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This study investigates the effects of cyanobacteria-based growth stimulants isolated from soil
on the growth and quality of potato minitubers (Solanum tuberosum L.) grown in greenhouse
soil culture. Cyanobacterial strains were cultivated and isolated from soil, their physiological
characteristics and biomass production were determined, and their extracts were prepared. An
experiment was conducted in a randomized complete-block design with four treatments and
three replicates in 2025. Growth characteristics and plant nutrient concentrations were
assessed. Morphological and filamentous-cell analyses indicated that the isolates correspond
to two cyanobacterial strains in the genera Anabaena and Nostoc. Both strains exhibited
significant capacities for atmospheric nitrogen fixation, tricalcium phosphate solubilization,
and production of indole-3-acetic acid (IAA). All treatments enhanced growth traits of potato
plants relative to the untreated control. Stem length and diameter, leaf number, total tuber
number, and leaf concentrations of phosphorus, iron, and zinc were higher in the
cyanobacterial extract foliar-spray treatment than in the control. Total tuber weight increased
by 24.46% under root inoculation with cyanobacteria compared with the control. Total tuber
number, along with the counts of medium and small tubers, showed positive and significant
correlations at p<0.01, while the number of large tubers and the weight of medium tubers
correlated positively at p<0.05. Leaf chlorophyll content (SPAD) correlated positively and
significantly with leaf nitrogen concentration (= 0.72, p<0.01), and leaf nitrogen
concentration correlated positively with leaf potassium concentration (r=0.66, p<0.05). These
findings underscore the growth-promoting activity of soil-isolated cyanobacteria as a plant-
growth-enhancing treatment and support the use of cyanobacterial bio-extracts as sustainable
tools to improve the growth and quality of potato tubers.
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EXTENDED ABSTRACT

Introduction

Cyanobacteria-based bioinoculants offer a sustainable strategy to enhance soil fertility and crop yield. The adoption
of green-technology practices that employ cyanobacteria in agriculture can mitigate the reliance on chemical fertilizers.
Experimental investigations into the interactions between cyanobacteria and key crops have yielded promising findings.
Therefore, the present study aimed to (i) assess the effects of cyanobacterial extracts and biofertilizer inoculation with
native soil cyanobacteria (Nostoc sp. and Anabaena sp.) on growth and vyield, (ii) evaluate a suite of physiological,
biochemical, and nutritional traits, and (iii) determine the quality parameters of potato minitubers grown under greenhouse
conditions.

Method

The cultivation and isolation of cyanobacterial strains from soil, determination of their physiological characteristics
and biomass production, and preparation of their extracts were conducted. Greenhouse soil was sampled, and
comprehensive physical and chemical analyses were performed. The study was organized as a randomized complete block
design with four treatments (1) control (no inoculation), (2) root inoculation with cyanobacteria, (3) foliar application of
cyanobacterial extract, and (4) root inoculation with Pseudomonas putida), with three replicates under greenhouse
conditions in Najafabad, Isfahan (approximately 51°23'9.28" E, 32°34'34.17" N). Potato seedlings of the Santé cultivar
were prepared and subjected to a 20-minute pre-treatment in a suspension containing a mixture of two cyanobacteria and
Pseudomonas; these were then planted in the designated treatment plots row-wise. Cyanobacterial extract, at a
concentration of 5%, was applied as a spray in two applications at 15 and 30 day intervals after planting. Thirteen weeks
after planting, growth parameters including plant height, number of leaves, leaf area index, and fresh and dry shoot
weights were measured, followed by topping (complete removal of the shoots) in all treatments. One week after topping,
the total minituber number and minituber weight per treatment were recorded. To assess the impact of treatments on
nutrient uptake, leaf tissue analyses were performed.

Results

The results of the morphological and filamentous-cell characteristics of these two cyanobacteria showed that they
were related to two strains of Anabaena and Nostoc. Both strains showed significant abilities in atmospheric nitrogen
fixation, tricalcium phosphate solubilization and production of the plant hormone indole-3-acetic acid (IAA). The results
showed that all treatments increased the growth characteristics of potato plants compared to untreated plants. In the foliar
cyanobacterial extract treatment, the shoot length and stem diameter, leaf number, total minituber number, and leaf
concentration of phosphorus, iron and zinc were higher than in the control. The root inoculation with cyanobacteria
increased total minituber mass by 24.46% compared with the control. Total minitubers number showed a positive and
significant correlation with the numbers of medium minitubers and small minitubers at the 1% significance level (p <
0.01), and with the number of large minitubers and the weight of medium minitubers at the 5% significance level (p <
0.05). SPAD-derived chlorophyll content (SPAD) correlated positively and strongly with leaf nitrogen concentration (r =
0.72, p < 0.01). Leaf nitrogen concentration showed a positive and significant correlation with leaf potassium
concentration (r = 0.66, p < 0.05).

Conclusions

These findings underscore the growth-promoting activity of soil-isolated cyanobacteria as plant growth—enhancing
treatments and support the use of cyanobacterial bio-extracts as sustainable tools to improve the growth and quality of
potato tubers. Evaluation of physiological traits indicated that the two heterocystous filamentous cyanobacteria possess
substantial potential to enhance soil fertility and promote plant growth. The study demonstrates that the application of
cyanobacteria and their bio-extracts as plant growth promoters was more effective than both Pseudomonas sp. inoculation
and the untreated control in improving the growth and yield of potato tubers. Cyanobacteria and their extracts are
frequently used as bio-stimulants and can mitigate abiotic stresses while promoting growth across a range of agricultural
crops. Collectively, these findings suggest that such formulations offer a cost-effective strategy for greenhouse-oriented
potato cultivation and constitute a sustainable alternative within integrated and optimized fertilizer management.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit
sectors.

Authorship contribution

Azam Kheirollahi Najafabadi: Conceptualization, Methodology, Software, Validation, Formal analysis,
Investigation, Resources, Data Curation, Writing - Original Draft and Editing. Saheb Soodaee Mashaee:
Conceptualization, Validation, Resources, Supervision, project administration, funding acquisition, Writing - Review and
Editing. Rahim Barzegar: Supervision, Validation, project administration, Writing - Review and Editing. Sadeg Mousavi-
Fard: Supervision, Validation, Review and Editing. All authors contributed equally to the conceptualization of the article
and writing of the original and subsequent drafts.

Data availability statement
Data available on request from the authors.



377 Evaluation of the efficiency of liquid organic...

Acknowledgements

This paper is published as part of a master's thesis supported by the Vice Chancellor for Research and Technology,
Shahrekord University, Iran. In addition, this research was conducted in Mr. Noormohammadi's personal greenhouse
located in Najafabad, Isfahan. The authors would like to thank all participants of the present study. The authors would
like to thank anonymous referees for their constructive comments.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The authors declare no conflict of interest.



YAFY—YEYY Ll

Homepage: http://ijswr.ut.ac.ir

SIS cuius o (tuberosum L

Y o low QY 0,99 ¢yl 91 SB g T Olinics Aloxo

SOIANUM ) Sopo jims 4700 CoraS g sy 3 S 5l oudh (g3l (5 55 giloms (gohidy 5 20 53y

"o 8 sqmge 33Uo 9| T )55 aumy | BT Slie (Slogu ol | | gobTion (]l s plas!
il ol ey lig Jeo oz 0058 s oSS eigysliS 0uSils  SLEL pole 05,5 )

Azamkheirollahi@gmail.com

Q‘)‘i‘ ng)l:.:J.u. 9 JL?LA)LQ} sd;J.Q,i: olKisls 56))9LM5 cuSiils (S e o) re9l.c 05; ‘in.w.o °‘)";"“‘i5'; Y

Soodaie@sku.ac.ir :asbL],

bl el el 5 Jlme oz 00,8 08 oSl o 5,5LiS aSitils o SLéls psle 05,5 ¥

Barzegar56@yahoo.com

ablly ol el 5 Jlme,loz 00,8 08 oSl o 5,5liS saSitils o SLéls psle 05,5

Mousavifard.S@sku.ac.ir

R

Ao wleMb|

S 5l oad s3lulaz b S bglow sy SoTS e ;b gy 2 j5kiie 4 gl 0l
Sl g et plol BB S ey GBS 3 a s 43 7To0d 0, Sk
o)las 4 5 0958 Cawaj Wlsi 5 (Sl st LSy el (S ) S sl laase
VEE Jlo 5 5 o 5 et e b (3L b5 S5l 2l 5 ] s 5 4
ST Sy s n @l a8 b))l olS i jolie clild 5 o) Sliogas (S b pll
S gnsgi g Wbl dyges 99 4 by po a5 ol Lt (6 23S ligiloms 90 (2l Jshoo S5 5 Su5058, 50
SIS T (el G395 S 0 ez F BB Slaolls s 90 e il
4550 gl els HLLTAA) ) sl SCtwk-Y- Joanl LS se,92 adsi 9 Oland poudS 55
T e gl gyl Lo 5l a6 ,e5ojlail iy 1 aylass 51 ols ol el s
Loawslio 10 1) comiToww ollS ol sl Shy bles den a5 ol olis mbi cuils
i e amtanoad S ol o8 s ol il (b 5 sk ols il enti e ol
IS 039 o wals jles 5l e 65 bgilew ojlae (Lilslme e 0 Sy 5, 5 02l
sals Lot & Cos woys VHIFF 3 L 6 Slgiln b ) sl L 53 Laazmton
SsS slTaxT00e slass g lawgin glTaxTToad dlawd L e TaxT00e IS olow .ol canlive
ey Cle b S g cdale g vy SO Jleta] e 50 8T pre g S (S
Loazily ol 8l i 0oy 0 Jlaiol gelans )0 0T ixe 5 sk Sianranl=0.66%) ) 5,
olS o) oaimd dgue sled Glaie 4 1) S 5l ons las slag xS Lglaw (gad, S mme Cudlad
CodS g aby SRl Gl Jlal Gla)lpl Glpe w4 (G ojlas 0 )8 izen

