at the 5% probability level.
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Table 9- Analysis of variance (mean of squares) for rice quality traits influenced by cultivation systems under field conditions

©la e nbe
i aalio &3l as yo Mean of squares
S.0.V df 59l duoy O AV 5 b o
Amylose percentage Gelatinization
S 3 0.0207 0.01™
Replication
i slapls 2 1.02* 0.35%*
Planting systems
s 6 0.09 0.02
Error
et e 1.36 4.34
CV (%)
CulS sl 9ol a0y O WY 0y
Planting systems Amylose (%) Gelatinization
&59595‘ Silwed pid _ 22672 3.652
Ecological intensification
bly 2> - 22.05% 3.13
Intermediate
&) - 215 3.00°

Conventional

A o )d S g hoyd gy Jlein] w3 (600 gize g (gD size pas 0xBO LS (T Sy sk g % NS

)5 gyl dme gl P < 0.05 g)b pixe gaw p3 S ygeil Lolelp )l et ya y3 dlie B S JBlis &S olapSibe #
ns, *, **: representing non-significance and significance at the 5% and 1% probability levels, respectively.
* Means with at least one similar letter in each column are not significantly different based on the Duncan test at p < 0.05.
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Table 10- Correlation coefficients between quantitative traits and quality of rice affected different planting systems
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Traits Unfertilized ~ Panicle  NUMPeT 0T Biological  Paddy  Harvest ercentage  Celatinization
- productive - - - p )
spiklets length . yield yield index
tillers
Sop gloazlin
Unfertilized 1
spiklets
Panicle length
295k sladomy dlass
Number_ of -0.88** 0.97** 1
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ey 3 Nas
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**and *: are significance at the 1% and 5% probability levels, respectively.
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Introduction

Chickpea (Cicer arietinum L.), a cool-season legume, plays a vital role in sustainable agriculture and human
nutrition due to its high protein content and nitrogen-fixing capacity. It contributes to crop rotation systems by
suppressing weeds, reducing soil-borne diseases, and enhancing soil fertility. In regions with heavy-textured
soils and high water-holding capacity, chickpea is typically sown in late autumn or early winter when soil
moisture is adequate. Cultivated in over 56 countries, chickpea is often grown in semi-arid to arid environments,
where abiotic stresses such as drought and cold limit its productivity. Its reproductive phase is especially
sensitive to environmental stressors, making sowing date a crucial determinant of yield performance. Early
sowing may extend the growth period and improve biomass accumulation, whereas late sowing can expose the
crop to terminal drought. This study aimed to identify the optimal genotypes and planting dates for maximizing
growth and yield under the cold and dry conditions of northwestern Iran.

Materials and Methods

The experiment was conducted during the 2019-2020 cropping season in Khusheh Darreh village, Saqqez
County, Kurdistan Province, Iran (36°22'N, 46°34'E; 1502 m a.s.l.). A randomized complete block design
(RCBD) with three replications was employed, evaluating five chickpea genotypes—including ‘Adel’ and
‘Mansour’—across five sowing dates: November 6, February 11, March 10, April 29, and May 22. Soil samples
were collected at two depths (0-30 cm and 30-60 cm) for analysis of physical and chemical properties, and
average climatic data were recorded. Morphological traits such as plant height, number of secondary branches,
and number of pods, along with physiological indices including green emergence percentage, biological yield,
seed yield, and harvest index, were measured.

Results and Discussion

@ Authors retain the copyright.This is an open access article distributed under Creative
Commons Attribution 4.0 International License (CC BY 4.0).
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Sowing date and genotype significantly affected all measured traits. The highest green emergence (82%) was
recorded for the April 29 sowing date, whereas sowing in early December resulted in lower emergence due to
cold stress. Late May sowing led to poor establishment caused by water stress. The February 11 sowing date
produced the highest grain yield (652 kg/ha) and harvest index (48%), attributed to an optimal combination of
growing season duration and favourable environmental conditions. Genotypic differences were evident, with
‘Adel’ and ‘Mansour’ performing best under early sowing conditions, reflecting their superior tolerance to cold
and extended vegetative growth. Late sowing restricted plant development and yield due to a shortened growth
period and terminal drought. Early sowing (in the absence of frost damage) allowed for prolonged growth,
improved utilization of light and moisture, and more effective resource allocation, enhancing both vegetative and
reproductive traits. Pod number and seed number were identified as key determinants of yield, consistent with
previous findings. Environmental stress during the flowering and pod development stages resulted in an
increased number of empty pods and reduced seed weight, highlighting the importance of aligning crop
phenology with climatic conditions. The study also confirmed that Desi-type chickpeas exhibit greater resilience
to abiotic stresses compared to Kabuli types. Tailoring sowing dates to genotype-specific growth patterns and
climatic forecasts is essential for sustainable chickpea production in cold and water-limited regions.

