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Abstract

Plant growth and yield enhancement can be evoked in crops by the exploitation of
beneficial microorganisms and the optimal provision of plant nutrients. The effect of
inoculation with Serendipita indica and the application of zinc and phosphorus on the
growth and vyield of strawberries in the aeroponic system was the goal of the present
experiment. The study was conducted in a completely randomized design with different
levels of inoculation with endophytic fungus S. indica (non-inoculated and inoculated
with fungus mycelium) as the first factor and different levels of fertilizer application
(0.8 gr zinc sulfate, 1.2 gr monopotassium phosphate, combined zinc-phosphorus and
control) as the second factors with three replications. The results showed that the main
effects of fertilizer and fungus treatment as well as their interaction effect were
significant in all traits except for total protein content. The results also showed that
fungus inoculation and zinc and phosphorus application increased traits such as flower
and fruit number, shoot and root biomass, chlorophyll, total soluble sugars, protein
content, and antioxidant enzymes. In sum, it can be concluded that the effect of
phosphorus and zinc fertilizer treatments along with the endophytic fungus S. indica has
improved the physiological traits and yield of strawberries. On the other hand, the
effects of the simultaneous application of fertilizer and fungus inoculation are more
positive than the single application of fertilizer and fungus. Therefore, the optimal
application of important elements such as phosphorus and zinc along with the
exploration of endophytic symbiotic fungi can be considered a suitable strategy to
increase the growth and yield of strawberries.
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Introduction

Strawberry (Fragaria ananassa Duch) is a perennial and herbaceous plant belonging to
the Rosaceae family. This plant is widely cultivated because of its high economic and
nutritional value. Mycorrhizal symbiosis is one of the most significant mutualisms on
earth, in which mycorrhizal fungi increase the absorption of nutrients by the roots of
plants and improve their growth and development.. In recent years, the endophytic
fungus, Serendipita indica, has attracted the attention of researchers due to its
mycorrhizal-like functions, broader host range than mycorrhizal fungi, and the
possibility of cultivation in synthetic cultures. This fungus has been successfully used in
seedling breeding, growth promotion, and fruit quality improvement of many
horticultural crops, including strawberry. Mineral nutrients like phosphorus and zinc
play an important role in the growth and yield of strawberry plants. In recent years,
farmers have used chemical fertilizers to increase crop production. There are reports of
the residual accumulation of these harmful chemicals in fruits and other edible parts.
Therefore, the management of nutrient solutions is critical to the success of the
production of this plant in soilless cultures. In addition, beneficial microorganisms can
stimulate plant growth and yield in crops.

Since beneficial microorganisms can play an important role as biofertilizers, this study
aimed to evaluate the effects of inoculation of strawberry plants with Serendipita indica
and the application of zinc and phosphorus on the growth and yield of strawberries in
the aeroponic system.

Materials and Methods

The study was conducted in a completely randomized design with different levels of
inoculation with endophytic fungus S. indica (hon-inoculated and inoculated with
fungus mycelium) as the first factor and different levels of fertilizer application (0.8 gr
zinc sulfate, 1.2 gr monopotassium phosphate, combined zinc-phosphorus and control)
as the second factors with three replications. Strawberry seedlings (Sabrina as a short-
day variety) were divided into two groups. Group number one was inoculated with
fungus mycelium before being transferred to aeroponic tanks, while autoclaved
mycelium was used for the other group (as a control). The plants were kept in the same
nutritional conditions, and after ensuring the complete establishment of the plants, the
treatments were applied. At this stage, 1.2 g of monopotassium phosphate (phosphorus)
was added to the nutrient solution of tank number one. 0.8 g of zinc sulfate per liter was
added to the nutrient solution of tank number two. 1.2 g of phosphorus plus 0.8 g of
zinc per liter were added to the nutrient solution of tank number three, and plants in tank
number four received regular nutrient solution as a control. After the emergence of
fruits, shoot samples were harvested, and traits like the number of flowers and fruits,
shoot and root dry weight, photosynthetic pigments, protein, soluble sugar, elements
content, and antioxidant enzymes were measured.