S5 Wz 1 (o) T BT Az T00E

iegh Al il g9

VECE) Y el e gl
VECEN Y 1,555 g,
VESOIYIY i by g,

VE- 0 gl sy lassl & 4,6

1gals ol

o bas 3L Joloxe
5SS Lgilens

039

oS giwgs

(SR o A TTous

obigegdges

Gollaz (6,55 bgilw (gads, S e )..:L OV F) Golo w0, sguwge g foum )y 5 50 telo o Sliw g selacl (goblmdims ol s bl
ol ST g O Sliion alzeo (M aRS cuis jeSolanum tuberosum L) ) ooy oo axTodé CaiS g 0l p S 5lends

|@ @@ https://doi.org/10.22059/ijswr.2026.408464.670076 YVa-Ya) «(Y) &V

By © Ol ol )Ll dvange il

DOI: https://doi.org/10.22059/ijswr.2026.408464.670076



mailto:Azamkheirollahi@gmail.com
mailto:Soodaie@sku.ac.ir
mailto:Soodaie@sku.ac.ir
mailto:Barzegar56@yahoo.com
mailto:Mousavifard.S@sku.ac.ir
https://doi.org/10.22059/ijswr.2026.408464.670076
https://doi.org/10.22059/ijswr.2026.408464.670076
https://doi.org/10.22059/ijswr.2026.408464.670076
https://creativecommons.org/licenses/by-nc/4.0/

VA gt (6 iSlgilons sy o o il 1ol lS0m 5 oobT i (gt

doddo
oz @l Jgame o et @y 9 9,0 paiS 5l ey 9 ol Solanaceae oslgls 1 (Solanum tuberosum L.) gos jo
YU oS Llasoaé g0l polis odgs (Mushtag et al., 2022) wijls oYL 2138 o5, ol (ol (sloond 155 g oo Cguua
Sdbsr ymme Ul SO lo)eiS 5l g iy 50 ) Lo b L5l (Jhg, 4 g olisS [CI Oley Do 53 (oS 4uie g
L oS aal s e slopuslE )l 5l o s Jol> ailss oo sy slooss |, 5 (Wasilewska-Nascimento et al., 2020)
Mushtag et al., ) ol o oo Laodd )3 upms 5 05,5 03901 1) S s Tl b oS o alos olS o) 1) (sboaonnd s Logiinns
o> base 4 JUl G0 | LT s se 59,5 0,058 5 ags Jlo Jsb 5o ol olaws 4 olKzule;T o olgs oo |, bnazond (2022
Wasilewska-) o,5 ciaS 6,550 a4 5o ety de e 50 Lewiians 1) Ll g5 co el poodle 0,5 Jaie l5L 4 e
ool wl 3,90 (g, g ST slice LS sles gos dlax 5l goaaio a5 S558 Jwlse (Nascimento et al., 2020
3 8t o 1) Ll CoisS 5 lazosd 0 Sloe (S fm CobS 5 g5 wadi) eS80 oy Dae londy, s
Bolandi, ) sl 0990, Sae juli 3o o Ly | slse ol (g3lwaign )50 ,0 goaxio OLi I8 5 ows
(2007

SapenesSl3 Secn 395 cn 42l50 51 bk (sl G 80 i oL 45 al la il 51 (S0 IS polis 3.5
e gazo (ol sy soogS (Fasusi et al.,, 2021) oS SaS oLS 4355 45 g9 0ol Sgup |y awg iy, wiilel o S wiio
SIS e U i) 5l e g e o0lizal ST b 5 ol s (59, (By 45 Aied e 05 (Sl g S |
s 5Shss, (Riaz etal,, 2021) was l3dl 1) olS wb, o olié ol 4y o tws Sl L g 05,5 0358lS |, olje ol
s SIpa T 9 (el (9 () S Shed D> a2 BB jsb 4 wilsice (PGPR) oL 5wl S e
Fasusi ) axes aal8l 1) oy Ll 050 9 595 5580 e 5 5loolil Gal3dl ol adgs o Jeso glae 3T 5w 5589 00
Olye a1y 093 305 el iy 5 g iShalen (e () SLoS 20 (S oS e Gl o (Bl 2021
Sdg g s (YL Gleadly wiile (ol leds o sllie S 4 (6 xS bgils (snn; sloogS s )S Sl oS (slroniiS ey ol
a1y loasyld azgi waseal glaapl g loay Loy diygej9mgnd aiile olS i) o pome Sl 5 (55,5LaS (gl aso sl sibie
Seete |y S g puirhols 5 CainS S oo iond g ools bl 1) S pg S collad Ll el 1 ogdle ilos,S > 555
olllas (Alvarez et al., 2024; Hakkoum et al., 2025; Jose et al., 2024) was oo Giwlidl 1) Jeaxe (5,90 0 5 Sy oo
2i5lgs o oS oo ois NOSEOC g Anabaena slo i ;o 1) (59,505 a5 bl ofg a das xS Lgilw a5 wlesls lis (goomie
Kholssi et al., 2022; Jose et al., 2024; ) &5 ,.5 1,8 ool 8,90 (55,5 ;0 (5590 e il 33l sl Jlul snn ) soogS ylaie &
.(Kollmen and Strieth, 2022

$¥loz p Sl i 5 s S byl jload angd (Sians slaojlas (s S e SIST ow) 2 L (2025)Chabili et al,,
(AA) sk Soh-Y= Jgas! Baes s ) sboJsSse 5l stzrss BB polie shls stay; sbvolae a5 wals olis (pacs
2o dpaily ul 0 a8 azay; g azaily Jsb eimes 5 Sialsz sty o s BB (l3Hl el 5 wisg b5l 9
sloslac 0,5 uizmed 5 )00 Hled (lgie 4], S el b slas iShgilw g bS5 ) (s ; S oo Sodlad (gl a0
Sl> o )lac 5,15 .(Chabili et al., 2025) 5,5 a5 L 4y 5 Siale> bl sl Sl slaylnl oleie @) Ll s
5 S 055, 5 Judg)lS LA Sl 5 B 9 3,555 wos il ol 5 S s glis)l Gl el il o ol
GrShgilaw 090 dguw 50 (S 20085 Jumilly w0 L (2025)Hakkoum et al., .(Hidangmayum and Sharma, 2017)
W,y (S ol (g bles den a5 wisly lid  5,84>5 ul, » (Anabaena cylindrica 4 Nostoc punctiforme)
Sl G 598 St LLI )| ((Kron Jlod g 40525 . aiiddn Sgnge dald b aslie ;5 1) 0gie CueS b g 0,Sas 5 LS
Jlosl sl co Sinlod (Suolsesed slogiuly 00000l o5 0l i |y ogen oo Slio 5 LS (5,90 0 o5 3iimsi
2 530 p5b & Wlgi e 45 0 et 355 ol SIS B553lss (S Slais 7Sl pms i oS 0l (LS gl og 0
Phormidium ) s ,:SLgilw 4355 9o (2018)Chamizovet et al., .(Hakkoum et al., 2025) 5 .5 || 3 colaiwl 5,90 (K 34255 oo

1. Minitubers
2. Microtuber



VFed a3l Y 0ylos DY 098 ool ol S5 g o wlidins YA

59, V0 5l o 00,8 il ol S glgil g ogd dle il 09d ¢ 09d S glgil o |, (Scytonema javanicum 4 ambiguum
Slyowe J5 a5 Jb o 2dl ogge Poambiguum L S 3905 4y Ceoglio g 0y, 5o g 38T S (slgizme wisls olis bl il
655U b adllas L 2022)Lal etal., .cal ilEl SB Gl elgl o ate zolaw LS. javanicum L 59,05 g op)S JI
g;d""SgJ? uLou\.u‘) (pf14) uula},ojég.m L_Sl.@da‘d} U"‘ as wals uLM.AJ LSH'O) [Eeew) ‘sa‘)o;.\.c 9 b‘;l? 6[96)Lo...: ¢\.~LC wla}nybj.w
S g dldy Sgutn |y sy £ly5 o S «SIB b o P4 ai¥ae 8 e to Jayl il jo ool ails o 5L yaud
Slowd 4 Cod 4oy VOIYA il 8l L1 QS jo o3 YV/AY) oad 0,Slee o 5YL pizman 0,5 oo ws,0 PY/OA U, o)k
Ol Comexr Lolis ad) ( GE Blge it 0 b a5 Canl sy bame (gl B0 (et 1 (S0 (55,5l 039l
Ao, B0l YoV L o e plde slge adgr a5 cul 00 ez (WHO) Sl clilagy glojle .l 08,5 i |
wlbond osS 3l eolaiul s (65,5laS 0 b ,iShgilaw 0,5 L s (5,98 slaosis (Chittora et al., 2020) sl i3l
Sil3¥ 50 Wl (Ul docs S lgilns 2 (Sin (S Sl35S bilio Cnyiaes 51 (S el oMl R o 2l (65 5laS 50
poloe i aiile 5,550 sblse g Qust et al., 2024) cos oliws BB Slowd sloogS L aS b e sl S T o S
5 ol Lhis g Slaé jolic el 5l 6ol (S Lol s alS ( JTslge el 0lS i) Jolpe Jsb jo olié ol
s xS bgibaw o bli,l 5 50 10 0,20 Sldlas (Chamizo et al., 2019; Kholssi et al., 2022) a5 ,ls ol o 4 1) S (6 juzelol>
b S gl o lae S oLl Baa b pols asdllas ol (el aiils of jas a5 gloaisS lgansl ol 2l ppe SV gazs 4
5 ebordion ( Sileé Slas o ,Slas g 0l 5 (Anabaena sp. g Nostoc sp.) S os (5,5 bgilow S 055 il o
g az0af 5, Slos ¢ g jmw by o) jshaie a4y asllae cpl ol plodil GlS Lal il 0 e joaw Az 00 CudlS g sl dss
A bl wals 4 Cad (65 bgibew cpl 5l eolainl L S (5 uilol>

