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Abstract

Introduction: Saffron (Crocus sativus L.) is a valuable medicinal plant and a fragrant and expensive
export spice from the lily family. Today, the positive results of using biofertilizers have led farmers to
use more biological and organic fertilizers in saffron cultivation. In the meantime, the use of
biofertilizers is considered due to the increased water retention capacity and nutrient absorption. Also,
the combination of low-input ecological systems such as co-inoculation of crops with mycorrhiza fungi
and nitrogen-fixing bacteria can be a suitable and environmentally friendly alternative to chemical
fertilizers and today's high-input systems. Therefore, the present study was conducted to investigate the
effect of corm weight, mycorrhizal fungi, and Azotobacter biofertilizer on qualitative characteristic and
secondary metabolites of saffron, so that by selecting the best amount of biofertilizers and the
appropriate corm weight of the saffron, and as a result, reducing the use of chemical fertilizers, steps
can be taken to develop the cultivation and improve the yield of this important medicinal plant.
Materials and Methods: In order to investigate the effect of corm weight, mycorrhizal fungi and
Azotobacter biofertilizer on qualitative characteristic and secondary metabolites of saffron, an
experiment was conducted in the 2023-2024 crop year as a factorial design in a randomized complete
block design at the Birjand Agricultural Faculty Research Farm. The experimental factors included
three levels of corm weight (0.1 to 4, 4.1 to 8 and 8.1 to 12 grams), two levels of bacterial biofertilizer
(application and non-application of Azotobaror-1 fertilizer containing Pantoea agglomerans strain O4
bacteria) and two levels of mycorrhizal biofertilizer (containing arbuscular mycorrhizal fungi strains

Glomus mosseae, Glomus intraradices and Glomus etunicatum and a control without mycorrhiza).



Bacterial treatments were applied in the first year of planting by inoculating saffron corms by preparing
a suspension of the above bacteria mixed with distilled water in two times. The first time was done
before planting by dipping the corms and the second time was done with irrigation 40 days after planting
and also in the first irrigation of the second year according to the instructions of Zistfanavar Sabz
Company. Mycorrhiza treatments were done at a rate of 10 grams for each seedling by adding it to the
planting hole at the time of planting according to the instructions of Daneshbonyan Zist Sepidan Hayat
Paya Company.

Results and Discussion: The results of the interaction effects of the weight of the corm, mycorrhizal
fungi and Azotobacter bacteria on the photosynthetic pigments of saffron leaves showed that The
treatment of the corms of the weight group of 8.1-12 grams and the use of mycorrhizal fungi. and
Azotobacter bacteria increased chlorophyll a and total chlorophyll by 225.92 and 148.57 percent,
respectively, compared to the treatment of the corms of the weight group of 4.1-8 grams and no use of
fungi and bacteria. The treatment of 8.1-12 grams of corm and the use"of mycorrhizal fungi and
Azotobacter bacteria increased carbohydrate by 51.08 percent compared to the treatment of the corms
of the weight group of 0.1-4 grams and the use of Azotobacter bacteria, and total phenol by 127.07
percent compared to the control treatment. The combined .treatment of mycorrhizal fungi and
Azotobacter bacteria had the highest amount of flavonoids. The highest content of crocin, safranal and
picrocrocin was obtained from the treatment of-the corms of the weight group of 8.1 to 12 g and the
lack of use of mycorrhizal fungi and the use of Azotobacter bacteria.

Conclusion: Simultaneous application of Azotobacter bacteria and inoculation of 8.1-12 g corms with
mycorrhizal fungi improved photasynthetic pigments and biochemical properties, and planting 8.1-12
g corms and using Azotobacter bacteria increased the active ingredients of saffron. Therefore, the use
of biofertilizers and the development of mycorrhizal hyphae in agricultural soil, including in the
planting site of saffron.corms; can improve saffron cultivation in sustainable agriculture and reduce
losses caused by excessive use of chemical fertilizers.
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Table 1. Physical and chemical properties of soil in the study area
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leaf of saffron
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Table 3. Comparison of the mean interaction effect corm weight, mycorrhizal fungi and Azotobacter
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5,105 0,0 B mhaw 50 (6l S (5 Lol WS S G SO JBlas gl sl i Sikie gt o 0
In each column, meanswith the same letter are not different significantly at 5% probability level.
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Figure 1. Interaction effect of corm weight and Azotobacter on chlorophyll b
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Table 4. The ANOVA (mean squares) of the effect of experimental treatments on secondary metabolites

