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Table 2. Effects of irrigation levels, methanol application and bio fertilizers on pod per plant and seed per pod of

chichpea
™ zobw gy yo SME MW o wils
Irrigation levels Pod per plant Seed per pod
5 Al 5o o gLl alad 15.39¢ 2.091b
Irrigation withholding in flowering stage
ails it als e s ol alad 18.03° 2.16%
Irrigation withholding in grain filling stage
Jels o LT 20.93% 2.23
Full irrigation
Joibie z gl
methanol levels
aals lsieay o L S5 Jslowe 15.62¢ -
Foliar application with water as control
Jsilie aoys Yo o p)l8 18.23° -
Application of methanol 20%
Jglie a0 Yo o )l8 20.52 -
Application of methanol 30%
) sloogs
Bio fertilizers
aals olgieds solaiul pas 14.15¢ -
Without biofertilizers as control
Py 2 17.47° -
Rhizobium application
Posiy 3 7195 ol S8 19.5° -
Both application of mycorhyza+ rhizobium
21.36° -

3259500 5 bgegdg b pasiy 08

Both application of mycorhyza+ rhizobium+psedomonas

Means with similar letters in each column are not significantly different.
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Table 3. Effects of irrigation levels, methanol and bio fertilizers on grain filling period of chichpea

s o 09> Jgb
439 S5 T Ay 43 g S . 5 olowy L WS .
039 );5 | ails oy i PHENIV 3%} O ))‘9‘: 09 ) el il “)’” &lo 5 Shos
. (p45) ailo (594) &l .. . Aigs 5o (p 45 L . .
slesd o Gy 3% £55) (395 o P i P).:‘sl“ (b 59 o)
Treatments ™Maximum ! in fill Effective Chlorophyll Number Weight of Grain yield
of grain _Grain Grainfilling  gprain filling index of nodule nodules per (kg/ha)
weight (g) f||(||73 ra;te szjno)d period (day) per plant plant (mg) g
g/day ay
11X M; x By 0.253%" 0.0084% 37.7% 23.9° 40.4% 442K 5.99° 1048™
11X M; x B, 0.256% 0.0101°¢ 38.30d 25M 40.4% 9.83fa" 10.43"f 1155
113X M; X B3 0.273 0.0105¢ 38« 26K 42¢ 10.32¢%f 11.03N 1182"
113X M; X By 0.276° 0.011% 38.56° 28.2¢ 42 5% 10.872cde 11.43f 1207¢
11X Myx By 0.266% 0.00941iKim 38.82%¢ 25.3”_‘_""’ 42°¢ 4,911 6.59" 1112%
11X M, x B, 0.273 0.0094Km 38« 25.9iK 42.1¢ 10.03¢f 11.08" 1252f
13X Myx Bs 0.280° 0.0108° 38.6" 29.0¢ 42.9% 10,5200 11.63¢f 1267¢
I1x M, x B 0.280° 0.0112 39.1% 29.2° 43.34 10.87120cde 12.34° 1296¢
lix Mi x Bj 0.266% 0.0099%" 38.6" 25.2mno 46.1° 3.934 7.19m 1246f
13X M3 % B, 0.280° 0.0102¢ 38.40d 26.8¢9 47% 10.872cde 12.35° 1365°¢
11 M3 x Bs 0.293° 0.01112 38.7% 28.7¢ 47.8° 11.0718bcd 13.322 1417°
I3 M3 X B 0.380? 0.01172 39.52 32.22 50.22 11.442 13.212 14552
|ix Mi x Bj 0.221K 0.00919™ 34,61k 24p 37.1m 3.93¢ 5.94° 882!
I,x M; x B, 0.233' 0.009699"i 34.6'k 24P 37.5m 9.04M 10.34' 1028"
I, M; X B3 0.256 0.009651" 34.2% 26.5¢foni 38.44 9.639" 10.93ih 1040™
I, M; X By 0.263¢f 0.0105¢ 34K 25m 38.44 10.32¢f9 11.431 1076'
I,x Myx By 0.233' 0.00923™ 34,5k 25.2mne 38.5K 3.34 6.54" 924"
I, M, X B, 0.253%" 0.009376'm 34.6'k 27.02¢ 39ik 10.540¢ef 10.98ih 1050™
I, Myx Bs 0.256 0.0094iikim 35.99'_‘ 27.1° 39.2“”5_ 10.873bcde 11.521 1064'
I,x Mj x By 0.266% 0.01¢f 353" 26.6°7" 39.49Mi 11.4% 12.23% 1072'
I, M3 X By 0.246" 0.00915™ 36.6" 26.8°f9" 39, 2niik 4,42 7.13" 9554
I, M3 X B, 0.263¢ 0.00919’“_” 36.9° 28.6% 40.04foni 10.62bcdef 12.24% 1107'_‘
I,x M3 x B3 0.273% 0.00979" 36.5% 28.1¢ 40.2f" 11.318% 13.212 1129
I, M3 X By 0.276° 0.0105¢ 36.21 26.29M 40.7° 11.4%® 13.12 11423"
I3x M; X By 0.206 0.0087" 32.6'm 25.7ikim 27.3 3.44 5.32° 693*
I3 M; x B, 0.223% 0.0086M 32.4'm 25.1mn° 27.3 8.55! 10.11' 830"
I3x M; X B3 0.230 0.009m™ 32m 24.7° 29.8° 9.04M 10.68H 847"
I3 M; X By 0.231" 0.00993¢fn 32m 23.14 310 10.32¢f 11.75¢ 876!
I3 Myx B, 0.2234 0.008544 31.9™ 23.6M™ 32.2¢ 4,72 6.38" 747V
I3x M, X B, 0.233f 0.00924™" 32.7'm 25.2mne 33.07 9.08" 10.73k 884!
13X Myx Bs 0.236f 0.01°f 32”‘__ 26.1Mik 33.4° 9.549" 11.27% 9127°
I3 M; X By 0.236' 0.0099¢f 35,2 23.7™ 33.4° 10.8720cde 11.96% 932"
I3 M3 X By 0.230" 0.00854 32.7'm 26.9° 33.9% 491 6.97™ 819"
I3x M3 X B, 0.233f 0.009699"i 32.9' 24P _ 34.7"° 10.13¢f0 11.96% 9594
I3 M3 X Bs 0.233' 0.00879r° 32.4m 26.5n 35.5" 11.078bcd 13.01% 9748°
I3 M3 X By 0.246" 0.0096' 32.5m 25.6Kmn 35.6" 11.60° 12.7% 992°
LSD 0.01 0.0003 0.847 0.635 1.01 0.819 0.334 13.07

3555 02 b (5l gine (s lal DS oy 5 0 alie B> L slapnSile
@A al> e ) o ylal 1B g il o f alse o (sylel @b g Lol (el e parelaida g
Sa55ee 5 olisagoges b pgmsiny 9,1 5 psataiy 9 515%ee SlS pamaiy Sl st oS il edlitnl pac i 4 Bac By B By
Joitie oz a0 o Vo g o) Yo il Jslome 5 (S8l slne pie o 4 M3 M2 My
Means with similar letters in each column are not significantly different.
11, I,and I3: full irrigation, irrigation withholding at flowering stage and irrigation withholding at grain filling stage, respectively
B;, Bz, Bsand By: without biofertilizers as control, rhizobium application, both application of mycorhyza+ rhizobium, both application of mycorhyza+
rhizobium+pseudomonas, respectively
M3, M3 and Ms: no foliar application, foliar application of methanol 20% and 30%, respectively
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Introduction

Drought stress is the most influential factors affecting crop yield particularly in irrigated agriculture in
arid and semiarid regions. Drought, being the most important environmental stress, severely impairs plant
growth and development, limits plant production and the performance of crop plants, more than any other
environmental factor. The impact of the drought on plant species depends on variety, severity and duration of
the stress as well as on the development stage. The closing stomata which reduce transpiration and conserve
water in plants is the first mechanism of plants against dehydration stress, which in turn limits CO; fixation.
One of the important strategies for increasing of carbon dioxide concentration in plants is using compounds
such as methanol that can increase the concentration of CO> in a plant will improve photosynthesis rate and
growth under water deficit conditions. Among the numerous microorganisms in the rhizosphere, some have
positive effects on plant growth promotion. These microorganisms are bio fertilizers such as plant growth
promoting rhizobacteria (PGPR), which colonize the rhizosphere and roots of many plant species and confer
beneficial effects to plants. Using rhizosphere microorganisms, particularly beneficial bacteria are an
alternative strategy that can improve plant performance under stress environments and, consequently,
enhance plant growth through different mechanisms. Mycorrhiza is a symbiotic association between plant
roots and fungi and form symbiotic association with terrestrial as well as aquatic plants. They also impart
other benefits to them including production/accumulation of secondary metabolites, osmotic adjustment
under osmotic stress, improved nitrogen fixation, enhanced photosynthesis rate, and increased resistance
against biotic and abiotic stresses. The mechanisms used by mycorrhiza to enhance the water relations of
host plants are not amply clear, however, this may occur by increasing water absorption by external hyphae,
regulation of stomatal apparatus, increase in activity of antioxidant enzymes and absorption of nutrients
particularly phosphorus. Hence, application of bio fertilizers and methanol presumably looks to be a
promising practice in plant yield optimization under suboptimal growth conditions. So, better understanding
of chickpea physiological responses under water limitation may help in programs which the objective is to
improve the grain yield under water limitation. Therefore, the aim of this study was to evaluate of grain
filling components of chickpea (Cicer arietinum L.) using segmented model under irrigation withholding
condition, methanol application and seed inoculation with bio fertilizers.
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Material and Methods

A factorial experiment was conducted based on randomized complete block design with three
replications at the farm of Piralger from Ardabil provence in 2017-2018. The experimental factors included:
application of methanol (foliar application with water as control, application 20 and 30 volume percent), bio
fertilizers at four levels (no application as control, Mesorhizobium ciceri application, both application
mycorhyza with Mesorhizobium ciceri, application of mycorhyza with Mesorhizobium ciceri and
Psesomonas putida) and three irrigation levels (full irrigation as control, severe water limitation or irrigation
withholding at flowering stage, moderate water limitation or irrigation withholding at podding). To
investigate grain filling parameters in each sampling, two plants in each plot were taken. The first sampling
was taken on day 12 after podding, and other samplings were taken in 5-days intervals to nv xfrikh determine
the accumulation of grain weight. At each sampling, grains were removed from pods manually and were
dried at 80°C for 48 h. We applied grain dry weight and number to estimate the mean grain weight per
sample. Following Borras and Otegui (2001), we calculated total duration of grain filling for each treatment
combination throu%h fitting a bilinear model:

_ [a+ bty eex,

W=l o

Where GW is the grain dry weight; a, -intercept; b, the slope of grain weight indicating grain filling
rate. Borras, Slafer, and Otegui (2004) determined grain filling using a bilinear model. Effective grain filling
period (EFP) was calculated from the following equation:

EFP = MGW /b

Where MGW: the highest grain weight (g) and b: grain filling rate (g day). Conversely, an increase in
kernel weight in filling period was calculated using the above-cited equation in statistical software SAS q»
via Proc NLIN DUD method. The analysis of variance and mean comparisons were performed using SAS
computer software packages. The main effects and interactions were tested using the least significant
difference (LSD) test at the 0.05 probability level.

Results and Discussion

A two part linear model was used to quantify the grain filling parameters. The highest number and
weight of noduls per plant (11.6 and 113.21 mg per plant, respectively), chlorophyll index (50.28), grain
filling rate (0.0117 g/day), grain filling period (39.57 days), effective grain filling period (32.2 days) and
grain yield (1455 kg/ha) were obtained in full irrigation and high levels of methanol and application of
mycorhyza, Mesorhizobium ciceri with Psesomonas which, there were 237 and 148 increases, respectively in
number and weight of nodule per plant, 84.17% in chlorophyll index, 34.48% in grain filling rate, 21.38 and
25.3% in grain filling period and effective grain filling period respectively and 111% in grain yield in
comparison with no application of methanol and bio fertilizers under irrigation withholding at flowering
stage conditions.

Conclusion
Based on the results, it seems that seed inoculation by bio-fertilizers and foliar application of methanol
in order to increasing of grain yield, rate and grain filling period under water limitation is effective.

Keywords: Mesorhizobium ciceri: Mycorhyza: Psesomonas: Water limitation: Yield
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Table 1. Variance analysis for seed germination and seedling growth of mung bean affected by different concentrations
of whole plant aqueous extract of X. strumarium L.
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- S oot . :
Source of variation df) Germination  Mean rate of Plumule Radicle Plumule R%dryle Seedling
germination length length dry weight weight dry weight
A.E. i ns xx xx ns ns ns x
concentration &l olas 3 16.02 0.024 39.2 13.3 0.185 0.042 0.542
Error Uas 12 10.92 0.002 4.2 53 0.132 0.056 0.142
%CV ) 3.61 7.2 9.12 6.31 8.23 6.21 5.42
(1) &l s

. P X% X . - Ns
B3 Sy g )3 Bl 5 Gl se i 4T g et

" Non significant and *,**: Significant at P<0.05 and P<0.01 levels, respectively
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Table 2. Mean comparison of germination rate, plumule length and seedling dry weight of mungbean affected by
different concentrations of whole plant aqueous extract of X. strumarium L.

o ostas S35 8 s (52Sln LS i gy azaile Jsb

A.E. Mean rate of germination (1/day) Seedling dry weight  Plumule length

Concentration (%) (mg) (mm)
0 0.722 6.27% 17.822
3 0.72 6.12 17.64*
6 0.64° 0.58° 14.1°
9 0.52¢ 0.53% 12.3¢

Al oo 0o )3 B a0 LSD (5051 oolal b yless oy o gire S s525 FLis ygim ;o 0 Galists B9,
Different letters in columns are significant differences between treatments based on LSD test at P<0.01.
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Table 3. Effects of X. strumarium soil incorporated and soil surface placed dry whole plant residues on
seedling emergence and growth of mungbean in greenhouse

Jol5 oS ilanwy Zas o Tas5 ak ady; Jsb sl Jsb
Whole plant residue (g/pot) Emergence (%) Emergence rate (seeds/day) Root length (mm) Shoot length (mm)

Sl SS Sl SS Sl SS Sl SS

0 75° 717 117 8 64° 35° 60° 51°

90 63° 15P 117 4P 58 7™ 55 14°

180 38" 2 6° 2 42° 0 45> 1°

270 31° 1¢ 4° 0.4° 27° o° 30¢ 0°
CV (%) 8.1 9.3 7.4 8.1 10.9 11.2 10.8 11.4

S b 3 058 SS 5 Sl L axil LY S|
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Sl: Soil incorporated, SS: Soil surface

Means followed by different letters in the same column differ significantly P<0.05 as established by LSD-test.
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Introduction

Xanthium strumarium (Cocklebur) is a genus of flowering plants in the family Asteraceae, native to the
America, Eastern Asia, South Africa and Australia. It is coarse, herbaceous annual plant growing to 50-120
cm tall, which invades agricultural lands. Its seedlings and seeds contain the glycoside carboxyatractyloside
and can be poisonous to animals, including cattle, horses and pigs. Its successful spread in so many parts of
world has mainly attributed to its allelopathic properties, which enable it to complete effectively with native
crops and/or pasture species. Vigna radiata is an important food legume cultivated in rainfed areas in the
west and northwest of Iran. One of the main reasons of its lower yield is competition from weeds, because it
does not compete well with weeds. Thus, weeds reduce yield and quality of mungbean through competition
for light, moisture and nutrient. This study was aimed at determining the possible effects of the widespread
weed X. strumarium L. whole plant A.E. on germination and seedling growth of mungbean under laboratory
and greenhouse conditions

Materials and Methods

Naturally growing common cocklebur plants around our university campus were randomly uprooted and collected
during flowering stage in August 2018. The plants were immediately brought to laboratory and the whole plant cut into
2 to 3 cm pieces, air-dried in greenhouse and ground in a mill of 2 mm sieve size. Then 3, 6 and 9 g of ground materials
were mixed in 100 ml distilled water and soaked for 24 h at room temperature (21 to 22 °C) and filtered through four
layers of cheesecloth. The aqueous extracts were stored in conical flasks in dark until use. Both in laboratory bioassays
or greenhouse studies were done from August to December, 2018 and the rates of 90, 180 and 270 g powdered material
or 3, 6 and 9% extracts were based on the previous studies.

Results and Discussion

Results showed that mean rate of germination in control treatment was higher than that of other
treatments, but there was not any significant difference between control and 3% treatment. The lowest value
for this trait belonged to aqueous extract i.e. 9%. The increase in X. strumarium L. A.E. concentration was
concomitant with decrease of the mean rate of mungbean seed germination. In this case, there was a negative
linear regression between A.E. concentration and plumule length as well. It is noteworthy that decrease in
germination rate led to a delayed emergence and poor establishment of mungbean seedlings. X. strumarium
A.E. did not adversely influence plumule dry weight of mungbean in the 3% A.E. treatment, compared to the
control. The A.E. concentrations of 6 and 9% resulted in significant reduction of 20.87 and 30.97% in
plumule length compared with those of the control, respectively. The soil incorporation of dry mix residues
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decreased both germination and seedling growth of mungbean. There was an increase in inhibitory effect
with increase in amount of dry residues incorporated. However, no significant difference was observed
between control and 90 g for both germination (%) and rate, and root and shoot lengths. Compared to soil
incorporated dry mix residues, the soil surface applied dry whole plant residues drastically inhibited the
mungbean germination and seedling growth. This is congruent with previous report. All rates of soil surface
placed X. strumarium dry mix residues significantly inhibited the mungbean seedling emergence (%) and
rate and root and shoot lengths over the control.

Conclusion

High concentrations of X. strumarium L. A.E. negatively influenced seed germination rate, plumule
length and seedling dry weight of mungbean. However, their effects were not considerable at low
concentrations. In conclusion, we can claim that mismanagement of weed population in field condition
especially high densities of X. strumarium L. weed and presence of high concentrations of water soluble
chemicals produced by this weed adversely influence early growth (delayed emergence and dwarf and weak
seedlings) of mungbean plants. Eventually, this trend negatively influences homogenous emergence of plants
and the result would be plants susceptible to biotic and abiotic stresses, leading to very low marketable
yields.