Results and Discussion

The results showed that the main effects of fertilizer, fungus treatment, and their
interaction effect were significant in all traits except for dry weight and total protein
content. According to the results, fungus inoculation and zinc and phosphorus
application increased traits, such as the number of flowers and fruits, shoot weight, and
root biomass. Phosphorus might increase the number of flowers and fruits by interfering
with the transfer of photosynthetic materials. In addition, it seems the symbiotic
relationship has increased the number of flowers and fruits by enhancing the absorption
of nutrients and biomass of the strawberry plants. Fungus and zinc may stimulate root
growth and increase its biomass by influencing the production of auxin hormones.



Inoculation by affecting photosynthesis-related proteins and the application of zinc by
affecting the amount of effective elements in the formation of chlorophyll caused a
significant increase in the content of chlorophyll. The results showed that inoculation
with S. indica and foliar application of zinc and phosphorus increased leaf and fruit
soluble sugar content. The fungus seems to increase carbohydrate uptake through some
hexose transporters. Besides, phosphorus plays an important role in transferring sugars
in the plant. The results showed that inoculation with S. indica and the application of
zinc and phosphorus fertilizers increased the content of antioxidant enzymes (except
fruit catalase). Combined treatment of S. indica and fertilizers had a positive effect on
leaf and fruit peroxidase and ascorbate peroxidase of strawberry fruits.

Conclusion

The effects of phosphorus and zinc fertilizer treatments combined with the endophytic
fungus S. indica have improved the physiological traits and yield of strawberries. In
other words,the effects of the simultaneous application of fertilizer and fungus
inoculation are more positive than the single application of fertilizer and fungus.
Therefore, the optimal application of important elements such as phosphorus and zinc
combined with the exploration of endophytic symbiotic fungi can be considered a
suitable strategy to increase the growth and yield of strawberries.

Keywords: Endophytic fungus, Micronutrient, phosphorus, aeroponic, Antioxidant
activity, Strawberry



V=Y oo (VP ) Ol cp33 5 ol Sl a3 g b ) (ALE alibi 5
VRNV e C3L 55 G5
VBNV Ssidon g U
VEONYNY LGl 5 dy 0

Serendipita cudguil z B b il 9 yaud (59 357 Wb
S (98 s 38 (S5 49 g8 & Khos 9 Ay g indica

\ \ . \* . \
oy e ¢ (Gl 50 [ A Jﬂé.@‘ﬁﬁéw
O‘ﬂ\cﬂﬁhLJ-LWu@l:c&j)jwembeg\:f&ij}#jss.t.g.aajjf‘

o>

,\:Andum;\f,\,,&,» S eslizul 5 cwle 4di Ol s Slae 5 iy L5l gl iy, abex
3835 #3d s 5 Serendipita indica sl 26 5b s p Saa b sl rags ol
2 S Sppen T ol el CiS g gt )3 K35 5 Shes 5 Ady 1 hud
S, sl B L il s BT slasles o el 1S5 b ol ST - b LIG
05 HIA) b 5 (535355 L sles 5 Ul 5556 Olsiea (2,6 padee b il 5 sdiimdl) indica
Wl 0935556 Ol ety (358 gy e Dlind =595 oS 5 (Db il im0 8 VY (55, Dl g
slimalay s 3590 Slio ST 53 0T Jlize 315 2,56 5 6358 Sl ol Ol 3T sl 0l il
,GJqum6;\>owgwemw,\4_@u.;ﬁ,u@u¢<§oj“y&:s)ﬁot}__ﬁ
5 lsr Il 035 o s Sl JE sl wile Slio fll el jid 5 (g5, A3 slone
oS 015 oo e 93 3 g g0 OMenST T Gla 5T 5 JST 50 ¢ JS Jgloma A3 ¢ Jubs IS il
Slio g el S, INAICA sl 6 olpen & 55 5 Jiud 535 bl b 28 8
30 o Blajen 3,8 e SIST s Dbl el Ky s Shes 5 K5 s 5
O g oslaal .L.d)dajléj4{gd\ﬁtﬁ.@lé)lé}:;;,&;»:ﬁ)lfjl;iﬁéjlél{@&}d:;
Sl 5 Ol e 4 il o b il s o (lag 56 3 587 SUST 53 (595 5 Sied pliS ege jolis

ssbas S Ly Ko s Shee 5 il ) e

S5 ¢ ST 5T CIlad (S g i ((Gdke 5 ¢ Zd g [BLECL L)

