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Table 1- Physical and chemical characteristics of the soil (0-30 cm)
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Texture TN (%) O.C (%) pH K (ppm) P (ppm) EC (ds.m™)
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Table 2- Analyses of variance (ANOVA) of some growth characteristics of cowpea under
foliar application of micronutrient and drought stress

N2 JOUEL I ol ax o S e asls Sy olaas S SS9
S.0.V DF Leaf area index  Number of leaf  Dry weight of leaf
= . .
. * . 2 0.67 348.4ns 1398.7
Replication
S 2 10.86™ 3202.7" 14497.3"
Water stress
las
as 4 0.07 298.4 167.8
Error a
(sShdste 3 1.78 363.4 1675.7
Foliar application
sl X s .
sl 6 0.08 12.8" 117.6™
Stress x Foliar
las
b s 18 0.02 19.9 191.1
Errorb
3 JOUES T
T e 4.69 8.76 8.64
CV (%)

Aoy Sy g i Jleixl sl 10 lo gixe B 5 lo e BT 0425 pas o iy s g 5 NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent
probability, respectively.
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Table 3- Effects of foliar application and drought stress on growth characteristics of cowpea

o Lo S g a3l Sy olass Sy SS G
Treatments Leaf area index ~ Number of leaf Dry weight of leaf (g/m?)
Water stress

O e 4.11a 66.3a 193a
Control
olf al>
2 3.21b 53b 163.5b
Flowering stage
(PO e 0 A 221c 33.8¢ 123.7¢

Podding stage

P PYEN
Foliar application
sl
sl pae 2.6d 43.7¢ 143.5¢
Control
95 Hhslre 3.14c 49.4b 158.7b
Zn
Ll sl
o8 sgé.daim 3.31b 51.8b 161.2b
ol il
SRl Bl dsloee 3.67a 59.1a 176.8a
Zn+Fe
DS oy gy Jliol mhe j0 LD fgejl ol il oo Syite By sl g o 50 &5 olapnSike

Wl g ls sixe
Means in each column fallowed by similar letters are not significantly different at the % 5 probability
level (LSD Test).
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Table 4- Interaction effects of water stress and foliar application of Fe and Zn on leaft area
index of cowpea

oS ok sl Sr b 2l
Levels of water stress Foliar application Leaf area index
L:J
- 3.6c
Control
S 4.04b
S5 pae Zn
Control ol 4.18b
Fe
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Fe+Zn
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Control
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Means in each column fallowed by similar letters are not significantly different at the % 5 probability
level (LSD Test).
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Table 5- Analyses of variance (ANOVA) of some growth characteristics of cowpea under foliar
application of micronutrient and drought stress

o - Bl s oy Sl 5l B ol gla ) kol 8l (55, 30,8 slaws
[GHUUET I S0 ooyl az o

SOV DE Dry weight Helght of flrst pod Number c_)f nodules on
of stem insertion main stem
Sk 2 11003™ 585.3" 275"
Replication
S 2 21839.1" 888.7" 1265™
Water stress
a sl 4 3412 63.61 0.16
Error a
(st 3 2932.2™ 818.7" 5.07"
Foliar application
sl x 2 6 278.1" 30.7" 0.102"
Stress x Foliar
b stis 18 104.3 50.6 0.45
Error b
el 455 14.03 7.09
CV (%)

Bo,0 S g iy Jliol sk )0 s pxe BB ¢ jlo cie M| 0525 pas ol 4y i g % NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent
probability, respectively.
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2B g aulS Jlie )5 i i pae Lulyd )0 59y 9 2 el oS a8 18 g L
pae) ol dn Cuwd do ) 3 YO 9 V0 VA (i edy o ey a8l SCis 5 ialidl cely
5l Jslome e e 53 e 55 0,5 VIV lsaaty 4Bl (S5 (55 a i (3l Jslone
Lo jlas plow L (gl smmo ST a5 050 )5 cvwlive 20 al> 1o 0 il g B paneS olic