Keywords: Aqueous Extract: Herbal Remnants: Incorporation: Seedling growth
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Fig. 1. Population dynamics of different stages of Thrips tabaci in the first year
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Fig. 2. Population dynamics of different stages of Thrips tabaci in the second year
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Table 1. Results of compound population dynamics of different stages of Thrips tabaci in in two years

MS wlay po (5SSl

& 09, 99,Y

8ol3T a0 &l gt @b
Adult Larvae and df S.0.V
nymph
ns ns Ju
1
0.83 3.98 Year
. . 1% Jl
18 g
14.10 319.13 Year*replication
L1 5 Phass
13.11 171.19 Treatment
ns ns bt Jl
5 J
0.31 113 Year*treatment
Uas-
0.69 7.57 90
Erorr
4576 35.01 - Reiae
cv

2oy S Jlois phans 58 o gme 2 ¢ ls ixeyue NS
ns: Non-significant; **: Significant at 1% probability levels
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Table 2. Comparison of mean of compound analysis of different stages of onion thrips population dynamics in two years

(MC) (555l ol lio

FalY 0y99-9,¥ P 3)
Adult Larve and nymph Cultivar
a+0.6 3.15 11.97a+2.57 e =z
Chiti Mahali
dc+0.43 155 be1.55 6.97 Loy
Koosha
b0.5 2.35 10.44a+2.28 She
Sadri
dc+0.291.2 dc+1.26 552 o
Talash
bc+0.38 1.7 b+1.837.97 e
Ghaffar
d0.24 0.95 4.27d+1.09 KS-21492

b e o lasbinl slasd )| S5 o Silo b ol elygims o (6lps odelamsdy sae®
51l g BB ilonys I aseie Sglie By, L aS ol Silee
* The number obtained for each column is equal mean+SE.
Means in a columns followed by different letters are significantly different.
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Table 3. Results of compound analysis yield and its components of two years of project implementation
in tests of without spraying

(MS) wlayyo uSilso

ool o Shae ) S ol el ; Syt @l
. R foLs) (p5) ailoVes 39 GHME o dild slaxi A (e 55L) syl az o S.0.V
(ish20,89) O dad 100 Seed weight (g) Seed pod w95 roe df
Score Yield (Kg/h) Pod plant  Height (cm)
0.01™ 2214.08™ 1.26™ 0.41™ 8.58° 388.17" 1 Ju
Year
0.02m 53874.26" 2.7 0.08™ 1.36™ 487" 6 )"SJX“_JL“ i
Year*replication
4.72% 3899799.38* 53.56** 5.27* 61.49* 3768.76%* 5 o
Treatment
0.02 387.73" 167™ 0.07™ 0.59™ 49.70% 5 e Sl
Year*treatment
0.03 29887.11 2.02 0.13 1.54 2.61 30 >
Erorr
4.56 6.72 383 17.03 1227 2.33 - (02,3) Sl e 2
(%) CV

o) g o, Jleiml mha 0 )l re i 34y KT R ¢ ls xeyue NS
ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Table 4. Results of mean comparison of compound analysis yield and its components of two years of project implementation
in tests of without spraying

) it 39 035 8luS) o Shos Rt 50 &l olaws 0 B oluy el .
oldo 8 Slos (s (55) A s (o ilw) oY 908y
Score % Yield . 100 Seed weight i Height Cultivar

reduction Yield (kg/h) (@ Seed pod Pod plant (cm)
4.79 15.11 2149.25bc 36.20c 2.06c 8.2¢c 87.31a aa
Chiti mahali
Logs
3.27d 6.25 3377.25a 38.65b 3.07a 12.96a 61.87d
Koosha
4.55b 12.71 2283b 36.59¢ 2.41bc 10.5b 86.69a 5)’\”?
Sadri
3.19d 5.40 3547.38a 41.61a 2.73ab 13.81a 71.87c S
Ghaffar
3.5¢ 11.19 1965c¢ 34.45d 1.02d 7.27c 78.94b A%
Talash
2.95e 431 2117.13bc 35.47dc 1.27d 7.89c 44.12e KS-21492

* The number obtained for each column is equal meanzSE.

Means in a columns followed by different letters are significantly different.
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Table 5. Results of compound analysis yield and its components of two years of project implementation
in tests of with spraying

(MS) &l o ilso

S o B oluy el ,l .
(B0 poi) (wliio R _ (py5) ailoVesy3g SHME o aild slaxi . e sol3l az o Ol i 2alo
Score OS2 2 £594) 100 Seed weight (2) Seed pod w9 (o) df S.0.V
Yield (Kg/ h) Pod plant  Height (cm)
0.0002"™ 1704.07" 13.63™ 0.68"™ 24.36° 73.75* 1 Ju
Year
0.009"™ 44351.82"™ 289" 0.221 1.99" 1.78m 6 sl
Year*replication
147+ 3724750.38" 87.94% 5.38% 58.76* 3826.92% 5 et
Treatment
0.004" 16.73™ 1427 0.004" 077 27.87% 5 S
Year*treatment
0.02 29160.07 2.50 0.54 1.72 291 30 o>
Erorr
6.25 6.05 3.84 15.20 9.72 237 - ()3 Slreedd o r2

(%) CV

aoyo) 50,00 Jlezal prdans 4o s cixe Sy K GE ¢ Iy el INS
ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Table 6. Results of mean comparison of compound analysis yield and its components of two years of project implementation
in tests of with spraying

iyl
oo (LS 45 p,5elis) o yShos (p5) 4ildVee 439 e jo aild slaxy Ay yo NS sluxy é )Lw oY g o,
Score Yield (kg/h) 100 Seed weight (g) Seed pod Pod plant (aisle) Cultivar
Height (cm)
3.04a 2531.75b 40.08c 3.67b 11.79¢ 88.81a Chiti mahali
Loss

2.12dc 3602.25a 42.22b 4.69 16.16a 64.12d

Koosha
2.72b 2615.5b 40.26¢ 3.99ab 13.44b 89.37a 86;3:

s

2.01d 3749.88a 47.23a 4.16ab 17.35a 75¢ ’

Ghaffar
2.25¢c 2212.5¢ 37.66d 2.60c 10.9c 82.06b b

Talash
1.99d 2212.5¢c 39.51c 2.75¢C 11.24c 47.56e KS-21492

Al e o libinl gllast | S5 . Sila b il o5 50 (6lys odelamsdy sac®
Al ls e DS iloays § et Dglitie B> b aST ol Sile
* The number obtained for each column is equal meanzSE.
Means in a columns followed by different letters are significantly different.

sl Y wlws> KS-31285 4 KS-31169 L= 3550 A 1 g (Y 30 5lo ey Carez o515 ,0 glas

, KS-31292 KS-31290 [KS-31288. KS-31286 . liar olys ol i, csla Sing b il s axlllne
5KS-31289 sl a0V 5 ol o5 KSB1287 )y oKy 5o il BLS,| 4 0 logl olge 5 sltyiis CoaS
Do0gr sl ol as pglie slapuY lgeas KS-31291 o= Ve Cwglie 5,5 ,0 (ROOZDahaNI et al., 2016)
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Introduction

According to statistics released by the Ministry of Agricultural Jahad, the area under cultivation of beans
in Iran is 105,000 hectares, with an average yield of 2200 kg/ha. Thrips is one of the pests that reduce bean
yield. The different developmental stages of Thrips tabaci, by settling under the bean leaves and feeding on
the plant sap, cause colored silver spots, that the black feces of pest are visible inside these spots. These signs
of damage indicate the presence of pests. Thrips is evident from the beginning to the end of its growing
population of active beans in the fields and its damage. Onion thrips is the most well-known thrips in the
world and causes significant damage to onion, cotton, lettuce, tomato. It also carries some viral diseases.

Materials and Methods

Phaseolus vulgaris is one of the most important legumes cultivated in most countries of the world. This
crop is attacked by various pests including onion thrips. This study was conducted in two years in field
condition by planting cultivars Ghaffar, Sadri, Koosha, talash, local chiti of Khomein (control) and
KS-21492 genotype in a randomized complete block design with four replications in two experiments with
spraying and non-spraying treatments, at the National Bean Research of Khomein Station. Sampling was
also conducted weekly to evaluate changes in pest populations (separately from larvae, nymph and adult)
from the beginning of infestation to the end of infestation was performed. For sampling, five plants were
randomly selected from each plot and scored based on the amount of damage and contaminated leaf area.
Yield and yield components were also calculated. The results of this study were analyzed using SAS 9.1
statistical software and the means were compared by Tukey test in 1% and 5%.

Results and Discussion

The two-year results of this study showed that Ghaffar and Koosha cultivars had the highest average
yield of 3749.88 and 3602.25 kg/ha, respectively. Chiti of Khomein and sadri had the highest of population.
On the other hand, KS-21492 genotype had less damage scale than Sadri and control, but its yield (2212.50)
was lower than other cultivars. Given that this genotype had the lowest yield loss and population among
cultivars. Sedaratian et al, (2010) also studied the population density of thrips onion on seven cultivars and
one soybean genotype and reported the highest density of thrips on Dpx and genotype KS-3494 and the
lowest population density on two cultivars L17 and Tellar. This is not consistent with the results of the
present study due to differences in the product studied. Cultivars resistance based on population count of
onion thrips and evaluation of crop yield characteristics were also used by Kalafchi et al, (2002). These
researchers evaluated nine onion varieties for damage. Red Azarshahr cultivar with the highest number of
thrips and the highest damage to other cultivars was sensitive, and Sefid-Qom cultivar with the lowest
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number of thrips, it is less contaminated than this pest. The results of this study are different from the results
of recent research due to differences in product and cultivars tested. The results of the research (Mohiseni &
Kushki, 2016) showed that the plant growth type had a significant effect on the resistance of cultivars to two
spotted mites, which requires further investigation on the impact of the plant growth type on the onion
population. Research has shown that different varieties of common beans contain anti-nutritional compounds
such as phytic acid, lectin and trypsin inhibitors that can influence the biology of herbivorous pests such as
onion thrips. This is similar to the results of the present study due to differences in populations studied as
well as differences in yield and damage scale. Studies have shown that the levels of these anti-growth factors
in different bean genotypes are different.

Conclusion
Based on the results of this study Koosha and Ghaffar cultivars due to higher yield Priority for
cultivation in the area.

Keywords: Bean: Loss assessment: Population changes: Resistance: Thrips tabaci
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Fig. 1. The amount of daily precipitation and absolute maximum and minimum daily temperatures of Khorramabad,
during the growing season, from October in 2009-2010
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Table 1. Analysis of variance of chickpea grain yield and biological yield, in second year
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wheat and chickpea weed management (Left) ) on chickpea grain yield
Means with at least one common letters are not significantly different based on LSD test at 5% level.
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Introduction

Chickpea provides N benefit to cereals grown in crop rotation. In addition to the N benefit, chickpea
provides a disease break for wheat grown in the crop rotation. Imazethapyr, applied preemergence at the rate
of 0.053 kg ai/ha, reduced plant height, delayed plant maturity, and caused leaf chlorosis. Imazethapyr,
applied at 0.053 kg/ha, significantly reduced plant height compared with the nontreated or hand-weeded
checks. Visual injury symptoms observed with Imazethapyr treatment included chlorosis and delayed
maturity of chickpea. There was an apparent rate effect with imazethapyr, when this herbicide was applied at
0.026 kg/ha with sulfentrazone, visual injury symptoms were significantly reduced. The risk of crop injury
from the higher use rate of Imazethapyr is probably not commercially acceptable, whereas the injury from
the lower use rate probably is acceptable. Pre-emergence application of low-rate of imazethapyr caused
minor levels of injury to the plants, it had only minor effects on plant development and yield compared with
sulfentrazone. Post-emergence applications of imazethapyr, imazamox and metribuzin, delayed flowering
and maturity and reduced yield. Herbicide effects varied with chickpea cultivar. Most of the commonly used
herbicides that are recommended for wheat fields weed control are not able to fully control the wild barley
(Hordeum spontaneum C. Koch) weed. Hence, utilizing appropriate agronomic strategies for managing this
weed is critical. The evaluation of the effect of Wild barley spike cut-off on the previous wheat field, and the
effects of chickpea sowing date and weed control measurements in chickpea cultivation in the next year in
crop rotation on chickpea yield are among the aims of this study.

Materials and Methods

The effect of wild barley weed spike cut off in wheat crop and sowing date and management strategies
in chickpea cultivation on chickpea yield in the following year was evaluated in Khorramabad, Lorestan,
during 2008-2009 and 2009-2010. The experiment was factorial split plot based on completely randomized
block design with three replications. The factorial of the wild barley weed spike cut off in wheat (in two
levels: 1- No spike cut off, and 2- Spike cut off) and chickpea sowing date in the following season (in two
levels: 1- early sowing and 2- late sowing) was assigned to main plots, and the weed management factor
levels in chickpea cultivation at five levels: 1- Pre emergence application of Metribuzin (0.7 kg/ha from
Sencor 75%), 2- Pre emergence application of Imazethapyr (0.7 L/ha from Pursuit 10%), 3- Post emergence
application of Clethodim (1 L/ha from Select 12%), 4- Hand weeding, and 5- Weedy check was assigned to
sub plots.

Results and Discussion
Wild barley weed spike cut off in wheat in previous year increased the average grain yield of chickpea
by 26.5%. Chickpea grain yield for early sowing was 49.9% higher than late sowing. Pre emergence
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application of Imazethapyr (0.7 L/ha) and Metribuzin (0.7 kg/ha) had a persistence phytotoxic effect on
chickpea. Reducing plant height, leaf brushing, increase the number of branches and delay in reproductive
phase, were the negative effects of Imazethapyr herbicide on chickpea. Weed interference in early and late
chickpea sowing date significantly reduced 17.8% and 49.8% of chickpea grain yield, respectively. The
highest grain yield of chickpea (2309 kg.ha') was observed in hand weeding treatment in early chickpea
sowing under Wild barley Weed spike cut off in wheat crop conditions, and the lowest chickpea grain yield
(449.3 kg.ha) was associated to Imazethapyr herbicide application in the late sowing chickpea with under
Weed No spike cut off Wild barley in wheat crop in previous season.

Conclusions

The results of this study showed that with the spike cut off wild barley weed in the previous wheat
cultivation and preventing current year weed seed rain, we can greatly reduce the population of this grass
weed in chickpea cultivation in the following year and consequently reduce its interference effects on
chickpea. Chickpea early sowing was also effective in increasing the chickpea yield due to the high
efficiency of sowing equipment in controlling wild barley plants and decreasing the population of this weed
and, also due to synchrony of crop growth stages with better environmental conditions. In the case of
herbicides tested, the Clethodim is an appropriate graminicide for controlling the wild barley in chickpea
cultivation, which, of course, achieving a good control requires application in the early stages of grass
weeds, and the delay in spraying reduces the control efficiency of this herbicide.
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Table 2. Analysis of variance (mean square) for the effect of irrigation times and different amount of diatomite on yield
and yield component of chickpea
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Table 4. Means comparison of interaction effect of irrigation times and different amount of diatomite on
yield and yield component of chickpea
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Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Duncan Multiple Range Test.
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Introduction

Moisture stress is one of the most important limiting factors which can affect crop production in semi-
arid regions. Proper management and application of advanced technigues to maintain soil moisture and
improve soil moisture holding capacity in the soil are effective in increasing water use efficiency and
improving water resource utilization. Due to the importance of chickpea as a source of protein and the
irreparable damage of moisture stress to yield of chickpea, the selection of methods that can increase the
tolerance of the plant to moisture stress is very important. Recently, the use of superabsorbent has increased
due to the ability to absorb and maintain water and consequently increase water use efficiency in the soil.
Diatomite, as a superabsorbent, is a unique natural material with interesting features including very fine
structure, low mass density, high porosity, high specific surface, chemical neutrality and high silica content.
Therefore, the aim of this study was to determine the proper amount of diatomite to obtain maximum
chickpea yield under moisture stress conditions.

Materials and Methods

In order to investigate the effect of diatomite on yield and yield component of chickpea under different
irrigation regimes, an experiment was conducted in Khaf in the year 1396-1397. This research was
conducted as split plot based on randomized complete block design with three replications. The main factor
of irrigation regimes was five levels (dry farming, full irrigation, one irrigation in vegetative stage, one
irrigation in reproductive stage, two irrigations: one vegetative stage and one reproductive stage) and factor
the subdivisions of diatomite were in three levels (0, 3.5 t/ha and 7 t/ha). Each plot has 6 cultivating lines 30
cm long and 3 meters long. In this experiment, diatomite was placed at a depth of 20 cm (maximum root
zone density) under seed. The cultivation was carried out manually on the fifth of March with a density of 45
plants per square meter and a depth of 5 cm. In flowering after full yellowing of chickpea pods, number of
pods, number of seed in pod, 100 seed weight, percentage of pod unfilled, seed yield and biological yield
were measured. Harvest was calculated by dividing the seed yield into biological yield and multiplying it by
100.

Results and Discussion
The results showed that changing the irrigation regime from full irrigation to dry farming caused a
decrease in the quantitative traits studied. The lowest seed yield (318.54 kg/ha) and biological yield (725.44
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kg/ha) were obtained in dry farming treatment. Application of diatomite under different irrigation regimes
increased all evaluated traits and seed yield. The highest seed yield (1745.67 kg/ha) was obtained in
irrigation treatment in vegetative and reproductive stages and consumption of 7 ton/ha of diatomite and the
lowest amount (363.97 kg/ha) was recorded in dry farming without diatomite application. Also, application
of 7 ton/ha of diatomite compared to non-application of diatomite increased by 29, 29, 77 and 39% in
irrigation regimes including dry farming, one irrigation in vegetative stage, one irrigation in reproductive
stage, two irrigations including stage, respectively. Vegetative and reproductive were in the trait of seed
yield. Based on the results of interaction effects in irrigation treatment in vegetative and reproductive stage
and other low irrigation treatments including irrigation in vegetative stage, irrigation in reproductive stage
and dry farming application of 3.5 ton/ha diatomite with application of 7 ton/ha of diatomite in all studied
traits in a statistical group it placed; Therefore, it can be said that the use of 3.5 ton/ha diatomite is the most
appropriate amount in increasing the yield of chickpeas under low irrigation regimes.

Conclusion

Generally, the results showed that the amount of irrigation water had a significant effect on yield and
yield components of chickpea, thus reducing irrigation water in the treatments of two irrigations: one
vegetative stage and one reproductive stage, one irrigation in reproductive stage, one irrigation in vegetative
stage and dry farming in compared to the full irrigation treatment, it reduce 37, 63, 81 and 86% in seed yield,
respectively, and this decreasing trend in other measured traits was observed. At the same time, reducing the
amount of irrigation water increased the percentage of pod unfilled. However, the negative effects of reduced
irrigation water can be reduced by using diatomite. The result showed that the application of 3.5 ton/ha
diatomite at different irrigation levels in all measured traits didnt differ significantly from the application of
7 ton/ha of diatomite. Based on this, it can be said that the application of 3.5 ton/ha is the optimal amount. In
general, using advanced methods such as using diatomite as a super absorbent while saving the cost of crop
production in dry areas, by maintaining and storing moisture in the soil and improving water permeability in
the soil can be an effective step in order to exploit limited water resources and increase seed yield.

