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Table 1- Physical and chemical characteristics of the soil (0-30 cm)
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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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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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JLasl 2alS @y Gl oo o Si5 (RS S el p0 azalle Sis e hals e sl (il
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89y yais jya> 0 4S5 el sais 5,155 (Shesh Bahre and Movahedi Dehnavi, 2012
Ciali8l oy oo ks opllo (Cakmak, 2008) wb o (2ol ST alox 5l bacyge,s0 cla
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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DS oo e olS Gl slaiand o Sl )S Slge parass (S Lulph 5o o Hlo e
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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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Obss (Bl Jglone po A Jlite Sl (g (A Jgo2) 235 logine (L iz Logd (22 (25
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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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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Loyl o Shoe 5 gy Sloogas (S 2 55y 5 ool polie (8L Jslne 5 (St (25 Blie 1)) Jgaer
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).

\Y.


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

[ Downloaded from arpe.gonbad.ac.ir on 2025-10-19 ]

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

=

G S A
cels (2o 5 2alS so 0 00 >l 0 g Lol adad S olo las ragh zls S sbas
Jols  Ses o5 Ll s j0 a8 Sl jlaus 5 iolesl ol 40 cwyp 090 Slao o xe ol
ol 57 25 opatar 59, 5 (2l BraneS polie SBL Jsle 1055 o0 o2 p i ol
ails ol ooy 1y olS 0, Slee g alsy Gialidl i 51 Lo sgu Sl ralS es Cilyd paie g0
YU oy b 5l g 039 DS 9l p3ar rmghy (nl )0 0ad 00 4 yolic aShlay az s b ally
ok 50 YL S5 5 STy el cnl ()l VL o i e Cod (gm) 500555
ol aegame 1355 2355 oS 5o SVl e 5 et b 5355 Jplons 5 g0 sl 5 35 oo ol
I G5 5By Luly )3 eing ol 5 00 Jliots |y Shae (sl 5 jiga sl il ¥
31,8 003b eyl cpl s jo (Nair et al., 2010) oS o clablne g0z lacaw! ply 4o oLS

Gdas a5 by bl lgh s geme ;0 b so Sguge LAl Ceons 4y olge Jlail g ol jiigid
b il (A sge SIS i3S Cqz 0 fhe (o5 Wl o0 BpaneS polie b oolS Sy
Aol aLils of ey 1y olS 5, Slos g 0, ioli8l Colyd jo g 00,5

&lw

Alkire B.H., Simon J.E. 1993. Water management for Midwestern peppermint
(Mentha piperita L.) growing in highly organic soil. Acta Horticulture, 344:
544-556.

Aminpoor R., Musavi S.F. 1995. The effect of irrigation times on developmental
stages, yield and its components of cumin. Agriculture Science Natural
Resource Journal, 1: 1-7. (In Persian).

Amiri A., Yadolahi P., Siroosmehr A., Esmaeilzade S. 2015. Effect of drought
stress and chitosan and salicylic spray on morphological parameters of
Carthamus tinctorius L. in Sistan. Journal of Oil Plants Production, 2 (1): 43-
56. (In Persian).

Amirinejad M., Akbari G., Baghizadeh A., allahdadi 1., Shahbazi M., Naimi M.
2016. Effects of drought stress and foliar application of zinc and iron on some
biochemical parameters of cumin. Journal of Crop Improvement, 17 (4): 855-
866. (In Persian).

Arshi A., Zainul Abdin M., Igbal M. 2005. Effect of CaCl2 on growth
performance, photosynthetic efficiency and nitrogen assimilation of Cichorium
intybus L grown under NaCl stress. Acta Physiology Plant, 28 (2): 137-147.

Babaeian M., Heidari M., Ghanbari A. 2008. Effects of foliar micronutrient
application on osmotic adjustments, grain yield and yield components in
sunflower (Alster cultivar) under water stress at three stages. Journal of Science

\AR|


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

[ Downloaded from arpe.gonbad.ac.ir on 2025-10-19 ]

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

and Technology of Agriculture and Natural Resources, 40 (12): 119-129. (In
Persian).

