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Table 1. Some physical and chemical properties of field’s soil
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Soil type  pH EC Organic C N P K Cu Zn Mn Fe
dSm™! % mg kg! ppm
Loam 7.7 1.79 1.1 5.1 6.0 452 1.0 68.7 33.16 663
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Table 2. Some weather parameters of the experimental site during growing season in 2018

Month ol
Weather parameter wtlep 9 of yulily July August  September  October
Minimum Temperature (°C) Oyl dz 0 JElos 15.2 12.8 11.1 7.4
Maximum Temperature (°C) Oyl dz 0 GSlas 42.1 40.0 374 31.3
Precipitation (mm) Sk 0.0 0.0 0.0 4.0
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Table 3. Abbreviations used in text for measured traits
and the units for these traits in cowpea

Full R
Abbreviation  Unit
Relative water content
5ol . RWC %
s O glgizmo
lon leakage
Y IL %
Chlorophyll a .
a by, IS Chl. a mgg
Chlorophyll b ChL b .
b Judg s &8
Total chlorophyll TChI |
. m; g
IS bl £e
Carotenoids N
RUERTIRE Car. mgg
Pod number per plant
Wgs 30 B olasy PNPP No.
Seed number per pod
ML o ailo slawi SNPP No.
Hundred seed weight
&ld vwo &9 HSW g
Seed yield .
Sl s KL SY kg ha
Biological yield BY Ko hat!
) a
Sy 3 yShos £
solol fdrigay jxi

9,5 50055 93] sk 3l Waosls (g Loy (yge3] I
S58le 5 5l eolazwl b (Kolmogorov-Smirnov) cég yewl
4355 e 28,5 13 L5 560 SPSS ver 20
an gt 5 Sdpdy el Llis (55, » ey

o gme @olas Plas eejl 5l clae (il Sluglas

Al bl 6 md B sws il SaST L Sy o]
ples 59y 2 a5 <35 plonl ©)90 (nl a4 (LBL Jolowe 090
45‘_;)5.‘043 PR ‘_g)l? J}J.?(.c u‘l,.!aﬁ g swnd
A, Jad Jsb ,o (Vadizadeh et al., 2017) o
A Saz g o ploxl (G jg00 558 slacile (g
ool (158 50 s 9 S0) (S gncanlin a3l 00iSe 1T

liw s 4S50 I0/
5l o paisai (2lslne (21 Jlash jl Gy aim 5
I Sdnd Slae pSelwl cuz O s gl
5 dse)lS b Jde)ls @ LSS S ctd S
S i GpSeill sl el O o lyime
s Jd oSy 5l dolal & jswas cm2 10 luie EL))
CBl S e slaary SBgd Cand atilaswgs Ll
lutts et al., ) juigd (g, b llae EL (5,50 ;lail .asas
ob Lds IS @ L IS oo g 50l ol alxil (1996
3 plesl (Arnon, 1967) 5,1 (g, (wla! 5 aSeisg IS
@ Sas &35 8 il i ST liiome dslone Cqr
5 4t SBsd Coand aidlbanng MalS 5 Jd S Ve
A clooly 3o soly bawsi ol 5 (e alolidl
5 43,5508 ks O (sgime S )b (19,0 ladigel s
Olilom 35 s Lol bl 059 celo YY Sl oy
VO o b gl gy0 cels FA Sow 4y Sy sladiges
dwle o] i 59 B aias ool 1,8 0l 5 il ax o
ELsl (g Joli p S g 5 059 Sl el 5l 00,5
Slgie 030,5 etd S s O Glgime Sis
b g pSejlal (V) abaly el p RWC) S O (s
FW-DW o
TW-DW
digad Sas (59 DW (5 aigad 5 059 FW ] o a8
>y ;o dliee (S aised il 5 TW (5 p
Bi> 5l 9 D)5 2 g b e Sojel b (Sam,

3 e slaws Slaw 5 ol Cudloy we Ve olow il

RWC(%) = 100 [\]

Sid Ol 5l ) dils o 59 9 BE o als Slaws g
3 So5elam o ,Slos (6,03l Cge Ll dwle (ol
I



£Ya L. iz Logl o Slecslizl 5 0, 8os «So3sls 508 Slaogas 5 S il § (Sl DS 8 )15 136 a1, en 5 (5 o

Gholizadeh ) sgi oo bazsl 51 g mSUl s o5l
Olye 2alS LS liime Koo mls (et al., 2018
Cool (St 15 Il bt Loy S o (oo
Shekari et al., 2011; Sadeghipoor and)

