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Introduction

Strawberry (Fragaria ananassa L.), is a perennial plant belonging to the Rosaceae family. The fruit of the
strawberry is rich in fiber, water, vitamin C, antioxidants, phenolic compounds, and flavonoids such as
anthocyanins." One of the challenges in hydroponic cultivation is the excessive use of chemical fertilizers,
which can reduce the health and quality of greenhouse-grown edible crops. Organic matter and biofertilizers
have been considered as a suitable alternative to chemical fertilizers and to increase soil fertility, especially in
sustainable agriculture. Foliar and soil application of growth-promoting rhizobacteria increases the content of
macro and micronutrients, induces systemic resistance against pathogens and tolerates environmental stress
conditions. The aim of the present study was to investigate the effect of combined application of
vermicompost and growth-promoting bacteria on vegetative and reproductive indices of ‘Albion’ strawberry
under nutritional stress in soilless culture conditions.

Materials and Methods

To evaluate strawberry yield using organic and biological fertilizers in a cocopeat-perlite substrate, an
experiment was conducted in a randomized complete block design with three replications. The experimental
treatments included five levels: 1) 20% vermicompost in the substrate, 2) 20% vermicompost in the substrate +
50% nutrient solution, 3) 20% vermicompost in the substrate + bacterial inoculation, 4) 20% vermicompost in
the substrate + bacterial inoculation + 50% nutrient solution, 5) Control treatment (100% nutrient solution).
Plants were daily fed with a Hoagland nutrient solution. Bacterial inoculation involved applying a combination
of growth-promoting bacteria (Azotobacter chroococcum, Bacillus subtilis, and Pseudomonas putida) one week
after transplanting, with two repetitions at 15-day intervals. Growth and reproductive indices were measured at
five stages with 10-day intervals, starting 30 days after transplanting.

Results and Discussion

Results indicated that the treatment with 20% vermicompost in the substrate and 50% nutrient solution
(without bacterial inoculation) led to significant increases in plant height (59.7%), crown diameter (21.6%),
petiole length (33.71%), runner number (31.81%), leaf number (13.64%), flower number (42.85%), and fruit
number (32.60%) compared to the control treatment, 70 days after transplanting. Additionally, the growth rate of
all traits increased over the 70-day growth period in this treatment. In contrast, the treatment with 20%
vermicompost in the substrate (without bacterial inoculation and nutrient solution) had the most negative impact
on the growth and reproductive indices of the Albion strawberry variety. Vermicompost and growth-promoting
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bacteria improve soil microbial activity, produce growth-regulating hormones, and further increase nutrient
absorption, leading to an increase in carbohydrate and plant dry matter, which increases flowering. So based on
the results, planting strawberry seedlings in vermicompost enriched with growth-promoting bacteria and feeding
with 50% Hoagland nutrient solution provides mineral elements such as nitrogen, phosphorus, potassium,
vitamins, hormones, and amino acids, and increases carbohydrate storage, resulting in increased vegetative
growth in the strawberry plant, which increases flower induction and flower formation in strawberries, and
ultimately increases the number of flowers and fruits.

Conclusions
Based on these findings, it is recommended to use 20% vermicompost in the substrate combined with 50%
nutrient solution instead of the full 100% nutrient solution for strawberry cultivation.
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Sl SV gaxo ;5 (s § gk (Lo 41y S
https://jabssh.znu.ac.ir —

gy dlio
BY =Y. o Fd (ylimo) 9 jml o) oyleds o) ol

o) R AO 5 o) SRl 1wy S e sl T 5 Cmgoniansy ikl 3,15 2T
‘$|4.?.&£~ ‘-;“;:’. . . ow"'
B 55 4abls 5 s o0 e
VEEAVAT L st

