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o5, s Gachsaran 3242.2a 797.1a 31.8a 58.5a 38.7a 443a
CUltivars ol lowe Local 2712.00 660.4 b 26.2b 37.2b 34.9b 2890
5| 39,10
S 15 day ater 3818a 1082.0a 33.8a 64.3a 44.1ab 411a
By emergenece
| o
s 30 day after 34562 870.7b 33.1a 61.1ab 39.2bc 38.9ab
s emergenece
sl 50 J L 45 day
sl T anerayenéce; 2414de 640.7¢ 28.0bc 47.4pc 36.1cd 35.2eb
Interference Oy 9
Period 3 19,7
o 60 day aiter 2215de 391.4d 24.6¢d 34.8cd 31.3de 38.1ab
RCIIe emergenece
sl 0 B Whole season
s westinfested 1904e 305.7d 23.7d 32.8d 26.2¢ 37.6ab
5l 39,10
S 15 day after 2607cd 355.84 25.2bcd 31.8d 31.1de 33.7ab
AT emergenece
A LY
s 30 aay aiter 2807cd 595.0c 26.4bcd 33.2d 35.3cd 35.8ab
S e emergenece
o o 3% 45 day aft
Js o ay arter 3090bc 876.1b 29.0 48.1bc 35.1cd 31.8b
A FREI emergenece
Period
Control ]l 39,7
S 60 day after 3565ab 1045.0ab 33.3a 60.6ab 43.18b 33.58b
RRCII emergenece
| S
7lr 75 Whole season 3895a 1126.0a 33.2a 64.2a 46.8a 40.0a

(aald) Jad weed-free

W5 0SS b (gl se B ws jogiy e jo il S i B> Blas Jled o sl et ;0 0 a5 Sl Sk

Means within each column and treatment with a letter in common are not significant.
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30 ML oloxi ildYere 39 ST 5ol O Sloc (gl j@lcale ]S g JSloi dlizko slao)90 g plB,l oy Jlie S1-Y Joue
digy 4o &1 slaey gaig

Table 3. Means comparison cultivarsand different period of interference and weed control for biological and grain
yields, 1000 seed weight and number of seeds per head

30 &ilo luay 30 BME Sl aildYeer (439 S 5elem o yShos
eii e G Gy 50 (K9 p 5545 )
Cultivars Treatment Seed no.per  Podsno.per  1000seeds  Biological yidd
plant plant weight (g) (Kgha)
3o 59,00
’ “J:_” ;igzyjéceg 76.44 ab 4455 b-d 4023 ad 3896 bc
OBy
o e 30 day after 64.05 a-d
RRvI. emergenece 65.11 a-d 48.66b 48662 3006 c-g
Jsls sloeygs ST 45 day after 40.89 b-f 3973ae 2101 g
Interference Oy emergenece ’ ' 9
Period KIS
’ “”;’ g%gagj;eg 4011 eg 3455eh 4477 b 2303 g-i
O
S o 59Y0
’ .:{31 Whole season ’ .
s Gabe OSSO 44.80 d-f 24.22] 4837 ab 2202 i
[S)) a -
(aals)
Gachsaran 3 39,00
o ;igzyjéceg 54.00 c-e 24.45i 456330 3448 bt
O
o oY
s ﬁgzyj; 2211¢gh 34.22f-h 4267 ab 4120 b
[Shand g
i m 53,F0
b b A 7045 ac B78dh  37.08bf 3592 b-e
100 O
Control Ao e e
T g%gzyjéceg 65.67 a-d 40.89 b-f 4483 2b 48522
O
o sV Whol
by W‘;:f;:“ 8267a 59.45a 51.13a 2902 d-g
(aals)
5o 59,00
’ “J:_” ;igzyjéceg 52.22 c-e 4367b-e 4210ac 3739 b-d
OBy
J o st
T ﬁgzyj;; 58.28 b-e 29.89 g-i 29.00 eg 3906 be
O
ol slangs o T 45 day alter 20.78f-h 3133 g 30.80 d- 2728eh
Interference O s emergenece ’ =39 ) 9
Period KIS
T g%gzyjéceg 29.56f-h 28.11hi 3157 c-g 2126 g-i
O
S 5,Y0
A e S 20.89 gh 28.22hi 26.90fg 1606
(aall)
Loca 5 o 39)0
s ;ig?ef;i 09.78h 37.89 c-g 21.93¢g 1767 hi
B
i o 5t
T ﬁgzyj; 44.34 0 3655 c-h 29.03 eg 1495
O
.. 3o 5,0
Jf;er %L“;)ﬁ T ?ngzyef;e; 25.89f-h 34.55eh 26.73fg 2588f-h
10 O
Control d o e
T g%g?ef;i 55.55 b-e 4533bc 2220 2278 g
O
o sV Whol
RE Nrtpuing 45.78 0+ 34.331-h 2890 eg 4888 a
(aald)

W, 0SS b (s )ls sme B s jogiy e )0 ()ls S i B> Blas Jled ja sl et ;2 0 a5 Sl ke
Means within each column and treatment with aletter in common are not significant
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S—iS 0jg Gregladide JHhas oye0 Job Gl L
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Table 4. Dry weight of weedsin Lentil'sfarm (g.m™) divided by speciesduring interference period in local
Kermanshah cultivar

_ o . Gle
5 0390 e Sa S L BT s e e
. . ' ar ar ) ge :
Interference Period Jonsngass  Bindweed Henbit crowfoot mustard Flix weed mustard Fat hen B|00:j
wor
Fom 59,10 15days
) after 10.50d 11.10e 0.00c 0.00b 0.00e 0.00c 0.00b 0.00c 0.00b
Oje emergence
Somef 30days
B after 1390¢ 15.60d 10.10b 0.70b 16.30d 0.00c 0.00b 0.00c 0.00b
O emergence
Fom 59)F0 45days
i after 39.70b 84.20c 21.00a 1860a 34.30c 5140b 0.00b 0.00c 0.00b
O emergence
Som 9P 60 days
B after 0.000e 103.7b 0.00c 0.00b 56.70b 54.70a 0.00b 2860b 1325a
O emergence
BESSINIY Whole
R season 5210a 1103a 0.00c 0.00b 106.4a 0.00c 1890a 62.70a 0.00b
(onls) weed-free
LSD Value 1.659 3.227 1331 1192 3.542 1684 0.842 1.684 3.368
FVaue 845" 12.31" 3.90° 411 7.28" 9.23" 373 813" 12.32"

W, S0 b (sle gire WS o oty rhan 50 jls S e B> Blas e po sl s o j0 a5 ola ) Sk
Means within each column and treatment with aletter in common are not significant.

OhluaS 08 50 jyplacile JS105 0593 )0 4igS o SUSiidy (wue 4c 30 (fp0 0 y1 0)5) jppgladile SiS (339 - & oo
Table5. Dry weight of weedsin Lentil'sfarm (g.m) divided by speciesduring interference period Ghachsaran cultivar

T e o« o el 3 ile
5105 090 Gl Sy S M“”'sh ""’SE”“’“” ”‘F‘l“ﬂ’ :e;” oydke  yLcas
: : : ar ar ix ge :
Interference Period Jonsongrass ~ Bindweed ~ Henbit crowfoot mustard weed mustard &t hen B|00:j
wor
3hom 5910 15 days
N after 540e 100e 0.00c 0.00c 0.00d 0.00d 0.00b 0.00c 0.00b
O emergence
S SIN 30 days
after 7.90d 6.40d 21.40b 250b 550c 11.40c 0.00b 0.00c 0.00b
O emergence
om0 45 days
o after 50.10¢c 91.00c 4580a 10.30a 43.80b 18.00 b 0.00b 0.00c 0.00b
O emergence
S om 5e7 60 days
after 62.10b 120.8b 0.00c 10.90a 196.1a 51.10a 0.00b 18.60 b 0.00b
O emergence
Slom 59,¥0 Whole
O Season 67.30a 1785a 0.00c 0.00c 0.00d 0.00d 19.20a 75.60 a 86.20 a
(osls) weed-free
LSD Vaue 1.575 1.835 1.031 0.941 3.151 1.031 0.842 1.684 14.681
F Value 17.63** 4.91* 7.34** 7.46** 9.13** 14.34** 5.12* 6.03* 5.93*

W, S0 b (s,ls gire BB o oty o 50 il S e B> Blas Lo o sl i o j0 a5 ole Shee
Means within each column and treatment with aletter in common are not significant.
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Table 6. Dry weight of weedsin Lentil'sfarm (g.m) divided by species during weed control in

local Kermanshah cultivar

s T s
: . i iny ar
Period Control Jonsongrass  Bindweed Fat hen Flix weed lebur mustard
5l 39,10
P Sdysater o055, 31.80a 31.00a 66.10a 0.00b 0.00b
Sy emergence
| oms 5T
S 30 days after 50.50 ¢ 8.90¢ 6.80b 0.00¢ 0.00b 39.00a
RRIIN emergence
o 39,0
S 45 days after 0.00d 520d 520¢ 560b 550a 0.00b
RV emergence
5 19,5
oy 60 days after 14.60 b 18.10b 1.20d 0.00¢c 0.00b 0.00b
RII emergence
RIS Whole
Joon
o season 0.00d 0.00e 0.00d 0.00¢c 0.00b 0.00b
(ald) e weed-free
LSD Vaue 3.766 1331 1.492 2.455 0.842 1.684
FVaue 433 9.61" 12.31" 7.69" 431 5.03

W, S0 b (s,ls gire BB o oty s 50 Sl S e B> Blas L o sl i o 0 oS ole Shee
Means within each column and treatment with a letter in common are not significant.

OhluaS 03 50 j,aladile 505 0590 50 4ig8 12 SUSATay uie 4850 (250 o 2 0)5) jypladile LS (359 -V Jouar
Table 7. Dry weight of weeds (g.m™) in Lentil'sfarm divided by species during weed control in

Ghachsaran cultivar

s B e e
; . 1 iny ar
Period Control Jonsongrass  Bindwesd Fat hen Flix weed lebur mustard
;| 39,10
M 15daysafter 4,704 1120a 4120a 1550a 0.00b 27.70a
s emergence
oy
S S0daysafter 47 g4 27.00b 10.40b 0.00¢ 11.20a 0.00b
R emergence
SIEESIAL 45 days after
T amergence 12.20¢ 16.70 ¢ 490¢ 0.00¢c 0.00a 0.00b
C s
o 60 days after 590d 460d 1.10d 560b 0.00a 0.00b
e emergence
o 59Y0 Whole
R season 0.00e 0.00e 0.00d 0.00c 0.00 a 0.00b
@ald) o225 \yeed-free
LSD Value 1575 2237 1532 1.031 0.842 0.845
FVaue 16.35" 836" 14.31" 9.60" 8.01" 19.08"

5l K00 b (sl pme AW s oy e 58 Wi ls St B> Blas Jlas jo sl gt o 0 oS ol Sile
Means within each column and treatment with aletter in common are not significant.
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S 59 oaibe Bb 5 eslacale Jg s e slacale slass
oS an ly 055 (0l8) JLad skl 5l 05 T oL
Radosevich & Holt, 2005 Oliveira, ) s S o)1y =l);
Laketal, slaazil Lzl ! .(2004; Norsworthy
Ol S s ysba il cillae Sz lod s, 2 (2005)
sregledde J3I5 090 (al 3 GYsb b aS Wape) axe
5 il 33l A, S b e slacile sl Juab sl )
0)55 Job o8 iali8 b sloplis (p2als gy So e
SIS LS & g, jaslaile sl o yaslacile J S

OV gV Jgux)

S 090 (padd
0diS ol &8lyys a5 e sla cile J2la 090 iSTos
W3l oo (G2 0,99 £9,%) »fsbdlc JrsS gss ol
08, 5o als Jou8 bl o Sloe dl oo o)+ g 7ty wlaw 9o 50
9 V0 S pan (e 08, 10 9 V) 9 VY s e ol )l
JrS 0590 Jolao o a5l Gy 57
OS5 S Sz s)lere &8ls 0 a5 o pslacale
95 50 il oo (Sl 0y90 (LY e sladile s Ll
OF 5 Y s o)l 13, 50 00l S8 8 Slee il mlas
O oy 51 e 5950F 9 PV i ey (e 08, )0 g

(Y5 ) JS2) o

)y Jad sl jl55e dle Sl s)le slagg, (Il
5 s @ B Jdsan s elaci e SCS
6laoyss Lialidl (S gl 1 o] slacS 5 sllanls
Lol sazme (i, 5 (H5adlsz 5l e 5 mslacile s
e 885 )3 oo e 5l 59,10 S5 jles 0 s 8
30 9 Sid 59 S 5l ao00AF foe o b 5LE e cale
S5 31,2 BV Y og Lo b S 50 ile (lileaS 03,
2l & Cod Cao tpl 55 e (e Gl oSS
Mohammadi et al, (V457 Jso>) asog ;,aslacile
S 0338 Jgbo 20l S asis S ol 55 (2005)
spslacile S (55 Gl 4 e 3555 59 ) pslacile
%

Jpslaaale sloss
shl sl raglacide J2las )90 (b 5 SYsb L
S e 3 s ]38] aig ) SO ol 5 e slacale slass o Juad
slass 2STa > 8 50 0 y0 loplis —ialS us,
Slaws Plas g ol s 5 ey 35,00 0 5,2 slacale
A Jgoz) el Cawsds o e 51 o 53,50 50 5 e slacale
g ydo SOL (3L glad o mg Jdoas lamyl ;0.4 4
slaws olS 1l (YU o js ‘S[UBJ s S o 5 psleale
Sl (g ainged ab) 5 jomw ae )50 50 5o slacale ol
LS o (S92 ody (155 (590 5 092) S,

olitilo S oxs 155 53 3 ppglacile JS1u5 0)93 30 aigS pb SUSiar (ke 42530 (@250 % 33 &gy) 3 pslacile Slasi —A Jgux
Table8. Number of weeds (plant.m?) in Lentil'sfarm divided by species during weed control in local K ermanshah cultivar

T W& a g S . | et
) i . ar ar ix ge
Interference Period Jonsongrass  Bindwesd ~ Henbit crowfoot mustard weed  musard Fat hen wort
Slom 59,00 15 days
L after 123b 64e 00c 00c 0.0d 00c 00b 00c 00b
O emergence
o et 30 days
L after 156 a 76d P0b 80b 40c 12a 00b 00c 00b
O emergence
om0 45 days
N after 160 a 116 a 170 a 32a 20a 40a 00b 00c 00b
O emergence
Fom 59 60 days
o after 0.0d 102 b 00c 00c 20a 00c 00b 48a 12a
O emergence
o 5a)V0 Whole
O s season 56¢ 84c 0.0c 0.0c 12b 00c 32a 80b 0.0b
(aals) weed-free
LSD Vaue 4.495 1575 5.052 1.684 1.331 1.031 1.684 1.825 0.841
FVaue 15.30" 21.07" 11.34" 12.03" 431" 8.01" 6.32" 5.05' 419

5l K00 b (sl pme AW s oy e 58 i ls St B> Blas Jlas jo sl gt o 0 a5 ol Sile
Means within each column and treatment with aletter in common are not significant.
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Table 9. Number of weedsin Lentil'sfarm (plant.m) divided by species during weed control in
Ghachsaran cultivar

1 0350 ot Sa g O SERST R e, e
) ) . ar ar iX ge
Interference Period Jonsngass  Bindweed  Henbit aoonfoot  mustard weed musard Fat hen wort
Slom 5910 15 days
N after 12d 12e 0.0c 0.0c 0.0d 0.0b 0.0b 0.0c 0.0b
o emergence
o et 30 days
o after 16¢c 76d 124b 8.0b 80c 12a 0.0b 0.0c 0.0b
o emergence
w5970 45 days
o after 64a 196a 135a 12a 20b 1lla 0.0b 00c 0.0b
O emergence
Sl 59,7 60 days
L after 64 a 92b 0.0c 80b 24a 12a 0.0b 32b 0.0b
O emergence
Fom 39,Y0 Whole
O s season 52b 82c 0.0c 0.0c 0.0d 0.0b 16a 9% a 16a
(aals) weed-free
LSD Vaue 2.267 3.622 4.125 1.031 1.883 5.314 1.684 2.663 1.684
FValue 6.64* 692  17.36"*  1264** 3.61* 2631**  1339** 9.07+* 13.39%

35l K0S b gl gime OS] ws jozy e (o Wl S B S BBlas Lo e gl (st o 50 4 b Sk

Means within each column and treatment with aletter in common are not significant.

olidle S o 8 35 5,2 slacile S 0)93 50 43g5 b Uiy ke 42530 (&30 %0 )3 Aigy) 3 ppislacile slasi —V+ Jur
Table 10. Number of weedsin Lentil'sfarm (plant.m) divided by species during weed control in

local Kermanshah cultivar

S 0599 a3 S o anlku ists &y Po5 5 heS
Period Control Jonsongrass  Bindweed Fat hen Flixweed  Spiny cocklebur ~ Ear mustard
S omeN0 15 days after
. emergence Ra 60 a 36a 80a 0.0b 0.0b
Fom et 30 days after
. emergence 52b 32b 80b 0.0c 0.0b 40a
B BIN 45 days after
oabp emergence 0.0d 24c¢c 80b 40b 20a 0.0b
| [N
P 9 60 days after 40c 16d 40¢ 00¢ 00b 00b
RREIIN emergence
3lom 5a,Y0 Whole
T season 0.0d 00e 0.0d 00c 0.0b 0.0b
ol oabi \eed-free
LSD Vaue 1.883 2.147 1.331 1.031 0.861 0.831
FVaue 9.31** 11.08** 7.91%* 19.58** 12.01** 8.07**

35l 0 b gl gime OS] ws jozmy e (o Wl S i B S BBlas Lo (e gl st 50 50 &S la Sl

Means within each column and treatment with aletter in common are not significant.
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Table 11. Number of weedsin Lentil'sfarm (plant.m?) divided by species during weed control in
Ghachsaran cultivar

S a0 s Sz oidale S ay ey
Period Control Jonsongrass  Bindweed Fat hen Flixweed  Spiny cocklebur ~ Ear mustard
i e 5500
P 15 days after 2a 2a aa 40a 00b 40a
RREINN emergence
Hom et 30 days after
. emergence 76 b 52b 36b 0.0 20a 0.0b
o 5ef0 45 days after
. emergence 44 b 52b 16¢c 0.0b 0.0b 0.0b
4 JOoN
P 9 60 days aiter 15b 20¢ 40d 40a 00b 00b
RV emergence
BESIAL Whole
L season 00e 0.0d 00e 0.0b 00b 0.0b
(38L5) a5 weed-free
LSD Vaue 2.147 2.112 1575 1.031 0.824 0.894
FVaue 10.32" 11.08™ 5.98 6.07" 19.01" 21.01"

W, S0 b (sls gire WS o oty han ;0 (jls S e B> Blas e jo sl s o j0 a5 ola Sk
Means within each column and treatment with aletter in common are not significant.

bug 30 ady as olesl 5l 500 slasdy s 0,90
S0 '\—"9"@“ 0,99 L)—" Ql_tl) )| o= ))Jéus_a_LC
Sz wapd LI, 8 )u‘l_a Cod gam Jead o) e slbale
oS LS 0 5 eglacale Saejle 5l Copae
Sl e b el do w5 Gle 4 Sl
Seyedi €t ) wigs =S 5 0590 ol 5l @) 5 5 9y

ool i peoe yo s mplacile S (Sl o0

0,98 (o5 Vel ol Joli 1) ol ol ol Jad
L ol o peae s & jad saiaslis adlyi
2ol ,eslacale
0,98 JBloc> 55 g J3las 0,90 Sl rad 029 b
U o 0,98 Caend uis jmslacile S

@l., 2011 sl o muledle S pae glsed jr slbcale
100 q_\. Gachsaran 59 -0
10 %
] -
£ 801 V-4 o Weed free
§ / [ ] Weed competition
2 Logestic equation
e 60 4 / ® _——— Gompertz equation
= A
3 40 L NS |
2 ol .
e [ \
S 20
©
4
] T T T T J
0 15 30 45 60 75

Days after emergence

Gompertz equation, RY =26.683+78.141* exp(-exp(-(x-31.382)/15.879)) R?>=0.988
Logistic equation, RY = 7.172+92.688/(1+abs(x/45.731)"2.796) R*>=0.976

OhlwaS o8 )9 5 pgbedile 68 (Jlyou 0599 (i - S5
Fig. 1. Determination of critical period of weed control in Gachsaran cultivar

AR



1YAD 030 dous F8 Loy Vol oottt Wl g S D G W @i /... Sy 090 1y ) Ka g 60LT yalbs

100 ¢ Local 59% . —0
10%
T ~
2 801 s o Weed free
B / [ ] Weed competition
d;’ ——  Logestic equation
5 60 1 _——— Gompertz equation
= 7
h-]
T 40 /
S
- a \
5 08—
©
[+4
[ T T T \
0 15 30 45 60 75

Days after emergence

Gompertz equation, RY =20.251+84.499* exp(-exp(-(x-28.685)/16.016)) R?>=0.999
Logistic equation, RY = 7.172+92.688/(1+abs(x/45.731)"2.796) R?>=0.967

Liile S (olone 8 59 5 B slacide J S (Sl 099 e —Y S
Fig. 2. Determination of critical period of weed control in Landrace cultivar
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Introduction

Lentil (Lens culinaris Medik.) is an important legume in the Mediterranean area.
High protein content in lentil seed (about 22-28%) makes it as a good food source for
developing countries and low-income people. In the west of Iran such as Kermanhah
province, it is the most important pulse in rainfed systems cultivated traditionally in
rotation with wheat and barley. Lentil is grown either as a spring or a winter crop. The
cold tolerant cultivars of lentil can be sown in the fall and have by to over 50% more than
spring-sown cultivars. Weed interference and moisture restriction are known as the most
important factors affecting lentil yield. The average yield loss caused by weeds has
reported about 84% in lentil. Since lentil is categorized as a slow-rate growth crop
especially during early stages, it is affected by weeds depressingly. The critical period for
weed control is defined as a period in which weeds must be controlled to prevent un-
acceptable yield loss of crop. Knowledge of the critical period is useful in making
decisions on the need for and timing of weed control and in achieving efficiently
herbicide use from both biological and economical perspectives. In practical view, the
critical period is defined as a number of weeks after emerging crop during which a crop
must be free from weeds in order to prevent yield loss greater than 5%. This study aimed
to determine the critical period of weed competition in lentil under the growing conditions
of the Kermanshah province.

Materials and Methods

This experiment was done at Campus of Agriculture and Natural Resource, Razi
University, Kermanshah, Iran, during 2009-2010 growing season. The experiment was
conducted as factorial arrangement based on randomized complete block design with
three replications. Experimental factors were two lentil cultivars (Gachsaran and Local)
and treatments of critical period of weed control. For the second factor, there were two
sets of treatments. In the plots of first treatments, weeds were alowed to grow for 15, 30,
45, and 60 days after crop emergence, after which the plots kept fully free of weeds by
harvest time. In the plots of second treatments, weeds were kept fully free of weeds for
15, 30, 45, and 60 days after crop emergence and then weeds were allowed to grow until
harvest time. For both of them, there were full season-long weed-infested and weed-free
plots as control treatments. Weeds were cut from the soil surface and sorted by species,
counted, and finally dried to measure above-ground dry matter. After physiological
ripening of lentil, the crop was harvested and biomass, grain yield, 1000 grain weight, the
number of pods per plant, the number of grains per plant and plant height were measured.

* Corresponding Author: sh.taherabadi_2005@yahoo.com; Mobile: 09183375212
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Results and Discussion

Analysis of variance showed that grain yield, biological yield, pod weight in plant,
grain weight in plant and plant height effected significantly by the weed interference
period, while it not influenced significantly on 1000 seed weight. Increasing in weed-free
period caused reduction in weed dry matter and weed density whereas by prolonging the
interference period, weed dry matter increased and weed density showed an upward trend
until 45 days after emergence and had a sharp fal after that. The maximum weed
interference period (beginning of critical period) based upon 5 and 10% level of grain
yield loss for Gachsaran cultivar were 17 and 21 days after emergence, while for Local
was 15 and 20 days after emergence, respectively. The minimum period of weed control
(the end of critical period) based upon 5 and 10% level of grain yield loss were 63 and 56
days after emergence for Gachsaran cultivar, and 62 and 54 days after emergence for
Local, respectively.

Conclusion
According to this research, under Kermanshah climatic conditions, the critical period
of weed control based upon 5% level of grain yield loss for Gachsaran and Local lentil
cultivars were obtained 46 and 47 days after emergence, respectively, and based upon
10% level of yield loss, critical period of weed control were 35 and 34 days after
emergence, respectively. There was no significant difference between Gachsaran and
Local lentil cultivarsin terms of critical period of weed control.

