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Table 3. Source of variations, degree of freedom and mean of squares for measured traits in chickpea cultivars at
different sowing date
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Coefficient of Variation (%)

Ns, * and **: Not significant, significant at 5% and 1% levels, respectively
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Table 4. Grain yield and total dry matter of chickpea cultivars in different sowing date
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Table 5. Correlation coefficient between measured traits in chickpea cultivars at different sowing date
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s 48 o Slos J5 Sz oolo o Slos
wlie Yield Radiation use Maximum leaf area Maximum absorbed Total dry matter
Traits ) efficiency index radiation (Sy)

(2) 3) 4

) 0.584 *

®3) 0.405" 0.376™

) 0.604* 0.471" 0.930**

(5) 0.916** 0.636* 0.636* 0.826**

aoy ) gan; 0 Jlisl zehaw 1o )l dxe g 6 ly gime pas i 5 4 9 NS

ns, * and **: no significant and significant at the 5% and 1% probability levels, respectively
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Introduction

In recent decades, agricultural production systems have already explored many methods to increase the
crops yield. Most of these methods involved increasing the efficiency of resources utilization such as
nutrients, solar radiation, and atmospheric CO,. Crop growth and yield are considered as a function of
photosynthetically active radiation (PAR) that is intercepted by plant as well its utilization efficiency to
produce dry matter. Net primary production has often been found to be linearly related to the
photosynthetically active radiation (PAR) intercepted by crops. The slope of this relationship is light use
efficiency (LUE). Several authors have found close correlation between crop growth and yield with the
radiation absorption and the LUE. Although, it was previously believed that the LUE is constant during the
crop growing season and it is controlled more genetically, but environmental factors and management
practices such as change in the sowing date, plant density, cultivars, climate, soil fertility, especially soil
available nitrogen due to its specific role in photosynthesis, affect greatly the LUE. Therefore, the objectives
of the present study were to evaluate light absorption and use efficiency in different sowing date for chickpea
cultivars in Kermanshah regionlight absorption and use efficiency in different sowing date for chickpea
cultivars in Kermanshah region climatic.

Material and Methods

A split plot experiment was conducted based on Randomized Complete Block Design during 2016-2017
at the research farm of the faculty of agriculture and natural resources of Razi University, Kermanshah, Iran
(34°, 19" N, 47°, 50" E and altitude 1317 m). The average annual rainfall was 455 mm, and the long-term
average of maximum and minimum air temperature was 22.6 and 5.9°C, respectively. Main plots had three
sowing dates (February 29, Match 10 and April 6) and sub plots were composed of chickpea cultivars
(Bivanij, Adel, Arman and ILC482). The measured indexes were leaf area index (LAI), radiation absorption,
total dry matter (TDM), light use efficiency (LUE) and grain yield of chickpea. The LUE was calculated
based on g MJ? through the slope of linear regression between total dry matter accumulation (g m=2) and
cumulative absorbed photosynthetically active radiation. Chickpea grain yield was measured at the
physiological maturity stage.

Results and Discussion

The results showed that the maximum LAI of different chickpea cultivars decreased with the delay in
sowing date. The greatest LAI (3.8) was related to Arman cultivar with the sowing date of March 1 and the
lowest LAI (1.9) was related to ILC482 cultivar with the sowing date of April 6. The light absorption had the
similar LAI trend that with the delay in sowing date decreased about 51%. The highest (15.9 MJ m) and the
lowest (13.4 MJ m) light absorption were observed for Arman cultivar with the sowing date of March 1 and
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ILC482 cultivar with the sowing date of April 6, respectively. Combined analysis of variance of the results
indicated that the effects of sowing date and cultivars were significant on TDM and grain yield, but the
interactions of sowing date and cultivars were not significant for TDM and grain yield. The results indicated
that the delay in sowing date led to reduce in the grain yield (45%) and TDM (33.5%). The highest (158 g m?)
and the lowest (102 g m?) grain yield were related to Bivanij and Arman cultivars, respectively. The grain
yield of Bivanij cultivar was higher (35%) compared to other cultivars. The highest LUE (1.6 g MJ?) was
observed for Adel cultivar with the sowing date of March 1 and the lowest LUE (0.7 g MJ™) was related to
Arman cultivar with the sowing date of April 6. Late sowing dates of March 11 and April 6 reduced LUE
compared to early sowing date of February 29 about 4.2% and 2.7% in Bivanij cultivar, 9.4% and 27.3% in
Adel cultivar, 43.4% and 40.3% in Arman cultivar and 19.1% and 16.8% in ILC482 cultivar, respectively.

Conclusion

In general, the results of this study show that the delay in sowing date, which is unavoidable under some
climatic conditions by the farmer, lead to reduce in measured traits such as grain yield and LUE of chickpea.
However, it seems that late sowing could help with the selection of suitable chickpea cultivars that could
offset the yield loss due to unsuitable environmental condition such as drought stress by end of the growing
season.

Keywords: Grain yield, Leaf area index, Light absorption, Light use efficiency, Total dry matter
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Table 6. Interaction of weed control and tea waste mulch on the traits measured in beans
(slice on the level of tea waste mulch)
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level by the LSD test.
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Introduction

Legumes are the most important source of vegetable protein supply. Seed bean contains 25-22 percent
protein, and it has a high nutritional value for human which is a major source of protein supply in most
modern societies. Today protein deficiency is one of the acute nutritional problems in the diet of millions of
people in developing countries. Bean ranks third after pea and lentil in Iran as one of the developing
countries with dry and semi-arid climate. Moreover, as to the weeds management of the cropping systems,
weeds are controlled by hand as an earliest means, and by airplanes, chemical pesticides, hormones, and
viruses as the most complete tools. Various studies show that weed control treatments especially hand
weeding treatments caused higher yield than control treatment, indicating the importance and priority of
hoeing in the cultivation of beans. Mulch as a new phenomenon in agriculture has caused a fundamental
change in the use of chemical pesticides, controlling weeds in fields, preventing soil erosion, and increasing
water penetration in soil layers. Also, the use of plant mulch can compensate soil nutrients and increase the
organic nitrogen content of the soil. The advantages of using plants mulch could be increasing soil nitrogen
for the main plant, protecting soil erosion, increasing soil quality, reducing evaporation, and increasing water
penetration in the soil, improving water use efficiency, maintaining good soil temperature and suppressing
weeds. Considering the growing need for weed control in bean fields through non-chemical and mulch
applications as an ecological alternative for sustainable agriculture, an experiment was conducted to
investigate the effect of tea waste mulch and weed control on morphophysiological and biochemical
characteristics of bean.

Materials and Methods

This study was conducted at the Research Farm of Tarbiat Modares University, with a factorial
experiment using a RCBD with three replications. Five time of weed control including no weed control, and
weed control every 1, 2, 4 and 6 weeks and three rates of tea waste mulch at 0, 5 and 10 ton.ha* were used.
Common bed preparation techniques such as plowing, disc and leveling was done in a land area of 1000 m-.
The dimensions of each plot were 4 m by 3 m. The planting was carried out on March 20, with a density of
25 plants m2, with a spacing of 50 cm between the planting rows and eight centimeters on the planting row.
The first irrigation was carried out immediately after planting using T-tape. The next irrigation intervals were
every 5 days.

Results and Discussion
The results showed that the combined effects of weed control and tea waste mulch on all measured traits
were significant. Also, the two-way interaction of these factors was significant for soluble carbohydrate,
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starch, number of pods per plant of bean and dry weight of weed. The highest yield and yield components of
bean were observed in weed control once per week and 10 tons tea waste mulch per hectare. The highest
photosynthesis rate and water-soluble carbohydrate content was observed in the same treatment. Weed
control reduced the competition of weeds with bean and could provide more resources to the crop. Thus, the
application of tea waste mulch affects the absorption of nutrients by the roots. Other studies reported that
dandruff mulch, such as mulch, was more effective in control of weeds than light cleared mulches due to the
lack of light on the surface of the soil and produces good grain yield. The researchers reported that the
highest grain yield was obtained from mulch clichés treatment, which were categorized by black and white
plasterboard treatments in a statistical group.

Conclusion

The results of this study suggest that weed control and application of 10 tons tea waste mulch per
hectare could improve photosynthesis rate, reduce protein content and increase starch and water-soluble
carbohydrate contents of bean seed. Weed control once per week after bean emergence and application of
five and 10 ton ha? mulch reduced weed dry weight by 45.48% and 74.12%, respectively. Finally,
application of 10 tons tea waste mulch per hectare and weed control every 2 weeks is recommended for bean
fields. Overall, it appears that application of tea waste mulch and weed control at the beginning of emergence
was superior for seed production comparing to the late weed control and without mulching.

Keywords: Allelopathy, Hoeing, Landrace, Mulch, Seed yield
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Table 1. Climatic characteristics at the experimental site, during Feb- Jul 2013

slop 9 ol sla S5 AF oot AP il AF ooy9,8  AF Coigus,l  AFols,s AF L5
Climatic characteristics Feb 2013 Mar 2013  Apr 2013 May 2013 Jun 2013 Jul 2013
o sle(C) 75 5.8 1.7 0.7 9.9 135
Minimum temperature (°C)
e sl(°C) 19 21.2 286 335 39 40.6
Maximum temperature (°C)
&5 S Umm) 238 22.7 49.9 6.9 35 0

Total precipitation (mm)
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Table 2. Some specifications of the cultivars
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ICARDA -Is,l5;]  ICARDA -Is,5;]  ICARDA -l ICARDA -ls Origin —sLte
Kabuli - Lls Kabuli - Lls Kabuli - _Lis Kabuli - Lls Type -5
Erect —osliws! Erect —osliws! Erect —osliws| Erect -oslews) Growth habit -«54; 6 5
46 75 55 47 Plant height (cm) - (e silw) a5y £las )| Lawsgie
32 35 36 38 100 Seed weight (g) -(e,5) alo) « + )39 Lawgie
1472 2000 1651 1403 Seed yield (Kg.h) -(LSe ,0 p,55L5) ails & ,Sloe lawgie
206 27.1 265 215 Seed protein (%) -ails ¢iis s v,
Resistant Resistant Resistant Resistant Reation to Ascochyta blight - 535, s Lom 4 25T
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Table 3. Analysis of variance (mean squares) the effect of weed treatment (weeded and unweeded) and crop density on
yield and yield components of four chickpea cultivars in Kermanshah

a0 . S ySlos S ySloc el
5 ol _ gy y0 A olawy UL 0 ailo olasy 4iloYee 39 . )
Sl el 5809w woblasdl ol
S.0.V. df Number of Pods Number of seeds 100-Seeds Biological Economic Harvest
per plant per pod weight yield yield index
(Block) sl 2 0.001 ™ 0.014™ 0.560 "™ 72930 9329.4 ™ 0.39™
S)p ile Lo
Weed treatment l 29536 - 0093 - 85706 - 474713 - 830345 - 34104 -
w)
il P'ﬂ)" o ns ns b > >
i 2 74.765 0.000 6.094 80826 11618.4 18.17
Crop density (D)
3935 83, n n N N .
Chickpea 3 29.536 0.006 4134 27314 4150.9 14.26
cultivar (C)
W x D 2 22551 0.000 ™ 1.017" 19385 ™ 27301 356
WxC 3 11.185 ™ 0.001 ™ 4245 12016 ™ 2085.3 ™ 2450 ™
DxC 6 2.080 ™ 0.000 "™ 6.602 "™ 3710 499.3" 429m™
WxDxC 6 0.281 "™ 0.000 " 2.706 "™ 1000 ™ 146.9 ™ 550"
(Error) Uas- 46 0.419 0.000 4.477 697 127.8 341
(22,2) Slyesdd o2 8.89 437 781 13.98 12.80 5.45

Coefficient of variation (%)

o3 0 5 a0 Jlaisl mhaw )0 s e DS 5529 5 5 e BB 3929 pas sauaslis i 5 4 9 NS
ns,* and **: No significant difference, and a significant difference in the level of probability is 1% and 5%, respectively
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Fig. 1. Interactions between cultivar and plant density (above), cultivar and weed treatment (middle), and plant
density and weed treatment (below) on pod number per plant in chickpea cultivated as rain-fed

Columns with the same letters are not significantly different based on LSD test at 5% probability levels.
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Fig. 2. Interaction between cultivar and weed treatment on grain number in pod of chickpea cultivated as rain-fed

Columns with the same letters are not significantly different based on LSD test at 5% probability levels.
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and weed treatment (below) on biological yield of chickpea cultivated as rain-fed

Columns with the same letters are not significantly different based on LSD test at 5% probability levels.
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and weed treatment (below) on economic yield (grain) of chickpea cultivated as rain-fed

Columns with the same letters are not significantly different based on LSD test at 5% probability levels.
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ns, * and **: No significant difference, and a significant difference in the level of probability is 1% and 5%, respectively
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Introduction

The most important principle in the rain-fed cropping system is to maintain and optimal use of soil
moisture. In this regard, selecting the appropriate cultivar and planting density is one of the most important
management decisions. The open canopy structure, short stature, limited leaf area, and the slow growth rate
of chickpea is responsible for its poor competitive ability against weeds. In rain-fed cropping systems, weeds
can also play an important role in soil moisture depletion and can aggravate drought stress on crop at the end
of the growing season. Among the weed control cropping methods, it is possible to select a competitive
cultivar and/or increased planting density. After introducing a new cultivar from rain-fed chickpea,
researchers have always compared it with older cultivars in terms of competitive ability against weeds. So
far, there has been no comparative study of competitive ability or tolerance of a new rain-fed chickpea
cultivar, Adel, against weeds with older cultivars. Consequently, the effect of planting density of this new
rain-fed chickpea cultivar on the response of weeds was not investigated. Therefore, the aim of this study
was to investigate the interaction of this new and old cultivars and planting density on weeds damage under
rain-fed conditions in Kermanshah.

Materials and Methods

This research was carried out at the research farm of the faculty of agriculture and natural resources of
Razi University, Kermanshah, during 2013-2014 growing season. Wheat was planted in the same farm
during the previous growing season. During the experiment, the total rainfall was 85.51 mm. After preparing
the land to plots of 6 x 2 m?, the chickpea cultivars were manually planted with the distance of 40 cm on
each row on 5 February 2013. The experiment was a factorial (3 crop densities x 4 chickpea cultivars x 2
weed interferences) in a completely randomized block design with three replications. Planting densities were
31.3, 38.5, and 50.0 plants m2. Chickpea cultivars were Arman (FLIP90-96C), Azad (FLIP93-93C), Adel
(FLIP99-66C), and Hashem (FLIP84-48C). The factor of weed interference was at two levels of weeding and
unweeding. The crop was harvested on 28 June 2014 to evaluate yield and yield components. The samplings
of weeds were performed to determine the total biomass using a 1 m? quadrate on 20 May and 12 June 2014,
which were coincident with the flowering time and physiological maturity of chickpea, respectively.
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Results and Discussion

In general, the economic yield was decreased by increasing the plant density in all chickpea cultivars.
The planting densities of 38.5 and 50.0 plants m reduced the economic yield up to 8.9 and 42.6% in Azad
cultivar, 30.5 and 37.2% in Arman cultivar, 23.7 and 40.2% in Hashem cultivar and 32.9 and 36.3% in Adel
cultivar compared to planting densities of 31.3 plants m, respectively. Azad cultivar produced the highest
economic yield (146.4 g m2) under weeded condition, while the lowest economic yield (45.2 g m) belonged
to Arman cultivar under un-weeded condition. The presence of weeds resulted in a reduction of 59.1, 51.9,
61.2, and 46.3%, in the economic yield of Azad, Arman, Hashem, and Adel cultivars, respectively. During
the first weeds sampling, the highest (25.7 g m) and the lowest (17.7 g m2) weed biomass were observed at
planting density of 31.3 and 38.5 plants m?, respectively- whereas during the second weeds sampling, the
highest (60.0 g.m?) and the lowest (42.8 g. m?2) weed biomass were observed at 31.3 and 50.0 plants m?,
respectively. Moreover, during the second sampling of weeds, the highest (54.7 g m) and the lowest (40.8 g
m%) weed biomass were observed at the plots of Hashem and Adel cultivars, respectively.

Conclusion

In this research, the planting density of 31.3 plants m was optimal planting density for all four chickpea
cultivars. It seems that the increase of planting density to control weeds in rain-fed chickpea cropping system
is an unsuitable technique. Therefore, it is necessary to consider other techniques to control weeds in rain-fed
chickpea cropping systems. An interesting observation in this study was that, although the economic yield of
Adel cultivar was lower, the lower biomass of weeds in the plots of this cultivar was observed compared to
other cultivars. This observation can be related to allelopathic compounds produced by Adel cultivar which
is costly for the crop itself and has reduced its yield.

Keywords: Allelopathy, Competition, Rain-fed cropping system
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Plant height  Biological yield
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24.28 1699°
22.5% 23467
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23.4° 2018°
25.52 22342
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Means, in each column and for each factor, followed with similar letter(s) are not significantly different at the %5 probability level- using Least Significant
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Introduction

Chickpea (Cicer arietinum L.) is one of the herbaceous plants. Most of the producing countries of this
crop are in arid and semi-arid regions, and about 90% of the world's chickpea is produced in rainfed
conditions. Chlormequat chloride or cycocel (2- Chloroethyl 3 methyl ammonium chloride) is a choline
esters derivative. Chlormequat chloride interacts with the gibberellic acid biosynthesis pathway, inhibits the
activity of ent-kaurene synthesis and reduces plant height. Reports have shown that the use of cycocel
reduced the stem height, increased the number of tillers per plant, the number of seeds per spike, cold
resistance, salinity, fungi, and insects. Studies show that cycocel solubilization increases cytokinin from root
to stem, which increases the growth period, photosynthesis, and increased yield. The aim of this study was to
investigate the response of yield and grain yield components of two chickpea cultivars to three
concentrations of cycocel foliar application under rainfed conditions.

Materials and Methods

In order to study the yield and yield components of chickpea in response to different levels of cycocel in
rain fed conditions, a factorial experiment was conducted in a randomized complete block design with three
replications at the research farm of Sararood Research Center of Kermanshah. The treatments consisted of
two factors of cycocel concentration in three levels: zero (water as control), 200 and 400 mg L* as the main
factor and two cultivars of Chickpea bionij (local cultivar Mahidasht) and Samin as a minor. Cycocel
treatments were sprayed manually until the water was checked from leaves and air organs. In order to
maintain the effects of cycocel, the treatments were applied in two steps, including 45 days after planting
(one week before flowering) and 60 days after planting (50% flowering) for the planned plots. At the same
time the experiment coincided with the onset of drought stress in the study area. In each experimental unit,
two rows of five rows and a half meter from the beginning and the end of the rows were considered as the
range. To determine the yield components after harvest, 10 plants were selected randomly from each plot.
Plant height, number of branches, the number of shells per plant, shell weight per plant, seed weight per
plant, 1000-grain weight, biological yield, grain yield and harvest index were measured. Data were analyzed
by SAS Ver. 9.1 and the minimum significant difference test (LSD) at the probability level of (p<0.05) was
applied for comparisons between treatment means.

Results and Discussion

The results of analysis of variance showed that the simple effects of cultivar and cycocel on all studied
traits were significant at level of (p<0.01), and their interactions on harvest index and 1000-seed weight was
significant at level of (p<0.01), and finally the number of lateral branches, pod weight per plant, the number
of seeds per pod, biomass yield, grain yield was significant at level of (p<0.05). High cycocel (400 mg L)
treatments increased yield and yield components compared to other treatments. According to the studied
traits, Bionij cultivar had more yield than Samson cultivar. Generally, the growth mobility through the
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change in the photocells and the direction it directs to the target increases the yield. Cycocel also increased
the grain weight and yield in plants due to the changes in the allocation of the material to seed filling.

Conclusion

The results of this study showed that Samson had the highest plant height among the other cultivars,
while the highest number of secondary branches, weight of pod per plant, the number of seeds per plant,
1000 seed weight, seed number per pod, grain yield, biomass yield and harvest index was observed in
Bionaj. All studied traits were positively affected by cycocel. In most cases, soluble cycocel with a
concentration of 400 mg L™ had the greatest effect on growth and yield of chickpea cultivars. It seems that
spraying chickpea plants, especially Bionij cultivar with a concentration of 400 mg L* of cycocel is
recommended for similar climatic conditions.

Keywords: Biological yield, Bionij, Cycocel, Grain yield, Harvest Index
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3 95 S g ShS 0 5o g (Gka Slge g O als
Sly—ome D9 o S GLalS (Gwgid o b
o958 Syl Sl (cage (2P LS (g slaalS,)
g5 ) 55 b e Jsb iz 85,5 15 ol oS
59 LS Ay 595 oS e Job D ds IS wms e
Slaghesl 5l g 155 slagse Job o oasss s
Slacal mln 53 Jeds)lS 5l 5 a8 o i | Sli09,0
.(de Aguiar et al., 2019) w_uS o cbla>  Salogisd
Ol 008 a1 63Ls 5 Ol e S SIS (e
Ghamari & ) el ooy S o) oy § yiwgsd
(Ahmadvand, 2015b
cold, S ass S s,155 Vrbnicanin et al, (2012)
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Table 1. Characteristics of Red bean cultivars

o, Gy wole
Cultivars Growing habit
sleo 0Xig, dans g Sgdomali 0l
Sayad Indeterminate and semi erect growth (Type 2)
RIS ooliws! g Sguze 0l
Derakhshan Determinate and erect growth (Type 1)
D81083 ooliws! g Sguze 0l

Determinate and erect growth (Type 1)

o3l Jomo S o1 loonid 9 (K9 5ud Slroguas Y Jgu
Table 2. Soil physical and chemical characteristics of the experiment

(W29) ol 50 (Pl 2 ) ol i
. Content (%) Content (ppm) S JEIRTIIONIN

o 0395 shund iy (229) gl ( s} )

Texture chw ) R i “ o 5 Organic pH ro M);s“
siit  Clay sand (%% e s o) EC (ds.m™)
Nitrogen (%)  Available P Available k

e el

Silty 58 27 15 0.1 4.94 356.26 1.74 7.39 0.26

loam

9 (HQJJ) R6 J_>‘).a Jrpr— ‘_;Lm‘_;)lo)_;e\_;}o.;
al> o ;0 Loyl o)y 9 50 Slas ol plal (20 3M)RT
(5 Jd5)lS Gl D 58 Jd9 57 (5 o5y o

31 s (5 03lal gl bl 5 adsiss IS

AR ;8 (s (g O )gods jpslacile S

3 S ile Az 5wl ploxl jedile 3l sl slasles
Vi al> o o Slao 5,5ojlasl g8 0is soliinl 7 )b
S0 atises £9,-5) Lug o) 5l (SlanS paw S (raege)
olelS L LS 1 a s Jloj (s 0l (pedd (5 par O jg0n
s (Horvath et al., 2015) s S lay (wles jolxe



FA-AY axino NFer Jlo 155l ¥ (0,99) Jlw /o 31 U 9o GBI § 3 /... 0151 dewly b5y 01550 g 99 2 Lol

Db oaila, yud e Ve an ooy Ar gl b ol e
Joe) UV-Visible yiegisg nSwl oliws dlwg 4o s
i e (Wl jgasVarian o 6 sl Cary-50
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0,5 oolaiwl walls

Chla (ug.ml'h)= \Y/Ya (A $#Y/5) - Y180 (A FF7IF)
ChLb (pg.ml'")= v+ /¥\ (A #¥#/F) - £/ (A FPYIF)
ChLT (pg.ml)= \vive (A #¥5/%) + V/TF (A #7/5) = Chla + ChlLb

(Porra, 2002)
(Porra, 2002)
(Porra, 2002)

(pmol ml )= /- AYYY (A QYY) - -/ -#AY (A #FY) - «/--YYYA (A ##T) (Sims & Gamon, 2002)

Anthocyanin
Caroteniod (ug.ml")=[V+ -+ (A ¥V-)- v/vy (Chla)- V- ¥ ChlLb)rra
(Lichtenthaler and Wellburn, 1983)

