bLa: F--A-YYIY (18 gk oslad)

Yl oiges

e il ) o 3 Koz 8 3h SIAALE e ) £ 8 5! Gl SEE e gla y gl Sl AT AT G
I_...-r_ﬁ.'l..I.-.h.-l-]J\{;ﬂ#huﬂ"ﬂmdﬁ-}‘jw1dﬁﬁi“h;#ﬁ;;ﬂ#

o= sl o (Cyamapsis fetragonofoba L.) slaf balie o283 0los (gl g 3 flas | b jof
D38 el wdliee - abow ga (Flilkiscus sabdariffo L.}
PTFRER. < e et gl 5 Sl e dm g (5203 e el i

£00 ey 0 g i35 Lyl oh 52 (Oryra sativa L) gy A5 § A7 Sl P e g dmald uly p o8 Ll Slapl W6
T gy e e s e ) e el

(Cicer arfefimun L.) a5 plial dils 3 loe clil 82 Flae o polilic 3 Dilho dallban
e Ll ol 53 S8 B ST sad

bl e i g e e e g el Ol e el il | ]

S it 33 plis 8 pheed 0358 30wt g1 o S |l pad St e § el T g il 5
(Vigna unguicalara L.} Jdd pese Lugd 2033
o -:.-Allll Jals R i-.l__l el "E-I; I_ILI_J;J;-II n.‘j-_.l-!l‘ B i

ot 13k g (Plamtago ovata Forsk.) o) ! (§iaed g Sl o ls g 3 Ko (81501 03 Kl b 35!
! 3 Lo gloue Zon8” i o5 (Arachis hypogaea L)
e n g Lol e e sl 4 o 8 B 6 g

13 3 Cloe 5 Slns (513 s Jplgh e Slo 7 23 i 5 1 TE G2 plon 3 S TF 55 1 s
{Phasealus vulgaris L. ev. Pinto) gz it 33 o Jpas T30 9
i 3155 58T g et i (IR e il e (e ) K el ) e

EAY o (2bT 2l 8 iglgl) Sloess Sl 32 (Beta valgaris L.) o jucie 5l pliyl 3 3 9 3 Slos 4 i Dleosas | bl
e

Wilassles b togln Son8” 33 (Alinm sativim L.) peo Sl S 38 3l 083 Ko g S2 gl 555 § lasud
oA Nigella sativa L)
s ey o] e i) el iy gulgallin Lgigie ST Lo e o By s s e




(4olLad) (S5 y9Ls™ wlil poy 4 43

Agan (w99 y ol
Ol BLG 51 9 =T 8 D159 1 AV/ATA 45550 A1/TY010 dilg p oyl b
S29Ld 9 Ol pode D159 3TAR/A/A 45550 AV/T/1Y/OTEVA ojled g (ole 4> 50

Bl pL m" ode T phd 4 A oode Tas 50 (81510 Db pid Al TN Lo B e D139 dguan bl g

V4% 3wl Yo slosd 1Y ol
.L«.:aw,;)éolixlaz)éﬁgjlﬁ:al o=>lo

At 53 o8N (63551 0uSCils sl LS plgs 73 1 S ghue ke

dgte o33 ol (5 )y sl 0uSCiils slaul phe Slgdy 3y 7S5 1 g g

Agrin 33 o831 06355158 aSCisls HLsils o dsp 5 g ST 1 S ke

(LT B9 > o ) 4 o8 i (Slias!

3B s 58 o&ils S 5y 5l 4l ;57

Syl Gimes oSl (655518 0aStils sl ¢ Ko 25 o ;ST

U5, oaits ( ALE p sl 0aSCiils ¢ any sl ¢ JS g dasma 575

ol rb lins (655188 p ke o ils sl ¢ 285 0 Al Cean ST

OWIT en 8" s s oBtils  Sins 5 syl ol 55

dgta 53 b oSS (6355l 0uSils LIS o3 05 g ST

S o1 (6355187 oSl sl dmnd (Stama L3 Jsle S

dgia opd b oSS (65,58 0dSils calial  Sauly S 5S>

At 53 oSS (6555l 0dSCuils ealul o Slsdy s S

Sy Ol 3 (65,5l Dlidss S e ookl (gobT L2d ol el S

o odomze VLI 5SG 1S0 55 ol bl ¢ pwledn Slinj dnws S

A &M S o8ty (o155 0bLS 5 &S ple o5 8 S ple Siash odials doam S
L ¢ S REE ;Jf\::,- pske 05,5 (she dual S
otfjf@,,bcuﬁj‘55)}\;:5“1;ati.:;uut,du;dﬁu.x:;;;;

STl o8l (65 55LaS” 0lSLisls e3liml ) 43l 3 guate ;ST

At 33 o815 (655 5aS” oSl eolal LS pligs ST

Sl b mlie 5 (65,58 ol s ekl (W (65110 Loy o 5S>

r3 st o5k 5 b i o8I (2 ke 05 Tltils (s3lite Gbae ol s
dgia o33 b ol (635 5LaS” 0uSLisls ol ¢ SMoun (5 i (e ST

G §353LST i o g 255 85 ¢ ol D 25 G 1 (655557 0dSCs cgtin w33 o5 eys  ¢633T Olke cogtn 2 SIS
WOV

OV-FAVAVFY : plod COV-FAALFEOF 1 pald
https;//agry.um.ac.ir :oebw w1 agroecology@um.ac.ir : g S g

g0 0 lod g3 SO 90 4 4 g
DOAJ, CABI, Google Scholar, AGRIS, Internet Archive, Ebsco, Europub
(MAGIRAN) 5gis™ Db yi5 OleMbo! &3 ¢ (ISC) p3k! Olg (S8l ol b

Sl 0l dlod fols”™ Ao 9 5900 4 https:/fagry.um.acir colbw 38 osled oyl SYGo


mailto:agroecology@um.ac.ir
https://agry.um.ac.ir/

my

YAY

£Yy

£¢)

toy

$Yo

£y

o\

Sl pois” 3 ;Khos § 5 B Sile () £ 3 ST 495 LS (umex 2bg » bewd G AT ST ST

2 omn 5 0L el ((FVomn (s (S g ¢ 2l ol gy S o

Hibiscus sabdariffa ) &y sl ¢ (Cyamopsis tetragonoloba L.) g5 balse cuis™ o Khoe (Sl32! 9 & Khos (b 35
039y Alisro & glaw o (L.

3503 Sl 2l 5 GaUT e A5 (5253 58 ol dams

4y 9 41 Lyl yh 5o (Oryzasativa L) @@y A 9 o ST 39 9 4l wl) » Sulf” Ciliso Slaplls G

Sl ST s s (So S LS e (s p 5 s 08 el sanin ool

bl 5o cuis” Gyl 1 e (Cicer arietinum L.) sgsu pByl 410 3 Shos (S1321 § 8 5o ( wbidodu ) Olio e
e

Sasl o b 5 5 o 5 Ol Ol o315 Jomans!

e gt (F15)5 S 38 mully § aud (O35 DI 3 5B Sl gliowd pE Sy ke 9 bl LT E95 (b3
(Vigna unguiculata L.) b

by Jole 5y 4T el (il lttied oS Ao

Arachis ) g plob 9 (Plantago ovata FOrsk.) o) awl Gumdgw S yasles 9 o Xle ©lizl Ko b3y
o[ bglsee Cls” piuaw 5o (Nypogaea L.

o0 L3 gon e b 3l (o S K5 S g 580 e

T 5 619 3 Shoe 8 Khos Slirl 2 Iglgdrge G T 39 2 Mol 2-TE (Hh sl 5 SoTes” 45 F1 (owsp
(Phaseolus vulgaris L. cv. Pinto) uz Wl 58 ST B yae

i35 3T 5 galsdl deam (65 e sl (831 o e ¢ Siac e Al el Sl g

(LTl 9 Wiglg) Ol bl o (Beta vulgaris L.) wid ywie skxi pBl 31 S 9 3 hos § S Dlogas 23!
3258 ok 5 0o 050 ¢ S3LT G dl Jy ¢ (6) 5t el

dlaabw b bale cuis™ 58 (Allium sativum L.) pw B S 59 31 (S92 9 3 Mee p bl b9y § bows I
(Nigella sativa L.)

P8 e 5 abT OBl (il ol ot tgallibs csibgtin I LS e Bg s )ls 5 b






Journal of Agroecology
Homepage: http://agry.um.ac.ir i

Research Article
Vol. 17, No. 3, 2025, p. 361-379

Effects of Chemical Pesticides on Weeds Population Dynamics, Species Richness
and Biodiversity and Yield of Winter Wheat

Hossein Karimpour?, Ahmad Nezami‘*'**, Mehdi Nassiri Mahallati‘*'1, Amir Lakzian"*'?2 and Mohammad
Farsi':3

1- Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran

2- Department of Soil Science, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran

3- Department of Biotechnology and Plant Breeding, Faculty of Agriculture, Ferdowsi University of Mashhad,
Mashhad, Iran

(*- Corresponding author's Email: nezami@um.ac.ir

How to cite this article:

Karimpour, H., Nezami, A., Nassiri Mahallati, M., Lakzian, A., & Farsi, M. (2024).
Effects of chemical pesticides on weeds population dynamics, species richness and
biodiversity and yield of winter wheat. Journal of Agroecology, 17(3), 361-379.
(In Persian with English abstract) .https://doi.org/10.22067/agry.2025.47471

Received: 01-02-2019
Revised: 06-03-2019
Accepted: 06-03-2019
Available Online: 26-11-2025

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.

IYAY QY el5 o 53 gl Jlos 51 g 52 Sladle Suts (39 9 0515 52 oS le 5T =1 oo
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

References

1.

Abdzad Gohari, A., Amiri, E., & Majd Salimi, K. (2011). Yield evaluation and water use efficiency in peanut
(Arachis hypogaea L.) under different levels of irrigation and nitrogen fertilizer. Journal of Water Soil, 25(5), 994-
1004. (In Persian with English abstract). https://doi.org/10.22067/jsw.v0i--.11207

Alizadeh, Y., Koocheki, A., & Nassiri Mahallati, M. (2010). Investigation of growth characteristics, yield, yield
components and potential weed control in intercropping of bean (Phaseolus vulgaris L.) and vegetative sweet basil
(Ocimum basilicum L.). Journal of Agroecology, 2, 383-397. (In Persian with English abstract).
https://doi.org/10.22069/ejcp.2022.19011.2417

Araghian, S., Sadrabadi Haghighi, R., Ghasemi, M., & Sohani Darban, A.R. (2022). Yield response and
intercropping index of Quinoa and Guar medicinal plants to different ratios of intercropping in Mashhad
condition. Crop Production Journal, 14(4), 85-104. (In Persian with English abstract).

Arshadi, J., & Asgharipour, M.R. (2011). The Effects of seed size on germination and early seedling growth of
pelleted seeds of sugar beet. Journal of Applied Sciences Research, 7(8), 1257-1260.

Arshadi, M.J., Khazaee, H.R., & Kafi, M. (2008). Effect of nitrogen topdress fertilizer application by using
chlorophyll meter on yield and yield components of potato (Agria cv.). Agricultural Research, 8(1), 33-45. (In
Persian with English abstract).

Arshadi, M.J., Khazaee, H.R., Nassiri Mahallati, M., & Agheli, O. (2010). Evaluation of effects of some important
agronomic traits on potato yield and possibility determining of required time of potato crop to nitrogen fertilizer
levels by chlorophyll meter. Journal of Agroecology, 2(1), 231-142. (In Persian with English abstract).

Arshadi, M.J., Parsa, M., Lakzian, A., & Kafi, M. (2021). Evaluation of root traits of chickpea (Cicer arietinum L.)
under treatments of rhizobium, arbuscular mycorrhiza and pseudo-endomycorrhiza on conditions of sterilized and


https://doi.org/10.22067/jsw.v0i--.11207
https://doi.org/10.22069/ejcp.2022.19011.2417

¥4

ceelgF baloo culs 8 ySdos gl52 g 0 Soe b 55l o]y K02 9 509090

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

non-sterile soil. Journal of Crop Science Research in Arid Regions, 2(2), 241-254. (In Persian with English
abstract). https://doi.org/10.22034/csrar.2021.268645.1080

Bargaz, A., Isaac, M.E., Jensen, E.S., & Carlsson, G. (2015). Intercropping of faba bean with wheat under low
water availability promotes faba bean nodulation and root growth in deeper soil layers. Procedia Environmental
Sciences, 29, 111-112. https://doi.org/10.1016/j.proenv.2015.07.188

Ehsani Pour, A., Abbasdokht, H., Gholi Pour, M., & Mashhadi, A.R. (2019). Evaluation of water productivity and
some quantitative and qualitative traits of sugarcane in intercropping with legumes. Journal of Crops
Improvement, 21(3), 223-246. (In Persian with English abstract). https://doi.org/10.22059/jci.2019.276206.2168
Fotohi-Chianeh, S., Javanshir, A., Dabbagh Mohammadi Nassab, A., Zand, E., Razavi, F., & Fotohi-Chianeh, E.
(2012). Effect of various corn (Zea mays L.) and bean (Phaseolus vulgaris L.) intercropping densities on crop yield
and weed biomass. Journal of Agroecology, 4(2), 131-143. (In Persian with English abstract).

Gao, Y., Duan, A, Sun, J., Li, F.,, Liu, Z, Liu, H., & Liu, Z. (2009). Crop coefficient and water - use efficiency of
winter  wheat/spring  maize  strip  intercropping. Field Crops  Research, 111, 65-73.
https://doi.org/10.1016/j.fcr.2008.10.007

Ghorabaei Toghrekan, Z., Aein, A., Afshar Manesh, G., Alavi Siney, M., & Shirzadi, M.H. (2022). Effect of
different levels of nitrogen and phosphorus on growth and yield of guar plant (Cyamopsis tetragonoloba L.) under
varied planting row spacing in Jiroft's climate. Applied Research in Field Crops, 34(4), 119-143. (In Persian with
English abstract).

Goldani, M., Zare, H., & Kamali, M. (2016). Evaluation of different levels of nitrogen and phosphorus fertilizers
on shoot and root characteristics of Echinacea purpurea. Journal of Horticultural Sciences, 30(3), 366-375. (In
Persian with English abstract). https://doi.org/10.22067/JHORTS4.V3013.26615

Hauggaard-Nielson, H., & Jensen, E.S. (2001). Evaluating pea and barley cultivars for complementarity in
intercropping at different levels of soil N availability. Field Crops Research, 72(3), 185-196.
https://doi.org/10.1016/S0378-4290(01)00176-9

Hema, Y., & Shalendra, A. (2014). An analysis of performance of guar crop in India. Guar cultivation practices.
p.17-31 Prepared by CCS National Institute of Agricultural Marketing and Jaipur for the United States Department
of Agriculture (USDA), New Delhi.

