gy allie WASIAF (o AFeT 5l ogus oo oy ey [ Sl bl yo o615 pole coliind

olrie) J5 o Shos g 4y Sluogas (& p At 5395 b 3l (L5
RSO Y JOVPS BV LIS FIXVVS PP RVESC I 5 7) IPOF 3 PO AP W PN PIN COSCOWESIATS S P FRRVEN

Ol 9,0l 9,0l o olStils ¢ 5,98 Skl bl Mol g sl 095 «(555)98 19,51 (5> gl islo-)
Oyl 2530l gl o olSuisly (65y5liS 0aSiily (bl Mol § caely; 09,5 Y

) ey o) B oS3 ¢ g gl 5 (55,5128 1S3 ¢ AL K5 5 A putigs 03,5

O] e g (g3, s8I ¢ 55,5158 01K «(535l5iS55 5 05,5 —F

Il 5 M3 o5l o539l 03Stils s 095 (s50sS9,ST (55> abgel il =0
h.makarian@yahoo.com :asle Jgiume *

DOI: 10.22034/CSRAR.2024.390675.1331 VEX/eN oY bl s fo)b

AR 7R3 A IR SOR VT

FRVCES

Olries oS )0 dgmy g 5lul SuselsST (55,5LaS pllaipgy o 5l )ly5 sl Y slaylil 5l (o (LS @l e o e
Crocus ) olae; J5 o Sloe 5 an Sleogas » (Sufslser 5 lord (Il GloosS 51 gy jslite & Lsl) ran 50wl o0
655188 Sl 35 0 50 5185 aw by (olas olS (glaSsh 4l 75k B j0 0ud 0 5 lgs sla 5 50 4y olejl (saIVUS L.
QLS 53 05V *) CamgeeS 05 9 (LS 50 03 Y0) (sals 355wl mbaws 4w ;5 JT 055 ol ialojl (sl los .ot ploxil Jo)|
P eSS Ve gV w55 50 Golus S 4 (NP) Jaud 5 ()39 58 (aland 955 pgo Jole 5 <85 )3 ol sla 5 50 a5
Pseudomonas Azotobacter chorococum Lzl g (aals) gl sae :Jols o) 065 mhow zu psw Jole 5 LSa
g 2o, V81, olhaes 5y Sid 59 () $0sS aali oS 0e oyl &ilaw il ¢ Bacillus subtilis 4 aeroginosa
395 51,8 50 0,5 5kS Vo e Lol jod CanngiaS (g059 9,25 0ls Gial38l 7l poe walls 4y Consd o y0 AV 1) 4l SiS (59 iz e
@ Coamad NP 355" 0 F9l.S 1 ¢ 0dlay CanngiaS gay9 00,15 .cels ol ja 4 1) (LS 50 0,55LS YVVIFY) S 5 (59 o s (NP
5 T 055 inils 5 115 Singsy ol @l bl o1 ial33l 1o sino ysboas [ JS 5 ¢35 <S4 NP 358 p,S5lS ¥ ov 0, ls
Slaal & L S )9 (oo p8 45 09d 00 plyde) S5 0 ,Shos g ad; Gl 4 e (liand 995 B ras (18 Ged (olierd
dlss Sl 59la8

CansgraS (5059 5louly e ¢ s 355 o I 255 1 gundS (sbarojly

(Koocheki et al., 2022) ol zalS 6,50 op! Job ol
oduSadgs (sl aS e 55 Glnl Sl vl
Sl Olie 9 S 05 o S5 51 ) o plia ol ,—ide;
Lgia b anglio o o] 5 ,Shos (oSl (o Jg ol AL
Kumar et al., ) a_sb oo Sl Jgamo opl Sl 5,Sles
s o ,Slas lo pme gldy 45 o) o Hasay (2009
J—dsa oS adgs oses sla )9S plw g Glnl 5o
2 gl i g oS ol andss slsel) (yos cwliali
Al ol gblie slbSE  olond § (58 Sluoguas
G S b aS aw oo Jlaia (559 00 eleol )
S Sdas Sone sl |y Il p olS 035 (pg slomis gl
y—ol> Jl> ;o (Heidari et al., 2014) 5405 pal,8 ) ac;
TR TSP LE= F 1 . Y] NN/l - XYL g P e