PAVFYYOOYYA :ules 6 Les cm.ghabooli@malayeru.ac.ir 1S S o SLis 1 s joms 58,657

@I BY NC ND
2322- 2204/ © 2023 University of Isfahan

This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses BY-NC-ND 4.0)

DOI. 10.22108/1JPB.2023.135238.1299



https://www.orcid.org/0000-0002-6173-7327

VY Ol cpsd 3 olmy 3ylod conn )l Jlo (Ol (ALE ol 5

e 4ol L5 4 81 (Sharma, 2002) .S
S S5 035 2l pds Ll ol Sl (s
It 5 K55 50 Gl i bl o jaie
.(Baybordi, 2006) > 35 s ol 5 Shas 5 L5 53
bl s LagyblS ol 555 5 oS oo fass 5o
s L aite o ol (K p 5
5 g o33k (kS NI el sy S
(Mollaei et al., 2020; Kazemi, s 4 o J sva>es
2014)
Sl e 5 G50 pole (S b
b eSS oS slapltl s o
oS 3 guons fole e 53 O35 25 5l 5 )la, 55
(Shen et al.,, 2011) 555 o o guoee 5 Shes
Wl gletsy e glaanlp s eud
Jisl s wals e (sl gl i
(Tabatabaei, 2013) 5,ls CJb=s Ll un s S
GlS a5 by pogdle jae ol SO )
el e g K5, S5 5SS ol
4 &S gladles 45 (Kashi and Hekmati, 1991)
55 KA 2535 5 b polie s p ) shate
S db asie b bl 4S5 Lyl
Oerlns 5 osee b o g Usb b 5 6550 )8
(Amiri et al., 2012) 3,15 (g l5 gme 5L 050 &
b e sl 318 (s s adllas s
3 et sl 55 Shee cddy » g5 J6 sba
(Akter et al., 2013) cusls St Spoy
Clr g ol BB s s glales
A 3ol plm el )3 O ey gHE ule

sole (poman 5 (A0 g 5 chu gy by - e 5o

.

doddo

(Fragaria ananassa Duch) 6( FIpy
4 o5 Al s as il ol
XSS5 slso s 3,13 Gl ROSACEAE 03] 5l
© oy sl Vb Sl Glodi 5 olasl 35
S Ol 3 03 58 ssba ol ol s s
iy «sS s (Zhang et al., 2021) 3,44
W ooy Sios a8 ppupe sy Sb
S e poer 5 Vb OB s 4 o5
Ost CiS™ slabg, I ealisal ¢ Juad I =)l
S s F4 iy Ll 0l p gy ST
el (S ST e (2iSST
53 OLLE laaiy, & ol Al p ciST s
S b gl sk g by 3 dty dbie
et SRV CC I E s
51 (Hayden et al., 2004) L5i o 5L shoes
350 QLT J 257 4 Ol 5 0 ST 98 (s Sl o
g sn dalsh bl 5 S o lal pH 5 ol
3 el 93 LB sy cpl s oS A s
Hs a4 ciSTlen gy ejs 6l il S i8S
LN o adoy A eps 4 s 2l S oLl
. (Movahedi et al., 2020) s 3 oo o3lizul ALE

s es 5 i) 53 g B Sy 5 sied
socp)5 (Sharma et al., 2006) &,ls K o s
Ly 03 Sage lp 2MHE Gladshoe Sy ke
Wl ST STl Gy glaciS s olS
5 55 8 Sl O e oS jole §I (S 6,
immer 3 s gD (A sl
Ll oge LB sl 5 O gl gl ST



v }J‘kj‘_;.ig.aw‘ﬁr“.‘?ﬁjéé‘)ﬁ@jJJSLJ«}.\.J”a)xserendipitaindicad‘:éjv\ﬂg)lﬁl{@u:}p“_;}):J{JKJ;L"

RIFCOwS

Sl ol w*or L;)JSQ‘}: LsLACA“J‘) )‘ g_;"j
(Husaini et al., 2012; Chien and Lin, 2018)
S. indica z,6 « Koy Taoyuan o3, )3
SBdlg $3,y Ly SHSES o s esdle
OLLE 3 55 1) 5581 5T 4 Caglie (L oS
(Chien and Lin, 2018) didw 3 5y S 3
Wy Bl lp losles sl adle s

