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Table 1. Meteorological data for 2010-2011 season in Nishabour
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’( o ‘)"’"A IRTIVSTRINN slab sbo wlalo cagb) “lhalo cagb)
obo Sohes 5 6o ax)0) 5 5le ax,0) (2,3) (a2)2)
Month Monthly Mean of Mean of
precipitation Mean of monthly Mean of monthly monthl monthl
(mm) maximum minimum ey oy
temperature (°C) temperature (°C) maximum minimum

humidity (%) humidity (%)
October 2010 VY A4 y0 0.2 27.36 8.96 64 24
November 2010 -\¥AQ 4T 27.6 15.26 1.56 82 38
December 2010 -1¥A4 ,37 13.3 11.3 0.6 82 46
January 2011 -\Y A4 6o 59 9.76 -3.63 87 44
February 2011 -\¥AQ poge 71.6 10.5 0.23 80 49
March 2011 -1¥ A8 usi! 20.3 16.34 2.79 80 30
April 2011 -1¥a+y 5,49, 8.1 234 7.96 70 85
May 2011 -1¥ae caings 3! 14.6 29.09 11.58 66 21
June 2011 -1¥q.sls 5 0.5 34.09 16.41 56 19
July 2011 -y¥4. .5 0 35.25 18.61 53 21
August 2011 -1¥a+5ls o 0 34.67 15.67 44 15
September 2011 -1¥4- g3 5o 0.7 3174 12.51 54 18

(3L s g9 oly ©)l39 )35 (culidlsn Glojlo ol REP)
Website of Meteorological Organization; The Ministry of Roads and Urban Development
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Table 2. Soil physical and chemical properties of experimental location
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Soil depth Soil o ‘5? %Sand potassium phosphorus oS et EC gl g5
(Cm) texture %Clay %Silt (ppm) (ppm) 0.C% T.N.V% ds.m? pH
0-30 Lome 24 32 44 100 5 0.195 18 2.8 7.5
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Table 3. Characteristics of chickpea genotypes
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3 352 Kabuli - L& 12247

4 358 Kabuli - Ll Karaj 12-60-31

5 392 Kabuli - i Kermanshah -olb,s

6 537 Kabuli - L Iran - .1,,!

7 696 Kabuli - _Lts Iran -,,,!
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Table 4. Analysis of variance for chickpea genotypes characteristics

©la po (Sl
Mean Squares
Sl 5y bl S50, iS55, it S
S az o S T S N Y sy sty DEIE e s
SO V. S Daysfrom  Daysfrom  Daysfrom Plant kel Secondary gt o 100Seed ) &ls 0 o
- df planting  planting  planting height ~ Primary  pranches  Pod No. weight “¥ Seed yield
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Fig. 1. Days from planting to emergence of chickpea genotypes
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Means followed by at least one similar letter are not significantly different (P< 0.01), based on Duncan Multiple Range Test (DMRT).
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Means followed by at least one similar letter are not significantly different (P< 0.01), based on Duncan Multiple Range Test (DMRT)
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Means followed by at least one similar letter are not significantly different (P<0.01), based on Duncan Multiple Range Test (DMRT).
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Means followed by at least one similar letter are not significantly different (P< 0.05), based on Duncan Multiple Range Test (DMRT).
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Introduction

In the region of Khorassan, chickpea often is sown traditionally at the end of the rainy season (March
or April) based on the moisture stored in the soil. On the other hand, the amount and distribution of
rainfall during the growing season is also very unsuitable. Therefore, the plants usually encounter
intermittent drought stress during the vegetative growth and in the reproductive growth stage and may
meet terminal drought stress and heat, simultaneously; resulting in a disturbance on pollination and
assimilate the seed that leads to severe yield reduction. In these areas, the synchronization critical stages
of plant phenology with adequate moisture in the soil is important. So, the selection of genotypes that
their life cycle is completed before the heat and drought occurrence at the end of the season, is considered
as a first step to improve the chickpea production under rainfed conditions.

Materials & Methods
In order to evaluate the morphophenological characteristics, yield and yield components of promising

drought tolerant chickpea (Cicer arietinum L.) genotypes under supplementary irrigation, this study was
carried out in Educational-Researching Farm of Shahid Rajaei, College of Agriculture in Neyshabour
during 2010-2011. This study was performed based on Randomized Compelete Blocks Design with five
promising chickpea drought tolerant genotypes (MCC80, MCC352, MCC392, MCC537 and MCC696)
and two genotypes as control (ILC482 and Karaj 12-60-31) with four replications. Seeds were prepared
from seed bank of Research Center for Plant Sciences, Ferdowsi University of Mashhad (Mashhad
Chickpea Collection; MCC). Planting operations was performed in April 2011. Planting density was 30
plants.m? and row spacing was 50 cm. Two times irrigation as supplementary irrigation were applied at
planting and flowering stages. Some characteristics such as days from planting to 50% of emergence,

*Corresponding Author: abagheri@um.ac.ir
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flowering and podding; plant height; primary and secondary branches number per plant; leaf area index
(LAI); crop growth rate (CGR); relative growth rate (RGR); seed yield and yield components (pods
number per plant and 100Seed weight) were measured.

Results & Discussion
Based on the results, there were significantly differences among genotypes for all traits. Genotypes

MCC80, MCC696, MCC392 and MCC537 had the lowest and genotypes MCC358 and MCC252 had the
highest number of days from planting to flowering, in which the difference between them was significant
(P<0.05). MCCB80 had the lowest plant height and MCC537 and MCC392 showed the highest. MCC80
and MCC358 had the highest and lowest number of pods per plant, respectively. It seems that MCC80
growth would avoid collisions with high temperatures and consequently the flowering has taken place in
lower temperatures and higher soil moisture. The above factors led to a reduction of the failure of flowers,
so the number of pods per plant increased in MCCB80 (23 pods) significantly, compared other genotypes.
Based on the results, on both grain yield per plant and seed yield, genotypes MCC252 and MCC358
showed the lowest and MCCB80 had the highest rate.

Conclusion
Although Karaj12-60-31 (MCC358) as a commercial genotype, showed the highest plant height and

growth indices, but for traits such as number of pods per plant, 100 seed weight and seed yield, was poor.
The results showed that MCC80 with 970 Kg.ha-1 had the highest seed yield and 1LC482 (MCC252) and
Karaj12-60-31 (MCC358) had the lowest. The average yield for the MCC80 with supplementary
irrigation in this region, was twice more than the yield in rainfed and 75% of yield in irrigated conditions
in the region. However, the seed yield of commercial genotypes of Karaj12-60-31 (MCC358) and ILC482
(MCC252), were 324 and 320 Kg.ha-1 respectively. Totally, we recommend the repetition of such tests in
this ares; in addition we can consider the genotypes such as MCC392, MCC352 and especially MCC80 as
promising chickpea drought tolerant genotypes with supplementary irrigation during flowering in this
area.

Keywords: CGR, Flowering, LAI, Primary and secondary branches, Pod number per plant, RGR
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Table 1. Some of soil physiochemical traits of experimental field
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Fig. 1. Maximum, minimum and mean air temperature (a); maximum, minimum and mean relative humidity and

rainfall (b) during seed filling period (Rs-R7) for different planting dates
(o= shows length of Rs-R7 in different planting dates, that displayed with PD1, PD2, PD3, PD4, and PD5).
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Table 2. Growth degree day (GDD) and photoperiod (PP) received in the developmental stages

e s (e PD-R1 R1-R5 R5-R7 PD-R7
Planting date Cbls &b
GDD PP GDD PP GDD PP GDD PP
April 21 S, ¥ 650 15.0 233 15.6 211 15.7 1094 154
May 10 AN 717 15.40 304 15.7 170 15.6 1191 15.6
June 3 sls,z Y 702 15.7 168 155 165 153 1034 155
June 20 ols ¥ 629 15.6 192 15.1 114 14.8 936 15.2
July 12 N 618 151 194 14.23 128 14.2 940 14.6
60 ~
2 50 - S o
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v L S .
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o < 30 ‘/r-\‘\‘
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]
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Fig. 2. The length of developmental stages (based on thermal day) in different planting dates
Plo 30 sg0d Jolpo 51 S p2 50 GlaST 90 Juo gl yiol sy (e Y Jgaxr
Table 3. Parameter estimation of segmented model in different developmental stages of mungbean
) Lo yialsly
3o el o Parameters R2 F value
Developmental stages a b c d
PD-R1 -143.4 54.9 0.03 398 0.88 20.91*
R1-R5 -37.3 45.4 0.08 217.0 0.28 117"
R5-R7# -0.04 14.2 - - 0.82 13.74*
PD-R7 -170.5 52.3 0.01 328.4 0.99 341.01**

A;..i;lesee.sbaghiow;))ai.\f&)lué)csL}wgﬂjﬁgbjaéwbﬁ@lﬁ#
SO sime e NS 5 00,0 O mhaw ;o o cme o )0 ) mhaw jo o Sme *F
#aand b are slope and intercept of the simple linear regression in this developmental stages, respectively.
**: significant at 1% level; *: significantat at 5% level and ns: non-significant
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Table 4. The results of correlation analysis between the length of different developmental stages in mungbean
(thermal day) and photoperiod (hours)

(2lod 595) 303 Yoo Jsbo
Length of developmental stages (thermal day)
PD-R; Ri-Rs Rs-R; PD-R;
(celo) olidg, oy90 Job PD-R1 0.36" - - 0.16™
Photoperiod (hours) R1-Rs - 0.48"™ - 0.93**
Rs-R7 - - 0.83** 0.91**
PD-R7 - - - 0.93**
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Fig. 3. The effect of planting date on seed germination before (a) and after (b) accelerated aging,
electrical conductivity (c), and emergence percentage (d) of mungbean
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Fig. 4. The effect of planting date on the number of pods per plant (a), the number of seeds per plant (b),

seed weight (x1000) (c), and seed yield (d) in mungbean
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Table 5. The correlation analysis between seed yield and quality and the length of different developmental stages
based on the cumulative thermal day

2N oS o 3 Slos
Seed quality Seed yield
G GAA EC EP NP NS SwW YLD
o5 les g, PD-R1 0.13m -0.66** 0.51* -0.28" 0.46" 0.56* 0.71** 0.75**
Cumulative R1-Rs -0.33m™ -0.53* 0.87** -0.33m 0.89** 0.89** 0.01m 0.43M™
Thermal day
Rs-R7 -0.28 ™ -0.66** 0.71** -0.33m 0.76** 0.77** 0.58* 0.92**
PD-R7 0.04"s -0.74** 0.76** -0.38" 0.70** 0.78** 0.74** 0.85**
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**: significant at 1% level,*: Significant at 5% level and ns: non-significant
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Table 6. Coefficients correlation between seed yield and its components
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SW 0.22 0.32 1
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Introduction
Planting date is one of the important issues in agronomy that could be changing quantitative and

qualitative characteristics of crop seeds. Planting date changes seed quality by providing different
environmental conditions such as temperature, relative humidity, day length, radiation, and incidence of
pathogens. It is also effective on seed yield. It affects duration of growth and development. A suitable
planting date leads to optimal utilization of climatic conditions such as temperature, humidity, day length.
It is also important for flowering and grain filling period to take place at the same time with favorite
environmental conditions. As a result, it can improve seed yield and seed quality. Some factors such as
high temperatures, frequent wetting and drying of air, high relative humidity, and continuous rainfalls
have a significant negative effects on seed quality. These conditions during seed development reduce seed
quality in the field. It is obvious that such conditions can be occurred on both early and late planting
dates. Thus, according to an important role of planting date in determination of seed yield and quality, in
this study the effects of environmental conditions during seed filling period on seed yield and quality of
mungbean (Vigna radiata L.) were evaluated by implementing different planting dates in field conditions.

Materials & Methods
This experiment was conducted as a randomized complete block design with three replications at

Agricultural Research Station of Gonbad during 2010, which is located at three kilometers northeast of
the city, with latitude and longitude of 37°16 N and 55°12 E, respectively, and a height of 45 meters
above sea level. In this study, the genotype VC-1973A was cultivated in five planting dates. The planting
dates included April 21, May 10, June 3, June 20 and July 12. The mungbean developmental stages were
divided into three stages includes planting to flowering (PD-R1), flowering to beginning of seed filling

*Corresponding Author: gorzin.agron@gmail.com
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(R1-R5), and beginning of seed filling to seed maturity (R5-R7). Afterwards, the relationship between the
length of these developmental stages and environmental factors (temperature, relative humidity, rainfall
and photoperiod) occurring during these stages were evaluated in terms of yield and seed quality. Seed
quality was determined via germination, accelerated aging, Electrical conductivity tests, and field
emergence percentage. Data analysis was performed by SAS 9.1.3 (Institute, Inc), and Excel 2007 was
used to draw figures.

Results & Discussion
The results showed that seed quality increased as a result of delayed planting date, whereas seed

yield decreased. Germination of the aged seeds increased by 0.23% per day of delay in planting. On the
other hand, the electrical conductivity per day of delay in planting decreased by 0.43 ps.cm™.g which
reflects the increase in seed vigor. Delaying the planting date led to an increase in field emergence
percentage of about 0.23% per day. In fact, in this study the lowest seed quality was observed for planting
date April 21 (first planting date). The reason for this occurrence can be related to occurrence of very high
temperatures (more than 40°C) and rainfall during seed development (R5-R7). Although the average air
temperature during R5-R7 increased in the next planting dates, but the number of days that temperature
was more than 40°C decreased, which consequently led to increased seed quality. Also, the length of R5-
R7 decreased by delay in planting date, so filling period (R5-R7) was exposed to environmental factors
(particularly high temperatures) for a shorter period. In contrast to seed quality, seed yield decreased
linearly with delay in planting date. The highest seed yield (1144.4 kg.ha') was achieved in the first
planting date (April 21). Then, for each day that planting date was delayed, seed yield decreased by 10.84
kg.ha, and finally in the last planting date (July 12) reached the lowest amount (299 kg.ha*). Reduction
of the length of developmental stages (especially R5-R7) was the most important cause of seed yield loss.

Conclusion

Although, delay in planting date increased seed quality of mungbean, this delay reduced seed yield.
Seed yield in the last planting date decreased 845.4 kg.ha-1 compared to the first planting date. In fact,
delay in planting date decreased seed quantity, but increased its quality. The optimum planting date is the
date that maintains the seed quality at a satisfactory level and produce high seed yield, simultaneously.
Therefore, planting of mungbean in mid-June may lead to higher seed yield, as well as production of
high-quality seeds

Keywords: Seed development, Seed germination, Seed vigor, Temperature, Thermal time
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Table 1. The concentration of heavy metals in soil and organic compounds tested
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Table 2. Sources of variance, degrees of freedom and mean square of soil organic compounds and cadmium
nitrate effect on accumulation of cadmium in the root, shoot and seed of pinto bean

&l guats 2l 8157 az o Al y pomedls 0 )l L pguodls &5 pgmodls’
S.0.V df Cadmium of root  Cadmium of shoot Cadmium of seed
Sk JTolus s 3 1689.63 ™ 053" 0.17"s
Soil organic compounds
0 g0dlS Ol yius 1 8392.56 ™ 15.84 ™ 0.45ns
Cadmium nitrate
ST Sl 5 x pguodls &l yis 3 420.79 " 0.88 ™ 0.13"s
Cadmium nitrate x Organic compounds
Uas 16 81.19 0.14 0.08
Error
POV ) - 25.89 15.32 17.27
C.V (%)

Sasiee pac g o0 ) 0 ozl maw jo lo e o e NS g s

« and ns: significant at the 5 and 1 percent probability level and non-significant respectively
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Table 3 .Sources of variance, degrees of freedom and mean square of slicing the effect of soil organic

compounds at different levels of cadmium nitrate for cadmium accumulation in root and shoot of pinto bean
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Cadmium nitrate df Cadmium of root Cadmium of shoot
(mg per kg of soil dry weight)
0 3 296.30 " 0.13"s
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and ns: significant at the 5 and 1 percent probability level and non-significant respectively
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Table 4. The mean comparison of the soil organic compositions effect in different cadmium nitrate for cadmium
accumulation in root, shoot and seed of pinto bean

pamodls Ol yd SB T Sls il y pgrodls’ 0 lus Ll pouosls 415 pgrosls’
(S s 539 pyS ek 30 0,5 L) by Cadmium of root  Cadmium of shoot  Cadmium of seed
B i Soil organic A ¢
Cadmium nitrate compounds (S8S (339 PSS 5o p,5 L)
(mg per kg of dry weight of soil) (mg per kg of dry weight)
Syee SE 390c¢ 190a 190a
Normal soil
- 2530a 170a 150a
0 Compost

SeseSisss 23002 1402 140a

Vermicompost
P o) S 12.20b 160a 130a

Populus sawdust
rore S 38.00b 240b a1.90
Normal soil

N 79.00a 390a 170a
Compost
50 )

SseSiss 69.40a 3.20ab 160a

Vermicompost
P oS 27.00b 360a 200a

Populus sawdust

355l L.S.MEaNS 5051 ol 53 (5,15 cime M oS o By, g1l (slouSilie S pgadlS &l 5l baws j2 5 o5, 40
Means followed by the same letters in each column and soil cadmium nitrate level are not significantly different by L.S.Means test
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Table 5. Sources of variance, degrees of freedom and mean square of soil organic compounds and nickel
nitrate effect on accumulation of nickel in the root, shoot and seed of pinto bean

KA JOVES I 91T o157 a0 Ay S5 o bl JSus ails S5
S.0.V df Nickel of root Nickel of shoot Nickel of seed
St JTolus s 3 12.32™ 334" 0.35"s
Soil organic compounds
IS @l s 1 48.87™ 0.02 s 1.04 s
Nickel nitrate
ST olus 5 x S ol yus 3 211" 0.70™ 0.07"s
Nickel nitrate x Organic compounds
Uas 16 0.94 0.09 0.40
Error
O i > - 7.85 12.65 21.16
C.V (%)
Sosine pas g ao,0 ) 50 Jleisl mhaw jo o s o Sy NS g s e
=% ,% and ns: significant at the 5 and 1 percent probability level and non-significant respectively
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Table 6. The mean compares of soil organic compounds effect on nickel accumulation in
root of pinto bean

S JToles s (S (339 5 gk 5o 05 (Slno) ey SS9
Soil organic compounds Nickel of root (mg per kg of dry weight)
yone S 14452
Normal soil
i 1150 b
Compost
CugieTistss 12.00b
Vermicompost
e o)l 11421

Populus sawdust

5 2o y30 el gelas ;0 LSD (05T olsl 2 (6,1 sime ST S 2 g, (sl slonSils
Means followed by the same letters are not significantly different by LSD test at 5% probability level.
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Table 7. The mean compares of nickel nitrate effect on nickel accumulation in root of pinto bean

(S S (39 o5 oS 50 p5 o) S8 (S8 039 5 S 50 05 (o) e, S8
Nickel (mg per kg of dry weight of soil) Nickel of root (mg per kg of dry weight)
0 10.92 b
50 13.77a

255 00,00 Jleorl mhaes 10 LSD 5031 Lull s (6l cime BB oS e g, 6l sl ko
Means followed by the same letters are not significantly different by LSD test at 5% probability level.
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Table 8. Sources of variance, degrees of freedom and mean square of slicing the effect of soil organic
compounds at different levels of nickel nitrate for nickel accumulation in shoot of pinto bean
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(S i (339 p55kS 55 055 ko) @il ez o bl UG
Nickel nitrate df Nickel of shoot
(mg per kg of dry weight of soil)
0 3 232"
50 3 181"
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Table 9. The mean comparison of the soil organic compositions effect in different nickel nitrate for nickel
accumulation in shoot of pinto bean

IS5 Ol i o bl S5
(S Sis 539 p55kS 10 p,5 lwo) Sk olsy Nickel of shoot
Nickel nitrate Soil compounds (s (339 p S oS 50 05 L)
(mg per kg of dry weight of soil) (mg per kg of dry weight)
rore S 325a
Normal soil '
SeseS 233D
0 Compost
SeseSiss 283a
Vermicompost
)IM 0)1&5 1 25 c
Populus sawdust '
Srome S 2.83a
Normal soil '
SeseS 191b
Compost
%0 SeseeSists 316a
Vermicompost
)IM 0)1&5 150 b

Populus sawdust

35,05 L.S.MEANS 5051 Ll s (55 sire M S e Bg > (gl slonuSils oS5 JS5 @l i 5l mlaws ,o o
Means followed by the same letters in each soil nickel nitrate level are not significantly different by L.S.Means test.
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(Mousavi et al., 2012)
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Table 10. Sources of variance, degrees of freedom and mean square of soil organic compounds
and copper sulfate effect on accumulation of copper in the root, shoot and seed of pinto bean
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Table 11. Sources of variance, degrees of freedom and mean square of slicing the effect of soil
organic compounds at different levels of copper sulfate for copper accumulation in root, shoot
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accumulation in root, shoot and seed of pinto bean
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Introduction
Contamination of soils with heavy metals is often resulted from human activities and

phytoremediation is an effective and economic strategy to remove toxic metals from soils. Heavy metals
are significant environmental pollutants, and their toxicity is a problem of increasing significance for
ecological, evolutionary, nutritional and environmental reasons. The term ‘‘heavy metals’’ refers to any
metallic element that has a relatively high density greater than 4 g/cm?, or 5 times or more, greater than
water and is toxic or poisonous even at low concentration. However, chemical properties of the heavy
metals are the most influencing factors compared to their density. Heavy metals include lead (Pb),
cadmium (Cd), nickel (Ni), cobalt (Co), iron (Fe), zinc (Zn), chromium (Cr), iron (Fe), arsenic (As), silver
(Ag) and the platinum group elements. Plants experience oxidative stress upon exposure to heavy metals
that leads to cellular damage. In addition, plants accumulate metal ions that disturb cellular ionic
homeostasis. To minimize the detrimental effects of heavy metal exposure and their accumulation, plants
have evolved detoxification mechanisms. Such mechanisms are mainly based on chelation and subcellular
compartmentalization. Chelation of heavy metals is a ubiquitous detoxification strategy described in wide
variety of plants. The aim of this study was to investigate the effect of different compounds to reduce the
toxicity and accumulation of heavy metals in the planting bed is pinto beans.