Heydari, H., Dahmardeh, M., & Khomri, E. (2019). Evaluation of production in intercropping of roselle (Hibiscus
sabdariffa L.) with cowpea (Vigna unguiculata L.) in replacement series. Iranian Journal of Field Crop Sciences,
50(3), 157-167. (In Persian with English abstract).

Hossieni Nezhad, N. (2021). Effect of different levels of drought, ascorbic acid and calcium on some morpho-
physiological and biochemical traits of Cyamposis tetragonoloba. M.Sc. Thesis, Faculty of Biology, University of
Sistan and Baluchestan, Iran. (In Persian with English abstract).

Khoshouei, Z., Ashouri, M., Doroudian, H.R., Amiri, E., & Mohammadian Rowshan, N. (2022). Effect of
irrigation management, municipal waste compost and nitrogen fertilizer on seed yield and some morpho-
physiological traits of peanut (Arachis hypogaea L.). Journal of Crop Science Research in Arid Regions, 3(2), 339-
357. (In Persian with English abstract). https://doi.org/10.22034/CSRAR.2021.296728.1109

Koocheki, A., Nassiri Mahallati, M., Mondani, F., Feizi, H., & Amirmoradi, S. (2009). Evaluation of radiation
interception and use by maize and bean intercropping canopy. Journal of Agroecology, 1, 13-23. (In Persian with
English abstract). https://doi.org/10.22067/jag.v1i1.2650

Lack, S., Kermanshahi, M., & Noryani, H. (2015). Changes in leaf area index, yield and yield components of green
bean (Phaseolus vulgaris) with the application of zinc sulfate and nitrogen. Journal of Crop Ecophysiology, 4,
599-610. (In Persian with English abstract).

MacMillan, J., Shrestha, R., Adams, C., Hinson, P.O., & Trostle, C. (2021). The root system of guar: Spatial and
temporal analysis of root and nodule development. Annals of Applied Biology, 179(3), 278-287.
https://doi.org/10.1111/aab.12697

Majnoon Hosseini, N. (2015). Cultivation and Production of Legumes. Jahad University Publication of Tehran. (In
Persian).

Mirza Shahi K., Nejad, A.P., & Omidvari, S. (2017). Effect of crop rotation and management of nitrogen and crop
residue consumption on maize yield of single cross 704 cultivar and some soil chemical properties. Iranian
Journal of Soil Research, 30(2), 115-124. (In Persian with English abstract).


https://doi.org/10.22034/csrar.2021.268645.1080
https://doi.org/10.1016/j.proenv.2015.07.188
https://doi.org/10.1016/j.proenv.2015.07.188
https://doi.org/10.22059/jci.2019.276206.2168
https://doi.org/10.1016/j.fcr.2008.10.007
https://jhs.um.ac.ir/article_35586_85141839ec7d7cee4ddf9c641fa0ffb8.pdf?lang=en
https://jhs.um.ac.ir/article_35586_85141839ec7d7cee4ddf9c641fa0ffb8.pdf?lang=en
https://doi.org/10.22067/jhorts4.v30i3.26615
http://dx.doi.org/10.1016/S0378-4290(01)00176-9
https://doi.org/10.22034/CSRAR.2021.296728.1109
https://doi.org/10.22067/jag.v1i1.2650
https://doi.org/10.1111/aab.12697

\F-¥ ).ub Yoyl Y ol (55 9lis 5.»‘»..» P9 A yuad A\

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Momen-Keykha, M., Khammari, |., Dahmardeh, M., & Forouzandeh, M. (2018). Assessing yield and
physiological aspects of guar (Cyamopsis tetragonoloba L.) and sunflower (Helianthus annuus L.) intercropping
under different levels of nitrogen. Journal of Agroecology, 9(4), 1050-1069. (In Persian with English abstract).
https://doi.org/10.22067/JAG.VV914.51084

Moosavi, Gh., Javadi, H., Seghatoleslami, M.J., & Salaviti, M. (2020). Effect of nitrogen and plant density on
morphological traits and yield components of roselle (Hibiscus sabdariffa L.) in Iranshahr climatic conditions.
Journal of Horticultural Plants Nutrition, 3(1), 105-120. (In Persian with English abstract).

Mostafavi Rad, M., Nobahar, A., Gholami, M., Ajili Lahiji, A., Bonyadi, I., Adibi, Sh., Rahimian, M.R., &
Akbarzadeh, E. (2016). Quantitative and qualitative response of peanut (Arachis hypogaea L.) to starter nitrogen
application. Journal of Oil Plants Production, 2(2), 59-75. (In Persian with English abstract).

Nasrollahzadeh, A. (2017). Effects of nitrogen and phosphate biofertilizers on morphological and agronomic
characteristics of sesame (Sesamum indicum L.). Open Journal of Ecology, 7, 101-111.
https://doi.org/10.4236/0je.2017.72008

Pathak, R., & Roy, M.M. (2015). Climatic responses, environmental indices and interrelationships between
qualitative and quantitative traits in cluster bean (Cyamopsis tetragonoloba L. Taub.) under arid conditions.
Proceedings of the National Academy of Sciences, India Section B: Biological Sciences, 85(1), 147-154.
https://doi.org/10.1007/s40011-013-0269-4

Rahemi, M. (2004). Pollination and Fruit Formation. Publication of Shiraz University, Shiraz, Iran. (In Persian).
Salvagiotti, F., Cassman, K.G., Specht, J.E., Walters, D.T., Weiss, A., & Dobermann, A. (2008). Nitrogen uptake,
fixation and response to fertilizer N in soybeans: A review. Field Crops Research, 108(1), 1-13.
https://doi.org/10.1016/j.fcr.2008.03.001

Sarmad Nia, Gh.H., & Koocheki, A.R. (2013). Crop Physiology. Tehran University Publication. (In Persian with
English abstract)

Schlemmer, M.R., Francis, D.D., Shanahan, J.F., & Schepers, J.S. (2005). Remotely measuring chlorophyll
content in corn leaves with differing nitrogen levels and relative water content. Agronomy Journal, 97, 106-112.
https://doi.org/10.2134/agronj2005.0106

Sepahrom, A., & Moosavi, S.G. (2016). The effect of irrigation and nitrogen levels on morphological traits yield
and yield components of roselle (Hibiscus sabdariffa L.). Iranian Journal of Medicinal and Aromatic Plants,
32(3), 436-449. (In Persian with English abstract).

Sepideh Dam, S., & Ramroudi, M. (2015). The effect of tillage and nitrogen fertilization systems on vyield, yield
components and grain protein of wheat. Journal Plant Ecophysiology Applied Research, 2(2), 33-47. (In Persian
with English abstract).

35. Shahbazi, M., Khodaei-Joghan, A., Moradi-Telavat, M.R., & Moshatati, A. (2021). Effect of simultaneous and

36.

37.

38.

39.

40.

41.

overlapped intercropping ratios on essential oil yield of peppermint (Mentha piperita L.) and forage quality of
guar (Cyamopsis tetragonoloba L.). Iranian Journal of Crop Sciences, 23(2), 127-141. (In Persian with English
abstract). https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.3.9

Shahghasi, M., Seghatoleslami, M.J., Moosavi, G.R., & Nakhaei, F. (2023). To study the effect of irrigation, plant
density and salicylic acid on yield and yield components of guar (Cyamopsis tetragonoloba L.). Journal of Crop
Science  Research in  Arid Regions, 4(2), 487-502. (In Persian with English abstract).
https://doi.org/10.22034/CSRAR.2023.326353.1184

Singh, S.K. (2014). An analysis of guar crop in India. Report prepared by NIAM, Jaipur for the United States
Department of Agriculture (USDA), New Delhi.

Singla, S., Grover, K., Angadi, S., Begna, S., Schutte, B., & Leeuwen, D. (2016). Growth and yield of guar
(Cyamopsis tetragonoloba L.) genotypes under different planting dates in the semi-arid southern high plains.
American Journal of Plant Sciences, 7(8), 1246-1258. https://doi.org/10.4236/ajps.2016.78120

Taiz, L., & Zeiger, E. (2010). Plant Physiology. 5" ed. Sinauer Associates. Inc. Publishers. Sunderland,
Massachusetts, USA. 782 p.

Timothy, E.L., & Futuless, K.N. (2014). Influence of sowing date and different levels of nitrogen fertilizer on the
performance of roselle (Hibiscus sabdariffa L.) in Nigeria. Research and Reviews: Journal of Agriculture and
Allied Sciences, 3(1), 5-8.

Tran, T.T., Kano-Nakata, M., Takeda, M., Menge, D., Mitsuya, S., Inukai, Y., & Yamauchi, A. (2014). Nitrogen


https://doi.org/10.22067/JAG.V9I4.51084
https://doi.org/10.4236/oje.2017.72008
https://doi.org/10.1007/s40011-013-0269-4
https://doi.org/10.1016/j.fcr.2008.03.001
https://doi.org/10.2134/agronj2005.0106
https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.3.9
https://doi.org/10.22034/CSRAR.2023.326353.1184
https://doi.org/10.4236/ajps.2016.78120

¥

ceelgF baloo culs 8 ySdos gl52 g 0 Soe b 55l o]y K02 9 509090

42.
43.

44,

application enhanced the expression of developmental plasticity of root systems triggered by mild drought stress in
rice. Plant and Soil, 378, 139-152. https://doi.org/10.1007/s11104-013-2013-5

Vandermeer, J.H. (1989). The Ecology of Intercropping, Cambridge. University Press. 297 p.

Yazdan Panah, M. (2016). The effect of different levels of irrigation, sowing date and fertilizer management on
yield and yield components of hibiscus (Hibiscus sabdariffa L.) under Minab conditions. Ph.D. Dissertation.
Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian).

Zare Feizabadi, A., & Emamverdian, A.G. (2012). Effect of mixed cropping on yield and agronomic
characteristics of wheat cultivars (Triticum aestivum L.). Journal of Agroecology, 4(2), 144-150. (In Persian with
English abstract).


https://doi.org/10.1007/s11104-013-2013-5




Journal of Agroecology

Homepage: http://agry.um.ac.ir i

Research Article
Vol. 17, No. 3, 2025, p. 403-419

The Effect of Different Planting Systems on Seedling Growth, Quantitative
Characteristics and Quality of Rice (Oryza sativa L.) in the Nursery and Field
Conditions

Omid Monemi Amiri', Soroor Khorramdel = 2", Alireza Koocheki 2 and Norman Uphoff ~*

1- Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran
2- Cornell University, University of California, Berkeley
(*- Corresponding author's Email: khorramdel@um.ac.ir)

How to cite this article:

Received: 16-03-2025 Monemi Amiri, O., Khorramdel, S., Koocheki, A., & Uphoff, N. (2025). The effect
Revised: 08-07-2025 of different planting systems on seedling growth, quantitative characteristics and
Accepted: 12-07-2025 quality of rice (Oryza sativa L.) in the nursery and field conditions. Journal of

Available Online: 26-11-2025 Agroecology, 17(3), 403-419. (In Persian with English abstract)
https://doi.org/10.22067/agry.2025.92684.1237

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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**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
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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

=2 g kol Bliolas lsiear coiia bl 0Sike 5 Glad
OSlas 5 Gislerd dig ya sly slailg 5 sl ST clacdMe

S o jl dbg o OME )31 5 ool £l5)) pian
ML 3T g sl L)) lgisa gl (ke 5 (65031
g ym ey8 g Jol glasli ol a5 coslal oS



YYV o5 plB )l ails o ySlos 152 9 0 ySihas owlslicnsiy ) wlio axdllao 5o g 015 o

2 Led g consb) LLad I Sl canlio Ll 2929 (imen
ke Jole Lod ol cudS o, pl wiy bilsl g cuslS yloj
)‘ )|)_9 dl)_, aalaio u‘))aw el 9 009 cusls @)LM ‘5]);
el ol il 5 03,5 S50 50 ol 41y 2555 €S oo 5
O g 4 y30 Cu e o lae (pl 50 &S sl o 5 Sles i
sleis Fu s 0 aGS o bl ) e (il canlio cuiS o
Cogby g lga slod 15U cov pl)l Siales ¢ 3 Slas walisee
S e Iy SialS caday 2B &l 5 Slas g Sidles ¢ ueb,
e 4 w.ui “:A.f}‘o) 9 Lo).w oS Lo cu»l.u.o PL’%)| 3D o9
s il 8l an ;e Ol Llis e el g Jolw
(Szczerba et al., 2021; ol jlio jlws Sloj 5 (coulll il pois
S oo Caadl samdlis gulis ! Potopova et al., 2023)
£ 5 cblS Fu,li ol (3 g oo (Sjdilen g 0 )Sles dane
Ol g 35,15 ()l gxe il 2950 ails 3, Shes g il b,

s sk 4y Sl sl S (4l canlie loj

bzl Lol oy aS ol L Weols uil,lg 4500 guls
Gy 3 BN o ST i) o 03 9l Go,b blie 1 g cuslS
33 By ke auslio (Y Jgan) 391 o gxe (g ylel M3 (gl
9uS 55 8y aS 2> L woy glay )| blod I calizes slacuis” g,
T ) joym by 5 Cdll (g e gy yio Bl YO/FF
S sime B3] (aali) (Lol 13, L aS oy oladl 58 4 1y &g
(¥ JSs) cusls

51 ookl b o JolS™ Sauwy loj 55 00,5 b @)S ya (glp o]
is 5 el B Jono 5l iy (5 Sy > coyegio Ko ol
d g cpl bdild uw 3,5 duulore K5elan 5,Sles b L0
3 Shas + 4l ie)] ddoles 5l eslarwl Ly g B4 oyjg g I
3,Slas yonsd (gl ol Cowd 4 sl el [Ve e x (059
sl g iy wd Gygody &) b cladig plad (ol
s L oo 5 il 4l Ly aiges sloaiy 5| ol
sl 5 b o 4l jl ol ol b gy 5 oS (ogaste
©)ygmods (g dlxe @ipopie Vo 3Slos g 0dd (5 pSojll
i adld p gadild 5l uiored b cud g s iSe j0 0 Slee
Ay ashb Ve 59 L aun S ig g e Bokal Cjgody il Ve

L] Cawsd

isolel da3as
isle s 5l ookl b ialesl 5l Juols (claosly o g 4550
Q}oﬂ sl eolazwl b oMiCA.wJA.} sl Sles 0 Pl;u'l SPSS 24.0
damlio 0S5 b doyd iy Jlein! o 53 g oSS gPaeh s