@deaaéulw‘ 61\:».:& L;LAJ;)\J‘}M
2l Boswe 55 pde gled slge ) ediledl
O Keas5 3l ol bomg STy Glacand
(Gurusubramanian et al., <l oid u;,\f
o e 4 S0y S 4T ) 2008)
an glaed g i e 0530 e
S ol s Olis (g5 mae Sl 3T
Gl L5 o o L b L 5l sla sy Kol
j\):ﬁw)ﬂaywszﬁwsﬁ
53 @M olie ol Eoanl w5l Ko (g5
3y e lad sl cjjgl.‘.f« 5 Ay degp
o e fwyd 4wl CiSIgn (ol el
38 b e Ghasn ol @l S Coae
c.x..i»)jS. indica G)lél{;.,.;;)sjimé)‘_g”
SNADS S Dlhe Fp s Shes

]

B 295 9 dlg0
S.indica g zedli 4l WS

Ghabooli, et al. (2013) 5, L &ls BX
CiS L) odomy CAS L )

(¢S ey pols sl wdl i osh ST

Azbls ke 03y (K305 0 Jan 5 odbodr
.(Mashayekhi and Marjoy, 2017)
o s er Lils) e SIS
OT 33 o8 Cul 65,580 (Gwjor Dl
355 Objee b BLLI 13 L 8 slag B
@ o8 Vb ((@lE e Sl Al o
5 ) Sl AT & Caglie il 5 0WlE A,
(Sabatino et al., 2020; Liet Xss oo s
sl 26 el gldle s oal, 2019)
gl Ses s 4 Serendipita indica
Oljen aals ol by oSy 5 (5 Soracd
R 3 S Sz b 4 o s 28
6 4 san GCES Lo )3 ST O
g8 ol el ol B L Sl 05
I s als b (Gusjen daily sl U5
5, S0ae (i) Sl ) el 55,05 1y Ol e 0lalS
) 5 ) ST 4 Caglas iomen
(Teimory etal., 2021; Xuetal., 2022; 544 .
— 3. indica a8 Reshna et al., 2022)
(e 3 ey Gid Lo gz ol pole Qe
B S s 5 eS| S 2O g0y 00 W 5
5 B sl meas 131 (SIS BT Il
glodasdal L L o Fn 0L
(Khalid et al., 2019; Izadi et s, s la}s ;K
ol wesdea al, 2021; Cheng et al., 2022)
S8l g POl glaies 53 SoBse b 7,6
090 TS Sg 9 AT 4 Cuglas il A
S5 der Bl Y pame Sl 6ok
=6 (Mensah et al., 2020) ol o o3l

3L oS sadlg s S, indica G b el



VY Ol cpsd 3 olmy 3ylod conn )l Jlo (Ol (ALE ol 5

M dslme 4 Ao e ol 3 b oI Ll
sz )05 28 VY K ot O
D gME s 4 5 Sl (id) Sl
Ao (ss)) ss oW rjf ARSI
VY o opled O3e gl Jslowe 4 . 6L
5 8Ll 23 55 sy p 8 A oD iud o S
e @y b als Olge 4 Sl osled O3
o &S Hseb Sl b 4dN esee
wle Flio 5 plol ol pn (Sloplil 1 (513 1 505
5 aler il oS 055 (5 Sl iy ¢l
(S ss B sy (DT o (Slsime el
St O8I ST Glae 5T 5 ole ooy

s

0599 3 9 (o 9) Sho (g
Sl & g 55 0gme 5 S sl (g, S0l gl
3 ks oled 5 St SIS a s oS Y
il AE ks 5 Ojs oaw
la L osT 53 Celu FA e a0 55 e glads gu
¢St O3y 5 LA esls 3 3l Kl a5 VO
Seslizul b 8, Los IS s aloes 35 WaOT
L glle OT Jtamiw 5 gl Al cdo)s Av O sl
ChBlE e i el (V4F4) AmOn 2,
oy @ oyl POV 70 Jsb L3 S sy )5
Analytikjena SPELORD 205) 2 35 5 2!
b Sl s JS7 8 2l Al Al s (OLIT
s 7Sl o8 1 aslizal bogen 5 5, 5
(Shlegl, i 313 e gl FAD #4a Jsb )2
ooy ) e cble o, Seslul ol 1986)