Materials & Methods
In order to evaluate the effects of different growing substrates on reducing toxicity and

phytoremediation bean (cv. Sadri) under heavy metals, a greenhouse experiment was conducted as a
factorial for four heavy metals (Cd(NOs3)2, Pb(NQO3)2, Ni(NO3). and CuSO.) seperately, based on CRD
design with three replications in Yasouj University, 2013. The first factor included of four levels of
different growing substrates (control, compost, vermicompost and Populus sawdust) and the second factor
included of two levels of heavy metals (heavy metals with 50 mg kg soil concentration and control).

Results & Discussion
Analysis of variance showed that the effect of organic compounds and cadmium nitrate in the soil

and their interactions on amounts of cadmium accumulation in roots, shoot and grain was statistically

*Corresponding Author: balouchi@yu.ac.ir
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significant. Compost and vermicompost significantly increased cadmium. Vermicompost can be used to
remove metals from contaminated soils used because it is linked with metals and increases nutrient uptake
by providing. A cadmium concentration in shoot tissue was more than adequate at all levels of the leveas
(0.2-0.05 mg/kg dry weight). Lead levels in the tissues of roots, shoots and seeds in all treatments were
the detection limit. It seems that due to the low accumulation of lead in beans can be attributed to the low
mobility of lead in soil and plant. Means comparison showed the highest accumulation of nickel in the
root of the control (normal soil) with an average of 14.45 mg/kg dry weight of roots and the lowest value
of this attribute in use of poplar sawdust with an average of 11.42 mg/kg root dry weight that using
compost and vermicompost was not significantly different. Analysis of variance showed that the effect of
organic compounds in soil, copper sulfate and their interactions on the amount of copper metal roots was
significant. When the low copper concentration in soil, compost and vermicompost with the stabilization
of copper available and disabling decrease copper absorption and accumulation by the plants, but the high
concentration of copper in the soil, add compost, vermicompost and poplar sawdust will not be enough to
stabilize all accessible copper. In this study, the use of poplar sawdust to accumulate the highest amount
of copper in copper sulphate roots in levels zero and 50 mg per kg dry weight soil.

Conclusion
The results showed that the use of compost and vermicompost increased amounts of cadmium

accumulation in shoot and root. On the other side, compost and Populus sawdust decreases the amount of
nickel in the bean shoot and root. Also, the highest accumulation of copper in roots of beans was achived
by application of the Populus sawdust and compost. Accumulation of heavy metals in roots far more than
shoots and seeds. In general, the results of this study showed that due to low accumulation of heavy
metals in the seed of bean and high absorption by the root and shoot, this plant is suitable for cultivation
in contaminated areas and if possible leaving the roots and shoots is also appropriate for the purification.

Keywords: Cadmium Nitrate, Compost, Copper Sulphate, Nickel Nitrate, Phytoremediation, Populus
sawdust
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Table 1. Physical and chemical characteristics of soil before the experiment
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Table 2. Comparison of mean of measured qualities with Dancan test under field conditions
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The number with the same character are non significant at %5.
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Table 3. Combined analysis of variance for measured characteristics in field and green house experiments
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Nodule weight Plant dry weight . o 100Seed Water irrigation
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0.24* 6.8ns 23.3ns 0.13ns 4.64ns 15792ns 2 Replication ,,ss
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0.03 9.12 11.77 0.39 9.02 13599 4 Error s
0.01ns 13.28ns 12.20ns 0.20* 2.76ns 31584ns 3 Bacteria s 54
0.02ns 15.31* 237+ 0.12ns 0.96ns 23914ns 6 i
Irri.xBac.
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ns: Non- significant; * and**: significant at %5 and %1 respectively
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Table 5. Mean comparison of measured qualities with Dancan test
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*The number with same character are non significant at %5.
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Introduction
The common bean (Phaseolus vulgaris L.) is the world’s most important legume grown for human

nutrition. Legumes and their symbiotic root nodule bacteria are extremely sensitive to drought stress. The
fact that N, fixation is more sensitive to decreasing soil water content relative to leaf gas exchange
constitutes an important constraint on N2 accumulation and the yield potential of legumes subjected to
soil drying. We hypothesize that inoculation of bean with rhizobium strains mitigates some of the
negative effects of drought stress on bean. It is believed that certain microbial species and/or strains
enhance plant tolerance to abiotic stresses such as drought (Yang et al., 2008). The Phyllobacterium
brassicacearum strain STM196, a PGPR isolated from the rhizosphere of oilseed rape B. napus enhances
plant tolerance to drought in two accessions of A. thaliana with contrasting flowering phenology (Bresson
et al. 2013). We proposed a new means by which bacteria can enhance plant performance under both
well-watered and drought soil conditions. Inoculated plants accumulated more biomass before
reproduction and exhibited a better WUE. Sharma & Saikia (2013) found that the P. aeruginosa GGRJ21
strain is tolerant to water stress in mung bean plants by accelerating the accumulation of inherent levels of
antioxidant enzymes, cell osmolytes, and consistently expediting the up regulation of stress responsive
genes in PGPR-treated plants under water stress conditions.

Materials & Methods
In order to study the effects of rhizobium strains and drought stress on yield and water use efficiency

of common bean, an experiment was conducted under greenhouse and field condition in 2014 and 2015
respectively. This experiment was carried with split plot based on randomized complete block design with
three replications. The treatments were irrigation base of 30, 60 and 80% available water of soil in main
plot and 54, 58,160 and 177 rhizobium strains (Leguminosarom phaseoli) seed inoculated in sub plot.

*Corresponding Author: a.hemati@areeo.ac.ir
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Water irrigation content, water use efficiency, plant nitrogen, nodule number, nodule dry mater, wet and
dry shoot weight, yield and yield components were determined.

Results & Discussion

There was a significant difference (P<0.05) in yield grain, biological yield, water use efficiency,
100-seed weight, dry and wet shoot weight, nodule number and nodule dry matter between the levels of
irrigation as well as between different bacterial strains. The highest grain yield (3066 kg/ha), biological
yield (6882 kg/ha), water use efficiency (0.81 kg/m®), 100 seed weight (44 g) were obtained in irrigation
at 60% available water and 160 rhizobium strain seed inoculated treatment. Similar observation has been
reported by, Suarez et al, (2008) and Bhatt & Srinivasa Rao (2005). There was a significant difference
(P<0.05) in dry nodule mater and nodule number between irrigation and rhizobium strains. The irrigation
levels showed significant difference on nodule dry matter but did not show a significant difference on
nodule number, reverse, rhizobium strains have a significant difference on nodule number and have not
significant difference in nodule dry matters. The most of nodule number (63 per plant) and nodule dry
maters (0.458 g/plant) were obtained in irrigation at 80% available water and 177 rhizobium strain seed
inoculation treatment. Nodule dry matter was reduced by increasing drought stress levels. Similar
observations have been reported by Ramos et al, (2003). There was a significant difference (P<0.05)
between wet and dry shoot weight and the irrigation levels but this result not observation in rhizobium
strains treatments. Based on this experiment, it can be said that, rhizobium bacteria strains, similar as
PGPR, can enhance plant performance and plant tolerance to environmental stresses by large variety of
mechanisms. Some rhizobacteria help plants to maintain a favorable water status under water deficit
(Creus et al. 2004) by enhancing the development of root system (Marulanda et al. 2009).

Conclusion
Our results showed that the use of rhizobium bacteria which can induce abiotic stress tolerance in the

host as bio-fertilizers may be beneficial for increasing of yield and WUE in drought stress condition. In
dry land like, Iran, we can use such microorganisms for lower use of water irrigation without decreasing
seed yield in common bean.

Keywords: Bean, Drought stress, Rhizobium, Yield
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Table 1. Average of maximum and minimum temperature, monthly radiation and total monthly precipitation at
the time of experiment and 40 years ago in Gorgan (19672007)
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Fig. 1. Leaf area index in the days after planting for faba bean
o the amount observed in the two varieties of France, Barecat for different interarow space and — the values predicted by the
model indicates (A: interrow space of 8 cm, B: interrow space of 15 cm).
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Table 2. Coefficients of logistic model to predict peak leaf area index for the interrow space of 8 and 15 cm
Coefficients a, b and ¢ production are the rate leaf area, time required to achieve maximum leaf area index
and speed reduced leaf area, respectively

R cSE a+SE b+SE LAl (o stil) B2 53, abels
Interrow space ( cm)
0.90 248.2+11.21 0.09 = 0.004 129.0+0.74 6.85a 8
0.94 385.7£15.18 0.11 +0.005 132.7+0.64 10.80 b 15
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Table 3. The coefficients a, b and x0 are in the Twopiece functions fitted to data Leaf
area index against green leaf dry weight
RMSE (Root mean square error) and R?is the coefficient of regression.

RMSE R? Xo+xSE

b2+SE b1+SE

1.05 0.98 50.35+6.19

212.3+ 3.36 309.1+£12.15
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Fig. 2. Leaf area index as a function of dry weight leaves in the faba bean plants in all treatments
+Value observed in treatments and different repetitions and — indicates values predicted by the model.
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Table 4. The coefficients a and b and the amount X0 in the Twopiece functions fitted to data Leaf area index against
Shoot dry weight
RMSE (Root mean square error) and R?is the coefficient of regression.

RMSE R? Xo+SE

b2tSE bi1+SE

1.08 0.95 4.33+0.84

82.6 +3.62 137.7+8.50
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Fig. 3. Leaf area index as a function of dry weight plant in the faba bean plants in all treatments
e Value observed in treatments and different repetitions and — indicates values predicted by the model.
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Table 5. Coefficient b and the value of R? in the power relationship between Leaf area and plant height Bean in two
inter and intera row spacing
RMSE is the root mean square error

Fogilo A ) (59 abols
interarow space (8 cm)

(o b)) o)y oo alold

RMSE R? b+SE
interrow space (cm)
1.02 0.95 1.57+0.009a 25
1.09 0.94 1.61+0.016b 50
1.32 0.98 1.71+0.011c 75

Folo 1B o) 59, abold
interarow space (15 cm)

1.30 0.90 1.69 +0.016a 25
1.50 0.92 1.77 +0.009b 50
1.50 0.98 1.77 +0.010b 75

J.L';.':Lou’l.g..:)‘55)c\.l..olésé)o4§Lw).>eﬁMM'&LE.o)JM,gJﬁ@am‘jﬁy:Xb aolzo yo (D) Cu po —F Jous

Table 6. Coefficient (b) in the equation y = x° for leaf area of plant in front of the node number per stem in two intera
row space
RMSE (Root mean square error) and R? is the coefficient of regression

(;».0‘50(.--:) &35 69) alold

RMSE R? b+SE .
Distance on rows (cm)
1.0 0.98 2.40 £0.014a 8
1.64 0.95 2.53 £0.011b 15
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f area per plant as a function of inter and intera spacing row space different in bean plants
A: interrow space 8 cm; B: interrow space 15 cm

A: interarow space 25 cm, e: interarow space 50 cm, m: interarow space 75 cm. Dotted line: the values predicted by the
model at a interarow space 25 cm, continuous line: the values predicted by the model at a interarow space 50 cm, Dash
(interrupted): the values predicted by the model at a interarow space 75 cm)
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Fig. 5. Leaf area per plant as a function of the number of nodes (or leaves) the stem described by the equation y=x"
Dotted line: The interrow space of 8 cm; Continuous line: the interrow space 15 cm; e The amount observed in the two
different Barecat and France and the interrow space 15 cm; A The amount observed in the two different Barecat and
France and the interrow space 8 cm
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Introduction

Since the leaves are the main source of production of photosynthetic substances in plants, dry matter
production and crop yield potential is largely depend on the leaf surface, and many environmental
changes affect growth and yield through changes in leaf area. Hence, green leaf area per plant and leaf
area index measure in almost all studies of crop physiology to understand the mechanism of yield
alteration. However, measurement of leaf area compared with other traits such as plant height and total
plant dry weight is very difficult, precise instruments and spend more time and cost. Therefore, according
to the allometric relationships in plants, extensive studies were done to find the relationship between leaf
area and other plant traits that their measurement is easier, faster and cheaper, and does not require
expensive equipment. Allometric relationships in plants reveal changes in the growth of an organ of plant
than to all or another part or organ of plant. The leaf area in plant as main source of photosynthetic
substances closely associated with the growth and yield. Thus, it is usually measured for justifying
variations of the growth and yield. Due to the difficulty, timeconsuming and requires devices to measure
leaf area, an alternative approach for measuring the leaf area is the use of allometric relationships between
leaf area and traits that their measuring is easy and quick and requires no expensive equipment. This study
aimed to obtain the allometric relationships between green leaf area and a number of vegetative attributes
such as number of leaves per main stem, green leaf dry weight, total dry weight of vegetative parts of
plant. Allometric equations was used successfully to calculate leaf area in various crops such as cotton,
wheat, chickpea, faba bean, peanuts, soybean and sweet sorghum. The effects of three factors cultivar,
inter and intrarow spacing on the allometric relationships were examined.

Materials & Methods
This experiment was conducted using two cultivars of faba bean (a conventional, Barecat and a new

cultivar, French), three interrow spacing (25, 50 and 75 cm) and two intrarow spacing (8 and 15 inches) in

*Corresponding Author: m.khadempir87@yahoo.com

A



Iranian Journal of Pulses Research
Vol. 9, No. 2, 2018, p. 66-80

a randomized complete block design with 4 replications in the farm of Gorgan University of Agricultural
Sciences and Natural Resources during 20102011 growing season. Sampling to measure the green leaf
area and leaf dry weight and other vegetative traits during the growing season was carried out with
intervals of 7 to 15 days (depending on the temperature and rate of plant growth). Different mathematical
functions were fitted to the data to obtain allometric relationships. To compare the accuracy of the
equations, coefficient of determination (R?) and root mean square error (RMSE) were used. Higher
coefficient of determination, and lower coefficient of variation and root mean square error reflects the
higher accuracy of the equation to describe allometric relationships.

Results & Discussion

According to the results of this experiment, the relationship between leaf area and leaf dry weight and
total plant dry weight in faba bean was not affected by cultivar, inter and intrarow spacing, statistically.
Thus, an equation was fitted to leaf area data against leaf dry weight or total plant dry weight in all
treatment (both cultivars and all inter and intrarow spacing). Also, results of this study showed that the
relationship between green leaf area and leaf dry weight as well as number of nodes per main stem has
higher coefficient of determination (0.98 for green leaf dry weight, and 0.98 and 0.95 for node number
per main stem in 8 and 15 cm intrarow spacing, respectively) and lower the root mean square (1.05 for
green leaf dry weight, and 1.08 and 1.064 for node number per main stem in 8 and 15 cm intrarow
spacing, respectively) than other traits.

Conclusion

Since the relationship between green leaf area and green leaf dry weight per plant had a higher
coefficient of determination (0.98) as well as smaller root mean square (1.05) than other traits including
leaf number per main stem, as well as the ease of measuring the green leaf dry weight, it is suggested that
the relationship between leaf area and leaf dry weight (a segmented relationship) is used to estimate green
leaf area during the growing season in faba bean. Also, this relationship can be used to predict faba bean
leaf area with sufficient accuracy in the simulation models.

Keywords: Allometric relationships, Faba bean, Leaf area, Leaf dry weight, Plant height
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Table 2. Analysis of variance results of S, mesorhizobium and thiobacillus effect on yield and yield component of

chickpea
la yo Slse
i polin a2y (Mean Square)
S\?;:ic:tsi:rf 6;)| OL:;::)‘ B slasi “;;;J:b Ao 038 als ‘_,-wsf 5 )SJ.A).C
height No of pod length Root wt. Seed protein Yield
Block ) s'sb 2 4.39 629.46 4.96 0.08 0.36 244354.30
(S) 0,565 2 26.39™ 2179.57** 0.96™ 0.14m 4.24%* 1201583 "™
(M) 930 555U 2 3.39™ 648.57™ 45.91* 0.06™ 31.12** 15984186**
(T) wolwligs 1 9.44" 1369.07 ™ 16.96 ™ 0.10 4.58™ 113360.09 *
4 0.02™ 937.50* 24.00™ 0.02" 1.91** 11777.33**
2 11.91m™ 728.72™ 27.56™ 0.33* 0.09™ 201028.78**
2 42.24™ 1197.39™ 17.17" 0.04" 5.33** 4153.27™
4 33.80™ 404.94™ 17.56 "™ 0.10™ 0.94"m 2442.33™
(Error) s 34 18.58 438.38 11.58 0.08 0.66 16161.52
CcVv 117 31.2 24.6 20.1 59 12.2

Gy V50 sk ) (gylo e 5 5yl e pae Kib i T 5 NS
ns, * and ** represent non significante, significante at p<0.05 and p<0.01, respectively
M= Mesorhizobum; S=Sulphur; T= Thiobacillus
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Table 3. Analysis of variance results of sulphur, mesorhizobium and thiobacillus effect on soil properties

— 2 o Silee
&3l (Mean Square)
o o colon STy
(Sources of variation) df el - iy S S S
S P K o .
(Block) st 2 29.11 3.08 408038.76 51565.39 0.03
(S) 5,545 2 178.82™ 3.79** 4913.00 ** 7276.72** 0.11**
(M) pamaiilysze &35k 2 191.03™ 4.17%* 15276.84™  14121.50* 0.05
(T) ooolobios 5555k 1 95.36"™ 4.72m 15165.00™  8381.06™ 0.23**
M:S 4 1014.39™ 0.03** 54422.68** 547.85* 0.49**
TS 2 844.86** 3.97** 5154.00 "™ 2481.46* 0.03**
T=M 2 153.41"™ 5.85** 1836.06 ™ 11601.46* 0.04"
M S#T 4 211.79* 5.80** 1765.02 "™ 18175.57* 0.05*
(Error)tas 34 64.05 0.50 26225.86 5646.00* 0.02
Ccv 195 25.9 10.7 19.1 1.8

00,5 ) 50 zok 1o 5yl ne 5 5l gine pas Kby i 5 NS
ns, * and ** represent non significante, significante at p<0.05 and p<0.01, respectively
M= Mesorhizobum; S=Sulphur; T= Thiobacillus
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Introduction

Chickpea (Cicer arietinum L.) is a low cost crop in agronomic system of semi arid to arid region
overall the world. This crop due to adaptable capacity is caltivated in wide range of environmental
conditions and different type of soils. Chickpea seeds contain 24-34% protein, this is 2 to 3 times more
than cereals and 14 to 24% more than tuber plants. Chickpea seeds inoculation with rhizhibium cause
more N fixation and increase chickpea yield. Mesorhizobium ciceri is one of the rhizobium genus that
can have good symbiosis with this crop and fix atmospheric nitrogen up to 60-90% of crop nitrogen
requirement after establishment on root crop. Therefore it could be said that biological fertilizers can
increase crop production in a sustainable system. Mesorhizobiom can increase chickpea seeds and
ultimately increase soil Phosphorus and Zinc concentration. Researchs showed that sulphur deficiency
cause decrease seed yield. Nevertheless soil sulphur supply can help seed filling and increase economic
yield. The aim of this study was evaluating effect of Mesorhizobium and Thiobacillus bacteria’s and
sulfur on yield and yield components of chickpea (Cicer arietinum L.) and some soil parameters.

Materials & Methods
In order to study the effect of Mesorhizobium and Thiobacillus bacteria and sulfur on yield and yield

components of chickpea (Cicer arietinum L.) and some soil parameter, a field experiment was conducted
at Jotai region of Khorasan Razavi province in 2013. This research was conducted as factorial based on
randomized complete block design with three replications and 18 treatments. Experimental factors were
three levels of sulphur (zero, 500 and 1000 kg ha?), thiobacillus bacteria in two level (control and
inoculation) and Mesoreizhobium in three levels (control, Mesorizhobium ciceri strain 190 and
Mesorizhobium ciceri strain 9). Plot size was 2x4 m? and row spacing and intra-row spacing were 60 and
20 cm, respectively. Irrigation were done at every 14 days. Weed control were done manually. Disease
and pest were not recorded during experiment. After harvesting the crop, plant and soil samples from each
plots were collected and transported to laboratory evaluation. Analysis of variance were done by SPSS
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software. Figures were prepared by Excel 2007. Mean comparison of data were done for least significant
difference (LSD) at 1 and 5% level of significant.

Results & Discussion
Analysis of variance of plant height showed that main effect of sulphur on plant hight were

significant at p<0.01 and interaction effect of sulphur and mesorhizibium bacteria on plant hight were
significant at p<0.05. These result is consistent with results of Solemani & Asgharzadeh (2010). Analysis
of variance of data showed that different species of mesorizhobium bacteria had significant effect at
p<0.01 on cheickpea yield. Mean comperision showed that the highest seed yield (1146.73 kg ha™)
belong to mesorizhobium ciceri 190 and lowest seed yield (971.07 kg ha) belong to mesorizhobium
ciceri 9. Scientific reports showed that mesorizhobium inoculation with 25 kg ha? zinc sulphate had
significantly increased the number of pods in plant and handred seed weight. Analysis of variance of root
length showed that main and interaction effect of treatments were not significant on root length excep in
mesorizhobium that were significant at p<0.05. Analysis of variance of seed protein showed that main
effect of sulphur, mesorizhobium, sulfhur and mesorizhobium and thiobacillus with mesorizhobium were
significant at p<0.01. Role of sulphur on seed protein were well understood. Analysis of variance of seed
yield showed that main effect of mesorizhobium and interaction effect of sulphur and thibacillus and
sulphur and mesorizhobium on seed yields were significant at p<0.01. Shrivastava et al, (2000) showed
that mesorizhobium bacteria inoculation had significant effect on soyabean yield. Analysis of variance of
soil sulphur showed that interaction effect of sulphur and thiobacillus had significant effect at p<0.01 on
soil sulphur, phosphorus and soil pH but had no effect on soil potassium and electrical conductivity at
p<0.05. Main effect of sulphur had significant effect on soil phosphorus and soil pH at p<0.01. However
the main effect of mesorizhobium bacteria had significant effect on soil phosphorus at p<0.01. Main
effect of thiobacillus had only significant effect at p<0.01 on soil pH. The interaction effect of sulphur
and mesorizhobium had significant effect at p<0.01 on soil phosphorus, soil potassium and soil pH at
p<0.01, but interaction effect of thiobacillus and mesorizhobium bacteria had only significant effect at
p<0.01 on soil phosphorus. Interaction effect of all three factors had significant effect at p<0.01 on soil
phosphorus and at p<0.05 on soil sulphur, EC and soil pH.