Keywords: Harvest index: Moisture stresss Number of seeds per pod: Seed yield
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Table 2. Physical and chemical characteristics of soil at the examination site
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Fig. 1. Method of applying direct light intensities treatments on experimental plots
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Table 3. Light intensity or photosynthetic photon flux (umols / m2) during experiment
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5 Shac (sl3rl 5 3, Shat 5 31 Jald i 53 (a
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ol lis 0g50 0 ,Sles slizl 5 0, Sae Glas )¢5 calize
Folae ol 5l 9 calizee glacsads doo )55, g, Sl aS
Wes 4o ails sl g ails o Shae g odgicum o, Slae p lagy]
Sl haas aloY e e 59 g clls s ls Slas Ll lo pse
(F Jgaz) ol jlo pxe je8 ol

A o Lo 855 gy Hload 10 03¢5y 0,Slos
9= Do jled o cnily ghls g Jals sall jles
0395 Can j 0, Sboe 0 T3 ) Cguny e Loyl 10 dus 0V0
Sl sime S g Lol Ll 5l Jg canls ioli8l oo T/
Slowd o Lao 85 g, bl i o cdilas sald e b
Oyl og o e BWS oo ,0 YO (5,55 ol g vl
S5 5 0s kil 5o 009ty o Slas g8 ol falS
3,55 g, sl les o Lol das,o YY/A B VY/F) S
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V. Water use efficiency
v. Crop water productivity

\AY

Gl (s g0l Yoo 08 5, caSudy slals IS
an S8l o AL S ey )3 eud Bras 355 (e J S
039 4= Oy B g odls J13 05 a5 j0 pasiine (59 9 ol
Sl e (39 L) B L (gye e 50 )5 0) 5l 0590
gy 3 sl 55 5 JS 5 b @ (sla dg IS 5
51 oolaiwl b .ags )5 eolaiwl (ArNON, 1949) ygi,T asl yos
e sz Lgeo,S pom @be (g b (Gex gle
4380 Ve 3l e g 0990 0udfgen SOLU ,0 do e A7 sl
Sl jo @880 0 500 Ll a) s Ce i Lo e il
Ko slacady Sal> ol o5, mbe ! xd Lo YO
FEY slazae Jsb o g 00ls 41,8 (EL 808, Bio Tek) I3,V
)‘ 9 oo)_f ) |) Sy o._).A_> )‘.\_3.,4 ).o.c}:l_) fv. 5???
75038 e eSS sk 4 eSS, ke ¥ VY A Ll
«(Lichtenthaler & Wellburn, 1983) 4,1 oo cewses

Chllorophyll a= 12.21 (Aes3)—2.81 (Aszs) )
Chllorophyll b=20.13 (Aess)-5.1 (Agss) )
Chllorophyll total= Chl. a+Chl. b )
Carothenoides= (1000 As70—3.27 [Chl.a]- )

104 [Chl. b]/227
3lemss o5 L oS Joloe gloaid (s x50 slwil sl
3 o i s s il S5l b 55 s,
sl acdy laulgl als e j0 oad j0g (S diged )50/
Qo310 Jgid g duo,0 A bl sl Pl 510 )5 sola!
b T sloa il (b oo AN Sy il sl
L saolawsds Jgloma (5,98 wda ol woles ,o g eoliiul
o=l 50 00,8 S egils YAA zge Job yo 1Y olKiws
Kiniry, ) a_s eolawl o lasbw] Joloa sl 55605 51 o,
(1993
5o ils 3 Shoe sl g 3o 4 by e Slio (o)
0I5 5 4l Jol (o) &’ﬁjﬁ’f& Sy oo
Op ) Oloyen oS ples Loy 5 285 &)j50 (459
oS5 o WB aS ape e S bl aaig a5 O )50
Seis s g paS S mhaw g sl S aigl
3 035itunyy 9,Skes plsrsay alol> i 5 (nje8 JolS (o
OS So e e laals slaws 00,8 aule mhaw axlg
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Table 4. Analysis of variance (mean squares) of the effect of light intensities and dust deposition on yield and yield
components of chickpea

a0 S ySloc S ySloc ™ Al ofaws
o - &lo)ee 39
Ol i’ il SOl eogicm ) 4l Coils g 0
S.0.v df Biological  Grain  Harvest  100-grain No. grain
yield yield index weight per plant
K3
* 2 728.5™ 90.5™ 9.63™ 1.33™ 0.421™
Block
Drlos53, o) 1 161348™ 22495 922" 1000 1316~
Dust deposition (D)
. (L.) o UM 27427 9081™ 109.7™ 21.25™ 19.42"™
Light intensity (L)
D x L Jliwe ol gl - « e
.J% ¢ 4 2699 601 16.69™ 0.89™ 2.04
Interaction D x L
’ 18 560.1 197.7 14.0 3.29 0.438
Error
Ol ks g o
00) ekl oy 56 945 1078 4.94 482
CV (%)

20,30 g sy Jlisl zalaw )8 o gae g )5 e pé S Fay® 5™ NS
ns, ** and *: Non significant and significant at 1% and 5% probability levels, respectively

415 0395 § (S0 Slos 2 )98 iliso GLOLAL 99,53 ) Ly S lod Jiliie O 5T (1aSle dumslio -0 Jgu
Sgi digy 4o Aild slusi g

Table 5. Mean comparison of interaction of between dust deposition and different light intensities on biomass, grain
and number of seeds per plant of chickpea

Lo 005 Caunny 3 O y5los ails o ySlos gy yo aily
Treatments Biological yield Grain yield Grain per plant
( ) ® sesS o 0 30 S Ju0 50 S 050
L) I EYCIRW »e - .
N 203 0 GRS R aald & &iyo ko O 055 ol 4 Slus ol 4
B3] S0 -2
.. Light intensity _2 (% to (g.m™) o No. o
Dust deposition (%) (g.m”) control) (% to control) (% to control)
sals 569.3% 205.9° 16.9°
Control 100 +18.0 100.0 +10.9 100.0 10.66 100.0
595.72 228.8° 18.32
75 114 104.6 1116 1111 10.33 108.2
b b C
50 s 82,6 1as 84.8 e 92.3
432.2% 147.7% 14.4¢
25 127 759 73 L 041 8.2
410.2% 123.5¢ 13.6¢
0 +16.0 72.0 161 59.9 1055 80.4
b be d
Dustles 535, oo, 100 4ig]1' 75.5 11:;22 83.1 i’g% 84.6
de d e
deposition 75 Sa 65.9 o 68.3 fr 739
337.3% 125.2¢ 11.2°
50 15.0 59.2 184 60.8 1016 66.2
320.6% 93.2° 10.69
25 +16.3 56.3 156 452 +0.55 62.7
281.3¢ 76.7° 9.3¢
0 102 49.4 5.4 37.2 032 550
LSD (o= 0.05) 40.6 - 24.1 - 1.13 -
Aibse Gl sine B JBlas ig03T) oy O Jlazs| o o o cire S pas saims i alie gy (gt o 40
S il slas £

In each column similar letter indicates no significant difference at 5% probability level (least significant difference test);
+ Standard error
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Table 6. Mean comparison the effects of different levels of light intensities on harvest index and 100-grain weight of
chickpea

Ccbolo gy sl

(0)0) o rul

Harvest index

aloVee 39

100 - grain weight

Light intensity (%) o ys Wl &) Camadd duo o) Al & Camadd duo
(%) (% to control) (9) (% to control)

100 38.06°+1.76 100.0 37.8%+0.66 100.0

75 38.00°+ 1.63 99.8 39.32+0.93 103.9

50 37.19%+ 1.57 97.7 36.7°+0.70 98.0

25 31.68°+1.75 83.2 35.2°+0.49 93.1

0 28.73°+1.38 75.4 34.7°+0.84 91.7

LSD (a=0.05) 454 2.20 -

bl e (o g O Jslas ‘_-,5,.:5]) Ao, e o 5o )b@“ OS] pae oaipslis alie By > oygiw o )0

sl gl

In each column similar letter indicates no significant difference at 5% probability level (least significant difference test).

+ Standard error
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Table 7. Analysis of variance the effects of light intensities and dust deposition on some physiological properties of
chickpea (mean squares)

4z, Judg,ls Jedg,ls coms SO ape S
Oy’ @l 3T Chlorophyll Budgiis,ls a/b Joloxo
S.0.v Carotenoides  Chlorophyll  Carbohydrates
df a b Total ratio a/b soluble
K1
* 2 0.752™  0.11™ 0.763™ 0.332™ 0.096™ 0.373™
Block
D) s ,55, o . o o " . -
oy oms ) 75 23587 1708 3.008 0.383 1117
Dust deposition (D)
L) o cas " - . - - -
. \ .))y M 4 24.96 10.78 3.95 4,92 5.35 19.38
Light intensity (L)
i ol 1
DxL J‘Lw 4 4 1.29™ 0.665™  0.679™ 0.371™ 0.052m™ 1.279™
Interaction D x L
ol
’ 18 0.764 0.255 1.083 0.487 0.072 0.574
Error
Ol pess g
o) Sty 423 697 373 12.36 8.87 4.08

CV (%)

o y3 5 aoy3) Jloio gslan 53 fagine 5 3 sined i T 5 70 NS
ns, ** and *: Non significant and significant at 1% and 5% probability levels, respectively

3955 (S 39ler ;b Gluogas (5 OS5 ) Com) 5l (Kl duslio —A Jguo
Table 8. Mean comparison the effect of dust deposition on some physiological properties of chickpea

Jedgsls laaigii,ls e 1S o Jobme sloslyuneg S
Lo ,5 5y gy Chlorophyll . a/b Carbohydrates soluble
Carotenoides g i
Dust deposition a b Total Chlorophyll F 03955 3 esSle
P 039055 2 pS e (mg g fw) ratio a/b (mg g fw)
L 22.15* 8.13*  30.28° 5.96° 2.90° 20.50°
Control
+1.60 +0.74 +0.36 +0.50 +0.46 +0.98
o S5, o
PR 19980 636" 25510 5.32" 3.12° 16.64°
Dust deposition
+0.80 045 041 +0.30 +0.38 +0.63

Sl e (o gime B! JBlas ae3T) duo 00 Jlaisl mhas 10 s cixe IS pue saimslid alive By y> ¢t 2 50

o il glles %

In each column similar letter indicates no significant difference at 5% probability level (least significant difference test).

+ Standard error
LS 55 ot 285 | 5 Syl ot g S
5 (peiins 2u0y5 ) +) 2ald Jlasd )5 e (i oSl
A A5 O9 rllns 95 Aoy Hho jlen )0 e 0 eS
(A Jgaz ) cils jmals sald 4 Cnd do 0 VH/Y Jlade
e sloss Sl Wl o 35 Sl 0o 5 2
&mdf)ogxfcfd);;f‘) o l,d 5l slacgama a5 ol
il oz e Jelss (58,5550 aar ol 950 50
S 59 S ST 60 Lz e ol ialejl yo
3359 S a5 ols (Lt @l 285 8 () 0)9e
32 eSSz Bl el b g bl oy p FIL S,
Wang et al., ) ceul oss iS5 30 o wsid olfus
(2009

Yy

9 Sod palS L |8y ,l5 ci o ke ( wSep
S do 0 YHIO vald 4 s malS Jlade ¢ cudils uals
4 dee')

FEe BT YFe g calisee slacas ,5b bl o
2 & e p JeeSes (g 5l eolaial (e wals) VY- 4
Lo, ocie 1 (S Lo s 5 solinul b agl
Ob @bl ad (ow)yp eyl 55 08 99 S p 53 Simgtd
slade sl @pe ey Joog)Sen Y joi ud j3 a5 0l
hoals jlesd )0 g cdl (lidladesa 5 5 S Jedols
o= (Hatamian et al., 2014) o_s awls Loyl jlocis
5l pgman d wilbioo b Gialejl azel 5 gl ol
el 0392 il Loy Lo Jlosl ogou a5 L5 ()
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Table 9. Mean comparison for different levels of light intensities on some physiological characteristics of chickpea

o5 Budaie s ) o Jolxo sl yang )
(0033) 105 Lo Chlorophyll e Jedo )l e Carbohydrates
L h)t')tyé'ty %) b Total  Carotenoides - alb - soluble
ight intensity (% orophy —
5 0538 055 2 055 koo (MY 07 W) ratio a/b 7 039 £ 2 27 ke
(mg g* fw)
100 18.73° 835  27.08° 4.90° 2.26¢ 20.152
+055 +044 +£1.11 +0.18 +0.19 +0.93
75 19.15¢ 838"  27.53" 5.01° 2.32¢ 20.25°
+0.61 +0.60 +£1.12 +0.19 +0.32 +1.11
50 20.40° 7.75%  28.15® 5.40° 2.65° 18.90°
+0.87 +0.50 +£1.22 +0.13 +0.08 +1.05
25 21.1° 6.45°  27.55° 5.75° 3.28° 17.50°
+1.01 +035 +1.16 +0.18 +0.08 +0.79
0 23.88 530° 29.18° 7.15% 4,542 16.05¢
+0.92 +0.29 +1.02 +0.58 +0.17 +0.64
LSD (o= 0.05) 1.06 0.61 1.26 0.84 0.32 0.91

il e (o gime B! JBlaz 03T) do0d Jlaisl zrans 5o s ixe IS pue sz lis alie By > ¢t 2 0

5, lilel glas

In each column similar letter indicates no significant difference at 5% probability level (least significant difference test).

+ Standard error

0,55, sl 8l L Sy Jodoe (glaputis, s 5 laaid ol
(Fateminezhad et al., 2017) col axsls o33l

G yman 21 3 5595 O 3 0055y Cgmy S1-
095 » <

i ol 5 1o 55 ) Gy F bl 4528 @l
5 B Sei iy bl 1) Sl Brae QLI 5 s
o=l = ol e Blie g ool Ol 51 as olo oyl 0950 (4l
(0 J992) 392 o gine jlon o 9

oo 3 Sfsln 58 51 5l ol B LTS 9
Cmwddny adgi gly 0aiBae ol vy 4 (5,5 axlg)) - -
Jlaie a=,a (Sarmadnia & Koocheki, 2014) o1
4 aSgS les ol Joslhe il jiie Ol Srae 2,
Co—) Ll 50 g He0 Sad SralS L wog b oo alaxdle
Coils alS oo 8410 U ol Gyae T)LS Las S5,
KQRSPRTS)

(ald Jles) 0,55 )58 Ly anlin )0 9,575, Cge,
dmo s YEIF | (S Sz anle bl 1) O Gpae LTS
il s 4 o 5 s, Ll s o Yt ols zals
ol g Gt jo5 i 9 S e ol i b) Les
sbaplasl s S i (a5 ) $5 Ol
5 (wadbae) sals Lyl b a4y S (5 i ©f (S mmgid
oalo a8 Cewdjl Ol an Cad (e 10 5 Sl oold S

el 00,5 adgl (5 S Sz
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3 Jslre Sl a9 S 5 (5 mgid Slaoy S, rals
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= Sl lnl ip Fete 51 (o 89 ST (5 S eIl e
2 (oter G 89,5 9z sl (ylalS (g9, lgn  Sogll il
cdale u...a:lj as ‘5‘4_355 4 ‘a)b 0AE » ol Myll,o
ot 3 5 sriasid LS Jsto s ol oy s IS

o 50 et Sl Jdo)lS (izmen el 0l 0l a8
59 whig olge cale wdais cel ol (g5l 38, 9 oud awlis
Lao,S 5, az 00gdl slacS p jo (bl ol 10 098 oo S
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Table 10. Analysis of variance for the effect of dust deposition and light intensities on water use efficiency in chickpea
(mean squares)

4> 40
Ol s golio ‘|)'T Water use efficiency
S.0.V ‘5:“’ JS 35 kes gl 4l 3,5 hos (gly
Biological yield (or WUE gy)  Grain yield (or WUE ¢y)
Sk 2 0.003™ 0.457™
Block
D) s ,55, o o o
027550 w3y 1 0.764 113.73
Dust deposition (D)
L S B o .
) opoal 4 0.13 45.91
Light intensity (L)
D x L Jlie ol " .
ke 2 4 0.013 3.044
Interaction D x L
i 18 0.003 0.001
Error
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CV (%) ' )
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ns, ** and *: Non significant and significant at 1% and 5% probability levels, respectively
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Table 11. Mean comparison the interactions of dust deposition and light intensities on water use efficiency in chickpea
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In each column similar letter indicates no significant difference at 5% probability level (least significant difference test).
+ Standard error
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Introduction

Dust creates fine particulate matter and industrial and urban pollutants including factories of cement,
gypsum, stone crasher, flour, daily winnowing of grain storage silos, heavy and light machinery traffic on
dirt roads, car smoke and burning oil derivatives, power plants, etc. The dust damages the plants in various
forms. The first damage the photosynthetic system by entering through the pores, and then by deposition on
the leaf surface, reducing the light reached to the leaf, reducing the amount of photosynthetic pigments,
changing the leaf temperature, and reducing the quantum yield, reducing the assimilation and closing
stomata, exacerbated fungal and bacterial activity, pests and diseases, and ultimately reduce growth and
yield. The amount of damage to the plant depends on the type of plant, cultivar, leaf area characteristics, the
growth stage of the dust on the leaf surface, the type of dust and wind speed, the amount of dust thickness on
the leaf, and the irrigation regime. Accordingly, the simulation of the effect of dust deposition and the
reduction of light intensity due to it and their interactions on the growth and yield of chickpea cultivar
Bivanich was performed as the dominant cultivar in the region.

Materials and Methods

This experiment was carried out to investigate the effect of dust and light intensity on yield and some
physiological and agronomic characteristics of chickpea cv. Bivanich, at the Research Field, Campus of
Agriculture and Natural Resources, Razi University, Kermanshah, Iran in 2016-2017. Experiment was
Factorial based on randomized complete block design with three replications. Factors included light intensity
(100, 75, 50, 25 and 0% light intensity) and dust deposition at flowering onset and no dust deposition.
Sowing date was in late March 2016 in dryland with 25 cm line spacing and 13.5 cm inter-plant spacing in 6
lines with 3 m plots long. Shading was applied with plastic wrap fasteners that were 1 cm wide. The amount
of chlorophylls a, b, total and carotenoides and soluble carbohydrates were investigated in mid grain filling.
Yield traits and components of grain yield were studied at physiological maturity. The water requirement and
water use efficiency were calculated for both total dry matter and grain yield. The data were analyzed by
SAS software and the means were compared with LSD at 5% probability level.
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Results and Discussion

The results showed that from flowering stage, the interaction effects of dust deposition and different
light intensities were significant on yield traits such as biomass yield, grain yield and number of seeds per
plant. Both biomass and grain yields at 100 and 75% light intensities were not significantly different in non-
dust treatments, but the number of seeds per plant decreased at 75% light intensity compared to 100%. In
dust conditions, there was a significant difference between the light intensities of 75% and 100%, which was
reduced significantly. This indicates that the deposition of the dust by increasing stress on the plant increased
the sensitivity of chickpea to the amount of light intensity. In this experiment, the number of grains per plant
was ranged between 13.6 to 16.9 for the light intensity levels and 9.3 and 14.3 between the dust conditions.
The effects of dust deposition on the 100-grain weight were not significant but were significant due to light
intensities and the light intensity of 0% decreased maximum of 8.4%. The effects of two treatments on
photosynthetic pigments and soluble carbohydrates were significant. In general, the dust deposition reduced
the amount of photosynthetic pigments and soluble carbohydrates. With decreasing light intensities
decreased chlorophyll a and carotenoids, but increased chlorophyll b and total chlorophyll. Water
requirement and water use efficiency were also affected by treatments.