A8 50 ads e 53
Loz )b dlagd) o aS ol lis osld il ls 4y jo0 gl
Anlg 53 A jew dopd 08y 9 Bl ) Jlie ST 5 cls
2 (Y Jsn) 313 3439 o yd S e )d (g5 ize M s
aS 10,8 sanlie calisre slacusS Fu)b o pByl glaodly o)y
i W ol 5 cuiS )b Sl 5 Jole ¢yl T 56
oialS 4 ot Sl pac g 48,8 )15 oy 15 586 oS
Wl o, 5o 00,8 pla)l ol o ashy 5, Slee Wl
doys LU 5 alE) it AR olodys,8 YA 5 0 o WA oloiius
Fsls o Lol il (gl sime M3 prlas dnly )3 (ol S
e Ao pd i by LiD cdeds A slecuiinud )l YY cuss
o LS gl ol (V) JSS) cuily (gl me Golas plB)l oy
olo 1dyg,8 YA cudls 2oyl )0 (i juw doyd o380l 48" sl )]
9 o)l seiS > aler (S3jloy baily S o pie Jddas



\F-¥ ).ub Yoyl Y ol (55 9lis ‘5.»&.:; P9 A yuiad ¥YA

Alise SLCWilS U 45 3950 plB )] awliicsy y Olho (il yly 4550 -Y Jgua
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
S5 (gl ime il Mo yd gy Jlessl prdaw 40 5SS (glately sin g0l (line p sl oo Syt By gl &S pla W Silie
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.
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Introduction

Cowpea (Vigna unguiculata L.) is an annual plant from the legume family. This plant is adaptable to
different climates and can be cultivated in many regions of Iran. Legumes often experience strong competition
from weeds because of their slow early growth rate and limited leaf area development during the initial stages of
growth. Weeds reduce nutrient uptake, make mechanized harvesting difficult, and reduce the quality and
quantity of grain and straw. Therefore, weed control is a key aspect of agricultural production. Chemical control
is not the only solution. The continuous use of herbicides has negative environmental impacts and is not
compatible with the goals of sustainable agriculture. Planting arrangements enhance weed competition by
altering the structure of the canopy. Mulches reduce water evaporation, improve soil temperature, and reduce
competition for water and nutrients. Mulches inhibit weed germination by providing shade, a physical barrier,
and the release of allelopathic substances. They also reduce water evaporation, improve soil temperature, and
reduce competition for water and nutrients. Mulches suppress weed germination by providing shade, a physical
barrier, and the release of allelopathic substances. Despite the great differences in the growth habits of cowpea
species, little is known about the effect of these differences on weed competition. Also, the effect of planting
arrangement and plant mulch on yield and weed competition has not been investigated. Therefore, this study was
conducted to determine the optimum planting arrangement to reduce yield loss and to evaluate the role of mulch
in controlling weeds and their competition with cowpea.

Materials and Methods
This study was conducted during the 2021-2022 growing season at Haft Tappeh Sugarcane Cultivation
Company in Shush, Iran, to evaluate the effects of planting patterns and non-chemical weed control methods on
the uptake efficiency of nitrogen (N), phosphorus (P), and potassium (K) in cowpea (Vigna unguiculata). The
experiment was arranged as a factorial based on a randomized complete block design with three replications. The
first factor was planting arrangement at three levels: (1) single-row planting with 10 cm spacing, (2) double-row
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planting with 20 cm spacing, and (3) triple-row planting with 30 cm spacing. The second factor was weed
management method at six levels: (1) weed-infested control, (2) hand weeding twice (4 & 8 weeks after
emergence), (3) wheat stubble mulch (5 t/ha), (4) wheat stubble mulch + weeding once, (5) sugarcane bagasse
mulch (5 t.hal), and (6) sugarcane bagasse mulch + weeding once. Each plot consisted of 4 ridges, 75 cm wide
and 9 m2 in area. The amount of mulch in each plot was 4.5 kg with an approximate thickness of 5-7 cm. The
mulches were distributed after planting and before the first irrigation (24/07/2022). Cowpea (Mashhadi cultivar)
was planted on 23/07/2022. Mulches were distributed after the first irrigation, when the soil reached its field
capacity, to prevent displacement. Fertilization included 100 kg.ha of phosphorus (triple superphosphate), 100
kg.ha! of potassium (potassium sulfate) as a base, and 40 kg/ha of nitrogen (urea) in two applications (4-leaf
stage and stem growth, 20 kg.ha? each). Weed density and dry weight were measured 4 weeks after the
treatments and at the end of the growth period with a 1x1 m? quadrat. Statistical analysis was performed with
SAS version 9.4, and the means were compared with the LSD test at the 5% level (p < 0.05).

Results and Discussion

The results indicated that the interaction of planting arrangement and non-chemical weed control
significantly affected nitrogen content in shoots (p < 0.05) and phosphorus content in seeds (p < 0.01). The
triple-row planting arrangement exhibited the highest phosphorus content in shoots (0.81%) and seeds (1.4%),
attributed to enhanced root expansion and reduced weed competition. The double-row arrangement showed the
highest potassium content in shoots (6.1%) and seeds (3.44%), due to reduced intra-species competition. The
treatment of sugarcane bagasse mulch + weeding once reduced wet and dry weed biomass significantly at 5%
level (wet: 15.6 g.m2; dry: 3.7 g.m?2).

Conclusion
The integrated application of sugarcane bagasse mulch and weeding once effectively decreased weed
competition and enhanced nutrient availability, improved cowpea yield. Given the environmental concerns
associated with chemical herbicides, these sustainable practices offer promising alternatives for weed
management and soil fertility enhancement.

Keywords: Hand weeding, Mulch, Nutrient Uptake, Sugarcane Bagasse
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Table 2- The results of analysis (mean of squares) of variance of experimental traits related to nutritional elements in the seed
and aerial parts of Vigna unguiculata plant under the influence of different levels of experimental factors
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ns ,* and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Table 3- Comparison of the average main effects of the experimental factors related to nutritional elements in the seed and
aerial parts of Vigna unguiculata

Qlgse 2o s Howd 2o )3 C ol ae ) .
s2led alul 2N (39 ey | 1! 2 pd Jo 4D | ! 2 iy Loy
N percentage Seed N « 9# @ Seed P T sh ° Seed K
of aerial percentage(%) P Percentage  percentage(%) Fercentage of  percentage(%)
of shoot(%6) Shoot K(%)
parts(%o)
Cwils il
Planting pattern
Aad, S
Single row 1.73a* 301a 0.7b 1.25b 5.7b 3.4a
cultivation
48339
TWO rows 1.73a 2.99% 0.74ab 127b 6.1a 3.44a
cultivation
adydy duw
Three rows 1.67a 3.01a 0.81a l4a 5.7b 3.11b
cultivation
LSD (5%) 0.07 0.24 0.09 0.08 0.32 0.12
o gledile oo (plosd i oo
Non-chemical management of weed control
Oy g als
Weed infested 155c 2.54c¢ 0.68b 1.16b 5d 2.52d
oy kY
Twice weeding 1.62cb 3.05b 0.73bc 1.15b 54cd 2.54d
pAS LS g ol gl
Wheat stubble 1.72ab 2.87hc 0.68c 137 5.9ch 294c
mulch
ra.,\;f u....lf 9 oS Ejl‘"
eV
Wheat stubble 1.79a 346a 0.72cb 14la 6.2ab 3.02c
mulch + one
time of weeding
St L gl
Sugarcane 1.77a 2.62c 0.86a 137a 6ab 433b
bagasse mulch
S ISl gl
O ok M
Sugarcane 181a 348a 0.83ab l4a 6.3a 456a
bagasse + one
time weeding
LSD (5%) 0.11 0.34 0.13 0.11 0.46 0.17

)5 a0y gy Jlein] o ;5 LSD 9051 5l ealisanl b (g,ls ze M) S e B> 5 sy (slouSileo #
Dissimilar letters indicate a significant difference at the 5% probability level
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Fig. 1- Comparison of the average interaction of experimental factors in terms of shoot nitrogen of cowpea
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Fig. 2- Comparison of the average interaction of experimental factors in terms of grain phosphorus of cowpea
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Fig. 3- Comparison of the average interaction of experimental factors in terms of seed potassium of cowpea
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Dissimilar letters indicate a significant difference at the 5% probability level.
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Table 4- Analysis of variance (mean squares) of weed fresh and dry weight under different planting arrangements and non-
chemical weed control methods of cowpea

©la o (nbe
Ol S 2o NEHECS Mean of squares
s.0.v df s sladle 5 o3 3 Sladile s 3
Weed fresh weight Weed dry weight
o 2 100 2.40
Block
< ol 2 1124 326™
Planting arrangement
i sbdile (Bl copie 5 1572 131"
Integrated management of weed control
sye slacile Al copie g cuiS il Jlaze 51 10 444 3.76"
Planting arrangement x integrated management of weed control '
b 34 79.1 3.15
Error
cVv - 249 23.3
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*

ns ,* and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Table 5- Mean comparison of the average effect of planting arrangement, integrated weed management on wet and dry weed
weight of cowpea

(225050 32 0,5) 32 Slacdle 5 (43
Weed fresh weight (g.m)

(@050 2 0 5) 2 gladile SS9
Weed dry weight (g.m?)

. s U“”..‘)i
Planting arrangement
|y Sess 38.87a 8.9
Single row cultivation
) g2 LS 31.52ab 7.6b
Two rows cultivation
2y b SIS 23.07b 6.3c
Three rows cultivation
LSD (5%) 8.5 1.2
o sladile Jlee plondpé Copie
Integrated management of weed control
i cile & o9l sals 52.1a 14.3a
Weed infested
oy k> 21.5¢ 56¢
Twice weeding
paS LIS g o5 e 37.2b 7.9b
Wheat stubble mulch
029 ok Ko HpuS IS g olS Gl 24.8¢ 5.1cd
Wheat stubble mulch + once weeding
A o e 35.7bc 9b
Sugarcane bagasse mulch
Oy ok S+ S L gl 156¢C 3.7d
Sugarcane bagasse + once weeding
LSD (5%) 12.1 1.7
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Dissimilar letters indicate a significant difference at the 5% probability level
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Fig. 4- Comparison of the average interaction of the experimental factors in terms of weed weight of cowpea
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Dissimilar letters indicate a significant difference at the 5% probability level.
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Introduction

Intercropping is the cultivation of two or more crops in the same area at the same time, used as a practical
approach to enhance the sustainability of agroecosystems. This cropping system is applied to increase resource
productivity and decrease production risk. In an intercropping system, plants of the leguminous family, due to
some specific characteristics as high protein contents and biological nitrogen fixation, are used as an important
component of intercropping. This study was performed in order to investigate the yield and yield components of
isabgol (Plantago ovata Forsk) and peanut (Arachis hypogaea) under intercropping system conditions and to
evaluate indices of land equivalent ratio, productivity and intercropping advantage.

Materials and Methods

This study was conducted at Jiroft University to evaluate the benefits of intercropping peanut and plantain in
the subtropical climate of southern Kerman province. The experiment was conducted in a randomized complete
block design with eight treatments and three replications in the 2015-2016 crop year. The experimental
treatments were: 1- single peanut crop, 2- single plantain crop, 3- 20% plantain + 100% peanut, 4- 30% plantain
+ 100% peanut, 5- 40% plantain + 100% peanut, 6- 50% plantain + 100% peanut, 7- 75% plantain + 100%
peanut, 8- 100% plantain + 100% peanut. Before planting the test plants, the physical and chemical properties of
the soil were evaluated. Peanut density was kept constant at 25 plants per square meter, and psyllium density was
added incrementally between peanut rows based on experimental treatments. The traits and indices studied were
psyllium yield and yield components, peanut yield and yield components, and intercropping utility indices. The
data variance analysis was carried out using SAS 9.4 software and mean comparison using Duncan test in
significant level 5% and to evaluate the linear relationships between the studied quantitative variables, the
Pearson correlation coefficient was calculated using standard statistical procedures.
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Results and Discussion

Results showed that the number of shoot branches , pod weight, normal pods, biomass, seed dry weight per
plant and grain yield were significantly (p<0.01) affected by the additive ratios of isabgol. The effect of these
treatments on hollow pods and pod scurf was not significant. Increasing isabgol density ratio at intercropping
caused a linear decrease (R?>90) in the number of shoots, pod weight, normal pods, biomass, and seed dry
weight per plant. It is considerable that observed differences in these variables between peanut sole cropping and
its intercropping with 20% and 30% isabgol addition treatments were not significant. Analyses of isabgol yield
and its components indicated that, increase in isabgol density caused a significant (p<0.01) decrease in seed per
spicule of isabgol and spicule per plant, but had no significant effect on 1000 seed weight of isabgol, whereas
additive treatments of isabgol caused an increase in seed yield and biomass of isabgol per surface unit. The
highest yield of Isabgol (69.07 g.m™2) was obtained under sole cropping, which showed no significant difference
compared to the intercropping of 100% | + 100% P (67.63 g.m2). The lowest yield (55.33 g.m'2) was recorded in
the intercropping system of 20% | with 100% P. The highest productivity index (SPI1=72.13) and intercropping
advantage (1A=5.51) were obtained from the 100% peanut + 20% psyllium treatments.

Conclusion
Overall, considering the limited competitive ability of peanut at higher planting densities of isabgol, the
cropping ratio of 20% psyllium + 100% peanut led to improvements in yield, yield components, and various
indices of mixed cropping efficiency compared to sole cropping. Consequently, this treatment is recommended
for tropical and subtropical conditions such as those found in Jiroft." Of course, this issue requires further
studies.
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Table 1- Analysis of variance of intercropping different ratios on yield and yield components of peanut plant
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, “and ": indicate respectively a significant difference at the probability level of 1%, 5% and no significant difference based on the
Duncan test.
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Introduction

Pinto bean (Phaseolus vulgaris L. cv. Pinto) is one of the most important legume crops within the Fabaceae
family, cultivated extensively in tropical and subtropical regions. Despite its sensitivity to drought, this species
plays a crucial role in food security and sustainable agriculture due to its rich composition of high-quality
protein, complex carbohydrates, and essential micronutrients. However, drought stress represents a major abiotic
constraint that significantly impairs crop performance by reducing stomatal conductance, decreasing chlorophyll
content, disrupting photosynthesis, and limiting root and shoot development. To address this challenge, regulated
deficit irrigation has emerged as an efficient strategy for optimizing water use while maintaining acceptable yield
levels. Moreover, the application of plant growth regulators such as brassinosteroids, bioactive, eco-friendly, and
steroidal compounds, has been recognized as a promising approach to enhancing plant tolerance to abiotic stress.
These compounds contribute to stress mitigation by enhancing photosynthetic efficiency, stimulating the
biosynthesis of vital metabolites, and activating enzymatic defence systems, thereby supporting plant growth and
yield under water-limited conditions. Numerous studies have demonstrated that foliar application of brassinolide,
particularly during sensitive developmental stages such as flowering, can substantially alleviate the adverse
effects of drought and improve agronomic traits and seed yield. Consequently, the integration of deficit irrigation
practices with exogenous brassinosteroid application represents a synergistic and effective approach for
improving productivity and sustainability in pinto bean cultivation under arid and semi-arid climatic conditions.

