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1- Seed deterioration
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(Rama €t al, 1999) sl cess

2- Final emergence percentage
3- Mean time to emergence

4- Mean daily emergence

5- Daily emergence speed

6- Emergence rate

7- Field emergence index

s < o j8l9> (Tilebeni & Golpayegani, 2011) axals
«(De Figueiredeo et al., 2003) a=als oi, g ;o
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1- Brassica spp.
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1- Final germination percentage
2- Mean daily germination

3- Daily germination speed

4- Germination rate

5- Germination index

6- Seedling vigor index
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Table 1. Characteristics of chickpea seed lotsin present study

g Jls 3 oo » 5 JrE g Jl 3 Joo » 5 JryE
Seed sour ceand Tvoe variet Seed Lot Seed sour ceand Tvoe variet Seed Lot
Production year yp Y No. Production year yp Y No.
kermanshah1390 Kabuli Bivanij 8 kermanshah 1388 Kabuli Hashem 1
kermanshah1390 Kabuli Arman 9 kermanshah1390 Kabuli Hashem 2
kermanshah 1388 Desi Kaka 10 kermanshah 1388 Kabuli Azad 3
kermanshah1390 Desi Kaka 11 kermanshah1390 Kabuli Azad 4
Sanandaj1390 Desi Kaka 12 kermanshah1387 Kabuli ILC-482 5
Sanandaj1390 Desi pirooz 13 kermanshah1390 Kabuli ILC-482 6
kermanshah 1388 Kabuli Bivanij 7
o g @bl on
oS Sl ae 30 o esls sl o125 5 ol gl s Rl ool Jade
c. . ) col e . . Siad sle i adgl (590 eaile Bb iz (34
Ol (ol i do o ka5l Gl (6,0 sleosys o
A ) Ce w@slygy o) Ce @lyg, ) -
] = O g )5)/‘.) = =9 o )""‘j iy 53 5l eolil &’.US _
3"4—"“ AL )0 AMLS ()5'@&‘L’) O o u"-”'l*“ 9 WL‘S ij s 59 /)..L' ).ll>'5 ).\ ooliol )‘Aio
Sods ol Jg rainily gl sme B wo 50 S Jlozs| Of)

Sl BB Gadss sl p3¥ ey GeSles i 5153
loosg a5 sl lis o 1Sl avslin (¥ Jguz) ais cosliv
@l OM e w23 S5 (5)I0)l1 8595 Jobo g o b (65
g 4oalS o C s iy 0 e (Sileo e he
(F Jpaz) isloplis | (s S e m 5o 4l s sl
9 390 ‘;i)'ab"s:? Qo) Gy (6 A 4 aS el ol 5T
3, Sk g (Saha & Sultana, 2008) a_=als u_i el b
oalS ac)ie o (Mohammadi et al., 2011) ¢l); lals
Eg yio 0055 ol ales] o Jlie plgieds 018 o lay
O o a8k ¢ g A s Qo 0 Slas Ll 1A L
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Table 2. Analysis of variance (Mean Squares) of traitsin 13 chickpea seed lots under field conditions
MEEIE e 3 e oeSibee “M‘M SIS b il ORI o
“palss azals Oy 515 «lia; 4il3, ol i i il
Field Seed Emergence Mean Timeto Daily Mean Daily Final bl (S0.V)
Emergence Speed Emergence Emergence Emer gence Emergence df
Index 9 Speed 9 Percentage (%)
51.193" 0.081™ 1.688* 0.00001 " 0.288"s 53.098" 3 Replication /S5
223.110* 0.264* 0.505 s 0.003* 4.80% 163.429* 12 S
Seed Lot
Uas-
47.428 0.078 0.302 0.00001 0.940 40.470 36
Error

00,00 Jleim | mha 5ol e g o pe e o 5 4y

ns and **: non significant and significant at 1% level of probability respectively
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(Gharineh, 2004) 25,5 _» o, Sloe alS 4 e Lul.@f
sDurrant et al, (1993) wls L (islo;l ol s
oY ol wgie molidl .ol caille Steiner (1990)
= 3 g S Glals je pdy I 4zt 5o pabyew sl
<de (Ghassemi-Golezani, 2011) el oai s,13-5
0oL e slaydn 0 aalS sk (als (el
S o ol | gab90 ol & Egli (1995)

a5 slogyled Wesls (il lse jo0 ¢ allislej] Loty jo
9 );)._3009_3‘ LgL_.D)LM a4 de_}).ﬂ Jn)u.uo 9 oolw ‘—"]"‘ GQLQJ
Ao “rJ)A_J‘P A0 (59 03RS S (§ C?‘L'*’
ialez S il (Giailex Lawgie (59 slaazalS
wzailo Job wzaly) Job o Sialsz axll il
Ay il zdln SiS )y ddin, i )
0l pan pl3d S g 0 plBd sl eolaiul jlade wxalS
S50 e )h plad sl esliul ST g taus 5 o sine
(F J592) 8,55 )18 j55 3 sla Lo

el gylo Ll b o i gy oS cwl oas i)158
oS o, Shoe Culys jo g azalS il & coaS Grals
.McDonald, 1999) o.is salys> ac,50 4o
anlp b o (Sdpls 5 alberdsn @iz i
Sy ol Rl o] (e 4z o5 aRs o & 4 S
&bl oy90 Jsb o .McDonald, 1999) el ,d 5ei o
st T ol il iy o) (53te 45 Jlo o
Be o 31 sla LGl adg coge o oy ss5au0s>
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sBisle;l jo Siglate slacs,08 b 44 00g5 g0 Sjaile> duoyo
(GRS g aeype bl d o (g il e oo b (Sol
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Table 3. Mean comparisons of chickpea seed lotsfor traitsin field conditions

JUVSTRNEY) ot i&‘w OM# s ilgy o o (uilso e
ety Seedli ”Tzu i ;U'f) Mean Dally i::;;,;;;g ik s slaessd
ing Emergin ai i
Emergence S?Jeed o Emergingyspeed <da5 i n%,l) Per centage(%) Seed Lots No.
Index (seedling. day™?) (seedling. day™) '
80.6 ef 2.57 de 0.0182 ¢ 5.57 cde 78.9 cde Hashem year 88
95.3 ab 3.01 abe 0.150d 6.70 bed 88.3 ab Hashem year 90
74.1f 239e 0.210 a 4.89¢ 719e Azad year 88
93.3 abed 2.99 abc 0.142 fg 7.00 ab 88.3 ab Azad year 90
79.7 ef 2.61 cde 0.187 b 5.39de 77.3 de ILC-482 year 87
87.5 bede 3.02 ab 0.147 de 6.94 abc 87.5 abc ILC-482 year 90
89.1 bede 2.81 bed 0.145 ef 7.04 ab 87.5 abe Bivanij year 88
101.7 a 328a 0.132h 7.55 ab 953 a Bivanij year 90
94.5 abc 3.13 ab 0.147 de 6.91 abc 90.6 ab Arman year 90
84.4 de 2.96 abed 0.140 g 7.17 ab 83.6 bed Kaka year 88
92.2 abed 321a 0.122 i 8.26a 92.2 ab Kaka year 90
85.2 cde 2.96 abed 0.120 i 825a 85.1 bed Kaka Sanandaj year 90
86.8 bede 2.94 abed 0.147 de 7.00 ab 85.9 bed pirooz Sanandaj year 90

b ge 2o y00 Jloiml o ;0 LSD (5051 oliol 53 Jlo sine ciglas a3l coiiiad 5 ie B, S JBlas gl)ls a5 slo o Sils (ygiw 4o 0

In each column, means with at least one similar letter are not different at 5% level.
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Table 4. Analysis of variance

(Mean- squares) of chickpea seed lots, accelerated aging and their interaction on germination characteristics
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Introduction

International Seed Testing Association (ISTA) defined seed vigour as "the sum of
those properties of the seed which determine the level of activity and performance of the
seed or seed lot during germination and seedling emergence". In any seed lot, losses of
seed vigour results in the reduction of the ability of seeds to carry out all the physiological
functions that allow them to perform. This process, called physiological ageing, starts
before harvest and continues during harvest, processing and storage. Any given seed
vigour test must be able to provide a more sensitive index of seed quality than the
germination test and provide a consistent ranking of seed lots in terms of their potential
performance. It must also be objective, rapid, simple and economically practical,
reproducible and interpretable. Internationally, many vigour tests have been proposed
such as standard germination test, cold test, electrical conductivity test, hiltner test,
tetrazolium test, controlled deterioration test, accelerated aging test, etc. The accelerated
aging test provides valuable information on storage and seedling field emergence po-
tentials. In the accelerated aging test, seeds are hydrated to a specific level when exposed
to relatively high temperature (40 to 45 °C) and humidity (around 100 % relative
Humidity). Following this aging treatment, seeds are subjected to a germination test and
higher vigor seed lots tolerate this aging condition better than lower vigor seed lots and
produce a higher percentage of normal seedlings. In this study, chickpea seed lots were
exposed to different temperatures and durations in order to calibration of accelerated
aging test to predict the seedling emergence under field conditions.

Materials and Methods

This research was conducted as two laboratory and field tests at Campus of
Agriculture and Natural Resources, Razi University, Kermanshah, Iran, in 2012. In the
laboratory test, accelerated aging treatments (temperature and duration) including 41, 43,
and 45 °C and duration 0 (control), 48, 72, 96, 120, and 144 h were performed on 13
chickpea seed lots. Following this aging treatment, seeds were subjected to standard
germination test and different traits (including final germination percentage, mean daily
germination, daily germination speed, germination rate, germination index, seedling vigor
index, and efficiency of seed storage usage) were evaluated. Theses 13 seed lots belonged
to both kabloli (Hashem, Azad, IL.C-482, Bivanij, Arman cultivars) and desi (Kaka and
Pirooz cultivars) types. In the field tests, these 13 chickpea seed lots were planted as a
randomized complete block design with four replications. In field test, different seedling
traits (including final emergence percentage, mean time to emergence, mean daily
emergence, daily emergence speed, emergence rate, and field emergency index) were
evaluated. Finally, correlation of different traits related to seed vigor in the laboratory test
was determined with percentage and rate of seedling emergence in the field.

Results and Discussion
Analysis of variance in the laboratory test showed that the effects of seed lots,
accelerated aging treatments and their interaction were significant on all above mentioned

* Corresponding author: ghobadi.m@razi.ac.ir, Mobile: +98 9183398042
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traits except for efficiency of seed storage usage. Different levels of accelerated aging
treatments had significant effects on germination characteristics, so that germination
characteristics were decreased with increasing of temperature and duration in accelerated
aging test. In the field test, chickpea seed lots were different significantly in most seedling
traits. Means comparison of laboratory and field experiments showed that the new seed
lots had higher germination and vigor characteristics than the old seed lots. Correlation
analysis showed that, shoot dry weight in the accelerated aging test under 43 °C , 48 h and
root length under 43 °C, 72 h had the highest correlation with seedling emergence
percentage in the field test. Root length under 41 °C, 72 h and shoot dry weight under 43
°C, 72 h had the highest correlation with seedling emergence rate in the field test, too.

Conclusion
It seems that accelerated aging test is recommendable to predict the seedling
emergence of chickpea in field conditions. The accelerated aging test under 41 °C, 72 h
and 43 °C, 48 h had the highest correlation with both percentage and rate of seedling
emergence in the field test.

Key words: Deterioration, Germination, Seedling emergence, Seed lot, Seed vigor
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Table 2. Embryogenic callusinduction in different organs of “Piruz” and “Kaka" chickpea cultivars
in darkness and light conditions
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NAA 10 ) ) ) ) ) )
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20  +HHH+ et o+ +++ +++ +++

3.0 +++ +++ o ++ ++ ++
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TDZ 20 i i i i i i
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0.5
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Fig. 3. Frequency of produced globular embryo of L eaves, Hypocotyl and Epicotyl explantsin two cultivars of
chickpea under darknessand light in M S basal medium containing 2,4-D; a: Kaka, b: Piruz
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Fig .4. Frequency of produced somatic embryogenesisin explants of different organ in two cultivarsof “Piruz’ and
“Kaka” under darknessand light; a: Leaves, b: Epicotyl , ¢: Hypocoty
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Fig. 5. Status of somatic embryogenesis development using different plant growth regulators
a: globular stage on medium supplemented with 2 mg/1 2,4-D; b: heart-shaped stage on medium supplemented with 0.5 mg/1
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Table 3. The effect of cultivar, explant and medium interaction on percentage of globular embryo conversion to heart-

shaped embryo
N@bwﬁssiw&.wwﬁ S b £
Per centage of globular embryo conversion to heart-shaped embryo
4 5 s97e ad 9 s97e Sy Medium*
Hypocotyl Epicotyl L eaf
b1 o3,
Kaka cultivar
32.71cd 22.62efgh 40.00b A
43.56b 32.29cd 58.41a B
26.00ef 19.30ghij 33.25¢ C
S9m 0
Piruz cultivar
21.64efghi 15.37jk1 29.30de A
16.59ijk 25.00efg 41.73b B
3.81m 8.28m 23.36efg C

6ol MScaiS e C 2,4-D 1) 5 0.5 Lot /0 + BA 1) 5 o5 Lot I8 sl MS cuiSlame B oy sl 5o p,5sbeo) 5l Vo MScutS oo A 1

2,4-Dyd jo 05 ko) + BA i j0 05 Lot 0
*: A. %2 MS medium supplemented with 1 mg/l Zeatin, B. MS medium supplemented with BA 0.5 mg/l + 0.5 mg/1 2,4-D, C. MS medium
supplemented with 0.5 mg/l BA + 1 mg/l 2,4-D
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Table 4. The effect of cultivar, explant and medium interaction on per centage of heart-shaped embryo conversion to
cotyledon embryo in chickpea
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Per centage of heart-shaped embryo conversion to cotyledonary oS buzxo £ 4
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o 2
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1.32mnop 4.00klmn 11.36h C

Fed 50 o5 ket 10 2,4-D 5 1 j0 0,5 heot 10 BA 0 joaiiS pedas (sl MS ceiShae B il 10 0,5 o) (31 0 j00isS o (gol> o MS oS e A
Fod 0 p S ke 2,4-D g 1t 10 05 Lot 10 BA wbjouiiS ol gl MS cuiS s C
*: A. 2 MS medium supplemented with 1 mg/l Zeatin, B. MS medium supplemented with BA 0.5 mg/l + 0.5 mg/l 2,4-D, C. MS medium
supplemented with0.5 mg/l BA + 1 mg/l 2,4-D
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Fig. 6. Regenerated plant from somatic embryo in chickpea
a: Regenerated plant from cotyledon embryo; b: Adaptation plant to environmental conditions
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Introduction
Somatic embryogenesis is an efficient platform for the generation of transgenic plants
and synthetic seeds (Kiran et al., 2005). Somatic embryo’s growth and development were

influenced by different factors, including photoperiod, genotype as well as acidity, plant
growth regulators (PGRs) and nutrient content of tissue culture media (May & Trigiano,
1991). Darkness is one of the important and vital affecting variables on somatic
embryogenesis (Angoshtari et al., 2009). In some studies, positive effects of darkness on
some plant species have been reported. This study was carried out to investigate the
potential of somatic embryogenesis from leaf, hypocotyl and epicotyl explants of two
chickpea cultivars (Piruz and Kaka) on basal Murashige and Skoog (MS) medium in
darkness and light conditions.

Materials and Methods

In this study, hypocotyl, epicotyl and young leaf segments of two chickpea cultivars
“Piruz” and “Kaka” were used as explant. Surface sterilization was performed by soaking
chickpea seeds in 96% ethanol solution for 60 Seconds and immediate immersion in 2%
sodium hypochlorite solution for 15 minutes. Following rinsing three times in sterile
double-distilled water, the seeds were aseptically cultured on free-PGRs %2 MS medium
(Murashige & Skoog, 1962). After 3-4 days, explants were excised from germinated
seedlings and implanted on MS medium supplemented with different concentration of
2,4-D and NAA (2, 3, 4 and 5 mg/l) as well as different levels of TDZ and Picloram (1,
1.5, 2 and 2.5 mg/l) to the initiation of embryogenic callus. To produce globular embryos,
16 hormonal treatments were then incubated at 25+1 °C under continuous darkness and
photoperiod (16-h light and 8-h darkness) at a light intensity of 36 pumol m s™'. In order
to develop the embryogenesis, another three treatments were used under similar condition.
For embryonic callus induction the following characteristics were studied: embryogenesis
frequency, the frequency of globular, heart shape and cotyledonary embryos. Regenerated
plantlets from mature embryos were washed thoroughly with sterile water and then
transplanted to plug tray and fertilized with Hogland solution two times per week. Plants
were transferred to the pot and kept under greenhouse condition. Plants were finally
transferred to open-field condition. This study was conducted as the factorial design based
on completely a randomized design with five replicate (jar) and four shoots per each jar.
The collected data were analyzed by SAS ver. 9.1 software. Mean comparisons were
carried out by Duncan test at the 1% level of significancy.

Results and Discussion
The results showed that auxins were more effective than cytokinins in terms of callus
induction. The highest frequency of embryogenesis was achieved with hypocotyl explants
in 2 mg/l 2,4-D in Kaka cultivar under constant darkness. For the development of
embryos, callus with globular embryo were transferred to MS medium supplemented with
different PGRs. The frequency of embryogenesis was higher in dark condition than that of
in the light condition. During callogenesis, plant species require different physical (light
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and temperature) conditions e.g. some plant produces more callus in darkness while in the
other species, callus induction and proliferation took place in a normal photoperiod
(Suhasini et al., 1994). It probably depends on the genetic structure of the plant. The
highest percentage of globular embryo development of the heart shape embryo and then to
cotyledonary embryo was obtained from Kaka leaf explants growing on medium
supplemented with 0.5 mg/l BA + 0.5 mg/I of 2,4-D. 2mg/1 of 2,4-D in both dark and light
conditions was induced the highest rate of embryogenesis. For the initiation of
embryogenesis, 2, 4-D play an undeniable role because of this synthetic auxin can lead to
overexpression of different genes during stress as well as genes involved in initiation of
somatic embryogenesis (Kitamiya et al., 2000; Quiroz-Figueroa, 2006). 2,4-D by its
strong auxin activity, can influence metabolism of other phytohormones which in turn
affect somatic embryogenesis directly or indirectly (Quiroz-Figueroa, 2006). A
prerequisite to induce somatic embryo is a reorganization of cell physiology, metabolism
and gene expression (Fehret et al., 2002). In this study, with increasing concentrations of
the 2,4-D, embryogenesis was reduced. Additionally increasing of 2,4-D concentration
could reduce frequency of embryogenesis.