Casls
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Table 6- Effects of foliar application and drought stress on growth characteristics of cowpea

o Lo Blo Sis 059 SB a5l gl glis)l Lol il gg, 0,5 oloss
Treatm;:nts Dry weight of Height of first pod Number of nodules on
stem (g/m?) insertion (cm) main stem
Water stress
O e 268.5a 60a 13.2a
Control
Bl Al e 3 201.7b 49.1b 7.6b
Flowering stage
BBl el e 2 25 183.3¢ 43¢ 7.5
Podding stage
ol el
Foliar application
sl pae 200.6¢ 39.7¢ 8.6
Control
S92 b 225h 47.5b 9.2bc
Zn
ool sl 22830 53.1b 9.6b
Fe
500l sl 244.3a 62.4a 10.4a
Zn+Fe

WS oy i Jleiml mlaw o LSD (9051 wlaly Widb oo Syiie By gl (gie ;o 0 a5 Sl Sl

Wl gl pme

Means in each column fallowed by similar letters are not significantly different at the % 5 probability

level (LSD Test).
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Table 7- Iteraction effects of water stress and foliar application of Fe and Zn on dry weight

of stem of cowpea

O sl

Levels of water stress

bl
Foliar application

Bl S22 ()9
Dry weight of stem (g/m?)

Control

o5
Flowering

spoddle
Podding

Control

S9)
Zn

ey

Fe
S5 0R]
Fe+Zn

Control

S
Zn

ool
Fe
65)*&“’"
Fe+Zn

Control
S9)
Zn
ool
Fe

dﬁﬁo—“’-‘

Fe+Zn

246.3c
266.7b
268.4b

292.7a

208.4def
220.9d
217.1de

240.5c

147h
187.4g
199.3fg

199.6efg

B soys iy Jlis! mhw 10 LSD g0l wloly waiiibise S e By shls (ogim 12 50 a5 oo Sl

W5l gl pe

Means in each column fallowed by similar letters are not significantly different at the % 5 probability

level (LSD Test).
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Heidarian et al., ) o, S 5 )L ,0—> (Gheyrati Arani et al., 2014) sls _zl;8l ooy
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89y yais jya> 0 4S5 el sais 5,155 (Shesh Bahre and Movahedi Dehnavi, 2012
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SCid 5h9 limee coles 50 5 00 amadle oy (b3l el YU (5o, ol b ol pon 4y ST
.Jalil Shesh Bahre and Movahedi Dehnavi, 2012) b zol33l a>asle