Materials and Methods

To investigate the effects of foliar application of 24-epibrassinolide on morphological and agronomic traits of
pinto bean (Phaseolus vulgaris L. cv. Pinto), a split-plot experiment was conducted in a randomized complete
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block design (RCBD) with three replications in 2022 at the Research Farm of Yasouj University. In this study,
the main factor consisted of three irrigation levels based on Class A pan evaporation data: full irrigation (100%
of crop water requirement), moderate drought stress (80%), and severe drought stress (60%). The sub-factor
included four levels of 24-epibrassinolide foliar application: control (distilled water), 0.05, 0.1, and 0.2 mg.L™.
The foliar treatments were applied to the aerial parts of the plants during both vegetative and reproductive
growth stages. The objective of this research was to evaluate the interactive effects of drought stress and 24-
epibrassinolide application on growth indices, yield components, and the adaptive responses of pinto bean under
limited water availability.

Results and Discussion

The results demonstrated that severe drought stress (60% of crop water requirement) led to a significant
reduction in morphological traits, with leaf area index and plant height decreasing by 47.26% and 19.19%,
respectively. In contrast, foliar application of 0.2 mg L 24-epibrassinolide significantly improved these traits,
resulting in increases of 14.86% and 22.80% compared to the control. Furthermore, yield components including
the number of pods per plant, the number of seeds per pod, and hundred-seed weight were markedly reduced
under severe drought by 21.42%, 27.56%, and 12.69%, respectively. However, application of the highest 24-
epibrassinolide concentration substantially enhanced these parameters, with increases of 105%, 61.56%, and
26.54% relative to the untreated control. The interaction between irrigation and foliar treatment revealed that
under severe drought conditions, the application of 0.2 mg Lt 24-epibrassinolide led to notable improvements in
seed yield (44.34%), biological yield (39.78%), and harvest index (7.29%) compared to non-treated plants.
Moreover, the highest water use efficiency was recorded under severe drought stress combined with this level of
24-epibrassinolide application, indicating the compound’s significant role in optimizing performance under
limited water availability. These findings highlight the protective and stimulatory effects of brassinosteroids in
enhancing the growth and productivity of pinto bean under drought stress conditions.

Conclusion
Overall, these findings indicate that foliar application of 0.2 mg L™ 24-epibrassinolide can serve as an
effective strategy to enhance agronomic traits, seed yield, and water use efficiency of pinto bean under both full
irrigation and deficit irrigation conditions. This underscores the critical role of this plant growth regulator in
improving drought tolerance and sustaining economic yield under water-limited environments.

Acknowledgements
The authors gratefully acknowledge the Research and Technology Deputy of Yasouj University for financial
support of this experiment.

Keywords: Biological yield, Harvest index, Leaf area index, Plant growth regulator



S$99LS (bl p g9 g g

Homepage: http://agry.um.ac.ir

LA

EVY—EAR Lo VErE 5ol o oled VY M

S S5 N s 50 s S g dd genl paYE SLd o 5 sHleS S5 S )
(Phaseolus vulgaris L. cv. Pinto) e b g s ;.J B e ‘;ﬂ)\s 5 4l s Sas s Shas

Yw&‘}) J..:I 3 \‘53‘)4.“ u\:-Q" g\ ‘5)&5# Cﬂﬂ‘ g‘d.}‘f LfLF g.:;e\‘;&.dui:.k.‘ 4.“&;9.9- c\jé.dl-w juj.w

VECR/OP/Y 85 b

2SS

oialS JLas (6 luleS Ll 15 ( BLS (uBigp el ) wae Slges 5 (o olgieas (Phaseolus vulgaris L. cv. Pinto) .z Ly

Slao Mgl GHVY (Bl Jglore 31 (g yslateds 28l S3e (15 I R0 Kl e (S9er9n Syl (o) & 395 00 3 Shos
o 4z 30 )3 VE) JLao 3 1S5 o b okt IS slocSoh b I8 55 00325 (slacs S o] i ) 25 5 Seiglsnge
Fo) mah i g (2] 5L doyd Ar) bawgie 55 (ol 5L dopd Ve e) ol (o)ll Jolis (oyll Hlows caliseo pdaws duw 5 yn] zgwl olKtils
X g eI o o ) 28L8) gl o Y L Joons s o 5 ol Jole Sl (A oS s S2iS ool o i o
ol 31 gl g S pdaws (a3 Ls 4o VAN 5 FY/YE ialS Coge o> £+ (gylol bdgy (o8 Jole laicds () oS o
WSg 50 BME dlawy b bl 4 Caus Slas (pl (o) VYA s VIS (0158l Coge 3 Aaiaml o oYY ) g 208 eo +/Y oL Jslore
YL lime 3,8 ¢ blie dlads )3 0505 ol o (cho )3 VISR ¢ YV/OF YV/FY ials b i 35 5] phie ails ao 59 9 BME 53 &l sluss
Y bl Joloee il (il pdaw jd WAt deapg Mol Ay Cad duoyd YE/OF 9 £V/OF N0 sy |y Glas cpl (l5se (bl Jolone prdaw

oilejl ol )3 (S jaba b cliby (adld 5 b 3,Sles il 3 Slos gauopd VIVA o YA/VA FY/IVY Lioli8l Jole il )5 oo
A 2l (e bugd 5 )Skas g (ulidon) ) (oIS G5 (te SIS gl VE 1 oS e IV (B Jslore

g D Slas (5 py o (sl iy y adls (LS Al eaiiS plals 1 g5 glaajly

Sl a g S (o)d YO 390 ) YU caS b gy dlon
it aie S an ]y ol a8 win gliogyy polie 5 oamy
(Wondimu & Tana., 2017) 45le3,S" Juo (i s 51,53 Slae
G5 gl o Sl w850 5 S35 05l cenl lsey
CitS g crge ol ol (o)) ol 5 (i o o Suis
ol 005 035LpS 3l )3 o
(s 23S 2940 Jslse o ySpree | (Sods S
5 63 lw laan]yd s M3 slonl L 4 5ed 0 wgumxe
5 SSdesn) o Sh 5 i aler JlolS (63, Slos

sy o iRl 1y (o) QLS 0djl (gySader ysbodr (olordyn
SeslS Jols 98 sgie b i ol (Ansari et al., 2019)

.

LV RY-T

»LS (Phaseolus vulgaris L. cv. Pinto) __u> Lug

4 YU Ceaglio pae 3934 b a5 ol Fabaceae o, 5 dllwcs
35 (53bly Copal (6 Sitas 5 (S ppmun S Bolis o (St
ooyl 3y ow—on jl (Narimanzadeh et al., 2024)
Sl 48,5 )1, 8 059 dngs 3590 Jlub 5 y9oenaldl (6)9liS
I JLb ) SLaS 5 g9l 665 nl sl cslaydss o

Ol ol q@owly ol «(gj,qliS 0aisly wbls ZM‘”l g csly; 09,5 =)
Oyl (il e pde Sy oSl ¢(gjaliS” 0uSLisly sl 09,5 —Y
(Email: h.latifmanesh@yu.ac.ir 2 s 0 5 — %)
https://doi.org/10.22067/AGRY.2025.94147.1244


http://agry.um.ac.ir/
mailto:h.latifmanesh@yu.ac.ir
https://doi.org/10.22067/AGRY.2025.94147.1244

\F-¥ ﬁb Yoyl Y ol (55 9lis @»m P9 A yuiad Yv#

leie SoS oS 3y Slos 5 4S9t o dayingy S
ledls oyl )5 wldlas (Castafieda-Murillo et al., 2022)
L)) rge 6llnS byl o nadgiasly )b 3,0, &S
2 bl (B x50 09d e o5l g oyl gBd alels
s 20 5y owen 3l (Khan et al., 2021) b5l g5lans] i ply
35 1 3 Shae Clis 35100 Siold Sluogs 1 (5,8 5
ol Jeloee 43l a S cowl ol ()55 Lwl)y cpl po .55l Jlosa
DY g9 Sun gy 9 S GClale b gl pgen o ddginly ol
3> i g 1 25 Aoye 3 5 (S 5 Jlosl J s
7 Sid l (E (ite S il cage Sl 5 pl 3 )
Vyog,Sse iy ) ol (ol jebay b glaidy, alelus
bl alpd )3 oo «BME 5 Slas 500 4 2eie 159 sulginesl
(Upreti & Murti, 455,85 Sis (s bylud 5 on g Golls
B o pomie Wil (il 5 505 (lng 3 2004)
o o (Glycine max L) Lgw oS jo ash 5,Sles il
oy Jlu S g 500 Bolo (Zhang et al., 2008) ws Suis
&les 54440 (Sadeghipour & Banekdar Hashemi, 2015)
) oot Lg) ls 35 Slas 5 45 glis) o5 o o513
9 =Sl dlre Ly yto oo W 5l oy o)l s
Soslil ¢ polol cran j 03,8 ()15 Mgiswl p ;Y 509540
g0 > Foe ol Olgisas 5yaliS Sy )3 by pulisn]
il Jllodia (A5 4 Joo5 Sl g 0Sdes ial38l e,
ol Ll )5 53 ofagans b (5,5liS )3 6 Sose Sl
ol 035 e 5510

Sl g o gaw )3 (S AT 0A0]3E (DS 4 g L
Suid 3ble (65,038 sbapllas 3 (> b 93,]) B 5 5
=t Sl Sl o B b gy ol ol Sibdas
e85 plsl ol); oS onl (63, 8es 9 Sugls 00 o Sy
¥ gesgn 23 28 5L e dllae (ol ) (einen
@ Joo Gl 0SSy i) Jole plgisa gl gl
8)5 )8 2b) )90 (Suts s

W g, g g0

o B 2 0add S ((lats S ©pgohy juil Siagiy
Sly slasyjo VN Jlo 35155 aw b (Solas JolS” slacsSshy

Sty sloosSS) lyie (ials (laijy) colia Gials 35k
2 IS czge g riwgt Sl )5 8l 5 Ji89)1S 05294
3y Slos cdl a4y yoie Colod 4D 9 33,5 oSS odle Mgy A\
] 3418 (Yeganehpoor et al., 2015) 555 0 asls ol
& oS 2y bl Jolye 3 el Sidaag 3blie 5 090
A8y LS 4y (ko dagi g s I Canilos b g 230
iy alobs 5ymaS oo o5 5 o)l 0 Sgdsee cables Jobo
33,5 (o gl polis Cia S g asjy; cdld 5 s
S S ),.»L, e oyl 43 (Kaushal & Wani, 2016)
el oS o & Cunload ()15 55 Sl (olyj Clie
(Vigna unguiculata (L.) b sis Loy ;3 4l 3 Sas 5 &5y
Loyl 5 dutww Lyg) 50 aaily 59 {Davoudi et al., 2018) Walp)
s (Davoodi et al., 2018) (Phaseolus vulgaris L.) .,

(Ghalandari et al., > Loy ;0 L 3,Sas 5 4l 5 Slos
L apnlge y0 (o opll sl adl yials g,ld sxe jsbas 2019)
olalnS a5l e (slasyualy 5l eslil ¢ o] wlie Cudgue
oS bl b L )S5le el nSole (b9 Ol o S
IS olgedan lleS 48 (laseSa wnl ouis gyl
tliisd sl 3 S (o) ol e dige Cupte oo pnl,
a3l g o il Ol Byae LialS b olyen (odlaibl Wg 4
o 2ly 3 3 Slas (o (il 4 joie sl (e g
3y Shas 8l Wl o ol Bpae 3 ySade prdbpe Jg o35
&9 I (Gholami et al., 2025) &S > (sobaidl oo jl 1,
JoSo Sl 5 5l S ose 6 3, Ses SRl ey cr 503
Lulyd b olS ()55ke 25t sl (LS 45, slaosiS elai b
ol a8l Coonl oS
OB o2l gl slaggesgr plgisd daddsinuly
Gkl syt Gl 4 GlS Jood (al8l 0 alje
o (Nolan et al., 2020) 155 o W]  SJgibio (sl o Jse
oS izt oa i S 5 Vel e Jold lagnysn 09,5
alS Galisee (slacdl jl g edg Sy il ailie (gl s
(Rady Lo o gl sl o JB 5 03,5 aild cwoue cils o5y yulas
Bl 5 owpe SluS 5 &S badgiwlyy & Mohamed, 2015)
S5 L (Hussain et al., 2020) xosb o G jlase U



Yvy

2o S 59led 590 S S 2 Mgl p - YF (LU Jolxo g 6 3LaleS (B ST oy e(sly K0 g piol

e S ) e ol (=l 5L a0 )3 £4) wad A5
VY il sl ol 5 SLol Jele plyisas (A oS
e Side IV g oIV ] o0 (i lako Ol £hh0) anli) Adsiu
Loyl coinlafl cnl 5 48,54 ) oy (o8 Jale lgisas (2]

Sy W o8, (Phaseolus vulgaris L. cv. Pinto) >

o3 5 S TYOY Ldlin Job L) s b Gy 5
oS (L o 1 syt VAV- glis) g Jles 'WAOY'+ L3l o
VS 5 Gimgt 0y93 Jobo 3 (Saib g wlisy sled (5650Le
bl oo Jols ol sl o 2338 plol sl o 1))
5 (! 5l amopd M) lagio 85 (o] 5l 203 V- ) o)

BN Precipitation =00 eseeses Temperature

= 57 - 40

E P
g 454 F35 O
g 4 ~ - 5
= s O N - 30 &
‘i 3.5 + " . g
D 3 ~ F 25 8
] 2,
g, =
o025+ L20 3
= >
g€ 27 15§
8 1.5 A =
& L 10§
o 14 5
=

< 0.5 1 F 5 :TE

O T T T T T T T T T T T T T T O
A A AV b AL av ¥ b a 2 v av
RO SR SRR IR RO IR SO
gy ¥ g N~ U 2 AP A Sy Qv
Day

