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roh arid

and semi-arid regions, and its productiofyis hi i 2 This stress
reduces chlorophyll synthesis, decreases ph ultimately lowers yield.
The use of phosphate-solubilizing emical fertilizers can
alleviate drought effects by improving root c cing plant defense
mechanisms..

Materials and methods:\e expek ed during the 2023-2024 growing season
in lvan County, llam ince, usi i igh, based on a randomized complete block
design with three replications. included three irrigation intervals (7,

9, and 12 day%e mai i ili atments (control, Barvar-2 phosphate

biofertilizer, Bar tassium b

Traits measured a i I maturity included stomatal diameter, stomatal density,
er pod and per plant, number of pods per plant, 100-seed
weight, biologi i Id, and harvest index. Data were analyzed using SAS software

sons were performed with the LSD test at a 5% probability level.

Results and discigsion: Results indicated that drought stress caused by longer irrigation intervals
(9-12 days) imposethsevere physiological constraints on cowpea, manifested as a 40% reduction
in stomatal conducta a 28% reduction in pod formation, and a 32% decline in final grain yield
compared with the corifel (7-day irrigation). Barvar-2 phosphate biofertilizer played a key role in
mitigating these e nd was able to maintain 90% of yield potential under mild stress (9-day
irrigation). This effect was achieved through three synergistic mechanisms: (1) a 45% increase in
phosphorus uptake via microbial solubilization, (2) a 28% increase in root biomass leading to
improved water and nutrient absorption, and (3) maintenance of 80% photosynthetic activity
during peak stress periods. The combined treatment of 7-day irrigation with Barvar-2 biofertilizer
produced the highest yield (1434.95 kg ha™), which was 22% higher than conventional
fertilization and showed greater water-use efficiency. Interestingly, the 9-day irrigation regime
combined with biofertilizer provided a dual advantage of 30% irrigation water saving while
retaining 90% of the maximum yield.

Conclusions: The present study demonstrated that appropriate nutrient management using
Barvar-2 phosphate biofertilizer can serve as an effective strategy to enhance cowpea resilience

1


mailto:y.alizadeh@ilam.ac.ir

under water-limited conditions. The findings revealed that integrating irrigation management with
biofertilization not only compensates for yield losses caused by drought but also improves water-
and nutrient-use efficiency, thereby creating a sustainable basis for cowpea production in arid
regions. Importantly, this approach allows higher productivity without additional water
consumption, reducing production risks for smallholder farmers. Therefore, the application of
biofertilizers alongside optimized irrigation can be recommended as a practical and climate-
resilient model for developing legume-based cropping systems under limited water resources.
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Table 1- Physical and chemical characteristics of the soil in 0-30 cm depth
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Soil texture dad (S [Edad Carbon (%) E.C pH
Available P Available K (ppm) Available N (dS m?)
(ppm) (ppm)
Clay loam 8.30 370.3 0.125 1.2 0.15 7.06

(3192 swloilgh olms) VFo¥ Jlw 50 ialosT Jomo owliilga oledbl ¥ Jgur
Table 2- Meteorological data of the experimental site in the crop year 2024 (lvan Meteorological Station)
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Table 3. Analysis of variance (mean square) of yield and yield components under irrigation frequency and fertilizer

source of cowpea
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1,55 « « . -
. ”SJ 2 0.95™ 23.08 1.08"s 2.05 16.26 4.38 4.46" 35106.95 ™ 1521.87"™
Replication
bl 590
Irrigation 2 3468  28.15°  4882"  1093™ 68.06™ 0.76™  13.26™ 19080628.68" 1916157.41"
duration
= Al
Sub-plot 4 2.78 10.08 2.42 0.62 2.13 0.09 3154.38
Error
Fertilizer 4 1.20m 474™  7.86™ 8.32™  48.50™ * 539586.48™
Source \‘
xs el 90 ‘
$o5 e g 0.46™ 9.46™ 276" 59207.45™
Irrigation x
Fertilizer
s \
B o 5.92 111 46845.17 4451.20
Main Error
S
Ol i 6.01 ‘ 7.12 7.07
CV (%)

ns, **& * non significant and signh

\)

nt at 1%

* M‘ns

Vsl o (o ls gme g jlo sixe e i 4T

iance (ANOVA) of the simple effects of different fertilizer sources at
ach irrigation interval.