A gse Job 5o o las Joloe i e A
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Importance Value of Weed, ) (a—s,0) ; ,acile coonl
oolawl 8,50\ doles R 4 V4 al> 10 g0 ,0 (%) AIVW
(Mamun et al., 2011) cé,5 1,3
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9 jrpcide assS S S 55 DWL ggd lolas o
Al jyacile glaaiss plos S (39 DWr
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Ymean Pmean

sgam o1 o8y adils o, Slae =Y 558 adolas yo a8
syam 5 el das als & Sloe lavwgio =Ymean ¢ 0 slacale
g1 o) a0 bype 5 mslacile sogican; =Bi o aslacale
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(Radicetti et al., 2012)
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2 Yl e Sl )5 hee Voo 58908 5 el g]
Lol 5l Gy 5 9208 ige w0 yd Ar il i) e O
led 5 (TPM) 4885 ;o ;90 Yo v v Zee i Ly oty yUlas
gadloply og) b @ado 10 Guw 4 ol 5 Sl ax of



FA-AY axino NFer Jlo 155l ¥ (0,99) Jlw /o 31 U 9o GBI § 3 /... 0151 dewly b5y 01550 g 99 2 Lol

(SQ3glg 323 (Suamwy) RO 9 VA al> yo 50 jypcile Jol JS1u jlod y0 (IVW) jracile Coodl jlado - Jgur
Table 3. Importance value of weed (IVW) in full interference of weeds at V4 and R9 (Physiological Maturation) stage

JERERRE

(woy0) jpdide Caonl Hlado

(wo0) jpdide Coonl Hlado

Persian sole 58 £ oolyits V4 al> 5o 5 R9 al> yo 5o
name Weed species name Family Importance value of weed in V4 Importance value of weed in R9
stage (%0) stage (%0)
o Sy Convolvulus arvensis L. Convolvulaceae 68.88 8.78
48,5 Portulaca oleracea L. Portulacaceae 7.97 27.33
Setaria verticillata (L.)
by, po P Beauv. Poaceae 6.53 20.48
S > Tribulus terrestris L. Zygophyllaceae 1.60 0.62
o dale Chenopodium album L. Chenopodiaceae 0.00078 13.63
- wl)}t Amaranthus retroflexus L.~ Amaranthaceae 0.0004323 21.92
2
Acde il Polygonum aviculare L. Polygonaceae 0.0002871 -
S9! s ol Cyperus rotundus L. Cyperaceae - 4.61
osis) sl Amaranthus blitoides Amaranthaceae ) 263

S.Wats.

il bogd ol o R7 g R6 V4 al> o a2 10 S
S)._) 6.‘4‘.4 9 (R7 9 RG 41’)-" )o) OQBJ&_A.M)) Cho 6@‘
Lol jaslacile b cols, Lol 3l ks a5 (R7 al> 0 ,0)
2 oreile b el po 0l Blie Sl izen g o e
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aw gl )l Ol Wy (F Jguz) ol o e R7 al> 10
bl pd 4 s (V S0 rplecile b e, Ll s )0 o8,
;9 D81083 (Y a5 ols ylis j wslacale fuad slos Jyus
A S (i L] eSilee (613 iged (o) s o
R7 al> . ,0 D81083 V¥ elas)l 1Kk g 5,00 a1 Lu
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Ll g 0 maises ado o aw jo jo bl lis o o3,
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oealS g ,eslacade Joad plod S byl o 4y s
(Y JS8) el gyls sine
b o =y okS el pilacile )*-‘L’ ) o
S9=9 (Solite slah)liS ;clacile JuS (wlas 090
U bl jpa> Lak et al, (2013) aslllas s 0,0
aw) &b, V3 al> s ,o Lsw ¢las | Horvath et al, (2015)
JHas s 5 resladile Jol5 ]S gl jles 5o (055 5
=2 L g ylo mxe glas 5 090 o2 ailine jpslacale L LolS

\Al

Ll o ol s mslacate (6 500 sba gy 5o
(Amaranthus  ( —i>g) oobi! g, 3zL5 0, Saalw
o Sy g 0ay, ey 7S g retroflexus L.)
=iy w9,z (Ghamari & Ahmadvand, 2013)
03, iy Swsg e (Hibiscus trionum L) _i>g cais
(Echinochloa crus- <,,,—.. (Physalis alkekengi L.)
{(Xanthium strumarium L.) s Qalli (L.) Beauv)
m—izmen g (Aghaalikhani et al., 2005) «, 54l
5 «39,5— {Amaranthus retroflexus L.) .y, 5zLs
Sles 5 5,155 (Ahmadi et al., 2007b) S,
Gblie cdle slaasss do 328o0 (o) 2 9,50 5 pslacile
Ghamari & Ahmadvand, ) s s Cgume j5iS ©)e
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0955 5 09 Sy LT Ly (g S oo 0y 5 00 S
w0 e slacile slaws LnalS caw (S3g3 oy (gleS
ol 319 03,5 Ty 595 s easile Bl 5 pmslanile Jy
(Lak oS e 0)ly ely; olS a1 095 0B, jLas 5,k
et al., 2005)

ails s Slos 9 S 9l 90 Wi
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https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Palisot_de_Beauvois
https://www.google.com/search?q=Polygonaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3MC3JzQAAQMGQjgwAAAA&sa=X&ved=2ahUKEwjl_9ud2PzeAhUEM8AKHQmZAxIQmxMoATATegQICxAH
https://en.wikipedia.org/wiki/Sereno_Watson

FA-AY axino NFer Jlo 155l ¥ (0,99) Jlw /o 31 U 9o GBI § 3 /... 0151 dewly b5y 01550 g 99 2 Lol

39 o5 VIYP) D81083 1Y 4 by e 0055y (p s
(Y Jguz) o9 (6592 y»

25— 5 Glalasl ol jo adla by gl oS
oamonlis as ol L |y Sy mdaw alS 5 0 slacale
lagely 1 5150 w55 ol Ysane 5 sl _moasli ials
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(Ahmadi et al., 2004) 555 »
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. 1. Trend of height changes of red been cultivars at three sampling stages under weed competition and weed

control
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Table 5. Analysis of variance related to the yield and components yield from three red bean cultivars as affected by
weed competition

Olay po (i&ileo
_ Mean of squares
"")"*" é’L" l5°‘)' 440 I OE Sluss
S.0.vV Degree of freedom (df) ails o Slos ) SHE o aild sluxy 4ildYee g 39
Grain yield ©9 No. seed. pod™ 100 Seed weight
No. pod. plant®
Sk 2 8212.50"™ 0.73" 0.14™ 9.61™
Block
“’3_) 2 2506387.50 5.39™ 0.47™ 279.56™
Cultivar
syacdle "*_b_) 1 15652012.50 ** 10.89" 9.82" 182.46™
Weed competition
PSS 2 989662.50 * 5.06™ 0.4 32.22"
Weed competitionxCultivar
o> 10 148612.50 0.46 0.59 11.47
Error
(o) Sl a2 11.07 13.80 18.67 13.62

C.V (%)

*

NS * Rk
¢

Sl s pas g 9o;3 B g oo ye) ksl mhaw (o o)l sre Silis e 4y

*, ™ and ™: significant at P<0.05 and P<0.01 and non-significant difference, respectively
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Fig. 2. Mean comparison for the main effects of weed competition for the (a) height, (b) biomass, and leaf area traits at
three sampling stages
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.(Majnoon Hosseini et al., 2003)
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Fig. 3. Trend of leaf area changes of red been cultivars at three sampling stages under weed competition and weed
control
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Table 6. Mean comparison of interaction of cultivar and weed competition on height at R7 stage and leaf area at V4
stage

3l glas T cio (. Klw
Mean adjective + Standard error

(olS' 12 55 @50 o ilw) VA Al 1o S 1 gelaws

Leaf area, V4 stage (cm?.plant?)

(0 s55lw) R7 alo> o (g3 4
Height, R7 stage (cm)

55 " : : - ; :
Cultivar psbale Jols Sl 059° ul’l’, G ))"6'-““-‘-‘ J)“J spebale Jols Jslas 059° ul-‘l’ G ))bélb"d‘c JJ““‘S
. Weed control until the end of . Weed control until the end of
Weed full interference . Weed full interference -
period period
SQL"'Qd 7.699+0.28 9.41%+0.52 31.41%+1.11 46.64%+1.85
aya
b UL;;); 11.44°+0.34 18.112+0.58 29.64°+1.01 32.24%+0.88
erakhshan
D81083 14.67°+0.24 15.30 ° +0.10 34,33 +151 38.16°+1.28
LSD (P =
0.05) 4.64 7.38

bl oo Sl w50l gime Solis pae caias jlid alie B> S Blas 992 (g o )0
Al e 0oy O (5l e Jloi| hans ;5 LSD (yge5] 5l ooliiul b Silo aunylin

In each column, at least one similar letter indicates non-significant difference between the means.

Mean comparison by LSD test at a significant probability level of 5%
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Table 7. Mean comparison for the main effects of cultivar and weed competition for the biomass (V4 stage),
100 seed weight and seed number per pod traits of red bean

S laitiwl gl t cio (1 Silw
Mean adjective + Standard error

) (p)5) GV v 039 (ol y2 15 p,5) (V4 al> y0) 0595
Cultivar 100 Seed weight (g) Biomass (V4 stage) g.plant*
-~ 19.48° +0.24 0.72°+0.04
Sayad
QL&})O b + a4
Derakhshan 2255°+1.10 1152+ 0.07
D81083 32.542+0.91 1.36 2+ 0.04
LSD (P = 0.05) 4.35 0.39
Jyeaade o, (p55) aildYee 439 S o aild slaxy
Weed competition 100 Seed weight (g) No. seed pod*
sacladle Jabs Sl 21.675+0.62 3.4°+0.08
Weed full interference
2092 Okl U jmslaile J s 28.04 2+ 0.80 4.87%+0.06
Weed control until the end of period B B
LSD (P = 0.05) 3.55 0.81

il eSiles (50 Jldgire Dsld pus oiaslis allie B> Sy Sl S92 it 52 o
il ce 0oy O (5o sime Jloi] lans ;5 LSD (a0l 5l ooliinl b (oSilo ausliin
In each column, at least one similar letter indicates non-significant difference between the means.
Mean comparison by LSD test at a significant probability level of 5%
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Fig. 4. Mean comparison of interaction of cultivar and weed competition on traits (a) grain yield and (b) Number of
pod per plant

Means with a letter in common are not significantly different at P < 0.05.
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Table 8. Analysis of variance of competition index for red bean cultivars under weed competition

¥ 23l &ol3T a0 By psls
S.0.vV degree of freedom (df) Competitive index
Sk 2 0.0922 ™
Block
"’5_) 2 07173~
Cultivar
= 4 0.097
Error
(20,0) Olyuss o o 24.78
C.V (%)

Gl sire pas g a0y B Jleis mhaw )0 (6l cme ,LES i & ns g *
“and ": significant at P<0.05, and non-significant difference, respectively
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Introduction

Common bean (Phaseolus vulgaris L.) has been considered as an important source of protein and
calorie. This plant plays an important role in supplying the human's protein. Bean crop is highly susceptible
to weeds due to low growth rate early in the growing season. Therefore, competition with weeds causes a
significant reduction in grain yield at the end of the growing season. Weed competition is a kind of non-
living stress, which affects plant yield. Weeds and crops are always competing for obtaining nutrients, water,
light and space (CO2). Examining the effect of weed interference time during the critical period provides
valuable information regarding the physiological outcome of competition between weeds and crops. Red
bean cultivars, with different morphological and genetic characteristics, show different responses in the
presence of weeds, which may ultimately result in possible difference in yield. Unlimited growth genotypes
showed higher competitive ability than those with limited growth genotypes. However, there are
contradictory reports about the effect of growth habits on competitive ability. Measurement of growth
indices is necessary to study the competitive ability of species during the growth period. The aim of this
study was to investigate the response of some morphophysiological traits of three red bean cultivars with two
different growth habits to weeds.

Materials and Methods

A field experiment was conducted to investigate the morphological and physiological characteristics of
three red bean cultivars with two different growth habits (semi erect and erect) under weed competition in
the experimental research station at the Faculty of Agriculture, University of Ilam, Iran. The experiment was
conducted as factorial based on a randomized complete block design with two factors including: cultivars
(Sayad, Derakhshan and line D81083) and weed competition at two levels (weed free and infested during the
growing season) with three replications. The traits related to red bean such as plant height, biomass,
chlorophyll a, b and total chlorophyll, anthocyanin and carotenoid at the stages V4, R6, R7 and grain yield
and yield components were measured at physiological maturation stage. The importance value of weed
(IVW) was measured in two stages V4 and R9. Competitive index (CI) was used to evaluate the competitive
ability of common bean varieties against weeds. The software of SPSS 22, SAS 9.4 and Excel 2013 were
used for test normality, data analysis and drawing charts, respectively. Means comparison was performed by
the least significant difference test (LSD).
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Results and Discussion

Convolvulus arvensis had the highest importance value of weed (IVW) index from the beginning of
growth until stage V4. At stage R9, the Purtulaca oleracea and Amaranthus retroflaxus had the highest
values of IVW by 27.33% and 21.92%, respectively. The latter are dominant species in the western regions
of the country. The results showed that cultivar type and weed competition had significant effects on the
bean crop height at all studied stages. In addition, the effect of interaction between cultivar and weed
competition was significant on leaf area (LA) and height at V4 and R7 stages, respectively. At all stages,
traits such as height and leaf area of red bean cultivars were significantly decreased owing to weed
competition compared to the weed control. Line D81083 and Sayad had the highest and lowest leaf area in
competition with weeds during all stages, respectively. The effect of interaction between cultivar and weed
competition was significant on grain yield and number of pods per plant. Line D81083 and Derakhshan
cultivars had the highest and lowest seed yield in competition with weeds, respectively. Line D81083 had the
most competitive index among the cultivars. There were no significant differences between Sayad and
Derakhshan in all studied traits. Weed competition had a significant effect on chlorophyll a, b and total
chlorophyll at V4 and R7 stages. Anthocyanin and carotenoids were not affected by the treatments at V4
stage. Overall, chlorophyll a, b and total chlorophyll were significantly increased in the absence of weeds.
The effect of differences in anthocyanin value was significant based on the cultivar and weed presence, while
carotenoid content was only affected by the cultivar type at R7 stage.

Conclusion

The present study showed that use of line D81083 could increase grain yield of red bean up to 2-fold
under weed free conditions compared to crop-weed interference conditions. Line D81083 had the highest
grain yield, pod per plant, 100-grain weight, and competition index when full-season weed competition
occurred.

Keywords: Growth traits, Non-chemical weed management, Photosynthetic pigments, Shading
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Table 1. Farm soil physicochemical properties

Soil depth N P K EC Organic matter
(cm) Soil texture (%0) (mg kg™ (mg kg™ pH (ds m™) (i’/o)
S e scdl, Ol ond ] S Al SRS Colus Seske
(o GHlw) (0y0)  (pSoksS )2 p ko) (PSS 50 055 o) (Fo 2 uieos s d) (a2,3)
Sandy loam
0-30 . 0.063 29.4 440 7.91 0.971 1.1766
[Cand s‘ﬁj
Sandy loam
30-60 . 0.044 45.9 407 7.59 1.627 0.7060
St 6‘9]
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S & S 5 059 p5 g S ke e 2 () 5 (1) (V)
XN
(1) alal,
Chlorophyll a = (19.3 x Agey — 0.86 X Agy: IV /100W
(V) abayl,
Chlorophyll b = (19.3 x Agys — 3.6 X Aggy JV/100W
(V) abayl
Total Chlovophyll = Chlorophyll a + Chlorophyll b
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Table 2. Analysis of variance of physiological traits affected by type and mode of application of amino acid

a Judg,ls

Ol il glio @oll a0 b Judg b5 IS b ks Wy Sy b Bl &y 5 o
S.0V df Chlor;)phyll Chlorophyll b Total Chlorophyll  Leaf area of plant Leaf /stem
Block

Sob 2 0.27170889™  0.01824000™ 0.4158289™ 27.7™ 0.001™
Mode of
application (H) 2 25.0%* 0.641** 33.1%* 4187** 0.001ns
eSO RV Sy, &y
Type of amino acid
(M 4 12.1*%* 0.586** 18.0** 3078** 0.006*
aologal go5
HxT 8 11.4*%* 0.455** 16.0*%* 2126** 0.010**
iz . . . .
Error
s 28 0.300 0.029 0.501 37.4 0.002
CV (%)
O . 6.15 11.2 6.73 14.4 11.0
(1) Ol pss o po

oy G g aeys iy Jleiol mh 10 5l dre g g pae Slai s s 4T
ns, * and **: Non significant and significant at 5% and 1% level of probability, respectively

)

.ns
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Table 3. Mean (tstandard deviation) comparison of physiological traits affected by interaction of type and mode of
application together

a Judg 5 b Jadgsls J5 Judg b5 Vg S g
o las 039e5 eSS aigeS eSS GigeS S 50 & le) O S
Treatments (Sypy (Sypy (Syy (ag Lo &
Chlorophyll a Chlorophyll b Total Chlorophyll Leaf rea of plant Leaf/Stem
(mg gF.W*?) (mg gF.W?) (mg gF.W?) (cm? per plant)
o] 9.0740.09% 1.500.02°¢ 10.56+0.12¢ 47.47£4.90° 1.11+0.08"
Arginine
R
e T 13.92+0.0872 2.26+0.142 16.18+0.262 36.78+7.46¢ 1.01+0.05b4
Aspartic acid
. “’J”J 11.05+0.19¢ 1.83+0.07° 12.88+0.26° 47.45£0.83° 1.11+0.03%
Jbeyds Proline
Priming &)l anslo!
Trade amino 9.47+0.01¢ 1.46+0.02¢¢ 10.92+0.01¢% 55.87+3.58% 0.96+0.02°4
acid
) Jaie Ol
(?&%&) S 8.80+0.49% 1.52+0.17% 10.32+0.66° 21.96+3.05% 0.90+0.09%
Distilled water
o) 10.41+0.12°¢ 1.63+0.02b° 12.03+0.13¢ 17.50+0.58¢ 0.74+0.06¢
Arginine
2! &u’l“ 6.84+0.20" 1.08+0.01% 7.92+0.22" 34.48+3.27% 1.02+0.13bd
Aspartic acid
_ oz 7.33+0.30%" 1.19+0.05%9 8.52+0.35" 25.89+4.36%9 0.79+0.05¢
b Jsloxe Proline
Spraying 6o aela
Trade amino 6.95+0.5791 1.27+0.14%9 8.22+0.70™ 24.48+5.08%9 0.87+0.05%
acid
(al2) shae | 8.44+0.71¢ 1.34+0.14%1 9.78:0.85¢9 27.07+0.58%  1.24+0.06®
Distilled water
C’fj)_‘ 6.24+0.241 1.03+0.069 7.27+0.311 47.11+£1.63° 0.90+0.04%
Arginine
2! &Q)LM 12.04+0.36° 2.53+0.192 14.57+0.54b 64.39+3.11° 1.43+0.262
s Jlois Aspartic acid
3l sl P‘rf(;:’lf]e 9.21+0.24% 1.52+0.04% 10.72+0.28° 19.04+1.96 0.9120.11°
Primir_1g+s o5 sl
praying L mino 7.8740.1410 1.2740.01%9 9.140.131 137.88+2.84° 1.18+0.15%
acid
La) Shade Ol )
(08l bk - 7.45+0.049" 1.30+0.09%9 8.75+0.13¢" 28.04+0.93¢f 0.89+0.12%

Distilled water

*FW: Fresh Weight (5 .;5)

Means with the same letter are not significantly different at 1% probability level.
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Table 4. Analysis of variance of harvest index, lentil yield, yield components affected by type and mode of application
of amino acid

axy® g yo B oluay

als)eer 39

Ol i 2slo - sils y sl 3y 0 Slos
& o3l The number of pods 1000 Grain e "’” ’ .
S.0.v of per plant weight Harvest index Seed yield
Block
Soh 2 0.082m 0.82m 157.89** 973.71™
Mode of
application (H)
55 g5 2 38.7** 19.9* 561** 212383**
PSRV
Type of amino
acid (T) 4 61.7** 1.65ns 666** 338919**
aologal go5
HxT
i 51 8 11.1*%* 12.3* 141%* 58745**
Error
s 28 6.51 4.36 26.4 2543
CV (%)
7.67 5.81 18.7 11.1

(1) Oy o

. - . . . - oo SR *
2o, Sy g oy iy Jleiml gl )3 3gld e 5 Sld e pas T 5T NS

ns, * and **: Non significant and significant at 5% and 1% level of probability, respectively



AA-8] amivo AF++ Jlo 55l Y (0,90) Jlw [ 931 9> SO 9H /... 5L oo 3 Jloyiy pui 101,50 g 0313 o>

ol 811,15 09 9 £ JiSod 50 o 8 Sloe gl3al g coilo Ll (0 lailiw! B ymith) (uKileo duslio -0 Jgue
A28 b oo

Table 5. Mean (+standard deviation) comparison of harvest index and lentil yield components affected by interaction
of type and mode of application together
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Fig. 1. Effect of type and how of application of amino acids on seed yield
The similar letters indicate non significant difference at 0.01 probability level.
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Table 6. Correlation coefficients between studied traits
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Introduction

Lentil is used mainly for human consumption as a source of protein and carbohydrate in soups, stews
and vegetarian dishes. It is grown to improve economic returns to producers, diversify and lengthen crop
rotations, and reduce nitrogen fertilizer requirement. Lentil, a member of the legume family, Leguminosae,
can supply a significant portion of its nitrogen requirement by fixing nitrogen from the air when it is
inoculated with the appropriate rhizobial inoculant. The pattern of nutrients in the proximal composition of
lentil is similar to that of other grain legumes, but with seed protein content of 19.5-35.5%. Fiber
concentration is low and is largely within the seed testa, so the fiber in lentil meal can be reduced if it is de-
hulled before grinding. In addition to high-quality protein, essential amino acids, and major minerals, its seed
contains iron up to 505 mg per kg and zinc up to 330 mg per kg on a whole seed basis. Amino acids help in
tissue protein formation. Some amino acids are not synthesized in the body and it is necessary to take them
in diet. Lentils contain different amino acids that can be used by most people. This research was carried out
to study the effect of different Amino Acids on the activity of antioxidant enzymes, proline content and seed
yield of Lentil in delayed planting.

Materials and Methods

In order to study the effect of different amino acids on yield and biochemical traits of lentil, a factorial
experiment was conducted based on a randomized complete block design with three replications in the
research farm of agricultural faculty, Tarbiat Modares University, through May to July 2018. The factors
studied included mode of application (priming, spraying and priming+spraying) and type of amino acids
(Arginine, Aspartic acid, Proline, trade amino acid and distilled water (control)). The amount of amino acids
used was 1 g per liter. In this study, leaf, stem, pod and total fresh weight, leaf area, leaf to stem, chlorophyll
content (a, b and total), the number of pods per square meter, 1000 grain weight, harvest index and seed yield
were determined. Statistical analysis of data was performed using SAS software version 9.4. To compare the
means, the least significant difference (LSD) test was used at a 5% probability level. Also Excel software
was used to obtain different equations and draw curves and chartsharts.

Results and Discussion

The results showed that the highest total chlorophyll (16.18 mg gF.W?), chlorophyll a (13.92 mg
gF.W%) and chlorophyll b (2.53 mg gF.W*) was obtained from the priming with aspartic acid. The number of
pods per plant (13.11) was more than the others in priming and spraying with aspartic acid. Amino acid
application produced more leaf than control (distilled water). The arginine, aspartic acid, proline and
commercial amino acids produced 46, 55, 20 and 52% more leaf fresh weight, respectively. The application
of aspartic acid with 88.87 g m? produced the highest yield (more than three-fold relative to the control),
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followed by the application of arginine (55.51 g m?), commercial amine (44.4 g m?) and proline (32.78 ¢
m2). The application of aspartic acid via both priming and spraying is suggested as the best treatment.