Key words: Lentil, Weed density, Weed dry matter, Yield loss
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Fig. 1. The effect of different intercropping systems on weed density during the days after sowing

Sole crop of Sesame (100 — 0), Sole crop of Mung bean (0 — 100), (75% Sesame -25% Mung bean), (50% Sesame -50% Mung bean) and (25%
Sesame -75% Mung bean)
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Means of each stage for two years followed by similar letters are not significantly different (Duncan 5%)
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Fig. 2. The effect of different inter cropping systems on Shannon index of weeds during the days after sowing
Sole crop of Sesame (100 — 0), Sole crop of Mung bean (0 — 100), (75% Sesame -25% Mung bean), (50% Sesame -50% Mung bean) and (25%
Sesame -75% Mung bean)
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Means of each stage for two years followed by similar letters are not significantly different (Duncan 5%)
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Table 2. Analysis of variance for mor phological characteristics, yield and yield components of Sesame
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5.6 9437541.71" 734053.82* 0.019 32.72 17.80™ 200.37" 3 A
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1108.4™  95828077.04™  9847047.04™ 0.081" 3800.17" 4320.17" 7960.68™ 1 B 2013
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940™ 186065859.4™  20218032.67"  0.281" 2604.16" 28.263.21"" 7287.13™ 1 B 2014
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** and * are significant at 1 & 5 percent probability level, respectively.
R: replication, A: main factor (different patterns of substitution intercropping), B: sub factor (presence and absence of weed control),
AB: interaction effect between main factor and sub factor, E (a): main factor error and E (T): total error.

S oa plod! Slaolel cdél ames (0 ¢ ¥ o) axiils

&S cl 21zl 51 (S laasdy oY e e e 59 aS 009y ]
Sl y5iS8 b ol (S sleysiSTe s s it
Gl oL are g oly5 sla A nl i are
Ols,l55 09 wialgsn —atin jlade S jlails e e 3
El-Gengaihi & Ab-) cul ol opl 00isS §r0—ai gob;

.(Dallah, 1978; Hornok, 1992; Sadeghi et al., 2005

v

aildYees 439
Lagsl G aslol e v 59 )5 5l olS 90 52 sl
pas g g sl ,les DI SIL alaly jo Lol o id odal i
ssbeaale Jpu8 g cns 658 Jlite Jl izmen 5 es
Ouzmad (T 9V Jguz) 09 Slo e Jlow g0 12 10 lasglas
oS jpslbaale JuSpae la Lo o aslol e 5
sl (o ilS glogSll olos jo Bob jlelolis



1YAD 090 dow (V5 Loy Vol [ttt b g S D g  wr i /... loasi astliane (1500 9 (S oS

S8 ol 3l 9)90 lho  jpslacile J 58 g cudls Gyl il 51 (railhe dunyUia - Jgur
Table 3. mean comparison of the interaction effect of sowing pattern and weed control on evaluated characteristics of
Sesame
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Means of each column for two years followed by similar letters are not significantly different (Duncan 5%)
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Table 4. Analysis of variance for morphological characteristics, yield and yield components of Mung bean

sl 5s oS 37) EHERIREY L dlasy Job w
o . aloless  GME a4 alg e o ; e & cis Jlo
calols y S 599w «ls »2 22 “9 o351 @leess  Croppin
Harvest Biological Grain 100.0 Number of Number of Plant ¢ il Zgr g
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C.V (%)
8.30 69751.17 166.63 0.007 5.54 66.16 136.95 2 R
43.26™ 6980032.61"™  1064665.61* 0.008 0.15 43.93" 54.73 3 A
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3.19 3495.46 2666.33 0.005 0.38 7.92 12.74 3 E (T)
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** and * are significant at 1 & 5 percent probability level, respectively.

R: replication, A: main factor (different patterns of substitution intercropping), B: sub factor (presence and absence of weed control),
AB: interaction effect between main factor and sub factor, E (a): main factor error and E (T): total error.
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Table 5 —mean comparison of the interaction effect of sowing pattern and weed control on evaluated characteristics of
Mung bean
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Introduction

Weed infestation causes an extremely reduction of crops yield. On the other hand,
increasing the diversity of crops in agro-ecosystems will change the biomass distribution of
weeds community, thereby reducing the number and density of different weed species.
Weed management in the past few decades has been in conflict with ecological principles
and sustainability of the production systems. As well as, it has changed from the one
dimensional methods to integrated techniques based on the various non-chemical methods.
Generally, weed management is possible through agronomical, mechanical and biological
techniques in addition to chemical methods. One of these non-chemical methods is
intercropping which has been used in farming systems since many years ago. The ability of
intercropping systems to compete with weeds and proper control of weeds depends on
various factors, including the composition of plants, varieties, density or proportion of
intercropping and soil fertility. Besides, reduction of vacant niches and available resources
for the growth of weeds are also reduce the ability of weeds invasion. So, the weed control
in intercropping is much more effective than when the plants are planted alone. Majority of
studies in recent years show that most of these researches have been performed in order to
achieve maximum crops yield and its environmental effects is not considered. So, this
research was aimed to investigate the effect of Sesame and Mung bean intercropping on
yield, yield components, weed control, and determination of the best intercropping
proportion in comparison with sole cropping in Mashhad, Iran.

Materials and Methods

This research was carried out to investigate the ecological aspects of substitution
intercropping of Sesame (Sesamum indicum L.) and Mung bean (Vigna radiata L.) in the
presence and absence of weed control. The experiment was arranged as a split plot based
on a randomized complete block design with three replications at research farm of faculty
of agriculture, Ferdowsi University of Mashhad, Iran, during 2013 and 2014 growing
seasons. The main plots included five treatments: sole Sesame, sole Mung bean, 3:1
intercropping (75% sesame-25% Mung bean), 1:1 intercropping (50% sesame-50% Mung
bean), 1:3 intercropping (25% sesame-75% Mung bean), and sub plots were two levels of
weed control (Weedy and weed-free). In order to implement an ecological and low input
system, no chemical inputs (fertilizers and pesticides) was applied. Weeds were harvested
every 15 days corresponding to 4 harvests during the days after sowing and after separating
were counted based on the type of species.

To determine the variation of weeds, Shannon index was used, according to below
equation:

H'=-Zni/NxLn ni/N

* Corresponding Author: akooch@um.ac.ir
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H': Shannon index, ni: the number of the desired weed species and N: total number of
weeds.

At the end of the growing season plant height, number of inflorescences per plant,
number of grains per inflorescence and 1000 grain weight were determined for each plant.
Grain yield, biological yield and harvest index were also calculated.

To compare the performance of intercropping treatments, land equivalent ratio (LER)

was used, according to below equation:
LER=3 72
Ymi
Ypi: yield of each plant in intercropping, Ymi: yield of each plant in sole cropping.
The data statistical analysis and draw the figures were performed by SAS, Version 9.1
and Excel. Means were also compared by Duncan’s multiple range test at the 5% probability

level.

Results and Discussion

Results indicated that 3:1 intercropping treatment (75% sesame-25% Mung bean) had
the lowest relative weed density. Shannon index was the lowest for 3:1 treatment
(75% sesame-25% Mung bean). Plant height, number of inflorescence per plant, number of
seeds per inflorescence, seed yield, biological yield, and harvest index represented a
significant difference between weedy and weed-free treatments in both plants. Land
equivalent ratio (LER) among the different patterns of intercropping showed that the
amount of this ratio in weed-free treatments was greater than one, especially in comparison
with weedy treatments. Results of the weedy treatments also showed that the amount of
LER was only in 3:1 intercropping treatment (75% sesame-25% Mung bean) greater than
one (1/04 in 2013 and 1/38 in 2014).

Conclusion
Therefore, intercropping systems can be used as an ecological approach to reduce the
use of herbicides in agriculture. It also can be as a suitable alternative to prevent the

accumulation of chemical inputs in the environment.

Key words: Ecological control, Evaluation of diversity, Land equivalent ratio, Weed density
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Introduction

Bean (Vicia faba L.) has the great old history of crop cultivation to date would be
pushed back to a fairly long day plant, resistant to frost and cool season crop and up to 5
degrees Celsius tolerated. Bean prefers wet and cold conditions. Excessive heat may cause
fetal growth problems, loss and reduce the number of seeds per pod bean flowers to the
growth of plant and fruit set on low temperature and high humidity environments. Early
planting allows more during plant growth and increased performance. Moreover, it is
necessary to achieve maximum performance in the bean are balanced in the distribution of
nutrients and the roots of the plant. Some studies have shown that many cereal plants can
make use of phosphorus in the soil inaccessible. Phosphate makes the plant resistant to
lodging, early maturity, higher quality, accelerating plant emergence to the initiation of
flowering and pollination, and thus increases the yield.

Materials and Methods

In order to investigate the effect of planting date and phosphorus nutrition on growth
and performance of faba bean, a field experiment was done in Research Field of
Agricultural University and Natural Resources of Ramin, Khuzestan, during 2013-2014.
Experiment was done as split plots based on the completely randomized blocks design
with four replications. Experimented factors were, five planting dates (2 October,17
October,1 November 16 November, and 1 December) as main plots and phosphorous
oxide fertilizer (P205) with the amount of (zero, 50, 100,150 kilogram per hectare) from
triple superphosphate resource as sub plot.

Results and Discussion

The Experiment results showed that planting date and phosphorus fertilizer and their
interactions had a significant effect on morphological traits (include bush height, pod
height from the ground, leaf area index, and number of sub branch). The comparison
showed that the highest grain yield obtained in sowing date of 1 November (average
production of 2752 kg per hectare) and the lowest yield obtained in planting Persian dates
of 1 December (average production of 1903 kg per hectare) and 2 October (mean
produced 1943 kg ha-1), respectively. The results of study of more than 100 kg P ha also
had no significant effect on performance. The delay in planting bean reduces its
performance. But through the power of P can be compensated to some extent the decline
in performance so that delayed planting dates (10 December and 25 November) at the
level of 100 kg per hectare yield than no fertilizer, respectively, about 55 and 60%
increased.

* Corresponding Author: aalipoors@yahoo.com
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Conclusion

Generally, in the process of growth, with a delay in sowing and increase the average
temperature during the growing season and heat stress, all traits such as leaf area index,
plant height, number of branches and the height of the first pod reduced. The cold start
test at the beginning of the growing season, time to go green rose plant, but with the onset
of heat at the end of the growing season and due to its effect on plant growth, all stages of
growth were reduced. The results of study of more than 100 kg P ha also had no
significant effect on performance. In total, the largest decline in the yield on the culture of
10 December occurred mainly due to reduced plant growth during the growing season as a
result of dealing with the heat in the end of the growing season. The best results were
obtained from the use of 100 kg per hectare phosphorus. The delay in planting bean
reduces its performance. But through the power of P can be compensated to some extent
the decline in performance so that delayed planting dates (10 December and 25
November) at the level of 100 kg per hectare yield than no fertilizer, respectively, about
55 and 60% increased.

Key words: Leaf, Plant height, Pod, Seed
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Table 1. N2O emission from crop resdues, nitrogen fertilizer application, fallow cropsand soil COz rdaasein Irans chickpeafarms

S 5 e 3 S los AL bl N2O ,Lics!

o] OS2 (sa ) (L2 /) (o) AL bl 51

Province Cultivation Yield Crop residues N0 emissions from

(1000 Ha) (Ton/Ha) (Ton) crop residues (Ton)
Eastern Azerbaijan 5,5 ool )3 41.38 0.78 0.005 4.08
Western Azerbaijan ¢ \lxb, 31 76.7 0.49 0.004 5.49
Ardebil s, 4.61 0.63 0.005 0.43
Isfahan \Laol 1.81 1.54 0.012 0.41
Alborz ;,.J1 0.01 2.86 0.021 0.003
Tlam L] 5.7 0.43 0.003 0.36
Tehran )l 45 0.33 0.23 0.002 0.01
Chaharmahal and Bakhtiari s,li5s 5 Jlxe > 0.81 0.74 0.006 0.09
Southern Khorasan ;g Ll > 0.64 0.35 0.003 0.03
Khorasan Razavi 4.5, Lol > 11.58 0.4 0.003 0.69
Northern Khorasan Jlais ylul,> 6.2 0.59 0.004 0.54
Zanjan ;> 11.22 0.28 0.002 0.46
Semnan e 0.01 0.86 0.006 0.001
Sistan and Baluchestan ezl 5 ¢l 0.06 1.82 0.014 0.02
Fars )18 10.14 1.34 0.01 2.01
Qazvin (y438 0.75 0.37 0.003 0.04
Kurdistan ;s 5 74.24 0.4 0.003 4.36

Kerman L ,s 0.58 1.21 0.009 0.1

Kermanshah olile S 153.64 0.64 0.005 14.52
Kohgiluyeh and Boyer aa>!y5: 5 45505 0.46 0.69 0.005 0.05
Lorestan L 135.73 0.68 0.005 13.51
Markazi S ,e 2.46 0.71 0.005 0.26
Hamedan ;jlass 17.7 0.51 0.004 1.33
Yazd o5 0.07 1.26 0.009 0.01
The country average ,5i5 S lawgie 232 0.83 0.01 2.03
Total the country ' ;55 JS &0z 556.79 19.8 0.148 48.8

el oals Blod Loyl oled 31 S G jo (8L Ll g oo Slos gaaze a5 Conlipn! jolate (LS o (5 0l b slacygiw jo )
Blion 53,50 laplial sln ais i 955 B rae ()15 pue (reas 05 Cuedle®

s slaasily a5l
1. In column with unit ton/ha, overall yield and crop residues in a hectare of all provinces have included.

* Symbols dash means no reports of nitrogen fertilizer application is considered for provinces.

Source: Research Findings
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VJgoe anlsl
(59)COn il ()N i ggnn N0 ’f“f“' N0 i 3855 955 9205
COzemissons  Total N2O emissions (o) gl () 30y 99551 (LB p,55keS)
(Ton) (Ton) N20 missions from N20 emissions Nitrogen
fallow (Ton) from N-fert. (Ton)  fertilizer (Kg/Ha)
2492.21 10.63 0.57 5.98 18.93
4620.01 23.61 1.06 17.06 29.11
277.55 0.49 0.06 0.00 -
108.9 0.83 0.03 0.4 28.76
0.42 0.003 0.00 0.00 -
343.09 1.1 0.08 0.66 15.15
19.7 0.02 0.00 0.00 -
49.03 0.27 0.01 0.17 26.96
38.37 0.04 0.01 0.00 -
697.62 1.11 0.16 0.26 2.93
373.14 1.21 0.09 0.59 12.5
675.7 3.74 0.16 3.12 36.47
0.42 0.001 0.00 0.00 -
337 0.02 0.00 0.00 -
610.95 6.00 0.14 3.85 49.74
453 0.05 0.01 0.00 -
4471.9 6.79 1.03 1.4 2.46
34.94 0.34 0.01 0.23 52.07
9253.93 23.93 2.13 7.28 6.21
27.53 0.13 0.01 0.07 21.05
8175.34 28.25 1.88 12.87 12.41
148.11 0.57 0.03 0.27 14.62
1065.89 8.04 0.25 6.46 47.8
3.92 0.01 0.00 0.00 -
1397.39 4.88 0.32 2.53 22.19
33537.33 117.19 7.72 60.67 434.17
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Table 2. N20 emission from crop residues, nitrogen fertilizer application, fallow cropsand soil COzreleasein Iran’'s

beansfarms
S ) 8 S dos PLS bl (LS bl 5INO L
ol (LS ,l32) (US> /o) (LS /o) (o9
Province Cultivation Yield Cropresidues N0 emissionsfrom crop
(1000 Ha) (Ton/Ha) (Ton) residues (Ton)

Eastern Azerbaijan 5,5 ;b )31 4.69 2.16 0.013 1.19
Western Azerbaijan )¢ bl 31 1.13 1.42 0.011 0.24
Ardebil o) 2.82 0.88 0.007 0.37
Isfahan lgao! 3.17 2.23 0.017 1.04
Alborz ;,.JI 0.25 1.85 0.014 0.07
Tlam p>b] 0.19 0.94 0.007 0.03
Bushehr ,p.4 0.02 1.14 0.009 0.004
Tehran )l 45 0.09 1.99 0.015 0.03
Chaharmahal and Bakhtiari ,lo5 5 Jbxe bz 2.59 2.75 0.02 1.05
Southern Khorasan g Lol > 0.07 1.11 0.008 0.01
Khorasan Razavi s, oLl > 0.85 1.23 0.009 0.16
Northern Khorasan  Jle.is \Lul,> 3.46 0.99 0.007 0.51
Khozestan :\l.;e> 20.98 2.23 0.017 6.89
Zanjan o) 8.16 1.92 0.014 23
Semnan Lo 1.05 0.65 0.005 0.1
Sistan and Baluchestan ,luzsl 5 ¢l 0.06 2.05 0.015 0.02
Fars ., 34.93 2.42 0.018 12.47
Qazvin (438 2.61 2.09 0.016 0.8
Qom 3 0.05 1.89 0.014 0.02
Kurdistan ,lews )5 0.44 2.1 0.016 0.14
Kerman ;s 1.17 0.93 0.007 0.16
Kermanshah oliile S 3.01 2.76 0.021 1.22
Kohgiluyeh and Boyerahmad aex>| 4 g 456l 56S 1.5 2.5 0.019 0.55
Guilan - »LS 1.96 2.53 0.019 0.73
Lorestan L 27.59 1.95 0.015 7.93
Mazandaran l,5k 0.83 2.02 0.015 0.25
Markazi S ;e 6.83 221 0.017 223
Hamedan ;,loes 0.92 2.49 0.019 0.34
Yazd o5 0.05 2.31 0.017 0.02
The country average ,5i5 S lawgie 453 1.85 0.01 1.41
Total the country ' ;55 JS &5 131.46 53.75 0.4 40.85

sl 00 Bl b il colod 5l LS S yo (2LS L g oo Slas gomme a5 Canlipl jslate S 1o o5 axly b glaysiw ;o =)
Bbion 53590 slaplial sl a9 s 055 B (B)I pae (reas 05 Cudle”
suios slaasdl :isle
1. In column with unit ton/ha, overall yield and crop residues in a hectare of all provinces have included.

* Symbols dash means no reports of nitrogen fertilizer application is considered for provinces.
Source: Research Findings
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Y Jooe aaldl
- 03958 995 O )8
(o) CO2 il (&) N2O ,Licisl & gocmo (&) gl 3IN2O Ll (&5 O3955 995 3IN20 Ll GSa [o.f
COzem. (Ton) Total N2O em. (Ton) N20 em. from fallow (Ton) ~ N20 em. from N-fert. (Ton) ) S "’S’J’J)
Nitrogen fertilizer (Kg/Ha)
282.61 6.23 0.07 4.97 138.58
68.24 1.3 0.02 1.05 121.25
169.62 0.4 0.04 0.00 -
190.7 8.37 0.04 7.28 301.2
14.88 0.07 0.003 0.00 -
11.14 0.03 0.003 0.00 -
1.33 0.004 0.0003 0.00 -
5.48 0.03 0.001 0.00 -
155.88 4.94 0.04 3.85 194.83
3.98 0.01 0.0009 0.00 -
51.44 1.32 0.01 1.15 176.92
208.47 0.56 0.05 0.00 -
1263.75 18.01 0.29 10.83 67.57
491.74 10.19 0.11 7.77 124.58
63.00 1.13 0.01 1.02 127.26
3.61 0.02 0.0008 0.00 -
2103.71 67.22 0.48 54.26 203.41
157.21 0.84 0.04 0.00 -
3.25 0.02 0.0007 0.00 -
26.5 0.14 0.01 0.00 -
70.47 0.18 0.02 0.00 -
181.24 5.2 0.04 3.93 171.04
90.35 2.39 0.02 1.82 158.82
117.88 3.48 0.03 2.73 182.5
1661.71 44.36 0.38 36.04 171.05
50.23 0.37 0.01 0.47 73.41
411.57 6.78 0.09 4.46 85.53
55.23 1.41 0.01 1.06 150.83
3.07 0.02 0.0007 0.00 -
273.05 6.39 0.06 4.92 153.05
7918.32 185.37 1.82 142.69 2448.77
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Table 3. N20 emission from crop residues, nitrogen fertilizer application, fallow cropsand soil COzreleasein Iran’'s

lentils farms
Sl 5§ el o ,Slos LS Ll N2O Liss!
ool (LS Hl52) (LS [ o) (LS /o) () 2 bl )
Province Cultivation Yield Crop residues N20 emissions from
(1000 Ha) (Ton/Ha) (Ton) crop residues (Ton)
Eastern Azerbaijan 5,5 ool )3 30.89 0.7 0.004 2.55
Western Azerbaijan ¢ \lxb,dl 4.1 0.74 0.006 0.44
Ardebil J.s) 36.17 0.72 0.005 3.82
Isfahan Laol 1.15 1.61 0.012 0.27
Tlam 50! 1.53 0.47 0.004 0.11
Tehran ) 45 0.02 0.69 0.005 0.002
Chaharmahal and Bakhtiari ,lo5 5 Jbxe bz 1.98 0.65 0.005 0.19
Southern Khorasan s> o\lol > 0.1 1.22 0.009 0.02
Khorasan Razavi 555, Lol > 2.86 0.45 0.003 0.19
Northern Khorasan Jlais ylul,> 10.76 0.85 0.006 1.35
Khozestan :,lis;q5 0.34 0.8 0.006 0.04
Zanjan (|l 16.29 0.32 0.002 0.78
Semnan Lo 4.24 0.8 0.006 0.5
Sistan and Baluchestan ezl 5 ¢l 0.31 1.03 0.008 0.05
Fars .6 10.91 1.14 0.009 1.83
Qazvin (y438 6.7 0.39 0.003 0.38
Kurdistan ks 1.68 0.4 0.003 0.1
Kerman L ,s 0.65 1.07 0.008 0.1
Kermanshah oliile S 6.16 0.94 0.007 0.85
Kohgiluyeh and Boyerahmad ae>!, 5 9 455L50S 3.64 0.67 0.005 0.36
Guilan - »LS 2.08 0.62 0.005 0.19
Lorestan L J 8.15 0.74 0.006 0.89
Mazandaran l,5k 0.03 2.28 0.017 0.01
Markazi S ,e 0.31 0.24 0.002 0.01
Hamedan laes 6.48 0.36 0.003 0.34
Yazd o5 0.08 1.27 0.01 0.01
The country average ,5i5 IS lawgie 6.06 0.81 0.01 0.59
Total the country ' ;55 JS &5 157.6 21.18 0.158 15.4

sl o Ll Lo lil solod 51,680 S5 5o alS sl 5 oo ,Slas gamo 45 cuslil jslite LS 1o o3 axly b glaygies ,o-)

g S5 5590 (slaglinl (sl 459, 395 Srae )1 pae (reds 0 Cedle™

1. In column with unit ton/ha, overall yield and crop residues in a hectare of all provinces have included.
* Symbols dash means no reports of nitrogen fertilizer application is considered for provinces.