Jsb 3 0T cble 5 oslizul Bradford (1976)

odd CiS (555 5 Ot ¢ padms o ylas (5 s
sk dom )3 YAEY gles s wia ¥ O 4
Jlb (SaeSiws cpsbis 45 (512 b 03ls 13
Sl 5 5 bls delr S Lome Sl 236
CiS o pd e Vv o 62 e YO
L S sl LsLSS 2 e 3 LES sl
4 4dds 53 593 V0 9 L geede a5 YAEY cles
(s dl> e j5 LWl esls HI B 59, V-V O
Vsl uils GBS b 1 aslind L lap s
e ST Lok e 5 M S Lame

(Bajaj et al., 2015) Wi osls shrni

S.indica g B b zdl 9 ob5” Cuis”
T B s LS O ST !
2 s S 55 S5 e b sslas S
DhaleST slasles s plowil o 553 ST Ol g
5 okl l) S, indica . 5! goB Ll ol
Sl 5 sl , 586 Olseas (256 ks b el
VY 3y Sy 0 8 VA b 5 555 355 L
(Dlid —55) S 5 Dld el 0 S
05 Ll gy HsSE Olgsa (S 05
sl 35 (655 555 ) byl o5 eslizals
03,5 53 4 S8 (e O jlne 4 U I |3
LS el 8 slap e b5 S OS5 o
Sk 5 sl 0y S o
AR (O e A 53 e b o3lizal 0ld IS g1
IP el dl L Sl g edimdl Sl Sl
Sler e 4 0LLE s glulel (e 3 0315
j,\;mﬁis:alsglf@,wq.wwjpm

Jlesl 4 i olE ol 1 izl 1 Olivabs! 31 e



o ,L;,,s‘_;wgiflfwﬁkﬁg;c;}::,(L,;,.\*:,xSerendipitaindicagg,.\slG)Gl{@w,,@é‘s})zﬁ)fﬁﬁ

RIFCOwS

23 bl BB gy () S8 sy b
3 RNA) oSS sladal 5 bappSs
Ll p Ol g aga el cpl S 5,05 (DNA
ol s 3 SE ces ) By
535 2508 b (KpO5 opm oS 5 5 Shes
(Sedri and  Ghaderi, Al o pals
Lals olas (Y+1Y) Moallemi 5 Saadati .2005)
2 ode FA05 5 s s S
SIP Ll wsosh 25w oS feed 1
Rahmani and .4& > She sl 5 sl
2 03  Mohammadi Goltapeh (2018)
oS adS Olse S, indica sl 26 i
S sl 0l S garke S5 Ko
3 A Ol AP el 2 L il
DL 35 ol rash b ol ot S 3008
55 5 S. indica g8 5l eslizal oS 5 4 sls
yls 8 slaws 1y 31 o b 63
osen MR g alS Crge pid 35S
A edild 5 Glhese Gl o de 655 0
0S5 kot g gemn 53 il s ek ST o 31
(Sedri and Ghaderi, 2005) 4l o sl
S Lsges iS Mollaei et al. (2020)
L Spos slay padgos 5 S sl
bVl i 355 0 5 Shes il 31 el i
ol il g5 o 5 3l g0 Sl 5 &5 53 Iy
Akter et al. s 55 . das 5l 1y 0 g sl
oIl 5 sl j2ud 5 )8 &S Ul esin (2013)
Wl 0313 tal 1y (5 5 0 gee
il aS Wasls oLz Sinclair et al. (2013)

23 o35l Il Lol S indica -6 L

38 o sdT o 51 eslizal b ze 5l 090 50
Sy dd (6, S el skl Olse 4 (BSA)
S POD) 3l o 5T (St Sl i
s>=e 9 oslaul Ferreira, et al. (2010) %y,
Sl s 1S e gL Y e Db s ol
S 4 (APX) 1S ol ST Nl
Sy A i Nakano and Asada (1981)
Ol e i st 3T ST
sy 4 (CAT) Vi VJ_;T o A O
his e 3 plonl Dhindsa et al. (1981)
ST a8l Gk 3l el Sl
Pz Jsb oo ey Sl kg 43S
9 A Al (al?d\ 423y V Oy e (gl 20 gl
r\:u‘ SPSS)\JB\CJ: )\ oalaial la C@L’b ‘_SJLAT J:laﬁ
23 he3 0 mha 53 55 kSl awlie L