Conclusion
Analysis of variance of data in this research showed that factors in this study had positive and

significant effect on agronomic parameters of chickpea and soil physic-chemical properties.

Keywords: Chickpea, Mesorhizobium bacteria, Sulfur, Thiobacillus
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«Ritchie et al., 1990)
RWC= ((Fw — Dw) / (Sw —-Dw)) x100

B9 3 (] 59 ooliiwl 350 (was acnY Cund -) Jgur
Table 1. List of lentil lines used in this study

oY oyl Y oY oyl oY oY oyl A Y oY oyl A Y oY oyl Y
Number of . Number of A Number - Number of . Number of -
. Pure line - - Pure line : Pure line - Pure line
line line Pure line of line line line
1 ILL29 21 ILL635 41 ILL1372 61 1LL1871 81 ILL3071
2 ILL45 22 ILL648 42 ILL1384 62 1LL1877 82 ILL3093
3 ILL48 23 ILL662 43 ILL1399 63 1LL1886 83 1LL3448
4 ILL52 24 ILL665 44 ILL1401 64 1LL1890 84 ILL3510
5 ILL100 25 ILL702 45 ILL1405 65 1LL1898 85 ILL3685
6 ILL195 26 ILL752 46 1LL1448 66 1LL1921 86 ILL3963
7 ILL254 27 ILL919 47 ILL1516 67 1LL1926 87 ILL3973
8 ILL262 28 1LL947 48 ILL1541 68 1LL1948 88 1LL4094
9 ILL312 29 ILL975 49 ILL1645 69 1LL2126 89 ILL4174
10 ILL331 30 1LL982 50 ILL1760 70 1LL2143 90 1LL4290
11 ILL353 31 1LL983 51 1LL1832 71 ILL2153 91 1LL4605
12 ILL361 32 ILL1002 52 ILL1833 72 1LL2178 92 ILL5888
13 ILL437 33 ILL1021 53 ILL1834 73 1LL2191 93 ILL6183
14 1LL459 34 ILL1081 54 ILL1835 74 ILL2257 94 1LL6184
15 ILL460 35 ILL1083 55 ILL1837 75 1LL2258 95 ILL6535
16 ILL461 36 ILL1196 56 ILL1838 76 1LL2307 96 ILL6536
17 ILL462 37 ILL1199 57 1LL1845 77 1LL2308 97 ILL6538
18 ILL465 38 ILL1207 58 ILL1847 78 1LL2360 98 ILL6539
19 ILL523 39 ILL1222 59 1LL1849 79 ILL2795 99 ILL6554
20 ILL590 40 ILL1370 60 ILL1870 80 1LL3035 100 ILL7115

Jb a5 conl s gi 4 oY L0l el SAS 9.14 SPSS 20
el )b cg,S s KMO slagygesl o ale ay a5 plsil 5
ot LS (Sias 3375 5l (Sl ol 45 43,5 ©90
Ozeed g hole Jdow gl baosls fogcwlio o b e
Sl plou! w9 Coond 90 45 Wosls  Bolay punds
e (Data validation) Lacsls Ll 5l do fole 4y 4350
Manly, ) as ol ikl s Lo Jule 4 4550 ploxl

(1994

SSlne dunn Lo 9 il 5l 43 325
S sl GLas (V Jooz) mib)ly 0320 5l ol gl
Jieiml o )0 (g0 0,90 Slao aJS Sl 5l oYy
odpo s 4 Slils 0525 (6,0 S B ws 0 S
Sgldl 052y 050 anlllaes g0 slopnY G YU (S5 g4

2 oede il gl (e (S5 E95 9 sloisme
Mostafaei et al, (2006) oslo ;Laizs plow olalllas

sanliw 35 TOKIu et al, (2009) , Bayoumi (2008)
— Kumar et al, (2012) lawgs a5 glaadllas ;o .ol o0l

Sl o ) (s i cdlyy (S la el

GA) Se55 2dyi 5 PCV) (3528 5 (GCV) (S

2 sbadssp jlesliul b (bl 4525 Joor (g 4
«(Fehr, 1987) i acule

\ ala,
Ty
[ 2
[T
PCV = -2 x 100 Y ala,
I. 2
GCV = *-7 x 100 Yk,
¥ al,

hi w
M) w 100

GA = (
0% « go3ae iyl Wl o] 0 a8 o] o as
i3S Do K isd il s O ¢ Sy (il
el JS psSle B g (Y45 = 0o )3 O gl ;)
el p 3551 ol e 4 398 (5 bl glaay 20
ol slaadlio 4 a5 (o9, ) b Jele 4 4525 (g

Py 4) Slabe> ay o g (GeSlesyg i3zl eslal b g
sl 58l 5 by (w8l pos g5 alols 51 solizl L Ward
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15 e olass sl b cals o ,Slae Ll 1 YU olie
OLas 995 5l (w295 5 (BT 09; JUS o], wig eli)] 5 4y
95—y Sl g 5l 4 alacY S0 sl
Sy Sdes g aigr )0 B olasi g 009y ol 51 5 (So5elend
Afojlais sla oY an g5 o il _ils golyj adils
\f  «(dLL461) & (ILL2795) va  «(ILL3963)

5,5 o Lol (ILL5888) aY ¢ (ILL353) V\ «(ILL459)

Al aduiue &85 oloil glac, e bl l o oS gisFY (g9,
Slao ;b 5l YL g6 s addlas 590 lacaisis a5
Ailosgy cudls y a5 ails o, Slee ¢ sy o, Sles

95 b s 0055 VO w,,» ,o Ruisi et al, (2015)
5 SeTesee g8 Slie LLad 5l oYL g95 o) JLo
YVOF) i ol imgin )0 .aboges canlive o))
oo 4 g polie (amo,o FIVA) (1 meS g (0o
5 ) 0,8 os Slao j0 i i a4 cdolej] slas ol s
Al oaslive 25U 5,

534S 3l L (F Jgo2) fn sl (eSke (o) 2
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Table 2. Mean squares and error coefficient of variation for agronomic traits in pure lines of lentil

Agronomic traits =y wlae Sl e eilee Ol o 0
Mean squares CV (%)

Biological yield sy 0, Ses 172.65** 21.54
Plant height G glis )| 33.27%* 12.13
Leaf length Sy Jeb 2.26** 18.09
Leaf width Spese 0.35** 17.96
RWC S ol o Glgime 317.68** 13.51
Number of pods per plant gy, B sl 1094.70** 16.13
Weight of pods per plant Ggs 0 B 59 0.46** 20.25
100 seeds weight &lol e oy59 1.45%* 11.03
Seed diameter ails s 0.30** 6.94
Stem diameter a8l ,lad 0.19** 9.88
Days to flowering P 5, 26.70** 4.79
Days to maturity S,y B39, 110.36** 6.09
Seed yield ails o Sloe 20314.48** 19.63

Ao ) 0 Jlaiml mglaw (ol gire g s g g oS 5 4 FF o T NS

ns, * and **: non-significant and significant at 5% and 1%, respectively.

(ILL1645) f4 4 (ILL1541) fAo,leis slocpY a5 col
5 Sn 2l o Slgime 5 S (558 sty 9, 8os LI
5 a4 elayl o s o, Slae Bl 51 (ILL52) Fo o oY
assls plasl ogs a1, polie o ing @ig ;0 ML (59
4 55 (ILL6535) 40 4 (ILL2258) Yo ,la—is slay,mY
Lo (npp oy o ails Jla g o) e v (59 Sl 5l os 5

A S (7S (S 5 (2L 55, Sl (Jgare
g S sblow waSuolanasg b aiog pelw
A_w) LS’LQ"'" J—")ﬁ 9O e OLS ‘u‘)-" Y ém?w
Aol )0 WDl oo dlge SIS Cghb, deS Ly 095
48,5518 oloapanile plgtedn (cm)39) 5 (BASSg5
Fsas b ool (Sas il oAU oleds a5 Wigd go
z—o5 4 p3Y (Bacchi et al., 2001) was oo uals il
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Table 3. Mean of agronomic traits in superior lentil lines of this trial

&lgixo

o bone polde (n el (S 3Sles 5 S 20
Sy iy 9 (oges S Slyg (S E9S i pd
S caloanlive £95 A4S w0 a5 Ay g Wiog o 95
51 sl LSl 5 ails Sy Lide i )95 Slaw
Gisi) da gliwd gl el 5 bkl jshaiedy Slas oyl
Chakraborty & Haque .s,ls s4>¢ wae wgllae sla
Cd i 5 so9—es il Ol 2yt (2000)
AL olasy g asilol e v 59 cails o Slae Slas jo |y 255
Tyagi & Khan (2011) zagis ;0 .050,5 Lib,l55 g 5o
asiloY v 59 cddgl blaiil slass igy yo BMe slawy Slaw
55 cerd (s ph Sy lime Cn i hilo wls o Shee
,o Rahimi et al, (2016) .asog Sty & i ¢ (Seis)
it (b 93 (b e oS S8 0l (VA (o)

e aiﬂ“ U 59, U 59, Sloss W G u';j_:u& sl e Spote Spdb el e oladd
2 P gks) oy s (o) (Foekeo) ()9 g gl Sy (oilw)  (pogiibe)  (pogiilw) ™) oY
(s D Stem Seed (‘_":) Number Leaf Leaf Plant (p55)
Seed yield m:t)tljsrittoy flz\?v)ésritr?g diameter  diameter vlv(e)?gfwete?gs) Weight of of (259) width length height Biological Nol;rnrt:zr
(kg/ha) (mm) (mm) pod?g;Iant pods/plant R(ly)c (cm) (cm) (cm) yield (q)
0,
3.39 34.33 52.03 4
74.23 175 69.15 1.60 8
1.57 4.54 9
1.63 4.46 41.24 10
733.89 62.07 231 1.42 101.83 11
69.32 12
769.79 76.18 56.01 14
795.55 59.57 1.99 73.17 16
59.43 4.68 39.59 19
1247.78 71.36 57.39 2.16 98.33 4.62 20
76.24 57.26 32.67 22
68.07 32.00 25
955.55 73.98 59.92 2.02 83.50 32.50 28
77.28 4.47 72.67 33.17 30
4.56 31
4.70 35
66.15 1.80 44.15 48
78.88 2.69 55.89 49
33.00 50
4.87 58
4.83 59
4.63 75
849.44 76.37 60.65 84.67 79
880.00 56.33 2.33 151 98.33 4.46 86
33.83 87
651.67 2.48 94.84 92
4.61 95
3.33 65.92 53.57 0.41 2.60 1.00 0.01 2.00 9.59 0.10 0.33 16.58 4.17 Min
1250.00 113.12 77.79 2.89 4.61 5.25 3.41 103.00 80.34 271 5.13 41.67 59.08 Max
258.99 88.01 68.85 1.44 3.41 2.91 0.51 25.20 49.53 0.76 2.58 25.27 17.45 Mean
99.90 10.53 6.48 0.28 0.46 0.63 0.20 7.99 13.15 0.27 0.92 6.02 7.39 I?rj/?
Wigr 0 ML 59 g 0 AE slaw Blas (S0 Ggw Sy syl

aS ol ez (F Jyoz) (S5 slo el )by 3,90
=S Slao gl 6ol g5 5l ) 9 50 sl Y
Sl v ‘o..\_,ck’,\_,.uad_g C"L"’ quw‘ = S0 )|.))9_$).3
Wl ,had 5 S, Ol s lgime wils Jlad waslo) ¢ 34
s an (s i 2L (poges il Gl
OBl 558 Dlao (sl cadonalive (S5 £95 (090wl
Oz )2 9550 ScnY G 5o s pally QL]
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L 585 9 2ol LS 59, el )9 Slico (s 3
9 ) g9l b an by ye polie (n feS (Suew,
Sy dy axg b g wsls polaislsgs a ) oodgid
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Table 4. Estimation of genetic parameters for agronomic traits in pure lines of lentil

- , 5 Syl 5 (K53 Sy o O et K5 093t
Agronomic traits =) wlhe Phenotypic coefficient of Genetic coefficient of SOPE Genetic
variation variation Heritability advance
Biological yield sy 0 Sose 55.38 51.02 84.87 96.83
Plant height Sy £lis)| 18.28 13.68 55.96 21.07
Leaf length Sy Jsb 43.05 39.07 82.35 73.03
Leaf width Spes 56.95 54.05 90.06 105.66
O o s
RWC T e 27.18 23.58 75.30 4216
Sy
Number of Sr 5 I oluws 93.54 92.14 97.03 186.97
pods/plant
Weight of . T
podslplant Wy s B 3 95.71 93.55 95.52 188.34
100 seeds weight alsY e 59 30.25 28.17 86.71 54.04
Seed diameter als ,lad 12.46 10.35 68.97 17.71
Stem diameter a8l s 22.71 20.45 81.08 37.93
Days to flowering AL 5, 6.29 4.09 42.14 5.46
Days to maturity S, B 3, 9.47 7.26 58.73 11.46
Seed yield alo o Slas 41.31 36.35 77.43 65.90
ailgi oo 0,Slee b st (Suiod oo sl )lo b 2ulS S Jilgy 591
58 18 olatwl 0550 wgllae Slaw lgicas a8 5 a5 0 sdony e laieds ojlgan ails o Slee
S 45 250l yLzs Anjam et al, (2005) S e g (S5 saaie Jalse 5L s aS ouds

(o) 0,8 dee Dlao b ails o Slos o (50 Sre 9 Cudie
AZIZI pad 15,05 0539 agr 10 e dlaad g 4y glas )|
8, Sdoe a5 snls bl Chakherchaman et al, (2009)
9 e (s (Kot (S 9 (2T L 55, L 4l
5 il ceillas ,ol> b gl b aS o)l (gl s
o=3,YY 5, » Tadesse et al, (2014) Lug a5 slaslae
a4 dig 0wl o Sles (8,5 Dygo 56 g0y ol)) was
Ol (SKad digy j0 B olawi b (5o sxe g Cois jobo
55>4 51 SL> Rahimi et al, (2016) wlibss zls ol
(i3 Sy Sdae L asils o Slee jlo cxe g Cde  Sion
g it (Shma g A g ;0 BIL ig g olawd ST By
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Ll 5l Less (Sor cal 1o 5l (S0 Sl (8o (o 2
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s 095 Vb 2T 51 08 o 5T als o Slee
g als o Shae oy abasl) g, 51 (Singh & Gupta, 2004)
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Table 6. Eigenvalues, percentage of variance for studied traits in factor analysis

o il wo s olylg weys o329 yolie bl Jole
Percentage of cumulative variance  Percentage of variance  Eigenvalue  Principal factor
26.16 26.16 3.88 1
51.53 25.37 3.23 2
68.83 17.30 1.96 3
77.97 9.13 1.04 4

oo sLpY ) adllles 50 Wlio gl (WSles g S 2 L) Lol Jole jler cul o -V Jgua
Table 7. Coefficients of four principal factors (with Varimax rotation) for studied traits in lines of lentil

Traits Olao Jol Jele 090 Jole pow Jole eskz Jole
Biological yield ey 0 Sos -0.12 0.88 0.33 -0.003
Plant height W elasl 0.07 0.80 -0.10 -0.10
Leaf length Sy Jsk 0.18 -0.40 0.79 -0.13
Leaf width Spese 0.04 -0.08 0.91 -0.11
RWC Sy 0l o (Glgiome -0.04 0.90 -0.30 0.06
Number of pods/plant Gy, DI sl 0.93 0.05 0.21 0.01
Weight of pods/plant g ,0 B 3 0.55 0.24 0.48 0.17
100 seeds weight aldY - 59 0.18 0.02 -0.35 0.56
Seed diameter aly ,lad -0.06 -0.09 -0.01 0.90
Stem diameter a8l s 0.19 -0.14 -0.25 0.10
Days to flowering AL g, -0.62 0.09 0.08 0.30
Days to maturity S, b3, -0.76 0.07 0.31 0.05
Seed yield als o Slas 0.91 0.03 0.16 0.01
Slades 4 5 hlo adls jlad g ailol++ )55 slopite o)l Jole o

b cgis sobaj slaw plgs oo sladss aja plnil L

L)—l C)l_.u wL.w‘ 9 05_40.: 6@05; &3&.?:.4 4....;9.7- J..\D- )d
00990 L g (5005 bl 2 1) (6,55 590 slaasl
(Upadhyaya et al., 2001) 55 oulass lacuisis (Sis)
2 Oy9=0 LoV (n £985 Gt jelateds g, cpl
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WA (o095 WIS Cir jo asllas 050 sla Y
shle gl ydlS sla p¥ as ols lis (3 Jgaz) ,udlS jo
3, Slos Slao b 5l S . Slae 4 Cond Cdie Bl il
9 asloy - * 009 “5)_, &.JT (5»._«.“4 6‘9W ‘ﬁy él.a.a)‘ Lo )y
o, Slae oo Llad 5l pgo didigs slacpV¥ aivg dils lad
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4 4355 plsul U Salehi et al, (2008) .o_s (5,13 560
S wslae i Ll pd )0 e i giiY e (o y0 ladele
Oimdigy |y g3 5l oo joVE[- D a S wse S oluls Jle
dsle an bgy o Slas a5 ails oLy i () sols oo
9 &g 2,8 g ;0 B slawy (o8 4Ll dlaws ol pgo
adls o Slae ;0 30 i Slao lgieds g 0og ailo o Slae
Narouei Rad et al, L, 50 .2os 8yme Luis o
Slaco oA gaamme 10 45 Woh (byre Jole il (2009)
5 e s I sl Jele g 00905 (e | dnal g5
Nouri et al, .og a5 glas )| g ails o Slae Slao gl S5
G e st o elyy Slas bl 50 (2014)
Iy g9 51 0o, 0AB/A ggozme ;o 4S Wdged gl 5wl Jole
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WIS (6 i (S 9 (BT LS 59, g 00l L
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Table 8. Discriminate analysis to determine the cut-off point dendrogram of cluster analysis in lines of lentil

Wog ¥ sluass [NEETS sl - gl8 SN i el
No. Groups Wilks-Lambda Chi-square Significance level
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Introduction

Food legumes with high amounts of protein are known as the second largest source of human food.
Lentil (Lens culinaris Medik.) have large amounts of protein (28%), micronutrients and vitamins in its seeds
and is one of the beans in the world that is highly consumed in human diets. Also, its straw contains 2%
minerals and 59% carbohydrates and considered valuable in animal feeding. Study of the genetic diversity is
one of the most important steps in plant breeding program, so that the genetic diversity is considered as the
basis of selection. By studying the diversity, the relationships between traits can be understood, too, and the
best assays for high yielding are selected. In this regard, the morphological markers are the selection criteria.
As reviewed above, the present research was carried out for studying the genetic diversity of 100 lines of
lentil in terms of agro-morphological, determining the relationship between seed yield and other traits and
selecting the superior pure lines using multivariate statistics methods.

Materials & Methods

To evaluate the 100 lines of lentil that were imported from ICARDA, an experimental field was
conducted in research station of Shahrekord University in based on simple lattice 10x10 with two
replications at 2012-13 cropping season. Because of the incomplete blocks within each repeat for all
characteristics were non-significant, the data were analyzed as the randomized complete block design. The
studied pure lines were cultivated in late winter in 3-5cm depth and 10cm intervals on the plots which
consisted of 2 rows of 1m length, and 30cm between rows. During the growth season, the weeding was done
manually in several times. During the study, days to flowering and days to maturity were recorded. After the
physiological maturity, 10 plants of each plot were harvested and some traits such as 100 seed weight (g),
plant height (cm), number of pods per plant, weight of pods per plant (g), leaf length (cm), leaf width (cm),
seed diameter (mm), stem diameter (mm), biological yield per plant (g), RWC (%) and seed yield (kg/ha)
were measured. Analysis of variance, comparison of means, correlation analysis, cluster analysis, factor
analysis, and estimate of Phenotypic coefficient of variability (PCV), Genotypic coefficient of variability
(GCV), broad sense heritability (h?) and genetic advance (GA) were achieved to evaluate the yield
performances, genetic diversity and the relationship between traits in pure lines of lentil in the present study.
For above analysis, SAS software version 9.1 and SPSS software version 20 were used.
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Results & Discussion

The results of analysis of variance showed that high genetic variation among studied lines as the
differences between 100 pure lines were significant at 1% probability level. According to the means
comparison, it was not observed a desirable line in terms of all studied traits but the superior pure lines
(ILL590, 1LL947, ILL3963, ILL2795, 1LL461, ILL459, ILL353 and ILL5888) in terms of phonological
characters, stem diameter, number of pods per plant, plant height and seed yield were identified. Number of
pods per plant, weight of pods per plant, leaf width and biological yield had the highest values of GCV, h?
and GA. The correlation analysis indicated that seed yield had positive and significant correlation with
number of pods per plant and weight of pods per plant at 1% probability level; while its relationship with
days to flowering and days to maturity was negative and significant at 1% probability level. Thirteen
agronomic traits have been classified into four groups which expressed 77/97% diversity of the total
variation according to the factor analysis Each of the first, second, third and fourth components were able to
allocate 26.16%, 25.37%, 17.30% and 9.13% respectively. Cluster analysis using Euclidean distance with
Ward's method placed the studied lines into eight groups and desirable lines in Shahrekord climate were
grouped on the cluster 8.

Conclusion

Identification of relationship between agronomic traits and genetic diversity can help the breeders to
select the best traits and varieties. The results of this study showed significant genetic variation for
agronomic traits in lines of lentil and lines ILL590, ILL947, ILL3963, ILL2795, ILL461, 1LL459, ILL353
and ILL5888 had high genetic potential for increasing the seed yield. Also, the humber and weight of pods
per plant, days to flowering and maturity can be used to improve the seed yield in breeding programs.