Ty G""L“"""U"’B)

S Lgilw s gw gilwlas g culs
Sbw <8y 5l eslanl b ol ol Jless 6 )5dls S slecais 5INostoc sp. s Anabaena sp. (s x5S bglow 4 9u 93 (5jlwlax 6l
Gddoo Voo 50) Jolis canS laxe ol (Rippka et al., 1979) o colawl BG1lly dul> cuiS laows g, 5,80 CiS
(p,5 <1+ V) Na2EDTA (0,5 +/Y) NaxCOs «(p 5 -/¥#) CaCl2.2H20 (2,5 +/YO) MgSO04.7H20 (5 -/F) K:HPO4.3H,0
yolie Jsloe (Rippka et al., 1979) sg (sdre 3, yolic Joloa g (0,5 +/+#) Oy powigal S8 (p)5 1+ F) Sy Sl
Y/0) CuS04.5H0 «(p,5 Lo YAY) ZNSO4THZO «(p 5 Lo 152) MNSO4H20 (o5 Lo +/5V) HiBOs Juls (sdies,
3 od S Ll h cod bewS g (p,5 s 10/0) Co(NO3)2.6H20 3 (p,5 Lo VY/0) (NHa)s M07024.4H20 «(p 5 Lo
bgi pglae (2ol g Cel MNP (SO0 olids; a3 52 @l p e foo 2 09998 P0 59 DS L imgmads a2 0 V2T (sleo
g el Cawdy 03l del> S Laume 4 Sloie slaJll 5 )b 5l SaS SO glaaslas () JSKS) wiod (6,10 ol
Sae g (V JS8) ouds Jiiie (BGLlo) mle cutS Lases (g9l (65 oo Voo o))l b vuls S o el IS 5l (6 laie
oY A b« Su5ede8, 90 g, 4 aslas olulis (gl .(Johansson and Bergman, 1994) wals ools 3 ol , SEUI o aias aw
s xShglaw olulis slaads 5 (Xiamen Motic BA210) (5,5 95wy, Soo 5l ool b g (V JS2) o oS 5 codls dens
«!» -@John et al., 2003 Komarek, 2013) Wi ‘s 9 olwlid a5 5 00 ladigel S gSuwg Sl 5 S gy Ko Slaseine

3238 elali 10 (59, yuogidy Sl Lamgi (OD750) (5,58 Iz g, b Spmazr (IS S @ 036 (6,55 Ligilows el

S rSbgilow a9 5ol 348 SS9

(UAA) sl Stwh-Y- gl adgs o Ll oUlg ales ;I Nostoc sp g Anabaena sp. asgw 39 (So5elgjud sl Sig 5l (S0
b oSy Ghaies Gosb Sl gm0 IAA g QUG sl )l Dlind 0,5 S 9 (N2) (6 pheail (g 5 (St S
RSO SR PN TR R PR EK IS CR ) RS TR TSN € PVREPSC YV JIE WER T INRE T
S regidy Sl O j50 ay g Jol> Jslome il bglies (Qlgin oL 2 )0 0,5 (oo Vo (5l BGLL S lagzes )0) aypms



YAV g3tz 5 yiSligilons sy o e sl 1 0m 5 (58T ciond (et

oolaiwl b (459 s s o Ulgs (Glickmann and Dessaux, 1995) <d,5 |13 Ldow g 455005 0,90 IAA (glaize CoeS cpons 5l p0
03955 St )0 Wil (@l (o (sl Lotges ) 0 (S0l (39555 0999) BGLLo e baomo b (a5 iomis SG 5
byl S Gromes SOl eslainl b Jaloel wlawd  SasS J> o 08 (Mazhar and Hasnain, 2011) sg; J a8 <o (N2) g9
S Jolomal lind gie (lgie 4 Olind mundS (55 (ol G59) Suoyd <Y (g5l BGLLo 5T 65 g, (5, bty gus .0
sleals joobs b clawd ol Jo aiod (6,085 ,8 of il a0 YEEY slos [0 59, 1O Sue 4y (655 By b s .30l 00ld
Yandigeri ) cool Joloeo S0 a5 Oland pundS (65 ol saums jlis a8 al ools lis (6,55 bgilew sla Sl GBl,bI o Blas

(etal., 2011

-
h

e s
(LT ol 9 Sgusgh g Y1) g8y ;a5 (bl 9 gl oS (5 5T gilouw (s5lulizr (gl S addgl ColeS gl ey Cmmns 312) S

(6 55 gl 0 )las ang 3 0355 S Sl
Massey and ) o plxil BG1lo asle ciS oo (59l (550 99 plo )1 (9,0 byl 5 dn piicens SO )0 0095 s j 0o
Shie OTL ol 51 L8 o 48,5 Jlas s solesml 48,5 Sis (sl p bglses & ygums drgus 98 5l 0ads Juol> 0845 ; (Davis, 2023
ety hmys Pl b gl Tl a2y 1,5 o 4230 Y e 2y slone 0,08 ngd Sl oo 3 00305 4otz
Sous il 428 (0 190 Ve e Cieyw b dadBo Vo Do 4 leo,lae ((Branson Digital Sonifier SFX 150) «.é,5 1,8 4a85 V0
ags slp shie Ol Pl aias 5,005 ol Kl ax 0 F glos b oy alaime G 0 ool oy B o9, sloJoloe g 0l
(Toribio et al., 2021) o 53, byl Jlatie Ol jo b Jolore lp Bpan yloj 4o 0o 0,33 o lac .0u0,5 solitul o lac

B NN gl pH 5 e eies jowd VoIV (EC) (S oSl oo a8 ol ls ouls 4 o)lac

stloond 9 (S imd 325 9 S (510 aiged ALS 50 S a5 lwodlal

9 S5 @i b (lasen V51 fe8) STl g SaS gm0 5 0b (500 peigas oo slasgS Sl oslisal I J3 GlAlS iy S
oy Vo Jal) ) oos) S il (ThOMas, 1996 ;) YVD « colol) 0,5 plowl olSinlo] )0 pges po (sl by, b S ooliasss
EV) oS Sl Calam kB (YY) oS oS PH (glls SRS ey S sg (b doo F5 5 i dojo TF (e,
RSk MY ol ol BB jaud ooy VY S sy ey YIVE) o3 JT ) slyioms (i ot
395 p5 kS Vo Jlade 2uiS 5 5 09 G )8 (e +ITY) oo 9 (p,55LS 2 05 (e AAY) Dl BB oy o(p SokS
Slp G 285 )18 oolital 090 S iy S 50 ey 30 (Suxe 9595 )5 Ve g oygl 095 )5 Vet oty (el
A bl ole SO Due a4y (5,105 Slodly g (Solarization) ol e 498 g, 3l S Sgacas

azplS clls 9 b ylod Jlosl e sdulosl 250 (512!

