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Fig. 1. RAPD fingerprinting of chickpea genotypes generated by two different random primers
M: 100 bp size marker
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Fig. 2. Dendrogram representing genetic relationships among 18 chickpea genotypes
The genotype names are the same as those shown in table 1. Similarity matrix among genotypes was created based on
Dice similarity coefficient and denderogram was drawn by UPGMA
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Table 1. Name and pedigree of chickpea genotypes

Bivanij is a landrace from Kermansha province and has been collected from a village in Kerend suburb

&

e, el 0yl Licw
Row Name Pedigree Origin

1 Bivanij (e dalls olzile S

2 FLIP98-22C 95TH2/FLIP91-18C*=FLIP90-96C ICARDA
3 FLIP00-57C 96TH22-2-BH-122/FLIP92-146C*<FLIP93-53C ICARDA
4 FLIP98-107C 95THA47/(FLIP88-6CxILC3373)xFLIP89-4C ICARDA
5 FLIP98-131C 95THA47/(FLIP88-6CxILC3373)xFLIP89-4C ICARDA
6 FLIP98-126C 95TH47/(FLIP88-6CxILC3373)xFLIP89-4C ICARDA
7 FLIP99-66C 96TH61/(FLIP91-159C«ILC1278)x FLIP91-149C ICARDA
8 FLIP93-93C 89TH258/(FLIP85-122CxFLIP82-150C) FLIP86-77C ICARDA
9 FLIP98-40C 95TH70/(FLIP81-77Cx PLOT29283)x $93320 ICARDA
10 FLIP90-96C (ILC5342/FLIP84-93C) ICARDA
11 FLIP92-113C 89TH141/ILC1934xFLIP85-122C ICARDA
12 FLIP98-106C 95THA47/(FLIP88-6CxILC3373)xFLIP89-4C ICARDA
13 FLIP98-74C 95TH17/FLIP90-100CxS93040 ICARDA
14 FLIP98-201C 95TH4/FLIP91-52C*<FLIP93-65C ICARDA
15 FLIP98-197C 95TH11/FLIP90-95C*=FLIP92-19C ICARDA
16 ILC482 - ICARDA
17 FLIP98-178C 95THS8/FLIP91-124C*xFLIP90-19C ICARDA
18 FLIP00-10C 96TH7/FLIP90-196C*=xFLIP90-15C ICARDA

L )5 5T 6l LSboiar a0 9 Bygn by LAl sl ( SoukiT glos pb ( Jlg5 —F Jgu

e STl ¢ (Ko a5

Table 2- Primer sequences, name, Tm, number of polymorphic bands and the percentage of polymorphism

All primes are 10 nucleotides long.

Goy ST el (53 Jlg ST o S s lalad oluss PUWOTJYPY IRV
Row Primer Sequence Tm (°C) No. Polymorphic bands  Polymorphism (%)

1 OPZ-10 CCGACAAACC 34 16 100
2 OPZ-19 GTGCGAGCAA 35 11 90.66
3 OPY-18  GTGGAGTCAG 39 8 100
4 OPY-02 CATCGCCGCA 32 13 100
5 OPY-10 CAAACGTGGG 32 6 100
6 OPS-01 CTACTGCGCT 33 9 100
7 OPJ-20 AAGCGGCCTC 33 15 100
8 OPT-13 AGGACTGCCA 34 17 94.44
9 OPX-14  ACAGGTGCTG 32 11 90.66
10 OPA-07 GAAACGGGTG 31 19 100
11 OPA-08  GTGACGTAGG 29 12 100
12 OPA-16 AGCCAGCGAA 36 5 100
13 OPAB-17 TCGCATCCAG 33 10 90.91
14 OPAC-09 AGAGCGTACC 31 18 100
15 OPM-05 GGGAACGTGT 33 0 0

16 OPI-13 CTGGGGCTGA 35 11 84.61
17 OPC-05 GATGACCGCC 35 9 81.81
18 OPAF-16 TCCCGGTGAG 35 10 100

il olF ol sl ) S ol a3 o 31 55 Laarigss | s iodu 028,518
RAPD sla Sl uluwly Laosgs (susog,S 45 oy oo o=l 30 6,5 sleesg s ax ST aS conl (! ko S
w305 i il ol (S S (mdly g B (S5 bt Loosgs 15T s 5l S97s Sl

alio 093 pg55 5l rmwg (i5u 0 9 4l SoaH L oYL
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Introduction

Despite the fact that Iran is one of the major chickpea (Cicer arietinum L.) center of origins, limited information is
available regarding chickpea genetic variation and diversity. Genetic diversity information is crucial for the choice of
proper parents to establish new breeding programs. Chickpea germplasm is poor, suggesting the need for gaining
enough knowledge of genetic diversity among available chickpea genotypes. A number of molecular techniques have
been developed to unveil the genetic potentials of plant materials. Random Amplified Polymorpic DNA (RAPD) seems
to be a reliable molecular marker to investigate the genetic diversity of chickpea genotypes in IRAN. The objectives of
present research was: (1) to investigate the power of RAPD markers for estimation of genetic diversity among chickpea
genotypes in west of Iran, (2) to investigate the genetic relationships between chickpea genotypes, and (3) to determine
whether chickpea genotypes could be distinguished by RAPD marker data.

Materials and Methods

Random amplified polymorphic DNA markers (RAPD) were used to assess the genetic relationship between 18
different chickpea genotypes representing the cultivated chickpea cultivars in west of Iran. Genomic DNA was isolated
according to Murray & Thompson (1980). Eighteen oligonucleotide primers were selected according to the number of
literature published with the highest number of polymorphic bands. Polymerase chain reaction (PCR) was carried out in
a total volume of 25 pl including 2 units of Taq DNA polymerase, 30 ng of genomic DNA template, 10 pmol of
primers, 0.2 mM of dNTPs, and 2.5 pl of 10 x reaction buffer. DNA amplifications were performed in a thermocycler.
The thermal profile was as follow: One time denaturation at 94°C (5 min), followed by 40 cycles of denaturation at 94°C
(3 min), annealing at each primer proper T, (I min) and extension at 72°C (2 min) and one time final extension at 72°C
(5 min). PCR products were analyzed on 1.5 % agarose gels in TBE buffer running at 100 V for 2h. The gels were
stained using ethidium bromide and visualized with UV light. The reproducibility of the DNA band patterns was
evaluated duplicate gel electrophoresis analysis. Only clear and repeatedly amplified RAPD DNA bands were scored as
(1) for present bands and (0) for absent ones.

Results and Discussion

Out of 18 random RAPD primers used in this study, 17 primers amplified genomic DNA across all the genotypes. In
total, 201 polymorphic bands (96.63%) out of 208 reproducibly scoreable RAPD markers were generated (OPM-05
primer did not produce any band). On average, 12.2 bands per primer were observed in RAPD analysis. Cluster analysis
using Dice coefficient of similarity and UPGMA (r=0.98) method based on polymorphic fragments, grouped all
eighteen genotypes into 6 groups with 77% accuracy. Based on dendrogram obtained, Bivanij (Landrace genotype)
showed the least similarity with the 6th cluster. Although there was no redundancy among the genotypes tested, the
majority of genotypes were clustered together. [CARDA genotypes may have been improved from an Iranian landrace.

Conclusions

Genetic diversity among chickpea cultivars using RAPD markers have been studied by a number of
researchers. Although in most cases a low level of polymorphism with RAPD markers have been reported,
this study showed a considerable amount of polymorphism. Furthermore, our results showed that cultivated
chickpea cultivars in west of Iran have many genes in common. We recommend further studies to be

* Corresponding Author: Nazarian.f@]lu.ac.ir, Mobile: 09166608194
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conducted by using more number of chickpea genotypes as well as more robust molecular markers. Results
of this study can be used in germplasm management/conservation practices, developing core collections and
as guidance to plant geneticist and breeders for planning future explorations, and crop improvement
purposes. These findings may help to avoid genetic vulnerability and erosion, keeping chickpea genetic
diversity and germplasm.
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Table 1. Mean of Pulses diversity based on land area under cultivation in Iran during 1983-2003
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Fig. 3. Production trends of Bean, Chickpea, Lentil and other pulses from 1983 to 2003, and its upward trend to 2021
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Fig. 4. Trends in area under cultivation of Bean, Chickpea, Lentil and other pulses from 1983 to 2003, and its upward
trend to 2021
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Introduction

In recent years due to problems associated with intensive agricultural systems, the role of legumes in the
sustainability of cropping systems has been accelerated (Draper, 2006). Currently, one of the challenges of
energy intensive agricultural systems is monoculture, which is associated with low biological diversity
(Carmine, 2007). Iran has been considered as the area with low agricultural diversity and dominance of few
crops particularly cereals in the main cropping systems (Nassiri Mahallati ez al., 2003). The most common
index of plant diversity is the SHANNON index. In agroecosystems, a Shannon index of 3 is rare (Meng et
al., 1999). Researchers evaluated agrobiodiversity of agricultural systems at species, variety and cropping
systems in a comprehensive survey for Iran and they found that the diversity at all levels have been declining
due to introduction of new agricultural technology (Koocheki et al., 2005). They found that for wheat and
rice which are the main cereal crops with high variety richness the SHANNON index ranges from 1.5 to 1.7.
The aim of present study was to evaluate biodiversity of pulse crops in Iran and the future trends of yield,
acreage and production.

Materials and Methods

In this survey, the status of pulse crops in different provinces of the country from 1983 to 2003 was
evaluated. These crops were bean (Phaseolus vulgaris), chickpea (Cicer arietinum) and lentil (Lense
culinaris). Other species of this category were classified as other pulse crops. The SHANNON index (H) was
calculated based on the cultivated area (Smale et al., 2003):

For evaluating of the trends in biodiversity, cultivated area, production and yield, time series were used
by the following formula:

Yt=1(t) +et (1)

Where, Yt is the variable at the time of t, f(t) is a function which describes Y on the bases of time and et
is the prediction error of the time of t. Prediction of trend was calculated by direct method (Patchet, 1982)
and the first year of data was considered as starting point. In this study, based on the type of time series,
double dynamic mean and WINTERS method were used for the future prediction. In the WINTERS method,
prediction is made on the bases of harmonized mean from time series data, in such a way that the highest
weight is given to the nearest data and the weight of data is decreased with aversions from the present time.
Results and Discussion

The diversity index under rainfed condition showed an increasing trend whereas the reverse is true for
the diversity index under irrigated condition. The diversity index for the whole pulse crops (rainfed plus
irrigated) was inconsistent, but an increasing trend was observed from 1983 to 2003 and a decreasing trend
was observed afterwards. The decreasing trend was also true for the prediction towards the year 2021.
Similar trend as for the period 1983 to 2003 is expected up to the year 2021.

The acreage and yield for irrigated has been increased for bean, whereas for chickpea, the rainfed
acreage has been increased. The lentil was similar to chickpea. The acreage of the other pulse crops showed
a slightly increasing trend from 1983 to 2003. This rise is due, in part, to an increase in the irrigated acreage.
This trend is likely to increase slightly over the coming years and is likely it will show a consistent trend
afterwards. The yield of other pulse crops decreased from 1983 to 2003. This reduction is due to a reduction
under rainfed conditions. The yield of other pulse will decreased until 2021.

The same trend is shown for production. Although production of bean has shown an increase, this
increase is mainly due to an increase under irrigated condition, whereas the rise in lentil and chickpea is due
to rainfed production. The same trend is expected up to the year 2021 for these crops. The production of the
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other pulse crops showed a slight decreasing trend from 1983 to 2003. This decreasing is due to a decreasing
under irrigated and rainfed conditions. The trend will show increase for a few time and it will show a
consistent trend afterwards.

Only the yield for bean has an increasing trend and this is associated with this fact that bean has been
under irrigated conditions. No increase is shown for other crops which are produced under rainfed condition.
Therefore, it may be concluded that the production increase for bean is mainly due to yield and acreage
increase, whereas for other pulse crops, the production increase is due to increasing in the acreage, because
the yield showed somewhat the decreasing trend during these years. Prediction of diversity index of rainfed
pulse crops up to the year 2021 indicates an increase of 1.22 folds compared to the year 2003. However
diversity index for irrigated and irrigated plus rainfed showed a reduction of 0.88 and 0.9 folds, respectively.
The magnitude of the change of production, yield and acreage for different pulse crops is shown. It is
apparent that the prediction of production for the bean up to the year 2021, under rainfed, irrigated and
rainfed plus irrigated will be increased by 2.96, 1.60 and 1.95 folds compared with the year 2003. These
values for the yield of bean under similar conditions are 1.59, 1.03 and 1.22 folds, respectively and also for
the acreage will be 1.88, 1.58 and 1.59 folds, respectively.

Acreage for the chickpea and lentil for rainfed, irrigated and irrigated plus rainfed will be 2.47, 0.37,
2.41 and 2.63, 1.31, 2.54 folds, respectively. These values for other pulse crops will be 4.96, 1.49 and 2.01
folds, respectively. An increasing trend of the yield has been reported for the future for different crops
(Khush, 1999; Rosegrant et al., 2001). Borlog (2000) has stated that yield growth which is associated with
genetic improvement and the use of chemical fertilizers, pesticides and irrigation systems, will be continued,
in the future.

We can predict that the rate of acreage and production of pulse crops in Iran, specially three important
crops, bean, chickpea and lentil will increase until 2021. However, under rainfed conditions, it is likely that
the yields, particularly of chickpea and lentil will stabilize.

Conclusions

This study was conducted to evaluate the trends in biodiversity, cultivated area, production and yield of
pulse crops in different provinces of Iran from 1983 to 2003. Time series formula was used for such
evaluation. The diversity indices studied under irrigated and rainfed conditions. It seems the results can be
useful for policy makers, scientists and food industry to improve food security in country.

Key words: Biodiversity, Production, Pulse crops, Time series
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Table 1- Analysis of variance the effect of priming with salicylic acid and sowing depth on emergence and
morpho-physiological characteristics of lentils
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i gl ‘“’:"T — — . IYIQean squares — o
(S.0.V.) &l Lo Job O o L Ol o 253 R ol (0,8 4
df Shoot Rate of Percentage of S . Number of primary
eed vigor
length emergence emergence branches
Replication (A) S gl 2 0.841™ 0.005™ 23.20™ 6.16™ 0.007"
Priming (B) Siesl 5 3 108.37" 0.019" 259.75™ 4715.94™ 1.25™
S Gee 4 63.74" 218" 6650.29" 12432.84" 3.56™
Planting depths o - ” .
A*B 12 0.83™ 0.077 72.91 248.38 0.22
Error Uas 38 0.75 0.004 14.95 16.95 0.84
(CV) Olyts g o 10.57 8.10 6.19 7.38 7.68

2o,0) 50 Jleisl e 10 6yl sxe g 6 I sire pas Sily ud ey B 5 F s

ns, * and **, indicating no significant and significant at 5 and 1% levels of probability, respectively
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Fig. 1. Effect of priming treatments on lentil shoot length
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Continue of Table 2. Comparison of the effects of seed priming and sowing depth on seed emergence and
morpho-physiological characteristics of lentil

WY (o giilw) culiS Gos  (p)5) 4zl Sl (439 (5 50 p S o) rdoyy (St o o5 LD
Priming Planting depths (cm)  Seedling dry weight (g) Proline (ml.g™) Chlorophyll index
25 0.76def 13.31k 2.02bc
s 5 0.70fg 26.38; 1.65ghij
7.5 0.55hi 33.18hi 1.26'
Control 10 0.48ij 37.64fgh 1.65ghij
12.5 0.36k 28.02ij 1.69fghi
25 0.99b 34.82gh 1.97bed
) ) 5 0.88¢c 47.72¢ 1.57hij
PSS 2 p S shen O Sl 7.5 0.73¢f 60.15d 1.91cde
Salicylic 50 ppm 10 0.56h 75.15¢ 1.28kl
12.5 0.36k 57.92d 2.16ab
25 1.13a 39.51fg 2.13ab
) ) 5 1.02b 42.68¢f 1.86cdef
PAAS npSishen Voo Sl 7.5 0.81cd 80.78bc 227a
Salicylic 100 ppm 10 0.65¢ 84.89b 1.53i
12.5 0.48; 61.09d 1.79defg
25 0.80de 62.73d 1.47jk
) ) 5 0.73ef 56.86d 1.75efgh
PAAS 2 oS shen 107 Sl 75 0.57h 62.31d L1
Salicylic 150 ppm 10 0.41k 86.16b 1.47jk
12.5 0.24' 95.08a 1.50ij

(p0.05) a5 jlas 5 s sxe glis LSD (5031 sillas il oo S e B o JBlaz l)ls a5 Sla Siloo ¢ygins 12 00
Means in each column followed by at least one letter in common are not significantly different statistically, using LSD Test (p<0.05).
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Fig. 3. Effect of priming treatments on lentil Leaf Area Ratio
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Fig. 4. Effect of priming treatments on lentil Specific Leaf Area
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Introduction

Lentil is one of the major legume with protein content about 28% where is cultivated in different regions
of Iran, especially in arid and semi-arid regions with low or variable rainfall. In these regions abiotic stresses
such as heat of the around the end of growing season, drought stress in early and late within the season and
salt stress alone or together have a large negative impact on germination, emergence, seedling growth and
ultimately yield. Germination and seedling establishment are sensitive and crucial stages in the life cycle of
plants, and determine density, uniformity as well as final yield of the crops. On the one hand, optimal
germination and plant establishment and also planting depth due to the significant effect on seedling
emergence and plant establishment is very important. So, selecting appropriate treatments with the
combination of time and suitable planting depth are necessary for successful crop production. Seed priming
as one of the strategy for increasing the rate and percentage of the germination, increasing in quality of
seedling productivity, plant suitable establishment and increasing crop yield in the area is favorable.