Conclusion

Somatic embryo induction depends on various factors including cultivar, type,
concentration and combination of PGRs as well as explant type. By comparison to the
light condition, darkness is in favor of somatic embryo biogenesis. Between two cultivars,
Kaka showed better ability in formation of somatic embryos. Response of a plant tissue or
specific organ in somatic embryogenesis process is the outcome of endogenous hormones
and exogenous growth regulators, and this response can be physiologically varied
depending on the type of explant.

Key words: Cultivar, Darkness, Growth regulators, In vitro
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Table 1. Mean, standard deviation and range of quantitativetraitsfor chickpea genotypes based on their seed yield
groupsin the second trial of fall sowing chickpea genotypes (M ashhad, 2003-2004)
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3 151-200 10 Mean 179.1 392.5 43.4 31.3 39.5 25.2
Slre Sl
S.D. 12.9 149.0 20.7 5.9 3.8 10.1
oS dls
Range 40.9 456.7 47.5 21.8 11.4 36.0
el
4 101-150 16 Mean 128.7 298.5 41.0 29.8 37.7 29.1
eas Gl
S.D. 14.8 112.4 19.3 7.5 7.0 12.5
e dials
Range 45.6 425.7 54.7 23.3 29.1 37.0
oSl
5 0-100 47 Mean 44.8 116.6 32.9 26.4 329 15.7
Slre Sl
S.D. 33.6 132.0 23.7 7.8 12.9 15.4
oS dls
Range 97.0 536.3 65.0 36.3 56.6 58.8
el
Total 152 Mean 205.9 476.9 42.4 28.8 39.5 33.6
She Gyl
S.D. 142.3 409.9 20.0 6.6 11.1 20.3
e Adals
Range 622.3 2152.9 67.0 36.3 71.9 86.8
*: Standard deviation e Gl #
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Table 2. Quantitative traitsfor controlsand L SD for comparing within genotypes and comparing between genotypes
and controlsin the second trial of fall sowing chickpea genotypes (M ashhad, 2003-2004)

ails 3, Slos S 5elen 0 ,Sdas il y as L ke o Wy glas ol oo 0
sali Eriae®  (gpre e (209) (e (o) Survival
Controls Seed yield Biological yidd Harvest index 100 Seeds Plant height per cent
(@m? (@m? %) "o (cm) )
Karaj12-60-31 101.2 193.6 429 16.4 32.1 22.4
1LC482 89.7 150.9 91.2 26.6 33.1 14.4
ILC3279 201.7 3253 84.1 20.5 39.0 31.2
FLIP84-48C 265.2 779.2 35.5 29.8 44.0 55.2
LSD(0.05) polas
S b sl
Among genotypes 3573 959.4 73.1 17.5 31.0 75.8
oals b s
Genotypes & controls 291.7 783.3 69.9 14.3 25.3 61.9
Lod e ool & wliilsn slaosls Lulul 5 LY sl Slae coiaisV# (g0 Slos 05,5 () )0
az 0 VYIY AYAY-AY <l Jlw b o (ail5g, J8las) 33V sl Sles 50 9iiV Y gz oo 0 o ST
SV U)oLl 5last VWAY Jlo oleydT jo aS o4y ol 5 il Dol gl elwl o 00,5 sl auyeyie j0 0 5T -
Sloo b 59,FY ggamme j0 elyy Jlo cpl 5o aizren (] 5o, Sles 05,5 ] jo Lacsgs ol g lo e
30 (SN,b ol ggemma olidl Gl ol § ol a0 a0 5 Ol &)l e Dol pioran L lils 0929 ails o Slas
30 4S8 dg s Lo YYY ailoy L cils 60 b aall o e b (60, Sles 09,5 ol slacdgly 5y
Sl olaws () USS) €d )8 Ojge (o)L 9,900 b W oanliv (rp0yie ;0 p,5TP0 o Slee L FLIP84-48C)
245 09 9,008« elyy Jlw 5o e ko) <5l e wald a S 65V 0 Shee Lacalssy (ul 4569k
&9_934_1 u_....@‘.uéj 9 L)Jo)s)_? el cO—o2 ‘Ub—‘ ‘_ngcLo \AY) a5 Q)s_a ‘5wa9.1) JS UL\A )d ascbls );M
g o 9 959,85 0y (63, e SSad g3 (ods)

o, Slae b i ias MCCT762 g MCCT756 sla s by
Lt 1y 5, Skae firo (368 wrpniie 3 5] 58 Ao
Biols

LY. 5l o, Sas 09,5 0 slas duo 0 Cio 5,8
sliy o yd (5l (e a5 (6 9k 09 yuite o SRV
Ao ,0F P L allzy 60 ,5es sloog 5l jo sy
olse 3 0 Jsi) ot oualiie (63, Skt 03,5 ¢l 5o
MCC783 sloasgei N (g0, Slos 09,5 sloacig)
AV AAY AY L s 540 MCCT791 ¢ MCC786 MCC780
= 2 o |y sl o )d G S e o 3N
4 Jemio 9956 (p¥VF+ 59, ,» a5 Kanouni et al, (2009)
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Fig. 1. Daily minimum and maximum air temperature (A) and daily precipitation (B) through growing season
of 2003-2004 in fall sowing of chickpea genotypes at Mashhad
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Table 3. Mean, standard deviation and range of quantitativetraitsfor chickpea genotypes based on their seed yield

groupsin the second trial of fall sowing chickpea genotypes (M ashhad, 2004-2005)

o, &wls Sloss ‘sbuaa’t:"' 3 Slos ;’S':‘ ey et :‘:;; Slass
cloo,5 wlooles  cacwis; 7 ‘5”'“‘ ald it ?ﬂ el y ( ’)Q)B Gy P als sl ooy
YY) 09,5 & 095 YY) »e) (au039) £ F‘Iie)d S Survival
o Sdas (o Statistical . (@00 100 Seeds ' per cent
Group ‘ & 30 30 Gen_otyp&s indices for éz:ﬂr_m Biological H_arv&t weight pod Seeds %)
number Yidd group no. in each each Sead y_|e|d yidld m[ga © numbers numbecri
(@m?) group group (@m? @m? (%) pr?; ) per po
Slke
1 251-442 27 298.3 818.9 38.3 34.7 54.4 1.32 69.5
Mean
Shxe Syl
SD* 41.6 229.6 9.3 8.4 25.9 0.32 17.5
s el 188 1002.2 46.2 31.8 93.8 1.79 72.0
Range
oSl
2 201-250 32 Mean 222.1 692.6 333 32.1 45.7 1.56 64.3
e Gl
S.D. 15.2 218.0 11.0 8.8 23.8 0.78 18.6
JESE IR
Range 49 1302.8 65.3 43.6 91.5 3.68 68.0
OeSlee
3 151-200 30 Mean 174.5 638.9 29.8 30.7 40.9 1.31 63.8
e Bl il
S.D. 14.7 265.3 9.0 9.8 242 0.38 21.5
S dls
Range 49 1257.2 41.6 36.8 90.0 1.56 81.0
oSl
4 101-150 27 Mean 127.5 482.1 27.4 31.3 41.4 1.17 55.4
She Gyl
S.D. 15.8 151.8 9.2 7.7 21.5 0.46 16.9
S dals
Range 48 838.2 49.7 31.3 86.2 1.82 70.0
OeSle
5 0-100 36 Mean 60.3 282.1 18.8 30.1 36.2 1.25 31.5
e Bl il
S.D. 333 187.9 10.3 12.2 27.4 0.52 233
oS dls
Range 98.9 749.8 342 49.6 92.5 2.78 84.2
OeSle
Total 152 Mean 171.1 569.8 29.0 31.7 43.3 1.32 55.8
e Sl il
S.D. 86.0 284.3 11.8 9.7 25.2 0.54 243
oS Als
Range 4419 1633.8 78.6 63.1 109.6 3.9 103.2
*: Standard deviation Jlose 3l ol
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Table 4. Quantitativetraitsfor controlsand L SD for comparing within genotypes and comparing between genotypes
and controlsin thethird trial of fall sowing chickpea genotypes (M ashhad, 2004-2005)
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bl (&yoyi0 32 0)5)  (&y0y50 35 p)5) (o)) e I 5 Survival
Controls Seed yield Bidlogical yidd ~ Harvestindex ~ 00%0s  Filledpod - Seeds percent
(@m?) (@m?) %) weight numbers number (%)
i i @ per plant per pod
Karaj12-60-31 126.3 4222 29.5 253 56.2 1.6 42.4
1LC482 80.5 261.2 28.3 27.9 35.6 1.3 34.4
ILC3279 1359 512.3 25.7 24.5 42.8 1.4 52.8
FLIP84-48C 249.5 718.9 34.3 31.9 314 1.8 71.2
LSD(0.05) polae
S5 b sy
A b laes 161.5 364.4 21.8 18.0 73.3 1.9 50.1
Among genotypes
laaals b laccs e
SR B 131.8 297.5 17.8 14.7 59.8 1.6 40.9

Genotypes & controls
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Fig. 2. Daily minimum and maximum air temperature (A) and daily precipitation (B) through growing season
of 2004-2005 in fall sowing of chickpea genotypesat Mashhad
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Table5. Characteristics of 20 superior cold tolerant chickpea genotypeswith the highest yieldsresulted from the
second trial of fall sowing of 152 chickpea genotypes (M ashhad, 2003-2004)

4l & ySlos S Slos "P;" ailoVes (439 & G
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s,  TEEIEl el Lo »eR) S5l e (5 o P2

2 Genotype Seed . ) . (2oy9) (sioiile)  Survival

no. Namyep Tvpe Origin (&1y0 5% (&y05%0 33 £5) Harves 100 Seeds Plant per cent
yp Sedyidd  Biological yield .a[j" weight haaht (%)

(gm?) (gm?) ke © 9
(%) (cm)

1 MCC791 Kabuli Flip97-132C 622 2153 36.7 31.7 57 81
2 MCC783 Kabuli Flip97-120C 570 482 65.0 31.8 60 87
3 MCC732 Kabuli Flip97-179C 533 657 65.0 25.5 42 57
4 MCC741 Kabuli Sel93TH24467 500 1031 59.7 24.1 42 60
5 MCCS53 Kabuli 217921 499 1353 57.5 37.3 65 53
6 MCC771 Kabuli Flip97-94C 477 1092 26.2 33.4 58 67
7 MCC785 Kabuli Flip97-123C 460 1291 452 32.7 50 48
8 MCC798 Kabuli Flip97-163C 456 1337 41.8 31.9 48 57
9 MCC788 Kabuli Flip97-129C 444 1471 51.0 38.3 61 53
10 MCC786 Kabuli Flip97-124C 424 1977 42.7 39.5 57 81
11 MCC775 Kabuli Flip97-102C 422 1569 47.7 443 48 73
12 MCC780 Kabuli Flip97-116C 412 856 31.6 322 48 83
13 MCC819 Desi IRAN 399 858 29.7 25.2 43 39
14 MCC797 Kabuli Flip97-158C 389 254 65.0 29.7 45 29
15 MCC463 Kabuli 1LC482-205 388 645 65.0 23.1 50 45
16 MCC779 Kabuli Flip97-114C 387 1281 50.6 39.5 72 61
17 MCC769 Kabuli Flip97-87C 386 806 315 34.4 53 75
18 MCC793 Kabuli Flip97-134C 385 904 254 29.4 53 51
19 MCC764 Kabuli Flip97-78C 384 684 63.4 34.9 47 57
20 MCC733 Kabuli Flip97-182C 380 632 46.2 29.2 42 59
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Table 6. Characteristics of 20 superior cold tolerant chickpea genotypeswith the highest yieldsresulted from thethird

trial of fall sowing of 152 chickpea genotypes (M ashhad, 2004-2005)

Slaxs
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w en e . w _ [ w 2
; gl e Lice 205 Aa > (55 Gy e
W) . / ; N Survival
Genotype Seed . (20 y0 55 (&yo %0 33 p)5) (o y0) 100 Seeds Filled e o
no. Origin oy e . per cent
Name Type Seed vi Biological Harvest weight pod Seeds
yied ) : 9 (%)
@m? yidd index @ numbers  number
: (gm? (%) per per pod
plant
1 MCC802  Kabuli Flip97-187C 442 651 65 37 48 1.4 79
2 MCC798  Kabuli Flip97-163C 356 1254 25 35 38 1.4 70
3 MCC753 Kabuli  Sel96TH11439 350 1634 19 27 110 1.4 75
4 MCC770  Kabuli Flip97-91C 346 747 43 34 89 1.3 88
5 MCC809  Kabuli Flip97-211C 342 788 41 43 31 1.0 75
6 MCC761 Kabuli Flip97-62C 328 824 37 30 49 1.5 50
7 MCC814  Kabuli Flip97-220C 326 735 42 33 34 1.7 79
8 MCC728  Kabuli Flip97-166C 318 684 47 27 58 1.6 91
9 MCC743 Kabuli  Sel93TH24477 303 728 49 15 59 1.0 75
10 MCC736  Kabuli Flip97-230C 295 632 53 20 32 1.2 103
11 MCC815 Kabuli Flip97-221C 289 793 36 41 46 1.1 63
12 MCC730  Kabuli Flip97-172C 285 689 41 36 59 1.1 67
13 MCC760  Kabuli Flip97-43C 285 695 40 46 105 1.1 35
14 MCC776  Kabuli Flip97-111C 283 1092 34 43 16 1.2 95
15 MCC795  Kabuli Flip97-139C 281 731 38 41 54 1.3 59
16 MCC767  Kabuli Flip97-82C 277 754 36 46 90 1.2 31
17 MCC806  Kabuli Flip97-196C 277 752 36 41 61 1.0 71
18 MCC758  Kabuli Flip97-28C 276 753 35 40 32 1.6 54
19 MCC774  Kabuli Flip97-101C 276 683 39 40 43 1.4 82
20 MCC723 Kabuli Flip96-90C 274 700 37 29 30 1.3 75
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Introduction

Studies on the fall-winter sowing of chickpea were commenced in 1974-75 at
Mediterranean regions. For example, Singh et al, (1997) studied some chickpea cold and
ascochyta blight tolerant genotypes in fall-winter sowing for 10 years (1983-1993) on
three regions in Syria and Lebanon under rain-fed conditions. The mean of seed yield for
10 years in the fall-winter sowing was 1686 kg.ha' that showed 70% of increase
comparing to seed yield in spring sowing with 994 kg.ha'. Biological yield in fall-winter
sowing had the same increase record comparing with spring sowing, too. They declared
that the extended vegetative period in fall-winter sowing than spring sowing was the cause
of this result. Also, studies on fall sowing of chickpea in Iran have shown that significant
enhancement of seed yield compared to spring sowing has arisen from exploiting of
sufficient water and extending of a growth period in fall sowing. Regarding to the results
of previous studies on fall-winter sowing of chickpea that demonstrated possibility of this
type of sowing in cold areas, this experiment was performed in order to evaluate yield and
yield components of 152 other chickpea genotypes in fall sowing.

Materials and Methods

This study was carried out in three years of 2002-2003, 2003-2004 and 2004-2005 at
the Experimental Field of College of Agriculture, Ferdowsi University of Mashhad, north-
eastern Khorassan state of Iran. This study was performed in rainfed conditions with only
two times irrigation at planting stage and 20 days after that. In the first year (2002-2003),
46 chickpea genotypes (30 cold tolerant accessions resulted from previous studies at
Mashhad and some genotypes from ICARDA and Canada) were planted based on
Randomized Complete Block Design with three replications. During this year, cold injury
caused complete loss so, in the next two years by adding of 106 other accessions, totally,
152 chickpea genotypes with 4 checks were evaluated based on the Augmented
Preliminarily Design. The seeds of genotypes were attained from Mashhad Chickpea
Collection (MCC), Research Center for Plant Sciences, Ferdowsi University of Mashhad.
The seeds of each genotype in all trials were sown in plots containing one row with a
length of 2.5 meter. The distance between seeds on the row was 0.1 meter and rows were
placed 0.5 meter apart. In the second and third trials, genotypes were categorized
according to their seed yield amounts to several groups and some statistical indices such
as mean, standard deviation and range were calculated on their measured quantitative
traits (such as seed yield, biological yield, and yield components). Based on data analysis,
existing of significant differences among genotypes and controls were studied between
them. Finally, superior genotypes were selected and introduced for continuing of
investigations at future.

Results and Discussion
In the first year, the hard, cold and freezing temperatures occurred after emerging of
seedlings, repeatedly and then all plants were lost. There were 69 days with freezing
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temperatures through the period of planting to late winter. The lowest temperature through
this period was -12.8°C that occurred in November and December. Based the on results,
in the next two years, there were significant differences (P<0.05) among genotypes with
each other and with checks in yield, yield components and plant height. In the second year
(2003-2004), the range of seed yield among the first yield group (39.5% of all genotypes)
was from 251 to 622 g.m™, while in the third year (2004- 2005) this range among the first
yield group (20% of all genotypes) was from 254 to 442 g.m™. In the second and third
years, the highest survival percent, meaning among all five groups was observed in the
first groups. Totally, 20 chickpea genotypes with the most yields for each year were
selected and introduced for the next studies.

Conclusion

Regarding to rainfed conditions, the higher seed yields in the second year comparing
to the third year can be related to greater precipitations in this trial (271 mm) compared to
the third (202 mm), as well as better distribution of rainfall in the second year coinciding
with the vegetative growth period. Occurrence of higher temperatures at the end of the
growing season in the third year also could be a limiting factor for reproductive growth of
chickpeas. It seems that the existing of only one genotype (MCC798), communally in two
years among 20 superior genotypes, revealed this fact that these genotypes respond to
various environmental circumstances, differently. Regarding to mean of seed yleld of
chickpea in Iran (410 kg.ha™), achlevmg of seed yield records of 3800 to 6220 kg.ha" at
the second trial and 2740 to 4420 kg.ha™ at the third trial in this study that were obtained
from next to 40 chickpea genotypes, reveals a promising potential for a fall sowmg of
chickpea in Mashhad. However, concerning about this fact that the temperature in the two
years of this study did not drop less than -13.2°C on the second trial and -9.2°C on the
third, it is suggested to investigate of phenological and morpho-phisiological aspects of
these genotypes more, especially in colder areas in order to be sure of their cold tolerance,
sustainably. Finally, 20 chickpea genotypes with the most yields for each year (totally 39
genotypes) were selected and introduced for the next studies. Considering the importance
of field investigations, these results can be completely efficient for continuing research
and development programs on the subject of chickpea cold tolerance in the present and
the future.

