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Abstract

Introduction: Sesame, as the queen of oilseeds, is world-famous for its resistance to drought stress.
This feature justifies its cultivation in arid and semi-arid regions and enables the production of high-
quality oil. However, this crop, like other crops, is affected by drought stress, and its yield decreases
under severe drought conditions. Nevertheless, proper nutritional management can reduce the adverse
effects of drought on sesame yield. In this regard, the use of biological fertilizers alongside chemical
fertilizers can improve soil quality, increase crop yields, and reduce the negative effects of chemical
fertilizers. Consequently, the use of biofertilizers in sesame farming has received significant attention
in recent years.

Materials and Methods: A factorial experiment based on a randomized complete block design with
three replications was performed to investigate the effect of chemical and biological fertilizers
application on yield and some agronomical traits under drought stress during the 2022-2023 season in
two regions of Hormozgan province (Sarkahnan and Dashthouz). Treatments included two levels of
drought stress (full irrigation (based on 90 mm evaporation from Class A evaporation pan) and drought
stress (based on 150 mm evaporation from Class A evaporation pan)) and eight levels of fertilizer
(bacteria (B), mycorrhizal fungus (MY), chemical fertilizer (NPK), bacteria + mycorrhizal fungus
(B+MY), bacteria+ chemical fertilizer (B+NPK), mycorrhizal fungus + chemical fertilizer
(NPK+MY), bacteria+ mycorrhizal fungus+ chemical fertilizer (B+MY+NPK) and control). In this
experiment, Pseudomonas putida bacteria and a mixture of Rhizophagos intraradices and
Funneliformis mosseae fungi. All plots were evenly irrigated with a pressurized system until they
reached the 3-4 leaf stage. After thinning, drought stress was applied by carefully controlling the
amount of water based on evaporation rates measured using evaporation pans and meteorological
stations. The traits measured in this research included days to flowering, days to poding, chlorophyll
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index, plant height, stem dry weight, leaf dry weight, oil content of seeds, oil content of meal, grain
yield, and biological yield. The relationship between these traits and grain yield was also examined.
Finally, Statistical analysis of the collected data was conducted using ANOVA in SAS software.
Significant differences between means were evaluated at the probability level of 0.05 by Duncan's
test.

Results and Discussion: The results indicated an acceleration of phenology with the application of
drought stress. Flowering and podding occurred 3 and 6 days earlier, respectively, in the stressed
treatments. Drought stress also caused a decrease of 0.16%, 9.10%, and 3% in plant height, chlorophyli
index, and oil percentage of the meal, and an increase of 4% in seed oil compared to the control
treatment (full irrigation). The results also showed that the application of fertilizer treatments,
especially the combination of bacteria + mycorrhizal fungi + chemical fertilizer, improved the traits
under stress and non-stress conditions in sesame. The highest dry weight of leaves (390 g/m?), dry
weight of stem (501 g/m?), seed yield (2960 kg/ha), and biological yield (20240 kg/ha) were observed
in the Sarkahnan region under non-stress conditions and treatment with bacteria + mycorrhizal fungi
+ chemical fertilizer. The lowest seed yield and biological yield were 953 and 4250 kg/ha,
respectively, for crops under drought stress and no fertilizer application in the Dashthouz region.
Correlation of traits also showed a high positive correlation of seed yield with dry weight of leaves
(0.80**), dry weight of stem (0.75**), and biological yield (0.74**), and a small negative correlation
with days to podding (-0.21%).

Conclusion: Based on these results, the combined use of biological and chemical fertilizers can be
considered a suitable strategy to reduce the negative effects of drought stress in arid and semi-arid
regions for sesame.

Keywords: Abiotic stress, Oil crop, Phenology, Plant growth promoting rhizobacteria (PGPR), Plant
nutrition management



D9 dJlae AYV-AFF o AF+F lino) oy lea o ylods piddr als [ SCiS bl jo 2l)) pole wlidixs

w2S ey Olho (B g 0,5hes p liowd g (Smj OS5l colisius! (o
S s Lyl yo (Sesamum indicum L.)