Aodo
(Crocus sativus L.) olac) « gsyls Lol o o
O ol b ls pladl Cdlw g 4355 0 (Glofug oSl
g St bl gobaill 5 eloizl undg )3 (295 S
ol @15 Jelo 4 plyde sl 00 5 oy ! Sasdoss
oo @bly JLiiwl s)50 slofg Hobo a0 YU (eolasl 3]
LS ol,ac; (Dastranj and Sepaskhah, 2019) .l
S Goyb 5l (g Do 4 oS Sl e 5 Cudl
J—ad 2 o1y a) it Jalie ol ol iy oo 2255
@ sl an 5l 5550 sloan ady b g 5lel ao 5L ol5
J5—25 5,0k s 59, 5550 slean il oo plas]
3 e B il e e 5 4 )50 5l (5,1 00 00 090 g5 0

PR SRRV AP LWL g CE SR W I P T-X S W



ol g ooly Jle

vy

Kirmani et al., ) oo 8 olac; o Slae o 2o il
S byan b oyp Saa b oS iagyy 0 (2014
S5 9 o5 Slmos—ad p Sjlom 5 2led GlaoyS
sleay gl a5 55 ol 5l (Sl @l s planl e
2 AL skl 5 ligegdg—a sldis 2o Lo (i)
5 5 o5 Sl Sl el I olie Cix
S 8kles (olar g (G 055 Olojar )5l e
ols )13 8l cood (gl gina yoboas | olyie; (S 5 (oo
03950 (tlooad 995 LS 50 0,5 6lS 00 3 )5 a5 5y 5bo
355 lade caai 0,5 a5 3gs S5e AMUS & Slae 08 \len
Sy e (G 9955 olred 4n (p LS VO) ol
DS o Shoe sy 9 (2lord 355 lojep 0,5 izen
Solostne sebas (lierb 055 00l 05 4y S,

(Heidari et al., 2014) ols 2158l

el 25 a5 el el (5950 5 sla JluSis
argi b oS SlS alex 10,5 8 axgi 000 ey Al
Oley i8S )18 azgi )50 Joo)) bl (ool Lyl
il sbl g ool j3 oYL oKl Wl oo a5 acil oo
b shanal ails Hlewl 65,5las 5 ol Gbls o
Sla3sS ol o a5 e (slags xSL adls o )15 s
asllas 550 Juo,l Ll jo olhae ) ciS jo u,ﬂ? ] PPN
P. < A. chorococum 5L sols () sloosS
worbeons slaogS alizs polie 4 B. subtilis 4 aeroginosa
olaey IS o ,Sles 5 an closas (S JslessS s

L9 9 3lge
&3S Slidod 5 50 haghy ac5e 0 Gholel
5 Plo—d a0 19 g addo FA L3l Job L ool
VYYD glis,l g B, az,o VY 5 akdo YA lidlin ose
@ Gialesl ol > 1 YAF-20 el )5 Lo jo by mhaw 5l e
sSol al zyb B o oa s o2 Lgs s S )0
:Jols Giolosl sl e o |l 1S5 aw 4o ol Lels
30 05 Y0) (sl 068wl e 4w yo ‘_JI 355 Jol Jole

by oLlS JLs 950 2l ,olie u-**l-' slelsal,
ey Ol Bds jelate 4y 3l gl Jlw jo Lol ol go
Jed 5l Rl @l e Sleslial 5 loot slassS
ol 428y ol e (g 50 I g () slR0gS

s ol S pilslo @ comi i) 4z 5]
ClS i leae 4 L_“J'I SrsgS 8 5 15 Lol ol o adginS
4 Sloogas nla g 09 Sgate e 9 00 lwdinge
Saeidi Aboueshaghi et ) o,ls Jlis aul, ol yac; 550
aly gy sloan (g 9 oloas ¢ Jore loogS ar s
;o (Seyyedi et al., 2018) ol zal3dl )lo ms ,ob
@l o sl glhae; J5 5 650 sloan o Shy »
Al oo 055 L anlio jo ‘_S_I'l loogS oy 5 ol s
Olsy o Sdee g plibe; 6250 Glodan (Fhy » i
4 a5 im0 (Shariatmadari et al., 2018) o uls
ok anojlail g slionds ¢ sols (gladgS il )y jelate
@S b plxnil plyae; 3 Sloe 5 65250 loaty slo Sy »
355 glis 5l (e polis genlf coto (28 51 Sl ales]
Sy sloan o Sloc g o) dgugs ;0 olan—i g oo
055 b duslin ;o sold 055 0,5 15 K0 9w 5|09 oyl ye )