Keywords: Cluster analysis, Correlation, Factor analysis, Genetic diversity, Pure lines of lentil

Y



Iranian Journal of Pulses Research O'}!‘ 0‘?5‘.’ 6‘“0:"53'1

Vol. 9, No. 2, 2018, p. 114-125 AV 035 Ao NVF-1YD Ao Y5 jlois duiler
DOI: 10.22067/ijpr.v9i2.61250

8 5ok g Olao 31 (B 2 2 iz 9 Cud g3 0 1415 il (i 5
ST Al sbdcy g 4o (Cicer arietinum L.) o g5

g e 9 L5985 (rwlie T o gluo e duw T puilo 5388 (e ) (S 009w

SaS olSils (o83 (LS (5591951 (555 (seililo-)
WSS ol (15 y90l 09,8 HLniiils 9 Hloliwl ol Fay -0 o ¥
colae oylsl (b golio 3 55 y3LS o390 9 lindiznd 35 0 (£ g (o£1,5 liniod Gy g3 oLl -
Ol ol (6339 g 9 higel il ylojl
OB (rmb 2lio 9 (559l hjgel 3 lidizd 35 j0 ouimgy —F
VRO </ ¥ il s
VWABNY/Y iy G
oS

3Sbos lizl 5 0, Shos s peliy 5 Solsiy Bl polie Bpan 5 g )lal Bl ol Sl gy pslaten,
30 Jue B colil & jgody laen (65,5l Oladon olBiw! ;o WWAY-AF el )5 Jlu o saolesl wolsl o3, 0450
e bl ) e ez 50 (sb; w3, Jeld Glalejl gl e o plonil 1S5 4 b (ol JolS slaSTsly B
(2o o 5 (205 al o 15 08 5)lal 5 (BOBME aljo 15 (5)lal (2 S Al e 3 )kl )kl B9
A 5 poeely e 5 LS 50 (5 Y V0 0 Jold mhaw an o gy Hlade (5)led oS 5 s (el ol Gl
aS ol i mls wg (e 8 ol lgeas (uely Sy e 5 JLSe j0 0 SglSY w9V e e ol e
Olos 33 Jedg A Oliee ety p il bty cdile g p 6ol cine el penly 5 Sl el ilisee zglaw
Ol e Slio pobad jo cdgsy g o)l Jliie J1aniils aig (5 il o Shos cails oy 5 (20lS
GPIBLE 5 (2 S Al o o )kl Sl als 0 Shos 0 3V (s 0l 5o 05 IS Sme il (g (e 5 b IS
aS (g ebar cdl ioli8l as VY B A Sl asls o, Slee el B pae b el Cavody )L o Cdgsy o5 Ve Bpan g
23S Al e a5 ols lis g 2 @S e, SIS )0 0 S SLSIVY @ ails o Shoe ety 0,550+ Sran by
el Shld hass L Wl oo (25 Il pd )0 elty 5 Codsy Bran 5 Conl 0l 0908 4 al> o o S ol

bl asls ails o Sles 5 Sde Pl S 1S

w20 0955 il o Slas ¢ ydg  (pniig ¢ eSS Lg)L:.J (gols slaejly

KU PNV WS S ] VORI, POUICH RO ST G N PEJP0N doddo
=i Jord sla,lS g 5l (Rabbani & Emam, 2011) S asls @YU Getis i 5 6ol e Jdodn by

Joko gl )3 (plosilp Jold a5 Lalyd s ofge dedsas olalS ol s Jls 55 0 oYL Sl ol
2,5 o)Ll (g5l weaid 4 0l o0 LT Ftes 51 45T Sl (s sn 330y 00l Canss (glos S by iy e CenllB
b ol 5o i LS 5 5 (S s s Coot] Sl ], mmmssST )0 S Sare yolie Jols 4o
OLaLS 5l il 53 (orbo s bany oS ol glaraland 955 oS 3 Sles Lawsie .(Naseri et al., 2011) .axien
Slogiis ay (uiSly jo o il Ysons 5 900 0925 Jle eiles 4y Coms Ll 4o ,LSa o (Cicer arietinum L.)
uols (Alexieva et al., 2001) ol o il38l Joe el sl 9956 iS55 age slo,9iS 5 gz 0,Slos
3 St S 5150 Gl g g Jebe slacnts 1 S o o] oesomb el o St 45 Al o
ol (Serraj & Sinclair, 2002) ol sas )15 3950 Lyl, 5 s (Sabaghpour et al., 2003) w_sl o
Siomal fioas ln ) 5 5le 0555 Sp 0 Gl @es 5 Sisdsn s Oless 1 ogdle (ylals o O syaS

.(NiariKhamssi et <ol oot 3 yxe ol (i bl pi cov
pa—5 5(Zea mays L.) o,3._5 sal, 2010)

soode.maleki@yah00.com :J giuuo oucams ¢ *

VYV F


http://dx.doi.org/10.22067/ijpr.v9i2.61250

WAV 090 o (V6 )l Al /o3 331 ©lgad SBGIB Y3 /... 3,30,5 15T a1y 50 9 Sho

s S )3 0S5 LS VOFF U plty iy a3l
A 5l S JedelS el Al

9 95-Sse Fudan ol osliiul 4 5l Comer I3 L
30 e )18 0 955 sloanlid jsbay T mlis 1
w23 5l G Bras b 65,5laS 5 lnl e &S o]
Wl o Hledan Ol 00 S a0y Sedes w0l gl
S5 480 4§ phe SeS Giu ()3 (29780 45558
(Mirzaee & Rezvani, 2006) s il T b )
SaalS 4 ol Sae 3280 (5,40l 1 g 5 LaleS Jlecl
Ole) et 09— e (ol DY gazme 0 g 5
lie )L, il &l JBlas b ol yan a5 o Ll nS
e ol s ol Bpan 0 gz adio el a5 Cul
Ol ;5 35505 CaS A inl @ az g b o9l oo dine Jpame
Loy oo oo JSis ) mo &)l5e Il ctS g ) plaen
sgw S5l Gl )3 s g ey Cute (A 4 Ay
35 ooewd B Skl 5 lalS wl;  (Sas s
Sdgiy 0 b plet &5 (258 (nl b g (nl aie;
B o Shos 5 ols s ) (St 25 b sy
8 2l el st kel Gl zsbaw o 15 Jsed

L gy g lge

el 5 gy 05 55U ) jslaiedy G
@ lize slacy pas ;o 0550 0, Sles g Slao 5l S
ey &Sl QULST (65,0las” Slidod oS! )0 d)L.:-.’]
Jlw 0 oo plu] canb mlis g (55,5LaS wladss
Lyo w5l o) glas )l o |, =1V YAY-2F <l 5
s Semgby iSTas g Plas ol ot o, 4 do Y
ol 00 43‘)‘ \ Jj..\> ) alals L;Loo 9 L;.\.a)la

Jdg IS Jlaie Ol 0guas 25 « (Triticum aestivum L.)
.(Nayyar & Gupta, 2006) sls zalS s sae jsbas |,
Segby 35S 150 Gblie 5 0 3555 adgs a5 Ll
plaol 1 gl oo dgame Liuly dl) 0,90 b o paasa
ail g ol Sl 5 g 0, Shae Sgug 5 Wl o0 )]
3535 08, 4w (53, iule;l o .(Zaferanieh et al., 2010)
LS o (g)ls e jebas Ol 0guaS a5 0l asuie
(Krouma, 2010) o 5,25 5 alls jiiwgis
0533 g (65,1085 CulilB g aiS 0,53 895 o |, Ol glate
SaS 4 o0bo pudd ol Laies iolidl S ol Ol o 8
SlelS ) g 0gd o 3T S 0 Ll6S &8lge ;0 olge oyl
slac LB slse oyl .(Ghazavi, 2015) wuS e solaul
obas (S 50 O (6,005 5 ages Sguge ,o Sloais sl
ialidl s Ll S pae 2ol 0lS bawgs O Gpan oljes
(Nazarli et al., w5 555 3 pae 4 5L alS 5 065 50
2010)

o 5l =0 alllis bas L pwly 955 B pan
P o Gryms G20 5 bl s L 3y )b 5 S
2ol puwly 8 pae J3J .(Khodami et al., 2013) c..l
sod e plidl s i ) ol B LIS s (oS S
=L Gl eddgs; 3G .(Valadabadi et al., 2009)
° gy 0953l 45 GlasgSa g et o ey
Sl S s Gis B pely o 030 ,8 csl S
(Prez- uus sl oLS 1 oodbas o505 Jla pl 515 by
e S—is s bl s o .Cabalero et al., 2008)
A Comnd S ke Ol 31 malS g 0, Slee ol 5 el
.(Fanaee et al., 2010) 55 YL ugb) acloe Lyl
as ol Lz Mollavaly et al, (2009)  islo;l b

Ooloed adlin ;o 1VAY-AF cf); Jlu ;0 aildlo Wyl a0 ailjgy ik g Jlw ole (il ol ) Jgua
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Table 2. Analysis of variance (Mean Squares) of yield and other traits of chickpea under irrigation regimes, zeolite and

potassium
S ddo ks S p by ls ol
T oSl VRO (@A) @hoy) g, odag s
Oy’ golio S.0.v o7 Plant ¢ f i % o
Seed yield . Lea Lea Protein Proline Seed
Df weight chlorophyll chlorophyll tassi
(flowering) (seed setting) potassium
Sl Block 2 13173 7.199 6.54 75.7 8.6 5.9 0.01
sl Irrigation (1) 3 8615785 941.3% 809™ 6404 11.23% 135.9" 0.11°
kol sl Main error 6 29109 7.723 3.06 17.0 111 6.81 0.02
WS Zeolite (Z) 2 3514820+ 415.2* 273.6™ 776.2" 43.44* 1452+ 0.37™
o Potassium (P) 2 195975 0.742 " 74.76™ 85.43" 6.71" 1257 0.03"
cdgixe bl IxZ 6 515673 59.06** 45.39™ 37.02" 9.65 8.06™ 0.03"
eliox s, Lal IxP 6 42538 s 4.348™ 6.50 ™ 23.71™ 0.8" 2.02™ 0.009 "
peloxcadss; ZxP 4 18407 ns 6.465 ™ 2.02™ 9.685" 0.77 " 0.65™ 0.003 ™
peliox il giix s Lol IxZx P 12 20840 ™ 3.762™ 3.94m™ 17.38™ 0.62™ 1.62" 0.005 "
2 sl Sub error 64 21139 5.371 13.52 26.95 0.48 1.87 0.007
E ps CV (%) - 12.38 16.92 14.41 9.71 3.75 11.75 5.87

*x ok

Sl gre gl J3las> 9951 ooleol g oy S5 g 0 Jlexs! v ;0 I pe g o g Dgldd 09z g pae oS a9 NS
ns, * and**: non-significant and significant at 5% and 1% probability level according to LSD test, respectively.
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Table 3. Mean comparison of yield and other traits of chickpea under irrigation regimes x zeolite

o5 Irrigation Cdgiy il s Sles N9 (39 Leaf (23 J5) Sy Judg 5 P‘;jl’lﬁe iy o9
i treatment Zeolite Seed yield Plant weight Chlorophyll (umol/ Potassium Protein

s t/ha (Kg/ha) (gr) (flowering) "fw) g (%) (%)
e 0 3439h 5.259f 16.7 15.912 1.27% 21.582
o No irrigation 15 565.5 g 7.729 ¢ 16.77 14.24° 1.42" 18.02f1
Skl 30 539.3¢g 7.452 ¢ 18.51ik 13.29¢ 1.47% 18.43¢%h
0 911.7 ef 12.25¢ 22.3 11.25fh 1.32ik 20.21°
XUy Flowering stage 15 1556 ¢ 18.48° 30.87%¢ 9.19k 1.59b«d 17.161
30 1868 b 22.31¢% 32.75% 9.23 ik 1.62%¢ 18.24%h

0 835 f 9.188 19.7k 11.54¢ 1.449 17.9N
seo®dle  Pod setting stage 15 1149d 12.09 ¢ 21.291 12.7¢% 1.51%9 17.939n
30 9758 e 11.259% 24.9¢ 11.879%f 1.50%" 19.31°¢

5 eaals Flowering and 0 1169d 12.56 ¢ 26.71d-e 10.28 g-i 1.62‘“_’C 19¢
o pod setting 15 2040 a 2247 a 27.14 de 8.66K 1.41 16.84%
s stage 30 2140 a 23.35a 3141b 10.08Mi 1.58 17.490

B a9 O mlaw )8 (5 )ls gixe B LSD 0305 ol arilgo S i By S JBlas 6lls a5 gt o 0 el Sile
Means within each column, at least with a common letter are not significantly different at 0=0.05.

iy Sl i 29500 5 )Slos 3 Slio (puSilie dunlio -F Jgur
Table 4. Mean comparison of traits and yield of chickpea under potassium

o o dlooydas oy by Odon (BJS) S dedenls  Leaf(ails g y) Sy Jadg ks
B Treatments Seedyield  protein  Potassium  Proline Leaf Chlorophyll Chlorophyll
(kg/ha) (%) (%) (nmol/gfw) (flowering) (Seed setting)
by Potassium (kg/ha)
0 1096 b 12.15a 1.45b 18.95a 22.89b 52.58 b
Voo 100 1184 a 11.43b 150a 18.49 b 23.69b 52.55b
Yoo 200 1243 a 1097 b 149a 18.00 ¢ 25.69 a 55.23 a

B a9 O mlaw )8 (5l gixe B LSD 0305 ol arilgo S e By S JBlas 6l)ls a5 gt o 0 olenSile
Means within each column, at least with a common letter are not significantly different at 0=0.05.

i) 9 63kl hlisio (slams 5y caxd 3955 4ild (yih y, 4l yo 30 Sy by S (aileo dumnyliio -0 Jgur
Table 5. Comparison of effects of irrigation regimes and zeolite on traits and yield of chickpea

(&1 (b ) S 0 Judg A5

Lo Treatments o
Leaf chlorophyll (Seed filling)
sk, s, Irrigation regime
bl g No irrigation 39.17¢
5 Loy 0 s)led Flowering stage 64.92 b
PO Lo 10 ()Ll Pod setting stage 41.22¢
BINE 5 235 ey ,0 g,kel  Flowering and pod setting stage 68.5a
gy Zeolite
Sadgiy e No- Zeolite 49.27 ¢
SuSe 50 5 V0 15 ton/ha 52.63b
Sy (5 Y 30 ton/ha 58.45a

35,105 0033 B rhans 40 (g,I5 gime B LSD (503l Lol s cdiily so 5 e B> o JBlas slyls a5 e ,o (gly g gt ,0 40 olanSile
Means within each column, at least with a common letter are not significantly different at a=0.05.
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Introduction

Chickpea (Cicer arietinum L.) is grown predominantly in Mediterranean environment where yield is
faced with abiotic stresses such as water deficit. Due to shortage of water resources and sequential cropping
in many areas, it is necessary to manage the irrigation water, because this would cause inadequate irrigation.
Therefore, in order to achieve the maximum yield and efficient use of available water, prevention of waste of
water is necessary. One of the reasons for the use of zeolite in agricultural production and productivity of
soil, is the moisture absorption and maintain the property for a long time and prevent environmental
pollution. Zeolite acts as a slow release fertilizer, giving the plant access to water and nutrients for more
times. Also zeolite caused significant saving in water use and reducing the amount of fertilizer. Thus helping
to decrease the amount of water used per crop and the contamination of aquifers due to overuse of chemical
fertilizers. Adjustment of drought negative effects by maintaining inflammation pressure, transpiration
reduction and increase of water use efficiency has been through consumption of potassium. Although
potassium unlike N and P, does not enter into the composition of any product. Potassium has an important
role either direct or indirect, under different environments, in major plant processes such as photosynthesis,
respiration, protein synthesis, enzyme activation, water uptake, osmoregulation, growth and yield of plant.
Considering the importance of chickpea in nutrition of human and weather conditions of arid and semiarid,
supplementary irrigation is necessity for cultivation of this plant in Iran; with regard to role of zeolite and
potassium in reducing sensitivity of plants to water deficit and since there is limited published work about
the effect of application of potassium sulphate combined with zeolite, this research was conducted to
compare their effects on some of characteristics and yield of chickpea.

Materials & Methods

In order to study the effect of different irrigation regimes and different Zeolite and Potassium
application on quality characteristics and yield of chickpea cv Azad, an experiment was conducted as split
factorial arrangement in a randomized complete block design with three replications in Research Station of
Agriculture and Natural Resource Research center of Hamadan, during 2015 cropping season. Main plot
included supplementary irrigation (check as non-irrigation, supplementary irrigation at flowering, irrigations
at both flowering and pod setting and irrigation at pod setting stages) and subplot included three levels of
zeolite (Z0=0, Z1=15 and Z2=30 ton ha™) and three levels of potassium fertilizer (K0=0, K1=150 and K2=
250 kg hal K,SO,) that located as split factorial in each sub plot. In this study, the amount of proline,
potassium, protein, chlorophyll content (flowering and pod setting stage), seed yield and Plant weight were
determined. Software SAS Ver. 9.1 was used for the statistical analysis and the means were compared by
using Least Significant Difference (LSD) test at 0.05 level of significance.

Results & Discussion

*Corresponding Author: soode.maleki@yahoo.com
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The results showed that the different irrigation regimes, Zeolite and Potassium fertilizer levels had
significant effect on proline, potassium, protein, chlorophyll (flowering stage), chlorophyll (pod setting
stage) and seed yield. The results indicated that drought stress significantly decreased leaf potassium and leaf
chlorophyll whereas protein percent and proline were increased. Interaction between irrigation and Zeolite
was significant except for chlorophyll (pod setting). In this study, the highest plant weight and seed yield
were obtained under irrigations at both flowering and pod setting along with 30 ton ha* zeolite. Enhanced
proline accumulation during stress indicates that proline is thought to play a cardinal role as an
osmoregulatory solute in plants. The flowering stage in chickpea cultivars is the most sensitive stage to
drought stress and in deficit water condition supplemental irrigation in this stage may considerably increases
yield of chickpea.

Conclusion

Production in dry land farming systems in Iran is limited by deficiency of water. Chickpea has good
potential to increase production in dry land conditions. Zeolite and potassium consumption can be positive
effects on yield and quality characteristic of chickpea in severity and moderately stress conditions. It is
concluded that zeolite and potassium consumption with ameliorate damages due to water stress could be
effective on plant and formation economical yield in conditions of Hamadan region. Zeolite application in
lands which are exposure to late season drought stress can keep soil water content and improve seed yield
and production. Therefore, considering water shortage in drought area of the country, application of zeolite
can be useful to save more water that leads to produce more yield. According to results of this study,
potassium sulfate consumption has been enhanced 8 to 13 percent grain yield.

Keywords: Chickpea, Proline, Protein, Seed yield, Supplementary irrigation

YO



Iranian Journal of Pulses Research
Vol. 9, No. 2, 2018, p. 126-138
DOI: 10.22067/ijpr.v9i2.58254

Ol Sl gy
WPV A dxao ATAY 099 doud (Y5 5lous Aol

(I olis Wi 90 5 hes 3 (59 9 ATlhud (3o g (o ) SO (il 3 3,15 Wil
(Phaseolus vulgaris L.) Lagd pd 99 49

(SO0 O goo

(5B g Jlroy e (bl (orub @l 9 (6559l (hjgel 9 Wl 35 w0 ol g S WliLdizd iy (dg R b obow!
Ol 855 st 06359l g9y 9 Shgel Wl plojlw

