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Table 1. Weeds and their characteristics in the studied farm
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SN Chenopodium album L. Chenopodiaceae 29.3 30 Broadleaf C3 Annual
Gy gm0 Echinochloa crus-galli L. Poaceae 6.3 6 Grass C4 Annual
0,5 ol Fumaria officinalis L. Fumariaceae 1.6 1.5 Broadleaf C3 Annual
R Sonchus asper L. Asteraceae 3 25 Broadleaf C3 Annual
Ol (o8lg p0 Setaria verticilata L. Poaceae 6 5 Broadleaf C3 Annual
KEPURTY Polygonum aviculare L. Polygonaceae 51 Broadleaf Cs Annual
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Table 1. Analysis of variance (mean squares) the effect of treatments on weed density in three sampling stages

spsladile o515

Source of variation DF Weed density
5 gl @920 e 5l 500A e Sl danVe sbend 3l 5000
58 DAT 70 DAT 90 DAT
Replication 2 254 1.48 0.22
ISS ' ' '
Treatment
s 4 99.7** 31.17** 15.13**
Phass
Error
s 8 1.35 0.66 0.64
Total 14
5
CV (%)
15.3 14.3 15.6

(Ao,0) Sl s 50

DAT: Days after treatment

Aoy0) 500,00 Jleiml mlaw )5 (gl gme o Say g

*and **: Significant at 5% and 1%,; respectively
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Table 2. Mean comparisons the effect of treatments on weed density in three sampling periods

(@050 30 &) 5 pgladile o515

Sl Weed density (Plant.m?)
Treatment slosd 3w 3900A  lead 3w 395Ye lead 3w 39530
58 DAT 70 DAT 90 DAT
Trifluralin
ol gl 5 29.33¢ 12.66 bc 19.00 b
M;l'f h 103.66 b 25.33b 35.00b
Mulch-Trifluralin Mixed
el slin 5 0 il gl 20.66 ¢ 14.66 bc 25.33b
Trifluralin Under Mulch
e 5 ol ol 5 2.66 d 2.00c 0.66 ¢
Wj‘i"ffiﬂce 211334 11866 a 66.33a
Weed free
0 0 0

Jb s g a0l

DAT: Days after treatment

el 2,00 ezl mhaw ;3 lo e OS] pae Sl alive By y> L slasl iyt o 58
Means in each column that do not share a letter are significantly different at 5% level of probability.
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Table 3. Analysis of varians (mean squares) the effect of treatments on weed biomass in three sampling periods

spglacile odgicum
i @l R EEN Weed biomass
Source of variation DF Sload 3l 3930A Lo 1 395Ye slewd 1 m 39580
58 DAT 70 DAT 90 DAT
Replication
) 2 0.45 0.76 22.99
S
Treatment
s 4 95.74** 61.58** 85.18**
Phass
Error
Lt 8 0.65 0.56 2.08
Total 14
K
CV (%)
16.3 14.2 15.9

(Ao,0) Sl o

DAT: Days after treatment

*and **: Significant at 5% and 1%; respectively
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Table 4. Mean comparisons the effect of treatments on weed biomass in three sampling periods
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Weed interference 201.94 a 178.06 a 23344 2
JrS g vall ' ' '
Weed free
0 0 0

Jab plos (g valls

DAT: Days after treatment
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Means in each column that do not share a letter are significantly different at 5% level of probability.
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Table 5. Analysis of variance (Mean square) the effect of treatments on chickpea biomass and seed yield

Se5 Wlho
yodd 2ol 89137 a0 Chickpea traits
Source of variation DF odgicams ) il 5 ,Slos
Biomass  Seed yield
Replication ) 3109 115
HSS
Treatment
o 5 71578**  6405.8**
Error 10 2371.8 154
Total
s 17 - -
CV (%)
13.7 5.6

(3o,0) Sl s o

Aoy0) 50,00 Jleiml mlaw )5 (gl pme ool Say FF g
*and **: Significant at 5% and 1%; respectively
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Table 6. Mean comparisons the effect of treatment on chickpea biomass and seed yield
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Sl oellysla 5 ' ’
Weed interference
S g sl 168.00 ¢ 19.07 f
Weed free
389.3b 55.22d

b plas oy ol

el ;00 el mhaws 53 lo gire BB pae Sl aline By > b olael (g o 50
Means in each column that do not share a letter are significantly different at 5% level of probability.
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Introduction

Chickpea is the second important legume crops and because of high protein level (18-30 percent), has a
key role in human diet. Chickpea is a weak competitor with weeds because of its slow growth at the seedling
stage, lower height and slow canopy closer. Growing chickpea in weedy condition can suffer yield reduction
up to 40 to 90 percent and weed management is one of the most important management methods in chickpea
farming. Like another legumes, chickpea is more tolerate to pre-emergence herbicides compare to post-
emergence herbicides. Experiments indicated using of one weed control method, can not have a proper and
sustainable control on weeds and for this purpose we should integrate weed control methods for sustainable
weed management. Mulches is one of the effective weed control method and reduced weed damages. In
many cases, pre-emergence herbicides are used in combination with different mulches provide longer
duration of weed control and suppress a broad spectrum weed species. Pre-emergence herbicides uses for
combining with mulches mostly members of dinitroanilines such a trifluralin and pendimethalin or another
pre-emergence herbicides like isoxaben and dichlobenil. In this regard, the goal of this study is evaluating
the application of mulch-herbicide combination as a method in chickpea weed control.

Materials & Methods

The experiment was conducted in completely randomized blocks design with three replications at
research farm of Ferdowsi University of Mashhad, Mashhad, Iran, during 2015. Treatments were included
the pre-emergence application of trifluralin, imazethapyr and wood shaving mulch and two ways of mulch-
herbicide mixtures application (application of herbicide under the mulch and application of pre-mixed
herbicide with mulch) with full season hand weeding and full season weed interference as control treatments.
For making pre-mixed mulch and herbicide, mulch is sprayed with herbicide in another place on plastic foil
and mixed together with rake completely then transported to the field experiment and was spread in field
experiment. Studied mulch is a carpentry wood shaved mulch and was spread on the field experiment in 3
centimeter height with rake. For application of herbicides under the mulch, herbicides applied on the soil
surface first, then mulch would be spread on the soil surface. The data statistical analysis were performed by
Mini Tab Ver 17 and draw the figures with Excel 2013. Means were also compared by LSD (Last Significant
Difference) test at 5% probability level.

Results & Discussion

Results indicated that, application of imazethapyr injured chickpea hardly and stopped chickpea growth.
Application of trifluralin and wood shaving mulch alone, decreased weed density and weed biomass and
increased chickpea yield significantly. Combination of wood shaving mulch and trifluralin indicated that two
different results, trifluralin-mulch mixed had the higher chickpea seed yield (1450 Kg.ha) and biomass
(3700 Kg.hat). Although application of mulch after trifluralin application as pre-emergence, controlled
weeds significantly and provide the longer weed duration control in growing season, but also injured
chickpea, and decreased it’s suitable density and indicated that the lowest chickpea seed yield and biomass.
There was not significantly difference between the trifluralin application alone and trifluralin-mulch
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combination in three periods of sampling in weed density and biomass it seems the mulch prevent the
trifluralin to achieve to the soil surface and decrease weed control efficacy but when trifluralin applied under
mulch, weed control efficacy increased and controlled weeds during the growing season significantly.
Trifluralin is decomposable when is applied in day light but when it is under mulch it be more stable and
increase efficacy compare with application alone.

Conclusion

Through the experiment, mulch is suppress weeds and reduced weed density and biomass significantly
and increased chickpea biomass and seed yield. Chickpea is very sensitive to pre-emergence application of
imazethapyr and it caused chickpea injury, although this herbicide is labeled for chickpea in Turkey and
controlled weeds significantly but in this experiment it caused chickpea injury. Chickpea is less sensitive to
trifluralin and trifluralin application, increased chickpea yield significantly and decreased weed density and
biomass. It seems that to be trifluralin-mulch combination, when trifluralin applied under the mulch, is
suitable and increase the efficacy weed control and decrease the costs with this regard but it caused injury
crop and decreased chickpea yield. Pre-mixed combination trifluralin with mulch decreased trifluralin
efficacy compare to application Trifluralin under the mulch.

Keywords: Integrated weed management, Mulch, Mulch-herbicide combination, Rainfed farming
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Fillesy ST Iy SIS g Slasd m
Primer type Primer sequence Nucleotide number ~ (°C)
PSH91.F 5' ATTCATCACCATGGGTGTTTTCAG 3' 24 62.7
PSH91.R 5" ACACACGTGGTGTAATAAAAGCACTTA 3 27 61.9
MN.F 5 ATGGGTGTTTTCAGTT 3' 16 40.5
MN.R 5' ATAACCCTCAAGTGCC 3' 16 43.8

1356 bp

1289bp
MN-F
_>

—_—
PSH91-F

1350bp

MN-R

—

W ,

PSH91-R

PR-10:5 4 MN g PSH-91 sl ;55T Jlail a9 PR-10 5 Sudlouds (glos —) S
Fig. 1. Schematic view of PR-10 gene and connecting region of PSH-91 and MN primers to gene
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Fig 2. A: Extracted DNA from chickpea cultivars of MCC142, MCC528, MCC150, MCC20, MCC506 and MCC507
on electrophoresis gel; B: Equal concentration of DNA from these cultivars on electrophoresis gel
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Fig. 3. Production of 1350 bp DNA fragment by PCR amplification using PSH-91 primer in all cultivars
indicated to existence of PR-10 gene in their genome.
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Fig. 4. Production of 1289 bp DNA fragment by PCR amplification using MN primer in all cultivars
indicated to existence of PR-10 gene in their genome.
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Selection: 1087 -> 1095 = 9 1.283kb
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Fig. 5. Forward and reverse sequencing of PR-10 gene derived from MCC142 variety
(resistant to Ascochyta blight)
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Fig. 6. Forward and reverse sequencing of PR-10 gene derived from MCC528 variety
(resistant to Ascochyta blight)
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Fig. 7. Forward and reverse sequencing of PR-10 gene derived from MCC150 variety
(tolerant to Ascochyta blight)
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Fig. 8. Forward and reverse sequencing of PR-10 gene derived from MCC20 variety
(tolerant to ascochyta blight)
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Fig. 9. Forward and reverse sequencing of PR-10 gene derived from MCC507 variety
(susceptible to Ascochyta blight)
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Fig. 10. Comparison of PR-10 gene sequence of different chickpea varieties with reference sequence indicated to lack

of difference between sequences and reference sequence also.
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Introduction

Chickpea (Cicer arietinum L.) is an especial important crop among Pulse crops. One of the most
important factors limiting the yield of chickpea is fungal diseases. Ascochyta blight is the most problematic
disease of chickpea. The fungus Ascochyta rabiei (also called Didymella rabiei) causes ascochyta blight of
chickpea. Pathogenesis related (PR) proteins are one of the ways to control plant pathogens. These proteins
are encoded by the host plant, but their express done only in the presence of disease agent or the related
conditions (Ghannadha et al., 2006). PR-proteins are a variety group of proteins including: glucanase,
chitinases, endoproteinase, peroxidases, protease inhibitors, as well as small proteins such as osmaotins,
thionins, defensins, and lipid transfer proteins (Jain et al., 2012). So far seventeen PR proteins have been
identified (Liu et al., 2006). PR-2 is the only PR-protein that identified in chickpea. The PR-10 has many
functions. Direct evidence of antimicrobial activity induced by PR-10 is known in microbiological labs. The
ability to connect to ligands is also observed. It also has an enzymatic activity in the secondary metabolism
of plants and plays a role in abiotic stresses (Liu et al., 2006). This research was done to detect pr-10 gene in
chickpea genome.

Materials & Methods

In this experiment, six genotypes of chickpea, including two sensitive genotypes (MCC506 and
MCC507), two resistant genotypes (MCC142 and MCC528) and two tolerant genotypes (MCC20 and
MCC150), against ascochyta blight were used. The seeds were surface sterilized using 2% sodium
hypochlorite and germinated in sterile petri dishes. The germinated seeds were planted in pots (with 20 cm in
diameter) containing combination of perlite, coco peat and vermicompost with a ratio of 1: 2: 1 at a depth of
2.5 cm. After one month, DNA extraction was down from leaves using CTAB method. RCR reaction was
down using primers of PSH-91 and MN in 2 steps. These primers were designed using Primer software
Ver.5. The first step was performed using PSH-91 primer on genomic DNA and second step using MN
primer on first PCR product. The detected gene was extracted using a Gel extraction kit manufactured by
Denazist Company. Then PR-10 gene constructs were sequenced. Sequencing results were analyzed using
SeqMan software.

Results & Discussion

Germination of plants was almost simultaneously. The shoot production of resistant and tolerant plants
was more than sensitive cultivars. Resistant and tolerant varieties reached to flowering stage earlier and
produced more abundant seed rather than sensitive cultivars. The presence of a single-band 1350 bp in the
first PCR and a single-band 1289 bp in the second PCR indicated to presence of the PR-10 gene in the
chickpea genome. The results of this research indicated that there is no difference in sequence of coding gene
of PR-10 protein in chickpea genome with different resistance levels.
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Conclusion

Due to the lack of diversity in the nucleotide sequence of pr-10 gene among resistant and sensitive
cultivars, it is likely that when the protein is expressed in the presence of the disease agent, the expression
difference between the different varieties is shown. This seems reasonable considering research on the pr-10
rice genes (Babaiezadeh & Sayyari, 2012). The PR-10 gene in rice is naturally not expressed in leaves and
does not respond to ulcers, but it has high expression potential in the presence of ethylene and jasmine acids
(Heidarinejad et al., 2014). Also, in evaluating the resistant and susceptible cultivar of rice blight pods
disease, PR-10 gene expression in resistant cultivars was significantly increased compared with susceptible
cultivars (Babaiezadeh and Sayyari, 2012). It seems that additional experiments are necessary in disease
condition on expression of pr-10 gene in chickpea.

Keywords: Ascochyta blight, Cicer arietinum L., Pathogenesis related (PR) proteins, pr-10 gene
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Table 2. Needed input parameters for model
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Parameter (abbreviation) Unit

soeldl g swuliilsn slaosls
Weather and climate data

Maximum daily temperature(TMAX) &35, slos yiSlas Degree Celsius (°C) ol 4>,
Minimum daily temperature (TMIN) il;5, slos Jslo> Degree Celsius (°C) oy 4>y
Solar radiation (SRAD) ljs, (o 35 il Megajoule per square meter and per day 5, ;o g0y 5 JoiKe
Daily rainfall (RAIN) i35, Sas)b Millimeter s L.
Sk gl Sy
Soil characteristics
Albedo (SALB) 5o Ji NoO s,
Drainage factor (DRAINF) _:Sa;j oy o ) ’“‘-"J" z ’“’3‘“’
Millimeter per Millimeter
(DUL) (5o 03 abaii ) gl gomo oS Sl e il
Volumetric soil water content at drained upper limit Centimeter per Centimeter
ALL) (el by abais 0 gl oz yuS Fole p el
Volumetric soil water content at crop lower limit Centimeter per Centimeter
(SAT) glosl alais ;5 Cughy comm> puS ol yie cile
Volumetric soil water content at saturation Centimeter per Centimeter
Curve number (CN) S5 ioxie o,lots NO s o
=y Sepae
Agronomic management
Sowing date (PDOY) cils & 6 Day of year since the 1st January «sl; Js! 5l Jbo 39,
Density (DEN) 51, Plant per square meter o o o ais
ASW) cials’ gdge 0 S cughs, ashee
Initial soil water in sowing time Millimeter
(ARGLVL) LT ploxil gl S 3,m5 b6 T oS ol
Irrigation threshold level No
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Table 3. Mathematical and statistical parameters related to the various traits studied by the model and field experiments

Sl Sla oeSlee bl sl el
o Maximum Minimum Mean Statistical parameters
Parameter lg 00l et it ™8l (ST ) U oy R? RMSE NRMSE
Actual TN.R Actual T.N.R Actual Predicted
o5 B ) 43 14 5 22 36 9 019 623 0.29
Days to emergence
AL ) i 111 131 87 88 96 108 0.89 2.99 0.12
Days to flowering
S0y B0 B 59 131 141 101 100 114 121 081 547 0.18
Days to start of seed grow
o b
FIRB I 134 147 103 108 118 127 0.84 5.1 0.16
Days to seed formation
- LA e G
A 178 175 128 138 150 158 0.9 5.84 0.12
Days to physiological maturity
=2 b s 190 183 133 136 157 166 0.91 6.23 0.11
Days to harvest
peeSle S 371 27 133 0.82 253 158 04 068 0.29
Maximum leaf area (m?)
. & o
(gyein 5o £ 4 2 Slos 519.4 249.8 202.5 129.4 3253 1902 0017 3242 0.10

Seed yield (g/m?)

sl pasls 522 56 34 44 46.3 50.1 0.006 53 0.29
Harvest Index (%)

(e 53 p5) Sujglom 0 Shos

S . ) 787 497 305 252 490.3 381 0.09 66.29 0.14
Biological yield (g/m?)
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Fig. 1. Observed different phonological stages versus predicted different phonological stages
Continuous line is line 1:1 and upper and lower dashed lines are 1:1.15 and 1:0.85, respectively.
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Continuous line is line 1:1 and upper and lower dashed lines are 1:1.15 and 1:0.85, respectively.
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Introduction

Bean is now considered as one of the most important products in the Middle East, Africa, China and
parts of Europe and Australia in human and animal nutrition (Turpin et al., 2002). Bean is a suitable herb in
rotation with cereals. Because it can break the cycle of many common diseases of grains and reduce the
population of nematodes. The model is a tool that helps us interpret and understand the world in which we
live (Boote et al., 2003). Precise prediction of the phenology of crops is one of the essential features of
simulation models. From models, improved crop production management can be used to predict the probable
dates of harvesting or predicting final yields, or more actively, to predict the timing of phenological events.
The production and distribution of dry matter in crop simulation models is largely regulated by the timing of
development stages. Understanding how the bean's phenological development response to day length and
temperature, creates a model for predicting the time of occurrence of different stages of development of this
crop. The aim of this study was to obtain a model for predicting phenological stages, maximum leaf area
index, economic and biological yield, as well as harvest index of bean plant under Gonbad conditions.