T o )35 ol M o 5 yiuol 315,95 suols

Ol (lminndy (oloind) (ze) pas (Jy oSl (LS S5 5 A5 09,5 )
Se gt Sy )l oRiily (Jasee pole 50 -Y

ranimia@vru.ac.ir 14s5le Jgtume *

DOI: 10.22034/CSRAR.2025.484717.1445 AN EAPARYEL A SR AARAPEY YRR AR I

oS

Tl Ak 2 JoysSE Sogon glas)he (Lamgh S S Shes 5 2l)) Slho p (e 5 bt ladgS sl eolinal S5l sl e
VEe ol Jlo jo (og b g (LS ) 8 5ep0 Ll jo 8ly Slidod ac )i g0 50 ST aw b (Solas LelS slacSsh
(A IS e St s nshan 10 ol ) Jpoms 6ot e 38 53 (oS5 5 1 ol ialol sl ot .2y3,5 121
5 1(B) ab, 5 e (5555 s s 3 (2055 5 (A LIS s S5 ) sk hahen 10+ alul) (St i
loosd 055 +ad) Syme 5L (BEMY) 5,00k 78 +al) Syme 5L (NPK) oLl 055 (MY) 5,600
5 BHMY+NPK) liands 555 31,550 7,8 +ad, yme o5l (NPKEMY) slosds 555 51,5500 7,6 (B+NPK)
(Jdg S ali igy elasl gm0 Yo g Vo1 APl alS 5 (659958 m i s Sl 5 ol lis bl oy (el
b i i 5 Sedglam o Sles g ails o ,Slee iy 0l dall jland 4 S 85, @l oo, TGI8 g dllniS wsyo
OLS o allaie o (S 25 pas g oleond 995 + 52 )550ke )8 1ol ;) S yome (5L jlar I LSl j0 0, SLS VYT 5 VAR
e Oized ull 005 eaaline (g2 Cubo adlats ;0 365l ooliul pue g (Sad A e ) 5 Gliee (n S Jol>
bosS 5l ials oozl gl Lolulyy g (- IVO™) a8l a3 555 (A= ™) 5y Sis 35 L ails 5 Shas YU (Ko 5
28,5 51 )0 9z ol gl Ol bl o (S 15 e Sl (a5 Cr celie )], Wl o aliond 5 S

YW

BT 355 o pae (g olS (859 (S f (D ad) S e Slags iSL s gualS sle g

(Kouighat et al., 2021) .5
9 9 oS sgaoe Jalge o Seee 5l (Ko (S S
Ol S—isdend g Seis 3blie 0 pmada duS oy
a5 s sbas (Fang et al., 2024; Ahmed et al., 2024) el
yo adls olosd g dligr j0 Je—ueS dlass aiils o Slae gl52!
xS 0 g, 0, Sles g dils o Slee palS o Jo—unS
Gholinezhad and Darvishzadeh, 2021;) oo, ¥
Sas s (Hamedani et al., 2022; Parsa et al., 2024
Mg oo ez Sloda—ul oS5 )0 i Bkl e
Gholinezhad and ) sg—& ¢4, ctS ialS e w
Ui hie il 55 o tegs wLw (Darvishzadeh, 2021

OlS ciag, Olao g ol (59098 by IS i p (S

Aodlo
LS Sesamum indicum L) _ole oL L asus
3 S ol el il oo aullay oolgils 5l all Sy
9505 Pl Bl g (o) 4l (LalS (n 5 oend
9y 4l plalS sasle plgre 4 5L 5l g el S 40
oS .(Jeyaraj and Beevy, 2024) ¢l oo axsli
S Gizred 5 (el 9o )3 YO (005, o yd B0 syl
B A E (olng ol 5 pameelS 5 oo 55550 e e
M=, (Li et al., 2024; Abbas et al., 2024) s_sb
Jases (S ar G S g s (olS L
G St 9 S bl 53 ol ol b3l (6t
Fan et ) aes o &, YU sloloo b L 5L ol jon el Sz
Fre g W jsbas adlgi oo | waeS odgs @l 2024


https://doi.org/10.22034/csrar.2025.484717.1445

Oy g 00l 9

AY.