Key words: Augmented preliminarily design, Plant height, Rainfed, Yield and yield components
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Introduction
Proteins are one of the basic and essential required compounds for life, and the
creatures receive it either from a plant or animal origin. It has been reported that the
positive effects caused by applying the magnetic field are due to the paramagnetic
properties of the cells within the plant, and pigments such as the Chloroplast. Biophysical
methods (magnetic fields, electricity, etc.) could improve the growth of plants with high
energy rates. These methods, improve the energy levels independent from their source,
and increase the electric potential of the cell membrane. Stimulating physical methods do
not affect the physiological traits of the plant controlled by the genetic systems. In order
to study the effect of intensity and duration of magnetic field on some properties of seed
germination of chickpea (Cicer arietinum L.) cultivar ILC482 an experiment was
conducted in Advanced Research Laboratory of Ferdowsi University of Mashhad, Iran.
The goal of the experiment was to determine the possibility of improving the germination
and vigor of the chickpea seed by using various intensities and durations of a magnetic
field.

Materials & Methods

The experiment included magnetic field intensities (100 and 150 mT magnetic field),
five exposure duration (60, 120, 180, 240 and 350 min) and control. After preparing the
seeds, 40 seeds were placed in a transparent plastic bag between the magnetic poles in
order to apply the magnetic field. For applying the magnetic field, the magnetic generator
was used made up from two strong, constant magnets which the opposite poles faced one
another, and the field intensity was changed by changing the distance between them. The
seeds with a root length of over 2 millimeters were recorded as germinated. At the end of
the test (day 10), the shoot and root lengths, seed, root, and shoot fresh weights were
measured and recorded. The statistical tests were done via the MSTAT-C and
SIGMAPLOT 12 software, and the EXCEL 2007 also was used in drawing the charts.
Duncan's multiple range tests was used to compare means. All statements of significance
were based on probability of P<0.05.

Results & Discussion

Results indicated that the highest root length was found in the 100 mT magnetic field
with 120 min exposure duration and root length was increased by 33 percent in
comparison to control (6.33 cm). Root length was increased by 30 percent in comparison
to control in 150 mT treatment with 350 min of time. Shoot length was increased by 46.9
percent in comparison to control (1.67 cm) in 150 mT + 350 min of time treatment. Also
the highest dry matter of root in the treatment of 150 mT +120 min magnetic field was
increased by 51.9 percent in comparison to control. Dry matter of shoot in 150 mT with
350 min exposure duration was increased by 46 percent, while dry matter of seeds was
reduced. Since the magnetic field improves plant growth, As a result, food manufacturer
depletion drills done faster and better, the growth of pea seed germination will be faster in
vitro. Increased germination of the tomato seed (Licopersicon esculentum L.) was

* Corresponding Author: gh.mahmoudi@stu.um.ac.ir
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observed by using a short pretreatment with electrical and magnetic fields. The magnetic
properties of the cells determine their capability in order to absorb and transfer the
magnetic energy to other types of energy, transferring these energies within the plant.

Conclusion
Based on the results from this study, the magnetic field had a significant effect on the
chickpea germination properties. When the seeds were exposed to various magnetic fields,
most of their germination properties increased, an increase in different intensities,
compared to the control. It could be said that using a magnetic field is an appropriate
method in order to improve the crop growth against the weeds, and it could be used as a
useful management technique which has no polluting side effects.

Key words: Dry matter of seedling, Fresh weight of seedling, Magnetic field intensity, Seedling
length

a1



Iranian Journal of Pulses Research
Vol. 7, No. 1, 2016, p. 65-80

ol Slg> Sl b g 3 40
A0 Jgl dous FO-A+ dmino 16 ,lods Vol

gilo 5908 (3340192 ST g 29 Swod 39 30 g (S 39 i il
(Vignaradiata (L.) Wilczek)

Tksol.gi‘sl.c »ye A dS 9 Td&nJ|.\+c ‘S:Lo.»o )gLo‘TGYL&l{. GGLA.Q Y- ol).olf {*"‘5”‘»3 S0
%0 S 7 oK1 (535 LAS 2SI (aelj 095 (58155 LS (533 i (6555 Gerils )
S oGS (6559l pole 0uSLiils (bLd Mol g cusly 09,8 el iyl ol 15 (g guol il - ¥

VAT 0/ 4 sl o g
VAR 1Y iy b

ouuS

O 95 G el ol 2l 3 Shee 00 (s 5 e Jole G Gd @ 0BG 5 (S8l
Sl eaimddse Jolo plpiear yo jlesi ey ST 09l Sl Logl o5 (aLS earSwags (s Jele
&Lmk;).as - “i"""")"ﬁ)“\—"-b )_:‘ gy XKW l_s d_..a;u L)"‘ ey OMLEB):.A L_Aa...’xn ASLQJ""’ o )|]A...M:‘ 9
plaml )55 ez 5o (Bolai Mol )b B )0« )5S Gialejl Ojgots (5558 25 53l Codd e e (Salse
3 G i g Siesl g pied Sl F 5 V8 A Gro a0 Gl Jled i Jeld siolejl slejles ol
doddlu g azd iy Job « Sialsr sy Slas ioleyl cul )0 05 i ey s A F T Y Gao mhawg
S a9 a4zl ol Ol vio e oSO eglleg o aBle g azads, Sis 59 dzddle g axdds, )., 039
5 5 Oj azBls g dzraiy; Job )sd GRS 5 Siparlngjden GRSeR 0 il pogdle Cutls 052y Lo logs
s ;0 lo e IS azalS cdl Of oo § S tegllag ;o iz Bl SKis )59 drdiy, SiS 5
F sl as ccul J ol ol s (glo sime BB ws oty mlaws jo azadls ); 039 k8 g adls a0 S
039 3 Job (Hilez wo ) (Sl (n it 00 S5 ssalie (gl cme sl )0 a9 (Sl o0 5 (Sl
)_; 359 O i s oanlive Sicaslpgyomd celw¥F g laiecs] JLad [0 00 auty g azddle g azdiy, Sis
wmalS codl Ol ao,e a5l caslive Kiceslpgyoud el g shies] L 10 SO eglleg po g azada,
A ey 0550 Sl aie 4 S ol plaisl sgta | lade oy S Sieslygiane celY Y g el Lo
(S gy il |y polie o yteS Sivanl g )aen (3 5 sy Gtenjsmoh S5 50 azalS Sl ol oo
o wallasl Sl azmalS 4 liee GRIEg (Sialer (SH16Se g Sae e ] B sk I Cendly Sal g 000
20,5 Sl slajazrls ol Coge g 0ols g |y (5,98

Slis> o> sladsle Glycar (alS utign So oV B
Rastgar, ) o,.5 - |, 38 colaiwls 50 Sllgs 4385 g
.(2005; Majnoon-Hoseini, 1993
BLaiS § Copraz dgy 30 salsps Sl s
S5ygbiS 4S5 wiis (o ol alex 5l (S e
Gl L (5 )y9d G5 om0l 50 el g9, T L (5594
3 2l slaplail goi g 0b; alS (Siaile e y0 5 Gl
U el eV ame 5, Shos 4zl wb; 0,90 StalS
el s St sobe ag nily Wilgi s 5 4nSS it

Wallace, 2000; ) aas _uals woda |, =ly; o)

0

doddlo
5 095 (AL a5y el g (n fodes o Dbse>
als oy b (Vigna radiate (L.) Wilczek) jew ile
Sl @Y Glandss 5l 5l e w0V Y-YO (ol
sde e 5l (s59,l @aloz 25T 50 5 009 1,55 2 (L]
o391 L 55 e ile adgle w09 ca sl (ag (el

caelyy 09,5065 ,9LiaS 0 aSails ¢ yde o i oKl 1 glommnd Sy 5
ol o2 Majid.ghanbari @modares.ac.ir A FAVA-YYY : s Ggaio
FEVASAYY-Y :0yal - A1 100 FFA]



WAD Jol Ao 33les Yl /ol t Dlgnd SR 3 43 /... 598 i ;T 1], 500 g (5

Siz sl Y Oley 2alS &b 5l g 039 480 ()95
5 0dedn oy 1) (Hialsz o0 5 Glie sl yo O
Windauer et ) oS o g s 1) azalS il 5 o jem
CrtS Sty s S|y (S jeboas (@l., 2007
2 Syalyz adgl slaslany, SLET Gk 5l yh Sials>
Abutalebian ) soi ;3 ;0 Joko pudi g489 pae Lyl
s ylezx eSS g e £S5 ,b 5l (€L al., 2008
=Y gmame 8, Slas 9o g ydo ai (Rl e
Esmaeili Pour & .(Farooq et al., 2008) s5,5
Syt 5 Sinaslpg o Sl w0 Madam, (2009)
i Ll S e BpeS jge azalS 0l g (Sals>
Slio ()9 (S olaw (IRl a5 W0 S A1 (5 )9
g azain; g azale Job (Sjailsr wsoys 5 (Sl
a5 ml 0g2gly 5 0olo 1l ) azay ) 5 ax il Sad
Ol bl el 3 (6 98 DT Jaosd el Hods Sl g 00
Agah & Nabavi Kaat, g0 ,ls coe g bl [k 5l uals
Dyad g (yadlex o ydo e Bl o) 0 50 (2013)
Sl a8 2l ;s )98 A5 Ll cod Loyl azelS
5 oeiles sleaddie ol (5,50 A5 Ll 0 cod Culys
azdiy, SS () azdile g azady; Job (gialsr ao o
Orimed A 35 | azalS S piagllen yo g az il
2 Sl @ lite sla e 51 () o oS ls%
S wisls ()55 Sl it Jolye )3 (5598 4 Caeglie
g azailo g azais, Job « gjalsr 2oys 5 (xSl Do
aslos 15 oy Sge o dml s jedm jo Hd Ay asll
,o Saglam et al, (2010) .(Shakarami et al., 2011)
2 eie il slasio)ly p Smlpgjaen b
S5 W5 gobw Gl a5 wo,S ke (6)9d A5 Ll
s 2l Slaome Gl 8l g S tagllen po Gl e
O Sl ey s Ghegiy Gl el oal azalS
2 reibe oadml i jod Giailsz sl iy 2 sd

ol 48 5 8 )90 LT Ll 0

g, 9 dlgo
Sl yiae 5 )90 G5 r“l-' bl ek
Sgmotnr bl G ile jeier (Sialer Gl S
2SSz 5 Bolas Sl S b B o J 55
30 S oS iils (65,0l pole ouSlidls caely; oRiulesl
o e Jols cialejl slajles ol bV TAY Lo
el ¥ g el iV f el wh i o mh o)l g o
F XN Gho mhwmig 50 (s AT 5 Sl gy

£5

slad gloaod o Jolw o ST hew sla JLSOol,
)_305>{_C 9 o.))_fb.a_?‘)?‘d ‘) LQM‘AS_JJS}: 9 Lbu.a.i.:s)_a
e el SIEL Bk sl elS o Ly, (95 e
oS sladohe 5 Lbedl )3 penliy 5 o slags S
Rajabi & Postini, 2005; Greenwood & ) 54 o
adilaie o ol Jowily LialS alwgan Sas i ol
g azmels 0 )5 5 mow Glags Coew Sbml by
Ol 0 LralS diwgas olidé olic Jolkpas olwl &b
le slaplasl o T Jlas! ol jo Lials L wis
Gama et al., ) sas 5 555 ,3b cov |, LS geigas,
5y Shas yl5e oy, ,o Greive et al, (1992) (2007
Gl Ly 45 s S IS 5,90 A5 Ll o paiS
Ol 5 (a0lsr wmeyd 5 (Sl (59 S olaw
Aoel ,o el ol aS Al alS Gada axelS o
S (598 L a5 ams oo oyl o iolesl 08 5 o ol
g 4zl Job o Siail ao)s 5 (Sl p (s)lo e
el AT Slaza iy, g azddlo P 039 9 ddiy
Khodabakhsh et al, .(Tajbakhsh & Sadeghi, 1999)
9 &W‘}-’ﬁ)m J.«.’L) S99y »)5_’} Lsuu—“‘))" B (2010)
S5 03, 50 58 6r9 G Ll ot Sl gen
e 59 S st Ghaly 8l 45 WIS el sk
azaiy; g azale Jsb g Sals v yd 5 (Sl a8
= G Ui Gl plalidl aS slolis b ool 00,8 e
1 ol Olmee 5 009 N30 azralles 5l o azasy, ws,
LS 5l (e (SOltani et al., 2001) oo o Lials
Glcbile Folaw iol38l aS Wl e iz Glaime Sladss
9% A g o3l 55 (oole i (Siailsr «s,58 25
(Tajbakhsh, 1996) vas o als |,
St Lo hg, 5l (S« Siveal g i Lwlycnl 5o
Ol 50 A5 caigaste 5l 4o Jidlex sla S oS
Cudlad 4 ggmmias 00 S i |y Ol oud J 508 &g 558
Tor> 3l O Siler Suz el (Sl g Sale
odsilo; 395 adgliush) a4 jods (e g 00D eSS azaly
(Farooq et al., 2006; Harris et al., 1999) wis & o
B L SR SUON JUPRUINV-IFY B [ I KW P S g V=S
9 4zl S LEul )3 35 Sidlex Cuz oY Olejne
g o3l Jl (3, AILSOT Sl eslitul b Sipeyly plosl



WA sl dows 15 o Y ouler /st ptt Db gudr SR 3 45 /... 550 (i il 1l )lS0 5 (65

azalS cél ol o, = (F)
(whf 5 035 eSleem azalS K2 o5 u*SJL-ﬂ> %Y.
Azl 5 055 el
(Fowler et al., 1981)
M ah e3ls = G dlx ol ae e X azals Jsb(d)

(Agrawal, 2003)

Sl danjos 4 aseus SAS I dle 5l solazwll eesls
o )log05 pay 512 g TUKEY (y9031 5l o uSilo duslin (sl
2 eolawl EXcEl l38ls 5 5

Siaile

ol a S oloylis Laosls il jly 4y o0 gl
3alsr Soys 5 (el 2 S)ed 5 5 el e
OV Jgoz) cnl o mine 9o ;0S80 w50 e yilo
oy 5 oaSilae o Srmal g0 (5285 (i
e Sopml g e el P lass o w4l
MY
099 sl 50 ol Gl (268 g il Sisl g e
oaplie oo 0FP/D . FIFD o (ao) Sl au
Ol o2t (6)9d 5 B Sl Geizmen (Y Jgoz) 0
i 4 Ghaieo]) wals s o Jjaler w5 :Sike
G5 33 &1 s Oy yiaS 5 ooy ADIFY AJDF
odolie ao  SYOIFY YIOF ol fay oy (picay ) gwoh
S35 (ke (59, oadplml (Sl oy (Y J9u2) w58
azalS ab) 5 Sialer Geizmen 5 (580558 S (Sialse
(S5 (55 gsbe Rl slsplas grasspea o3, )k
s fals o)l sre jebar ]y Hedh (Giailsr woys 5 (2Sle
e iariismd Yo 659 5o o e 8 (0 pien
Mahdavi & Modarres Sanavi, 2007; ) o_i soaliw
Khgeh-Hoseini et al, .Shoeocan & Garo, 1985
50 2w 9,5 slaygs b 4 093 Slidss o (2003)
Piz 5l S lr 5 Greml Vb loJely 551052 54
3=l e Coemw Sl Syl uizren 5 4 Lawgy O
aiidls o)Lsl (598 il Jol> IS g o slagy
SLags 9959 5| SHo=b G5 a3 Ol Kty Slisdos
sladstre cis g (Jobw Lsé 59,0 a0 IS 5 oo
Ol A 53 5 Do 4 2li€05)0 (Jsmgims 5 (Sl 2]
slomdly gLt 5 Jslow o)l gyl 5 TS Shals
9 osolue Liels a5 (Allen et al., 1995) s b co >

Colo¥F Lai b (6,15 sine &gl 4 55y s SVY/ - -

B Gy Loy 005 co g | jods (Jrails> doyo

Y

L sd comabasl lal 5 B 09 ;e 2 (o j oA
A28V 0 Soed pd—wi S gl a0V e gt
g Nabeold gt Haies| b 4l ol 5 oo Sgheas
L OMUM GLA) C}la_».v dJUa.A )5.).J sg_i..,.m‘).vs)m
silncs (BU1 (slod) (wgumsds a5 0¥ sloo yo ylaiecs]
OS2 (g0 03V 0 olawiay S gl g 230l
Sloolainl b (gy08 i i8S )13 Blodels gl g
ol ol abal, Glhe oS e Lalls- NaCl
TDS =640 X EC (V)
o 2 ) e B i TDS T o o8
ey e j e > g So aSUlislas e EC
ol e ol of Jewily sl (Mahdavi, 2005) el
Jodoee o o i cGluss i ;o 4 0 solatul Hladec|
12 lagiaais e 5 oasbiey plidll Lot g s o ot Jlae
Goed (SoHL5 50 5 (ugmndis a2 070 (gles (o j5ilie )
A3 ealy L5854 A
aslol it 55, b g 5leT ooty 59 5l ielez hleds
ojlailay azaiy ) ze 5> Jale> L g ISTA, 2004) sl

_ LDn
MG_Zn

931 €95 5l Gy Lgy olaxi D Jsgo® ol o
Ellis) ceul D 35, ,0 03 ails> sla,dy slaws N g Sals>
(et al., 1980
PG = N;/N x 100 (v)

N 5 i 59, L oo 00 aly> 43 olaws Ni )T 50
Jsb (Fallah & Babagei, 2006) ol o |5 slass
slp b s pSojlail (6 te dos Sl b azeBle g axasy,
ol 633l 5l azailn 5 azaiy, 5 05 xSl
pS+le++) 8o L, (Sartorius research (R300S))

M)

Doty S S | ey azraiv; g azalle ol ool
B 0310 1,8 gl 10 wgmmmdis 4% 0VY slos jo ceelY ¥
2l a0 oS gl po i (6 S 0jluil o] Sas g
F¥adal, polol pcudia )0 e a3ls 5 azelS 8L

DAl dwloes B 4

ax Ady; SiS (5

S yiegll o = )

(Hoseini et al., 2011)

az aBls Sz 5



IWAD Jol o 335leis Yl [ttt ©bgnd SRR 43 /... 6398 i ;T 1], 500 g (5

il e .
i adlie

Aoyl

L Jake
dada; F )8

Aol

[T

Fpile 00l @l y9de (JFiailex b Sy 2 g9 it polia w3l il )l s Y Jgoa

Tablel. Analysis of variance of values for the effect of salinity on primed seed germination characteristics of vigna radiata

Sl e

1 gl

<l ol waye

3 - ailtae) puiS azalS 0l 5 (Syailex p Hd Smalpgyien

£ |3 _1:5 i 5 el Rl corge il Syl ng i oS sloglas

:5 ‘j 1; it 1 ; ;: 11 (Giri & Schilinger, 2003) 55,5 ,sie S3asls> oo

¢ :% s 3 :: é 355 11 = 5alez s Sasl Ol 0550 0 ol Kig sy Oladon

7 é 535 - g Sl g ya a5 Slolad (6,0 LS o oy D)3

- - _jj sloadlse g atils g b s R Sidlez oy g Kl

;;; < « 4 8 -ﬂJ Sl 001005 gy (550 i |l s | Syasile>

E s (Hasanzadeh Kahal Sofla et al., 2012)