Materials & Methods

For the main data, the values obtained from field experiments were carried out at the research farm of
the Faculty of Agricultural Sciences and Natural Resources of Gonbad-e-Kavou’s University under favorable
rainfed conditions and free of pests, weeds and bean diseases. The experiment was a factorial based on
randomized complete block design with four replications in two years. Planting density was at four levels (8,
12, 16 and 20 plants/m?) and sowing date was in three levels (13 November, 1391, 13 December, 1391, 13
December 2012 and 7 December 2011, December 4, 2011 and December 17, 2011). The model used in this
study was similar to that of Soltani et al, (1999) for chickpea. Meteorological and climatic data was from
1994 to 2014 of Gonbad. 24 different scenarios including different combinations of density and planting
dates were defined for two years in the model. In order to compare simulated data with field experiment data,
evaluation indices, explanation factor (R?), root mean square error, normalized root mean square error and
line 1: 1 were used. The higher the R? value from the linear regression of functions and the 1: 1 line closer to
one, indicates a high correlation between simulated and observed values and is a sign of a better description
of the model in simulating the desired attribute.

Results & Discussion

The coefficient of explanation between the predicted values and obtained from field experiments on day
to flowering was 0.89. The root mean square error and its normalized value were 2.99 and 1.29 days,
respectively. Also, comparison of the number of days to harvest obtained from field experiments with values
obtained from the model showed that all of these values are in the range of 15% up and down the 1:1 line.
The results showed that the model also well predicted day to pod setting. So that the explanation coefficient,
root mean square error and normalized root mean square error, between the data obtained from field
experiments and the predicted data of the model were equal to 0.81, 2.99, and 12.0, respectively. Regarding
the day to the physiological maturity, the coefficient of explanation, root mean square error and normalized
root mean square error were 0.9, 5.84, and 12.0, respectively, which all represent a good prediction of the
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model. The explanation coefficient (R?) was obtained by analyzing the linear regression of the functions
between day to harvest and the predicted values equal to 0.91.

Conclusion

The results showed that the model could well predict the phenological stages of the faba bean, with the
exception of the day to the emergence. This prediction was at the highest level in the stages leading to bean
harvest, so that the highest coefficient of explanation with a value of 0.91 was found for the number of days
to bean harvest. Our study showed that the above model cannot predict well the maximum leaf area index,
yield, biological yield and harvest index in dune weather conditions and under our farm experiments.

Keywords: Beans, Model, Model description, Simulation
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Table 1. Physicochemical characteristics of farm soil

Ju cély (x00) IS 5a5 (pltst) shumd  (plitist) mawly  (00)0) TS (o s o) (S 5SIl oliad Aty !
Year Texture Total N (%) P (ppm) K (ppm) 0.C. (%) EC(dS.m?) pH
2016 o e 0.08 134 417 0.87 1.06 7.93

Loam Silty
2017 PPt 0.08 14.2 400 0.81 1.2 77
Loam Silty
O ranfal (mm) 2017 RSP ranfall (mm)2016 ======= mean temperature (C*) 2016 mean temperatare (C) 2017
70 50.0
450
60 L -
40.0
50 ! ' I l E
~ : : 350 5
E 40 ' 1 30.0 2
E ﬂ | ] 250 é’
4=-! 30 I a ' = 00 =
- Al A N A
i i £ -
20 "‘.. I.:'{I . VA *4‘ W laﬂJ
10 el ‘Al v
A~ 0\ AW I 50
3 |
0 - = - = 0.0
Jan. Feb. Mar.

IFAD-F g IVAF-20 uily bad jo )b g oo aildlo il - JSCi
Fig. 1. Mean of monthly temperature and rainfall during growing season of 2016 and 2017
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Gt ;S L (e Gy S Glgieds DlpalsS 0 S
51 (Rahemi-Karizaki, 2008) o 48,5 Lo saiscdls o
g K F as o ool gals o b dnlne gl ) aolee
5 S9al S ey gy S Sbled o Sy LA
ol Sy s a2l
F=1—exp -KxLAl ) aloles
ol S35 Ly Umosls ol 5 4o
3051 5 bpSilee amolie gl .o sl SAS Ver. 9.1.3
ooz Jleis! mhaw ;o (LSD) jlo cne &glis J8las
slaosls (pgo Jlw yo 5 Lol sloul 4 axgi b .o solaiul
i385 18 oS g 4525 0 )90 alSTa joboay Jlu o

S 9lgn8 Sy
Cood b8 olS So59de8 Sl e o ol)y L g0 2 50
i (¥ Jgoem) <88 13 (P< /0 V) cils sl ,5b
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«Soltani et al., 2006h) ¢l ool )0 (¢ jrwgid Jlad
olal 4 olag,e Jolis a5 e sl s ob+ slal b il jolgS
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1. Radiation use efficiency
Y. photosynthetically active radiation
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Table 2. Analysis of variance (mean of squares) for the effects of planting date, nitrogen and mesorhizobium on
phenological stages and seed yield of chickpea during growing seasons 2016 and 2017

Ol i 29lio @Il 4z (o s oS Se3eda 7 (S alo 5 Shos
S.0.V. df Emergence Flowering Physiological maturity Seed yield
2016
e 2 0.771™ 0.145 0.062 ™ 11992 ™
Block
=SB EL 1 300" 3366 ™ 4275™ 5073250 **
Planting date (P)
e 3 0500 " 0583 " 0576 285314
Nitrogen (N)
. / . Kk
el 1 0.333™ 0.083 ™ 0.021™ 706888
Mesorhizobium (M)
P*N 3 0.055 "™ 0.472" 0.687 ™ 13035 "™
P*M 1 1.333" 0.083 " 0.520 " 6007 "™
N*M 3 0.500 " 0.027 1 0.298 " 17836 "
P *N*M 3 0.277™ 0.361"™ 0.131™ 14205 ™
Erroris 30 0.482 0.212 0.262 57949
(3o,0) Sl s o po
2.94 05 0.41 7.256
CV (%)
2017
e 2 2.892 ™ 5.645 0.396 ™ 86526 "
Block
e 1 4760 4602 5720 " 4731980
Planting date (P)
| oerd 3 0222 0.388™ 0.500 " 181866
Nitrogen (N)
. / . .
el 1 0.750 ™ 0.083 ™ 0.083™ 347650
Mesorhizobium (M)
P*N 3 0.305 ™ 0.250 ™ 0.055 ™ 5402 s
P*M 1 0.333" 0.000 " 0.083 " 283721
N*M 3 0.305 " 0.138 " 0.250 " 17978 "
P *N*M 3 0.222"™ 0.055 "™ 0.138™ 4822 ™
Erroris 30 0.451 0.29 0.218 57925
(22) Sy o2 18 0.55 0.37 1027
CV (%)

o * g

00,3 g w0y il mhaw 5o jls gixe ls gixe ST 3929 pue s Ay g
", *&™: No Significant, Significant at 5% and 1% probability levels, respectively

L bl o) 0e50 o adim b alls 5l olog yogglaio O e b S
«Soltani et al., 2006 a) o ,5 Les Fo,5 50 o 8l Y lojioe F Jgaz 4 azgi b
Lulgl ecils 2,5 0 ,edn AYA0-95 o) Lo o 2,5 5l i 5, gem VTAF-A0 L ologyege Jaulsl coils
Lulgl ecsls o) an Cams 655,08 30 L ol S 5T alge 3 Les Sl s g5 L .59 olacgs Laulyl cuils
SR (e Jalgs aboz ) (¥ Jgo2) wad jeas olo (ot 2 A Jolge aboz il nlple il o olS G5alez o p
o8 4 ol n sl 55T oS (5908 J>lpe (53, 45 L Lod (gma0mly pgd <t )5 50 ploj el Gl
slo i sl o sl (Soltani, 2009) S_is 4ol L Jgl el 5,15 4 cars o 5 5l a5 0% (slod Lamgie
Sl b ecsls 5l Slej alols s SYsb 5 (dae (2003) (s 5o 09 01,5 il a2V Y sles Lo wgie
Ol omal38l s (pgo Sl b a4 Cod gl sl b Oy S 9956 [y p ale des (3950l Anwar et al,
A8 el Jol ctlS 7,y 090 (E D iy g (e Sy LB CilS slag L

oY
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Table 3. Comparison of means of number of days after sowing to reach to each phenological stage and seed yield in
chickpea under planting data in 2016 and 2017

(S Sy

(5 Sy

N 4ils 8 ySlos N ails 8 ySlos
3 <® S 5e) g0 - A e S 59090 <
- , HIEE s o ‘ Y
bl f,b (39 (39 (39 (s (39 (39,) (39 (Lsa
Emergence  Flowerin  physiological Seeij ield Emergence  Flowerin  physiological Seeij ield
(day) g (day) maturity kg r)(a'l) (day) g (day) maturity (Kg r):a'l)
(day) ' (day) '
2016 2017
o Is)
s s 21.08° 101.03 135.32 36422 47.37° 107.1° 136.5% 2655°
Early Jan.
g Lol 26.08° 84.57° 116.5° 2992° 27.45° 87.54° 114.7° 2027°
Early Feb.
LSD (o.05) 041 0.27 0.3 0.4 0.32 0.28

555 (gl stre gl o pogty Jlei] b ;0 LSD (yg03] ool 5 S e B> Sy JBlaz slyls (gl uSiles gt o 40
In each column, values marked with the same letter are no significantly different at the P<0.05 level according LSD.

5 oy 4yl Jolye o logas In ol slos Y J3o2)
oS U sl s pyo Bl ge,b s o gl 2l g,
[Ty 4B JeSS 50 055 (> 5l el pslaieny
S Sy Aoy o, L (gt sl Slass
oy Gl oL 4, Jab Jobo 5 s b Sl
B b 50 Sieln s (S, B ool 5l e
D9 s yid pgd Jlaw 0 oo yas awlgl 5 oo g0 Lol
O09=pSle an azgi L (Y Jgaz) 090 59,AYIVO g AANY
bl alboje3 50 olS e el)y Jlo (nl jo Sas Ll
odSle i S Ol RalS 1) 095 w098 Jobo 5
39y Slas 03 oS« St i Iyl b co aS el
(Shaban et al., 2013) s s L5 Foww, b 5,08

295 Span 2,5
o mme ao ;00 liabl alols o (s Lol Llod 5l g oy
5935 oS ,o Tesfaye et al, (2006) oais is,);5 slael asels
sl 18

L VAL (s y9 B o u,_[I)lf Ol F Jguz bl 5
pes Jlw 5o Joit%e ‘a)f\’/\ GAE w9 Jol Jlo ;0 YIYY
s0alCwdds 55 B pan o5 09 puxie CoilS Fu b g8 cpo
)‘)_9 09_56 ol_sf )b u‘)i—"‘"ﬁﬁj" ).tl_...: )‘ o..\.wuq)‘)f o.)s..\?u ).)
( Tesfaye et al., 2006; Soltani, 2009) c.zls

oY

oS b el
il F, o cabewnS lals el Jle g0 o
S5 Al e 5 )ly LiS a6 58 sy, Slaas )3 pgs
oabciS HlalS VYAF-A0 el ) Jlo jo (Y Jgo) wad
Wl 20 T a s e ol adiew 3l as 59,0A/F4
Jlws o=l Jol ccals 7o) o Slay allold () og st
=iy sl olS ()l 5Ls el po 3B Jdoa ol
Jsl sbjsy o ls Gl sles aeil o al> e ol 4y
Sl ooy o=l =8 YYA0-F <lyy Sl )0 05 o jw

OB nd g (e la i (V Jga2) 090 (o e
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1.2 2016
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= i)
£ 08 = 08
L= [=F) -
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E 0.6 @ Early Jan. E 0.6 < Early Jan.
E * Early Feb. § * Earlv Feb.
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= v=1-exp(-0.95 x) = y=1-exp(-0.98 x)
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Fig. 2. Relationship between the ground cover ratio (crop coverage) with leaf area index (LAI)

(@050 5t ) 9955 205 s asko 4y sboslo 3yt (Y = X + ) (s (g ¥ Jo gl —F Jgo

1YA8-27 g 1VAF-20 Jlu ;0 (o0 yo o J95K0) (rozxd ouuibcdly 5o (g piuwgsd Jlad ailiadd pl g 5o
Table 4. Coefficients of linear regression model (y=ax+b) that fitted to cumulative biomass (g.m2) of chickpea vs.
intercepted cumulative radiation (MJ. m?) in 2016 and 2017

n bxse a*se R? bxse axse R?
2016 2017
olosd Lawlgl
Early Jan.
3 2 el poe 9 -13.56+16.16 2.245:0.065  0.99 -16.89+13.71 1.864+0.060 0.99
a8 Non-inoculated
% 2 i 9 -19.22+17.68 2.312+0.070 0.99 -22.83+17.53 1.898+0.074 0.98
% Inoculated
-~ 0 9 -20.45+14.47 2.216+0.058 0.99 -26.47+13.96 1.851+0.062 0.99
\:ii %s 20 9 -22.47+16.99 2.216+0.067 0.99 -25.63+13.29 1.870+0.057 0.99
Y ¥
3; = 40 9 16.28+15.80 2.307+0.063 0.99 -13.01+20.16 1.864+0.085 0.68
308
;\i .*Zg 60 9 -20.35+20.25 2.370+0.080 0.99 -14.29+15.01 1.942+0.063 0.99
ologyada Lawlgl
Early Feb.
£ Cb e 9 -23.65+14.465 1.982+0.060 0.99 -8.734425.35 1.649+0.100 0.97
BN % Non-inoculated
W2 N
% 2 ol 9 -14.57+19.70 2.067+0.081 0.98 -5.750+25.88 1.631+0.098 0.97
% Inoculated
~ 1_“? 0 9 -25.11+14.43 1.994+0.061 0.99 -2.649+22.86 1.600+0.094 0.97
éﬁ ? 20 9 -23.47+15.13 2.034+0.063 0.99 -26.51+2.06 1.657+0.076 0.98
3;; -z 40 9 -25.58+19.64 2.016+0.080 0.98 -9.701+30.02 1.683+0.114 0.96
7.8
5; .*Zg 60 9 -29.35+20.47 2.109+0.083 0.98 8.961+29.42 1.629+0.111 0.96

s oy R? e bl sllas S€ (ol ;58 Brae TS Kibles a5 dolee ol @ doe 5l oese D sslaalin slass =N
n: number of observations; b: intercept; a: slope of the equation that represents radiation use efficiency; se: standard error; R% Explanation factor
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Fig. 3. Relationship between total dry matter of chickpea and cumulative intercepted PAR
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Fig. 4. Relationship between RUE with total dry matter and cumulative intercepted PAR
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Fig. 5. The share of planting date, nitrogen and Mesorizobium in total changes of grain yield in 2016 and 2017
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Fig. 6. Response of seed yield of chickpea affected as nitrogen fertilizer rates during 2016 and 2017
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Fig. 7. Mean comparisons for seed yield of chickpea under Mesorhizobium 2016 and 2017
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Introduction

Chickpea (Cicer arietinum L.), is a cool season seed legume, serves as an important cheap source of
protein and energy in developing countries. Plant phenology is an important aspect of plant adaptation to
environmental conditions in order to match maximum the cropping cycle with the seasonal weather pattern
(Vadez et al., 2013). Except of drought stress, other environmental factors such as temperature, photoperiod
and nutrient deficiencies will affect the plant development stages (Soltani, 2009). The radiation use
efficiency (RUE) indicates the amount of dry matter produced gram per unit of absorbed light (MJ) (John et
al., 2005). Studies have shown that the supply of nitrogen and the change in planting date will affect on the
time of entry into phonological stages and RUE and ultimately seed yield. Regarding the importance of
chickpeas as supplier of protein for human and as fixation of nitrogen for plant, this experiment was
conducted with the aim of evaluating the contribution of planting date, nitrogen and nitrogen fixation on
phonological stages, RUE and seed yield in the climatic conditions of Gonbad Kavous.

Materials & Methods

The field experiment was conducted as factorial layout based on a randomized complete block design
with three replications at the experimental farm of Gonbad Kavous University during the growing season of
2015-2016 and 2016-2017. Nitrogen (none consumption, consumption of 20, 40 and 60 Kg nitrogen ha),
planting dates (early January and early February) and inoculation with Mesorhizobium (inoculation with
Mesorhizobium and non inoculation) were considered as treatments. Half of nitrogen was used in planting
time and the other half was used during seed filling stage due to the decrease of the symbiotic relationship
between bacteria and chickpea. Seeds in inoculation treatments were inoculated with Mesorhizobium, strain
SWRI14, which were obtained from the Soil and Fertilizer Research Institute, Tehran. The optical density
(OD’s) were adjusted so that the cell concentration was 10° CFU ml™. Plots (1.5 mx6 m) were designed with
5 rows per plot. Between blocks, 1.5 m alley was kept. Seeds were sown on 5 January and 2 February 2016
and 5 January and 4 February 2017. In order to obtain the desired density (33 plants/m?), two seeds were
sown per hill and hand thinning (one plant hillt) was performed when seedlings reached 4-6 leaf-stage.
Phenological stages (including planting to emergence, planting to flowering and planting to physiological
maturity), radiation use efficiency (RUE) and seed yield were studied. Comparison of means was performed
by LSD test for 5% probability level by using of SAS statistical software version 9.1.3.