of saffron
Cr9 S 9,5 Jul 5L, s olil a4z o Sl pid ol
Picrocrocin Safranal “C”“’ : df Source of variance
rocin
| o
2,571 0.53 " 1.33 1 2 )_’5“.
Replication
o5l )39
226.89 97.18 ™ 314.59™ 2 Corm
weight
1.22 1 1.40 1 8.67 M 1 bussale 2,8
Mycorrhizal fungi
SLess) e S
3.16 1 71.31™ 453.97™ 1 Al s st
Azotobacter
48.16 M 572" 2119.51" 2 basSale @6 xelly 039
CMxMF
104.16 ** 6.52™ 1630.36** 2 Al ALl o
CMxAB
106.09 21,79 1348.59 ™ 1 Al s Sl ugile 28
MFxAB
5 33" 18.89™ 867 40 * 9 FSLg53l 6 iSL x 15,650 58 xeslay (454
CMxMFxAB
s
1.04 1,05 4.68 22
Error
5.09 5.86 1.75 - S
C.V (%)
Loy S g g izl mhaw o )l e g o e pf od Say KR NS

ns,** , *: non-significant and significant at 5% and 1% of probability levels, respectively

Jul 8L
Sl JUl 3l laizs p (5ylo e J,.:ls Is65sbe 8 ool 31 LS cpgo Jlo ;o ool il ylg 300 Jea illas
zbo (F Joaz) all ails 398 Cawv p (s)lo e Ol el b jlows blite g ool &3 ke Ll weaslas olyae
o8l s S Ll 6 5L Bran g 15,050k 7,8 B ras pae 0,5 VY B AN o5lay 59 blie 51 aS oS axie

ALl 8L Bran pas 5 1 )eSole g8 Gras pae ) T U/ (h9 09,5 slaosly Jless 4 S (G000 1 - VIBY



s> D31 Ll bl (S (s 5 e sll Jole) JUlAlo 1 (6o sime A1 2o & @8 By o> Bk o
039 85 b )15 s pal gl b Billae 0,0 VL Ty Sl ol Gliee Cunslys 5VL 030y 039 9 15950k @518 B ras
5o ol i P 45 5 seboar Al ALBS AMS (rmag S5 Sy (S Lo 5l hme 5l el (s p0le o3y
Sl 30,98 9 5,0k o3lay (y59 S Limgh 4o (Shakeri et al., 2021) ael cavsas 0,5 VY B AN S39 09,5 slaoslay
Slaosly dr S 23 slaojlay 5l 8,0 JULELL lie a5l (5155 55 lde ) slaaldlS (&S Dlio Seleddle
£S5 Veoled 90,5 VIO Jlad 0 )5 siegs 4o ((Ansaryan Mahabadi et al., 2019) cél il38l w0 FYOY iS>o8
I3l glsiome (Eal3l s Lo 55 50 5 Cadls ;K0Ss b1y (6,18 cme gl sl ol aveshif @ 15 ) sSLe 7,8
55 e .(Jamietal., 2020) 5,55 ol 1 (5 )ls ire gl walis b (g bl Ll 5l muliaS Syso ;0 08,5 ol,ae; IS
55 (UL Sliimo 505 5 (it 355 S ypmn shons 51 oloies laaldS JBLALS l5n o5 i o 3 o 35 K00
ol ol 4y CpasS 5 i ) 955 LS 4o ) O e (Golzari Jahan Abadi et al., 2017) ael Cavoas vals [l ;)
Ol Ol (S e olie) slaaldlS JUISe (slyioe 0 5 i ol o Sudls 0l 355 LS 3 0 ,S5lST V0
Sleogas 5 p5b b Cudlys ) sbodgS 8 yas (Golzad et al; 2010) o 5,13 (59,5 B pas pac Lo | s Caio
JU 3l (slyime aloz 5| aBIS iS Dlogas » ke Sl olpie) slacilay Sk 5 39 Sl Ao 5l (53 ,Shoe
Saaie SLoS 5 fdon (oodld o ()59 i 008 Conli (Sl (S80S By CuS (g o0 iz e L adls aaldS
Sl 5 a3 5 Lo jsSsl5 s e SLoS 5 adsi b g oo Lol )lg o ol b (5,00 g boala) sl (2138