5 “5 S 7 OISl g aty jades ;o Sl 1 (w2 o Gliies

CEHIERE - Si8le a0 g (Sl daugy o ge Siayl 4 adl yo

- Soltani et al., 2008; Demir Kayaet ) coul sas 5 5,

[ | sl =l Ol il Ly Sl @, 2006

ER1IE S BRI 5 Ll Syl 5 il sl ol T

) S58lsz P 50 e DgelienSTy sla 2Ty o555

ji5fes % 2 = 35l o3 g (Sl Gl cezge g ool als

¥ 23| & z ¢ ° (Hasanzadeh Kaha Soflaet al., 2012) s5 5 o

138fa s Y5 b s azadlo g azady) Job
YEI3E R 3 S 7 Job as slsplas Guilly ajes Jour 5l Jol> s

- i o Spel gy 75l e Bl azalle g azady,

iﬁ fe 2 5 B 3 g )3 9t xSl g s S a0 9 5)9

7|00 = O Jgoz) ol ls e duo 0S5 Jle
P S o azaile g azaty; Job (Sl anolie

FEEHE 5 £ z = (e & (Y Jgaz) S las (59 xSl g e

) 5 (latonl) asls Jlos 9 azradle 5 azaty; Jsb oljes

N YVIPY 5 ;i il VIO cusi ey Kol g youn LY

1 HEEREE B Srg o azadles s azady; Job (lie (S 5 el

ey Sl g )i (9dm g ey e j A

L, E b z oo O Kemgs el e L VEIF e g e LLPIAY

3 "sf ‘. — j Loyl Galizie o8] (Sialsr 2 (6,50 i3 hlides sl

= £ az il g azaty; Job » )b G5 5l 4 wolsplas

" ST I b Ol 3l S5 G5 st il L5 05 e

W EE|E 2 8 5 4 3 Job Ol (i Sl o ALl dzddls 5 azady,

R E 5 odsz 08, 5 GhieoD) walls Jla jo azddls g azady,

" i s I :h = 155 e 2 oot 69 0 Ol Olie (n%eS

3 %‘;: 3 % g 3 ”g (Bagheri & Hassabaygi, 2009) o soslie) ¥ AA

A



WA sl dows 15 o Y ouler /st ptt Db gudr SR 3 45 /... 550 (i il 1l )lS0 5 (65

50 a8 ooyl jewble azaBle 5 (59 Lo Sl duslis
25039 e (S G a0 RIS 00
oA 69h 50 Ol Gl 05565 9 (2, SONY)
Jsoz) Cbls 052y (p SVIOF) Sipmal g o o 9 5o
slogl = 608 Gid 8L (o b ol Kimghy (F
A5 szdly o aid jatiz ol 5l S g Cadglle oLS 4sSS,
89 S sty SelS 6,58 A ol Gl
Vicente et al., 2004; ) oS o ool azadle g azaiy,
axalS 6,98 25 b b, (Hussain et al., 2004
S Bas L ileg g5 Jlad (5 laeSSskais 5 (Jskuiys)o
leo slaplasl g Jrals an, oxie 45 o890l e (555!
Penuelas et al., ) ceul oos o)1 ;5 )39 0mgam axals
oS 1 G55 5 3l oy b s chmehy 5o (1997
e )50 S YL gaha &5 0B plgre WS 5
@ole it iz (U100 5 azaile g azady, 5 iy shalS
G 5l (8L (Somrtaes 3925 Jsey azalS g (g
2 SIplie OIS 59,0 P ol doet )35 6590
Oloms azadln g azais, 5 0y Sl Jele |) azals
25U ey L ol (Karimi et al., 2004) wles S
S wsls (5155 (6598 i bmlyd o (SThst ke Sl
azal g azay; 5 ojy sl gine Gl cel il
olailasl s (Khodadadi et al., 2003) coul ous
0l olesne § Sialy ;b ooy b oSyl S0
A8l )3 92 g puS g p azalS 0D 5 (Siailex slaadse
ey 5 oy ol el Siealy plojiss Gl 4
Karaki, 1998; Ramazani & Rezagi ) 55,5 » azadls 4
9o &) p il b Kiesl 5y (SOOKNt Abandani, 2011
Ly ond (S slicalan (il corge aalS Sai g (i
azals Splio 5 Sojelssd slaanl b ool )8 ydbieos
azaile g azady; 5 ojs oll s ol wiz Gl e
wdel Cawddy s 4 4> (Basraet al., 2006) s 5 o
L_g 9 oals J"ﬂ‘—i’“ A0 )_Jamu] l_) &wlf”m )LQ./.J
P 039 St G Sianl g i ol Gl
O Az dde) 5 (s e b odalive azalle g azads,
Ay 0 )_!a.sd_s O ol i x_iaw‘))ﬁ)d_..b CeelwA
oy i S s sl 4 ol b Sal g 000
Abutalebian et al., ) coul oas 5 axaio, 5 059 LalS

2 el caz oY Glej g 009Vl Soml g aee Jsb

£

2 oSy, oS (omdagy 0 5 (aler 2l
o o GRIPIL S slbplis (698 Al slacibale
Job a5 b (28l falS azaiy) 5 azaile Job (5,90
Azt Job gy p ierj ool ghaw jo azadle
il 5yl e LS e o i s VO
(Abbassi et al., 2009)
S SlSlslaml b 6 9h 5 golan aldl
i 9 S Glag a5l i 0959 9 2leadl las
0039105z gay 5 azallon g azaiy; sladslo 09,0
5l o oJles (Zahtabian et al., 2005) g oo
ools 1,809 5 SL Co |y amals al, jo J5e slop ]
L e (g ol il iol331 L ¢ (Farkhah et al., 2003)
P Bl g 005 @ mSslr d 0gy0 a4 ol 095 5l s
(Azarnivand et al., 2005) 4 »al5 b o, 95y,
Ol Sty 20 5 (0 azdBle g azads) Job JualS e
5 il Sluogas i p Soely b (yp 5
Sozeiln b ldl a5 aials Gl @in agelS wl,
33,5 oo azdiln g azain) Job o9 rte 2ge )00
39 Omizmed laise (Gholami Tileh-boni et al., 2012)
plil Jals 5 L5 oz il o8] (5, 45 500 lagiabes]
Job il cmrse Samlngyoe a4 widls plo
Judi & Sharifzadeh, 2004; ) a5 5 azadle g azasy,
3lslT Lial3dl b Steasl 000 (SaNchez et al., 2001
) sde Sedalie cdld Gin o Jode slacljueg S
Sung & Chang, ) ;i plsd 5l eolaiwl U § 00,55 o0
5 i 5L Lo sl colled Lisl3sl 5,k 5 (1993
Jsb il 8l cg0 (Kaur et al., 2002) sl pueliols

20,5 oo azadla g azaly,

azails g azads; ¥ 039
P 059 a8 slolis besls il jlg 4320 51 Jol> b
GRS g Sl gy Ll e Bl azdlle g azasy,
GRS 5 a0 S8 Jletl ma s 3 (50
s o dzain; 5 055 6l s SREx Sl 000
Jbeiol mhas ;o azadln 5 (39 sln g 2oy Jloio]
708 el amlie () Jguz) Cenl Jlo gime ooz
S5 i Sl g o S w8 53 jrw e dzddy
dald jlasd o dzadn; 5 0jg Olie (o de &5 Sloplis
S 3 (R VVIAY) Sl g e Csluh 5 Ghaia )
099t § eyt ot jedA (§55— 39 0T s
@ls (F Jsoz) ©odls 529 (0,50 /YY) Spanl g o0



WAD Jol Ao 33les Yl /ol t Dlgnd SR 3 43 /... 598 i ;T 1], 500 g (5

L azadlo 5 azaty, Sis G5y Gl o5 aes oo plas
i Gl 51 (AU Wl o Siasl g yed ok il
23 obg olime Gl T ol peaas 5 ( Sy jaee slaw 31
Sivritepe ) asb easby pd Jasgless, il g 5

(et al., 2003

S yiogily po
9 A4y iaiilex plKin cabady S bole Lanass
a5 col e gunld gl slaplail g azaty) cuond
395 305 o |y el 3olS Jgamme alsi Jomiliy wilgi oo
0139 Cemes (Mcmical & Quisen Berry, 1991) aas |3
peilSe (28 Sl azalle Sis ()9 4 azady, Sis
S (] &5 iz 52 Sl e Sla 25 4 S oS
AL 2o 535025 gl (S Jolse J 58 o
Kochaki & Zarif Ketabi, ) sls ), 8 ;5 Jae Jolge
a5 slogl_as Lsosls Luilo)ls 4 jo0 ol (1996
GRS 5 (6y5h G Sl pgyen 50 S agll o
Sy Jleinl mla 5o (650 GRix gl g e
e i () Jgoz) sl lo e (P<+/ 1Y)
GRSl 9,800 (S o 50 S ile S gl 45
Celwh g (lios]) wald jLas jo o Jsoz) 55—
G 3 Ol Olime 2 —5eS 5 CIOY) Syl g0
oapliins (+/TF) Sipoalyigyied 9 5 e 2 o jswdA
2 Sile 5 1515 sl (Giailez sl oy p po lalze a2
= o i LS oS il o e sla s byl
5 a5 5 abes SR L g 05 o gie S yteglln o
Zeinali et al., 2002; ) o_i awlS S yoglles ;o ol
i U 40 o Simgyy (GOlami et al., 2010
ol L S ws Sedlel adgy (g 92 (Sidlex 2 5)9
Sl 5 4l folS S eglln ;0 (5550 (A5 gsha
Mashi & Galeshi, ) coul 5 i axable & Cons axais,
5 elieslge Jtnl ol 3 50 cov b s ,98 a5 (2006
g ool el ) iz jemme Al) S (i 7o & Laa]
S sl p0 Gl azalle s azady,; 0l 5l 6 uSole L
5 15 slays (Datta & Dayal, 1991) was o uals |,
e ol ity Sloml b 598 25 5] Jol> maos
O3 S 3l b g 00 S JiSe | 0 (s5g e slaas 3
I L g eslo el S ]y andil g azasy, SAS ()
So egllen b an alS (gasy) (6 9 G ok
S5 oy b oliie (Rehman et al., 1997) arisy o

G Lyl o (e 455 e (Siailex Slae p Sl

3 sleJolw slic 4 &lus cogo =9 0,S502l,8 |
Gl ool jmalS |y amain, ;5 09 9 00md S i J>
.(McDonald, 2000; Powell, 1998)

azdile g azals ) LS (339
039 b gbosls il ly 452 @l 4 a9l
98 A Sl pgyo0n Il azails 5 azasy; Sis
Jleizl mhaw 55 (6590 ixSopmalng e iS00y
Ol dslie s () Jaaz) 09 o mme o 0 S
Azd iy, SLis ()9 Ol o idn 4 slolis eols
Ox Sl g o (S o0y 53 (0500 0) e il
celo¥ ¥ 5 (haiec) dals Jlas ;o (F Jsoz) )5
G333 (S o1+ Y) (1 Jlade a8 5 Siasl g y0en
o oasliiie Sial gyt g g Sy eterjeoA
Jmwls glosls e aslio gLt () jmogdle
S (359 Ol o pimiion &5 Sl Cdlae (ol oaimolis
Jso2) st xSl g oed S ea 50 azaile
Sl pgyod CelwV Y g (lhiecl) aald Loy jo oY
ity 69 5 ol Ol S 5 (25118 0)
slagialosl ool (501 ) Sipalpg e 9 5 5o
S35y St 5 5y3 S LS oy 58 O S tmsy
Jsaile 5 am)ls )l csladslepsS o j9in (Siale
S_i3 59 2 3 G i gk 3l a8 slagles
oS gahw Gl L g o0g Jlo gime azadle g azady,
S Al lS Azl g azady, SCES (s 5l )0
Khalesso & Aghadikhani, 2007; Yazdani )
L sadplxil sl o, 4 a>45L (BOyouki €t al., 2011
Somldemily GRalS 51 50 w550 55 sk (2l
azalS )0 (oo (g 32 Sl e 9959 5 cadolx
00,5 Jita |y a>d8l s g aza iy ol g ooludl sl
loolawl )0 peiwe 2alS L g (Redmann et al., 1994)
azailo g azaiy, SCaS ()9 el Cge alls 1S
1 ey o liize (Soltani et al., 2001) 5,5
oS aizdly o plo ksl pB | azal S j5els 50 Siesl g yien
9 dzain) SiS (y5s oSl s gobw 1L
Mahmoudzadeh Ardahaei et al., ) cél iol;8l axasle
AL sz L ol Sy Koo ialejl s (2010
T azalS ab) g (Sl Sleogas Sl p Sy
039 S e 9e yh Sl ol (1A waale e
Gholami Tileh-boni ) 55,5 . azadle 5 azaiy, Sas
03, H90 Saslp 4t y0 Lo jiegs (€ al., 2011



WA sl dows 15 o Y ouler /st ptt Db gudr SR 3 45 /... 550 (i il 1l )lS0 5 (65

Ol a5 2z ye S oo )85 ()90 25 ld o 655
Khan €[ al., ) éﬁ_wk_s_n B bl L.a).ﬂb).x ol_:.f ‘_g|)_: )lf
Singh & Usha, ) el azdl il e amiogh,
5 ey 5 50 ciuleyl o umen o Kiang3 (2003
btz bogd Suglnd Sleogas Sl slo)y p Seeln
g9 009 )‘O@.&c w g_)—‘ 6‘9‘“7“' » ;iu.m‘); );l aS AM..BL))»)
°'>5}_é‘ L_,’.»_w.) uT G‘M = kj_wod‘)J C}.‘a_w W‘)J‘ l)
P g pallS s (liae azalS a5 (Jobe e
ool 5l aile (greml Jobss ool b g oslo jiol58l ) pusig
S5 97 oS slgedly 5l g oud oS il L
5 oz awl ol slie gli>l 5l (S s ( Jolo
9% Sl Jsb 50 5 5l gl olge sl (655l
Slozme Gl czge azmals ol oy Glalidl ames o
Mazor et al., 1984; )ss, 5 o azals s ol

.McDonad, 2000

2N Ay
Tl 5S (S50 A5 5 Sl gy Sl 1 4 Ay
Oy iy (Y Jgaz) Sl o ire (P</0 V) oo 050,
(F J9o2) jrmile )i ats  Sivaal g yied (6 pdy o3l
iS5 (YPAV/+ +) Sinasl g ,0med ¥ ¥ Lass o
sanlie (VYAY/A0) Kicaslpgyoud e jles 5o ol e
Hlesd 33 e s (i (53 A5 R S1 rizres 0D
13 01 alie rreS 5 (YAAIFY) o iy o(haies]) wals
oanlive (Vo VAIAN) ol fan 1o o (o owoh (5,90
5 a9 T 3l gy o O Ktgny (Y Jgaz) oS
5 Sladsle o555 eyt 9 4 (Sailex p (SiS
(S5 G el Gl 8l L a8 aniBl ys s ls e )
Tobw ;o 9 a8L LS (o)l e jsbar jd 4y a3
Tamartash et al.,) o, oo yio 4 > 5,50 a> 5| Lias
inl81.(2010; Khalesro & Aghaalikhani, 2007
el S el Ol plie 22l Gk 5l 5558 (A5 gk
slacadl jo SCid sole pesd g wlol [Lid als 51 jo
oo 5150 (gmmb if Slacodlad olml 5 ata; o p3d
azalS )0 e ey sl 5 puaw 9 5 slagn
Zia & Khan, 2004; ) 55,5 - ,i0 4 jials ccels

\A

S )9 Ol HiaSeeln gobe (IR L il
S pegllagpo ol Jlioas a5 aidly ol azadle 5 azasy,
e—ien (Shahsavand et al., 2009) sl jioli8l 55
6%)3—9 Sglned oS S 2l )0 Gl
Sl aS asele i3S Sesl 5l eolaiwl Ly a8l Jlg;
ok GRIEIL 5 035 o gt Soesllen 0 Sl
Eisvand et ) o_i 00938 <G yiogllew yo e p Siccasly
lw s JJoas Saslpg o Lo (@l., 2008
DNA 55luasilon asle i Slplie slacolls
(Sl ey Gili8l Az o s RNA e b SO o
0d S S 25 slapygyg0 dgi g (Jolw Lt pue s
JLsoan g oud azalS S 559 Gl coge (Sl
Chojnovski & ) 55,5 o G yegllg po iul38l cxge ]
Ll o 50 SO egllag o ls xe il38l (Come, 1997
Ao lio y0 axadle o) a5 Cewl Coaly ol oS Lo ( iS
9 099 Pl Sl il (halS 4 azady; 0d) b
SLadsls i et slaJsbo ol L6 ail]

(Eisvand et al., 2008) coul jioS axasle

azals cdb of woyo
Sy 4 dloplis (wib)ly 45 Joor ls o)z
Ot oSl gyt 5] s Gile ol azelS il o
Tl 53 (650 SR Sial gt S w0 5 (5590
599 5eSlee duslin ol (Y Jguz) canl o pime do 0 S5
RSX Kol 9008 (1S ol )3 &S Bloplis e Lo
3 azalS ol Ol wo s jlaie op it (F Jg92) 5)9b
Sl g dmd (g0 5 0y i s dh (5590
5 GhieoT) aals [law o o1 Jlaie o ,2eS ¢ (0o ,039/0Y)
3 Ol ighy o)l 392 (Ao ,00/PY) Sieslyy el
50 i Sleosas S 6i9h A5 b
Prosopis alba oL5 ;o il s bl g o, g &,3 o8,
G5 gobe GRIEIL azalS s O (slyome a5 wudl o
Comles jlazals) 4 S azadile 5 il a5 ()00
Cicek & Cakirlar, 2002; Meloni ) sgs s ,45 » (6 yiuion
ol sloasily B35y o Simgsy ol Us,lsS (et al., 2004
YL gsbs 55 (od f sl Gl ail e tales]
Frim gz oS a5 w il el Wl oo (59 i
Bl ) (25wt G bl b 5o 55l sle Jolome
900,53 pas ool (nl (i2le Cuz 1) 095 (Sliaeag S
ol8l g (shie (Jobw (39,0 el il sbml b azes o
=55 oleS )0 05290 slaSai 55luwd; 5 ol iz