B9 290 Jab 53 (Sl g bod Curdg - IS

Fig. 1- Temperature and precipitation rate during the research period
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Table 1- Physical and chemical characteristics of the soil where the experiment was carried out
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Table 2- Analysis of variance (mean of squares) of leaf area index, height, lateral branches and stem diameter of pinto bean
under the effect of low irrigation stress treatments and foliar application of 24-epibrassinolide
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Table 3- Means comparison of the effect of low irrigation stress and foliar application of 24-epibrassinolide on leaf area
index, height, lateral branches and stem diameter in pinto bean
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Table 5- Means comparison of the effect of low irrigation stress and foliar application of 24-epibrassinolide on yield
components and number of seed per plant in pinto bean

s g slans gy AU AU > Wild gy ,d ald 4l o (39
Pt Phee
Pod per plant Seed per pod Seed per plant 100-seed wheaigth
Treatment Treatment levels (number) (number) (number) ©
il aep -
100% water 20.97 4.97 106.69 38.52
. requirement
s 2 s o
Low irrigation stress  gpo0 oo requirement 1941 3.97 80.33 35.67
Tl .
o o7 17.27 3.60 67.44 33.63
60% water requirement
LSD (0.05) 0.61 0.37 4.36 2.22
0 12.29 3.07 37.62 31.64
gl F Y
oo braee olide 0.05 16.14 3.88 65.37 34.18
P o 0.1 23.22 4.81 111.92 37.91
(mg.L") 0.2 25.22 4.96 12437 40.04
LSD (0.05) 1.00 0.40 10.45 1.35
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Table 6- Means comparison of interaction effects of low irrigation stress and foliar application of 24-epibrassinolide on
grain yield, biological yield, harvest index and water use efficiency in pinto beans

V€ b gl

PRI el W aySles gy dpSlas  Cudly Ladld *”V‘:«““" ¥
Low irrigation 24-epibrassinolide Grain yield Biological Harvest index ater use
. . a1 - 1 efficiency
stress foliar application (kg.ha) yield (kg.ha) (%) (kg.m")
(mg.L™h '

1t Ves 0 2196 4533 48.42 0.41
st )W ey 0.05 2446 4990 49.02 0.47
100% water 0.1 3526 6186 50.04 0.73
requirement 0.2 3786 7570 57.04 0.79
0 1963 4200 46.74 0.47
ol ik oy Al 0.05 2076 4423 47 0.50
80% water 0.1 2386 4636 50.37 0.60
requirement 0.2 3063 6080 51.44 0.80
T 0 1743 3760 46.35 0.58
)W ey 0.05 2026 4263 4755 0.69
60% water 0.1 2146 4316 47.86 0.74
requirement 0.2 2516 5256 49.73 0.89
LSD (0.05) 250.7 436.9 2.22 0.66
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Introduction

Sugar beet is the main source of sugar production in Iran, accounting for approximately 60% of the country's
sugar production comes. The rest comes from sugar cane (Ribeiro et al., 2016). Hamedan province, with a
cultivated area of about 7 percent of the total cultivated area of the country, is one of the most important
provinces in terms of sugar beet cultivation and sugar production. Nahavand and Asadabad regions also have the
largest cultivated area of sugar beet in Hamedan Province and are considered the most important sugar beet
cultivation areas in the province. Seed is a crucial agricultural input. It provides farmers with significant added
value by improving the efficiency of other inputs, such as water, fertilizer, pesticides, and machinery.
Maximizing yield is impossible without using the right seeds, even with significant energy investment
(Sadeghzadeh Hemayati et al., 2024). The primary aim of conducting variety comparison experiments is to select
and introduce suitable varieties to farmers in each region, this study was conducted to compare sugar beet
varieties and introduce the best variety in the Nahavand and Asadabad regions of Hamedan province.

Materials and Methods

To evaluate the root yield and quality characteristics of some breeding commercial sugar beet varieties in
Hamedan province, an experiment was conducted in two regions: Asadabad-Vanderabad Village and Nahavand-
Gyan Village, in 2023, under farm conditions. The study included five Iranian commercial cultivars—Sina,
Nika, Shokofa, Asia, and Dena—as well as a foreign cultivar, Urslina, which served as the control. Planting took
place in Nahavand on March 10, 2022, and in Asadabad on April 15, 2023. A total of 30 planting lines, each
measuring 300 meters in length and spaced 50 centimeters apart, were allocated for each cultivar. Each cultivar
was planted in an area of 4,500 square meters. The farmer carried out all land preparation and farm management
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operations in accordance with local customs. At the end of the growing season, four samples (as four replicates)
of each variety were randomly harvested and weighed, and root yield was obtained. The harvested roots were
washed, pulped, and sent to the Sugar Technology Laboratory at the Sugar Beet Seed Institute for quality
characteristic measurement. Cluster analysis and factor analysis were performed using R v.4.2.2 software.

Results and Discussion

Because of the significant interaction effect between cultivar and environment, which indicated independent
responses of cultivars in the two different locations, all data analyses were performed separately for each site. In
Nahavand, the highest sugar content and white sugar content were observed with 18.24 and 15.87 percent,
respectively, and the highest sugar yield and white sugar yield were observed with 19.29 and 16.79 ton.ha’,
respectively, in the foreign cultivar Urslina. Among the Iranian cultivars, the two cultivars Dena and Asia had
the highest yield. In Asadabad, results showed that the foreign cultivar Urslina had the highest values among the
studied cultivars in terms of sugar content (18.29%), sugar yield (19.80 ton.ha™), white sugar content (16.17%),
white sugar yield (17.51 ton.hal), and sugar extraction coefficient (88.4%). Cluster analysis results indicated
that the cultivars were grouped into three clusters in Nahavand and four clusters in Asadabad. Based on the
results of the cluster analysis conducted in the Nahavand environment, two clusters were introduced as superior
clusters. The first cluster included the Urslina variety, while the second cluster comprised the Dena, Asia, and
Shokofa varieties. In the Asadabad environment, the first cluster also included the Urslina variety, and the fourth
cluster contained the Nika variety, both of which were recognized as superior clusters. Factor analysis identified
two significant factors, explaining 95.57% of the variation in Nahavand and 95.94% in Asadabad.

Conclusion
Overall, the Urslina cultivar emerged as the superior cultivar in both environments. Among the Iranian
cultivars, the Dena and Asia cultivars were recommended for the Nahavand environment, while the Nika cultivar
was suggested for the Asadabad environment due to their better quantitative and qualitative characteristics.

Keywords: Biplot, Cluster analysis, Commercial cultivar, Factor analysis, Sugar yield
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Table 1- Physical and chemical characteristics of the experiment soil in Nahavand and Asadabad

o Selcyle S oske i mly  Ofes cdl
Place EC (dS.m?) Organic materials (%) P (mg.kg?) K(mgkg?) N (%)  Texture
5l 19 75 18 17 499 )
Nahavand Silty-loam
! 2.1 7.7 1.1 12.8 355 Hepd
Asadabad Silty-loam

WiC

ECS = (?) % 100

Labme (uilly (1980 (9ol S so o5 bl pslateny
lnosls 3T s ol byl 901 51 oolizsl b cilises i (gl

(%) dolxo

JBls gyacs b 3uSilee duglio 9 SAS 9.2 138l 5 5l oolial b
Uhay 3l eyl (sa0g,S .88 Oy (LSD) o ixe cugles
(Single gy awdlsl alold 3l oxlazwl b) Wosly (sladss 450
plSsa s> o, (Mansouri et al., 2024b) 45,5 solarwl
Ot 9 (29,5 090> Calid (pyiid o5 45 plxl ()g0n
oslly alie jl jolate cul sl 9 Jole (29)S (gl
P9I Ly il clacdl 3 (295 (500 5 295 Oom
s LaJole 4 a0 005 ol Fjlade oy i U a oolasiwl
o Jole & 4550 50 b plosl Lol (slaadie 4 450 wluly
Slhw RS g ul?w‘ ;gu )| )_,f))_, 37 )J.)LOA b dlibJ.nLc
plosl il am (ol calpd ol bl 5 cilie gla ol 4
el 4 cui il 4 285 Cpe b ele pSleyjly i3 2
calp Glgiea dbg e e & dagi gk <10 | 5S,5 Jele
(Mansouri et al., 2024b) Kas 48,5 , 1a5 )3 jbb sxe ole
» factoextra auw jl eolatw! b Wayloged a5 o o Lole &y 4y 3o

ol ylg il
ST 3 b e g5 il ylg a8 sl Lis eyl g0l s
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oLy 4o gl il d92g S0 4 jod ISl cplpli
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b plosl ShL gty ddlate 93 2y de e ()Ll
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2919095 9 (S5 32 WY ek po )3 (ko yo SO) g S sl
6395wl 5l g SB 905l ololy 23355 Sllas .0 ool
Sy maolty (S 13 S Fev bl 5 T+ 335le5) 0l
5 10+ Lsles) pysigel Sliud g (JLiSe 1 o)k Voo sllus)
Jead 35l )3 peiomen i ookl (HLSa ;5 p,SokS Yoo sl
Jmad bl 2 o oslatul adlate 93 y2 )3 (elyslgw 3957 jl A3
aSgei )l Mt o 8) o Sl oled b b plojen 5 00,
9 0B (e g Sl (Bolal ygoh (LSS ke lyea)
W59l dilaie )3 (g pdiges g cudlyp el Cund 4 adyy 5 Shas
A5 ool olo yoa 500 YA 53 sblawol ddlaie 3 g olo LT VY 5o b 5
03Il Can g odd (65 pred el 1 Ly 0ABCUIDp (sladiy
it Ao 18 (5509585 otlof] 4 S Sluogad (558
A8 duoyd Jold (5 puS03lul 350 (S Clais W5 oyl L8 juias
2lo 392 (N) 0pde (159555 5 (K) mansliy (N2) o o520 (SC)
238 4oyd ((MS) oMe 158 4oy (Ale) aJSIT Jolis law
5 (WSY) i 135 5, Sloc (SY) 135 3, Sloe WSC) nies
s i by, 5l odlital b (ECS) 45 Jlasetaol i (peizean
(Taleghani et al., 2023) 1ol cows

Ale = Wa+h) (V) Wslso
N
M5 =0343 % (K + Na) + 0094 = (N) — 0.31
(V) dsleo
WSC = 5C — (M5 + 0.6) (V) doleo
SV =RV x5C (¥) doleo
WSY =RV x WsC (&) &slae
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Table 2- Homogeneity of variance analysis (Bartlett's test) in two environments of Nahavand and Asadabad for traits of sugar beet

oy 3,Sdos g
S 8dos  woyy 3Sles . ’ . i .
Ol s 2slio : . o el (900 EVALLY)] KV KV Jlascw! oo X3
S0V ahyy 8 - Na K N Alc i i B Ms
RY SC SY i i
WSC WSY ECS
”%whslf 0.121  0.134 0.115 1.18 7.50 20.1 1.97 0.091 0.055 0.208 112
Chi-square
pp_)all-lme 0.758 0.714 0.735 0.276 0.006  <0.001 0.215 0.763 0.814 0.648 0.290
-valu
48 Jlastil Co pb : ECStughn 138 5,Slos : WSY tadus 18 o ys : WSC anJISIT 2 AlC €559 ,5 N €ty 1 K fop : Na B 5 Slas = SY4uid s )3 :SC tayy 3,Sles RY
u»MA A8 ZMS

RY': root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar content; WSY':
white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar

Blilnsl g 2igles umo 93 ;0 W i (S 5 (o Glio (l 2 08 0 (WLl 4520 W Y Jgoe
Table 3- Combined variance analysis for quantitative and qualitative characteristics of sugar beet in two environments of Nahavand and

Asadabad
Mo yd :,S.lo.n o
g Sles awoy 3 Sles ] ! . i KV
. e 1 ; i R PR o] ) 095 PvAlN]] KW] KW] Laswuw!
df  RY sc % S e W8 Ms
WSC WSY ECS
o 1 63.9ns 16.7** 10.8** 1.03** 14.1** 0.79** 4.03* 10.4** 6.98* 0.28ns 0.74**
Place (P)
ks 6 102 0.09 1.83 0.005 0.08 0.03 0.15 0.14 1.16 0.93 0.01
Error 1
_”3) 5 111ns 21.1** 24.9%* 3.41** 1.97** 1.26** 5.32*%* 27.9** 31.7** 94.9** 0.88**
Cultivar (C)
CxP 5 167ns 5.9*%* 16.5** 2.7** 0.33** 0.78** 1.23** 9.98** 20.1** 71.4** 0.64**
e 30 924 0.09 1.90 0.03 0.04 0.01 0.07 0.11 1.30 0.73 0.01
Error 2
e - 8.92 2.01 8.43 5.86 5.19 5.71 7.46 2.73 8.55 1.05 4.63
CV (%)
o> S g g Jlein ! paw 3 )b e g 5 e s iay FF o NS

ns, * and **: non-significant, significant at the 1% and 5% probability level, respectively.
08 Jlassiol cu pi : ECStaiu 13 5,Slae : WSY tai 13 1o ys : WSC 4aISIT: AlC €059 55 N fpmbis 1 K foateo s Na 1433 5 Slae : SY a8 5o )3 :SC tady 3,Shes RY
.u\)MA J..\ﬁ ZMS
RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar content; WSY:
white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Table 4- Mean comparison of different sugar beet cultivars in terms of quantitative and qualitative characteristics in two
environments of Nahavand and Asadabad

IC P ady ) 3,8es KVEIRWRT A3 5 Slos 2w ] 0595
Environment Cultivar RY (t.ha?) SC (%) SY (thal)  Na(megg?) K(meg.g?) N (meq.g?)
St?:a 97.743.36 14.86+0.14 14524048  3.46+0.04  4.48+0.04  2.23+0.02
|
NK; 100.245.05  13.70+0.07 13.7240.64  4.094007 450007  1.89+0.05
IKa
e
113.145.98  14.36+0.13 16224072  3.08#0.06  4.33+0.04  1.97+0.08
Bgles Shokofa
Nahavand AL*“_' 113.946.14  16.1620.07 18.41+0.97 2.12+0.08 4.3240.10 1.53+0.06
Sla
D“° 109.144.22  17.28+0.14  18.84+0.75  2.00+0.08  5.06+0.15  1.85+0.02
ena
Laeo gl
e 105.843.44  18.24+0.19 19.29+0.52 1.60+0.07  3.98#0.09  1.79+0.06
rselina
LSD 5% 1411 0.378 2.08 0.219 0.282 0.156
Sl‘““ 108542.92  14.06+0.19 15254041  3.5240.08  3.29+0.02  2.81+0.08
Ina
NK; 110.946.11  14.79+0.17 16.40£0.92  2.39+0.04  2.94+009  0.97+0.04
IKa
s
) 113.845.76  13.21+0.17 15.0440.78  3.5040.05  3.25¢+021  2.29+0.10
AW Shokofa
Asadaba AL"”_' 99.7+6.41 13.3420.26 13.26+0.69  3.2240.14  3.00¢0.01  1.92+0.03
Sla
D‘” 11264353  13.83+0.10  1557+0.56  3.69+0.10  4.70+0.18  2.77+0.08
ena
Laeo g
e 108.3+3.15  18.2940.04  19.80+0.57 1.78+0.04 2974006  2.07+0.06
rselina
LSD 5% 14.86 0.527 2.07 0.284 0.327 0.188

Sloads dunlie al5las pB)l o 55 5 0 plos] Jilite Sl a0 by (hgsd (ke dunlde
Mean comparison was performed by slicing interaction and cultivars was separately compared in each environment.