Conclusion

In general, the results showed that the deposition of dust from flowering stage caused damage to
biomass yield, grain yield, grain number per plant, 100 seed weight, photosynthetic pigments and water use
efficiency. Rate of this damage for biomass yield was 24.4%, grain yield 16.8%, grain number per plant
15.4%, chlorophyll a 13.5%, chlorophyll b 21.7%, carotenoids 10.7%, soluble carbohydrates 18.8% Water
use efficiency was 24.6%. By reducing the light intensity up to 75% were not significantly decreased in no-
dust conditions (control treatment), total dry matter yield, grain yield and grain number per plant. Effect of
light intensity reduction from 50% (at no dust treatment) until 0% (without direct light) reduced the most
important traits such as biomass yield, grain yield and grain number per plant, but in dust treatment with
decrease in light intensity from 100% decreased significant. Both the deposition of dust and the reduction in
light intensity had severe effects on the water use efficiency of chickpea. Accordingly, the ranges of changes
were for water use efficiency between 0.61 and 1.23 (based on total dry matter).
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Table 2. Studied traits in the evaluation of cowpea accessions

Trait o M 'ﬁlf
Abbreviation
Terminal leaflet shape (°C)? el xS S TLS
Leaf Area (mm) ® (o) 5 2 s LA
Plant Height (cm) ® (o giil) glas PHT
Number of Main Branches g 4o a3ls slass NMB
Hypocotyl Length (cm) ® (roils) JSgn Jsb HL
Growth Habit Sy wole GH
Number of Nodes on Main Stem ° kel dBle 303 olass NNMS
Internode Length (cm) ® (oble) o5 ole Jobo IL
Plant Vigor @ oS a4 PV
Number of Nitrogen Fixation Nodules in ROOt®  azy, ;5 (s easiS cois o 5 slaas NFNR
Plant Wet Weight (g) ° (#55) S92 5 09 Www
Plant Dry Weight (g) ° (155 G5 K25 (39 Dw
Days to Flower Initiation ° 85 s U 55, DFI
Days to Flowering ® LN R T Y) DF
Days to Flower Termination ° 2 LL G 5, DFT
Days to First Mature Pods ® b B sl el U 5, DFMP
Days to Maturity Sy U 5, DM
Days to Harvest <o b 5, DH
Flower Color # 5, FC
Raceme Position o3l S ol RP
Pod Color e S, PCO
Seed Crowding @ B jo ydy (S SC
Pod Wall Thickness ? R PR RONESS PWT
Plant Hairiness * s HO9sS S PHR
Attachment of Testa wwgy Jlail AT
Pod Length (cm) ® (ogsile) e Jsbo PL
Number of Locules per Pod ° M o ails sl NLP
100-Seed Weight ® als) -« 39 HSW
Number of Pods per Peduncle abgs 0 B sl NPPD
Number of Pods per Plant wgy o B olass NPPL
Yield (g) ° (p,5) &l 5 Slae Y
Seed Length (mm) ® o) 53 Jsb SL
Seed Width (mm) ® Groshe) y3y 5kad SW
Pod Curvature 2 e gl PCU
Eye Pattern oz o8l EP
Testa Texture? Wsgy iz T
Canopy Temperature ° =5 s cT
Leaf Chlorophyll Cncentration ® S p Jde,lS (liee LCC
Heat Stress Effects % ° (h2y®) W92 (595 » oyS s il PHSE
S D as s gy

Trait Types: a: Qualitative, b: Quantitative
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Table 3. Descriptive statistics for quantitative traits in cowpea accessions of arid and warm climate of Iran
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Canopy Temperature (°C) 21.30 26.60 5.30 23.50 23.66 1.73 1.32 5.56
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Leaf Chlorophyll Concentration
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Table 4. Average of some quantitative traits in the comparison of accessions with grain yield production potential and
accessions with forage production potential
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Canopy Temperature (°C) 23,64 23.68
(Loged 4> ,0) ogl5 gloo : .
Leaf Chlorophyll Concentration 40.46 38.01
Sr sl Gl ' '
Leaf Area (mm) 225.45 202.72
Gioshee) S o ' '
Plant Height (cm) 106 114
(o gilw) oS elis )|
Number of Main Branches
ol slaasls slass 6 5
Hypocotyl length (mm)
2.04 1.86
Godheo) J555 500 Jobo
Number of nodes on main stem
. PR 18 22
ol a8l 50,8 sl
Internode Length (cm) 5 6
(o8l o, 5ke Jsbo
Number of Nitrogen Fixation Nodules in Root
e an € laas 28 29
Ay 50 B39 Sl 0,5 slass
Plant Wet Weight (g)
P 135.65 137.48
(PS5 S92 5 039
Plant Dry Weight
y Weight(g) 18.85 25.75

(p)5) Gy Saz (335

el Sy sl Sl g (0o )0 OY) sulgdaes (g,
O JS8) o ssalice (duoy0 YA) 8,50 & y90 4 Loy

Slho (e (S

Bl Sin Jobo b 555 seed Job 45 ol ol ol
30 0,8 olawi ols (+/F) (g lo sre g Cuie  Sien Lo
Aoy ;0 (g mus BAuS CS 0,5 ol b 5 Lol adls
PTG O} CLYI LD Y- YEECO NP I TOR P GENUON.
§ Cde (Siwad adls Job a S ols lis dils Slogas
B80S Sl 0,5 olasd g (+/FF) dildY e+ )59 b (5 Mo e
9 Se (Nimrod (rizmon 300 (1Y) 4y )3 (59558
alo olawi o (+/TY) B Jsb g ails Job oy (5,0 gine
5 e (Nwed ;00 B, il 392 (/YD) B o
A edaline (-0 /0Y) 0 Koo Job L asls Jsb jlo sine
i Ll slaosy ot (oS Slio Swon ow)
L @lssne 5 Cude (Kinan SN Job a5 ol (lis L,
5 (#1FY) ey adils slaey o(+/FF) adg Sz 59 Lo
e olass b adigs ;o BME slaws o ls (+/OF) alsY v 5q
Sl lad (1Y) gylosime g St (Ko 4gs 0

ay

5 wlho g9
iz Lgd sloosgs Olee 5o o0k g5 addllas (5o
&HUAD-LM: W) aJ.mL.nga..SuLma)‘ ‘57-).! Ls‘))gsl"‘l’
Bgm OV S L LoV U v o oS olas ¢l
Coles (V) od,; wole Slao lp i i 4 90 (o yidin
5 (+IVA) oLS ay «(+/2+) Be slul «(+/AV) Be o,lg0
el o ladils i (6631 .iils 09z g (< 1VF) i (55N
pode Sy a il sl SGLL e S G jg0 4 0)l5e
o g Blo 5)lge LAl jo alngy iz 09 (0o, 3VYY)
(20,5 OF/B) S5L o)lenn b jis Ladde og (auo 0 A0/0)
bzl b (ao, o YYIV) o5 4 blaie S5)08 sloged SO, @
oanl e (dmo,0 APIT) S5 fyaum g (de,0 YYIY) ooz
J5 S5, o samlins (0o 0 OF/Q) (g, 0,8 s 5L g
Sl s S5 Ay Connd I (Sho (g 0,8 5 i
58 sabodnlin slo J5 S5, <del .(Othman et al., 2006)
o 0 4S Jlo o waisg i g (rdg) o8 anlllae (pl
Sbs 5555 il beaigad il 4S5 g (ls slaaiges
.(Bozokalfa et al., 2017; Lazaridi et al., 2017) ws4
Sole b g (0mo,n VeIY) lawgio a1 5l Cdel ladsgy



AB-1+Y axiio AFes Jlo

2l

e
&l

hi

St

3 Lt st
mhmhmhuﬂmln*lmlluulunhu“nulnu uulu‘

¢ @

r
L &)
8l

St Al & 2

e

L 2N
t

g
]

wmlhmluulm@mlu
)
i ol
WIulnuluulw

ot

i

‘Q
t@ulmaxlluulm

]
5

€l
unillih

o

hi

St

mhmlniulqul

8l Ll 8t St hi
e e e
% ®°

st

3

e e e e L

1
(33

1B Ol

8L Ll 8l Sl hl & &

LostoStoRoE 2

Muluuhmlmlllmhu‘llm*uIu|mmluuWluulunlunlm|||

2 02 st

r

TN7240

oo

TN7303

V3 5las AY (0590 Jls /1 31 S 9> GGG R /.85 b3 1]y 500 9 oy

i

| hl £l Ell |
1] I‘m‘"wr" bl

St

Bt 681 LI Si
wllnu

e

8

Lt 8t St hl

Olnl Sis g p 5 @bl (i Lugd (sWossi 31 (B 5 50 &l ojluil g S (Soo65 & 95 -) S
Fig. 1. Genetic diversity of grain shape and size in some cowpea accessions of arid and warm climate
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(Aryeetey & Laing, 1973; Manggoel et al., 2012)
0,5 olawi Ll miae g (otin (Sian , 50 8, b
oyl g (e (Kiwoad 5 Ay ) )0 ()59 55 BALS Lol
Sy L5 59y 9 459 5 (g e gL Loy o)l
a5 polee (Swron ol ol 2 (nlnly 3)ls (So3els 58
sl 0 g (gl St aSs 55 (155 9 £, L slaosg oS
il ey Sommlie gladsle ()L gl g 039 oslin
L JS8 48 ol (i i A Slho (Ko (oo
Sl () e g Codte (Ko gl)lo B S, L S
A€ 0)lg00 Culss L (guds ) Sole psoan (+/F))

AV JS8) (210Y) cusls gyl g 5 shin (SKiwon

s OlSEegh ple bawgs (e o bieda Loy (w2
s,y (Menssen et al., 2017) cwloai )35
S, Slee a5 ol s Glao plo b wlo o Slae  Sincon
a8l o0 slaws Ly (g o s Lol e o ails
5 B slaws (e Ho alils slass o S Jobo o Lol
i o Slac 0,0 ailo) e+ 3 g dTgs ,0 OME Blusd aligs
Ot e (Krod pae s 58595 slaails b sloodgs
Sloosgs ;0 0590 oyl Al Wilg g0 0 Slos g ailo) v+ 54
Sle bz Loy 5 (Lo, Sy o) TNT7222
> 9 (St pie 0 odaldn 5 () (o)
Lyl o ailol e v (339 9 9, Shos oy (ke (Ko
Sl 00t 155 55 ol Stagy b bawgt bt

DFT
DFMP
DM
DH
PL
NLP
HSW
NPPD
NPPL

SL
SW

-1->-0.778
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-0.556 -> -0.333
-0.333 -> -0.111
-0.111 -> 0.111
0.111->0.333
0.333 -> 0.556
0.556 -> 0.778
0.778 -> 1
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Fig. 2. Correlation of quantitative traits among cowpea accessions of arid and warm climate of Iran
CT: Canopy Temperature, LCC: Leaf Chlorophyll Concentration, LA: Leaf Area, PHT: Plant Height, NMB: Number of Main Branches,
HL: Hypocotyl Length, NNMS: Number of Nodes on Main Stem, IL: Internode Length, NFNR: Number of Nitrogen Fixation Nodules in
Root, WW: Plant Wet Weight, DW: Plant Dry Weight, DFI: Days to Flower Initiation, DF: Days to Flowering, DFT: Days to Flower
Termination, DFMP: Days to First Mature Pods, DM: Days to Maturity, DH: Days to Harvest, PL: Pod Length, NLP: Number of Locules per
Pod, HSW: 100-Seed Weight, NPPD: Number of Pods per Peduncle, NPPL: Number of Pods per Plant, Y: Grain Yield, SL: Seed Length,
SW: Seed Width
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Fig. 3. Biplot of two first component of cowpea accessions of arid and warm climate of Iran
F1 & F2: Factor 1 and Factor 2, respectively, CT: Canopy Temperature, LCC: Leaf Chlorophyll Concentration, LA: Leaf Area, PHT: Plant
Height, NMB: Number of Main Branches, HL: Hypocotyl Length, NNMS: Number of Nodes on Main Stem, IL: Internode Length, NFNR:
Number of Nitrogen Fixation Nodules in Root, WW: Plant Wet Weight, DW: Plant Dry Weight, DFI: Days to Flower Initiation, DF: Days to
Flowering, DFT: Days to Flower Termination, DFMP: Days to First Mature Pods, DM: Days to Maturity, DH: Days to Harvest, PL: Pod
Length, NLP: Number of Locules per Pod, HSW: 100-Seed Weight, NPPD: Number of Pods per Peduncle, NPPL: Number of Pods per
Plant, Y: Grain Yield, SL: Seed Length, SW: Seed Width
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Fig. 4. Plot of canonical correlation between quantitative and phenological traits of cowpea accessions in arid and
warm climate of Iran
F1 & F2: Factor 1 and Factor 2, respectively, CT: Canopy Temperature, LCC: Leaf Chlorophyll Concentration, LA: Leaf Area, PHT: Plant
Height, NMB: Number of Main Branches, HL: Hypocotyl Length, NNMS: Number of Nodes on Main Stem, IL: Internode Length, NFNR:
Number of Nitrogen Fixation Nodules in Root, WW: Plant Wet Weight, DW: Plant Dry Weight, DFI: Days to Flower Initiation, DF: Days to
Flowering, DFT: Days to Flower Termination, DFMP: Days to First Mature Pods, DM: Days to Maturity, DH: Days to Harvest, PL: Pod
Length, NLP: Number of Locules per Pod, HSW: 100-Seed Weight, NPPD: Number of Pods per Peduncle, NPPL: Number of Pods per
Plant, Y: Grain Yield, SL: Seed Length, SW: Seed Width
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Fig. 5. Path analysis for yield and its component for cowpea accessions of arid and warm climate of Iran
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Fig. 6. Cluster analysis using ward method for all quantitative and qualitative traits in cowpea accessions of arid and
warm climate of Iran
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Introduction

Cowpea (Vigna unguiculata) is a neglected crop with a wide diversity of its landraces in Iran, which
acclimated to different climates. Cowpea is considered as one of the most tolerant food legumes under heat
and drought stress. Although cowpea is distributed in a wide range of arid and warm climate of Iran, no
extensive study has been done to determine the diversity of the landrace originated from these regions.
Increasing yield, early maturity for grain production, long vegetative period for fodder yield, nutrient in leaf
and grains, cooking quality, and germination rate are some crucial traits in cowpea breeding programs. Agro-
morphological characterization of the existence germplasm would help to identification of the valuable
genetic resources which could be entered into cowpea breeding programs to overcome challenges facing this
crop production.

Materials and Methods

Fifty landraces of cowpea originated from the arid and warm climate of IRAN along with Sistan local
cowpea landrace (Mak) were evaluated for the diversity of 39 quantitative and qualitative agro-
morphological traits. IBPGR descriptor was used to the characterization of traits; including terminal leaflet
shape, leaf area, plant height, number of main branches, hypocotyl length, growth habit, number of nodes on
the main stem, internode length, plant vigor, number of fixation nodules in root, fresh weight, dry weight,
days to flower initiation, days to flowering (50%), days to flower termination, days to first mature pods, days
to maturity, days to harvest, flower color, raceme position, pod color, seed crowding, pod wall thickness,
plant hairiness, attachment of testa, pod length, number of locules per pod, 100-seed weight, number of pods
per peduncle, number of pods per plant, yield, seed length, seed width, pod curvature, eye pattern, testa
texture, canopy temperature, leaf chlorophyll concentration, and heat stress effects %. This experiment was
done at the Zahak agricultural station of Sistan Agricultural and Natural Resources Research and Education
Center. The experiments were performed observationally using furrow planting. Each landrace was sown in
a five-meter row. 100 and 10 cm were considered for between and within row spaces of plants, respectively.
Irrigation was carried out based on the needs of the plant and considering the conventional method of
cowpea irrigating in the Sistan region, almost every two weeks. Statistical methods, including correlation,
factor analysis, canonical correlation, path analysis, and cluster analysis, were used to identify the diversity
and relationship among traits.

Results and Discussion

* Corresponding Author: b.bakhshi@areeo.ac.ir
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Yield components included 100-seed weight and number of pods per plant were the most diverse traits
in the current study. Based on the results, studied landraces could be potentially categorized in two grain and
forage types. N7222 (Sarmoshk local landrace) and Mak (Zabol local landrace) showed the highest grain
yield among evaluated landraces. TN7241 (another Zabol local landrace) and TN7274 (Kahnouj local
landrace) were detected as landrace with the highest potential for forage production. It was also identified
that two other Kahnouj local landraces, including TN7292 and TN7291, are the earliest maturity landraces
among evaluated landraces. Correlation analysis showed a significant positive relationship between yield and
number of N fixation nodules in the root. A significant positive correlation was also identified between pod
length with a dry weight of the plant, the number of locules per pod, and 100-seed weight. Furthermore, it
was revealed that yield was directly affected by pod length using path analysis. Path analysis distinct
phenological traits from quantitative traits related to yield. Canonical correlation showed a negative
correlation between days to flowering with grain yield, and it was shown that dwarf bushes with high yield
component and 100-seed weight matured lately.

Conclusion

Notable diversity for cowpea landraces was observed in the current study. The results of this research
divided the accession to two grain and forage types. It was identified that high biomass yielded plants were
not comfortable for grain production while they product suitable forage production. According to the results,
two landraces were the best ones in grain production that were confirmed by cluster analysis. Pod length and
the number of locules per pod were detected as the main two traits related to yield. The observed diversity in
yield components could be applied further in the cowpea breeding programs.