WAD Jol Ao 33les Yl /ol t Dlgnd SR 3 43 /... 598 i ;T 1], 500 g (5

ples 5y 5 Gl b oS sloplis (gl (nl @mls
Sl g e ol SalS Sialsr sl asls
il 53 Gy9t GRS s | S (Sialer sl el
Ol Slogets Sl yygyane jlas a5 Ll 5l ocisy Sgne
P Sal) S0 plged Wl oo anl JhaSeS g dsaeS
SIS g S ((Siallsr woy0 5 HSile (il (s
oS Jpaze (&S g (o5 Sente 9 sk (D s (Sialsx
35 Caglin 5 48,5 15 coliuls ge dasmwe acluwls Loyl o
a2 GBI Gl o (6598 (Sl

> 59, —inlojl o oLaixe (Sharma et al., 2004
s ay aS Ll Gl cely Sl g o a5 wisloLis
talesT s oSty Judi & Sharifzadeh, 2004) s
S8l s sisd et 59y Sl g s Sl oy 50 S0
LS (59, Sloamodg gy 5 Cude ST Sl oee oS
=ls LS . (Artola et al., 2003) s,ls ;3 4
Sl 51 Sl et a2 5Tl 3t ol
Olbeyi—s Rl (g )ls Jasa i st 6,
3 o—lie a9 Comgene Sbml co Kol en
Ao el Sl a e esld coul p See g 00l 4

(Buyukalaca, 1999)

(Vignaradiata) juw sl ol oalom |y j9dw jo Fiailes el Wlho p 5y i gl ).ésb oSl duslio -Y Jgu
Table 2. Mean comparison effect of different levels of salinity stresson germination traits, in primed seed of mungbean
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Seadling Plumule  Radide  Plumule  Radide Pumul Radid
Sead Tisue Allometric Dry Dry Fresh Fresh L‘;T”he Lm' ﬁ Peroant of Mean of Trestment
Vigor Water Index Weght  Wedgt  Wegt  Waght (d% (m?; Germination  Garmination
Percentage () @ (©)] (©)]
1283951 98.382 0.57% 0.02¢ 0.01¢ 1.94¢ 0.51¢ 18.21¢ 8.48¢ 46.50° 4.65° Zao
172025 97.38° 0.47° 0.06° 0.03° 2.86° 0.68° 19.73° 8.82° 85.50° 5.85° 8Hour
Sy 9
243600 96.64° 0.47° 0.11° 0.05° 3.83° 0.98° 22.94° 9.92° 73.007 7.30% 16 Hour Hydropriming
2697.00% 96.20¢ 0.42° 0.15% 0.072 4.86% 1172 25.892 10.702 72.507 7.25% 24 Hour
2980.312 96.33¢ 0.55* 0.122 0.06* 3.76% 1.022 23.262 11.147 85.622 8.56% O-EC
2511.00° 96.73¢ 0.55% 0.10° 0.05° 3.51° 0.94° 22.55° 10.46° 75.00° 7.50° 2-EC
244797° 97.16° 0.55% 0.08° 0.04° 3.35° 0.84° 21.76° 9.50° 64.37° 6.43° 4-EC O
Salt Stress
159813 97.52° 0.46° 0.07 0.03¢ 3.18¢ 0.74¢ 20.96° 8.63¢ 52.50¢ 5.25¢ 6-EC
1029.88° 98.022 0.35° 0.06° 0.02¢ 3.04¢ 0.62¢ 19.93° 7.66° 35.62¢ 3.56° 8-EC

W55 (6l S DS S 05951 el s 0 Loz aw )0 (g ;o 50 alie By > b a1 ke
Means with similar lettersin each column are not significantly different at the 1% level (Tukey MRT).
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Introduction
Legumes are the most important source of vegetable protein supply. Mungbean
(Vigna radiate (L.) Wilczek) produces seeds contain 22-25 percent protein and high
nutritional value for human and also is a major source of protein in most modern societies.
Rapid seed germination and emergency, is an important factor determining the ultimate
yield of the plant. Salinity is the most important non-life-threatening of plants, especially
in the bean. Drought has affect plant growth by reducing water potential in the root zone
or create toxicity the sodium and chlorine ions in seedling and or through nutrient
imbalance by decrease in absorption rate or a reduction in the transmission rate of the
shoots. Nowadays the seed pretreatment technique has introduced as an agent for
improvement, seed germination and plant establishment under environmental stress. Seed
priming with using pure water is a very simple and cost-effective method that reduce the
time required for water absorption in seeds, the mean and percent of germination is
improved and expedited emergence and establishment of seedling.

Materials & Methods

This study was conducted to evaluate the effect of hydropriming on germination
component of mung bean under salinity stress, with a factorial experiment using a RBD
design with four replications. The hydropriming at 4 levels (0, 8, 16 and 24 hours) and the
sdinity stressat 5 levels of 0, 2, 4, 6 and 8 dsi/m were used. Before running the test, seeds
were washed with a solution of 10% sodium hypochlorite disinfectant for 15 minutes and
then 3 times with distilled water. To hydropriming, Seeds were soaked according to levels
specified time in distilled water at 25 °Celsius (room temperature). Then 25 seeds were
placed within a sterile Petri dish with filter paper. The potential of zero bar was used for
digtilled water. Five ml of NaCl solution with the potential of 0, 2, 4, 6, 8 ds/m was added
to each petri dish. Then petri dishes were coated by parafilm and placed in Germinator at
25 ° Celsius and in the dark for 8 days. The average and percent germination, the radicle
and plumule length, fresh weight and dry weight, allometric index, seedling water percent
and seed vigor of mung bean were measured.

Results & Discussion

The results showed that there were significant differences between treatments for all
the variables. In addition, the interaction of hydropriming with salinity stress had a highly
significant effect on radicle and plumule length, fresh weight and dry weight, allometric
index, seedlings, water percent while there was no significant differences in treatments for
average and percent germination and seed vigor. Mean comparisons showed that the
highest percentage of germination, radicle and plumule length, dry weight and seed vigor
were related to distilled water and 24 hours hydropriming treatment. The highest radicle
and plumule fresh weight and alometric index were related to distilled water and 8 hour
hydropriming. The lowest of seedling water percent was related to distilled water and 24
hour hydropriming. The lowest traits were observed in plants under salinity stress at 8
dsi/m and non-hydropriming except seedling water percent. The results of this study
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showed that with increasing of salinity al indicators of germination decreased.
Hydropriming treatment improves seed germination indicators under salt stress in
mungbean plant. Hydropriming improves cell division and growth seedling, increases the
rate of net photosynthesis and protein synthesis and with modification of osmotic balance
fixes turgor pressure in seedling and prevents plasmolysis of seedling. Hydropriming by
increasing the availability of ATP, increase the integrity of cell membranes, change
membrane components such as fatty acids and prevent spills out of the seeds during seed
priming and thus increase seedling growth can improve germination indices.

Conclusion
Since the hydropriming is easy, low cost and low risk method, can be used as an
effective strategy to increase the germination percentage, speed and uniformity of
germination (McDonald, 2000), emergence of seeds and improving quality and quantity
of the yield under the adverse conditions (Ma et a., 2006) and increase resistance to
sdinity in plants.

Key Word: Germination, Hydropriming, Salt, Seedling growth indicators, Vigna radiate
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Introduction

Increasing world population is facing critically depletion of water resources, which

will be along with increasing food demands to cover the human needs all over the world.
Therefore, water scarcity is increasingly a major limitation for increased agricultural
production and food security in this century. The scarcity of qualified water, has made
farmers to consider the water of marginal quality for usage in agriculture. The Water’s
molecular structure is affected by a magnetic field, so that a change in the water relations
can affect the overall plant growth. One of the approaches that provides higher
productivity and quality assurance is using static electromagnetic fields. The use of
magnetically treated water for irrigation in agriculture is considered as one of the
important environmental clean methods. The water treated in the magnetic field or pass
through a magnetic device called magnetized water. The influence of magnetic field on
various growth processes of plants such as seed germination, seedling growth, plant
growth, yield and the properties of crop quality have been the object of several researches.

Salinity is defined as the presence of excessive concentration of soluble salts in the
soil or in the irrigation water that suppresses plant growth and eventually yield. Salt stress
has been identified as one of the most serious environmental factors limiting the
productivity of crop plants. The deleterious effects of salinity on plant growth are
associated with 1) low osmotic potential, 2) nutritional imbalance, 3) specific ion effect,
or 4) a combination of these factors. In addition, there is evidence that salt stress can
induce oxidative stress due to generation of reactive oxygen species.

Phaseolus vulgaris is an annual growing to 2 m height and is frost tender. Bean
leaves are trifoliate (three-leaved), arranged in an alternate fashion on the stem and have
oval or diamond-shaped leaflets. Leaf color can be green. The study was undertaken to
evaluate the use of magnetically treated water in improving seed germination and early
seedling growth (i.e., radical and plumule growth) of the bean (Phaseolus vulgaris L.) in
the presence and absence of salt stress. The work was carried out at the germination stage
because germination is known as a key process that allows the seed embryo to grow and
evolve into photosynthetic organism, and it is also a critical stage for plant response to
salinity.

Materials and Methods

In order to investigate the influence of magnetized water and salinity on germination
characteristics and seedling of bean (Derakhshan variety), an experiment was conducted
based on complete randomized design in factorial arrangement with four replications at
laboratory of the Agricultural College of Ferdowsi University of Mashhad in 2014. Water
types consisted of two levels (magnetized water and tap water) and five salinity levels: 0,
4,6.5,8.5and 9.5 ds/m.

The following indices were also measured:

Final Germination Percentage (FGP) and Germination Rate (GR) was calculate base
on the below equation

FGP=(n/N) x 100
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where n is the number of seed germination in per day and N is total number of seeds

FiY
2. &
GR=4=di=1 dt

where giis the number of seed germination in every count and di is the number of
days till day n th.

(Dere and et al., 1998) Chlorophyll concentration was calculated using the following
formula

Chla (pg/ml) =15.65 A666 - 7.340 A653

Chlb (pg/ml) =27.05 A653 - 11.21 A666

Cx+c=1000A470 — 2.270 Cha — 81.4Chb/227

Traits as length and dry weight of plumule and radical, biomass and seed vigor index
were measured too.

Data was analyzed using MSTAT-C software and means were compared using
Dunkan multiple range test in 5 percent probability.

Results and Discussion

The results showed that germination percentage, mean germination time, length and
dry weight of the plumule and radical, biomass and seed vigor index decreased with
increasing salinity, but magnetized water improved them. Magnetic water increased
germination by 6% and reduced the mean germination time by 8%. Magnetized water
improved biomass and seed vigor by 52 and 24 percent, respectively. Using magnetic
water, improved radical length and plumule by 27 and 24 percentage, respectively. The
simple effect of magnetized water and salinity caused significant amounts of chlorophyll a
and b and carotenoid. Application of magnetic water increased chlorophyll a (12%) in the
salinity level of zero compared with non-magnetic. So that magnetized water improved
amount of chlorophyll a and increased carotenoid under salinity conditions. Other results
showed that plant cells treated with magnetic represent magnetic properties of atoms
placed in them and activates them later on.

Conclusion
Overall, results showed that exposure to magnetic fields and irrigation water with
different salinity levels, decreased salinity (NaCl) effects on bean, accelerated
germination and seedling growth and had an important role in improving the beans
germination rate.
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Fig.1. The effect of nitric oxide and temperature on shoot fresh weight

The common letters indicate non-significant at 5% level of probability. T5, T15 and T25 indicate night temperatures at 5, 15 and 25,
respectively. SNPO and SNP1 indicate sodium nitroprusside at 0 and 0.1 millimolar, respectively.
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Fig.2. The effect of nitric oxide and temperature on root fresh weight

The common letters indicate non-significant at 5% level of probability. TS, T15 and T25 indicate night temperatures at 5, 15 and 25,
respectively. SNPO and SNP1 indicate sodium nitroprusside at 0 and 0.1 millimolar, respectively.
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Fig. 3. The effect of nitric oxide and temper atur e on proline contents

The common letters indicate non-significant at 5% level of probability. T5, T15 and T25 indicate night temperatures at 5, 15 and 25,
respectively. SNPO and SNP1 indicate sodium nitroprusside at 0 and 0.1 millimolar, respectively.
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Fig. 4. The effect of nitric oxide and temper atur e on soluble sugars

The common letters indicate non-significant at 5% level of probability. T5, T15 and T25 indicate night temperatures at 5, 15 and 25,
respectively. SNPO and SNP1 indicate sodium nitroprusside at 0 and 0.1 millimolar, respectively.
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Fig. 5. Theeffect of nitric oxide and temperature on insoluble sugars

The common letters indicate non-significant at 5% level of probability. T5, T15 and T25 indicate night temperatures at 5, 15 and 25,
respectively. SNPO and SNP1 indicate sodium nitroprusside at 0 and 0.1 millimolar, respectively.
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Fig. 6. The effect of nitric oxide and temperatur e on ascor bate contents

The common letters indicate non-significant at 5% level of probability. T5, T15 and T25 indicate night temperatures at 5, 15 and 25,
respectively. SNPO and SNP1 indicate sodium nitroprusside at 0 and 0.1 millimolar, respectively.
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Introduction

Plant responses to environmental stress have a central role in agricultural production.
Responses results from events occurring at all levels of the organization, from
biochemical reactions in cells to whole plant physiology. Many plants are injured when
exposed to low non-freezing temperatures. However, data on the effects of night
temperatures are scarce. On the other hand, nitric oxide (NO), as a plant growth regulator,
has an important role in ameliorating stress induced damage in plants. Therefore, the aim
of this work was to evaluate the role of NO during low temperature nights. In this research
the changes in some physio-biochemical characters of Pea plants under NO and night
temperature treatments were studied.

Materials and Methods

The fresh weights of roots and shoots, the contents of proline, soluble and insoluble
sugars, ascorbic acid, and the activities of ascorbate peroxidase and polyphenol oxidase
were evaluated. Seeds of chickpea, Cicer arietinum L. ILC482 variety were surface
sterilized in sodium hypochlorite solution 1%, rinsed with sterilized water and germinated
on moist filter papers in the dark for four days. Seedlings were transferred to plastic pots
containing half-strength Hoagland solution, and were placed at 14 h photoperiod. Plants
aged 14 days were randomly subdivided into two groups. One group received half-
strength Hoagland solution (control) and another group was subjected half-strength
Hoagland solution containing NO (0.1mM) for two days. Then, plants divided into three
groups and, for 3 days, were subjected to 25/25, 25/15 and 25/5 °C (day/night) regimes.
After two days, shoots and roots were weighted for recording fresh weights. For assay of
proline content, aliquots of fresh tissues were homogenized in 3% sulphosalicylic and
centrifuged. Free proline contents were quantified using ninhydrin reagent and expressed
as umol/g FW. The total soluble sugars were determined by anthrone reaction at 625 nm
in an 80% hot ethanol extract and expressed as mg/g FW. Later insoluble sugars were
extracted from residues with HCI and determined by Anthrone reaction. In assay of
ascorbate contents, 6% trichloroacetic acid extracted leaf tissues were mixed with 2,2-
dipiridil. Then, for reduction of Fe** to Fe*" by ascorbic acid mixture was incubated at 42
°C and the absorbance values were recorded at 525 nm. Data expressed as umol/g FW.
For Enzyme assays, aliquots of fresh leaves were ground in cold extraction 100 mM
phosphate buffers (pH 7.5) at 0-4 °C. After centrifugation of homogenates, enzymes
assays were performed in the supernatant at 25 °C. Ascorbate peroxidase activity was
measured by following the oxidation of ascorbate at290 nm. The Activity of Polyphenol
oxidase in presence of pyrogallol was determined by measuring the increase in
absorbance at 420 nm. The experiment was arranged in a completely randomized design
with four replicates. The data were statistically analyzed by using Duncan's multiple range
test to separate the means at p < 0.05.
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Results and Discussion

The fresh weights of roots and shoots, the contents of proline, soluble and insoluble
sugars, ascorbic acid, and the activities of ascorbate peroxidase and polyphenol oxidase
were evaluated. The results showed that nitric oxide pretreatment had a significant effect
on the fresh weight of shoots, proline and soluble sugars contents, and polyphenol oxidase
activity. Changes of night temperature were effective on all of the examined factors
except shoots fresh weights. Interaction between nitric oxide and the temperature had a
significant effect on fresh weights of roots and shoots, proline and soluble sugars contents,
and ascorbate peroxidase activity. Data showed that maximum growth of plants occurred
at 15 °C night temperature in the presence of NO. Proline contents of leaves were
significantly decreased by falling night temperatures. NO treatments led to more reduction
in proline under low night temperatures. In higher plants, proline is normally accumulated
in response to stress factors. Night temperature reduction and NO treatment, probably, can
act as signal for decreasing proline biosynthetic enzymes activities or for increasing
proline degradative enzymes activities. Both soluble and insoluble sugars were increased
significantly by falling night temperatures, and NO treatments had a positive effect. We
can assume that falling of night temperatures can affect tissues metabolism, for preventing
of damages, by accumulation of sugars. Falling of night temperatures increased ascorbate
contents of leaves. Generally, ascorbate has antioxidative properties and high levels of
foliar ascorbate can offer tolerance to plants under unfavorable conditions. Ascorbate
peroxidase plays an important role in the metabolism of H,O, in higher plants. In this
study, falling of night temperatures led to decrease in the enzyme activity. However,
enzyme activity increased significantly with the NO treatment at 5 °C. Ascorbate
peroxidase activity is directly involved in the protection of plant cells against unfavorable
environmental conditions.

Conclusion
In conclusion, falling night temperatures can significantly affect some biochemical
markers of plants. The changes in roots and shoots are not showing the same patterns.
Under low night temperatures, NO treatment can induce non enzymatic (ascorbate) and
enzymatic (ascorbate peroxidase) defense systems for overcoming the deleterious effects
of low temperature.