A el (Sls 05031 el

g )0 oga0 § 5 Sluw
33 0l (V ) il ols 42 sl ol
(romen 5 B 5 638 sled ol ISL &S
ose 5 S sl 5 a5 s zoB i o s
e 313 03 80l alie gl ol 13 e
S35 2208 5 7B L il sles o 5 sl
QM@UJWQL){;‘QTJE.JJ}(JJ;\./A)
2 (Y JSK8) 55 (5ue #/0) 355 5,58 O
G ogn B o gy S0le amlis S el
OT oS 5 (e V/B) 756 b el 5 jind Lo
(e Y/F) 558 3,08 Os ediipmal Hles 4



VY Ol cpsd 3 olmy 3ylod conn )l Jlo (Ol (ALE ol 5 1

Syl Calae ¢ iy ol @B LS Sl ods K305 byl S p

(‘.U‘ FES) é.i&:- U8 o g Sl tJf Sldas JgS. indica G)E l; c:w E) }; alides C}k.w j::i}' J.JL.:.)‘} 41)96—\ J).b-

NADS ol
Table 1- Variance analysis for effect of fertilizer and S. indica inoculation on flower number, fruit number and root
and shoot dry weight of strawberry

abyy oSt O3 ln il oSCast 03 IR IS slaws o374 s i e
A o/fV FO/FA™ 44/67" \ S. indica  ,5
YRV VA vV AIVO™F Al 35S
YA YA /PON Ya/ANE i 35X 26
Y i Y /VFA /YA \$ s

\oy /vy VY A\ - Sl ok o

el I3 g D5l e 5 o) ) JL,::-\CJM,; Soldgme S ans 5w
ns, **: Non significant and significant at 5% and 1% probability levels, respectively

12 Oousipal  Wowdpal | 8 Doasigis Mol i <
a
a
a
7
10 b b b
¢ 6 b b :
P s d d
1| . Ll 2 -
92 a
) ¥,
2 a2 d
3 *
¥ 2?3
4 e
2
|
1
0 0
al In IntP sl In P Zn+P

b P 455 ZN a)les) (0) (KIS oge sl 5 () S sl S, indica £ 565 5,8 e 136 -1 S

(Jaud 5 (535, :ZN+P

Figure 1- Interaction effect of fertilizer and S. indica on flower (a) and fruit numbers (b) of strawberry (Treatments:
Zn: Zinc; P: Phosphorous; Zn+P: Zinc and Phosphoporous)

gh pIl g alyy oS 039
O (V Jsr) wibsls 4o i s

05 V) 0T Oljn 208 5 jid 5 (535 Olo jon
AL OML:'A J; JJ{)K C-\.G )La.; ).5 (ﬁﬁ ).5

o3l S gl o SOle awmlin 55 (CIHY SK2)
S 03y o phe ey S 03y 555
A s Sy S Gl (5 YA ek,
S 035 Oljen o S 5 35 Olojas &) ot
JK8) 3555 3,08 ke sl (0,5 V)
308 5 B L el das o OLES ol cl (=Y

D35 2 g8 5 35S Ll ol CH S LN
S Ll e g sls gmn ol pm oIl 5 4ty y oKt
s 2o @L:J AL s gae 5 s G)LE Jolaze
b il 5ls Ol 26 esle D1 ST sl SO
D35 e TV 5 YF il el s 5w 7,8
PR gk alny 5 glse el Sas
i 05 e (SOl amlie Sl

)ﬁ)l; )L@:S BE) (43’}.1 B (a)f /\) &\}A (a\u\.:‘



v ,L;,,s‘_;wgiflfwﬁkﬁg;c;}::,(L,;,.\*:,xSerendipitaindicagg,.\slG)Gl{@w,,@é‘s})zﬁ)fﬁﬁ