Results & Discussion

The results showed that planting date was the main cause of change of phenological stages of the plant in two
years. Probably due to the presence of native rhizobium in the soil, nitrogen fertilizer and Mesorhizobium
could not play the significant role in phenological stages and temperature and moisture had the main role in
entering to the phenological stages. Generally with delay in planting time, the growth period of the plant
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decreased in both years. The seed yield of planting date in early-February compared to early-January in first and
second year was decreased by 17.84% and 23.65%, respectively. This could be due to the short growing period
of this planting date. The highest amount of this trait was obtained from 60 Kg N ha? in both years but there
were no significant differences between 20, 40 and 60 Kg N ha® in both years. Seed inoculation with
Mesorhizobium in the first and second year increased the seed yield by 242 and 170 Kg compared to non-
inoculation, respectively. This is justifiable regarding to the role of nitrogen in improving plant growth, yield
components and finally increasing of seed yield. The radiation use efficiency was fairly stable and was not
affected by factors in both years. It seems that radiation use efficiency is relatively stable in similar
environmental conditions. However, some environmental conditions such as drought stress have significant
effects on leaf photosynthesis and thus the radiation use efficiency, so that drought stress reduced this
efficiency in the second year compared to the first year.

Conclusion

The two years results showed that among factors, the role of planting date in chickpea was more than
nutrient (nitrogen) and living factors (Mesorhizobium). Different climatic conditions between two years and
between planting dates have significant role in the beginning and duration of phonological stages and seed
yield. Therefore, considering the climate change and rainfall fluctuations in order to maximize the use of
resources and achieving to high yield, it is necessary to select the planting date that provides the appropriate
conditions for the plant in each region. Also the application of supplementation of adequate nitrogen for
crops can increase seed yield.

Keywords: Flowering, Mesorhizobium, Nitrogen, Radiation
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Introduction

The development and preservation of ecological balance will be achieved when used in accordance with
land capabilities. By studying the factors affecting on products productivity, it is possible to plan with more
comprehensive knowledge and provide appropriate facilities in accordance with the capabilities of the
environment (Jafarbeyglou & Mobarak, 2008). Mostly, the systems under planting have low yields, which, in
addition to management issues, the regional climate capacity is sometimes as limiting factor (Baniaghil,
2015). Pisum sativa is one of the legume family plants, which is important due to its short growth period,
low nutrition needs and potential for nitrogen fixation. The agriculture lands of Golestan province are about
646.5 thousand hectare (32% of Province area). But not knowing of ecological needs and potential
production of peas, non-suitable lands in Golestan province was allocated for peas planting; and this leads to
non-reach to maximum production capacity and yield of a crop per unit area. Therefore, indicating
advantages, strengths and weaknesses of the province can be a good guide for governmental and private
investments in the region.

Material & Methods

According to the geographical position, Golestan province is between 35 degrees and 47 minutes to 28
degrees and 8 minutes north latitude and 53 degrees and 10 minutes east of the Greenwich meridian.
Golestan Province is located between Alborz Mountains, Turkmenistan's deserts, the mountains of North
Khorasan and the Caspian Sea. In this study, climatic data (precipitation, maximum temperature, minimum
temperature and optimum temperature) were obtained from 12-year (2013-2014), 4 synoptic stations and 21
climate stations in Golestan province. Isotherm and isopluvial maps in Arc map and by using interpolation
method based on inverse distance (IDW) was prepared. After standardizing the factors (fuzzy) and weighing
the layers, by using the weighted linear combination (WLC) method in the TerrSet software environment,
optimum areas of peas planting were obtained. Finally, by integrating the maps, the overall zoning of the pea
production at the province was obtained in the Arc map.

Results & Discussion

The minimum temperature map shows that in the geographical distribution of probability of suitable
temperatures for emergence and growth period for peas, in the areas of central and northeastern regions are
highly suitable. There was no difference in the suitable and not suitable regions for minimum temperature
during the planting season and growth period. The maximum temperature map shows that in the
geographical distribution of probability of suitable temperatures for emergence and growth period, the
regions in the East, South-East and West parts of the province are less suitable. The geographic distribution
of the probability of suitable temperatures during the emergence of a significant part of the province has been
allocated, and only the margins of the province, which are located mostly in the southeast, south and
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southwest, are not suitable for emergence of the Peas. Based on the precipitation map of the geographical
distribution, the probability of occurrence of suitable rain during the emergence period is limited to the
northeast, southeast and a small part of the southern province. While the optimal distribution of precipitation
for the growth period is limited to narrow areas that cover the province from the east to the south-east. The
results of the analysis of the paired comparisons between the climatic factors affecting planting of peas
showed that, the precipitation during emergence and growing season was the highest with the coefficient of
0.289 and 0.220 respectively, and the minimum temperature of planting and growth period was 0.036 and
0.046, the lowest coefficients in the ranking earned. Land suitability of the province showed that 26.02% of
the total area of the province is highly suitable and 48.42% is suitable. Generally, the climate of northeastern
lands and eastern margins has suitable conditions for the planting of peas.

Conclusion

According to the results of this research, a large area of the central lands, the north and east of Golestan
province according to climatic factors are not limiting for planting peas. But some of the land in center,
marginal the southeast, southwest and northwest of the province are not suitable for the planting of this crop.

Keywords: Analytic hierarchy process, Ecological capability, Geographic information system, Weighted
liner combination
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Table 1. Characteristics of faba bean genotypes
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Genotype code  Genotype name  Seed size Origin

1 G-faba-1 Sy ails L
2 G-faba-95 Sy ails I, IS5
3 G-faba-98 Sy ails J
4 G-faba-62 Sy ails IS5
5 G-faba-67 Sy ails 15
6 G-faba-13 Sy ails 1o
7 G-faba-16 Sy ails I IS5
8 G-faba-159 Sy ails I !
9 G-faba-133 Sy ails 1o, IS5
10 G-faba-146 Sy als 13,15
11 Balogi Sy ails O !
12 Saraziri Sypals byl
13 Barekat Syl odS= ol
14 G-faba-29 5y 4l 1o S
15 G-faba-31 5yl 13,15
16 G-faba-35 5yl 13,15
17 G-faba-51 5y 4l 1o S
18 G-faba54 5y 4l 13,15
19 G-faba-63 2, als 1o S
20 G-faba-64 5yl 13,15
21 G-faba66 5yl 13,15
22 G-faba-69 5y 4l 1o S
23 G-faba-79 5y 4l 13,15
24 G-faba-94 5y 4l 1o S
25 G-faba-161 2, als 1o S
26 Broujerd 0y als Sap ol
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Table 2. Analysis of variance (MS) for some traits of faba bean
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weight per pod plant stem per per
plant  plant
Bf(:(l;k 2 0.005™ 13798.3™ 4104.20 47.53** 29.45"™ 0.79"™ 53.97™ 055™ 0.10™ 39.05™ 114.12* 2.16™ 0.34™ 1.16™
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Table 3. Mean comparison for traits of faba bean
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Genotype Days t;) Days to Da&s to Pl'ant ol;'mpogr Number Number Numbe Number 100 See d rl:i Dﬁ}o Nd (&0 302 Har:est
> flowering  maturity height per of stem ofnode  rofseed  of seed weight length yr:/;;e Biological indox

g (cm) plant perplant  per stem per pla per pod @ (cm) () yield (g m?) %)

1 25 122 238 64.93 13.7 4.0 16.7 43.9 3.3 170.9 6.0 183.3 480.7 0.38
2 26 123 228 59.47 29.9 4.3 19.0 69.3 23 116.6 73 379.0 966.0 0.39
3 28 123 228 55.80 23.2 31 14.3 66.0 2.9 116.4 9.4 282.1 583.3 0.48
4 24 123 228 52.33 36.5 5.8 17.0 95.9 2.6 125.1 8.5 228.1 644.0 0.35
5 25 122 226 55.67 28.2 38 16.7 58.6 21 166.0 10.1 355.6 648.7 0.55
6 26 123 221 69.13 25.9 4.6 20.3 51.2 2.0 161.5 7.3 320.4 700.0 0.46
7 26 121 222 65.73 315 6.5 143 78.5 25 1414 6.3 245.0 508.7 0.48
8 25 124 224 72.47 33.9 4.9 19.7 80.9 25 132.2 85 334.6 756.0 0.44
9 27 124 224 71.80 38.3 4.7 15.3 96.0 25 101.0 10.9 445.2 998.7 0.45
10 25 122 224 69.80 345 6.9 13.0 93.3 2.7 111.3 9.5 2215 513.3 0.43
11 24 125 219 83.73 37.7 8.7 18.3 58.0 15 105.6 224 386.0 1003.3 0.38
12 25 127 230 78.07 17.3 4.3 13.0 58.5 34 125.2 59 311.7 1003.3 0.31
13 26 122 227 70.40 14.5 4.0 13.7 58.7 4.1 148.3 31 367.9 840.7 0.44
14 24 125 224 56.00 38.0 4.2 18.3 87.4 23 69.3 73 276.5 473.7 0.56
15 24 123 224 50.47 46.2 5.7 14.7 121.9 2.6 71.0 7.2 81.7 499.3 0.30
16 24 123 227 60.73 38.0 4.9 15.7 95.6 25 82.8 75 197.9 728.0 0.27
17 23 123 225 61.40 32.7 4.3 18.7 929 29 914 8.0 358.1 889.0 0.40
18 24 123 226 68.00 29.8 4.5 17.0 80.8 2.7 105.9 7.8 353.3 1092.0 0.32
19 24 121 219 66.80 30.3 53 14.3 103.6 3.4 96.9 8.4 292.9 807.3 0.36
20 24 123 221 74.07 40.1 5.1 18.3 106.0 2.7 102.1 8.7 448.1 886.7 0.51
21 24 123 220 74.27 41.1 53 20.3 124.9 3.0 94.1 10.4 336.5 1010.3 0.33
22 24 122 222 69.73 44.9 7.1 18.3 137.6 31 103.5 7.2 366.0 980.0 0.37
23 24 122 224 65.00 274 5.7 16.0 80.2 29 119.2 8.2 296.7 574.0 0.52
24 23 123 229 74.13 34.3 4.6 15.7 80.9 23 105.3 8.9 427.1 830.7 0.51
25 24 123 228 90.07 32.6 4.8 18.3 77.6 24 108.4 8.0 391.8 784.0 0.50
26 23 121 222 98.60 34.7 6.0 20.3 88.1 25 53.7 6.4 380.0 793.3 0.48
(Iz_ﬁ/?) 1.54 1.97 2.83 9.59 5.98 1.44 1.57 18.71 0.54 19.47 1.43 75.89 94.52 0.16
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Table 4. Correlations between some of agronomic traits in faba bean genotypes

Slawy
yu o,S.L».c als .))S.Lo& o ,|}.m. 39 43|‘é al.w Aa'lf Slass a; al.w JRYELF) u.va: Slaxy &j)‘ sy olas ey Sl U ey olass
s il g.i.:,,],...» S Pod ails e yo aig 40 asly 0 Gy aig 40 o 9-.‘t Ty b opalS b 5lex
Characters H_arvest Biological Dr)_/ seed length 100 'Seed Number Number Number Number Number heiarr]u Daysto  Days to Days to
index yield yield (PL) weight ofseed ofseed ofnode ofstem of pod g maturity flowerin armination
(H1) (BY) (DSY) (HSW)  perpod per plant perstem per  per plant (PH) (NDM)y (NDF)g g (NDG)
(NSePo)  (NSePl)  (NNSt)  plant  (NPP)
(NStP)
NDG -0.06™  0.02™  0.014™  -0.05™ 0.45" 0.08" -0.37"  -0.35™ -0.35™ -0.39™ -0.26"™ 0.19™ 0.07™ 1
NDF -0.15™  0.37™ 0.15™ 0.32" -0.08™  -0.19™  -0.19™ 0.03™  -0.07™ -0.004™ 0.07"™ 0.07™ 1
NDM 0.09™  -0.32™  -0.26" -0.39" 0.40 0.26™ -0.49" -0.29™  -0.56™ -0.59™ -0.24" 1
PH 0.21" 0.24" 0.56™ 0.19™ -0.19™  -0.06™  -0.08™ 0.29™  0.33®  -0.01™ 1
NPP -0.13™  0.19™ 0.02" 0.35™ -0.68™ -0.46" 0.81" 0.33™  0.53™ 1
NStP -0.22™  0.16™ -0.06" 0.54™ -0.26™  -0.30™ 0.35™ 0.08™ 1
NNSt 0.08" 0.21" 0.38™ 0.19™ -0.15™ -0.45" 0.11™ 1
NSePI -0.27™  0.26™ -0.08™  -0.04™  -0.65™ 0.12" 1
NSePo -0.25™ 0.14" -0.14™ -0.61™ 12 1
HSW 0.18™ -0.27"™ -0.02™ -0.12™ 1
PL 0.056 ™ 0.19™ 0.24™ 1
DSY 0.52™ 0.33™ 1
BY -0.59™ 1
HI 1
Qo )08y 5 do oy Jleio sk 55 I e 5 5l gine pas i g KT 5 F NS
ns: Non-significant, *and **: Significant at o = 0.05 & « = 0.01, respectively
e olaws «(+/YF) wgs el )| Slaw G,k 5 o] bt pué N mad 45 39 oo aTtiee Code 4 5l eolaiul b

e Jodo g (o120 +) azlis ;00,5 olowd (/YY) &g o
o odle 4Ll 10 0,5 ol g Cude wils o Slas 5 (/YY)
Ol Jedoan wsls o, Sl 1o (1)) Ciin s ]
g 45 ;0 DL sl Wiy el )b 5l Cote s 8
L awlio ;0 CIVA) 6 3V0L (Svan l)ls (e Job
3l as gl sezg bog als 0, Slee L (+NY) Cude oo
= CIYE) wloY e 59 9 (+/Y0) e 0 wlo Slawy i
O e i yuf Ol Lo a4 gy Cude alls & Sles
39 o (et (ild 8 Sl Slas ple 3,k 5l Clao
S ehls e Job ogn i asils o Slos g (598 Cato
3ladily o, Sles o o s e g (4/F)) i
g (CIVA) aigr ;o OME slawy (+NY) Wiy el )l Slao 5,k
Ot simmo S0 Jg02) 099 (412 ¥) azlis j0 0,5 olass
Wil Cdo )] e Sl Cde ) Clo G g ails o Shas
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5 o aitn il 5 e 4y Ypol (St ol 51U
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Table 5. Direct (under lined) & indirect path coefficient on grain yield

B sluy a3l olasy 30 0,5 Sl 30 &l dlasy b S b 5 51
ag glisyl i i . o WlVer 3y O Job ]
Slio Plant 302 G322 sl e 100Seed  Pod udly oo
Characters height Number of Number of Number of Number of weight length Total effect or
(PH) pod per plant stem per node per seed per pod (HSW) (PL) correlation with
(NPP) plant (NStP) stem (NNSt) (NSePo) dependent variable
PH 0.74 -0.009 0.24 0.22 -0.04 0.14 0.13 0.56
NPP -0.005 0.51 0.27 0.17 -0.24 -0.34 0.18 0.02
NStP -0.21 -0.34 -0.65 -0.05 0.20 0.17 -0.35 -0.06
NNSt 0.03 0.04 0.009 0.11 -0.05 -0.02 0.02 0.38
NSePo -0.01 -0.09 -0.06 -0.09 0.20 0.02 -0.12 -0.14
HSW -0.06 -0.23 -0.09 -0.05 0.04 0.34 -0.04 -0.18
PL 0.08 0.15 0.22 0.08 -0.25 -0.05 041 0.24
2 . B
REOSD) oot a2 (V1—R? -0.66) osilessl ol
o aalb |y colys o, 38,5 BMe Jab o e o ails kol lradlao 4y 4y
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Table 6. Eigenvalues, percentage of variance and coefficients of eigenvalues of traits in principal component analysis

ol Laaljo
Parametérs Components
1 2 3 4 5 6
Eigenvalue o35 sl 414 2.99 241 1.75 1.25 1.06
% of Variance _.ib s ao)s 24.34 17.57 14.18 10.32 7.34 6.21
CUMUIALIVE % _xezs uily s oy 24.34 4191 56.09 66.41 73.74 79.96
Days to germination _;als> b 5, olass -0.253 0.060 -0.276 -0.226 0.105 0.635
Days to flowering aals b 55, oloss 0.049 0.167 -0.475 -0.206 -0.386 -0.274
Days to maturity S, b j9, slas -0.377 -0.004 0.007 -0.011 -0.265 -0.368
Plant height s, glis | 0.174 0.330 -0.096 0.394 0.350 -0.312
Number of pod per plant ws, ,» e slaws 0.427 -0.152 0.164 -0.120 -0.200 0.187
Number of stem per plant s, ;s asLs slaws 0.341 -0.035 0.044 -0.217 0.551 -0.214
Number of node per stem asLs ;o 6,5 slass 0.240 0.251 0.051 0.150 -0.380 -0.045
Number of seed per plant x5, ;s wls slass 0.324 -0.383 0.110 0.176 -0.094 0.241
Number of seed per pod sk ;o ails slass -0.219 -0.323 -0.176 0.462 0.232 -0.021
100 Seed weight wis) - - o3 -0.341 0.203 -0.038 -0.163 0.255 0.097
Pod length cie Jobs 0.265 0.282 -0.117 -0.442 0.165 -0.016
Dry seed yield s ails o Slee 0.124 0.464 -0.125 0.383 -0.022 0.327
Biological yield <G59/50 o Sloe 0.210 -0.055 -0.619 0.184 -0.019 0.094
Harvest index <ozl jasls -0.079 0.426 0.449 0.144 -0.056 0.154
4 |
3
2
o
Z 2.
8
14
-
2 4 6 8 1 12 14 16

Component Number
Olaw g )l.\f).uia radlio slawi (40 )5 asio (g dastie laaiy ;) ousdoLis 81,5 5 Sl - o
Fig. 1. Graph showing eigenvalues in response to number of components for the estimated variables of faba bean
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Fig. 2. Tow-dimensional graph (biplot) of 26 faba bean genotypes based on morphological traits and yield
(principal component analysis)
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Introduction

Faba bean (Vicia faba L.) is a major crop legume that is used as food owing to the high nutrient
components in seeds. Yield improvement is a major breeding objective of most crop breeding programs.
Multivariate analyses are useful for characterization, evaluation and classification of plant genetic resources
when a number of accessions are to be assessed for several characters of agronomic, morphological and
physiological importance. Different types of multivariate analysis such as regression analysis, path analysis,
principal component analysis (PCA) can be used to identify groups of genotypes that have beneficial traits
for breeding and instructing the patterns of variation in genotype accession, to recognize relationships among
accessions and possible gaps. Correlation coefficients describe the mutual relationships between different
pairs of characters without providing the nature of cause and effect relationship of each character. Path
analysis was also performed to determine the direct and indirect contribution of each character to seed yield.
Principal component analysis has been widely used in the studies of variability in germplasm collections of
many species. The objective of the present study was to estimate the correlations and partition of the
coefficient of correlation between seed yield with its primary components, into direct and indirect effects to
determine the relative importance of each one in faba bean seed yield. The other aims of the present study
are to assess the genetic diversity present in the morphological and agronomical traits in 26 faba bean
genotypes by principal component analysis.