VEOE/AN 1

A~

Shas cmiS 5 St Jals Col a8 Cl pland sbas S 55 5 )8 (S goded SiS o Sae S (S
S e 3 s 5 S a8 S sl b (K S0 g dgmame a5 sl glien 3 sd e SIS Y puaes
T i 03 (b3l sl Al ol SIS Y s Balas JolS S ok b o s bl e g S S
(F (213 Jgloms 4055 ep ;3 00 + ey 55 CowpmeS 09 Mo )n Yo (Y (TS 2y 53 G gmaS o) Aoy Yo (V ol
o3 00+ 2l SU il b e 55 G gneS ) Moy Y (F ol SL RS s 55 G S ) e, T
it o b &g, O goas QLS 40k 35 ((alde Jlows 4085 Ao s Vo 0) el Hlas (0 5 (2108 J ghone w05
Azotobacter chroococcum as; o s slag mSh b 4w oS 5 3205 Jold oL 2L mdl - plonil S 92
LSS LLY Lelen 5 0llE Ll ) el 5 Lis Jash 5 ae aia S Pseudomonas putida , Bacillus subtilis
S S o3l 5y Ve abob b al o ey 55 (al) 5 han SpaF e (T S 5 s 50, Y g 035, V0 dheold
VI0R) a5 gy gLyl il 331 Gy (a8 oS 5 M3B) Ao y5 00 i b Con graS 055 Jlass 51 DL gl s
VW/PE) & slans (g ;3 YV/AY) 1 slins (g 33 YY) &y Jgb (((hao )3 #/YY) ad b Jad (g ;s
o ol g L D 5 dag 59, Ve Aald & S (Ao ;3 YY/P) 6 g 3l 5 (b5 FY/AD) S slias (((sheo 52
23 e gaS (g 253 Yo Hled S s S dalh 4 o 059, VY AS; 0593 sk s b pasli el i, b
s OL 05l 3, (KA 5 Al 5 sy sbpasls » 1) e AU ot (43 5 2L S oS 5 B6) 2
Jgbous Ao o Vot @li5 (glory o S (059 Ao Y0 Lol jon (0108 Jglows dep )3 00 4085 0l Jol il bl
35 o slgty g8

‘;’vnd‘j &S:sxj)-‘?& cr“.w d_gn,d-"u “;"o.va.} J"S cbjga& 64:15 CJMS



FY S a9 Ay 5 e (Sl STL § CawrgnoSan 39 (Al 3 357 W3 ¢ PUGT 9 315 uks o3l

S Glexsle ogue jokiieds duie jlw g oads 28 JTogS
S8 B an 050 (Sl o Slie polie enld iol58l
A CowgeS )9 -(Ravindran et al., 2008) »,.5
Doy 5O s L g ABS o il 8l olie ol
Azarmietal., ) oS o ) ol 5 Slos g 0l o azli
M@}w#dl&ﬁ;)‘ Gal? 05; u...!l.:ﬁd.?b...)
9 LDKEISL o)_>94_> ‘6;l_'> U‘)‘d_'b)") )‘ H).'
0d—os LSLDV‘_)).A )‘ QH‘FA .)l_7u‘ ‘chu_........or...,_ﬂ
$)lg— 4 OlFier (Jyore CageaS 4 S CungraS )9
bl wad hows pH ggdasl 5 (g5 idlas asile
YL cbile 5ol (GsslS ol Sl oS (Sl
2011 5,5 oL poliy 5 i d 139,55 057 (5 polie
(Ve A) ol g (0,3 iulo;l sl (Valance et al.,
;,‘_..S).,_m.,)a oy \- 5& ;‘,\..»5#,56&)5 o).;)lf ala ULN.:
50 ad K BA 8 ade o Lis S g Gli8l el
oolaiwl a8 al ools lis 305 dig (59, ;00 iBgh
J=B jsban |) (55,8055 9 Shes 5 o) (g (59