RIFCOwS

Mashayekhi and =~ a5 ;5 4= ol alis
ol A edalis Marjoy (2017)
Sbajl o Ls.élf d oS das e Ol s g
o8 5 kb e ain) B S 5 olS s,
o a4 CAS Jame I (6 iy e ) Ll o0
2 4{ JS a.}ul.w‘ Q}b)j 6_{‘-:\.5 f.pr g..).l?-
LS'.U‘.O rele loslata &\)K} u»\:- c‘k{'\fﬁ Qi‘
2= (Bukvic et al., 2003) .S . 14y 51580
Sy eS| O S 5 s
bonsy 5 <SS Gladnl o olad S35
IFSBS Olge v gy Bk S Sl 2B
J...f@ d)um S-L.?"_dj:uﬂ‘-\:m;‘ LSLAUVZ.{‘) BE]
Ol e sy )5k 4 ] 2Ly (Sharma, 2002)
.MJ@)‘}EEM\)@L&)Q)&))M)
6 0T S e ol day s gay oute 13T
el oS B b b 5T odijle [l Ol e
3,03 oSt e 53 (u50 B e ol
03 b O35 wswd > (Marschner, 2002)
5 GraSe gl Ol S
3ol SV sl g olE s el
Qrwlﬁ..lf rv\.G lf. 9 U,Z.AK s:,.cl.v c..«\.fbl.! 03 gl>en
Sladles WLl (Feng et al., 2003) 555 o
Sl 0 ol Zhang et al. (2017) L 5 o
Oy chle 4 jaud Bl LS us jekis
5 pods (ST 0l S 5 80 8 n
Shal 3l bl 8L il s ol s gl sl
Rl el 0 87p 8 e Yoo I S 4 il
S35 2550 33 (sln Sundy o O gl IS 5 5
di’-‘ g cble 456)}»4; Sl o U';)‘Jf
(Saboor das o (il 530 15 O genl IS Ol Szt

etal., 2021)

035 ) 5 Ay Olsm hed 5 555 laasS
el o3l Sl I, S g ol
Gk 3 oS e e B e
st @M pole pin Qla) cwbe oA
Spog oS gy SuIB s (i
53 AU Ol 5> GRIBL s @ s Dl e
L& 55T palp ) ) b sdksmdls (slasi s
Kaboosi et «Varmaetal. (2012 Slidos ol
Rahmani and Mohammadi 5 al. (2022)
‘_;ur.“:;&» syls ks Goltapeh (2018)
skl slag b AL bl s ik
R NG PR ER S K g
Sl s s ag 4 8 esls il 1y S g
el i ekl OLLE s gl
Slaass cumen (Vadassery et al., 2008)
ol Y5 5 S Yt &7l esls ol
Frogy olimdl OIS an, A8, K
a8 (Su et al., 2017) <.l gt Ly S )
Sldghe 55 1) bdpss S 2LTL (pomen
ahoy ) b ol (Sen o7 03 8 K o 4l
wae gL (Wu et al, 2019) il aals Ll
oSS 5 gl Olastle s jad sl
2 Sl sl S8 e oz 5 e T
slp el 5 Ak di)y 5 e sad eSS
e K5 S 53 i a8 S e i
23 A 5 g ol b 5 baads; ol als”
5 oS Glasle Jius 35S oo 53 OIS
Sedri and Ghaderi, ) s>5& o A5 (5ol
olis Mashayekhi and Tatari (2017) (2005
9 5 059 o3 eme Sl Cel jaud s )8 Wisls
el o s (35 S A5 ols el e



VY Ol cpsd 3 olmy 3ylod conn )l Jlo (Ol (ALE ol 5 A
35 - i 3 4 a &
a

3 B b o 251 B
q 25 3
4 2.5 4 c .
3 d e :
“ 24 ‘j‘:
3 2 151 d
EETR 5
4, 8 1
31 o
-~ “
tt 0.5 - 05 1

0 04

aal Zn P Zn+P Bl Zn P ZIn+P

5 8oy ZNHP ¢ aus P g sy ZN i les) | K S5 (O) ahy 5 (L) olse Cw&:‘;o;,,;;yi ol b -y K

(b

Figure 2- Effect of fertilizer on (a) shoot dry weight and (b) root dry weight of strawberry (Treatments: Zn: Zinc; P:

Phosphorous; Zn+P: Zinc and Phosphoporous)
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Table 2- Variance analysis for effect of fertilizer and S. indica inoculation on chlorophyll, leaf and fruit carbohydrate

and leaf and fruit protein.
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Figure 3- Interaction effect of fertilizer and S. indica on chlorophyll content of strawberry leaves (Treatments: Zn:

Zinc; P: Phosphorous; Zn+P: Zinc and Phosphoporous)
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