Banks L.W. 2004. Effect of timing of foliarzinc fertilizer on yield component of
soybeans. Australian Journal of Experimental Agriculture and Animal
Husbandry, 22 (116): 226-231.

Baybordy A., Mamedov G. 2010. Evaluation of Application methods efficiency of
zinc and iron for canola (Brassica napus L.). Notulae Scientia Biologicae 2 (1):
94-103.

Borowski E., Michatek S. 2011. The effect of foliar fertilization of French bean
with iron salts and urea on some physiological processes in plants relative to
iron uptake and translocation in leaves. Acta Scientiarum Polonorum Hortorum
Cultus, 10 (2): 183-193.

Cabuslay G.S., Ito O., Alejar A.A. 2002. Physiological evaluation of responses of
rice (Oryza sativa L.) to coater deficit. Plant Science, 163: 815-827.

Cakmak 1. 2008. Enrichment of cereal grains with zinc: Agronomic or genetic bio
fortification?. Plant Soil, 302: 1-17.

Creelman R.A., Mason H.S., Bensen R.J., Boyer J.S., Mullet J.E. 1990. Water
deficit and abscisic acid cause differential inhibition of shoot versus root growth
in soybean seedlings. Plant Physiology, 92: 205-214.

Ebrahimian E., Bybordi A. 2013. Effect of iron foliar fertilization on growth seed
and oil yield of sunflower grown under different irrigation regimes. Middle East
Journal of Scientific Research, 9 (5): 621-627.

Ehlers J.D., Hall A.E. 1997. Cowpea (Vigna unguiculata L. Walp.). Field Crops
Research, 53: 187-204.

EradatmandAsli D., Mehrpanah H. 2009. Agricultural Crops and Nitrogen
Fixation. Islamic Azad University Publications, Saveh Branch. Pp: 243-262. (In
Persian).

Eskandari M. 2013. Changes in growth parameters and essential oil content of
satureja bachtiarica bunge under the effects of 28-Homobrassinolid and drought
stress. Iranian Journal of Medicinal and Aromatic Plants, 29 (1): 176-186.

Gheyrati Arani L., Sheykhi M., Sharifi T. 2014. Effect of micronutrient application
at different growth stages on growth and yield of common bean (cv. Sanrey).
Agroecology Journal, 9 (3): 35-47. (In Persian).

Hacisalihoglu G., Ozturk L., Cakmak I., Welch R.M., Kochian L. 2004. Genotypic
variation in common bean in response to zinc deficiency in calcareous soil.
Plant and Soil, 259: 71-83.

Heidari M., Goleg M., Ghorbani H., Baradarn Firozabad M. 2016. Effect of
drought stress and foliar application of iron oxide nanoparticles on grain yield,
ion content and photosynthetic pigments in sesame (Sesamum indicum L.).
Iranian Journal of Filed Crop Science, 46 (4): 619-628. (In Persian).

Heidarian A.R., Kord H., Mostafavi K., ParvizLak A., Mashhadi F.A. 2011.
Investigating Fe and Zn foliar application on yield and its components of

\wYY


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

[ Downloaded from arpe.gonbad.ac.ir on 2025-10-19 ]

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

soybean (Glycine max L) Merr.) at different growth stages. Journal of
Agricultural Biotechnology and Sustainable Development, 3 (9): 189 -197.

Jalil Shesh Bahre M., Movahedi Dehnavi M. 2012. Effect of zinc and iron foliar
application on soybean seed vigor grown under drought stress. Electronic
Journal Crop Production, 5 (1): 19-35. (In Persian).

Karamy S., Mohammad Modares-Sanavy S.A., Ghanati F., Pourdehghan M. 2013.
Effect of foliar zinc application on yield and yield components of soybean
cultivars under water deficit. Sustainable Agriculture and Production Science,
Pp: 117-130. (In Persian).

Kasrayi R. 1993. Brief About the Science of Plant Nutrition. Tabriz University
Press, 372 p. (In Persian).