Oiarw Nttty : K i : Na a8 5 ,Slae : SYuid 00,5 :SC ey 5 Slee RY

RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen
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Table 4- Mean comparison of different sugar beet cultivars in terms of quantitative and qualitative characteristics in two
environments of Nahavand and Asadabad, continued

b 28 3 Slos e

L o3, WIS RVESTRCC IR i oo i3
. . . X3 Jlascin!
Environment Cultivar Alc WSC (%) WSY (t.ha?t) Ms (%)
ECS (%)
St?r‘:a 3.57+0.06 11.64+0.17 11.37+0.38 78.30.37 2.63+0.03
|
N‘%;a 4.55+0.11 10.29+0.08 10.29+0.44 75.10.26 2.82+0.03
|
iy
3.77+0.12 11.3540.11 12.81+0.56 79.0+0.24 2.42+0.04
Sgles Shokofa
Nahavand AL”;; 4.21+0.09 13.52+0.09 15.40+0.78 83.6+0.39 2.04+0.06
Di; . 3.80+0.08 14.39+0.18 15.70+0.65 83.3+0.49 2.28+0.07
Loy
) 3.13+0.14 15.87+0.22 16.79+0.48 87.0+0.37 1.77+0.05
Urselina
LSD 5% 0.303 0.455 1.69 115 0.154
st?:a 2.44%0.10 11.18+0.22 12.11+0.36 79.4+0.44 2.29+0.03
|
(e
Niva 5.55+0.28 12.58+19 13.95+0.78 85.0+0.32 1.6120.02
6y
) 2.98+0.23 10.39+0.19 11.83+0.62 78.620.58 2.22+0.06
bl Shokofa
Asadabad AL*;; 3.2420.07 10.74+0.26 10.67+0.52 80.540.53 2.00+0.05
D“’ 3.04+0.18 10.40+0.17 11.72+0.49 75.240.74 2.83+0.09
ena
Laeo gl
) 2.3140.05 16.17+0.03 17.51+0.51 88.4+0.12 1.52+0.02
Urselina
LSD 5% 0.476 0.557 175 141 0.153

Siloss duglie Blue pB)l Loy )3 g 0 plosl blize 51 omd by (9yd (0ke dulio
Mean comparison was performed by slicing interaction and cultivars was separately compared in each environment.
oMo 138 1 MS €438 sl oyt ECStahur 48 3,Slae : WSY tadin 18 o yd : WSC canJJT: Ale
Alc: Alkalinity; WSC: white sugar content; WSY: white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Fig. 1- Heat map dendrogram of cluster analysis for sugar beet cultivars and quantitative and qualitative

AV

characteristics in Nahavand (a) and Asadabad (b)
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RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar
content; WSY: white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Table 5- Variance analysis (mean of squares) and mean comparison clusters in terms of studied traits in Nahavand
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df RY SsC SY WsC i ECS Ms
WSY
o055 0t 2 103* 33.1* 11.85* 1.89ns 0.13ns  0.05ns  0.31ns 18.97* 24.32*  67.98* 0.32*
Inter groups
2035 092 3 5.61 1.67 1.22 0.299 0.12 0.05 0.20 1.93 1.88 6.23 0.03
Intra groups
' 09 - 106b  18.24a  19.29a 1.60a 3.98a 1.79a 3.13a 15.87a 16.79a 86.9a 1.77c
Cluster 1
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K"“A“ﬁL” - 106.6 15.77 16.83 2.72 4.44 1.88 3.84 12.84 13.73 81.05 2.33
ean
o> S g gy Jlein ] pdaw (3 )b Gxe g 5 ek Cuiay FF 5 NS

ns, * and **: non-significant, significant at the 1% and 5% probability level, respectively.
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RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar content; WSY:
white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Table 6- Variance analysis (mean of squares) and mean comparison clusters in terms of studied traits in Asadabad
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ke
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ean
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ns, * and **: non-significant, significant at the 1% and 5% probability level, respectively.
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RY:: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar content; WSY:
white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Table 7- Factor analysis based on principal component analysis (coefficients, Eigenvalue and variance) in Nahavand

environment
Y ailgo Y ailso
PC1 PC2
sy 3)Khee 0.273 -0.783
RY
W ey 0.203 0.940
sc
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sY
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Na
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K
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Alc
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WSC
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WSY
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ECS
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Eigenvalue
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Variance (%)
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Cumulative variance (%)
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RY: root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar
content; WSY: white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Fig. 2- Scatter biplot diagram of sugar beet cultivars based on the first and second components in Nahavand (a) and
Asadabad (b)
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RY': root yield; SC: sugar content; SY: sugar yield; Na: Sodium; K: Potassium; N: Nitrogen; Alc: Alkalinity; WSC: white sugar
content; WSY': white sugar yield; ECS: extraction coefficient of sugar; Ms: molasses sugar
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Table 8- Factor analysis based on principal component analysis (coefficients, Eigenvalue and variance) in Asadabad
environment
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Introduction

Garlic (Allium sativum L.) and black seed (Nigella sativa L.) are medicinal plants with diverse applications.
Intercropping, a sustainable agricultural practice, can enhance land productivity, reduce pests and diseases, and
improve soil fertility. This study aimed to investigate the effects of different intercropping ratios and sowing
methods on garlic yield and physiological traits by creating a favourable microclimate. The experiment was
conducted in Dezful, Iran, a region with a semi-arid climate, to evaluate how these factors influence garlic
growth and productivity. The study focused on optimizing resource use efficiency and understanding the
competitive dynamics between garlic and black seed in mixed cropping systems.

Materials and Methods

The study was conducted during the 2021-2022 growing season in Dezful, Iran, at 32°16" N latitude and
48°25' E longitude, with an elevation of 82.9 meters above sea level. The experiment followed a randomized
complete block design with three replications. Treatments included combinations of four sowing methods (ridge,
furrow, ridge-furrow, and flat planting) and five intercropping ratios (100% black seed, 75% black seed + 25%
garlic, 50% black seed + 50% garlic, 25% black seed + 75% garlic, and 100% garlic). The volume of the garlic
bulb was measured using a graduated cylinder containing a specific amount of water. By submerging the garlic
bulb into the graduated cylinder and recording the increase in the water volume, the volume of the garlic bulb
was calculated. Garlic cloves were pre-chilled at 4°C for five days before planting. Black seed was sown at a
depth of 1 cm, and garlic at 3.5 cm, with row and plant spacings of 50 cm and 12 cm, respectively. Fertilization
included 125 kg.ha* of nitrogen (applied in three stages) and 100 kg.ha'* of phosphorus. Irrigation, weeding, and
thinning were performed as needed. Measured traits included leaf area index (LAI), chlorophyll index (SPAD),
plant height, leaf dimensions, stem diameter, bulb volume, clove number, bulb weight, and yield. Data were
analyzed using SAS software, and means were compared using the LSD test at a 5% significance level.

@ Authors retain the copyright.This is an open access article distributed under Creative
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Results and Discussion

The results revealed significant effects of intercropping ratios and sowing methods on garlic traits. The
highest garlic yield (15,003 kg.ha) was achieved in sole garlic cultivation with the ridge-furrow method
(Grr100), followed by flat planting (Gpi00) and furrow planting (Grio0). Mixed cropping with higher black seed
ratios (75%) significantly reduced garlic yield, indicating intense interspecies competition.

« Leaf Area Index (LAI): The highest LAI (0.200) was observed in the treatment with 75% black seed in
furrows and 25% garlic on ridges (Brrs+Grzs), while the lowest LAI (0.023) occurred in the 25% black seed +
75% garlic ratio on ridges (Brest+Grys). « Chlorophyll Index (SPAD): The highest SPAD value (61.4) was
recorded for black seed on ridges and garlic in furrows (Brsst+Gras), suggesting better light and nutrient
conditions in this arrangement.

+ Bulb Traits: The highest bulb weight (66.7 g) and volume (101 cm3) were observed in sole garlic under flat
planting (Gp10o). Intercropping, especially with high black seed ratios, negatively affected bulb traits.

« The highest stem diameter of garlic was observed in flat planting of garlic (Gpioo0), while most of the ridge
planting treatments showed smaller stem diameters.

* Yield: The ridge-furrow method (Grric0) outperformed other treatments, likely due to improved soil
aeration and reduced competition. Mixed cropping at a 50:50 ratio with black seed on ridges and garlic in
furrows (Brsot+Grso) showed the lowest competition index (0.50) and the highest land equivalent ratio (1.20),
indicating efficient resource use.

 The lowest competition index and the highest land equivalent ratio (LER) were observed when black seed
was planted on ridges and garlic in furrows, with an equal plant ratio (50%-50%).

Conclusions
The study demonstrated that sole garlic cultivation, particularly in ridge-furrow or flat planting systems,
maximizes yield and bulb quality. However, intercropping garlic with black seed at a 50:50 ratio, with black
seed on ridges and garlic in furrows (Brso+Grso), Offers a sustainable alternative by balancing yield and resource
efficiency. This arrangement minimized competition and optimized land use, making it suitable for farmers
seeking diversified and economically viable cropping systems. Future research should explore nutrient
management and irrigation strategies to further enhance the productivity of intercropping systems.

Keywords: Clove, competition index, leaf area index, land equivalent ratio
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Table 1- Meteorological parameters during the study period (2021-2022)
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Table 3- Description of experimental treatments

Treatment code
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75% black seed + 25% galic
Brso+Grso o 700 + lala 07 ALy (59, p bl
50% black seed + 50% galic Sowing on ridge
Bras+Grrs o YD + &l VOL
25% black seed + 75% galic
Gri10o e o2l WS
Sole garlic
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Sole black seed
Br75+Gr2s e T8+ alaals VO,
75% black seed + 25% galic  4iiy oy » yow 9 o> » ahaluw cilS
Brso+Grso oo L0+ + &laalaw 047 Black seed in furrows/garlic on ridges
50% black seed + 50% galic
BrastGrrs o YD + &l YO/
25% black seed + 75% galic
Brys+Gra o Ju0yd YO + &ilidluas Juoyd VO
R75 F25
75% black seed + 25% galic
Brso+Grso e T+ dlialew 07
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Sole black seed
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P25 P75 .
25% black seed + 75% galic
B cus
Gr100 e o) .
Sole garlic
Brri00 hal 2 i
Sole black seed Ky g g>  culS
Gretoo o Al S Sowing in furrows and on ridges
Sole garlic
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B: Black Seed, G: Garlic, R: Ridge, F: Furrow, P: Plane
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1- LER = Land equivalent ratio
2- Cl = Competition index
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Table 4- Analysis of variance for the traits examined in garlic
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Intercropping ratios and sowing methods
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Fig. 1- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the leaf
area index of garlic (LSD= 0.026)
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Means differing by more than the LSD (5%) are statistically significant.
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CulS) yow Lo )3 VO + wilialuws Lo yd YO BF75+GR25 (4wsy (59) p cuslS) yuw (ol S :GR100 ((disy 55y pr culS) youw VO o3 + dilinlow duoys YO
3o YO BF25+GR75 (4uiy (59) p o 9 59> 53 Slinluw €ilS) pw 2oy 0+ + dlhialuw 1o )3 0+ :BFS0+GR50 4y (69 p pow 9 595y dlinlos
2 g g &y (53 p Shalw CullS) ps o) VO + dliales o) YO BR75+GF25 (diiy (59) p o 9 555 50 ailiabus cuslS) yow 2o )d VO + shialow

ClS) s 1o )3 YO + dilialus 1o )3 YO BR25+GFTS (555 )3 yow 5 4y (595 2 ailaluw cuilS) pow 2o yd B+ + dilialus 2o y> 8+ :BRSO+GF50 ((s5»

{gdame i) yous a0 yd YO + ailialw 2o )d VO BP75+GP25 ((s5n 13y cdlS) yuw (2l S :GF100 (s55 ) yuw g dtdy 59y 2 &l

o ) i :GP100 (pawe cuiS) pow duoyd YO + dlinlus b yd YO :BP25+GPT75 (pdaws cuiS) yuw duoyd 8+ + dilialus s ys &+ :BP50+GP50

Aty 3> 9 g9y CulS) po Lalb S -GRF100 (pdaws cuss)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in

furrows and on ridges).
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Intercropping ratios and sowing methods

(LSD=Y/0) Jadg,ls (sl y CudlS (Wigy g dilidliw g yuw DWET Cond 151 (uilao g liio - IS5
Fig. 2- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the SPAD
of garlic (LSD=12.5)
s I3 gxe BB clyls (il yid duoyd O aw ;5 LSD jlade I o] M3 o8 ol ke
Means differing by more than the LSD (5%) are statistically significant.
BR25+GR75 (auiy (595 p cdlS) yow duo)d e + alialuw duoyd 0+ BRE0+GR50 (ausy (g9 p cuslS) yow diopd Y0 + shinlw Loy VO :BR75+GR25

Sy dio )3 YO + &ilialus oy VO BF75+GR25 (atiy 59y p cdlS) juw (ol csS :GR100 (aniy g9y 50 cudlS) pows YO duoyd + dilinlows Lo p> YO

S yd va :BF25+GR75 ‘(M $9) 2 jow 9 L9 ) AJI.LmL.w wls) o o yd by + AJlA.mL.uJ Lo yd o+ :BF50+GR50 «(M $9) 2 yw 9 L9 ) AJI.LQL:.M:

2 g g didy (53 p Shalw CulS) ps o) VO + dlialus o) YO :BR75+GF25 (diiy g9) » o 9 555 50 diliabus CislS) pow 2uo)d VO + whialow