Keywords: Arid and warm climate: Cowpea: Genetic diversity: Vigna unguiculata
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Table 1. Traits of chickpea genotypes used in experiment

PLS uaSlpgi Hd SSbHo awlibas
Identifying code in seed bank of plant

oolaiwl 090 g
Used sources

i) el g Lids
Origin and name of genotype

Institute
MCC* 80 Ganjeali et al., 2011(a) Iran, 5311-av11 (!
MCC 358 Ganjeali & Bagheri, 2010 Iran, Karaj cultivar -z 5 o3, ) »!
MCC 361 Ganjeali & Bagheri, 2010 Iran, Jam cultivar - o= 3, )| 5
MCC 392 Ganjeali et al., 2011(a) Iran, native lot of Kermanshah —olusls S e 0055 <!
MCC 427 Ganjeali et al., 2011(b) Iran, native lot of Bojnurd - 50 eg 0355 ooyl
MCC 537 Ganjeali et al., 2011(a) Iran, native lot of Gonabad -slLs es o055 oyl
MCC 693 Gy Sib Jsﬁ.wj s\.\"‘\\" oyl ot O STas Iran .y
Personal negotiations (Seed Bank Manager)
MCC 696 Abrishamchi et al., 2012 Iran -1 .l
MCC 950 Mansoorifar et al., 2012 Iran, Hashem cultivar - wils 43, ol 5!
ooyl Jxo S Slaskin -Y Jgus
Table 2. Traits of soil of experiment location
cylan 0395 o posliy ool oo $9) e “
o
ESEEN k) el e e e pSe) S ) - o adaw oy
: S
A o s § ) » » » » » » » o (1) (1) (1)
pH (e (P5oks (pFokS  (pFskS (kS (pSekS  (pFekS (pFsls Sf:“d Soilt Colay
EC N P K Fe Cu Zn Mn o, OO0 CR)
(dS/m) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
7.29 4.26 861 38 413 7.620 1.516 1.410 17.152 0.87 29.13 6534 553
Sl y95 s ol o 4 py s 5 (24 4) pomg i, Sy g oo
O sy as F 18 bl 09,5 S5 o ksl sl L5 Judg b5

S Fmagid (2Sly S1e Lol )i plyie 4@ Lo S 5k
&5 chd 8y g Gl 53,55, B o b Jbg IS i
Taiz & Zeiger, ) cowl oos el a5 ol Sbej po
o3y shrils Soliiul dawly bl polie iul3sl 5 (2006
ol o au g g Olien g o o 3350 D55 s
S dales JIAS 50 09 5 oS (g wgid cud b ol )|
g S oole i3l £ao50 ol (Kafi et al., 2010)
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1. Mashhad Chickpea Collection
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Table 4. Mean comparisons for interactions of biological fertilizer and chickpea genotypes on chlorophyll b, protein of
plant tissues, biological yield, seed yield and harvest index

it ‘ NIV o el a5 Ls oL ol i
S 395 TP b by s (LS y0 555 LiS) s .
) genotype  Chlorophvll b Seed . . (2o,9) Protein of plant
Biological fertilizer ll) y yield Biological HI tissues
MCC) (mg g FW) (kg ha-l) yield 0 (mg g-l)
(Kg.ha) (%)
696 0.243 c-f 1134 ik 4340 ijkl 26.15 hi 7.856 c-f
358 0.256 a-f 925kl 4026 kImn 23.00 jk 6.285 ef
361 0.213 fg 876 kI 3979 Imno 22.01k 6.747 d-f
A 693 0.150 g 1370 g-j 4530 hij 30.23 f 8.950 b-f
Fo97) 950 0.228 ef 7901 4329 ijkl 25.17 hij 7.022 c-f
Rhizobium
392 0.283 a-f 1907 de 5132 ef 37.14 cd 8.835 b-f
80 0.291 a-f 1488 gh 3837 no 38.77 abc 6.743 d-f
427 0.308 a-e 1957 c-e 5330 de 36.70 cd 10.200 b-d
537 0.301 a-e 2085 b-e 5486 cde 37.99 bed 11.510 b
696 0.235 d-f 1187 h-k 4455 j 26.64 gh 8.975 b-f
A 358 0.259 a-f 1285 h-j 4429 ij 28.96 fg 7.506 c-f
fm2) 361 0.246 b-f 1185 h-k 4278 ijKIm 27.71 fgh 7.581 c-f
* 693 0.329 a 1431 g-i 4912 fg 29.10 fg 10.410 be
152 )55 950 0.228 h-j 1124 i-k 4366 ijk 25.67 hij 7.635 c-f
Rhizobium 392 0.325ab 2352 b 5823 ¢ 4039 ab 7.856 c-f
t 80 0.315ab 1615 fg 3947 mno 40.92a 6.814 d-f
Mycorrihza 427 0.301e 2226 be 6596 b 33.74¢ 14.940 a
537 0.326 b-d 2730 a 7180 a 38.02 bed 16.120 a
696 00.241 h-j 1085 j-I 4220 jkim 25.68 hij 7.169 c-f
o595 358 0.254 i-k 924 kI 3925 mno 23.62 ijk 5579 f
. 361 0.255 f-h 1094 j-I 3926 mno 27.87 fgh 6.208 ef
g 693 0.251 f 1375 g-j 4613 ghi 29.81f 8.431 b-f
&Fl:h‘leggi;w 950 0.232 f 1347 g+ 4550 hij 29.60 f 6.454 ef
+ 392 0.296 cd 1817 ef 4866 fgh 37.32 cd 7.850 c-f
Pseudo-endo 80 0.280 de 1302 h-j 3650 0 35.66 de 6.733 d-f
mycorrihza 427 0.303 a-c 2099 b-e 5359 de 39.16 abc 9.002 b-f
537 0.302 a-c 2203 b-d 5674 cd 38.82 abc 9.506 b-e

Wl KaG b (wlas plo slp) as e S maw o B Ldg,lS sl 0) aoye T e 50 (6o cire M (Sils (yg03T el oS e By S Blas glyls glo e Silee
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 5% (for chlorophyll b) and 1% (for other
traits).
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Fig. 1. Effects of biological fertilizer on chlorophyll a of chickpea
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 2. Effect of chickpea genotypes on contents of chickpea chlorophyll
A and B are effects of chickpea genotypes on chlorophyll a and total chlorophyll, respectively.
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 3. Effect of biological fertilizer on contents of leaf carotenoids of chickpea
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 5%.

=

a2

g cd cd
E 18

<

g 1.4

U 1 .....

696 358 361 693 950 392

427 537

chickpea genotypes

0955 S 1 Wi, Hlade g9, 2 oui gl HI-F S

Wl K080 b ausys S mhas 4o (5,0 e B (STls ygesT bl 5

J)“""‘A d)"i‘ J5|‘.\> Lﬁ‘ lo L_glbu.SJL.o

Fig. 4. Effect of chickpea genotypes on contents of leaf carotenoids of chickpea
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 5. Effect of biological fertilizer on SPAD reading of chickpea leaf
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 6. Effect of chickpea genotypes on SPAD reading of chickpea leaf
Means that have at least one common letter, have not significantly different together based on multiple Duncan's test at 1%.
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Fig. 7. Variations process of dry matter at different levels of biofertilizer (A) and chickpea genotypes (B)
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Fig. 8. Variations process of leaf erea index at different levels of biofertilizer (A) and chickpea genotypes (B)
ns, ** and *: Non-significant and significant at 1% and 5% level, respectively
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Introduction

It has been proven that microorganisms such as mycorrhiza and rhizobium can improve the nutrients
absorption in crops such as chickpea. Rhizobiums are effective to provide nitrogen by biological form in
crops and mycorrhizal fungi are involved to supply biological phosphorus to the plants. Among them, the
endo myccorihza (or Vesicular Arbuscular Mycorrhiza) that abbreviated VAM, in creation of symbiosis with
the roots of crops such as legumes have been more successful. Of course, the mycorrhizal fungi and
rhizobium bacteria before create symbiosis with host plant, directly affect in the overlay in rhizosphere
environment of host plant. Creating colonies in the roots by mycorrhizal fungi leads to conducive for
forming nodulation of rhizobium. Studies have shown that the VAMs (which are newly named AMF
(Arbuscular Mycorrhizal Fungi)) are generally belongs to Zigomaycota groups and ecto-myccorihza are
mainly to Basidiomaycota. But recently a new species of Basidiomaycota has been identified with name of
Piriformospora indica that acts as AMF and is an entophyte fungus (or pseudo endo mycorrihza). It seems
that this symbiotic relationship between plants, mycorrhizal and rhizobium can be either normal or adverse
environmental conditions, is effective in promoting the product of crop. In Iran, among pluses, chickpea has
been allocated the most area under cultivation. Meanwhile, the average yield of irrigated and dryland
chickpea is about 1000 and 500 kg ha?, respectively and Iran is located the lowest ranking among the
countries producing this product. Thus, the triplet symbiosis of chickpea, mycorrhiza and rhizobium and also
chickpea genotypes response to this symbiosis were examined in this research.

Materials and Methods

This study was conducted to investigate the inoculation of Kabuli seeds of chickpea genotypes with
arbuscular mycorrhiza and pseudo endo mycorhiza, in split plot by arrangement of two factors with a
randomized complete block design and three replications in Research Field, Faculty of Agriculture, Ferdowsi
University of Mashhad in 2014. Main plots were consisted of three levels of mycorhiza (arbuscular
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mycorhiza of Glomus mosseae, pseudo endo mycorhiza of Piriformospora indica and non-used mycorhiza)
and sub plots were consisted of nine genotypes of chickpea: MCC80, MCC358, MCC361, MCC392,
MCC427, MCC537, MCC693, MCC696 and MCC950. These genotypes had good yield potentials and
selection and presented in the studies on germplasm from the Institute of Plant Sciences, Ferdowsi
University of Mashhad seed bank. Before the sowing, all seeds of genotypes were infected to the symbiotic
rhizobium bacteria of chickpea. During the growing season, traits of chlorophyll a and b, carotenoids, SPAD
readings and protein of plant tissues were measured and by measuring dry matter and leaf area, their process
was investigated under different treatments. Also, at the end of the growing season, seed yield of genotypes
was measured.

Results and Discussion

The results indicated that G. mosseae significantly increased seed yield and dry matter of chickpea since
mid-season upward compared to other treatments. Arbuscular mycorrhiza significantly increased chlorophyll
a and chlorophyll b, carotenoids and SPAD readings. Also the most protein of plant tissues belonged to the
factor of arbuscular mycorrhiza in two genotypes of MCC537 and MCC427. The combined application of
rhizobium and mycorrhiza increased leaf area index. Evaluation of leaf area index process at the end of the
growing season showed an increase in the lower range of leaf area index curve in rhizobium and mycorrhiza
treatments, which was not significant in the fifth sampling and was significant in the sixth sampling. Among
study genotypes, MCC537 showed the highest seed yield and higher dry matter than other genotypes during
the growing season at harvest time. The most content of carotenoids and SPAD readings were in genotypes
of MCC537, MCC427 and MCC392.

Conclusion

It seems that application of pseudo endo mycorrhiza had not significant effect on the absorption of seed
yield in chickpea. But application of G. mosseae along with rhizobium can improve the physiological traits
and seed yield of chickpea. Also, in a general conclusion, among the studied genotypes, MCC 537 and MCC
427 were better than the others.

Keywords: Carotenoid: Chlorophyll: SPAD reading
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Introduction

Pulses play an important role in supplying human food and are a major source of protein in developing
countries, so they have a special role in producing food in these countries. Peas (Pisum sativum L.) belongs
to legume family and is well adapted to the cold climate. This plant has a lot of crude protein and starch and
is therefore high in energy. Evaluating the status of pulses production is essential because of their importance
in feeding the people of the world and their role in the design of cultivation patterns. Eliminating the gap
between the yield currently achieved on farms and the yield that can be achieved by using the best
environmentally adapted varieties and the optimum water, soil and plant management techniques is a key
strategy to overcome the nutritional challenge of a growing global population. In recent years, due to
concerns about food safety issues, studies on the issue of yield gap have also been increasing worldwide and
it is necessary to estimate the yield gap and its causes using appropriate methods. Therefore, the present
study was conducted to determine the yield gap of peas and determine the limiting factors and their
contribution to the yield gap in pea farms in Gonbad kavus.

Materials and Methods

This study was carried out in pea farms (40 farms) during 2017-18 in Gonbad Kavus, Golestan province.
The required information about farms was completed through observation, questioning of farmers or
measurement. Information on soil properties was obtained using digital maps available at the Agricultural
Jihad Office of Gonbad Kavus. Comparative performance analysis (CPA) method was used to determine the
yield gap rate and to identify its causes. In this method, the relationship between all measured variables
(quantitative and qualitative) and yield was evaluated using multiple regression. In this section, first, we used
stepwise method to determine which variables should be included in the final production model. The average
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yield was calculated by placing the observed variables (x) of the studied farms in the yield model. The
maximum yield obtained was then calculated by placing the best observed value of the variables in the
model. The discrepancy between these two functions was considered as the performance gap. The ratio of
yield gap for each variable to total yield gap represents its contribution in the yield gap and was expressed as
a percentage.

Results and Discussion

The actual and potential yield calculated by the model were estimated to be 7941 and 17708 kg/ha,
respectively, and yield gap was 10078.7 kg/ha. The reasons for this yield gap were as follows: Seed rate
(19.56%), Nitrogen rate (17.04%), Frequency of herbicide application (15.02%), amount of available
potassium in soil (34 (13%), soil organic matter (12.81%), amount of available phosphorus in soil (11.87%),
farmer experience (10.36%). Therefore, it seems that with proper management of farms and taking into
account the yield gap factors mentioned above, the yield of peas in Gonbad kavus can be increased to about
10078.7 kg/ha in comparison with current yield.

Conclusion

Based on the results in 40 farms studied, out of 45 variables studied, the final model was selected with
seven independent variables. In the yield model, the actual and potential yield of farms calculated by the
model were 7941 and 17708 kg/ha, respectively, and the yield gap was 10078.7 kg/ha. The recommendations
of this research are based on the findings of the mentioned years in the region. Obviously, these
recommendations may change in the future with changing farming systems (such as extension of
conservation agriculture), agricultural management and possibly climatic conditions. In addition, by
modifying the first-order causing factors of the yield gap discussed in this study, the second-order factors
will emerge. Therefore, monitoring and evaluation of crop management in farms should be carried out on a
continuous basis and the yield gap and its causes identified and resolved. In this study, among all the
common agricultural management of farms, the cases that have the most impact on the yield gap and need to
be modified and improved in the first stage are identified.

Keywords: Herbicide: Nitrogen: Potential yield: Yield gap
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30-60 o, clay 56 35 9 34 1.3 76
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Table 2. Chemical properties of soil

0395 . Y oLty e ool 9 e

S gas STy Sy . o - , B g
o &5 2 eSSk 2S5k »eSk) 25 k) 2rSk) »rSe)
(s s65Lw) (owoy0) (w0 0) B _ _ _ _ _
(w0,9) (pSsks (pSsks (pSsks (pSsks (pSsbs (pSsbs
Soil depth  Organic C Total N S P K Mn Fe Zn Cu
(cm) (%) (%) (%) (mg.kg™) (mg.kg™) (mg.kg™) (mg.kg™) (mg.kg™) (mg.kg™)
0-30 0.9 0.08 0.03 10.4 430 6.8 6.1 0.41 1.04
30-60 0.6 0.06 0.02 8 390 4.6 5 0.14 0.75

y- Total Neutralizing Value
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Table 3. Rainfall and max and min temprature during sowing date to harvesting
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Months of year

Meteorological indices K| 0398 Cligen 3 5! NKyes
March April May June
. cul
(Fashkee) Tk 49.7 134.48 22.45 0
Rainfall (mm)
o sles pSlee
(Wl sl 58 6.49 9.51 11.66
Min. temperature (C°)
eyl 5
AT sl Sls 133 17.36 26.61 32.85

Max. temperature (C°)
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Table 5. Mean comparison effect of cultivar and biofertilizers on studied of RWC, RWL, Chl-b, catalase and
Peroxidase of chickpea under dryland condition Peroxidase
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Cultivar Bio fertilizer (w2,9) (we,0) (5 oobo Catalase Peroxidase
o, o, -
RWC (%) RWL (%) Chl-b (mg/g) (nmol/min/g) (nm/min/g)
Control s .l pas 55.41b 42770 1.433% 0.076% 0.067°
Biosuperphosphate «lis ;s 56.60% 36.63%® 1.431° 0.066° 0.063°
Ty BioSUIPhUF ysilgeuss: 54,360 36.10° 1.5322 0.058¢ 0.058°
Bivanij
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Control s, pas 57.65% 31.15% 1.428¢ 0.076% 0.072
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Mycorrhiza 5, <. 48.55% 35.80° 1.463%€ 0.062° 0.058°
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Same letters in each column indicate of non-significant difference in 5% level.
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Table 7. Mean comparison for effect of cultivar and salicylic acid on studied Chl-b, Chl a/b, Catalase and Grain yield
of chickpea under dryland condition

5 SerliI L ! e /b by S M o
) ol s ) ) a/b Jub . . (LSe35 sks)
Cultivar Salicylic acid (e e 2 05 o) Chl a/b (5 2 4530 2 Jgogil) Grain yield
Chl b (mg/ml) Catalase (nmol/min/g) (kg/ha)
28 pae 1.42° 0.805¢ 0.069° 1539°
control
e Nyashee i 1440 11718 0.063" 1626°
Bivanij 0.5mM
Myashee S 152 1.0840 0.063° 1387¢
1mM
28 pae 1.46 0.741° 0.068° 1232¢
o control
ol .
Mo e o be a b c
1.43 1.203 0.064 1332
Azad 0.5mM
Mseen S 1,53 1.133% 0.059¢ 1180
1mM

Same letters in each column indicate of non-significant difference in 5% level.

oy Shoe il Caws 39> @’\Ml&ﬂ Sl b uioren
Py @iz p Pl (s o095 izmed el 00 0950
Ol 31 S ol jo o s cie Jlaily o Sles 5y olice
sl Ol 3l s (e o8y Glaloeil 9)5 pL3)|
Tl Ol 5l g Y ga e oo hile Slcdlual
o5 4l 5, Shae Bod | gy 355 (g cslossS

Bl (5 5y 3 Ses  he Sojglg b

&3 Sl

5 Olwio b mlie 5 (55,5LaS pole oAl
wm”_» u_>| ‘5‘)?‘ 30 S Y oL..i;JLa)f 6}‘) olKisls
.oo)f‘sz @Io)a.é g yid

sl oy iy Jleio ! mhans 0 1o e OS] S92 pae Aliie s (gt 8 )0 Alie By > 9

alo o,8les lime o 5YL a5 Wl et ! Cpl

9 P92y O )L Hlesd )0 LS 10 0 LS VEYF (] 5ea
9 S5m0 el Ygodon o 2l Jlons s 3
P 5LS NV TY (e alls 0 )Shes (l5ee (S o5 b
=l Jsdoe g (G jslassS 0 )8 pae e 4 bgyye
250 =l (F Jeoz) s9m Voo doo S Sihdlisal
o s9boloe 9 pomgn ) (S 955 Fhe i oaseolis

Sl S a5 ol et b dalllae o ola S o

53955 oS Suiele 38 Oleogar Son b Sl

&L

1. Amani, N., Sohrabi, Y., and Heidari, G. 2017. Yield and some physiological characteristics in maize by
application of bio and chemical fertilizers under drought levels. Journal of Agricultural Science and
Sustainable Production 27(2): 65-83. (In Persian with English Summary).

wn

Arnon, A.N. 1967. Method of extraction of chlorophyll in the plants: Agronomy Journal 23: 112-121.
Akhtar, M., Jamil, M., Ahamd, M., and Abbasi, G. 2017. Evaluation of biofertilizer in combination with

organic amendments and rock phosphate enriched compost for improving productivity of chickpea and

maiz. Soil and Environment 36(01): 59-69.