Materials and Methods

This experiment was conducted in the form of factorial based on completely randomized block design
in three replications in the research greenhouse of Gonbad Kavous University, College of Agriculture and
Natural Resources in November of 2013. Factors included salicylic acid pretreatment in four concentrations
(0, 50, 100 and 150 mg/kg) and various planting depths in five levels (2.5, 5, 7.5, 10 and 12.5 cm). In the
present experiment, lentil seeds before planting were kept in the solution of salicylic acid hormone for 6
hours at room temperature and then they were removed from solution and dried on paper towels for 24 hr at
room temperature. Then 30 primed lentil seeds of Kimia cultivar were planted in pots with 20 cm diameter
and 30 cm height. Soil of the pots was prepared from research field of Gonbad Kavous University. The

physicochemical characteristics of the soil included loam silt texture, pH 7.9, 13.4 mg/kg resorb able
phosphorus, 68% carbon, 0.07 total nitrogen, 356 mg/kg resorb able potassium. Then some of the emergence
traits such as rate, percentage and seed vigor as well as some morpho-physiological traits such as seedling
dry weight, shoot length, number of primary branches, leaf area, leaf area ratio, specific leaf area, leaf weight
ratio, chlorophyll Index and proline content were measured 60 days after planting.

Results and Discussion

Results showed that whole study traits except leaf weight ratio were affected by various priming and
planting depths. The treatment of 100 mg/Kg salicylic acid in 2.5 cm planting depth increased traits such as
percentage of emergence (98.89), emergence rate (1.80 seedlings per day), seedling dry weight (1.13 g), leaf
area (70.64 cm?), number of primary branches (4.7), leaf dry weight (0.69 g) and chlorophyll index (2.13).
While proline content, leaf area ratio and specific leaf area decreased. It was also observed that priming
treatment with 150 mg/kg salicylic acid increased proline content and shoot length, while leaf area and
seedling dry weight inversely decreased. In this study, the treatment of 100 mg/kg of salicylic acid + 2.5 cm
of planting depth due to additive effects on the most of the traits was suitable treatment. Salicylic acid
treatments increased lentil emergence, while proline content decreased using various concentrations of study
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treatment. It may be due to some physiological and morphological changes resulting from them. Under
rainfed conditions, cultivation depth is more considerable. It may be prevented from seed germination, seed
emergence and subsequent growth. Seed priming to reduce the risk of poor establishment is useful in a wide
range of environmental conditions. Results of this experiment also showed that priming is a simple and
useful method to enhance the rate and percentage of the emergence of lentil. The beneficial effects of
priming can cause optimal seedling establishment, creating a uniform density and increasing of legumes
yield which are important food. The results showed that priming with 50 mg/kg of salicylic acid had a weak
effect on emergence and growth traits of lentil over higher concentrations. However, priming with 150
mg/kg salicylic had a negative effect on the studied traits. In other words, the effects are not ideal. Under
normal conditions by increasing cultivation depth the emergence and vegetative lentil traits had a declining
trend. However, the trend in plant depth of 2.5 to 7.5 cm was less sensitive; but in the more than 7.5 cm of
plant depth, the mentioned traits were influenced considerably.

Conclusions

In the present experiment the most effective and ideal combination treatment was 100 mg/kg of salicylic
acid in low cultivation depth especially in 2.5 cm. Therefore, the study treatment had an additive effect on
most of the measured traits.

Key words: Chlorophyll index, Morpho-pphysiological traits, Pretreatment, Proline
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Table 3. Mean comparison of effect of cultivar on some faba bean characters

(Mean) 155l
(Sw0y0) d1d (459 yius (p5) ailows (439 gy jo AL Slawy ML 50 ailo dlasy e,
Grain nitrogen (%) 100 seed weight (g) No. pod/plant No. seed/pod Cultivars
3.41° 115.6° 53.8° 5 (Histal) Jboe
3.73° 106.9° 65.9° 4.4 (Saraziry) s 3l

W55 00,0 B gl Jlusl mlaw 1o K0S b (g)ls gine @glis oS jiie By S Blas gl sl Sk (g o 00
Means by the uncommon letter in each column are significantly (p<0.05) different.

ML 50 (w2 )90 Glio (B p bl F)U 51 (el A lio -F Jguar
Table 4. Mean comparison of effect of sowing date on some faba bean characters

(Mean) (.S5bw
IS Jeda ks ; , . Slyxo
e . B s g .. ails 5 ,Shas Wlono o5s B ol
PEREF s e Se)  (anyy ) . 2ilS g 56
(5ol o ot (aoys)  OESB S pS5lS) (o)) Sgp Al
Chlorophyll Chloraia nitrogen  Relative Grain yield 100 seed No. Sowing date
Total or (/’Pfy a (%) water (kg.ha™) weight (g) pod/plant
(mg/g fw) (mg/g fw) content (%)
1.25" 0.94° 3.63"° 83.75% 3333.1° 109.9 63.1° 10 October g ) -
1.46° 1.12° 3.20° 76.08% 3979.3 128.5° 71.4° 25 October e Y0
1.33% 0.88° 3.37% 69.58° 3849.4° 117.5° 67.0° 10 November ;L \-
1.13% 0.86° 3.68% 71.71° 2723.8° 105.9° 53.2° 25 November L1 Y&
1.07¢ 0.84° 3.96" 66.32° 1806.2¢ 94.5¢ 44.6° 10 December ,31 1\ -

e, O sl maw jo KaSG L g)ls s Dglas oS i B> SO JBlas 6l sle  Sles gt jo 50

Means by the uncommon letter in each column are significantly (p<0.05) different.

b Judg S g Jokuw slice (g;lauly ils o Sloc p calizko bl Zu b o byylod oo g 51 B3 00 -0 Jouo
Table 5. Slice of interaction treatments in different sowing dates on grain yield, cell membrane stability and

chlorophyll b
b Jég,l5 Jobw sl g5l ailo o ,Slos &0l a0 clls &b
Chlorophyll b Cell Membrane Stability Grain yield df Sowing date
0.004™ 578.00" 191992™ 1 10 October g0 ) +
0.006™ 1095.12% 870322 1 25 October .0 YO
0.01" 1482.40" 1970847* 1 10 November o] \ -
0.005™ 75.03™ 3039099 1 25 November (LI Y&
0.015* 15.12"™ 971339™ 1 10 December 311 -

doy8 G g iy slhs Jlisl molas 4o lo Jixe Gl gire pud o Sy M " ms

ns, * and **: Non-significant, significant at 5% and 1% levels of probability, respectively
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Fliie 31 1 Silheo auglie (O Jguz) wid sdnlice (5,0 o
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99 6l 08 5 ey ao 2 YVIA lie 4 ( Jliusn 8,
asils o, Slee g wglate gl (LIYO &, ,0 a5 Jl> o
Sg Jlid 08, 51 yidon 0o YY/R (g5l 08, 4 Log e
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25 8 e il sl 1 S G b i o
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gz JhalS 093 agi 4 45 Al oL cewlio aege 3l Sog;
Sl 5 5 a0 5 3L 5 e olast eSS ols
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Table 6. Mean comparison of interaction effect of sowing date X cultivar on grain yield, cell membrane stability
and chlorophyle b

Sl
Treatment
b Jus ks ok clid 5 lonly w15 5 Slos
(F039 055 2 e k) (w259) (LS 50 p,59lsS) ) Al &b
Chlorophyll b Cell membrane Grain yield Cultivar Sowing date
(mg/g fw) stability (%) (kg.ha™)
0.32° 70.17° 3178.23° (Histal) Jton e Ve
0.28° 87.17° 3488.06° (Saraziry) s »;l 10 October
0.37° 56.70° 3649.46° (Histal) Jbewo e YO
0.31° 72.30° 4309.13° (Saraziry) sl 25 October
0.41° 48.75° 4345.7° (Histal) Jlwes RARE
0.49° 65.97° 3353.01° (Saraziry) ;) 10 November
0.30° 45.55° 2107.45° (Histal) Jtwn BARTS
0.25% 40.42° 3240.15° (Saraziry) (s 3l 25 November
0.28° 37.52° 1457.76* (Histal) Jtewon AR
0.19° 33.27° 2154.66° (Saraziry) (s 5l 10 December

55l 00,0 0 il mhaw 10 S0uSG L (55l s Dol oS i By S PBlas slls sla i Sibs gt yo 40
Means by the uncommon letter in each column are significantly (p< 0.05) different.
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Introduction

Determining the proper time for planting under different climate depends on the factors such as rainfall,
temperature and length of day which are the most important aspects of crop production. Its importance is
because of the severity of these effects on different genotypes to achieve potential production. Because
different genotypes respond differently to planting delays. Sowing date usually interacts with other
agricultural management. The goal of this study is to find the perfect time to plant so that environmental
factors occurring be favorable for germination, seedling establishment and maintenance of the plant and as
far as possible, the plant is faced with a decent condition at any stage of growth. In general, higher growth
and higher performance is linked to early sowing date.Appropriate integration of crops and varieties are
desirable in order to achieve maximum performance. In general, due to the potential capacity for bean
cultivation in the Khuzestan region and lack of adequate information concerning the proper sowing date in
the area, this research focuses on the effect of delayed sowing dates on physiological features of bean
cultivars (Vicia faba L.) in Khuzestan.
Materials and Methods

The experiment was conducted in 2013-2014 at the Research Center of Agriculture and Natural
Resources University of Ramin in Khuzestan. The region located on 31 degrees 36 minutes north and 48
degrees 53 minutes east, and with a height of 20 meters above sea level and is considered as arid and semi-
arid areas. The average rainfall is 169 mm. The experiment was conducted as split-plot arrangement based
on randomized complete block design with four replications. Treatments included five sowing dates as the
main factor (October 10, October 25, November 10, November 25 and December 10) and two Faba bean
varieties (Hystal and Saraziry) was considered as sub plots. To determine the functional components, 10
plants were randomly marked out of each plot and yield components including grains per pod, number of
pods per plant and hundred grain weight were measured.
Results and Discussion

The results showed that all features apart from the number of grain per pod were significantly influenced
by sowing dates. Also, the two varieties showed significant differences in terms of the number of grain per
pod, number of pods per plant, grain weight and grain nitrogen. Significant differences were found through
the interaction of treatments for the features of grain yield, cell membrane stability and chlorophyll-b. The
highest grain yield was obtained by second and third sowing date, with an average of 3979.3 and 3849.4 kg
per hectare respectively, and the lowest yield was shown at the fifth planting date (1806.2 kg per hectare).
Conclusions

It can be deduced from the results that the sowing dates October 25 and December 10 seem more
productive in features like grain weight, number of pods per plant, grain yield and chlorophyll due to the
better adaption to climate conditions. Meanwhile, late sowing date caused to decrease the number of pods
per plant, grain weight, grain yield, relative water content, cell membrane stability and chlorophyll.
Comparing different types of bean revealed that Hystal cultivar had better yield with the highest number of
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grain per pod, grain weight, and a grain per yield of 4345.7 kg/ha. In general, present study showed that the
best planting date is November 10 for Hystal cultivar, and October 25 for Saraziry.

Key words: Cell membrane stability, Chlorophyll a, b, Delay sowing dates, Grain nitrogen
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5 90,5 @l (£AA) o 9als s ol i) Lo Y/ 5 (L
35 Syge gl YA ee Job )0 ladiged D32

! Dillution factor
2 Osmotic potential
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o Jilty S5 csh, 2alS 5 5Ll Juolsh il
=l Gl L g ooe) ailiwl as 5l Simly 4 Jobe
Sl iz plss e VU jelaiean sy i Vst
Odsn @S adsl Jele (il o8 (hals el aidly (ol
S o Jlab el il g Rals ol (Sas 25 5
@ ol Jood mha b b e ikl slooasy ] onzmy JIgs
5 odep aezs (Syosemarde ef al., 2009) sgis o i
5ol S0 lytedns 5 00 pudlgiaw 5o 2leS 10 olo;
090° ba Js:5e9,S e letsbos I cdidlone s (Jobore
Eaoze 30 g Johus (uiliss; 58 (6,104 «(g ol pais ¢ Jolw
Bokhari & ) cewloas 25 Loyl i b ol el g0

(Trent, 1985

T 5 i 55, YO 5 00 ) 45;5”’)? Bl g
dwolie () Jgaz) ols ol o e il ao 0 0 9 )
30,8 i 5l aes 59, YO 5 00 ool s Lo Sl
Do Ol Jldsime (alidl el LS )0 (59, 0,5 5kSF
2 S Gssban Wl 55 pelw plw 4 Cod sndalg
5 5t IADY Ay e IR 51 g iy (ol G2 51 0 55,00
Sam) ;5039 P35 2 S 955 VAN & < AAY Sl 59,V
(¥ Jsoz)
il Alke pl 0aiSanl s la ey Ko @l
Odan Slgoe Gl a4 50 456,00 5 0955 ;0 4S5 ysboas
Abbas-) el oo o)Ll laS L2 5l olim] gl Sy
Zade et al, 2007; Dehqanzadeh et al., 2008;
L o) o= 5 4y (Verbruggen & Hermans, 2008

S 3l o 39, VO 9 B8 XY b o3l g (rdguio (xdg 1 (s dinel sl 5l e (ilas po (155 L0) (il ylg &1 o gl - Joua

3595 9 S
Table 1. Analysis of variance (mean squares) for proline, methionine and lysine content in 33, 55 and 75 day after
stress and usage zinc

(MS) ©lzy o (52keo
ax®
Ol i’ gilo S YY) Cigeke o
S.0.vV o Proline Methionine Lysine
df
33day 55day 75day 55day 75day 33day 55day 75day
o Stress 2 0230™  0.147"  0275" 0.000033™  0.000050”  0.00019" 0.000056™  0.0439" 0.094
&9, Zinc 2 0.116°  0.117°  0.116" 0.000002"  0.000003™  0.00016™ 0.00020™  0.000090™  0-0075"
ol
s StressxZinc 4 0.028™ 0002  0.002 0.000006™  0.000022" 0.000065™  0.00045"  0.0010™
las Error 18 0020 0021  0.006 0.000021 0.000007 0.000054 0.00017 0.00073 0.0023
S
CV% - 1954 19.34 8.03 8.85 9.10 11.02 9.48 1055
Ol s

oy ) waw jo o e A a0, 0 mhaw )5 lo e :* )5 gre e mS

ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively

33,5 9 2T oS S5 31 ax 59, VO 900 ¥ (b Joloo laasd g gy (3l jae (Wlay po (ufileo) (il jlg 4 3505 gl =Y Jguo

Syl Jaiiliy 9 59y ©lilgu
Table 2. Analysis of variance (mean squares) for protein, soluble sugar and potansil osmotic content in 33, 55 and 75
day after streass and usage zinc

(MS) &l yo yuSilio
e ] @oll a0 oY) Jslxe lawss .
S.0.V df Protein Soluble sugar ool Jromiliy
33day  55day 33day  55day 75day Osmotic potential
b Stress 2 31.70™  525.13"  489.35™ 10.74™  500.37""  2090.10™ 50.57"
&9 Zinc 2 42.39™  166.65°  125.89 26.20™  300.73°  291.08 1.66"
Jlize oI5l StressxZinc 4 43.48™  20.59™  12.66™ 20.11™  522.45™  13.049™ 0.367™
s Error 18 53.99  37.83 5822  52.004 103.38 0.405
Sy CV% - 9.61 10.44 8.29 14.42 12.40 472

ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively

R I IS I LY RV s )0 o g :* o gae e ms
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Table 3. Mean comparisons for proline, methionine and lysine content under drought stress and zinc applied

(503955 3 x5 9550) (sden (5039 25 5 55 955%0) (sgusn (5039 55 2 55 95590) 3.3
Wyl Traits Proline (ug. g fw) Methionine (pg. g fw) Lysine (ng. g fw)
33day 55day 75day 33day 55day 75day 33day S55day 75day
oS Stress
skl L) | stage 0.904° 0.904*  1.188° 0.038° 0.028°  0.021° 0.117° 0.365°  0.57°
irrigation
Sl LY 2 stage 0.676°  0.676° 1.016° 0.038" 0.032*  0.024° 0.120° 0.251°  0.442°
rrigation
okl LY 3 stage 0.595°  0.689°  0.839° 0.035° 0.033*  0.030° 50.122° 0.238°  0.374°
irrigation
&9, Zinc
PSS 0 kg 0.630° 0.630°  0.881° 0.037° 0.031*  0.024° 0.119* 0.281°  0.435°
RS 3kg 0.694°  0.788*  1.075° 0.036° 0.030°  0.025% 0.116* 0.287*  0.463%®
pSoks # 6kg 0.851*  0.851*  1.082° 0.037° 0.031*  0.027° 0.125° 0286  0.493"

Dissimilar letters indicate significant differences at 5% level (P<0.05) of LSD test.