Conclusion

Plants create amino acids from primary elements they absorb from the environment. Carbon and oxygen
are obtained from the air. Hydrogen and nitrogen are obtained from the soil. Inside the plant, amino acids are
formed through metabolic pathways. Plants, like all other forms of life, require amino acids to create cells.
These cells are then used to build various vital parts of a plant like roots and leaves. Amino acids are quite
literally the foundation of life, especially when it comes to plants. If plants can utilize supplementary amino
acids without creating them out of oxygen, carbon, nitrogen, hydrogen and sometimes sulfur, they would
have much more available energy to use where it is necessary. When amino acids are properly applied, the
impacts are profound. According to the results of this study, amino acids can reduce the stress of delayed
planting. In the absence of amino acid, yield reduction will be higher. The application of aspartic acid via
both priming and spraying is suggested as the best treatment.

Keywords: Arginine, Aspartic acid, Chlorophyll, Harvest index, Proline, Seed yield
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Table 2. Analysis of variance for the effect of weed control and cultivar on yield and yield components of chickpea

i golin ol5T 4y A 50 BME oluwi gy o dils ooy 4iloYeee iy 39 S 3elom 3,5kos sils 5,5dac il sl
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J: x ()\';?‘ 4 0.29 0.70 2.46 313.22 10.77 415
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WJf;‘_S 1 228.15% 481.66* 15424.06** 376833.75* 45567.70% 9.71™
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Lo yo e
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Lo 3o 8
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Lo ,0 8, X i
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;'g‘/ T 15.99 1256 12.89 10.49 12.74 1021
0 .

aoy3) 5o )30 Jloisl o )0 s Jixe g o Sime pd a5 4 ik g % NS
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively

395 3 o g9 8,5dos I3ty ) 9 5 pslacile J 08 S (ko s lio Y Jguar
Table 3. Mean comparison for the effect of weed control and cultivar on yield and yield components of chickpea
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Mahali

Wl pre BB s S pie By SO e Bl oS et 10 sla 1 Sk
Means in each column, followed by similar letter are not significant.
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Fig. 1. Mean comparison for the effect of weed control and cultivar on biological and grain yield of chickpea
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W: weeding; N: Non-weeding; C1 to C5: Tork, Azad, Arman, Hashem, Mahali chickpea cultivars, respectively
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Table 4. Mean comparison for the effect of weed control and cultivar on weed number and biomass

i 23bo sol3T a0 jypuile slass sypcile logw
S.0.V d.f Weed number Weed biomass
Ju 1 2.70" 20.83™
Year
Jl s 4 150 39.16
Rep (Y)
o 4 87.61% 2439.45%*
Cultivar
Lo s
Jo e 4 161 2.08"
CxY
bl sl 16 429 175.66
Error
Sl a2 14.09 16.50
% C.V

aoy3) 5030 Jloisl o )0l e gl e b s 5 a9 % NS
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Fig. 2. Mean comparison for the effect of weed control and cultivar on ability withstand competition of
chickpea cultivars
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Introduction

Weeds are among the main limiting factors in agriculture. In fact, the problem of weeds is a basic
problem in farms, which can lead to major yield loss. Weeds can decrease soil nutrients and threaten crops
by competing for water and light or by their allelopathic effects. Crop yield losses due to weeds depend on a
number of factors such as grown species, weed number per area, weed competitive value, and crop
developmental stage. Weeds can decrease grain quality, cause unequal maturation and harvesting difficulties,
and act as the hosts for pathogens and pests. In addition, environmental and human health impact of
herbicides, increasing resistance to herbicides, scarce by herbicides and increased conservation agriculture
were the main factors stimulating the interest in developing new weed control methods. Chickpea is a weak
crop against weed. Chickpea (Cicer arietinum L.) is one of the earliest cultivated legumes and has been
found in the Middle East 7500-years ago. It plays an important role in human nutrition as a source of protein,
energy, fiber, vitamins, and minerals for large population sectors in the developing world and is considered a
healthy food in many developed countries.

Materials and Methods

In order to evaluate yield components, yield and competitive power of chickpea cultivars, an experiment
was conducted on a sand claysoil at the Agricultural Research Station (latitude 35°1' N, longitude 48°31' E
and 1690 m altitude), Faculty of Agriculture, University of Bu-Ali Sina, Hamedan, Iran. The long-term
average air temperature and average air temperature during the growing season was 12.5°C and 22°C,
respectively. The experiment was done within two seasons, 2013 and 2014. The same field was used in both
years and the same treatments were applied to the same plots. Experiment was conducted as the factorial
based on randomized complete block design (RCBD) with three replications. Experimental treatments
included weeding, no weeding of weeds, and five cultivars of chickpea (Tork, Hashem, Arman, Azad and
Mahali). Analysis of variance was used for statistical analyses (Version 9.2, SAS). Differences between
treatments were compared by least significant difference (LSD) test at the 5% probability.

Results and Discussion

Analysis of variance showed that the effect of weed control on all traits except harvest index was significant.
The effect of cultivar on all traits except harvest index was significant. The effect of weed control x cultivar
interaction was statistically significant only on grain and biological yield. The highest grain yield (136.00 g
m2) was obtained for Hashem cultivar in weeding condition. The lowest value of this trait with about 75%
reduction was obseverd for Mahali cultivar under no weeding condition. Maximum biological yield (394.75
g m?) was observed for Hashem cultivar under weeding condition and the lowest value, with about 70%
reduction, was found for Mahali cultivar under no weeding condition. Maximum and minimum weed
biomass (104.99 and 52.50 g m?, respectively) and weed density (20.50 and 10.67 per m?) was found for
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Hashem and Mahali cultivar, respectively. Therefore, results showed that the highest ability withstand
competition (52.30) was observed for Hashem cultivar, and the lowest value of this index (39.12) was for the
Mahali cultivar. The results showed that increasing the biomass of chickpea plants increased the ability
withstand competition index, and decreased weed density and weed biomass. Therefore, Hashem cultivar can
be known as a resistant cultivar against weeds, but Mahali cultivar has the lowest ability against weed
invasion. In general, the use of resistant varieties is a good solution to reduce weed damages.

Conclusion

The results of this experiment showed that the yield of different chickpea cultivars decreased in the
presence of weeds. However, yield reduction in different cultivars was not the same. As a result, Hashem and
local cultivars were identified as the strongest and weakest cultivars against weeds, respectively. By
evaluating the yield of different chickpea varieties and competitiveness index, the varieties with good
competitive ability in the presence of weeds can be identified. Additionally, this has the potential for weed
control management without chemical herbicides.

Keywords: Ability withstand competition, Weed, Weeding, Yield
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Table 1. Results of soil physicochemical analysis at the site of the experiment
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Table 2. The monthly average precipitation and temperature in 2016
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Source: Miyaneh Synoptic and Meteorological Station. Iran
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Table 3. Variance analysis (Mean squares) of morphophysiological traits in mung bean (Vigna radiata L. Wilczek)

(Mean squares) il yo sl

- . B - . ShS (459 J Sl o5
Ol s’ @aboo @3l azyo Gy el Wg Syl S pSUS o) e
. O 9 a8lw aigy S5
Sources of Degree of Plant The number Dry weight . -
variation freedom height of leaves of leaves Dry weight Dry weight of
of stem+pod plant
".’Sj . 2 9.307™ 177.620" 0.604" 0.211"™ 1.527™
Replication
gy 5 2 164.7" 307.863 5.747" 31417 62.897"
Mmstute stress
i 4 23.721 25.993 0.539 3.525 5.804
Error
el & 3 61.125™ 25.651™ 3.278" 5.318" 8.538"
Inoculation
k) il £ 6 35.261" 33.321™ 0.450™ 2.104™ 3.646™
InoculatlanStress
el ol 18 6.779 17.729 0.820 1.793 2.908
Error
5
Total 3%
(22,9) Dokl 2 12.85 17.78 25.48 16.61 14.68

Coefficient of variation %

aoyo) g oo, Jleisl mhan (o Iy pime Iy e pas s 5 ™ g % ns

", * & **: No significant, significant at 5% and 1% probability levels, respectively
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Continue of table 3. Variance analysis (Mean squares) of morphophysiological traits in mung bean (Vigna radiata L.

Wilczek)
Olay yo (12Kikeo
Ol s’ 230 Mean squares
Sources of &ol3T 450 Sy o ST o a8l ylad aigy 30 a5l oloses
variation Degree of Relative water Stem The number of
freedom content diameter branches
e
S 2 77.622 1.456™ 5.272"
Replication
".é”b) oS 2 1031.412* 1.354" 6.831"
Moisture stress
5olosT ol
o 4 33/.764 0.913 0.591
Error
o & 3 55.910 0.2251 2.736"
Inoculation
by el g5 6 125.880 0.773™ 1.138™
InoculationxStress
W Lo] oleual
oo 18 119.081 0.556 0.531
Error
& 35
Total
R
(40,2) St oy 21.56 25.48 1058

Coefficient of variation (%)

% NS

aoyo) g oo, Jleisl w1 s e s e pas a5 4™

", * & **: No significant, significant at 5% and 1% probability levels, respectively
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Fig. 1. Interaction effects of moisture stress and inoculation on height of mung bean
(Vigna radiata L. Wilczek)
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Table 6. VVariance analysis (mean squares) of nitrogen percentage of seed, grain protein percentage and root
colonization percentage of mung bean (Vigna radiata L. Wilczek)

Sl o (2 Sko
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Sources of variation : 1S 59 55 By Q1D (guii gy oy Al y oyl 3 olS w50
?fgerggrg Nitrogen percentage of seed  Protein percentage of seed  Root colonization percentage
<
’_’x . 2 3.090" 15.36" 0.033
Replication
sk A5 2 0.382" 1.826" 0.033"
Moisture stress
o ’| sl
el ol 4 0.483 2.724 0.021
Error
il ey 3 0.005" 0.110" 0.30"
Inoculation
sk rPedlies 6 0.006" 0.113" 0.015°
Moisture stressxInoculation
. j oLl
bl el 18 0.002 0.021 0.007
Error
F 35
Total
(00,9) Syl ey 11.46 7.25 20.93

Coefficient of variation (%)

% NS

aoyo) g oo, Jleisl w10 s gxe Iy e pas 5 4™

", * & **: No significant, significant at 5% and 1% probability levels, respectively
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Table 7. Mean comparison of nitrogen percentage of seed, grain protein percentage and root colonization percentage
of mung bean (Vigna radiata L. Wilczek)

oo (90 y3) 413 (459 35 AlS (g Wy (gl jigls
Treatménts Nitrogen of seed (dw0y3) (3o ,0)
(%) Seed protein (%) Root colonization (%)
Jost sl 1.463° 9.091° 39.1°
Normal irrigation
o s T b
oW Srekles 2.313° 14.385° 33.5°
Cutting-irrigation in flowering stage
s S sl e 2.319° 14.420° 44.0°
Cutting-irrigation in pod setting stage
cdb ‘”JJ'. 2.0572 12.789° 32.44
No-inoculation
VPR a5 sl pligessl il 1.8400 11.439¢ 46.4°
Pseudomonas fluorescens strain169
£ L ils
S oeslS b 2.097* 13.037% 37.7¢
Glomus mosseae
VPR dyges S 5l8 (uligagogurtange ugasls L c-ﬂiJ 21332 13.263¢ 38.95
G. mosseae+Pseudomonas fluorescens strain169
e Lo Ll
geis ooy el 1.467h 9.117" 43.3¢
Normal irrigation+No-inoculation
A g sl e il g sl 1.433" 8.910" 31
Normal irrigation+Pseudomonas fluorescens strain169
$ L pailin Jlo s o bl
e wgesls b gein Sy sl 1.5579 9.677° 379
Normal irrigation+Glomus mosseae
\?_* “ww)ﬁb ligagdgm +euge Lusasls b el + oy (6 kel . 1.393" 8.660' 45
Normal irrigation+G. mosseae+Pseudomonas fluorescens strain169
S5 onsr malf x LT AL
sl Sealiles _ 2.397° 14.903° 237
Cutting-irrigation in flowering stage+No-inoculation
PR i gl st L el rpalf e sl o2 2.250¢ 13.990¢ 36.6"
Cutting-irrigation in flowering stage+Glomus mosseae
dge ogeslS L il + (2alS dge (5l o8 _
Cutting-irrigation in flowering stage+Pseudomonas fluorescens 2.263° 14.077¢ 36.6'
strain169
VIR g S5l uligadgus ausge (o5eslS L il + o005 dge (5 el oS
Cutting-irrigation in flowering stage+G. mosseae+Pseudomonas 2.343¢ 14.570¢ 39.3f
fluorescens strain169
_ womrsn L dn ol ek , 2.307% 14.347¢ 30.3
Cutting-irrigation in pod setting stage+No-inoculation
\9c“‘-’5“’ W‘*’)Bls g)“-'b?“S‘)}“’ L C"“l‘ *tﬁ““f‘—éy‘:’ 659“’ tﬁ)l"’T (':!as 1837f 11417f 493b
cutting-irrigation in pod setting stage+Glomus mosseae
dsge ugagls b gl + ot adgs (5 )lnl olad
Cutting-irrigation in pod setting stage+Pseudomonas fluorescens 2.470° 15.357" 40.13¢°
strain169
VP @y g s lb uligagdgust dusge (wgasls L il + 60 0ME o850 (gl alad
cutting-irrigation in pod setting stage+G. mosseae+Pseudomonas 2.663° 16.560° 55.32

fluorescens strain169

3l 0525 (5,0 gme BB ciloaiosls Hlis alive gy b aST ey Sl (g B )0
In each column, among means followed by same letter(s) there are not significant differences at Duncan’s (5%).
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Table 8. Mycorrhizal growth response percentage and mycorrhizal dependency percentage of mung bean
(Vigna radiata L. Wilczek) under different treatments

213850 (Simsly 2325850 0y el
& 5lon (2039) (%059)
Treatments Mycorrhizal Mycorrhizal growth
dependency (%) response (%)
cwia o9 0 00
No-inoculation
VPR g Sut ol (aligodguly il 10 20
Pseudomonas fluorescens strain169
dsge gasls b edls 14 17
Glomus mosseae
VPR dyg i )lo uligogogurtange (gesls b ils 16 1656
G. mosseae+ Pseudomonas fluorescens strain169
Jer skl 0 10.2
Normal irrigation
RS Bse skt &had 10 11
Stoppinng-irrigation in flowering stage
G dge (5Ll ol 10 11
Stopping-irrigation in pod setting stage
cwl» O%@*JL‘JJ @LJ . 0 0.00
Normal irrigation+ No-inoculation
VPR g3 ol alisogages b el Jlo 5 (sl 13 19
Normal irrigation+ Pseudomonas fluorescens strain169
dage agaslS b mdliv Loy (L 17 17
Normal irrigation+ Glomus mosseae
VRt S 518 ligagages +amsge ugegls b gl + Loy k] 11 18
Normal irrigation+G. mosseae+Pseudomonas fluorescens strain169
el 9+ ddge (s Lnl ol 0 0.001
Stopping-irrigation in pod setting stage+ No-inoculation
VPR dygus St 5l uligagoges b el + o D adgo (5Ll oo 13 16
Stopping-irrigation in pod setting stage+ Pseudomonas fluorescens strain169
sge ogeslS L el + oM adge 5 )lnl plad 14 17
Stopping-irrigation in pod setting stage+ Glomus mosseae
VR dygms St ypld ligadges +auge (goslS L peels +san i adge (5 kel alab
Stopping-irrigation in pod setting stage+G. mosseae-+Pseudomonas fluorescens 18 17
strain 169
Tl g+ (2l wge (o)Ll kel 0 0.01
Stoppinng-irrigation in flowering stage+ No-inoculation
sge ugeslS L el + 2lS adge (5 )lnl olad 18 16
Stoppinng-irrigation in flowering stage+ Glomus mosseae
VPR a0 St j5ld (uligogoges b el + 2ulS 1y (g kel oo 14 11
Stoppinng-irrigation in flowering stage+ Pseudomonas fluorescens strain169
VIR g S5l uligadgus ausge (o5eslS b il + o008 ddge (5 k] oS
Stoppinng-irrigation in flowering stage+ G. mosseae+ Pseudomonas fluorescens 10 19
strain169
Gl YL i) GonlidolS oo (n i cge o aS (o o 4 VPR dyge S jold uligegog
Sl (e oo Ll 5 039y 232l 50, Sdled (55 2l Blea ok 4 o )ls eSS ST (655 e
s Lods; g 4 0o gl (31 Bosb 5l duge (wgeglS
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Introduction

Environmental stresses especially drought are important and effective factors reducing plant production.
Mung bean (Vigna radiata (L) Wilczek) from leguminosae family mostly grows in tropical areas and has a
lower water requirement compared to other legumes. The role of mycorrhizal symbiosis to protect plants
under drought conditions is considerable. The main effects of drought stress at the flowering stage are
aborting flowers and eventually declining seed yield while the major effects of drought stress are on
reproductive organs of plants in the pod filling stage. Therefore, effects of drought stress occurring due to
lack of water are in different growth stages which can be divided into flowering and pod filling stages. The
aim of this study was to improve some morphophysiological traits, nitrogen, protein, root colonization,
mycorrhizal dependency and mycorrhizal growth response percentage of mung bean by Glomus mosseae and
Pseudomonas fluorescence strain 169 symbiosis under different imposed moisture stress conditions.

Materials and Methods

A split plot Randomized Complete Block Design experiment with three replications was conducted in
the research farm of Islamic Azad University of Miyaneh branch, Iran, during 2016. The main factors
allocated to three levels of drought stress included: normal irrigation (control), stopping irrigation in
flowering stage, stopping irrigation in pods formation stage. Sub-factor was considered for four treatments of
inoculation including: non-inoculation (control), inoculation by G. mosseae, P. fluorescens strain169 and G.
mosseae+P. fluorescens strain169. Parto variety of mung bean (Vigna radiata L. Wilczek) used in this study
was provided by Seed and Plant improvement Institute, Karaj, Iran. Suspension solutions of Pseudomonas
fluorescens strain169 with 108-109 live and active bacteria per ml (CFUmI-1) were provided by Water and
Soil Research Institute, Karaj, Iran. Glomus mosseae was obtained from Zist Fanavaraneh Turan biotech
firm, which had approximately 30 live fungi per gram and was produced by culturing in host plants, used in
the form of soil mixed spores and hyphae. Inoculation of seeds by Pseudomonas fluorescence strain 169 was
done in the morning by mixing them in an aluminum paper. The 2% glucose solution was added to increase
the number of bacteria attached to seeds, and the seeds were then allowed to be dried in shadow. In order to
increase the efficiency of fungi and bacteria in sowing time, seeds were not sterilized. Based on
physicochemical analysis, the soil clay and organic carbon, nitrogen, phosphorus and potassium amount in
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the experimental farm was 1.5%, 0.1%, 5.70 (mg.kg™) and 301 (mg.kg™?), respectively. In this study, traits
such as protein of seed (%), nitrogen of seed (%) and root colonization (%), relative water content (%) as
well as mycorrhizal dependency (%) and mycorrhizal growth response (%) were measured, and the average
of ten samples from each plot for plant height (cm), the number of leaves per plant, dry weight of leaves (g),
dry weight of stem+pod (g), dry weight of plant (g), stem diameter (mm) and the number of branches were
collected and calculated. All measured data were analyzed for simple analysis of variance using MSTAT-C
software. Mean comparison was carried out by the Duncan test at 5% probability level using SPSS (Ver.16).

Results and Discussion

Results displayed significant variation among drought stress treatments for the majority of growth
characteristics. Based on inoculation treatments, there were significant differences between all measured
traits except the number of leaves per plant and stem diameter. Drought stress decreased the majority of
morphophysiological traits. Glomus mosseae increased dry weight of leaves and dry weight of plant by
44.3% and 8.45% respectively. G.mosseae was more effective to increase growth characteristics of mung
bean. According to water requirement, pods forming stage was the most sensitive growth stage. Co-
inoculation of P. fluorescence strain 169+G. mosseae synergistically affected root colonization percentage
and nitrogen percentage of seeds. Protein content of seeds in drought stressed condition was more than
normal irrigation plots. Plants located in cutting irrigation in pods filling stage plots plus inoculated by G.
mosseae+P. fluorescence 169 had the highest protein content of seed with average 16.560%.

Conclusion

This study indicated that major differences between G. mosseae, Pseudomonas fluorescence strain 169
and interaction of them for their ability to enhance growth characteristics of mung bean. G. mosseae and P.
fluorescence strain 169 could alleviate drought stress effects through enhancing the plant height directly. Pod
formation stage was identified as a susceptible growth stage of the plant under water deficit condition. In
addition, stopping irrigation in pod formation stage had a high negative influence on the number of leaves
and branches in plant. The majority of measured growth characteristics was positively affected by soil
microbial mass. Plants inoculated by P. fluorescence 169+G.mosseae under cutting irrigation in pod filling
stage had the highest root colonization by 55.3%. Synergistic effects of G. mosseae and P. fluorescens 169
increased dry weight of stem+pod, dry weight of plant, which seems to be an important finding for
physiologists and soil scientists. Glomus mosseae individually improved plant height and dry weight of
leaves in cooperation with other treatments.

Keywords: Colonization, Drought stress, Inoculation, Morphological traits, Mung bean
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Table 1. Analysis of variance (mean square) of yield and yield components of green bean

™ as s £l | >Liolas ol olows alo olaxy &1s dlaws o ol 0 ,Slos Wy S 09
é’ .),— . ’ G yd o4 PP ols 4o aigs yo S o LS 5o
Ol i ol g Number of ) y : . Plant dry
. Number of Number of Number of Green pod yield -
SOV df Height branch per pod per plant  seed per pod  seed per plant per hectare weight per
plant hectare
Iy " .
’_‘& . 52.05 2.91ns 48.71ns 0.29 1739.3ns 44945818ns 17894ns
Replication
Lo - * x x - . -
o 65.67 3.8 242.76 0.16 4840.6 910021816 145945
Treatment
Uas
6.12 0.77 41.17 0.03 805.8 30409084 11811
Error
(1) Ol yis g
NN 0.05 01 0.19 0.03 0.17 0.17 0.13
(/) CV

Aoy gy g 9o, S ol g )5l e gl e f o sa s 9 T NS
ns, ™ and ": Non-significant, significant at 1% and 5% probability level, respectively

Slaads Jald 3 ;Slos (gl52rl g 9 ,5hoe (Olatpo (uS3lio) (uilyylg 4 32 =Y Jgur
Table 2. Analysis of variance (mean square) of yield and yield components of bell pepper

&be ey el ogo Slaxi b e soen Cualius g SLS (539 oga0 3 ySloe
ulj...uu 65‘}]— Sy Agy yo 090 090 Fruit 0gu0 CuligS HLSe 5o HLse 5o
SOV df Height Number of Fruit Fruit diameter Fruit flesh Plant dry weight  Fruit yield per

e 9 fruit per plant length width thickness per hectare hectare

| S5 * ok *
A 2.88ns 0.15ns 028° 0150 0.4l 0.004 2188167ns 369319ns
Replication
ot 17.13" 14.87" 0.29" 0.43" 0.24" 0.003" 10089333" 65506999"
Treatment

s

Error 3.74 3.77 0.05 0.07 0.04 0.0005 1776083 14686429

(1) Slyeess c po

) 0.04 0.18 0.03 0.03 0.02 0.03 0.21 0.15
/HCV

Aoy gy g 9oy S el s )5l e gl e pf s 5 9 T NS
ns, ™ and ": Non-significant, significant at 1% and 5% probability level, respectively

Jrlaagd 0o il (S l381 g (3l bolie s Gl il)T S1-Y Jgux
Table 3. Effect of replacement and additive intercropping treatments on yield components of green bean

g el
bolso cuis slagsl (e 5iL) (a5g y0 olawi) (G253 Slowi) sl (el yo slu) &ils (agy 4o dlawy) dils
Intercropping ratios ot Sub branch Pod (No.plant™) Seed (No.pod?)  Seed (No.plant™)
Plant height (cm) (No.plant)
slaals Jald LVl TTO 46.5ab" 8.1ab 49.0a 5.08a 2313a
25% Gb+75% Bp
slaals Jald 1.0+ +jemlg) 10 51.6a 8.8a 33.9ab 45b 163.8ab
50% Gb+50% Bp
slaals Jalo 21 sslgl 1Y 39.3¢ 6.1b 27.0b 4.9ab 122.5b
20% Gb+100% Bp
slaals Jalo 21 5l 1F 42.3b¢ 8.0ab 30.3b 4.8ab 148.9b
40% Gb+100% Bp
el U1 43.3bc 9.0 27.9b 5.0ab 163.92b

100% Gb

W, 6l s Dgls wsys iy Sl e jo Sy O35l bl g 5 30 S e G gl (slanSile”

laods Jals Bp ¢5log) G
“Means with the same letter(s) in each column have not significant difference at 5% probability level according to Tukey Test.
Gh: Green bean; Bp: Bell pepper
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(F Jg92) 00,5 caalice jwlog duoyo Vet glaads Jald
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Table 4. Effect of replacement and additive intercropping treatments on yield components of bell pepper

435_1 EU’-')‘ oguo 0ga0 J’b 0guo u,)_; °9‘£‘°)'h§ 0guo u&; Cwols
bolso cuis 6&»,;11 (osilw)  (4ige 50 olass) (%0 s5Lw) (0 5Lw) (0 55Lw) (o)
Intercropping ratios Plant height Fruit Fruit length Fruit width Fruit diameter Fruit flesh

(cm) (No.plant?) (cm) (cm) (cm) thickness (cm)

eoliogd LY O+ glasts Jals /Y0 47.0ab” 11.1ab 7.8a 7.8a 7.03a 0.65ab
75% Bp+25% Gb

selog 10+ glasts Jals 7.0+ 50.5ab 750 7.5ab 6.8b 6.3b 0.58b
50% Bp+50% Gb

el 1Y slasds JAbTA - 45.3p 10.0ab 7.10b 7.06ab 6.5ab 0.67a
100% Bp+20% Gb

elig) 1F e r glands Jals /) - - 47 8ab 10.1ab 7.2ab 7.1ab 6.9ab 0.63ab
100% Bp+40% Gb

Glaads Jala 7y .- 51.0a 13.6a 7.18b 7.3ab 6.6ab 0.60ab

100% Bp

) (gl e gl w0 iy Jlotl s 53 (S5 (a903] bl (o 5 50 S e g > (il slapnSiles®
laads Jals Bp ¢5los) Gb
“Means with the same letter(s) in each column have not significant difference at 5% probability level according to Tukey Test.
Gh: Green bean; Bp: Bell pepper
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Fig. 1. Effect of replacement and additive intercropping ratios of green bean and bell pepper on green pod yield of
green bean

(Gb: Green bean and Bp: Bell pepper)
Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.
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Fig. 2. Effect of replacement and additive intercropping ratios of green bean and bell pepper on plant dry weight of
green bean

(Gb: Green bean and Bp: Bell pepper)
Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.
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Fig. 3. Effect of replacement and additive intercropping ratios of green bean and bell pepper on fruit yield of

bell pepper
(Gb: Green bean and Bp: Bell pepper)
Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.
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Fig. 4. Effect of replacement and additive intercropping ratios of green bean and bell pepper on plant dry weight of

bell pepper
(Gb: Green bean and Bp: Bell pepper)
Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.