CublS) s Ao )3 VO + dilialus 1o )3 YO BR25+GFTS (555 ) yow 5 4y (55 ailals cudlS) pows 2o yd B+ + dilialus 2o )y> 0+ :BRS0O+GF50 (55
{gdame CuiS) yous a0 yd YO + ailialw 2o )d VO BP75+GP25 (s5n 13y cdlS) juw (2l s :GF100 (555 )0 youw 5 ity 59y 2 dilialias
o 2l €S :GP100 (awe cuiS) pow duoyd YO + wlials 2o yd YO :BP25+GPT5 (plaue cuiS) yuw duoyd 8+ + dilialus o yd b+ :BPS0+GP50
4y 9 g5y CulS) o (alB S -GRF100 (glawe cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods
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Fig. 3- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the Plant
height of garlic (LSD=8.26)
At I3 gme IS (clyls sl yit Mo yd O prdaw 1> LSD laie 5l ol sl &S ol nSSbe
Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (dniy g9y y» cudlS) yow 2o p3 0+ + ilinlow 1o)d 8+ :BRE0+GR50 (asy (69, p cdlS) yow Loyd> YO + dilinlws 2o y> YO :BR75+GR25
CulS) yaw Lo > YO + dilialaw oy VO BF75+GR25 (atiy 59y pr cudlS) yuw (2l cuss :GRI00 ((aniy (g9, 5 culS) o YO duoyd + dilialows 1o )3 YO
Lo yd YO BF25+GR75 (ansy 59y o 9 595 50 dlialaw cillS) yow oy 0 + ailialuw duoyd 8¢ BFS0+GRS0 (4isy 59y p gy 5 595 ) Shinlow
P g g Aldy (£9) 2 Slinl S s 2o yd YO + dlialus 1o > VO BR75+GF25 (4iiy 9y p a9 59> ) alialas cilS) pow 2o )3 VO + ilinluw
CuslS) yow Ao )3 VO + dilinlows 20> YO :BR25+GFT5 (695 ) yuw g didy (59) p2 dhialw CidlS) o duoyd 0+ + dilanlus 10> 0+ :BR50+GF50 54>
{rdams i) yow du0yd YO + ilialow 2o )d VO BPT5+GP25 (55 10y cdlS) juw 2l i :GF100 (555 ) youw 5 4ty (g9 2 &lialiaw
o ol cuiS :GP100 (pawe cuiS) pow duoyd YO + dlinlus duoyd YO :BP25+GPT75 (pdaus cuiS) yuw duoyd 8+ + dilialus s y> &+ :BP50+GP50
Aty 3> g g9y CulS) po (alb S -GRF100 (pdaws cuss)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),

BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods
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Fig. 4- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
number leaves per plantof garlic (LSD=3.77)
A I3 gxe BB clyls (il yidas o yd O aw ;5 LSD jlade I ol 3Ms ] o8 ol ke
Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (dniy g9y y» cudlS) yow 2o p3 0+ + izl 1o)d 8+ :BRE0+GR50 (ansy (9, p cdlS) pow Loyd Y0 + dilinls 2o y> YO :BR75+GR25
CulS) yaw dio )3 YO + dilialas oy VO BF75+GR25 (atiy 59y pr cudlS) yuw (2l s :GRI00 ((aniy (59, p culS) o YO duoyd + dilialows Lo )3 YO
2o yd YO BF25+GR75 (ansy (59 o 9 595 50 dilialaw cillS) yow oy 8¢ + ailialus duoyd 0+ BFS0+GR50 (asy (59 p o 5 595 ) Slinlow
2 g g dildy (53 p Shalw CulS) ps o) VO + dlialus o) YO BR75+GF25 (diiy (g9) » o 9 (555 50 ailiabus slS) pow 2o )d VO + shialow
CslS) yow Ao )3 YO + dilimlows 20> YO :BR25+GFT5 (595 ) yuw g didy (59) p2 hials CidlS) o duoyd 0+ + dilanlus 10> 0+ :BR50+GF50 55>
{rdams i) yow du0yd YO + ailialow 2o )d VO BPT5+GP25 (55 15y cdlS) juw 2l i :GF100 (555 ) youw 5 4ty (g9 2 &l
o ol S :GP100 (pawe cuiS) pow duoyd YO + dlinlus duoyd YO :BP25+GPT75 (pdaws i) yuw duoyd 8+ + dilialus dusys &+ :BP50+GP50
Aty 3> 9 g9y culS) o (alb S -GRF100 (pdaws cuss)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),

BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods
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Fig. 5- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the leaf
length of garlic (LSD= 8.73)
At I3 gne BB (clyls sl yit Mo yd O prdaw 1> LSD laie 5l ol sl &S ol nSSbe
Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (disy (g9 y cdlS) yous 2o )3 B+ + liabuw doyd B+ (BREOFGRO0 (s 59y pr cusslS) yow Lo pd YO + dilinlow 2u0y5 VO :BR75+GR25
CulS) yow Lo )3 VO + ailialuws Ao yd YO BF75+GR25 (awsy (59) p cuslS) yuw (ol S :GR100 ((dnsy 55y yr cuilS) youw VO o3 + dilinlow duoys YO
3o YO BF25+GR75 (4uiy (59) p o 9 59> 53 Slialuw €ilS) pw 2oy 0+ + slhialuw 1o )3 0+ :BFS0+GR50 4y (59 p pow 9 555 5 dlinlos
2 g g Ay (£9) 2 Slinl S s 2o yd YO + dliales 1o > VO BR75+GF25 (4iiy 9y p a9 59> 0 alialas cilS) pow 2o )3 VO + ailinluw
CuslS) yow Ao )3 YO + dilimlows 20> YO :BR25+GFT5 (555 ) yuw g didy (59) p2 hials CidlS) o duoyd 0+ + dilanlus 10> 0+ :BR50+GF50 55>
{rdams i) yow du0yd YO + ilialow 2o )d VO BPT5+GP25 (55 10y cdlS) juw 2l i :GF100 (555 ) yow 5 4ty (g9 2 &l
s )8 S :GP100 (e cuiS) pow duoyd YO + dlialus b yd Y0 :BP25+GPT5 (plawe i) yuuw duoyd 8+ + dilialus o yd b+ :BP50+GP50
(4t 9 g5y ) o (B S GRF100 (glae cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),

BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).



OVY e SS9 5l (B 9 9,5 es 1 CllS (S sbg) 9 B FTyllSed 9 (b9 539,10

(S5 ) e 5 5255 ol 5 351 b ) 0 28
253 Oyle 4 g 2l bjles 4 G A S (j5 b O
Sglis oS 03905 il cuslS (oSN b bW Capnd s 03950
GBS 0 S e SR (g 3 S bl () ixe
5 Sl cwigsl cutn > ] Ol s aseld § re ko YV laen

Jois) Sl po Sy o0 oy ()3 1 ialejl
so Bl Yo¥ lajlass 10 Sy oye 36ke il yuss alels (¥
5 )_..au_».sl_w ya. U (59} 3 e uaJB pwf) Gr100 jlowd

o Ao )d O+ ALy (g9 alialw Lo > O+) Brso+Grso e

(Akbarpour et al., 2021) 5 iz Y/AY b V/5 Sy oy Cao ab Y gxe pas (5 JSB) 390 e (59> 5

2.9 2.88 2.86
2.72
1 2.68 2.65 55 545 244 2.43 229 2.26 223 315 211
47 2.26 2. 2.04

= N w
U U w o
1

Leaf width (cm)

Intercropping ratios and sowing methods
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Fig. 6- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the leaf
width of garlic (LSD= 0.804)
e I sime B! gyl il jii doys O e 5 LSD s jl o] G a5l Sike
Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (disy (g9 y cdlS) yows 2o p3 B+ + wliabus doyd B+ BREOFGRSE0 (s 59y pr cuislS) yow Lo pd YO + dilinlow du0y5 VO :BR75+GR25
CuslS) yow Lo )3 VO + ailialus Ao yd YO BF75+GR25 (awsy (59) p cuslS) yuw (ol cusS :\GR100 ((disy 55y pr culS) youw VO o> + dilinlow duoys YO
203 YO BF25+GR75 (4uiy (59) p o 9 59> 50 Slanluw €ilS) pw 2oy 0+ + slhialuw 1o )3 0+ :BFS0+GR50 (disy (59 p puw 9 55> 5 dilinlos
P g g Ay 59y 2 Blinla S s 2o yd YO + dlialus 1o > VO BR75+GF25 (aiiy 9y p yaw 9 9> ) alialas cilS) pow 2o > VO + ailialuw
CublS) o do )3 VO + dilialus 1o )3 YO BR25+GFTS (555 ) yow 5 4y (55 p ailals cudlS) pows 2o yd B+ + dilialus 2o )y> 0+ :BRS0O+GF50 (55
{gdame CuiS) yous a0 yd YO + wilialw 2o )d VO BP75+GP25 (s5n 13y cdlS) yuw (2l S :GF100 (555 ) youw 5 iy 59y 2 dilialias
o ) S :GP100 (e cuiS) yow duoyd YO + dlials b yd YO :BP25+GPT75 (plawe i) yuw duoyd 8+ + dilialus o yd b+ :BP50+GP50
(4t 9 g5y ) o (B S GRF100 (glae cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods

Fig. 7- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the stem
diameter of garlic (LSD= 0.283)
A I3 gxe BB clyls (il yidas o yd O aw ;5 LSD jlude jl ol M8 o8 ol ke
Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (ausy 59y p cislS) yow duo)d 8¢ + alialuw duoyd 0+ BRE0+GRS0 (dnsy (59 p cuslS) yow 2o pd Y0 + shialw 1oy VO :BR75+GR25
ClS) yaw Lo )3 YO + dilialuw oy VO BF75+GR25 (atiy 59y p cdlS) yuw (2l s :GR100 (aniy (59, p culS) s YO duoyd + dilialows Lo )3 YO
Lo yd YO BF25+GR75 (ansy 59y o 9 595 50 dlialas ¢illS) yow oy 0 + ailialuw duoyd 8¢ BFS0+GRS0 (4isy 59y p o 5 595 ) Shinlow
2 g g &y (53 p Shalw CullS) ps o) VO + dliales o) YO BR75+GF25 (diiy (59) p o 9 555 50 ailiabus cuslS) yow 2o )d VO + shialow
CblS) s 1o )3 VO + dilialus Lo )3 YO BR25+GFTS ((s55 ) yow 5 4ty (59 p ahaluw cuilS) pow 2o yd B+ + dilialuws 2o y> 0+ :BRSO+GF50 (s5»
{rdams i) youw Ju0)d YO + ilialow 2o )d VO BPT5+GP25 (55 10y cudlS) juw (2l <t :GF100 (555 ) youw 5 4ty (g9 2 &l
o ol €S :GP100 (pawse cuiS) pows dopd VO + dlinlus Lo y> YO :BP25+GP75 (pdass w.uf) o 20 )3 B+ + dlialows 2o yd 0+ :BPS0+GPS0
BR75+GR25: 75% black seed + 25% gallc (Sowmg on rldge), BR50+GR50. 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),

BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Intercropping ratios and sowing methods
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Fig. 8- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the bulb
volume of garlic (LSD= 8.60)
e I sime B! gyl il jii doy O e 5 LSD s jl o] GV a5l Sike
Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (disy (g9 y cdlS) yows 2o p3 B+ + wliabus 1o yd B+ (BREOFGRO0 (s 59y po cusslS) yow Lo pd YO + dilinlow 20 yd VO :BR75+GR25
CulS) yow Lo )3 VO + wilialus Lo yd YO BF75+GR25 (awsy (59) p cuslS) yuw (ol S :GR100 ((dniy 55y pr cuilS) youw VO o3 + dilinlow duoys YO
3o YO BF25+GR75 (4uiy (59) p o 9 59> 53 Slialuw €ilS) pw 2oy 0« + slhialuw 1o )3 0+ :BFS0+GR50 (disy (59 p pow 9 595 5 dlinlos
P g g Aldy (£9) 2 Slinl S s 2o yd YO + dlialus 1o > VO BR75+GF25 (4iiy 9y p a9 59> ) alialas cilS) pow 2o )3 VO + ilinluw
ClS) s 1o )3 YO + dilialus 1o )3 YO BR25+GFTS (555 )3 yow 5 4y (555 2 ailalus cuilS) pow 2o yd B+ + dilialuws 2o )y> 0+ :BRSO+GF50 (s4»
{gdame i) yous a0 yd YO + ailialw 2o )d VO BP75+GP25 ((s5n 13y cdlS) yuw (2l S :GF100 (s55 ) yuw g dtdy 59y 2 dilialonw
o ) S :GP100 (e cuiS) yow duoyd YO + dlials b yd YO :BP25+GPT75 (plaue i) yuuw duoyd 8+ + dilialus o yd b+ :BP50+GP50
(4 g g5y S o (B S GRF100 (glawe cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Fig. 9- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
number of cloves per bulb of garlic (LSD=5.83)
s I3 gxe BB clyls (il yid duoyd O aw ;5 LSD jlade I ol 3Ms] o8 ol ke
Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (4 (595 p cdlS) yow duo)d e + alialuw duoyd 0+ BRE0+GR50 (ansy (69 p cuslS) yow diopd Y0 + shinluw 1oy VO :BR75+GR25
CublS) yaw dio )3 YO + dilialas oy VO BF75+GR25 (atiy 59y yr cudlS) yuw (2l cuss :GRI00 (dniy (g9, p culS) o YO duoyd + dilialos Ao )3 YO
S yd vo :BF25+GR75 ‘(M $9) 2 jow 9 L9 ) AJI.LQLM» wls) o o yd O + AAlA.mL.uJ Lo yd o+ :BF50+GR50 «(M $9) 2 yw 9 L9 ) AJI.LQL:.M:
CublS) s Ao )3 VO + dilials 1o )3 YO BR25+GFTS (555 ) yow 5 4y (55 ailalw cudlS) pows 2o yd B+ + dilialus Ao )y> 0+ :BRS0O+GF50 (55
yo ) S :GP100 (e cuiS) pow duoyd VO + wlials b yd YO :BP25+GPT5 (o cuiS) yuw duoyd 8+ + dilialus suoyd b+ :BP50+GP50
(ddy ) 5 g5 50 CutS) o LI cusS :GRF100 (pdae cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),

BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).