olAe; 5 slean sl Shs 2 Gt Al ol
.(Koocheki et al., 2014) c.sls

oolii il Hlals adas )0 a5 (5255 O3l 5 (g @l ]

b35S 5,5 o)Ll (s slodgS 4 Bl on 0950
dos Sl o 5l 6551 anhe Slogzgei ) (gl (i
gyl 5l ol slacaplio Ly bt agissT 5 bag 8
S5 |y pme o, il 5, 4 o azil oo

OIS g« sands o (Zhang et al., 2013) u_s
olis aJs 1) B.subtilis 6 25U e o 5k
Ol a5 SsS 4 inged (5155 ol —te ) (—2aly 5 (a9,
Sharaf-) ols zal38l o ,0 VY 1, S_is a WS o, Slee 045
3yhk0 8,5 a5 Wleols yLis o yza g3, (Eldin et al., 2008
Sy 43l oS nl sy p 6,8l Gl csl); 4o 2ol

o (95 (2l d 355 0 SolS A L o] adl o p)lS



\wy

Ol J5 5 Slas g ay Sluogas 5y p ilicko (6995 @il 53 L)

(B. subtilis + P. aeroginosa + A. chorococum) L,
PSS Ve Gliee 4 S gl elsl (5355 55 0
PSS Ve 5 (alls 39y ame 3 ¥F) 09l 055 S
O (Al jad 0000 ¥7) i 5 Slind s 055" S0
plaS 2 5l p Sl 00 s (6955 5L chai jland )0 5 WS
Blaogad e gz 295 o0liil S WIGsh slosss |
Goe U (ol jbo 4y aball iy 5l SI olear o 5 (Suid
ol zolejl 4 g el Joo 4 S (gl pigas (550 les ¥
Jsoz o ol s a5 o Jlo )l sl gime ol8zils S5

] 00l o0lo ul.....; \

S,S 04 0 (LSe yo (5 V+) CavgaS 09 § (LS
S 5 3950 (oD 355 pd Jale 285 )18 Lol
P eSS Ve Ve w59 )0 g5l s 4 (NP)
Tl & e ol 5 0t ool o8 la S s LS
ALl 5 (o) il pos sJul b (2 55
Po L el (459,08 sasS s 5 ,55L) chorococum
S 590055 Job—w VoA L sla s ouisS’ J>) @eroginosa
aS ja b oaiS J> 5 ,35L) B. subtilis bzl o (o Lo
Joborels yind Sl ial33l s T slaal o5
Wl il 5 Gid (o 12 )3 0035 Joboo VoA L 25 0s

(ol +=Ys Goc 39) iz ac 30 S (o1l 9 (S b Gluogas -) Jgur
Table 1- Physical and chemical properties of soil (0—30 cm depth)
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Figure 1- Effect of organic fertilizer on leaf fresh weight
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Table 2- Analysis of variance (Mean squares) of effect the organic, biological and chemical fertilizers on studied traits

Oy’ galo ax e Sy P o Sy SES (339 ay J5 slass a9 5 039
SOV 50|}T Leaf fresh Leaf dry Total corm Corm fresh
dr weight weight weight
S 2 10452.9" 1571.91" 2.17™ 257898"
Replication
S oss 2 2170.71° 378.25" 2,74 10081"
Organic fertilizer
Al gl 4 301.48 21.78 131 42232
Error a
sl 055 1 308.39"™ 218.05™ 0.27™ 283271
Chemical fertilizer
ot 095w JT 355 4 489.91™ 186.18™ 7.81" 455520
Organic fertilizer*Chemical fertilizer
< sl 6 728.28 141.45 1.73 4176
Errorb
o) 085 4 18203.64" 4668.36™ 92.37™ 578121"
Bio-fertilizer
s 355w T 058 8 674.76™ 119.48™ 2.78" 20010
Organic fertilizer*Bio-fertilizer
) 095 ool 095 4 619.89™ 99.07™ 1.055"™ 10540™
Chemical fertilizer*Bio-fertilizer
s g leon it JT 555 8 624.74™ 197.71™ 2.047 42802
Organic*Chemical*Bio-fertilizer
5l 41 2931.74 660.93 11.068 118083
Total error
Oy 50 - 22.38 21.52 12.89 22.28
CV (%)