Eskandari & ) o5 b pizlog) (a5 cis ply VY
.Javanmard, 2014

(LER) im0 6521 2 o
ceiS gla ol as ol lis wils g a5es =l
37 Oy Sl S S Gl (03Kl byl
assls s e Ll (g lo e BB 5iilng) ol (sl
5 sialr byle cuS glajil)] rizes (pSt/+Y)
J- oS (sl (S5 ey 6l S ST L2018
Oty aaslad lis eo L 1) (g)lo gime S (glaods
csS Gl o beoye lagd (Siz e 6l S
Glaeds Jald as 0 B+ jwlug) ao 0 00 03K bglxe
o, ¢ vt wlag) oy Fro Lol bglsee ctS l)l g
s Ole S 5 +IOF 5 5 Jolao ey (sl Jald
S0 Vo iyl by e cotnS ial,T 4y bgsye a5 +/14
(O JS5) sl Camdds wgr slaads Jals a0 Ve o+ wlog)

\YF

Jals o500 0, Slos wiilen slasts Jald wg iz 3

LS o polie (o 3VL g5 Lalls cnS ial)T o gladds
aads Jals oo o VO o5l by lse coasS sla il
doyo) e a8l by Ie ciS g jwlog) ws o YO+l
siahlaw ool ax 5T wg jalog) aw o Frrglads Jals
byl cis o aiila po L g)lo gime O S
Sis ool o Sles aS sl Hlis bl (ol 9 (5,84555
5 S g5 sl ok il Cod (S5042 58 ogne g
g o35 8 an,0 SO el mhw jo o] bla il
g bgloo ciS o glsa (idu Sis ool o, Sles 1y i
Jlacie ol as aal Cavoas el); cud b oV ugb, mlaw
Salehi ) sls Lzs 1, s plp 9o B alls cuiS @ Cos
CoiS o sabadyn Sas e byl yo (et al., 2018
iy Loy (Al eSSl i b s jsbar bl
359 ool 090 ,3 ¢ (Vigna unguiculata L.y _LL
90,0 alls cciS I VY babbw gl cuis o S



IWV-IFY amino VP Jlo 155l Y (0599) Jlo /3 31 0o GBGiB 3 /g 0 Ko b5 2]y 0 g (S oS

N
(I

ab
sadnts

Land equivalent ratio (LER)

g
= R N A

e
ey
Iy

(ol i

=",

m Partial LER GB = Partial LER BP = Total LER
d

S, .
et e e e e e e e e

[

-
i
;
7
[
7
:
o
;
i
;
1
[
7
:
i

o\

e

Intercropping ratios
03 Sl ol 1 (glandd JALS 5 fumlurgd (381 g (S 30l bglio culS slagialT 51-0 JSb
(Slaals Jils BP 5 oty Gh)
Q5505 (6l cime glis auo o iy Lol mhans 10 (S'g5 (g05] Lelal S e gy sl sl Silee
Fig. 5. Effect of replacement and additive intercropping ratios of green bean and bell pepper on land equivalent ratio

(LER)

(Gb: Green bean and Bp: Bell pepper)
Means with the same letter(s) have not significant difference at 5% probability level according to Tukey Test.
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Introduction

The use of intercropping as an effective component in sustainable agriculture, while increasing the
ecological and economic diversity, cause increasing yield per unit area, yield stability under adverse
environmental conditions, increasing the quantity and quality of the product, increasing water use efficiency,
control of soil erosion, reducing pesticides use and increasing stability in agroecosystems. Plants from the
family of legumes are among the plants that have a special place in intercropping because of their nitrogen
fixation ability. Usefulness of intercropping cultivation of sweet corn and green bean has been reported to be
better than monoculture. This study was designed and conducted with the aim of studying the effect of
replacement and additive intercropping green bean with bell pepper on vyield, yield components and land
equivalent ratio in Mashhad weather conditions.

Materials and Methods

The experiment was conducted in 2015-2016 growing season based on a randomized complete block
design with three replications at the Research Farm of Agriculture Faculty, Ferdowsi University of Mashhad.
Experimental treatments were 25% green bean+75% bell pepper, 50% green bean+50% bell pepper in
replacement intercropping, 20% green bean+100% bell pepper and 40% green bean+100% bell pepper in
additive intercropping and monoculture of green bean and bell pepper. Green beans have planted by seed and
bell pepper transplants were sown at the same time in June 2016 in rows with a distance of 50 cm. In 4-leaf
stage, green bean was thinned with an optimum density of 20 plants per square meter. In addition, the
spacing on the row was considered 30 cm for transplants of bell pepper; in this case, its optimum density was
6.66 plant per square meter. At harvest time, green pod yield for green bean, fruit yield for bell pepper, other
yield components and plant dry weight for two plants were measured, and land equivalent ratios were also
calculated.

Results and Discussion

The highest green pod yield and plant dry weight for green bean with 57921.7 and 1051.03 kg ha,
respectively, was observed in monoculture and the lowest values for 20% green bean+100% bell pepper with
11252.5 and 525.8 kg per ha, respectively. With the increase in the presence of green bean in replacement
and additive intercropping, the green pod yield of green bean increased due to increasing of biological
nitrogen fixation. For bell pepper, the highest fruit yield with 32766.7 kg ha* was observed in monoculture
and the highest plant dry weight with 7816.6 kg ha™* was observed for 75% bell pepper+25% green bean and
the lowest fruit yield was obtained for 50% bell pepper+50% green bean and 100% bell pepper+20% green
bean with 21183.3 and 21886 kg ha, respectively, and the lowest plant dry weight was obtained for 50%
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bell pepper+50% green bean with 3533.33 kg ha™. Due to the fact that the highest number of fruits per plant
was observed in monoculture of bell pepper, therefore, monoculture has higher fruit yield because it has
more space for plants. The highest value of total land equivalent ratio (1.28 and 1.25) was obtained in ratios
of 40% green bean+100% bell pepper and 50% green bean+50% bell pepper, respectively, indicating 28 and
25% yield advantage of intercropping compared to pure stands of species of these two plants. The lowest
value of total land equivalent ratio (0.86) was observed in ratio of 20% green bean+100% bell pepper.

Conclusion

Comparison of different patterns of replacement and additive intercropping showed that cultivation
pattern of 25% green bean+75% bell pepper was superior for most of the traits evaluated in green bean and
bell pepper compared to other patterns. Additive intercropping pattern of 40% green bean+100% bell pepper
had the highest total land equivalent ratio (1.28) which indicate the beneficial effect of mixed cropping
pattern over pure cropping. Since green bean through biological nitrogen fixation, leads to reduction in the
use of chemical fertilizers, intercropping of this plant with other plants such as bell pepper can increase the
resources efficiency and improve yield quantity for bell pepper.

Keywords: Biological nitrogen fixation, Fruit yield, Green pod yield, Land equivalent ratio, Plant dry
weight
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Introduction

Lentil is the second most important of legume crops in Iran and is mostly cultivated in the rainfed
conditions. Weed competition is a major limitation to lentil production worldwide due to its slow early
growth rate, short height, and lack of protective canopy development. Since the level of competition between
weeds and crops is highly dependent on nutrient availability, proper nutrient management is considered as a
method of weed management. Various aspects of nutrient management such as fertilizer type, application
time, amount of application, and form of fertilizer can also change weed interference conditions with crop. It
is believed that the application of biofertilizers, while providing environmental security and economic
benefits, is a sustainable and beneficial method of plant nutrition and reducing the adverse effects of weeds.
In Iran, two herbicides registered for lentil including pendimethalin and promethrin, that both of which are
pre-emergence. Applying a single management method alone, in addition weed adaptation, leads to
agroecosystem instability. Integrated weed management can increase the efficiency of management methods
and also contribute to the sustainability of farming systems. This study was conducted to compare the effects
of biological and chemical fertilizers in combination with chemical and mechanical weeding to improve crop
yield and management of weeds in lentil farms.

Materials and Methods

The experiment was conducted as factorial based on randomized complete block design with three
replications at Research Farm of Ferdowsi University of Mashhad, Iran. Investigated factors included five
levels of plant nutrition (inoculation of lentil seeds with phosphorus-releasing bacteria (Phosphorobacter),
inoculation of lentil seeds with potassium-releasing bacteria (Potapowerobacter), inoculation of lentil seeds
with mycorrhizal fungi, inoculation of lentil seeds with a mixture of Phosphoraverbacter, Potapaverbacter
and Mycorrhizal fungi, and application of chemical fertilizers based on soil test results without inoculation
with biological fertilizers) and three weed control methods (weeding twice before flowering and pod filling
lentil stage, respectively, weed control with pendimethalin as pre-emergence herbicide, and weed control
with pyridate as post-emergence herbicide). Lentils were planted at 100 plants m?2 density. Biological
fertilizers were sprayed on lentil seeds in lab, before planting. Chemical fertilizer (mixture of potassium
sulfate and urea) was distributed at the rate of 50 kg ha* in the plots after sowing. Pentimethalin and pyridate
were applied with a dose of 3.7 and 1.2 L ha?, respectively, in 3-4 leaf stage of weeds. Weed sampling was
done in three lentil growth stages (flowering, pod filling, and crop harvest) from 0.5 m. Matured crops were
harvested from 1 m™ and placed in lab for 48 hours to be dried for biomass and seed yield measurements.

Results and Discussion

The results showed that despite significant weed control, the application of pyridate damaged lentil crop
and reduced biomass and seed yield. Pendimethalin resulted in the highest lentil biomass and seed yield and
no damage to lentil crop. Among the fertilizers, chemical fertilizer increased weed density and biomass, also

*Corresponding Author: e-izadi@um.ac.ir
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increased lentil biomass and seed yield. Among the biofertilizers, Petapowerbacter (potassium fertilizer)
showed that the highest yield of lentil (730.8 g m?), and the biofertilizer mixture resulted in a decrease the
yield and biomass of lentil compared to the other fertilizers. Due to the interactions between the control
methods and the fertilizers, the highest biomass (800 g m?) and seed (164 g m?) yield were obtained in the
integration of potassium biofertilizer with pendimethalin.

Conclusion

According to the results of the experiment, application of chemical fertilizer resulted in the highest crop
yield and also increased weed density and biomass compared to biofertilizers. Among the biofertilizers,
Petapowerbacter, which contains potassium-stabilizing bacteria in the soil, had the best effect on crop yield.
However the effects of biofertilizers on weed traits, the lowest density and biomass of weeds were related to
mycorrhizal treatment and the other treatments were not significantly different. Among the weed control
methods, pendimethalin had the greatest effect on improving crop yield. Although pyridate weed control was
better, but caused damage to the crop and yield was decreased. Therefore, according to the results this
experiment, we recommend the use of pendimethalin in combination with Petapowerbacter in integrated
weed management of lentil.

Keywords: Legume, Mycorrhizal, Pendimethalin, Petapower, Pyridate
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Table 1. Soil physical and chemical properties of experimental location
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Continued Table 3. Variance analysis of studied traits in Guar
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Fig. 1. Effect of irrigation period and different ecotype on Guar plant height
Means followed by at least one similar letter are not significantly different (P< 0.05), based on LSD Test.
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Fig. 2. Effect of irrigation period and different ecotype on root length Guar plant
Means followed by at least one similar letter are not significantly different (P< 0.05), based on LSD Test.
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Fig. 3. Effect of irrigation period and different ecotype on secondary branches Guar plant
Means followed by at least one similar letter are not significantly different (P< 0.05), based on LSD Test.
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Means followed by at least one similar letter are not significantly different (P< 0.05), based on LSD Test.
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Introduction

Guar (cluster bean) Cyamopsis Tetragonaloba is one year plant belongs to the leguminous family. Guar
has high nutritional value for humans. Global demand for guar has increased dramatically in recent years,
which has led to the introduction of the plant in several countries. Water stress is the most important factor
limiting planting and reducing food crops, especially in arid and semi-arid regions of the world. Therefore,
identification of resistant plants and mechanisms that lead to optimal water use and high crop yields are
critical. Given the limited water resources in the country, the evaluation of guar stands under drought stress
is of particular importance.

Materials and Methods

The experiment was carried out at the Research Farm of Iranshahr Agricultural and Natural Resources
Faculty in 2017-18. The experiment was conducted as a split-plot in a randomized complete block design
with three replications. Three levels of irrigation interval (7, 5, and 9 days) and six guar stands (Sarbaz,
Saravan, Iranshahr, RGC1033, Indian, and Grembit) were considered as main and sub-factors, respectively.
After planting in the 5-leaf stage, the stress operation began and continued until the seeds were harvested. At
the end of the growing season, samples were transferred to the laboratory and shoot length and root length,
fresh and dry weight of shoot, fresh and dry root weight, number of branches, 100 seed weight were
measured. Leaf chlorophyll index was measured using Spad 502 Minolta chlorophyll meter. The
chlorophyll fluorescence was measured using a Handy-PEA portable fluorometer (Hansatech Instruments).
Finally, statistical analysis was performed using SAS software and mean comparisons were made using the
LSD test at 5% probability level.

Results and Discussion

Increasing irrigation intervals significantly decreased plant height in Sarbaz and Saravan. The results
showed that at 9-day irrigation period, the highest plant height (77.5 cm) was related to RGC1033 which did
not show any significant difference with Saravan. The lowest plant height (42.03cm) was related to Sarbaz
ecotype. Results showed that the 9-day irrigation interval increased root length in RGC1033, Iranshahr and
Sarbaz and significantly reduced root length in Indian ecotype. The results showed that in 9-day irrigation
period the number of branches in Iranshahr and Grambit decreased but increased in Saravan and RGC1033
genotypes. While the irrigation interval had no effect on Sarbaz ecotype. Most of the branches were 5.7 in
RGC1033 ecotype. The Indian ecotype lacked a branch at all irrigation intervals. At 9-day irrigation period,
Saravan and Iranshahr had the highest leaf dry weight. In Iranshahr and RGC1033 genotype, fresh and dry
weight increased. Increasing irrigation interval resulted in a significant decrease in the dry weight of Indian
root. The irrigation period had no significant effect on Saravan and Grambit ecotypes. Increasing irrigation
intervals did not have a significant effect on the Sarbaz, Grambit, and Indians. With increasing irrigation
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intervals in RGC1033, Saravan and Iranshahr dry weights increased. The simple effect of ecotype type on
seed weight showed that Saravan, Indian, and Iranshahr had the highest seed weight, respectively. Whereas,
the SG, RGC1033, and Grambit had the lowest seed weight without any significant differences together.
Saravan ecotype at all irrigation levels showed more biological function than other ecotypes. Results showed
that the harvest index decreased with increasing irrigation intervals. In the 5-day irrigation treatment, the
Grambit and Saravan ecotypes had the highest and the lowest harvest index, respectively. The 9-day
irrigation period significantly reduced F./Fn in Sarbaz, Grambit, and Iranshahr. RGC1033 and Indian
populations had the highest Fv/Fm in leaves and Saravan and Iranshahr had the lowest Fv/Fm in leaves at 7
days irrigation period, respectively. The number of pods per plant, number of lateral branches, 100 seed
weight and plant height have a direct and positive effect on guar yield. Under drought stress, plant height and
leaf number decrease, resulting in lower shoot dry weight. Some researchers showed that decreasing plant
height under water stress is associated with loss of protoplasmic water, resulting in reduced cell division and
development. The harvest index decreased with decreasing number of pods, thereby reducing economic
yield. Differences between susceptible and resistant ecotypes appear in high-stress conditions and high F./Fr,
ratio ecotypes have higher photosynthetic efficiency under severe stress conditions. Chlorophyll fluorescence
is considered as a criterion for assessing the integrity of the thylakoid membrane in the relative efficiency of
electron transfer from Photosystem Il to Photosystem 1.

Conclusion

Mean root length, the number of branches, fresh and dry weight of RGC1033 were not affected by a 9-
day irrigation interval. In the 9-day irrigation period, the highest mean dry weight of leaf, main stem weight
and seed weight were related to Saravan ecotype. The highest biological yield was observed in the irrigation
period of 7-day and Saravan ecotype. In general, the results showed that irrigation had different effects on
different guar populations. RGC1033 and Saravan ecotypes showed the lowest percentage of stress-affected
variations.

Keywords: Guar, Irrigation intervals, Stress, Vegetative properties
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Fig. 1. Mean monthly precipitation and relative humidity in cropping year of 2016-17
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Table 1. Soil physical and chemical properties of experimental location

. - . o [ wlyys o lun S A
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Soil Depth  zn Fe Kk P B N cg;?gg:]c ol e se

texture CaCo3 EC pH
cm (mg.kg?) (%) (dS.m?) (1:5)
Silty loam 0-30 06 26 350 9 2 0.15 1.46 20 0.73 7.9
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Table 2. Characteristics of studied chickpea genotypes

Entry Name Entry Name
o ylous ol 0y lols ol
1 Sel.spl.k18-87 a1 FLIP09-229C S00794(30 KR)-13/FLIP
2 SAR80J78k2-87 42 FLIP09-285C X04TH143/FLIP00-6C//FLIP97-205C
3 Flip-05-104 C 43 FLIP09-289C X04TH145/FLIP00-14//FLIP98-137C
4 Flip-06-31 C 44 FLIP09-297C X04TH149/S00547//FLIP98-233C
5 Flip-09-14 C 45 ADEL
6 Flip09-21 C 47 ILC 484 ACC no 26783-68
7 Flip-09-24 C 48 FLIP03-26C/3/98 TH70/4/(FLIP93-210C/ FLIPS7-8C)//S96086
8 Bivanij*Sel.95 TH1716K1 49 FLIP06-17C//2002TH 18/3/FLIP98-130C / FLIP98-120C
9 Bivanij*Sel.95TH1716K3 50 FLIP06-39C//2002TH 37/3/599520 / FLIP98-048C
10 Azad*HashemK3 51 FLIP06-43C//2002TH 40/3/FLIP98-28C/ FLIP98-079C
. FLIP06-97C/4/2002TH 119/5/[(FLIP98-64C/ FLIP98-
1 Flip-07-33C 52 47C)//Sel99ter85488] /3/ FLIP98-022C
13 Bivani FLIP06-120C/3/2002TH 131/4/(ILWC 141/S85581)//FLIP98-
ivanij 53 130C
14 Flip-05-42 C 54 FLIP07-201C/3/03TH-20/4/(S00784/FLIP97-28C)//ICCV2
15 Flip-05-43 C 55 FLIP88-85C//85 TH143/3/ILC 629 / FLIP 82-144C
16 Flip-05-47 C 56 FLIP06-59C//2002TH 76/3/S99858/FLIP 97-026C
17 Flip-07-40 C 57 FLIP03-141C/3/00TH 51//FLIP98-52C/FLIP98-47C
18 Flip-06-151 C 58 FLIP05-44C/3/2000TH 39//FLIP98-29C/S99001
19 Flip-07-234 C 59 FLIP05-46C/3/2000TH 39//FLIP98-29C/S99001
20 Flip-07-242 C 60 FLIP07-11C/3/03TH-138/FLIP98-130C//FLIP99-34C.
21 Flip-07-244 C 61 FLIP07-33C/3/03TH-153/FLIP98-133C//FLIP98-117C
22 Flip-07-313 C 62 FLIP08-14C/4/00THO5//(FLIP84-182C/FLIP91-138C)/3/ S99075
23 Flip-07-327 C 63 FLIP08-58C/3/02TH3/FLIP 98- 28C // FLIP 97-102C
24 Flip-08-198 C 64 FLIP03-31C/3/98TH18//S96114/FLIP 92-148C
25 ILC 8617 66 AZAD
26 Flip-02-51 C 67 ILC 72
27 Flip-98-130 C* Flip-97-23 C 68 ILC 484
28 Saral 69 ILC 482
29 ILC 484 ACC no 26783-68 70 FLIP 84-182C
30 FLIP84-48C X81THSS5/ILC 1920//ILC 2956 71 FLIP 85-01C
31 FLIP84-79C X80THL76/ILC 72//ILC 215 72 FLIP 86-06C
32 FLIP86-6C X81TH203//(ILC 3279(WH)/ILC 3355) 73 FLIP 87-45C
33 FLIP90-96C X87TH26/ILC 5342//FLIP 84-93C 74 FLIP 88-85C
FLIP93-93C X89TH258//FLIP 85-122C/FLIP 82-
34 150C/3/FLIP 86-7C 8 FLIP 93-58C
35 FLIP97-281C X94TH75/FLIP 87-58C//UC 15 76 FLIP 98-121C
36 FLIP97-503C X94TH8/FLIP 86-6C//FLIP 90-109C 77 FLIP 01-29C
FLIP97-530C X94TH103//FLIP 91-186C/FLIP 91-
37 96C/3/FLIP 90-109C 8 FLIP 02-51C
FLIP98-121C X95TH42/FLIP 90-15C/ILC 5362/3
8 IELIP 9390 79 FLIP 03-8C
FLIP09-37C X04THT73/FLIP97-195C/FLIP98-
39 108C/3/FLIP96-154C78 80 FLIP 03-123C
20 FLIP09-58C X04TH176/FLIP95-768C//FLIPI7-

205C
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* Genotype number 12, 46 and 65 were deleted because of poor seedling emergence.
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Table 3. ANOVA results of phonotypic traits in 77 chick pea genotypes under field conditions