Materials & Methods

This study was carried out during 2015-16 growing season in Lorestan province, Iran (longitude, 48° 45
E; Latitude, 35° 55" N; Altitude, 1629 m above sea level). Experimental material comprised 26 genotypes of
faba bean. Field experiments were conducted in a randomized complete block design with three replications.
Each plot consisted of four rows with 4 m long and distance between rows and plants were 50 and cm,
respectively. The characters included days to germination, days to flowering, days to maturity, plant height,
number of stems per plant, number of node per stem, number of seeds per pod, humber of seeds per plant,
hundred seed weight, pod length, dry seed yield, biological yield and harvest index were measured before
and after harvesting. SAS 9.2 used to analyses the correlation and regression coefficients. Path coefficients
were estimated by path analysis software. Principal components analysis was done using SPSS and the
graphs were drawn via Minitab.

*Corresponding Author: sharifi@iaurasht.ac.ir
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Results & Discussion

The analysis of variance indicated significant differences between genotypes for all of the studied traits.
Correlation analysis indicated there were positive correlation coefficients between seed yield and number of
days to germination, number of days to flowering, plant height, number of pods per plant, number of nodes
per stem, hundred seed weight, pod length, biological yield and harvest index. Regression analysis indicated
seed yield as dependent variable, while plant height, number of pods per plant, number of stems per plant,
number of nodes per stem, number of seeds per pod, hundred seed weight and pod length were considered as
casual variables. Path coefficient analysis indicated plant height (0.74), number of pod per plant (0.51),
number of nodes per stem (0.11), number of seeds per pod (0.20), hundred seed weight (0.34) and pod length
(0.41) had positive direct effects on seed yield. The results of principal component analysis showed that the
eigenvalues were reduced with the increase of the number of PCs. Principal components analysis, identified
six components that explained 80% of total variation. The maximum values of eigenvalues were obtained for
first three PCs, which accounted for a cumulative percentage of total variance of 24.34%, 17.57% and
14.18%, respectively. The remaining percentage of the total variation decreased sharply. The eigenvalue of
the first principle component had a variance of 4.14, while the other two components had much smaller
variances. It could be said that the first principal component is by far the most important of the three and that
the first principal component include the largest variance of any one unit the length linear combination of the
observed variable. The first two and three PCs was used to grouping the genotypes in two and three-
dimensional plots, respectively.

Conclusion

Attention should be paid to traits such as plant height, number of pods per plant, number of nodes per
stem and pod length for augmentation of seed yield and these traits could be used as selection criteria in faba
bean breeding programs. Tow dimensional plot based on first two principal components showed genetically
different genotypes by the pattern on scattering. It could be concluded that the high yielding genotypes, such
as 9 and 22 could be used to improve seed yield of faba bean and making possibilities of extending
production of this legume crop.

Keywords: Correlation, Faba bean, Path analysis, Principal component, Regression, Yield
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Table 1. Some physically and chemically characteristics of the field soil during experimental years
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q._
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Table 2. Metrological data of Maragheh dryland agricultural research station (2010-2013)
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Table 3. Combined analysis of variance (three years) results of studied chickpea traits
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** and *: Significant at 1% and 5% probability level, respectively; ns: Non significant
+ DF: Number of days from planting to 50% floweri; DM: Number of days from planting to 90% maturity; PFP: Pod filling period (days); PH: Plant height;
100SW: 100 Seed weight; BY: Dry biomass yield; GY: Grain yield; HI: Harvest index; PI: Productivity index
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Fig. 1. Mean comparisons of year effect on chickpea number of days to 50% flowering, maturity and pod filling period
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pod filling period
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Table 4. Mean comparisons of year by genotype interaction on chickpea studied traits

Wl
o£bs S i3 " T , ,
Cropping Gevnotype P 7,6 Oy &, GME (g 57 0590 aloYee 39 ails 8 ySlos
Season (95 Gay) (39) (3%7)] (LS 50 o)
DFt DM PFP 100SW(g) GY(t/ha)
ol,TArman 70 a* 102 ab 32f 29.6e 1.25b
2010-11 ol;1 Azad 68 cd 102 ab 33ef 33.0c 1.38a
WTAR-YYR- 1LC482 66 e 103 a 37a 315d 142a
S 5 o5 Turkish local 66 e 103a 36ab 42.1a 1.20b
olk,JArman 56 f 93d 37a 31.9d 0.790 ¢
2011-12 ol;1 Azad 55¢9 9le 36 ab 339¢c 0.750 ¢
LARERARY ILC482 559 e 35cd 334c 0.830¢c
4S5 o5 Turkish local 56 f 92d 36 ab 428a 0.610d
ob,] Arman 69 ab 102 ab 33ef 278f 0.630d
2012-13 ol;1 Azad 67d 101 ab 34 de 29.5¢e 0.580d
[ARRRAAR 1LC482 68 cd 101 ab 33ef 286f 0.570d
4S5 o5 TUrkish local 68 cd 102 ab 34 de 36.4b 0.550d

Al oo (GSIS (y3031) aoy00 Jlei alans 55 o sime gkl B a3l et jo )0 aline gy b ol Sile *
* Means with the same letters in each column have not significantly differences at 5% probability level (Duncan Multiple Range Test).
DF: Number of days from planting to 50% flowering; DM: Number of days from planting to 90% maturity; PFP: Pod filling period (days);

100SW: 100 Seeds weight; GY: Grain yield
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Table 5. Mean comparisons of year effect on chickpea studied traits
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Trait
=3 Jb S gl i 0395 als 5 Slac ol p oasls

Cropping season (p55) &lshes 39 23k psls
(e g5s) 100 SW(@) (S 55 ) (S 55 ) (a039) o
PH(cm)+ BY(t/ha) GY(t/ha) HI (%)

\YAQ-174-2010-11 27 % 34.03° 3.375% 1.314° 38.60° 43.28 ¢

11a--17112011-12 22° 3550 1.361° 0.745° 55.70* 57.80*

1YA1-1vav2012-13 26 30.60 © 1.140° 0.582° 51.30 ® 53.04°

il e (OS5I 3e31) 4o j00 Jlaisl mlaws 1o o ctre (5 kel B 0Bl (ygin o 40 wlie By > b ola il *
*Means with the same letters in each column have not significantly differences at 5% probability level (Duncan Multiple Range Test).
+ PH: Plant height; 100SW: 100 Seed weight; BY: Biomass yield; GY: Grain yield; HI: Harvest index; PI: Productivity index
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Tuba Bicer et al., 2004; Ullah et al., 2002; Zhang
(etal., 2000
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Table 6. Mean comparisons of irrigation stage effect on chickpea studied traits

Cduo
W 4l Trait
‘jS) 7 ag el 0395 Cunny ailo o Slos
Irrigation stage (p55) &lsVee ¢y 39
(o 6lw) 100 SW(g) OGS 50 o) (LS Ho o)
PH(cm)+ BY(t/ha) GY(t/ha)
Planting b
s 22 335 1.4935° 0.652
Planting and flowering
e 25° 33.2° 2.024° 0.925?
B35 5 cls
Planting, fl i d pod filli
anting, Towering and poc fiiing 27° 334° 2.360 @ 1.064 2

BOBdE s )3 g 855 wusls

Azl e (S 3031) 4 j00 Jleis! mlaw 1o o ctxe (5 kel GBS Bl (g o 40 i By b ola il *
*Means with the same letters in each column have not significantly differences at 5% probability level

(Duncan Multiple Range Test).

+ PH: Plant height; 100SW: 100 Seeds weight; BY: Biomass yield: GY: Grain yield

andllan 3 )50 Clho p aisif §1 (Sl duslio -V Jgu
Table 7. Mean comparisons of genotype effect on chickpea studied traits

- Trait
S ) . . . . (-
Genotype (ol gt g5 (0,9 WloVeegryy 0 o °’ﬁ”ﬁ SRt bl
PH(cm)} 100sW(g) =~ o) LR o) (w2)2) PI
BY(tha)  GY(tha) HI(%)

Arman L1 26.1% 29.8° 2.03° 0.890 ® 46.9° 49.9°

Azad si5] 241" 321° 1.97° 0.906 4952 52.42

ILC482 235" 3110 2.01° 09392 50.3 2 53.2°

Turkish local 5 5 s 25.4° 4042 1.82° 0.785° 473" 49.9°

il e (SIS (yge3T) duo 08 Jlais grlans 4o jls e (g Lol BN a8 5t jo 45 alie By b lanSile *
*Means with the same letters in each column have not significantly differences at 5% probability level (Duncan Multiple Range Test).
+ PH: Plant height; 100SW: 100 Seed weight; BY: Dry biomass; GY: Grain yield; HI: Harvest index; PI: Productivity index
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Table 8. Mean comparisons of irrigation stage by genotype interaction on chickpea grain and biomass yields

Ol
. Traits
‘5"“‘ oy S Al o ,Slos 0095 Cmny ) O ySlos
Irrigation stage Genotype
(LS 0 ) (LS o o)
GY(tha) BY(t/ha)
b, Arman 0.652 9% 1.543°
Planting ol;1 Azad 0.648 ¢ 1435
= ILCA482 0.689 9 1530
45 5 s Turkish Local 0.620 ¢ 1.465°
Sb,T Arman 0.900 ¢ 2.030
Planting and flowering ol;1 Azad 1.029 b« 2219
@55 el ILC482 0.958 o 2.012¢%
45 3 e TUrKish local 0.799f 1.840°¢
o, Arman 1.119® 2513
Planting, flowering and pod filling JI;1 Azad 1.040™ 2.261°
LBDle (s 5 (Ao w2l ILC482 1170° 2.498°
45 3 e TUrKish local 0.938 ¢ 2.160 bed

il e (S 3031) 4,00 Jlazs| o 1 o sixe (5 kel BB 0Bl (i o 40 wline By > b ola o Sile *
*Means with the same letters in each column have not significantly differences (Duncan Multiple Range Test).

+ BY: Biomass yield; GY: Grain yield
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Introduction

Chickpea (Cicer arietinum L.) is the most important field crop among the food legumes in Iran.
According to the published statistic by agricultural ministry of Iran, about 90% of planting areas of chickpea
is under dryland conditions. In Iran, chickpea is often cultivated in areas with limited rainfall or soil moisture
and drought is always a potential problem for its production. From the importance issue, drought stress is the
second abiotic stress that affect on chickpea yield. Also drought stress is the most important factor which
reduces food legume crops production (especially chickpea, lentil and pea) under dryland conditions of west
Mediterranean and North Africa regions. Limiting or cutting of regional rainfalls at the end growing season
time and existing of drought damage in flowering time is one of the most important limitations in chickpea
cultivation under dryland conditions that have highly negative effect on chickpea yield and reports show that,
the yield of chickpea is low in these regions. Suitable field management for using from the existing water in
order to reduce drought stress damages, increase the yields of crops under dry and semi dry regions. Results
of studies show that, using from supplementary irrigation in chickpea increase the total dry biomass, leaf
area index, plant height and finally increase its yield under drylands. Also researchers reported that,
flowering stage and pod filling period are the most important stages for application of supplementary
irrigation in order to reducing of drought severity in food legumes.

Materials & Methods

This study was performed to evaluate the effects of supplementary irrigation on some agronomic traits
and grain yield of four chickpea genotypes. The experiment was conducted for three consecutive seasons
during 2010-13 under field condition in Maragheh Dryland Agricultural Research Station (Latitude 37°15’
N, Longitude 46°15" E, and Altitude 1720 meter above sea level). The main plots were irrigation three-time
(irrigation at planting, irrigation at planting and flowering times, and irrigation at planting, flowering and pod
filling period). Each irrigation treatment included 40 mm water application in the experimental field. The sub
plots were four Kabuli chickpea genotypes (Azad, Arman, ILC482 and a Turkish landrace from Van city).
The soil of the experimental site is clay-lome, and the climate of the station is cold and semi drought with
mean long term annual rainfall 360 mm, and with mean maximum and minimum absolute temperature about
37°C and -25°C in summer and winter, respectively. The mean annual air temperature in station is 9.3°C.
Each experimental plot was 6 planting rows with 6 meter length and 25 cm distance between two rows.
Some agronomic traits such as number of days from planting to 50% of flowering and maturity, pod filling
period, plant height, 100 seed weight, dry biomass, grain yield, harvest index and productivity score of
genotypes were noted and analyzed by MSTAT-C program. The comparison of means method was Duncan’s
Multiple Range Test in 5% probability level.

Results & Discussion

Combined analysis of variance showed that the year factor had significantly affected in all studied traits.
The effect of irrigation times was significant on all traits except 100 seed weight, harvest index and
productivity score. There were significantly differences among the genotypes in plant height, 100 seed
weight, grain and dry biomass yields, harvest index and productivity score. The interaction of yearxgenotype
significantly affected on all traits except plant height, dry biomass weight, harvest index and productivity
score. Results showed that interaction effect of irrigation time by genotype was significant on seed and dry
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biomass yields. It shows that different studied genotypes had different responses to supplementary irrigation
times. The highest seed yield and dry biomass in all studied genotypes belonged to three-time irrigation.
Azad cultivar seed yield under irrigation at planting time and flowering stage time was 1029 Kg.ha! that
comparing with its yield under irrigation only at planting time (648 Kg.ha™) increased about 58.8%. It was
the highest increasing in response among all studied genotypes for this treatment. The lowest response
(increasing seed yield) under two-time irrigation (planting time+flowering time) belonged to Turkish
landrace and was 28.9%. In comparison of genotypes seed yields between one time irrigation treatment
(irrigation at planting time) and three-time irrigation treatment (irrigation at planting+flowering and pod
filling period) the highest and lowest increasing (71.6% and 51.3%) belonged to Arman cultivar and Turkish
landrace, respectively. The interaction of yearxirrigation timexgenotype had not significantly effect on
studied traits. The highest seed yield (1064 Kg.ha™) belonged to the three times irrigation treatment. Among
the studied genotypes, the highest seed yield (939 Kg.ha*) belonged to 1LC482.

Conclusion

In conclusion and based on the results it would stated that, application of 40 mm irrigation increases
grain yield and improve most of the agronomic traits in spring cultivation of chickpea crop under Maragheh
dryland condition.

Keywords: Agronomic traits, Productivity score, Seed yield, Spring planting
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ACT-F TGGCCGTACAACTGGTATTG 182 54
ACT-R GCTCTGCAGATGTGGTGAA
CAT-F CCAACCACAGCCATGCCACT 187 56
CAT-R AGGACCAAGCGACCAACAGG
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Table 3. Real time PCR condition
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Fig. 1. Effect of drought stress on catalase activity in different lentil cultivars
Columns with different letters show statistically significant difference (P< 0.05).
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Fig. 2. The comparison of CAT gene expression in a: three cultivars of lentil, b: stress and non-drought stress,

c: vegetative and reproductive, d: genotypexgrowth stage, e: growth stagexstress, and f: genotypexstress

Columns with different letters show statistically significant difference (P< 0.05).
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Table 4. Analysis of variance of CAT gene expression in lentil cultivars
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Source of variation df Means of squares
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Growth stage
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e 24 0.041
Error
oV (@ - 16.92

S G e WS g 0 )00 g o o) e jo o gime WS o5 54y : NS

* Kk
3

** *: Significantly different at a=0.05 and a=0.01 probability levels, respectively; ns: non-significant
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Introduction

Lentil is one of the oldest sources of human food. Since around 25% of the daily protein requirement of
the developing world's peoples comes from legumes, considering to significant percentage of protein (about
23%) and high amino acids content of alpha-hydroxy- ornitin, alpha-hydroxy-arginine and hemoarginine in
addition to ordinary amino acids in lentils, this plant commonly known as good protein supplements.
Drought stress as one of the most important non-biological stresses causes an average of 50% reduction in
crop yield in the world. In Iran is also faces a shortage of water in many areas due to climate characteristics
and more than half of the country's land are in arid and semi-arid areas. Research on lentil has shown that
this plant is more sensitive to drought during advanced stages of growth than the early stages, and it seems
that the adaptation of this period to the end of the season is the main cause of its reduced yield. Therefore,
achieving genotypes that are able to resist drought condition can significantly prevent crop yields. It has been
observed that, under drought stress conditions, the activity of antioxidant enzymes in tolerant plants is much
higher compare to sensitive plants. It seems antioxidant enzymes have an important role in tolerance to
drought stress. Therefore, in this study, the effects of drought stress on catalase enzyme activity and CAT
gene expression pattern in three lentil cultivars (Kimia, Gachsaran and L7) in both stages of vegetative and
reproductive were studied.