2 PSS IOV 5 VPO ol Say (i3 5l am 55, VO 5
IVYA ey 8 Ol Ol et s bl b S5l ps8
&)l 5 s Jlas 5l 150055 55 1 05 95See < IYVE
Ol olo ol =Ll Gazen (¥ Jooz) Al Cwsas
500 58 2lpS ol Sl b o e (igete anelaul
5 b dodme 5 P<O01) e85 1,5 (25 5o 55, VO
e ) oS 53 ol Joona 53 TS Hie
OIS ol Hlas ol () Jgoz) s o cxe 1o paiges
S sbar )5 gy Gals 2 (b )0 Guigeie Gliee (25
e G 3l 5, YO 5 00 (b s ol ke ot
s Sl L Y5 505 005 2 eSS /Y 5 < IYTD
59508 30 5539 #5 2 eSS 9See < IYAY) Ll e o oS
o 59, V5o 503s 5 2 S eSee tIVVF g iS5l o
e (F Joaz) b eaaline bl Jb S 5l 5 (L2
9 o Ol 2 89y Bmae (ol Ol ST el e
pos 5 S9y Oligw LS ;0 0 FLSF Brae o (rdgaie
S B (618 maged pg al> 0 45 (59 o3l
PS5 08 (5 Bl 50 (55, b Jl Rl Lol sz
a5 09 ddelaul ol Gl S 1
asb il a3l as ley a4z e aS ol lis wlas
Rl syl iy L (s 9 (a3l G (S
bl s S il allg e o e a5 0o Ly
(F Jgoz)
Sl e Ol 3503 )15 58 500 slagiagyy
(Liu et al., 2007) oS o lacs ial3dl o5 36 rals
e plals elis 1aSTy pol) it (i Lo el Ly
P Lagal b SouS e s i ails sage b i

il oo LSD (5031 (P<0.05) auoyo sllas Jlaxl 1o ls cime BN soimo lis aslials g >

sY

an Jomto pL3 )1 )0 ogatan K 5 59, ol
el 958 )0 eanms il 1 (s lyd s (S
Jodoe laad L 5 g Oliee (ial33l alavlgas (g5oml
Sl L ol e SEBL o8 ol L o s
=l zren 0l i bLS | olS S 4y Jood
Odon Olme A5 5w il (loj e b3S L ol ol
Sl BLS o b ol S d9h oo sl (nl 45 95 oy 8
i am olS Gace oyl )0 g 00,91 s |y g ol
el 0ol Seglio

Lo i 5l a5, YT jo 0ls gLt bl (riore
S SIS ol Jemnily Sl b g Ol
Ol 59, YO 9 00 4 ley o iul38l L Jg 090 (5,10 Sne
W5 st s 55 (i 3 (25 sloazea]
G STy oo las (pl 45 Wag I Sre (Kinan
= by e n Gl b e A it 4 gy
ol e 5LEST, Syt sl Elad alS 4y bgy e
5 Cogby Cundy s 4 5LSTs, Sl o3l Sl
G 4 Oy Sles Sz g Wlgi oo oS ol Jeily
(Tejo & Santos Diaz, 1987) ol o1sS

SISl az STols ol bl )l 4528 @l (e
o G 3oy 39,750 (s Olies 2 (S el
s 55 G5 3l am 59, VO 5 00 0 o] Glie (g s
Ol = 59y Slils Ly (8L Jolone 09 I g w0
S5 (5 Joisinn 1 5 peises Sl | Kot 55 (5
DO 5o i Lhol Sl Sl dlio s 1) Jsaz) ol
ol (b o Gl ol plias 2 o 55, VO
00 (b 5o e Oliee a8l Gl skl Jelsd
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5 oS5y slo Lol wdss 5 (Jsho slalid 5 Slas slalae ploul @b sl et ply s plals 25Ty
Murray, ) slei o)y &)l Jobow ag Sl 9 bl e Sy o sl 5l cudled Sl s laik 5 (Jshe
4255 B (A5 P Geisete liee (20l g, (1989 slmog;F) o slasl (Fp b ol 50 63T iz
pliay S pie oole Lo S 5l Gkl g Guigaie Fwem ol Abu-kpawoh ef ) sl oo bad o Jo¥ge [l 4o (el
Sy el G sy o0 a5 4y Sl o dsete Jujgiol-s Gl e 55, B an v oo L5 4y (., 2002
Ol 9 00t S iie oolo iy b B3k )3 (ST pg e b oal sl et 25 b ablie jo o) ancelasl
Ol gy sleaidl L zmlo opl cwl abl jals o @ (Liu et al., 2007) ceol oo Jobow 85 niucmns Cu oS
S s cisllas (Khan, 2008; Sood & Nagar, 2008) 50 sl Lus 59, (59, aie S9—eS bl B 0 4 S 5950

5 IS ol Lol sla JISGol,) ples 51 (iU guslas]

$9) b shxe 9 S G bl pd o (g josl Jomuily 9 Jplono Lol (i 1 oo (ruileo dunmliio -F Jgur
Table 4. Mean comparisons for protein, soluble sugar content and osmotic potential under drought stress and zinc

applied
(Foiaps »esShee) m9n (Fo39 P55 2 Sl ol lauss (L) g powe! Jommiliy
o ylos Traits Protein (mg. g fw) Soluble sugar (mg. g fw) Osmotic potential
33day 55day 75day 33day 55day 75day (par)
oS Stress
Skl 5k lrrllgs;?i . 76.84°  5021°  26.91° 34.48° 58.57° 98.14° -15.76
Gl Y lrigsz‘;‘i N 78.02°  61.81*  33.93° 32.49° 46.40° 79.81° -13.63°
ool LY 3stag irrigation 74.34% 64.62% 41.65* 32.70* 45.02° 67.89° -11.03¢
89, Zinc
pSsks 0 kg 73.90°  53.91°  31.88° 33.21° 44.21° 77.11° -13.72°
o5 sks ¥ 3kg 77780 61.34*  32.14° 31.53° 50.01% 80.52% -13.72°
pSsks # 6kg 77.52°  61.39°  38.78° 34.94° 55.77° 88.21° -12.98°

2l o LSD 5031 (P<0.05) ao s sllas Jlazt (o o cire 3Dzl saimsylis aslinls By,
Dissimilar letters indicate significant differences at 5% level (P<0.05) of LSD test.

o il g Lty e 55 5 4y 350 Yoo ol sl U cov o) mhw o i 5l as g, VO
il i sgw il ralS g Joku (6 el pudas Cge o IS ol i Sl dunlie (Y Jgaz) <8,5 )13 55,
S92 008 Jol> (2ol iz 13 858 5 3958 la g 5 Ot e 456 ebdn b La g (e 101 g
.(Moran et al., 1994; Sheykhbaglool et al., 2009) 30 oS oo VPO o PEIFY 5 Sa) uiigpn odei e
Lais b as u5s,S Lo Ghorbanli & Niakan (2005) S 5 6yl b b (a5l o 59, YO g OO 0 6,5
8 2 Jodoe slaitis m JS ke g ;o (5 ol il 59, VO 5 00 ad> e )3 et ol Gl
($9) b alS Al 53 po g Sy g Blu lge ASu bl b Se b (p)5 50 e S e YR 5 041V i)
Slawl aen jzalS el gools Lialidl ) 5y jiw VIR VSR CENY P JUNS UK S VU1 R PPV WY GRS
oy g 43S ialS g ais] sl sl g bl awel 3lace, e YOINA [ SO as Caud g 2uo,0 YADY L g0 @
Sl lacng p w58 Bl g i By 3k Sl Sas CBian 4 s G b alS el (5, Dl 218
Ly sonl Cawsas bl Log wlys s Cgllasls BT 51 5 Sy Slalgw (S 10 0,55l F 8 pme ol 1S 5l o g,
50 (S5, ol Jedme a5 cwl ools lis ladse ol 59, YO 9 00 50 pufSg i e LYY 9 18V )58l o ge
Jamson et al., 2009; ) 05,5 o (yuiSg,m do > il SiS ii AS dy e a4 (V) Jeaz) al il am

3



IWAF 590 da o & lads Suler /ol @Ugad GGG H a5 /... 595 41385 i ¢yl )Kad g olgsald

@l Sl o Jodomo ofil (sloaid L g 55958
9 Jodze 088 Glie Ol (e 0l (s 5 (Sen
LS Geizmen 318 3929 Cude (Sred (ol Jonily
po— 13405 0 LS Jodoeo slani3 (ljee ol lis
2bios Spoml Jraily Gliee b 6)lo sime (Ko (51l
] Jydomo Glood e S eis S5 Glgi e @l 5o
L amalie )0 (i Oloj a5l annlis s gl 5 0092
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Olpieds Sl (8o (St (i Ll o 4l e Jglone
Jol el yoanled Joo ol Ldlra g (550l Jole
SIS 5 (ol et Ly G 51 5o a3 2l
Loieiisyn o blad (5,5 sl bpgs Sl 5o 5 (il )
2ol ouSils s Jlaila baid asl e bl o
sleog, S 5 soinh sladlio b Gig,000 slasigy
Csilon (plid (KidunS 5l g Wsd oo badgand Slins
5o Jolxe sloaid cuslal drigoyenet al., 1992) wius'
F 5 aS pope Suislsiied Sl A egdle 25 a0
5 155 goeiS g sl oot S 5 51 (655 5l 5 (555 (el
2 s 2l slyione RIS SV 5 (ol kiS5
OBl ol ALy coge ShES o (Sl 4 oo )5 g5l
Ol 45 Cl ol sasas lid (i o Jeloxe (slaaid
beadgbio el 4 ) Jo o slaplal jo (6ol oulas
9 Sl olron 6551 Bro b Joo (ol )ls Jol (S
Frimgid polas an Lacudglie adgi sl p Jlocn S SlaS 5
ol S Aol 0 g iwgd el S L sl g
B9 s Sgaze 3 Sles 5 0l w5 Sl slal o S

Banks .(Mazhar et al., 2005; Thalooth et al., 2005
S Ol b 5 535 S5 sl S35 oy (2004)
ol Giall asls (ee, lne g
Cot Qo0 B g ao 0 ) mhaw o Jalowe sloaid ol
5o 59, V0 5 08 53 (2L Jalne 5 DS ol 31 55
(V Jgoz) 0 Jloime 59, YT )3 (Hgecd 5 )18 s
10 S Jsdome slaa 5 (e Ghalidl czrge (oS
5 (5039 £35S e OMBY) (n w45 555k
a3 (e (S35 p75 2 S e YOI Y) (a8
a5 $olel b o5l o sy 5 5 a9, 00 50 Jale
ol 5l s ol i s peizman i sdalive 6Ll b
a3 oliee (Rl coge (6518 mdiged pgw al>ye o
J592) 95 5csss 55 o5 sk SANE & FVIAR 51 Jolono
3 Jsls $10a5 ol a1 53y Sl b 51 Jsloxo (F
e, O maw ;o iad Jlesl 55, YO 9 00 5l o (5510 paiges
zge (b el (¥ Jooz) ol Lis Jlo ne gl
L LaS o b s bone o Jslomo (sboasd lien il
CaaB YTV il crge g, Sligus LSa )3 a S sl SF
3 S maseed ;3TN 59, 00 53 (5l paises 3 Jelne
sbab)lis L mls (ol (F Jooz) b (a5 5l am 5, VO
Abbas-Zade et al., 2007; ) s,ls ccisllas b iags S0
= Lo iegis oo b o (Dehqanzadeh et al., 2008
sl aly sy o slre 1 50 el anssS oles
aols yoly 8l L o, e ,lai 4y (Babania et al., 2010)
a5l S oml & Fem Jske O deily c el 5l Slej
4325 9 el mapl cdled Al 4 joie 5 s, ail]
S5 a8l 5 Sz 5 slaeSge (s 95,51 @ atlas

i Jlosl 3oz 59, VY 0 Glis (Swwod gl -0 Jou
Table 5. Correlation results at 33 days after stress

Proline  Methionine  Lysine

Protein _ Souble sugar  Osmotic potential

oo 1

Proline

e -0.135 1

Methionine

S 0.041 -0.089

Lysine

O 0.135 -0.104 -0.182 1

Protein

Jsbmeslea® 059 0455% 0154 0305 1
Souble sugar
spldee a0 L0357 -0.116 -0.102 1

Osmotic potential

*: Significant at 5% probability levels

aoys O Jlisl mlaw (o jls xe "
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Table 6. Correlation results at 55 days after stress

Proline Methionine Lysine Perotine Souble sugar Osmotic potential
OHlon 1
Proline
O -0.104 1
Methionine
o 0.567** -0.407* 1
Lysine
o2 -0.666%* 0.334 -673%* 1
Protein
Jobe sloat 0.029 -0216 0.411% -0.334 1
Souble sugar
5ol Jeeliy -0.489% 0.601%* 0777 0.653%* -0378 1

Osmotic potential

* and **: Significant at 5% and 1% probability levels, respectively

Qo) g AJL&.&!GJQ.;)‘))\Q S iy ::’*5%

G5 Jlos! 31 x50, V0 30 Slhio (Simrad gl Y ooz
Table 7. Correlation results at 75 days after stress

Proline Methionine Lysine Protein Souble sugar Osmotic potential
oo 1
Proline
s -0.542%* 1
Methionine
o5 0.768** 0.677%* 1
Lysine
R -0.505%* 0.706** -.530% 1
Protein
Jsle isloas 0.784** L0.543%* 0.836** 20,440 1
Souble sugar
Syl Jeiy 0.726%* 0.854% 0.762%% 0.788** L0.691%* 1

Osmotic potential

* and **: Significant at 5% and 1% probability levels, respectively
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Jloel 5hamn 59, Y1) sl (5,10 ,masged 5o ol plis (s 5ol
2 e AV R VA sy lie (G
5 oo Ol St aS g yeban b i i
S obey Same CddS L g ot g6 5l (5 jeml Sl
Jeily (i 5o Laanselan ol s mp (25 Jlosl
P> al>yo ;5 a S (g sboay o, S sy (Rl 8l gl
gt 5 ROz 18+ F) (2] il sl (lime (510 peigad
Ogite i GRS 3l o 59, VO 53 5 (RP==+104Y)
391 ot SV RP=— e 8Y 0 (pasig s o (RP=—+/VYR)
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Table 8. Regression equations for predicting the osmotic potential of the cells at various days post- stress adaptation

wly lho Golopdiges SR Wolao g y5 5 ol pd Joe
X ) R square by b, b, b; Model
33day 0.183 10.42"7 4205 Y =bytb X
ooz 55day 0.239 938" 540" Y =bytbiX
Proline 75day 0.528 529" -8.07" ns Y =bytb X
e 33day 0.127 7.48” -160.70 L L Y =by
o 55day 0.592 84.66" 3780.7" 47801.1" 0.00* Y =bytb, X+b, X +bs X
Methionine 75day 0.729 23.68" 397.9%* L Y =bytb, X
- 33day 0.023 16.50 25.17 Y =0
o 55day 0.604 612" 25.74%% Y =bytb, X
Lysine 75day 0.580 593" -16.19%* Y =bytb X
- 33day 0.013 10.86 -0.034 Y =0
ORI 55day 0.427 22317 0.150" Y =bytb, X
Protein 75day 0.620 20.30" 0.200" Y =by+b, X+b, X
33day 0.010 12.43 -0.031 Y =0
Jslos (slaass 55day 0.142 10.527 -0.059" Y =be+biX
Solube sugar 75day 0.478 6.10" -0.090™ Y =bytb X

ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Introduction

Dehydration is one of the limiting factors of crop production. It results from increasing the amount of
water losses from leaf or inadequate water absorption rate or combination of both. Zinc used in many
enzymes of the plant tissues and have catalytic role in activation of some enzymes. Zinc is involved in the
synthesis and degradation of proteins and is an essential micronutrient for normal growth and reproduction of
crops. It plays an important role in the synthesis of protein and carbohydrates, metabolic functions of the cell
membrane to protect cells against free radicals of oxygen and other processes related to the plants adaptation
to stress. Osmotic adjustment is one of the most important mechanisms of drought tolerance in plants. By
this mechanism the osmotic potential of plant cells reduces by solute accumulation. Torgur potential
maintains high which is essential in cell development and growth.

Materials and Methods

Effect of water deficit stress and foliar application of zinc on physiological characteristics of chickpea
was studied at a factorial experiment using randomized complete block design in field crop research station
of University of Mohaghegh Ardabili in 2012. Irrigation schedules consisted of three levels (1: irrigation at
planting, 2 : planting + before ﬂowerlng and 3 : planting + before flowering + pod set) and zinc was applied
on three concentration (0, 3 and 6 kg ha™' as zinc sulfate) in two stages of 15 and 25 days after planting. In
this study Proline, Lysine, Methionine, soluble sugars, and protein content were measured in three stages 33,
55 and 75 day after stress induction and osmotic potential in 75 days after stress. Osmotic potential was
measured based on the electrical conductivity, the extraction of soluble sugars by using phenol sulfuric
method, total protein from the leaves by the Bradford method and Lysine and methionine assayed using
Ferrel method. Data were analyzed using the SAS and means compared by the LSD at the 5% level.

Results and Discussions

The results showed that dehydration increased proline, lysine, methionine, protein and soluble sugar
content but reduced the osmotic potential. The maximum amount of proline accumulation resulted in two
and three stage samplings once irrigation and its minimum rate obtained in the three irrigation schedule. It
seems that by reducing soil moisture availability or increasing irrigation intervals, the water potential of the
cells has been reached to the lower threshold which enhanced the protease enzyme activity resulted in
proline accumulation in order to enhance water absorption. The maximum amount of lysine during 55 and 75
days after the stress obtained from one irrigation. Unlike the lysine, methionine content reduced during stress
period, so that it's maximum value was obtained over 55 and 75 days after the tension of 3 times irrigation.
Dehydration reduced the amount of protems so that the maximum amount of protein production observed
with three irrigations. Spraying six kg ha™ zinc sulphate also enhanced the amount of proline, soluble sugar
and osmotic potential but had no effect on the amount of lysine and methionine. Correlation showed that by
increasing the time from withholding irrigation by 33 days proline increased, but osmotic potential affected
only after 75 days. The regression results also showed that in the early stages of sampling, proline content
had the significant effect on the biomass prediction but the elapsed time increased the effect of lysine,
methionine and protein on predicting the osmotic potential.

* Corresponding Author: ghasem.parmoon@gmail.com
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Conclusions

In general it can be said increasing the secondary metabolites production can reduce the stress and
proline is the most sensitive to the low level of stress, but under higher levels of stress many metabolites
such as lysine and methionine were also used for osmoregulation. The regression results also showed that in
the early stages of sampling, proline levels had the largest effect on the biomass prediction, but with
increasing time the lysine, methionine and protein levels also predicted the osmotic potential.

Key words: Correlation, Lysine, Proline, Soluble sugar
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Table 1. Analysis of variance for planting pattern and different planting ratios of sesame and bean intercropping on
yield and yield components of sesame

Sl po (ubeo
Mean squares
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palootan  JETE " _ Ol i @ilio
o e ls S Slos . &9l
. ¥ 0 il obaidl o Slos S.0.V
o Number of " bl S iel g - df
Number of 1000 seed S Economic yield
capsule per . HI Biologic yield
seed per plant weight
plant
ns ns ns ns ns ns )‘)i'
13454.16 15.87 0.64 0.037 4339222.1 395914.48 2
Rep.
2001037.5* 2440.16* 349 ™ 4.60 ™ 534348608.7*" 1568942763.63° 1 Sl 0
Planting pattern
16587.5 9.29 1.88 0.33 2198873.13 256016.18 2 2 sl
A error
B GLQ - A .
293515.27™ 339.38 ™ 2.57™ 1.54* 43949352.31* 3196199.36** 4 s
Different planting ratios
Sl sl il ogos
253693.05™ 225.61™ 1.58™ 0.61™ 19757898.95 ™ 1517260.39* 4 Planting patternx Different
planting ratios
b las
130270.83 180.25 1.21 0.23 7881187.04 278537.04 16 B error
Ol pds
30.53 34.64 20.41 17.77 27.46 21.11 T e
CV%

VSRR IR I P ES P S Y PO PE PUNSUP IV I Y PR
" *and ** are non -significant and significant at ¢=0.05 and a=0.01, respectively.