VA0 - #+ q il o ol
WAONYNY t oy g,

PR

Logl g Qlaé - olie Cotloy p (55) 5 Wlind pliand 5 (mr) S35 005 13T o) jolate &

s ol Jle 90 Soe 4,85 a b dolas JolS slacSsly (Lol b B 5o 5551 & g0 (slacpe ciule)]
2 S hS) e By P et Po) jid gl oz (5 yte 5 GIB) (herbas) o3, 98 ol GralesT Jolse
St 355 P35 land pow LS )3 0 55kSBe g Sland (i 35 Srae P2 (i Sland s LS
355 393 (59, (st 055 Ny sy Slalgw LS yo £S5 okS0 B pas ZN; walls ZNo) (s, hw aw g (Slaud
Rhizophagus intraradices Clariodeoglumus etunicatum s ;650 slog,B L zibl Jolis Slowd i)
54 Pseudomonas sla s xSL b mils (55, ) ,lowd o AZetobacter s ,:51 4 Funneliformiss mosseae o
(595 10 oy hnd 5oyt (23S polie il g ClalE il 8 Shes el nl )3 (o) 950 Slao
A odalin (5 00 o8, 5l plid jolie clilsy g cdale o Sles polie o yiig ol LA S 0g e 9 3K
(o2 iy yiad (y5g 0 bl g 0, Shas (5o 0TA § FF/O OY XY D AA XA XNVA il el Po Lo
Ol o e 5 4 595 5 ey (0390 Sdale s 3 Shas (e ST ol dalh 4 o e 5 550 15,
Sl ogas 10 0el Cewsas ZN1 Jles 5l 0,55LS 10 0,5 LW V/FY 5 0o oV /YO /AT (LSe )0 0 SelSYEf
OLSeys 0,5 o LSTFOF (lie do ool s s 5 (59«09 Sile ailo o Shae (e 0 yin lo pne Jilie
= ogdle oslaiwl 0j90 g sloosS Sl Cawody PoZmg Sl 31,55k 50 0,5 JeeVV/E 5 YEIOV s,/
)50 ht jolie jl (18 590 a5 g (2188 polie Cublsy Gl cel yhd oliend ladgS b pan LalS

o=l adex 5l (Vessay, 2003) ail oo oni)y Slog>ge plu
9 SraSer Slag B (5ol (s SldgS 4 g oa la0gS
S o)Ll (59 9 yaud Jolomal JUCST oS > (slags 55U
Khan et al., ‘Artusson et al., 2006 <Vessay, 2003)
O350 S90S S o Sae Sl et 512009
Oialidl 0lS audas s (olid olie Cdx ilidl 4
u.u.»_) J_;U.A B ol_:f WBLM 9 u] ;_él,.a.a 59°582 9 ‘_,,_a—bls
Marschner ) sges o)Ll (5,50 9 (Sis asile oo sla
Amirabadi et <Artusson et al., 2006 «& Dell, 1994
(Yaseen et al., 2012 Smith et al., 2010al., 2009
iz 50 (o ol 2wl b (52,5500 slog B eizen
o Ll (1B, 5 (Swlssl SISl aslgs se 3975 5 s

o dndlae

15555500 « yaud o ,Sloe AZOtODACTEN : gudS sbdojlg

\YF

doddo
o Laoan ¥l il pals 5 e slge | gjlu i
3 (AU 4355 3 slaSal) alox 5l (55)9laS” DY guazme
Sy ;o Lagmalng 5 pujie (ol ddsdios ) (o9 S
Phaseolus ) L.y .(Malakouti, 2014) s_ib o olds
S 0F iy, S,V =Y sl U (vulgaris L.
B R o L e B T
St 235 50 Sloig Coel (59; 9 @] (Sol> (Gl
5l o 9 sole oolaul (Fageria & Santos, 2008) s s

oz by Blasay sl 6,8l sany 5 JT sleoss

m.mohamadi@are0.ac.ir :Jgiwwo oddaws 93 *
" Enrichment



IAY 090 s ¥5 ko Auder /)l 31 QU gud B GRYH /... uitli 0 3 15 1T ¢ goxo

Abbaszade et al., «lis=s .(Khan et al., 2009) s45
fluorescens alize slodsguw o 5l amo oo lis 2012
$9y T yEil 40 gus oy 5wl IS Pig 4550 Pseudomonas
sl 5 005 SLS o (55, JslmenS Ly Jshmels e 5|
w23 g0 GLiS W o) 2 D98 o0 Lngl olS po ol ke )8l
£S5 s bSYYIY lawgio j5boas Lol ails (5 y2 adgi <ljl &,
oy 55 LSVAS i 0,55 LSYIV (5,23
w5t T LSTI) (ol o SHLSYIY 03,555 o Sk SUY
(Bagheri et al., 2001) 55 oo ceils s o ,iS2 S
5 d=Slo oo SOl DY ae I (S Ly
Morghan) s,ls ool 5 55, 99me5 4 S (Vb ol
Sl cuale g PH (j05:YL 4 a>45 L (& Grafton, 2003
sy el Jl (B g b obal el el sl
it 9B sl Y laie 5l e S el )3 (i
$LassS JoLatali 5 gy e b (ko 5l atlpo oS
it 45 i azlge Sliwd slassS a3V ol
ol oyl LTl g oot s S 50 oSl 5l g0l
A3 (ihegy; sLaosS yas pue eizmen o0
L ailioe py e bag! £)l50 50 53, 5 08 sl slaosS
2 Sy WS o p)l5 SIS pegaz ;o Sledlbl 3g2g (nl
Sl glaejo bl b o Logd olie jole Ciz g cdale
ity sloosS U ) Bua b aaleyl ol 1 el
23 2l yolie Qda g clile o Shos (55, 9 (Slawd
G Lng) adlaie jo )Ly gl ezl o5, 50
w312y (b s liss s Jleeler il LS ol gt

g, 9 olgo
Tk B o JoyeSl (el @ pgoa GialesT ol
SWWAY Gla Jle jo 1SS an o Bolay JolS slaSol by
Sbiwl LS idu 6,5 lag) 2ol 53 1YY ¥R 5\ YaY
355 e By g0 ek S s aBls s ks 5 Jlre ez
el Glaize g Ly o mhw 3l elay )l , Y-8 L
Jobo 4383V g ax,00) 5 Jlodi 5,0 4880V g ax oVY
LGl oy an S ganes; bl o plosl (3,8
Fine, Lib;l > S Jwls (Soil Taxonomy , 2014)
- I'mixed, mesic, Typic Calcixerepts
5l oy Ole sdolejl sle, 56 (Mohammadi, 1986)
5 ima 1Ca s I 101 ot sz Lugd 6Bl o Jy) 53518
oolawl P1 waalis Po mhaws Jlgz 10 jaud 05,15 pgo 52518
)| oolﬁ_m‘ :PZ ;Jl} 09"0)—‘ U’“L““"‘ » ‘_;‘)M L5>L..o...w 095 )l

\YY

2SI Joleo ads oboyl 4 g aiwlS B praenS polie O
Marschner & Dell, «Chen et al., 2005) o5 SsS
i jo2 Dl L (Parvizi et al., 2013 1994
sgmam 50 dad o plid Alide (2ly) GlalS o (6555
Amirabadi et al., ) ;35,5 ,olic Liz dag L8 ool
<David, 2007) ,a_..s (Artusson et al., 2006 2009
Yaseen et al., ) vl (Amirabadi et al., 2009
Yaseen et al., Marschner & Dell, 1994) ,al (2012
Yaseen et Subramanian et al., 2009) ., (2012
30w g (Mader et al., 2005) - .@l., 2012
ol a8l aol38l s sl 4 (Amirabadi et al., 2009)
el g S 5l (29,5 lannd 0uisS o (sl Sk

@) Jslmal Sane slacland Lo oUly a5 Wil b
sl 1y Glals o yiws 1B 5 Jodoe (Sune SLS 5
! (Sarathambalm et al., 2010 «Khan et al., 2009)
95 i b 5l S PH el L e i lg e
ol (S i el (SIS ol aile T sl
Lis O5on mdy 5 Sllo spml 9 SglS 515wl SessS 58
sl lo3llad adgi 5oyl 5l (T jad (3503 Some
Khan et al., ) aisi o Jare Sland Pl iol38l cels
el o0ls oLis Rudrish et al., 2005 «laés (2009
Wby iyl ceel lind saS o o sl 5, 51 eolitul
0dd dald 4y Cond 9950 ol S 0 Slos g plie jolic G
oy ooyl 8l slas Sl 5 s y9See slag B el
Pseudomonas 5 Azotobacter .. sl SL Jio oLS
Gl ol g o oalisl o8 b o Glej pogaiay
SSLE e Slsgrge ol 2L s Wl | Sl julie Gix
Behl et al., ) coul jis ol slys Llsd 5 b sla
Scheublin & Heijden, [Artusson et al., 2006 2006

~oly 51 S5 T g9, oaisS > sl 1SU 5l eoliul (2006

3 895 Jelmals LS 5 51 555 55l ST 50 e sla )8
Sarathambalm et al., ) ol o oL 5 Sol oS
Las,xSL ool e o (Abbaszade et al., 2012 2010
-d= sl iSL o ySeee 5l o Pseudomonas
b o dgr o a5 sl bl jo (g9, 9 land susS
adgr aile oS ad, b0 S S o LS 5l los S
s9—ba LS g Sl ol 989 500w S|
o @l ol K5 5 g5y i SRl el i ié

' Phosphate Solubilizing Bacteria
" Zinc Solubilizing Bacteria



IAY 090 s ¥5 ko Auder /)l 31 QU gud B GRYH /... uitli 0 3 15 1T ¢ goxo

g o slilan e 0l 00 pdds o955 O ool
A ool H18 04 g cldls Al j0 068l 5l a8 g0 e
e oY 5 Sp-Sm sLag )5 0, SVA 0,5 55 (ol 5
I8 by «55, (s 3055 3,50 50 .04 AZOtObACtEr il
SlaS 5 eaisS > sl xSL g5l meils ale b s |
Clo S 0,0 SL VY VA CRU L (59, Joloeels
I O SN N [ NV
S jotateds ol il Jloyd & ygodn (il 4le
e Eeo Joloee o)k 555 2 6L sladshe ol
O Sis lea Sadl g 6,00 mali 5l as ol colasl
sl 5l J=d e F cns 4 pladl alolddl oy zskaw
Sl Y Gos 5l S oS e aised Jlo j2 50 Gialss]
5 b slasS g 5l (B S esll e 5
slo i S ajod @l () Jogoo) od cudls p olands
486 5 il o 2l slls ilafT Jlo 30 59 4,30 ST
9 ey Sale 5390 5VL 4 az g b g 009 (5,90 Cudgame
355 B ras 4 53 ¢ Sl a4 Cos solaill LB K
B (S5 5 i 515§ oS ol 0555 (5550n 5 (gmnmly
Slg— 5 039, Olie iidls J1E Glmw 0o pj 50 Ol
ool 5l g i Jol Jlw 4 Somad po Jlo 0 !

O J9a2) 092 510,95 s 5YL S

Sliad s 995 5l ooliiwl P3 g S 5031 bl 5
:an aMl_..u :Zno J.nl_..u C_Ia...u 4...4)& S99y 0).3)[5 Py )5..5[5
oo S o sl S gols ci ) 955 5l oolaiwl :ZN2g
Jy Slid o e 5l (B ae (5 ,hd 09559,
9 P1 les o LS o ra)fj.l.;\ . ")‘)’.;uo 4@ (Ca(HzPO4)z)
sy Sy 5l 59, P2 Lo o LS 50 55 LSO
3B pao “Zny) )L';_ia; 49 ‘n)fgl..,f(w Ql)’.n.act..» (ZnSO4.7HzO)
plais LacS sl g e S jo Bolas &gt s Lo o
ol Jolis oolaiul 090  Slawd cws) 055 jled 5l oold
Azotobacter > jl Slawsd sassS J> 5 25b (g5l zils
35S 7,8 4555 4w g Chroococcum strain 5
Rhizophagus  Clariodeoglumus etunicatum

s—S .s¢— Funneliformiss mosseae 4 intraradices
S elesSL syl gl wlo wsliiul 0,90 (59, (S
9 Pseudomonas aeuroginosa strain MPFM ..~
3 955 g Pseudomonas fluorescens strain 187
Corex 1) G55 o, Jelis slasls &0 a0 Slawd
Jolwdoa S J o sl ,iSh g (p,5 0 40 el £
30 6L Jebew VA x Vo solL> AzOtObacter ..
BB eSS e o Gl 0g miliale Sygo 4 05 0
Azotobacter g il 4l 0,55 LS S (55 5-5we sla

Olo3T 3590 Jome S o loondd 9 (S 3 Ologuas I By ol ) Jgux
Table 1. Soil chemical and physical characteristics of the research site
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Table 2. Mean comparison of phosphorus and zinc treatments on the seed yield and nutrient concentration of two
cultivars of bean

o P S oo ey Fowd 0395 &ls o Slos e
Cu Mn Zn Fe K P N Seed yield Treatment
(PSS okeS 58 p5 ko) (w2,9) S 53 0,5 bS
mg Kg ! A (Kg ha'')

19.65b 32.30b 28.84b 85.1b 2.05b 0.39b 3.90b 3188b Talash =3 -C1 Cultivar -
20.96a 37.83a 30.25a 96.7a 2.25a 0.41a 3.70a 3348a Sadri s 0 -C2 =
19.89a 32.56h 25.16d 87.2a 1.85d 0.33d 3.55¢ 2897d Po
20.30 a 35.32ab 28.95¢ 90.5a 2.12c 0.38c 3.72b 3217c P1
20.82a 37.04a 33.46a 94.5a 2.42a 0.47a 4.06a 3530a P2 P i
20.22 a 35.20ab 30.62b 91.8a 2.22b 0.44b 3.83b 3429b Ps3
19.64b 36.72a 26.54b 103.7a 2.00b 0.42a 3.58b 3079c Zno
20.55a 34.24b 31.4la 79.1c 2.25a 0.40b 3.93a 3404a Zm Zns,
20.74a 34.13b 30.70a 90.1b 2.21a 0.39b 3.87a 3321b Zn;

il oo lo S BT 08B wo 00 il mlaw jo (SSls &,Aﬂ ool itie S e B> S o JBlas a5 ol Sl (Jole jo 6l g g 2 40
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Means in an each column and part by a different letter are significantly different at 0.05 probability levels by Duncan's Multiple range test.

C1: Talash cultivar, C2: Sadri cultivar, PO: Blank, P1: Use of 100 kg ha? TSP, P2: Use of 50 kg ha TSP + Phosphate bio-fertilizer P3: Use of
phosphate bio-fertilizer, Zny: Control, Zn;: 50 kg ha* ZnSO,7H,0, and Zn;: Use of Zn bio-fertilizer
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Table 3. Mean comparison of interaction effect of phosphorus and Zinc treatments on the nutrient concentration of two
cultivars of bean

e e $9) ool o Uiy prow 0395 &l & Shos Sl
Cu Mn Zn Fe K P N Seed yield Treatment
(pSskS 35 p,5 k) )3 (LS 50 0,5 5ksS)
mg Kg ! (%) Kg ha'
19.05d 31.94a 23.20h 104.20a 1.70a 0.35a 3.28¢g 25649 PoZno
20.68abc 32.51a 25.32g 69.40a 1.95a 0.34a 3.77cde 3054.5f PoZny
19.90bcd 33.20a 26.96¢efg 88.26a 1.91a 0.32a 3.60ef 3074f PoZn:
20.75ab 40.95a 26.17fg 95.31a 1.98a 0.41a 3.45fg 3054f P1Zno
20.02bcd 34.70a 30.96hc 83.83a 2.18a 0.38a 4.00bc 3391cd P1Zny
20.14bcd 30.33a 29.71cd 92.18a 2.19a 0.34a 3.71de 3204e P1Zn;
19.41bcd 36.58a 28.76de 111.15a 2.32a 0.48a 3.72de 3383cd P2Zno
21.60a 36.98a 36.57a 83.37a 2.58a 0.44a 4.10b 3656a P2Zny
21.47a 37.57a 35.04a 88.70a 2.36a 0.43a 4.38a 3551b P2Zn;
19.31cd 37.41a 28.05def 104.21a 2.02a 0.45a 3.87bcd 3313d P3sZno
19.90bcd 32.76a 32.77h 80.08a 2.28a 0.44a 3.84cde 3516b PsZn
21.45a 35.41a 31.04bc 91.18a 2.37a 0.42a 3.80cde 3457ch P3Zn;

sl (Sl (glasaloaiz yge3l 0o 0 B grhans [0 lo cire BN pae sz yLis gt o 50 aline By,
595 e Py Slind iy 065 olyed 4y Jou 5 Slid pygur JiSa 15 0 Fol SO+ e P fu 5 lind jge 1Ko 43 Sl e+ G pan Pr als Py 5,00 13,Co 33k 3,C1
89y o) 055 Zny 4 9y Dlidgu LS )5 6, 5LSD G pas ZNg wals :ZNg (Slawd s
Means in an each column by a different letter are significantly different at 0.05 probability levels (P < 0.05) by Duncan's Multiple range test.

C: Talash cultivar, C,: Sadri cultivar, Py: Blank, Py: Use of 100 kg ha™* TSP, P,: Use of 50 kg ha® TSP + Phosphate bio-fertilizer P3: Use of phosphate
bio-fertilizer, Zny: Control, Zn;: 50 kg ha™* ZnSO,7H,0, and Zns;: Use of Zn bio-fertilizer

ozlag oy 30 410 50 (IdE ol Cbloy Gl3ae 1 (595 3 i Syl 7T Clio (uSiles dumgliio -F Jour
Table 4. Mean comparison of phosphorus and zinc treatments on the nutrient uptake of two cultivars of bean

o P 89 Rel Uiy o 0395 Sloss
Cu Mn Zn Fe K P N Treatment
Kgha'! (;use ;0 0 ,59LS)
0.06b 0.10b 0.09b 0.27b 66.0b 8.90b 118.5b Talash x5 -Ct Cultivar -3
0.07a 0.12a 0.10a 0.32a 76.6a 9.75a 131.3a Sadri 5,00 -Cz =
0.057d 0.09¢c 0.07d 0.25¢ 54.0d 6.12d 103.5d Po
0.065c¢ 0.11b 0.09¢ 0.29b 68.8¢c 8.27¢ 120.4c P1
0.073a 0.13a 0.11a 0.33a 85.8a 12.10a 143.8a P2 P s
0.07b 0.12b 0.10b 0.31ab 76.6b 10.84b 131.7b P3
0.06b 0.11a 0.08b 0.32a 62.6¢ 9.52a 111.2¢ Zno
0.07a 0.11a 0.10a 0.27b 77.3a 9.524a 134.2a Zm ZNn s,
0.07a 0.11a 0.10a 0.3ab 74.0b 8.94a 129.3b Zn,

Wil oo do )0 O Jleiol mhaw jo (Sl 93] bl Slogime BB Al s I e B> G o Blas oS ole Sl (Jole jo 6l g g o 50
) 395 B pae P (Sland sy 995 ol ped 4y o i Sland pow (LS ;0 0 SelSB Brae P, ooy Sland jigw LSe 0 p Sl Bras P1 wals Py (S el C, (O o3, Ci
89y ) 555 Zn; 569y Dl LS o Plfjl.:fb'dfa.a ZN; wels :ZNg ‘LéLb....é
Means in an each column by a different letter are significantly different at 0.05 probability level (P < 0.05) by Duncan's Multiple range test.

Cy: Talash cultivar, C,: Sadri cultivar, Po: Blank, P1: Use of 100 kg ha* TSP, P,: Use of 50 kg ha* TSP + Phosphate bio-fertilizer P3: Use of phosphate bio-
fertilizer, Zny: Control, Zn;: 50 kg ha™* ZnSO,7H.0, and Zns: Use of Zn bio-fertilizer

AR



WAV 090 o ¥5 ko Auler [l 31 Qg SBR[ iuitli 0 3 15 1T ¢ goxo

Sred D32 g Sl 2 (w990 Dlao Gliee (i
olels 5l Loyl (F Jgaz) ais Jool>Zn2 3 2N jLes |
L Gadons (] 59 200,50 Cgmne (59) 95 ) (ol
ol Jlo 50 (b 50 SB (555 Glie (99:0ml 4 4255
Srman 5l (eizres b ssalie (4S5 (55, 355 Sras 4
S (6 it s 0,Skoe (53 5 (Slamd S 355 plys
bl p g cclale als ol ol il alflas &8 pao 4
Sad (Gans fl e 4 wilgs 0 ZN2 5 ZM1 Sl o yaud
Motashare-Zade & Savaghebi, ) a_ib g, wd> o
g okale (gq, cdale 1581 L (Kaya et al., 2009 ¢2012
J=lie e dline DLST e 5o 28l S and i
Soine AW oesly 9 (Jg 5 Sdlo p (59, b and
bl 5l (e Sblop Gl (p i 9 olxl
N ra)fe_l.;\f& 5 YOOIV )ty ol S P,Zn. 5 P>Zn,
30 S s LSAFIY e 4 PoZny (Lo ) el 5,8
Oliedmy 00l Ebld py jand (e (p i Wb Jol> LS
Cmns a5 Sl sty P2ZNy s 5l S jo o SoLSVY/E-
o=l 0 Jguz) ais (a0 VYT Liolidl el valls [les @
2 ey Sl 3l ool 1515 4 Glgien |y Sl
2 oimbeyl ol ool cas Slae ol Cas il
S ey 9 (5955 e odoolitinl (fiw; slales
g oy Loyl 0g g (F Jooz) ol cllo p alils lawgs
SoS als reilly ia (39 9 Hied Qi Sl

-0 god

35 9 OBl cbloy
o8y 1 ol oL S e by 52 Jpor s
95 5 ool bl Gl ab s as 59y 5 (ol cloy
9V Ol e oy (D 08 dy Cuad (5 )00 8 50
95 5 o2l SISy g1 5y jlan (F Jpuz) 05 0001
sl s Lo Silas dwlio Jgos cobls o gme 3l
Ab (59, 3 ool i (Gae 20V 5 YT il el Pa jles
L8 5l eolaul 31 s (6959 ool el p il (8 Jgaz)
Marschner & Dell, «lidé=s mls L sp,050 sla
Mader et al, .Amirabadi et al, (2009) .(1994)
Ol ol sl casllas Azarmi et al, (2015) 4(2011)
B 7B e b ) i e 4wl e
SU5g s 5 Bland o3l collad Gl Jod 5 (S5l
o ellasls (e eSS md 5 g ool S SR8
oildlan as all aiy ) Jhwgn; baise jo Cans g

\YY

seban ol sladain, b alie o > )6 slacan
OJ_...JA_..I.?U d.lol...a Qu.mb)ﬁo J..a‘53 )l ‘) ‘5>L.\.C ].al...c G:.»...Io
s S Olias 2l 3905 olly o ol aies oo Jlau!
‘fo.a‘)ﬁ as LA—HSLSQ C...u).) 6.)‘5.0 OM@‘)J)D& L.SLQ‘L"““")
(Wu et al., 2005; Marschner & Dell, 1994)

655 5 ol sSes Sz B l3dles ST BYs 51 (S
o i o 4 olae ol cuslsy jo Azotobacter
ilen posd 0y HlalS )0 (g S g 0 eSS o
5o)jJLusoL5M)6|fﬁ_~d@l5)|mLu51)a
wlidss (Bhat et al., 2011) cul 5,958 (595 Cais
xS pleyed 0 p)LS aas » ylzs Behl et al., 2006
o s 5 St Sl (532555 @, 5 AZOTODACEET
Sl xS o)l pu S o Slie i ole Gi > (59,
Ci s il yse s s s Cunis b AZOtObacter
Seilgal e oy S e slagseen fiw g ey,
Ol Gl 5ol oo oS s 5 o pez T
.\.:9_..; oL:f ‘5"\_‘“") g.,u.a_»as S g,.cl.’ L’:"‘"\'C )aL& o._)..\.>
e o lid La ) ien (Behl et al., 2006)
Qo) e el 4 S0l Sl S slag B > slacia
Marschner & ) scws gawly 4 955 o jod oL L5 5
5O Fdin 59— Ol 3—iizs —lye (Dell, 1994
9oy g (Gl (fiwn; 955 9,2,5) P2 (st sloslocs
355 9,5 Py 5 (S (95T bl 2 (5508 (oo 355
a3 Gl 1) ediins jobody Wilgi oo ((Sland (st
) S Jemily alidl g o398 JI oleS S
e SB 0 Cd (518 b s o8 5l 4y g 39508
slaz,Ls cis 3G (Artusson et al., 2006) wil oLS
Lisette wliiss zlo b (g5 i Gioli8l 1o 65,65
Bhat et al., .Amirabadi et al., 2009 £t al., 2003
Sl el 5 0395 @3z p 3, slerd 0l il 2011

8 s 5 iy i g bl s s
0Lh dy S ZN1 Hlor ) eeliy 5 (5958 Bl (e
yawd iz SSlas 0l e, YYD g VIR L ol oo e
S 40 0,55 LSADY limeds ZNo 9 ZN1 sl ylons 51 50
P Sy sl Pl pegmaz 50 (F Jsa) vt ol

\ Synergism
v Indol Acetic Acid (IAA)