Source: Research Findings
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Y Jous alol
59 e 995 S 9,5 N20 Ll N20 ,Laas! N20O Ll >
(_) ﬁ;fs_l-f) (u‘.) 39k 395 3 (9 !5 (9 o COsemissions
Nitrogen fertilizer N20 emissions from N-fert. N20 missions Total N2O emissions (Ton)
(Kg/Ha) (Ton) from fallow (Ton) (Ton)
46.02 10.86 0.43 13.84 1860.67
77.18 241 0.06 2.92 246.72
- 0.00 0.5 432 2178.46
66.3 0.58 0.02 0.87 69.33
4.75 0.06 0.02 0.18 92.22
- 0.00 0.0002 0.002 0.96
108.08 1.63 0.03 1.85 118.96
- 0.00 0.001 0.02 5.96
94.37 2.06 0.04 2.29 172.21
9.93 0.82 0.15 2.31 648.23
66.88 0.17 0.005 0.22 20.42
12.88 1.6 0.23 2.61 981.44
115.14 3.73 0.06 4.29 255.33
25.00 0.06 0.004 0.11 18.43
48.76 4.06 0.15 6.05 657.2
9.25 0.47 0.09 0.95 403.62
33.33 0.43 0.02 0.55 101.37
127.79 0.64 0.01 0.75 39.39
38.82 1.83 0.09 2.77 371.22
69.93 1.94 0.05 2.35 219.25
51.82 0.82 0.03 1.04 125.1
68.39 4.26 0.11 5.26 490.78
53.79 0.01 0.0003 0.02 1.51
154.97 0.37 0.004 0.39 18.91
58.24 2.88 0.09 3.32 390.31
- 0.00 0.001 0.02 4.52
58.33 1.6 0.08 2.28 365.1
1341.62 41.7 2.19 59.29 9492.52

5 Ve YTVIAYY odgi b ool Say oy 5 b)) slo bl
P S=zsS g i S,p L0 glaslsls LS 5 V/FY
5 o0 slagliwl anl o jleia COg I8 Fais i
38U gadss SIS sl Sl e G i Ol )
wel—aizl 0554, 1, N2O s NoO laslelS slajl5 Ll
GlaslE susus i (0 5S> g8 j g Ll aslesls
Foai, 226 CO2 g N2O lslalS slojl5 £ gazme
L oliw ) ol cggemme o ul ool oﬁ]ﬁ S0 ATANY
SrS,p £02 g N2O 5LS g0 51 V¥4 0/ o Jgs
58 Egomn Dgl o D gmo Slalls sl 8 buiss oo
Gy wiiine Ol 5l ead i CO2 3 N2O slaslsls
Al YV g 1580) Sga> 3 y9aS S

A

Elye SN Gl 5 435,55 955 90l e le ) S99
9 o p S eyl Y g WIAY adg L s s olad g
s g5l 5l N2O sl 55 ABasSody op 5 S >oS
3ot patie (S anSles 9 (05 Oliee Wgd o Dgmine
Olrd g Jeoyl slagbinl a5 sas go lis ;988 wae g5
5 oSSy e 138 5 TYAES Jolao o, il b o iy
o &5l CO2 Slalds 58 suisS, i (5SS
e bl).a )| LQJ..J}J CO, slal=ls )lf Egomo J.A._ML:‘Sc
oad 85 AT g 1580 dg90> 15 (e JS xex) ]
Elpe IS jlea i, 220 CO2 s N2O 500 g90xe

Fdsuz 5o 5 95510 comae 5 Lugl w055 Jolds e Slige
Slolls 58« /- ¥ 5 YAIYYY L al b cud s oS
FN20 LS suSa sy (03 S >sS g 55, N2O

i g e yma 355 555 ke Slige



IR0 290 Ao V5 Loy Vo [yl it b g S g 3 4 9i /... 4y 32 55T 5 (], 502 9 493, Sl

2945 S sulgi cduiie ©lga> I Juol> CO2 g N2O jLauiil ¢yl ue g 900 —F Jgu
Table 4. Total amount of N2O and CO2 emission from production of selected pulsesin the country

ClS 5 o (o) N2yl Js COz ,Lail Js HLl (30 & gosro
obew! (s Hl») Total N2O (&) (&9) CO2 gN20
Province Cultivation emissions Total CO2 Total COzand N20

(1000 Ha) (Ton) e”(“Tfnc;”S e”g'Tfnc;”s
Eastern Azerbaijan 5,5 \lxl,3] 76.959 30.703 4635.49 4666.93
Western Azerbaijan ¢ bl 81.931 27.83 4934.97 4962.8
Ardebil Lo, 43.591 5.221 2625.63 2630.851
Isfahan :lgao! 6.125 10.07 368.93 379.00
Alborz ;.| 0.254 0.074 15.3 15.374
Tlam p>b] 7.412 1.311 446.45 447.761
Bushehr .55 0.022 0.004 1.33 1.334
Tehran )l 45 0.434 0.045 26.14 26.185
Chaharmahal and Bakhtiari 5,Li5w g Jlre o> 5.377 7.052 323.87 330.922
Southern Khorasan s> Lol > 0.802 0.073 48.31 48.383
Khorasan Razavi 45, oLl 15.295 4.723 921.27 925.993
Northern Khorasan Jle.is Lol > 20.418 4.084 1229.84 1233.924
Khozestan )l ;e 21.32 18.23 1284.17 1302.4
Zanjan ()= 35.676 16.53 2148.88 2165.41
Semnan ,low 5.292 5.419 318.75 324.169
Sistan and Baluchestan \le.zsl 5 b 0.422 0.144 25.42 25.554
Fars ., 55.98 79.271 3371.86 3451.131
Qazvin (4358 10.063 1.84 606.13 607.97
Qom 48 0.054 0.016 3.25 3.266
Kurdistan yliws 5 76.366 7.478 4599.77 4607.248
Kerman L ,s 2.404 1.269 144.8 146.059
Kermanshah oliile s 162.807 31.899 9806.39 9838.289
Kohgiluyeh and Boyerahmad ae>!, 5 9 455L50S 5.597 4.874 337.13 342.004
Guilan - »LS 4.043 4.526 242.98 247.506
Lorestan ,tw )J 171.464 77.78 10327.83 10405.7
Mazandaran l,5k 0.859 0.747 51.74 52.487
Markazi 35 ,e 9.606 7.738 578.6 586.328
Hamedan ,locs 25.093 12.761 1511.43 1524.191
Yazd 55 0.191 0.046 11.5 11.556
Total the country 525 JS ¢ sazxe 845.848 361.849 50948.17 51309.989
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Table 5. Comparison of greenhouse gas emission based on scale production

g lede
Production scale

[ER ™
Province

(o) U Sl
Mean of emission
(ton)

(w2)3) 89,5 35 b luwl oo
Shareof provincein group
(%)

Oy Bushehr i, dlam o)1 Alborz ;,JI dsfahan el
«Chaharmahal and Bakhtiari ¢ Lo5v g Jlow k> [Tehran

Khorasan (ss.5, !> Southern Khorasan g ylul,>

Khozestan li.;5 Northern Khorasan Jless ylul,> Razavi

Small S>o5

72.41 408.68"

r9)® Sistan and Baluchestan bzl 5 linees Semnan Lo

Kohgiluyeh as>lye ¢ 435S Kerman (L S .Qom 8 Qazvin

&S y Mazandaran ,l,555L Guilan M5 and Boyerahmad

Yazd 55 Hamedan :loes Markazi

Medium Ly

Fars ., Zanjan .= Ardebil Jos)l

10.35 2749.13°

Western ¢ oloulb,31 Eastern Azerbaijan 8,5 ool )3

Large 5,5

Lorestan

olw J Kermanshah olisle s Kurdistan liws S (Azerbaijan

17.24 6896.05°

Lo gl aidly IRCA RTINS 2 Cla..uﬂi P</+0) Canlrog 5 oy o cixe OS] 5929 oaupo ) lis S e pué Bg >
“Non the same letters indicate significant differences between groups (p<0.05). ™ Cultivation Source: Research findings
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Table 6. Mean comparison test of N2O emission of provinces
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*Non the same letters indicate significant differences between groups (p<0.05). " Cultivation Source: Research findings
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Table 7. Mean comparison test of CO2 emission of provinces
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Table 8. Environment costs of N2O and CO2 emission from production of selected pulsesin Iran
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ot Wb, Wb, Wb,
province Emission cost of N2O Emission cost of CO2 Total costs
(Millions of Rials) (Millions of Rials) (Millions of Rials)
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Source: Research findings
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Introduction

Earth's atmosphere plays an important role in preventing the temperature decrease. One
of the principal factors of environmental pollution and the main source of earth's climate
and biodiversity changes is greenhouse gas emissions from various sources, particularly
agricultural sector. Agriculture sector is considered as a major source of greenhouse gas
sequestration, including methane, nitrous oxide, carbon dioxide, ammonia, and nitric oxide.
One of the most important sub-sectors of agriculture that produces greenhouse gases is
agronomy. Nitrous oxide is one of the most important greenhouse gases mainly produced
through agriculture. About 70 percent of N20O emitted into the atmosphere from soil,
obtained from biomass. The total cultivation of pulses i.e. chickpea, beans and lentils, is
equal to 845,848 hectares. In other words, pulses with share of 6.95 percent of the total
cultivation, is one of the most important crop productions. In this study, the amount of
greenhouse gas emissions of nitrous oxide (N20) and carbon dioxide (CO2) from the
production of Iran’s pulses (including chickpea, beans and lentils) was calculated using the
GHGE Model at 2011-12.

Materials and Methods
In this study the emissions of CO2 and N20O, were measured using Greenhouse Gas
Emissions Model (GHGEM). This model was used to estimate greenhouse gas emissions
from activities directly and indirectly related to agriculture production and the effects of
mitigation measures to reduce greenhouse gas emissions. To estimate the total production
of N20 and CO2 in the agricultural ecosystem, 2011-12 crop year data reported by the
Ministry of Jihad Agriculture were used. In addition, the provinces organized into different
classes based on the production and emissions scale and their condition using means
comparison test.

Results and Discussion

The total amount of N20 and CO2 emissions from pulses crops including chickpea,
beans and lentils were estimated. Fars and Bushehr provinces, with production of 79.271
and 0.004 ton of N20 emission were the highest and lowest N2O producers, respectively.
In addition, the Lorestan and Bushehr provinces respectively, with production of 10327.833
and 1.33 ton of CO2 had the highest and lowest annual production of CO2 emissions. Based
on the results, Lorestan and Fars provinces had the largest share of emissions from pulses.
In other words, these provinces had approximately 20 percent of N20O and CO2 emissions.
Total N20 and CO2 emissions from the Iran’s pulses farms, was 361.849 and 50948.71
ton, respectively. However, Lorestan with production of 10405.7 tons of N20 and CO2 was
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the largest producer of greenhouse gas N20 and CO2 in Iran. The total amount of N20O and
CO2 emissions from pulses crops was estimated 51310 ton. One of the best methods for
analyzing greenhouse gas emissions in different provinces was comparing the emissions
base on per unit of products level. With regard to the comparison, Isfahan province with the
release of 1.64 ton per hectare had the highest level of N20 emissions in comparison with
other provinces. In fact, Isfahan province with the largest consumption of nitrogen fertilizer
was the largest producer of N2O per unit area. In addition, Bushehr province with the
release of 66.5 ton per hectare had the highest level of CO2 emissions in comparison with
other provinces. Fars and Lorestan provinces had the highest environmental costs caused
by N20 and CO2 emissions, respectively. The environmental cost of N20 and CO2 release
in these provinces were estimated roughly 13900 and 179,285$ (or 0.48 and 6.185 billion
rials), respectively. Also, Bushehr province had the minimum environmental cost of N20O
and CO2 emission. Totally, Lorestan province had the largest environmental cost of
greenhouse gas N20 and CO2 emissions from pulses production that imposes on the
environment. Eastern Azerbaijan, Western Azerbaijan, Kurdistan, Kermanshah and
Lorestan provinces with a share of 66 percent were as the major producer of pulses, had the
highest cost of environmental N20O and CO2 emissions. Total costs of environmental of
N20 and CO2 emissions from the Iran’s pulses production was estimated about 947,971$
(32.705 billion rials).

Conclusion

In this study, according to the diversity of agricultural activities and greenhouse gas
emission of these activities, the greenhouse gas emission of CO2 and N20 were estimated
considering the pulses farms (i.e. chickpea, beans and lentils) under the crop production.
Results showed that Fars and Bushehr provinces, with production of 79.271 and 0.004 ton
of N20 were the highest and lowest N20 producers, respectively. Also the Lorestan and
Bushehr provinces with an annual production of 10327.17 and 1.33 ton of CO2 were the
highest and lowest CO2 producers, respectively. The total environmental costs of N2O and
CO2 emissions was estimated about 947,971$ (32.705 billion rials). In addition, the most
important factor of N20 and CO2 emissions of the crops production activities was crops
cultivation. However, due to the influence of variables such as the use of nitrogen fertilizers,
crops residue remaining of products on the farms and annual fallow of N20O and CO2
emissions in production of pulses, applying modern farm management strategies,
management and increase the efficiency of nitrogen fertilizers used on farms and
developing the emission reduction policies such as carbon sequestration was proposed to
the decision makers of this scope. Also considering that, the cultivation of pulses was the
main source of greenhouse gas of N20 and CO2 emissions, environment’ tax of greenhouse
gas emission on level of production in compensation environmental costs due to the release
of such pollutants can be useful.
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Fig. 1. Comparison of germination percentage of chickpea genotypes at different levels of salinity and salicylic acid
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 2. Comparison of germination rate of chickpea genotypes at different levels of salinity and salicylic acid
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 3. Comparison of radicle length of chickpea genotypes at different levels of salinity and salicylic acid
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 4. Comparison of coleoptile length of chickpea cultivars at different levels of salinity and salicylic acid
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 5. Comparison of total root length of chickpea genotypes at different levels of salinity and salicylic acid at seedling stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 6. Comparison of root dry weight of chickpea genotypes at different levels of salinity and salicylic acid at seedling stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 7. Comparison of shoot dry weight of chickpea genotypes at different levels of salinity and salicylic acid at seedling stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 8. Comparison of leaf area of chickpea genotypes at different levels of salinity and salicylic acid at seedling stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 9. Comparison of chlorophyll index of chickpea genotypes at different levels of salinity and salicylic acid at

flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 10. Comparison of membrane stability index of chickpea genotypes at different levels of salinity and salicylic acid

at flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 11. Comparison of stomatal resistance of chickpea genotypes at different levels of salinity and salicylic acid at

flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 12. Comparison of transpiration rate of chickpea genotypes at different levels of salinity and salicylic acid at
flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.

% 30

o

E s

E

= 20

£ 15

g & SA (0 mM)
§ 10

B % SA (0.5 mM)
= 5

=

7]

w 0

a Salt stress

8~ Control  Control 1 4 8 8 (ds m)

MCC414 MCC789 MCC414 MCC789 MCC414 MCCT789 Genatype

M Al 50 50 sl Sl 9 (5598 Alisko Zglaw 50 3955 ST 93] 50 (2 )T WS 160 (ygamdlrnsnsl (350 g o —1Y S
5l gl sire glis (P<0.05 ) SGls (glasaloaiz yge3T Billas il oo S e > G (glls Jola a5 ol gt
Fig. 13. Comparison of CO2 assimilation rate of chickpea genotypes at different levels of salinity and salicylic acid at
flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Fig. 14. Comparison of PSII photochemical efficiency (Fv/Fm) of chickpea genotypes at different levels of salinity and

salicylic acid at flowering stage
Values labeled with the same letter(s) are not different at the 5% significance level according to Duncan's multiple range test.
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Introduction
Salinity has various effects on plant growth by affecting physiological processes. The
decline in plant productivity under saline condition, frequently linked with the reduction
of photosynthetic capability. It has been reported that efficiency of PSII photochemistry
(Fv/Fm) of numerous plant species have been decreased due to salt stress studies have
shown that salicylic acid (SA) improves resistance of plants to environmental stresses

(heat, cold, drought and salt stress). In this relation, convincing data have showed that the
SA-induced enhances resistance of plants to the salinity. Therefore, the present study was
conducted to estimate salicylic acid effects on germination, growth and some
physiological characteristics of two chickpea genotypes (Cicer arietinum L.) in salt stress
condition.

Materials and Methods
In this research we studied the effects of different concentrations of SA (0.5 and
ImM), on chickpea genotypes (MCC414, MCC789) during growth stages (germination,
seedling and flowering) under salinity stress. Five levels of salinity including 0, 3, 5, 10
and 12 dsm™ in germination stage and three levels of salinity (0, 4 and 8 dsm™) at seedling
and flowering stages) were employed separately in a factorial experiment based on
Randomized Completely Block Design with three replications.

Results and Discussion

Results of means comparison showed that germination rate, significantly decreased
under salt stress in both genotypes (P<0.05). Under salt stress, increasing the osmotic
pressure and the reduction seeds water absorption and the toxic effects of sodium and
chlorine ions, can affect seed germination. Exogenouse application of SA concentrations
(0.5 mM), under salt stress (3 and 12 dsm™) increased rate and percentage of germination
in MCC789 genotype. For MCC414 genotype, the combination of the treatment with
salicylic acid (0.5 and 1 mM) and salinity (10 dsm™) increased significantly germination
rate. In same genotype, radicle and coleoptile length increased significantly after treating
with SA (ImM) in salt stress (12 dsm™). Exogenous application of SA concentration (0.5
mM), under salt stress (3 dsm™) increased coleoptile length in MCC789 genotype
(P<0.05). Seed priming with SA leads to an activation of germination and seedling
growth, while the enhancement of the division of root apical cells are important
contribution to the growth stimulating effect of SA. In seedling stage, salinity decreased
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stem and root dry weight. SA and on some salinity levels, significantly increased stem dry
weight in MCC789 and total root length in MCC414 genotype (P<0.05). The decline in
plant productivity under saline condition is frequently linked with the reduction in leaf
area and stomatal conductance. Positive effects of SA on growth characteristics, in wheat,
barley and maize have been reported. In both genotype, chlorophyll index, transpiration
rate, membrane stability index and efficiency of PSII photochemistry significantly
decreased and stomatal resistance increased under salt stress in flowering stage. Serious
reduction in stomatal conductance and transpiration rate are adaptive mechanisms under
salt stress. Halophytes such as Beta vulgaris and Spartina townsendi have salinity
tolerance and show a combination of low photosynthesis, minimal transpiration, high
stomatal resistance and low internal CO, concentrations. Studies showed chlorophyll

contents decreased under saline condition. Biochemical analysis of leaves of different
maize cultivars for proline and chlorophyll contents indicated that proline accumulation
increased and chlorophyll contents decreased under saline condition. SA application
increased chlorophyll index and membrane stability index respectively in MCC789 and
MCC414 genotypes. In both genotypes, stomatal resistance, significantly decreased and
efficiency of PSII photochemistry increased with SA treatment under salt stress (12 dsm™)
(P<0.05). Studies have shown that salicylic acid protects membranes by increasing
polyamines such as putrescine, spermine, spermidine, as well as membrane sustainable
complexes. In wheat, SA application improves the Fv/Fm. Szepesi et al, (2005) reported
SA (10 and 10”7 M) could increase Fv/Fm in tomato plants under drought stress.

Conclusion

The results indicated that the modulator effects on salicylic acid on germination and
other physiological processes of chickpea genotypes under salt stress.

Key words: Chickpea (Cicer arietinum L.), Efficiency of PSII photochemistry, Growth
parameters, Membrane stability index, Salicylic acid, Salt stress
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Table 1. Mean comparison of interactive effects of herbicide and herbicideresiduein soil on chickpea genotypestraits

ke ks ile onilodl aBle SUiS (459 0,5 Sl o) 5 039 ade ) J5 039 I 59
(,3) (bS50 0 ,5) olS 5o (bS53 p,5) (LS 53 p,5) (p 55 o)
Herbicide He_zrbicide Shoot dry matter Node number Node fresh weight Total root dry Total nitrogen
Residue (%) (gr/plant) per plant (gr/plant) matter (gr/plant) (magr)
0 100ef*(0.62) 100de(43.89)%* 100def(0.51) 100e(0.71) 100ef(38.97)
25 99.97¢f(0.62) 95.49¢f(40.89) 94.63fgh(0.46) 94.07¢f(0.61) 94.71g(35.96)
5 94.09fg(0.58) 85.98h(37.33) 85.05j(0.43) 80.08gh(0.54) 88.32h(33.21)
399559l g 10 82.05ijk(0.51) 74.37i(32.01) 74.77k(0.37) 70.31hi(0.45) 75.32i(28.56)
Sulfousulfuron 15 73.84Kk1(0.46) 66.73j(28.44) 65.371(0.31) 63.30j(0.40) 61.10§(23.87)
20 61.16mn(0.38) 38.971(16.67) 38.40n(0.18) 45.52K1(0.28) 36.87kI(13.62)
30 41.640p(0.26) 24.51m(11.56) 23.890(0.14) 30.08m(0.20) 23.56m(9.68)
40 28.87q(0.18) 13.63n(6.33) 13.15p(0.08) 17.29n(0.11) 14.14n(5.52)
0 100ef(0.54) 100de(44) 100def(0.51) 100e(0.74) 100ef(31.03)
25 93.95fgh(0.51) 91.97fgh(40.67) 92.72fghi(0.47) 89.07f(0.67) 96.35fg(29.39)
5 97.80egh(0.52) 83.17efgh(41.22) 93.33fghi(0.48) 95.99¢£(0.72) 97.58£(30.09)
J‘“ iyl 10 94.67fgh(0.51) 93.59¢fg(41.11) 93.01fghi(0.47) 93.76e£(0.69) 95.13£g(29.66)
Dnllcelt‘}’lgolp 15 98.21efg(0.52) 93.21efgh(42.22) 92.16ghij(0.47) 95.48e£(0.70) 99.98¢f(30.73)
20 98.47efg(0.52) 95.27ef(42.11) 97.01efgh(0.50) 102.33de(0.74) 105.01de(32.02)
30 99.01ef(0.52) 97.04ef(42.44) 97.92efg(0.49) 103.17de(0.74) 104.73de(31.96)
40 94.86e-h(0.50) 91.14fgh(40.33) 91.89ghij(0.47) 93.24ef(0.68) 106.38de(31.78)
0 100ef(0.58) 100de(45.67) 100def(0.54) 100e(0.82) 100ef(36.70)
25 105.60de(0.60) 100.09de(45.22) 98.57efg(0.52) 101.71e(0.81) 100.57¢f(36.69)
5 115.42¢d(0.65) 100.36de(45.44) 98.75efg(0.52) 103.80de(0.83) 94.55fg(35.12)
ol ppanles 5id 10 122.09¢(0.69) 105.96¢d(47.01) 103.79¢de(0.53) 112.71¢d(0.86) 99.73ef(36.17)
Fegf’e"tif;rl"P 15 123.71bc(0.70) 110.12bc(48.22) 106.80bcd(0.54) 118.19bc(0.88) 110.65¢d(39.33)
20 124.19b¢(0.70) 111.44bc(49.11) 108.45bc(0.56) 120.65bc(0.90) 115.19¢(39.38)
30 134.07ab(0.75) 115.95ab(51.33) 113.98ab(0.60) 127.88ab(0.97) 126.28b(41.04)
40 139.08a(0.78) 119.15a(52.67) 117.45a(0.62) 133.44a(1.01) 133.31a(41.69)
0 100ef(0.58) 100de(41.33) 100def(0.43) 100e(0.66) 100ef(32.96)
25 95.41efgh(0.56) 90.22fgh(36.22) 90.38hij(0.37) 74.11hi(0.43) 89.78gh(28.90)
+ 09,58 g9l oo 5 86.39hij(0.51) 86.81gh(35.22) 86.68ij(0.36) 71.38hi(0.44) 83.23g(26.94)
0995 Cae 10 87.91ghi(0.52) 76.58i(30.44) 76.77k(0.31) 63.85ij(0.37) 73.76i(23.54)
Sulfousulfuron 15 78.03jk(0.45) 63.31j(25.33) 64.121(0.25) 55.08jk(0.32) 61.82j(20.72)
Mets:lfumn 20 64.30lm(0.38) 52.57k(21.56) 54.84m(0.21) 51.43k1(0.32) 42.16k(13.67)
30 51.02n0(0.30) 34.101(14.89) 34.55n(0.15) 41.241(0.26) 30.20Im(9.76)
40 38.38pq(0.23) 22.71m(9.78) 19.360p(0.10) 27.62mn(0.17) 23.96m(7.19)

Means of each column followed by similar letters are not significantly different (LSD 5%).
Data inside the parenthesis are the real data.
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Table 2. Mean comparison of interactive effects of genotype and herbicideresidue in soil on chickpea genotypestraits

owiloudl

e s Bl SS9 . X
o dle (oS 13 o)) oS 5 0,5 olass °P:)-' 059’ wf 5 ois 5 chsf‘-:J
(wer?) Node Number per eles 5 ?’S_) (o5 52 £5) (?’_5‘51'”)
plant Node fresh weight Total root dry matter ~ Total nitrogen (m
oot Herbicide Shootttdry (gr/plant) (gr/plant) ar)
YPE  residue (%) matter
(gr/plnat)
0 ns 100a*(39.92) 100a(0.85)** 100a(1.31) 100a(48.42)
2.5 ns 87.35d(39.15) 86.85def(0.75) 78.75ghi(1.04) 87.65¢(42.55)
5 ns 89.26¢d(36.42) 88.44def(0.76) 72.18efgh(1.09) 88.78¢(43.16)
FAY s Jls] 10 ns 79.72¢(36.33) 78.66gh(0.68) 71.251jk(0.95) 79.30de(38.66)
ILC 482 15 ns 75.10ef(35.42) 73.60hi(0.64) 67.74jk1(0.91) 74.66def(36.25)
20 ns 72.08fg(28.67) 71.22ij(0.62) 67.34jk1(0.91) 71.40£(34.25)
30 ns 68.87fg(27.33) 68.18ij(0.60) 65.20k1(0.89) 70.811(33.56)
40 ns 59.42h(25.15) 59.73k1(0.54) 58.591(0.81) 62.35g(29.27)
0 ns 100a(28.58) 100a(0.15) 100a(0.35) 100a(17.35)
2.5 ns 97.17ab(27.58) 96.65ab(0.14) 96.67ab(0.34) 99.92a(16.92)
5 ns 94.02abc(27.75) 93.56abc(0.14) 94.83abc(0.33) 91.46bc(15.48)
s 10 ns 91.88bcd(26.17) 90.61bcde(0.13) 92.73abcd(0.32) 87.88¢(14.84)
KaKa 15 ns 86.08d(24.50) 84.65¢fg(0.12) 87.32b-g(0.30) 80.47d(13.47)
20 ns 79.53e(22.58) 81.29fg(0.12) 89.21b-f(0.31) 79.35de(12.7)
30 ns 66.28g(18.75) 65.90jk(0.10) 80.93fgh(0.28) 72.21€(11.11)
40 ns 57.62h(16.25) 54.011(0.08) 68.43jk(0.24) 75.59def(11.25)
0 ns 100a(62.67) 100a(0.49) 100a(0.73) 100a(39.33)
2.5 ns 98.81a(55.01) 98.72a(0.48) 93.80abc(0.63) 98.50a(38.73)
5 ns 91.47bcd(56.17) 90.87bcde(0.44) 86.43¢c-g(0.63) 91.04bc(35.38)
ple 10 ns 91.28bcd(50.42) 91.98bcd(0.45) 91.49a-¢(0.59) 90.79bc(34.95)
Hashem 15 ns 88.84cd(56.17) 88.09cde(0.43) 93.98abc(0.58) 95.04ab(36.27)
20 ns 72.08fg(45.83) 71.531j(0.35) 83.40d-h(0.56) 73.59¢f(32.25)
30 ns 68.55g(44.08) 68.681j(0.34) 80.64fghi(0.54) 70.651(24.66)
40 ns 67.93g(38.50) 67.661j(0.33) 76.67hij(0.50) 70.74£(24.12)