Lugl 9 oS bl Gl 50wz 0 ,S0os 5132l 9 0 ,Sloe (1 Kileo dg o -Y Jous
Table 2. Mean comparison of yield and yield components of sesame in intercropped sesame and bean

3 ySlos
iy en o S ySlos
Wy yo wls Sl g 30 JgumS Sloxs oo )("; 03 cails y L Sz ol
g o St B
Number of seed per ~ Number of capsule per 1000 seed (%) (k ha'l) (kg.ha 1)
plant plant . HI 8. Economic
weight Biologic yield h
yield
bl g
Planting pattern
1470.83a 48.83a 5.87a 22.14a 14938.39a 3308.23a* ‘5,6{'0) s .
Row intercropping
R0 CuiS
893.33a 28.66b 5.0la 22.89a 5501.33b 1691.16b o .
Mixed intercropping
Cils s
belro
Different planting
ratio

995a 32.83a 4.42a 18.32b 9345.46bc 1712.26b Sa
988.33a 31.83a 5.66a 29.35a 6966.45¢ 2045.13b Sb
1343.33a 43.66a 5.84a 27.79a 11257.6ab 3128.93a Sc
1401.66a 46.66a 5.65a 23.38ab 13309.93a 3112.46a Ss

5,5 (gl e BB SGls ygej] ululp Jless o s bgsye gm0 40 S i By gl sl (.Sl
a2 alls S8 5 Lol 70+ 40008 10+ YV SC w7V +Lasl YO 1S uLig) 7V 405 10 Sa
Similar letters in each column show non-significant differences according to Duncan’s Multiple Range Test at 5% level of probability
Sa: 75% Sesame and 25% Bean, Sb: 75% Bean and 25% Sesame, Sc: 50% Sesame and 75% Bean, Ss: Pure Sesame
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Fig. 1. Iinteraction of planting pattern and different planting ratios on economic yield of sesame in sesame and bean
intercropping

Sa: 75% Sesame and 25% Bean, Sb: 75% Bean and 25% Sesame, Sc: 50% Sesame and 75% Bean, Ss: Pure Sesame
Means with different letters are significantly different based on Duncan’s tests at p<0.05.
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Table 3. Analysis of variance for planting pattern and different planting ratios of sesame and bean intercropping on
yield and yield components of bean

©la po (S5l
Mean squares a0
S M oluss e S ySloc - Ol i’ 2abo
a5 gy 5 ails Slaxy ’ i als 4138 (39 el oo ! 3! S.0 5
Number of seed b 1000 seed Slo S5glew $° . df
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1S5
0.16™ 496 ™ 2217.56 ™ 7.01™ 69016.15™ 12583.97 ™ 2 )
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# CllS ogzu
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, "and *" are non -significant and significant at ¢=0.05 and 0=0.01 respectively.
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Table 4. Mean comparison of yield and yield components of bean in intercropped sesame and bean
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oS 0950
Planting pattern
16.19° 42.76% 561.18° 22.75° 4175.58* 941.59*" 2 o ,
Row intercropping
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17.76° 44.70% 413.82° 22.84° 3333.33° 763.51° Pb
13.98° 35.06° 435.60° 15.66° 3930.41° 630.32° Pc
18.57° 48.83° 589.43° 22.75° 4830.83° 1087.76° Ps
Jlize ol
Interactions
2, oS
Row intercropping
673.22° 16.3%¢ 46.96% 18.61% 5898.16° 1096.26° Pa
546.7% 18.57% 50.66™ 31.64% 3270.83¢ 1048.27° Pb
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P3N [RAY
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555 gl sime BT SGls 03] sl jlesd j2 4y bogyye gt B 10 S e Bgy> 6l o pSilee
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Similar letters in each column show non-significant differences according to Duncan’s Multiple Range Test at 5% level of probability
Pa: 75% Sesame and 25% Bean, Pb: 75% Bean and 25% Sesame, Pc: 50% Sesame and 75% Bean, Ps: Pure Bean.
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Table 5. Analysis of variance for evaluation indices of intercropped sesame and bean
Gla o il

soliT a0 &l s 2bieo
Mean squares
df S.0.V
AG RCC LER
v
0.10™ 0.61™ 0.040™ 2 )
Rep.
* CilS ogz
0.015* 0.02™ 0.11™ 1 =
Planting pattern
o
0006 031  0.10 2 s
A error
039%  4.92°  3.18% 4 Sl B slacs

Different planting ratios
CllS caliee lacians xeuils 0979

0.48*  2.79% 0.04™ 4
Planting patternx Different planting ratios
b slas
0.060  0.63 0.9 16 ¢
B error

% ns
B

RS P Ju;:»!c.hm)a)bs;.us)bwﬁé@;gﬁs

", *and ** are non -significant and significant at a=0.05 and a=0.01 respectively.
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Table 6. Mean comparison for evaluation indices of intercropped sesame and bean
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Similar letters in each column show non-significant differences according to Duncan’s Multiple Range Test at 5% level of probability.
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Introduction

Intercropping as a common method in sustainable agricultural systems, plays an important role in
increasing productivity and yield stability to improve utilization of resources (Alizadeh ef al., 2010). Studies
in different countries showed that intercropping causes increase in diversity, production and more efficient
use of water resources, land, labor and nutrients and also reduces problems caused by pests, diseases and
weeds (Awal et al., 2006) and improves environmental conditions for plant growth (Alizadeh et al., 2010).
One the most important benefits of intercropping is increasing production per unit area compared with sole
cropping (Banik et al., 2006).The reason for increasing the yield in the intercropping is the better use of
environmental factors such as water, nutrient and light (Alizadeh et al, 2010). TohidiNejad et al, (2004)
evaluated the intercropping of corn (Zeamayz) and sunflower (Helianthus annuus) and reported that
intercropping, due to more efficient use of light, improved the yield of both plants. Pouramir et a/, (2010)
investigated the intercropping of sesame (Sesamum indicum L.) and chickpea (Cicer arietinum) and
concluded that yield of chickpea was significantly affected by intercropping with sesame and the highest
yield of chickpea was obtained in monoculture. Beheshti (Beheshti ef al., 2010) evaluated the intercropping
of sorghum (Sorghum bicolor) and soybean (Glaycin max) and stated that in all the intercropping treatments,
land equivalent ratio was increased. The present study was designed to investigate the effects of mixed and
row intercropping on yield of sesame (Sesamum indicum L.) and bean (Phaseolus vulgaris L.).
Matrials and Methods

In order to study the effects of mixed and row intercropping of sesame and bean on yield and yield
components in two species of sesame and bean, a split-plot experiment based on randomized complete
blocks design with three replicates was performed in research farm of Ferdowsi University of Mashhad in
2011-2012. Cropping pattern (mixed or row intercropping) was allocated to the main plots and different
planting ratios (25% bean +75% sesame, 25% sesame +75% bean, 50% sesame +50% bean, sole cropping of
sesame, sole cropping of bean) were assigned to the sub-plots. Density of planting for sesame and beans
were 40 and 20 plants per square meters respectively.

Crop combination in row intercropping was as follows:

75% sesame + 25% bean: planting three rows of sesame and one row of bean.

25% sesame + 75% bean: planting three rows of bean and one row of sesame.

50% sesame and 50% bean: planting two rows of sesame and two rows of beans.

Indices such as Land Equivalent Ratio (LER), Aggressively index (AG) and Relative Crowding
Coefficient index (RCC) were used (Vandermeer, 1989). For analyzing data, SAS ver.9.1 was used and mean

comparison was performed based on Duncan test and for drawing charts Excel was used.
Results and Discussion

Results indicated that yield and yield components of sesame and bean were affected by different
treatments. In all cases, row intercropping showed superior compared with mixed intercropping. The highest
sesame yield (3128.93 kg/ha) was obtained with 50% sesame and 50% bean treatment and the highest bean
yield (1087.76 kg/ha) was obtained with sole cropping. The highest amount of LER (land equivalent ratio)
(1.59) was obtained with 50% sesame and 50% bean. LER values in all different treatments of multiple
cropping were more than 1 and this shows superiority of multiple cropping compared with sole cropping of
sesame and bean. This can be caused by biological nitrogen fixing by bean (Tavasoli et al., 2010). The
highest value of Relative Crowding Coefficient (RCC) (2.19) was obtained with the50% sesame and 50%
bean treatment. Based on Aggressively index (AG), bean was the dominant species.

* Corresponding Author: akooch@um.ac.ir
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Conclusions

Bean (as a nitrogen-fixing species) and sesame (as an oil crop) are different groups of plants with
various functions. The presence of these two species in the intercropping increased diversity and optimal
yield was obtained when the appropriate ratio (Balance between inter specific and intra specific competition)

was used.

Key words: AG (Aggrssivity index), LER (land equivalent ratio), RCC (Relative Crowding Coefficient)
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Table 1. Physical properties of the soil in the lysimeters
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Table 2. Chemical properties of soil in the lysimeters
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Table 4. Stage length and average of crop coefficient (Kc) in each growth stage
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Fig. 1. Lentil crop coefficient curve determined in the current study
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Table 5. Comparison of determined lentil crop coefficients in the current study with FAO 56 and AGWAT software
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Table 6. Comparison of determined grass (ETo) evapotranspiration using lysimeter with REF-ET, CROPWAT and
AGWAT softwares in millimeters
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Table 7. Analysis of variance for grass evapotranspiration (ETo) and lentil (ETc) and the lentil crop coefficients
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Introduction

Evapotranspiration is one of the most important elements of hydrological cycle which is required for
water resource management and design of irrigation systems. Crop evapotranspiration (ETc) can be
measured by the Lysimeter using water balance equation. It also can be estimated by multiplying reference
evapotranspiration (ETo) and crop coefficient (Kc). Considering the importance of this parameter, numerous
studies have been performed to determine the Kc of major crops in each region. Lentil is one of the legumes
which is cultivated mainly in Lorestan province. Although this crop is the second in terms of the area under
cultivation among the legumes in the country, the water requirement and crop coefficients of this crop is not
determined in Lorestan province yet. The main purpose of the current study is to determinate lentil water
requirement and its Kc in Khorram Abad.

Materials and Methods

A lysimetric experiment was conducted during the lentil growth season in 2013 at the research farm of
agricultural faculty, Khorram Abad, Lorestan University. The farm is located in a cold semi-arid climate.
Physical and chemical properties of the soil in the lysimeters were determined in the laboratory. The average
of soil moisture content in the lysimeter at the field capacity and permanent wilting point was determined as
34.4 and 24.8 volumetric percentage respectively. In this study, lentil (Gachsaran cultivar) and grass were
cultivated each on four micro drainable lysimeter with the diameter of 48 cm and height of 80 cm. Maximum
allowable depletion (MAD) of soil moisture was considered as 30% to ensure that crops are not faced with
water stress. Length of the crop growth stages (initial, development, mid-season and late-season) was
determined by daily observation of the field and measuring crop canopy. Lentil and grass evapotranspiration
was determined using water balance method. The evapotranspiration from grass was considered as reference
evapotranspiration (ETo). The measured values of ETo and lentil evapotranspiration was compared with the
calculated values by CROPWAT, REF-ET and AGWAT (Basis of national document of water) packages.
Crop coefficient (Kc) was calculated as the ratio of lentil evapotranspiration over ETo. Average of Kc for
each stage was also calculated and compared with literature.

Results and Discussion

The average of reference crop evapotranspiration (ETo) was increasing thorough the growth period of
lentil from 3.7 to 8.6 mm.day™'. This was due to increasing of sunshine hours and air temperature during that
period. Total amount of lentil and grass evapotranspiration during the growing period of lentil was
determined as 476 and 568 mm respectively. Total amount of calculated ETo in this period by CROPWAT,
REF-ET and AGWAT packages was 551, 566 and 340 mm respectively. Results indicated that calculated
values of ETo by CROPWAT and REF-ET is almost equals to measured ETo. However, AGWAT also uses
Penman-Monteith equation but its results were far from the measured values of ETo because of differences

* Corresponding Author: m.saremi2008@gmail.com, Mobile: 09198879433
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in weather data. Results also indicated that lentil evapotranspiration was low at the initial stage, increased
during the development stage and decreased during the late season. The maximum crop evapotranspiration of
88.46 mm per decade was measured at the period of 16-25 May 2013. Measured lentil evapotranspiration in
the current study was higher than values calculated by AGWAT software package for this region. Lengths of
initial, development, mid-season and late-season stages were determined as 19, 20, 33 and 24 days
respectively. The average of lentil crop coefficient for initial, development, mid-season and late-season
stages was calculated as 0.45, 0.89, 1.19 and 0.56 respectively. Calculated Kc values in this study were
compared with the values of Kc in FAO 56 report and AGWAT. Calculated Kc at initial and mid stages
(0.45 and 1.19 respectively) were close to values reported in FAO 56 (0.4 and 1.1 respectively) but far from
AGWAT (0.15 and 1.05 respectively). In general, calculated crop coefficients in the current study were
higher than the values presented in FAO 56 and AGWAT package software. Measured values of lentil
evapotranspiration were higher than values reported in AGWAT. The reason was underestimation of ETO by
AGWAT and lower values of Kc for lentil.

Conclusions

As there was no measurement of lentil evapotranspiration and crop coefficient, the results of current study
can be used as a base for further studies about this issue in the region. Comparison of measured values of
ETo and lentil crop evapotranspiration with the values calculated by AGWAT package indicated the under
estimation of both parameters by AGWAT. However, it is recommended to do more studies on this subject
but the results of current study can be used to determine lentil evapotranspiration instead of values reported
in AGWAT and national documents of water for Lorestan province.

Key words: Gachsaran variety, Growth stages, Irrigation management, Soil moisture
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Table 1. Code and origin of cowpea genotypes in the experiment
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Genotype No. Code Origin Genotype No. Code Origin
1 62-034-00007 Colombia  LuelS 17 62-069-00273 India KV
2 62-153-00042 Turkey S g 18 62-157-00301 USA IS5 el
3 62-153-00052 Turkey 4S5 19 62-157-00318 USA 15 el
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13 62-157-00137 USA (5 5! 29 62-157-00380 USA Legey
14 62-110-00240  Nigeria 4, 30 62-157-00396 USA 15 el
15 62-110-00260  Nigeria 4, 31 62-157-00347 USA 15 el
16 62-069-00270 India RVE:S
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Table 2. Mean traits and percentage changes in traits in cowpea genotypes under non-stress and stress conditions
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Table 3. Simple analysis of variance for traits of cowpea genotypes in non-stress drought conditions
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o s oo 5.0.V 6ol Sy e Sy e | P Sy Sy
Plant ’ -1 100 Grain Grain .
d.f height Branch,  Pod.plant Grain. weight ield Biological
Plant” Pod lfl'e . yield. Plant"
ant
Sy Replication 2 4.16 2.33 4.43 0.20 0.29 20.97 1.12
o) Genotype 30 3669.72°* 8.10* 38.48*" 2.76** 28.38** 42.72* 36.59*
s Error 60 232.74 3.06 5.65 0.59 0.38 20.16 0.71
I JUUES U C.V. (%) - 10.99 13.66 11.10 6.73 3.84 17.33 3.79

* and **: Significant at 5 and 1% level of probability, respectively
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Table 4. Simple analysis of variance for traits of cowpea genotypes in stress drought conditions
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S0 Plant height oy 7 Grain, 100 Grain - g
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Plant’ gl‘:n o yield. Plant™
S5 Replication 2 136.12 15.32" 6.46 0.03 0.01 22.81 361.28
NS Genotype 30 3201.11%* 6.23* 22.55% 3.62% 29.76** 35.53* 605.26**
o> Error 60 308.65 2.62 2.27 0,43 0.32 12.63 199.17
Sl s C.V. (%) - 16.50 17.93 10.63 6.86 3.88 20.32 17.89

* and **: Significant at 5 and 1% level of probability, respectively
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Table 5. Combined analysis of variance traits of cowpea genotypes in stress drought and non-stress drought conditions
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Table 7. Correlation analysis in cowpea genotypes under non-stress conditions

1 2 3 4 5 6 7
&l wwo (439 1
100 seed-weight
Ags 50 O oy -0.393% 1
Pods no. per plant
UL 43 il Sl -0.051 0.178 1
Seed no. per pod
g gl 0.420° -0350  0.007 1
Plant height
ag o a5l lai -0.032 0.356" 0.257  -0.180 1
Branch no. per plant
S3gdem o Slas 0.327 0.278 -0.018 0.142 0.578" 1
Biological yield
1 3 Sdos 0.142 0.612"  0.098 0.052 0485 0.679" 1
Grain yield

* and **: Significant at 5 and 1% level of probability, respectively

Qo y3 S g gty Jloia grlans )0l e ol Sy s

o ol ol i s pi Logd s gil 50 oul (ol Wlhio (o (Siwaod 435 —A Jguo
Table 8. Correlation analysis in cowpea genotypes under stress conditions
2 3

1 4 5 6 7
&1d v 09 1
100 seed-weight
gy j0 AL sl -0.359% 1
Pods no. per plant
SUE o &l ol -0.078 0.554" 1
Seed no. per pod
g gl 0.382" -0.194  0.098 1
Plant height
ag o a5l olasi 0.099 0.439" 0.442"  -0.365" 1
Branch no. per plant
S 3glgn 0 ySKlas 0.395 0.353 0478 0.161 0.537" 1
Biological yield
1 3 Sdas 0.168 0.598™  0372" 0183 0339 0.662" 1
Grain yield

* and **: Significant at 5 and 1% level of probability, respectively
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Introduction

Water availability is an important factor affecting plant growth and yield, mainly in arid and semi-arid
regions, where plants are often subjected to periods of drought. The occurrence of morphological and
physiological responses, which can lead to some adaptation to drought stress, may vary considerably among
species. In arid and semi-arid areas that are subjected to more irregular rainfall distribution and occurrence of
long summer, the use of more rustic cultivars, tolerant to water stress and with greater ability to recover from
drought, should be recommended. The plant tolerance to water deficit is an important defense to keep the
production process in conditions of low water availability. Cowpea [Vigna unguiculata (L.) Walp.] is an
important crop largely grown in warm and hot regions of Africa, Asia and the Americas and is often
regarded as being well-adapted to high temperatures and drought compared with other crop species (Ehlers
and Hall,1997). Drought adaptation in cowpea has been related to the minimization of water losses by the
control of stomatal aperture. Turk et al. (1980) showed that cowpea is highly sensitive to water stress during
the flowering and pod-filling stages. Ahmed & Suliman (1980) showed that the reproductive stage of
development is the most sensitive to water deficit in cowpea, causing a reduction in water-use efficiencies
and seed yields of at least 50%. In contrast, the genotypes showed a better ability to recover from stress at
vegetative stage. This research aims to study the effect of drought stress in the end of the growing season on
grain yield and its components of cowpea genotypes and was conducted to identify correlations between
grain yield, different morphological characteristics and yield components.