ol o g g Dol e A4 NS g oo )0 iy g duoys SO Jleil mhaw 10 (60 cire oaio L s g s
ns = non-significant. * = Significant at 5% level. ** = Significant at 1% level.
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Oyt @l az e ay SS9 &y yhad Fslasi K50l
SOV ‘5¢|ji Corm dry Corm diameter Number of Flower fresh
dafr weight flowers weight
S 2 31635 83.71" 159 1426
Replication
Sless 2 11166" 11.55™ 205™ 151649™
Organic fertilizer
Al gl 4 14.30 3.45 480 930
Error a
stlrands 295 1 35724™ 85.58" 17696" 35657
Chemical fertilizer
wlosd 3555 J1 o8 4 31367 16.13" 530™ 8427
Organic fertilizer*Chemical fertilizer
< sl 6 1486 8.06 2705 1212
Error b
Sy 285 4 96693 190.65™ 6643™ 32474
Bio-fertilizer
s 355w T 0gS 8 5838" 3.135™ 119™ 2652
Organic fertilizer*Bio-fertilizer
o) 055 gileend 355 4 1767 5.315™ 288" 1033
Chemical fertilizer*Bio-fertilizer
e e JT 058 8 5845 4.023" 154" 12477
Organic*Chemical*Bio-fertilizer
I gl 41 16732.46 29.55 3393 13046
Total error
St o2 - 19.31 7.86 19.06 14.45
CV (%)

ol o pe g ol pxe 4 NS g o0 iy g duoys SO Jleisl maw 10 (5 5l0 sixe odim Ll g e
ns = non-significant. * = Significant at 5% level. ** = Significant at 1% level.

Sl i 5 a4 (055 0,15 pae) walds jlowd a4y cod lo GloosS bl By an g el 0gS By as e 0 Sy
A S SS9 5 yj9 G, VO g VY ol (B. subtilis + P. aeroginosa + A. chorococum) i
58 a
56
Eo
C)
2
\3 S 52 b
: b
> 50
>3
'S 48
|
46
44
ol CawgeaS (059 N
Control Vermicompost Manure

Olrie) Sy Sis (539 » (I sogs il -Y Ui

Figure 2- Effect of organic fertilizer on leaf dry weight
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Table 3- The effect of bio-fertilizers on studied traits
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(o 3 385 . _ .. . .. . 30 S5 olows
. . Sp o S g SiS 05 D) Ay SULS (59 &y yhd
Bio-fertilizer & 30 ko
Leaf fresh Leaf dry Corm fresh Corm dry Corm diameter
weight (g/m?) weight (g/m?) weight (g/m?) weight (g/m?) (mm) Number of
flowers
78.589¢ 42.32¢ 555.37¢c 249.25¢c 16.22d 92.11c
Control
ookl
. 120.35b 51.59b 646.05bc 311.53b 20.68bc 127.11b
Bacillus
AL
152.817ab 52.28b 751.26b 343.24b 21.72b 124.75b
Azotobacter
lgesdg
121.622b 48.74b 749.74b 333.21b 20.10c 129.77b
Pseudomonas
166.367a 77.30a 1032.54a 451.4a 25.28a 177.19a
Integrated
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Means in each column followed by similar letter(s) are not significantly different at the 5 % probability level (LSD test).
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Table 4- Interaction effect of organic and biological fertilizers on number of corm and flower fresh weight