Key words: Low temperature, Metabolism, Nitric oxide, Pea plant
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Fig. 2. TDW changes under variousirrigation treatmentsin lentil
I;: full irrigation (80), I,: one irrigation at branching stage (70), I3: one irrigation at flowering stage (75), I4: one irrigation at
podding stage (65), Is: one irrigation at seed setting stage (60), Is: without irrigation (45). Values in parenthesis are SE.
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Fig. 3. Changes of accumulative TDW in lentil cultivars of Robat (70), Kalpoosh (65) and Gachsaran (75)
Values in parenthesis are SE.
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Fig. 4. LAl changesunder variousirrigation treatmentsin lentil
Ii: full irrigation (0.50), I,: one irrigation at branching stage (0.40), I5: one irrigation at flowering stage (0.45), I4: one
irrigation at podding stage (0.35), Is: one irrigation at seed setting stage (0.38), Is: without irrigation (0.30)
Values in parenthesis are SE
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Fig. 5. LAl changesin lentil cultivars of Robat (0.40), Kalpoosh (0.45) and Gachsaran (0.42)
Values in parenthesis are SE.
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Fig. 6. CGR changesunder variousirrigation treatmentsin lentil
I;: full irrigation (0.18), L,: one irrigation at branching stage (0.14), I3: one irrigation at flowering stage (0.17), 14: one
irrigation at podding stage (0.15), Is: one irrigation at seed setting stage (0.16), Is: without irrigation (0.10)
Values in parenthesis are SE.
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Fig. 7. CGR changesin lentil cultivarsof Robat (0.17), Kalpoosh (0.13) and Gachsaran (0.10)
Values in parenthesis are SE.
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Fig. 8. RGR changes under variousirrigation treatmentsin lentil
I;: full irrigation (0.004), L,: one irrigation at branching stage (0.003), I5: one irrigation at flowering stage (0.0025), I4: one
irrigation at podding stage (0.0025), Is: one irrigation at seed setting stage (0.0035), I¢: without irrigation (0.002)
Values in parenthesis are SE.
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Fig. 9. RGR changesin lentil cultivars of Robat (0.005), Kalpoosh (0.004) and Gachsaran (0.003)
Values in parenthesis are SE.
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Fig. 10. NAR changesunder variousirrigation treatmentsin lentil
I;: full irrigation (0.20), I,: one irrigation at branching stage (0.16), I5: one irrigation at flowering stage (0.14), 14: one
irrigation at podding stage (0.12), Is: one irrigation at seed setting stage (0.13), Is: without irrigation (0.12)
Values in parenthesis are SE.
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Fig. 11. NAR changesin lentil cultivars of Robat (0.18), Kalpoosh (0.16) and Gachsaran (0.13)
Values in parenthesis are SE.
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Introduction

Lentil with about 28 percent protein occupies the second after soybean. It is one of
the major crops in developing countries as a complement to cereals and is an excellent
source of protein and amino acids in the diet. Results of studies shown that for most crops,
including lentil, the occurrence of drought stress in some phenology stages cause
irreparable damages to yield. Therefore, understanding the critical stages of plant to
drought stress in order to provide the required humidity at the time plays an important role
in yield performance and efficient use of water and soil resources. Supplementary
irrigation at critical stages of water requirements of lentil is one of the most effective
methods to achieve sustainable production in arid and semi-arid regions.

Materials & Methods

In order to study the effects of supplementary irrigation on growth characteristics of
three lentil cultivars, an experiment was carried out as a strip block based on a
randomized complete block design with three replications at Research Field, College of
Agriculture, Ferdowsi University of Mashhad during 2008-9 growing season. Treatments
were supplementary irrigated (full irrigation; one irrigation at each stage of branching,
flowering, podding, seed setting (with an incidence of phenological stage at least 50
percent of plants a plot), and no irrigation) as main plots, and three lentil cultivars (Robat,
& Kalpoosh (the local population in North Khorasan with the registration number of
MLC245, and MLC183, respectively), and Gachsaran) as subplots. Lentil disinfected
seeds were sown at depth of 2-3 cm and density of 200 plants/m® in the second half of
March. The size of experimental plots were 5%3.75 m and each plot had 10 rows with
spacing of 37.5 cm. All treatments were irrigated once after planting to ensure the
emergence of uniform seeds. Next irrigation was followed according to the treatments
(IBPGR, 1985). Destructive sampling were performed to calculate the growth indices
(such as TDW, LAI, CGR, RGR and NAR) from 10 plants chosen randomly from
competing plants regarding the marginal effects from two weeks after plants emergence to
final maturity (every 7 days; 10 steps). At the end of the growing season, seed yield was
determined from 7.5 m?. The growth degree days (GDD) was used instead of calendar
time to calculate growth indices using equation (1). The growth indices of LAI, CGR,
RGR and NAR were calculated using equations (2-5). Growth Indices and linear
regression curves were fitted using Excel 2007 software.

Z |: (Tmax ;— Tmin ) _ Tb:l
GDD = (Equation 1)

where GDD is the growth degree days, Tmax and Tmin are maximum and minimum
daily temperature during test, respectively. Ty is plant base temperature (= 5 °C for lentil).

* Corresponding author: nezami@um.ac.ir, Mobile: +98 9153163348
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LAI= (1/Ga)[(La2tLa1)/2] (Equation 2) CGR= (1/GA)[(W2-W)/(t2-t1)]
(Equation 3) RGR= (InW—InW)/(t2—t1) (Equation 4) NAR= [(W—W))/(t—
t1)] [(InLa>—InLa1)/(Laz—La1)] (Equation 5)  where G is ground area (m?), La is leaf
area (m?), W is shoot dry weigh (g) and t is GDD.

Results & Discussions

Results indicated that supplementary irrigation in flowering stage increased total dry
weight (TDW), leaf area index (LAI), crop growth rate (CGR) and net assimilation rate
(NAR) compared to other supplementary irrigations. Complete irrigation showed the
highest growth characteristics during the growing season. Maximum values of total dry
weight (507.4 gm™), leaf area index (3.6), crop growth rate (1.35 gm™ GDD™), relative
growth rate (0.04 gg”' GDD™"), net assimilation rate (1.75 of gm? GDD™') and seed yield
(1213 kg ha) were obtained from irrigation at flowering stage following full irrigation.
Amiri deh ahmadi et al. (2011) concluded that drought stress at flowering stage, reduced
peas dry matter to minimum values. Singh (1995) also reported that water stress in all
stages of growth, decreased leaf area index of beans, but stress before flowering had the
greatest impact. Other researchers showed that in terms of drought, crop growth rate
decreased due to the decline in photosynthesis and respiration rate. Other researchers
concluded that stress and lack of moisture reduced plant relative growth rate. The amount
of net photosynthesis and aging leaves reduced over time and this reduction was
intensified in difficult environmental conditions, especially drought. Robat was the best of
three cultivars in growth indices. Moreover, the positive and significant correlation
between grain yield and total dry weight (0.93*%*), leaf area index (0.92**), crop growth
rate (0.90%*), relative growth rate (0.89*) and net assimilation rate (0.92**), have
highlighted the importance of growth indices to predict the economic performance of
lentils.

Conclusion
In general, it seems in water scarcity conditions, supplementary irrigation at
flowering stage could supply necessary moisture for plants and improve their crop yield.

Key words: Crop growth rate, Leaf area index, Net assimilation rate, Total dry weight
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Table 2. 13 Kabuli chickpea genotypes

Number of genotypes genotype
i g oylasd D)
1 X98TH75K1-83

2 FLIP98-55C

3 SAR79J78K3-86
4 SAR79J18K1-86
5 SAR79J15K3-86
6 SAR79J610K1-86
7 SAR79J78K5-85
8 SAR79J87K1-85

9 SAR79J38K8-85
10 SAR79J710K2-85
11 FLIPO3-110C
12 AZAD

13 LOCALCHECK

Laools Jodoei g 450 daosls yogs Jlo 5 yae;) 51 ao
5z g Ladele & a5 (6 p 3y cdlyg (uil)ly &2 ol
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Table 3. Analysis of variance for agronomic traits studied under dry pea cultivarsand advanced lines

©layo (2S5lo
Mean squares
aig 5o ML ol 5 £l «_é?l.é oudsl &L{?s)l a9 a5l éa.al sl 0,5 Slasy 3T a0 ot @alio
numberploafnr;ods Per Toial height Heghtg:)(tjheflrst Sbercec‘)rr]]g:g Ierlgr:]acrhy Nur?;ziof df SOV
S
(Replication)
1.04%* 4.36%* 24.78%** 0.027* 0.17* 1.45% 3
)
(Variety)
168.96** 66.91%* 33.07ns 0.22* 2.53%* 28.72%%* 12
Js sl
3.13 8.82 21.42 0.013 0.055 0.78 36 (Error)
3.65 6.18 21.07 2.7 8.7 3.29 i o
(V7

ns: non-significant, * and **: significant at 5% and 1%, respectively
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Table3. Analysis of variance for agronomic traits studied under dry pea cultivars and advanced lines

Ola o (Kileo
Mean squares

G 90 ML Sluy

5 Sk 39 ails o 539 295 M olasi S “”‘-‘ olaay s ey \5-' U slasi
Total dryweight  Seed 100weight  Fertilepodssy, » Empty pd:)f;s):)er plant ~ 2%eed podsper Singlzg pod ko
plant SOV
488.12 2.14 0.57 0.53 0.001 0.57 SIS
(Replication)
2202.47** 43.14%* 128.75%* 51.73%* 2.79%* 120.47%* =
(Variety)
518.46 7.59 3.08 1.7 0.12 3.13 JS sl
(Error)
13.10 8.28 4.62 18.78 3.6 5.56 SR 2
(CV7Z)

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

doyo) g as )0 s o S g 0 s g oS S FE o * s

20 bl i s 99505 438 pikey sl 9 a8yl 53 axlllae 3590 o515 Slio (il ylg 435 Y g aalol
Table3. Analysis of variance for agronomic traits studied under dry pea cultivars and advanced lines

lapo (ke
Mean squares
T3k 550 OF L als s o5 s 5 gole
Effo;i);lrﬁd:ﬂ;;ivity bﬁ IU”L“ ‘&'jsjg\;)im weig:\i ';:;::ﬁ; pod Seed )jlst;lhd‘ Straw;;/li:d r:oé:/
33.26 6.37 16719.25 21233 8748.15 4200.1 IS
(Replication)
99.88ns 45.46* 181239.39%* 731.37* 86783.06** 50008.81** =
(Variety)
69.67 29.27 31455.15 345.18 24286.01 5414.27 Js sl
(Error)
13.17 11.55 8.61 16.96 16.08 6.51 Sl et 2 2

(CV7)

ns: non-significant, * and **: significant at 5% and 1%, respectively
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Table4. Descriptive statistics for quantitativetraitsin 13 Kabuli chickpea genotypes

Traits olio Pl Al oaSle Ol
Min Max Mean C.V.
Number of nodes 0,8 slass 20.4 322 26.95 3.29
Primary branch aJgl asle 1 4.5 2.7 8.7
Secondary branches 49l 4Ly 3.78 2.8 4.2 2.7
Height of the first pod (cm) O gl glis 15.2 48.75 21.96 21.07
Total height (cm) Js elas,| 35.56 57.6 48.09 6.18
Seed 100 weight (g) 4l do (459 25.09 43.06 33.26 8.28
Straw yield olS 5 ,Sles 896.64 145596 1130.29 6.51
weight of the seed pod (g) als b e 39 59.97 163.06 109.57 16.96
Effort productivity &sal3b 32.16 80.16 63.39 13.17
Total dry weight (g) JSSes G 118.6 300.87 173.82 13.10
Efficiency of rain ok 3l 0 e 6.52 6.80 6.66 2.13
HI canls p sl 34.44 58.40 46.82 11.55
BM (kg) Sesslsm o Slos 1441.8 2650.44 2060.25 8.61
number of pods per plant gy ,0 e slaws 36.16 64.6 48.54 3.65
Single seed pod Gl ST Ade 20 43.4 31.83 5.56
2seed pods per plant Wgyo 5,0 ¥ B 7.96 11.84 9.66 3.6
Empty pods per plant dgr 0 Sgy DD 1.6 16.2 7.04 18.78
Fertile pods 59,6 e slaws 29.6 53.15 415 4.62
Seed yield (kg) ails o Slas 527.64 1391.16  969.26 16.08
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Factor Loadings, Factor 1 vs. Factor 2
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Extraction: Principal components
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Fig. 5. Comparison of thefirst and second factor analysis
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x1: Number of nodes, x2: Primary branch, x3: Secondary branches, x4: Height of the first pod, x5: Total height,
x6: Seed 100 weight, x7: Straw yield, x8: weight of the seed pod, x9: Effort productivity, x10: Total dry weight, x11: HI,
x12: Efficiency of rain, x13: BM, x14: number of pods per plant, x15: Single seed pod, x16: 2 seed pods per plant,
seed x17: Empty pods per plant, x18: Fertile pods, x19: Yield
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Table 3. Factor analysisin 13 Kabuli chickpea genotypes

Traits ol Ao Jol  Aige pgd  Adiepaw  pylex Adle
Factor 1  Factor 2  Factor 3 Factor 4
Number of nodes o S olass -0.63 0.46 0.09 -0.37
Primary branch adsl asls -0.84 0.02 0.20 -0.03
Secondary branches 49l azls -0.39 0.34 0.56 -0.18
Height of the first pod e gl glas)l 0.28 0.53 -0.36 -0.48
Total height Js elas)| 0.013 -0.04 -0.65 -0.09
Seed 100 weight ails o (439 -0.37 0.59 0.13 0.43
Straw yield olS 5 ,Slas 0.21 -0.37 -0.62 0.20
Weight of the seed pod alo b e 39 -0.76 -0.56 -0.05 0.09
Effort productivity &915b LI 0.002 -0.88 -0.06 0.03
Total dry weight I Sz 59 -0.85 0.08 0.005 0.06
Efficiency of rain ol sl 69 o e -0.90 0.30 0.10 0.04
HI cudls el -0.48 -0.69 0.15 -0.16
BM Siglgm o Slos -0.85 -0.16 -0.20 0.26
Number of pods per plant digy ,0 e slaws -0.82 0.017 -0.25 -0.36
Single seed pod G S5 Bl -0.83 0.26 -0.29 0.11
2Seed pods per plant Wg,d 5,0 ¥ e 0.05 0.19 -0.84 -0.22
Empty pods per plant B jo Sg DI -0.21 -0.41 0.19 -0.77
Fertile pods 5ok Bdle slass -0.80 0.29 -0.41 0.08
Seed yield als o Sles -0.84 -0.48 -0.03 0.05
Eigen value Ry Hlaie 7.42 3.44 2.51 1.58
Total variance IS iblgas o 39.06 18.10 13.21 8.33
Cumulative Eigen value o oy lade 7.42 10.86 13.37 14.95
Cumulative Percentage RSNV 39.06 57.17 70.39 78.72
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Table 5. Heritability valuesfor quantitativetraitsin 13 Kabuli chickpea genotypes

Traits wlew VG VE VP (hi?) PCV GCV ECV GA
Number of nodes 0,5 olass 28.525 0.78 29.3 97.33 20.08 19.81 3.27 7.58
Primary branch adql azls 2.51 0.05 2.5 97.86 59.30 58.66 8.67 2.24
Secondary branches 490 asls 0.21 0.01 0.2 94.34 11.26 10.94 2.67 0.67
Height of the first pod e d els)  27.715 214 49.13 56.40 31.90 23.96 21.06 9.81
Total height &5 el 64.705 8.82 73.5 88 17.82 16.72 6.17 12.01
Seed 100 weight FHORWRU 41.24 7.59 48.83 84.45 21 19.30 8.28 9.78
Straw yield olS o ,Sles 7551949 541427 80933.76  93.31 25.16 2431 6.50 398.51
Effort productivity &,905L L 82.46 69.67 152.13 54.20 19.45 14.32 13.16 17.27
Total dry weight JSes 5 2072850 51846 2591.31 79.99 29.28 26.19 13.09 71.30

s_al,.d.u [ GCV ‘GM:}J g_:l)M_u [ PCV (RGeE Y C,J'l)j (hlz) ‘6"“9‘3 Uw.}l;.)lj VP ‘G!aﬁ.za Uw.}l;.)lj :VE DTSy u‘“';l:’.)‘B VG

Sy iy (GA (e Ol s (o6 BCV (5953

GV: Genotype Variance, EV: Error Variance, PV: Phenotype Variance, (hi2): Heritability, PCV: Phenotypic Coefficient of
Variation, GCV: Genotypic Coefficient of Variation, ECV: Environmental Coefficient of Variation, GA: Genetic Advance
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Table5. Heritability valuesfor quantitativetraitsin 13 Kabuli chickpea genotypes

Traits wlas VG VE VP (hi?) PCV GCV ECV GA
Efficiency of rain ok 589042 0.0135 0.03 0.04 31.03 3.13 1.74 2.60 0.29
HI csls p el 38.14 29.27 67.41 56.58 17.53 13.19 11.55 11.50
BM S3else 3 Shes 173375.6 31455.14  204830.7 84.64 21.96 20.21 8.60 633.97
number of pods per plant Wy H0 e sl 168.175 3.14 171.31 98.16 26.96 26.71 3.65 18.33
Single seed pod GohSE Be 119.68 3.13 122.81 97.45 34.80 34.36 5.55 15.52
2Seed pods per plant Wgayd (5 dags B 2.76 0.12 2.88 95.83 17.56 17.19 3.58 2.37
Empty pods per plant Gy ,0 Sg D 51.305 1.7 53 96.79 103.38  101.71  18.51 10.19
Fertile pods 59,k e slaws 127.98 3.08 131.06 97.64 27.58 27.25 422 16.03
Seed yield ails o Shae 43937.31 24286.01 6822332  64.40 26.94 21.62 16.07 365.88

Sy y5 GOV e opid Slyid gy POV o sogas 6y ilyg (h12)  oipid (il g VP o lases ilils IVE o oisif (el ls (VG

S5 i 1GA (asre Ol peis oy ECV ( oodgi5

GV: Genotype Variance, EV: Error Variance, PV: Phenotype Variance, (hi2): Heritability, PCV: Phenotypic Coefficient of
Variation, GCV: Genotypic Coefficient of Variation , ECV: Environmental Coefficient of Variation , GA: Genetic Advance
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Introduction

Legumes are important sources of good quality protein in diet of people and they are
valuable as animals feeding. The seed of chickpea plant (Cicer arietinum L.) contains
essential protein sources, which plays a significant role in the human diet. Among
legumes the resistance of chickpea to dehydration conditions causes a higher productivity.
Chickpea has a moderate tolerance to drought conditions, but dehydration reduces its
yield significantly. This Characteristics of dehydration tolerance are especially important
in plant breeding.

The purpose of this study was to evaluate different characteristics affecting the yield
of Chickpea and identify the traits that are the most effective methods on yield.
Recognizing these traits in breeding programs is useful to select traits can affect the yield.

Materials & Methods

Understanding the concept of the yield and yield components performance in
chickpea breeding programs will be very essential. Cluster analysis, factor analysis, and
estimate of heritability were achieved to evaluate the yield performances of chickpea in
the present study. A randomized completed block design with four replications was set to
investigate thirteen chickpea germplasm at the Research Station of the Agricultural
Research Center and Natural Resource at the Khoramabad, Chingai Sarab during 2013-14.
These genotypes were included eleven cultivars and two available cultivars (Azad and
Local check). Statistical procedures were applied to analyses of data for quantitative traits.
Broad sense heritability (h2) was calculated, following Burton. The expected Genetic
Advance (GA), with 1% selection intensity (K), was also calculated using the following
formula:
Gs=K .Ap.h2

Where Gs is Genetic Advance, Ap is phenotypic standard deviation of mean performance
of population, K (2.06) is the constant standardized selection-differential at 5% and h2 is
broad sense heritability.

h2 B=Vg/Vp

Where Vg genetic variance = (variance between-accessions - variance within-
accessions)/n, Vp

phenotypic variance = [(variance between-accessions — variance within-accessions)/n] +

variance within-accessions, n = number of replications.