Materials and Methods

In order to evaluate the effect of terminal drought stress on yield and yield components of 31 cowpea
genotypes an experiment was conducted in randomized complete block design (RCBD) with three
replications in normal irrigation (non- stress) and drought stress (from flowering stage until the end of the
growing season) at research field of Tehran University in Karaj during 2011-2012 growing season. Each plot
consisted of two rows with two m length and 50 cm row spacing and 5 cm for plant spacing on lines with
planting depth of approximately 5 cm. Each genotype in the two lines was planted manually. For the water
stress from flowering stage until the end of the growing season, irrigation was terminated. In this experiment
plant height, number of branches per plant, number of pods per plant, number of seeds per pod, seed 100
weight, biological yield per plant and grain yield per plant were measured., Randomized complete block
design was performed for simple analysis of variance and the combined analysis was performed for analysis
of variance in two experiments (under drought stress and non-stress conditions).

Results and Discussion

The results showed that values of many of the traits decreased under drought stress. The most damage
due to drought stress related to the number pods per plant (34.27%), which was caused a sharp decline in the
grain yield (32.5%). The analysis of simple variance examined the both situations (stress and non-stress),
showed that in the study varieties, there was a significant difference for all the characteristics. The results of
the compound analysis in the treatment indicated that there was a definite distinction in the genotypes and
also environment of all traits. The counter effect of environment x genotype for the reaction of the number of
pods per plant, number of seeds per pod and grain 100 weight traits was significant, which showed the
different reactions of the genotypes in different environments. The comparison between the average traits
proved that in both conditions, genotype number 6 showed the highest performance.

* Corresponding Author: s.h.hosseinian@ut.ac.ir; Mobile: 09161901895
AR



Iranian Journal of Pulses Research
Vol. 6, No. 2, 2015, p. 99-108

Conclusions

The results showed that under both irrigation regimes the biological yield and pod number per plant
were highly correlated with grain yield which can be used to improve the performance of their direct
selection. Understanding the importance of direct selection of genotypes for biological yield and number of
pods per plant is recommended.

Key words: Coefficient correlation, Combine analysis, Cowpea, Drought stress, Yield
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Table 1. Combined analysis of variance of yield and component of yield in 33 bean genotypes in stress and non-stress
irrigation condition
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Table 2. Comparison of mean of yield and component of yield in bean genotypes in non-stress condition

e ey | Sosweles SheeoiEISRE g JERey PAS s 0)9) 5 Shee
i g G olaay & g .
Genoty ol (5 I e Gk R (g2 0
enotype  Pods/plant 100-seed Days to Seed
Seeds/pod . . Seed length Seed wide . Yield/plant
weight maturity diameter

1 109.6 £14.1 5.32+0.28 16.5+0.9 97.3+1.7 8.5+0.2 6.3+0.1 4.5+0.1 99.7+12.3
2 130.7+15.5 3.52+0.24 29.£2.4 100.6+0.9 9.7+2.9 7.7£0.2 5.1+0.2 107.6+£8.5
3 144.7+4.24 4.26 +0.24 23.7+£1.2 100.6+2.2 11.3+0.2 7.7£0.2 5.7+0.2 98.8+3.9
4 117.4£15.7 3.86 +0.76 22.4+1 101£2 11.3+0.2 7.2+0.4 5.2+0.2 94.9£2.6
5 144.4+22.6 4+0.34 225424 99.3+1.7 11.3+0.3 7.4+0.1 5.9+0.4 134.1+2.7
6 80.5+2.5 3.72+0.24 51.9+4.38 120.3£6.3 16.1+0.2 7.7£0.2 5.5+0.6 133.5£3.7
7 150.2+5.6 5.06 £0.36 22.3+£1.2 98.3+1.2 11.0+0.2 6.6+0.2 5.440.1 142.2+8.6
8 101.7+4.9 3.52+0.28 21.3+0.8 97+2 11.6+0.3 7.6+0.2 4.4+0.2 83.0+4.5
9 79.4+6.6 4.06 +0.18 33.543.1 103.6+0.9 13.5+0.4 7.6+0.2 5.9+0.2 72.5+6.3
10 70.1£7.7 5.32+0.46 40.5+2.7 9943.8 13.5+0.4 9.6+0.2 7.240.1 109.2+7.6
11 83.4+3.1 5.2+0.22 16.2+£0.7 9942.5 8.9+0.1 6.0£0.1 4.5+0.1 78.4+5.4
12 75.3+6.1 3.86 +£0.28 254+1.4 98.6+0.3 10.1+0.3 7.0£0.2 6.0+0.1 60.6+2.1
13 77.2+5.9 4.6 +0.12 30.2+1.7 103.3+0.3 13.6+0.1 7.5+0.2 5.6+0.1 73.8+12.6
14 119.4+4.7 4.8 +0.58 28.2+£29 97.6+1.9 14.7+0.4 6.8+0.2 4.7+0.3 112.4+2.3
15 83.9+2.5 4.32+0.26 33.3+3.1 99.6+0.7 12.8+0.1 8.2+0.2 6.10.1 96.1£9.7
16 83.9+£5.9 4+0.58 32.1£3.7 98.6+1.4 13.6+0.2 8.3+0.1 6.5+0.1 93.545.3
17 128.2£1.6 5.46 +0.18 16.6 +1.1 101£0.3 10.0£0.3 5.7£0.3 4.4+0.06 108.5+0.6
18 125.5+5.5 4.72 +0.28 23.9+0.6 102.3+0.9 11.8+0.1 7.0+0.1 5.440.1 118.3+6.1
19 137.4+0.6 4.4+03 30.6+2.2 101+1.1 13.6+0.4 8.2+0.3 5.9+0.1 157+6.6
20 83.9+4.4 4.72 +0.34 29.7+£2.5 104+£1.1 11.9+0.2 7.2+0.3 5.4+0.2 93.24+4.1
21 9643.5 4.8 £0.76 26.6 £2.6 99.6+1.3 12.1+0.1 7.2+0.2 5.5+0.5 96.4+8.4
22 132.4+3.7 4.66 +0.14 31.7+0.8 100.6+1.8 12.0+0.1 7.1£0.3 5.9+0.2 180.6+9.7
23 147.4+0.1 5.8+0.3 284+1.4 96+0.6 11.7+0.2 7.8+0.2 5.1+0.2 181.4+2.8
24 163.2+12.2 4.92 +0.46 27.6 £1.7 100.6+0.9 13.3+0.5 7.540.3 5.0+0.3 191.6+5.7
25 139.6+7.3 42403 24.8+23 101+0.6 12.9+0.5 7.4+0.2 5.7+0.3 114.1+£2.9
26 96.4+8.2 4.12 +0.14 39.1+£23 102+1.7 14.9+0.2 6.8+0.1 5.840.2 118.6+3.2
27 126.1+23.7 4.52+0.24 52.9+0.1 125.6+0.3 13.8+0.5 8.8+0.3 5.8+0.3 242.2+4.5
28 122.2+6.4 4.46 +0.38 49.3 +£10.1 128+0.6 14.5+0.2 8.6+0.4 6.6+0.3 245.1£3.6
29 115.96+3.5 42+0.5 39.243.7 101+£2 15.6+0.5 8.8+0.3 6.7+0.2 130.6+2.8
30 79.60£2.6 3.66 +0.18 343+39 98.6+0.7 12.6+0.7 8.2+0.8 6.70.1 103.1£5.9
31 134.93+6.2 5.12 +£0.44 214+£13 93.6+0.9 11.7+0.1 6.3+0.2 5.0+0.2 118.4+8.7
32 146.04+5.7 54+0.2 17.7+0.8 100.6+1.4 10.2+0.2 6.6+0.2 5.1+0.2 95.2+4.6
33 96.21+4.5 3.72 +£0.78 19.3£1.7 96.3+1.4 10.4+0.3 6.1+0.1 5.0+0.1 67.5+4.4
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Table 3. Comparison of mean of yield and component of yield in bean genotypes in drought stress condition

Y L s - 01 S N ol R SN

cuigi) e dloxy & VW ERTSRIRT ¥) .

- 95 N (%) 5 Ml 39, : (iocas) (e slo) (o ko) I

Genotype Pods/plant 100-seed Days to maturity Seed

Seeds/pod . Seed length Seed wide . Yield/plant
weight diameter

1 71.55+8.1 5.6 £0.22 15.1+0.3 96+1 8.4+0.3 5.9+0.2 4.2+40.2 44.3+3.3
2 31.90+1.9 2.06 £1.22 13.8+7.1 67+33.5 8.8+4.44 5.1£2.6 3.9+1.9 18.1+2.6
3 46.75+4.1 2.92 +0.88 19.24£3.7 103.6+2.4 11.4+0.4 7.3£0.1 5.6+0.1 31.8+0.9
4 48.2+6.1 3.66 £0.24 19.3 £3.9 102+2.6 8.5+0.2 5.3£0.1 3.8+0.2 28.6+1
5 43.8+1.9 2.06 +£0.68 159 +8.1 66.3+33.2 8.1+4 4.842.4 3.6+1.9 55.4+2.7
6 13.1£2.6 3.86 £0.26 36.2+4.4 106.3+3.2 15.5+0.3 8.0+0.03 4.6+0.1 12.1+2.2
7 83.9+12.2 4.6 +0.88 254423 98.6+1.8 10.5+0.4 6.6+0.1 4.540.4 51.545.9
8 42.3+9.9 3.2+0.2 18.1+£3.8 97.3+2.2 9.2+0.5 6.7+0.1 3.9+0.2 21+2
9 232432 3.26 £0.64 17.1 £2.6 11849.6 9.9+0.2 6.1+0.2 4.4+40.2 8.5+2
10 10.5+1.3 3.12 +0.88 324 +£1.8 107.3+1.8 9.5+0.3 8.5+0.2 5.4+0.2 9.4+0.7
11 46.1+£5.9 4.4 +0.94 15.1+0.5 100£3.8 8.0£0.2 5.7£0.07 4.1£0.06 31.3+2.4
12 57.7+0.7 3.06 £0.06 21.842.2 96.3+0.8 8.4+0.7 6.1+0.2 5.6+0.5 31.2+43
13 103.3+0.9 3.06 £0.14 43.3+12.6 118+10.5 11.4+0.2 6.7+£0.4 4.9+0.2 41.4+2
14 105.743.5 4.06 +0.18 249423 100£2 11.6+0.7 5.4+0.2 3.7+0.08 66.3+6
15 73.8+1.8 34+0.3 30.2+43 99.6+1.2 9.5+0 7.2+0.2 4.340.2 51.8+0.7
16 53.1+3.7 3.2+0.42 23.1+0.5 101+£1.1 9.1+0.4 7.40.1 43404 34.542.8
17 38.4+6.7 4.8+0.3 13.4+0.3 98+1 7.6+0.08 5.3+0.2 3.6+0.3 16.3+1.5
18 23.1+4.7 3.32+0.18 15943.8 102.6+1.4 9.3+0.3 5.9+0.2 4.740.2 17.2+0.4
19 66.5+11.1 3.52 +0.64 22.5+0.8 105+1.5 10.7+0.4 6.8+0.2 4.840.2 49.6+0.8
20 16.3+1.4 14«14 8.9+8.9 33.6+33 3.9+3.9 2.1£2.2 1.6£1.7 11.3x0
21 58.0+1.0 3.72+0.4 243 +4.7 99+0 11.1+0.2 6.7+0.4 5.4+0.2 44.6+2.9
22 41.7+£1.2 3.32+0.38 26.7 +2.4 99.6+1.2 12.0+0.2 7.1x0.1 5.8+0.2 36.3+3.5
23 70.4+13.7 4.12 +£0.64 263 £1.5 96.6+0.6 10.9+0.2 6.7+0.1 4.540.3 63.0+2
24 29.2+0.7 2.06 +1.04 15.8 8.8 70£35 6.8+3.4 4.5+23 3.1£1.6 25.3£2.6
25 40.6+5.3 4.06 +£0.54 23.14£3.2 103.3+0.6 10.1+0.6 6.4+0.1 4.840.6 29.7+0.9
26 47.9+9.1 3.46 £0.06 275422 101.3+1.2 11.5+0.2 6.2+0.1 4.8+0.1 34.7+0.7
27 1.6+1.7 0.8 £0.78 15.1 £15.1 42.3+42 5.245.1 3.0+£2.9 2.3+2.4 68.72+0.4
28 47.6£2.3 1.2 £1.18 13.6 £13.6 41.3+41 4.2+4.1 2.9+2.9 22422 125+2.9
29 66+9.3 3.46 £0.26 39.6£2.4 103.3+1.3 11.4+0.7 6.8+0.3 5.4+0.2 26.4+1.8
30 37.6+3.1 4+0.42 26.8+£3.3 99.6+0.6 9.4+0.2 8.4+0.4 5.9+0.4 39.0+3.3
31 64.6+4.9 5.06 £0.28 16.8 £1.6 99.6+1.2 9.8+0.4 5.4+0.3 3.9+0.2 42.5+2
32 54.7+2.4 332404 16.6 £2.7 100.3+2.3 9.3+0.6 6.1+0.3 4.240.2 36.0+1.4
33 84.1+6.4 3.26 £0.46 19.4 0.6 98+1 6.9+2.8 5.9+0.06 4.740.4 40.2+1.7
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Table 4. Drought tolerance Indices and grain-yield in bean genotypes in stress and non-stress condition

il eSileo ] WL e Kl e Gig0 e sl @ comlee .
L2 T3]
G oShes JoyoSles  oles b $2905% G B e S
YS YP Yr Ysi GMP STI MP TOL SSI Genotype
88.673 199.52 55.048 0.44967 132.922 1.8097 144.098 110.85 0.1907 1
36.286 2153 83.078 0.16933 87.959 0.6807 125.795 179.02 0.7963 2
63.691 197.65 67.742 0.32267 112.188 1.2917 130.671 133.96 0.524 3
57.39 189.96 69.771 0.30267 104.379 1.2093 123.674 132.57 0.567 4
110.944 268.26 58.558 0.41433 172.339 1.6527 189.603 157.32 0.293 5
24278 267.1 90.799 0.092 79.654 0.36 145.69 242.82 0.987 6
103.127 284.5 63.847 0.36167 170.957 1.4633 193.813 181.37 0.4327 7
42 166.13 74.805 0.252 83.478 1.0207 104.065 124.13 0.663 8
17.117 145.17 87.531 0.12467 48.366 0.4517 81.142 128.05 0.8583 9
18.806 218.56 91.259 0.08733 63.833 0.3427 118.681 199.75 0.9047 10
62.769 156.88 59.417 0.40567 98.829 1.5913 109.822 94.11 0.3233 11
62.444 121.22 48.289 0.517 86.738 2.0573 91.832 58.77 -0.0667 12
82.987 147/73 40.862 0.59133 109.901 2.247 115.358 64.74 -0.349 13
132.778 2249 40.925 0.591 172.438 2.362 178.841 92.13 -0.442 14
103.714 192.23 44.789 0.552 140.732 2.152 147.971 88.51 -0.1993 15
69.083 187.06 62.505 0.375 113.175 1.465 128.073 117.98 0.4053 16
32.685 217.02 84.934 0.15067 84.032 0.6023 124.853 184.34 0.8227 17
34.5 236.67 85.315 0.14667 90.24 0.5817 135.583 202.17 0.828 18
99.389 314 68.218 0.31767 176.545 1.2657 206.694 214.61 0.535 19
22.76 186.56 87.75 0.12233 65.128 0.488 104.658 163.8 0.8603 20
89.206 192.89 52.452 0.47567 130.405 1.829 141.048 103.68 -0.1153 21
72.643 361.25 79.744 0.20233 161.444 0.797 216.944 288.6 0.7467 22
126.098 362.92 65.272 0.34733 213.909 1.2943 244.508 236.82 0.478 23
50.667 383.33 86.69 0.133 138.776 0.5257 217 332.67 0.8467 24
59.446 228.24 73.932 0.26067 116.446 1.0423 143.845 168.8 0.6473 25
69.492 237.33 70.671 0.29367 128.382 1.171 153.413 167.84 0.5853 26
68.72 484.46 99.41 0.00567 36.555 0.024 243.666 481.59 0.9943 27
250 490.33 48.998 0.51 350.064 2.0397 370.167 240.33 -0.0407 28
52.889 261.25 79.734 0.20267 117.392 0.8097 157.069 208.36 0.7457 29
78.129 206.25 62.216 0.378 126912 1.5293 142.189 128.12 0.392 30
85 236.94 63.435 0.36567 141.39 1.425 160.972 151.94 0.43 31
72.175 190.42 61.897 0.381 117.108 1.5157 131.296 118.24 0.3863 32
80.571 135.14 39.548 0.60433 104.04 2.3717 107.855 54.57 -0.497 33

o g bl gl cod bug) i i YT 50 9 5o 9 (o 32 9590 Glio (s o0l (oo o -0 Jgux
Table 5. Simple correlation coefficients between traits and yield in 33 bean genotypes in non-stress condition