Conclusion

This research emphasizes the critical role of sowing date in optimizing chickpea performance under cold, dry
agro-climatic conditions. Among the treatments, sowing on February 11 combined with genotypes such as
‘Adel’ and ‘Mansour’ resulted in superior growth and yield. The findings highlight the importance of location-
specific agronomic planning that integrates genotype selection with optimal sowing time. These results offer
practical recommendations for enhancing chickpea productivity in highland areas prone to cold and drought
stress. Future research should investigate the physiological mechanisms behind genotype responses and explore
integrated crop management strategies for further yield stabilization.
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Table 1- Physico-chemical analysis of the experimental site soil

<l gl wop> EC pH Organic C (%) JI )5 Ojore s ety
Texture Percent saturation N(%) P((%) K(%)
(Bogie) (oo 529 45 134 781 0.97 0001 /84 345

Silty clay loam (medium)
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Table 2- Meteorological statistics of the research farm in the 2019-2020

Ol gl Sl Gl gl gles ) S S S
Average Monthly sl Sk e :w o . .
sl 5 Jlw monthly absolute Average Gl oINS Szib ml\l:;:::;y
temperature temperature Average )
Yt eo) (O numidityo) oMY evaporation  Svaporaion
Bl S Bl Sl Plas Sl (mm) fro:r‘liﬁz)p‘
Min Max Min Max Min Max i
LY NP
October 71 193 44 274 18 63 10.8 4.4 1316
2019
A oLl
November 15 172 15 19 57 79 22.9 1.3 428
2019
QA 3]
December 48 52 78 118 58 90 67.2 0 0
2019
A 6o
January 59 43 127 95 51 87 91.2 0 0
2020
N e
February -119 32  -189 99 56 89 69.4 0 0
2020
A Wil
March -63 47 -11.8 135 53 81 95.2 0 0
2020
W owes s -2.3 15.3 -4 19.5 41 77 70.3 25 49.7
April 2020
W et 5.9 24.2 4.2 26.3 35 73 47.2 5.4 154.2
May 2020
44 sls >
9.1 29.6 9 31.4 28 63 34 7.9 226.4
June 2020
a9 L5
12.9 25.6 10.9 38 22 58 0 8.3 275.6
July 2020
44 sls 0
August 154 267 135 395 19 46 0 9.5 348.1
2020
AT~
September 96 262 113 362 21 61 0 7.3 2185
2020
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Table 3- Analysis of variance (ANOVA) for morphological traits of chickpea genotypes under different sowing dates

o a2 4D ad L dlasy s . 5 ySlos 3L
L e TR sy B i i gy o=
i leo el rEm 4 ITTON dilaSles 45 Cudls
SOV $d5 © Plant o Ay 100-seed . yield @i 2589 %
O f Field height ~ Secondary Pods/plant ~ Weight Biological ~ Harvest
emergence branches yield index
R )Iljgvt 2 2.00m 19.94™ 1.78m 53.62" 0.01™ 4108.89™  110011.67"™ 28.21™
eplication
S&“S_K @d)bt 4 8584.77** 568.97** 42.97* 4129.28**  147.59** 865551.69** 681826.67** 1109.43**
owing date
j.ol ‘:UQ; 8 356.86 8.51 6.31 83.55 0.01 7946.20 11130.42 272.94
ain error
v p':t'e 8 1200.9**  240.31** 31.86** 684.58**  1313.86** 61552.80** 40924.17*  223.35**
arieties
d) ) CuiS )l

Sowingdate x 32  327.21**  19.10**  ns2.97 ns88.18  14.20%*  14700.66** ns18863.23 121.23*
genotype

Aok g, 56.91 6.98 5.92 7213 0.01 3086.607  17817.92 64.07
Sub error
e ol 10.31 9.47 31.96 2431 0.24 16.49 25.69 22.28
CV (%)

N g ol e )3 o e )5 Gxe pé oS s ok NS
**ns, *, and **: indicate non-significant, significant at the 0.05 level, and significant at the 0.01 level, respectively.
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Fig. 1- Comparison of average chickpea cultivars under the effect of different sowing dates on chickpea germination
percentage
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Means, followed by similar letters, are not significantly different at the 5% probability level- using Duncan's Multiple Range Test.
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Fig. 2- Comparison of average pea height under the influence of different sowing dates and cultivars
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Means, followed by similar letters, are not significantly different at the 5% probability level- using Duncan's Multiple Range Test.
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Fig. 3- Comparison of the average number of chickpea side branches in different sowing dates
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Means, followed by similar letters, are not significantly different at the 5% probability level- using Duncan’s Multiple Range Test.
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Fig. 4- Comparison of the average number of secondary branches in different chickpea cultivars
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Means, followed by similar letters, are not significantly different at the 5% probability level- using Duncan's Multiple Range Test.
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Fig. 5- Comparison of the average number of pods per pea plant in different sowing dates
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Means, followed by similar letters are not significantly different at the 5% probability level- using Duncan's Multiple Range Test.