5L Jsl=e «Said Al-Ahl and Mahmoud, 2010) ssse 5 Ja¥l awrw 5,155 elol s
obS aBlu 5 S p SS9 5 09 GRIBl s Soed Sl bl cage 6)9d 5 Ll o 59, O
Voo les aisly 5,55 (Mohammadi Alborzi et al., 2012) Ko g (6501 (sowemxe 30,5
Ao, Ve jlewd o ,liSe 10 0,5 olS OVVIVY leds a8l SUis (59 (i «Zugb ) dldsd wo o
Dges sl 1) gl olS 45 (LS 45 0, 5ekS Yo+ /AFD) dbl Sis )9 o koS g, alss
Jbn )le azadle Sz 59 20,5 oL (Yazdani Biuki et al., 2010) ,Ken 5 Sow oy
A5 glassSa il o5 gylo s jebas (ol 4 L =Y il w3l (Scis o il 3L
O3 oeelS ol s el S o o,0 0 sl jleg b anslin 10 mhaw fed )0 ol o0l
——5 5 (Zireh Zadeh et al., 2010) ;,—iql Lol o Sis s bl o 0 adle Sis
Lawloals s 155 5.5 (Taheri Asghari, 2010)
055800 Cuiilo 10 Fhe Sy e gl 3l M ol gl )1 i S mdaw I BME gl gl
i Jles!l 15U coss (amo o gy Jlessl mhaw) (5,18 s yebas Lialejl ol jo a5 el Lugd
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5 Smgb) Qe ity dang Ged el Gl a5 oo Bl dlex Sl lea sla it 4 65
(Silvaetal., 2012) 55,5 s 5 i)l 5 0,lud L mpes (20 s (s ) o138 jolic
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Tobw adS ols s Loyl nuSiloe dnlin j Jrol> gl (0 Jsamz) ols 1,8 50 o
pae) wald jles an S BN (gl Ll ol 8l Sl B pann S polie (2b Jolowe
AU S5y 5 ool plos 08 (2l Jide shajloss s 50 (8 J5uz) 2500, (8 Jslne
ol Oladss gl aes a8l as o BF wall 4 cas 1) 155 e Can cudlys g ey (g5
Gl g atsy gLl o 0958 b 58 5 (55, ol BraneS jolis (S Bras S ol
el 0lgi e ST i ssns s s Sedl Ciledy (g5, SgeaS Lol 135,5 oo S onle 5 Slas
oSy § oo o)l35 3illae (Omidian et al., 2012) sgi ) 5, Slos g asg glis )| zals
waxg b aS ol e elis )| Lialpdl cel sq, 5 ool ples &8 ae (Tadayon and Raeisi, 2008)
oS Cto Jranll nSe (g 15 LSt jo (ol o850 5 (a3l lacudled 1o (59 yaie Coonl
s T 1 590 (59, 9 ol polis 4y
i ol Sl Jgaz) Laosls il lg 320 ol b gillas 1 Lol a8l (g9 0,5 olaws
T 55 ol 1351 fosins oy o Jleiol gl 4o (ol il 6,8 olass o3k ol 5 (K25
i Jlesl bols (las bl 0923 s (dne ;5500 Clho (o p 3590 slayeS L blie ST aS o
G pos lasd 0 (VYY) adle (g5, 0,5 Slawd iy ¢ o anuls Lol adls o5 slaws ) Sas
9 RIS G sle e o s oS a8l (g5, 05 Sl 1 eS (P Jgaz) 05 ounlive
09,5 S 40 g Al KuSG b jeSde Cae Ll 6yl pre BT A 0o T snaline podde
(F Jgaz) w5 13 g o]
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al> o o T aS (g 9-bay ccdl yralS o lolS a4 Ful jo o8 o8 aslh slaws s sls
pae byl b o cble o)8 o8 aSlh slasd  aalS 0 L A ol (i 53U eoldde
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olagss o (Arshi et al., 2005) ) Kae 5 5,1 woled Laas 1) 055 Jus sl 2lgt b 09l o
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5 B0l (Jlie jobar Cuwl odd (515 (555 5 ool polie b (L5L Jslme cote Sl ST 55 Koo
gl o8 asle slows o i oS ssls bl (Yadegari and Ghorbani, 2012) b 3
e @ bgrpe (FIA) Glien (225 5 550 30 ¥ (555 5 0ol Gibdslme 4 bgrpe (V41Y) 2L
Fud 0 eSS ks o ws S 55 (Moghadam et al., 2016) ) See 5 poie .09 salis
50 a8l oli8l ol g0 wals lalS 4 Cas wade plbu, (sl sleasls slass ol CWS el
Sl Gl seld ay Cod Ol ol o8 laasli sl (55, S 0,5 L 6,508 (o)
Noges b3S (Tarraf et al., 1994) |, e 5 &, (Said Al-Ahl and Mahmoud, 2010)
2 srasld slass 5 gl e 5 Sude 36 )by, (2910 oLS 555 2 ) SBhdgle &
e 9 23 (oo il 1) olS (gigid Cullad 5 89 IS Gl (59, paie Bras sl olS )
(Pirzad et al., 2013) 545 0 o5 5,Slos 5 5 casls 2ol38l 5 olS iligy dmwys

(St S g bpannS polie il glne 3l o Lo o Slae 5 ) Slio (S (uilly 25A Sz
Table 8- Analyses of variance (ANOVA) of some growth characteristics and yield of cowpea
under foliar application of micronutrient and drought stress