Means of each column followed by similar letters are not significantly different (LSD 5%).
Data inside the parenthesis are the real data.
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Fig. 1. Shoot dry matter of chickpea genotypesin response to Sulfousulfuron (a) and Sulfousulfuron+M etsulfuron (b)
residuein soil
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Table 3. Parameter s estimated fitting 3 or 4 parameter logistic models of chickpea genotypes shoot dry weight to
different residue of Sulfousulfuron and Sulfousulfuron+M etsulfuron in soil

Herbicide Genotype b C d EDso(m kg soil)
Hashem  1.85(0.23) - 101.41 (3.30)  0.0025 (0.00015)*
Sulfousulfuron ~ ILC 482  2.02 (0.33) - 99.61(3.02)  0.0047 (0.00029)
kaka 2.4(0.43) - 97.20 (3.06)  0.0043 (0.00023)
Sulfousulfuron ~ Hashem  0.77 (0.13) - 98.99 (4.12)  0.1001 (0.1785)
+ ILC482  125(1.61) 43.11(6.99) 99.12(2.55)  0.0057 (0.0006)
Metsulfuron kaka 2.02 (0.29) - 98.83(3.28)  0.0837(0.2131)
(Standard error)*
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Table 4. Parameter s estimated fitting 3 parameter logistic model of chickpea genotypesroot dry weight to different
residue of Sulfousulfuron and Sulfousulfuron+metsulfuron in soil

Herbicide Genotype b d EDso (m kg soil)
Hashem  2.83 (0.35) 97.18(3.82)  0.0023 (0.0001)*

Sulfousulfuron ~ ILC 482  1.04 (0.13)  96.12 (4.19)  0.0017 (0.0002)
kaka 2.56(0.53)  96.09 (3.95)  0.0043 (0.0003)

Sulfousulfuron Hashem 0.93 (0.15)  97.91 (6.11) 0.0019 (0.0003)
+ ILC482  048(0.13)  99.69 (6.51)  0.0032 (0.0011)
Metsulfuron kaka 1.81 (0.51) 100.56 (4.81)  0.0113 (0.0013)

(Standard error)*
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Fig. 2. Root dry matter of chickpea genotypesin responseto Sulfousulfuron (a) and Sulfousulfuron+M etsulfuron (b)
residuein soil
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Table5. Parameter s estimated fitting 3 parameter logistic model of chickpea genotypes nodule fresh weight to
different residue of Sulfousulfuron and Sulfousulfuron+M etsulfuron in soil

Herbicide Genotype b d EDso (m kg™ soil)
Hashem  3.83(0.72) 94.03(2.97) 0.0023 (0.0001)*
Sulfousulfuron ILC 482 1.48(0.22) 95.21 (3.74) 0.0030 (0.0002)
kaka 2.84(0.36)  96.16 (2.75)  0.0031 (0.0001)
Sulfousulfuron Hashem 2.65(0.51) 93.52(3.65)  0.0047 (0.0003)
+ ILC482  0.87(0.18) 97.57(5.28)  0.0073 (0.0012)
Metsulfuron kaka 3.89 (0.75)  96.97 (2.84)  0.0087 (0.0004)
(Standard error)*
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Fig. 3. Node fresh weight of chickpea genotypesin responseto Sulfousulfuron (a) and Sulfousulfuron+M etsulfuron (b)
residuein soil
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Means of each column followed by similar letters are not significantly different (LSD 5%).

Data inside the parenthesis are the real data.
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Introduction

Soil herbicides residue in agroecosystems is one of the important problems due to
herbicides application. However herbicides residue in soil extend the period of weed
control. Nevertheless, it may persist longer than desired and injure subsequent crops in
rotation. Herbicides vary in their potential to persist in the soil. Some herbicides such as
sulfonylurea herbicides are very persistent. Among registered herbicides for weed control
in wheat fields in Iran, Sulfonylurea (e.g. sulfosulfuron and metsulforon-
methyl+sulfosulforon) and aryloxy phenoxy propionate (e.g. Diclofop-methyl,
fenoxaprop-p-ethyl) are more important groups. With regard to the persistence of
mentioned herbicides in soil, sulfonylurea herbicides may create problems in crop
rotation. Since chickpea (Cicer arietinum L.) is one of important crops in rotation with
wheat in Iran and the effect of sulfosulfuron, metsulforon-methyl+sulfosulforon, diclofop-
methyl and fenoxaprop-p-ethyl on its growth, nodulation, and nitrogen fixation have not
been studied yet. This study was conducted to investigate the effects of mentioned
herbicides residue in soil on growth, nodulation, and nitrogen fixation of chickpea
genotypes in controlled conditions.

Material and Methods

In order to study the effects of soil residue of some sulfonylurea and aryloxy phenoxy
propionate herbicides on growth, nodulation and nitrogen fixation of chickpea (Cicer
arietinum L.), a pot experiment was conducted using factorial arrangement in a
completely randomized design with three replications. Factors included herbicide type in
four levels (diclofop-methyl, fenoxaprop-p-ethyl, sulfosulfuron and metsulforon-
methyl+sulfosulforon), herbicides residue in soil in eight levels (0, 2.5, 5, 10, 15, 20, 30,
and 40 percent of recommended dose for each herbicide) and chickpea genotypes in three
levels (Hashem, ILC 482, and KaKa). After mixing the herbicide solution with prepared
soil and planting, plants were maintained until the beginning of reproductive stage. In the
early stage of reproductive, shoot biomass and root biomass, number of root node and
total nitrogen content of plants were measured. The data were statistically analyzed using
variance analysis, and differences among mean values of treatments were compared by
Duncan test (p<0.05) in SAS. For determination the dose of herbicides required to reduce
50% of plants response (ED50), the dose response curves were fitted simultaneously using
the following three-parameter logistic model.

d
it (b.d,€)) = e btosm-tog@))
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Where f is the response (above ground dry weight, root dry weight and node dry
weight), d is the upper limit, b is the curve slope, e denotes the dose required to give a
response halfway between the upper and lower limits (ED50); and x is the herbicide
concentration in soil. The validity of the above model and the comparison between the
parameters were made using F-test for lack-of-fit with a 5% level of significance.

Results and Discussion

Results  showed  that  sulfonylurea  (sulfosulfuron and  metsulforon-
methyl+sulfosulforon) and aryloxy phenoxy propionate (diclofop-methyl, fenoxaprop-p-
ethyl) had the highest and the lowest effect on mentioned traits of plants, respectively. By
increasing of sulfonylurea herbicides residue in soil, all measured traits decreased
significantly (p<0.01). However, soil residue of aryloxy phenoxy propionates herbicides
did not significantly affect on chickpea genotypes. The lowest ED50 (0.0025 mg kg™ soil)
and the highest ED50 (0.0047 mg kg soil) of sulfosulfuron herbicide soil residue for
shoot biomass, were observed in Hashem and ILC482 genotypes, respectively and the
lowest ED50 (0.0057 mg kg soil) and the highest ED50 (0.0837 mg kg' soil) of
metsulforon-methyl+sulfosulforon herbicide soil residue, were observed in ILC482 and
KaKa genotypes, respectively. Considering the results of the study, it can be noted that
Hashem genotype showed more sensitivity to sulfosulfuron and metsulforon-
methyl+sulfosulforon herbicides soil residue compared to the other genotypes. Generally,
results of this experiment showed that soil residue of sulfosulfuron and metsulforon-
methyl+sulfosulforon herbicides had significant and negative impact on chickpea growth.
On the other hand, chickpea genotypes had different sensitivity to soil residue herbicides.

Conclusion
Results indicated that it is necessary to look the interval time in chickpea planting in
rotation of wheat-chickpea. Moreover, selection of less sensitive chickpea genotypes to
soil residue of sulfosulfuron and metsulforon-methyl+sulfosulforon herbicides could be
useful in their residue management.

Key words. Chickpea genotypes, Diclofop-methyl, Fenoxaprop-p-ethyl, Metsulforon-
methyl+sulfosulforon, Sulfosulfuron
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Table 1. Total of water regirement (M2 per irrigation) and No. of irrigation in different systems

& 3L o yoh. & 3L duo oV B WS IR ‘S’T FRRWISTIN
%50 of Water %75 of Water % 100 of Water .
: : ) %125 of Water requirement
e requirement requirement requirement
W Syl Soran ol Syl Sopan ol
SH Slosy Slasy Sloxy _
Irrigation 0399 y2 50 o 0399 30 39 o 0399 30 59 o 0y9% & 39 Skl slasy
system Water ol Water ol Water ol Water No. of
useinperiod ~ No.of  ysein period No. of usein period No.of  useinperiod  Irrigation
(m3 ) irrigation m*) Irrigation (mz ) Irrigation )
J_z_]a_.: 3 lo 3
28 “Jd 460 27 690 27 920 27 1150 27
Sub surfase trickle
o L2
¢ ) 8 460 27 690 27 920 27 1150 27
Surfase trickle
S S 590 19 890 19 1180 19 1480 19
Center pivot
o b
: _‘5’)' 590 19 890 19 1180 19 1480 19
Solid set
a,\..@l.ol@dw‘_g)u
Modified surfase 520 3 780 4 1040 4 1300 4
irrigation

! Modified surface irrigation
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Fig. 1. Sloping surface for static friction coefficient measurement (Sitkei, 1986)
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Fig. 2. Mechanism for measurement of seed dynamic establishment (Sitkei, 1986)
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Fig. 3. Measurement unit of seed hardness

Y



1WAD 030 dous F8 Loy Vol [ttt Wl S D G W w i /... la gy il ¢ 28 5 oo yloy!

Ll 410 Cu 9,8 oo 5 pxe Ol Jiliio 513 2T 315 ((3lnl ot 1Y Jour
Table 2. Effect of irrigation sysem, water requirement and reciprocal in dimension, volume and sphericity per cent of bean seed

R 4l Job ails gl s Cwlus 1S oo (Wi Hhs CugyS
boles Seed height Seed width Seed thickness Seed volume Geometric Diameter Spherity
Treatment (mm) (mm) (mm) (mmd) (mm) )
LS)L:)-.J (oo
Irrigation system
St = o (slo ka3 13 9.6 6.6 816 9.3 70.1
sub surface trickle = S1
Sz = v slo,kd 12.7 9.5 5.8 731 8.9 70.2
surface trickle=S2
S5 = Sy i 124 9.5 5.7 667 8.7 70.7
center pivot=S3
S4 = el gl 12.8 9.7 6.4 793 9.2 71.7
Solid set= S4
Ss =oads ol . ‘5)lﬁ’\ 12.1 9.3 6.1 681 8.7 71.9
Modified surface irriation= S5
LSD 0.32 N.S. N.S. 26.03 0.28 N.S.
<l
Water requirement
W, = 50% ETC 119 9.2 59 647 8.58 72.3
Wa = 75% ETC 12.5 9.6 6.1 738 9.03 72.3
W; = 100% ETC 129 9.6 6.2 775 9.08 70.3
Wi - 125% ETC 13 9.5 62 790 9.18 68.8
LSD N.S. N.S. N.S. 24.01 0.48 1.63
@b s 6olal piass Jlize 31
Irrigation systemx water
requirement
Wi ><S] 12.5 9.4 6.3 740 9.05 72.4
w2Xs1 13 9.5 6.3 778 92 70.6
w3 Xs1 13.5 9.9 6.5 869 9.54 70.6
w4Xs1 12.8 9.5 7.2 876 9.75 66.9
W1 XS2 11.9 9.3 59 653 8.68 72.9
WZXSZ 12.4 9.3 6.1 703 8.9 71.8
w3 Xs2 13 9.6 6 749 9.08 69.8
w4Xs2 13.6 9.7 5.2 818 9.04 66.4
w1X83 11.8 9 6.3 563 8.26 70
W2XS3 12.5 9.7 5.7 691 8.84 70.7
W3Xs3 12.5 9.9 5.7 705 8.9 71.2
w4Xs3 12.6 9.2 6.1 707 8.91 70.7
wi1Xs4 12.4 9.4 6.3 734 8.73 70.4
w2Xs4 12.8 10.6 6.4 868 9.54 74.5
W3XS4 12.9 9.4 6.6 800 9.3 72.1
W4XS4 13.1 9.3 6.3 768 9.15 69.8
wi1Xss5 10.8 9 5.6 544 8.17 75.6
w2Xss 11.7 9.1 6.1 649 8.66 74
w3 X85 12.7 9.4 6.3 752 8.58 67.6
W4XSS 13.1 9.6 6.2 780 9.21 70.3
LSD N.S N.S N.S. 58.8 0.43 3.96
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Table 3. Effect of irrigation system, water reguirement and reciprocal on volumetric properties of bean seed

o o (x> Al (*8lg duild NEats) &9t sl Al Ve 39 Ry GFxo
Treatn{ent Bulk density Actual density  Prosity Floating index Weight of 100 Mooisture content
(@ (g.om?) (%) (cm’.g?) seeds (g) (%)
6ol s
Irrigation system
St = s (slo, kb
sub surface trickle = S1 689 1.24 42.5 8.3 61.5 16
S2 = b (gl kb
surface trickle=S2 708 1.25 42.8 7.5 60.2 15.4
S3 = g
center pivot=S3 717 1.22 45 72 56.4 16
S4 = el o)l
Solid set= S4 691 1.25 44.3 8 59.6 16.4
Ss =ouds C)La‘ ‘52.]4...4 d)l_u]
Modified surface irriation= 722 1.22 44 7 56.3 15.7
S5
LSD 17.1 N.S. N.S. N.S. 2.94 0.36
&k
Water requirement
W = 50% ETC 725 1.25 43.6 73 56.3 15.6
W, = 75% ETC 701 1.22 432 7.6 58.7 14.6
W; =100% ETC 690 1.24 44 7.6 60.4 16.3
W4 =125% ETC 704 1.24 44 7.8 59.8 16.9
LSD 11.1 N.S. N.S. N.S. 1.58 0.22

&35 9 6okl pitass Jilie I
Irrigation systemx water

requirement
wi1Xsl 694 1.25 43 8 58.9 15.2
w2Xs1 681 1.23 41 8.4 59.8 15.7
w3Xs1 684 1.23 43 8.7 66.3 15.8
waXs1 698 1.25 43 7.9 61.5 17.1
wi1Xs2 714 1.25 40 7.2 56.9 14.3
w2Xg2 723 1.25 44 7.6 59.3 15.5
w3 Xs2 698 1.25 43 7.3 60.5 15.6
waXs2 697 1.27 44 7.7 63.9 16.1
wi1Xs3 753 1.24 48 7.5 54.1 16.7
w2 Xs3 723 1.22 44 6.2 58.2 12.1
w3Xs3 680 123 45 7.7 59.8 17.3
waXs3 713 122 43 7.5 53.6 17.7
wi1Xs4 712 1.26 44 8.1 57.4 16.8
w2Xs4 649 1.26 42 9.2 59.6 14.1
w3 X34 701 1.26 45 6.8 60.2 173
waXsa 701 122 46 8 61.2 17.4
w1Xs5 753 1.24 43 5.9 543 15.2
w2Xs5 733 1.18 45 6.4 56.7 15.5
w3Xss 688 1.23 44 7.7 55.4 15.6
Ww4Xss5 714 125 44 8.1 58.6 16.4
LSD N.S 0.4 N.S. N.S. 3.84 0.54
So Leasdl ol ojle 0525 alls Cog,S 5 pox pm Ake e Ty asls slal o i8S oS a5 slaasls a5 Jb> 0
Flwy b jo oolaiwl 550 Jool 10 s (6 S s 3oy (i eslails (ol 5L o ,000) Ol liee /..;L,
Ao oo Ll dils (gilulas g ganaz o S CEVNON-JE W LA J g I IV R N K W PRV 3
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Table 4. Effet of irrigation system, water requirement and cross effect on mechanical bean characteristics

Lo (a5 0) |yl 4 gl SEhol oo o als s
Treatment Establishment angle (degree)  Friction coefficient  Seed hardness (N/mm?)
6ol s

Irrigation system
Si= b slobd 232 0.388 615
sub surface trickle = S1
Sz = v (sl lad 2 0379 60.1
surface trickle=S2
S3= Dy i 20.6 0.370 56
center pivot=S3
§4= o sl 20.9 0.360 506
Solid set= S4
S5 =ous C)La‘ u;da...; 6)1...;1 204 0.355 56.3
Modified surface irriation= S5
LSD 1.73 0.008 N.S.
<k
Water requirement
Wi =50% ETC 21.2 0.379 62
W2 =75% ETC 21.7 0.374 59
Ws = 100% ETC 21.7 0.366 57.6
21 0.363 56.2

Wi =125% ETC
LSD N.S. 0.008 N.S.

u‘j B ) d}':ﬁ" e e 51
Irrigation systemx water requirement

W1Xsl 229 0.39 66.4
w2Xs1 238 0383 61.3
w3Xsl 233 0.39 59.3
w4 Xs1 22.8 0.387 58.9
wW1Xs2 213 0.387 63.9
w2Xs2 23.5 0383 60.5
w3Xs2 23.5 0370 59.3
W4Xs2 19.8 0377 56.5
W1Xs3 20.8 0.390 59.9
w2Xs3 21.1 0.390 56.3
W3 X3 203 0.344 54.1
W4 Xs3 203 0357 53.7
W1Xs4 20.5 0370 61.9
w2X 54 20.6 0357 60.3
w3 Xs4 203 0370 59.6
w4Xs4 223 0.344 57.4
W1Xss 207 0357 58.6
W2Xss 194 0357 56.7
W3 Xss 213 0357 55.5
W4 Xss 20.1 0351 543

LSD N.S 0.02 N.S.

WA
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Table5. Effect of irrigation system, water requirement and cross effect on biological bean characteristic

Lo (a0 y0) il Gijaile (W0 y0) ails @ yud
Treatment Seed germination (%)  Seed power (%)
Skl i

Irrigation system
Si= o slobed 933 75.2
sub surface trickle = S1
S22 (b sloyhs 92 784
surface trickle=S2
83= Sgey s 89.3 82.3
center pivot=S3
S4 = b el 90.7 76.2
Solid set= S4
Ss =ead kel (o 5Ll 94.7 79.9
Modified surface irriation= S5
LSD 4.42 6.45
sl
Water requirement
Wi = 50% ETC 2.7 %0.7
W2 = 75% ETC 941 8.8
W; = 100% ETC 86.9 76.1
Wa = 125% ETC » 78
LSD N.S. N.S.
&35 5 okl pis Jlie 51
Irrigation systemx water requirement
wiXsl 933 81
w2Xs1 78.7 66.3
w3Xs1 85.3 76.3
waXsl 933 773
w1Xs2 9% 96
w2Xs2 86.7 723
w3Xs2 933 69.7
waXs2 92 75.7
wiXs3 92 733
w2Xs3 88 83.7
w3Xs3 78.7 84.7
w4 Xs3 89.3 873
wi1Xs4 85.3 733
w2Xs4 74 83.7
w3 Xs4 84 84.7
w4Xs4 90.7 87.3
W1Xss 96.7 80
w2Xss 93.3 88
w3Xss 933 753
waXss 94.7 76.3
LSD N.S 7.74
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Introduction

Dry beans (Phaseolus vulgaris L.) or common beans have been characterized as a
nearly perfect food because of their high protein, fiber, perebiotic and vitamin B (Lymo et
al, 1992; Geil et al., 1994). Dry beans can also be grown in a variety of eco-agricultural
regions. As a result, dry beans are used throughout the world representing 50% of the
grain legumes consumed as a human food source. Bean forms a good source of income
for farm families. In Iran, bean is a major source of food security, readily available and
popular food to both the urban and rural population. Of the different dry bean varieties
grown in Iran; "Red, Naz, Goli and Sayad "account for vast majority in term of production
and consumption. Although all the varieties contain similar major components (protein,
fat, carbohydrates and minerals), each have unique minor physical, mechanical and
biological profiles that can affect their functional food outcomes. Yet, dry bean is
understudied with research programs remaining critically underfunded compared to other
commodities. Therefore, the objective of this study was to provide physical, mechanical
and biological information on Red dry bean as an important crop.

Materials and Methods

The beans were selected and cleaned manually. It was ensured that the seeds were
free of dirt, broken and immature once, and other foreign materials. The experiment was
carried out for five irrigation methods (sub-surface trickle, surface trickle, sprinkler center
pivot, solid set sprinkler and modified surface irrigation) and four water levels of crop
water requirement (50%, 75%, 100% and 125%) on yield and physical and mechanical
properties of red bean landraces in central of Iran. Experiments were conducted in a
randomized complete block design with three replications for one year in Isfahan. In this
research parameters such as geometrical diameter, sphericitypercent, angle of repose and
grain strength were measured and the effect of experimental treatments on these
parameters were investigated.

Results and Discussion

Physical, mechanical and biological properties of agriculturally, nutritionally and
industrially valuated seed materials are important in designing the equipment for harvest,
transport, storage, processing, cleaning, hulling and milling. The analysis results showed
that increasing the amount of using water, increased the grain volume. Else the irrigation
systems showed different effects on kernel parameters. It was notable that none of the
treatments of using water and irrigation systems did not affect the grain hardness. With
increasing water requirement from 50% to 125%, the volume seeds of bean gradually
increased from 647 cubic mm to 790 cubic mm. Most of bean seed volume with 876 cubic
mm was achieved with 125% water requirement under sub-surface trickle irrigation

* Corresponding Author: n-ganjikhorramdel@araku.ac.ir; Mobile: 09393975257
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system. The most of establishment angle of seed with 23.2 degree and friction coefficient
with 0.387 was achieved under sub surface trickle irrigation respectively and the least of
them with 20.4 degree and 0.355 was achieved under modified surface irrigation
respectively. The results of statistical analysis of biological characteristics showed that
only irrigation system had a significant effect on germination of seeds. The maximum
percent of germination was 94.7% in modified irrigation system and then sub surface
trickle, surface trickle, solid set and center pivot respectively.

Conclusion

This study provided basic information on physical, mechanical and biological
properties of common bean (Phaseolus wulgaris L.) The current investigation was
conducted on dry red bean. Physical, mechanical and biological attributes including
geometrical diameter, sphericity percent, angle of repose and grain strength, seed mass,
seed size, seed density and seed germination were measured and the effect of
experimental treatments on these parameters were also investigated. The results of this
study are expected to be useful for plant breeders, consumers and the food industry.