Bhdslre ¥ s iShgilow L e ) gadli -V (gl (900) 28l -1) jles ez b (Bolas oS Ssb )b IB o mag ol
E51°23'9.28", ) oyliol sl o ;5 slailsedS Lyl 1o 1S5 ds , (lodsy obigasdges b ae ) el —F 5 625 lgils o Lae



VFed a3yl ¥ 0ylols DY 058 ooyl S g 0T wlidns  YAY

(ol o s gy 5 18 Sl il S olStaloj] 51 (4o 48,) st o slmazalss 0,8 ool (N 32°34'34.17
4 glaiy Jold Sl &y CiS i (L LS el (6l SS AlS )0 (6,55l gz 59, VT e 4y g s S ayS
ALols 45 0351 e S s 5 VY e 4 sy aabh Sy ol islesl soly okt sslosly e VY ey e ) s
A B3> jolaie 4y ol a8 5 (s 0 mye ye 0 aie T @STH L e il V becis; (65, 9 yie gl Vo o) (s oazal S
el 55 4850 T Buke &y s cloipalS a3 43S olh S0 Sy BacSob o 5 o) 39 Unjlacs (o el
ojlas .ol LAl a3 g9 e 4 bgrpe oo 30 e 9 b Bl (ligegdga (Sl g 0ud as (6 S hgilew 90 bgle
O 55 Jaeme (o) el e ol (AL Jele CBSjlam 59, Yo 9 V0 alold 4y al> e g0 (b lie 0 0 cale b 6 5S Lgilew
plrl (Sa5ed Oyg0 a1 5,2 glachle Lol () sloplad s 4 )lal cgmd Cush, g Lo J ST Jolds lsdS )0 S 090

olS (218é polis Lia g9 ,Sdos i) Blao (g pSojlul
S g 5 9 ¢S 0w 2l (S olasd @i gl )l aile sl Slas (6, S ol lclilS 1 e aan VY ;0598 2 lsl 5o
S5 olass i Gl g o plosl b jles de )3 (S ) obS (g il JelS wad s 9 035 5 S o3Il e gl
Slae 2 o3Il Bl 5l ool sy sloazons oS (w0l (2395 5 G)led jlod SG 3l el Bl puye e 3 slaazons
OhlSes 5 () WA (095 g Gz ;0 e oo 1O 5l 5SS ojlail g e e YONO (i ojlail o oo YO 51 55, 50 05l
OFAY iuzme) o (5,503l 5 SPADB02 oo Lilgie grias b IS 31 ooliasl Uy 51 Jubo dS Lot L (g, oFojlossl (VYAS
23 Er e bsi aaiga jslite ol (slp i plowl olS Sy w5 (M olie Qi lo)le il g p jslaie 4
SligwSas gy 4 oKl az )3 00+ sles ;5 2lse plail g ady ) 0ad jog ladiged 5l p )5 S o las agd Ly WS
IS (g, 5l eoliial b 5 maa (B, 40 (g pate dind (g pSojlac Jloy 93 S0 0I5 sl jlesliial b g oads 1S
5 00d pap 55l olpem g ol Knil az o Y9 glos o Lale S p5ilg il olyem 4 g (njs (stalojl ised e S +/Y)
ol5ws aliws 45 53, 9 @1 lade (G0OS, 1995) o (6 ,Soslasl (YV+ ¢+ Silogs! JIaleS olKiws SaS 4y (59 5t o yd ywaes
SrSeslwl (Kalra, 1997) yiegide mSwl aliwgs and 9 (Kalra, 1997) yiogid s alwg 4 ol «(Kalra, 1997) ol i

Gobol Julexs g 4y 3o

&g 9 e il ly (09 (Ken Joli il )ly 40525 slabp iy lal (g (slaosls 5| ol ulis (g lal (o) 0 jelate 4
Syl 5l enliiul b bools il ly a3 08,5 alowl Jsome sla i, b brosls o cosy) o 45 5 sy Wosilagdly Jlo s
s alosil 0o s B Jloil b o Sl (glaels wiz g3l 5l onliiad b b Lo (uSlos angliie oL o 5 SPSS (ver. 24)

S 3 sy ol

G P bgilew s gw b T3ig
o3ls las V' JS& yo a5 jshailes lacs i lgilow (l Joho (sli; sla S 5 o osalive 95wy o 05 digm 95 (55905990
Glaws &ygar el g glas ) slas xS bglow bl .John et al., 2003) wib oo Sgiwg g bl drgus g0 4 bgs o w00
leisr ke ot o  slandl anwgs Y5 Y Sl Cdél WS oo 8 SSOe SY5 Slaoss o (S eds
Ll &g Conl (Soe 45 atd gy jle O g b 0deed s 032 (P AlS 3 )lge I )0 5 Ak, ST lapeS 5
055 ¢ yge co0gs Setnsg 22l L S1 IS (glailyil baaisS 5l golaw 1 5 pysie Sl b Jsl s 5 osmlive M Wil
KOMAreK, ) wiloas @3ly )1salols & ygum by Canonsy i s yslimo 30 5 wlooydS oy S 41 3 ,lge 51 cgloyly 4 5 (glalyinsl by & o
Loy 5 Blbl o oM hls il oo 00,88 b b 05,8 losgi s 5 phatel g o sloaids, IS o gigs (2013
Lol o 5 iy kg b pnye oM losaline b5 oy (sl gtlS 5o b (IS arl> 5 e Lacddle Vo Lol ain
Loy g 58 (slasiay o J5b slailgnl b Joho 1030 5 oo oualive (loged 9,5 S5, a2 o5 0350 (S JS& 4y csiMhimge Y L
il ples oLl b gl O g pgS 5 10 9 009 0 ke lawg po (AiuS oo oboul (suiile o slapsSs ) Wij50



YAY . slolar (s 5iSlgilom sy 5 o il iS00 3 (50bT i ol s

2 s o ol sla sl plos Lo 5 e (oo slaslos 51 55550 (Sl 5 olisS (G 009 Spmg o] oS
(Komarek et al., 2014) wigs co jloie CinST &gy lunng i Coonw 43 4550
O3 sl stz 3 B il oy o (sland; (6 2 bgilw g0 0 a8 ols (LiS P (5ol 8 sl Sy b))
pelS (6 53 (SALS > (6 phnadl (5950 Sl )0 42 e8 BB e HUlgy dygu g0 o a5 ls ol all ) o8l g SIS g slol>
Sl Wbl b dglio 1o Sgugi aym () Jgoz) wisls lid (IAA) swsl Stsh¥- Jgaisl (oL (30,90 95 5 Dl
Ol Sgiwgs o o (§ piudin (9w Cants Ulgs bl dygur g ol lis Jglmel ilawd SausS J> 9 IAA w0 650
sl les 50,5 caslice S olaniisSy 1 olem 10 4295 LB Sgugs (6 xS Lgilow jloalaiul L (Y- YD) oo 4 pgeSla 0lo
oS 3 bbbty ez BBl Bracy ol pole lyme s JT 0T args BB Gl 4 e oS bl
onl 0gr 00 Hlad NPK (5lassS 0o )0 B0 b CawgenS duoy0 00 L olyad Sgiugs 5 Lubl aigs 90 51 oS 5 L a5 o ovalice
Gl Jpame ob) Slidl g 2lie jolic 35aS 2ol )0 o 2 bgilew (U155 3,50 13 (goiedy)l i olS Shagia; o Dlpets
30 48 59l 00l S ‘sﬂ Gloaul g oy dooy ,Sle L aile Jolu 7,5 slge e 5 a4y el S S5 pH ol 000 o0
50 sl Slghd g oS o 1) lam 459,505 9isles oo o ySLgilw (EI-Ayouty ET AL, 2004) oijls (2is SB (o5le dus
2552 oS Lasss as S Ligilns 00l S350 s oy Fr (K355 a5 el o LT a5 ol las s (6 b Coran! bl
56301 GbSlglaw slodgw Lwgs TAA g0, 50408 0 (soanie il )35 (Vaishampayan et al., 1998) s o b pas
Cons yo § (539031 NOSLOC (glods gus b 395 (sla o, 0 ;0 55 (Sergeeva et al., 2002) o|,Kas 5 15.5 s slosls oyLid |y G jor

adols o IS 1 TAA uls el)'T

XS Lgilow 49 gm 95 (359 5 (S § S 9 o] Sl Jgis | ad g cilaund  Suiss Jo cadled polio ) Jgur

0395 Candd (2 Ulgs Sl Sl Jgual o g S yhud S ALyl
(s busmo )5 30 059 50 059 ,540) () 5 p S eo) (3l 2 5 (o)
YAIOF AR VYIY Anabaena sp.
\#14 VEIY AA\id Nostoc sp.

olS o) Bleogas p Lo 5l
Slewd Slols lad (bl 450 s el ool ools (LAS Y Jgdo 10 siejommw 00l (603l Dlas il ly 4y 3o ol
slrazosd slaxi (o oo YO 5l 535,5) 5 lbazosd slawi daazoas JS 59«5 p grhaw  olop plail o35 )55 50 Gialej]
)L)‘suuo o )0 I JL@..}‘ C.L:.m o 5)4 u)j)—u—‘ cdale 9 (SPAD) J.._es).lf ‘JQ.M}B—UQ 6&4}0.\9 309 ‘()*AKSL'A YO-\O u,u) Ja.....‘}a.a
el 00l jlias (g lo cme iglas (g Lol Lo 5l eas (5 uFe il Glao audy s islesl e 31.(p<0.05) oo

ol gl assls [aalidl sasd jlews ol b aslin (o 1) g joom (LS 0l sl fol )by o jlows den a5 ols Lis gl
o,lac ool Jolows 9 (6,5 bgibw il L L Solel Ll 5l as” o osalice ol e jo o plasl o3 59 (i a5 olo
SRy My g QT o,lac 5 6,5 bgluw slo Lo 3l oolazuwl AR 0 olad C"L“’ OV USs) sl L;)los:.u Solds (6 55 bgilew
3 (o ghs #INVY) ol aBles jhad o (e sl FANVY) a8l Job b aigy el )l Jb cpl b ol azilas Lg).ub Lyl s pl jo ol
Solal Blod 51 a8 col 009 e Lo O/AF § o ilo FEIFA 55 a0 vals jles 51 yiian 65 bgilw o,lac 5L Jole jles
Cms g Ml oo (20l loyles pled jo ol5008 ail b Slslge 4 S 5 o Sis solo (glgiome .l 00l Lis (5,ls gixe gles
29y 0590 bl jo azoad 4 S 5l Juwe dlge dasme JEI L aS (el psie o 0 VA LY load wly al> oy alS
9,5 9 e Sl 5l oolal (2021)Lee and Ryu, yiwg3 3.k .(Kolbe and Stephan-Beckmann, 1997) so.i s ools s
MQ‘SA u..u‘)B‘ |) Lhuj)_v e S oobo ‘5‘9.40@0 9 oals u,....l)sl ‘) S 9 )J )9 ‘LSD-AAAJ) 055 u‘y& L (w)lf.ls Y)lf)