SToss ot 3 595

Organic fertilizer Bio-fertilizer

Ol

Traits

g olass F 50

Number of corms Flower fresh weight (kg/ha)

ol
4.33 79.19
Control 9 9
ogkels
: 6ef 113.53fg
Bacillus
sl FSLs)
7.33de 94.36g
Control Azotobacter
oligegdgus
7.56d 108.55fg
Pseudomonas
10.31ab 165.55e
Integrated
sl
4.39 164.26e
Control
ooslele
. 7.33de 225.85¢cd
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CusgeaS (053 Sk
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Vermicompost Azotobacter
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Pseudomonas
11.16a 329.35a
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5fi 114.16f
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s S|
) 295
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< 1la 218.46d
Integrated
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Means in each column followed by similar letter(s) are not significantly different at the 5 % probability level (LSD test).
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Table 5- Interaction effect of organic and chemical fertilizers on studied traits
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Figure 3- The effect of chemical fertilizer on corm diameter
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Figure 4- The effect of chemical fertilizer on number of saffron flowers
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Abstract

Introduction: In recent years, in order to produce healthy products and reduce environmental
problems, organic and biological fertilizers are used to increase soil fertility, meet nutritional needs
and increase plant growth. Proper management of fertilizer consumption is one of the necessary tools
to have a stable and profitable agro-ecological system in saffron. Due to the fact that few studies have
been done on the combined use of biologic, organic and chemical fertilizers in saffron cultivation,
therefore the present study was conducted to investigate the effect of biological fertilizers containing
Azotobacter, Pseudomonas and Bacillus subtilis and different amounts of chemical and organic
fertilizers on some characteristics of the corm and yield of saffron flower.

Materials and Methods: Experiment was carried out as split-split plots based on a randomized
complete block design with three replications at the Research Farm of Ardebil Agricultural Research
Center during growing seasons of 2015-2016. Experimental treatments include: organic fertilizer at
three levels, control, manure (25 t.ha) and vermicompost (10 t.ha) placed in the main plots. The
second factor was chemical fertilizers in two levels including 100 and 200 kg.ha™ nitrogen and
phosphorus (NP) and the third factor is five levels of biological fertilizer including: no inoculation
(control) and inoculation with Azotobacter, inoculation with Pseudomonas, inoculation with Bacillus
subtilis and integrated inoculation (Azetobacter + Pseudomonas + Bacillus subtilis). The investigated
traits were: leaf fresh weight, leaf dry weight, total corm, corm fresh weight, corm dry weight, corm
diameter, number of flower and flower fresh weight. MSTATC software was used to conduct an
analysis of variance (ANOVA) on all collected data. Significant differences between means
correspond to a probability level of 0.05 according to the LSD test. Graphs were drawn using Excel
software.

Results and Discussion: The results showed that the application of chemical, organic and biological
fertilizers caused a significant increase in the characteristics of dry weight of leaves, number and
diameter of corms, fresh and dry weight of corms compared to the control. The integrated application
of biological fertilizers increased the dry weight of saffron leaves by 76%, respectively, and also the
dry weight of the corm by 81%, respectively, compared to the control. The results of analysis of
variance showed that the simple effects of chemical and biological fertilizers were significant at the
probability level of 1% on corm diameter. The results of mean comparison of chemical fertilizers
showed that the 100% recommended chemical fertilizer treatment had the maximum stem diameter
(21.78 mm), which had a significant difference with the 50% recommended fertilizer requirement
treatment. Also, the results of the mean comparison of biological fertilizers showed that the combined
application of biological fertilizers (Azotobacter, Pseudomonas and Bacillus subtilis) increased the
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corm diameter by 55% compared to the control (without inoculation). The yield of saffron flower also
showed a significant increase under the influence of the applied treatments. The results of mean
comparison of the chemical fertilizer treatment showed that the recommended chemical fertilizer
treatment (200 kg.hat) compared to 50% of the fertilizer requirement (100 kg.ha') had the highest
number of flowers with a significant difference.

Conclusion: The results obtained in this research showed that the investigated traits of saffron corm
were affected by the type and amount of fertilizers used. So that the simultaneous application of bio-
fertilizers combined with organic and chemical fertilizers significantly affected the characteristics of
saffron corms. The use of 200 kg.ha* chemical fertilizer along with bio-fertilizers was as effective on
the measured traits as the use of 100 kg.ha chemical fertilizer along with bio-fertilizers. Therefore,
it can be said that the use of chemical fertilizers alone is not suitable and the combined use of chemical
fertilizers with organic and biological fertilizers will increase the efficiency of chemical fertilizers
and reduce the amount of chemical fertilizers used, which leads to a decrease environmental pollution.
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