(Ravindran et al., 2012) aas oo i3l slala>de

S )50 e SRl Bl Hskaiedy cwlul sla Sl I (S

S (AN sl j3 (plis yolie oculin Six
S pgim ciS Lalpd 5o 0l S e bl )l S
b, S e lag xSy, (Dasgan et al., 2010) !
33 353 (oigaST Condg g Lo Uy bl plalS
Loy Sy g iSlygsaST Lol s sousto (slnog, 5
Sload (gauatns (b SheSgn g oy Sl b S lgilew
.(Parray and Shameem, 2019; Singh et al., 2020)
(ogheal ( gagdg aiilo oy S e slags Sk,
(955559550 «5SlgS 9,51 Sy 3,1 2Slgisl cpshs o]
O3S sl s 5 T35l 49 25 Lag ST epgigny S g o]
(Riaz et al., 2021) asloas 05,0 LS 4y 5 aizlils so5a
bl ) S e sla s Sy o5 el S8 LLo
§ St i (ol 05,5 95 ay Lusee QLS L o9 ala,
(Saharan and Nehra, 2011) s o ol o jo 5ol
S5 o5 sy 99 0 9,,LS a5 wilosls las lalllas
ol @lymme Gialidldeel ol S e las Sy,
Jelse s 35 Seatmpes Coglio Sl o950 5 5,51 ol

(Luziatelli et wgis o oo i Jayl s Jozs g 155, Lo
&S Cewl ooy ylid wlaass al., 2019; Rueda et al., 2016)

doddo

dloss »LS (Fragaria ananassa L.) 5,843

3Ly (5,80 95 050 .ol ROSACEACE 00lgils 4y 3lais
ST 5T & aliyg Logasie) (aling ol o pd
slga pls g Crailsgiil aiile (saSgighlh 5 Joid LS 5
9 Loogoe )3 slofg olle 2lae (45,1 Sl 5l g conl (g0a
ol (Sahana et al., 2020) el 1ls mals> lde o
Sdg e sl 45 Ceul ol o L Lol
Slbpi o sl (S g ciaS asile o K0y
il S 500y S s 25,5 ) (SB Jglate
S 355 Gl B G 95 (Sshens 4 il wile
SIS sl lon: & laoges ;o8 (Fogll 5 (S s 4y
RFRURCNRT JFCTNINS PSS PSSUREIRT SCH O3
o4 (2lie DY garme Cosl La> (gl 09l ool S
Sl ol Byman palS ol ol als cle 4y
(Treftz et cwl do iScdl Bras oS 5 Jgaxe o ,Slas
i SiS s ] s SIS i 5I S al., 2015)
S Jgmaze 0y (Bl pae 5 2l3e polie 4 VL
B an Luoaz cwl oloards laosS ailjg ;) oolul cle o
S aan slaccis (o olaand sboslys o3l 51 i
el OMdne j9 0w ge (09 e podle
Y game caodls 5SS 23l 5 o] mlie Foll alex |
o= = .(Van Herwijnen et al., 2007) 595 o (glaslxls
Bl & sy (Jool) o293 (i o)lgen (bl
039~ Sgyg,ie S )0 (aleerd SladgS Brae (il
Sl mlin 13Kl Gy i slo3sS 5 T Slpe i
S rlol Gl jedaean 5 alerd LasyS
alasd 518 azgs 0550 ks (5,5laS S yd pgat
Ole— e S oy CuiS i o (Riaz et al., 2021)
o3lil sl 35 CwgunS 09 9 (o0 095 aiile JT (slaosS
e S y0 olge izl Jolaie cely CangunS c0y9 20gad
I ohlasle s, locdls  polsa wyuid cle a4y g 090
ol g gr—lol> o aS wms o Gl S o
ety (] 99 (oS ay5 02 Sl 5o Jpa s
S dmg J 0 I olse pll 5 pslae jsue 5l 50 a5 ol
3 Sl ol 85 5 SB slap S 3l plawisS i l5T ol
o= -(Alikhani and Hemati, 2013) 543 o Jol> 0,5
Ol5S olimws blis ay aziclp,S Gyl H5ee plin Slge

Ols—edn Cled 19 5 95500 e T 5 ialg ((955'50)


https://royalkesht.blogfa.com/
https://royalkesht.blogfa.com/
https://royalkesht.blogfa.com/
https://royalkesht.blogfa.com/