Materials & Methods

The experiment was performed in a completely randomized design with three replications for three
levels of drought stress (without drought stress, stress in the vegetative stage and stress in the reproductive
stage) and analyzed in factorial experiment. Young leaf tissues were used for RNA extraction, samples were
transferred to ribonuclease free microtubules and stored at 80°C. The total RNA extraction was performed
using the Denazist Total RNA isolation kit. To eliminate the possible contamination of the genomic DNA
from extracted RNA samples, the samples were treated with DNasel enzyme. An agarose gel electrophoresis
was used to confirm the quality and quantity of RNA samples. Synthesis of the first strand of cDNA was
performed using DNA synthesis kits, RB MMLV Reverse Transcriptase, manufactured by RNA
Biotechnology Company. Two specific primers CAT (Catalase) and ACT (Actin) (internal control gene)
were used to analyses the gene expression. In this reaction, the RB SYBR gPCR kit containing SYBR®
Green | Dye was used manufactured by RNA Biotechnology Company. The reaction was carried out using
Thermocycler Applied Biosystem, Model Step One 48 well by Comparative Ct (AACt) method and
according to the methodology presented by the manufacturer. The threshold cycle (Ct) for each sample was
determined by the device, then the data were analyzed by relative quantitative method by Pfaffl et al. (2002).
The activity of catalase enzyme was measured by Aebi (1984) method. Analysis of Real Time PCR data was
performed using Excel and LinRegPCR softwares. The SAS software was used to analyze the variance of the
data. Comparison of the averages was performed using the least significant difference (LSD) method at the
5% probability level.
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Results & Discussion

Based on the obtained result, there was no significant difference between the cultivars of lentil in control
treatment (no drought stress) for catalase activity. By applying drought stress, the activity of catalase enzyme
increased in all three cultivars. The highest activity of catalase was observed in L7 (Twice as much as the
control) and Kimia and Gachsaran cultivars were significantly different from the L7 cultivar. Significant
differences were observed between the cultivars in CAT gene expression. The L7 cultivar with 1.7 showed
the highest gene expression and Kimia and Gachsaran cultivars had the lowest CAT gene expression with
0.95 and 0.94, respectively. Gene expression level at reproductive stage was increased to 0.39 in compared to
vegetative stage. Drought stress increased the CAT gene expression significantly (about 1.6 times of control).
In both vegetative and reproductive stages, L7 cultivar had the highest gene expression with rate of 1.39 and
2.2, respectively. Investigating the interaction of drought stress with cultivar showed that there was no
significant difference between Gachsaran and Kimia cultivars in control and stress conditions in terms of
gene expression level, while in both control and stress conditions, L7 cultivar showed the significant
difference.

Conclusion

Based on the results of this study, in all three lentil cultivars, the gene expression pattern showed high
correlation with physiological results. Due to the fact that expression of CAT gene in other cultivars causes
drought resistance, it is expected that more resistance will be observed in the cultivars by increasing the
expression during drought stress. Under stress conditions, L7 cultivar showed higher catalase activity in both
vegetative and reproduction stages than the other two cultivars. Therefore, it seems that L7 cultivar is more
tolerant to drought stress than Kimia and Gachsaran cultivars.

Keywords: Antioxidant enzyme, Dehydration stress, gRT-PCR
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Fig. 1. The effect of bacterial isolates in growth inhibition of pathogenic fungi. a) The effect of B13 against Fusarium
oxysporum f.sp. ciceris; b) Inhibition halo of B6 against Fusarium solani

Fusarium oxysporum f.sp. a5l jpdo puc g ja2 )0 (2lgp sLaplal g als; i 0j9 2 L gbalax S1-) Jgoa
&S byl 4o Fusarium solani g ciceris

Table 1. The effect of bacterial isolates on chickpea shoot and root dry weight in presence or absence of pathogens,
Fusarium oxysporum f.sp. ciceris and Fusarium solani, in greenhouse

a9 2lgp glaplal SiS59

SrSL bl Shoot and root dry weight (g)
Bacteria el Fusarium solani Fusarium oxysporum
isolated Control
SDWw** RDW SDW RDW SDW RDW
B1 1.71 de* 0.89cd 1.08f 0.58¢ 1.25 ghi 0.71de
B2 3.69a 091c 1.87a 0.86 ¢ 249a 131b
B3 2.09b 142a 1.45cd 137a 1.72 cd 1.33b
B4 1.81cd 1.36a 1.38 de 1.09b 1.61 de 149a
B5 1.75 cde 1.10b 1.77 ab 1.09b 1.12i 1.09¢c
B6 1.33¢g 0.81 cde 1.47 cd 0.71 de 1.371g 0.55 fg
B10 1.23¢ 0.80 cde 1.09 f 0.72d 0.89] 0.52¢g
B11 1.63 ef 0.69 ef 1.39 cde 0.71de 1.26 ghi 0.53¢g
B12 1.86 ¢ 0.77 def 1.40 cde 0.64 defg 1.44f 0.49¢g
B13 1.74 cde 0.79 cde 112f 0.61 efg 1.81 bc 0.75d
B14 1.75 cde 091c 134e 0.84c 1.18 hi 0.79d
B15 1.71 de 1.16b 1.38 de 0.59 fg 1.81 bc 0.73 de
Control 1.08 h 0529 0.46 h 0.24 h 0.56 k 0.24 h
N1 2.20b 0.66 f 1.84 ab 0.60 efg 1.89b 0.52¢g
N2 1.70 de 0.81 cde 175b 05749 1.29¢gh 0.64 ef
N3 1.69 de 0.71 ef 150¢ 0.70 def 1.62d 0.53¢g
N4 154 f 0.80 cde 0.79¢g 0.60 efg 1.47 ef 0.70 de

515 w2 b (g jlel B alie B> (gl (sla e g sl i S plomil o 0 Jlaio mans 13 gl ctre oglis JBla g, b eSilee danlie ®
Ay, Sisyis RDW ’@-.lﬂ‘” 6Lz|n|&| S8 SDW =
* Means compression analysis was done by Fisher protected LSD. Means with the same letters do not have significant difference.
** SDW: Shoot Dry Weight, RDW: Root Dry Weight
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Disease Index (O - 4)
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Bacterial Isolates
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el a8 5 alnil 0,00 Jloa mhas 5 5 53 gime Dslis Pl (g, b 5eSiles duliie 5 035 lone Sl ilE i Sle S5 by
B o b 6l sime (5 L] M caline gy (sl (sla Lo
Fig. 2. The effect of bacterial isolates on disease index of Fusarium oxysporum f.sp. ciceris wilt of chickpea in

greenhouse
Columns represent meanzstandard deviation. Means compression analysis was done by Fisher protected LSD.
Treatments with the same letters do not have significant difference.
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E38 4 009l uall (1 12955 (o091 1398 (Sohmwgy 9 (SO305 Sxlowt s 30 63 il b jled FI-Y JSD
zoB ygan 50 cagll walis (¥ B2g,u5L g F. oxysporum g,B Jlize ,3b (Y (655L yeao o999 Fusrium oxysporum
B6.s 5L ¢ F. solani g,B Jbilise ,5T (F 55L alas o999 Fusarium solani

Fig. 3. The effect of bacterial isolates in suppression of chickpea Fusarium wilt and root rot disease
1) Control infected with Fusarium oxysporum, 2) F. oxysporum f.sp. ciceris infected and B2 inoculated plant, 3) Control
infected with Fusarium solani, 4) F. solani infected and B6 inoculated plant

= N w e
= N w s

Disease Index (O - 4)
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Bacterial Isolates

GLlS byl p o Fusarium solani Jole b 3556 adu y (09251399 (Sommwgs 3l (a5 LE 3 6356 slaalan 73U -F S
sl 4385 almil 0o )00 oo el j3 5l gime ol JBlas g, b ecnSilos dunlio 5 009 jlone Sl otk Kiloo LSS laygins
Q5505 00 b (g0 sre (glel B cilie By > sllo sl jlas
Fig. 4. The effect of bacterial isolates on disease index of Fusarium solani root rot of chickpea in greenhouse

Columns represent meantstandard deviation. Means compression analysis was done by Fisher protected LSD.
Treatments with the same letters do not have significant difference.
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$gd 5 Lo @8 99 2 5 (A6 5 ke (Lo Aade LB
I, F. oxysporum s,leu a5l B2 4 B13 sladaslos
e i balas plaisls jmels glabasde LB & jsea
J—wa Bacillus sp. g Burkholderia sp. a 5 les
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Leclere et al, 2005; Sharifi & Ryu, 2016a,
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Introduction

Wilt and root rot diseases caused by Fusarium oxysporum and Fusarium solani are among the most
important diseases of chickpea throughout the world and Iran. However, there is not effective chemical
fungicide against these soil-borne pathogenic fungi. In recent years, rhizospheric bacteria and fungi
developed as promising biofungicides against soil-borne plant pathogens. These microbes exploit several
mechanisms such as antibiotics, volatile organic compounds, sidereophore and induced systemic resistance
to suppress pathogenic fungi. Recently, the cost of agrochemical innovation and the period of time for their
registration have increased rapidly due to stringent legislation, both of these reasons favor investment in the
manufacture of biopesticides. The annual progress rate of the biopesticide bazaar is more than 16%, but that
of synthetic pesticides has been decreasing by 1.5% annually. Biopesticide companies such as Agroquest,
Gustafson, Marrone Bio Innovation, Certis, BioWorks, Becker Underwood, ABIiTEP GmbH, and Prophyta
have released effective biopesticides to the market. Agrochemical great-companies such as Bayer
CropScience have also been engrossed in the bio-pesticide market. Bayer CropScience bought Agroguest in
2012 at a price of 425 million US dollars. Overall, biological control of plant pathogens is promising
technology in management of plant disease in sustainable agriculture.

Materials & Methods

In this study, potential of plant growth promoting rhizobacteria (PGPRs) were investigated on
biological control of this diseases in laboratory and greenhouse condition. Soil samples were collected from
chickpea fields in Kermanshah and Kurdestan provinces. The effect of isolated bacteria were assessed on
mycelial growth of F. oxysporum and F. solani in dual culture test. The chickpea seeds were inoculated by
10° CFU/ml of each bacterial isolates and sown in pots. The effect of bacterial isolates have been
investigated on plant growth factors in greenhouse situation. The same experiment was conducted to assess
the biocontrol ability of selected isolates against Fusarium wilt and root rot disease of chickpea. The
greenhouse experiments were conducted based on completely randomized design with four replicates. Data
were subjected to analysis of variance procedure in SAS ver. 9.1 software and means compression analysis
was done by Fisher protected LSD. Finally, the 16S rDNA of the four selected isolates, B2, B3, B6 and B13
were sequenced and identified based on Genebank data.

Results & Discussion

Sixteen out of 100 isolated inhibited the growth of both fungi in vitro. Isolates B13 with 11 mm
inhibition zone had the highest growth inhibition activity against F. oxysporum. In absence of pathogens, B2
increased aerial part dry weight from 1.08 to 3.69 g in greenhouse condition. B3 and B4 were the best
isolates in improving root growth. They increase root dry weight to 1.42 and 1.36 g, respectively. B2 and
B13 isolates had the greatest effect on plant health and reduced disease severity up to 90% in F. oxysporum
inoculated plants. The lowest biocontrol activity against F. oxysporum was recorded for isolate B6. B2
increased aerial part fresh weight from 0.56 to 2.49 g, root fresh weight from 0.24 to 1.31 g. B6 was the best
isolate for suppression of F. solani and reduced the disease index by 73%. This isolate increased aerial
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organs fresh weight as up to 3.2 folds and root fresh weight up to 2.9 folds. However, all of bacteria isolates
were able to reduce Fusarium root rot disease, significantly. Isolates B2, B3, B6 and B13 were characterized
as Bacillus sp., Achromobacter sp., Bacillus pumilus and Burkholderia sp. based on 16S rDNA sequencing,
respectively. Bacillus spp. strains exploit several mechanisms such as antibiosis, volatile organic compound
production and induced systemic resistance against plant pathogens. These bacteria are good candidate to be
formulated in spore suspension form. Here, Achromobacter introduced as good candidate for biological
control of Fusarium diseases of chickpea for first time. Overall, plant probiotic bacteria could be consider as
promising approach in management of chickpea Fusarium diseases.

Conclusion

Bacterial isolates have different ability in plant growth improvement and suppression of plant pathogens.
Bacillus sp. was the best isolate for enhancing the shoot dry weight while Achromobacter sp. was the best to
improving root dry weight. Indeed, bacteria have several mechanisms for promoting plant growth. Auxin
induction by volatiles of Bacillus spp. increase root while decreasing the shoot accumulation of auxin.
Overall, consortia of bacteria strains seems to be promising approach to suppression of both diseases in
chickpea.

Keywords: Biological Control, Fusarium oxysporum, Fusarium solani, PGPR, Sustainable Agriculture
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Table 1. Physical and chemical properties of soil

o oY o iy Suud ST enss 0) (53 S gludl
<y (10y0)  (w0)  (wop) (eSS p e ko) (S sk p e S (o) (229) Wadeal  (a g uins (229)
Texture Clay Silt Sand Potassium Phosphor Organic pH Salinity Soil saturation
(%) (%) (%) (mg/Kg) (mg/Kg) carbon (%) (dS/m) (%)
= e
Clay 35 44 21 178 9.4 0.65 7.2 4.88 46.8
loam
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Table 2. Analysis variance of applying of super absorbent polymer on quantitative and qualitative traits of cowpea in
low irrigation management conditions

O s pulio 4’.)°— Ags y0 AE Sl ._éwLé.)a LHERRESY aila\uo):, gy .\:.a,a s 5 ,Shos o elam 0 5hos Clild g el
SOV &3l Pod number Grain number 100-grain Protein Grainvield  Biological vield Harvest
o df per plant per pod weight percentage y gicaly index
IS5
)_'SJ . 2 1.3644 6.6415 9.7324 10.677 7748 27509 31.316
Replication
1
‘S)L“ ”5 2 52.0533** 17.0726** 43.8081** 74.561** 70375 ** 243891 ** 375.416**
Low irrigation (I)
Ve
4 0.2844 0.7015 1.02251 0.345 1343 7565 3.172
Error 1
ol
TR 2 9.8711** 9.5926** 10.6686** 27.788* 16747 ** 55474 ** 119.650**
Super absorbent (S)
Y sl
4 0.0556 0.1348 0.3731 1.775 159 713 1.499
Error 2
ERYES x s kol
~ f’g ;5) id 4 0.6244* 0.3526™ 0.5711™ 0.142™ 94ms 2017 17.595*
¥ slas
¢ 8 0.1489 0.1248 0.2851 0.087 195 1487 2.881
Error 3
(3o,0) Sl s o po
Coeficient variation - 34 3.7 3 12 73 6.2 5.7

(*0)

Gl s sime B a3l NS 100 )20 g o pd) Jlazl mhaws o o cire o ey K g ¥

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

SoleTeS o pate Ll 3o (ilieidir Lugl (S 3 (05 Slaio 3 3y gas yonly 51 (5ailin laa lio ¥ Jgur
Table 3. Mean comparison of applying super absorbent polymer on quantitative and qualitative traits of cowpea in
low irrigation management conditions

e N o . (g oy &ls 5,5 dos Se3glgm o Slos
" e o ails olus (p55) 4ildVev 39 (o) LSD 15 0,84L5) LSD 15 218eL5)
T o Grain number 100-grain weight > I Ffs’l”s I P;,_.\,,s
reatment per pod © Protein Grain yield Biological yield
percentage (%) (Kg/h) (Kg/h)
sl
Irrigation
Skl 10.84° 20.00° 2257°¢ 2853.4° 7962.4°
Furrow full irrigation
ol e, 5Ky sl ]
ST Ot SRS S 8.13¢ 15.59°¢ 28.19° 1108.2° 4764.7°
Fixed alternate furrow irrigation
o Lo 10 S (&l (W]
S O ST S)w 9.64° 17.75° 26.46° 1732.6" 5684.9°
Variable alternate furrow irrigation
@3l g
Super absorbent
s O 8.20°¢ 16.64° 27.58% 1453.2¢ 5335.6°
Non- used super absorbent
LS 50 0,55k b b b b b
9.64 17.89 25.55 1926.5 6171.8
75 Kg/h
Se )0 0 SelSV0.
10.20° 18.81° 24.08 © 2314.5° 6904.6°
150 Kg/h

5 Kaes b g lo cire M g lel Ll 1 oo jod grlans j0 o Sils (glassloniz a3l ulol p caites gulive gy (glls a5 oo jled (. Silee
Means followed by the same letter in each column are not significantly different in probability level of 5% by Duncan test.
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Table 4. Mean comparison of applying super absorbent polymer on pod number per plant and harvest index of
cowpea in low irrigation management conditions

Treatments Means of traits
| gs)L'-" . Vsiﬁ’“‘b ag 30 BHUE oluws (90 y0) il yy Lo
rrigation uper absorbent Pod number per plant Harvest index (%)
L o9 13.00° 34.73%
Non-used super absorbent
5 s,k S $sLSY
J‘ 6.) ) ) » P;}l‘s (A 13.86ab 35.02 ab
Furrow full irrigation 75 Kg/h
A2 52 pF AN 14.26° 37.13°
150 Kg/h ' '
e o9 7.80° 16.61%
Non-used super absorbent
. Sl e y0 G)LTAI o S o 0 S5lSVO 8.46 % 23.69%
Fixed alternate furrow irrigation 75 Kg/h
1iSa s .
) P F;PL:S\A 1046cd 27.91 be
150 Kg/h
L o9 9.86¢ 25.26°
Non-used super absorbent
) e L5 6)L:4,:‘ o S o 0 S5lSV 11.06°¢ 31.27°
Variable alternate furrow irrigation 75 Kg/h
S 0 0 Sel SN0 12.20b¢ 33,232
150 Kg/h

55 ,Kaes b (g ylo cire M (gLl Ll 5l oo jod gxdaws jo Sils (glasaloniz a3l ulol s gulive gy (glls a5 o jlond - Silee
Means followed by the same letter in each column are not significantly different in probability level of 5% by Duncan test.
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Introduction

Beans are the major part of the diet of many people in the world, because the large amounts of protein in
combination with cereal grains could provide a valuable source of food. Iran is located in dry and semi-arid
region, and water deficit due to the drought are observed in most parts of Iran. Therefore, implementation of
irrigation techniques in order to be more productive than water resources is a scientific approach to reducing
water consumption. Meanwhile, based on research, the use of super absorbent hydrogels can increase the
yield or reduce the damage caused by scarcity of water resources. Accordingly, this experiment was
conducted to investigate the effect of super absorbent polymer under low irrigation conditions on
guantitative and qualitative traits of cowpea.