Ol i o sl a0 N :c)s fsc)s DL; QLLT | a8l ,had als o Slos
S.0Vv DF umber of secondary latera Stem diameter Grain yield

branches
S * ke
o 2 14.08 3.2" 1087474.1
Replication
G A 2 805" 131" 2240228.7"
Water stress
A sl 4 1.04 0.53 3844.27
Error a
Wi ke ok .
(sthdste 3 17.3 2.55 310448.8
Foliar application
sl x 2 6 0.806 0.11" 29900.3
Stress x foliar
b cls
< 18 0.24 0.08 10564.54
Error b
Sl a2 464 258 458
CV (%)

Aoy Sy gy Jliol malaw )8l pae BT g o e OS] D929 pie o Sy sk g 3 NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent
probability, respectively.
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Table 9- Effects of foliar application and drought stress on growth characteristics and yield of

cowpea
bl sc)ssc)sbbal.\,u 4§L4)Ja§ a\jlaélSLq.c
- Number of secondary lateral Stem diameter Grain yield
Treatments
branches (mm) (kg/ha)
Water stress
o e 13.4a 12.2a 2693.8a
Control
oF al> a e
B e 2 B 10b 11b 2212.1b
Flowering stage
al> oy 1S
P 8.3c 10.1c 1831.6¢
Podding stage
ol Jalxo
Foliar
50
hdylne poe 8.6d 10.5¢ 2001.7¢
Control
59 GZ“‘;J’l’“’ 10.5¢ 11,54 2234.7b
o G‘F”:J’l’“ 11.2b 11b 2298.6b
toal s
S 11.8a 11.6a 2448.3a
Zn+Fe

Gl sire B o iy Jlois| gl o LSD (yg051 olosl widl ge S iie By sl (eie oy a5 Lle Sile

IRVARY

Means in each column fallowed by similar letters are not significantly different at the % 5 probability

level (LSD Test).
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Table 10- Interaction effects of water stress and foliar application of Fe and Zn on number
of secondary-lateral branches of cowpea

oS sl b Jslre =5 =l sl
Levels of water stress Foliar application Number of secondary-lateral branches
wals 11.3d
Control
S9) 13¢c
Control ool 14b
Fe
ool 15.3a
Fe+Zn
el 8.6n
Control
) S9) 10fg
souls Zn
Flowering o2 10.36f
Fe
L55)+Q"°-‘ 11de
Fe+Zn
2l i
Control
S 8.6h
SRl Zn
Podding ool 9.3gh
Fe '
69)’*’&“" 93gh
Fe+Zn
B soys iy Jlis! mhw 10 LSD g0l ol waiiibise S e By shls (ogim 2 50 a5 olapSile
Wl g ls sixe

Means in each column fallowed by similar letters are not significantly different at the % 5 probability
level (LSD Test).
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A8 89y il o e S hee Vot o)l iz el Cessay Jlie o i Cl2 L (65 (L sl
(Nahed and Balbaa, 2007) sls 15311, o] 5 sspe 9yl olS a3l
g 5 il Jy e 5 (St 5 Sl dnosls il 4 s b s 1l 3 yShos
Lo ls 3 Sha oy gty Jlatol gl 5 (Bl Jglome 5 G255 plie il 5 oo 5 Jlo!
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@S Cewloas 5,155 o s odle (Pirzad and Shokrani, 2012) aas oo LielS | M|

YA


https://arpe.gonbad.ac.ir/article-1-248-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2026-01-29 ]