Khalili Mahale J., Roshdi M. 2008. Effect of micronutrient sprayed on quantitative
and qualitative characteristics of corn silage 704 in the Khoy. Seed Plant
Production Journal, 24 (2): 281-293. (In Persian).

Koocheki A., Banayan M. 1994. Physiology of Crop Yield. Jahad Daneshgahi
Mashhad Press, 380 p. (In Persian).

Ladan Moghadam A., Vattani H., Baghaei N., Keshavarz N. 2012. Effect of
different levels of fertilizer nano iron chelates on growth and yield
characteristics of two varieties of spinach (Spinacia oleracea L.): varamin 88
and viroflay. Research Applied Sciences, Engineering and Technology, 4 (12):
4813-4818.

Lobato A.K.S., Oliveira Neto C.F., Santos Filho B.G., Costa R.C.L., Cruz F.J.R.,
Neves H.K.B., Lopes M.J.S. 2008. Physiological and biochemical behavior in
soybean (Glycine max cv. Sambaiba) plants under water deficit. Australian
Journal Crop Science, 2: 25-32.

Lotfi M., Abbaszadeh B., Mirza M. 2014. The effect of drought stress on
morphology, proline content and soluble carbohydrates of tarragon (Artemisia
dracunculus L.). Iranian Journal of Medicinal and Aromatic Plants 30 (1): 19-
29. (In Persian).

Majlesy A., Gholinezhad E. 2013. Phenotype and quality variation of forage maize
(Zea mays L.) with potassium and micronutrient application under drought
stress conditions. Research in Field Crops, 1 (2): 44-55. (In Persian).

Marschner H, 1993. Mineral Nutrition of Higher Plants. Second Edition, Academic
Press, 889 p.

Mazaherinia S., Astaraei A.R., Fotovat A., Monshi A. 2010. Nano-iron-oxide
particles efficiency on Fe, Mn, Zn and Cu concentrations in wheat plant. World
Applied Sciences, 7: 36-40.

Moghadam E., Mahmoodi Sourestani M., Farrokhian Firozi A., Ramazani Z.,
Eskandari F. 2016. The effect of foliar application of iron chelate type on
morphological traits and essential oil content of holy basil (Ocimum sanctum).
Journal of Crop Improvement, 17 (3): 595-606. (In Persian).

WY


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

[ Downloaded from arpe.gonbad.ac.ir on 2025-10-19 ]

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

Moghimi pour Z., Mahmoodi Sourestani M., Alemzadeh Ansari N., Ramezani Z.
2015. The influence of foliar application of nano zinc chelate and zinc sulfate
on morphological traits of holy basil (Ocimum sanctum). The Plant Production,
38 (3): 41-53. (In Persian).

Mohammadi Alborzi M., Safikhani F., Masoud Sinaki J., Abbaszadeh B. 2012. The
effect of drought on morphological characteristics of anisum (Pimpinella
anisum L.). Plant Ecophysiology (Arsanjan Branch), 4: 14-25. (In Persian).

Nahed G., Balbaa L.K. 2007. Influence of tyrosine and zinc on growth, flowering
and chemical constituents of Salvia farinacea plants. Journal Application
Science, 3 (11): 1479-14809.

Nair R., Hanna Varghese S., Nair B.G., Maekawa T., Yoshida Y., Sakthi kumar D.
2010. Nano-particulate material delivery to plants. Plant Science, 179: 154-163.

Naseri Karimvand P., Saki Nejad T., Shokohfar A.R. 2013. The effects of basin,
ridge and furrow planting methods on yield components of cowpeas at different
irrigation levels. International Journal of Agriculture and Crop Sciences, 6 (20):
1407-1412.

Omidian A., Siadat S.A., Naseri R., Moradi M. 2012. Effect of foliar application of
zinc sulphate on grain yield, oil and protein content in four rapeseed (Brassica
napus L.) cultivars. Iranian Journal of Crop Sciences, 14 (1): 16-28. (In
Persian).

Osuagwu G.G.E., Edeoga H.O., Osuagwu A.N. 2010. The influence of water stress
(drought) on the mineral and vitamin potential of the leaves Ocimum
gratissimum L. Recent Research in Science and Technology, 2: 27-33.