Mean Squares-csle yo il

T e i
Variation of o eyt S ool nummerof  Hunrtof e
D?lys ©050%  Lhysiological  CTaIN filling pods/plant unfertile first pod from
owering : period
maturity pods ground
Replication ,| s 2 15.614 6.004 33.818" 377.484* 0.432 149.233*
Genotype 76 25.544™ 6.296™ 21.595™ 282.796** 5.405** 122.697**
Error W= 152 12.176 3.837 10.870 26.291 0.283 42.553
Coefficient of variation (%) 2.834 1.257 10.195 16.414 27.045 24.466
¥ Jgus aldl
Table 3- Countinue
Mean Squares- iz yo il
s el ol azy0 Wgy glis oSS M ol iygs OME ol 310 33 i oo 5 o
Sources of d 9 el GINST L dlass G090 e oluxs 4ildes y39 4o o ,Slos [Cata 3]
variation df Plant Number of single  Number of two seed  100-Grain Grain Glons ey
height seed pods pods weight yield AUDPC
Replication |5 2 81.264 152.939* 0.186 0.835 1022.416* 687134.1*
Genotype w5 76 110.658** 166.959%* 28.460** 33.660** 1423.358** 138100.5**
Error W= 152 61.158 19.978 0.878 11.455 176.171 102875.0
Coefficient of variation (%) 12.103 20.812 18.428 9.586 21.124 13.387

** and *: Significant at the 0.05 and 0.01 probability level, respectively
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Table 4. Comparison of means of phenotypic traits in 77 genotypes of chickpea under field conditions

o
Traits

Yo 55k 5 0 i i3 )
10 Genotype with more value

RETRESP ST P AT t
10 Genotypes with less value

2L 59, 5SSk

-26(127.33)-33(128.67)-71(129)-27(131.33)

-29(118.67)-38(119)-77(119)-22(119)-75(119)

Mean days to -55(126.33)-31(127.33)-30(127.33)-32(127.33) -41(116.67)-28(116.67)-15(118.67)-20(118.67) 15.926°*
flowering 48(126.33)-14(126.33) 9(116.67)
S3slsered Esb B 5o, -31(159.67)-33(159.67)-49(159.67)-27(162) 7
7S -#7(155)-75(155)-74(155)-73(155)-72(155)-4(155)
Days to physiological -71(157.33)-44(157.33)-34(157.33)-30(157.33) . . K 7.099
mgturity 35(157 33).42(157 33) 80(155)-79(155)-78(155)-77(155)
s iy ayg ~20(36.33)-41(38.33)-9(38.33)-29(38.33)-28(40.33) -30(28.67)-25(30)-78(30)-2(30)-74(30)-79(30) 12 083w+
Grain filling period 8(36)-22(36)-77(36)-38(36)-15(36.33) 71(26)-14(28.67)-55(28.67)-48(28.67)
Sy el -69(72.66)-36(74)-15(74.33)-7(74.33)-20(76)-73(78) -25(55.33)-54(57)-37(57.33)-45(57.33)-35(58) 13,4840
Plant height (cm) 30(70.33)-2(71.66)-10(71.66)-41(71.66) 29(46.33)-33(48.67)-60(51.67)-55(52.67)-13(53) :
Oy s 1 DI (gl Al ol 36(17.33)-44(17.67)-31 (19)-35(19)-58(19.33)
: . 24(41.33)-17(42)-73(44)-10(44.33)-77(34)-
Height of the first pod 41(71.66)-74(36.67)-23(40)-18(32)-2(32.67) 29(15)-38(116)-60(16)-33(16.33)-61(17) 13.831**
from ground
a3 Shes 207(321;)3321?6%;)01‘%(;%%%‘3(78)7?94(3?&335)9) 33(33.67)-71(17.67)-28(34.41)-32(35)-29(2267)- ¢ (oo
Grain yield kg/h) : S e7(69.75) : 27(25.33)-34(29.67)-37(33.39)-55(14.81)-13(20.67)
JERTRS 21(40)-18(40)-20(40.67)-75(44.33)-68(39.33)- 41(30.67)-77(31)-35(31.33)-52(31.33)-66(29)- 4480+
100-Grain weight (g) 13(39.67)-7(39.67)-6(39)-51(39)-43(39.33) 55(29.33)-61(30)-40(30)-45(30.33)-39(26) :
iy o e ol ggggggggigfgggggggg(ﬁ(ﬁ)ﬁ%(g‘j(ii; 63(19.33)-80(19.67)-14(20)-75(20.67)-23(1267)- 1, o .,
Pod per plant : s 33 : 19(1633)-27(17.67)-24(18.67)-18(11)-71(12) :
LG e slows
oM e sl 41(5)-45(5.66)-35(6)-11(6.33)-56(3.67)-30(3.67)- 71(0.67)-72(0.67)-73(0.67)-18(0.67)-67(0.67)- 12,1045
Number OLU”fef“'e 61(4)-44(4.67)-60(3.67)-16(3.67) 80(0.67)-25(0.67)-53(0.67)-9(0.67)-27(0.67) :
poas
NCN
St B Sl 45(35.67)-31(39)-52(39.33)-29(40)-34(30.67)- 27(8.67)-24(10)-33(12)-16(13 67)-14(13.67)-63(7) ;¢ pgous
Numbeg of 3'”9'6 42(33.67)-44(35)-2(29.33)-51(30.33)-36(30.67) 18(7.33)-19(8)-71(8.67)-23(8.67) :
Seed poas
RES
Syips S olas 50(11)-11(12)-39(12)-7(12.33)-20(9.33)-9(9.67)-  30(1)-29(1)-59(1)-28(1)-71(L.33)-55(1.33)- 32(0.67)-  ; 77 ys
Number OLtWO seed 52(10.33)-5(10.33)-8(8.67)-17(9) 23(0.67)-74(0)-27(0) :
poas
Sty Govie ) ek 13(3966.7)-29(3988.9)-27(4044.4)-55(3500)- 74(1459.3)-41(1477.8)-16(1503.7)-48(1525.9)-
o 31(3616.7)-35(3681.5)-64(3255.6)-60(3333.3)- 44(1381.5)-23(1381.5)-68(1381.5)-80(1451.9)-  20.813**
AUDPC 34(3340.7)-54(3177.8) 6(1329.6)-72(1381.5)

**: Significant at the 0.01 probability level

A2 e olis 1y ey S il s jo (g5l gme

Al eShee e il S5-I slael 5 g ojlads 3l g slucl

Numbers out of the parentheses are the genotype number and numbers are in the parentheses show the means.

Oemizad Bl oS dils o Slas idgs (5 les 4wl
aslo o Shoe Jlai 5l 5 p cuigis Vo g5 a5 TV o)led ool
g polie (5 ko 4y (ASTy Sl g,

S35 & ke a5 a8l 0 Kimurto et al, (2013)
el boges 5 ool ails o Shoe s e 2alS el
adils o, Slee sl Hlid (gl d (6 yiion Cuaglie oS
o ASgs ;0 BME Slasd pioren AL j (g i
le plas aileY e e 359 b gl g g shin

\Nid

Obas (0 Jgo2) (Sied calpo Jolov I Jolo gl

9 = (Soimad als 8, Slos o Ly (5 Lo a5 0l
Gl Jole aS ol @y azgs L .(P<-/+)) casls jlo me
w250 90 O 3l 1) 9958 ol Sl slodee A (S350
oealS cpl b (Kimurto et al., 2013) s4i 0 oL S 1o
S55n dezs S ons il W+ i 5 s 5 Shae e
eS8 V5 aS TV WY VXY slacdss
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Table 5. Simple correlation coefficients between phenotypic traits in 77 chickpea genotypes
Traiteds 1 2 3 4 5 6 7 8 9 10 1 12
1 1
2 0.516%* 1
3 0.857**  0.318** 1
4 0.439%* 0.159 0.067 1
5 -0.032 -0.039  -0.103  -0.201 1
6 -0.270*  -0.281*  -0.234*  0.043 0.472% 1
7 -0.391**  -0.375**  -0.218  -0.148  -0.371**  0.347* 1
8 0.226* -0.044 0135  0.409**  0525*  0.272**  0.103 1
9 -0.056 0.038 -0.010  -0.195 -0.159 0.098 -0.054  -0.290* 1
10 -0.028 0.050 0.028  -0.268*  -0.351**  -0.249*  -0.088 -0.415** -0.458** 1
11 0.034 0019  0.024  0.083 -0.030 -0.266*  -0.029 0119  -0.854**  -0.018 1
12 0.074 -0.023  0.087  -0.008  -0.425%*  -0.336** -0.277* -0.391**  0.246®  0.417** -0.066 1

Aoy S s (o (gl sme M o )0 iy b 40 (5,0 Sxe

ails o Slac A ilo) e 50 Y e rhan 51 BME ol Alols P g £lis D iy j0 (5 g0 BN Slaws :F g ;0 (6,00CT BN slaw Y g ;o 55,0 DL Y gy o B sl ;)

Golor Gy (Gomin ) haw Y alls (ol 0,50 VY« Sofalan st (S, U 5g, 1) e malS a0 y000 b,

1: Pod/plant, 2: Number of unfertile pods, 3: Number of single seed pods, 4: Number of two seed pods, 5: Plant height, 6: Height of the
first pod from ground, 7: 100-Grain weight, 8: Grain yield, 9: Days to 50% flowering, 10: Days to physiological maturity, 11: Grain

filling period, 12: AUDPC

OF AY & Y slacuiss) b o goas g shin do )0 SO
Sobo a Comalas Bl 5l 50 Gudgdy Ve 552 45 00
i Bls Lacig) plo o )3 |) Gy il 0 a8 civg:
Solom 4o S 45 70 5 VA NF 5 YO o)led slacedsss
e s 51 O gl alols Co Ll 5l cings sl
VE 9 TV lacds) abog 158 (35, b slacass) 95>
Aot cio Llad jlieS 5)lom 420 b slocadss) 552
aiogy Yo (35,1 b slacadsil 552 (oo haws 51 104l
)ly oS am (5038 )ber 45 Sl 5l (S
OF Lo a5 (e ) (smsd (5 41 ol 05 (o0
Dokken-Bouchard et ) aib o oLS jiwgd mlaw ials
al> oy Ji 50 oL iiwgid u“’*’“iu*-’l’ L .@l., 2010
li8l @l 5o ) daleS SG3gle 8 (Sonw) 5 A5
395 9 B 0o 300 B 59, 0590 (ud S GYeb Sl 6 len
ilal) Ghegim =l )0t wale: SSeln it (S, U
L il (37 (foie ) gl G )3P0 9 Sde
LS 595 9 P</01) Sojslsnsed (Soe—w, LS 59, Slio
9 YO lacis .ol oanlive (P<+/+0) 2ul5 ao 00+
Sy U gy o ;1 5 cdgiy Ve g5z &S YF
R Golem 4 ol GlagaTei 09, )0 wNog Sujsls s
Golows Olime a5 Ae g VY VT slacwiess blae o .asils
Sy 090 Jobo g 5iaS S0 Sleaisi) o 5o o]
TV 9TV o)l slocadsy aiidls 55 (s %eS Sojgln b

\YY

«Sgy> s&_ijc;g 0.39.” slals g len Sl pas o] 3
CarheS Az )0 9 Ngd oo FSgS g s S pali i3
«Dokken-Bouchard et al., 2010) oL o  ials asls
I adls o, Sles (59555 g)lem &5 28,5 Azl (i oo
Singh et al, (1990) .5,41 co b als ojlasl zals & ,b
Wi 0 AE olasy oli 8l L a s s sl jlgbl 5
PPCRURRINSE
1 ol Jale 28 slasosS 655,18 Jore
5o LagaaS cpl iyl 18 laps (59, a5 Cunl gloasSy
9 WS oo I (Al g 0 JBI0 5l osbo e Ll
Ol 00g 1 sladdlu g Laa =S b gy, 5l rainsplash ;i ,
g 0dl oo Slbl sl Sy g ol 4 g oul Jor by guuS
e ol oS as 035 T oLS Sl Lo jgel jg0 ol &
4> ,» Lol (Dokken-Bouchard et al., 2010) sy o
Sl 0ol S ey 5l e sl ha ¢ 4y £l
s 98l e oS (g4, rainsplash , 51 a5 sl gl
8,5 aales 18 gy (Sogll (oyme 50 5 09 aalss
Solom 4 yeS )l s lalS Comlis Glie aziys
S emre g e adaly D49 090 daleS i (( S955,
1530 olalllas o asgy glis | g AUDPC oy (F=—/55%)
alal) 55 iegh ol o (Kiprop, 2016) el sads oLl
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W230,S amgr | o Slee &l o

395 099% Job wssls (lad 992 1) eobj (s )lew Gl &5
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(ol 4 Vb Suoglio b oogss Ve 952 T Gussiy oy
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Table 6. Stepwise regression of grain yield as the dependent variable in 77 chickpea genotypes

o 05 yS ) iy R2) sl y4F 3 libow! glas
Traits Regression coefficient (F) Parameter Standard Error
5o £lis )|
“n e 1.285 0.276 28553 0.364
Plant height
522 Sy Dl Sl 2.352 0.372 21915 0.642
Number of two seed pods
Solast G e ) gl -0.008 0.417 17.438 0.003

AUDPC

L ase sl Ciao 09—/ 2 Y g 12 ;0 (5,090 DD
(o s 51 g 0, Slee U o dae  Sicen oiiils
Sl 5 005 jmrie 99 (il (e (558 Bl ool

CJL..: LJ as J._....;L) J..\.m)?_m ;).)‘9.:‘50 Clo U‘J‘ o‘) )‘ (oo
3l cdllas Salimi et al, (2017)

<y Clao wlul p boaisi] gladbss 4 5o
3 o=y Slico bl o Lacdsis (gases S sl
95 5 Lacsgsy aS o oolawl Ward iy, 4 (gomaigs
G209, A Jgozr (Y JS8) Wig go (S 09,5
aes o lis ol)y Slae bl p 1) bacaigs

asly o Sloe Cio ode a5 3l ol b bl 5

Syhgs N slaw g el Slao 5 dtly e Glyicas
a8 S 5l 5o it oyt lyiear ilow 5 S 2 50
adils o Sleae p puiine Hil o yidon ¥ ooz b sllae 050l
Sl o ol 5l ae acsls (IYOV) Wy glas )| i |,
CoIYTY) oloms § 950 (I¥TE) gy, 10 (g g0 D
potie et 31l wils o Slae 1) e 51 o S
Sl gt g NN Gl 4 low Gk 5l g el
b5l 0g [PV Sy e 10 (5,090 L Blaw C o
S PEU PENUNSP NN S
reincs il 319 oo 0 Y g )lo Gk 5l g o/ YY) i
Shass 3oyl 5l g (e 5 N0V W gl sk Sl s Lo

2955 i 935 YV 30 il 3 Sl 513 ooty 9 poudions (U0 51 4y (Kismrad gl p> 43 325 =V Jguir
Table 7. Path analysis to direct and indirect effects for yield in 77 chickpea genotypes

Indirect effects through

Trz?uts D'teCt effef“Plant heightNumber of two seed pods AUDPC To"tal eff?Cf‘
- T Wl gy syigd I Sl (gxlewt bk (ke ) lans ”
iy )] 0.357 - 0.067 0.101 0.525%*
Plant height
. ST
Gy 50 S5 ydego I olass 0.336 0.071 - 0.002 0.409**
Number of two seed pods
Sl P78 e pighe g 5ag -0.151 -0.002 - -0.391%*

AUDPC

**: Significant at the 0.01 probability level
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Fig. 2. Dendrogram result from the cluster analysis method of 77 genotypes based on
agrological traits
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Table 8. Group mean and deviation of mean for phenotypic traits in 77 chickpea genotypes

Group 11 69,5

Group 2 ¥ 9,5

ko S5l Sl 3 Bl youl il il 31 Byl I oo
Traits RO RO 5 ‘_3;-’” ROSLY RS E ‘J)’” Total mean
Mean Deviation Mean Deviation
B NP
Sz g2 D ol 30.82° -0.24 32.7° -1.64 31.06
Pod per plant
S
s B slas 1.89° -0.08 252 -0.53 1.97
Number of unfertile pods
eSs SE sl
Sy B sl 21.05" -0.37 23.9° -2.48 21.42
Number of single seed pods
Srbep Bl Sl 4,952 0.27 2.9b 1.78 468
Number of two seed pods
5g £lis )|
R e 65.8° 0.99 58.2° 6.61 64.81
Plant height
eyl Sl B oy 22.67° -4.33 2250 45 27
Height of the first pod from ground
ol o o oy
Lok 35.62¢ 033 331 2.19 35.29
100-Grain weight
i1 o Sles
S 66.64° 3.63 38.6° 24.4 63
Grain yield
J.K . b . . /‘L.n
(Pl 22,207 6 g 0k 122.8° -0.23 124.6° 157 123.03
Days to 50% flowering
dnd e s 155.34° -0.3 157.7% 2.06 155.64
Days to physiological maturity
o bz 090 32.37° 007 329" 0.46 32.44

Grain filling period

S (G ) g bl g oaiei] lades s o
S8y Gl
Do gt S sl Ward g, 4 laools glasgs 4520
Adgaz (F JS8) 05 ol 09,5 ds | ey ool 579,000
Solbon (oS (G s bl ) i) (gones S
o) Jomio 09,5 clieds S 095 amd o0 holes (S35
Py 055 5 (G 10 Jolid) ol pg 09,5 deisi YV
Orize ids: polie (5953, 4 S iyl YO Jol)
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e YL SIS g 05,5 ailo) + - (39 15 5l iags Lo
1§09, S ml 53 D LIS Ty Gl 2 yeS w95 09,5 5 (2 Se
(Jole) YO 955 el 09,5 932 (sl geiged) V¥ 935
sl 09,5 53 (Joxio i) 7 Cuigif ipslie 05,5 53 (pslie
8 S 8 b 09,5 g5 (oo (JL) TR oigif 5
dw 1 5 e wll p lacusgs Salimi et al, (2017) axlas
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Wl Y 4 lawgie o Slas 50

72 8l sl Sl g Sl Cluglie 4 azgi
B gl Alols gy glis )| Slio [l 5l S5 oy, ¢S
A Caad AiloY 0 35 9 0, Shes (g, dug0 BME Slasd ¢y )]
AL slaws Slas Hhas 5l 50 g0 09,5 .Culls (5,5, 90 09,5
30 (6,A ST BILE slass igs jo ,g,LL BME slasi g 4o
5 (P 00,300 LS 5o, «Siele b (S, U ) i
Ol bl 6550 gl 09,5 7 als ad 090 Jobo
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Fig. 3. Dendrogram result from the cluster analysis method of 77 genotypes based on AUDPC of chickpea
Ascochyta blight
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Table 9. Reaction of 77 chickpea genotypes to Ascochyta blight based on cluster analysis of AUDPC

Group o9,

Genotype number i oyl

(o) Jsl 09,5

38-9-15-4-58-5-7-75-77-14-26-67-21-71-11-62-3-20-79-53-2-76-37-56-70-73-10-57-1-63-47-52-69-36-39-50-25

Group 1 (Tolerant)y
(le>) pos 09,5

29-13-54-8-61-33-59-55-49-35-64-31-60-27-34

Group 2 (Susceptible)
(p5lie) pos 09,5

42-80-74-40-48-30-24-16-17-45-78-43-66-22-19-51-6-18-44-32-23-28-72-41-68

Group 3¢ Resistance)

Slallas (Ahma et al., 2013) cewl 0436 sladiges oy
30 Golem Ol do Cglae (S elul 4 el ooy ol
57 3558 ladsged )3 Seglie Gliae 5 0392 (oS 3950
Lyl i g by, oeazen (Peveer et al., 2012) o_ib
)9 gl 6,5 el Dya8 g 95 lacads) 5 by
Slalllas ;5 (o) 2 890 Fblis o8l (rizmon 5 oslitul
J—ds as 0s 50 (6,5 e g Cl 009 iglate calize
50,5 oo (Sotise qulis & i aws Luly 3l 5 il
(Vafaei et al., 2017)
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Introduction

Chickpea (Cicer arietinum) is an edible legume grown widely for its nutritious seed, which is rich in
protein, minerals, vitamins, and dietary fiber and is the third most important food legume of the world after
common bean and pea. Ascochyta blight, caused by Ascochyta rabiei, is one of the most important diseases
of chickpea that limits its cultivation and production in most parts of the world, including Iran. The use of
resistant cultivars is the most effective and economical strategy for management of Ascochyta blight.
Therefore, identifying the genetic resources of resistance in chickpea germplasms against Ascochyta blight is
very important in designing breeding programs. Furthermore genetic diversity in chickpea collection can be
used in breeding program for selection of genotype with desirable agronomic traits. Studying relationships
between agronomic traits under disease stress conditions would assist breeders to identify the effective traits
and use proper selection intensity in their breeding programs.

Materials and Methods

In order to assess the resistance to Ascochyta blight, and the relationship of some yield related traits and
relative resistance to Ascochyta blight disease, research was conducted with 77 advanced chickpea
genotypes received from ICARDA in a randomized complete block design with three replications at the
Agricultural Research Station of Gonbad-e-Kavous in 2017. Plants were inoculated by applying uniformly
scattered infected chickpea debris after seedling emergence. The degree of susceptibility and resistance to
disease of each line was determined using 1-9 rating scale and area under disease progress curve was also
calculated. Various phonological and morphological traits including yield and yield components were
measured.

Results and Discussion

According to the results of ANOVA, there was a significant difference among genotypes for all traits
(p< 0.01) which revealed genetic variation among them. Genotype of 76 and 55 with an average of 118.67
and 14.81 kilograms grain per hectare had the highest and lowest yield, respectively. The results of
phenotypic correlation under disease-stress condition showed that plant height had the highest correlation
(-0.586, p< 0.01) with Ascochyta blight progress. AUDPC was also correlated to grain yield negatively.
Genotypes 13, 27, 29, and 34 which belong to the most sensitive group to the disease, had the lowest grain
yield and the resistant genotype of 34, had the highest grain yield. AUDPC had also negative correlation
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(p< 0.01) with plant height and height of the first pod from ground. There was a positive correlation at 1%
probability level between AUDPC and days to 50% flowering and days to physiological maturity revealed
that as the disease progresses, those two factors become longer. Genotypes 34 and 35 which had the longest
days to physiological maturity were belonging to disease sensitive group. Stepwise regression analysis
introduced AUDPC, number of two seed pods and plant height with 42% justify changes as the most
effective traits. According to the results of stepwise regression, plant height had the highest effect on grain
yield. The results of Path analysis showed that plant height had the most direct effect on grain yield (0.357)
and the most indirect effect was related to AUDPC via plant height (-0.1151). Therefore, plant height can be
used as a superior trait in indirect selection programs. Based on agronomic traits under disease stress
conditions, cluster analysis set the genotypes into two groups using the square Euclidian distance and Ward
method. The genotypes of first cluster, had the highest average in plant height, height of the first pod from
ground, number of two seed pods, grain yield and 100-grain weight compared to the other one. The second
group was earliness and had higher days to 50% flowering, days to physiological maturity and grain filling
period. According to the results of cluster analysis for disease parameter based on the square Euclidian
distance and Ward method, the genotypes classified in three clusters including tolerant, sensitive, and
resistant where 25, 37, and 15 genotypes were placed in resistant, tolerant, and susceptible groups,
respectively. The sensitive group had less grain yield than the others. Genotype 26 was highly susceptible
and genotypes 6, 22, 43 and 65 were identified as highly resistant.

Conclusion

The findings of this study showed that management of Ascochyta blight is essential to provide increased
and stable yields where conditions are suitable for the disease. According to the results, the studied chickpea
germplasm, are valuable resources, in addition to possess new traits provide high diversity for breeders to
improve the new varieties and can be employed as resistant sources in chickpea breeding programs to
develop resistant cultivars to Ascochyta blight.