Bonakdarhashemi, 2015; Shadmand and Afkari,
.2018; Davoudi et al., 2018

cbale ol L as obs plas oSk aslie @b
OS2l Gl 5 O (o lmone (el DS
poe slesd 30 i 4 Sy Ol e Glgie (e 5
B N O R B NESR A N
s Slgome 3 S ez sl b (S8 Jsloe (0 J592)
chale 5 oo e 45 g sbay ls ilil |, Sy
pas sl ) ol ke (S s el 1T Bk sl
@ Jpo) 39355 wsalico 3k ol
3 ol Xegh ple @S ol agh s b, s
ol oo Sl (K25 28 481 5 ool ol
Sy el 5 Gl GeedE 0 )5 Lol das oo 208
Ashrafand) ssd oo s Loyl i 10 Cado ol Sgug Eecls
Foolad, 2007; Pazoki et al., 2012; Zamani et al.,
Slyime Gl o ol S cue 3G (2013
09 & 2l ir e Gl 4 Glsie | ol s
by ol Gl (i (g)lad Jeily g (Jobo
G Wroole (10,157 31 j0 olS ol Jolw Lass g laaiy

oolizesl SAS ver 9.1 (g Lol Jl38la 5 51 oslizsl L (LSD)

o i (Slpimo
DS e 5lel 235 514 0ls i il g 52 s
cho 50 0l o GlEme p Sz sl 5 ol
5 a8y lite ol Lol s )5 o sixs doys Sy Loz
(F Jga2) 095 o pixe Cro ol (gl alBans

a5 ol las g kel Gl Glagss, Sl anslie
Focshes 00 kel 3255 0 S T (o Slime
Socsheo bl 025 4 Blato O Glies (e 5 e
Olee (a3 gl Sl L @dlg,o (O Jguz) o9 e
Slyme 9 Sy ol syl Jals (il Gals s O
Slg5 o 45 sl ol o] g ralS pgade 4 Ol (s
Sl (A dtuy (Jg 998 ladijg) (o dluw & e
Fogs lp 23 CO2 9z Sl Lol olS sl 43,
Col (ot 350 5l slaie, culia (LalS 000 i wal )8
Dedge g (el corge (SiS S Gl e oS
ol Consg il sl gadli dljied O s Slgiow 5l
GES A Sy Djge 0 45 dgde Sb Sy
ahyd g Sl GLad )3 i oy Whe SRelS

S i byl cod (i Lagd asdllans jg0 Glho 53 Sl e vl 9 (53l (DS 15T (il lg 4 525 F Jguer
Table 4. Analysis of variance of the effects of gibberellic acid and glycine betaine on studied traits of cowpea under

drought stress condition.

a> 50

Ol i’ 2o ‘5.>|)‘i

Source of variation df RWC EC Chl. a Chl. b Total Chl. Car.
Replication (R) I, 1.37m 5.71m 0.00003™  0.000001™  0.0000012" 0.000011"s
Irrigation (I)  (5,LsT 175.79"  642.28™  0.97074™ 0.247472"  2.0684333™  115.614959™
Error (a) I glas 7.50 3.68 0.00645 0.000107 0.0057278 0.025020
Cootomadl 0 067 43.547 0.067477 00281127 0.1825148%  11.127737"

Glycine Betaine (GB)

. M‘ J'J"“’ 2 69.81"  26.09™  0.01581™ 0.006727"  0.0424333* 3.307878™
Gibberellic Acid (GA)
GB x GA 4 1.56™ 0.23m 0.00096™  0.000129™  0.0012593" 0.237004™
I x GB 4 1.27 0.81™ 0.00251"  0.000240°  0.0038926™ 0.027396"
I x GA 4 3.02m 0.08™ 0.00078™  0.000138™  0.0010167™ 0.015437"
I x GB x GA 8 3.02" 0.52" 0.00023™  0.000135™  0.0001370" 0.040149
Error W 48 4.49 3.78 0.00077 0.000079 0.0008991 0.047584
C.V (%) Ol gt g 2.49 2.12 521 3.45 3.80 5.38
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Table 4. Continued

alol.f Jouo

a9
i g 50131 PNPP SNPP HSW sy BY

Source of variation df

Replication (R) ,1,55 2 0.32m 4.9 x 106 0.23m 201000 2937499

Irrigation (1)~ s,tT 2 637.58" 29.405™ 230.67" 4837668 84445199™

Error (@) Wigls 4 413 2.509 5.78 49156 2536407

) “’“L’ o8 2 32.97" 8.321™ 15.74™ 702611 7261018

Glycine Betaine (GB)

_ el Sz 16.99" 2.441° 12.49% 107745 2910703
Gibberellic Acid (GA)
GB x GA 4 1.68™ 0.174 2.87m 11177 49061
I x GB 4 3.99m 0.097" 0.91m 92128" 173617
I x GA 4 6.72" 1.551™ 2.46™ 47885" 436674
I x GB x GA 8 1.66™ 0.200" 0.48™ 21628 75122m

Error Ls 48 1.91m 0.301 1.17 33361 373710
CV (%)  Olpads o po 7.27 6.33 13.31 11.11