Sl (g Lol Blod 1 (6 5 lgileos b ) el jlas b a5 ol Lt ctalosT slojlad 51 st sl o ;o 55 o
A,y B i 0af £5,0 b glady ;) slapias oo 4 1) 55 —auie Seelns 99,50 jled STl solad lis (g ls pxe
solitul gt S e laie 4 Cdel LT slaslas g o iShgilow .ol rals ol o lore o Col Soe Sy xlans g a5l

(el bl b cou (bl baies s iali8l 65 ,5laS OV sasts 5l 6 e jo 1) ol g ool oSl g d A5 g gl oo



VFed a3l Y 0ylols DY 098 ool ! S g o wlidins  YAF

SaisS 0y by g ans &, basding, opg e yolic Jols pae 31 pgas 4y wisl atils gaie b o5 Sl asles oo L
Sy Gy g 00,8 Lain | wulie a5 55 a5 (slageasly sl el § 3985 o e (SS9l 4 oS Lawgs (ROS) (y3maST Jlad
Sloligagogms S woys B+ oy a5 diols lis liine S o Cags 1) 0 (S Lo 055y 5 5599 )0m Sl (S g
b Glass o (cenjimm olS ) aShl (e o8 5 WS (o Wy il LT Lulyd o esjis e
(Lal et al., 2022; Bakker and Schippers, 1987) sl oo (ialS jawgi, 10 dwlbew 09,500 adg Jawgd oo jowmw obsS gl
& S bgilew slaojlac 5l (2 WS 130 aLS laggey9n Jolss p peditane ue yob ay willyi oo Lo wligagages 5 Lags S Lgiln
o kil Gl acias LT L SOl ol da ST da S g 20 JiKw 10 (Sl huais a5 axiwn gleoaS Wl g9l

(Santini etal., 2021) 595 S S 5l &ile Wilgs o (29,500 Jolas

S0y SBazous CliS 5o Liulojl slojlow 30 oo (g S0 31l (Gl piie (ilay yo (Silso) il slg 42 3585 @S Y Jgu

Sl 56 o)l obl Slesd b L yokio
- f Y Y 8131 a0
VoIf YY/VA Y-V Yelo¥ (a3sy £lis) il Jsbo
an QAR Q4 - [OY kol ddls jlad
AU/A LATATN VYA/E* Y/ e ol 535 5
VEIA “IY¥ - /F) /oA wlsp plail Sz 3
£IV < IYA QAW QAN Sy oolasy
/0 \RRNAE FONVYE Ya/AN Sy bhw
Ny FYESY/) ADYE - /) * FOVOF/A bazosé JS o3
VEN AR AAEANA Yo ASl. azoas S slass
g 510 VPYIAX V-0 5 slrazend sl
VA VY- QAN AL VOFOAIY S5 clbdzodd o3
YY/o VEY /Y AdR/O* Ya./% bugio slazoss slass
Yon WAV Riata VA Lisgie slrazosé 5
\3V2 YOV Vo210 NSO/ SsS lrazond sl
Yy YOFIY OFFIY YYAAR S sS gloazodi o5
VY10 -IPY FIFO* - I0A (SPAD) Li,,I5
VYI¥ “I¥Y VA o S Ojs s cale
£l ofe ofe ey ofeef Sf;d....&&.]alc
sy - Y SIIA N S pely clale
VV/A FY Y YYAAIA £0V/F o opl el
fIA BIYA VV/EY \EE gy, il

2oy O Jlois] gaws )3 ,ls gxe *

100
[ 140 a
= 90 _
8 80 T 120
< Sl
< 70 g 100
= %0 S 80
2 50 “5_3
2 40 % 60
3 30 40
L 20 "
10
0 0
Control Cyanobacter Cyano-extract Pseudomonas Control Cyanobacter Cyano-extract Pseudomonas
Inoculation Foliar Inoculation Inoculation Foliar Inoculation
Treatments Treatments

SIS byl 35 ooy (Camsly) 5 31 s 9 (92) (219 plutil 030 (339 31 i laT (5o sload 1Y JSLs



YA . s3lolaz (58 bgilow sy S ymo 13l 1y, 00 9 goUT s (41

Ao, YH/EF ialidl el a8 al oowlice (6,5 bgilw b ain ) s Lo j0 bazoad S (59 oy i a5 0lo lid golis

aty) el 5 67 lgile o )lae (3L Jslme Lo b g Lol Bl 5l Lo (nl 5 0 vl Jlod & Cored baazond IS (59 (a3l
el Jlosd 508 Giogshon YO 51 G 5h8) Sy sloazond slass o (1 JS8) sl lis (610 pne Dolis oSy (wbigagogen b
VOFA/+) S, sloazoas 59 (¥ JSKi) ols ylid (00 YD) walis jlewd 4y Cand 2oy YYIAD iol33l (sae ANF) (6 xS bgilews
o sae g Lol Blod 5l cglas ol a8 ol ools Llis i3l suo ;o YYIOA (2,5 VYA+/+) sals jlas 4 Cas o (ol 40 o2 (p,5

.»)9.:.’
2000 % 100
= 1800 S 90 b
£ 1600 = 80
2 = 70
2 1400 IS 0
'S 1200 S .
[+
E 1000 = 40
S 800 8 30
S 600 8 2
e 400 € 10
5 200 Z 0 ; :
|9 0 Control Cyanobacter Cyano-extract Pseudomonas
Control Cyanobacter Cyano-extract Pseudomonas Inoculation Foliar Inoculation
Inoculation Foliar Inoculation Treatments
Treatments

SIS Lyl 53 (S jerems (Susly) 5531 (slbazons Slasi 5 () Bazond JS 559 1 ialoT slolens 51:¥ JSi

5 (p,S YEYI g PVIAS oy ay) wals jlos 10 (o b YO-V10 Hhad L) lavgin sldazoas (59 5 olaws a5 sl lis gl

gl uligagdges el o b (g lol Blod 5l a5 05y st (2,5 Y1V 5 PVPF o5 4) (6 S Tbgilows ojlae (5L Jslomo Lo

oanlice (5,lo cxe gl o jlewd p 10 (o o VO 3l jiaS a8 L) S 65 (slaazoad (39 ¢ olowy (T JSC) ols olas jls se
Sl lid olslas o Fo/2Y o YOINY coi 5 ol jles 4y Coend (6,55 Lgilbow b atyy ey Jlos o Jl> ol b (Jg s

» 100 S 300
b S
*_5 o g 250
i= 80 g
e 70 =
= 2
E 60 g 200
S IS
g =0 S 150
E 40 S
S 30 € 100
5 5
o 20 et
g 10 59 50
< 0 g 0 3 L
Control Cyanobacter Cyano-extract Pseudomonas
Inoculation Foliar Inoculation Control Cyanobag:ter Cyano-_extract Pseudom(_)nas
Inoculation Foliar Inoculation
Treatments Treatments

SIS byl 5 o jerems (Sely) bansgio (slbazond (335 3 () bwgio slaazond slasi 1 iulo3T (sloslowd 1P S

5 Bl S¥gams sl kil ojlas b las yS gl 9 )5 s (b oS (590500 5 Dl (sl S 29,80 wols

Chabili et al., 2025; Hidangmayum and Sharma, 2017; Hakkoum ) <ol e o)lo cilisee sla jimgss o Ll o Slos iol33l
Cad b olié polie Gis g oS s S S e lore 4 asily o Ll slacd gl g o xSLglow (et al., 2025
0 9005 Li 1) ol S bzl fiwgid wilg e oS wimd Gl dige e Lulpd jo |y (15l o Caglie 5 (oS
chale g alex 5l Al g (>, iz Julge lawgs oug LSis (Santini et al., 2021) aiil Jae 0ad fHod ez 40 A

Slngh et al., ) é}mgsa J).J Ltbw.lyl.uo OO o ymwd O g (gl GLQ)}SLQ GLQPS;M ‘J‘“’"“‘"’?""e OOF P rwd ) ‘u)w.fl
(2023