AT Coligdy 9 35958 gl )l o0 e 0,93 | (LS (G599 50351 (63,5 i &y b

Gl laedlarl wlgs (lie azeii )5 5 w5 g0 GRl3Hl ) S grlas plos 5 3sd (e (59,
O i 45 a0l yLas (Pirzad et al., 2013) LS 4 o5 0 (Yousefi, 2012) o o
S9) 5 oimd ol 5 les GlacaS 5 5l JLSa 4o o SLS VYYY lieds yguns] ol ails o Slos
b Jodoe 13U con Sadas o) il oLS 4o 0 o Shes o il 5o el Cewsds 5o 0 ks
Sy 0ol 0y S il 8l cpl s el il ol sae yebas g 8,5 )18 gq, 9 2l
robie L (il sdme 151 50 pladsn 5 (Sjslsnsed slocalled plo 5 (el iwgid ooy
(Zehtab-Salmasi et al., 2012) 0,5 ;53,553

pas g BIE al> o o i byl il o LS 10 0 5ol S VEPY lieds ails o Sles (s S
Jsoz) cils 1) gl cme WS dplons plos b a5 sl Cowsts B yannS polie iU Jol>e
@S el el Lagl jo S as Joms Slao ) ,o (Shekari, 2001) ¢ s ()Y
sanl e (o uLE a0 10 ] 5l sy 5 (B al> e yo lasils o, See ol oy yiides
JSis o3l sloasils baaw g 5 o5, Judods wilgs oo 20lS > 0 j0 0 Slae oS 0 S
039 0 Ll S Jdod cuulde dl> o 0 g oo BME slawi o yralS ceel a5 il ond
0,99 Jo—bo 105 oo el (ol 25 aSl Jdoan caul S al> e 0 ek Bl als Ve
sloddle gl g SYobo Bl uly jo 00l sl slacdde gl y casly slaplas! Jsus
039 el S G el g anlds ),.)L; Lasls ols (39 69, ol oligS @l YL jo oo fSCis
(Shekari, 2006) <ol oas0,5 ailo V+ +

Jol e 5o i i pae Ll )8 (59, 5 o8l plgs 0,05 S ols lis pols iagh mls
Comnd 3,3 Y 510 N s 4 o ey ails o Slos jlo gme iol38l el 203 ¢ 0I5
obie ol Jedze o ils ,Lpbsl (Babaeian et al., 2008) .|, Ken ¢ o,L3LL .30 5 sals «
Oleaily g Lo 1 Q‘Qj.igué] S Slos ( St i byl b 5 (g9, 9 u—“T aile B8 mannS
Slebl s (Heidari et al., 2016) |,LSea 5 (5,0 ol iolidl e jow cdale 5 olardgd
Ol i Vee e 10059 LS SO ol ol oSl b gl S jnas Ll b jo asils
5O i e ey Ll s o |y ails o Slas (g5, Dlalgus b Lok Jeloe @S wisls 3,155 (2013
ol 5o Joho (bl Lii> 5 condiplin gloan] 3 (6,550U1 )0 ot (5 45 5350 5 2l w55,

va


https://arpe.gonbad.ac.ir/article-1-248-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2026-01-29 ]

ey g3 936 058 43 (a1 5 (G polis Ty WX o)

9 e yo asls slaws colys (o g ools aslslsgs Sl slacdlad 4 Jolo b onds cogo 5o
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Table 11- Interaction effects of water stress and foliar application of Fe and Zn on grain yiled of

cowpea
G5 sl sl ls 5 ,Sloe
Levels of water stress Foliar application Grain yield (kg/ha)
2 2462.6cd
Control
S 2621bc
O pas Zn
Control ool 2747 6b
Fe
$5570! 2944a
Fe+Zn
2079ef
Control g
©9 2202.3e
B Zn
Flowering Y 2162 6ef
Fe
+opal
SO 2404.6d
Fe+Zn
el 1464i
Control
o ¢ 1881h
R Zn
. R
Podding o 1985.6gh
Fe
502! 1996 .3fgh
Fe+Zn
Sl B asys iy Jletsl mhaw 10 LSD 5031 wlusl s ol co S jidie By shls (gt yo 0 a5 la Sl

REJRY
Means in each column fallowed by similar letters are not significantly different at the % 5 probability
level (LSD Test).
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