b i pgeasds i Sl iz il33l o opdle (2024
18,5 )18 anli )90 5 105 @)1 locis (oS
e J—olas ool sl (Tiepo et al., 2024) el
5 12555 sloag, B wsle (5355 slap—ilS )y S
2 stz F R Hsbas adlgs oo i b 0alS o sl S
Ely Fgo (St 5 Ll b s ohiga GLS 08 d5ue
Olnl je Sisdas 5 Sas sble 50503 4 axgi b ogd

ol sl eolaiwl (je S (65,0l iS ,0 amS adgl Cuenl g

el G plprean alien—b losgS LS jo ol lile )
ol (nl p (St 55 o B Ol Gals gl el
OP9) e e Bae b ety (nl s O oo slpiioy
Seer Sy (lro—0 955 L olyon ol il (nl oS

ol oads ploml (S s byl pd (o oS o Sles
B g, g dlge

wielojl zyb g phalejl 2,90 atlaie
Sl glaac 50 ;0 Ve el )5 o jo Lol asllhas
ek e 5 55,08 (hjgel 5 Sligio 550 4 Blate
5 P9 ) 0ldg) i et )3 &Bly (50 L
At ) RSy ) S A o Aol b (S
A > YYIVD 6,0 g (B az ;0 OVIVY Jgb 1o LS
P 5 St Az OV - Jsb o e ol g o
Ao ¥ Sils olisly ool o wdly a4z o YV/E-
P9 Sebd 9 LS e )3 AVl (Sl (e S0lee ((ouliblga
bl Sl ol 2o Lo VA § YYA (o iy
Sl Sl j0 ciS 0,50 Job )0 5 (om0 9,90 bl
S5k zib aly 2 el oo —alejl 2 b
2l 345 el 55 Ll b plool S5 s b doluas elS
Sl 3l (20065 ¢ St 1) HeiSLE g0 o (Budod
e s L LT il gl 5 disgs 1955 51 Sy
2 039 Oaed Jdsa e ook nlple o e (o) 2
Ve bl ) Jsone )lal) gl 5 50 (St (25 ol
S S g (A IS s SE i ) s e e

Bijani et al., 2023; Sima ) ailes,s 5,155 1, g, ails
(etal., 2024
Bblie 3w wdsi (59000 GIH S cnl b
45 5, oslizad o g, 51l el & K aend 5SS
De alS oS (g, g adls o Sles p Iy (i e D
595 Elgl 5l osliul anee; cl )3 4z g 9 50 sla g 5l (S
oz oot sogS leslaiul ax ST.coul (65,0l (o
4295 3590 lapd 5l (g JBLS (&S g (o5 0 ,Shes S9ute
aS wed oo Hlis sl ans iz o Slaasd Ll il 0oy
Sl S 55 el Wlgi o sloon sloosS 5,15
il e yldl oo g 955 ST (Sogll 5 lallS slals
9ol (JLed (Sojlom () So DLl ccalie 050,
loged solaiul Jolis wilgs co ganl)d iz ol ailiwgs
las S 5 1559500 lag B pogasdr () sladgS Sl
oo 355 51 Jolaie ool LS 5 Sliud oaisS J>

Sa oelple (Wang et al., 2018) oS aaags |y lolis 4

&5SL bl opl o (Pourhosseini et al., 2024) a_xl
S 50 osuzmy Some Slawd (0 S > 4y Slad ouisS >
oS a5 00,8 i | Ll 52,550 slog B 5 WS o0 S8
Yadav et al., 2022; El-Shaboury et) oS oo J-ite
sloosS 5l eolanul a8 a5 )55 55 degh o .l 2023
Ll Saas 2as bl s e sl 095 US o S
&5_»59.4 U”‘ aS o))slsn w..‘b‘)s OL.S A_MJ) LS“).I ‘) Lg).n.\.cl_..wo
a5 colat il 5)50 slaosS olidlen 5151 ol so
(Chaharlang Badi et al., 2022)
S e s 5Ll ey Dlind oS Jo (slags S
ol 5 Slalllae (Luo et al, 2024) sl o rguma 3,
S5 (s 5o Ly, ool 5 s 5L ol 45 e S
ot blog mShcpl ol 1yl ol o i) S0
b e e b g e jslots ay) J5I0 b aty ) o
Sl 589,00m A5 aiile (ol pailSlo iz b S 5l ooliu
alox 5l 2LS slaggeysn adg (ol (goatiS uShaS
B l) cL:.f QJSLQ.C sd.{::) J)?LA Q‘s.n s_ALa.:.S)J )iib 9 Lkuuol.uj
Sguder (S i alax 3l oudj 5 0ady sl i Julie