VP00 ol Y o los DY 0,90 oyl pl S g of wlidxs  ¥AS

)Lo...u A Cond 9 992 ).....M.u 6,.5[)9)[....» C.JJA 9 u.ul.uﬁ.as.)}u C..JJJ )Lo...' B 03 uj‘)ﬁ SPAD sae Q‘)"’A as ol ul.m) C.vLu
u;.\:> 9 Lﬁu...oLuj Z'L..u)_a sJ}.a.?u; éjil.o.c U’“J‘)B‘ 9 ol.:f J....:) ‘5.......4) 6&055 Wl QLA-A.A-’ u«...v‘)s‘ Qo 40 £Y/0 9 ov/F w).) a aals
JU! 5 oS (578 o Jobo oy (238 polie (nl iinl 2 ogdle aims oo (RIBN) monliy g 5008 ()95 wiile (2lis obie
S T60 JLiil pply g 2 o5 0 polie bl ogdle (Lee and Ryu, 2021) wicu oo Sgutn 1) (350 9 aie sloplasl o
(Torabian et al., 2021) 5 ls 85,15 glgiome g jiiwgd ;0 cogee s 45 disS o ot S 0 JuBg30 3o,k 511, (CO2) (p,S
@ 0ol e 4 Cund g 09 i 7S bglew dli 9 WUgegdg gl Lo )3 a5 sl LS @S (S 395 cdale ol
sl Jsb o 5iawgd (6,55 gLadl (lie ()59, 4o (o s liee 10 0L 5 slacglas 5424 L «(VOs and vander-Putten, 1998)
b Sl sl 4y |y 055 Syl (e js 92300 (LAS &S wile jlagly B (s OIS Salejl 50 (33900
5 S p S wl Gesjoen 50 Uiar Sepde el nlpl WS (oo el (590 Cudguze b ablie sl 055
S a0 Slee g o, B ddy S 59,500 lgiore Jadd a4 i 50 Slas o ) basle dswgs

funy
o

Chlorophyll (SPAD count)
Leaf N concentration (%)
O B N W b U1 O N 0

O R, N W dH Ul oo N 0O

Control Cyanobacter Cyano-extract Pseudomonas Control Cyanoba_cter Cyano-gxtract Pseudom(_)nas
Inoculation Foliar Inoculation Inoculation Foliar Inoculation

Treatments Treatments

SIS Lyl 53 (S (Sansly) o 32 5539 5 CABLE 5 () SPAD b Juba kS 1,8 51 GhatlesT (slolowd 5510 JSCi

as ols Hlas Gialdl oo o Vel sals jlad 4 Cond a5 0y byjled 4y 5l ins 6,55 Lgilbow ali Hlowd [0 el cldale

Jodo @ Lol el lgl8 slans S 50wl .o sasline o )0 O Jloi mhaw ;o oyl o 6 o cme Syl (Ll Ll

..\4‘9.160 ;5); C.L:...a 9 l.m_?).; e L}.Jﬁ)is ‘5‘9_».790 J.u‘).‘a‘ u.cl.: MLU qu‘).'Lu (Berru“ et al., 2015) ..LSGA lﬁ.»‘ ol.:f LY U—‘ JLn.u‘
(Torabian et al., 2021) 5.

9 638 elude (e 2lso plail Sis 5 03l ()59 aBlo Hla8 b Al Jobo (V) Jgoz) a5 ol (Lad (gm oy (Ninrod il 0
ae 3 0 Jlis! mhaw jo jls goe g e (Saed S g0 cdale b g by (p<0.01) vo o SO Jleixl v jo s pxe
S 5 59y cale § (SPAD) 89 IS sae b 5 cude  Sion olgn plail i 59 L olen plasl o5l 59 .0l yLis (p<0.05)
Ho s g e Siod lawgio slrazoas 39 L5 cudls (0<0.01) o yo SO Jloix] mhas jo o cine g (698 ¢ o (Kwrod
(SPAD) 35,15 sae b g codio (Siwod Lagin azoad dlawd L Sy mhans ol Lis (p<0.05) voyo O Jlois! mhaws o
olaxi g lawgin (glodzoad olawi b bazoad S olawy ol Lis (p<0.05) o j0 & Jlaizl mhaws (o o gse g i Sion
slrazoas 155 9 S, loazoad slass by 9 (00.01) wo o G Jloiol mhans jo o sre § Cdin (Ko S 65 sloazons
Sy Oiayms cdale b (SPAD) 34,05 sas ols jLis (p<0.05) vo )0 & Jlaixl mdaw jo o Jxe g Cudie (Siiod lawgie
el Zdale b S g 5900 cdalé g ols Lad (p<0.01) v y0 G Jloia| mhaws jo o Sre g (698 e San (r=0.72%%)
OHan 5 shesml> iagh yo ol lis (0<0.05) ws s & Jleixl mhaw (o jls gae 5 Cude (Swean (1=0.66™) S,
a8l ,had adlu olaws @i gl )l b as o SO (g o gime mhaw 10 00 0, Sles (po (Kiwaen 35 (Janmohammadi et al., 2016)



YAY o s3bolaz 538 bgilow sy S ymo 13l 1y, 00 9 0T i (4l

L Olas o Sl (Siaad (uizred . 030,5 dalin HIo das g Cude jobo 4 aigy ;0 )0 008 Slawd 5 (o9l g S ¢ Lol
A oaslive (59 Slgiee 5 ((So5elam o, Kles g ol a8l jlad cadl slaws gy £las)l) oL ojlusl b

(0w Az eud CUS 55 oudh (5 S eIl Wlio (s (1) (o (Suweod alpd G ylo Y Jgor
LN SD SMW SMN MMW  MMN LMN MN MW LA DSW FSW SD SL b picio
\ SL
\ VY SD
\ [ S FSW
\ AN <IfY <IVET DsSw
\ IYE -IfY ERIAR /e A LA
\ <IYY /5 NY RN LIEIN Mw
\ <IfA /5 -/t <IYA - IYY QAT MN
\ DAl < IANT AR AR /-0 —/+0 AR LMN
\ <IYY SV AR Nias </fY </fY AR QAR MMN
\ <Ay AR - IP0° AN DA .oy /08" Ang <IYY MMW
\ DAY LA AR IV “[-A oo <IYY RS 4 AR <\Y SMN
\ <IVA™ <\Y ] AR 100" <IN --\Y o/eY - N\Y <IYY —/+0 sSMw
\ AR /-9 Y4 /ARy 'R U GV A 1 B R S/ S MY & ARy [ YA RIS AT sD
\ SINYTT LYY —[-7 EAR AR YA —\F o/ e FF VT O VET YE O LN
N2a - IvY AN AR -+IYA AR <IYA [0 Q4 ERAR as EAR EARNEEERY o ¥ LK
A S Y| 7 SRYAY S PY - Jov* N Nias e Y. .| Y R B P MY A £ < LFe

JS slasi MN cazead JS ¢339 MW o5 b (LA o olg ploil SLis (359 DSW o ol ploil 036 (339 FSW .abliv yhad :SD cabl Jobo SL :ilonpigs
SD K> o5 4z 00l (333 SMW (S o5 azous slaxi SMN Lawgio 4200 339 MMW lrwgio azoué slaxi MMN 53 azoué slaxi iLMN Lazond
1 T LFe o5 1 ol 1LK o5 3 (339 555 LN (SPAD) b 5

(PCA) ole Jdxi b Lol sraddgo Judoxi

Jelod 5 4528 gl b plnil Lol (sloadlhe Jolo 5 4528  rajim 0dd (s pFojlail wlio g lajlers o alasly S0 pglaie 4,
YEIX g YAUA o5 @ FIAY 5 0187 o9 polae b pgo o Jgl ol sloadlge a5 ols olis (Glas) b psie gl Lol sloadlge
S p2 5 o3l adlge (ol (i BBl 5555 4z 50 oy polie ul S (oo 4z g 1) (arme Sla Shg SpesS 5ao)o
e, YEIF Ly 4y ;0B phlez g pow g0 (Jol adlge jlox it (pl 5o a0yl (g i Gl g ails LS o ) aosls
Siad ol 0ol o Lol adlge Jlez o iolesl (l j0 eois (6 puSojlal o Yo ol b i baosls Luil g g SouST
S0 698 (Ko (11VA) Sy olaws g olgr plasl (-2 /AY) o> o (-2 /AY) 056 (59 b Jol (ol addgo aS sl lis 55 s psie
(F ) cuily (698 g oo (Ko (-2 /AY) 55 sloazoad (39 9 (- /AA) S5 azond olaai L pgo adlge

Group
6 ® Loadings PC scores &
: @ PC scores 6 : | 50
4+ - i — - . : {9
.. E P ;
2-“ . - E 2
~ X
g OV iexsxasvassnratiast . S CU s, W ) 5 45
. e - o sssssssresnsnnssnse iy BMicesssnsss T .
T LY e = :
«2- o pu é . 5 - - -2+ y
- [ (el -
-4 — -4 { J 40
6 T T T | -6 T T 1 T 1 -
-4 2 0 2 4 £ 4 2 0 2 4
PCA Res

3 s yiSlygiloms (sims 5 S0,Las b oo jlond (e jirapes 4200 by gL 51 (PCA) (Lol gbailho Juloni 3 4 35 geintgd slo,loges :# JSCi
035 ¢339 FOW caBlu a5 :SD callo Jobo SL Jolis ouih (5,105 b b yuiie .xivid (5 jlwJlo yi (ool (soailgo Jkons g a3 3205 31 Jub Laosls . pwligogoems
o5 31 dzoud olasi LMN Lazoad JS olasi MN Lazoaé JS 59 MW oF gl (LA o5 3 5l (LN« ilgn ploil i 59 DSW ( s1lgn gl
339555 LN (SPAD) by 15 :SD (295 azoué (359 SMW (S5 azous olasi SMN dawgin azo0 (359 MMW L bawgis azousé slasi MMN
559 (1Y-11-14) uligogogmw 3 (A=A-Y) 5 1S bgilow o lac «(F-B-F) (& 155 bgilow «(F-Y-1) ablis jlows Hloz b 1 (T :LFe o5 1 sl (LK o5 o