Key words: Biological properties, Deficit irrigation, Irrigation systems, Mechanical properties,
Physical properties, Red Bean seed

\YY



Iranian Journal of Pulses Research
Voal. 7, No. 2, 2016, p. 125-137
DOI: 10.22067/ijpr.v7i2.45542

ol Gl S g3 & i
IWAD £93 Lo YOI domivo V5 o Vil

01 5T 3 0 5T ST E63 s 1321 (5 3 Sl o 3 pguo0lS it
s sbaals 5

"ﬂgswglf Lé)m_‘ 9‘0..\0& dobld
OloyS ol oLl (5559Liss 0uSLiils «(559 9SS g 09,5 oLl g o)l (ol )5 (G92dls i Far ¥ g
VWAE/VVF il o gl
VRSV F 1 pdy )

oAS

o=l 5l S alei e (5,LKen K00S0 b e byl s 4 lalS ol @l jo gouste oy slapiaw
2 el g sLdlsel ¥t (SlannST (ST a3l (S Sl (s Slgime » pomeslSay 5
(oald) jao) calise slacbale L 55, -
3y YU ;0 00,88 (le j5iS1 g 088 15 jlaud 950 poedlS IS (Ygo Lol 5 VIO ) /0 + /YO /AT
ybdss pgedlS (U8 g dg ) (ool e oSl BT SluS 5 i a5 Slolas pwyp gl s 5 )18 L)
sloes 5l el Gl g Soslal 5l Juol> gl ols il8l sl b awslie 10 oo less sloazals ,5 g ls e
5 YL 5L gemm oS Ty g ST 6T sla 35T cudlad liae cpgmosls cubale 2al331 b oS slogylas oSt 1
Noasheat /0 5l iy laclal jo (il ol wiz o S ol Gialil oae sloazal s )o jlansT ol oSl
g sloolaas Gialil 5 SLligel iV kd il colled Gliee oz 5 poaslS i (2l b 05y ospete
RSV R dl..\,,_MSTLF:JT sloe il ailen (pgesls calisee glaclale 4wl ;o il ol Codled lre o133
St Geir Jlgien Jolo i Sl og i STl lam 5T b amlio ) 03Tl colad sl 50
i 0igilis p etd s Gsb sleatadsl (B LS g Gl oo (SlaeSTT g s 457555
QS oo el paieslS K 518 1 4y uas ol S Fwly jo sullS

Sadeds laian g0 slaamals ) cpl sl oals aSls y wae oS

50008 llligel V1 b o oS Jid BLS 5 el T T (sl 31 2(50dS” slooSlg

ol oz 5| bl glacelas 51 56 Sogll b avslio ,o
(dod Lo g ol gl s ul ( cxie Olxils IS
o 5 i Gl (T 5 pleard slrogS B yas
Benavides et al., ) a_ib o S cnl sl)ls MG
.(2005
05 o 9 S 59, wle (S DIl S
s o LS 1) b 5l g o3y ope LS 5 5l oty
slacbile o Lidd g Wed oo Dgmzo )98 polic o5
S H9 5 e BT GlalS So3edg 58 5L 51 YL
Ol3dd s 5o a5 Gyl g paedls aile (X l3ld 51 Koo
= omly slacdile )3 S Wigd oo Cgaite (65958 8
e S5l ol Cle (andy 5 05510 LS (55, (s U]
Wb g wymme GLalS 6l s Jelse olgrean
poresls 38 ¢ K &l3ls oy ,o (Callahan et al., 2005)
g SLe ool ol 3 S0 g BB Caon e @
s g @y Az Geizren 9 ©f 3 YL D
93> (So5glom yacdesd ( 2LS slodisS I (5l glasy,

YO

doddlo
gl o2 rme 3 Ygoma 395 (S5) 45 2 b plals
Loglator jlas S oo )18 oo (sl 5l s
i OIS 0ged 0 )L (S DS 25 4 Gl o
Sligsy 5 (o) dgy 5o 4T dilwd os VI 0y 5 SUlas
il L S Syl (Babulaet al., 2008) w,ls 35>
St glyz 59 oo (Jammalin s s I (S K
S5l S 55l 5 (18 2 pslol Sl segdle o5 o
50, Shoe J1alS cge i aptal Gk 5l (i sl
anelz o3l ol olidl jlas 4y Culed o 9 Jyame Sk
Qilgl oo CeSiow DI318 ax 31050 oo 005y Dlogzge S0 g
b s La LS 5 leSiw (Sayslse Goyb 5l s xml jsbas
b g (nl (Jg il gezs S 0 g5l S B unl B

O 8iplsS saSails cple)S jiabugd oKzl g odiemgl

CAVOYD A olien  oali G YERYYLYROF il (oheleiSige
hrkavous @uk.ac.ir



1YAD 030 dous F8 Loy Vol oottt g SR 9 1 w1 /... 33 p3nedls i1 ¢ cawgls g 00,y

DS seizen s ROS 5 ofiT sl JLSGol, adsi l5eeas
L adlio sly o)ls (S QLS 53 (2l0)pm SlapasilSe
(I RVONC T [P TENPCRUWIE VPRV RV X
o3l sla JSGal,) aillgs o aS 3510 0g29 HlalS o YL LT8
Jolds i ml 0S gyl b (S 0o Sl
(CAT)YLSE asibe oygnwlopnST 6T lags 31
(APX) laSTy ol,65 ] (SOD) b gomas 30Ty g
5 5 (GPX) jlaeT JsS LIS 5 (POX) slaasTyy 4
b ysSwl ot el Sloa Sl T
05568lS 5 dg 18 LS 5 deaais IS« Jg 38 5lal]
(Shahid et al., 2014) a.ib -

208 2 o3l (Bl Glapanile 5l (S
(e Dl S adex 5l (s et sla s cos
oothae Ll b 0 ol 5 pl el (1 OluS 5 gy
slois Lol wigd oo 3w (LS la sl 10 55 (Jaome
aims e i Jslws o 1y Lol lasie cilisee lage
Cools sl ls —Lé o5 5 (Kliebengtein, 2004)
Jid sloaiss Ll g s slmen b a5 axtun ulansT
ol Gl Fmj slaJsSse genlannST 5l (g 5ans]
Sl ndss b g gt (25 590 Bl 5 005 6Ky
Myung-Min et al., ) s o oS sla sluw ,o
ol 5 a il wgnldao 549306 (2009
slocdplio cso LauiS) 5 o il Solims a8 g 0
lacdl )3 oS il oo aSgibypn Jid a5l Jol> gl
gl eI s a5l g5 oe Bl jo8sa LS
A a3l wSglig b e S5 ST (PAL)
o Sl Sealims il 5 4 pgmilials L 1) (VT sl

b BloS 5 LSas jo gandS ol cpl il ge Joke
G (OLalS o (ol b lapsilsle 51 (S)
loe—tgm o, Nl 5l (S e 5 e Dl
\A—AAJL’krA C)_Ia.o k_s_]a.‘.z.a g_§l—buw4~—> )_:‘).1 )d OLS.? Lsd—”
(Boudet, 2007; Vogt, 2010)
L3 i 0, Slos ) Hebrindy Gudos ol jo
s ol 5 eyl g el Sl sl
pyedl S oo Jlie o (Lens culinaris Medik.)
GYUL s olaes ol codlad ol oy slaions
PR RVERIN 1 FICH TS SR (P51 7N X VU PV
o iy )0 U5 (i SlS 5 izeen 5 5LLdsel Y Jud

VY&

@lS g oS o)l adex I (2l 590 9 JLWT
Ol )3 08 5 S9m) SloFinl ( Bgyem (8 lags Lo
(Vassilev et al., 1998) o_il o o> cal <l)ls
e ol IS OB sl eslatwl I o paie ol ol
YL polie g o iSeyio g, (o Bpas olyend 500
Jlo 50 =15 crm) 10 ailand o9 olionds sboogS
Slaslld g fuS 9,000 (b yondlew slaog S L guad
slam 5l 5k yaie cnl azm )3 018 (9548 5ol
§ S gt 3 PS4 e a5 008 Sl ) ope
Torresetal., ) 55,5 o ol5 ;o Sdglie sloois] 3 plo
poeesls ;b el olS (5900 38 polie b o) S
= r Jds algioe olS )3 (2188 polie @i 5 Dd
Joles 0,950 5 Eel a5 ail LS o jolic slogwS
G, 5,8 58 aS 8l age sbaae 5l Sy (1996
ms oo £ p5eolS o S Sl e 5o oS

4k (ROS) Jlad 5SSt sladasisd oJy ol
Sl g JeS'5p00 SIS0l 5 0390 Ty ST 50
¢ls! (Schutzendubel et al., 2001) ol glocnsT i
aile Jobor sl SesS 5  2lgi m Jlab (505 il
Sl 57 G STy b ssba STy cnl anle
LS | laontg n i 5 (Bl Cullad (g JUl las
o9 éb)wwﬁ 6‘4.\_“@ DNA u_:)?u U_CLI 9 ool
5l S (Zhang et al., 2003) wig-is oo Joko S po cole
e Slié slaa,

2 gl GammlaraSTy g baced p (5ot Sl 00,
o e 9 03,5 S8 |y gemlaeaSTy 002 slatuST
JLsd (ST sladiss Sl disd o 0pz sladeul o 55
S 35 Jol sla e DNA . 55, (ROS)
JLGol, ROS oS 5 ggie gloil s j0 a8 0 il o
S e sl ae (im0 Ty See G STy 00
LS gl o 50 el 3maST ol5T sla Gl
Ferreira et ) oes o ¢, uiisn 5o oyl 5| ol



1YAD 030 dous F8 Loy Vol oottt g SR 9 1 w1 /... 33 p3nedls i1 ¢ cawgls g 00,y

P35 2 S e e g Al (5l8 gl il
05 dle 5 (05

30 o ST g o0 357 e (5 55 3101

SHECHY N0 Y ) b geagsi STy s wpl clad
655 bl s xSslr 5o o Ulg s Soslal )b
Dhindsa et ) i (s uSojlasl (NBT) wyl IS e g5l 25 9lg s
oty lid Lol STy bglie ) Leoaw (@l., 1981
oo LoV Guig—te «PH= VIA) Voo Lol
el kel Ysag SoaVO 9l IS s gl s Ly 2o
9 Y5957 ugdlig )  Vgo oot /) Sl Sl 25
03 iy by oo STl g 05 ol 8 Las g St
¥ Sy g5 00 ARBN) - ey ylegidy mSel gla s ol
Lo ools 18 e SOLw¥O alloliay, VOW cow gl
2 STy bgliee Do g aBgie 2STy Y (53,5 Agels
pl el asly S ah calgs egili0S
a5 oy bise w85 Jlaips ol i bgenydanST s
Sl psedslsks v 6,55 Sl 5l e o y30 b s oo
30 sl lerasly olass & jaody 13l 0hg Colad 00 8
23,5 IS e oS ke

VW 4 PPCH IR W) VY| ROWFE JPINCS IR

EC VYV ) ) jlaasST ol esewl g sl el
So 0,5 650l Nakano & Asada (1987) kg,
VoS el Blid 3l Jolds 2iSly bolsee 1o s
pe5-T b o pls 8 )las 2y Seal 5 Yse el -
3 byl paciansT e ool 5 slansT ol oSl
mM”~ L_,>_-A9AL’> w)_.a )| oolaz_wl L’ 9 )myL:YL\’ zTy J}Jo
3,8 s YATCM!

SYBE 1557 cadlad g o 31l

YL ol e Jled (6, Sojla sl o laiea
oolzwl Beers & Sizer (1952) g, I (EC Y NV N )
el Slind 3Ly Jobd ¢ 1iSTy bolue jod oSy 0
5 VoS 5 p0mpmdaSTy (PHE VI Vs oSy
bl o YU 551 e Jlad ogy ol 6 lac idg Sie) «
Slooliiwl b agibYFe zge Job j0 HoO2 oy 25 oyl ee
3,8 s YUE MMTem ™ igels g o

5 b olus 5 Ghaaw
Velioglu g, 5 eslaul b S L OloS 5 glgimme
e eogein b badiges 51 0,54/ .28 5 sl €t @, (1998)

\YY

ovis sloazals (o paeslSay IS (o lize glacdale

28,58 () 203590

g, 9 dlge
Perodls jlosd g y9dy S

o3, (Lens culinaris MediK.) uas 3l s opl 4o
Ao, 3V UL i pdaw ol jo ol oolazn! ol luad
A 380Y Ddedy duo 0ty e o IS g 9 4 dlY e Soeay
e ools gt oy phieo] SaS a4y skead
Solm sy il Gl sios iy jo cellVY Gosay o)y
ol )5 sl az 0V 0 LSSl (9,0 g oals ools 3 eily IS
Cam (g3l slo lalS 4y 00jailex (loyds e 03 )5 13
WA e oa Bt (63 (55 9 SeysS S 5l glane
o155 (ol 4, inlafT el oo 5o il slos (el
PRSP L S AW PN RV LR WPV S EH
olals us 8 18 6L celwh g 9 el P Lylyl
N glel Hhte ol b Gl ;855,00 &jgoa 55,V F Daeay
W) (5l U 90 ad>ye 4 plalS Sl 5l Gy
poredlS o IS (alize glaclale byme o 59))
I3 (Yoo shoold 9 VIO N /O +/VD VYD (s0lD) ,20)

RUCTR

Sdedy

a5 6 las gl

SIS slomers T e llab iomi s 5 Latoa
oo sloiges | STl oSl 5 BganysansTygn
3loolaiwl b o juuiSTy adS” Qi g wyo )5 ags w}ﬂ 5 lac
5,Lac a g sl o (5, Soslail (6 iegidy il olSws
5 s (als (i) S8l o, S (o) o Gl (o]
iy lid JaL 3l 3 5 e S ol ey
9 Yoo Lo +/V EDTA pH=Y/A L Vg o LoV -
DS Sed G (595 9 3 ST ool s PVPYY
3 Jol> sl lac s
5 9 feuy yiilw a8 8oV Laed of ) 5 Ul ax o Lo
9208 pslam iyl sladd)ls o Jol> o) Jsle
Stz o3l 5)}"" Olg=isdy oaelisany (o5, Jslone
3B g 3 0nST g YU oo 51 ais codled (6,505l
28,5 18 oolaul 090 jlacasTyy Dl jeSl

Bradford yss, ;| Ledsges iy, (5,50l Cp>
Zo— Jobo o Ladisas Cim o3l 3 o s solar .l (1976)
= 3l oolaiwl Ly (psig s clale ol plodil ;g0

Glos ;o9 4By o ygo\ Ve



1YAD 030 dous F8 Loy Vol oottt g SR 9 1 w1 /... 33 p3nedls i1 ¢ cawgls g 00,y

Bateset al, (1973) s, 5l (el Jlaie (s sy
2 S 5 slaadsal jl oy Saiy jsliiecnas b ool
O3k alsgany o oans Selewdlogilgua sl 2 deo) -
3= o an 00 )T Blo Jols bjlac g ool igen
Sl F ool g Sl pid LoV 358 00l Slo 8 las
P s o510 Jol) G yuanl
Ll (Yo it o yamdgr lomol i oo ¢ /A 5 Seitlogn!
sled yo 5 ol sl jo el Sowdy Jool> Jgloes .o
SRl sl ol 5 o xS 00l 53 o1, ko a0+
g ad ) 18 (S i S Sl 0 Glalejl sledlg) 1T
el bl s 6Ll ady) eas gy i o lez
Eome Jsrb 53 siosids oSl Jlesliiul b gl 3 Laisos
3ol s jlaibul pove 45 ax g5 b Coles 0 9 ylegilOY -
e Ladiged Gy Gliee g Al slacale
b sl 5 039 05 5 J399,5e

bl sladles g 4 50

ISSaw L Bolai Yls &b LJB o lislej] ads
Sleslawl L ooslcawsds sloosls (il g 4325 .o aloxil
ooliul L oy Silie dglin .5 plonil SAS (g Lol l5ls
Sz 285 Oyg0 syt Jeil s 5o (Sils (965 |
A oolazwl EXCE 15810 5 5l loged g

Ol T 5T (sl 35T cdllad (350 52 pgmodlS IS 51
Lot 10 peeslS clale 2ol 8l L as ol lis b

PR [ PO VEOW. 1 PSP NG ] PRI PN S
3 (P<-120) 6)ls ine joboa jlau STl oSl
ol glacchale oS e lay uli8l eas slaazals
Lo 5l opl codlad l5ue S gre Gl o paeslSay IS
30 peedl S clale ioli 8l L aiis sals oS b anslie (o
o=l edled o gne Al i g Ve deat /0 4 Laome
Sl o i o oalive vals LS b awslie ,o o3l
59 eV Suedn o5 0o 5 casline JlS o el 4w e
S 39,V e e a8 S 18 Ve o ey clale 5 e
o yomie b i pnedlSun ISl edile (ol b laazals
5{LPONBRICKVINNL SFPSPNS | JOW PSP RTINS G g
0008 wals HlS b awslic ;o jlarsST ol oSul o VB
O Jsa)
Sedsilie sorl s 5l 6 by i, gole Lyl o5 o
sloanST T slapiams s lalS S o ROS wlgs

VYA

9 0duSlw do )0 S S o S awl gyl s oA Jgile
Ad JolS 6550 lae Sl (59, BBl sleos o caelnY Soeay
29> Jooe 3l g 9k Hlw Yo v 0g p0 ol bgle
s S+ 4y 0 ool JS S SLS 5 s
Loy lin 5 Lol (s 8 byne 2y Sa¥0+ s, oone
s s (610455 3L sles jo adBoziy owdy Jwol>
oo 90,5 AL ey as 0F mawsln,S s SV O+
A ol yaglYYD e Job [0 diged o i 4k o
SIB sl jleslaul b Js b wlos 5 cdale aulxe gl
e g (IS LS 5 Sl 5 w0 F e o bl (S

0,5 GBS 5 3 e » e ke

Jligal ¥ T id 5T Collad (5 ol
oo g Selwanw! clale 5l osliul L (EC £ ¥ ) YY)
)5 O g saiinddy Sealiwil (e olsl 1
el e S et o glatecpa (Wang et al., 2006)
Voo obo 0 HCl— s 15 3L ;o LofI0 U Ladiges
B0 490 L saalewsay bylac o .o sdsil o

598 il ol ) 5 il a0 )lex les jo agBoV e oy
oolaul 3,9 f”")”‘ Codlad e 6‘)’.’ =9 J}l.’?oc ..\JQ;
Sl g lomsan Y8 5l Ghs,y cnl o 285 )58
JALAAAJ U.C)_MJ L).:Lwl)a PAL p-’)j ud.n.tﬁ 9 oolaw! GMJ.:T
RN RIS PYNTE OV RN SN
5 b jLogs Of i Leat 1F Vg Lua) + VT Jid-L
5 el Gaeay g bylsee a3l 8)lae ) LeSs
L Sl 00,8 (6 eSS ol , 5 sl a0V sl
2y ol Naa i Sy fS el 2l a1 o S48
5 gl bl 51 ) LeVO b sl 05254 Jguame
30 00ilendly aal> ool as 3 Loy biwl il s
chale gas Jo Yaor/o D prdwdmS g 0 i Ledu
T Jsb o wiz Gl 6ol b ol ol
M7ICM™ Jolne (gl oy 5l oolitl b g jzegsl¥a
SO Jolae PAL e Jlad 5l asly Soaaus )55 ns 40
MLJ‘SQ A.A..JO g_i) 3 0 J.‘Je..v %M)‘K—i:.ﬁw )l Jﬁ.dsj.iaﬂ
prS st o mipl gloosly sl & jg0a o3l ofag collad

3,5 G155 e

O Sl



1YAD 030 dous F8 Loy Vol oottt g SR 9 1 w1 /... 33 p3nedls i1 ¢ cawgls g 00,y

am goly 52 SOD il eled o pelie il
Loy g (Tewari et al., 2008) oiwiss ,0 pgesls
Oyt Sl 00l 5,155 (Ahmadvand et al., 2013)
33 3 goag 00T s Sl Ll s pgredls ol
(Zhang et al., 2010) s . Achnatherum inebrians

4275 5 S w3 45 5 WU ol 2llad e

SLaS 1 50 paeslS s Cood oo () 0e0eS
00 iiS 5L S L au sl SO VB oS o tol38l wae
23] Ol Sl il b a0 el (5000005
B ST g ol 4 0T St b Sl 30 e STy
Sasl (goms Vb slacale o (59 smannSTy dx ST00 oo
5 sttt 5 YUl ol alsas 5
2 Ll gy et 5 09l b sl (ST ]
ple Jisl slaan]p o) ploy (A8 Wlgioe by slacdale
28 JLad w0l o 1) Ceaglie 4 ainly slagy 5 035 53k
(Unyayar et al., 2005)

b 3l seihannST (25 e el VLIS cllad ol
S0 SIS0, 055 5l 5 0us (3,000 T 10500
e bz s SHSssleacul oty 5 655l
Rastgoo & Alemzadeh, ) oS o cdadlxe ROS wloS 5
cdleb by Sanlon WBLS 51 codled eios ol 4o (2011
O (e p2 4B S I8 ude laazalS ;5 SOD o5
15 ol ol ot bl A5 4y ol ol a5 0 Sl pgpenls
5 VS ae s 05 —eSe 5 OF 5 H2O2 Jlge 01
308 0,L3l Jgker madlie 8 36 gonmsd0unST 5 g

gamd ST g g VB (sl 5T culed 5o 23
Sl oas (0,155 dlw S5 asdigy ;0 poredls Copons Cow
.(Mohammadi et al., 2011)

Sl ysSl nST 5T 3T Edlad o o) 4o
by GRli8l gylo g jsboas poredls” 25 I 5o )‘WT@
Cdled Gl o Gl L alie jo Gl ol iz ye oS
INJU UM P FUBVUR S 5 il 9
bl plw el Job 5o jlanSTH ol sl
Sy il 15 5 (sl 5516wy gy 5 oS 5T
=l oS sladshe 1o HoOz sa Sy wlie 5l (S0
3 ST g sligonnss b 5l 45 ol SOD
@ ;0B YBIS 51 08,5 oo H2O2 0y a0 e cusdlyg IS
2 sl ol &S ool 5l bl asl oo Jae 5l H202 ials;
Sl Sy IS 50 g 0t @Bly (5 sladobe pg5 STy
59 abimgay Cudlyg 15 5 oads wlsi HoO2 (nl plis w093 o0d
5 95O Ltd 4y e STl sl o, 0

Lyl d s oxws ROS _ae &Il 5l 5,5 lp sloduses
Ol 00585k sl ol (Ul 5l oty ROS St s
O S duST cgilan ST Slodo 4 pzmie ases )0 5 Sl
b ey cptlbid Gladpd & &jles 5 (gmgid slrosS,
Laspinaet al., ) sgi o Hlals o SilS's ol 4
(2005

bl ol 5| (S (o] (ST T s
slop 5ladl oo plals 5o (i Sl olsfen
2 0ObelS sl 5 )55l 5 1) page 5 ColanS 5
sl Codled e S o syl i g0,90 sb
9 (PLS 455 (T g9 g Daedn dia il ST ]
(Dinakar et al., 2009) el wigliie oLS slo iz

cdleb o ilidl cely poraslS s anlllas oyl o
Js wUlg o 45 o APX 5 CAT .SOD (sl ol
o e ol3T sl IS0l cudled li3l 5y copiine pé
L oo sl diz o 0Bl use slaazalS )5 ponesls
g Gl GYoaisheo /B ) i 4 poresls ciale 38l
&l oS 505, 5 oy (g, Gas ROS o ©lS 5
o5l crdles Ll wasadss o ela o, b o)l
sl 00ls (g i il 8l 0e S o ST ]
a2l 58 w3l et 5 oasl B gem oS5
JLoly o s Las el ROS alus 5 sl jcaew
5 Sy IS ¢ Jy—mgi 50 HoO2 4y (O%) aaST5m
A S Jobe (280 a5 Sl A (5,05 g
DS e sl (OH) Jeg 000 JLS00l, JeSts ;Lo
Lol g an al> e 53 dlol> a0t
29— sm 53l S Ly laeaSTrl Sl 5 VLSS s
3B goms ST 0w w3l (Benavides et al., 2005)
lie 6l (e Sl 25 Lalyd 5o (kS s eyle>
G Ll 8 )0 sadg (ROS) (5nST JLabd sloaisS L
o] Sl soims s a s\ S gy Ly il e
Lo 4 pyeedlS CBE 2l b el 5gangdpnns Ty ges
Ll s pools 8l il 5 e Cdled e s,
Ay dnlllaod j50 43gS 10 ;950 CailaenST 0T oo 3] e dled
2551 ol Cllad iy a5 (5 y5boay s 18 Ll ey
osalin (Ygo dheogy) poeadls Cuvons gl (2 YL 55 5
Lyl s 55 (SOD) 5l ol by OF mhas J S oo
2 ST G Jolie o (sage (bl 05305 Bl
Sl gl ot Gleean OF 1 il Jsko
WS oo Joe HO L o i oSTy alor 51 58 b 5 o
(Khatun et al., 2008)