IAY 090 s ¥5 ko Auder /)l 31 QU gud B GRYH /... uitli 0 3 15 1T ¢ goxo

5 Pl sl 58y 0w e slaiy, Bl L5 3,k
il o Slis g ST oSG e s 5l JT slaae]
s Pseudomonas slas xS oo o i Lo )y
Al sloa ol Ld 5l Slus 5 adgs oUls Azotobacter
Jool sl el SisS ol5-Y 5 SdeS glS aeul aile
S5 5 )93 e a5l (9 Olie (RISl S
) St g Sy S pgidges sl aile Gitnn (sl
Zaidi et al., 2004 «Abbaszade et al., 2012) o5 ls
(Sarathamblam et al., 2010 ‘Malviya et al., 2012
Lo i bawgs oaladss slo s oem 5l wiilss oo (LS
oolisl 393 3L 3590 (53, 5 o el sl hale Glaze o
& yamd 535S S G ae (Ahmad et al., 2006) aus
a9 a0 S L Jo Ll s oSS L’-’r“ S99
S o Jeiss oS iz (sl (oo blB et JISH 9
saSolil 5 > slapaslS Iy S (Malakouti, 2014)
BB b 5l olis (ol o SolT Ul polis oyl

B e T .Y WOt L O PRNPIL SR

g Jsb sl g S 5, alas o 2B SHU slean,
e obe i Jlasl )8 sloa iy, Qi mlaw
S o plosl (59, ymaic ojmgan SLS 5l sdsep,
Subramanian et al., ¢Marschner & Dell, 1994)
Lo Q.d Cd> Jlaae gSlas ol o s
Oleds ZN2 s ZN1 Lo 3l 59, 03z 2Slas> g +/YY
4 il ol (F Jguz) del sy LS jo 0 SolS /)
iy gloacd 335 Bpan b S (55, 390aS el
SS9y iz Gl g leolil s @M L) s,

Olyedms ZN0,

(LN Lasd) 555 sy Jlord Bpan b S 50 09250 (59,
Motashare-Zade & &l imxs gulo b ass ol abb o
Sarathamblam et al, (2010) Savaghebi, (2012)
Abbaszade et al, (2012) 4Mader et al, (2011)
as ZNo [Less o ool cdlo g cdale ol o)l callae
Motashare-) a_sb o Les ool 10 g9, S i Jo
3 ol el slool, 51 S5 (zadeh & Savaghebi, 2012

Fezlog) o8y 99 dils 53 (2108 polic Cliloy Glime 2 (595 9 G rwd L)l Jilie 1 (1SSl A lio -8 Jgua
Table 5. Mean comparison of interaction effect of of phosphorus and Zinc treatments on the nutrient uptake of two cultivars

of bean
o P 9 ool iy o 039545 ]
Cu Mn Zn Fe K P N Sl

1 ~ Treatment

Kgha™ (;Lss 53 0 ,55LS)
0.050g 0.081d 0.060g 0.26a 43.40g 5.34a 84.0h PoZno
0.063ef 0.010c 0.077f 0.21a 59.68f 6.43a 115.6ef PozZny
0.061f 0.102¢c 0.083f 0.27a 58.64f 6.00a 111.0fg PozZn;
0.063ef 0.125ab 0.080f 0.30a 61.24f 8.29a 106.3g P1Zno
0.068de 0.118b 0.105d 0.28a 74.62cd 8.50a 135.8b P1Zny
0.064ef 0.097c 0.095e 0.29a 70.68ed 7.30a 119.0de P1Zn;
0.065def 0.124ab 0.097e 0.37a 78.64ch 12.24a 126¢d P2Zng
0.080a 0.135a 0.133a 0.30a 94.68a 12.40a 145.0a P2Zny
0.076ab 0.133a 0.124b 0.31a 84.34b 12.15a 155.7a P2Zn;
0.064ef 0.124ab 0.093e 0.34a 67.24e 11.20a 128.4bc P3Zng
0.070cd 0.115b 0.115¢ 0.28a 80.61b 11.16a 135.3b P3Zny
0.074hc 0.122ab 0.107d 0.31a 82.16b 10.50a 131.6hc P3Zn;

il e doyo O Jleiml o 10 (S5l (g0l oll 5o lo sime M 03 ¢ Jole j2 (glys g g o 50 aslie By,
s 955 B ran P3 land w955 olyom a4 J 5 Slind g LS 10 0SS B pas Po o5 Slind pgw iSe 10 6 Sl e G pas Pr wals Po s jas o8, Co (22 o8, C1

855 ety 255 N2 5 55, Dlilges 1S )3 0SSO b e 2Ny alis ZNg ( Silind

Means in an each parameter by a different letter are significantly different at 0.05 probability level by Duncan's Multiple range test.
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Introduction

Bean (Phaseolus vulgaris L.) is one of the richest seeds in legumes. Scientific and correct use of bio and
organic fertilizers are a strategy to reduce the accumulation of chemical materials in agricultural products,
soil and water resources and living organisms. Mycorhizal fungi, Phosphate and Zn solubilizing bacteria are
the sample of these bio fertilizers. The most important beneficial effects of mycorrhizal symbiosis is increase
the nutrient uptake, water use efficiency, productivity, improve plant nutrition and resistance to
environmental stresses. The results of mycorrhizae symbiosis research in different plants show that the
increase uptake of nitrogen (N), Phosphorus (P), Potassium (K), Iron (Fe), Zn, Copper (Cu) and Manganese
(Mn). Mycorrhizal fungi and plant growth promoting rhizobacteria (PGPR) such as Azotobacter spp., and
Pseudomonas spp. are able to increase uptake of nutrient elements particularly when they are applied with
others. Phosphate and Zinc solubilizing bacteria facilitate uptake of slowly diffusing nutrient ions such as P,
Zn, Fe and increase their availabilities usually by increasing volume of soil exploited by plants, spreading
external mycelium, secreting organic acids, production of dehydrogenase and phosphates enzymes and
reducing rhizosphere acidity. The main objective of this farm study was to evaluate the effect of using of P
and Zn chemical and bio-fertilizers on yield, concentration and uptake of nutrient elements for the first time
in two cultivars of bean in the Chaharmahal-va- Bakhtiari province.

Material & Methods
This field experiment was carried out as a factorial based on a randomized complete block design
(RCBD) with three replications. The treatments of this research consisted of two cultivars of Chiti bean

(Talash and Sadri), four levels of P (Po: Control, P;: Chemical fertilizer on the basis of soil test, P2: 50
percent of recommended P + bio-fertilizer (P), and Ps: bio-fertilizer (P)), three levels of Zn (Zno: Control,
Zni: 50 kg ha Zinc sulphate, and Zns: bio-fertilizer (Zn)). Bio-fertilizer (P) treatment consisted of using
inoculum of P solubilizing bacteria from Azotobacter chroococcum strain 5 and three species of mycorrhizal
fungi from Glomus species (Clariodeoglumus etunicatum, Rhizophagus intraradices and Funneliformiss
mosseae). Zn bio-fertilizer treatment consisted of using inoculum of Pseudomonas aeruginosa strain MPFM
and Pseudomonas fluorescent strain 187. Chemical fertilizers were applied from TSP at a rate of 100 and 50
kg ha'l in P, and P, respectively, 50 kg ha* ZnS04.7H,0 in Zn;. After harvesting the seed yield and nutrient
concentration were measured. The nutrient uptake was measured by multiple seed yield on nutrient
concentration. Statistical analysis was done with SAS statistical software. Duncan’s multiple range test was
used to compare means.

Results & Discussion

The results of this experiment showed that there were significant difference between two cultivars on
seed yield, nutrient concentration and nutrient uptake. The maximum values of studying parameters were
obtained for Sadri cultivar (table 2 and 4). The effect of P treatment was significant on studying parameters,
in a way P, treatment in comparison with control treatment caused to increase seed yield (29%) Nitrogen
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(39%), P (98%), K (59%), Fe (32%), Zn (57%), Mn (45%) and Cu (22%) Uptake (Table 2 and 4). These
results were agreement with findings of other researches. The effect of Zn treatment was significant on seed
yield and nutrient concentration except Mn and nutrient uptake except P and Mn. The maximum nutrient
uptake and bio enrichment except Fe was obtained from Zn; (Table 2 and 4). Bean is one of the sensitive
plants to Zn deficiency. In this study, the response to using Zn fertilizer was showed because of low soil Zn
content. The antagonistic effect between P and Zn caused to decreasing concentration and uptake of P in Zn;
and Zn,. The interaction effect between P and Zn was significant on seed yield, nutrient concentration and
uptake except P and Fe uptake. The maximum of studying parameters was obtained from P.Zn; (Table 3 and
5). In this study, the dual inoculation with phosphate and Zn bio-fertilizers caused to increase nutrient
concentration and uptake and improve seed enrichment especially elements with slowly diffusion ions such
as P and Zn. It can be done with increasing mycorrhizal symbiosis, root colonization, phytosiderophores
secretion, organic acids and chelated compounds production.

Conclusion

The results of this research revealed that individual and dual use of phosphate and Zn bio-fertilizers
caused to increase seed vyield, nutrient concentration and uptake in two studied cultivars of bean.
Microorganisms used in biological treatments caused to increase the availability, concentration and uptake of
nutrient elements. It can be done with increasing mycorrhizal symbiosis, root colonization and enhance
secretion of siderophore compounds, organic acids and chelate compounds. Also, plant hormones and
enzymes promoting growth increased with using of these bio treatments. In this research, the best treatment
was using of mycorrhizal fungi with Azotobacter inoculant and 50 kg ha® TSP and 50 kg ha* ZnSQ..7H:0.
(P2Zn; treatment). With using integrated bio and chemical-fertilizers of P and Zn in addition to reduce
chemical P fertilizers application can be produce health grain with high quality and rich of nutrients.

Keywords: Azetobacter, Mycorrhizae, Phosphorus, Yield
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' Ice nucleation active bacteria
" MINI-PAM Portable Chlorophyll Fluorometer, WALZ, German
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Table 1. Analysis of variance (P value) study traits under freezing temperature after stress

Source of varation ol gt df F F'm F FVIF'm

Replication | ss 3 0.001 0.004 0.083 0.052
Ecotype (EC) oo 1 0.171™  0.024" 0.022° 0.015
Temperature (Te) Lo 6 0.001™ 0.001™ 0.001™ 0.001™
EcxTe 6 0.001™ 0.001™ 0.001™ 0.006™
Time (Ti) oL; 6 0.001™ 0.001™ 0.001™ 0.001™
EcxTi 6 0.163"™ 0.421™ 0.275™  0.746™
TixTe 36 0.001™ 0.001™ 0.001™ 0.001™
Error U.s 327
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*and ** significant at levels of 5% and 1% and ns not significant at levels of 5%. F'o: minimum fluorescence light-acclimated leaves, F'r,: maximum
fluorescence light-acclimated leaves, F',: variable fluorescence, and F'\/F'r,: maximum quantum yield of PSII photosystems light-acclimated leaves
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Table 2. Mean comparison of chlorophyll fluorescence parameters of two fava bean ecotypes under freezing stress
Ecotype s545 F'o F'm F'v  F'V/F'm
Borujerd s,>5,,  453* 15822 1129*  0.596°
Neyshabur ,sle 4408 1517° 1077°  0.574°
5 (6l e DS s gy Jloto| i )3 ko s alie B9 gLl sl Sl
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Means with similar letters in each treatment are not significantly different (P<0.05).
F'o: minimum fluorescence light-acclimated leaves, F',: maximum fluorescence light-acclimated leaves, F'y: variable fluorescence, and F'/F'n:

maximum quantum yield of PSII photosystems light-acclimated leaves
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Fig. 1. Comparison of chlorophyll fluorescence parameters
(minimum fluorescence light-acclimated leaves (F'o), maximum fluorescence light-acclimated leaves (F'y), variable

fluorescence (F'y) (A), and maximum quantum yield of PSII photosystems light-acclimated leaves (F\./F'n) (B)) in two fava
bean ecotypes under freezing stress. Bar lines are the standard error.
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Fig. 2. Chlorophyll fluorescence parameters
(minimum fluorescence light-acclimated leaves (F'o) (A), maximum fluorescence light-acclimated leaves (F'n) (B), variable

fluorescence (F'y) (C), maximum quantum yield of PSII photosystems light-acclimated leaves (F'\/F'n) (D) of two fava bean
ecotypes under freezing stress. Bar lines are the standard error.

S5 il azm s Y 5l Les Lials L FVFm a5 5is,8 slS el w9 oo oamlin ¥ 5 ) o S5 0 a5 jsblen

S5 el S o Mg LS ] as oS FUFY
S5 S 3l ar g 8 calize Slel o Flo Jlade L Sose sled 52als b wws co lid 1) jastine jo oo
Ol yss gy gy () Jgo) oo lis (g5ls sxe OS] ool L Ll S —os oy (gm0 )5 il a0 VY
el ) oy el VY U5 Sssn 55 ol 3 i P ol 4y i (o 5,5 gy sl S 0l Los ity
2 FO Jlade as ols Las YL, Sy 0 S0k slo)les a0 -VY GG olS Hipawsid 1o oIS a8 ol pogan
ol Sl i s, Sz Jlael 5 gy Slel el oLl bl 5 5,5 i 15 il o o5
50 99,5 lay aalsl So55 i 5l e el YT B g, L Nezami et al, (2011) o ls 1, xub jsbas (5 5mgsd
Sls s —ial58l &g, zuyiay (i 5l ey el FA anlol (Lens culinaris Medik.) _woe slocuiss Jos o)y

\FY



S seste il 58 () Jgaz) ol eamline (Fo5 S
Lol 0 o0 o 4y 995 Jladie o iy )0 (S50 i Jles!
aile 90,5 lay calS Wi, Fy Jlade S5 i Jlesl b
G5 o el TE B il jols iy IS o S5y pl

(¥ JSs) 5,8
E2500 7 st F'0 = F'm =&~ F'v A
£ 2000 -
g
2 1500 4
5 1000 -
=]
2 500
g
S
50............
0 6 12 18 24 30 36 42 48 54 60 66 72

Time after freezing (hour)

S8 555 A 00l 55k Sy uil jold arin (V) ISD)
MWL jo s Jlasl 5l s csl VY U So550 i Jles!
Sl 50 Fim polie Flo ailen ol las g )ls sme &gls
g ool tals wig, celo YY U Soj slojles Jlos!

AL (V JSs) ol edwline —ioli8l ag,y o 51 ey
Sl o 5 J8 el Slel o By jlade o g kel o sne

0.800 +
0.700 -
0.600 -
£ 0.500 -
L 0.400
P
L 0.300 -
0.200 -
0.100 -
0.000

6 12 18 24 30 36 42 48 54 60 66 72
Time after freezing (hour)

0

Judg A5 (il yold Jolge Ol il dun o ¥ S50

(Sﬂ)lf Aoy 9 (@) (FV) jsite il ol d(F'm) o8 a5 00,85l 5y il ol ais ((F'0) olidg, a5 oals |55l Sy uilisold arsS)

éo)@ u,o.u )l o= celw YY 6 )yLm.u 99,9y Lg)b'“ a¢93 99 )9 ((s_)) (FlvlFlm) IIW - 5..3 La.wa L._;
Azt 3l glas oaips lis (goges bglas
Fig. 3. Comparison of chlorophyll fluorescence parameters
(minimum fluorescence light-acclimated leaves (F'0), maximum fluorescence light-acclimated leaves (F'n), variable
fluorescence (F'y) (A), and maximum quantum yield of PSII photosystems light-acclimated leaves (F'./F'n) (B) in two fava
bean ecotypes until72 hours after freezing stress. Bar lines are the standard error.
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Introduction

Freezing tolerance is an important factor determining natural geographic distribution of plant species as
well as growth and yield of many crop plants. Many plants from temperate and cold climates, including
several important crop species, are able to increase their freezing tolerance in response to low, nonfreezing
temperatures in a process termed cold acclimation. It is generally accepted that cellular membranes are the
primary targets of freezing damage in plants. So, besides whole plant survival, determination of electrolyte
leakage from plant tissues after freezing and thawing, using conductivity measurements has been the most
frequently used method reported in the literatures. This method mainly monitors the ability of the plasma
membrane to function as a semi-permeable barrier towards intracellular ions, but the intactness of the
vacuole, as the major storage compartment for inorganic ions, may also impact the measurements. Under
stress conditions, the possibility of over excitation of photosystem Il (PSII) increases, and this reduces the
photosynthetic rate and lead to an increase in the dissipation of absorbed energy through nonradiative
processes. The measurement of chlorophyll fluorescence has been used for many years as a sensitive,
reliable, and rapid method to determine the effect of environmental stresses, like drought, temperature,
excessive light and air pollution on green plants. Decrease of the maximal rate of the fast rise of fluorescence
after exposure of leaves to chilling temperatures, correlated well with the visual symptoms of chilling injury
in several species

Materials & Methods

This study was carried out to measure chlorophyll fluorescence and determine the survival of two Vicia
faba ecotypes (Borujerd and Neyshabur) in the fall and winter of 2015 at Research Center for Plant Sciences,
Ferdowsi University of Mashhad. Treatments were arranged as factorial based on completely randomized
block design with four replications. Plants were grown in pots under natural conditions until four to six leaf
stage for acclimation, and then were subjected to freezing temperatures (0, -4, -8, -12, -16, -20, -24 °C) in a
thermo gradient freezer. Freezer temperature was 5 °C at the beginning and reached to -24 °C, decreasing
two degrees centigrade per hour. Ice nucleation active bacteria was sprayed to nucleation formation in plants
at -3°C. Plants were kept for an hour in each temperature and then were transported to a cold chamber (52
°C) and kept for 24 hours to avoid rapid melting. Chlorophyll fluorescence was recorded with a pulse
amplitude modulation fluorometer (PAM-2000, Walz, Effeltrich, Germany) before and 3, 6, 12, 24, 48 and
72 hour after freezing stress. The efficiency of excitation energy capture by open PSII reaction centers
(F"W/F'm) and the quantum yield of electron transport at photosystem Il (PSIl), were determined. Survival
percentage was determined after three weeks recovery in greenhouse condition. Data were analyzed using a
two-way ANOVA model, followed by Duncan’ s test for mean comparison at 95 % confidence level by
Minitab 16 program.

*Corresponding Author: jafarnabati@um.ac.ir
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Results & Discussion

Result indicated that maximum quantum yield of PSII photochemistry (F'W/F'n) was four percent higher
in Borujerd ecotype compared to Neyshabur ecotype. No significant change was found in chlorophyll
fluorescence parameters with decreasing temperature from zero to -12°C but more temperature reduction
caused chlorophyll fluorescence parameters to decrease in a way that the lowest mean was observed at
-24°C. Rapid reductions were found in chlorophyll fluorescence parameters such as F'\/F'n until 24 hours
after freezing stress which was followed by gently slope increasing trend, but the photochemical efficiency
of photosystem II, 72 hours after stress, did not return to the level before freezing stress. Survival rate was
decreased as freezing temperature decreased and reached to 83% at -12°C. More temperature reduction to
-16°C led to sever decrease in survival rate in a way that no plant survival and only five percent was
observed in Borujerd and Neyshabur ecotypes, respectively. High regression coefficients were found
between F'/F'n and survival rate in both ecotypes (R?=0.99 and R?=0.98 for Borujerd and Neyshabur
ecotypes, respectively)

Conclusion

Generally, evaluation of chlorophyll fluorescence parameters of both Vicia faba ecotypes showed that
chlorophyll fluorescence has a direct relationship with survival three weeks after freezing stress and can be
used as an index for assessment of freezing tolerance.