VFed a3l Y 0ylols DY 098 ool ! S g o wlidis  YAA

&9y (LP) Sy 128 (LK) $ ol (LN) S s 0lass «(SD) adles ,haé sl osls «(F JS&) byl 5o (Jgl adlge o
Slas u.:‘ 9 il Cudo M ‘:‘9& [aL.\al (DSW) S 9 (FSW) o)l.u )9 ‘(SL) a8l Jg.’a £9o c\.OJB.A 29 (LG) 5).'
sy lrojlas gy Syme @ll ) b (Chabili et al., 2025) )\ Kas 5 Jol> acils Ku L (Soop bl
o Sl o 1 oyl iy bl (PCA) Lol (sloailse Juloss 5 a5 L pasS ,3y il 5 slocSialri, 5 Uos il
Sdlad gl az ) jo laatdly Gl ols lis S peg slaally g ad) @08 (Siailexr jo Cute RIBIL (R )3 05 +/Y)
Olye 4 (S slaojlas 0 )5 Grizmes 5 5 Jles plpie 4 SISl ead lax lag Shglew 5 Sl i) () S e
50,8 ST 0,08 5 il IRl lp ll sla)l

oledudey 9 (6 yo5 4

R g (s SebS 30 ) danzme b 5l S piae (gl gy gogS Glsie 4 Wil oo (55 bgilw (S 5k &
by o i gl ) (6 S ligilons 95 j2 a8 ols ()La3 Sujelgn 508 sla (g (2l)l 09d arogi (59,8 BB o Slas 2l38l
(8 yoadl ()59 5 Sl 0 g BB sl olles dngm 90y aile olS wl, (ilidl s S shsdols ldl 6l e e8 JB
S8 aS by (lad ol addllas wisls (Las (JAA) sl Sk Jgal (2LS (50598 Wi 5 Oland mendS g 5 (Sous S
5,80es 5 ol p aald Jled g uligegdgm (581 005 4 Cand 0lS wb) Syme plgie 4 Gl (e olas 5 (5 3S byl
S (9 Ble ylad g Job lais Syl o jlae (5L Jolone 45 slo (lis gl cinl pogdle .l 550 (e i slaazons
5 ol ools iolidl iy S0 laylews 4 G | S (65, 5 ool yad ale deazoad S slawi (I oo olgr plu]
S e olge a4 el Ll sl lae g o i hgilow ol svmlive (6 2 hgilow b ala; i Lo jo Waazons JS 059 (n yiien
Loadly cpl.ams oo Gali8l (65)5LeS SV gaze 5l (g ke jo 1) 0l g ools Lol ) (g 08 Lo il 5 g oo oolitinl (g
Sl 5 2o oo Al (coe) o SIS CiS gl 450 4 (55ke 9805, o plagseYse B i &S Sl e (LIS
A 395 Aty 9 (Al o e sl 6k

S ol

S o>

A ploeil 0,8 1l JRiils  Lidgh Cdglae Ggire 5 o Colex b ol dllie

o oS whael (pozeiils aslbly lagsy B 55 (55)0laS euSiails w05 et o8Ny )b 5l raghy cnl 5 Jle cole>
sl 0 plol S A5 s (5 Bilgy paizeas g 5oL

OB s g e )Lk

el 3 el ool (g ylel Jelowi 5 s daools (53510,5 gty plawl 5 (b Jolpe &5 50 lene j5b 4 (S s
il &8 i dllie 55l oles 5 (b @dbel @l J5S g (o) 0 lie Gugiinn 4 @bt 5 Sl

10lios 2 S5 4 dllie jo Pty oS )Lin S 50

Sstel Jelosi 5 455 (Dl plomil dosls (5 51,5 5 talojl plomil dpaigas (gjluoolol 5 ags romils sgoblhons (o5 e
i esiions 4ng el 5 Sl a5 5 Julo daoslo

=23k el il J5uS g (o) 2 g plmil J2lhe o )l gl (b sbighly slesaly sbiwl : live Jlogw colo
Jlie s3leales 5

5 Sk el @S JyuS g omyn (GReon el Jolie p O)llai (gl (b aslibl el sliwl 155 )
e 3l ales

lis Sl g addllas (rmgly p O)llas (gl (b o o8 line ebipbl jolive sliwl 5 35 gmge 33Lo

osls ay o yiwd aily

] LS“"JMQ k)Jlﬁ ulf..\wy )‘ w‘P)Q d)).’a )‘ ].0[.‘> u‘“‘bjf' ‘S{Lba.)b



AL gt 6 iSlgilons sy o yo il 1o lS0m 5 oobT i (ot

S Sl
odd i oyl 0,5 0l oBiily (6,0l g cipgh Cdglee Coles b ol ) cwlil IS aslibl SOl pisu leie 4y allae oyl

Golixwlbw ol iagh sl 0 e 5 Jb coles [bls 4y 0,5 0l olRiils sidghy prore Sdgles 51l by ool
3,5y olKiils S (559)9m oli.d’.u“l.c)"T 5 olpasl ol Cass 50 &8ly soamo, gl ‘_gl_'éT waeh &S 0 gt cpl (end 0 e o0
sb,5 bl o lias 1o o LSS bl 4 @ilxlS o ime Co e 5wl g0 6,8 095 BWLS ol by s 5 alel

ailed (6l (Baod Sas 535 08]9Sl

o295 G Jgol 51 59
Cowlgs] dod 3ol 0590 Egog0 (pl g Wlosges Cule, ade iagh ool JLal g sl o |, B ol B oy

&b )l
3l @lie ()15 allie cpl (g5 Jlebl 2 Lo

&L

PSS 08y e y0 als sTs 9 Sy 59,0 Sdale 0,915 (gl SPAD-502 L giie g g IS 51 solaiul ((VYAY) 55 (sduze
Doi: 10.22092/ijsr.2014.120333 .YAYT-Y¥0 «(V) YA (S slo ings

ol ol el 5 S Bl dmge WY o)lod &y i - gl ol oLeF o7 cola 55, (VYVO) aiSle ol

9 S dengo (i Sy E)lpe (2l9S 5 S5 (8 Jeallygis ((VTAT) oggls ¢y e 5 SOl i ohagy0 1o B o Sn
i TV Sl s S

REFERENCES

Alvarez, A.L.; Weyers, S.L.; & Gardner, R.D. (2024). Cyanobacteria-Based Soil Amendments in the Soil-Plant System:
Effects of Inoculations on Soil Nutrient and Microbial Dynamics under Spring Wheat Growth. Algal Research. 77,
103326. https://doi.org/10.1016/j.algal.2023.103326.

Bakker, A.W., & Schippers, B. (1987). Microbial cyanide production in the rhizosphere in relation to potato yield
reduction and Pseudomonas SPP-mediated plant growth-stimulation. Soil Biology and Biochemistry, 19 (4): 451-
457. https://doi.org/10.1016/0038-0717(87)90037-X.

Berruti, A., Lumini, E., Balestrini, R., & Bianciotto, V. (2015). Arbuscular Mycorrhizal Fungi as Natural Biofertilizers:
Let's Benefit from Past Successes. Frontiers in Microbiology, 6, 1559. https://doi.org/10.3389/fmich.2015.01559

Bolandi, A. R. (2007). Study the effects of size and dormancy of microtuber on production of potato seed - minituber.
Proceedings of the 51" National Horticultural Congress of Iran. Shiraz, Iran. P. 40.

Chabili, A., Hakkoum, Z., Minaoui, F., Douma, M., Meddich, A., & Loudiki, M. (2025). Germination Screen of Eco-
Extracts from Soil Cyanobacteria and Microalgae for Their Biostimulant Effects on Wheat Seeds Emergence and
Vigor. Algal Research. 89, 104087.

Chabili, A., Minaoui, F., Hakkoum, Z., Douma, M., Meddich, A., & Loudiki, M. (2024). A Comprehensive Review of
Microalgae and Cyanobacteria-Based Biostimulants for  Agriculture Uses. Plants, 13(2), 159.
https://doi.org/10.3390/plants13020159

Chamizo, S., Adessi, A., Mugnai, G., Simiani, A., & De Philippis, R. (2019). Soil Type and Cyanobacteria Species
Influence the Macromolecular and Chemical Characteristics of the Polysaccharidic Matrix in Induced Biocrusts.
Microbial Ecology, 78, 482-493.

Chamizo, S., Mugnai, G., Rossi, F., Certini, G., & De Philippis, R. (2018). Cyanobacteria inoculation improves soil
stability and fertility on different textured soils: gaining insights for applicability in soil restoration. Frontiers in
Environmental Science, 6, 49.

Chittora, D., Meena, M., Barupal, T., Swapnil, P., & Sharma, K. (2020). Cyanobacteria as a source of biofertilizers form
sustainable agriculture, BB Reports, 22, 100737.

El-Ayouty, Y.M., Ghazal, F.M., Hassan, A.Z.A., & Abd El-Aal, A.A.M. (2004). Effect of Algal Inoculation and Different
Water Holding Capacity Levels on Soil Aggregation and Soil Moisture Content of Sandy and Calcareous Soils
under Tomato Cultivation Condition. Journal of agricultural sciences in Mansoura University. 29, 2801-2809.