Pak Mehr A., Rastgoo M., Shekari F., Saba J., Vazayefi M., Zangani A. 2011.
Effect of salicylic acid priming on yield and yield components of cowpea
(Vigna unguiculata L.) under water deficit at reproductive stage. Iranian Journal
of Pulses Research 2 (1): 53-64. (In Persian).

Pandey R.K., Maranville J.W., Chetima M.M. 2000. Deficit irrigation and nitrogen
effects on maize in a Sahelian environment. Il. Shoot growth. Agriculture Water
Management, 46: 15-27.

Pandey A.C., Sanjay S.S., Yadav R.S. 2010. Application of ZnO nanoparticlesin
influencing the growth rate of Cicer arietinum. Journal of Experience
Nanoscience, 5; 488-497.

Peyvandi M., Parande H., Mirza M. 2011. Comparison of nano Fe-chelate with Fe-
chelate effect on growth parameters and antioxidant enzymes activity of
Ocimum Basilicum. New Cell Mol Biotechnology, 4: 89-99. (In Persian).

Pirzad A., Shokrani F. 2012. Effects of iron application on growth characters and
flower yield of Calendula officinalis L. under water stress. World Applied
Sciences Journal, 18 (9): 1203-1208.

Pirzad A.R., Tousi P., Darvishzadeh R. 2013. Effect of Fe and Zn foliar application
on plant characteristics and essential oil content of anise (Pimpinella anisum
L.). Iranian Journal of Crop Sciences, 15 (1): 12 -23. (In Persian).

YWY


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

[ Downloaded from arpe.gonbad.ac.ir on 2025-10-19 ]

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

Ravi S., Channal H.T., Hebsur N.S., Patil B.N., Dharmatti P.R. 2008. Effect of
sulphur, zinc and iron nutrition on growth, yield, nutrient uptake and quality of
safflower (Carthamus tinctorius L). Karnataka Journal Agriculture Science, 32:
382-385.

Razmi N., Iran Nejad J., Khanzadeh H., Soheili Moghaddam B. 2013. The effects
of different irrigation regimes on the morphological and physiological
characteristics of three soybean cultivars (Glycine max). Journal of Crop
Ecophysiology, 7 (1): 57-69. (In Persian).

Saadati S., Moallemi N. 2011. A study of the effect of zinc foliar application on
growth and yield of strawberry plant under saline conditions. Iranian Journal of
Horticulture Sciences, 42 (3): 257-267. (In Persian).

Saberali S.F., Sadatnouri S.A., Hejazi A., Zand E. 2007. Influence of plant density
and planting pattern of corn on its growth and yield under competition with
common Lambesquarters (Chenopodium album). Journal Research Production,
74: 143-152.

Saeidi Aboueshaghi R., Yadavi A., Movahhedi Dehnavi M., Baluchi H. 2014.
Effect of irrigation intervals and foliar application of iron and zinc on some
physiological and morphological characteristics of red bean (Phaseolous
vulgaris L.). Journal of Plant Process and Function, 3 (7): 27-41. (in Persian).

Said Al-Ahl H., Mahmoud A. 2010. Effect of zinc and iron foliar application on
growth and essential oil of sweet basil (Ocimum basilicum) under salt stress.
Ozean Journal of Applied Sciences, 3 (1): 97-111.

Sajedi N., Ardakani M., Naderi A., Madani H., Mashhadi M. 2008. Effect of
nutrition elements application on agronomical characters of maize hybrid
(KSC.704) under water deficit stress at different growth stages. Agronomy and
plant breeding, 4 (1): 85-98. (In Persian).

Salehi M., Tamaskoni F. 2008. Effect Nanocid at Seed treatment on germination
and seedling growth of wheat under salinity. Abstract of the First National
Conference of Seed Science and Technology Iran, 358 p. (In Persian).

Sangtarash M.H., Qaderi M.M., Chinnappa C.C., Reid D.M. 2009. Differential
sensitivity of canola (Brassica napus) seedlings to ultraviolet-B radiation, water
stress and abscisic acid. Environmental and Experimental, 2: 212-219.