1YAD 030 dous F8 Loy Vol oottt g SR 9 1 w1 /... 33 p3nedls i1 ¢ cawgls g 00,y

oml slecble o 0l o Gl gyl e jeboa
g 99 I g wald b auglie jo (iulidl e pareslSay IS
St g Voo bt 4y hase )3 perasls clale iyl
olS b BluS 5 e 50 (P /4 0) Llo ire ]38 s
4 ab ednlin glals o PURY OW PN [UPREICE SRR 4
2 pgreslSan I8 Voo Aoy il (2500 5 59)) ¢
eS| T Gl 5 5 K olseay s SlaS 5 asls
il Je dusie (slopilSo L a5 asloa s sl b
OOSINS (oS 5enST 0,8 gl olyl sla IS,
Lol Sl g Glsiedr (28,515 L 5 53 slagys
ol S e sl 1) g5 gloag ST 6T i lagsT,
) S IS5, 2 05,908 o JUT b Geizren S 5
A8 o Cexilos oo d 09:_..41.\,3...51){: 0y dalol
5 b byls o L olls 5 (Chu & Chang, 2000)
o lagl Jaie Jae sla i Lol wio 5 ooy Jgho
00 gy Sl B Fwgn )0 ydS RS o0 st Jslo
S0 ol yo Lol jlacie 0 oloS 5 ol sansSay s b
Lol il wgnl daa S8 o li 5
22 9 I8 LS 5 3l laciSd g L sl Sslim oS g 000
85 98 e Sils s s | Jolo arsil sloc st
wS5ls et e S5LET(PAL) SLLsel VT S8
Frimger s w3l Oalsl o8 SLlligel (VI8 T ool
SipE 9 S SRS (4 el o el Lo Jid
M)_)—‘ ule_..cd._; A_:‘yL;a PAL W.J)_J] ol 00 U"’)‘)j
Slleloas Cools glls 15 gl a8 )5 L oS
Sl oot oy b LS 5 b 5l ST e I,
i 48 ad esmliw Guiss ol o (Tian & Li, 2007)
u_:‘ 9 Gl 00 f""’)”" Lf’l wJLxS u».:l)ﬁ‘ u.CLJ ‘bwbwm)lf
2ol S (L8 S 5 e s el Sllpens 3l
o i S fien Gl ABb e (25 L agzle
oy Albizia procera oLS ,o Sl g pouesls s
Ol il 3l (Pandey & Tripathi, 2011) el oo
(Aeluropus littoralis) ,o-i ez oLS o b lS 5
Sl 00 uw)‘)_?)_u fa}.\.m)l_f L.)M"‘_’ uo)_x..a B 4.4._9;)‘)5
U5 s digb oLS o (Rastgoo & Alemzadeh, 2011)
Jol> zmls 4 a>g5 L (Kovacik & Backor, 2007) <ol

Gl 5 S s S 5 i Sl 5 3o (o)

'Y

L 05 oo B Lawzme | olog sl STl o8]
b s Sl dy 48 sl Beios eyl 5| ol>
Sl pal33 5 APX 53T colled (3 SOD 03350
(Mittler, 2002)

solitwl oo Sl Jale lgieds &b yeSwl 5wyl 0!
a7 O9lslS- ol sSul &5 2 5k 511, HAO2 5 oS o
iy 25l APX o551 e led b as 2 ol 4o ylod oo
Sy 43z aalol sl 5 95 g0 ST Sy uemssine
4z ol ) sebateemany ol p3Y Sl sSl o lge
300005550 Loy ]
5 0L o Sellad LS50, 0505blS 5 LS g0 0ol jams
ol 1y SlyysSal 55l s NAD(P)H 5l oslicul Ly
Mittler, 2002) 4s5

3 STl oSl g VB 5T cdlad o i3l
2T Sl 5o alid 15 g ALl LB e sloapal,s

5 1S 90 50l 565

Al o e ) a5 95800 H2O2 og 4y 2o SOD
oSy Coandg U g (ol joa o 3 cnl aliasga,
L pgeedls 25 Lulyd 5 Galpl w9 Lai> Jolo
Sooms il 55 oSl ol o pliesan, SOD e Jlas
750 Sl alidl g aS cbiblre ST sla 00,
S92 HOo (lojiass )0 GlagusSTy 5 IS) Loy 3l
YIS el sl called Laalsél §1 Sl alice mlis o
3 peedlS Sliis A5 Cod bgemad ST g o jlanaSTy

(Badpaet al., 2015) 54, 5,15 o5 4t p_e)

5] Cadlad 9 U5 b Ol 5 f5ee 2 pareolSay S )1
Sligal ¥ Jois

by o )0 paeslS chale ol 8l b as slolis s
Y IRV IENS RUEN | REPUE JE TR
L3l b sLal e g boay .aiS oo by il
o sl o pgoslSay IS ol slacale (oS sl
poreolS Glie Ghali8 L g ais PAL 5l colled o5
P< - 120) Jlomme ialidl vals Vg o Lo /O] e
Codlad s o i g 2ol b dwglio 1o 053] culled
chale o me )0 35,0 A ol sselin glalS o o3l
25T Cled e ails 8 pgradlSa 1T Yge leogesy
Plami 3992 59,10 5l o clale cpl p3 48518 plalS )
Cedled slall e ) i sl ed 4 0gy dali el
AV JSs) g0 oyl 5T slags 51

slaglias 5 JS ks wloS 5 g pSoslal 5l ol gl
5 DS 5 i chaas 53 pgnesl Sl ol oS



1YAD 030 dous F8 Loy Vol oottt g SR 9 1 w1 /... 33 p3nedls i1 ¢ cawgls g 00,y

AaSgibigp Jid a5l Jole L8 alire Sl 5 58l S8 eae sleaa=als o PAL M}JT Codled e duaus

ot sl OB (o3 ef QST T 552 S plgiear) Ll Gl Ly amgliie )3 4 poredls’ (s (o yxe y3 43S

WS oo L] paaedlS 1S 38 i 4y eae olS Aul o 45 Sy oo i gy S s oS ST laps 3T culles
0.5 1

0.4

0.3

0.2

Catalase activity
pmeol H202 dec./min/ mg protein

0.1

0.3 1

0.2 1

Superoxide dismutase activity
U/mg protein

0.1 1

0 A

[*)
in

[ ]

[

Ascorbate peroxidase activity
pmol H202 dec./min/mg protein
(=
th

e
th

JIII|||

control 0.125 0.25

Cadmium concentration [m][)

JI||||

control  0.125 0.25 5

Cadmium concentration (mM)

il

control 0.125 0.25 5

Cadmium concentration (ml[}

e §azalS ot by g8l § YIS 36 goms STy 900 w2 35T Callad (a0 2 pgmaols’ 511 S
(P 10) 0 plonil 531 cyga3T 51 eslizial b () S5an (nSilio) boopKilio anglie
AP 1) 035 (6l st BEST (g ,LoT L5 51yl 5 it By Ky Jilam a5 laeSilie

Fig. 1. Effect of Cadmium on super oxide dismutase, catalase and ascor bate peroxidase activity in lentil seedlings
Values are means (n = 3) + SE. Means followed by the same | etters are not significantly different for P < 0.05 according to the Duncan’ s test.
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Fig. 2. Effect of Cadmium on Phenylalanine ammonialyase activity in lentil seedlings
Values are means (n = 3) = SE. Means followed by the same letters are not significantly different for P < 0.05 according to the Duncan’ s test.
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Fig. 3. Effect of Cadmium on total phenolicsin lentil seedlings
Values are means (n = 3) = SE. Means followed by the same letters are not significantly different for P < 0.05 according to the Duncan’ s test.
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Introduction

Throughout their life cycle, plants are subjected to various types of environmental
stresses which include salinity, water deficit, temperature extremes, toxic metal ion
concentration and UV radiation. These environmental factors limit the growth and
productivity of plants to various degrees, depending upon severity of stress. Heavy metal
toxicity is one of the major current environmental health problems and potentia
dangerous due to bioaccumulation through the food chain and in plant products for human
consumption. Cadmium (Cd) is a high toxic trace element that enters the environment
mainly from industrial processes and phosphate fertilizers. It can reach high levels in
agricultural soil and is easily accumulated in plants. Cd ions are taken up readily by the
plant roots and translocated to the above-ground vegetative parts. The presence of Cd at
higher concentrations in the soil damages root tips, reduces nutrient and water uptake,
impairs photosynthesis and inhibits growth of the plants. Furthermore, Cd directly or
indirectly induces reactive oxygen species (ROS), which affect the redox status of the cell
and cause oxidative damage to proteins, lipids, and other biomolecules. Cd damages the
nucleoli in cells of the root tip, alters the synthesis of RNA, inhibits ribonuclease activity
and inhibits the DNA repairing mechanism. Understanding the biochemical and molecular
responses to Cd stress is essential for a holistic opinion of plant resistance mechanisms of
heavy metal stress.

Materialsand Methods

In this study, the effect of different concentrations of cadmium on proline and
phenolic contents, activity of some antioxidative enzymes such as superoxide dismutase,
catalase and ascorbate peroxidase, phenylalanine ammonialyase in Lense culinaris Medik.
was studied. Therefore, two-week-old plantlets were treated with different concentrations
of cadmium chloride (O as control, 0.125, 0.25, 0.5, 1, 25 and 5 mM) of cadmium
chloride for 10 days and then the above mentioned factors were investigated. The
experiments were carried out by using a complete randomized block design with three
replications. The statistical analyses were carried out using the SAS version 9. Changesin
biochemical parameters were tested dtatistically by performing one-way analysis of
variance (ANOVA). The treatment means separated using Duncan's multiple-range test
(DMRT) taking P < 0.05 as significant.

Results and Discussion
Surveying the results indicated that the amount of non-enzymatic antioxidant
compounds (phenol and proline) were increased in treated seedlings compared with the
control. Review of the literature indicates that a stressful environment results in an
overproduction of proline in plants which in turn imparts stress tolerance by maintaining
cell turgor or osmotic balance; stabilizing membranes thereby preventing electrolyte
leakage; and bringing concentrations of ROS within normal ranges, thus preventing

* Corresponding Author: hrkavousi@uk.ac.ir, Mobile: 09155250093
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oxidative burst in plants. The increase in phenolic content may be due to protective
function of these compounds against heavy metal stress by metal chelation and ROS
scavenging. The results obtained from measuring the activity of antioxidant enzymes
showed that with increasing concentrations of cadmium, the activity of antioxidant
enzymes superoxide dismutase, catalase and ascorbate peroxidase were increased in lentil
seedlings. However, this increase was more evident at concentrations greater than 0.5
mM. These results suggest that lentil seedlings tend to cope with free radicals generated
by Cd through coordinated, enhanced activities of the antioxidative enzymes involved in
detoxification. With increasing levels of cadmium in the medium, the activity of the
phenylalanine ammonialyase also increased. The trend of phenylalanine ammoniayase
activity induction in response to different concentrations of cadmium, was similar to those
of antioxidant enzymes. Although the induction of activity of this enzyme was higher than
the antioxidant enzymes. PAL is a key enzyme in the phenolic metabolism that has been
reported to protect plants against stress conditions via synthesizing various
phenylpropanoid products such as simple phenols, anthocyanin, flavonoid, and lignin.

Conclusion

The present study demonstrated that antioxidative system in L. culinaris underwent
biochemical changes to survive under high concentrations of cadmium. Increase in metal
chelate components (free phenols and proline) in al treatment levels proves this fact.
Proline and phenolic compounds produced by the Phenylpropanoid Pathway in lentil
played a mgjor role in its response to Cd stress. Also that prolonged stress induced by Cd
concentrations, can result into the activation of antioxidant enzymes such as superoxide
dismutase, catalase and ascorbate peroxidase.

Key words: Antioxidant enzymes, Cadmium, Lentil, Phenylalanine ammonialyase, Total phenolics
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Introduction

The plant hormones such as salicylic acid and gibberellin can affect the quantity and
quality of crops. External application of plant growth regulators as a strategy for
improving salt tolerance in plants is discussed. Foreign Sdicylic acid can regulate
antioxidant enzyme activity and increase plant resistance to abiotic stresses. Salicylic acid
reduction due to ethylene through the effect on the mechanisms of enzymatic and non-
enzymatic of plant improves oxidative stress protection. Gibberellic acid increased
amylase activity in the cotyledons of mung bean seedlings. Gibberellin are for the
elongation of cellsin the embryo and endosperm during seed germination.

Materials and Methods

In order to evaluate the effect of salicylic acid and gibberellin on yield and yield
components of mung bean, an experiment was conducted using factorial experiment in the
form of RCBD with three replications at Research Farm of Agro-Industry Center of
Goharkooh Khash (Iran) in 2014. In this experiment salicylic acidwas used at four
different concentrations including A1 (0 ppm [control]), A2 (25 ppm), A3 (50 ppm) and
A4 (100 ppm) as first factor and gibberellin in three different concentrations B1 (0O ppm
[control]), B2 (50 ppm) and B3 (100 ppm) as second factor. Agricultural traits including
plant height, forage yield, dry matter yield, grain yield, 1000 seed weight and harvest
index.

Results and Discussions

The results showed that in the treatment of 50 ppm of salicylic acid the highest dry
matter yield was obtained by 1837 kg per hectare and 49% increase compared to the
control, 513.3 kg per hectare grain yield by 36.19% increase compared to control, and
harvest index also amounted to 27.11 percent compared to the control was 30/76%. In the
treatment of 100 ppm gibberellin best dry matter yield by 1469.36 kg per hectare and
20.9% increase compared with the control, grain yield by 508.08 kg per hectare yield and
31.09% increase compared to control, and harvest index by 25.66 percent and 20.45%
compared to control increased, respectively. It seems that salicylic acid and gibberellin
increased cdll division in the meristem plantlets and thus improved the plant growth.
Sdlicylic acid and gibberellin through proper inflammatory cells, increase division,
elongation and cell differentiation, the allocation of the substances synthesized for growth
and prolong the period of growth may rise to normal cells, and thus increase the plant
height. The comparison shows that primed seeds to create favorable conditions by
increasing plant height, relative water content, proline content and soluble sugar content
reduction was significantly increased plant biomass and grain yield. Vetch dry matter
accumulation yield, plant height and yield of forage plants can be attributed to a high
levelof dry matter accumulation in different parts of the plant. Concentrations of salicylic
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acid and gibberellin treatments, have increasd plant height and ultimately produced a
better performance. The use of these plant hormones can increase the rate of
photosynthesis and the transfer of materials to the seeds. Reserves accumulated in the
stem before pollination can also in some plants be used for grain filling, in addition to the
present assimilate used, resulting in an increase in harvest index contributed. Foreign
Salicylic acid can regulate antioxidant enzyme activity and increase plant resistance to
abiotic stresses. Sdlicylic acid reduction due to ethylene through the effect on the
mechanisms of enzymatic and non-enzymatic of plant improves oxidative stress
protection. Gibberellic acid increased amylase activity in the cotyledons of mung bean
seedlings. Gibberellin are for the elongation of cellsin the embryo and endosperm during
seed germination.

Conclusion

The results showed that in the treatment of 50 ppm of salicylic acid the highest dry
matter yield was obtained by 1837 kg per hectare and 49% increase compared to the
control, 513.3 kg per hectare grain yield by 36.19% increase compared to control, and
harvest index also amounted to 27.11% compared to the control was 30/76%. In the
treatment of 100 ppm gibberellin best dry matter yield by 1469.36 kg per hectare and
20.9% increase compared with the control, grain yield by 508.08 kg per hectare yield and
31.09% increase compared to control, and harvest index by 25.66 percent and 20.45%
compared to control increased, respectively. In general it can be stated that salicylic acid
and gibberellin have positive and significant impact on traits, and vetch plants grow better
with treatment of 50 ppm of salicylic acid and 100 ppm of gibberdllin.

Key words. Dry matter yield, Fabaceae, Germination percentage, Growth regulators, Harvest
index, Plant hormones
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Table 1. Soil analysisfor experimental field in two sampling depthes

S edl (o) vy (weyd) G (weyd) B S aagwl (e (i) 6,8 paiged Gos
Soil texture  Clay (%) Silt (%) Sand (%) EC (dSm™) pH Depth (cm)
Sandy loam 14 22 64 7.2 7.8 0-35
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Table 2. Analysis of variance (mean of squar es) of the effect of marigold variety and mungbean density on studied traits

Mean squar el o il

a8lw glas ! 5 S )
S Ze @ol3l a0 ,L@‘i..o.: e Ji@w:”
Source of variation df Mariéold“stem 5,«:‘5@_&: Marigold flower dry
height Weeds biomass weight
Replication | S5 2 580.888™ 0.212™ 25.554"
Cultivar 43, 1 282.231° 5.227" 27.735™
Error 1 Jsl olu! 2 58.297" 0.022™ 11.216™
Sowing <blS 0,0 4 226.510™ 357.641" 117451
rate
Interaction Jlize I 4 80.009 ™ 0.174™ 0.664"™
Error 2 pg0 ol 16 120.150 39.525 17.032
CV (%) i - 19.58 18.90 14.61
Y Jgus alol

Mean squar el wo (il

Sl sbasls oluss

gy 50 L ol

B 50 0 olasi

il Sl oile LB oo dils o, das o) Gy G

Mungbean lateral Mungbean pod M_ungbean Murjgb%rgj Land equa]ent
branches number per plant grain number grany ratio

per pod

60.124™ 46.486™ 4.422" 37.426™ 0.086™
45.140™ 1.084™ 0.167™ 11.620™ 0.459™
28.111™ 17.176™ 0.252™ 4.338™ 0.090™
19.150™ 59.527™ 60.816" 186.902" 0.348™
38.380™ 16.746™ 2.239" 4.112m 0.222°
19.255 28.282 0.585 41.428 0.057
22.00 28.8 5.13 17.44 20.60

* %% significant at 5% and 1%, respectively. w.o )00, g s ,0my Jliz! zobaw o s re o jay * g *
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Table 3. Weed species observed in the experiment field and some of their characteristics

jppcide 4ig8 ole pb Gy e oSl
Weed species Scientific name Growth type Relative density (plants m?)
o idadus Chenopodium album S pore 9 A S 8
o,8 Ady ) (e >zl Amaranthus retroflexus S o 9 eSS 8
e S Convolwulus arvensis S o 9 dloss 4
Ere Cynodon dactylon S Sk g iz 10
iy gl Secale montaneum S Sk g Al 2

b as (alpd o g ams oo Gl ol plalS (26,
Aalem Fhe jlews hgy ol 3l eolaiwl sl ol j 0 sla cale
Caud il;81 L (Hauggaard-Nielsen et al., 2001) o5
Wl 00938l il alily o0, Sl o by loe o Gl S
§ 9=, 0YV/B0 w0V 0 i ilS slapinw (0 4S5 gbay
O, Sles oy yidon Slpadioen Qo) e
JiSe j0 0 S lSFFVP o YA FYY Ll s s Jole ailo
g g e (Ko a5 SloLis (F Jguz) axlllass a0
Sg2g (- /YY) 5 s slacale julogu b ails o Slas o
L cnld,) donl )0 cdes jebay 2l)) lalS o Slee o )ls
e (R0l g g 2l polie ol iz (gl e lacale
2 s=hy ol o Ses o pslacale 5l (B )50 )0 rizren
srasladile (gom il lasteds cansl S LS 5 (55lwsljT 51

(ljoyah & Jimba, 2012) s4s oo o5

ol joras ile o ,00

36

32
30
28
26
24
22

Weed biomass (g m)

Ao, 2YYIO L il cldls cons (58g gl (bl 5

zobw plow 5l i ol pls ja 0 ails slaws il !5l
I WV L ile oS s 50 j0 (F JSB) 09 o515
Tob 3l it s reglecile wlosn collas (0515 s 0V0
090l 5 d oo Sty 1 (Y JS5) 090 Qo j0le o YV
sl 15,5 L il <l lajlas ) 5 pslacile o,
ol pls jo als slass el 4 e duo 00 g dwo 0\ VIO
olass 5 duoy0h e ile il (ST 10 (Jlopl b sl ous
Jedo a5 09 Sile clilS 0o, oVVIG jlas 5l S pls jo ails
Ol 8l Jedods (61438 i uld; il azms 5o Wil g ]
3 dls (1515 Gl L acsl, alS asal> S ST
oo 2alS plalS sl (2l3eslse 5 Ol (g pm s
5 Slae o Jisas 5 ssbiom ol 95505 s ol aneiiyo
e, srals (Carmi et al., 2006) oS o lay ials
30 Shae il 3l Vs (S, Lolbe S5 4o 5 o slacile
&8 gl S oS Gl 0uls 5,155 .l 5 Sloe g3

20
Porpar
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Kampar

Slpadion 5 05, 99 53 3 psbrdile (wloga (Sl —) S
Fig. 1. Means comparison of weeds biomass affected by marigold cultivar
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Fig. 2. Means comparison of weeds biomass reduction in marigold and mungbean inter cropping at different sowing
rates
35,105 5851 yge5T 50 doyo iy Jlasl o )0 (5)ls e okl S i By b sla o Sileo
Means by the same letter are not significantly different at P<0.05 based on Duncan's test.
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Fig. 3. Means comparison of marigold dry flower yield affected by mungbean sowing rate
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Means by the same letter are not significantly different at P<0.05 based on Duncan's test.
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Fig. 4. Means comparison of mungbean pod number per plant affected by sowing rate and marigold cultivar
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Means by the same letter are not significantly different at P<0.05 based on Duncan's test.
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Fig. 5. Means comparison of mungbean yield affected by sowing rate
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Means by the same letter are not significantly different at P<0.05 based on Duncan's test.
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Fig. 6. Means comparison of land equivalent ratio affected by mungbean sowing rate and marigold cultivar
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Means by the same letter are not significantly different at P<0.05 based on Duncan's test.
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Table4. Correlation coefficients between studied traitsin inter cropping of marigold and mungbean

obogus IS 039 g b 30 O Sl 0y olasy 4ils 5 Slos S Sl o
ipgladle Slegedinon oilo oile M oile e 03
Weads Marigold flower Mungbean pod Mungbean grain Mungbean o) oudlaitiow!
biomass dry weight number per plant number per pod grainyield LER LERs
speldile (ologn 1
Weed biomass
Sepddnod J5 SiS (39 X
Marigold dry flower -0.506 1
yidd
lo digy p j0 ML Slowi
M ungbean pod number 0.561" -0.462" 1
per plant
olo MLy y0 a9 olawi
Mungbean seed number -0.391 0.637" -0.728™ 1
per pod
oo alo oy8as -0.734" 0.425" -0.304 0.132 1
Mungbean grain yied
0203 Sl S -0.369 0472" -0207 0.297 0.249 |
LER
ESIGUEE
PRERPRETIW -0.348 0.058 -0.247 0.077 0.452" 0.131 1
LERs

Ao 10 5 o yozey Jleizl pokaw )5 ls pire ccwd gay FE g ¥

*, ** mean correlation is significant at 5% and 1% probability levels respectively.
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Introduction

Sustainability of agricultural systems may improve due to intercropping as a result of
diversity increasing. Marigold (Calendula officinalis) is a major medicinal plant from
Asteraceae family, though weeds suppress it because of lower competitiveness against
weeds. Mungbean (Vigna radiata) is a pulse crop from Fabaceae family and is one of the
major nutritive sources especially in developing countries. Intercropping systems has a
major role in suitable weeds control in crop fields. A primary and direct way of increasing
diversity of an agro ecosystem is intercropping system that allows interaction between the
individuals of the different crops and varieties. Intercropping can add temporal diversity
through the sequential planting of different crops during the same season. To optimize
plant density, the sowing rate of each crop in the mixture is adjusted below its full rate. If
full rates of each crop were planted, neither would yield well because of intense
overcrowding. By reducing the sowing rates of each, the crops have a chance to yield well
within the mixture. A research study was conducted by Hunsigi & Gupta (2010) revealed
that intercropping of basil (Ocimum basilicum) with mungbean in planting pattern of 25%
basil and 100% mungbean lead to higher land equivalent ratio (LER). Shahbazi and
Sarajuoghi (2012) reported that in multiple cropping of faba bean and maize crops with
mixing rates of 75% maize and 25% faba bean yield and yield components of maize crop
was the highest. This study has performed to evaluation intercropping effect of mungbean
(Vigna radiata) with two varieties of marigold Kampar and Porpar on yield and yield
components of the both crops and weeds biomass.

Materials and Methods

A field study was conducted on marigold and mungbean in a split plot experiment
based on randomized complete block design in three replications in Islamic Azad
University, Tabriz, north-west of Iran, during 2014. The climate of research site is semi-
arid cold with an average annual precipitation of 271 mm. The soil was sandy-loam with
EC of 0.72 dS m™" and pH of 7.8. The field was ploughed twice (October 2013 and March
2014) and fertilizers applied, based on soil analysis, were 80 kg ha™' and 120 kg ha™ of
triple super phosphate and urea respectively. The field then harrowed to prepare the final
seed bed. Plots size was 3x4 m. Treatments were marigold cultivars (Kampar, Porpar) and
mungbean sowing rates (0, 12.5%, 25%, 37.5% and 50% of optimum density). An
important tool for the study and evaluation of intercropping systems is the Land
Equivalent Ratio (LER). LER providing that all other things being equal measure of the
yield advantage obtained by growing two or more crops or varieties as an intercrop
compared to growing the same crops or varieties as a collection of separate monocultures.
LER thus allows us to go beyond a description of the pattern of diversity into an analysis
of the advantages of intercropping. The LER is calculated using the below formula.