Table 5- Analysis of variance for the traits examined in garlic

. @y’ ’
i 2alio " Mean of squares
3l; "
SHOAY ‘Z f’ s il 0jg A gk 4y sl o 3 yShos
' Bulb weight Clove length Clove diameter Garlic yeild
I o
’_’S’ . 2 92.0™ 0.051" 0.197" 142148
Replication
ot 15 231™ 0.051* 0.079™ 39006895
Treatment
559
30 29.2 0.018 0.045 253784
Error
() et et 10.8 5.28 11.2 8.81
CV (%)

doyd gy o S Jlain] s 55 I3 ixe g doyd S Jlain] pdaw )3 5 xe 3 xe i iy K g FHTS
™ “and ": respectively indicate significance at 1%, 5% level and non-significance.
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Fig. 10- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the bulb
weight of garlic (LSD=9.02)
s I3 gxe BB clyls (il yid duoyd O aw ;5 LSD jlade I o] 3Ms] o8 ol ke
Means differing by more than the LSD (5%) are statistically significant.
BR25+GR75 (auiy (595 p cdlS) yow duo)d e + alialuw duoyd 0+ BRE0+GR50 (ausy (g9 p cuslS) yow diopd Y0 + shinlw Loy VO :BR75+GR25

Sy dio )3 YO + &ilialus oy VO BF75+GR25 (atiy 59y p cdlS) juw (ol csS :GR100 (aniy g9y 50 cudlS) pows YO duoyd + dilinlows Lo p> YO

S yd va :BF25+GR75 ‘(M $9) 2 jow 9 L9 ) AJI.LQLM» wls) o o yd by + AAlA.mL.uJ Lo yd o+ :BF50+GR50 «(M $9) 2 yw 9 L9 ) AJI.LQL:.M:

2 g g didy (53 p Shalw CulS) ps o) VO + dlialus o) YO :BR75+GF25 (diiy g9) » o 9 555 50 diliabus CislS) pow 2uo)d VO + whialow

CublS) s Ao )3 VO + dilials 1o )3 YO BR25+GFTS (555 ) yow 5 4y (55 2 ailals cudlS) pow 2o yd B+ + dilialus 2o )y> 0+ :BRS0O+GF50 (55
o 2l S :GP100 (aue cuiS) pow duoyd YO + wlials b yd YO :BP25+GPT5 (o cuiS) yuuw duoyd 8+ + dilialus duoy> b+ :BP50+GP50
4y 9 g5y CulS) o (alB S -GRF100 (glawe cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (P lane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Fig. 11- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
clove length of garlic (LSD= 0.228)
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Means differing by more than the LSD (5%) are statistically significant.
BR25+GR75 (auiy 59y p cislS) yow duo)d ¢ + wlialw duoyd 0+ BREOFGRS0 (dnsy 59y p cuslS) yow 2o pd Y0 + shialw 1oy VO :BR75+GR25

CulS) yaw Lo )3 YO + dilialas oy VO BF75+GR25 (atiy 54y pr cudlS) yuw (2l cuss :GR100 ((aniy (59, p culS) o YO duoyd + dilialows 1o )3 YO

2uoyd YO BF25+GR75 (ansy (59 o 9 595 50 dilialas cillS) yow oy 8¢ + ailialus duoyd 0+ BFS0+GR50 (asy (59 p o 5 595 ) Shinlow

2 g g dildy (53 p Shalw CulS) ps o) VO + dlialus o) YO BR75+GF25 (diiy (g9) » o 9 555 50 diliabus islS) yow 2o )d VO + shialow

CuslS) yow Ao )3 YO + dilinlos 20> YO :BR25+GFT5 (555 ) yuw g didy (59) p2 dlhialw CidlS) pow duoyd 0+ + dilanlus 1oy 0+ :BR50+GF50 55>
{dame CuiS) yuw Ao yd YO + dilinlow duoy> VO :BP75+GP25 (595 1 yuw cilS) yow (2l €S :GF100 (552 )3y g 4ty (g9, » aliabuw
o A8 €S IGP100 (plase culS) pow duo > VO + dilialas 2o yd YO :BP25+GPTS (pdaiee cuiiS) yow dopd B+ + dilialows duoyd 0+ :BPS0+GPS0
iy ) 5 g5 50 CutS) o LI cusS :GRF100 (pdawse cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Fig. 12- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
clove diameter of garlic (LSD= 0.354)
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Means differing by more than the LSD (5%) are statistically significant.

BR25+GR75 (auiy 59y p cislS) yow duo)d B¢ + alialw duoyd 0+ BRE0FGRS0 (dnsy (59 p cuslS) yow 2o pd Y0 + shialw 1oy VO :BR75+GR25
CublS) ys Ao > YO + dilialaw dioy> VO BF75+GR25 (aisy g9y yr cudlS) pwo (2l i :GR100 (aiiy g9y » <udlS) oo VO dioyd + dilialiw 2o > YO
2uoyd YO BF25+GR75 (ansy 59y w9 595 50 dilialas cillS) yow o yd 8¢ + ailialuw duoyd 0+ BFS0+GR50 (4isy (59 p o 5 595 ) Shinlow
P g g Ay 59y 2 Blinla S s 2o yd YO + dlialus 1o > VO BR75+GF25 (aiiy 9y p e 9 9> 0 aliabas cilS) pow 2o > VO + ailialuw
CulS) yow Ao )d YO + dilinlows 20> YO :BR25+GFT5 (555 1 yuw g didy (59) p2 dlhial CidlS) pow duoyd 8¢ + dilaalus 1oy 0+ :BR50+GF50 55>
oo ©uiS) yw 223 VO + ailiabis 303 VO BPTS+GP2S (592 )3y adl) yw palls €28 :GF100 (92 53 o 5 4y (555 2 wlinkiws
o A8 €S IGP100 ((plase culS) pow duo > VO + dilialus 2o yd YO :BP25+GPTS (pdauee cuiS) yow dopd B+ + dilialow duoys 0+ :BPS0+GPS0
(s ) 9 g9y S o (AB cisS GRF100 (pdawee cusS)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Fig. 13- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
garlic yield of garlic (LSD= 840)
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Means differing by more than the LSD (5%) are statistically significant.
BR25+GR75 (auis (595 p cdlS) yow duo)d e + alialuw duoyd 8+ BRS0+GR50 (dusy (g9 p cuslS) yow diopd Y0 + shinlw Loy VO :BR75+GR25

)y dio )3 YO + &ilialus oy VO BF75+GR25 (atiy 59y p cilS) o (2l cass :GR100 (aniy g9y p2 cadslS) pows YO duoyd + dilinlow Lo p> YO

303 YO :BF25+GR75 (4uiy (59) p o 9 59> 50 Slialuw €ilS) pw 2oy 0+ + slhialuw 1o )3 0+ :BFS0+GR50 (disy (59 p puw 9 55> 5 dlinlos

P g g Ay 89y 2 Blinla S s 2o yd YO + dlialus 1o > VO BR75+GF25 (aiiy 59y p yaw 9 9> 0 alialas cilS) pow 0o )3 VO + ailialuw

CublS) s 1o )3 VO + dilialus 1o )3 YO BR25+GFTS (555 ) yuw 5 4y (55 p ailialus cudlS) pows 2o yd B+ + dilialus 2o )y> 0+ :BRS0O+GF50 (55
{gdams i)y a0 yd YO + ailialow 2o )d VO BP75+GP25 (s5n 10y cdlS) yuw (2l S :GF100 (555 ) yow 5 iy 59y 2 dilialiaw
yo ) S :GP100 (pawe cuiS) yow duoyd YO + wlials b yd YO :BP25+GPT75 (o cuiS) yuuw duoyd 8+ + dilialus duoyd b+ :BP50+GP50
(s g g5y S o (alB S ‘GRF100 (plawe cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), GR100: Sole garlic (Sowing on ridge), BF75+GR25: 75% black seed
+ 25% galic (Black seed in furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on
ridges), BF25+GR75: 25% black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25%
galic (Black seed on ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows),
BR25+GF75: 25% black seed + 75% galic (Black seed on ridges/garlic in furrows), GF100: Sole garlic (Black seed on ridges/garlic
in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing), BP50+GP50: 50% black seed + 50% galic (Plane sowing),
BP25+GP75: 25% black seed + 75% galic (Plane sowing), GP100: Sole garlic (Plane sowing), GRF100: Sole garlic (Sowing in
furrows and on ridges).
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Table 6- Analysis of variance (ANOVA) of land equivalent ratio (LER) and competition index (Cl) in black seed and garlic
intercropping

Slayo (uKile
gy Y e S TS Mean of squares
S.ovV d.f Gladlwo (305 Sl ) S panw (305 Sl Comd (IS (a0 (65932 S Culdy yadls
Black seed LER Garlic LER Total LER Competition index (CI)
)1)5\, . 0.004 " 0.027™ 0.020" 0.011™
Replication
Sl o . - -
0.110 0.156 0.069 2.01
Treatment
ks
22 0.005 0.002 0.011 0.035
Error
() et et 16.9 10.6 11.2 11.4
CV (%)

doyd gy 9 S5 Jlain] o (3 55 xe g o yd S Jlain] e 50 5 xe > xe et oy K g FFS
™ *and ": respectively indicate significance at 1%, 5% level and non-significance.
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Intercropping ratios and sowing methods
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Fig. 14- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the LER
of black seed (LSD= 0.129)
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Means differing by more than the LSD (5%) are statistically significant.
duoyd BR25+GRT5 (aniy (59, p culS) pow o )3 B+ + dilialuws 1o )3 :BRE0+GR50 (4iy (55 p cdlS) yow duoyd Y0 + ailialuw s )> :BR75+GR25
doyd BFS0+GRO0 ((atiy 59y 12y 9 55 50 ailtabus cuslS) yow 2o )d Y0 + dlialuws 1o )> BF7T5+GR25 (atiy 59y p cdlS) yow YO 20> + dlinlew
(s 59y p2 yow 9 S92 30 dlidlow CuBlS) yuw Lo )d YO + dilialow duoyy BF25+GRT5 (aiiy (69 p w9 655 ) dilimlows cullS) yow Lo )3 B+ + dilinles
9y 2 dlalas CilS) o 1o )3 B¢ + alialus 2oy BR50+GF50 (555 )3 puw 9 4ty (59, 2 Shalus cilS) pow duo > YO + abialuw Lo )y BR75+GF25
o 210 )3 YO + dilsalus 1oy BPT5+GP25 (595 )3 o 9 4y (59, p ahialuw CilS) pow duoyd VO + lialus 1o )3 BR25+GFT5 (95 p3 yuw g aidy
(oo i)y a0 yd VO + ilialw duoyd :BP25+GPT5 (pdaue i) yow duoyd B+ + wiliabuw duoyd :BPS0+GP50 (pdaws cuiS)
BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), BF75+GR25: 75% black seed + 25% galic (Black seed in
furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on ridges), BF25+GR75: 25%
black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25% galic (Black seed on
ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows), BR25+GF75: 25%

black seed + 75% galic (Black seed on ridges/garlic in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing),
BP50+GP50: 50% black seed + 50% galic (Plane sowing), BP25+GP75: 25% black seed + 75% galic (Plane sowing).



\F-¥ ﬁb Yoyl Y ol (55 9lis G.»LI.& P9 A yuiad ovy

1092
8;3: 071 0.70
0.7 1 060 g56
— 08 049 046
2 52 | 0.33
= 04 4 27
& 0.3 I I I I I 027026 024 99
111
0.1 -
;] 1
S, I I SR I R R SRR, B, - Y. e B
FEFLFSE ST EE
I R D O IR IR T C
S FFF I F IS FF I
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Fig. 15- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the LER
of garlic (LSD= 0.086)
s I3 gxe BB clyls (il yids o yd O aw ;5 LSD jlade I o] M3 o8 ol ke
Means differing by more than the LSD (5%) are statistically significant.
deoyd BR25+GRT5 (atiy (g9, p cudlS) pow dopd B+ + dilialuw 1o )3  BR50+GR50 (4iy (55 p cdlS) yows duoyd Y0 + ailialuw s> :BR75+GR25
Loyd BF50+GRO0 (atiy g9y 32y 9 95 50 alaluw cuslS) pow dioyd YO + dlinlow doyd BF75+GR25 (atiy g9y p cilS) o YO b0 )y + dilinlow
Aty g9y p2 yow 9 852> 5O Al CBlS) pow 2o )d VO + dlialus 2o yd BF25+GRT5 4ty 59y 0 g $52 0 ailals cuslS) pow d0)d 0+ + Slinlow
©9) » dlialus cuilS) o do o 0+ + ailialus 1oy BREOFGFS0 (o )3y g 4ty (59, p alialas cidlS) yow uoyd Y0 + ailialuw o y> :BR75+GF25
o 300)d YO + wlialow 2o yd BPT5+GP25 (555 )3 yuw 5 4y (59 ailialw cullS) pw 1o pd VO + dilialus 1o )3 BR25+GFT5 ((s95 )3y g 4y
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BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), BF75+GR25: 75% black seed + 25% galic (Black seed in
furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on ridges), BF25+GR75: 25%
black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25% galic (Black seed on
ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows), BR25+GF75: 25%

black seed + 75% galic (Black seed on ridges/garlic in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing),
BP50+GP50: 50% black seed + 50% galic (Plane sowing), BP25+GP75: 25% black seed + 75% galic (Plane sowing).
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Intercropping ratios and sowing methods
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Fig. 16- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the LER
of total (LSD= 0.178)
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Means differing by more than the LSD (5%) are statistically significant.
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9y » lalas CilS) 1oy B¢ + altalus 2oy BR50+GF50 (g5 )3 s 9 dtdy (59, » Shabuw cuilS) pow duo > YO + abialuw Loy BR75+GF25

o 210 )3 YO + ilialus 1oy BPT5+GP25 (555 )3 o 9 4ty (59) p dlialuw CilS) pow duoyd VO + linlus 1o )d BR25+GFT5 (95 j3 o g atiy

(oo cuiS) yows a0 > VO + ailialw duoyd BP25+GPT5 (pdass cuiS) yow duoyd 0+ + ailialuw duoyd :-BP50+GP50 (pdams cuis)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), BF75+GR25: 75% black seed + 25% galic (Black seed in
furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on ridges), BF25+GR75: 25%
black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25% galic (Black seed on
ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows), BR25+GF75: 25%
black seed + 75% galic (Black seed on ridges/garlic in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing),
BP50+GP50: 50% black seed + 50% galic (Plane sowing), BP25+GP75: 25% black seed + 75% galic (Plane sowing).
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Fig. 17- Mean comparison of the effect of the intercropping ratios of garlic and black seed and the sowing method on the
competition index (LSD= 0.321)
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Means differing by more than the LSD (5%) are statistically significant.
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9y » lalas CilS) 1oy B¢ + altalus 2oy BR50+GF50 (g5 13y 9 dtdy (59) 2 Shabuw cilS) pow duo > YO + abialuw Lo )> BR75+GF25
o 210 )3 YO + ailialus 1oy BPT5+GP25 (555 )3 o 9 4y (59, p alialuw CilS) pow duoyd VO + lialus 1o )d BR25+GFT5 (95 j3 oo g atiy
(oo cuiS) yow Ao pd YO + dilinlows duoy> BP25+GPT5 (ase cuiS) pow 303 8+ + ailialbus 1o y> :BPS0+GP50 (pdauie cuiS)

BR75+GR25: 75% black seed + 25% galic (Sowing on ridge), BR50+GR50: 50% black seed + 50% galic (Sowing on ridge),
BR25+GR75: 25% black seed + 75% galic (Sowing on ridge), BF75+GR25: 75% black seed + 25% galic (Black seed in
furrows/garlic on ridges), BF50+GR50: 50% black seed + 50% galic (Black seed in furrows/garlic on ridges), BF25+GR75: 25%
black seed + 75% galic (Black seed in furrows/garlic on ridges), BR75+GF25: 75% black seed + 25% galic (Black seed on
ridges/garlic in furrows), BR50+GF50: 50% black seed + 50% galic (Black seed on ridges/garlic in furrows), BR25+GF75: 25%
black seed + 75% galic (Black seed on ridges/garlic in furrows), BP75+GP25: 75% black seed + 25% galic (Plane sowing),
BP50+GP50: 50% black seed + 50% galic (Plane sowing), BP25+GP75: 25% black seed + 75% galic (Plane sowing).
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