Ahluwalia et al., 2021; Kalman et al., ) oo _i5u o



AYY

S s bl i yo (Sesamum indicum L) ozss ol wlio (S g 055 hos p (o boowid 9 (St ) 055 31 oolisiw! (g yy

bl » Fanliformis Mose 4 Rhizophagos intraradices
7B 08,8 8 colail 590 oaislw oS b Jasdl i
oty Syme 68k g g ywSain, o5 ,-0 5l 5,800
D angs Slg, Holdlens; oS50
e Sz S5l e aiged b il plal 5] 3
SB 50T zuls a5 s plonl olionsd 5 (S b Slioguns

ol 0 00,91V Jgu 0

9 (A S e S ) e o e V0 (ol )
BB ab, S e 6 55L) mhaw c i o a00S
) S s (655 dNPK) lians 355 (MY) 5,500
o 355 +aid, S e 6,5l (BEMY) 55,550k 6
(NPKAMY) Ll 055 +5,550e g, (B+NPK)
brer—5 355 5 9%le g8 rab; S e 5L
65U ialayl opl o wabog (aals o (B¥MY+NPK)

sleag,ls 5l .5, 5 4 Pseudomonas putida

]
50 WN\JM- 40
30 L0
0 . FamEll (Sarkahnan) L0 06\
——— T Max (Sarkzhnan) ‘;’
’g‘ 10 — T Min (Sarkehran) - 40 E
g 0 60 =
= 60 M
= -4
E &
40 _J‘W"‘MM )
e 20
30 ]
m - mmmm  Fainfall (Dasht houz) 20
=T Max (Dasht houz)
10 -40
—— T Min (Dasht houz)
I:I UL L L L LU L L L L L L A L L L L LR _50
June July August September October

OFANFeY) 0y Juad Jab 50 halosl 3590 SIS 50 Lod g () (uSilee - JSC
Figure 1- Average precipitation and temperature of the experimental sites during the growing season of 2022-2023
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Table 2- Analysis of variance (mean squares) of some measured characteristics of sesame
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ns, *, ** are non-significantly different and significantly different at 5 and 1 percent, respectively.
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Table 3- Mean comparison of of some measured characteristics of sesame
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and ** and Ns are significant at the level of 0.05 and 0.01 and non-significant, respectively.
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Figure 2- Interaction effect of sitex fertilizer on plant height of Sesame (The treatments include: bacteria+chemical fertilizer
(B+NPK), bacteria+mycorrhiza (B+MY), bacteria+tmycorrhiza+chemical fertilizer (B+MY+NPK), chemical fertilizer+mycorrhiza
(NPK+MY), bacteria (B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Figure 3- Interaction effect of sitexdrougt stress x Fertilizer on Leaf dry weight of Sesame (The treatments include:
bacteria+chemical fertilizer (B+NPK), bacteria+mycorrhiza (B+MY), bacteria+mycorrhiza+chemical fertilizer (B+MY+NPK),
chemical fertilizer+mycorrhiza (NPK+MY), bacteria ( B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Figure 4- Interaction effect of sitexdrougt stress x Fertilizer on Stem dry weight of Sesame (The treatments include:
bacteria+chemical fertilizer (B+NPK), bacteria+mycorrhiza (B+MY), bacteria+mycorrhiza+chemical fertilizer (B+MY+NPK),
chemical fertilizer+mycorrhiza (NPK+MY), bacteria ( B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Figure 5- Interaction effect of sitex drought stressx fertilizer on grain yield of Sesame (The treatments include: bacteria+chemical
fertilizer (B+NPK), bacteria+tmycorrhiza (B+MY), bacteria+mycorrhiza+chemical fertilizer (B+MY+NPK), chemical
fertilizer+mycorrhiza (NPK+MY), bacteria ( B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Figure 6- Interaction effect of sitex drought stressx fertilizer on grain yield of Sesame (The treatments include: bacteria+chemical
fertilizer (B+NPK), bacteria+mycorrhiza (B+MY), bacteria+mycorrhiza+chemical fertilizer (B+MY+NPK), chemical
fertilizer+mycorrhiza (NPK+MY), bacteria ( B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Table 4- Correlation coefficients among the measured traits of sesame under drought stress
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Traits include: plant height (PH), chlorophyll index (SP), days to flowering (DF), days to podding (DP), Grain yield (GY), biological yield
(BY), seed oil percentage (OS). and meal oil percentage (M), leaf dry weight (DWL) and stem dry weight (DWS).
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