LER=Yci/Yc + Ymi/Ym
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An LER value of 1.0, indicating no difference in yield between the intercrop and the
collection of monocultures. Any Value greater than 1.0 indicates a yield advantage for
intercrop.

All data were statistically analyzed based on Randomized Complete Block Design,
using MSTAT-C software. The means of the treatments were compared using the
Duncan’s Multiple Range test at * P < 0.05.

Results and Discussion

Dominant weeds emerged in the experiment field were broad leaves weeds such as
lambsquarters (Chenopodium album), redroot pigweed (Amaranthus retroflexus) and
small bindweed (Convolvulus arvensis) and narrow leaves weeds bermuda grass
(Cynodon dactylon) and wild rye (Secale montaneum). Such as based on variance
analysis, effect of marigold variety on its stem height and weeds biomass was significant.
Sowing rates influenced weeds biomass and dry flower yield of marigold. Also,
interaction of studied factors on grain number per pod and land equivalent ratio was
significant. Results showed that in marigold cv. Porpar plots weeds had higher biomass
than Kampar. When mungbean was sown with 37.5% of optimum density, marigold dry
flower yield increased significantly. Greater flower yield was produced from marigold
sole cropping and its intercropping with mungbean at 37.5% of optimum density, which
were 103.5 and 95.8 g m™, respectively. In planting patterns of 25% mungbean+100%
marigold, 37.5% mungbeant+100% marigold and 50% mungbean+100% marigold
mungbean grain yields were higher (37.2, 39.9 and 41.6 g m-2 respectively). In all
treatments except 12.5% mungbean+100% marigold land equivalent ratio was higher than
unit.

Conclusion
Because of improvement of land equivalent ratio in marigold cv. Kampar
intercropped with different densities of mungbean and also in marigold cv. Porpar
intercropped with >25% optimum densities of mungbean plots, intercropping of 12.5%
mungbean+100% marigold cv. Kampar and 25% mungbean+100% marigold in cv. Porpar
could be recommended.

Key words: Dry flower yield, Land equivalent ratio, Optimum density, Sole cropping
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Introduction

Grain legumes are considered as the second source of human nutrition after cereals
and play an important role in community food supply, sustainable agriculture and
economic profitability. Among grain legumes, common bean has the most consumption in
the world compared with others. However there are always some constraints in common
bean production and drought is most important factor in yield reduction of this crop. In
addition high sensitivity of common bean to some micronutrients shortage such as
manganese and zinc is another limiting factor that will be exacerbated in drought
conditions. In such situation foliar application could be considered as a suitable strategy to
facilitate the absorption of these micronutrients by plant.

Materials and Methods

In order to study the effect of foliar application of manganese and zinc on grain yield
and yield components of Red Bean (Phaseolus vulgaris L.) in drought conditions the
experiment was carried out at research station of agriculture and natural resources
research center of ShahreKord as a split plot factorial design in basis randomized
complete block with three replications. Drought stress considered as main factor including
S1, S2 and S3 (irrigation after 50, 70 and 90 mm of cumulative evaporation from Class A
pan respectively) and subplots were the factorial combination of Manganese and zinc
foliar application both with three levels including foliar application of distilled water, 150
ppm and 300 ppm from manganese sulfate and zinc sulfate resources respectively. Sowing
date was May 27, 2010 and each experimental plot was included of 4 rows with 50 cm
apart and 4 m long. Between main plots a m? wide strip was left bare to eliminate
influences of lateral water movement. According to soil test 100 kg.ha™ N was used in the
form of urea (50 kg.ha' N before sowing and 50 kg.ha' N before flowering) by hand
broadcasting method. Irrigation was done every 5 days and Drought stress treatments
along with foliar application treatments were applied at V4 (Third trifoliate leaf
appearance) crop growth stage. During the growth season, weeds and pests were
controlled. At the harvesting time (15th to 26th September) 1 square meter of each plot in
different treatments was harvested and grain yield, number of pod per plant, number of
seed per pod, 100 seed weight, biological yield and harvest index were investigated. Data
analysis performed by SAS software and mean comparisons were done using the least
significant difference test at 5% probability by MSTAT-C software.

Results and Discussion
The results showed that drought had a significant effect on all investigated traits and
the highest values of pod number per plant (14.2), grain yield (3172.4 kg.ha') and
biological yield (9124.1 kg.ha™) were related to S1 treatment, whereas the highest values
of seed number per pod (4.7), 100 seed weight (26 gr) and harvest index (36.4) were

* Corresponding Author: jam.agric@yahoo.com; Mobile: 09133838088
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obtained in S2 treatment. The lowest values of all traits were observed in S3 treatment, so
that pod number per plant (5), seed number per pod (3.6), 100 seed weight (21.4 gr), grain
yield (774.5 kg.ha™"), biological yield (5451.7 kg.ha™) and harvest index (13.6) decreased
by 64.8, 20, 12.6, 75.6, 40.2 and 60.8 percent respectively compared with control. The
simple effects of foliar application of Mn and Zn in all investigated traits except harvest
index and weight of 100 seed were significant and these traits increased with increasing in
application of micronutrients amount. So that grain yield in 300 ppm of Mn and Zn foliar
application treatments increased 36.3% and 28.2% respectively compared with control.
Investigation of interaction effects of treatments showed that in severe drought stress
condition foliar application of Mn had a better effect than Zn on number of pod per plant
and grain yield. The positive effects of Mn and Zn micronutrients might be attributed to
the favorable influence of them on metabolism and their stimulating effect on
photosynthetic pigments and enzyme activity which in turn encourage growth and yield.

Conclusion
Generally, however foliar application of Mn and Zn caused to grain yield increasing
but in drought stress Mn had a better effect in drought impacts alleviation and could be
considered as an applied method for yield improvement of common bean in water deficit
conditions.

Key words: Deficit irrigation, Grain legume, Harvest index, Micronutrients, Plant nutrient
management

\VYY



Iranian Journal of Pulses Research
Voal. 7, No. 2, 2016, p. 175-187
DOI: 10.22067/ijpr.v7i2.46533

ol Gl S g3 & i
QB oo fous IVA-IAY dxio (¥ 6,lods Vol

(Phaseolus [unatus L .) b Lygh & yShos 51321 9 9 yShos 9 Sewogad sl T gl
S i Tl i 40

T Al 9 Ty e Sl 4y o
355 oo oINS (6559l 0aSLiiND ey ) 09,5 iyl (ol IS w,.aTuulo -\
O 55 s 0855 oo LGNS (6559LiS BuSUGIS cely) 09,5 (Sliwl g HLuiild o i ) oolde o lac! -Y

VWA VNS il fu b
VEAEF iy b

TR

Lood Lugl o Shoe gl32) 5 0 Sos 5 Sengud dunl (3L Jslone g (Sid s alides zglaw J1 o)y jolated

ol iils slidon ae)ie jo 41, Shaw jo Bolay oS slaSsl )b B o m.:bo]; sl S &0t Lioles]
Ve gqe Ve i) (Seis o Glises mha oz Jols Lol )51 .0l a1V YAY-Y ely5 Jle )0 0,5 0
P Y o) Srages sl e 3 o s 2,8 55556 5 (A DS eSS | e n s
059« 4o asils olaad (L 39 9 Lot Jodo dig o ML sl Slae Liolejl cpl 10 g (LS 4o ]
an o goe ol cely Sis s ololid gl i 5 )18 o) 050 Sl el g ails o Sles oo
039 g Job (AL slass o e Gilidl el 58 Sogud sl 1030 ,8 e S5 A oy 00,50 Dlao
& ,g‘L_, Ae o alily slaws g BIE 59 5 oy &S Il j0 s § cils y asld 5 0 Sles ilons
S s byl s o Swged duul losliiwl o 1S5 slonl (55l e Dol Dlas ple jo (Jg e o g
oy ol ol s 8 (ao )0V A) el aslis g (0o ,0FF) o Sloe iolidl el Coles 4o (uded yio oV +)
OlalS s amgin e e Slio G Spte 45 Coasladls f)g 5 (g o ails slasd L2ull Lalate) M slass zyl33)

T 3l50 ool Jsloms s TS wtls 5L (gl (slaosly

(Beebe €t o ,)li5 o b oz ol s j0 Lugd adgi s o
Ol e 4S5 058 0 S0l Sy (Sis i al., 2011)
cdeasy ol San pologl sl o il 3 a8 ol 23,
2l 0590 98 ;2 3939 b g i zals b Ol a5l o B
O opoals  Sas(Alizadeh & Koocheki, 1996)
5 Lelgl 33,5 0 gmeima i Lo 925 (eb Ll )5 (S
el oS (ol s als’ S 5 il
ol 3,5 ),5 5l e palS ol e az 51
y9-bas (Veisipoor et al., 2013) ol so oLS ;0 5005 508
5 St bl e (slo 15 (e o (25 IS
3 99-Ss (=) LS ) el e o il S ans
St ) 55,5laS DY game Cgdlas 3, Slos any (olitws
aS ol Sal, il duwl, ol o (Larcher, 2001) 55l o
ol 39y T i 1YL oty Uy (oo g0 lSiel gy
15 SlrSla bE 5o slow el il o wnles als ol

035 olis ¢l 9 55,58 SN gams a5

Vo

doddlo

pls g Lima bean Sl zly b b Lad b g e Log

J3—oze sLugl 5l sy Phaseolus lunatus L. _.le
slaiss o o1y Cueal oy i (Phaseolus wulgaris L.)
Bagheri €t al., ) sl LSqcsS ;1 5l ualpfil8 i
Sl s 4 Glete 5 (6 a5 4355S Lo L) (2001
SlalitielS (ol o)l 5l 0, 5wy Jad 4y g 035 Cey
wjlasl o LS JJoas oo 5l laz 4igS g0 a1 Lo (slug)
IS 50 Ll S oo o (0239, VL b (slaige) 0y IS0 5 S
L o Phaseolous lunatus 45455 lg—eds L slog)
coiS SCis alls st jslined Yoo £95 (nl 09 oo 385
o2 zals Jalse o 5oge 5l S5 (Fallah, 2009) 54 o
e 2 S seban il oo (SiS 5 Lagl 0 Slee

5aSzils (0,5 o o8 ils (lolw ool ¥ yioghS S 1 1] gommnd 0kiannd 957
ol ,en a5 dadayyon.sku@gmail.com «ocl}; 05, 5«55
SV 9A



1YAD 090 dos (F5 Loy Yl [yl ! Db gud S D g W @i /... zobaw 1 ¢yl ) Ko g iy

g, 9 ol

Sl g 0 Skee p Sengan donsl 5B )2 j5kites,
el S 5l S e ) S
8 slaSol b B o 0ulds > slan S &0
S osiS ouSiils Sladod as)je ;o 4150 4w jo Bolas
a3 8o VY gaz 0 ¥V oldlps oo oS b oKl
ELis,| L 5,5 423 ¥R 5 4z, B0 il Job 5
A Ll VYAY-Y _els o o Lo o 5l 2o T1AS
3 Y D) e b St i el Lol 5
e 55 5 (A SIS 3 S5 S| s alen 11
3T ) i) i 5 Saped o 2l Jlone Jol
bl 5 (S 5ed Slmogas 0l plxl (LS 0 o) 7
(V) J992) b 4 e tle e Bee 5l S

S ggome g oo piSla g Jilas (S0l Geizen
ol o 0ol Lid Y Jgaz (o Lad Lugl w090 b

MBS ool b ler 5o (e ogeioolal pslatees
2 Sgas Smmd 90 535 L e 9 03) Brosdars piud
oz Jsba plaaiiy o)1 dliwgar 5 0b dand (re
Lol gl s 31 oS (sl 8,5 sloal ia il A e
45 (S35 0 QL) (e e sl s a0 S5, 5l &S
Al bl () ud O jgody CliS ol oolawl gy 00y )5
AV yre Bl 99 w0ad (Sgdedd j5d &S ol S
Gos 5 Vo ) (59, alolia laaniy Bk g0 5 DIEl o
slal 4 islaejl slaasly o (Falah, 2009) , e L0
5L) solnl oS oy 0,90 Jab o ol caiS pe¥xf
4 0 08 cyess Netwat l8le 5 51 solawl b oLS (5,Lo]
JES 5 (05,8 5o xS e 0F+ + Lugd (gl liee 0
plosl Lojlos Jlosl Slilge ay 5 (s & j50; 5 ,05l0cile
5 5 6095 oy oS el bl 55 (R00s5 0
A ploel (S & g0 045l LS j0 0,59 V0 ) LS

O3 Seoged Sl aloz 5l g (aneb slaogS 5l oslinu
Ol 9 0, Shoe (50, VL Cgzr (Jaromatans ) o5 O
e sie byl il o peasay (LS dly ) eogican
T 055 Blyteans Sraged ael 5113 @l 30 Wil e
Hasanzadeh Daluie, ) 55 o 05, o5 Cornds laciusgo
S0, b 500, 5 e ol 5l wle g0l sga b aS
(Sgapinl J3Sgo ) (it) Soglgdonal sl JsSse
Lo g 00,5 dg—i5 ol slac 3l 5,0 4y a il
oralS 1) oS 5505 5 Gy ol GlasSse b (0,518 pisy
Delfine et al., ) oS S oS 9,0 ,0 ol Ladsay o0l
9 g W8 AJ}: g L: k_i:.ﬁ}a.@M‘ u..\‘).:os)LC (2005
cilizes lad iz ;o aS e 56 55 g olS e sl
L)..;|)_9‘ |) ‘_g)')jLi'.f ;A!M 6:‘..&.: 6‘93*-7"" % .3)L> ).,.,....»9.,._9
Wlg o AL slasy cuily Loy jo (Sas i Laylyd o
oil38l g ls pme jsbas 1) aig jo alls (39 9 aTgr 4o Al olass
50 B olas o —me i3l (Jahan et al., 2010) aeo
30 3 0950 Cedly Ll g ails o Slos w@igy o dilo iy
(Hagh-Parast et al., 2012) o 3,155 alin —iolo)l
Sl oﬁ)u};b Szt (5 I S jabdy 50 K58 o Slee
bl Ghalydl g w88 8 (Sis 5 lalyl 0 Seegee
.(Mohsen-nia & Jalilian, 2011)

el 0o 3l e saate Gla )5 @z b
5 ==h; Olals S 5 (oS Slmogas 55, Sapn
5 Ly o dg Logase Slogs o dy o eal (o imon
059, o=l sl cadlaie 1o oaiplon! Dlalllae 04 S
sy dsdllas ol gl ] 5l Cue 1) ol sl Sl wlgs o
Lo o, Slos lizl g0, Sles 3 Sngud sl Zalaws &l 3!
3 S s byl s coss s glud S lsieay Lod
Sy grke 85 b pldl

omlojl szl Jxe SB (olonsd 5 (S 3ud Sluogas - Jgur
Table 1. Soil physical and chemical properties of experimental location

b Available Available ; Organic . Depth
: Total nitrogen EC el ep
Texture potassium phosphorus (%) carbon (dsm?) @m)
(mgkg”) (mgkg?) ’ %) PH
s o 569 31.4 0.093 0.819 0.549 7.64 0-30
Clay loam

\N{d



1YAD 090 dos (F5 Loy Yl [yl ! Db gud S D g W @i /... zobaw 1 ¢yl ) Ko g iy

Lo Luzgd oy 0599 (b (FisL 900 9 Los yiSIa g Bl ailblo (ufilae =Y Jgux
Table 2. The mean monthly minimum and maximum temperature and total rainfall during the growing season

lima beans
obo (5 Hlw 42 30) Lod JSI> (31,5 il 4 )3) Lo JBlas (o shae) (b b £ g0xe
Month Tmax (C) Tmin (C) Total rainfall (mm)

g, May 27.2 -0.7 7
oo 3 June 29.13 7.82 0
o July 35.8 8.6 0
3l e August 37 0
Jss  September 32.2 0

J=loe Jolie ;51 5 ao 080 Jloio! mhaw 0 Sngu
a1 (Y ga) cd S )8 v yoms mhw o ol
sl S5 5 SitB A5 Ja  Hie 1 3 stee
L g ot @) Jies Slio claySile duglio Spogen
o Sl s 1l oo 00,91 blite &l 1 sl . Sile
Qo 0,0, dy ( SCis iT  ogdle gy BME slaws
RYVR| g ES R Y~ WL SO N GO TS WOV
40,8 dSe ;o BMLE slasy ol sl dcel Singun ol
R i (S i Dad Gl L oS g5k (FJgo)
QA 5 Yo IFE YVIY ) o idsy) g, B olows
OF (nyeS 5 Spagep Sl LS 50 I 05 ) by
pocs dy bgype OVFIYY g VYIYY Y o1VF YEIYY (s ey
e Sis G el Sl L g Sogud dul 8,8
Ve Vel o ol slayles o aS 6 ysbas g oo awls
sV ) 0lS G (s)lo e Dglds p5us e eV e g
il 092 g Sngad Sl LSy P
L (aeo,yo Y7) e olaws jo ial3dl o ien 5 50
o ol e )0 Sagen il S j0 2 £ 0,8
o oyl GiblS o i g sl Cawody B e e O
35yl 3 e yraishee VY0 5l Gy )kl 5o (a0 ¥Y)
Tobw e 5 Soge sl it 151 (o o
20 Sogad el 5b Jgle a5 0 samlie (5 Lol alise
(Jahan et al., Lo a5gs ,0 e olows S o5 Loyl s
,9-bas |, (Hagh-Parast et al., 2012) o35 42010)

Bl s (6l sixe

\YY

sOl_AfJ_AlS)‘)Q._MJeUs_leApS‘)}AJGlW\))‘M
g 093 ol a8l (59, 0,5 4w b g0 glylo olS a5 s

IS S | e pBS 4 A g b 5l ol
bl dalol cuils p ey B adgy ol g w08 Jleel A LS
3,8 soiis oL 504,8 S gi—w oKl 5l e ol ae
O ygmods ((Slidod as 5o 4 olidlyn ol 0y 5 S003)
shls oolaiwl 050 Sogud Sl aie 30,5 3L 50 il
Jels HUMI-FERT ULTRA 5, o L ls 5L
Ao 0w 5 Sded dwl dojodis ( Sngud dl w0V Y
S Py ) s jee slacdale sg (KoO) puwly oS
Ao g0 alolia, Cougi g0 o auls slel 5 s (LsSa o
Sy @9rE 3l e (b et Sliles 5 S Jlecl
1595 996 So g (Johome @ 155 5l 659k 1)
(LS by Jodme Cdo aum, yiSla> 4 cq2) )L
Ao, LA 4SS Lol ol cciloy .cdF Ojg0
31 edaiecpan ol plxl ails Bl b g waw, Ledle
g olsal Bolai jgbay Jle biaw jlag Ve o5 o
Wg 4o e slass wlaio g, Fojlul glp g oals Jas
W@ldao (yh5 ey dils slaad (M 39 5 Lo, sk
sl Jlal ol losl 4y cils p aslis g ails o Slas

sla,l58le 5 b oads (g T ojlail wlaw 5l Jol> slassls
awslis g JL5T MSTATC 4 SAS version 9 ¢ Ll
OS] JBlas g3 5l oolwl b ciolejl Julge Kk
Lol ol s oz Jis! mlaw 4o (LSD) )l soe
A eslazl Excel |l58le 5 51 b yloges puy (550

Age 50 B slaws
Loyl adgr ;0 D slawd (il yls 4500 gl bl 5
el g (Sis il /...,l_, ez (5 lo e joboay



1YAD 090 dos (F5 Loy Yl [yl ! Db gud S D g W @i /... zobaw 1 ¢yl ) Ko g iy

5y5hoe (51321 9 5y Khos 31 Sraga il g (Sl (i Cilizo g glams 53l 51 Juolo sloools (il Iy 45285 @l —Y Jgur
Lo g
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Introduction
Drought stress is one of the most yield reduction factor of lima bean where effects on
the more than 60% of bean world production. In this regard, solutions that help increase
productivity with high water efficiency in this region can change the agricultural crop
production. One of the solutions is using organic materials (acid humic). Humic acid with
linkage of water molecules and folic acid and penetration into plant tissues link to water
molecules reduce evaporation and transpiration and finally helps inner plant water.

Materials and Methods

In order to evaluate the effects of humic acid on yield and yield components of lima
bean under water stress conditions, a field experiment was conducted as split plot
arrangement in RCBD design with three replications at the Research Station of
Shahrekord University in year 1994. Main factors include four treatments of water deficit
(irrigation after 50, 70, 90 and 110 mm evaporation from evaporate pan of class A) and
sub factor include four levels of humic acid (0, 1, 3, and 6 lit/ha). For this purpose, a semi-
deep plowing in the spring then by the two vertical discs were leveling land and finally by
furrower created 80 cm row width. Lima bean seeds were prepared by Pars Khomein
Company. Seeds were planted in the wet soil. In this way, sterilized seeds were planted in
both side of 80 cm width row with 20 cm row plant space in depth of 5 cm at plots area of
3x4 m2. During the plant growth period, the plots were irrigated by furrow irrigation,
hand weeding were applied through the experiment. Chemical fertilizers were applied
based on the soil test analysis and plant requirements. After achieving the desired density
and complete plant establishment, where the plants had two stem nodes, irrigation
treatment were applied as cumulative evaporation from class A evaporation pan, and this
trend continued until harvest. Humic acid used in the composition of the liquid phase
include 12% of humic acid, 3% of folic acid and 3% of potassium oxide. The
recommended concentration of humic acid (1, 3, and 6 lit/ha) before flowering was
applied two times within two weeks. Plants were harvested when the pods reach 80 to
90% maturity. After harvesting the plants for measurements number of pods per plant,
length, width and weight of pods, number of seeds per pod, 100 seeds weight, seed yield
and harvest index were transported to the laboratory. Data traits were analyzed by SAS 9,
mean comparison of treatments using the least significant difference (LSD) at 5% by
MSTAT-C were evaluated. Excel was used to plot the graphs.

Results and Discussion
The results showed that the humic acid in drought conditions increased yield of pods
per plant, 100 seeds weight, grain yield and harvest index was followed. In this
experiment, as the width of the seed was not influenced by drought stress and humic acid.

* Corresponding Author: tadayyon.sku@gmail.com; Mobile: 09131109098
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Traits of pod weight and seeds number per pod were only affected by drought stress and
pod length significantly affected by drought stress and humic acid was used. Drought
stress by drying pollen grains, reducing the duration of flowering and young pods loss
reduced pod per plant. The current decrease in photosynthesis leads to founder grains
shrink and ultimately decreased 100 seeds weight under drought stress. Humic acid
appears to increase plant photosynthesis activity as increased enzyme activity of
Rubiscoand to improve production of sugar, protein and vitamins in plant and has a
positive effect on the various aspects of photosynthesis, seed storage compounds
increased. In general, many of the economical yield of a plant, is the result of the growth
process that occurs during growth and development. Drought stress can affect
performance by influencing these yield processes. The yield was decreased due to stress,
so that the performance of the plants in drought stress levels were less than optimum
irrigation. Humic acid increased cell membrane permeability, thereby facilitating the entry
of potassium, resulting in increased pressure moved into the cell and cell division. On the
other hand, increasing energy inside cells leads to the production of chlorophyll and
photosynthesis rate. Followed by an important factor in the growth of the nitrogen uptake
into cells is developed resonance and finally, the effects of nitrate production decreases,
which leads to the increased production. Reduced harvest index in drought stress
treatment may be due to reduction of photosynthetic level, reduced photosynthesis
remobilization in grain filling stage and more sensitive of vegetative growth compared to
vegetative growth to the adverse conditions.

Conclusion
A total of 6 liters per hectare application of humic acid under drought stress and
moderate stress (irrigation after 70 mm evaporation) is recommended. Because under
stress condition, caused the highest yield. Therefore, usage of organic materials in arid
and semi-arid areas to fight drought stress and in order to deal with drought stress is
recommended for sustainable agriculture.