Traits Ol 1 2 3 4 5 6 7 8

1. Pods/plant e o e dluss 1
2. Seeds/pod AU o ,d ol 0.309 1

3. 100-seedweight laVer e -0.261 -0.259 1

4. Days to maturity S, B 5, -0.044 -0.148 0.762" 1
5. Seed length S Jsb -0.163 -0.240 0.802" 0.473" 1
6. Seed wide JRUNEESPS -0.162 -0.252 0.746" 0.411°  0.620” 1

7. Seed diameter 5 ks -0.308 -0.283 0.647" 0.274 0.545"  0.787" 1

8. Yield/plant ails o Shee 0.535" 0.225 0.551" 0.620" 0.378" 0.394" 0.203 1

** and *: significant at probability levels of 1 % and 5%, respectively

30 0, Slee (69, 1) pils o yiiin g 00l Jow o)y oy
Ujj)ud)j—bd—j e AL Sl s uj..\_s.la)‘)_..u
Slyss 3l acs 0 Y70 el 4 Loy slocadss L;.\ﬁ...,)
2 plS A 6lS e )5y ailxe j0 0,5 A |y o Slas

Wil doy ) 5 00,0 O Jleil g (ol pixe lo pae a8 caiaolas (o iay KE ok

o by e Olsd o Slas ol Sl o jslate 4

@S @ 4z b ad plnil o5 4 65 (9 5 ) 42525 0 Sles
J9a2) s gam lyd )0 o8 @ 65 e S 5l Jol>
Logd locaigs Souw, b 5y, Slas a5 00,5 cuslic (A

ALe [y asle slass g asly oo (59 e 0 ML slass
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Table 6. Simple correlation coefficients between traits and yield in 33 bean genotypes in drought stress condition

Traits Sl 1 2 3 4 5 6 7 8

1. Pods/plant g o B sluss 1
2. Seeds/pod A o A ol 0.441" 1

3. 100-seed weight ala Ve o3 0.345" 0.229 1

4. Days to maturity S %y B 5, 0.381" 0.7317 0.5617 1
5. Seed length S Jgb 0.259 0.516" 0.708" 0.753" 1
6. Seed wide FRUEERYS 0.192 0.552" 0.685" 0.8317 0.777" 1

7. Seed diameter BRUSNA] 0.229 0.483" 0.609" 0.788" 0.711" 0.883" 1

8.Yield/plant als o Sles 0.570" 0.020 0.015 -0.154 -0.096 -0.132 -0.120 1

** and *: significant at probability levels of 1 % and 5%, respectively

Al e doy3 ) g 0o, O Jleisl mhaa (o ls sixe caias yliS o iy Kk gk

ils 5 ,5os g (SiS & Sl g Jooxi (s a3 Ll S (Sl (o (FSwarod ol o -V Jgua

Table 7. Simple correlation coefficients between tolerance indices and yield in bean genotypes

YP Ys MP GMP HARM STI TOL SSI
539034 ) . & Jooxi el L e
3,5 dos o ySdas SR Srige, . . -
. L s S doxi e
Jloy o 5290 e
S o Sleo
P )S-L"" g—*—fa = 1
Jby
3 Slee (Slo
Ys “’SJ ) 0.342 1
MP Lasgie (5,30 2 0.927** 0.668%* 1
L Sils
GMP o 0.525%* 0.954%* 0.795%* 1
51900 (iR
HARM Sige o 0.393* 0.991%* 0.705%* 0.982%* 1
STI G5 4 Jess 0.927%* 0.668** 1.000%* 0.795%* 0.705%* 1
TOL o asls 0.869%* -0.169 0.620%* 0.048 -0.111 0.620%* 1
SSI R 4y sl 0.295 -0.706%* -0.047 -0.498%%  -0.640%* -0.047 0.682%* 1

** and *: significant at probability levels of 1% and 5%, respectively
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Table 8. Stepwise regression analysis for seed yield per plant and other studied traits in 33 bean genotypes in non-

stress condition

al> o . R' P-value
Traits ol a b, b, bs by

Step o U Zasal Joe
1 Days to maturity R L -502.644" 7.276" - - - 0.365 <0.001
2 Pods/plant Ly 0 DI slows -742.708" 7.565" 1.866™ - - 0.681 <0.001
3 100-seed weight ails s (39 -438.716" 2.616™ 2.290" 52427 - 0.798 <0.001
4 no. seed pod e o ails slows -567.349™ 2.557™ 2.106™ 5.670" 31.76" 0.838 <0.001

** and *: significant at probability levels of 1% and 5%, respectively TN 570 Jleil gl 4o (5o sime a5 T

oy o bl pd )0 Lugd cadgi3 YT 50 oy p 9590 Glho plw g 4ils 0 ,Slos o5 4 o5 (g )5 ) 45225 - Jgu

Table 9. Stepwise regression analysis for seed yield per plant and other studied traits in 33 bean genotypes in drought

stress condition

al> o . o R’ P-value

Step Traits olao a b; b, oo gl Jos
1 Pods/plant Gy y3 B Sl 19.652" 1.037" - 0.304 <0.001
2 Days to maturity Sy B 55, 93.441" 1.339™  -0.954" 0.453 <0.001

Al do ) ) g o0 0 Jleil mhaa (o jls pixe o gee jug caiaslas oS a4y *E 5k DS

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

oy ylis i e Jasl il o clas alS 6l p VY Jgoz) LS 5,y co 3yl jldade o e slosy e ixen
PCl) Js 4l 90 lawgs JS lpuss 3l o, 0 VY sgus oS 39) o § ke peiis e S| oy i (-0 VPF)  Soww,
Lok a5 PC2 1 i CIVA) &g 50 e olows )b 5l Soww, b
olw 1y Olss S 5l oo, FAID ol adie ool Y Jgaz) azils ails o, Slas (59, 1) Cuito puiinne yut
Job casls o 59 L oVl (Scar adlio () g 05 oo U ad plodl glaiigs an i 5l L8 b Jule ay a5
Dyl 54yl g Saaw, U g, ol &y B e ¢4 Do Cymigy Syl i85 Leog, S j0 S oo psie Coenl

ol sleadse 4y a2 5l Jol> s .(Jackson, 1991)
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Table 10. Phenotypic path coefficient analysis for grain yield bean genotypes in non-stress condition

Plant characteristics oS olio 1 2 3 4
(ry) Direct effect
Days to maturity S Sy B3, 0.62 0.216 - -0.28 0463 -0.33
5 B ol
Pods/plant 0.535 0.635 -0.1 - -0.159  0.067
s
100-seed weight als o 59 0.55 0.608 0.165 -0.166 - -0.57
No. seed pod AME o ailo olaws 0.224 0.218 -0.33  0.196  -0.158 -

Residual=0.102

Rk S bl e Lugd daaigi) 5 4ils 0 jSlos (5l (o 9 Cale ul po 3 WY Jgu
Table 11. Phenotypic path coefficient analysis for grain yield of bean genotypes in drought stress condition

o g b uditann i

Plant characteristics oS olio 1 2
(rp) Direct effect
Pods/plant gy 0 B slass 0.569 0.735 - -0.166
Days to maturity S Sy B3, -0.154 -0.435 0.28 -

Residual=0.102
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Table 12. Principal component analysis in 33 bean genotypes in non-stress condition

Traits wlas sl adlze po° adlze
(First) (Second)
Pods/plant Wy 50 DU olass -0.083 0.846
Seeds/pod B o ,d olaws -0.231 0.627
100-seed weight albs Ve G 0.957 -0.116
Days to maturity Sy G 39, 0.758 0.196
Seed length s Jsb 0.810 -0.151
Seed wide P e 0.830 -0.212
Seed diameter sy kb 0.714 -0.401
Yield/plant als o Slas 0.663 0.705
Eigenvalues oy polie 3.887 1.844
Cumulative of variance oS ouilly oo 48.586 71.631
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Fig. 1. Biplot for 33 genotypes of bean based on the first and second components in non-stress condition
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Table 13. Principal component analysis in 33 bean genotypes in drought stress condition

Traits el Jol adlse  pgo ailae
(First) (Second)
Pods/plant g 0 B olaws 0.316 0.869
Seeds/pod B 0,0 slaws 0.664 0.281
100-seed weight als Voo g 0.741 0.121
Days to maturity S dey U3, 0.924 0.069
Seed length S Job 0.881 0.016
Seed wide 2 0.939 -0.060
Seed diameter sy ylad 0.894 -0.041
Yield/plant als o Shos -0.173 0.886
Eigenvalues oy polie 4.481 1.592
Cumulative of variance ~ xo25 (uib)ls 0oy 56.018 75.922
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Fig. 2. Biplot for 33 genotypes of bean based on the first and second components in drought stress condition
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Fig. 3. Biplot for 33 genotypes of bean based on the first and second components with stress indexes
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Introduction

Common bean (Phaseolus vulgaris L.) is the world’s most important food legume. This staple is
considered as a nearly perfect food mainly because of its high protein content and abundant fiber, complex
carbohydrates, and other daily food needs such as vitamins (folate) and minerals (Cu, Ca, Fe, Mg, Mn, Zn).
Annual production, including both dry and snap bean, exceeds 21 million metric tons (MT), which represents
more than half of the world’s total food legume production. A majority of the bean production occurs under
low input agriculture on small-scale farms in developing countries. Beans produced by these resource-poor
farmers are more vulnerable to attack by disease and insect pests and to abiotic stresses including drought
and low soil fertility. Development of cultivars with improved resistance to biotic and abiotic stresses is a
primary goal of bean breeding programs throughout the world. As much as 60% of common bean (Phaseolus
vulgaris L.) production in the developing world occurs under conditions of significant drought stress.
Selecting drought tolerant genotypes, could be a viable option to cope with the limited available water for
irrigation and increasing the productivity in such climates. Terminal drought is one of the main water
limiting conditions that constrain common bean production because plants rely on the stored soil water
during flowering and pod-filling periods, when usually water deficit intensifies.

Materials and Methods

To evaluate of the effects of late season water stress on phenological traits, grain yield, yield
components, determination of phenotypic variation and evaluation of relationship between grain yield with
other traits in 33 bean genotypes an experimental design was carried out using a randomized complete block
design with three replications under two conditions (stress and non-stress) in 2012 in the experimental field
of college of Agriculture and natural resources of Tehran University in Karaj Campus.

Results and Discussion

Results showed that among genotypes in study traits there were significant differences which reveal
genetic variation among the genotypes. The highest and lowest grain yield in non-stress condition was in 28
and 12 number genotypes, respectively. The highest and lowest grain yield in stress condition was in 14 and
25 numbers of genotypes, respectively. The analysis of tolerance index correlation showed that indices of
tolerance stress (STI), mean productivity (MP) and geometric mean productivity are the best indices for
identifying genotypes with high yield in both conditions. According to the results of phenotypic correlations,
stepwise regression, path analysis in both normal and stress conditions, it can be concluded that, the traits of
biological yield, seed and pod weight, number of filled pods, number of seeds per plant, 100 seed weight and
number of seed per pod were the most important and effective traits on yield. According to principal
component analysis using seven agronomic traits in both conditions, two main components were selected
that in total under non stress condition 72 percent and under water stress condition 76 percent of the total
variation was explained and in both conditions, the first and second factors were introduced as yield and
yield component factors.

Conclusions
In crops such as common bean, where seeds are the product of interest, the main criteria for selection of
agronomical resistance to drought is focused on traits that lead to a higher grain production.

* Corresponding Author: md_dashtaki@yahoo.com, Mobile: 09125675973
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Followed by selection based on yield under stress, was suggested as the most effective strategy to
improve drought resistance in common bean. It is suggested that selection under stress reveals that some of
genotypes have resistant inherited genes, and are key to yield improvement of common bean.

Cultivars with improved stress resistance can reduce reliance on pesticides in high input systems, avert
risk of yield loss from pests in low- and high-input systems, and enable more stable bean production across
diverse and adverse environments (low precipitation, high humidity, etc.) and poor soil conditions (low
fertility, hillsides, etc.).

This study reinforces the importance of characterizing drought resistant genotypes selected for particular
drought types, to build a better picture of those mechanisms involved in drought resistance during specific
plant developmental stages and to particular environments, knowledge that will contribute to define selection
criteria for drought resistance in common bean that, after proper validation, could be used in improvement
programs.

Key words: Bean genotypes, Correlation, Drought stress, Principal component analysis, Regression,
Tolerance indices
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Table 1. Name and origin of 32 studied cowpea genotypes

i S 5 ol s i S e ol L
Code of genotype  Genotype No.* Origin Code of genotype  Genotype No.* Origin
175 62-069-00276 India 8 62-034-00008  Columbia
107 62-002-00157  Afghanistan 196 62-157-00297  America
210 62-157-00310 America 203 62-157-00304  America
43 62-069-00048 India 162 62-110-00255 Nigeria
141 62-071-00218 India 193 62-157-00294  America
49 62-019-00004 Brazil 294 62-157-00424  America
307 62-157-00444 America 174 62-069-00273 India
186 62-157-00287 America 192 62-157-00293  America
220 62-157-00324 America 232 62-157-00341  America
222 62-157-00331 America 30 62-069-00030 India
291 62-157-00421 America 17 62-117-00017 Paraguay
7 62-034-00007  Columbia 76 62-015-00110  Belgium
37 62-153-00041 Turkey 9 62-157-00311  America
215 62-157-00318 America 229 62-157-00336  America
246 62-157-00355 America Parasto 62-157-00347  America
313 62-157-00451 America Mashhad 62-071-10003 Iran

25— ols ol el mlin g (55,0liS sy o5 SOb o e gy o)led s

*: Genotype number of gene bank, Faculty of agriculture and natural resources, University of Tehran-Karaj
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Table 2. Analysis of variance for drought tolerance quantitative indices in cowpea genotypes

(Mean-square) bz yo (11 5beo

L3N é’L."“
HM STI Y1 YSI SSI GMP MP TOL Yp Ys @3 S.0.V
an Sl
137" 0.002™ 0.011™ 0.0164™ 0.145™  0.778™ 4.16™ 4.46™ 448.47™  315.81™ 2 sk Block
1888.94™ 0719 2.286™ 0359 899  1886.92" 2057.58" 3579.68" 2820.28" 3026.94" 31 g5 Genotype
2.39 0.003  0.004 0.007  0.0422 0.968 1.29 1.38 778.73 540.04 62 ol Error
1.74 6.45 5.48 9.53 5.41 1.081 1.23 6.47 27.41 26.82 o Ol CV%
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Sge,le ( SLe™HM 5 o5 Jos (a3 li=STI 5o Slee a3 li™ YT 5o Slae 6,lul asle=YSI
Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress
Susceptibility Index; YSI=Yield Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.
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Table 3. Mean and standard deviations for Yp, Ys, and drought stress indices in 32 cowpea genotypes

Ys Yp TOL MP

SSI YSI YI STI HM

Mean 83.57 101.82 18.24 92.69
StD  31.76  30.66  34.59 25.97

-3.74 0.850 1.106 0.856 89.17
1.76 0316 0.895 0.502 24.71

oS ol a3 li=SSTH cwais (1 SL~GMP § ol o SL=MP 5 s oo (a3 li=TOL ;5 Jily o Sles=YP 5 o inl byl 15 cog o Slee=Y's

Sgelo (W SLe=HM ;5 25 Joss a3 W=STI o Slee a3 li=YT 50 Slee gl 25 Le=YSI
Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress
Susceptibility Index; YSI=Yield Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.



VAP 099 doud ¥ 3 lous £l [ o ! Qb,’ 6‘5&32 Qg [ Joxd (gl s 35 2] K00 9 5,5 Lo

Jom sy Lis TOL eSS polie wms oo olis s,ko]
Sl 5 4 e b)) e b oe (SiS S i
P YP 5 Y8 o S Jlas a5 05 ploceiss JLis &
Coomw 40 |y L2t 3 MP asls g 00 o 0o Ll o ,Slae
byl b g0 5o 005 0, Slee gyl slacsgeiy ololiss
.(Shirinzadeh et al., 2008) oS o Colan i § sl
A Cad 25 @ Jole laoy e olulids jo MP L
Moghadam ) oS o Jos yigo TOL 4 SSI sl asLs
il i 4 S| 350 4y (& Hadizadeh, 2000
ool ey (pl goae YL ol S MP) ol
3,315 MP=92.69 aalllas 'l ;0 el 35 &) (o Jo2
»Laceiss SIMP asls oo 8 4 a2 g5 b oS ol on
b VU el ansl ansls oYU o Slae (i (g0 Layl
s 3S O MP asli cpl bl ol salgs MP ol
S s bl s s VL s, Shee (olls 45 lacasy
Ahmadzadeh .(Fernandez, 1992) cous cowlio coicwn
Loy alolis o MP asls a5 5,5 355 (1996)
odde A ol Collae )3 Sis 4 Joxio § Jgate
99 ;2 3 4S8 Sl (patlh atlh (n e Ol i
o (sl ¢ Sis i g Sl gyl bl
4y dazg L .Blum, 1988) ail o, Slas L (5,0 —no
Lyl b cov o ,Slas ool Cuvoas goole sla Swon
(St Jord sl asls 5 (Sis i g Jboy sl
5 Cio (i HM s MP STI .GMP slo oL
90 Cod 0, Shee L a0 Jlaisl mhaw o 1) (g)lo sine
o=l rlplb (F Jgoz) wisls plis (25iyem 9 25 Ll p0
Sl Lo oy 5elin ol ieas olsicse |y bapasls
Ll 5o o o St (5 4 Jaoie slocsis’s i
pasly o, Slee L TOL asls g0 ol 25 g Jloy
gh o 1) Gyl e St (Sen (55 o il 0
et i Lyl g0 il o Slee b g o o) Jleis]
YSI aslis ol lis oo o) mhaw jo jlo e g Ao
L fosinn 5 e Strat 515 5k 5l L)
Sl g a0y maw jo g )l b s adlh o, Slee
B9 dmeyd B )3 S0 Lulph 5o e (Saen
L e (Koo (5 (5 & o) SST L
st 115 g 0s 0 maw jo i byl h jo o Sles
S-Sl Jloy Ll jo 0 Shee b ao )0 8 haw 0 coe
il S s8 laals l olia 4z m bl (F Jpaz)
Schneider ef al, (2004) .54 wnles 5 fazio bowiss)
YL polie elslyy Loy laml o o5 wis,S slgiduy