VPO Osliwn § 5k o) opled ) Ao ( SLEL OV gaome 38 g3 pé SIS 4,k FY

L o9y 9 olge

5 CmigeoS oay (sadls )8 8B Dbl slaiea,
i 9 gy slepat b ol S e slas S
St s ) (Sl 15 Cow g o8 (Ko
3L S SlacSl 2ok & ygom iilesl WS 0y
9 5mba 5o Ol ol (imghy aslHlS o ST 0
39t renl SIS (6,95 Lyl b plgl VY (s
als sles 5ol 5 il a0 YY) alsdS g, sloo
Vo B Fe o aldS s Cugb, g 0,5 cilo ax 0 VYA
s iSL oI5 Jols ciulosl sloloss ol @i suoyo
5 Bacillus subtilis Azotobacter chroococcum o, S ,>xe
Fmn 53 g S 5 &y 90ay Pseudomonas putida
Gl CuiS yis 0 (Qo,0 00 5 0 ) ads5 mhauw g0 g OIS
5 Ol slaloss (IS 50 09 CangraS (ayg duo)o Ve
iloads osls Hlas ¥V Jga CJB o a5 ol Jlesl s gy

) S god g o)y sy S e slag xSL L gals oL ils
IKiz) ols iol58l ], Siz oole 9 5 p olaws ol S glas )| o5
il 4 g o |y stie sl i ol (et @l 2024
2 aS ol Cod aiy; e g Job Ll Sl g olS i
S9- s $aLS oS gad g 0 (S S 4 e ol
-V+ wly3l (Rostaminia et al., 2021; Aini et al., 2019)
SASL calite sladiel 0 5L gals o Slos a0, V-
V-l sl LSl sspan 4 gal 5 Sk
(Rostaminia et al., 2021) o.% ools Cand duol SS90 S
sl L oligegdg (sloasss 4 slaie sloaysu 5]
i 3l Bus (Azizoglu et al., 2021) s_ws !yl
S Sl 5 Cunsgaa ooyg (il 3,)l8 3l gy il
) RS oy g sy, sleatll p ad, S e

Lol SB g0 S Lyl pd o Gladss i o yeud]

05.3..3.” oy iyl y ool plxil G..'Z..g.L.o)‘T sl loni mhw &y ) Joua
Table 1- Five experimental treatment levels applied to strawberry cv. Albion

Treatment Treatment Composition
Control Substrate without bacterial inoculation + without vermicompost + nutrient solution (100%)
Vermi+0% Substrate containing 20% vermicompost + without bacterial inoculation + without nutrient solution

Vermi+50%

Substrate containing 20% vermicompost + without bacteria + nutrient solution (50%)

Vermi+bac+0%

Substrate containing 20% vermicompost + bacterial inoculation + without nutrient solution

Vermi+bac+50%

Substrate containing 20% vermicompost + bacterial inoculation + nutrient solution (50%)
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Table 2- Analysis of variance for the effect of combined application of vermicompost and plant growth-
promoting bacteria (PGPB) on the vegetative traits of ‘Albion’ strawberry under nutrient stress in soilless culture

Mean squares

Sov.df Plantheignt  T00 (DO mmber  number  number  number
Replication 2 1.97 0.37 0.117 0.052 0.459 0.004
Treatment 4 7.18** 1.35** 10.24** 3.41** 11.94** 9.82** 1.54**
Error 40 11.02 0.27 0.32 1.19 0.75 0.03
CV% 18.20 14.08 18.61 15.50 11.46 8.46
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" indicated highly significant differences at P < 0.01.
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Figure 1- The influence of combined application of vermicompost and plant growth-promoting bacteria (PGPB) on (A) Plant height, (B)
Crown diameter, and (C) Petiole length of ‘Albion’ strawberry under nutrient stress in soilless culture
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Table 3- Slope of the linear regression fitted to the vegetative and reproductive traits of ‘Albion’ strawberry
during the growing period in response to experimental treatments

Treatments Pl_ant Qrown Petiole Runner Leaf number Flower Fruit
height diameter length number number number