Emami, A. (1996). Plant Analysis Methods, Soil and Water Research Organization. Publication 982. Vol. 1: pp. 128.(In

Persian).
Glickmann, E., & Dessaux, Y. A (1995). Critical Examination of the Specificity of the Salkowski Reagent for Indolic
Compounds Produced by Phytopathogenic Bacteria. Applied and Environmental Microbiology, 61, 793-796.
Goos, R. J. (1995). A laboratory exercise to demonstrate nitrogen mineralization and immobilization. Journal of Natural



https://doi.org/10.1016/j.algal.2023.103326
https://doi.org/10.1016/0038-0717(87)90037-X
https://doi.org/10.3389/fmicb.2015.01559
https://doi.org/10.3390/plants13020159

VFed a3l Y 0yles BY 098 ooyl S g o wlidins Yo

Resources and Life Sciences Education, 24 (1): 68-70.

Hakkoum, Z., Minaoui, F., Tazart, Z., Chabili, A., Douma, M., Mouhri, K., & Loudiki, M. (2025). Impact of a Soil
Cyanobacteria Consortium-Based Bioinoculant on Tomato Growth, Yield, and Fruit Quality. Plants, 14(13), 2034.
https://doi.org/10.3390/plants14132034

Hassani, F., Darvishi, B. & Alipour, D. (2007). Technical guidelines for the control and certification of potato seed farms.
Seed and Seedling Registration and Certification Institute, Karaj, 21 pages. (In Persian).

Hidangmayum, A., & Sharma. R. (2017). Effect of different concentrations of commercial seaweed liquid extract of
Ascophyllum nodosum as a plant bio stimulant on growth, yield and biochemical constituents of onion (Allium cepa
L.). Journal of Pharmacognosy and Phytochemistry, 6 (4): 658-663.

Janmohammadi, M., Pornour, N., Javanmard, A., & Sabaghnia, N. (2016). Effects of bio-organic, conventional and
nanofertilizers on growth, yield and quality of potato in cold steppe. Botanica Lithuanica, 22(2), 133-144.

Johansson, C., & Bergman, B. (1994). Reconstitution of the symbiosis of Gunnera manicata Linden: cyanobacterial
specificity. New Phytology. 126:643-652.

John, D. M., Whitton, B. A., & Brook, A.J. (2003). The freshwater algal flora of the British Isles, an identification guide
to freshwater and terrestrial algae. Cambridge University Press. p. 702.

Jose, S., Renuka, N., Ratha, S.K., Kumari, S., & Bux, F. (2024). Bioprospecting of Microalgae from Agricultural Fields
and  Developing  Consortia  for  Sustainable  Agriculture.  Algal  Research, 78,  103428.
https://doi.org/10.1016/j.algal.2024.103428

Just, B.S., Marks, E.A.N., Roquer-Beni, L., Llenas, L., Ponsa, S., & Vilaplana, R. (2024). Biofertilization Increases Soil
Organic Carbon Concentrations: Results of a Meta-Analysis. International Journal of Agricultural Sustainability,
22, 2361578.

Kalra, Y. (1997). Handbook of reference methods for plant analysis. CRC press. p. 320.
https://doi.org/10.1201/9780367802233.

Kholssi, R., Marks, E.A.N., Mifidn, J., Montero, O., Lorentz, J.F., Debdoubi, A., & Rad, C. (2022). Biofertilizing Effects
of Anabaena cylindrical Biomass on the Growth and Nitrogen Uptake of Wheat. Communications in Soil Science
and Plant Analysis, 53, 1216-1225. https://doi.org/10.1080/00103624.2022.2043350.

Kolbe, H., & Stephan-Beckmann, S. (1997). Development, growth and chemical composition of the leaves and stem for
potatoes. Potato Research, 40, 111-129. https://doi.org/10.1007/BF02407567

Komarek, J. (2013). Cyanoprokaryota. 3. Heterocytous Genera; Budel, B., Gartner, G., Krienitz, L., Schagerl, M., Eds.;
Springer Spektrum: Berlin/Heidelberg, Germany.

Komarek, J., Kastovsky, J., Mares, J., & Johansen, L.R. (2014). Taxonomic classification of cyanoprokaryotes
(cyanobacterial genera) 2014, using a polyphasic approach. Preslia, 86: 295-335.

Lal, M., Kumar, A., Chaudhary, S., Singh, R.K., Sharma, S., & Kumar, M. (2022). Antagonistic and growth enhancement
activities of native Pseudomonas spp. against soil and tuber-borne diseases of potato (Solanum tuberosum L.).
Egyptian Journal of Biological Pest Control, 32, 22. https://doi.org/10.1186/s41938-022-00522-w

Lee, S. M., & Ryu, C. M. (2021). Algae as New Kids in the Beneficial Plant Microbiome. Frontiers in Plant Science, 12,
599742. https://doi.org/10.3389/fpls.2021.599742

Majidi, A. (2014). Use of Minolta SPAD-502 Chlorophyll Meter for Estimating Leaf N Concentration and Grain Protein
Content in Three Varieties of Wheat. Iranian Journal of Soil Research, 28(2), 245-254. (In Persian)
https://doi.org/10.22092/ijsr.2014.120333.

Massey, M.S., & Davis, J.G. (2023). Beyond Soil Inoculation: Cyanobacteria as a Fertilizer Replacement. Nitrogen, 4:
253-262.

Mazhar, S., & Hasnain, S. (2011). Screening of Native Plant Growth Promoting Cyanobacteria and Their Impact on
Triticum aestivum Var. Ugab 2000 Growth. African Journal of Agricultural Research, 6, 3988-3993.

Mushtaq, Z., Asghar, H., Zahir, Z.A., & Magsood, M. (2022). The interactive approach of rhizobacteria and I-tryptophan
on growth, physiology, tuber characteristics, and iron concentration of potato (Solanum tuberosum L.). Journal of
Plant Growth Regulation, 41:1359-1366. https://doi.org/ 10. 1007/s00344- 021- 10395-2.

Rippka, R. Deruelles, J. & Waterbury, J.B. (1979). Generic assignments, strain histories and properties of pure cultures
of cyanobacteria, Journal of General Microbiology. 111 (1979) 1-61, https://doi.org/10.1099/00221287-111-1-1.

Santini, G., Biondi, N., Rodolfi, L., & Tredici, M. R. (2021). Plant Biostimulants from Cyanobacteria: An Emerging
Strategy to  Improve Yields and  Sustainability = in  Agriculture.  Plants, 10(4), 643.
https://doi.org/10.3390/plants10040643

Sergeeva, E., Liaimer, A., & Bergman, B. (2002). Evidence for production of the phytohormone indole-3-acetic acid by
cyanobacteria. Planta. 215: 229-238.

Singh, P., Arif, Y., Siddiqui, H. Upadhyaya, C.P., Pichtel, J., & Hayat, S. (2023). Critical Factors Responsible for Potato
Tuberization. Botanical Review, 89, 421-437 (2023). https://doi.org/10.1007/s12229-023-09289-7

Thomas, G. W. (1996). Soil pH and soil acidity. In: Sparks, D.L. (Ed), Methods of Soil Analysis. Soil Science Society of

America, Madison. pp. 475-490.

Torabian, S., Farhangi-Abriz, S., Qin, R., Noulas, C., Sathuvalli, V., Charlton, B., & Loka, D. A. (2021). Potassium: A
Vital Macronutrient in Potato Production — A Review. Agronomy, 11(3).
https://doi.org/10.3390/agronomy11030543



https://doi.org/10.3390/plants14132034
https://doi.org/10.1016/j.algal.2024.103428
https://doi.org/10.1201/9780367802233
https://doi.org/10.1080/00103624.2022.2043350
https://doi.org/10.1186/s41938-022-00522-w
https://doi.org/10.3389/fpls.2021.599742
https://doi.org/10.22092/ijsr.2014.120333
https://doi.org/10.1099/00221287-111-1-1
https://doi.org/10.3390/plants10040643
https://doi.org/10.1007/s12229-023-09289-7
https://doi.org/10.3390/agronomy11030543

YA gt iS5y o o il ol lS0m 5 6obT i (gt

Toribio, AJ., Jurado, M.M., Suarez-Estrella, F., Lopez-Gonzalez, J.A., Martinez-Gallardo, M.R., & Lopez, M.J. (2021).
Application of sonicated extracts of cyanobacteria and microalgae for the mitigation of bacterial canker in tomato
seedlings. Journal of Applied Phycology, 33, 3817-3829 (2021). https://doi.org/10.1007/s10811-021-02599-6

Vaishampayan, A., Sinha, R.P., & Hader, D.P. (1998). Use of genetically improved nitrogen-fixing Cyanobacteria in rice
paddy fields: Prospects as a source material for engineering herbicide sensitivity and resistance in plants. Botanica
Acta, 111: 176-190.

Vos, J. & van der Putten, P.E.L. (1998). Effect of nitrogen supply on leaf growth, leaf nitrogen economy and
photosynthetic capacity in potato. Field Crops Research, 59, 63-72.

Wasilewska-Nascimento, B., Boguszewska-Mankowska, D., Zarzynska, K. (2020). Challenges in the production of high-
quality seed potatoes (Solanum tuberosum L.) in the tropics and subtropics. Agronomy, 10:260-272. https://doi.org/
10. 3390/agron omy10 020260

Yandigeri, M.S. Yadav, A.K. Srinivasan, R. Kashyap, S. & Pabbi, S. (2011) Studies on mineral phosphate solubilization
by cyanobacteria Westiellopsis and Anabaena. Microbiology, 80(4), 558-565