4. Amir, M., Aslam, A., Khan, M.Y., Jamshaid, M.U., Ahmad, M., Asghar, H.N., and Zahir, Z.A. 2013.
Co-inoculation with Rhizobium and plant growth promoting rhizobacteria (PGPR) for inducing salinity
tolerance in mung bean under field conditions of semiarid climate. Asian Journal of Agriculture and

Biology 1(1): 17-22.

\hitd



10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

WS-V amio IFee Jlu Y55l IY (0599) Sl /3 330 S 9a> SO 9 3 /.. Khuddlio sl 3T 1y 5ad g koo

Beres, B.L., McKenzie, R.H., Carcamo, H.A., Dosdall, L.M., Evenden, M.L., Yang, R.C., and Spaner,

D.M. 2012. Influence of seeding rate, nitrogen management and micronutrient blend applications on pith
expression in solid-stemmed spring wheat. Crop Science 52: 1316-1329.

Bhutali, R.V., and Lal, E.P. 2017. Ameliorative effect of salicylic acid on yield, biochemical and
antioxidant parameters of chickpea (Cicer arietinum L.) under drought stress. International Journal of
Current Microbiology and Applied Sciences 6(8): 1388-1399.

Chance, B., and Maehly, A. C. 1955. Assay of catalase and peroxidase. Methods in Enzymology 2: 764-
775.

Cornic, G. 1994. Drought stress and high light effects on leaf photosynthesis. In: N.R. Baker and J.R.
Bowyer (Eds.). Photoinhibition of Photosynthesis from Molecular Mechanisms to the field. pp. 297-313.
Dahal B.R., and Bhandari S. 2019. Biofertilizer: A next generation fertilizer for sustainable rice
production. International Journal of Graduate Research and Review 5(1): 1-5

Elhakem, A.H. 2019. Impact of salicylic acid application on growth, photosynthetic pigments and
organic osmolytes response in Mentha arvensis under drought stress. Journal of Biological Sciences 19:
372-380.

Farjam S., and Siosemadrdeh, A. 2014. Response of chickpea (Cicer arietinum L.) to exogenous
salicylic acid and ascorbic acid under vegetative and reproductive drought stress conditions. Journal of
Applied Botany and Food Quality 87: 80-86.

Fazeli, A., Zarei, B., and Tahmasebi, Z. 2017. The effect of salinity stress and salicylic acid on some
physiological and biochemical traits of Black cumin (Nigella sativa L.). Iranian Journal of Plant Biology
9(4): 69-84. (In Persian with English Summary).

Fetri, M., Ghobadi, M.E., Ghobadi, M., and Mohammadi, G. 2016. Effect of sowing depth and mulching
types on soil water storage at different growth stages of chickpea under rain fed farming. Iranian Journal
of Pulses Research 7(1): 135-144.

Ghiazdowska, A., Krasuska, U., and Bogatek, R. 2010. Dormancy removal in apple embryos by nitric
oxide or cyanide involves modifications in ethylene biosynthetic pathway. Planta 232: 1397-1407.
Hayat, Q., Hayat, S., Alyemeni, M.N., and Ahmad, A. 2012. Salicylic acid mediated changes in growth,
photosynthesis, nitrogen metabolism and antioxidant defense system in Cicer arietinum L. Plant, Soil
and Environment 58(9): 417-423.

Jesfar, A.B.M., Rifky, A.L.M., and Rinos, M.H.M. 2018. Study on the feasibility of chickpea cultivation
in Ampara area in Sri Lanka. International Journal of Academic and Applied Research 2: 1-4.

Karasu, A., Oz, M., and Dogan, R. 2009. The effect of bacterial inoculation and different nitrogen doses
on yield and yield components of some chickpea genotypes (Cicer arietinum L.). African Journal of
Biotechnology 8(1): 59-64.

Khan, N., and Bano, A. 2019. Exopolysaccharide producing rhizobacteria and their impact on growth
and drought tolerance of wheat grown under rainfed conditions. Plos One 14(9): e0222302.
https://doi.org/10.1371/journal.pone.0222302

Khan, N., Zandi, P., Ali, S., Mehmood, A., Adnan Shahid, M., and Yang, J. 2018. Impact of salicylic
acid and PGPR on the drought tolerance and phytoremediation potential of Helianthus annus .Frontiers
in Microbiology 9: 2507. doi.org/10.3389/fmicb.2018.02507

Mansourifar, S., Shaban, M., Ghobadi, M., and Sabaghpoor, S.H. 2012. Physiological characteristics of
chickpea (Cicer arietinum L.) cultivars under drought stress and nitrogen fertilizer as starter. Iranian
Journal of Pulses Research 3(1): 53-66. (In Persian with English Summary).

Niu, L., and Liao, W. 2016. Hydrogen peroxide signaling in plant development and abiotic responses:
crosstalk with nitric oxide and calcium. Frontiers in Plant Science 7: 230. doi:10.3389/fpls.2016.00230
Norouzi, M., Sajedi, N.A., and Gomarian, M. 2018. Effects of salicylic acid and selenium at growth
stages on yield and yield components of chickpea (Cicer arietinum L.) under dryland farming condition.
Environmental Stresses in Crop Sciences 11(3): 579-589. (In Persian with English Summary).

Pandey, V.P., Awasthi, M, Singh, S., Tiwari, S., and Dwivedi, U.N. 2017. A comprehensive review on
function and application of plant peroxidases. Biochemistry and Analytical Biochemistry 6(1): 1000308.
d0i:10.4172/2161-1009.1000308

Rajabi, L., Sajadi, N.A., and Roshandel, M. 2012. Intraction of salicylic acid and superabsorbent on
agronomocal characteristic and protein percentage chickpea cultivar Hashem in condition of dryland.
Crop Production in Environmental Stress 4(1): 37-48. (In Persian with English Summary).

\FY



25.

26.

27.

28.

29.

30.

31.
32.

WS-V amio IFee Jlu Y55l IY (0599) Sl /3 330 S 9a> SO 9 3 /.. Khuddlio sl 3T 1y 5ad g koo

Ramezannezhad, R., Lahouti, M., and Ganjali, A. 2013. Effect of salicylic acid on physiological and
biochemical parameters on resistant and sensitive chickpea (Cicer arietinum L.) genotypes under
drought stress. Journal of Plant Ecophysiology 5(12): 24-36. (In Persian with English Summary).

Riaz, A., Rafique, M., Aftab, M., Qureshi, M.A., Javed, H., Mujeeb, F., and Akhtar, S. 2019. Mitigation
of salinity in chickpea by Plant Growth Promoting Rhizobacteria and salicylic acid. Eurasian Journal of
Soil Science 8(3): 221-228.

Salahi Farahi, M., Dadashi, M.R., and Ajam Norouzi, H. 2016. Effects of planting date, row spacing and
Zn and nitrogen fertilizers on rain feed chickpea in Gonbad. Journal of Plant Ecophysiology 9(32): 26-
36.

Sharma, A., Shahzad, B., Kumar, V., Kohli, S.K., Sidhu, G.P.S., Bali, A.S., Handa, N., Kapoor, D.,
Bhardwaj, R., and Zheng, B. 2019. Phytohormones regulate accumulation of osmolytes under abiotic
stress. Biomolecules 9: 285. doi:10.3390/biom9070285

Shen, G., Ju, W., Liu, Y., Guo, X., Zhao, W., and Fang, L. 2019. Impact of urea addition and Rhizobium
inoculation on plant resistance in metal contaminated soil. International Journal of Environmental
Research and Public Health 16(11): 1-17.

Shooryabi, M., and Ganjeali, A. 2012. Investigating the effect of salicylic asid on enzymes activity and
antioxidant compounds of chickpea (Cicer arietinum L.) cultivars under drought stress. Environmental
Stress in Crop Sciences 5(1): 41-54. (In Persian with English Summary).

Shweta, S., and Kaur, M. 2017. Plant hormones synthesized by microorganisms and their role in
biofertilizer- A review article. International Journal of Advanced Research 5(12): 1753-1763.
Wenhugsic, E.R.B. 1992. Structure biosanteetic of peroxidase from peinot cells, plant peroxidasses.X.U,
analysis of osmotic adjustment in crop plants. Journal of Experimental Botany 50: 291-302.

YFA



Iranian Journal of Pulses Research
Vol. 12, No. 2, December 2021, p. 136-150 (Original Research Article)

Effect of salicylic acid spraying and application of biofertilizers on the
physiological characteristics and yield of chickpea (Cicer arietinum L.)
cultivars under rainfed conditions

Momeni', Fardin; Abdali Mashhadi?*, Alireza; Siadat®, Seyeed Ataolah; Pakdaman Sardrood?,
Babak; and Mokhtar Ghobadi®

1. PhD Student in Agronomy, Department of Plant Production and Genetics, Agricultural Sciences and Natural

Resources University, Mollasani, Iran; f_moemeni@yahoo.com

2. Associate Professor of Agronomy, Department of Plant Production and Genetics, Khuzestan Agricultural Sciences

and Natural Resources University, Mollasani, Iran

3. Professor of Agronomy, Department of Plant Production and Genetics, Khuzestan Agricultural Sciences and Natural

Resources University, Mollasani, Iran; seyedatasiadat@yahoo.com
4. Assistant Professor of Phytopathology, Plant Pathology Department, Khuzestan Agricultural Sciences and Natural
Resources University, Mollasani, Iran; bpakdaman@asnrukh.ac.ir
5. Associate Professor of Crop Physiology, Department of Plant Production and Genetics, Razi University,
Kermanshah, Iran; ghobadi.m@razi.ac.ir

Received: 30 May 2020; Revised: 26 September 2020
Accepted: 24 February 2021; Available Online: 22 December 2021

DOI: 10.22067/ijpr.v12i2.87109

How to cite this article:
Momeni, F., Abdali Mashhadi, A., Siadat, S.A., Pakdaman Sardrood, B., and Ghobadi, M.
2021. Effect of salicylic acid spraying and application of biofertilizers on the physiological
characteristics and yield of chickpea (Cicer arietinum L.) cultivars under rainfed conditions.
Iranian Journal of Pulses Research 12(2): 136-150.

Introduction

Chickpea is one of the valuable pulses and rich source of protein. In most years, in west of Iran, the
amount of rainfall is low and the distribution of rainfall is not suitable. In many cases, rainfed lands are
affected by drought stress. On the other hand, most rainfed lands have low fertility, especially in nitrogen
and phosphorus nutrients. In higher plants, salicylic acid applied to reduce the dangerous effects of drought
stress. Different varieties of chickpeas show different responses to environmental changes. This experiment
was carried out in order to investigate the effect of salicylic acid and biofertilizers on the physiological
characteristics of two chickpea cultivars.

Materials and Methods

This experiment was done in factorial based on randomized complete block design with three
replications in Kermanshah under rainfed conditions in the 2016. Kermanshah is located at an altitude of
1319 m of sea level (Latitude: 34°21' N and Longitude: 47°9" E). Experimental treatments included two
chickpea cultivars (Bivanij and Azad), foliar spraying of salicylic acid (non-application, 0.5 and 1 mill molar
concentrations) and biological fertilizer (non-application of biofertilizers, bio-superphosphate bacteria
(Pseudomonas+Enterobacter), biosulfur bacteria (Thiobacillus spp.), a rhizobium bacterium
(Mesorhizobium ciceri), and mycorrhiza fungus (Rhizophagus irregularis). Each plot was six m? (four

* Corresponding Author: alirezaabdali@ramin.ac.ir
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meters long and 1.5 meters wide) with 6 lines (density= 40 plants per m?, sowing line spacing= 25 cm,
sowing distance on each line= 10 cm and sowing depth= 7 cm). The sowing date was March 19. The studied
traits were relative water content, relative water loss, chlorophyll a, chlorophyll b, total chlorophyll,
chlorophyll a/b ratio, carotenoids, hydrogen peroxide, catalase and peroxidase enzyme activity and grain
yield.

Results and Discussion

Foliar spraying of salicylic acid and the application of biofertilizers increased the production of
hydrogen peroxide and decreased the activity of catalase and peroxidase enzymes. The highest catalase
activity were obtained in Bivanij cultivarxnon-application of salicylic acid, Bivanij cultivarxnon-use of
biofertilizer, non-application of salicylic acid and the lowest catalase activity were obtained in Azad
cultivarxone mM salicylic acid, Bivanij cultivarxbio-superphosphate and one mM salicylic acidxbiosulfur
application. The highest and lowest peroxidase activity were obtained under non-application of salicylic
acidxnon-application of biofertilizer and one mM salicylic acidxrhizobium application, respectively. The
highest relative water loss (RWL) was obtained in Bivanij cultivarxnon-application of biofertilizer, while the
lowest RWL was observed in Azad cultivarxbiosulfur application biofertilizer. Relatively, the content of
chlorophyll a, chlorophyll a/b, total chlorophyll and carotenoids increased with the application of
biofertilizers. Bivanij cultivar had a higher grain yield than Azad cultivar. In both Bivanij and Azad varieties,
the highest grain yield was obtained from the use of rhizobium and mycorrhiza biofertilizers. The highest
grain yield (1626 kg.ha) was observed from the application of the concentration of 0.5 mM of salicylic acid
and rhizobium biofertilizer. In both Bivanij and Azad varieties, the highest catalase activity was observed
due to non-use of salicylic acid and non-application of biofertilizer.

Conclusion

In general, at all three levels of salicylic acid, the highest peroxidase activity was observed in the
absence of biofertilizer application. It is possible that biofertilizers reduce both nutrient deficiencies and
drought stress, thus reducing peroxidase activity. In general, in this experiment, in terms of grain yield and
physiological traits affecting grain yield, between the cultivars, native Bivanij cultivar, among the salicylic
acid levels, the concentration of 0.5 mmol and among the biofertilizers, rhizobium biofertilizer were superior
treatments.

Keywords: Antioxidant: Carotenoids: Catalase: Chlorophyll: Hydrogen peroxide
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Fig. 1. TDM changes of bean during the growing season in: (A) fertilizers factor, and (B) different irrigation
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Table 2. Analysis of variance (MS) characteristics examined of bean affected fertilizers type and
irrigation levels

Mean of squares lx o (Sl

PESY iSlos> . ;
JUU I 0 A9 Pl s G s G S g jiSTas A0 Shes  PPaRe Jsb
(S.0.V) @bl Sasesls . . " . Seed ada
o (Df) . Sy Cd"‘" JW Ld) (s Sy Qalb Lo (Speclfic
e LAI CGR RGR NAR ield)
(TDM may) ( max) ( max) ( max) ( max) y root length)
,155 (Replication) 2 347.59™ 0.031"™ 38.92 0.001™ 411 1.69™ 1.89™
&k drrigation) 2 222240.59™ 2.076™ 40.65 0.004" 12.11™ 193.93™ 1023.33"
Jsl sl Ea) 4 843.02 0.024 0.000 1.28 1.18 476
s55 (Fertilizer) 3 2805.34"™ 0.030™ 10.24" 0.002™ 94.86" 12.21° 12,53
s #s k! (I*F) 6 322.42" 0.002" 0.002" 0.000™ 0.000™ 2.68™ 2.87"
pos slas (ED) 18 156.38 0.001 0.000 2.15 0.95 1.63
) &l ysis 2 CV) 5.44 475 2.79 0.56 8.74 10.56

2053 Sy 5 a0y iy Jloil gsbs 13 o iine g o sine s i ey i 5 3 NS

ns, *, **: Non significant and significant at the 0.05 and 0.01 probability level, respectively
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Table 3. Mean comparison on maximum values of growth indices of bean affected fertilizers type and irrigation levels
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t.?)L:J,i
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50% 209.09 ¢ 1.39c 451b 0.183 b 32.50 a 978.9 ¢
58
Fertilizer
Nitroxin 370.74 a 201la 11.04a 0.229 a 35.51a 2685.4 a
Biophosphor 357.53b 186 b 10.65 ab 0.217 ab 32.69b 2151.6 ab
Nitrogen 356.54 b 1.82¢c 9.29 ab 0.207 ab 2942 ¢ 1754.9 bc
Control 342.24 ¢ 1.73¢ 8.81b 0.196 b 28.37 C 1396.0 ¢

Wl sl g Dglds s o O Jleis| sy (SSls 03051 bl 2 i ,2 50 S e By, glls slaSile
Similar letters in each column show non-significant differences according to Duncan’ Test at 5% level of probability.
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Fig. 2. LAI changes of bean during the growing season in: (A) fertilizers factor, and (B) different irrigation
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Fig. 3. CGR changes of bean during the growing season in: (A) fertilizers factor, and (B) different irrigation
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e aS b o ralS loy ClndSTL ol 0l oy
slacss Lialidl S g bas g Sy mhaw asls ilidl o
S 1 g 6l 50mly Glacyr o Gl L g o0
a8 Cewlazg W Ojgo cpl 4 alS pl il o ialS
Uy a5 Slas bl lacoil jlaieds oLS crw ial33l L
StlS by o1 Jsb o olS (39 slilas ooy 9l 5o saddss
.(Koocheki & Nassiri Mahallati, 1992) s .