Shabanzadeh Sh., Galavi M. 2011. Effect of micronutrients foliar application and
irrigation regimes on agronomic traits and yield of black cumin (Nigella sativa
L.). Journal of Environmental Stresses in Crop Sciences, 4 (1): 1-9. (In Persian).

Shekari F. 2001. Evaluation of common bean characters to drought stress tolerance.
Final Report of Research Project of Institute of Agricultural Physiology and
Biotechnology of Zanjan University.

Shekari F. 2006. Response of common bean to water shortage. Final Report of
Research Project of Institute of Agricultural Physiology and Biotechnology of
Zanjan University. (In Persian).

Yo


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

[ Downloaded from arpe.gonbad.ac.ir on 2025-10-19 ]

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

Silva D.D., Kane M.E., Beeson R.C. 2012. Changes in root and shoot growth and
biomass partition resulting from different irrigation intervals for Ligustrum
japonicum Thunb. Horticulture Science, 47 (11): 1634-1640.

Szilagyi L. 2003. Influence of drought on seed yield components in common bean,
Blug. Journal Plant Phsiology Special Issue, Pp: 320-330.

Tadayon A., Raeisi F. 2008. Reactions of sainfoin accessions to foliar application
of nitrogen, iron and zinc in cold climates of Chaharmahal-va-Bakhtiari. Iranian
Journal of Field Crop Research, 6 (1): 41-48. (In Persian).

Taheri Asghari M. 2010. Effects of water deficit stress on some characteristics of
chicory (Cichorium intybus L.) under different plant densities. Journal of Crop
Ecophysiology, 2 (3): 147-155. (In Persian).

Tarraf Sh., EI-Sayed A.A., lbrahim M.E. 1994. Effect of some micronutrients on
Rosmarinus afficinalis. Journal Physiological Science, 18 (1): 201-208.

Teran H., Singh S.P. 2002. Comparison of sources and lines selected for drought
resistance in common bean. Crop Science, 17: 493-496.

Tohidi M. 2015. Effect of foliar application time of complete fertilizer
micronutrients on yield and yield components of mung bean (Vigna radiata L.)
under drought stress. Plant Eco-physiology, 7 (22): 50-57. (In Persian).

Whitty E.N., Chambliss C. 2005. Fertilization of Field and Forage Crops. Nevada
State University Publication, 21 p.

Yadegari M., Ghorbani F. 2012. Effect of Fe and Zn micronutrients on secondary
metabolits content and yield of thyme (Thymus vulgaris L.). Journal of Crop
Production Research, 4 (3): 265-277. (In Persian).

Yazdani Biuki R., Rezvani Moghaddam P., Khazaie H. R., Ghorbani R., Astaraei
AR. 2010. Effects of salinity and drought stresses on germination
characteristics of milk thistle (silybum marianum). Iranian Journal of Field
Crops Research, 8 (1): 12-19. (In Persian).

Yousefi M. 2012. Impact of Zn and Mn foliar application on yield of pumpkin
(Cucurbita pepo L.) under two irrigation regimes. International Journal of
Agriculture: Research and Review, 2 (3): 102-107.

Zabet M., Hosein Zade A.H., Ahmadi A., Khialparast F. 2003. Effect of water
stress on different traits and determination of the best water stress index in
mung bean (Vigna radiata). Iranian Journal Agriculture Science, 34 (4): 889-
898. (In Persian).

Zehtab-Salmasi S., Behrouznejhad S., Gassemi-Golezani K. 2012. Effects of foliar
application of Fe and Zn on seed yield and mucilage content of psullium at
different stages of maturity. International Journal of Environmental Sciences, 3
(2): 63-65.

Zireh Zadeh M., Shahin M., Touhidi M. 2010. The effect of salt and drought
stresses on germination of thyme. Crop Physiology, 1 (4): 61-70. (In Persian).

\Y#


https://arpe.gonbad.ac.ir/article-1-248-en.html
http://www.tcpdf.org