Keywords: Photochemical efficiency, Photosystem, Quantum yield, Survival
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Table 1. Physical and chemical properties of the field soil

= Goloy diged Bos weyd oy dwoy RS Slge s yd : .
S (50 . 35L0) o o o (1 st ) ST aga o
- e ) o (¢l ) Available . e et § )
Soil Thedepthof  Caly  Silt  Sand Available phosphorus Organic pH )
texture  samplingem (%) (%) (%) potassium )7.carbon ( (e 5
ppm)( EC (dS/
(ppm) (dS/m)
Sandy
loam 0-30 50 30 20 296 45 0.66 7.3 25
solaiwl 8590 gy S ale Glaskin -Y Jgus
Table 2. Herbicide used characteristics
oSle (ogas ol odijle eI b 0yige oolo woyd g g ¥geyd (LS 4o y) cadidnegl 50 Jpazo g9
Herbicide name Company Formulation Recommendation dose (L/h) Crop
Jee )l b Sl s"*“‘ l.i)'. SL 10.8% 1-0.8 .I;JS ole
Haloxyfop-R- methyl  Ariashimi 0.8-1.0 Onion, Canola
ROT IRy wt)l SL 24 % 2 )L’
Oxyfluorfen Ariashimi 2.0 Onion
o9t Sl5 51 0 2 )3 g e g
. SL 48 % .
Bentazon Agroxir 2.0 Legumes, Wheat, Rice, Corn

il jlate 45 alowl CutS 5l ey akolidl bl oyalsl
Cremgd 45 (55 4 w05 o5 adgl 55lel g0 Jolgd olS g
S5l ey gy Ve 399 9 0 bl w3, )Léc’ &b
LY als,e ,0 caSale lojles 09 00 s DolS a0
leomw 51 LialesT ol jo .00 8 el 5 ailacale Sy f
Sl JJB L Sab pegb w80 el SUS (iy gy
HLSe jo Ol B pan labie acwlre g 0,50, 51 e
b <t il L5 5 b5 any (Blias e 4 eslic

D50 ,L VD Lawgie

ppglacale (9 9051y (ow)
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o ool (ESe 45 o, Sl B ) peaily Slilgus 5 (LESH
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WAV 093 o (V5 )l Al /oy 31 ©lgnd SOUIB9 3 /... LS| 51 cawy o f0j0> 9 (53903

(F Jgaz) <65 )15 canlejl slajlos 250

Sla ) Myl gl Sls 139 9 05155

U e Slae )l M bl 5 acale (15 o yieS
LX)l g 95l eabanogs 50 0,5 (oS (g sloles
L i f b oddiaogi 50 doy0 A 80l ST+ g5l
5 s onalice mpe se 45 g VY 5 VY o /V) oST5
Slowd g aald jled jo Sleg | e Ll 1515 o i oS
G YF oS5 Ly a e -1 0gd (S olle ondsaiogs
oﬁ)l_f (f LJj..)_‘>) RURPR V- ERN &= o yO 4_>5.i VoY
+ 5y5l8 S DS Ly oy Tl g s 5,5 i Sile
3o, S8 @3l Jlagl 55 5 S now s eslacile (ogsln
O 3l B ) ccalS i sl iScale lawgy uS
«(Soltani et al., 2005) sy J,u5 Loy 2L s
sloles ao cui i 4 gl oDl )bl S ()59 (o yiien
SiaSs b iy 4 Jie o5l 088 (S elle 0,15 5 valls
o a2 o il Gdad e e 0 0,8 Vo/A 5 VFIA
oS e 0 )5 Jles 5o Slse )l Dbl SaS (459 yeS
Sxo usLmJMoMLM (o fo yo (a)f <17Y) US)L‘"’
s 33 LS b o yslh ST+ gilins BDES e b sl
Jooz) ceilas jradle g Jles g oddapogi doyo Al
LS Sl a3l s3ltin 5 069 oS o5 0 plS O
Ol By yam 5 O Jbgl canlin J5uS Cge dogl )0 (559w
oaalS b s iSdale conlie LY (Zhang et al., 2011)
oS sl iSaale o ggolul g iSale Bras 3o
2 Sglie 9, 5l 5 pslacile cuslio S ad Bilg5 oo
Furuzhesh et al., ) ool s Sol> 5, achle lacogs
plysd slo S cale LMl aS Woges oyl laixe (2011
ailgicn | (o ow ol +60,9855 9 T 9,980 sS g9 98) gon
5 e El ol )3 aeie ralacale agllae jsbas
el s ba isade ol o)l b anglin ,o 1 o saaku
Col b S il L Cgllas 1,15 Siky a8 a8 s
(Lotfi Mavi et al., 2011)

Slasd aS SLS (339 9 o517
LS g jeaade S pae (e ol lias mls
Cowl TS oL S a8 e -] Ogd oSl iS5 ale

2 Trifluralin
3 Foramsulfuron
4 Nicosulfuron

VoF
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St (539 (925l Cmmddny gl DB )S Ojgo ol (pen
P et 53 (o 5l ey 59, Vo eslacile
L 0sl 50 5 aad (oo hans 5l 35 S 4y 50 slacile
5 o0l Sis cele FA Goe 4 ol )8 il a0 Ve e
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slesliiul by (539 oS 589 5 (25 ile lojlos 08
Log (onr i ol lie oo o Cobus 4 5,08
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PRIV LI S-S LA RV . AR W PP H CA I
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Table 2. Weeds Characteristics

jppdide ol sode o olgils ECIOCEIPCI
Weed name Scientific name Family Photosynthesis system
S Echinochloa colona  Poaceae c4
Pigweed
PP IS Y
IS PR Cyperus rotundus  Cyperaceae c4
Purple nutsedge
S Cleomaviscosa L.  Cleomaceae C3
Tickweed

50 sladile SaS (359 9 0515 p ol sl slowd 1 (il slg 4135 —F Jgax
Table 4. Analysis of variance of effect of treatments on weeds density and weeds dry weight

LT .
T S9)9w
HIwSN s ws’ )
9% C;:me viscose Echinochloa
Cyperus colona
rotundus
5) SAS o3 £) St s £) S o3
) S 30 L) o510 p) S 139 S 30 L) o515 PP S (339 Jio 35 oLS) w515 PSS 139
S gl &ol3l a9 ( (&35 %0 50 ( (&0 Y0 5o ( (&0 %0 5
Source of Degrees of & Dry weight (g & Dry weight (g & Dry weight
varince freedom Density m2) Density m?) Density (gm?)
(plant/m?) (plant/m?) (plant/m?)
Rep 1,55 2 242" 3.0m™ 0.65 ™ 7.3m™ 0.5™ 14.3"
T s 10 61.4™ 31.6™ 26.4™ 783 51.5™ 195.8™
Error s 20 1.3 5.3 11 9.6 1.8 25.0
CV (%
VO 8.4 6.1 10.1 83 114 10.4
Oyt g g

ns: non significant; * and **: Significant at the 0.05 and 0.01 level of probability.

plos 00,5 Gpae e o wSile olped 4 1 o ow
i 2L Ly 9 an ], 0538 S s eslecile
IS el b pasSale ol 5l S o Brae 4 o

(Baghestani et al., 2009) x5

RO NSO |- FRVSIF S AP G SO KU POV St PP

Jite Sl Cgd S olla g g5k slaiScale LM
Sy Sdes Galpdly (Glard oS J 58 oS J S crge
(Zhu, 2012) oz (Sesamum indicum) o_suS asls

ol g S g9, o iScale a5 Sloj ols ylas Slidss

! Bromoxynil
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Bgygm s 438 9 o515
S yae g 9als Lt 5 g9 mcile o515 o i
A odnl i g e o ;0 aSem YV/E o VY (ST5 L g5k
$9) 3 Ol Bran g ol S S 0y S le S5 gl
Ulg J=do e 4 5 s 350 S S0 L e lacile
Sl S dle Srae . clblai ]y Bgy5m 5 acile S
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Table 5. Mean comparison effect of herbicides tank mixing on weeds density and weeds dry weight

S o ol s s g0
Cyperus rotundus Clome viscose Echinochloa colona.
SLS 039 SLS 039 SLS 039
T o WIS geyee®) W e WS e
reatment (&0 5% 3 (& (&30 5% 50 (&0 (&30 550 5o (&0
Density Dry Density Dry Density Dry
(plant/m?)  weight (plant/m?)  \eight (plant/m?)  weight
(@m?) (gm?) (@m?)
Or7y 09 el 24a 16.8a 8a 13a 32a 42.9a
Control
e oy 011g 051g 01b 0.21b 0.11f 0.13f
Weeding
OS2 52 20 I et ol o8 oS sle 15.30 10.8b 7.6a 12.6a 0.14 0.19 f
Haloxyfop-R- methyl (0.8 L h)
Gse 52 2 T o 1.3fg 0.66gh 0.12b 0.25b 316a 42.7a
Bentazone (2 L h)
Lo 5o A 1) 025508 o 7.6d 5.3de 0.12b 0.25b 2.6 de 3.5d
Oxyfluorfen (2 L h?)
o )T sd S lle 5 (ygib LIS
(oabanogs 55 do > At) 5.3e 3.6f 0.12b 0.25b 13e 1l6e
Haloxyfop-R- methyl (80%) +Bentazon
95 (ST 5 (5l DL
(oaaros 35 2oy Av) 2.3f 1.69 0.12b 0.25b 36d 48¢
Bentazon + Oxyfluorfen (80%)
e =5l sd S olla 5 (58,5l ST LD
(oaiitogs 35 2y A% 6.6¢ 5.1e 0.12b 0.25b 3.1d 3.9d
Haloxyfop-R- methyl + Oxyfluorfen (80%)
dite 5l sd Solla 5 g5l LIS
(oaiidpogi 30 duoyd B°) 9.6¢c 6.9c 0.12b 0.25b 2.0e 2.5de
Bentazon + Haloxyfop-R- methyl (50%)
95 (ST 5 (ki DL
(oasiapos 35 woys B+ 7.6de 6.5cd 0.12b 0.25b 73 b 9.6b
Bentazon + Oxyfluorfen (50%)
Jete =5l sd Solle (85l ST LM
(oadtragi j3 00207 11c 7.8¢ 0.12b 0.25b 53¢ 6.9bc

Haloxyfop-R- methyl + Oxy fluorfen (50%)

o ooliiul pgo ady; g, 5l esls Jiaud (sl «iylas Sils cyge3l bl 5 ais 0 G (5l o 10 (5,10 sre igles alie g > (slls Slasl (gm0
Data were transformed through square root method. Means followed by the same letter(s) are not significantly different at P < 0.01 according to

Duncan multiple test.
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Table 6. Visual assessment of phytotoxicity effects of herbicides on mungbean

Treatment ¥ 33,10 i
3 days 15 days 30 days
O3 09 42 No damages No damages No damages
Control
IMEE T No damages No damages No damages
Weeding
LS 5o i JA) Jete = )T 0gd (Sglla
No damages No damages No damages
Haloxyfop-R- methyl (0.8 L h't) g g g
LSe o md Y) g5t
OS2 52 A0 095 N No damages No damages No damages
Bentazone (2 L ht)
(S )3 2 ¥) 0868 s

d in the dest
Oxyfluorfen (2 L h) amages in the destroy

e )l ogh Sl 5 gy L3S
(odddrogi 30 Joyo A*)
Haloxyfop-R- methyl +Bentazon
(80%)

B9 STy (ke LML
(odddrogi 30 Joyo A*)
Bentazon + Oxyfluorfen (80%)
e )T 8 (S ella 3,518 ST LS
(odbdpogi 30 Joyo Ae)
Haloxyfop-R- methyl + Oxyfluorfen
(80%)

e )l ogh uS3lla 5 gy L3S
[(XWEWEIV SN WSREARS)
Bentazon + Haloxyfop-R- methyl
(50%)

Oosls (ST g il LML

Heavy damage

Extreme damages but
unsustainable

damages in the destroy

Very low damages

(odbmog 3 aoyd B°) Heavy damage
Bentazon + Oxyfluorfen (50%)
e =) g8 (Sl 35l ST L3S
(easarogi 33 30,3 01) Heavy damage

Haloxyfop-R- methyl + Oxy fluorfen
(50%)

damages in the destroy Heavy damage

Extreme damages but

Medium and stable damages -
unsustainable

Heavy damage Medium and stable damages

Extreme damages but

. Medium and stable damages
unsustainable

No damages No damages
Medium and stable damages No damages
Medium and stable damages No damages

Slasbl g Ko jlew o lus Extreme damages but unsustainable . .%o o L5 Heavy damage .o L3 g3 :NO damages

Jol5 60406 0> ,o & L3 damages in the destroy « lub ¢ lwgie o Lus :Medium and stable damages
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Table 7. Analysis of variance of effect of treatments on mungbean (Vigna radiate) yield

S ySlos

el

O slasy PHERIREY

JOVE I &313T az 5o 4ls 5 ySlos - o ) e aloYeeysg Gy el

Source of Degrees of Grain 2399 o i SHE 0 100 grain Shoot
varince freedom yield Biololgic Harvest Pod number Grain per weight height

yield index per plant pod

Rep s 2 2951.1™ 26008.9 ™ 0.14 "™ 1.12m 0.55"™ 0.08 ™ 75m
T s 10 7669842.""  911628.3™ 63.8™ 483" 6.5 2.8 689.2 ™
Error s 20 6854.9 287516.0 7.3 1.6 0.18 0.095 6.2
CV (%

VO 4.9 7.3 2.9 8.8 7.3 8.2 7.1

IS Sre NS o )0 iy 5 S mh Jo Jls cee i Py

ns: non significant; * and **: Significant at the 0.05 and 0.01 level of probability.
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Introduction

The mungbean (Vigna radiate) alternatively known as green gram belongs to legume family. Mungbean
is mainly cultivated today in India, China, Iran and USA generally. Weed infestation in mungbean crop is
one of the main causes of low yield per hectare against the potential yield in the world. Weeds decreased
mungbean yield up to 70% compared to weed control condition. Chemical weed control is the easiest and
most successful alternative method in crop yields such as mungbean. Herbicides have increasingly become a
key component of weed management programs, one being the reason accounts for increased crop yields in
the world. Tank mixing is scientific methods for use of two or more herbicide in the field. The correct tank
mix of two or more herbicides may save time and labor and may reduce equipment and application costs. In
addition, such a mixture might also control a range of pests or enhance the control of one or a few weeds.
The instant studies were undertaken to evaluate the efficacy of different herbicides alone and in mixture on
dynamics of weeds in Mungbean to find out the suitable tank mixture of herbicides for the control of weeds
in Mungbean.

Materials & Methods

Field experiment was conducted at college of agronomy, Shoushtar branch, Islamic Azad University,
2013-2014 to investigate the efficacy of some herbicide mixtures on weeds control and mung bean seed
yield. The field experiment was carried out under completely randomized design with 10 treatments and 3
replications. Experimental treatments including Haloxyfop-R-methyl, Bentazone and Oxyflurophone (at
recommended dose rates) mixing of Bentazone + Haloxyfop-R-methyl, bentazone + oxyflurophone,
Haloxyfop R-methyl + Oxyflurophone (decrease dose to 80% and 50% of recommended dose rates). Check
treatment was without any control of weeds. Experiment data were recorded on weed density, weed dry
eight, Mungbean grain yield, biololgic yield, pod per plant, 100 grain weight, grain per pod and plant height.

Results & Discussion

The general weeds were included Clome viscose, Echinocloa colonus and cyperusrotondus. In this
study, bentazone and bentazone+ oxyflurophone (decrease dose to 80%) decreased Cyperus rotundus density
to 1.3 and 2.3 plant per m2. The lowest Echinochloa crus-galli l.density obtained in Haloxyfop-R-methyl,
Bentazon +Haloxyfop-R-methyl (decrease dose to 80% and 50%) respectively 0, 1.3 and 2 plant per m=2. All

herbicide treatment control Clome viscose compared control except Haloxyfop-R-methyl (0.8 | ha?).
Maximum mungbean seed vyield (2733 kg ha?) obtained in application of combination
Bentazone+Haloxtphobe R- methyl (decrease dose to 50%) but the lowest Mungbean yield showed in
Oxyfluorfen (2 | hal). Previous studies showed that there was phytotoxicity of herbicides on mungbean
cultivars. The highest phytotoxicity effects of herbicides on mungbean after 30 days showed in Oxyfluorfen
were applied at recommended doses (heavy damage scale). This signifies the necessity of the tank mix
application of herbicide for better weed control and improve mungbean yield. Several researchers have
reported better weed. Applying herbicides at lower doses by tank mixing methods has a fit in specific
situations as they might allow increased profits to be realized by growers, reduce potential injury to current
and succeeding susceptible crops, and minimize risk to the environment and results of this study showed
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Bentazone+ Haloxtphobe_R- methyl (decrease dose to 50%) that treatment had maximum mungbean seed
yield compared other treatments.

Conclusion

Studies have demonstrated that low doses of herbicides by tank mixed herbicides could result in faster
evolution of herbicide resistance. So reducing herbicide doses by tank mixing method is better combined
with weed integrated management. Application doses of these post-emergence herbicides could be
substantially reduced to below registered doses without sacrificing their efficacy on weeds. Results indicated
that Haloxyfop-R-methyl was most effective on controlling grass weeds and Bentazone herbicides controlled
broadleaf weeds efficiently. No one of these herbicides could not control of weeds effectively alone but
Mixing of Haloxyfop-R-methyl + Bentazone at level 80% and 50% could reduce dry weight of total weeds
(26.6 and 10.4 g m™) and were successful in weed control. Reduction amounts depended on weed
composition and herbicide due to different effectiveness of these herbicides on broadleaved and grass weeds.
Results concluded that integrated application of Bebtazon + Haloxyfop-R- methyl (50% recommended dose
rate) was the best treatment for weeds management in mungbean fields in Khuzestan condition.

Keyword: Bebtazone, Clome viscose, Cyperus rotundus, Echinochloa colona, Haloxyfop-R-methyl
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Table 1. Isolated nematodes from bean fields in Khomein region

& lod Slasy

o.\.&‘s‘n‘ul}.& alod Fohlatoe 53 5,,7&0.7 Joo
Detected nematode SE case Sampling locality
Nematodes / 250
cmd soil

No.

Sl9ly® auo o
Frequency
percentage

Bean research station Khomein, Lilian, Ghorchi-
bashi, Deh sefid, Poshtkooh, Goosheh mohammad
malek, Tanjaran, Mishijan, Khomein-Aligoudarz
road, Darband, Nasr-abad, Ashnakhor
ot 03 ‘s.;b ST Ol (e oy Oladss oS!
O o3l (plomedes (i (Sls oo 4858 wogSiy
53l bl a0 505Kl

1 Ditylenchus destructor 10-380

2 Family of Pratylenchidae 20-430
Bean research station Khomein, Lilian, Ghorchi-
bashi, Deh sefid, Poshtkooh, Goosheh mohammad
malek, Tanjaran, Mishijan, Khomein-Aligoudarz
road, Nasr-abad, Ashnakhor
Wt 03 ‘s.;b ST O (e oy Oladss oS!
O3 o3l (plomedas (il (Ss dosme a8 wogSiity
59T bl s ¢ 055!
2-2 Pratylenchoides ritteri Sl dezme 48 GOOSheh mohammad malek
LT a5 Nasr-abad
Bean research station Khomein, Lilian, Ghorchi-
bashi, Deh sefid, Poshtkooh, Goosheh mohammad
malek, Tanjaran, Khomein-Aligoudarz road, Nasr-
abad, Ashnakhor, Darband, Mishijan
Wt 03 .G‘;L ST O e Slag) Oladss oS!
G005l e 0ola oyl s ( SUlo dazro dlssS 0gSiliy
Olomdons i) 3t bl e
Bean research station Khomein, Lilian, Ghorchi-
bashi, Deh sefid, Poshtkooh, Tanjaran, Mishijan,
Khomein-Aligoudarz road, Nasr-abad, Ashnakhor,
Darband
i 03 ¢ 2Bl (258 (Gl (e g Dliniod ol
bl i 550551 Cras ool «loniie o il co0gSiiy
Ay elisl
Bean research station Khomein, Lilian, Ghorchi-
bashi
b 5798 Ol e sl Dlaiog ol
slog olisss oS! Bean research station Khomein

2-1 Pratylenchus neglectus

2-3 Zygotylenchus guevarai

3 Aphelenchusavenae 20-440

4 Aphelenchoides sp. 30-520

4-1 A. centralis

4-2 A. limberi )
L.)f"}

100%

93%

6%
3%

87%

84%

16%

3%
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(Continued) Table 1. Isolated nematodes from bean fields in Khomein region

A lod oluwy
No oo gy sl Wiled f’""ﬁ“ T8e 28T g oo REJERWIN
' Detected nematode SL s Sampling locality Frequency
Nematodes / 250 percentage
cm? soil
5 Helicotylenchus sp. 30-460
Lilian, Ghorchi-bashi, Deh sefid, Poshtkooh,
5-1 H. vulgaris Tanjaran, Nasr-abad, Ashnakhor 72%
2938 bl ¢yl il oSty s 03 ¢ S8 (7595 (Ll
52 (juvenile) Helicotylenchus s Bean research station Khomein, Ghorchi-bashi 6%
Y P Bl 798 s slorg) i ol 0
. Nasr-abad, Ashnakhor
5-3 H. digonicus SR 6%
6 Subfamily of Merliniinae 20-560
Bean research station Khomein, Lilian, Ghorchi-
bashi, Deh sefid, Poshtkooh, Goosheh mohammad
6-1 M. brevidens malek 50%
Wodes 03 (2Bl (7588 Ll (e slug Do oK)
Slo Sz dg5 w095
62 Merlinius (juvenile) Bean research station Khomein, Ghorchi-bashi 5%
b (57558 (et Glug) Dlidod ol
6-3 M. obscures 5L = ,4% Ghorchi-bashi 9%
Lilian, Deh sefid, Mishijan
6-4 Scutylenchus rugosus ortn s 03 L) 19%
6-5 Amplimerlinius macrurus Lilian, Poshtkooh, Tanjaran 9%
P ol sty oL
6-6  Tylenchorynchus sp. (juvenile) 5L = ,s8Ghorchi-bashi 6%
67 T maximus Lilian, Ghorchi-bashi, Deh sefid, Poshtkooh 250
' 095y s 03 ¢ Bl (7598 (el
6-8 T. brassicae 5L > ,55Ghorchi-bashi 3%
. . Ghorchi-bashi, Deh sefid
7 Paratylenchus (juvenile4) 10-80 . . 12%
Qs 03 o5l (57588
o Deh sefid, Poshtkooh
8 Dorylaimid oSty s 0 6%
9 Boleodorus tylactus 160 oL Lilian 3%
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50 2o, 0FA 5 A LS 5 a4 Jlgl,8 L Aphelenchus avenae
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5 o (gilwlas STl Glabs oKl ae,io g ol IS
xS e LV O o wiled dueYY QT Caroz (y il
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wol 9o o el loul (olhsile ol slabing, &)l5e 5o
P leyre 5l ol ez Gty g S ls 0y 25055
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Table 2. Isolated nematodes from bean fields in Shazandregion

& lod ol
00 o Lol wilod

Detected nematode

No.