\YY

Syl 5:Silie) (s )lal ool (sl ol )y dusls
oo Gl ey 955 ozt sl axls gl y (o,laslnl
9= sl g9 5l adlllas 9590 Slacisi; &5 (7 Jooz)
SSEG 053 plgreds Wlgh oo £955 (nl &5 w5595
S SaS a5 lalis s ol o 1 ol Soliiay
St i bl sl sy sebes 0 ,Sles (5:Sike
Lyt Gl oy (oles o Shee (:S0ke 5 Y5=83.57
L 6 piomiir &glds a5 090 YP=101.82 Ly L]
bt L) 85 ams o ol 5ol ol 5 aisithes 50,
e el (S i 4 YU e il b 8L
lbewss YL Joss saunsylis a5 59 SSI=-3.74 a5l
s So )l e le cpl Al jo il oo (S S
ol s B by g dae 5w jasls a5 ST D 6l o
SSI jazlis il 55,5 552 opl a2 2 45 598 oo oolazul
.(Moghadam & Hadizadeh, 2002) sg-& o ,5S>sS
0l il gl aS (i D) ST e ls o lea
el azly ol Jlade iSTas 095 o0 4 1 4 Conlus
Wil eS h,laie axye (SSI) i 4 Conlas 23l
by M A 65 Cumles aslllas )90 slacaes)
SgraS & Cornd Lol (oo Jod (ke b g damo oo i
O Ys Jlade a5 5955, 500 Ol 4 g sl yiios O
O Sl jlaie lod 4 il 1505 YP 4 oS s |l
Shirinzadeh e ) 54 aaly> S  Sid il 4wl
loa ol (s 4y Cawlus) SSI a3l (al., 2008
5 S i A Jeodie a8l QL g o 1) (Dl
Loyl i g0 cod Lil o, Sles Jlaie Ol poss a5 205LeS
e ld )0 08 e Colue (el S i g gdlas
Ll b )3 oo o Shee (i 2 ogdle (25 & Sl
8 ke 5o (i 1 o bagadgis 4y 00,y ol 15
5 oS bl il 90y 0 A S Se S Dygein S o
6ol s oy Lol il (6 5YL & Sl lls s 9
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oL adly 5 ol boaigi§ (o oo st i3
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Naroui Rad .aios 3,00 Joxie slaopV olgreds aiils
Slis eas esis VA bl b lasdllas ,s ef al, (2010)
Codn (Siwad (3 iy STy GMP sl L a5 wisls
g aaly Jloy gylul g (Seis bl o 00, Slee U,
@bobd |y (Sas a pslie o3y 99 basls cul Gulul
Slas plo g ails o Sles (o abaly cSLs Bi0ged By g
Dl ol Caenl iy IS sldsl sl o el
s (F Jsaz) basls s ooles (Sran 51 Jol> b
sloasrls U s g Jbg Ll o ails o Slee 4 0lo
Y R PP S S EFLII S CEIWEON- S S i S BN
Cp> doasls p Sewle Glgea (TOL) s & oo
Wloays 5 (Byme 0950 5 (A A5 4 pglhe g8 i3S
MP STI GMP sla_pasLs (Farshadfar et al., 2001)
oS Cgz wal )l g clie loazle lgieas HM
Ganjeali ) Wl Syme 0955 S 4 Joxle slocse)
Sl og50 sl cw)p jekiie & iy 4o (et al., 2005
Jloss 5l 5 (St i A e sla el L
sloarli (Jloy g s byld cog o Slas  Sison
O3S Sz Lopar b el plymean 5l
DS9S (e (SiS i A polie slacS e

(Farayedi, 2004)

31 oliebl Jgax j5lais gy g 9 2igd Ll GMP
Sy Glogis) (e 5l (i Ll b o 0, 8lee (o)lky
o5k & igd SBIYS polie (pytin b slacess) asdllas
Glaall (b cne 5 oo laKian 3575 (IS
Ll 5 o 50 0, Shae 5 (SLt5 A5 & Cunglio il
=l 09 LS eamo s al e (S 0g 5 i
ooliwl bl boaie) (Sis a4 Jood o))l )0 basls
595 Shat (&9l (oo Sl STI 5 GMP (slo o
s 3555 aL5,1 13 0Ly 5, Shas Uy slaedsi mbolis
s S sl azli lsicas Samieezadeh (1996) L
Y o, Shee b slocuisl olwlid 05050 ,5 3 ,m0 a5
Lwg Y s GMP VU, yolie ubuly (i byl s cow
slac s olwlis cg> Schneider et al, (2004)
MP .GMP Lo oLl wios Byme i 4o Jamxio
0 Sles b jlo sxe 5 YU (Ko gl )ls 457 STT s HARM
Fathi et al, lawg asos iis g ogllae Lyl i g0 40 ails
TOL (glaLoxs o5 il ol by ] 5 wiands wliel (2012)
50 0, Sles L (6o e g e (Sion gl)ls SSI
o bl b 50 0, Sles b phie (e 5 sl Lyl
Wil ySz9S SSI 5 TOL jlade az o cnlply caiil oo
Habibi et al, .o o_alss 5 Joxin Sis 4 o)
aS aoly (lis 508 Lug) ¥V —wyp ;0 (2006)
L1y Stamrad o2y STI g GMPMP (sLa oL
St 25 5 S sl Bl 50 o o s o Slae
1, Lot ol @YU ol a8 slacyY olply syl

G A oo g a Ll b S (g9 g (SlS A Ll 50 9 ;e o 00l (Swenod calpb -F Jgaa
el i begd o g3 VY 0
Table 4. Correlation coefficients between Yp Ys and stress tolerance indices in drought stress and non stress

conditions in 32 cowpea genotypes

Ys Yp TOL MP GMP SSI YSI YI STI HM
Ys 1
Yp 0.386* 1
TOL  -0.576** (.532** 1
MP 0.839**  0.826**  -0.038™ 1
GMP  0.849**  0.805**  -0.067"  0.994** 1
SSI  -0.734**  0.320* 0.957**%  -0.260™  -0.275™ 1
YSI 0.734**  -0.320* -0.957**  0.259™ 0.275™ Bl 1
YI 0.856** 0.122"  -0.678**  0.595**  (0.569**  -0.812**  (.812** 1
STI 0.834**  0.800**  -0.056™  0.982** 0.987**  -0.262™ 0.262™  0.566** 1
HM 0.849**  0.766**  -0.092"  0.977** 0.944**  -0.285"™ 0.285™  0.536**  0.981%** 1

10,8kes 5l LaslEmYST ;25 Colas aslim=SST ;s (e Sle=GMP 5 o (o SLAMP 5 25 oo (s La=TOL 5 iy 3,SLoas=YP 5o il sl oo 5, SLac=Ys

Sige e SlamHM a5 Jass (asli=STI 1o Skee (a3L2=Y1

Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress Susceptibility Index;
YSI=Yield Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.

T 9N sl mhaws 10 090 o sixe 5 S sire puf o ey 1

ns, **and*: Not significant, significant at 1% and 5% levels probability, respectively.
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Lyl s 9o 0 0, Slas b (g o sine g St (Ko a5 STI
Naroui lLwg uie glbewses; o ails 15 9 wellae
sl Ahmadi e al, (2000) .oSase 5 oS asls 5o oyl

slasly &3 slbag o )y 0 STI s GMP slo,Lixs
sla_asLs ;| Fathe Baheri ef al, (2003) .aioge5 oolazul
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Fig. 1. 3D plot for determination tolerant genotypes to drought stress based on Yp, Ys and GMP index
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Fig. 2. 3D plot for determination tolerant genotypes to drought stress based on Yp, Ys and HM index
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Fig. 3. 3D plot for determination tolerant genotypes to drought stress based on Yp, Ys and MP index
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Fig. 4. 3D plot for determination tolerant genotypes to drought stress based on Yp, Ys and STI index
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cod 0,8as b shin (Suod 5 05 0 > gi |y ool
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Table 5. Eigen values, eigen vector and cumulative variance of tolerance indices. Yp and Ys in 32 cowpea genotypes

ailla o9 ypolio (SO ke 0 5O
Eigen Cumltative of
Component values () variance Ys Yp TOL MP GMP SSI YSI Y1 STI HM
1 6.23 62.33 0.744 0900 0.115 0985 0.982 0 1-02 0.102 0.466 0.976 0.968
2 3.49 97.24 0.665 0418  0.982 0.160 0.174 0.990 0.990 0.791 0.164 0.185

s0,85kes 5l LaslE=Y ST 255 Cols (asli=SST ;5 wsin (uSlw=GMP 5 s (o SL=MP 5 25 Joms (aLs=TOL ;5 Junily 3,SLac=YP o il Lyl s 3, Shac=Ys

Seigorls nSLHM 55 Jass (a3 li=STI 1o Shee Lo Ls=Y1
Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress Susceptibility Index;
YSI=Yield Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.
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Fig. 5. Biplot display for 32 cowpea genotypes at 10 drought tolerance indices on the basis of first and second principal
components
39,5kes 6l Lasli=Y ST 25 Conlis (asLi=SST 5 cwais o SL=GMP 5 ol G SLmMP 5 25 Joos (a3 L=TOL ;5 Jenily 8, SLes=YP oyl Lyl oo 3,5kes=Y's
Sige )l o SLmHM 5 25 Joos Lasli=STL 5o Shoe (a5 Li=Y1

Ys=Yield stress; Yp= Yield potential; TOL=Tolerance Index; MP=Mean Productivity; GMP=Geometrical Mean Productivity; SSI=Stress Susceptibility Index; YSI=Yield
Stability Index; YI=Yield Index; STI=Stress Tolerance Index; HM= Harmonic mean.
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Fig. 6. Dendrogram obtained by cluster analysis of 32 cowpea genotypes based on Yp, Ys and drought tolerance
indices using Ward's method
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Introduction

Drought stress is one of the most important abiotic stresses all around the world. The aim of breeding
studies and breeding for resistance to drought is that breeders seek to identify varieties and genetic resources
to drought resistant and comparison of drought resistance among the varieties and the introduction of
superior varieties to farmers. Drought or imbalance between supply and demand for water is one of the most
important limiting factors affecting crop production which is very important in this context, effective and
economic use of water resources especially for areas with arid and semi-arid climatic conditions which
covers about two-thirds of the total area of Iran (Shahram & Daneshi, 2005). Breeders have been trying that
by testing different varieties under normal and stress conditions to identify varieties and use them to plant
breeding programs.

Cowpea (Vigna unguiculata L. Walp), a member of the family leguminous (Fabaceae) is a crop grown
under the tropical and sub-tropical areas covering Africa, Asia, South America, and parts of Southern Europe
and United States (Singh et al., 1997). Dry seeds of cowpea contain 20-25% protein, 1.8% fat, and 60.3%
carbohydrate and are rich sources of iron and calcium (Majnoon Hoseini, 2008).

In this study, various drought tolerance indices were used to identify drought resistant in varieties.
Indices included drought tolerance, Tolerance Index (TOL), Mean Productivity (MP), Geometric Mean
Productivity (GMP), Stress Susceptibility Index (SSI), Yield Stability Index (YSI), Yield Index (YI), Stress
Tolerance Index(STI), and Harmonic Mean (HM) (Ahmadi et al., 2000; Fernandez, 1992; Safari et al., 2007,
Bouslama & Schapaugh,1984; Gavuzzi ef al.,1997).

Materials and Methods

In order to study and determine the most effective traits, drought tolerance indices and identify tolerant
genotypes in vegetative drought stress on the cowpea genotypes, All 32 cowpea genotypes were cultivated in
a randomized complete block design with three replications which each replication consisted of 32
experimental units, each unit or plot, three lines with a length of two meters with line spacing of 70 cm were
planted. The distance between rows of plants, 10 cm and 50 cm was considered the distance between each
plot, in two separate experiments including normal irrigation and water stress conditions. The study was
conducted at Experimental Research Farm, University of Tehran, Karaj Agricultural Research Institute at
College of Agriculture and Natural Resources in Karaj, Tehran, Iran during 2014. Drought stress was
imposed by doubling the irrigation time about 50 days after planting against normal irrigation on thirty-two
cowpea genotypes. Evaluation of drought resistant in different genotypes was conducted using eight indices
including Tolerance Index (TOL), Mean Productivity (MP), Geometric Mean Productivity (GMP), Stress
Susceptibility Index (SSI), Yield Stability Index (YSI), Yield Index (YI), Stress Tolerance Index (STI), and
Harmonic Mean (HM).

Results and Discussion

Analysis of variance showed that there is a significant difference between genotypes for all the indices
of drought tolerance and grain yield in both normal and stress conditions (P<0.01). This result suggested that
the genetic variation among genotypes is capable of selection for drought tolerance.

* Corresponding Author: mrghanad@ut.ac.ir
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A simple calculation of statistical parameters (mean and standard deviation) for drought tolerance
indices indicated that there is a great diversity among the study genotypes which it can be used as rich
genetic resources to help breeders to improve and identify resistant varieties.

The average yield of all genotypes under drought stress and normal irrigation condition was Ys = 83.57,
and Yp =101.82, respectively. Significant differences between two different conditions indicated that cowpea
plant has a high potential for tolerance under drought stress condition. TOL index revealed the lowest
average value among various indices (TOL =18.24).

The low level of stress tolerance index shows a high relative tolerance genotype. In fact, stress tolerance
index showed the changes of stress condition in genotypes. It means that genotypes with low TOL index
indicate less changes and genotypes with high TOL index show more changes.

Correlation coefficient was calculated to determine the relationship between grain yield and drought
tolerance indices. The STI, MP, HM and GMP indices which have the most positive and significant
correlation with grain yield under stress and non-stress conditions were introduced as the best indices for
screening tolerant genotypes to drought and high-yielding in both environmental conditions. Using Biplot
scatter graph in 32 cowpea genotypes and according to genotypes situation in Biplot display, genotypes 998,
313, 291 and 7 were identified as tolerant genotypes with high-yield. Cluster analysis based on investigated
indices and yield under drought stress and non-stress conditions showed that genotypes were grouped in four
clusters and most of the drought tolerant genotypes with high yield were grouped in the second cluster. while

most of drought sensitive genotypes were grouped in the fourth cluster.
Conclusions

In this study, genotypes showed high genetic diversity in terms of drought tolerance using drought
tolerance indices. Based on the results obtained in this study genotypes 291, 7, 313, and the Mashhad cultivar
(998) can be proposed as drought tolerant genotypes.

Key words: Biplot, Cluster analysis, Correlation, Cowpea, Grain yield, Tolerance indices
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IS slasog,
X ‘ 5 * ok *k
g _ DxC 4 8.781 0.18™ 43.78" 57.4 448317.4™ 5185.26 20579.88
IS slagis,
X ells i,
X WS1 MxDxC 4 3.04™ 0.11m 3.55m 54.95" 539180.8™ 989.70™" 50781.56""
J)“S LSL“’u:"ﬁ)
TS 36 6.13 0.3 24.05 20.89 429185.5 40.93 172.72
Ol s o
SN CV (%) 19.4 13.2 9.7 7.06 18.7 8.9 7.26
(dwa,0)

ns, * and **: no significant and significant at 5 and 1% levels of probability, respectively
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88 e ale ColB, LS cod o e

ald o )9
)‘é‘fbuo als oo 039 LD)LQ...: Jalﬁ.uo 9 oolw u‘).a‘
3 s S e g, o asils as (39 (Y Jgas) wis
099 50 Sy oo i d (Y Jguz) 99— (g LS as i
Slos oS (S5 aelal Loyl b allie (gl e (a5t
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Gl S b Gialejl ) ol sl oo L2alS o ails wo
Beheshtinezhad  jegiy wluly o)l cillae liise
059 2 wslS g, L3l Ghanbari et al, (2002) 4(2008)

D55 lo gae ails v

doy3 ) 50 Jleiol mhaw 5o ls gxe ls e pas ol Sy s

YO oS, 5 ¥/eY Joloe M jo asls slowi oy yieS

99 5o a5 oy lis las ol ool aure e jo iy
S b plys ol yglis 5 S ile a5 s g 4l e
pas jlewd a4y o 1) M o wils dlawd Siwd (g dl> e
Y Jaaz) asols ioli 8l s yo) g AP cud sy Jpus
P9y 93 ;B )3 4 3l Lid ST, g S B b, Jline
3t A GMe o asls slaed e g oy s CublS
S (F Jga2) dul Cawsds gope o ;0 a5 YO 9 VY 1S15
aS ol olas jre cade J,uuS hgy g oS0 Jolie I
Gl e an bgo e ol gany M o wlo slawy oy i
9 S ey A e 93 Lply @pe e 10 B9 VYD (ST
el sk 5 S le e b plsi gn a5 €552 VY o515
cold, Sl o,90 I L akal, o Ahmadi 2003) iegss

VFY



WA 030 doui F 5loids Fuler /sl U gad SO D 9 9 4 g /... inhli g o ;3 11508 g (5 you>

oo (6 S0l Wlao (595 9 W jload ool Wl P Sileo ds o - Y Jou
Table 3. Mean comparisons of simple effects of treatment on the measured traits

ails o Slos
SME luwy als ol . e s
o (339 9 W 2pSeks) . LSS0
. ; S - _ Gle S sluss
) Lows 900 S (p,5) &ls 6913k ; )2 sladile
251 (s Number of S
Treatments Number of Number 100 . .. .
. grain  Productivity Grain weed Dry weight
podper ofgrain Lot o) (%) ; of weed (g)
plant per pod ght (e ° yield £
(kg.ha™)
Cbls yog, Sowing methods
&) aSas Dry planting (DP) 12.9a 4.19a 49.84a 64.75a 3236.1b 84.76a 237.99a
&S et Wet planting (WP) 12.5a 4.18a 50.68a 64.72a 3747.1a 59.18b 123.60b
1 Density
o s 0 gy YO 25 (D1) 11.75b 4.01b 49.70a 64.95a 3486.0a 67.38b 168.62b
oy
Tt et ey 17 (D2) 12.7ab 432a 51.67a 65.7a 3628.5a 55.84c 136.4¢
o 50 g VYO
12.5 (D3) 13.64a 421ab  49.4la 63.54a 3360.3a 92.25a 237.3a
&
JrES e Control method
U5 o With"(‘gf)‘mtml 9.55¢ 4056 48.73b 63332 2623.6b 151.51a 374.22a
et ey ey O hal(‘gizn)g weeds 15 99 442 5178a  6558a  3831.4a 47.94b 127.50b
LSO+ amSaale : ;
hSer oS hT“ﬂorah“ ‘once 15.56a 4.10ab  50.26ab 65.29a 4019.8a 16.02¢ 40.67c¢
s anding weeds (C3)