Keywords: Ascochyta blight, Ascochyta rabiei, Chickpea, Resistance, Yield
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Table 1. Characteristics of lentil genotypes in experiment
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Table 3. The name and characteristics of stress tolerance indices used in this research

Yooo Jlw 51 Jud ool (i a9 Jooxd sl s Lis
Stress tolerance indices proposed before 2000

Sbazsl ol sl b o, Srodlo zeojled
Abbreviated Ind Proposed Reference
hame ndex name Formula year no.
HM &fim&j Ol el HM =2(Yp*Ys)/ (Yp +Ys) 1997 23
Hramonic Mean Index
TOL Jo 2l TOL = (Yp—Ys) 1981 33
Tolerance Index
MP Sl bmse a3l MP = (Ys+Yp)/2 1981 33
Mean Productivity
STI S Jo 2 — (Ys* 2 1992 16
Stress Tolerance Index STI = (Ys*¥p) / (Yp)
GMP S50k i Gl L = Jorp* 1992 16
Geometrical Mean Productivity Index GMP (Yp*¥s)
o Shos asls —
Yi — 1997 17
Yield Index YI=Ys/Ys %
S ) Caaglie el - - =
DI - 1998 25
Drought Resistance Index DI =Ys*(Ys/Yp)/Ys
REI e s T 2 = * 1999 20
Relative Efficiency Index REI = (Ys/Ys)*(Yp/Yp)
Yooo JUo 3l am oubolpdlion (s 4 Joxi gy sl
Stress tolerance indices proposed after 2000
O Llys sl ead fhosd A5 ) Jood a3 ls
KiSTI - o5 K,STI = [(Yp)2 /(Y p)2]* STI 2002 13
Modified Stress Tolerance Index
(for water stress condition)
O s (sl ead oes S 4 Jeod (aSls
KSTI sk K,STI = I:(Ys)z / (Ys)z:l* STI 2002 13
Modified Stress Tolerance Index
(for optimum condition)
LR P VRGO IWCSI W e I B
SSPI S o SSPI =100*| (Yp —Ys) /2(Y 2008 28
Stress Susceptibility Percentage Index (p )/ 2(Yp)

293 ol 5o aid), e i 4 Joxd slaas i Glasine g o -Y Jous dolol
Continue of Table 3. The name and characteristics of stress tolerance indices used in this research

0d )yl o i jasls

ATt = (22 g frpvs]

ATI 7 2008 28
Abiotic Tolerance Index (Yp—Ys)
SNPI Sl 3 5 e Jpoome L snpl = | CPEYS) o fowvsmys 2008 28
Stress Non-stress Production Index

(Yp-Ys)

G 5 5 5 s Ll 5 s 5o &l ,Shes Sils i 4 Y S 5 YP

S g G pae byl o lacuigiy Ao o Slee ol (2 Sile ‘vﬁ.‘.‘}:g:YS 5 Yp

Yp and Y'S : Average yield of each genotype in non-stress and stress conditions, respectively

Yp and YS : Mean value of genotypes yield in non-stress and stress conditions, respectively

Y40



3o 9 2By

93 o

"
h

o

e S

939 /..

&

9> S

Lo Y (0590) Jbw [ 91 31 L

s

%)

VFeo Jlu o)

Axi0 ¢

YAY-Y.¥

ad£10uad yoea Jo yuel ay) are sasayjuated ApISUI SIdQUINU Y] - £I[qRI MO[2q PIISI| AIe SUOTIBIAIQQE dY ],
72 |ere(jm o (HERD 2ob (60 empo [ — javje qpe” ¥jerds (o o (e oo

670 050 61°0 91'0 91°0 T0S€T  PLH6I 0L  8T90T 80°0 1880  9S°19C 16'9t1 €L°06 €Y' LTS (%1) AST
- - - " ® - - - = s . S = ¥°S29 L9191 A

©8z1r ®ize (Mr1r @60 @ 1ro (DvP91 (LS89 (R 81 (99ci1 (©6r0o W scit (D8s (6601 (1) 9L (L) vL¥1 6
8850 (©€91 (@160 (810 (8600 (@tsor (6)Lve (©OF1 (B9 (R0 (®96L (Dist (8 el (9)0LS (8) 1201 8
@cLe1r (©sTe @61 (9880 (990 (D8syl  (H)8Lo1 ()8 (@oLil (@Deso (©)19z1 (9806  (€) L601 (2) L08 (P siL1 L
woro Wriy Wiso @Wero (Wozo (W9te (9Lo6 (e (L8 (Lezo (L)ool (9 szor (L) 8SL (L) ¥0S ($) 6281 9
(9660 (Lsez @WeLoT ©vro (9zeo B8zl (Drz8 (st (9866 (9)8c0 (9 6L01 (P 818 () +T6 () 0L9 (9) 88t1 S
)80 (9soe (B0 (6)zo0 (00 (6 1S (08 (L (6)ses (B 110 BV 1¥9  (9soL  (6) Lt (6) 88T (6) €66 1%
(Dvoz (DeLL (©ozr (Dsz1 (Do (©skrl (Desoz (DLs (Dosyr (DeLo (DvoLt (6 ve8r (D 11zr (€) L8L (1) 1292 ¢
ozt (@sss (Dol wiso @+tLo (9911 @svst @ Wosit oo (@8iel (8 sser  (+) 696 () 0v9 () s661 (4
9 €80 (©6cs (®8L0 (@610 (99c0 (8006 (el (98 vie (9zeo (91011 (L) 8zl (9) 6SL (8) L8Y (§)siLl I

[ ICR:! 1a 1A ILSDI  ILS™ IINS ILV I1dSS dIND ILS dIN TOL NH Y3 sxA  (u/By)dx  "ON dAyoudn

$adA)0ud3 [uI[ ul SHURI IIY) PUE SIDIPUI IUE)SISAI JYSNOIP PIIL[NI[BI PUB SUONIPUOD SSAI)S PUE SSIAI)S-UOU UI P[IIA UIRIS UBIJA 'S d[qe ],
b Q- AR orsie o of ol w6 e € i® 21T € e ool e o™ qerearee € (e |V o (6 A S ved

XOpUJ 90URID[O $SO1S (PAYIPOIN)TY (1L ST XOPUJ IDUBIDJO |, $SANS (PAYIPOIA)'Y (LLS'Y “XAPUJ UOONPOI] SSINS UON-SSINSIINS XIPU] UBI|O |
AMOIQV:L LY Xopuf a8ruaniag A1jiqndaosng ssang: 4SS Xapuf AJIAIONPOI URIJA] [BILNAWOAN) :JIAID SXAPU] IURIAOL SSANS (LS SIANINPOIJ UPIIA (JIA SXAPU] 2IURIDO ], 1 JO L SURIJA JUOULIRE] (N PIAIA SSANS 1S PIIA [enuajod :dx

e o 6 3K s [1QI M neef e e ek G [LETYE M aee” fe ot ek 4 A TR oSS [ 1 o A <X [ e SGF o
dx: zopsfe of oy +90em s wopste o g o WHE 00 s oL e e o g e oo [Lg e s e GND: e s S S 1 <t B e Ly e 0 e [aNg: e el

(%) AD
g1 €5 8L Pxdl 1z 98 Lt 0l L8 T8 8§ i 69 19 &8 - )
Calial
Jou
200 $0°0 100 000 000 26 8999 01 8pL 1000 199L 62021 S6LE bl 05881 91 -
adSjouany
wr 080 e STUL k90 wanBS0 wnn PLL ek SO1TSE s 096T6F 1 wen LSS wenS8890T  »us 8110 s 68S18T Jovn OPSGYS s PH6691 s POOEOL  wwu 638PEL 8 i
2018
su 100 SucIp s $0°D su10°0 Su 100 su g6e€ + POVGE suzo su gppe SU100°0 su 18y suR€07 su/Z0% su1zz 18561 z W
A0S
13 1a A 118% 118" 1ANS 1LV 1dsS dND 118 aW 0L IH sA dy » o
e

$odA)0udS [UI] Ul SIIPUI IUBII[0) JYSNOIP YIIM SUOHIPUOD §SII)S pUB $SAI)S-uou ul poaenbs ueow ppIp “vajqel
<rb[ - oqee™? oCam sorle o of gl 7 e 6 o o™ 6 e 9D oo B e o (A e

Vay



VAV=YF azio IFes Sl A5 ;lods VY (0,99) Jbw /9l 91 Sbgad SR /... cdciinn s 935 s 35 ¢ )50 9 o189

OLis @l (F Jgaz) <35 )18 s 9 90 g oo dwlxe

(S a9y g il )0 0 Sles 4SSl
50 aS Col T saxmsylis anad pl 5105 g3y (5 lo e
&l G S glite sla ks, (Sl slacasg o
g Cdto bL i yean Ll i 0 0, Sloe 5,10 0429
REI MP HM GMP DI sla asli L) gl 2o
Sle a3 SSPI g ATI KRSTI Ky STITOL STI
l_;)_u‘wh_;ugq_'la;‘)_u)aa)_flmcu,_.w
5 YI KoSTI SNPI .GMP STI MP HM sl jasLs
Lo asli o ulwl (o) 15000 5 )l e g i RE
a3l i g MP g HM REI .GMP STI o038
pae g L) bl i g0y s asly o, Slae b as KoSTI
Olgmedn wWg Sl e g Cdie (Kien il (L
55 2 50 Lacisly (A yS Sopr Lagald (Sl
Lo ol (i3S ey o=l aiod obasl Jaoes )l i
438,5)1,8 ooliials g0 S0 o Ktagly bgi 55 ol 5l Gien
— Rahimi et al, 2017) & llas ;o asges lgicds sl
L Sor 5o o 3Y0 glyls GMP MP STI .HM
A (S S g T el bl g0 e 0 ale o See
S deemie slacalsis (RS e 9> Siegh o gl
..\_w; uL?u.s‘ ‘) PERURUIIS 'L o WIVO 4\_»_‘315 0 52 @Lu u)‘
sy o,y o Azizi Chakherchaman et al, (2009)
o=l A g g G (e Lyl 50 (eae sl
;»STlI g MP .GMP HM (sl a3l a5 sioww, 4
L o s—os 9 Ciin  (SKivod o s Lyl 0 90 ;o
g Al so 2ea b aslis pl g ails ails o Sles
09 9 i) (s Ll 50y 0 YU o Slee (glyls sl
YY Ao ,o 30 Aktas (2016) .o ololis | (s
SySdas e ) Gyl 5 e (Snan (IS o5
MP GMP sla sl U e 5 s bl jo als
95 Byre (gl g 03gad 5,155 Y1 o DI SNPI STI
Ll 8,5 0,00 o a3l ol 5l e slo

Ol bl ;o 1) Lac345 Fernandez (1992)
BC‘B‘A09)j)LQ‘;>¢Dw.u[a.\£9wJa;‘}u)oé)ﬁo.c
slocisis Sl sl 55 oo (rl o 0,5 meeds D
sl esli 51 S5 2 LYS 5 YP o jloges ¢ Jaxie
935 e (e oS (b9 Lags 0035 5 Je
FUY sl o)

Vay

= slasSs b z,b o5 bl 2 bl 432
g o ploeil bayl ) g0y o adls o, Slae (g4, o Bl
s mime glds JBlas> g3l 5l eoliiwl b o uSiles dunlio
Llg, s (gl 005 dilxe do 0 S a0 (LSD)
s ool wl (g ) 00l Ko ol 5 ¢ oz
(Gsling> oliee) (S5 Aold (el g (izren
Ward g e ladss anims 5l oy p0 )90 slacdsis
SAS 9.3,158l0 5 5l s kel Slwle slil g1y 0005 eoliul
Sl8le 5 5l 1S 9,008 me 5 g Lacadsly (sanadss Gl
SigmaPlot 14 ;| _wlilse loges sum s sl Minitab 17
33l 5 Al g sami Lo loges pu 5 (sl g
20,5 oolar.! Statgraphics XVII-X64

Golo e AW casls oy Sloe Jhaisl bl olul 5
GRS g g oS les 99 5 50 lacuiel) e (PS04 Y)
O, Sdos oy yiion aS ol Hlis s (F Jaox) o csalic
o bgpe cd (AT g S g Ll b e
5 YY) 5, Skee L Cabralinta s MLC356 slac—ss3
9 ;o 0 adly o, Slae (p yieS Cosl LS 0 6,5 5LS AVE
L MLCI2L (55 5o 5 (G 5 G55 9) il
oo )F sanltie JLiSa 13 0,55 LS YAA 44T s, Slas
PSS VAVEIV (58 Ll casishs o Shoe (s
345 29 LS 5 0 SSLS PYOIT 25 luld jo 5 U8 5o
Sls Bt |y oo ys VY Jsles stals o Sas 2 Lyl oo
Sl B 50 ) i o Shoe 2alS 0l (0 Jsax)
Oml Gaizmen 390 3 Sles (65, o ondJleel (i s
SLrig ctS ©y50 o aS cel ol slusT (el
Sl b cogllas o Slas 4 oy sl o ;o 0aloly
3555 B9 S i 4
Lo asls o e ol g1, Blum (1988) suic 4
s am ol bl 0550 slacaisy o Sl cux
5 o Ll B 90 ;e p3 ol S 5 Shee L &S 09y b el
ool as sl asls (gl pme g Cudie (Sad (5 (e
5 eacbolsl slajadls el IS saims ylis o Ko
(bl (red Sl Lacsig) (Sis a4 Jood (0L
3 Laciei; als 0, Sdee (rm gy (Snsod 30
(SiS an Jood slaasls b s g e Llpd



VAV=YF azio IFes Sl A5 ;lods VY (0,99) Jbw /9l 91 Sbgad SR /... cdciinn s 935 s 35 ¢ )50 9 o189

e Soaisi] )0 Joani sl as L b (A (g 9 5 bl pd 0 3 Sos ot (g ) 03l (Koot al b =7 Jgur
Table 6. Correlation coefficient between Yp, Ys and tolerance indices in lentil genotypes

T — %) @ » > ) 2 I
S £ £ 2 5§ 34 g % i 35 & & = @
Yp -
Ys 0524 -
0.751 0.955
HM * *k -
ToL %99 o173 o455 -
0966 0726 0895 0.803
MP **k * **% *k h
ST| 0906 0815 0943 0695 0978
GMp 0884 O086L 0973 oo 0974 0987
ssPI - 0929 373 o455 099 0803 0695 454 .
0.982 0953 0921 0864 0816 0.953
ATI *k 0422 0.665 *% *k *% >k *% -
SNPI 0512 099 0948 4,59 0715 0806 0852 459 (410 -
0.927 0717 0847 0905 0902 0834 0847 0962
KoSTI 0724 08%5 038 g9 0855 0940 0820 ;g 0676 0894 0788
YI o526 0999 096 475 0727 0816 0862 .75 gy 099 g9 0895
DI 080 g0g5 o370 0998 0745 g9 o576 0998 0925 g7 0817 (353 (ogg -
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*%k *%k *% * **k *k **k * **k *k **k *%x **k :

b (Sl GMP ¢ 5 Joows Lasle STI t it 5 Sike MP ¢ 25 Joos asls TOL «Sigaylo il HM ¢ pis Ll 10 0 Shae 1Y'S ¢ 25 pé alys j0 0 Slee :YP
G5 Jazs el KoSTH Y esipdlol (s 4 Joows (asls KiSTH ¢ 5 1é 5 (55 bame Jgams (a3l SNPI s glo pis jaslis AT ¢ 5 4 ol a3 SSPI

s 2 paxls RED  Ses 4 caglin jasla DI s Slee (a3l Y Y ouisz Mol

Yp: Potential Yield; Ys: Stress Yield; HM: Harmonic Mean; TOL: Tolerance Index; MP: Mean Productivity; STI: Stress Tolerance Index; GMP:
Geometrical Mean Productivity Index; SSPI: Stress Susceptibility Percentage Index; ATI: Abiotic Tolerance Index; SNPI: Stress-Non stress
Production Index; K;STI: K; (Modified) Stress Tolerance Index; K;STI: K, (Modified) Stress Tolerance Index
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Fig. 2. Three dimensional plot for determination drought tolerant genotypes based on stress (Ys) and
non-stress yield (Yp) with ST1 index
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Fig. 3. Three dimensional plot for determination drought tolerant genotypes based on stress (Ys) and
non-stress yield (Yp) with KzSTI index
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Fig. 4. Three dimensional plot for determination drought tolerant genotypes based on stress (Ys) and
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Introduction

Drought is one of the most important stresses which reduce yields of crops and is one of the most
important production constraints in arid and semi-arid regions. Iran with annual mean rainfall of 257 mm
was classified among the arid regions of the world. Lentil is a pulse crop, rich in proteins and have 18 of the
20 amino acids including all 8 essential amino acids. Thus, lentils play an important role in human diet,
especially in low-income people in the developing countries. In Iran, lentil is usually grown in rainfed areas.
The average lentil yield in Iran is 476 and 1195 Kg.ha? in rainfed and irrigated farms, respectively.
Identification of drought-tolerant genotypes is essential for cultivation in arid areas. To identify and select
tolerant genotypes, researchers have proposed many drought indices based on a mathematical relationship
between grain yield under stress and non-stress conditions, which are based on tolerance or susceptibility to
drought genotypes. The aim of this study was to identify indicators that can identify high-yielding and
drought tolerant genotypes in rainfed conditions of Mashhad.

Materials and Methods

This research was carried out at the Agricultural Research Station, Ferdowsi University of Mashhad,
during growth season 2015. In this research, nine genotypes were used that eight genotypes of them were
relatively drought tolerant in stress conditions and one genotype (MLC121) susceptible to drought stress
were cultivated. These genotypes were selected from 73 genotypes including native populations and
ICARDA genotypes in the seed bank of the Ferdowsi University of Mashhad, which were planted in the
same plot at last year. Experiments were conducted as completely randomized design with non-stress and
drought stress conditions (providing 100% and 40% water requirement of the plant) with three replications.

Results and Discussion

The analysis of variance showed a significant difference between yield genotypes in non-stress and drought
stress conditions. Based on the results, in non-stress conditions, MLC356 and MLC121 genotypes produced
the highest and lowest grain yields per hectare with 2621 and 993 kg.ha® respectively. Under stress
conditions, Cabralinta and MLC121 genotypes produced the highest and lowest grain yields per hectare with
876 and 288 kg.ha?, respectively. The mean yield of genotypes in non-stress and stress condition were
1616.7 and 625.6 kg.h?, respectively that showed a decrease of 61.3% in water stress condition. Correlation
between yields in stress and non-stress condition with tolerance indices showed that the old indices of STI,
GMP, REI, HM and MP and the new K,STI index had a positive and significant correlation with yield in
stress and non-stress conditions. The 3D Charts of the K,STI index with Yp and Ys showed that MLC356,
Cabralinta and MLCO025 genotypes had the highest rate of this index under non-stress and drought stress. The
biplot drawing showed that high yielding genotypes are in D region. In this area, the old indices of YI, HM,
GMP, REI, STI, the new indicators of SNPI K;STI and all of which are consistent with the Ys. The sharp
angle between Ys, SNPI and Y1 indices shows a strong and positive correlation between these indices and
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indicates their superiority in separating high-tolerance genotypes with stress conditions and having relatively
high performance in non-stress conditions. Considering this criterion, Cabralinta, MLC025, and MLC356
genotypes which had the highest correlation with the two indices, can be selected.

Conclusion

In all, the results of this study showed that SNPI and Y| indices have a high correlation (99.9%) with
performance in stress conditions, as well as K,STI, HM, GMP, REI and STI indices, all of which in D area.
They have the most positive and significant correlations with each other and with performance in two
conditions of non-stress and stress as the most suitable and effective criteria for identifying and selecting
genotypes tolerant to drought stress. In all, if the goal is to introduce three genotypes, Cabralinta, MLC025
and, MLC356 genotypes which are the most susceptible genotypes are suggested compared to the stress
conditions, but if the goal is to introduce only one genotype, Cabralinta genotype that has the highest and
most stable yield under stress condition and in comparison with MLC356 genotype under stress conditions,
10.2% more yield could be introduced for arid and severe stress areas. For lentil planting in areas with mild
stress, a high yielding genotype and tolerant, MLC356 genotype is recommended. It is also suggested that
again to increase the accuracy of the experiment, three selected genotypes are again cultivated in the field.

Keywords: Biplot, Cluster Analysis, Correlation, Drought resistance indices
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Table 1. Effect of sodium chloride salt stress (12dSm™) on studied traits in different chickpea genotypes in the survival
range of 100-76%
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e stage Fagils  lateral N wex oy S S ml (g plant?)
(%) branche (%) Na/K
(cm) s (%0) (%) (mg.gdw) (mg.gdw)
18 100 1 37 4 47 53 42 20 58 0.35 559
22 100 1 38 3 16 84 31 16 52 0.31 956
29 100 5 44 3 37 63 10 19 45 0.43 783
59 100 1 48 2 56 44 44 25 65 0.38 873
136 100 1 19 3 60 40 16 22 37 0.61 421
430 100 1 14 2 61 40 37 9 35 0.26 247
643 92 1 14 1 50 50 10 44 33 1.32 243
539 86 3 24 1 46 54 16 39 28 1.40 339
658 86 1 15 1 54 46 24 55 31 1.79 317
16 85 2 31 3 47 53 38 17 50 0.34 600
20 85 1 35 3 28 72 44 22 55 0.41 802
179 85 3 16 2 58 42 51 33 31 1.07 380
868 85 3 27 3 27 73 35 8 38 0.21 439
122 82 1 24 3 56 44 24 6 36 0.16 609
32 80 1 33 3 29 71 24 22 46 0.48 582
216 80 1 18 2 59 41 8 28 40 0.71 544
309 80 3 26 2 63 37 12 31 31 1.03 436
100 79 3 21 2 39 61 6 45 33 1.38 491
870 79 1 20 3 33 67 13 9 35 0.25 367
43 76 4 44 3 43 57 30 17 46 0.36 1058
606 76 3 21 1 54 46 10 44 31 1.43 535
LSDops 4 0.003 3 1 14 14 10 9 13 0.30 87
Geoypes  ** e i i i e i e o o i
CV% 12 0.2 16 30 57 21 99 40 108 24 23
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MCC: Mashhad Chickpea Collection, Growth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. MSI:

Membrane Stability Index, LSD: Least Significant Difference in 5% probability level. **: Significant at 1% probability level, CV: Coefficient of
Variation
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Sgm o gme g Cue (FP=+/PV¥) aigy glis )| g (FP=+/09%%) 5 (Vigna unguiculata L.) e log ;o 5,00
O Jgo=) Dantas ) s,ls s4>4 ;5 (Brassica campestris L.) Js >

Y-q

(et al., 2005
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Fig. 2. Plant height (A) and number of lateral branches (B) in chickpea genotypes in different survival range,
four weeks after imposing 12dSm* NaCl salinity
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Table 2. Effect of sodium chloride salt stress (12dSm™) on studied traits in different chickpea genotypes in survival
range of 75-51%

s s L S Sy = wels mw CBLE el cllE L Sisole
T SrES euss T 1 ow M K T on
S5 - o, '?;;'g tt =P Remained 3B el P Sk P eS o~ weight
Survival an No. of Shed leaves < . & s
Mcc Growth i leaves MSI odlo o8 ook )5 5 o
WS o Gl lateral e by ;
stage R oy s s pow LY} aigs
(%) (cm) branches (%) J Na/K N
(%) (%) (mg.gldw)  (mg.gldw) (mgplant’)
49 75 1 42 4 34 66 48 22 53 0.42 890
177 75 3 22 3 73 27 9 33 31 1.06 467
256 75 1 17 1 22 78 8 44 39 1.20 247
325 74 5 19 2 44 56 2 33 31 1.05 519
121 73 1 22 2 63 37 22 4 27 0.16 271
884 72 1 16 2 29 71 21 12 30 041 158
10 71 1 36 4 44 56 35 25 55 0.45 629
873 68 1 20 3 33 67 21 10 31 0.35 301
4 67 4 33 3 56 44 33 18 47 0.38 1068
867 65 3 30 1 27 73 2 11 34 0.34 380
88 64 1 30 3 31 69 7 11 36 0.29 569
104 63 1 22 2 46 54 17 10 34 0.30 294
310 61 3 19 2 61 39 8 36 30 1.22 410
96 60 1 25 3 31 69 14 12 37 0.33 477
364 60 3 17 2 70 30 19 23 23 127 321
187 59 3 21 3 36 64 12 35 36 0.98 409
623 59 3 23 2 60 40 9 39 32 1.22 332
891 57 2 18 2 30 70 33 9 28 0.31 224
155 56 3 29 2 75 25 31 27 34 0.83 513
34 53 1 35 3 34 66 52 26 57 0.45 436
151 53 2 23 2 46 54 9 33 35 0.92 488
259 53 3 18 2 63 37 28 39 119 0.77 387
371 53 3 20 3 51 49 4 35 42 0.84 444
LSDg.05 4 0.003 3 1 14 14 10 9 13 0.30 87
@WE *x ** ** **k **k **k **k **k *k *k *k
CV% 12 0.2 16 30 57 21 99 40 108 24 23

sloe gl asls :MSI S ol oo (Sl RWC (23 B0 (20 B slanl:F ( palS Y aulS gl Y paulS 5l L) rgad; e wgie 930 3 SOL :MCC