* Corresponding author: dr_hassani_hadis@yahoo.com
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Genetic advance (GA) =K x (Vp) 0.5 xh2 B
Where K = selection intensity at 5% (2.06), Vp = phenotypic variance, h2 B = heritability
(broad sense).
Phenotypic coefficient of variability (PCV) = Phenotypic variance (Vp) /Mean value of
the traitx 100
Genotypic coefficient of variability (GCV) = Genotypic variance (Vg) / Mean value of
the traitx 100

Results & Discussion

The study of morphological traits among genotypes significant difference was
observed in the 1 or 5 percent, which indicates a high genetic variation among studied
genotypes. Analysis of variance indicated that the height of plant that measured from the
first pod and the number of hollow pods had the highest variance. Nineteen agronomic
traits have been classified into four groups which expressed 78/72% diversity of the total
variation according to the principle components analysis Each of the first, second, third
and fourth components were able to allocate 39.6%, 18.1%, 13.21% and 8.33%
respectively. On the other hand cluster analysis using Euclidean distance capable of
ranking these genotypes into two groups based on plant characteristics and showing that
local cultivars possess similar genetic materials as advanced cultivars. The majority of the
traits had high heritability and observed low differentiation between phenotypic
coefficient variables and genotypic coefficient variables which demonstrated that the plant
diversity was due to genetic make-up rather than environmental factor. Genotype x
environment interactions are important sources of variation in crops and the term stability
is sometimes used to characterize a genotype, shows a relatively constant yield,
independent of changing environmental conditions. The quantitative traits genotypes
X98TH75K1-83,  LOCALCHECK, AZAD, FLIP98-55C,  SAR79J15K3-86,
SAR79J710K2-85, SAR79J610K1-86 and SAR79J38K8-85 the cluster analysis were the
first group in terms of high yield, according being to the high levels of yield and
indigenous masses LOCALCHECK in the group can be concluded that most of these
genotypes show adaptation with the environment that has been dry conditions.

Conclusion

Identification of the yield relationship and traits is an appropriate guide for reformers
in the future breeding programs in selecting the best traits. According to the genetic
diversity of Present germplasm, they can be used to improve varieties and can also be
used to develop genotypes hybridization of these varieties. In the future, it can be found
through screening plants that have the greatest resistance as a heritability parents or
hybridization of production lines resistant to drought or dry use. It is should be mentioned
that the old chickpea landraces and adaptability to environmental conditions with good
genes are the genes that can be used in breeding programs.

Key words: Analysis; Factor analysis, Heritability, Kabuli chickpea
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Table 1. Average weather conditions during the seasons from 2012-2013 at K ermanshah, Iran

obo Ao obl BT 60 et adhel djs Cllumo)l Sl i ol e
Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
(k) S5k 00 131 08 104 682 343 356 252 00 00 00 00
Rainfal (mm)
Cfle s bose 197 106 31 44 30 44 119 17.8 239 270 290 255
Average Temperature (°C)
ClFSl e les S>3y 4 546 188 1658 149 22 192 265 337 369 390 360
Maximum Temperature(°C)
CFSb el f> =55 19 78 90 -112 -112 47 93 142 170 190 150
Minimum temperature (°C)
Crashee) s 2053 575 02 - - - 822 1205 3046 3612 367.8 2846
Evaporation (mm)
ool 1yl Jome S (ol 9 (K9 38 Cumdg - Jgus
Table 2. Physical and chemical characteristics of soil in field
S Sluogad (il S Gas
Characteristics Soil depth (cm)
0-30 30-60
(2e,9)x5Sand (2-0.05 mm) (%) 7.0 6.4
(4 ,9)deSilt (0.05-0.002 mm) (%) 44.0 425
(22,9 ,Clay (< 0.002 mm) (%) 49.0 511
aaslpH 7.8 7.7
(20,9 J1 slsOrganic matter (%) 1.0 0.5
(3e,9)JS o395 Total nitrogen (%) 0.11 0.09
L,a.sAvailable phosphorus (mg kg?) 10.1 8.3
~=lsExchangeable potassium (mg kg 280.0 303.7
A bl et 5l S S GolesT cas 6)ls paiges
Soil was sampled before sowing
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Table 3. Analysis of variance of soil moisture during poding time and depth of sowing affected mulch types

(mean-square)

S Cugb,
o i 2oloo .7 Soil moisture .
Ol ynd’ 29 ©oll az 0 P 55 wlogw ails 8 ,Slos
Sources of variation df ) ol Total biomass Grain yield
Soil depth
0-30 30-60
A 2 148™ 849™ 80111™ 27655™
Repeat
g5 . . o .
gle gy 5 79.07" 57.97 20096 71117
Mulch types
Uas
10 145 2.29 26726 8319
Error
WLT &= 2 0.26™ 482" 81576 29959™
Planting depth
S e 2 e Sl S 10 020° 082 8154 1857
Mulch x Planting depth
o> 24 0.23 0.34 3927 837
Error
CV (%) &l pss o o - 3.66 4.01 8.89 8.03

(S35 y9031) auo 00 9 ) Jlail zolaw )0 o sime (o fre pué o 3 4 # g s NS
ns, * and ** : Not significant, significant at 5% and 1% probability levels, respectively.
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Table 4. Comparison of mean soil moisturein poding time and depth of sowing affected mulch types

(w29) (GaadME (3o 53 Cugh,

oyl Moisturein podding time (%) S5 ologs 4ils 0 Slos
) R .. . & " e
Treatments (Faiils) SB Ges (&5 £55) (& yoy50y3 p,5)
Depth soil (cm) Total biomass (g/m?) Grain yield (g/m?)
0-30 30-60
& glgil
Mulch types
=l - Lo
c (?’ I‘E"’“‘M ch) 9.65° 11.15¢ 501.31° 282.88°
ontrol (N0 mulcl
N5 S e
Wh;at Stu“ls e ich 13.27% 15.01% 732.72° 367.21°
raw mulci
L b
SOG§| CJI h 12.324 14,09 624.36° 318.01°
il mulcl
| =l
. ‘5; 2o e o 14.31° 15.461° 661.89° 332.48°
armyard manure mulcl
&S lS Al
c ;:I;;IS e ich 11.419 13.72¢ 623.64° 328.18"
orn stubble mulc
e ‘5)%{ L 18.312 18.892 993.062 533.142
Supplementary irrigation
(o s5ile) il Gos
Planting depth (cm)
4 13.072 14.93* 639.62 ¢ 321.46°
8 13.252 15.10* 699.85° 356.67°
12 13.312 14.13° 774.022 402.812

il oo lo g B pas saims lid giw ;o 50 alie By >
Within each column, mean followed by adifferent letter are significantly different at 5% level (DMRT).
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Table5. Theresults of the analysis of the soil moisturedata at different growth stages of chickpea under mulching types

(W0 y0) Wy lizeo Jolpo jo S Cugb,
Soil moistureat different stages (%)

L yloud’ - - - - B
Treatments olsb ey €92 ‘SME @ A’b_ oken
Vegetative growth Flowering Pod development Grain filling
0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60
(e ogaanls 165 1845 1286 1537 973 1148 7.58¢ 8.50°
Control (no mulch)
PS5 S glle 15.98% 19.33« 15.322 16.83° 13.26™ 15.33> 10.1¢ 12.13°
Wheat straw mulch
*’_{ Ll 17.56% 19.63> 14.87* 16.98° 12.22% 14.52° 9.85° 12.06°
Soil mulch
el 25 glle 17.922 20.812 16.19% 18.59° 14.28° 16.1° 11.56° 12.89°
Farmyard manure mulch
oy S glle 17.18% 18.87¢ 14.61% 16.16 11.5¢ 13.92° 9.89° 12.31°
Corn stubble mulch
e 5’_L""_‘ . 16.34% 18.9¢ 142 16.71> 18.542 19.24° 14.75° 15.83%
Supplementary irrigation
)'”ﬁ“:“"“ 171 369+ 384 342 27355 19,83+ 17147 1599+*
- value

Al e o cme BB pac 0aimoyLis gt o 30 dliie By, (SIS (yg03T) 0o p00 5V Jleisl zalaws 48 s dre o repd S 4 8
ns, * and ** : Not significant, significant at 5% and 1% probability levels, respectively.
Within each column, mean followed by a different |etter are significantly different at 5% level (DMRT)
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Fig. 1. Effect of mulch treatmentsin planting depth on soil moisture at the poding time
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Introduction

In dry areas, water is the limiting factor in improving agricultural production. Saving
the annual precipitation in the soil is very effective in dryland farming. The amount of
rainfall that infiltrates the soil depends on the amount of soil permeability and runoff. The
surface remains will be able to better permeable prevent runoff and raindrops and reduce
erosion. In addition, evaporation can be reduced about 40 to 70 percent and this water is
available for plants. Moreover, mulch keeps sufficient moisture to increase the microbial
activity, rise mobility and better food for plant growth. Therefore, various tools and
techniques should be used in rain-fed conditions to reduce risk of water losing and create
sustainable performance. In this work, some types of mulch and their impact on soil
moisture and yield of chickpea are evaluated in dryland conditions.

Materials & Methods

This experiment was carried out on chickpea (var. ILC481) as a split plot in a
randomized complete block design (RCBD) with three replications at the research farm of
Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran during
2011-2012. The main plot treatments were moisture retention, including control without
mulch, corn, straw mulch (1 kg/m?) wheat straw mulch (1 kg/m?), farmyard manure mulch
(3 kg/m?), soil, mulch (using the sweep to cut pipes capillary) and supplemental irrigation
at podding stage (to compare with the ideal condition). The sub plots were sowing depth
4, 8 and 12 cm. The annual rainfall was 305.5 mm during the studied year and soil texture
was clay. Each plot consists of 6 planting lines with length of 3 meters. Sowing date was
done on 16 October 2011. Plant density was 40 plants per sguare meter with 25 cm
between row spacing and 10 cm in the rows. In this work, measured traits were included
soil moisture at different growth stages (vegetative stage, flowering, pod and grain filling)
at depths of 0-30 and 30-60 cm, grain yield and biomass. In order to estimate soil
moisture content, sampling was conducted by auger. Data were analyzed using the SAS
and MSTATC softwares and the means were compared using the Duncan test at the 5%
level.

Results & Discussion

Results showed that there are significant differences at podding stage (depth 0-30 cm)
between different types of mulch and between sowing depth (30-60 cm), different
mulching types and also the interaction between mulch and sowing depth. Soil moisture
(depth of 30-60 cm) was significant for al treatments (mulching and sowing depths) and
for different growth stages, including vegetative growth, flowering, podding and maturity
stages. The mulches which could preserve the highest percent of soil moisture were
farmyard manure mulch, wheat straw mulch, soil mulch and corn straw mulch,
respectively. The lowest soil moisture content (average depths of 0-30 and 30-60 cm) was
obtained under no mulch condition and at reproductive phase, flowering, podding and
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grain filling (8.0, 10.6, 14.1 and 17.4 percent, respectively) and the maximum soil
moisture content for farmyard manure mulch were 12.2, 15.1, 17.3 and 19.3 percent,
respectively. Sowing depth of 12 cm decreased the more moisture from depth 30-60 cm.
Grain yield increased under wheat straw mulch (30%), manure mulch (18%), corn straw
mulch (16%), and soil mulch (12%) compared to the control (non-mulching),
respectively. Grain yield reduced under wheat straw mulch (31%), manure mulch (37%),
corn straw mulch (38%) and soil mulch (40%) compared to supplemental irrigation,
respectively.

Conclusion

The results revealed that under mulch treatments the soil moisture trends were slower
compared to treatments without mulch. Farmyard manure mulch indicated the highest
ability to retain moisture and after that wheat straw and corn stubble mulch demonstrated
the highest ability to retain the moisture. Thus, it seems that in areas that there is the
possibility of supplementary irrigation, use of these treatments will provide more moisture
for plants. Furthermore, a deeper planting seed (12 cm) causes moisture depletion from
greater depths. According to the results, it seems that the use of deeper sowing depth and
mulching can be an appropriate technique for dryland condition.

Key words: Chickpea, Moisture retention, Mulching, Sowing depth

VEF



Iranian Journal of Pulses Research
Voal. 7, No. 1, 2016, p. 145-160

ol Slg> Sl b g 3 40
1A Jol dous AFA-15+ Ao 13 Lo Vulo

(LensculinarisMediC) gwas 415 & ylos g 5959989 190 pao Wlao (ow g
i y3gw 9 S jInlale Cod

\ R Y . Y . #) “ o A
‘Sféb )9 e)b é".‘?s\m‘ ‘swl.’ GLG ¢ d‘)‘é w9
! oGS (55 glins susliily s Mol g cclyjog,S ‘Gd)} oS 5991 78 (6 550 (sexiils —)
M1 oINS ¢(6359lins 0aSCiils (ULS Mol g cuely) 09,5 - Y

WAV F il o s
WA/ VY hpdy )b

ouuS

iolesl dj oy puse s 5 Slee 5 (Sujslsdyse sla s » Stsalom 5 @bl S )y jsliiea;

olBiils (55,5laS ouSiily Sladod ac)ie jo LSS aw o Bolai S slaSsl 7)b By 1,55 O)0q
YO (sali) als pas zahaw b o5llasl ols ooy 350 sln,55TE s Ll VWRNVNYAY el5 L o o3
(AZosSPITTITUM sl ool (251 b el zsha b Gy Jlosi i) Simslngnr 5 alo aoyd) v 5 VO -
olasws g agr i)y pgads sl (6 55L jpi> g s3lalanle LT3l b ols (lis mls .og il pae 4 Drasilense)
aoy3) oo Sl 0 (0, NVY) Ay, 0,5 S 5 (e cilu®8) @igy lis| s ity 45 0 ppbody 1 035381 Ay, 0,5 IS
50 U5 slaws g yo asli oo @i 0 S olaw Lisgh ol 40 b ssaliv pgaly w3l b il 5 sslailale
Lol pae g lilale GlBl L oails o Slae 5 4ty Jlad o)F slasd wBles Sias ()9 o5 5 S22 (55 g
a3l olaws (S V) Wgr y0 5y olawd o i 456 ebas wisls lis 095 3l g,ls e LEalS pguls w3l (6 ST
0,5 slawi (p SYIY) Wlo St 35 (o 5V/F) Sy S 39 (USFO) gy o S ohaws (LN Wiy o
sanlive poly ol b el § g5lailule pae [l ;0 (LS 0 0,5 LSTYAE) &ilo o Shae 4 (0,5 VF/8) aty, Jlad
6L ool sea> p0 g sl axils Cute Jl i (55 paeliel 6L oS 0 ool i Gralesl ol o 0
g e oS b poal sl (6551 jphx wog 0,05 e Cunds Al o Sles 5 (Sojalshyge Dlio

20,5 Sl ale jeas 5l LU wls o Slee ualS 5l Jion a5 08 )8

ol S s slaciond ;o i osle 365 Wilgs oo lanoeo
slg—e zals (Raven, 2005) v_as 3 5ls coss |,
adls o,y 090 Julel o (gslaslaul 51 ol glo pd
WS e Sgamme ] a3 0,90 L o 1) ol o Ses
(Kobata et al., sgi B> oailewdls 0,90 ,0 aslw 51 o>
S 555 09 a lalS (So5ssd 50 (6,55l 2000)
gl 9y ;5SS Fingid ol sl 6Bl 3l
S Gl am oS ik slagwl alex 3ol Sy
Slalllas ,o (Corre, 1983) oil o a8l Jobo iol58l
Ay Gl coge wle el iol58l Hadi et al, (2006)
9 gy Sdy 0,98 yidaw plgo o 4 Dlye laisy
5 LS o5 oo i a4 4Bl A, o il
9 Wad e g JeSTie Jles dd e JolS 58 0 ad)S

230591 s 1) (5 ,5VL (glat, o515

VFo

ABlos ey @l oloss pguds 3T gudS soolg

doddo
(Lens culinaris Medik.) o alox3l slails Y si
O (s SRS 9 0092 ol g Ol 4335 )3 (g odes e
Sl g bl pslacile £l ol (S (g plol>
(Maleki et al., a8 o Ll ], SYgame b ls 4o
ol 5l oleacgame sasyS 0 oLS ab, .2011)
Jelite Sl anld nl o cosl (So3eler 508 5 loordon
S il e Jolse 8l o g 03905 180 KaS b
(Ghassemi-Golezani et al., o,.5 ;3 35 ale>
Jelse nlo 5092 058 o658 @intd shans 5o i 1997)

«55y9ltS 0aSzils ks Pdlol g el 09,5 (oMbl ghamnd otiomns g5
:O‘)_Q.Q FAYNVO-0VF s (B9 LO‘)_'I'I (‘5){—]’] .‘b){_;,l oK _isls
m.darabi8161@yahoo.com .- ayay-vasaA



1YAD sl dous 15 5lous Voler /ot DU g SO 9 3 5 [... oo Sl ouwy 3o 131515002 g il,l0

9 S O)9 u.\.\:":) ‘Laso)f Sl 9y ﬁ}al)).au.&)" ujl.la.a u‘}l‘
el 0a S 00ld G Lo, § 0 e i S
Ao sh 3105 osalt il Laoss o 3155 slo g 90gind
Sl olaxi g wilosls Sgn 1) (rSge slaaly ;) ;o soy0u)
sloe, S Az jo 5 aims e Ghali 8l 1) pagi; (Soo
il (Yahalom et al.,1991) wy & o JSias (g i
535 48,3 JS sl Gl crge ue oS b ol o]
(Yadav et al., <ol ons ol 5 &ils & Shae g o5 Sz
5 =y olals ;) oS sga e Jslse 5,55 .1992)
5 Gsloslalaw i 0,90 j0 Sledlbl aS il 4y axgi b
o=l o 8g2g panls ymwil (6 S Ux gl iSen
U ol 9 (j slassS ST o))l sk gl
3,5 2l e 53 o Wi A1 5 5 458 tals

by 9 9lge

$5,9S oaStils Slidiod ae e ;0 Lalejl ool
e FEYA il Js b Ly oLl oSl
Jlw 5o Ly a5l eV VVF glis o YYYY LS e
Siolosl 890 adlaie glen g ol .o alol 1¥A1-AY S
5 Bl e 5 S 5 05 Sl b gl yetars
(Naseri et asb oy Lof s+ ol @Yl So5)b lawgie
b B o el oy oa islejl al., 2010)
SLieiod as i 10 1S5 aw o (Solat S5 slassl,
LAY =AY el)s o, o1 olRisls (65,5lasS casiails
Jol s3lilale cialosl cnl )3 (o2 3590 (sl )gaSTE 0
gl ooV g VO B YO (aalb) gl poe
el 09,5 olSitalesl yo )l 050 (5535 09 (ks pas
(Zarea o_s iS5 g gluloz b olKiils (53,5las ousiidls
al. 2012)