A o ire B A8l wo,00 Jlaiml gl )0 (Sl (glasals aiz yaesl eluly gt 8 40 aline gy b oo &) gl Silee

Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%
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Table 4. Mean comparisons of simple effects of treatment on the measured traits

Slaxs ails o Slos
o ENE » 43{0 ~>.'-\*"’ - o}'s 9 u*"y-’ PSR e s st 5—*—” o.}s
e aigs 5o L (p5) &l Sslit (LS Number of 322 sile
Treatments Number Number of 100 grain  Productivity Grain weed Dry weight of
of pod grain per pod weight (g) (%) yield weed (g)
per plant (kg.ha™)
w15 x el b,

Sowing method x Density
DpxD1 11.86b 3.97b 49.02ab 62.91b 3189.2a 96.95b 239.29b
DpxD2 12.85ab 4.38a 72.74a 66.66a 3294.1a 52.99¢ 155.53¢
DpxD3 13.98a 4.22ab 47.75b 64.66ab 3225.0a 103.44a 319.15a
WpxD1 11.64b 4.05ab 50.37ab 64.75ab 3782.8a 37.80f 97.96e
WpxD2 12.54ab 4.27ab 50.6ab 64.16ab 3962.9a 58.69d 117.41d
Wp2xD3 13.30ab 4.2ab 51.06ab 65.25ab 3495.6a 81.05¢ 155.44c

IS gy x el b,

Sowing methodx Control
method
DpxCl1 9.25d 4.0a 47.81b 62.0b 2267.1d 186.96a 518.66a
DpxC2 13.2bc 4.4a 50.83ab 66.75a 3810.4b 41.70d 148.48¢c
DpxC3 16.16a 4.16a 50.87ab 65.5ab 3630.8b 24.72¢ 46.82¢
WpxCl 9.84d 4.10a 49.65ab 64.66ab 2980.1c 116.05b 229.79b
WpxC2 12.7¢ 4.39a 52.74a 64.66ab 3852.4b 54.18¢ 106.51d
WpxC3 14.95ab 4.05a 49.65ab 65.08ab 4408.8a 7.31f 34.51f

S oy x 513

Control method x Density
D1xCl1 8.89%¢ 3.96ab 4591b 62.62b 2603.1b 134.58b 355.40b
D1xC2 11.70cd 4.27ab 51.12ab 65.50ab 3822.1a 40.13¢ 124.49¢
DI1xC3 14.67b 3.81b 52.06a 66.87ab 4032.6a 27.42f 25.97h
D2xCl 10.14de 4.1ab 50.60ab 62.12b 2826.9b 117.41c 280.73c
D2xC2 13.56bc 4.43ab 54.65a 69.0a 4171.4a 39.01e 83.44¢
D2xC3 14.4bc 4.45ab 49.77ab 61.62b 3887.3a 11.1g 45.24¢
D3xCl1 9.61de 4.10ab 49.68ab 65.25ab 2440.8b 202.53a 486.54a
D3xC2 13.7bc 4.48a 49.58ab 64.37ab 3500.8a 64.67d 174.56d
D3xC3 17.6a 4.06ab 48.96ab 65.25ab 4139.4a 9.53g 50.79¢g

s o e BT W8l ws )00 Jleial e jo (Sils slasals iz geil bl et o 50 alie By > b ool &)l sla 1Sl
Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%
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Table 5. Mean comparisons of simple effects of treatment on the measured traits

&y o ySlos
G ofawy 30 &ils olasy &l wo 39 9 W Js olawi SS 39
o ylos . oy . . 2 e eks) . . .
* g yo e (p5) T i cile i sbdile
Treatments Number of pod Number of 100 grain Productivity s Number of  Dry weight of
per plant grain per pod weight (g) (%) Grain yield weed weed (g)
(kg.ha™)
S o815 x cAl )
Sowing methods x
Densityx Control
DpxD1xCl1 8.151 3.80a 44.32c 60.25¢cd 1993.8h 198.12b 557.05b
DpxD1xC2 12.5b-g 4.15a 50.0abc 67.0a-c 3718.8a-¢ 43.57hi 151.15fg
DpxD1xC3 14.95bc 3.97a 52.75a-c 68.5ab 3855a-b 49.17gh 17.76jk
Dp xD2xCl1 10.45d-i 4.12a 50.75a-c 62.25b-d 2577.5f-h 123.57d 287.02c
Dp xD2xC2 13.4b-g 4.57a 55.65a 72.75a 4197.5a-c 24.07j 132.57¢g
Dp xD2xC3 14.72bc 4.45a 51.82a-c 58.0d 3107.3c-g 11.32k 47.01i
Dp xD3xCl1 9.17hi 4.10a 48.37a-c 63.5b-d 2330.0gh 239.20a 711.92a
Dp xD3xC2 13.95b-f 4.5a 46.85bc 64.75b-d 3515.0b-¢ 57.45g 161.73f
DpxD3xC3 18.82a 4.07a 48.05a-c 65.75a-d 3930.0a-d 13.67k 83.80h
WpxD1xCl 9.63ghi 4.12a 47.50a-c 65.0b-d 3212.5¢c-g 71.05f 153.76f
WpxD1xC2 10.9¢c-i 4.40a 52.25a-c 64.0b-d 3925.5a-d 36.7i 97.84h
WpxD1xC3 14.4bcd 3.85a 51.37a-c 65.25a-d 4210.3a-c 5.67k 42.281
Wp xD2xCl 9.83ghi 4.07a 50.45a-c 62.0b-d 3076.3d-g 111.25¢ 274.44cd
Wp xD2xC2 13.72b-g 4.30a 53.65ab 65.25a-d 4145.3a-d 53.95¢ 34.32ij
Wp xD2xC3 14.07b-¢ 4.45a 47.72a-c 65.25a-d 4667.3a 10.87k 43.48i
Wp xD3xCl 10.05e-1 4.10a 51.0a-c 67.0a-c 2651.5t-h 165.87¢c 261.16d
Wp xD3xC2 13.47b-g 4.47a 52.32a-c 64.0b-d 3486.5b-¢ 71.9f 187.38¢e
WpxD3xC3 16.4ab 4.05a 49.87a-c 64.75b-d 4348.8ab 5.4k 9.66k

Qs o e BT WL v )00 Jleixl mhaw jo (Sl (glasals vz 093] bl (g 58 50 il g > b oas &) slo Sile

Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%
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Introduction

Bean is one of the most important legumes worldwide for direct human consumption and is a rich source
of protein and carbohydrates. Bean is weak to compete with weed because of the retard growth at the early
stages. Therefore, weed control at this time plays an important role to gain high priduction. Yield crop
depends on weed number, and size after germination. Weed control depends on integration of prevalent
methods application along with desirable agronomical operations. Selection of the best sowing method, plant
density and application of chemical weed control methods plus weeding can effectively control weeds. It is
shown that weed dry weight decreased in wet sowing method as compared with dry sowing. Using higher
plant density increased the yield bean by 16% as compared to ordinary density. Application of Trifloralin at
the rate of 2 lit/ha controlled weeds in bean field without any reduction for yield bean. This study tries to find
the effects of irrigation before and after sowing and integrated management on yield, yield components and
weed control of Chiti bean.

Materials and Methods

Field experiment was carried out as factorial split plot based on complete randomized block design with
four replicates during 2011 at Shazand city in Markazi province, Iran (34" 3' N latitude; 49° 48' E longitude;
altitude of 2010 m above sea level). The factors were two sowing methods (wet and dry sowing), three levels
of plant density (12.5, 17 and 25 plant/m?) and three levels of methods of weed control (weed infest, twice
hand weeding, and Trifloralin plus once hand weeding). Seeds of KS2189 genotype were sown by hand at
rows spaced at 40 cm. Trifloralin was applied as soil-mixed pre-planting treatment at the rate of 2 lit/ha. The
first and second weeding were done at 30 and 40 day after sowing, respectively. Sampling weeds were done
60 day after sowing. Agronomlc traits were measured based on the mean of 15 plants/plot. At harvest, plants
were removed from 3 m” of the middle of each plot and the grain and biological yleld were rneasured The
data were subjected to the analysis of variance using SAS. Means were compared using Duncan's Multiple
Range test at P=0.05 level of significance.

Results and Discussion

Results showed that decreasing the plant density significantly increased the number of pods per plant.
Application of Trifloralin plus once hand weeding caused to increase the number of pods per plant by 62%
as compared to control. The interactive effect of sowing method and weed control treatment showed that the
number of pods per plant was higher in weed control treatments than weed infest treatment for both Wet and
dry sowing. The maximum number of grains per pod was observed for plant density of 17 plant/m?®. Wet
sowing increased grain yield by 14% as compared to dry sowing. Previous studies showed that wet sowing
can increase grain yield by 18%. It seems that high moisture content of soil make higher possibility of
emergence and seedling establishment in wet sowing treatment that dry sowing. The shoot growth increased
by increasing of photosynthesis and thus increased final grain yield. The maximum grain gleld (4667.3
kg/ha) was observed in plots which were wet sown as method, in plant density of 17 plant/m” and applied

* Corresponding Author: N-Sajedi@iau-arak.ac.ir, Mobile: 09188629092
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Trifloralin plus once hand weeding. In both sowing method, with decreasmg of plant density weed dens1ty
and biomass increased. The minimum of weed density (37.80 plants/rn) and buimass (96.96 g/m’) was
obtained from wet sowing method and plant density of 25 plant/m’. Results showed that in both sowing
method, the minimum weed density and biomass was obtained from application of Trifloralin plus once hand
weedmg Comparison among treatment means showed that the maximum of weed biomass (711.92 g/m? 2
and total number (239.2 plants/m?) was obtained in dry sowing condition with plant density of 12.5 plant/m
and weed infest treatment.

Conclusions

In general, the best integrated treatment to more suppression of weeds and to obtain optimum grain yield
of chiti bean is using plant density of 17 plant/m”> on wet condition and applying of Trifloralin plus once
hand weeding.

Key words: Bean, Plant density, Sowing method, Trifluralin, Weeding
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Table 2. Relative density (percentage) of weeds in chickpea affected by sunflower residue levels at different sampling
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Sunflower residue level (kg.ha™) Life cycle Family Weed species name

2500 1875 1250 625 0

SIo paiged Jol al> 5o
The first sampling stage

5000 2727 2632 2500 1774 PG* Poaceae 5ol 3o losl
Cyperus rotundus

| S
- - - - 8.06 PB Convolvulaceae ST ST
Convolvulus arvensis
oat.....l\ U’”B)';’ CL\
- 9.09 5.26 - 6.45 AB Amaranthaceae
Amaranthus retroflexus
- - 10.53 - 4.84 AB Brassicaceae &b sS>
Sisymbrium irio
Sl ol po
16.67 27.27 21.05 21.43 12.90 AG Poaceae
Alopecurus myosuroides
3333 1818 1579 1071 9.68 AB Ranunculaceae L2 0
Delphinium syncarpum
. 39 PN
- 9.09 - 7.14 6.45 AB Chenopodiaceae
Chenopodium album
- 9.09 1579  17.86  16.13 AG Poaceac 9.5
Echinochloa crus-galli
- - - 7.14 6.45 AB Fumariaceae 2fels
Fumaria officinalis
- - - 7.14 11.29 AB Caryophyllaceae e
Stellaria media
- - 5.26 3.57 - AB Polygonaceae = m
Polygonum aviculare
The second sampling stage Gl digas pgd Al e
HIVS] Lol
33.33 18.18 15.79 14.29 9.68 PG Poaceae o8l b by
Cyperus rotundus
- - 5.26 10.71 8.06 AG Poaceac S99
Echinochloa crus-galli
Sl ol po
- 18.18 10.53 17.86 6.45 AG Poaceae
Alopecurus myosuroides
1667 909 526 7.4 484 AG Poaceae Sz e
Digitaria sangunalis
- - - 3.57 6.45 AB Amaranthaceae 2l g g6
Amaranthus blitoides
- - - - 3.23 AB Brassicaceae &b st
Sisymbrium irio
ol g2 26
- - 5.26 3.57 4.84 AB Solanaceae
Solanum nigrum
- - 5.26 3.57 3.23 AB Portulacaceae ©s
Portulaca oleracea
| S
- - - 7.14 3.23 PB Convolvulaceae SOTE ST
Convolvulus arvensis
. 3% PN
- 9.09 5.26 3.57 1.61 AB Chenopodiaceae
Chenopodium album
- - - - 3.23 AB Amaranthaceae 23bl > b

Amaranthus retroflexus
AB 5 i ISy cAGS Kb Al PG S 5 b Al wim PB Sy g alluois
* PB: Perennial broad Leaves, PG: Perennial grasses, AG: Annual grasses and AB: Annual broad Leaves
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Table 3. Analysis of variance (mean of squares) for sunflower residue levels on flora criteria of weeds at different
sampling stages

P9 oPle g9 p2Lle 009 Com 3 o1y
Shannon- Wiener index Dry weight Density soliT azy0 Ol &b
p9o AJ.'»,» Jg‘ 4.L'>}a £9S 4.19}0 Jg‘ 4.L'>}a P9 4.19}0 Jg‘ 4.L‘>}a df S.0.V
Second stage  First stage  Second stage  First stage  Second stage  First stage
0.006™ 0.023" 38.83™ 80.35™ 114.86™ 396.43° 3 ")SJ .
Replication
0.384™ 0.30" 1441323 17585917 4517.99™  14493.71" 4 e
Treatment
Uas
0.004 0.004 46.03 71.18 48.67 98.92 23
Error
. . . . - - 29 F
Total
13.84 11.92 11.54 9.27 16.25 13.72 ) et ey

CV (%)

Qo0 S g g Jloil mda 5o jlo dme g lo sime juf saiasLid o Sy sk g % S
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Fig. 1. Effect of sunflower residue levels on (A) density and (B) dry weight of weeds at two sampling stages
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Introduction

Weeds deprive the crop plants from limited available nutrients, space, light, and moisture. Hence, the
physiological activities and growth of crops are negatively affected in the presence of weeds. Ultimately,
poor crop productivity is the result of weed-crop competition. Allelopathy is primarily based on the ability of
certain plant species to produce secondary chemical compounds, which exert some sorts of biological effects
on other organisms (Waller, 2004). It is biochemical interaction between individuals and ecological
communities systems. Allelopathic compounds are released into the soil through root exudation, leaching by
dews and rains, volatilization and decaying different plant tissues in soil (Rice, 1984). The transport of
allelochemicals to target weed species is facilitated by microorganisms. Allelochemicals also, promote the
activities of soil microbes, which pose a positive effect on crop plants. In many cases, these compounds
inhibit the germination or growth of neighboring plants (Ebana et al., 1981) and affect plant populations
(Chase et al., 1991).

Sunflower contains water-soluble allelochemicals that inhibit the germination and growth of other
species (Sadeghi er al, 2010), and could be used in weed management programs. Orooji et al. (2008)
evaluated allelopathic potential of sunflower on redroot pigweed and common lambsquarter in the laboratory
and greenhouse experiments. Ashrafi et al. (2008b) studied the allelopathic effects of sunflower on
germination and growth of wild barley.

Chickpea (Cicer arietinum L.) is the third most important legume worldwide. It is predominantly grown
as a post-rainy season crop on conserved soil moisture and experiences progressive terminal drought stress
with varying intensity. Chickpea is a weak competitor against weeds and availability of post-emergence
herbicides particularly against broad-leaf weeds is limited (Solh & Palk, 1990).

Materials and Methods

In order to study the effect of sunflower residue levels on population, density, dry weight and diversity
of weeds and yield components, biological yield and grain yield of chickpea (Cicer arietinum L.), an
experiment was performed based on a randomized complete block design with four replications at the
Agricultural Research Station, Ferdowsi University of Mashhad, Mashhad during 2013. Treatments included
application of zero, 625, 1250, 1875 and 2500 kg.ha™ sunflower residues. Traits such as density, dry weight
and Shannon- Wlener dlver51ty index of weeds at two sampling stages, height of main stem, distance of first
pod to soil surface, number of branches, pods and 100-seed weight, biological yield and grain yield of
chickpea were measured.

Results and Discussion

The results indicated that 14 weed species belong to 10 families were observed at two sampling stages.
Poaceae was the most dominant family amongst these. The effect of sunflower residue levels was significant
(p<0.01) on weed density and dry weight and Shannon-Wiener diversity index at two sampling stages.
Increasing the residue level considerably declined the density and dry weight of weeds. At the first and
second sampling stages, the lowest Shannon-Wiener index was recorded at 2500 kg sunflower residue ha™
with 0.2 and 0.03, respectively. Moreover, growth characteristics, yield components and yield of chickpea

* Corresponding Author: khorramdel@um.ac.ir
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were significantly affected by sunflower residue levels (p<0.01). The maximum biological yield and grain
yield were observed in 2500 kg.ha™' sunflower residue with 237.9 and 97.2 kg.ha™, respectively. It seems that
the application of increased residue levels of sunflower through decreasing weed growth and improvement of
soil characteristics has resulted in an enhanced growth and yield of chickpea. So, in order to achieve the
principles of sustainable agriculture, the application of sunflower residues could be considered for weed
control and yield enhancement of chickpea as an important and valuable legume.

Conclusions

Allelopathic crops express their allelopathic activity through exudation of allelochemicals. Growing
allelopathic crop may become an important way to suppress weeds, especially So the use of allelopathic
plant residues as mulches are important ways that can be practiced for economical, environment friendly
weed management in agricultural systems. The allelopathic potential of crops is desired to be strengthened
using conventional and modern plant breeding techniques.

Key words: Allelophaty, Chickpea, Shannon-Wiener index, Soil characteristics improvement, Sustainable
agriculture
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