Control 0.23 0.1 0.69 0.37 0.51 1.28 0.55

Vermi+0% 0.19 0.08 0.18 0 0.36 0.56 0.34

Vermi+50% 0.40 0.21 0.82 0.62 0.53 1.6 0.89

Vermi+bac+0% 0.22 0.07 0.21 0.23 0.37 0.58 0.16

Vermi+bac+50% 0.32 0.19 0.75 0.53 0.62 18 0.74

L 8L gl 5 ComgeaS (009 slod 50 o Fay s Jal
..\_ao)\) ()~ 4_>..\:.> l_' u_..u}..asgojj )Lo...u 9 ..\..0)0 A’ ém.\u
CgeaS s y9 Hlod 50 5l olasi (e85 (625 w3L)
(GIRY JSCs) ol cws an (amdas o8l 4 6 xS asle)
= —lesl byl 151 o Siles anslie mls jsben
Slowd 50 (MOR) Sy olass o mis a5 ol ylid S slaws

S ol g yily olaws

s 3 )8 4 ol plas il g s Jou s

Slass g il olass oy Syme lag Sl § CawgeaS 05
s s ime (B S /o)) dio s Sy Jlai] pelans 45 Sy
ool i (5l aslie gl (gu)p oolol 2 (Y J592)
3o 5e, Ve (YIAY g V/Q0) il olass op i dn aS ol



\td BBl g Ay & o Sl ST § CwigaeSun 39 Al 8 )5 T pUgST 9 815 Juks o3l

1y ot & S (sio,s +IOY 5 YVITY l38l ool e
aole Hlis gal; 0,90 Job ;0 Sy olaws g 4l olass o
S, sl ol b cad Ll «F S 9 ¥ Jgo)
S FSL WBB) CewgaS (s0y9 sless 93 50 D) 090 Job
e g 0o, YV/YO g ) v v il S (4 das 03B 4
Rl (andss 03B) ol 5L il b CungeeS (o)
O aidl ol e sald & Cad gaws,0 VF/A 5 YA/
Jsb yo =l olass jo g lo mime Sglay bogy o jlaud g0
CeigraS (5059 slosd 45 5,5k ay ol oamlice (Gad; 0,90
4 S §Hlo e jbds (@ dis W8 5 b, il b
Ag) (a0das 0Bl 5 6,5 0 Bl) CwgeS oy9 Hleus

(Y JS2) csls sy o)

9 9 ==~ Control (B)
e Vermi + 0% P
—y e+ Vermi—50% e
3 ==O = Vermi—bact+0% P
= e \ermi-bac+50% 7
S
D
£ 71
]
=
8 o
-
5 -
44

(omY JSs) ol samlie (4dss a8l

cb oy 9 B e S, Al sl el s

0,9 Job 5 sud) Slss X Sl oo slalas
olels ol ce s glas 5l lid 59, Ve B Y gad,
Bl s (¥ Jpiz) bl Gilihs sl ot
30 imlejl Jled i 2 50 Spg il olaws a5 ols lis
Gy Ol s e Lol casils iolisl gy ley Jobo
Owlidlas,e 0 adss b CigaaS o0)9 sb,las o
GJlad g ol b a4 Cu il gao,0 VW/FY 5 YV/AN

ooy B an3i by ol Sl medl 5 CwgeaS )

4
A)

»g a
-

=—@= = Control

— \ermi + 0%

w—ye s Vermi+ 50%
=& == Vermi+bac+0%

= Vermi+bac+50%

T T T T
30 40 50 60 70

Days after transplanting

i
o A 2
o 2 §
/ =
7 5
- Tz
-1 | ]
o » € (-4
- 1
=
r =
”
0= . O F o
30 40 50 60 70

Days after transplanting

S e gl 08y (K BgT () Iy Slani g () il Slow oy F oo (G5 1Sl 9 CarwguoS o0y (indli 0 1yl ST LY IS
S g culS o gladws

Figure 2- The influence of combined application of vermicompost and plant growth-promoting bacteria (PGPB) on (A) Runner number and
(B) Leaf number of ‘Albion’ strawberry under nutrient stress in soilless culture
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Figure 3- The influence of combined application of vermicompost and plant growth-promoting bacteria (PGPB) on (A) Flower number and
(B) Fruit number of ‘Albion’ strawberry under nutrient stress in soilless culture.
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