Sy g0 CV o yo o Jloio! mlaws po s ima 5

oy gy Jleix | mhaa 5ol g ST Blas LSD

MCC: Mashhad Chickpea Collection, Growth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. MSI: Membrane
Stability Index, LSD: Least Significant Difference in 5% probability level. **: Significant at 1% probability level, CV: Coefficient of Variation.
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azd o a4 (6590 i Ll 50 06 wo 0 VO azalS Jdoan oo o YO-+ slay aals jo aw o0 Ll 4
Oley b8 L lag] jladie Gl s S 50 o slogys Loass )00 s 51 50 baie (28,03l g 0y Ghals
(Negréo et al., 2017) oo 5 Bd> 5,0 Lo, 50 Abg 40 ald slow axiila (o des a3Le ol e d
03,5 G izpad 3 000lagily ST aio il ol & s qoniie 5o (ol o 0555 asle lelS
2 ilie glacaisls @l )0 @il Slge 4 Wilg o0 3 90,5 (50 Dguime 3,Slas (S )0 e Sk I (S
Ot Nma® (o 2 S 5158 5l G (690 4 oo Slallas ojls 1) odle jo azey i Slg> )0 a3Ls &l
5 00lou8l 5y 0o ,0 o aS ol lid addllas )50 Slao g doy dlaw ialS oz (5 0d i Cewl ooly ol
S99 (P [55%) 6 lo ixe g Culto  Simad cliy oo 5 (Shereen et al., 2005) g o ;5 ,9,b sloaxn Huimed
a2z oS olgp slail jo o a5 WK (O Jgaz) o)ls Trigonella foenum-graecum ) allo_s ;o a3l olaas
PURORRCIUONIUE DA LR FONCH [ R LIPS UK SOV I (Kapoor & Pande, 2015) ss 5 . (L.
OIslogtd G 9 53,5 Sl sladamdle JLB @l weul SlasS o ae)d fizmes 5 oaledl SloS p wo o
Sl 5 5 Gimsid laalhSs) oy cle 4 oS 0955 e slacaiss) )0 Goed 5 Ll 0 00,5 A5,
! (Sakuraba et al., 2014) 55,5 o oloy! S ye 5 S ym S ¥ Y ) Jgaz) sl [Ka S b gyl pme gy o
a7 Sy Olsy Do 45 5 a8 Sla S o S sy yho el aiels Gali 8Ly S (o a0 (F
0300 wilodg ] cilsl o xe 4 g ool el 1) pyaw bl ili8l easledl Sy aoy0 g el S oo o)
J e n S = ladasMe B g bas (Jlo I L ogd oo Qo yd oy YO-0Y g Voo -VP Glh asals jo (Y SKE)
S5 5 S i sl plalS bl e lals J=B S5 09 alis oailendl sloS s 5 00,5 b3, S
39 e YL mh jyam o Vs S gl yiiegtd oo yoVEB e VOB N e -VE ol aals a5 dsgs
(Negréo et al., 2017) oS o Jos oL5 il Oy it (=Y SC8) 0 Sy a0 0 dga> i3,

i LMCCL77 g5y 50 (ao,0VY) onilandl Sy oo

m Remained leaves Shed leaves 30 1

100 - 91 A =S B 25
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Fig. 3. Remained and shed leaves (A) and membrane stability index (B) of chickpea genotypes in different survival
ranges, four weeks after imposing 12dSm NaCl salinity
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5 SRl |y ol glalsd el 5 poliy o5 il
Grattan & ) aas s 1,8 U cosu | byl (6 ndydois
4o Jobw slad 5 pddeai o ol s ol (Grieve, 1992
sloanl s o Plsl el v slargs 0y >5 e
(Shahid et al., 2012) og& o caLisee o599 508
Joe sloacisiy s LS ;o (o slags (nl Cu o
Oeomi 1y oS Dl dalol g oads slid (gl Jaa> (g0
S e gl asls eaVU aslllas ) s S
1 Sead s (61 aeilSs 325 caslllan 1l (sloeaisi’
4 o |y Loyl Joos aials a5 sao oyl 1) 8456 oLS

Do b el S

ooy Ve Ll 4 alacasiol e 50 (ol 292 b
shls MCC136 s MCC29 uiile Lacuisiy (5 eaiiisls
A Jsa) wsgr ol b slizé gl (5L
009 o IS 5 o oy el el SlaS o
oS Slplay e (el S )0 (e 90 o YL clale
Garcia-) cosls valgs Jlis a1y Slae Jobss (0,55 00 p
YL ebale ol s o) o (Sanchez et al., 2002
g dlge pls Qi o Culs, b el (S (s slo s
el aile plae ,olie Jolwd pae 4y yovio (5,90
lade (Hasegawa et al., 2000) 55,5 pdS g 02 5o
L (alS slacil 10 IS 5 o (o slopyg 9> 5l i
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Table 3. Effect of sodium chloride salt stress (12dSm) on studied traits in different chickpea genotypes in the survival
range of 50-26%

et eSS Sy S e CBIE el il
slis w0 al> 50 Sn Wl Sl sl owilo oS my Gl Na K S S oole

vy Survival G rl]:;l{agr;]tt = Remained  Shed (il PSSk peSse 4 waw  Dryweight

MCC o )d Growth il No. of leaves leaves MSI oslo p )5 odlo o )5 oy g o5 ko

(%) stage ﬁ(ac;“) blra;tr?crﬁ:as 223 2 w0 S s Na/K  (mg.plant™)

(%) (%) (%) (mg.gldw)  (mg.g’dw)

212 50 1 15 2 45 55 9 51 33 157 435
438 50 1 23 3 32 68 10 8 41 0.20 309
452 50 1 18 2 49 51 4 49 39 1.25 357
382 47 3 20 2 63 37 35 37 30 1.22 365
424 47 1 25 3 35 65 19 9 27 0.33 341
45 45 1 36 3 44 56 38 22 55 0.41 757
379 42 3 17 2 43 57 21 37 34 1.09 316
39 40 1 36 3 38 62 24 26 56 0.46 702
40 40 1 29 4 39 61 42 33 55 0.61 444
307 40 3 19 2 51 49 6 45 38 1.21 289
401 40 3 20 2 40 60 12 39 34 1.14 442
349 39 1 24 2 21 79 20 9 34 0.28 365
198 38 5 20 2 45 55 17 42 32 1.29 342
246 38 1 16 1 23 77 4 32 31 1.05 689
509 38 1 19 1 54 46 37 25 32 0.77 432
680 38 1 17 1 62 38 0 39 32 1.22 280
516 36 2 18 2 52 48 0 21 32 0.66 331
536 36 3 22 2 40 60 1 40 29 1.38 396
99 35 1 24 2 22 78 37 12 39 0.30 251
389 32 3 23 2 66 34 5 40 33 1.22 617
540 31 1 20 2 36 64 21 43 31 1.44 480
514 30 1 17 2 28 72 4 27 34 0.80 333
376 28 3 24 3 40 60 46 39 34 1.17 419
872 27 1 23 2 36 64 10 11 40 0.29 245
280 26 5 26 2 60 40 24 29 32 0.91 324
322 26 3 22 2 47 53 38 32 35 0.91 301
LSDogs 4 0.003 3 1 14 14 10 9 13 0.30 87
Gmmym *x *x *%* *x *%* *%* *x *%* *%* *%x *%
cV 12 0.2 16 30 57 21 99 40 108 24 23

Jla> :LSD wlie o uly axls MSH S 5 T s glgzme RWC . 20 M 10 ¢ o0 e (glaz) :F ¢ 0alS ¥« aalS (glal ¥ oaalS 51 L8 ) rgud) Jolpe oo 9956 3 SSL:MCC

s g o CV o j0 S Jloio gl (o jlo cine ¥ cao o iy Jloio| has ol sime S

MCC: Mashhad Chickpea Collection, Growth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. MSI: Membrane
Stability Index, LSD: Least Significant Difference in 5% probability level. **: Significant at 1% probability level, CV: Coefficient of Variation
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Fig. 5. Concentration of Na and K (A) and Na/K (B) in chickpea genotypes in different survival ranges,
four weeks after imposing 12dSm™ NaCl salinity
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Table 4. Effect of sodium chloride salt stress (12dSm™) sodium chloride on studied traits in different chickpea genotypes in
the survival range from 25 to 0%

sl o yo al> o g el L sluss SbSy S uﬂ"l‘: MANN;HS WLHKHH‘ ﬂ‘;"-“ s oolo
el Sunival o ges,  Plantheight o e . “§:1wdﬂ’ S Pefeks S peSie o DYVedNt
mcc %o Growth el 0.0t Remained ¢ . o . P e

(96) stage (cm) lateral leaves leaves MSI Sisodlop S S oolo iy (mg.plant?)
branches %) (%) (%) (mg.g™dw) (mg.gldw)  Na/K '

534 25 1 15 2 19 81 0 40 31 1.33 286
560 25 5 22 3 37 63 9 42 28 154 439
410 24 3 19 2 50 50 0 40 34 1.16 539
567 24 3 21 2 38 62 12 30 32 0.93 373
328 22 1 28 2 33 67 7 9 34 0.27 514
148 21 1 16 2 53 47 0 34 32 1.08 308
159 21 1 20 2 46 54 8 37 34 1.08 362
265 20 1 15 2 12 88 0 38 19 1.93 256
549 20 5 21 2 30 70 12 94 67 1.60 446
237 19 3 17 2 18 82 0 59 26 2.25 162
515 14 3 18 1 12 88 0 50 29 1.70 139
101 13 3 16 2 47 53 0 31 37 0.82 308
455 13 1 14 1 19 81 0 48 31 1.59 260
564 13 1 21 2 20 80 0 45 31 1.46 505
548 12 3 19 1 27 73 0 40 37 1.07 429
416 11 1 22 2 38 63 17 42 35 1.20 498
554 11 1 19 1 10 90 0 74 32 2.36 263
666 11 1 17 1 26 74 11 44 47 1.12 242
196 9 1 19 2 14 86 0 48 33 1.54 322
205 9 1 25 2 10 90 0 41 30 1.39 365
194 7 1 26 2 0 100 0 38 31 1.22 511
377 7 1 26 1 16 84 0 35 39 0.91 463
199 6 1 23 2 8 92 0 38 31 1.25 456
576 6 3 18 1 8 92 0 50 36 1.38 435
388 5 3 25 1 14 86 0 30 31 0.99 411
406 5 3 24 2 7 93 0 38 33 1.15 677
876 5 1 19 1 46 54 5 11 23 0.49 139
125 0 1 8 1 0 100 0 52 30 1.72 225
195 0 1 10 2 0 100 0 41 28 1.48 219
335 0 1 24 2 0 100 0 36 26 1.47 425
385 0 1 17 1 0 100 0 38 31 1.22 292
408 0 1 15 1 0 100 0 49 28 1.78 218
411 0 1 18 1 0 100 0 44 31 1.52 267
418 0 1 8 1 0 100 0 37 36 1.03 443
428 0 1 8 1 0 100 0 44 34 1.26 467
431 0 1 8 1 0 100 0 45 34 1.34 437
433 0 1 8 1 0 100 0 39 31 1.29 320
435 0 1 8 1 0 100 0 61 24 2.60 372
437 0 1 8 1 0 100 0 69 27 2.60 234
439 0 1 8 1 0 100 0 45 27 1.43 398
451 0 1 8 1 0 100 0 71 21 3.38 197
504 0 1 14 1 0 100 0 47 31 1.51 288
517 0 1 9 1 0 100 0 42 31 1.34 305
532 0 1 9 1 0 100 0 44 28 1.55 310
535 0 1 11 1 0 100 0 39 36 1.06 381
553 0 1 12 1 0 100 0 61 43 1.49 457
555 0 1 16 1 0 100 0 39 24 1.97 325
580 0 1 15 1 0 100 0 40 26 1.54 375
584 0 1 15 1 0 100 0 41 34 1.22 404
585 0 1 15 1 0 100 0 42 30 1.37 479
600 0 1 18 1 0 100 0 56 36 1.58 589
601 0 1 12 1 0 100 0 48 33 1.52 294
603 0 1 15 1 0 100 0 35 25 1.37 279
607 0 1 13 1 0 100 0 47 30 1.57 345
609 0 1 16 1 0 100 0 57 25 2.33 411
615 0 1 13 1 0 100 0 33 26 1.32 305
629 0 1 15 1 0 100 0 43 33 1.27 396
631 0 1 18 1 0 100 0 39 31 1.30 303
632 0 1 14 1 0 100 0 38 26 1.47 312
633 0 1 15 1 0 100 0 51 36 1.44 438
634 0 1 14 1 0 100 0 41 30 1.34 295
661 0 1 13 1 0 100 0 47 27 1.78 253
672 0 1 15 1 0 100 0 47 29 1.59 258
675 0 1 7 1 0 100 0 52 21 2.36 97
677 0 1 13 1 0 100 0 58 35 1.67 304
678 0 1 10 1 0 100 0 61 25 2.42 201
690 0 1 16 1 0 100 0 49 29 1.72 348
710 0 1 11 1 0 100 0 42 31 1.36 193
711 0 1 11 1 0 100 0 32 27 121 160
713 0 1 8 1 0 100 0 37 12 2.99 44
LSDo.0s 4 0.003 3 1 14 14 10 9 13 0.30 87
Genotypes Ex3 Ex3 Ex3 Ex3 Ex3 EX3 Ex3 *K Ex3 *K EX3
CV% 12 0.2 16 30 57 21 99 40 108 24 23

Jleisl gl o s ime M JBlas:LSD lié g lasly Lasls MSH iS5 O o glgime RWC . 2 M2 10 (00 e (slal iF aalS ¥ ¢ palS (glal Y ¢ 2al8 5l L8 1) rgasy Jopo cageio 0556 ,4 SSL:MCC

Sy sy CV oy o Jlazo] s o o ime % wo s iy
MCC: Mashhad Chickpea Collection, Growth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. MSI: Membrane Stability Index, LSD: Least
Significant Difference in 5% probability level. **: Significant at 1% probability level, CV: Coefficient of Variation
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Fig. 6. Biomass of chickpea genotypes in different survival ranges, four weeks after imposing12dSm NacCl salinity
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Table 5. Correlation coefficients of studied traits in 140 chickpea genotypes under sodium chloride salt stress of

12dSm*

1 2 3 4 5 6 7 8 9 10 11
1 RV Survival% 1
2 Gy al> e Growth stage 0.27" 1
3 Gy glas)l Plant height 059"  0.26™ 1
4 &8 a5l olass No. Of lateral branches ~ 0.59™  0.23™  0.61™ 1
5 oxle b S 5 Remained leaves% 0.66™ 040" 0427 0477 1
6 03,5 oy Sy Shed leaves% -0.66™  -0.40" -0.427 -0477 -1.00™ 1
7 slee g lul el MSI 054™ 012" 050" 047" 040" -040" 1
8 (o200 Na -050™  0.02"  -0.44™ -042™ -035" 035" -0.37" 1
9 ey K 0.26™ 0.09™ 0.35™ 0.28™ 0.19™  -0.19" 0417 0.01 1
10 ool 4 oo S Na/K -0.56™  -0.08™ -0.57" -051" -042" 042" -046" 0.80™" -0.38" 1
11 S 9 Dry weight 0.40™ 0.20™ 0.66™ 0.44™ 021" -021™ 031" -0.24™ 034" -041" 1

oy ) sl o 55 s e g I ire i 5 4" g NS
ns and **: Non-significant and significant in probability levels of 1%, respectively
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Introduction

The agricultural sector needs to reduce the use of freshwaters and using low quality waters instead of
increasing demand for domestic and industrial water uses, along with the reduction of groundwater level.
Therefore, using saline water in the future for agricultural production is unavoidable. The soil fertility has
been reduced due to decreasing the quality of water resources and increasing salinity in agriculture lands.
Saline water and saline soil contain high concentrations of salts such as calcium sulfate and sodium
carbonate, although sodium chloride is the dominant salt. Salt stress affects various physiological and
metabolic processes in plant and may eventually impede crop production depending on the extent and
severity of the stress. In the early stages, a high concentration of solutes present in the soil brings about
osmotic stress which reduces the capacity of root systems to absorb water and, that start the loss of leaves
water. This is accompanied by ion-specific effects that cause the accumulation of toxic concentration of Na*
and CI~ in the cells, which manifest in the form of chlorosis and necrosis. Planting legumes in saline soil is
important for conservation of sustainability of production. However, legumes, including chickpea, show low-
salinity tolerance and loss yield in saline conditions. To permit crop growth on natural saline soils
considerable enhancement of salinity tolerance could be required for the chickpea which is a relatively salt
sensitive legume. Therefore, identification and introduction of salt tolerated chickpea cultivars help
sustainable crop production in moderate saline areas.

Materials and Methods

This study was carried out under hydroponic conditions in the greenhouse of Research Center for Plant
Sciences, Ferdowsi University of Mashhad. The experiment was conducted as a completely randomized
design with three replications to evaluate salinity tolerance of 140 Deci-type chickpea genotypes during
seedling stage in a salinity level of 12 dSm™ NaCl. Hoagland solution had been used in the sand culture
method. Recirculating nutrient system was applied, nutrient solution was replaced weekly and salinity of
nutrient solution was adjusted daily, but no acidity adjustments were made in the Hoagland solution. Four
weeks after salinity application, growth stages, height plant, branch number, survival percentage, remained
leaves, shed leaves, membrane stability index, sodium and potassium concentration were measured.

Results and Discussion
Results indicated that survival percentage of 21 genotypes was more than 76% among which, six
genotypes of MCC18 .MCC22 MCC29 MCC59 MCC136 and MCC430 showed 100% survival. In the

survival range of 76-100, 51-75, 26-50 and 0-25%, 43, 57, 42 and 16 percent of genotypes were in the post-
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flowering stages, respectively. Plant height increased with increasing survival range, so that the genotypes in
the survival range of 76-100% were 4, 5 and 12 cm higher than the survival range of 51-75, 26-50 and 0-
25%, respectively. The highest plant was observed in MCC59 genotype with 100% survival range. The
lowest number of branches per plant was observed in the 0-25% survival range. With increasing survival
range percentage of shed leaves decreased and the percentage of remained leaves increased. The same
percentage of shed leaves and the remained leaves were observed in the survival range of 76-100% and 51-
75%. In three survival range 76-100%, 51-75%, and% 26-50, the shed leaves were about 50%. The highest
percentage of remained leaves (73%) was observed in MCC177 genotype with 75% survival. The membrane
stability index increased with raise up survival range. There were no difference in survival range of 26-50
and 51-75% in membrane stability index, but in the survival range of 76-100%, membrane stability 6%
increased compared to the two previous survival ranges. The highest membrane stability index observed at
MCC34 (53%) and MCC179 (52%) with 85%, 51% survival, respectively. However, among genotypes in
100% survival some genotypes, such as MCC29 and MCC136, had a relatively low membrane stability
index. With rising up survival range, sodium concentration decreased and potassium increased. Sodium to
potassium ratio was also decreased with increasing survival range. Dry matter productions per plant
increased with improving survival range. Dry matter from 0-25% to 26-50%, 51-75% and 76-100% survival
range, increased 16%, 24%, and 38%, respectively. MCC4, MCC43, MCC22, MCC49, MCC59 and MCC85
had the highest dry matter productions.

Conclusion

The correlation between traits showed the positive correlation between survivals and remained leaves
which is depended on maintaining membrane stability and decreasing sodium uptake in plant. Based on this
information, chickpea genotypes have salt tolerance mechanisms and it is possible to use these genotypes for
breeding programs for moderate salinity stress conditions.

Keywords: Hydroponics, Membrane, Potassium, Sodium, Survival
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Dl Cudio DI S oloml aseis)o 9 (glaigS £45 il
)i’..\j.v l_s ))_QULLC OOBJW) 9 J}M b)s.Lo.C wa
S leassS as Sloj og, o HUaml Lol wijls sain (Siwon
oS 5 j,pcale ool s gaite [l ailio i bl
shls =L g il azilad v b gl Jaame o Slos 4
axol> S5 o (Cierjacks et al., 2016) sl oo adal,

3,55 )l 4y e Wlgi oo iz oz sy (LS
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Simpson, ) el asel> S j0 LadassS slass S g 05 o
(1949
¥ aoleo

2

Epar=1— :
T
[Ele(og e'"f:Eleioge_siJ

T arctan :

LA

/s

oldlslaas Nj (=1, 2, 3, ..., 8) diges ,o pll 4555 o3l slas
J5 o ladiss olaws S 5 (=1, 2, 3, ..., 8) diged o pl] 4s5
(Smith & Wilson, 1996) ol e aiges

Fadolee jloolal b 3o 51,57 o516 sl
F doles

| pi—pjl
o1 (B[22
JS 0 pll 4355 g P oS LelS S3leiSs sl E74S

JS 5o aisS ol S g diged S 50 ol 4355 ies P caiges
.(Camargo, 1993) ol dxel>

Sl So e bl 6)L°—‘ Sl s g 4528 plnil g
Loosls g jgi (99 le s 5| Bgi el S90S 50dsS” (1505
Fu S L eslacale o Slbls )l e 0l Jol> Lol
9y S9-S0 9 95 slaald Sl izmen uae b g
bowg slSa6lS e )S ) 4500 5l eslainl b uae o, Slas
g 28,5 18wy 0,50 SPSS Statistics V.20 l58le 5
ArcMap l58ls 5 5l 55 i g 5 slacale sloaids ays
Oy e oSl gl aS oS 5 mlan ol eolanw! 10.2.2
I, RMSE) Uns &lspo (5o Kileo pod diyy ( yieS oS Jaw

Ty Qi uul_..,.:l s AL g ol Joe oy i Qlyl.:d.; Csls

Jol ad> 5o 50 aallland yg0 4c )50 oo j o glodle (o)
&l paiges

90 b1y dace e 0 oadhald e lbaigs N Jaux
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YYY
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3 'GPS ool eolaiwl b oLl Slatsn og)ls
Sl BLi oLl Coz 56 (297 oo SOl Grizren 0
O oslawl ks)l\)).vc\.v}o.v P9 4.1.’>).A

I8 ado s Ly Bolas a5 (g )l paigas al> 5o gl 5o
aSS SSW 4 jreaale alize sbaaisS gl g ST Jolis
aisS o slaais olaws hled b 5o slacale (ST5 0l plxl
sl al g Sl iSlas sl olaiul b g g3 SIS 4y
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S yg0ds (6,0 paiges ¢ ol Al e 5l eai s la8 e bl 4o
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(Shannon & Weaver, 1949) col asl> JS ;o laaiss
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V. Global Positioning System
. Shannon weiner Index

v. Simpson Index

£. Smith and Wilson Index
6. Camargo Index
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Table 1. Observed weeds in the studied lentil field during the first and second sampling stages