Materials & Methods

This research was conducted in summer 2015 in a field located 12 Km far from Ahvaz. This experiment
was carried out as strip-plot in a randomized complete block design with three replications. The first factor
consists of: 1) furrow full irrigation (control), 2) fixed alternate furrow irrigation and 3) variable alternate
furrow. The second factor included three levels of super absorbent polymers: 1) Absence of super absorbent
(control), 2) 75 Kg/ha and 3) 150 Ka/ha. Super absorbent on the basis of treatments was mixed with the soil
with the help of a disk machine. Stagger furrow irrigation is one of the irrigation methods which can be
applied fixed or alternatively by irrigation of half of the furrows. In the irrigation of variable alternate
furrow, the furrows are irrigated as arrange in a series of alternating intervals. That way, in one irrigation
time, two furrows and in next irrigation time, only the middle furrows is irrigated. In this method, only half
of the plant roots, tolerate a period of drought stress and in the next irrigation, the dry period is removed and
the other half is subjected to drought stress.

Results & Discussion

The results showed that the differences between different levels of irrigation was significant in number
of pods per plant, number of seeds per pod, 100-seed weight, protein percentage, grain yield, biological yield
and harvest index at 1% probability level. The effect of different levels of super absorbent on all tested traits
was significant at the level of probability of 1% and grain protein content at 5% level. The interaction
between different levels of irrigation and super absorbent on number of pods per plant and harvest index was
significant at 5% probability level. The maximum grain yield under furrow full irrigation and 150 Kg/ha
super absorbent were 2853.4 and 2314.5 Kg/ha, respectively, and the minimum grain yield under fixed
alternate furrow irrigation and absence of super absorbent was obtained were 1108.2 and 1453.2 Kg/ha,
respectively. It has been stated that the beans are sensitive to water shortages throughout the growth stage
and water shortages, especially during flowering stage and grain filling period, can reduce grain yield. The
role of super absorbents in increasing the grain yield can be attributed to a better supply of water and
nutrients and the availability of them during stress and also to the reduction of water and nutrients waste. The
maximum percentage of protein under fixed alternate furrow irrigation and absence of super absorbent was
28.89% and 27.58%, respectively, and the minimum percentage of protein was observed under furrow full
irrigation and and consumption of 150 Kg/ha super absorbent was observed with 22.57% and 24.08%,
respectively. It has been stated that drought stress increased the protein percentage of seeds relative to
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normal irrigation conditions. The reason for reduction of protein is to reduce the transfer of photosynthetic
material to the seeds. Because, the percentage of protein in the shell and embryo is higher than endosperm.
Therefore, in water shortage conditions due to reduction of transfer of photosynthetic material to endosperm,
the seed protein percentage is increased compared to endosperm. Super adsorbents create better conditions
for water absorption. This increases the photosynthetic capacity and storage of carbon hydrates in the seeds
and decreases the protein content.

Conclusion

In general, the results of the experiment showed that the effect of super absorbent application in furrow
full irrigation conditions with increasing production parameters and under low irrigation conditions, with
reducing the effects of water deficit and improving the damage caused by it, could be effective in increasing
the yield. However, with the use of super absorbent, the yield qualitative was reduced.

Keywords: Drought stress, Harvest index, Protein percentage, Yield
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Table 2. Analysis of variance of vegetative traits and protein content of seed mungbean

O s 23lio $o13T a0 ol gl )l S Job
Source of variance Degrees of freedom Plant height Pod length
(year) (Y) Jw 1 1556.96™ 10.45™
(Replication)(Year)(Jls) (Ssb) 4 3.71 0.05
(Phosphorus)(A) ;. 2 1247.89™ 90/50™
(AxY) s x Lo 2 145.81" 1.14™
Biofertilizer (B) ;555 7 866.84™ 0.43"
(B X A) () 355 i 14 51177 0.18"*
(BXY) gy 255x Lo 7 0.91" 0.03"
(YXB XA) jauix san; 555 Jlo 14 0.51"* 0.009"*
(Error) U.s 92 8.25 0.10
Coefficient of variation (%)
- 5.52 5.38

(do,9) Ol yss o yo

R . e i ssa % w NS
Ao )0 g S oy e §o I8 gixe g lo e e s Fa g T g

n.s, * and **: Non significant and significant at P <0.05 and P < 0.01 respectively

Golo Cllo y a Ll 9 gL 1 (w995 9 phuid Sy T (e Rilis duss Lo Y Jgur
Table 3. Mean comparison of phosphorus and biological fertilizer on height and harvest index of mungbean

,a.....e
(LS 4o p,55LS) S ) 955 (o ilw) oS glis ! (M0 y0) cbolo yy p L
Phosphorus Biofertilizer Plant height (cm) Harvest index (%)
(Kg/ha)
0 36.7d 28c
1 44.16¢ 3labc
2 45.76¢ 29bc
0 3 42.56¢ 30abc
4 51.26b 3labc
5 55.35a 32ab
6 50.71b 32ab
7 81.53ab 33a
0 41.06f 31c
1 52.51c 34b
2 46.51ed 37ab
150 3 44.28¢f 39
4 53.36bc 37ab
5 56.15b 38a
6 48.51d 38a
7 65.01a 37a
0 50.23f 38d
1 58.55¢ 45ab
2 52.10ef 43bc
295 3 48.86f 42bc
4 58.06cd 44ab
5 64.20b 46a
6 55.03de 44ab
7 73.63a 40cd

505 K085 b (5o cire gl s 00 Jlai| mhas 0 (LSD) jlo cixe M| JBlas ga3T (ulasl s asline gy (ghyls (sl (ySilee oy 20 40
0939915 5 oliga305e 5 sk sl Y 9oslS 5 olisagoges F ¢ 0505lS'5 3k rpmagiT D paligagdges 5 3k yemssil 1F dsge agagls T tns sl igosdges N epg d5ed ook prpmagil 1) calds i
Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05).
0: Control, 1: Azospirillum lipoferum, 2: Pseudomonas fluoresens, 3: Glomus mosseae, 4: Azospirillum & Pseudomonas, 5: Azospirillum & Glomus,
6: Pseudomona & Glomus, 7: Azospirillum & Pseudomona & Glomus
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Caol 0u oalive (izren 095 0 ol S o Jobo (5 pli o 3 S2elm sledgS g fid ande A Cdedy Wl o
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0 Gy (2l Bloe g Ol ey ady (Rl L azmsy e 9B 5 ok ped 50 5 00,5 &5 20 SVl g Jad
ELE | g oy Sgnr 9oyl (al 9 908 (o0 )] 0lS LS g i)l Gl e g o)l CdlBs (petn 1o sla Job
o mLs (Nasrollahzadeh Asl, 2017) 05,5 - oL5 ,Jl_, oo Yo 51 .(Alami Milani et al., 2014) 558 o
G3l> Sialon slaogS 5l osliiul a5 ols (Lt o) A4S Cul ol oS gl aalidl o So3slen slasss
Salvia ) 5 ma e 250 bS50 2Sgiil 5 psk yrps] Sy ogdle oS (nl 50 S92 g0 0By S e slas ST
Rahimi ) o5 & 0 a4 glis )| o138 o (Officinalis L. 5 Olad o ile Some dlg e (0,5 > b (g phanas! )59 5
A3 il oyl Jw 90 o (& Hashemi, 2015 2 oobee (s 45 duol Sl Jgan] (g0, 90558 O g
Ll oy pion 0,8 samlin oL gl )l a5l g lo sime g oo ol S el yoli 8l ccel o)l ol i) oulass
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@l s ol Lulpd ) JSS @ 4z b o oo Sl (F o) lponisS Jslome ) sl sy 5 Solisesise sl s 7Sk
oS el )| o sme (381 (ol e ol S (59 ,48Le Lo o Hhshls g 2ig) o0 st joinass GlalS sl jand Co>
A3l Jgl Jo 0 Cas pge Jlo o (Saxena et al., 2016) sitwe Coite Sty

wilo 0,5dee 132l 2 Jlo (Lol 51 (Sl dmglio -F Jgor
Table 4. The main effect of year on the yield components mung bean

S ol gl GME yo il Slam (p55) &13Veer 39 cobls y s
Year (o lw) Number of pods per 1000 seed weight (a0 0)
Plant height (cm) plant (9) Harvest index (%)
1395-96 48.73 b 754 a 52.56 a 0.38a
1396-97 55.31a 7.34b 50.76 b 0.36 b

W5 50080 b 6l s gl waus )00 sl a0 (LSD) SISesire B JBlas yg03T wlasl y aslie By > (sl1s (sl peSileo ¢ygias o 40
Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05).

5,0 oallas Solymani Fard et al, 2013) mL S Job
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Control Azospirillum Pseudomonas Glomus
lipoferum fluoresens mosseae

Azospirillum & Azospirillum & Pseudomona & Azospirillum &
Pseudomonas Glomus Glomus  Pseudomona &
Glomus

Biofertilizer

(st 395 3 o ilowd 395 Tl 7l i Ao UL Jsbo 2 gimm § 395 ol 1Y S

A5 0 L gl pme Dol wasy00 Jlais] mhass ;3 (LSD) lo pixe B Blas g0l bl caiil go aslie gy (sl)ls a5 gin o 0 b Sk
Fig. 2. The main effect of biofertilizer on the pod length of mungbean under the influence of phosphorus and

biofertilizer levels
Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05).
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Fig. 3. Mean comparison of phosphorus and year on the pod length of mungbean under the influence of phosphorus
and biofertilizer levels
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Table 5. Analysis of variance of two years (compound analysis) of yield and yield components of mungbean under the
influence of phosphorus and bio fertilizer levels

i golie woll ez, gy yo IO olsi GYE 43 ails Slass ailsVere i
Source of variance %?gggisrgf Seed no. per pod Pod no. per plant 1000 seed weight
(year) (Y) Jt 1 429.52™ 1.64" 116.64™
(Replication)(Year) Jl (Ssb) 4 0.50 031 34.04
(Phosphorus)(A) ,i.s 2 31.04™ 56.08™ 85.92"
(A<Y) yaus xJls 2 10.78™ 0.30"* 5.60"*
Biofertilizer (B) ;555 7 34.59™ 0.13"¢ 22.64"*
(B X A) sy 255% ,hud 14 1.14"¢ 0.11"* 14.01"¢
(BXY) (w055 x Jlo 7 3.46™ 0.03"¢ 219"
(YXB XA) jadx g ; 595x Jlo 14 1.64" 0.06"* 1.62"¢
(Error) Uas 92 0.76 0.16 16.36
Coefficient of variation (%) 6.82 5.47 782

(Ao,0) Sl s o

n.s, * and **: Non significant and significant at p< 0.05 and p< 0.01 respectively

Cils il o 3TV pes Jlo 4 Cans a5 0 Jols
(F Jso2)

ity Loy S el L LS o M2 olass gl
Slge dy pw s bl Al ) en drwgd Jdods Conl Ses
Eie 9 03P O Ol 9 oLS e ab) Sl i lie
asle JSis g, (PS4 onie 095 dgiay aS oo
O Syl Gl sl i 4555 90,8 o S
Gk 5l it ol enay lié jolie L el 5 00y S
30,5 oo g Dya 8 li 8l el laogS adli ol
(Farzana & Radizah, 2005; Singh, 2016)

g o od Dl Hiud o5 aed oo LS o
L zils oL o (Cicer arietinum L.) o556 L5
Sl )0 gyl e L3l Slad ouisS > ol sl 5
3 gils i Il sy Gl a0 OIS
sads ,55 e (Aboutalebian & Elahi, 2015)
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3 LSS a9 e 50 Hhad g M @l e B
0233 §551 9 (eid (g e aialsd) Jolt il
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5 O, S S dom 45 el o,Lil Slad slaasl
Fanay et al., ) ©8,5 o algs 1,8 oolatwl 8,50 Jieadss
.(2013; Nasrollahzadeh Asl, 2017
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Table 6. Mean comparison of phosphorus and biofertilizer on yield and yield components of mungbean in the year

Fwd . &ils 8 ,5oe Sa3elgm o Slos
Jw _ (S ) 095 gy y0 AL sluay _ _
year OS2 52 0 55L5) Biofertilizer Seed no. per pod (&y0ri0 52 %) (@erie e )
Phosphorus (Kg/ha) Seed yield (g/m? Biological yield (g/m?)
0 11d 104.8¢c 353.77d
1 14.66bc 152.27ab 462.97ab
2 13.53¢ 135.77b 405.57¢
0 3 13.9bc 146.7ab 438.87bc
4 14.93bc 143.97ab 432.47bc
5 17.1a 159.13a 479.43a
6 15.16 b 158.6a 447.33ab
7 16.86a 159.1a 452.67ab
0 10.86b 118.8e 372.5d
1 142a 154.9bcd 433.27bc
2 13.16a 143.4d 377.47d
3 13.3a 154.87bcd 378.97d
1395-96 150 4 14.33 153.6¢d 405.23cd
5 14.33a 174a 445.67ab
6 13.53a 166.33abc 407.67cd
7 14.56a 173.33b 451.67a
0 13.3c 177.33e 433.33c
1 16.06ab 209abc 468.53ahc
2 15.5ab 184.83de 439.37hc
295 3 15.2ab 194.93cde 462.17abc
4 16.46a 198.13bcd 447abc
5 16.3ab 226a 474.67ab
6 14.93b 214.33ab 476a
7 15.3ab 189de 464.33abc
0 8.03d 78.7d 293.07e
1 10.83b 103.17bc 352.53hc
2 9.1cd 87.76cd 338.33bcd
0 3 9.23cd 86.96¢d 313.1de
4 9.63bc 101.7bc 352.6bc
5 12.53a 112.07b 360.6b
6 9.83bc 96.36bcd 320.83cde
7 12.3a 132.5a 412.33a
0 9.03d 105.17¢ 341.33¢
1 11.13bc 130.03b 387.63b
2 9.96¢d 120.13bc 332.8c
3 10.43bcd 129.53b 332.47c
1396-97 150 4 10.86hc 129.83b 348.83c
5 11.76b 136.53b 359.03hc
6 11bc 125.17b 340.33c
7 13.5a 162a 442.93a
0 9.16d 123.83e 348.17cd
1 12.26bc 173.13bc 381.97hc
2 10.9¢ 149.43d 341.37d
995 3 11.4bc 155.8cd 373.3bcd
4 11.96bc 163.8bcd 361.83bcd
5 12.63b 182.1b 394.33b
6 11.8bc 174.1b 390b
7 16.3a 216a 534a

55 K085 b (5o sire Sl waoj20 Jlaz| gl 4o (LSD) jlo cine M| JBlas ga3T (ulasl s asline By (ghyls (sl (ySilae oy 2 40
5595 5 ~igosd5es 5 psbemsssl N o 059518 5 igosdges F 50918y 3l sl D uligagis g psh sl IF cigs (ugoslS X ¢ i j5ld (ulisogdges Y g Bgeal sk eyl 1) wal e
Means by the same letter in each column are not significantly different according to LSD range tests (P< 0.05).
0: Control, 1: Azospirillum lipoferum, 2: Pseudomonas fluoresens, 3: Glomus mosseae, 4: Azospirillum & Pseudomonas, 5: Azospirillum & Glomus,
6: Pseudomona & Glomus, 7: Azospirillum & Pseudomona & Glomus

ile 15 (5iSg 1 9 3, 5kos 5132l 1 pund (oloanid 395 (Lol 1 (uRilso dunslin -V Jgor
Table 7. The main effect of Phosphorus fertilizer on the yield components and protein content of seed mung bean

- _ (p55) dildVeee g9 S Ho Al Slaxi (W0 y3) &ild gy
(LS 52 55k 1000 seed weight (g)  Number of pods per plant  Protein of Seed (%0)
Phosphorus(Kg/ha)
0 50.25b 6.36 C 13.60 ¢
150 52.84 ab 743a 14.92 b
225 52.91a 8.52a 18.75a

5l K00S0 b gl sime glis o j00 Jlazol rbaws ;0 (LSD) ls cime M JBlas 5051 ool 5 aliee g syl slogSileo g ,2 50
Means by the same letter in each column are not significantly different according to LSD range tests (P< 0.05).
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Table 8. Analysis of variance yield and protein content of seed mungbean

ol3T a0

Ol ynds 29lo ails o ,Slos SO 59 g 0 ySlos Cld g oL Alo yuigy
Source of variance Df?g(ragisnc:f Seed yield Biological yield Harvest index Protein of Seed
(year) (Y) Jw 1 41752.11™ 171637.58™ 0.017™ 308.88™
(Replication)(Year) Ju (Ssb) 4 337.46 335.06 0.001 6.51
(Phosphorus)(A) ,a.s 2 46073.06™ 22904.48™ 0.17" 343.35™
(AxY) jand x Lo 2 1244.85™ 5522.04™ 0.004™ 24.38™
Biofertilizer (B) ;555 7 5066.52" 18245.44™ 0.007™ 44,65
(AXB) (s 255% yid 14 77.22"% 1186.85" 0.001" 1.45"
(BXY) o 055 x Jlw 7 812.84™ 4902.18™ 0.0002"* 9.48™
Peer s 255 14 260.15" 1113.66™ 0.0005" 2.30
(YxB x A)
(Error) Uas 92 133.25 477.52 0.0007 1.92
Coefficient of variation (%)
7.72 5.47 7.35 8.81

(Ao,0) Sl s o po

n.s, * and **: Non significant and significant at p< 0.05 and p< 0.01 respectively
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Introduction

Mungbean (Vigna radiata L.) is an important legume crop. It is a great source of proteins, vitamins and
minerals. The seed contains 24% protein content, 1.30% fat and 60.4% carbohydrates; calcium is 118 and
phosphorus is 340 mg per 100 g of seed. Its capacity to restore soil fertility through nitrogen fixation makes
it a valuable crop. Phosphorus is considered to be the most limiting element after nitrogen for the plant.
However, a large amount of phosphorus in chemical fertilizers occurs after entering the insoluble soil.
Converting soil insoluble phosphates to a form available for plants is a necessary goal to achieve sustainable
agricultural production. Biofertilizers, are considered as a new technology to increasing nutrients in the soil

and reduce the use of chemical fertilizers. Biofertilizers keep the soil environment rich in all kinds of micro
and macro nutrients, via nitrogen fixation, phosphate and potassium solubilisation or mineralization, release
of plant growth regulating substances, production of antibiotics and biodegradation of organic matter in the
soil. The main objective of this study was to evaluate biofertilizers inoculation.