SN gl 0 Jloiml mlaw )0 ls e g o e 5 A *E g RS

s, * and ** non-significant and significant at the 0.05 and 0.01 probability level, respectively

i gl 0 Slio (595 32 Sy dnsl 9 iy Comns S LCALE (6 5ll (o5 Gl T (aSiloo dmmlio B Jguzr
Table 5. Mean comparison of the effects of irrigation regimes, the concentrations of glycine betaine and gibberellic acid

on traits in cowpea

Treatment ,ks RWC EC Chla Chlb TChl Car PNPP SNPP HSW SY BY

Skl sl
Irrigation regimes
50 (mm) 87.66* 86.95° - -
70 (mm) 84.83> 92.17* - -
90 (mm) 82.57¢  96.70 - -
Glycine betaine
0 (mM) 82.54° 93.122 - -

50 (mM) 85.07° 92.10* - -
100 (mM) 87.45*  90.60° - -
Gibberellic acid
0 (ppm) 83.32° 92.93a 0.51° 0.24°
60 (ppm) 85.21° 91.922> (0.53> 0.26°
120 (ppm) 86.522  90.97° 0.56* 0.27°

5.68% - - 20.12° - 7435°

4.76° - - 16.90° - 5106°

1.73¢ - - 14.28¢ - 3965°

- 17.87° 8.58> 16.41° - 4978°

- 18.99> 8.86* 16.97° - 5513®

- 20.08*  9.65* 17.92° - 60152

0.76° - - - 16.32% 1321% 5141°
0.78° - - - 17.46% 1355 55822
0.83% - - - 17.53* 1443* 5783%

Al b (gl poe BT S i By > b puolie st o 0

In each column, the values with same letters is not significantly different.
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Table 6. Mean comparison of double interaction effects
of glycine betaine and gibberellic acid on carotenoid
content in cowpea

Glycine betaine  Gibberellic acid CAR
mM ppm

0 3.23b

0 60 3.32b

120 3.66%

0 3.77%

50 60 4.06%

120 4.39%

0 4.18®

100 60 4.67%

120 5.222

A5l pal (gl gme BT S yiie By > b polie eiw 0 00
In each column, the values with same letters is not significantly
different.
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Table 7. Mean comparison of double interaction effects of irrigation regime and glycine betaine on

studied traits in cowpea.

&bl w23 Ly G S

Irrigation regime (mm)

Glycine betaine (mM)

0

50 50
100

0

70 50
100

0

90 50
100

Chla Chlb TChl SY
0.69° 0.31° 1.01° 1697
0.74° 0.34° 1.08° 1768%
0.81* 0.38* 1.19* 1938°
0.40° 0.23¢ 0.63f 1066°
0.47¢ 0.28¢ 0.75¢ 1525
0.51¢ 0.31° 0.82¢ 14984
0.35% 0.12"  0.48" 807"
0.40" 0.168  0.56¢ 1010°
0.42f 0.18"  0.60¢ 1047¢
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In each column, the values with same letters is not significantly different.

23,5 o digs ;0 M olawy )38l o 0l L
Abbasi et ) sbw slog) sladig o B slows o8l
s,,5 L (Maleki and Fathi, 2019) 155 4 (al., 2019

Sl 00905 5158 55 S e sl

sl 9 6yl 25y g0 Jlite 51 (pSleo dmalio A Jouor

iy Lugl 50 andllans jg0 Slao p SO
Table 8. Mean comparison of double interaction effects
of irrigation regime and gibberellic acid on studied traits
in cowpea.

Sl e Slaar il ol
bl w235 Sy . .
Irrigation  Gibberellic =~ *%2° S o
regime (mm) acid (ppm) PNPP SNPP
0 22.48° 9.63°
50 60 24.69 10.31%
120 25.932 10.62°
0 17.42¢ 8.70°
70 60 17.91¢ 8.59%
120 17.64¢ 8.88°
0 14.33¢ 7.71¢
90 60 15.32¢4 8.82°¢
120 15.114 7.964
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In each column, the values with same letters is not
significantly different.
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Table 9. Group comparisons of the foliar application of glycine betaine (GB) and gibberellic acid (GA) in in cowpea

under irrigation different regimes.

Skl sl P95 Sl i sy
Irrigation regimes  Group comparisons
50 mm GB vs GA 0.0?:‘5 (-2)
The combination of GB and GA vs GB and GA separately 7.6177 (+14)
20 mm GB vs GA 3.86™ (+10)
The combination of GB and GA vs GB and GA separately 11.197 (+12)
90 mm GB vs GA 2.45™ (+10)

The combination of GB and GA vs GB and GA separately

10.17" (+15)

S ez ol GA (5 D GB o /4 ) Lol e 1o s e g ko e e e g
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el pg0 09,5 b anslide ;0 Jol 0,5 (-) L2alS' b (+) ali8l as jo oasmaylis sty Sl slael
s and ** non-significant and significant at the 0.01 probability level, respectively. GB: glycine betaine, GA: gibberellic acid
Numbers in parentheses indicate the percentage increase (+) or decrease (-) of first group compare to second group.
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