a3, Slasd 3 als o) 0 S es als o ,Sles solilas o &bl 590
Stomatal Density arvest Index Biological Yield Grain Yield (df) Irrigation duration
Yig** IRVAR N YYVYYY.pee INARAR G ¥ 59, Y
ARl ARVA ARY TR A 1 i yyvayg# ¥ 59, 4
YIVY"S \PIVYEE VY- avyo** ARRTA A ¥ 59, VY

4.;}3) Sloss

@l (7 Js92) o Jlosine P <0.05) ao )y gy Jlool mhans 55 i3, olas 2 6355 aie x5kl 9o (iSon

&JL@;—\CEMJJ 35 Vbl e sl 534S sl Olis Lg;_,S@;.ang)LﬁT)}; Dled S Dl pas iy

LS sl ol e oslE ‘5)L:J)): ija.w Sle s bl el S, aiys,y sl gl e i 63}5@5"“*")3

Y e,k olawd 555 5,5 ohem a0, VY (gokal yso Lulid 4o OFNY .Sl L) aijs, st iy (8 Jsis)

502l VOINY ke L) La,Lkn 055 0,15 ol pad a5 059, VY (5)lal ;90 [les b (g lo e S a5 vl sy

9



O JSKE) 2o )8 el (0ald) 955 Bran y9a 039, ¥ Lg)L,gT 590 Ll s o (XY ko L) dijg, olass oy yieS o lae
3959 Ol U aims (il 1) baaise, o515 conl Ko critwgid dalol g CO; i baas ol LS  Sis o cow

.(Hasanuzzaman et al., 2023) cewl ouls sgaze adijs, ud 5L a5 Sy g wed Laas LS 5 4 1,5 sl

(Amini et al, ;0,8 Log) 9 (Polania et al., 2022) Loy a5js, o515 Lialidl cel ol (i a5 wums o oylis Sl
S u.cl.a JJ‘&)GA A )M dj..a.a l.u o‘).o.a :Y&QM as Ls).v)ss...a LstaC)ls )5..49 O .)5....4‘50 9 2016)

Sgufe (KOIde 1985) S| 3)4 6)9Jy)ﬁ » ‘;‘)3“@.% ).)‘ OMOQLMJ 9 .)5.....» d)‘” C).: u...uljﬂ‘ 9 6‘4‘)5) 6L0§f5

Al laaize; Jd) 1 e né jsboar 5 955 (ol 25l 50 ol (5510l Sl el ¢ ke dlge D>

Glawd oS L as Sbls as wsls lus Zahara (2021) 4 Petrik (ZQQ ‘LQM . 2015) »,13%

Sladllas uimes 28l g oyl Sy (655l98 550 5 wiils (5 4 6““3}9)3..‘“’ ‘

ol as ol (S G con (5,8 0950 slaie, oy 38 > )A_.@S.\sloab()w
aS wd ool mls pl .din et al. 2015)‘\ lads g bl 4% ot ol sasmolis

5land 5laosS Cam

\

W

Bcontrol RPhosphate barvar2 EPetabarvar BPhosphorus @EPotassium

ab

ab ab

Number Stomatal

7 9 12
Irrigation duration (day)

ajgy olasi (5095 x5kl 590 SSen ) JSCU
Figure 1. The interaction effect of irrigation duration x fertilizer source on Number Stomatal.
B, gl e B LSMEANS 50l ulul 5 s 5 2ie By S Jlas glls a5 slaysin o)lol j50 o o 0
At each irrigation interval, columns sharing at least one common letter do not differ significantly according to the
Ismeans test.
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Figure 2. The interaction effect of irrigation duration x fertilizer source on Number of seeds per pod.
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