Key words: Foliar application, Lima bean, Organic matter, Water deficit
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Table 1. Average monthly air temperature and precipitation during the growing season in 2014 in Badjgah region

ol Coined S 5 Hyes % 319 yo 29 e
Month May June July August September
Minimum temperature ("C) Les J8lo> 7.24 11.23 15.23 14.2 10.54
Maximum temperature (‘C) Les zSlas 26.15 33.07 35.99 36.39 32.92
Precipitation (mm) _Sa,b 0 0 0 0 0
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Table 2. Soil properties of experimental field

Gl pdignd Gos oy 0% S o 03ey%s Hhwd ‘°“"‘°L“'
@) (pH) Clay St Sand Nitrogen ~Phosphorus Potassglm
(%) (%) (%) (%) (mg kg™) (mg kg™)

0-30 692 4244 3872 1884 0.1 2 330
PrSVAYIN) adyo) 90 CBlS by 5l it L yarteyd o g @bl
SiS 0 = S Ghg,y S AY Jg9m) S (e ey S 139 9 o5 £ 9id ym S b9, g Gyl 1
o= Seis s Lol i s pre S Sy L mcale wdy Jad glecsl b slaile
PSTVINAY ais, S0 CBlS by, 50 5 mslacile 5l og)8 «(Chenopodium album) o, sael isls;l ol 4o
So—t (g yoyiays oS VAOIN) ais) 98 5l fiiin (o yo ey «(Amaranthus  retroflexus) >y wg,— >zl
J—elsp oatplonl Slalllas (g )bmas (bl 2 (F Jgu) Xanthium) g5 (Convolvulus arvensis) | s o
0, Shes Joax a5l el g jo 4l als iy, 35 (Malva neglecta) 5, (Strumarium
Wy sl (o 50 5 edile jlsle Ll o) 6 5YL Datura stramonium ) o, «(Portulaca oleracea L.)
jhesilos )3 (LS Adisy g e Gabaia Jdoa psSsls «(Scandix pecten-veneris L.) :,Lys>¢y50m «(L.
iy el 5 g 5mcsle cale @ asjhe (Sogll 5 i Echinochloa crus ) cs,s—. 5 (Panicum capillare L.)
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Table 3. ANOVA resultsfor total density and dry weight of grassand broad-leaved weeds at the end of growing season

laypo (fibeo
SRSl jppladile S rote Jpsbile
O i’ 2o 3T a4z o Grassweed Broad-leaved weed
SOV df o515 S5 oS5 S5
Density Dry weight Density Dry weight
S'sly Block 2 17891.68 ns ns 18738.97 ns 68162.93 ns 4753.19
ouils sg, Sowing method (A) 1 ns 1369.38 ns 6161.98 18915.12ns 601667.93*
Uas Error 2 44238.04 35097.71 69774.54 10418.57
cslS% b Sowing date (B) 2 38870.02** 101796.33** **114264.84 407263.92%**
csls g xS 7, (A)X(B) 2 ns 6180.05 81026.86ns ns 161680.5 770334.5ns
Uas Error 8 950.34 6342.23 44945.02 2535.87
(003) &y 5 (%) CV 19.93 23.07 10.46 13.76

00,05 g doyomty Jloiml mlaw )0 s e ¢)ls pime BB pae o a4y «ns

ns, * and **: not significant, significant at 5% and 1%, respectively
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Table 4. Mean comparisons of total density and dry weight of grassand broad-leaved weeds at the end of
growing season

S p Sl pgledle Sp ot Spsbdle
Grass weed Broad-leaved weed
Sl o1y SiS (039 Sy SiS (039
Treatment Density Dry weight Density Dry weight
(plant m?) (gr m? (plant m?) (gr m?
Sowing method cuils’ i,
single-row aas o 156.61? 218.72 382.6° 548.76 *
double-row ais, 5o 139.17* 195.722 317.8® 183.1°
Sowing date cubls & ;b
15 May coigas,IVo 186.67% 272% 488.4° 66053 2
1 June sls,>\) 200.5° 297.33° 212.4° 271.42°
18 June sls,5YA 56.5° 52.33% 349.8° 165.85°

A 0SS L s)ls gime IWS 07005 mlass j5 Sl S e B> SO Blas gt o 0 a5 ol Sike
Means of each column followed by similar letters are not significantly different at o= 0.05.
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Table 5. Analysis of variance of measured traitsin common bean

ao s asloolass e UE Sl aild oluei ,
P) R (%) °y) dlodws ) e o
e gy Number e U CST gy ey DTS Saghe Sigmosls whosle
Ses e &> of Pod length ot Pod per Seed 10, ot LA Biological yidd ~ Seed yield
sov df branches weg weg
Plant per pod
¢ Block 2 3.56 0.309 0.03 3.14 0.025 254 861327 1173492.32 39280.78
A) cals
®) o 1 0.007 ns 0.015ns 0.002 ns 50.05 ns 0.013 ns 9.55ns 1725118ns  2845594.32ns 47487594 ns
Sowing date
Error U 2 1.55 041 0.15 1.02 0.15 13.55 3022141 860980.4 181280.06
(B) Weed; acile 1 0.2472* 0.094 ns 0.004 ns 1388.2* 4.52% 260.32* 368690* 16418704.07*  3232256.9%*
blen S )
(A)«(B) 1 0311 ns 0.068 ns 0.05ns 69.94 ns 0.473 ns 7.92ns 180673 ns 561167.7 ns 20751.5ns
Error > 4 0.32 026 0.05 14.7 0.16 11.93 282627 985394.3 2174453
ClS F )b
© T 2 144 ns 2.73%* 0.27* 32.69 2.364 ns 2.74ns 4014590** 1663391.09* 246382.69*
Sowing date
G el b,
(A)x (C)ests 2 0.552ns 0.976 ns 0.03 ns 7741 ns 0.0469 ns 9.51 ns 364968ns  398072.03ns 24119233 ns
ClS Fu )b % acale
(g)’ y C"; 2 0.5018 ns 0.880 ns 0.09 ns 6.16ns 0.0345 ns 30.99 ns 944372+ 1930183.8* 489105.67**
X
ppilex i b,
il i 2 0.055 ns 1.15* 0.04 ns 5.7ns 0.2324 ns 7.60 ns 651087ns 57571.83 ns 404310.53ns
(A*BX(C)
ouiledly sl 15 045 0.18 0.06 4.06 035 75 133582 397343.8 58508.49
) Dy g
O e zay 19.69 3.56 16.25 194 14.2 9.82 29.3 28.29 24.83
CV (%)

Q0,0 g S oy Jlial mhaw )8l g le pae B pae (S 4y i

ns,* and **: not significant, significant at 5% and 1%, respectively
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Fig. 1. Interactions of sowing date and weed on bean leaf
Columns with the same letters are not significantly different (Duncan test at 5%).
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Introduction

Red beans (Phaseolus vulgaris L.) with 22-25% protein and 50-60% carbohydrates
are one of the most important legumes in the world, particularly in some developing
countries. It is one of the major sources of vegetable protein. With regard to increasing
population and increasing the need of protein, the use of plant resources like red bean with
a large amount of protein is growing. Modern agriculture is highly dependent on the use
of herbicides. Due to increase in the number of herbicide-resistant weeds and
environmental concerns, there have been considerable efforts in designing alternative
weed management strategies. Although the use of herbicides is the most popular method
for weed control, but the use of integrated weed management (considering other methods
like conservation tillage, sowing date and method) as an ecological strategy provides a
suitable method to reduce herbicides and as a result, to increase the competitiveness of
crops and inhibit weed growth. Therefore, the objective of this research was to evaluate
the effect of weed interference, sowing date and method on growth, yield, and yield
components of red bean (var. Akhtar).

Materials and Methods

This experiment was conducted in 2014 at the research field of College of
Agriculture (Badjgah region), Shiraz University, Iran, NE (lat 29. 40° N, long 52.25° W).
The soil of research area was clay with pH of 6.92. The experiment was carried out in
split-split plot arrangement based on a randomized complete block design with three
replications. Treatments included two levels of sowing method (single-row and double-
row) and three sowing dates (15 May, 1 June, and 18 June) which were performed in
weedy and weed-free conditions. Studied features were included leaf area at flowering
stage, pod number per plant, seed number per pod, 100-seed weight, pod length, pod
weight, number of branches, biological yield, and seed yield. Analysis of variance of the
data, correlation, stepwise regression analysis and path analysis was carried out using
SAS (2002) software. Duncan’s test was applied to compare means at 5% probability
level. Excel (2007) software was used to draw figures.

Results and Discussion

The results showed that dry weight of both broad-leaf and grass weeds in single-row
sowing method was higher than double-row. According to previous researches,
competitiveness of weeds at single-row planting pattern was higher than double-row
planting method and double-row planting method due to better weed overlap with the
closure of the canopy and better competition with crops could control weeds. Weed
density and dry weight on 18 June were less than 15 May, and 1 June. The results of the
influence of planting date and weed interference on sweet corn growth and development
Sweet corn was suggested high weed biomass early, which reflected resource availability
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to the weed community, but low weed biomass late could be the result of a more
suppressive crop, lower weed growth rate, or a combination of the two factors. The effect
of sowing method was not significant on all traits except for weed dry weight. Also, the
effect of sowing date was significant on all traits except for 100-seed weight and number
of branches. All the traits on 15 May and 1 June were higher than 18 June. The results of
path analysis showed that number of pods per plant, 100-seed weight and biological yield
had the highest direct effect on grain yield. According to the results of this experiment,
1June and 15 May sowing date had no significant difference with each other, so these
sowing dates could be offered as appropriate sowing dates for red bean in Badjgah region.
It should be mentioned that, the Agrotis segetum and Tetranychus urticae activities were
higher in early and late season, respectively, and also, density and dry matter of broadleaf
weeds were higher on 15 May sowing date (data not shown).

Conclusion
Generally, with regard to importance of sowing date and method to enhance the red
beans yield, suitable weed control, sowing on 1 June with double-row sowing method can
be recommended specially for Badjgah region.

Key words: Path analysis, Red bean, Sowing date, Sowing method
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Table 1. Comparison of morphological traits of lentil under different levels of methanol application and
water deficit stress

e S olaas T o ag gl
Joibio /o ylass St S 039 obE s Sy SO Sl stlg el Plant
Leaf dry weight - 2 Number of Shoot dr i
Treatments/Methanol (g/plant) Leaf number Leaf area (cm*) pod weighty height
per plant (cm)
(mg/plant)
Non stress (100% field capacity) (cl,; cud b aopo) o) SleS L5 (9

Control wals 0.263 f 39.33 bed 785.6c 5cde 1.213b 31.87b
20% 0.306 ab 41.33 abc 943.6 ab 7.3a 1533a 34.83a
25% 0.316a 44.33a 996.3a 7a8b 1557 a 36.27a
30% 0.296 de 42 ab 897.2b 6 abc 1.520 a 34.77a

Moderate water stress (75% field capacity)( .cl,; cud )b as,0V0) wdle oleS L2

Control vals 0.210f 31.53fg 660.4 fg 4.3de 0.916d 26.97d
20% 0.230e 35.67 def 701.3 def 5.6 bed 1.137 bc 28.77 cd
25% 0.246 de 37 cde 753.9 cde 6 abc 1.270b 29.17c
30% 0.241 de 35.67 def 767.4cd 4.6 cde 1.183 bc 29.70c

Severe water stress (25% field capacity) (.el,; cud b oo )0V 0) wad oS i

Control vals 0.173h 30.33¢g 600.29 26f 0.703e 21.27f
20% 0.193fg 31.67fg 657.5fg 3.6¢f 0.923d 23.33e
25% 0.196 fg 32.71 €fg 684.4 ef 4 ef 1.013 cd 2367e
30% 0.190 gh 32.67 efg 650.7 fg 4 ef 1.020 cd 24.63 e

555 (5 ls tre B (P 0.05) Sls (laralsaiz 5031 Billae il so S it By G (sl JBlas a5 Sla Sk i 2 50
The means with one same letter in each column are not significantly differences at P < 0.05 according to Duncan's test.
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Table 2. Comparison of physiological traits of lentil under different levels of methanol application and
water deficit stress

Jsiliol b ylous S il il LS i ok el e sl ‘;ﬁ;s.,,l Slgize
Treatments/ Concentration Ca  Concentration K Concentration Na Cell membrane ¢ z::::ee:lvtater
Methanol g 100g™" leaf dw g100g" leaf dw g 100g™" leaf dw stability (%)
Non stress (100% field capacity) (el,; s b ao )0V ) SleS (a5 e

Control sals 152a 243 a 0.976d 0.432 bc 0.717c
20% 149a 244 a 0.993 cd 0.502 a 0.747b
25% 152a 249a 0.991 cd 0.507 a 0.793a
30% 151la 244 a 1.087 ¢ 0.498 a 0.758 b

Moderate water stress (75% field capacity) (el,; cud b 0o ,0V0) @edle (oS i

Control sals 1.38b 221b 1.207b 0417c 0.695d
20% 1.38b 220b 1.183b 0.426 bc 0.714c
25% 1.33bc 2.20b 1.203b 0.438b 0.713c¢c
30% 1.37b 217b 1.200b 0.421 be 0.714c

Severe water stress (25% field capacity) (cl,; cud b oo ,0V0) Wi leS Lis

Control sals 121d 2.08b 1.397 a 0.368 e 0.631le
20% 1.23d 2.10b 1.380a 0.388d 0.695d
25% 1.25cd 2.08b 1.353a 0.392d 0.691d
30% 1.22d 2.06 b 1.387a 0.385d 0.683 d
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The means with one same letter in each column are not significantly differences at P < 0.05 according to Duncan's test.
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Table 3. Comparison of biochemical characteristics of lentil under different levels of methanol application and
water deficit stress
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Treatments/ Hgaamd Activity  pOX Activity Protein Prolin

Methanol SOD Activity Unit pg™ Unit pg”' content (nmol g'FW)
Unit pg™! Protein Protein (mg g'DW)
Protein
Non stress (100% field capacity) (.el,; cud b aoyo) + ) oleS (25 (a0
Control sals 7.147 f 0.221 bc 0.312d 1437e 1.13f
20% 6.590 ef 0.208 ¢ 0.313d 1.530 de 1.40 ef
25% 6.417 f 0.212 bc 0.293 e 1510e 1.36 €f
30% 7317e 0.209 ¢ 0.305 de 1.543 de 1.26 ef
Moderate water stress (75% field capacity) (!5 cud b ao,0V0) @ik (oleS i
Control asls 8.633 bed 0.230 ab 0.373¢ 1.577 cde 163e
20% 8.303 cd 0.229 ab 0.368¢ 1.700 bc 3.06 bc
25% 8.127d 0.228 ab 0.364c 1.723b 2.90 cd
30% 8.350 cd 0.229 ab 0.371c 1.710 bc 2.66 cd
evere water stress (25% field capacity) (.=l,; cud,b o ,0¥0) wads SleS i
Control sals 9.903a 0.245a 0418a 1.660 bed 2.60d
20% 9.447 ab 0.244 a 0.413 ab 2110a 3.46 ab
25% 9.273 ab 0.240a 0.405 ab 2113a 353a
30% 9.317 &b 0.247 a 0.414 ab 2.020a 3.33ab

555 (5l sixe B (P 0.05) SSls glarelsniz 5031 sillas il go S it By o gl o a5 Sla o Sile fgiw y2 0 *
The means with one same letter in each column are not significantly differences at P < 0.05 according to Duncan's test.
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Introduction

Lentil (Lens culinaris Medik.) is a good source of protein, carbohydrates as well as
minerals, vitamins and unsaturated fatty acids as such it plays an important role in the
human diet and cultivated worldwide. Water shortage is one of the most important abiotic
factors that can limit morphological, physiological, yield, and plant distribution. Legumes
such as lentil are highly sensitive to water stress. According to references, increasing the
concentration of CO, can neutralize the effects of water stress on plants. One of the ways
for increasing the concentration of CO- in plants is using compounds such as methanol,
ethanol, propanol, butanol, and the glycine amino acids, glutamate and aspartate.
Methanol is oxidized to formaldehyde and CO,, and further synthesized into sugars and
amino acids, including serine and methionine, in tissues of various C3 plants. In plants,
methanol can arise from a number of sources; for example, from pectin de-methylation in
cell walls, protein repair pathways and lignin degradation. Metabolism of methanol is less
understood in plants. The identity of enzymes that oxidize methanol to formate in plantsis
unclear yet. However, positive growth effects of methanol have been reported earlier in a
variety of C3 plants like wheat, barley, mung bean, chickpea, bean, tomato and cotton.
Research has shown that plants respond to water deficit stress by accumulations of soluble
materials in cells. Most compatible compounds contain soluble proteins, sorbitol, organic
acids, proline content and ions such as K and Ca. K deficiency in plants leads to reduced
Rubisco activity, stomatal conductance and an increase of reactive oxygen species (ROS),
which ultimately reduces photosynthesis. As water stress is one of the major problems for
production in the agricultura in Iran. The aims of this study were to determine: (1)
whether foliar application of methanol can be improve the negative effects of water deficit
stress in lentil and (2) determine the most effective methanol concentration for foliar
application.

Materials and Methods

To evaluate the effects of foliar application of methanol and water deficit stress on
morpho-physiological and biochemical characteristics of lentil, a factorial experiment
based on completely randomized design with three replications was performed. The
treatments included methanol solution at four levels (0, 10, 20 and 30% v/v) and water
stress included severe water stress (25% of field capacity), moderate water stress (75% of
field capacity) and non-stress (100% of field capacity). Lentil seeds (Ghachsaran cultivar)
were sown in a standard petri dish in a germinator chamber. When the seedlings reached a
height of 5 cm, they were transplanted at a rate of three seedlings per pot and the pots
were placed in a growth chamber. The foliar application of methanol was applied at three
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times during growth season of lentil, with 10 days intervals. The first foliar application of
methanol was performed in early seedling stage (4 weeks after planting). Second and third
methanol applications were given ten days after first application in flowering and podding
stages, respectively. Measurements were taken for the morpho-physiological traits were:
plant height, number of leaves, number of pods, leaf area, shoot and leaf dry weights,
relative water content (RWC), membrane stability index (MSl) and nutrient concentration
of leave (Na,K and Ca). Biochemical traits such as proline content, soluble proteins and
antioxidant enzyme activity were measured.

Results and Discussion

All of the morphological traits were mainly affected by severe water stress. Under
non-stress and moderate water stress, methanol treatments had significantly increasing of
the morphological traits. Methanol treatments induced a significant increase in MSI and
RWC comparing with control under all of water stress treatments. Methanol treatments
increased proline content and total soluble protein under severe and moderate water stress
comparing with control treatments. Foliar application of methanol had no significant
effects on concentration of elements (Na, K and Ca) in leaf and also in antioxidant
enzyme activity. Plants are easily able to absorb methanol sprayed on leaves then used by
the plant as a source of carbon. In comparison with CO,, methanol is formed of relatively
smaller molecules and it is more easily absorbed and used by plants. Therefore, as a
carbon source, methanol can play a role in developing CO, assimilation and net-
photosynthesis. An investigation on flax, reported that spraying a solution of methanol
might have stimulated growth and increased height in the treated plants by increasing
cytokinin levels and cell division. Coexisting bacteria like methylotrophic live on the
leaves of most crops; these bacteria, for receiving methanol that gets out of the plant's
leaf, give the construction precursor of some hormones like auxin, cytokinin to the plant
in order to accelerate the growth and physiological process. Reports have mentioned that
application of methanol on aerial parts of cultivated plants led to a significant increase in
the morpho-physiological traits, acceleration of ripeness, reduced effect of water deficit
stress and reduced water requirement.

Conclusion

Results of this research indicated that application of methanol has significantly
increasing in the lentil morpho-physiological traits, proline content and leaf soluble
protein under moderate and severe stress. Concentrations of leaf elements such as K, Ca
and Na and antioxidant enzymes activity were not affected by methanol foliar application.
Methanol application at 25% (volumetric percentage) were effective than the other
treatments. According to the results, using of methanol is recomended to reduce the
negative effects of water deficit stressin lentil plant.

Key words: Antioxidant activity, Drought stress, Legumes, Morpho-physiological traits
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Table 1. Components of PCR reaction to verify pChICOD plasmid
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Tableb. Components of PCR reaction using codA primers
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20 56 70 50 100 1

22 70 88 76 124 2

18 85 110 80 136 3

17 90 120 101 157 4

4 80 110 90 112 5

3 65 85 76 114 6

84 446 583 473 743 total

11 60 78 63 percentage

Job5 olS iF 6, 50w E s poain ;D tal ;) sWIHC s Ll ol bgb B ¢ oljasli A azy )l 5 (blS o550 Jolmw -0 JSb
Fig. 5. Regeneration of transgenic plantsafter co-cultivation. A: shoot induction; B: shoot elongation; C: root induction;
D: rooting; E: hardening; F: whole plant
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Left to right: 100bp size marker, plasmid, transgenic plants of A1-30, A1-35 and A2-17, nontransgenic plant, negative control
(in this group especial primer used to synthesis cDNA).

Following samples are plasmid, transgenic plants of A1-30, A1-35 and A2-17, nontransgenic plant, negative control and size
marker (in this group oligodT primer used to synthesis cDNA
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Primer of codA-4 amplified 393 bp fragment and primer of codA-5 amplified 565 bp fragment from codA gene
Left to right: size marker 100bp, nontransgenic plant, plasmid, T1 transgenic plants of A1-30-1, A1-30-2, A1-30-3, A1-30-4,
negative control (without DNA), plasmid, nontransgenic plant, plasmid, T1 transgenic plants of A1-30-1, A1-30-2, A1-30-3,
A1-30-4, nontransgenic plant and size marker 100bp
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Introduction

Lentil is an important pulse crop in Iran. Lentil is a seed propagating, self-pollinating
crop originating from Near East. It is containing 27.5% -31.75% protein and it has high
level of iron, calcium, phosphor, thiamin, niacin, and some unusual amino acid as
hydroxyarnitin, hydroxyarginin and homo arginin. FAOSTAT reported that the world
production of lentils was 4,975,621 metric tons in 2013. Major producing countries are
India, Australia, Canada and Turkey. According to Iranian agricultural statistic (2014), area
of pulses cultivation estimated 770000 hectares and its 20.2% belong to Lentil. Important
abiotic stresses that affect lentil are cold, freezing, drought, heat and salinity. Highland and
cold temperatures areas are the main producer in Iran and production of lentil in these areas
is limited. So we need tolerant cultivars against cold and freezing stresses for sowing during
autumn. Glycine betaine (GB) accumulates in some plants under abiotic stress such as cold.
GB stabilizes the structures and activities of enzymes and protein complexes and maintains
the integrity of membranes against the damaging effects of excessive salt, cold, heat and
freezing. The codA gene from Arthrobacter globiformis bacteria encodes choline oxidase
enzyme that catalyzes synthesis of glycine betaine from choline. The efficiency of
biotechnology techniques, especially tissue culture and gene transformation is noticeable in
this aspect. The objective of this research is gene transformation of lentil using codA gene
to enhance its tolerance against abiotic stress especially cold tolerance.

Materials and Methods

Seeds of lentil (Lens culinaris Medik) variety of Gachsaran (ILL6212) collected from
Shiravan Agriculture Research center in Iran were used in this investigation.

Gene transformation of lentil was done using pChlCOD plasmid. This plasmid is
containing COdA gene. Gene transformation was done by Agrobacterium tumefaciens using
Cotyledon with slight part of Embryo Axes explant after shooting for cu-cultivation. Co-
cultivation and following selection and regeneration was done according to Zaker Tavallaie
et al, (2011) protocol. The plasmid was containing one intron of rice that it eliminated
before cu-cultivation. Three weeks after transferring seedling to glasshouse DNA was
extracted from leaves samples using modified CTAB protocol. Existence of COdA gene was
investigated by PCR reaction using cCOdA-4 and codA-5 primers. Putative transgenic plants
were verified by dot blotting also. To determine integration of the gene into transgenic lentil
southern blotting also was done. RT-PCR after RNA extraction from leaves sample from
mature plants was done to investigate transcription of COdA gene. We collected some seeds
from putative transgenic plants and after cultivation in glasshouse T1 plants were obtained.

" Corresponding Author: f.zaker.t@um.ac.ir; Mobile: 09155087691
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PCR, RT-PCR experiments on investigate existence of COdA gene and dot blotting was done
on T1 transgenic plant.

Results and Discussion

The existence of COdA gene into TO putative transgenic plants was confirmed by PCR
and dot blotting. Integration of COJA gene into genome was revealed by Southern blotting
and transcription of the gene confirmed by RT-PCR assay, respectively. The existence of
gene into T1 plants and its transcription was also confirmed using PCR and RT-PCR.
Considering the availability transgenic seeds, it is possible to perform further bioassay
experiments regarding to enhancement of tolerance of transgenic plants against abiotic
stress especially cold stress.

Conclusion

Gene transformation of lentil by Agrobacterium using codA gene was achieved
successfully. After co-cultivation, regeneration of transgenic shoots including shoot
induction, shoot elongation, root induction, hardening and growth in glasshouse to rich to
mature plants was done successfully according to Zaker Tavallaie €t al, (2011) protocol.
Hygromycine was used as selection agent in selection media. TO transgenic plants verified
using PCR, Dot blotting, Southern blotting and RT-PCR. T1 transgenic plants also
confirmed by PCR and RT-PCR. It is necessary to achieve all bio assays about tolerance of
transgenic plants against abiotic stress. Also we will investigate inheritance of treat in
following generation of T1 plants. Also we will do other necessary investigation such as
biosafety experiments. We hope the transgenic plants will be tolerant against abiotic
stresses such as cold and freezing.

Key words: CodA gene, Lentil (Lens culinaris M.), Regeneration, Transgenic plants
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