YOA

O Gial8l s ad; 090 Jsb ;0 RGR als” Lo
Ol emen 5 o] (28,5 Bale 0 ol sl S
0318 Comud 5l o8 Fiawed (o oS glasle glacél
saels cle (Sarmadnia & Koocheki, 1989) ol oo
CeidS L olS Sis (59 ,lode wiz e a5 el ] RGR
Gl Jdsany alial Cae o Lol S oo oy Sial3l oo
Shaabi e GolS oot o slacdl 4 Wb slacdl cos
5 5851 Bake 4 bgy e Wl oo 28 ) i3 Bk
ol Eel as anl oS sy sl e Il L
(Sarmadnia & Koocheki, 1989) 55,5 o jiiwgd



WOV-IFF aio IFer Jlo ¥ o Y (6530) Sl /3 3 ©bgud S g 3 /...l s iS5 bg 30 5 &l 5T 1), Ko g (2 LbLL

Jsoz) cils 0529 6955 Gl ele zobw (e 5 > Sxe
S 958 995 Lot 50 Sado (pl (s &5 (5 5k 4 (Y
s jless )0 ol oyieS 5 Gy 40 @resie 5 )5 YOIO)
6995 sloess o alaxdle (g, 53 @mpeye 2 )5 YAIF)
395 5 &85 )8 S5 5 5l e pgs ool ) Hhedsn
393 4 |y pyw oLl salis b g lel oglis (90 o2 o9l

(Y Jgaz) ol plas

—a— Nitroxin —=— Biophosphor —=— Nitrogen —s— Control

407

NAR (g/m2/day)

Days after planting

407

327

24

(NAR) Al wie s oo
J=ad Job )3 Ly Lalls Qda oy Sl i W
Ol yns ol oo ooloylis B-0 5 A0 sla S jo o,
sy alie ) Jad Jsb 0 (NAR) 2l Gl e
Jeslel yo (F JSCi) ccsls (Jgp as, (RGR) (cows o,
Seoy Ve g eSg s Sglem 395 slaJele ;) Jad
Sl s 5 w8l 1, Galls i S i ]
ools BT (O i) olo i zalS olidust pl ol Jad
G a5 ols 5t Lug) Ll i e iSTas sla

—=Irrigation %75 —=— Irrigation %50

—aA—|rrigation %100

Days after planting

cilin slags bl (B) 5 5395 sole (A) byl 3o wisy b Job 53 Lugd (Alls i sy &y gy —0 S
Fig. 5. NAR changes of bean during the growing season in: (A) fertilizers factor, and (B) different irrigation
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Introduction

Common bean (Phaseolus vulgaris L.) is the world’s most important food legume crop. This staple
considered as a nearly perfect food mainly because of its high protein content (about 25 percent) and
abundant fiber, complex carbohydrates (about 60 percent), and other daily food needs such as vitamins
(folate) and minerals (Cu, Ca, Fe, Mg, Mn, and Zn). Water use in agricultural production as one of the most
important environmental factors affecting plant growth and development, especially in arid and semi-arid
climatic conditions of Iran.

Materials and Methods

In order to study the effect of plant growth promoting Rhizobacteria and nitrogen chemical fertilizer on
some characteristics of root and growth indices of bean (Phaseolus vulgaris L.) under water stress
conditions, a split-plot design based on RCBD with three replications was conducted during growing season
of 2015-16 at Agricultural Research station, College of Agriculture, Ferdowsi University of Mashhad, Iran.
Three levels of irrigation (100%, 75%, 50% water requirement) assigned to main plots and different types of
biofertilizers (Nitroxin®, containing Azotobacter sp. and Azospirillum sp., Biophosphor®. containing
Phosphate-solubilizing bacteria Bacillus sp. and Pseudomonas sp.), Nitrogen fertilizer) urea form, and
Control (no fertilizer) were assigned to sub plots. Destructive sampling was performed to calculate the
growth indices (such as TDW (total dry weight), LAI (leaf area index), CGR (crop growth rate), RGR
(relative growth rate) and NAR (net assimilation rate)) randomly from competing plants regarding the
marginal effects from 1 real completed leaf stage to the end of the growing season from 5 m? surface (every
7 days; 12 steps). The growth indices of LAI, CGR, RGR and NAR were calculated using equations (1-4).
At the end of the growing season SRL (specific root length) was determined by Tenant Modified Method.
Leaf area calculated by Leaf Area Meter device (Delta T, UK). Data analysis of variance and figures
preparation were done by Minitab Ver. 16, Slide Write Ver. 2, and Excel 2010 softwares. At the end, Means
comparing did by Duncan’s test at probability 5%.
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Equation 1:
LAI= (1/GA)[(LA2+LAL)/2]
Equation 2:
CGR= (1/GA)[(W2-W1)/(t2-t1)]
Equation 3:
RGR= (InW2-InW1)/(t2—t1)
Equation 4:
NAR= [(W2-W1)/(t2—t1)] [(INLA2—-InLA1)/(LA2-LAL)]
where GA is ground area (m?), LA is leaf area (m?), W is shoot dry weigh (g) and t is time (day).

Results and Discussion

According to the result, the effect of biological fertilizers especially Nitroxin significantly increased
maximum values of bean’s growth indices included total dry matter (TDM max), leaf area index (LAI max),
crop growth rate (CGR max), relative growth rate (RGR max) and net assimilation rate (NAR max)
compared to control and even nitrogen fertilizer. So that the highest and the lowest total dry matter (TDM
max) at 91 days after planting were observed in Nitroxin (370 g.m?) and control (342 g.m™) traits (p<0.01),
respectively. The highest and the lowest leaf area index (LAl max) at 91 days after planting were observed in
Nitroxin (2.0) and control (1.7) traits (p<0.01), respectively. The highest and the lowest crop growth rate
(CGR max) at 77 days after planting was observed in Nitroxin 11.04 g.m?.day* and control 8.81 g.m2.day™*
traits (p<0.05), respectively. The highest and the lowest relative growth rate (RGR max) at 21 days after
planting was observed in Nitroxin 0.23 g.g*.day?* and control 0.20 g.g*.day™? traits (p<0.01), respectively,
and then decreased gradually. Similar to RGR, the highest and the lowest net assimilation rate (NAR max) at
21 day after planting was observed in Nitroxin 35.5 g.m?.day! and control 28.4 g.m?.day™ traits (p<0.05),
respectively. All attributes, showed highest values at 100% water requirement treatment. Also, the effect of
fertilizers (p<0.05) and water requirement (p<0.01) were significant on grain yield. The main and interaction
effects of fertilizer and irrigation were significant (p<0.05) on specific root length (SRL). So that, the highest
specific root length (30.15 m.25cm soil) were obtained from Nitroxin and 100% water requirement.

Conclusion
In total, the results showed that it could be possible to produce the healthy production of bean,
moreover, attain the optimum yield as equal as to conventional systems.

Keywords: Biophosphor: Drought: Grains: Nitroxin: Specific root length
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Table 2. Analysis of variance of traits related to the effect of planting time and cultivar on density and injury by chickpea
leaf-miner (Liriomyza congesta) in Oshnavia region, West Azarbaijan province in the 2017-2018 growing season
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PI* LD LI NPP NSP 100SW BY
Replication | s 2 60.18 0.68 14.06 2.86 2.06 7.22 1999947 131652
Cultivar (C) <l,; o8, 4 167.81™ 6.94™ 26.74™ 12.15™ 8.57" 284.92 3457152™ 376812™
Planting time (PT) csls oyb; 2 89.77 3.88" 9.60™ 12.31" 13.40™ 62.48™ 1539353™ 1174639™
(PTXC) il sla¥es 28 715" 061 4.96™ 1.65" 223" 857" 101678  123585™
Error W= 28 6.27 0.21 1.40 0.71 2.40 2.60 40559 24067
CV% s a2 - 2415 16.60 16.43 1171 7.01 6.83 12.41 18.94

Aoy 500,00 sl maw 5o s g 5 IS g pae il 5 4 5 * NS
ns, ** and *: Non significant and significant at 5% and 1% probability level, respectively
* PI: Plant Infestation; LD: Larvae Density; LI: Leaves Infestation; NPP: Number of Pods per Plant; NSP: Number of Seeds per Plant; 100SW: 100 Seeds
Weight; BY: Biological Yield; GY: Grain Yield
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Fig. 2. The effect of planting time on mean chickpea leaf-miner infested plants in 2018-2019 growing season
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Fig. 3. The effect of cultivar on mean chickpea leaf-miner infested plants in 2018-2019 growing season
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Fig. 4. Interaction of cultivar and planting time on mean chickpea leaf-miner larvae per plant in 2018-2019 growing
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Introduction

Chickpea (Cicer arietinum L.) is one of the most important plants in the legume family, which is very
important in the diet. Chickpea leaf-miner, (Liriomyza congesta, Becker) is one of the most important
chickpea pests. Chickpea leaf-miner fly indirectly reduces the yield of chickpea by feeding on chickpea
leaves. The amount of damage of chickpea leaf miner is not completely known due to its indirectness.
Chickpea leaf miner fly has 3-4 generations per year and spends the winter as a pupa at a depth of 5-6 cm in
the soil. The management of the leaf miner flies of the Agromyzidae family has been the subject of extensive
scientific research for many years. Many chemical and botanical insecticides have been studied to control of
leaf miner flies and are now widely used by farmers around the world. Today, the indiscriminate use of
pesticides has created many problems and their effectiveness has been severely reduced due to improper use,
adverse effects on natural enemies, and the development of resistance among populations of leaf miner flies.
Management control is one of the most effective and simple methods used in integrated pest management. In
this control method, by changing the planting date, planting density and using resistant cultivars, the
compatibility of pest biology with plant phenology is disturbed and the establishment of the pest on the host
plant is prevented. Changing the planting date causes no synchronization between the critical growth stage of
the plant and the damaging stage of the pest and it delays the establishment of the pest on the plant, also
reduces the reproduction and survival of the pest and the damage of the pest on the sensitive growth stage of
the plant. Considering that the cultivation of chickpeas in the drylands of the south of West Azerbaijan
province after wheat is of great importance, attention to its important pests, especially leaf miner fly and non-
chemical methods to control this pest by changing the cultivars and planting times was one of the necessities
of this research.
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Materials and Methods

In order to study the effect of cultivar and planting date on control of chickpea leaf-miner, an experiment
was conducted as factorial based on randomized complete block design with three replications in Oshnavia,
west Azarbaijan province at the field conditions during 2018-2019. The first factor was chickpea cultivars
including Bionij, Grit, Jam, ILC482 and Pirouz, and the second factor was three planting times on March 19,
April 4 and April 20. Traits of plant infestation, number of larvae per plant, leaves infestation, number of
pods per plant, number of seeds per plant, 100-seed weight, biological yield and grain yield were evaluated.
The data analysis of variance was performed using SAS 9.2 software. Means were also compared by LSD
(Last Significant Difference) test at 5% probability level and the figures were drawn with Excel 2013.

Results and Discussion

Analysis of variances showed that there were significant differences between different cultivars
(p<0.05) and different planting times (p<0.01) for all studied traits. Interaction of cultivar and planting time
were significant on all studied traits other than the number of infested plants and percent of infested plants
(p<0.05). The highest number of infested plants (17.77+1.84%), number of larvae per plants (4.66+0.38
larvae), percentage of infested leaves (11+0.58%) and the lowest number of seeds per plant (20£0.58 seeds)
and 100 seed weight (16.66+0.88 g) were found in Jam cultivar. The highest number of pods per plant
(19.66+2.19 pods), number of seeds per plant (26+1.53 seeds), 100 seed weight (33+1.30 g), biological yield
(2547.3+158.57 kg.ha') and grain yield (1397.4+46.76 kg.ha*) and the lowest percentage of infested plants
(7.4+£0.61%) was observed in ILC428 cultivar.

Conclusion

In the present study, March 19 was the best planting time and 1LC482 was the most resistant and high
yielding cultivar. Therefore, setting the planting time and using resistant cultivars can effectively control
leaf-miner chickpea. According to the results of the present study, although the highest percentage of
infested leaves was observed on March 19, however, the plant had the highest yield and yield components
due to the increase in the length of the growth period and the compensatory mechanism of the plant and pest
tolerance.

Keywords: Chickpea leaf-miner: Cultivar: Grain yield: Resistance
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Introduction
Lentil is a plant that often grows in marginal lands and in less fertile soils. Lentil with high protein

content play an important role in feeding livestock in these areas. A great part of the land in Iran is classified
within the arid and semi-arid zone where water scarcity is the main limiting factor for crop production. So,
increasing water productivity with respect to crop yield per unit area is the best approach for rain-fed farming
systems. Drought stress that occurs during the reproductive growth period, adversely affects the yield and
yield components. Supplemental irrigation can be an efficient technique to cope with the limited water
availability and to stabilize the crop yields. Organic matter enhances soil quality by improving soil structure,
nutrient storage, and biological activity. The use of biofertilizers reduces the use of chemical fertilizers and
in addition to providing nutrients in a way that is fully compatible with the natural nutrition of plants, helps
to preserve the environment, fertility of agricultural lands and more and better yield of plants. On the other
hand, growth-promoting bacteria that can make a symbiosis with the roots of most crops not only affect the
biological fixation of nitrogen, but also increase cell division in plants, change root morphology, increase the
number of root hairs, and enhance nutrient uptake. The combination of these fertilizers makes it possible for
the fertilizer to provide the plant with absorbable nutrients in the initial period of growth, and in the later
periods of growth, and ideal conditions are provided for plant growth and while reducing production costs, it
also increases the quantitative and qualitative yield of plants.

Materials and Methods
This factorial experiment was done as a complete randomized block design with three replications at
Urmia University in 2017. Experimental treatments included once supplemental irrigation and dry farming as

* Corresponding Author: a.g.hassanzadeh@gmail.com
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the first factor and application of different fertilizer resources including: chemical fertilizer (100%),
biofertilizers (phosphate Barow-2 and Azotobacter) (100%), cow manure (100%), combined treatment:
chemical+biofertilizer 50%, chemical+cow manure 50%, biofertilizer,+ cow manure 50%,
biofertilizer+chemical+cow manure 50% and control at three replications were the second factor. Lentil
plants were harvested on the 25-27th of June years. At harvest, random samples of plot for each experimental
plants. The analysis of variance data was performed using GLM procedure (SAS 9.1, SAS Institute Inc.,
Cary, NC, USA). The effects of irrigation regimes, the application of different fertilizer resources and
interactions of these two factors were analyzed using analysis of variance (ANOVA) and means were
compared using Duncan's Multiple Range Test (DMRT) (P< 0.05).

Results and Discussion

The results showed that additional irrigation increased the percentage of protein, forage ash, water-
soluble carbohydrates, digestible dry matter, and the activity of the enzyme glutathione reductase. But the
highest amount of insoluble fiber in neutral and acid detergents was obtained in rainfed conditions. Also, the
highest percentage of protein, forage ash, water-soluble carbohydrates, digestible dry matter and the activity
of glutathione reductase enzyme were observed in the combined treatment of 50%
chemical+biofertilizer+animal manure. While the use of different fertilizer sources compared to control had
a significant effect on increasing the content of photosynthetic pigments and the activity of catalase enzyme
in each of the irrigation conditions. Maximum forage yield (1460.52 kg/ha) and forage protein yield (336.38
kg/ha) were obtained in 50% chemical fertilizer+biofertilizer+animal manure treatment under additional
irrigation conditions. Supplemental irrigation at flowering and pod filling period of Lentil enhanced the
biological yield by positively influencing the development of auxiliary branches and plant height. The
combined application of different fertilizer resources may improve nutrients uptake rate of the plants, thereby
enhancing growth and development and leaf chlorophyll content followed by the increased level of
photosynthesis and assimilation. The final result is the improvement of plant forage yield.

Conclusion

Application of different fertilizer resources could improve the uptake of forage yield in Lentil under
supplementary irrigation. Therefore, according to the findings of this research, the combined use of different
fertilizer resources to increase yield and maintain long-term production under rainfed conditions can be
desirable for sustainable agriculture.

Keywords: Aztobacter: Biofertilizer: Integrated system: Sustainable Agriculture
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Table 3. Mean comparison of morphological parameters of chickpea affected by seaweed extract
byd Sda o5lac

(a0 y9) (o (Hilw) g2 gLis | oS 55 5y ol (p5) di y Sis (339

Seaweed extract Plan(tc ﬁf)lght Leaf number Root dlé)welght
(Volumetric percentage)
Control/sals 51.49 b 58.89¢c 3.047 b
1.5% 56.47 a 61.22 b 3.468 a
2.5% 57.59 a 66.33 a 3.592a
3.5% 57.92 a 64.78 a 3.443 a

(2,0 0 5SSIs) Wyl ol (5510 gime Dgls (gt ;o 50 aline By > b sla 1 Sl
The means with simillar letter in each column are not significantly different (Duncan 5%).
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Table 4. Mean comparison of morphological parameters of chickpea under water deficit stress

(50 Hlw) 45 gy gl (p55) ddnyy Sl (339

‘saipf gAY | olS jo Sy olasy )
Water deficit stress Plan(tc::f)lght Leaf number Root dré)welght
(#l)5 byl 00,0 YO) (25 (9 61372 68.17 2 15632
Non-stress ' : .
s by 200 03 eble 53 55.37b 62.58 b 11882
Moderate stress
(=) Cadyb 0oy YO) wad o5 5087 ¢ 5767¢ 0675 b

Severe stress

()5 0 HSS1s) Wyl waly (55l0 gime Dol gt ;o 50 alive By > b slo . Sl
The means with simillar letter in each column are not significantly different (Duncan 5%).
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Table 5. Comparison of morphological traits of chickpea affected by seaweed extract x water deficit stress interaction

(o wop) Sz ojlas lslesd L wg e tisas (Pt eSS Ghy (e i) ad, sb
Treatments/ Seaweed extract Shoot dry weight Root length
. Number of branches Pod number
(Volumetric percentage) (g) (cm)
() b b 0o ps YO T a5 90/ NoON water deficit stress (75% field capacity)
asLzControl/ 3.33°¢ 6« 1.633 32.27¢
1.5% 433" 70 22902 40.50 ®
2.5% 5332 8.33¢° 2460 41.80°
3.5% 4.33" 7.33%® 2.270*° 40.53 ®
(=) b b 0o s 04) w1 2as/ Moderate water deficit stress (50% field capacity)
asLzControl/ 2¢f 4.66 ¢ 1.500 ® 34.03¢
1.5% 2.33 f 5.33¢% 1.830 37.63¢
2.5% 3« 6« 1.860° 38.63
3.5% 2.33 % 5% 1.827 ™ 37.03°¢
(25 byl 0o y0 YO) s T sl Severe water deficit stress (25% field capacity)
saLlzControl/ 166 3.66f 1.390 ¢ 30.50°°
1.5% 2¢f 433 ¢ 1.507 % 320
2.5% 2.66 ° 5 1.557 % 32.20 %
3.5% 2.33 % 4.66 ¢ 1.543 % 31.20°¢

(20,8 0 SS3ls) W5 5wl (5,l0 e ol (g o 50 alie By > b sla 2 Sile
The means with simillar letter in each column are not significantly different (Duncan 5%).
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Table 7. Mean comparison of physiological parameters of chickpea under seaweed extract

by Sl oyl AL jiawgid Auigiig)ls
(o> 903) (46 50 @250 00 58 Jgo 9,50) Jobo sLisd sl (¥ 0ig e 2 eSSl
Seaweed extract Net-photosynthesis Cell membrane stability Carotenoeid
(Volumetric percentage) (umol m2s™) (mg g”'(FW))
Control/sals 8.67¢c 0.396 b 0913c¢
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Introduction

Seaweed (Ascophyllum nodosum) extract can play an effective role in plant growth and development due
to having plenty of nutrients, plant growth regulators and helpful microorganisms can improve soil
physicochemical characteristics. Seaweed extract is rich in growth hormones such as auxin, cytokinin,
nutrients and widely used elements such as nitrogen, potassium, calcium, magnesium, trace elements such as
iron, zinc, copper, manganese and other valuable compounds such as mineral salts, vitamins and
Antioxidants have a positive and significant effect on morpho-physiological and functional characteristics of
plants. In this regard, several studies have reported that the use of seaweed extract as a foliar application can
increase the morphophysiological characteristics of crops. Water deficit stress is one of the most important
factors limiting plant yield, the use of remedial treatments to reduce the negative effects of stress is essential
and increases the strength and resistance of plants to abiotic stresses. The main purpose of this study was the
effect of foliar application of Ascophilum nodosum seaweed extract in reducing the negative effects of water
deficit stress on chickpea (Adel cultivar).