5o Lo lasl gy sl (5 55L b jods medli g
P (Fereas AL BoY Duedy do oV i oS g
L aswe 8 gt byl jhiie OT b adje dw ay aiay
Ssb> Jobome dn s 050 Bho s o S g S
(Azospirillum brasilense) bl pouds o3l 5 55U
99 e Ao (4880 10 4e0A ) Sy 9 0w, el
15 gy 5 L 4y 5L Sy 8 b aizb 8 15 el
20,5 53 ISl

50 sials as ols ylas Hebert et al, (2001) olailas
olnser s o, 5 ol sl s 6 55 e
o Ladin ) olawy 5l sin 1) @3 oL 0 Lol laay,
A5 29 g0 pateiia x4 4z b g aada 8 il
U s i 03,9, Slse LalS b adgl iy pie
5 0leS o9 )5 5l il o alis (al g 0 25 oed )8
slacss lacul oS o 5 ol a5 0gd 35U ady ) ol L bLs )|
el slaain) G 5 9950 SIS (6t 4y
5ol Lir aad,b il sl e g A_l.)ju’_o Se>5ds solaie
o (359 9 Slaad jo Ol s S e oSl polic
e adgl glada o, 59 40 slojug malS a4y glady,
Saislsse Lol sl Wl e o slosay w055 oo
oealS g S bl sleal, ) adgi wlal o rals il
abl axsls Jlooas 5o |y glads ) o yeme ol gl )liue
alize >l b s ,e5 olhe (Hebert et al., 2001)
S0 e s 1) o UK 5 S phaw 0l i g o,
S i b il (B y%0 33 GBS (ly 50 g amo o0 5,8
S p (Jy wand oo plis )5 (o )3 Sl p 4 o
sla sl 5l g i laaly) aiis Jeuss jg Cov
b 6 rian 059 Lo p (rl eomizred ()18 (hdgse slacdly
» (Failsetal., 1982) us)ls Sy mhaws axly 2 sl3la
U coss S o slas Wadud et al, (2002) sbs o
Bell etal, sla w,y ;o .cdlb jals als calise gl
S50 g pak sleddle w@le ,o adbos, ls (1999)
JoU 5550 &8ly Lol 4 cod 655 S5 Elh
) loogS ol o ais S o dg a9
sleosS gl ol Ol (alsy eanli8l sl s ,aSL)
g 0 S gradols il e daiedn ( oleens
(Azadi et al., oib o z oo ool (5,5l 50 SY game
iSbei sl ey 0‘5’5" Ay oanli8l sl s iSL ales 2013)
(%lwman'fard et 59_40.3 c)l_A:J‘ wb}oeé}u 9 ﬁ?al)]m})—‘
Lo S 5l u’_a»j)f Wy eaisl ¥l slas xSL al., 2014)
g cobw oblg (LS aiy, 0 SelS & jsods a5 i
(S o8 deml aiile Jlb (Sojelsn Slge (5 )lake b 5
P a5 sy Gl ez 9GSt g (S S
Ol o Sl )0 g he e A Al a0, Sl
.(Soleymanifard & Naseri, 2014) oo 5 o ails o Sloe
9202l 658 slopllss 0 () (sladsS 5 Siesl g
Sls gpodol> Laas § Jgamoe adg il Cpe SE ]
b5 ol 31 (Sharma, 2003) o jls g5 5 sletsg Cuenl |
o B sladle o 1) ol axg lapsS) (555 poabs o]

VY5



1WAD ol dos 15 Loy Vol /ot ) L gad (SR g ) 15 /... wtee Sl oy 10 ) e 9 (1o

O3l Jomo S olads 9 (59 58 Oluoguas ) Jgu
Table 1. Physical and chemical properties of soil experimental site

S el @i i (Plata) memliy,  (Do3eries IS K34 ) el eglan S a2y
Soil texture . (plsst) Av?llar?:;aK Total(g)t)rogen (2o,0) JI (o 3 0s ) (owO) pH
Available P (ppm) pp 0 0.C (%) E.C(dSm)
(Loam Clay) o, ps) 7.2 310 0.12 1.28 0.97 74

o Ladin; gy JUEH 5l ey 00 Sptsnds Ol L ady,
gl cBo b aty) g5, p odd S5 sloe S elKtyle)]
Ui slae, S 5 Slamss 50,5 5 st g 5 e
b loo S (ooled oo S (1092 Jlad oy Sz 05 (5505l
o84 ble Sy 45 (oo )S g ad oy p bawg I 55 &S
(Beck et al., wos 48,5 Las 0 Jed slao,5 lgicds sog
SAS 9.1) ,l58le,5 Ly Lasols il ly a5 .1993)
Blas 5051 by boeSileo auglie (13051 5 (Version
aebi ) L fogas b (gl s plosil o iae G5!

o oslanwl Excel

Qg el
0 el ) il mools il s 335 5] ol gl
Ao 0, Jio | mhw o Syl e glalale bl
Lowg gl Guide o b wn gl
Lol 5 ale wopol el o s UlFF Sl
iyl Sl b Olies peS 5 ekl Sk
bl 8L L i pas g ailo pae )5 (g e LLYAID
L zedls jo aig glas )l Ol o po (nSlo (Y ISK2) 00 )3
s YO D YO gl pas zohw jo 5551
g VO B VO wolu pas pohw (e g gl pae 4 Cod
YVERVESUN R T 5 s WP B SR SUSVC SV R VPV INER WS R
Gl Jsb Gl i 4ol ks slagenly abes
o ale e a3 S5 LS (Corre et al., 1983) el
28 5w e oS 595 hlie o 00,50, LS L aslie
S Yl (Alvarenga, 2003) &)l 55 1 6 i Job
1 5 o) Yol o8 el ST e il 51 56 eyl
oS SLLS o 5,55 Sl 5l 00,5 ge Wi iy e
Dglse 2 55 bawgt (6765 STl 15 il o
Gl Az 0 g eS| SelS e ol 6 ez
wlo Lyl s cos (Fails et al., 1982) ssd oo oS glis)|
Sy el s s > Sy
P oy g Bl by galS a4 g dgamme (gitegid

Gl doyo) e

VYV

5 Pl e 57551 U o il 5] S

L s geails plasl 1 o o eslial imles] ol jo S 5
Gl o L o8y oo cilS Sliles el sl 6 25k
Szl Jomo ooy b plodil s (g, 4 YA olenianlY
s, 31 lawlgl 1o g aBes) Gues piud Ll jo iolesl
5 sy S e ol (e (oSS (s5lweslel likes
ac)yo o (Bl ) Gy Aloldl 28 5 planil gano S
Job )0 talojl de jho a0 S (g lol aliysssz (hsyn
0 g)lnl e Doty jo,cin oy alols )5 w090
Ay 2 50 g oloml e ¥ xY olal jo  —iolol sy
5 e LY O dlols 4 g Y Job a4 (s ,miy il
S35 5> s90 Aols gy (a9 - Jld Cuz 0 Ko
0SS GRsim o=l 5o et asd)S s e LY s,
O3l A azg Lol ab S )L )0 s e p0 wigY e
SIS 50 S lSBe i oS 5L 5 OV Jeom) S
o3liiwl 0yl 355 JLsSa ;0 ,SohSVE 5 o 5 land g
30 e ralayl pl jo el 068 3l eolazul 4 (g5l g 0l
Sl b (Hjp iz b ogatte slag,s 5l Ghagh o)
2, Dhgods as,er o colaiul bajlaslale sl cunlio
ay ez LTV olal 4 plecsz)lr 69, 5 b esls by
Lo, S 59, oS glis)] 5o 5 w35 eal b S ol
l2aS b sl 0o 00 jles Jlesl (gl sl ools )3
Gl Y S0 Hlz 4 S cad b ol 5l S
31, 3V0 sl (@Y 99) Yoz 4 50 Lo 5l asle o 0b -
Stz S jlao )0V e gl g (Y av) Sl @ Cod
5 530 £l ool sl i osliial (Y o) o &
Sleaig o U5 olaxd g aig yo 4l sload Wi ;0 5 oloss
5 olsail (Bolal & jgon aip) il cule, Lo S
Oleds jelateds .l el oyl ais g0 Slas slass .Sl
e s, Jlad slao 3 S slass 5 iy, slao 5 S sl
g glal (Gialesl onl ,9) lal o3l elesl 5l 55, S
2 5 (0 plowl g (s ojlasil g ,las (glyls a5 yshs
G 51 DS o 5l e gy iy i) (palS Al e
Gl SLs g wiaih e i gy S 5| g e lud



1YAD sl dous 15 5lous Voler /ot DU g SO 9 3 5 [... oo Sl ouwy 3o 131515002 g il,l0

330 LS 10 el g8 ACC (o5l adg (gzmen alises
(Larsen et al., 2009)

gl 9>y o wg o515 9 el (e Griores D9l e
J)?u LngLg).‘Slg c).g)lf (Be” et al., 1999) \.\AL:GA JJ.ES
SpailSo )b 51 el Rl 5 by S g )

50 @ Control =" Azospirillium

Plant height (cm)

= S g Nebies i (Jobe Sloed 5 b Jsls
(Soleymanifard et ool S50 LacS , Lialdl o algs
al., 2013)

Agy 50 a5l olows
Sinsl pomxcslulale blite 31,5t cov chs o)
i (Y Jg92) 200 5 o gine 2o 0 Jleiol mhans o
Lzl ol o 4y (Wlo pae) JolS 555 ,0 gy jo azli ol
Adgi zdli pac g wle do oV e 0 lasd o yieS g (5 S
g ,0 axld olass Ol s do o Sl (Y USE) o S
3O Be T ol poce s o 5,51 Ly il o

sYY/Y ‘\V/\" g./_uf a C\JL»A M)Q\” SV(B D YO s4.il.w

39 SS9 CoS ialS 050 ao VYT g YAD FONY
(Deregibus, 1985) aas 51, o8 sloasls sl o
sLill 9,5 9d pomns alonsgy 5909850958 (sla 25Ty
Wan & Ronald (1998) (Fails et al., 1982) 555
Gillale jo o3 sloasls sl (JS ;0 a5 wis S 5158

Bebiss axlge thn Cudgu b

Shading (%)

Gy gyl Sl pgm 9 il e Jolise 51-1 s
Fig. 1. Interaction effect between shading and bio-priming on plant height
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Fig. 2. Interaction effect between shading and bio-priming on number of leaf per plant
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Fig. 3. Interaction effect between shading and bio-priming on number of branch per plant
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Introduction

Lentil (Lens culinaris Medic) is a member of the leguminosae (Fabaceae) family and
an important pulse crop grown in Iran. Growth of lentil plant is highly sensitive to
environmental conditions, especially solar radiation, high temperature and water
availability. One of the important reasons for unstable lentil yield is the indeterminate
growth habit of lentil plants. Extensive vegetative growth, lodging, pod abortion due to
limited light interception in the lower part of the canopy, excessive flower and pod
shedding, and competition between pods and vegetative parts for photosynthates are al
the consequences of indeterminacy and late maturity. Radiation (sunlight) is one the
limiting factors in mixed and agroforestry cultivation systems. Crop yield is a function of
radiation intercepted over the growing season, the efficiency of converting the intercepted
radiation to biomass and the partitioning efficiency of biomass to seed yield. Therefore, in
agroforestry production systems, maximizing the limited solar radiation with improved
crop management practices such as seed inoculation with plant growth promoting
rizobacteria (PGPR) could lead to yield improvement. Intensive use of chemical fertilizers
has produced environmental problems and increased the production costs. The recent
economic crisis and environmental problems has raised interest in environmenta friendly
sustainable agricultural practices, which can reduce input costs. N2-fixing may be
important for plant nutrition by increasing nitrogen uptake by the plants, and playing a
significant role as plant growth promoting rhizobacteria in the bio-fertilization of crops.
Plant growth-promoting rhizohacteria are able exit a beneficial upon plant growth.
Nitrogen fixation and P. solubilization production of antibiotic and increased root dry
weight are the principal mechanism for the PGPR. A number of different bacteria promote
plant growth, including Azospirillum sp., Azospirillum species are plant growth-promotive
bacteria whose beneficial effects have been postulated to be partially due to production of
phytohormons, including gibberellins.

Materials and Methods

An experimental field to study the effect of light intensity on lentil cultivars was
conducted using a factorial arrangement based on a randomized complete block design
with three replications at Agricultural Research Station of [lam University during the
2012-2013 growing season. Studied factors included shading (control (without shading),
25, 50, 75 and 100% by shading) and bio-priming (control and inoculation with
Azospirillum). Lentil Seeds (Lens culinaris Medik.) cultivar 1LL4400 were sown on 21
February, 2013. 5 rows with 25 cm width and 2 m long designed in a 2x1.3 m plots and
seeds planted with 2 cm intervals in North to South direction. Special net cloth with exact
thickness was used for shading. The nets were cut and attached on 2x2 m frames
according to the plot size and placed 1 m height on plots. During the growth season, hand
weeding was done in necessary times, too. Samplings were included plant height, number
of branches per plant, number of flowers per plant, leaf dry weight, shoot dry weight,
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active node in the root, total nodes in root and grain yield. For analysis of variance SAS
software version 9.1 was used and graphs charted with excel.

Results and Discussion

Interaction effects between shading xbio-priming had the significant effect on
studying traits. Increasing the shading and application of Azospirillum increased plant
height and total nodes in the root, so that the highest plant height (44 cm) and total nodes
in the root (11.3 nodes) were obtained from 100% shading and application of
Azospirillum. In this study, the number of leaves per plant, the number of branches per
plant, total of flowers per plant, leaf dry weight, shoot dry weight, active node in root and
grain yield decreased with increasing shading x check treatment so that the highest
number of leaf per plant (91 leaves), number of branch per plant (15.6 branches), tota
flower per plant (65 flowers), leaf dry weight (1.6 g), shoot dry weight (2.2 g), active node
inroot (16.6 nodes) and grain yield (2994 kg/ha).

Conclusion

This study indicated that Azospirillum had a positive effect on lentil and morphologic
traits and grain yield revealed a better status in the presence of Azospirillum. In fact,
Azospirillum could aleviate the partial of grain yield in presence of shading. In general,
using bio-fertilizers and manage integrated nourishment quantitatively and qualitatively is
one of the efficient ways to improve plant production. Moreover, the environment would
have a better condition if chemical fertilizer consumption reduces. Recent studies
demonstrated that using bio- fertilizers not only improve the soil physiological structure
but also increase organic matters content and nitrogen available to coexistent plant.
Undoubtedly, before massive production and widely application of such products, it is
necessary to implement and replicate this experiment in different regions.

Key words: Azospirillum, Number of branch, Root, Stem
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Table 2: Analyses of variances of some physiological traits of green bean due to foliar application of iron and additive materials.
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Introduction

Iron (Fe) has a crucial biological role in human and plant growth. This micronutrient
is a major player in chloroplast photosynthesis and enzymes. Although some enzymes,
such as Fe-dependent superoxide dismutase, use molecular Fe as a cofactor directly, most
proteins use Fe-containing factors. Various studies were carried out to understand the
effect of nanoparticles on the growth of plants. Nano-particles have high reactivity
because of the more specific surface area, more density of reactive areas, or increased
reactivity of these areas on the particle surfaces. Sheykhbaglou et al. (2012) showed that
application of nano-iron oxide particles increased soybean growth and yield than micro
iron particles. Iron deficiency can be corrected by foliar application of iron more
efficiently than the soil application of iron sources. To achieve maximum nutrient
absorption via foliar applications, a fine mist application with spreading and wetting
agents is desired. These agents provide quick wetting of plant tissue and more uniform
coverage and as a result more absorption of solutions. Therefore, the objective of this
study was to investigate the effect of foliar application of nano and micro iron oxide
particles with additive material on some physiological traits of green bean (Phaseolus
vulgarisL.).

Materials and Methods

This study was arranged as factorial based on randomized complete block design with
three replications to investigate the effects of Fe nano particles (NP) and micro particles
(MP) foliar application with additive material on some physiological traits of green bean
at the Faculty of Agriculture, Shahrood University of Technology in 2012.
Geographically, the site is located in Bastam (36° 29°E, 55° 57°N, 1366 m a.s.l.). The
climate of this region is semi-arid. The first factor was foliar application of Fe in five
levels (0, 0.25, and 0.5 g L'; in two forms: NP and MP) and the second factor was
additive materials in three levels (0, D.G ADJUVANT and RCP-5). The foliar application
was performed 55 days after sowing in the beginning of flowering stage. At harvest, the
plant characteristics namely leaf area index, height, pod and leaf iron, chlorophyll,
carotenoid and protein were also registered. Statistical analyses of data were performed
with statistical software MSTAT-C. Significant differences between means refer to the
probability level of 0.05 by LSD test.

Results and Discussion
Results showed that leaf area index was not affected by treatments. The highest Fe
level in leaves (311 mg kg™') and in pods (51.47 mg kg™') was obtained by application of
0.25 g L' Fe MP + D.G ADJUVANT (figures 2 and 3). Bybordi & Mamedov (2010)
reported that with spraying of Fe the highest amount of Fe accumulation was obtained in
canola leaf. RCP-5+0.5 g L' Fe NP treatment showed the highest pod protein content.

* Corresponding Author: h.makarian@yahoo.com

\VY



Iranian Journal of Pulses Research
Vol. 7, No. 1, 2016, p. 161-173

Monsef Afshar et al., (2012) represented that foliar application of Fe increased protein
percentage of leaf compared to the other treatments. Micro-Nutrients such as Fe and zinc
participate in the structure of proteins and also in nitrogen metabolism and thereby may
also cause to increase the protein amount. Uhlig & Wissemeier (2000) recorded an
increased cuticular penetration of calcium containing surfactants. Leaf and stem tissues
can inhibit initial nutrient absorption by means of waxy substances in the cuticle. Thus, it
seems that D.G ADJUVANT and RCP-5 have improved the effects of Fe on plant
characteristics through increasing absorption of iron especially in low concentrations.
Similar to our results Singh et al., (1990) reported that application of iron sulphate and
iron pyrite decreased chlorosis and increased chlorophyll and carotenoid contents of
groundnut leaves significantly.

Conclusion
Based on the results of the present study, using additive materials such as D.G
ADJUVANT and RCP-5 can enhance the effects of iron as nano and micro particles on
chlorophyll contents and pod protein of green bean through providing quick wetting of
plant tissue and more uniform coverage with increased spray retention by reducing the
surface tension of the spray droplets.

Key words. Adjuvants, Leaf Absorption, Legumes, Micronutrients
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