Materials & Methods

To study the effect of Plant Growth Promoting Bacteria, Mycorrhizal fungi and different levels of
fertilizer phosphorus on the yield and yield components mung bean (Vigna radiata L.) a field experiment
was carried out as a factorial based on a randomized complete block design (RCBD) with three replications
at research field of the Faculty of Agriculture of Gorgoan University in 2016 and 2017. The treatments of
this research consisted of three levels of phosphorus (Control, 150 Kg.h'*and 225 Kg.h?) and eight levels of
Growth Promoting Bacteria and Mycorrhizal fungi (Control, Azospirillum lipoferum, Pseudomonas
fluoresens, Glomus mosseae, Azospirillum and Pseudomonas, Azospirillum and Glomus mosseae,
Pseudomonas and Glomus mosseae, and Azospirillum lipoferum, Pseudomonas fluoresens, Glomus
mosseae). In this experiment, Rhizobium bacteria (R. leguminosarum) was used in all plots. Grain
inoculation was done in shadow and after drying, inoculated grains were immediately cultivated.
Mycorrhizal fungi was applied under the grain hole just prior to sowing. Chemical fertilizers were applied at
a rate of 50 and 100 Kg.h* in N and K respectively. At harvest, random samples of 10 plants for each
experimental unit were taken and plant height, pod length, number of pods per plant, number of seed per
pod, 1000- seed weight, biological yield, seed yield and harvest index were recorded. Data were subjected to
analysis of variance procedure using the SAS statistical software and for comparing the mean effects of
interactions with Slicing method, in order to compare the mean of simple effects, the least significant
difference test method (LSD) was used at 5% probability level.

Results & Discussion

The results of experiment revealed that the effect of year, phosphorus fertilizer and biological fertilizer
showed a significant effect on yield and yield components, plant height, pod length and protein content. The
results also showed that the interaction of biofertilizer and phosphorus on plant height, biological yield and

*Corresponding Author: f.rezapoorian1389@yahoo.com
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harvest index were significant. The results of the comparison of the mean of data in the first year showed that
the highest grain yield (226 g.m?) was obtained in inoculum treatment with Azospirilum and Mycorrhiza
fungi at a consumption level of 225 Kg.h phosphorus fertilizer, Which increased by 29.6% compared to the
control. In the second year of experiment, the highest grain yield (216 g.m?) was obtained with 38.7%
increase in comparison with control in inoculation with Azospirilum, Pseudomonas and Mycorrhiza fungi at
225 Kg.ht phosphorus fertilizer level. The results of the comparison of the mean of the data in the first year
showed that the highest number of pods per plant, grain yield, biological yield, harvest index and seed
protein were related to Azospirillum and Glomus mosseae inoculation, and in the second year they were
treated with Azospirillum lipoferum, Pseudomonas fluoresens, Glomus mosseae. Also The results of the
comparison of the mean of the data showed that the highest 1000-seed weight (52.9 g), number of seeds per

pod (8.5 Number in pods) in 225 Kg.h treatment of phosphorus fertilizer.

Conclusion

Biofertilizer are beneficial bacteria and fungus that colonize plant roots and enhance plant growth by a
wide variety of mechanisms. The use of biofertilizer is steadily increasing in agriculture and offers a new
way to replace chemical fertilizers, pesticides, and supplements. According to these results, it can be
concluded that the best treatment for mung bean cultivation and reducing the use of phosphorus fertilizer is
the use of Azospirilum and Mycorrhizal fungus. Application Azospirilum and Mycorrhizal fungus in this
study caused to increase the seed yield and protein content of seed.

Keywords: Azospirillum lipoferum, Glomus mosseae, Legume, Pseudomonas fluoresens
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Table 1. Maragheh dryland agricultural research station metrological data (2010-2012)
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(mm) temperature (°C) (mm) temperature (°C)
Oct. 8.7 124 224 9.4
Nov. 0 4.2 333 -1
Dec. 104 11 12.7 -3.3
Jan. 29.2 -6.2 27 4.2
Feb. 36.4 -2.9 20.3 -5.9
Mar. 79.6 1.6 29.8 -1.3
Apr. 1294 8.1 46.7 9
May 54.7 13 42 141
Jun. 3 18.8 16.8 18.8
Jul. 1.2 23.3 0.8 22.3
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Table 2. Analysis of variance results of agronomic characteristics in lines derived from Kouhin lentil landrace
in 2010-2011 cropping season (Lattice 11x11)
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151 (3} G °59 Sdos i
S.0oVv ‘5;() tord |&) i g glis,yl  ailohe 39 5,5 dos ° L
PLidd &S Cydamw y [5) % . 03gi .
PH 100SW)  (GY) «ls (HI) el
(OF) asls (M) GPas  CH) (100SW) BY) *
=
A5 1 30.60 ™ 6.29 6457™  27.80™ 005" 27.2 17.90"™ 4481
Replication
S 120 26.76%* 845**  1420*  810*  170**  0.04** 0.44" 78.50"™
Genotype
1S5 3 s
oS S sl 20 14.43 6.01 9.80 16.54 0.19 0.16 1.62 116.2
Blocks in reps
silejl sllas
100 9.35 1.60 9.40 2.70 0.12 0.03 0.21 56.6
Error
SR T & S g Si005 104 137 102 175 105 170 198 1105
Relative usefulness to RCBD
R
(105) Dol ey 5.4 16 14.1 6.90 6.2 26.9 24.4 225
C.V%

skl Jo g B pae NS ta0,0) g 0o )00 Jleiol rlaw jo o fre ol i il

*and **: Significant at 5% and 1% probability level, respectively. ns: Non significant
DF: Number of days from planting to 50% flowering, DM: Number of days from planting to maturity, GF: Grain filling period, PH: Plant height, 100SW:

100 seeds weight, GY: Grain yield, BY: Biological yield, HI: Harvest index
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Table 3. Statistical parameters of agronomic characteristics in 120 extracted lines from Kouhin lentil landrace
in 2010-2012 cropping seasons

. s

B> Sl aols il slxe Gl (20033) (535538 Ol s
*Characteristic Min. Max. Range Mean Standard division Phenotypic CV (%)

() B aoyo0e 5 T 64 74 10 69 3.0 43
DF (days) 40 65 25 57 3.6 6.3
(9 &1 G, )b 83 100 17 95 25 2.6
DM (days) 74 84 10 78 2.1 2.7
Gop) s (a3 0,90 Jobo 13 34 21 25 33 13.2
GF (days) 16 37 21 22 2.7 12.3
(ostile) aigs glas )| 15 27 12 21 2.6 12.4
PH (cm) 18 28 10 24 1.7 7.10
(@) als) - o35 25 6.7 4.2 5 0.84 16.8
100SW (g) 3.3 7.2 3.9 55 0.92 16.7
(S yo o) ails o Sles 0.16 1.42 1.26 0.64 0.27 42.2
GY (t/ha) 0.17 0.98 0.81 0.63 0.15 23.8
(S 0 ) wbog o Shas 1.05 3.30 2.25 2.50 0.35 14.0
BY (t/ha) 0.82 3.33 2.51 1.90 0.39 20.5
(3o ) el y ezl 9.6 43.7 34.1 251 7.50 29.9
HI (%) 19.5 56.0 36.5 335 6.12 18.2

*DF: Number of days from planting to 50% flowering, DM: Number of days from planting to maturity, GF: Grain filling period, PH: Plant height,
100SW: 100 seeds weight, GY: Grain yield, BY: Biological yield, HI: Harvest index
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+ In each row, the numbers at first and second lines belong to 2010-2011 and 2011-2012 cropping seasons, respectively.
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Fig. 1. Clustering of 120 Kouhin lentil lines based on studied traits with Ward s method
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Introduction

Research, selection and protection of landraces in most countries of the world are very important and
considered as one of the most important and significant issues in plant breeding programs. Despite the recent
progresses in plant breeding programs, using of landraces is still particularly important, especially in the self
pollinated crops. In breeding programs, the existence of favorable variation in the population is essential and
without variation, the progress and development of breeding programs will be slow process. Lentil seeds are
a major role in feed and food security for millions of people, especially among the low income Asian
population, because of protein content and cheap price. The lentil plant has also played an important role as a
rotation crop for increasing the fertility of soils and it has been special attention for agronomists and
researchers in case of sustainable agriculture. Food legume cultivation traditionally is common in Iran.
Except in the northern wet areas, lentil cultivated in most parts of Iran. Its cultivation areas is 150-200
thousand hectares and ranked as second important food legume in the drylands area. There are little studies
about evaluation and purification of lentil landraces in Iran. Kouhin region in Ghazvin province with about
12000 hectare lentil cultivated area is one of the most favorite regions of cultivation and production of lentil
in Iran. Green Koohin lentil landrace has good quality and nutritional value and is famous for consumers in
the country.

Materials & Methods

This study was performed to evaluate a lentil landrace originated from Kouhin region in Ghazvin
province. The experiment was conducted for two consecutive seasons during 2010-12 under field condition
in Maragheh Dryland Agricultural Research Station (Latitude 37°15" N, Longitude 46°15" E, and Altitude
1720 meter above sea level). In spring 2011 and 2012, the seeds of 120 pure lines (individual plants that
were selected from Kouhin landrace), planted at farm under rainfed condition and eight traits (No. of days to
flowering, No. of days to maturity, grain filling period, plant height, 100 seed weight, seed yield, biological
yield and harvest index) were noted. Statistical parameters (maximum, minimum, mean, standard division
and phenotypic coefficient of variance) were calculated for noted characteristics. After standardization of
data, distance modulus squared Euclidean distance cluster analysis was done in Ward method.

Results & Discussion

Analysis of variance results showed that there were significant differences between the genotypes in all
studied traits except in the case of biomass yield and harvest index. These results indicating the existence of
genetic diversity among the pure lines extracted from the Kouhin lentil landrace. Results of estimating
descriptive statistics of studied characteristics in the 120 pure lines showed that, the grain yield among the
studied characteristics in two years means had the highest diversity. In the first year, the minimum and
maximum grain yield (160 and 1420 Kg/ha) belonged to genotypes No. 98 and No. 14, respectively. In the
second year grain yield was also varied from 170 Kg/ha (genotype no. 113) to 980 Kg/ha (genotype no. 73).
This result indicated the existence of high performance potential within the Kouhin landrace and in order to
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improve the grain yield of population, identification and purification of the high yielding genotypes from
population recommended. Among the studied traits the minimum diversity belonged to number of days from
plating till flowering and maturity. Regarding to this point that the Kouhin landrace was cultivated from long
time ago by farmers, natural factors such as day length, existence of drought stress (especially after
flowering because of dryland farming) removed the late genotypes and caused relatively hemozigosity on
these two traits in the Kouhin population. Results of clustering showed that genotypes were categorized in
six groups. Twenty five genotypes were in the fifth group that their grain yield (527.6£126.8 Kg/ha) was
higher than other groups.

Conclusion

The results of this study showed that it could be improved the grain yield and other characterstics of
Kouhin population under drylands condition by selection of pure lines. Also it is possible to use the existing
potentialities in Kouhin landrace (genetic diversity) in the lentil breeding programs under dryland condition.
Conclusion of the results showed that there is suit variation in Kouhin lentil landrace and it could be used as
a precious resource for lentil breeding programs under dryland of Iran.

Keywords: Cluster analysis, Diversity, Dryland, Individual plant, Pure line
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Table 1. Analysis of variation of the yield and its components, influenced by the experimental factors
in Kermanshah region
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ns, * and **: Non-significant and significant in 1% and 5% probability levels, respectively

154



Y-V Ao VAR Jaf Lo 16 )louis 11 (0599) Sl /31 31 g SBB93 [ ..o LT @b 1T ]y S0 3 (Soun

oLasl 5 ailain 53 lnlojl Jolge 13l i T sl 5 955 hos (aSilso dmslio =Y Jgu
Table 2. Means comparison of the yield and its components, influenced by the experimental factors in

Kermanshah region
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Table 3. Correlation coefficients between yield and its components in different cultivars of chickpea under moisture
stress conditions from the beginning of flowering until maturity in Kermanshah region
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Table 4. Correlation coefficients between yield and its components in different cultivars of chickpea under moisture
stress conditions from the beginning of podding until maturity in Kermanshah region
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Table 5. Correlation coefficients between yield and its components in different cultivars of chickpea under non stress
condition until maturity in Kermanshah region
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Introduction

Chickpea (Cicer arietinum L.) is the third most important grain legume in the world and the second
grain legume in the Mediterranean environment including Iran. Average of chickpea grain yield in Iran is
about 500 Kg ha™! while in the world this average is 900 Kg ha™'.These data indicate the importance of
research on chickpea. Water deficit stress is one of the most important factors in reducing grain yield of
chickpea in the Mediterranean region. In such areas, water shortage almost take place at flowering and post
flowering period. Generally, water deficit stress with decreasing plant photosynthesis and consequently
reducing the production of photosynthetic products, the process of plant growth and development caused
reduction of plants economic grain yield. In chickpea, flowering and podding stages are the most sensitive
growth stages to water deficit and water shortages in these stages result in a significant reduction in grain
yield. Hence, the present study was conducted to investigate the resistance of commonly chickpea cultivars
used under cultivation in Kermanshah region in different water deficit stress conditions from the beginning
of flowering and podding until maturity time.

Materials & Methods

In order to investigate the effect of post anthesis water deficit on yield and its components in different
chickpea cultivars, a split-plot experiment based on complete block design with three replication conducted
in research filed and labs of agronomy and plant breeding department of Razi university. The main factor
was the moisture regime with three levels included: 1) control, 2) Irrigation cut from flowering till maturity
and 3) irrigation cut from podding till maturity. Sub-factor consisted of different chickpea cultivars (Arman,
Azad, Bivanij, Hashem and 1LC482). Sowing was done manually. Each plot was consisted of six rows with
three meters in length and with a spacing of 25 cm and 10 cm seeds space on the row. Harvesting was
performed when each cultivar were matured under control and water deficit treatments and different traits
was evaluated. These traits consist of: grain yield, biomass, straw yield, harvest index, number of pod per
plant, number seed per pod, number of seed per plant, and 100 grain weight. Correlation coefficients
between different traits under different water regime were estimated. The obtained data were exposed to
analysis of variance (ANOVA). Means comparison was done using Duncan's new multiple range test
(DMRT) using MSTAT-C software. Correlation coefficients between traits were estimated with SAS
software ver. 8.0 (SAS Institute Inc., Cary, NC, USA).

Results & Discussion
According to the results, water deficit at both levels, significantly reduced the grain yield, biomass,
harvest index, 100 seed weight, number of seeds per plant and pod and number of pods per plant. The
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highest reduction in grain yield and biomass under water deficit from beginning of flowering till maturity
was observed with about 51 and 36 percent, respectively. Under control condition, the highest grain and
biological yield in Arman cultivar was 1355 and 3126 Kg ha, respectively. In application of water deficit
from the beginning of podding until maturity, the highest grain and biological yield in Azad and Bivanij
cultivars was 1035 and 2570 Kg ha?, respectively and under water deficit stress from the beginning of
flowering until maturity the highest grain and biological yield in 1LC482 cultivar was 715 and 2000 Kg ha?,
respectively. Also, according to the results of correlation analysis, there was a positive and significant
correlation between grain yield and biological yield, harvest index, number of pods per plant and number of
seeds per plant. Azad, Bivanij and ILC482 cultivars showed better performance at both levels of moisture
stress. Regarding the occurrence of moisture stress in the studied area at flowering and podding time in
spring planting, spring cultivation of these cultivars is more desirable.

Conclusion

The results of this study showed that Azad, Bivanij and 1LC482 cultivars were resistant to drought stress
and their yield reduction was less than Arman and Hashem cultivars, also it is recommended that the Hashem
cultivar dose not cultivate in spring at Kermanshah region. Generally, more resistant to drought varieties
were more capable of water management which also improved the process of photosynthesis and helped to
maintain better functionality in these conditions.