Materials and Methods

In order to evaluate the effects of seaweed extract on morpho-physiological indices of chickpea (Adel
cultivar) under water deficit stress, a factorial experiment based on completely randomized design was
conducted in natural environment and with three replications at the Khatam Alanbia University of Behbahan.
The experiment treatments consisted of four levels of seaweed extract (0, 1.5, 2.5 and 3.5%) and three levels
of water deficit stress: non-stress, moderate stress and severe stress (irrigation at 25, 50 and 75 of field
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capacity, respectively). In this study, morphological and physiological traits such as plant height, number of
leaves per plant, number of lateral branches, number of pods per plant, shoot dry weight, root dry weight,
root length, photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids and Total chlorophyll), net
photosynthesis, cell membrane stability and relative water content were measured. At the end of the growth
period (about 50 days after planting), the aerial part was separated from the plant roots. In order to determine
the dry weight of shoots and roots, the samples were dried in an oven at 72 °C for 48 hours and then their
weight was determined with the AND scale model GT-300 made in Germany with an accuracy of 0.001 g.
Lichtenthaller and Wellburn (1983) method was used to measure chlorophyll and carotenoids. In order to
measure the amount of net-photosynthesis, a KR8700 gas exchange-measuring device made by Korea Tech
Company was used. Bian and Jiang, (2008) method was used to measure the relative water content of leaves.

Results and Discussion

The results on the simple effects of seaweed extract showed that all foliar application levels led to a
significant increase in plant height, leaf number, root dry weight, net-photosynthesis rate, cell membrane
stability and carotenoids content compared to the control. Seaweed extract of 2.5 and 3.5% levels led to a
significant increase in root dry weight, number of leaves per plant, plant height and cell membrane stability
compared to the control. Foliar application of 2.5% compared to other levels resulted in a significant increase
in net-photosynthesis and carotenoids. Evaluation of simple effects of water deficit stress showed that severe
stress (25% of field capacity) significantly reduced plant height, number of leaves, root dry weight, net
photosynthesis, cell membrane stability and carotenoids content compared to non-stress conditions (75% of
capacity) and moderate stress (50% of field capacity). The results of interaction of treatments showed that in
non-stress conditions, levels of 2.5 and 3.5% of algae extract significantly increased the number of lateral
branches, number of pods per plant, shoot dry weight, root length, relative water content, chlorophyll a, b
and total chlorophyll content compared to the control. Under moderate stress conditions, application of 2.5%
of seaweed extract significantly increased the number of lateral branches (+33%), number of pods per plant
(+22%), shoot dry weight (+19%), root length (+12 %), Relative water content (+7%), chlorophyll a (+12%),
chlorophyll b (+10.5%) and total chlorophyll (+11%) were compared with the control. Under severe stress
conditions, 2.5% foliar application was able to increase the number of lateral branches (+30%), number of
pods per plant (+27%), relative water content (+6%) and chlorophyll b content (+10%) in compare with
control.

Conclusion

According to the results of this study, the use of Ascophilum nodosum seaweed extract in all studied
levels is recommended for chickpea in non-stress conditions, but in moderate and severe stress levels, 2.5%
is recommended to improve the morpho-physiological characteristics of chickpea.

Keywords: Cell membrane stability: Chlorophyll content: Net-photosynthesis: Water deficit stress
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Table 1. Name and origin of chickpea genotypes

as ol [
No. Name Origin
1 FLIP 03-71C ICARDA
2 FLIP 03-64C ICARDA
3 FLIP 98-106C ICARDA
4 FLIP 00-40C ICARDA
5 FLIP 99-66C ICARDA
6 FLIP 00-21C ICARDA
7 FLIP 99-34C ICARDA
8 FLIP 01-32C ICARDA
9 FLIP 01-50C ICARDA
10 FLIP 01-52C ICARDA
11 Flip 97-120C ICARDA
12 FLIP 03-71C ICARDA
13 FLIP 03-135C ICARDA
14 FLIP 03-152C ICARDA
15 FLIP 04-18C ICARDA
16 FLIP 82-150C ICARDA
17 FLIP 88-85C ICARDA
18 FLIP 93-93C ICARDA
19 ARMAN IRAN
20 AZAD IRAN
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Table 2. Geographic characteristics and soil texture of trials area

ol (50) byo o gl aldlyir Py (2Ll Jobo S cdl (o skeo) (S5k ol e bwgio
Location Altitude (m) Longitude Latitude Soil texture Average rainfall (mm)
oblas 710 50°.50' E 0°A7TN STty 450
Gachsaran silty clay loam
- 45 55°12'E 37°.16'N o s=ed 550
Gonbad silty clay loam
P! 975 46°.36'E 33°47'N s 350
llam clay-loam
e 1147 48°.18'E 33°.20'N e d 445
Khoramabad silty-loam
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Olivoto et al., 2019) s 0 48,5 a5 yo Il
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Table 3. Annual percipitation of test areas during the cropping season in 2010-2013

=hi J
ol Cropping season
Location S Sk TR | L PR L8 1va)-1ray
2010-2011  2011-2012  2012-2013
U
417.1 (E1 420.6 (E5 503.7 (E9
Gachsaran (EL (E5) (E9)
sble >
364.2 (E2 294.1 (E6) 363.6 (E10
Khoramabad (E2) (E6) (E10)
Kwiig
’ 279.7 (E3 476.1 (E7
Gonbad (E3) E7)
|
I::::ﬁ 171.5 (E4) 329 (E8) 396.1 (E11)
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Table 4. Stability analysis indices
oylos ] Jge or8)
Code Index Furmula References
2
ol i) SSIPC1
1 o Solwl ) _ 2 Purch t al., 2000
AMMI Stabl“ty value (ASV) ASV = \/|: SSIPC2 (IPCl) + (IPC 2) urchase et al
N
adlse slo (2o yoi 0.5
2 5o SR Sy Egere = d Sneller et al., 1997
Sum of IPCs scores (SIPC) SIPC le” Zin nefieretd
n=
AMMI (5 laly szal)ly o2 jlade N 2
3 Eigenvalue (EV) stability EV = Z}/in In Zobel et al., 1988
parameter of AMMI n=1
2 IPC s g 3llas a3
. N
sSany .
4 Absolute value of the relative Za, = Z|6n 7/in| Zalietal., 2012
contribution of IPCs to the n=1
interaction (Za)
oloyen Gl asls
5 Simultaneous selection index SSI= R(AM’\/“ stability Indices) +RY Farshadfar, 2008
(ssi)
p
IPCA, x EP,
llas Slye5 55 e kzj A 1 _
6 Weighted average of absolute WAAS; = Olivoto et al., 2019
scores (WASS)

Zp: EP,
k=1
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AVEY oS gy aore 10 Gl (iSed p g cadgi) oo

0,5 oo dzgi |y S Olay e ggemme 3l a0 VEIVY § V/PY
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3yShee 5 Slns e ggaza p bauona 53 iy 2Se
WDg o yd AAVA 9 Y17 AYIY o P .35:;'5 QSL“V‘-'-'BJ) alo

555 e g a5 Sls lis 55 Erdemci (2018)
5 SV EVIOA i Sy Lo e 3 igi iiSab s

Ry 4O Og J—f A-JL’-’JA Eg—aine )‘ d—o,d YOIV O
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Table 5. Simple analysis of variance of seed yield of

o (US55 0, 55heS) ails 3,Shae  Soly Slapo oXils g Slayo oFle  oilojl slhs Slarpo Kile Syl g b
Environment Seed yield (Kg Ha™) MSB MSG MSE Cv
1 1309 403000** 56100** 20700 10.99
2 1851 421000** 119000** 25000 8.54
3 1688 21.4™ 327000** 27300 9.79
4 1054 24400™ 435000** 34000 17.49
5 1753 223000** 50600** 17300 7.50
6 874 68100™ 97700** 26500 18.63
7 2335 445000** 180000** 27000 7.04
8 553 1090™ 41800** 10900 18.88
9 1436 206000** 19000 30400 12.14
10 2362 315000** 498000** 23400 6.48
11 711 18200™ 49500* 25700 22.55

ao)0 ) g ao,00 Jleiol mha )0 s e g lo e puf st g 3 NS

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

o 5l Lyl sleaaisl) @lolid s loaadsy s
Az bl )5 1) (gyll 458 il la g (3bls
35 e 0 eolitan aalp SO las iy slappY cél o @
J(ICARDA) St 5blis jo (53,0las ivgh Malliyw
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S 895 a9 )0 (58 i Lol iSen
J=B 5 Sy sl b ST Ragy 5l (gl o il
Loocdsl) 5 g Sl s oS Ll 5l g s (55l 0
o=l o BT ils Coenl sl slacaiady (ian3S jo a5 Sl
5 w555 Sl p e 9958 Bdo a1 oS nl e 5l
(Gauch et al., 1996) 545 ;5 o5 Jamexcuigs) (iuiSad
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gt o e b ;0 Gl (iSes o L] |
i plosl AMMI sl oL 5l oalial by oyl 45320
ol adlie Lo aS ol lis Lol sleaalie a4y 4y o
g 50 oy hol adlie 5 o0 Jleiol mans jo conss
adlie iy ol g 0g Hlo s ails o Sles o y00 Jleisl
3 g GRSy Sl 5l ao )3 A TA ez o

v. International Center for Agricultural Research in the Dry
Arreas (ICARDA)
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5 Se3ed Sla Sy 5l easeln adlgi e a5 el iolo]
5ol slasS 5o olidlir e 5 Job S ol
S i o (Hajivand et al., 2020) a_ib ... y olso
Al sao i o S Sl e foazme Ayl j0 e
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&5 sl laiy Gizren 5 4>l o sl el
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TR R B e LR L R OV 3
G35 50 b gl @ Wl oo 0,8as b Il 3l
Olmejer Ll (az Ll 5,00 ) walrin Lac—is)

A 03,54 (Farshadfar, 2008)

99 s 456 3l 35, 4z als 3 Shos [, lanma
RUPSRS VA SPSRUPSIN o 77, PRV [N S FURCHE I 5 PV 98
3 6 Ol Raagh st (pl b Bl )0 (7 J9ux) g
fA (Kanouni et al., 2016) oo ,oVY/YF 5 FY/- 2 g
S, SYOIYO 5 FY/FA 4 (Zali et al., 2008) sas,oYA
21y pg0 g Jgl ol atlse 9o (Danyali et al., 2012)

395 g} ailo o Sdoe gl p (ool 9y <5 po (ibislg 555 -F Jgu
Table 6. AMMI analysis of variance for seed yield of chickpea genotypes

Sl 2alio @oll a4z ©lazyo ggozo ©la yo (Sl oy
S.0.V Df Sum square Mean square Percent
e 10 226909632 22600963%* 792
ENV
e sl 22 4213610 191528
REP(ENV)
e 19 6873836 361781%* 24
GEN
DAL 190 28732495 151224%* 10.0
GenxEnv
il stel edls 28 12208013 436000%* 425
PC1
Py bl edlse 2% 5582662 214718%* 19.4
PC2
P bl ol 24 4058045 169085** 14.1
PC3
Pl shol e 22 2572514 116932%+ 9
PC4
g shel adle 20 1663631 83182* 58
PCS5
i shol edlie 18 950796 528221 33
PC6
s el ade 16 903208 56450 31
PC7
e hol edlse 14 490762 35054" 17
PC8
o el adlse 12 189963 15830"™ 0.7
PCO
' e
o shol e 10 112902 11290 0.4
PC10
il sl 418 19791356 47348
Residuals
s 659 286520929, 434781
Total

PC: Principal component

0o, ) 90 Jlasl mhaw ;o jls e g o e jué e g 3 NS

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

sleasls | (S a5 ASV (g lly asls (Y Jso)
el AMMI gy a4 g la ol a0 00 L S8
Olimsdn oy0d oy eS L, A g W - i glac s
ol ol 6% Ol tagh Wbl baaieis ol

Ol yo olsil pslis s AMMI gl sla psli
(Simultaneous selection index, ssi)
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Zali et al., 2009; Danyali et al., 2012; Zali ) oslazs 5
et al., 2012; Kanouni et al., 2015; Pouresmael et al.,
s F NV X AOY sleacss; SIPC a3ls ulal (2018

ZA a3ls V8 g A OV X OF Glacwss; BV asls o\ f
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et al., 2009; Zali et al., 2012; Kanouni et al., 2015;
atli aul=e jo a5 Il ;) .(Pouresmael et al., 2018

woiloas a8 )5 S o xe Lol slradlie acn WAAS
S0 shls AMMI L oo sl ol 4 cos a3ls oyl
ol b oad glolid Jlul cuigs o5 Wbl co iz g ol
(Olivoto et al., 2019a) ol 5,55 5 (5 yiun Lel
lolis gl L ol 0 LS Sl (Sadl sl 5
ooime 3 adexjli el (LalS e el slacss)
Sharifi et al., ) z,- 4 (Karimizadeh et al., 2020)
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Introduction

Chickpea (Cicer arietinum L.) is one of the most important legumes in the world after pea and bean and
is rich in protein (21.7-23.4%), minerals (iron, phosphorus, calcium, zinc, potassium and magnesium),
carbohydrates (41.1-47.4%) and vitamins (B1, B2, B3, B5, B6, B9, C, E, K). The interaction of genotype by
environment, as a response of genotypes to the environmental variation is a source of complexity for
breeding programs and preparation of high yielding and stable genotypes. One of the most important ways to
discover the nature of genotype by environment interaction is stability analysis, which identified the stable or
compatible genotypes. Different methods for investigation of genotype by environment interaction and
determination of stable genotypes have been reported, which generally include uni-variate and multivariate
methods. One of the multivariate methods is AMMI analysis. The purpose of present study is the evaluation
of the stability of chickpea genotypes using AMMI indices and biplots.

Materials and Methods

Eighteen selective advanced genotypes of chickpea from ICARDA with two check verities (Arman and
Azad) evaluated across four locations (Gachsaran, llam, Gonbad and Khoramabad) at three growing seasons,
in a completely randomized block design with three replications. The data of 3rd year in Gonbad were lost
and therefore, the analysis of data performed on 11 environments. Average seed yield of genotypes estimated

* Corresponding Author: sharifi@iaurasht.ac.ir
Yyyv


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 12, No. 2, December 2021, p. 214-228 (Original Research Article)

at each environment (combination of location and growing season) and used for analysis. Statistical analyses
including simple analysis of variance, combined analysis of variance and stability analysis carried out by
metan (Multi environment trial analysis) R package. Five AMMI stability indices including ASV (AMMI
stability value), SIPC (Sum of IPCs scores), EV (Eigenvalue stability parameter of AMMI), Za (Absolute
value of the relative contribution of IPCs to the interaction), WASS (Weighted average of absolute scores)
and simultaneous selection index (ssi) of these parameters was used for stability evaluation of genotypes.

Results and Discussion

Combined analysis of variance indicated environment, genotype and genotype by environment
interaction accounted 79.2, 2.4 and 10.0% of the phenotypic variation of seed yield, respectively. The
significant effect of genotype indicated the wide genetic background of genotypes, while the significant
effect of genotype by environment interaction is indicated the diversity of genotypes in test locations and
growing years and exhibited the necessary of evaluation of genotypes in multiple environments. According
to the significant effect of genotype by environment interaction, AMMI analysis was carried out by principal
components analysis and the results indicated the significant effects of five principal components on seed
yield. The first two principal components contributed to 42.5 and 19.4% of genotype by environment
interaction. Genotype G3 (1663 kg ha™) followed by G1, G17, G20 and G5 had the highest seed yield.
According to the ASV and WAAS indices, G3, G4 and G13; EV and ZA indices, G3, G14, G16 and G6; and
SIPC, G14, G3, G11, G4 and G16 were the most stable genotypes. Selection of these genotypes was done
only on stability aspect of genotypes, therefore simultaneous selection index (ssi) based on any of these
parameters was used to evaluate the simultaneously selection of genotypes based on seed yield stability and
performance. Genotypes G3, G1, G4, G13 and G16 selected as superior genotypes by ssiASV, ssiZA and
sSiWAAS indices; while based on ssiSIPC and ssiEV, G3, G16 and G20 were as the best genotypes. The
other applications of AMMI stability analysis are selection of best genotypes in any of environments.
According to this procedure, genotype G3 was placed in the first order in E1, E5 and E7; in the second order
in E2, E3 and E9; in the third order in the E6 and E7; and in the fourth order in the E5. The AMMI1 biplot
(IPCAL vs grain yield) identified G1, G3, G17 and G13 as high yielding and stable genotypes with seed yield
higher than total mean and lowest IPCAL values. This biplot was also indicated environments E1, E9, E5, E2
and E3 had the lowest contribution in genotype by environment interaction interaction. The first principal
components explained only 42.5% of genotype by environment interaction, and therefore, it seems that using
the AMMI2 biplot is more efficient to identify the superior genotypes. In AMMI2 biplot (IPCA1 vs IPCA2),
genotypes G4, G3, G13, G1 and G10 had high general stability. The environments E3, E4 and E10 with long
vectors, had high discriminating ability and can estimate the relative efficiency of genotypes well.

Conclusion
In general, based on different indices, G3, G1 and G13 had high yield in most of environments, and in
most methods had good stability and could be candidates for introduction of new cultivars.

Keywords: Adaptability: Biplot: Genotype by environment interaction: Principal components: Yield
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