S S o il YA+ 53

Nematodes / 250 cm?® soil

Sl oy
Frequency
percentage

Sa9l e Joxo
Sampling locality

1 Ditylenchus destructor 30-370

2 D. kheiri 85

3 Aphelenchusavenae 60-760

4 Aphelenchoides sp. 20-520

Ghadamgah, Bazeneh, Emarat, Kerk, Jamal-abad,
Ali-abad, Alborz, Hasan-abad, Khosbijan,
Manizan, Sahm-abad, Eijan, Khaneghah, pol doab,
Hesar, Nahr mian, Toureh, Bagh baraftab
e ol bl e bl e 5,8 o las il olKand
olils ¢yl wblages «ylimls ¢ lommms b

SLET B oy el la> olgs s

97%

ke 5o Nahr mian 5%
Ghadamgah, Bazeneh, Emarat, Kerk, Kazaz,
Jamal-abad, Ali-abad, Alborz, Hasan-abad,

Khosbijan, Deh shirkhan, Manizan, Sahm-abad,

Eijan, Khaneghah, pol doab, Hesar, Nahr mian,

Toureh
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Khosbijan, Deh shirkhan, Manizan, Sahm-abad,
Eijan, Khaneghah, pol doab, Hesar, Nahr mian,
Toureh

Gyl bl e bl ez IS S5 (o les a3l colSond

97%

ol ‘OUW Olile (B b 00 ¢ lrns QL'TW

0,9 ‘uL..a).@r\ ‘)LD ‘;';\5\) J; olisls

03lgil s 9 W3S g e )50 5l ameoT (gl L
5 335l (opas blis 5l oo oA Jlglys L Tylenchinae
s/ Paratylenchus sp. sl 8,5 1,8 olulis 0,50 ST
Meloidogyne sp. pgs 'y g, 590,00 Jlgls b pes
L 09 Cozme bugl o s slasiles alox 5l oS
Sl gLy by, ;0 deji0 SO 0 b oy SO gl 3
B ey ) iz ye w8 gilulie S asls b el
559y wiles alex 1 b sl 5

&l Sl onilas slocas oy (bl 5
b olwlbs Heterodera > 5l 455 aw bl slogd
aw ol gl 1y 2aS1, o i H. filipjevi aigs as
(i 4035 (6y5laez STl 5 335 (ees ailate
G bge Sz S,V e 0 G 222YY ] S
STHLtrifolil a5s8 0gs fuos adlaie ;o audw 00 sling,
&, 51 H. goettingiana g () 5sle (sliwg,) aijls g)l5e
20,5 ololis (blewl sliwg,) ST

N

8l slSE jl suilas slaasles (o 0 Egeome o

ol o Ditylenchus sp. > (635 0 oyliwl slog
495 90 g Lo 39— =7 oa__:;‘,Lg)BTH lod_Sgci
B0 ,5 olwlis Lyl o ,o D. Kheiri 4 D. destructor
5 Aphelenchoides > sleoSles
avenae

SP. sl—a
slma Sges iy, 5 Aphelenchus
W oy Ll Glsls wo s 5 bl s9zg onisis pslanxr
00355 piges &150 5| (oot LS mizman 392 0o )3AY
sloosles as eog T STl g 53l o opos alaie dw ,o 40
slasles eolgils ol 5 g ussg Pratylenchidae colgls
5 Pratylenchoides ritteri P. neglectus
D85 18 Lwlis 5,5 Zygotylenchus guevarai
5hoco,008 sl 8 L 5o Merliniinae solgls 55 slassles
Merlinius sla iz 5 0l gjlolas w5l § fues 3ble
, Amplimerlinius 4 Tylenchorynchus Scutylenchus
Hoplolaimidae colgsls slaasles .as,5 olulis Ll o



WAY 090 o (Y6 los Auls /o3 331 g G iB  39 /... U1 sloi s ¢ Blroleds 9 sobTpsl>

W3l low ped sl €130 3l oablaz (Lauilel -F Jgaz aolsl
(Continued) Table 2. Isolated nematodes from bean fields in Shazand region

Wlod ol

. N T HPAPEIRWI
Ll wilas T s Joxo <3
No. o (5 S to 55l Gl
Detected nematode j ot ’é_ Sampling locality Frequency
Nematodes / 250 cm? soil percentage
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095 sl s colils eyl oliile ol
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Table 3. Isolated nematodes from bean fields in Arak region
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Introduction

Regarding the importance of bean production in supplying of plant based protein for human being
societies and its area under cultivation in Iran, identification and management of pests and diseases
associated to this crop are important. Plant parasitic nematodes are one of the biotic agents that adversely
affect the production of bean crops. In order to manage these pathogens, their identification and distribution
is necessary. Plant parasitic nematodes damaging bean are widely reported through the world. In Florida,
Belonolaimus longicaudatus, Paratrichodorus christei, Dolichodorus heterocephalus and Hoplolaimus spp.

are reported from bean cultivated field while causing severe damage (Rhoades, 1964, 1974). In Michigan
Pratylenchus penetrans was the most common root lesion nematode. In fact Pratylenchus spp. have wide
host ranges and are pathogenic to many important crops viz Phaseolus vulgaris. There are a few reports
across Iran regarding the plant parasitic nematodes of bean. In a study of plant parasitic nematodes of pulse
crops in southern Balochistan, Pratylenchus neglectus and Meloidogyne javanica were reported from bean
fields. Five species Aphelenchoides cyrtus, Ditylenchus medicaginis, Merlinius brevidens, D. parvus and
Paratylenchus coronatus with 37.6, 30.8, 24.6, 20.5 and 19.1 percent frequency, respectively, were the most
common nematode species in the legume fields of Lorestan province. Although Markazi province is one of
the poles of bean-growing in Iran but there is a few information about plant parasitic nematodes on bean. The
aim of this study was to identify the plant parasitic nematodes associated with bean, determination their
population density and geographical distribution.

Materials & Methods

In order to determine the plant parasitic nematodes 174 root and soil samples were collected from bean
fields in Khomein, Shazand and Arak cities during 2012-2013. The samples were analyzed and the
population density of the extracted nematodes was counted at genus level using counting slide. Then the
obtained nematodes were fixed and transferred to hydrated glycerol, the nematodes were mounted on
microscopic slides and identified at species level, based on morphometrical and morphological characters.
Cyst nematodes were isolated using Fenwick can technique. After analyzing the samples, infested areas were
identified and frequency based on the number of species compared to the total sample were determined.

Results & Discussion

In this study, 22 species belonging to 18 genera of suborder Tylenchina, infraorder Tylenchomorpha
were identified. Ditylenchus destructor, Ditylenchus sp., Aphelenchoides sp. and family of Pratylenchidae
including P. neglectus, Zygotylenchus guevarai and Pratylenchoides ritteri from family Merliniidae with
100, 58 and 95 percent frequency respectively, were the most common nematode species in the bean fields of
Markazi province. Subfamily of Merliniinae the genera of Merlinius, Scutylenchus, Tylenchorynchus and
Amplimerlinius with 56 percent frequency, were found in Khomein and Shazand bean fields. The family of
Hoplolaimidae was detected in Khomein and Shazand bean fields with 39 percent frequency. Among the
cyst forming nematodes in addition to Heterodera filipjevi which was found in bean fields rotated by wheat,
H. goettingianawas found in a bean field in Ghasemabad, Arak, this species in known as pea cyst nematode.
H. goettingiana had already been reported from two areas in Dorud region (Lorestan province). This species
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was found in some wheat fields that bean was one of the crops in rotation. According to the occurrence of
this species in bean field in Markazi province which borders Lorestan Province, it seems that it is distributed
in pea and bean fields in two provinces. Some nematodes identified in this study are important as plant
parasiting and damaging for bean. P. neglectus with 93, 42 and 22 percent frequency respectively detected in
the bean fields of Khomein, Arak and Shazand. Root lesion nhematodes were reported as the most common
nematodes on bean and other legumes in Italy, North Africa and Middle East. Elliott & Bird (1985) reported
damage of root lesion nematodes in bean fields among 10 to 80 percent.Therefore, it is necessary to research
on the importance and evaluation the damage caused by this species. Moreover due to the abundance of
Ditylenchus in bean fields of Markazi province, it needs intensive research as far as crop loss aspects are
concerned.

Conclusion

In the present study, among identified nematodes, family of Pratylenchidae was the most important plant
parasitic nematode with 58 percent frequency. Also genus of Ditylenchus spp. detected in all of bean fields
of Markazi province.

Keywords: Bean, Distribution, Markazi province, Nematode
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Table 1. Soil physical and chemical characteristics of experimental field
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Table 2. Analysis of Variance (mean square) the effect of (A) Azotobacter, (M) Mycorrhiza and (V) Cultivar on yield
and yield components of Red Bean Cultivars
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T per plant yield index
Block 3 252 0.269 ™ 2391 6.83 1 26935 1 466603 ™ 10.3™
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V (%)C - 16.1 12.3 18.7 6.43 15.8 13.6 8.09

ns: non significant; *: significant at P<0.05; **: significant at P<0.01
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A, M and V: Azotobacter chroococcum, Arbuscular Mycorrhiza and Red Bean Cultivars, respectively
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Table 3. Mean comparisons of main effects of (A) Azotobacter, (M) Mycorrhiza and (V) Cultivars on yield and yield
components of Red Bean cultivars

SO e dlaws o Al Sluw . . s L
PR HERIREY ) Clold p sl
o wg G oy &ld wo 39 4ils o ySlos 005 G j O ySloc (o)
Number of  Number of ; 100 Seed Seed yield Biological yield >
Treatment Pod per seed per Number of weight (gr) (kg-ha')) (kg.ha)) Harvest index
plant pod seed per plant (%)
A1 18.72 451° 9542 342¢ 20582 62812 326°
Az 16.1° 3.85° 68.5° 33.72 1831% 5783 3172
M1 19.12 4.69° 101.22 35.7¢ 21572 64222 3342
Mo 15.7° 3.67° 62.7° 32.2° 1732° 5643 309
V1 16.2° 3.30° 56.5¢ 295¢ 1643° 6242° 26.0°
V2 140°¢ 4732 78.8° 4022 1709 4921 °¢ 34.8°
V3 220° 4512 1106 32.2° 2483* 6934 ¢ 35.72

5 K05 L sl IS o o gy Jlaiod s 50 (el S 1S ke By (il (slaieSilee et 2 (sl 5 5 2

P50 Ll Siabe pas g Giabe i 4 A g A
Y55y 15255500 b el (o9 5 el o 4 M2 5 My
S5 5 2 el el 0058 i 5 4 V3 9 Vo Vs

Means in each column and for each treatment followed by similar letter(s) have not significantly different at 5% probability level.
A; and A, with and without apply Azotobacter chroococcum, respectively

M; and M, with and without apply Arbuscular Mycorrhiza, respectively

V1, V2 and V3, landrace Beiran Shahr, Akhtar variety and Goli variety, respectively
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Table 4. Mean comparison of two factors interaction effect on yield and yield components of Red Bean cultivars
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Treatment Number of ~ Number of ~ Number of 100 Seed Seed yield A (o)

Pod per seed per seed per weight (gr) (kg.ha) Blologlcal_lyleld H "

(kgha ) arves

plant pod plant index (%)

AiM: 2042 5.052 116% 37.1% 23272 6698 2 34.7%
AiM2 16.9 % 3.96 74.1° 31.4° 1790° 5865 305¢%
AoMy 17.8% 433" 85.7° 34.4% 1988 ® 6146 32.2%
A:M2 14.4° 3.37¢ 51.4¢ 33.1% 1675° 5421° 31.3%
AiVi 18.3° 3.51 % 68.4 b 292°¢ 1793° 6513 27.2°
AV2 142° 5162 89.0° 40.22 1743° 5032 ¢ 3454
AVs 2352 4.86% 128.72 33.3° 26392 72992 36.1°2
AxV1 14.0° 3.10¢ 446° 298¢ 1492° 5970° 24.7°
AxV> 13.8° 4.30 ¢ 68.5 b 4022 1675° 4811°¢ 3522
A2V 20.5%® 416" 925° 31.2°% 23272 6569 35.3%2
M1V 18.3° 3.61° 73.1 30.1¢ 1866 © 6634 279°¢
M1V 146° 5522 98.3° 4232 1830 ¢ 5267 34,7
M1V3 2442 4952 1322 349¢ 27773 7365 37.72
M2V 14.0° 3.00° 40.0° 29.0¢ 14204 5850 b 24,01
MaV2 13.4° 3.942 59.3 ¢ 38.1° 1588 4575 ¢ 350
M2Vs 195° 4.07° 88.9 29.6¢ 2189° 6503 2 33.7°
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Means in each column and for each treatment followed by similar letter(s) have not significantly different at 5% probability level.
A; and A, with and without apply Azotobacter chroococcum, respectively

M; and M, with and without apply Arbuscular Mycorrhiza, respectively

V1, V; and V3, landrace Beiran Shahr, Akhtar variety and Goli variety, respectively
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Introduction

Nowadays, in conventional farming systems, due to the limited amount of cultivated land and the need
for most of communities to increase the production of agricultural products, unbalanced fertilizers, especially
nitrogen and phosphorus, have been consumed. The study of nitrogen (N), phosphorus (P205) and potassium
(K20) fertilizers use in 2014 indicates that the average total consumption of these fertilizers worldwide is
85.5, 2.3 and 20.4 (kg. hal), an increase of 31.7, 28.1 and 12% respectively compared to 2000. On the other
hand, increasing the health and security of food products produced in agricultural systems is essential for
maintaining the dynamism of ecosystem resources based on ecological principles. Unbalanced consumption
and excessive demand for chemical inputs (fertilizers and pesticides) have caused instability in farmland
systems and the irreparable economic and environmental consequences of their consumption in agriculture
all over the world. Sustainable agriculture relies on the reduction or elimination of chemical inputs for
agricultural production, with the aim of achieving long-term sustainable production and adaptation to the
environment. The main objective of sustainable agriculture is to increase the efficiency of the internal cycle
of soil nutrients and the use of organic and organic fertilizers as an alternative to chemical fertilizers in order
to improve the stability of grain yield and quality, while maintaining the proper utilization of soil and water
resources in agricultural ecosystems. Researchers have shown that more attention to soil management and
the beneficial potential of microorganisms from plant to soil can enhance biodiversity, health and,
consequently, the dynamics of soil elements. So, in order to achieve a sustainable agricultural system, it is
necessary to use inputs that improve plant ecological aspects in addition to meeting plant needs and reduce
the negative effects of chemical inputs.

Materials & Methods

This experiment was conducted as factorial layout based on a randomized complete block design with
four replications during growing season of 2016 at the experimental field of Beiranshahr city of
Khorramabad in Lorestan Province, Iran (48° 31' E, 33° 40' N and 1653m above the sea level). Before
conducting the experiment to determine the physical and chemical properties of soil samples were collected
from 0-30 and 30-60 cm depth of soil. During this experiment effects of three factors were studied: 1.
Inoculation with Arbuscular Mycorrhizal M (Glomus etunicatum, G. Intraradices, G. mossea) in tow levels
(M1= inoculation, M2= no inoculation), 2. Inoculation with Azotobacter chroococcum (strain 15) A, in tow
levels (A= inoculation, A>= no inoculation) and 3. Different Cultivars of Red Bean (Phaseolus vulgaris L.)
in three levels (V1: Beiranshahr landrace, V2: Akhtar and Vs: Goli varieties). The seeds were inoculated with
mentioned biological compounds before culturing. Traits such as: number of pods per plant, seeds per pod,
number of seeds per plant, 100 seed weight, seed yield, biological yield and harvest index were measured.

Results & Discussion

The results showed that the effect of Azotobacter and Mycorrhiza, number of pods per plant, 100 seed
weight, harvest index in the red bean cultivars were significantly increased, and as well as the effect of the
Myecorrhiza and cultivars, the number of seeds per pod, 100 seed weight, biological yield and harvest index
Bean cultivars were significantly increased. Azotobacter and Mycorrhizal inoculation, 12.4 and 24.5 percent,
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respectively Bean plant yield was increased compared to control treatment. The highest grain yield in Goli
varieties were compared to the 45.2 and 51.1 percent, Akhtar varieties and Beiranshhr landrace, respectively.

Conclusions

Obtained results of this experiment showed that the yield and yield components of Red Bean cultivars
were influenced by applied treatments. It seems that the use of biological fertilizers (Mycorrhizal and
Azotobacter) through better root and shoot growth, the balance between vegetative and reproductive
development and improvement of bean pods per plant, seeds per pod, number of seeds per plant and 100
seed weight, could bean cultivars to significantly increase of economic performance. In this experiment,
avoiding the use of chemical fertilizers, especially nitrogen and phosphorus was reduced traits significantly.
That biological fertilizers cooperative could this decrease was caused by created nutritional, compensation.
In general, the use of these microorganism’s favorable conditions for improving the yield and yield
components of Bean plant provides. Generally, the application of these microorganisms provided the best
conditions for improving the yield and yield components of bean plants, which, in view of the objectives of
sustainable production of this plant, as well as to reduce the use of fertilizers in stable indigenous agricultural
systems, could be used to be placed.
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Table 6. Comparison of lentil qualities and yield components during two growing seasons
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Introduction

Shallow groundwater is a resource which can provides and meets high values of plant’s water
requirement. Shallow groundwater use by plant depends on different factors as: soil hydraulic conductivity,
plant root features and characteristics, salinity tolerance level, a proper drainage system, irrigation system
and management. In case of shallow groundwater use by plant, total irrigation number and water requirement
will be reduced. Therefore, shallow groundwater, is a potential, efficient and free water resource in
agriculture which sometimes defined as subsurface irrigation. The present study was conducted with the aim
to examine the effects of shallow water table of 60, 80 and 110 cm depth on the water requirement, water use
efficiency and different yield components of two lentil varieties namely that was conducted into two-factor
factorial and based on completely randomized design with three replications. This research was carried out at
Kermanshah with semi-arid climate by using lysimeters during two growing season 2013 and 2014.

Materials & Methods

The research was performed at the Irrigation and Water Resources Engineering Research Lysimetric
Station, located at 47°9" E and 34°21’ N, with an elevation of 1319 m (asl), as a part of the Campus of
Agriculture and Natural Resources of Razi University in Kermanshah, Iran. In this study 18 Polyetelen
lysimeters with diameter of 280 mm were used. The bottom of lysimeters were blocked to prevent of any
leaching. Groundwater levels in the lysimeters were determined and fixed by Marriott siphon that was
installed beside of each lysimeter in different groundwater depths of 60, 80 and 110 cm. The soil texture in
the lysimeters was Silty clay. The cultivation in the first and second year of the research was conducted in 13
and 16 March, years 2013 and 2014 respectively. To obtain the amount of water requirement of plants,
evaporation data of pan class A was received daily from the meteorology station which was located at
distance of one hundred meters from research station. In this research, water requirement was determined by
considering three stages as: reference evapotranspiration (ET,), the crop coefficient (Kc) and finally crop
evapotranspiration. Analysis of variance and comparison of means were done for different treatment by
MSTATC software

Results & Discussion

According to the results in both years of study, maximum and minimum consumption of groundwater
belong to depths of 60 and 110 cm, respectively. The ground water contribution for depths of 60, 80 and 110
cm was obtained as 53.76%. 36.50%. 15.23%, respectively. The results showed that maximum groundwater

use efficiency, based on seed yield, for ILL6037 and Kimia cultivars was obtained in depths of 110, and the
minimum groundwater use efficiency, for ILL6037 cultivar was obtained in depths 60 and 80 cm during both
years of study, respectively. Also the maximum and minimum seed yield in both years of study was obtained
for Kimia cultivar, in water table depths 60 and 110 cm respectively. Moreover, the maximum and minimum
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protein values was obtained, for Kimia cultivar in depth of 110 cm and ILL6037 cultivar in depth of 60 cm
respectively.

Conclusion

It can be concluded that by increasing the depth of water table the values of groundwater contribution to
crop water requirement was reduced. It may reason of increasing the distance between plant roots and water
table. As a result of this phenomenon, plant root access to water by the use of capillary rise to meet the water
requirement reduced and therefore, the groundwater contribution for providing plant water requirement was
reduced. The results of this research showed that legume crops such as Lentil can use groundwater properly.

Keywords: Lysimeter, Protein, Shallow water table, Water use efficiency, Yield
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Introduction

Human as the greatest utilization of land resources without posterity note with the aim being to further
develop the standard of living, and ultimately increase the health of the population is taken. So that in 2025
the world population will reach over 8.3 billion people. Since the 1950s, the process was accelerated
population growth, Agriculture provides food and supplies to people. The use of chemical fertilizers also as
an agent to increase the amount of spread. Accordingly, applying the methods of sustainable agriculture and
ecological agriculture to lead the world is required (Kochaki et al., 2005). Many studies suggest that the
issue of excessive use of chemical fertilizers, crop yield has been faced with a significant drop (Khaje
Hosseini & Koocheki, 2008). The reason for this decline is attributable to the lack of balance acidity of the
soil; reduce soil biological activity, physico-chemical properties of soil loss (Kaushik & Garg, 2003;
Adediran et al., 2004). Loss of biodiversity and groundwater and surface water (Brar et al., 2008) pollution
and climate change cited. The use of biofertilizers in addition to economic benefits reduces environmental
pollution, reduce production costs and improve product quality implications (Aseri et al., 2008). In addition
legume plants are an important source of plant protein, which is important for low-income community. The
positive effects of bio-fertilizers, especially in the root zone is the maintenance of water and food. The aim of
this study is to investigate the effects of biological and chemical fertilizers on root and shoot characteristics
pinto bean cultivars is COS16 and 21676.

Materials & Methods

In order to evaluate the effect of biofertilizers on root characteristics of two varieties of beans, an
experiment was conducted on factorial arrangement base on completely randomized design with three
replications as in research greenhouses College of Ferdowsi University of Mashhad in 2014. In this test we
used pots was filled 1:1:1 relatively ratio with leaf compost, soil and sand. The first factor was two varities
pinto bean (COS16 and 21676) and the second factor was six treatments of bio-fertilizers include 1)
Nitroxin® (containing bacteria Azotobacter sp. And Azospirillum sp), 2) Bio - Phosphorus ® (PSB)
(containing phosphate solubilizing bacteria Bacillus sp., And Pseudomonas sp.), 3) bacteria coexist beans
(Rhizobium), total organic fertilizers symbiotic beans), 4) compound fertilizers Nitroxin and Bio-
Phosphorus, 5) 60 kg urea per hectare, and 6) control. Seeds was obtained from the National Research Center
Beans Khomeini. Inoculating seeds with biofertilizers base on standard method (Kennedy et al., 2004) away
from direct light and follow the manufacturer's recommendations, along with the planting was done. By
watering each pot was half a liter bottles. At the end was measure all morphological roots and shoot traits.

Results & Discussion

Resulted of analysis variation showed that the highest and lowest root dry weight was achieved in
nitroxin and symbiotic bacteria treatement respectively. The 21676 vareity root dry weight was more than
the COS16 vareity. Nitroxin bio-fertilizer had the greatest impact on root length and COS16 variety was
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longer than the 20676 variety. COS16 variety inoculated with bio-phosphorus fertilizer had the highest total
dry weight. The COS16 variety was the lowest dry weight in control. The highest and lowest pods number
recorderd in Nitroxin treatemnt and control, respectively. The highest umber of seeds per pod was in the
treatment nitroxin and COS16, and the lowest in control and the 21676.

Conclusion

It seems that bacteria Azotobacter sp. and Azospirillum sp. which is the main contents are included
nitroxin bio-fertilizer, high in nitrogen fixation ability and the availability of nutrients needed by plants such
as phosphorus, potassium, iron-siderophore production and Mhlvlsazy, the synthesis of phytohormones such
as auxin, cytokinin, gibberellin the synthesis of enzymes that affect plant growth and development,
especially in the 21676 positive effects on the traits of their own.

Keywords: Beans, Biofertilizers, Bio-phosphorus, Low-input agriculture, Nitroxin, Stability
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