Keywords: Biological yield, Chickpea, Correlation, Grain yield, Water deficit
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Table 1. Analysis of variance (mean square) of effect of genotype, priming and priming duration on studied traits of
lentil seed

e Jeb Jeb

Ol g5 g Gl azys  eojailen yody JS ol G3ailgz oy ] . LS Job
SOV &iule dpady,  apdle

df TNOSG GP% GR RL SL SEEL

Genotype s 1 B45** 10333%* 320%%  4.48% 56T 20.2%*

Priming Sl 5 15.1%* 242** 0.07** 2.53** 2.16* 7.71%*

Time oL 1 127 204 0.06 158  10.0%*  31.6%*
PHMING<GENOtYPe Sivel sxnssis 5 2,01 323 0.01 0.64 121 1.50
TimexGenotype L jewss 1 27%% 433 0.13%* 0.26 0.15 0.82
TimexPriming ¢l jxSxes! 5 4.73 75.7 0.02 1.10 0.61 2.98
Time«Priming<Genotype Lo x el wxoisis 5 6.16 98.7 0.03 1.38 0.46 2,65
Error W 72 3.64 58.38 0.01 0.73 0.68 213

CV(%) (a0)0) Sl pss gy 9.10 9.10 9.12 16.37 22.62 16.44

o3y g do 0Ky Jlais ] o j3 s e 4 KX

azalS Jsbo SEEL sazails Job :SL ez aiy, Job RL ¢ S5alsr e s GR ¢ S5ailsz 0o )5 (GP tosjails> 453 IS slaws ;TNOSG

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

df: degree freedom; TNOSG: Total number of seeds germinated; GP: Germination percentage; GR: Germination rate; RL: Root length; SL: Shoot length;

SEEL.: Seedling length
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Table 2. The effect of priming and priming duration on seed germination indexes of two lentil genotype

Lo 03jilyz jody JS olai  Jidlex woyd (il b azaiy) Jsb azailu Jsb  azalS Jsb
Treatments TNOSG GP (%) GR RL(cm) SL(cm) SEEL(cm)
Robat L, 23.5a* 94.3a 1.68a 5.43a 3.90a 9.34a
Calposh zgJls 18.3b 73.5b 1.31b 5.00b 3.42b 8.42b
7 Hours 21.35a 85.41a 1.52a 5.34a 4.11a 9.46a
16 Hours 20.62a 82.50a 1.47a 5.09a 3.22b 8.31b

555 (6l e M o oy Jleis] a0 S 2 40 aline gy glls sla Sl
azalS Jsbo SEEL sazasls, Jsb SL tazasy, Job :RL t Syl S GR [ESTHICARWE GP oojails= 55 S slaas TNOSG
*Means with similar letters in each treatment are not significantly different (p<0.05).
TNOSG: Total number of seeds germinated; GP: Germination percentage; GR: Germination rate; RL: Root length; SL: Shoot length, SEEL: Seedling length
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Table 3. The effect of priming on germination indexes of two lentil genotype

oles 5 o3jilyz ok ST ol iz woyd  (Jidler Cpw  azade;Jsb  azaile b azalS Job

Compounds TNOSG GP (%) GR RL (cm) SL (cm) SEEL (cm)
Gibberellic acid <, .l 19.81¢" 79.25¢ 1.41° 4.85° 3.89% 8.74b°
Dayan seed solution ;Lls ,d Jelxe 20.50° 82.00° 1.46° 4.920 3.18¢ 8.11¢
Zinc sulfate ¢, lass 21.87% 87.50% 1.56® 5.47% 3.96° 9.44%®
Potassium nitrate ..ty oy 20.56" 82.25M 1.48% 4,99 3.51%¢ 8.50™
Hydroperiming Kzl ;5,00 20.75% 83.00 1.48™ 5.17% 3.34% 8.52%
control sals 22.43° 89.75° 1.60* 5.89° 4.09% 9.98°

35,5 5,0 sme BN o ozt Jleol gl 10 Cdo 0 line By, gl lanSKile™

azals Jsbo SEEL azasle Jsb SL tazasy, Job RL ¢ S5ails> ce o GR ¢ S5ails> 0,0 :GP tos5als> 58, JS slaxs :TNOSG
*Means with similar letters in each treatment are not significantly different (p<0.05).
TNOSG: Total number of seeds germinated; GP: Germination percentage; GR: Germination rate; RL: Root length; SL: Shoot length, SEEL: Seedling length

OIS i 935 99,0 (Jdile Cus s g duoyd o3 jilar Hady Sl Sl 9 gl S1-F Jgu
Table 4. The effect of genotype and priming on the number of germinated seeds, percentage and rate of germination of
two lentil genotypes

o yloss’ 03 jailgr 9dy Slua ialex w0 &ilgz ey
Treatments Number of seeds germinated  Germination (%) Germination rate
Genotype Rabat 7 hours priming K, celo¥ b, g 23.41% 93.66° 1.672
Genotype Rabat 16 hours priming K|, celu® b, cusigis 23.75° 95.00? 1.69°
Genotype Calposh 7 hours priming Sy celuY (oedlS g 19.29° 77.16° 1.37°
Genotype Calposh 16 hours priming Kl celo)# (o9lS Cuigss 17.50° 70.00¢ 1.24°

5,5 (6l e M o oy Jleis] a0 Cdo 2 40 aline gy glls la Sl

*Means with similar letters in each treatment are not significantly different (p<0.05).
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(Aloui et al., 2014)
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Table 5. Analysis of variance (mean square) of effect of genotype, priming and priming duration on studied traits of
lentil seedlings

Oy’ o Gl 4z Azads, SiSps  azdile SiSnje ameld SAS o Yk Ay ¥ 5y iy
S.0.v df RDW SDW SEEDW SV1 SV2
Genotype s 1 7.32** 1.01 13.76** 168421**  1579014**
Priming Sl 5 0.64 0.89 2.23 59246** 136366**
Time ;b; 1 27.2%* 9.99** 70.09** 666500**  350175**
PrimingxGenotype el pxewssi) 5 1.07 0.78 2.86 22338 13822
TimexGenotype .\l jxewss; 1 0.02 0.95 1.27 32156 43861
TimexPriming Lo« Siel 5 0.94 0.34 1.87 23422 48476*
TimexPriming=Genotype L ; xSieslp x cuisi) 5 0.32 0.36 1.01 11957 36095
Error W 72 0.72 0.38 1.71 11522 15796
CV(%) (00,0) Sl i o 20.07 20.48 18.05 17.69 16.70

o0y g o30Sy Jloisl pdaw )8 (5l e ool Sy ekl

(azalS Jsb sloe ) a) V0 as SV2 f(azalS Sz e sl ,d a) V0 A SV1 tazals iz SEEDW tazadle S5 SDW Az, SiS s RDW

* **: Significant at 5% and 1%, respectively.

RDW: Root dry weight; SDW: Shoot dry weight; SEEDM: Seedling dry weight; SV1: Seed vigorl (Seed vigor based on seedling dry weight); SV2: Seed

vigor2 (seed vigor based on seedling seed length)

OIS i 535 90 T 9 ) yds Ay 9 4zaLS Az aBli cazad ) S (339 1 o] ok 9 Koy Sl -8 Jgux

Table 6. The effect of priming and priming duration on root, stem and seedling dry weight and seed vigor 1 and 2 of
two lentil genotype

L los’ dzdly) SiSg)y  azddle SUs 5y apalS SUiS gy Ldvads Vol ad
Treatments RDW (mg) SDW (mg) SEEDW (mg) Svi Sv2
Robat L, 3.95° 2.92 6.88° 648° 880°
Calposh _zs i 451 3.128 7.63¢ 564° 624°
7 Hours 4.76* 3.342 8.11° 689° 812°
16 Hours 3.70° 2.70° 6.40° 523° 691°

55 (gl e M o oy Jlei a0 ido 40 aline By glls sl Sl

(azalS Job slice 50 4) Y )0 4t SV2 t(azals Sis 55 sl 50 a) V)& s SV tazals Sis 5. SEEDW tazaile Sis(y59 :SDW tazas,, Sis(y5 :RDW
*Means with similar letters in each treatment are not significantly different (p<0.05).
RDW: Root dry weight; SDW: Shoot dry weight; SEEDW: Seedling dry weight; SV1: Seed vigorl (Seed vigor based on seedling dry weight); SV2: Seed

vigor2 (Seed vigor based on seedling length)
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Introduction

Lentil (Lens culinaris Medic.) as one of the oldest sources of human nutrition is of particular importance
among beans due to the ease of digestion and high protein content. Priming method refers to a number of
different seed characteristics improvements. In these methods, seeds are allowed to absorb some water so
that the early stages of germination are performed, but the root can not grow. Due to the fact that lentil is
usually cultivated in rain-fed areas and under dry conditions, it is often possible to provide sufficient
moisture in the early stages of growth and germination for planting, in the early stage of growth and
germination. Research results indicate that seed germination can be achieved through rapid germination,
uniform appearance and strong establishment of the plant. One of the most important germination seed
germination treatments is priming. Priming refers to a number of different seed improvement methods, in
which all controlled seeding is applied. In priming, seeds are allowed to absorb some water so that the early
stages of germination are performed, but the root can not be removed. In other words, the seeds go up to the
second stage, but they do not enter the third stage. After priming treatments, the seeds are dried and
cultivated as untreated seeds. Hydro priming is the simplest method for increasing the rate and percentage of
germination and uniformity of deposition under stress conditions, especially in arid regions. In the
experiment, which was performed on seed maize (Zea mays), it was observed that seed priming increased
germination speed while the polyethylene glycol reduced the germination rate. In addition, hydro priming of
seeds for 36 hours increased germination, root germination and seedling dry weight. The aim of this study
was to investigate the effect of different priming treatments and the duration of priming on seed germination
and growth seedling growth and selection of the most suitable treatment of two lentil genotypes.

Materials & Methods

This study was carried out in Ferdowsi University of Mashhad, Iran, as a factorial experiment based on
completely randomized design with four replications in 2017. The treatments consisted of two lentil
genotypes (Rabat and Kalposhch), six priming levels (non-priming (control), gibberellic acid (C19H2206) 100
mg.I, Dayan seedlings solution 4 ml.I?, potassium nitrate (KNOs) 500 mg.I*, zinc sulfate (ZnSO4) 1000
mg.I"t and hydro priming and priming duration (7 and 16 hours). After priming seeds were removed from the
solutions and then placed in a laboratory for 24 hours until complete drying. Seeds were then disinfected 1%
NaCl solution (NaClO) for five minutes and then washed three times with distilled water. Petri were also
disinfected with 5% sodium hypochlorite solution. In the next step, 25 seeds were prepared from 12 cm
diameter primer treatments between two layers of Watman filter paper and each petri was added to the
required amount of distilled water. To germinate to a germinator by setting a temperature of + 20° Celsius
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and the dark environment. The emergence of two-millimeter radicle length was considered as the beginning
of seed germination and number of germinated seeds was daily recorded. At the end of 14" day, number of
germinated seeds, seedling dry weight and length, root and shoot length and root and shoot dry weight were
measured and germination indexes, such as germination percentage, germination rate and seed vigor were
calculated.

Results & Discussion

Results indicated that total number of germinated seeds, germination percentage and germination rate
were significantly affected by genotype, priming component and interaction of genotype and priming
duration. Robat genotype at 16 hours of priming had the highest number of germinated seeds, germination
percentage and germination rate, but in Robat genotype with seven hours of priming, there was no significant
difference observed. Root length was significantly affected by genotype and priming components. The best
genotype for this characteristic was Robat and the most suitable priming treatment was control (non-
priming). There were no statistically significant differences with zinc sulfate. The length of stems and
seedling were affected by genotype, priming components and priming durations. For both characteristics, the
best genotype, Rabat and the most suitable time, seven hours priming and for stem length, non-priming
(control) was the best treatment, but there were no statistically significant differences with gibberellic acid,
potassium nitrate and zinc sulfate.

Conclusion

Results of this study showed that Robat genotype has superior characteristics than Kalpush genotype,
which can be used for cultivation. Generally, according to the results of this study, seed germination
characteristics of these two lentil genotypes were positively affected priming treatments of gibberellic acid,
potassium nitrate, zinc sulfate, Dayan solution and hydro priming. It seems that complementary studies on
other compounds are needed to find suitable treatments for germination improvement.

Keywords: Hydro priming, Plant proteins, Pulses, Seed vigor
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Fig. 1. Interactive effects of irrigation regime and spermidine on guaiacol peroxidase enzyme activity
The bars with similar letter are not significantly different (p<0.01) by LSD test.
GPX: guaiacol peroxidase
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Fig. 2. Mean comparison of catalase enzyme acitvity for different levels of spermidine (A) and irrigation regime (B)
The bars with similar letter are not significantly different (p<0.01) by LSD test.
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Fig. 3. Interactive effects of irrigation regime and spermidine on pod number per plant (A) and relative leaf

chlorophyll content (B)
The bars with similar letter are not significantly different (p<0.01) by LSD test.
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Fig. 4. Interactive effects of irrigation regime and spermidine on biomass (A) and grain yield (B)
The bars with similar letter are not significantly different (p<0.01) by LSD test.

0 0.3 0.6
(A) Spermidine (mM)
a
b
24
= C
g
2 16 |
=]
=
E
S 8T
0 Il Il ]
0 0 0.6
(A) Spermidine (mM)

Grain protein (%0)

a a
24 b
16
8 -
0 1 1
7 10 13

Irrigation interval (day)

(B)

(B) bl 9255 9 (A) (o sl hlliin Z gl 30 &S (yaidg 3 a0 )3 (o dumnylo —00 S
ol LSD (5051 10 0o ,0 s Jlotim! gelas 50 lo sime M s sasmoylis ( JSs 4o alive g,

Fig. 5. Mean comparison of grain protein percent for different levels of spermidine (A) and irrigation regime (B)
The bars with similar letter are not significantly different (p<0.01) by LSD test.
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Introduction

Chickpea is one of the pulse crops and its protein percent is about 22 to 24 percent. Therefore it plays an
important nutritional role in human being diet. All plants, including chickpea, experience physiological
changes and decreased growth while facing water deficit. Change in photosynthetic electron transport under
low-irrigation conditions is one of the factors causing formation of reactive oxygen species (free radicals)
including oxygen peroxide, super oxide and hydroxyl (oxidative stress). These free radicals are mainly
produced in chloroplast, mitochondrion, and peroxisomes which could inflict destructive and harmful effects
on plant cells. In stressed plants, the endogenous polyamine compounds are increased which is mainly a
defensive response of plant to oxidative stress. Polyamines are aliphatic hydrocarbons with low molecular
weight, straight chain of 3 to 15 carbons, which arginine and ornithine amino acids are their precursor. There
are two major biosynthetic pathways for putrescine including ornithine decarboxylase and arginine
decarboxylase. After putrescine synthesis, the larger polyamines (spermidine) are synthesized. This process
is catalyzed by spermidine synthase through consecutively adding aminopropyl groups to putrescine. This
experiment aimed to study the possibility of decreasing harmful effects of low-irrigation on growth and yield
of chickpea through spermidine spraying.

Materials & Methods

This study was carried out as split plot based on complete blocks design with three replications in
research farm of Shahrood University of Technology in 2016 in which the chickpea was sown in June as a
secondary planting. The experimental treatments were irrigation regimes (distributed in main plots) in three
levels (control (the conventional irrigation; 7-day interval irrigation), 10-day interval irrigation, and 13-day
interval irrigation) and spermidine spraying in three levels (control (spraying of water on plant),
concentration of 0.3 and 0.6 mM) at 4-leaf, flowering and milky stages. The studied traits were biomass,
grain yield, number of pods per plant, grain protein percent, chlorophyll content and activities of catalase and
guaiacol peroxidase enzymes.

Results & Discussions

The results indicated that under 13-day interval irrigation conditions, the activity of guaiacol peroxidase
decreased with increasing concentration of spermidine (About 0.07 uM/min.g fw for 0.1 mM increase in
spermidine concentration). No significant difference was found between zero (control) and 0.6 mM in terms
of catalase enzyme; these spermidine levels appeared to have the highest activity of catalase enzyme. Under
10-day interval irrigation conditions, the catalase activity amount was statistically similar to its activity under
control conditions. However, under 13-day interval irrigation conditions, the activity of mentioned enzyme
was almost 80% higher than control. The linear decrease of guaiacol peroxidase activity with increasing
spermidine concentration under 13-day interval irrigation conditions and also decrease in catalase enzyme
activity under spraying plant with 0.3 mM spermidine may confirms the previous reports regarding the
capability of polyamine compounds in direct elimination of free radicals and promoting stability and
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conserving the membrane. The experimental evidences have indicated that the application of exogenous
potrisine has increased the polyamines amount in thylakoid membranes; these results have also been
repeated by application of exogenous spermidine. Under 13-day interval irrigation conditions, the relative
leaf chlorophyll content appeared to be linearly increased with enhancing the spermidine concentration (One
Spad value for 0.1 mM increase in spermidine concentration). In each irrigation regimes, the number of pod
per plant was proportionally increased with increasing spermidine concentration (Averagely, about one pod
per plant for 0.1 mM increase in spermidine concentration). In each irrigation regimes, the biomass and grain
yield were proportionally increased with increasing spermidine concentration (For 0.1 mM increase in
spermidine concentration, the average increase in biomas and grain yield was about 72 and 31 Kg/ha,
respectively), which proves that spermidine alleviates the harmful effects of low-irrigation. The 0.6 mM
spermidine could alleviate the harmful impacts of 10- and 13-day irrigation regimes on grain yield by 20%
and 34%, respectively. Proportional to spermidine concentration, grain protein content got increased (About
one percent for 0.1 mM increase in spermidine concentration). So that for 0.3 and 0.6 mM spermidine
concentrations, the grain protein content was higher than control by 3% and 6%, respectively.

Conclusion

The results indicated that imposing low-irrigation stress affected all measured traits. The application of
spermidine polyamine at three stages of 4-loaf, flowering and milky stages caused some changes in activity
of antioxidant enzymes catalase and guaiacol peroxidase. These changes took place along with increasing
chlorophyll content and number of pod per plant (decreasing flower abortion and enhancing fertile flowers).
The changes in the mentioned traits were some of the reasons for spermidine-resulted alleviating the negative
effects of low-irrigation on growth and grain yield of chickpea. The 0.6 mM spermidine was found to be the
best treatment level for both drought stress and no drought stress conditions.

Keywords: Free radicals, Photosynthesis, Water use efficiency
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