(&y0 %0 33 dig2) o515

o o ) - ) Density (plant/m?)
bl eSSl ol sole pb oolgils 9 09%
Persian name English name Scientific name Family Vegetative period Val> e Y al>
Stagel  Stage 2
Ju olyels Borage Anchusa italica Boraginaceae Annual (4L.s5) 1 1
Sa Birthwort Aristolochia bottae Aristolochiaceae Annual (JL.s,) 82 10
Sz e Madwort Asperugo procumbens Boraginaceae Annual (dL.s) 1 0
<y Vg Oat Avena sativa Poaceae Annual (JL.sy) 1 3
S5 e Golden rod Bongardia chrysogonum Berberidaceae Annual (JL.s) 1 0
58 S i8S Hare's ear Bupleurum rotundifolium Apiaceae Annual (L) 20 23
LLls Camelina Camelina sativa Brassicaceae Annual (JL.s) 28 27
Sajl Whitetop Cardaria draba Brassicaceae Perennial (Jlosiz) 226 227
K,5 Safflower Carthamus tinctorius Asteraceae Annual (JL.s,) 53 0
pus 5 Cornflower Centaurea cyanus Asteraceae Annual (JL.s) 9 3
g & o aild Chickweed Cerastium inflatum Caryophyllaceae Annual (JL.s) 2 0
&y il Chickweed Cerastium perfoliatum Caryophyllaceae Annual (JL.s) 33 37
oy ol Lamb's quarters Chenopodium album Chenopodiaceae Annual (JL.s,) 232 0
- < Hare's ear _— . . .
; Annual (L5,
G495 > heS mustards Conringia orientalis Brassicaceae (lsy) 141 89
. Convolvolus -
Sory s Perennial (alou
Sy Sz Bindweed stachydifolium Convolvulaceae (Alosiz) 87 0
Sy Field bindweed Convolvulus arvensis Convolvulaceae Perennial (dlwazz) 157 110
S0 Ay Bermuda grass Cynodon dactylon Cynodon dactylon Perennial (Jluoiz) 1 0
0,6l Thornapple Datura spp Solanaceae Annual (JL.s) 1 0
S Flixweed Descurainia sophia Brassicaceae Annual (aL.s) 5 5
O Gopher spurge Euphorbia rigida Euphorbiaceae Perennial (Jluoiz) 1158 483
ool Common fumitory Fumaria officinalis Papaveraceae Annual (JL.s) 1 0
th e Cleavers Galium aparine Rubiaceae Annual (JL.s) 150 37
s oas gl Cranesbills Geranium tuberosum Geraniaceae Annual (JL.s,) 222 0
Ot Oty Liquorice Glycyrrhiza glabra Fabaceae Perennial (dloocz) 32 25
S Cudweed Goldbachia laevigata Brassicaceae Annual (JL.s) 1 2
=l 9> Barley Hordeum vulgare Poaceae Annual (JL.s) 5 3
o) (s5alS Prickly lettuce Lactuca orientalis Asteraceae (dlusgo) Biennial/JL.s)Annual 22 11
Sl Balangu Lallemantia spp Lamiaceae Annual (L) 9 2
Sk Hen'E)llettE):ad— Lamium amplexicaule Lamiaceae Annual (JL.s) 23 6
A= Peavines Lathyrus spp Fabaceae Annual (aL.s) 57 0
Lgly Chamomile Matricaria chamomilla Asteraceae Annual (JL.s) 142 104

YY¥
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Continue of table 1. Observed weeds in the studied lentil field during the first and second sampling stages

(&30 yho 3> 4592 o515
Density (plant/m?)

bl eSSl b ol ol oslgils 9 09°
Persian name English name Scientific name Family Vegetative period Y als> o Y al> o
Stagel  Stage2
axig Alfalfa Medicago sativa Fabaceae Annual JL.s,) 1 0
Glas Semitic poppy Papaver umbonatum Papaveraceae Annual (aJL.s) 93 69
Sy, - Picnomon acarna Asteraceae Annual (dl.sy) 95 47
oy can dale Common knotgrass ~ Polygonum aviculare Polygonaceae Annual (L) 207
48,5 Common purslane Portulaca oleracea Portulacaceae Annual (JL.s,) 2
gyl Creeping buttercup Ranunculus repens Ranunculaceae Perennial (Jlsoiz) 1
sty Jos Charlock mustard Sinapis arvensis Brassicaceae Annual (WL.s,) 203 82
ks Johnson grass Sorghum halepense Poaceae Perennial (dluazz) 12 6
. . Biennial (al.gs)

S Western salsify Tragopogon dubius Asteraceae Perennial (dLoxs) 21 10
R Clover Trifolium spp Fabaceae Perennial (dluazz) 1 0
Sz Cow soapwort Vaccaria pyramidata  Caryophyllaceae Annual (JL.s;) 12 11
v Birdeye speedwell Veronica persica Plantaginaceae Annual (JL.s;) 6 0
Sl Vetches Vicia spp Fabaceae Annual (JL.s) 39 20
kTS Rough cocklebur Xanthium strumarium Asteraceae Annual (4L.,) 21 0

spslacale ols o9, ANmadi et al, (2013) aallas ,o
4o (AT laatiss Gt s Ol ) il Guse gl
Sssls 3L Brassicaceae o Asteraceae laoslgls
SladisS aen LS sbay a5 s o olis pol> aslllas gl
e S mite s resladide g2 wad glulid vee
sedelacide s yo 55 Ahmadi et al, (2013) axlas
oobjL}'- SO \_Q‘.g 9 S)—’u—er‘ 00‘935- V7 saosalice é:L..;
Mousavi lewg 5,58 alllas ;o .oxiils 9939 S S5,
5535 & l50 5 ymslacale 1518 55, & Ahmadi (2013)
el b als jmsladale 5l as,s AFIY sbla s b 4

asls 3l bglades 04,5 as oo Ve 5l i

ooae 0ySlos p jpsladile ST
=4S ol ol (6510 paiged Jol al>ye 4 Lo gl
e @S1,5 AP/ )) Sl e (Sgr S5 S So ol
AU o 1) e o Shee (sl ine sl as 50 5 m sl
S eslacale slas )l as og b jo ol aisls 1,8 045
YL oS5V Jgoz) cdlas use o Shes 2 (5)l0 sine
Syad gl eae oS a5 wly Jad Llgl yo 5 slacale
3 g oa oS Caay cely iy o cnes oYL OB,
odle 39t b fad (b s guam al) el o as
Sl e 9y b Llgl 5o 5 mslacile (YL o515 (nl 2

YYO

ol o b 5 i le sLmaisS (51,5
o, aslw (EUphorbia rigida) ;ys.8,5 Jolis s ls paiges
«(Cardaria draba) ;I «Chenopodium album)
auiaas cale (Geranium tuberosumy jlseas Sloaseds
Sinapis ) _i>g Jo,—= «Polygonum aviculare)
¢!, = = «Convolvulus arvensis) =, (arvensis
(Matricaria chamomilla) as4L «(Galium aparine)
Ss,; ,L= «Conringia orientalis) iy 5,5 o5 5
(Papaver umbonatum) sl (Picnomon acarna)
S_i> 4 (Convolvulus stachydifolium) 5o S
Qo )0 FA 390> £g0mme,0 45 Kidgs (Aristolochia bottae)
O Jguz) assls plaisl ass 4y jeslacale IS 5
Seajl g8 B slaaist wadind reiladile (n ek
S Ely 5 S g JoS s e
ebd sladide plyie 4 Sz 9 BliS ©)))5 (55 2
S 7 hae (Gl ) Ol J5-28T 08 50 uae g)l5e
Brassicaceae L asolsl s (Ahmadi et al., 2013)
ol Leasss o 2 Convolvulaceae 5 Asteraceae
cide S5, 0 j-am o ety Sladllae aisly gl 395
o)l laladgs g)15e 40 1, Brassicaceae oolgls ; a5l
(Cheam & Code, 1995; Whish et al., 2002) sles s
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gVetd N edd Cgyiany 0,30, Slee gl S ay >0
sdaliw Asghari & Armin (2014) .o_i oo ,0 £FEN)
e sy 0995 Job 4o jmslacile (YL ST aS ws S
SySdee ralS Gl JLis 4 5 3555 Sujelem o Shee oS
JolS J =S salds 4 Cad v 0 AP Jade 4 aily

oS 5 pslacile

ol 50 g 0, Juad dalsl o loy | (a5 g cduasjlis
Myers et al, (2005) .aib was 5,8es 5 it )il ol
b o pearan jragledile YL (ST as asls Gl
9y a8y Jad (b ) @Vl (1B, jLed il oe (Sl 0)90
spide J,uS aace Lol Gaabesl s assl arsls &3
(g o yio 53 A3y dw) o5 sloeST,5 ;o Sorghum  bicolor
(&mrore 2 a5 PRIV 5 (mye e 0 45 1 F) Lawgis

P& ygam Sy 3 03lisnl b puas o Sas g 5 pslacile o155 aluly =¥ Jga
Table 2. The relationship between weed density and lentil yield using stepwise regression

Joe O3Sy pd Sl gl by o o Jleia! Hlade
Model Regression coefficient Standard error Beta coefficient P value
R 218.30 441 0.00
Constant coefficient -
s ol -0.83 0.19 -0.032 0.00
Weed density

S eclacade (S1,5 5009 wace 3, Sles p lo sine i
seslacade olas Hlis eae o, Slee o 1) (5 )lo mxo
=5 OLalS b, 095 ibg b gl (l33 L asils s
ksl (Cressman et al., 2011) aws )3 356 cos |,
995 Sl 53 g (ele plyear Wl o0 5 yacile (oS
Giambalvo et al., ) o4 8, oL 0 Jg zals el
(2010

sreglacide iode gl ae e (ulidl (IS b
5 =<y ol (riwgd Jlad oliais (ralS osly o
asls Jlos a 1) o,Slee Culyd [0 g juwesd il dsei)o
e a5 230,5 y,155 Cierjacks et al, (2016) .ol
cde Sz (59 9 Jomame 3, Shes Ol (25 S (ke
Esfandiari & Hashemi Jozi (2005) .s,ls 54235 ;5,05
male L cols, s as, o Ve B Lugd o ,Slee ralS 50
o lilan as st ol (b Lagl oss S o)1 el
S YA g placale Sz (55 Gl pS5kS
W M'S)L.ib 3o Jyw .)JSJ..o&

Wad Bd> Jaw 3l cplpls e peae 0 See o s Sl sl jreslacale gl

Lol (S ojlail axrly Lwlul y juiie 12y 0aiBOLES ygams S 5 gy

St i calisee olaw ;8 00l Jia i Hlade ojlaibin] Gzl i) le sUas
ol 00 Jis (gl yurie 4 bgs po slael o5l gl T 50 4 00 ailiwl gy 1L po

The weeds height did not have a significant effect on lentil yield, so removed from the model.

Regression coefficient: represents the coefficient of each variable based on their unit of measurement.

Standard error: The standard deviation of the predicted value at different levels of the independent variable

Beta coefficient: Standardized coefficient where the difference in the size of the values of independent variables is modified.

YY#

sracbadide S5 () 16yl aiged pgs Al e 5o

lo 1,3 Sl con ]y uae 0 Sles ()3 G joba as) e
i 5y Shae y alo o )55 5 pcslacile (515 oS o s
aS w20 oo plas el pl (Y Jgux) el gyl e (5,50
a5 jpdile S 09 (s ails Gl p g (25 e o
LI L Lapyl uls, ©j08 5 5 mslacale ojlail oasms ylis
RUW P P K SURLI IHEUIR W CEL SO IR W - Pt
Gloasis e Colf) Gl g ol Jad (b s cdids o
©yad 5l 4 aleaiss (elyj olS 9 Suse b elacile
0399095 L3 1) e @l )l 05 1 (6 i <o,
Syl s |y (55,5 Al izren il Sl
Wl e Bl s 4z e asladile (pl jpa> 9,00l
sl ails elyy ol o Slos (55, |y (6 ymion o &l 3
slagse 5 ol slotzal o cal (Son alor o (ol 5
Lol can sl andls j9h 450 50 33 5 slacile (Sjaile>
st oS 55y 32l b plie i 5 i, 08 Ll
Sl Jdo e 45 a5 0 o Gl 4y ol by ansl asils
Shls 510 mdiged pg Al 5o 50 5 aslacile Sis ()39 45
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Table 3. The relationship between weed dry matter and lentil yield using stepwise regression in the second stage of

sampling
Jue Og Sy yo Sl sl Ly Jlosa! jladie
Model Regression coefficient Standard error Beta coefficient P value
A 211.90 441 0.00
Constant coefficient -
I 0.27 0.09 0,021 0.00

Weed dry matter

ad Bde Jaw 5l cplplo wed wae 0,8dee I e Sl sl 5 eslacale gl
Ll (s pFoshul amly Gobol 3 ie 52 gy o030 190 55 2
Jitas jaite Ciliste moan ) o sy e o lailisl Gl : e (slas
sl 00 Jis (5l yuiie a5 bgyo dlael ojlail iglas T [0 a5 o0 il o o iy o o
The weeds height did not have a significant effect on lentil yield, so removed from the model.
Regression coefficient: represents the coefficient of each variable based on their unit of measurement.
Standard error: The standard deviation of the predicted value at different levels of the independent variable
Beta coefficient: Standardized coefficient where the difference in the size of the values of independent variables is modified.

ey L5 LaaisS gl a5 olapiacsST o ccnlply ool 1 s 0 5ot (31985 9 £95 SRS Sl
L elopiwssl o g ol YU 516G sl wou! I paiges Jol ado o jo i glacale (oS5
Ejtehadi ) asb oo pals 231565 el (e sloasss Sy dcyie ,o s aslacale joas s el
Gl 35S asls 56 o ow, (6L AL, 2009 30 45 6 y9bas s eae o, Shee nalS 4 oie anlllas
oA 556 a8 ol s g £55 (2L 5 gy 9 o e gy yie )3 g Sy Hpa> (510 paiged Jol al> 5
3 Fi 9958 8y Sles (535 gk 9 Sl (SB19S0 SySles 595 @eye 3 )5 tIAY Jlade 4y I e (S2alS
aS a2 e i el ol e gmeenw f95 asls Gl mdigad pgd > o 10 pizmen (Y Jgaz) 205 wac
Sl ggazmays Al o Clé pae 5 lodisS SIS, ke ay ctall e e Sedile S5 (g 00T 50 5
5% Bl Bl ol pes &y (65)slaS pgrtany (ol o 1) (Sute 2 (1 Jsom) ol Geae 0, Shoe )3 myeyie 3 05 VY
= Ogkiy g el als opme s cute il cids jragladide SIS 5 ea slagasll G al, el
FPESES jea L (e 50 a5 lo lad i 0 Slee 4 bgre @l 285 )18 (o) p 0j90 uae 0 Slac b ac )5
b o Comad ae 3 Slee p Cote Sl a5 slaaisS 2 rasladde o515 31 5 £55 slagasls b
Sy Sy oo IS 40 SIS 392y eSS 19iSH L LS SySlos o (Jine yie (i) (510 paiges Jol al> 5
S e U Bl 5l Wl e slacile oS S5y Jome 45 3l i (Waly e (lgiea) uae
AU o oz )3 5 28l Jpamo 3 Slas 2 ol 458 Ol 4 ;B 5035 o gama /) Jloiol whaw b abogy
Cierjacks et al, (2016) adlas ;3 555 5 ,Shas 5 Cuie 5 55 slasasls U coss uace o, Shae &l s
9 Jo—aze 3, Shos Gl Jloine Sis aball) 0929 Oleo 3l onalcssas s ulul 1 o9 5 pslacile (31538,
el ol (51555 e slacile 45 slaaslo S8 (aFLs ado o (ol )3 (o 090 sLaa Ly
g5 ALl (gmadg 9 Sl (aFLS 1 0gdle e S Sl Ggmmens £33 (aS e 5 (gmdig 5 S
slo plis uae 0 Slas (59, 1) (e 151 58 Ggmrer (F Jgaz) aidls poae o,Shee (5l
Ol (SR a6l S5 Wb a5 ssboles (F Jsu2) sladlo ;o a5 009 @0 as )50 Sy aslllas 9,50 ac )5
sraslacils cloaisS g5 Gl & e Wl e asyhe asy5e ol o Vsl g il Cu e 5 pasS ciS s )5
oA la opljlogne Sutte ST s wny oo Sl 4Bk oud el ©j9o 0 L g 480 090 5 raslacide 08
lassS g9 Slfl 45 09d i 43S cpl (wie 0 Slee 5 a8 pae duy o0 Sl 4 5,00l sl 039y (Sl 904
U il a8 g dilisie sladassS jghs 4 e codle als 4 e b aSdale 5l solizul 5l 256 Gl
48 e Fomln 09,5 Sa Sy s, s pslecile gladisS as)ie ;0 5 sladle GladisS SUSpSy Hpam 4l )0
H Gl o jacide 5l olaaiss b 55 conl (s g5 ol slaadlye 5l (So plgiedr (SB19SG 0g 00l
gD ae 0 Shee 5 radile K05 kS L il Sl g T S 50 4365 o 00 LA (S
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Gpcide 90 Al (0 ah g4 45 ST Slaws alS as’ ,lals 5l solaas Radosevich et al, (2007) s olul
45 gy o oo b Jloel b 0SSl Gale g Log, >l Coio O3l sl atles o s ke jadile &0
<9, Sohrabi et al, (2016) aJlas jo . sls &3 By 8,90 ;0 095 aslllas ,o Afshari (2010)
Ol s acile 1 oliile 7 50 3555 €050 5 o slacile e aday el Sude Syl reledile glaigSais
e b e 5 0956 0,Slee b St o ixe alaly (gl)ls szl s 0,8 55,5 1, (Amaranthus retroflexus)
Cichorium ) o wls o anlllas 5,50 £)l50 5 0 slacale 1 (45555 52 a) ds i 0 gz g0 slaaisS sl iy
.09.3 U’“"?f)? w; 9 ‘5.03 &)K ‘(IntybUS 05>LC¢\.| .oy AW LQQT s.i.....} U)5 u...czlf G g w‘o ‘59.».0

<<l (Digitaria sanguinalis) o :Sl cale 5, acale
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Table 4. Relationship between Smith & Wilson evenness index and Simpson diversity index and lentil yield in the first
stage of sampling using stepwise regression

Joe 05wy oyl Jbxo slas Ly o o Jlosa! 5l
Model Regression coefficient Standard error Beta coefficient P value
clicard 127.666 19.016 _ 0.000
Constant coefficient
Ol 9 Semd LS 76.488 18.840 0.436 0.000
Smith & Wilson index
Oy 22 L 64.667 21.129 0.329 0.003

Simpson index

ad Bds Jow 5l cplpls s was 0,Slee s s Sl gl e gladile gl
bl s pFoshul axly Gobol 3 ie 52 gy 0080 150w 55 2
Js iite alisee polaw ;0 o0l g ey lade 8 Jailinl Bl il i lre slas
sl 00 Jis (5l yuiio a5 bgye dlael ojlail iglas T o a5 o0 il o o iy o o
The weeds height did not have a significant effect on lentil yield, so removed from the model.
Regression coefficient: represents the coefficient of each variable based on their unit of measurement.
Standard error: The standard deviation of the predicted value at different levels of the independent variable
Beta coefficient: Standardized coefficient where the difference in the size of the values of independent variables is modified.

blg; sboml pogdle wilg o0 5 aslocile (S 9l 0Pl puse 0 Slee 4 by yo S SlaAlE (o)

Sde St g (W 408 ate e 50 )0 Cute ol OLS Ggmor £95 (220 5 (gmdy 5 Soonl (215550
Cardwell et al., 1994; Moreby & )o_isb s PRY S CEWON Iy I R I R SV IR WO Y PP Y
(o= y odle (Southway, 1999; Marshall et al., 2003 oS 5, Slae Ly (>lgs j0 a5 5 0bas (0 00l S atlis
o yomie Wlgi oo oog S aslacile g9 5 Cune a5 =5 e 5l ge5 5 (SIS slegas bt (eae
Baessler & ) ogi & jlus p oxlpe slodiss g ial3dl e Y e o, Slas 45 >lgs ,0 g 9oy 0,055

Klotz, 2006; Simberloff, 2006; Downey et al.,
emzad g 5, aslacale aoly> 5l alST )15 (2009
i e sladia oy e 2l)5 olS L oy Ll

N0 2 6 VL Jlade 5l 5 relacile £95 5 (SB8S,
9 &5 Llidl as ams oo las ol el () USS) Bsg
9SS ge RIHIL Jbe Gy @) g)l50 50 (SIS
e S5l palS 4 o ol (e (Gl 9 OB wm
ol ol g egdle 358 Jpaze 5 Shee (59 5 pslacile
&5, L)l any omie wSilg o 5 oslacite £95
Fried et al., 2009; Plaza et) ssi (5;,5LaS slopgca

@l., 2011

e S piee a0 5 GLiled | g)lie o 5, aslacale
oo 055> cnl )3 Al IFIL T, g)l5e 50 slacile
Aol asls
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Fig. 1. Spatial distribution; A. Lentil yield, B. Smith and Wilson evenness index and C. Simpson diversity index
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Introduction

Lentil is one of the most important legumes in rainfed and irrigated cultures, which is sensitive to weeds
due to its low density and growth rate in early stages of growth. Therefore, lentil weed control is essential to
prevent crop loss. Most studies of weed and crop competition have focused on mono-species competition,
while generally there is not observed and the multispecies competition effects of weed populations are
important. On the other hand, studies have shown that the presence of weeds in agricultural ecosystems is not
always negative, even the presence of different weed species along the crop with increased diversity and
nutrient cycling can lead to positive effects. Therefore, the knowledge of the effects of presence of different
weed species on a field and the relationship between them is important. In this study, the relationships
between weed communities in a lentil field and the effect of diversity indices on lentil yield were
investigated.

Material and Methods

This experiment was conducted on one of rainfed lentil fields of the Agricultural and Natural
Resources Campus of Razi University in Kermanshah during 2016 growing season. Systematic sampling
was performed in two stages (before flowering and before physiologic maturity) to record weed density,
height and dry matter as well as lentil grain yield. In addition, weed diversity and evenness indices (Shannon
Weiner, Simpson, Smith and Wilson and Camargo Indices) were calculated using weed record data. The
relationships between weeds and lentils were extracted by stepwise regression using SPSS statistical
software V.20 and the spatial maps of weeds and lentil diversity were drawn using ArcGIS 10.2.2 software.

Results and Discussion

The results of this study showed that a total of 45 weed species were recorded in the first stage of
sampling and 28 species in the second stage of sampling. Recorded weed species in the studied lentil field
were according to the important weed species of lentil farms in the west of Iran. So that, Brassicaceae,
Asteraceae and Convolvulaceae were most frequented families, in addition, the most of the recorded species
were broadleaves and the narrow leaves did not have much frequency. The results also showed that lentil
yield was significantly affected by weed density and dry matter in the first and second stages of sampling,
respectively. It has been stated that the high density of weeds during the vegetative period decreases
biological yield and subsequently grain yield of the crops. Researchers also reported a negative correlation
between yield and dry weight of weeds. The results of the effect of weed population evenness and diversity
on lentil yield in the first sampling stage showed that Smith and Wilson evenness index and Simpson
diversity index had a significant positive effect on lentil yield. In the study of, also there was a significant
positive relationship between yield and weed diversity indices. However, in the second stage of sampling
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on lentil yield in the first sampling stage showed that Smith and Wilson evenness index and Simpson
diversity index had a significant positive effect on lentil yield. In the study of, also there was a significant
positive relationship between yield and weed diversity indices. However, in the second stage of sampling
weed evenness and diversity did not have a significant effect on lentil yield. The study of spatial maps of
lentil yield, Smith and Wilson evenness index and Simpson diversity index showed that the lentil yield was
spatially correlated with weed evenness and diversity. In areas with low lentil yield, weed evenness and
diversity were also low and in areas where lentil yield was high weed evenness and diversity were also high.
This suggests that increased diversity and evenness in the fields can reduce the negative effects of weeds on
crop yield.

Conclusion

It can be concluded that the presence of weeds in the first and second stages of sampling led to
decreased lentil yield, while the weed diversity and evenness had a positive and significant effect on lentil
yield. In fact, by increasing the diversity and evenness of weeds and increasing the positive and negative
interactions between them with other organisms, it seems that there was a positive effect on the lentil yield.
In fact, increasing the weed diversity and evenness in farms could results in a fairer division of resources and
less damages of some weed species on yield. The spatial distribution of the weed diversity and evenness, and
its comparison with lentil yield showed a positive spatial relationship between increasing the weed diversity
and evenness and lentil yield. Hence, increasing knowledge about weeds as well as their relationship with
crops can reveal the positive aspects of weed presence in farms and, consequently, better weed management
by increasing awareness in this field.

Keywords: Diversity and evenness indices, Grain yield, Pulses, Weed spatial distribution
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