il f3e plyde; A gloadle ;o sl
955955,

5 392 Olyie; SIS (g S5 Slaime 2 o3y (339 03k 1l gime 3l e i lmosls (il ly 4525 b
Lo Sl lio Jgu @ a2 53 L (F Jgoz) aal axals | (gl sime 31 candlyii 150,950ke )8 5 03l 359 e 51 Lees
&Sk Bpan g ln)95le )8 Bpas pac @ SVY B AN ol (59 jles 5l pod Jlo 50 (g 59,50 loions yiSTa>
S yan pos 5 15 )55le g8 Bras pus i S T L) 5 4 abbesly Jla oo Ol 23S 5 Sl sy 1Sl

(B Jgoz) cesls polais 3Shessl s xSk
s 4 5o (Caseretal., 2019) ), Sen g ,lS” g (Aminifard et al., 2022) ) Sen 5 0,8 ool pol> Gaiow gbiwly jo

9,5 955w Gl 1 Sdie OISl Cadlyy gan) sogS Bras aS il )15 sieghy po bl cews el



Ol S 5 madly shelsm (a5 055 B s 3l sy 55,5y (sl SYL oS ol Lt gl ol il ladMS
9,5 9,5 Slgize (0 YL 5,508 addllae ,o (Golzari Jahan Abadi etal., 2017) sl Cavsds salis jlos 5l Cio )
St 3 395 B yan Cyien (Kheiry et al., 2018) ael cawoas yiSLgisl oo yo +/Y g +/) B pan sl 5l olhhe ) slaaddS
s 3 oS5 S lgine 05 s Al AZEIS (e SloalDS wabs fsee 1 skt Syl Candlss 305 S s
Golzad ) ol (5,155 051 (olooed 995 LS ;0 0S5l V0 B pae jl o (ol (liee Sl 5 enSg 05 1S 50 2 O
33 SloaS pnd 2 Wlgi o 2l yolic 4y oLE s (e 45 wad oo olis sadplosl slagow, 5 (€t al., 2010
prais 53 o Slae 5 0y 52 5 ogdle «(salST olie I (S (lyiedr (g ks gt bl ansls 5l slatolglie oy
g b pnsSdlgid aile (gauSen 5 LS 5 e (Alres et al, 2006) o ls <o 55 496 GluS 5 st b o
(Sidly Selgplin sloas 2 (ATP s NADPH) 5L5 5,50 (55 (oools (sl 5 ol Joind S 5 j9i atoils JUl 3L
ol b xSheisl s 0l ) S e o6 55 L jga> ol by (Loomis & Corteau, 1972) o)1 sg249 ()5 5 4 (g0b
232 BB (55 (il ggemme jo S o0 el LS 5 nl adg Gl allanil b (59 e 4 0lS (o o
L e g 29yl OlalS 0,8l g puilsl duo o Wilgi oo o3Pilunn; SRy Simyid SE,] S gl o9 Bo)b ]

.Singhetal., 2011) sas & )|

Ol e 0550 dlge p SLeisl 680 g 132,950k g B sl (59 Jilie Ol 1 (aKiloo A llo gulis .0 Jgu
Table 5. Comparison of the mean interaction effect corm.weight, mycorrhizal fungi and Azotobacter

bacteria.on secondary metabolites of saffron

95 9,55 Jul 3l Sew9 S

bl o , ; o3l (39
Picrocrocin Safranal Crocin Ak A5 "“9&_& = _ Corm weight

E1om 1%) E1on %) By 1) Azotobacter Mycorrhizal fungi (N
14.59 9 13.55¢ 126.81°¢
9299¢ 15.84 ¢ 145.48 Fertilizer application Fertilizer application 0.1-4

: : : No fertilizer application Fertilizer application 0.1-4
16.88 ¢ 1718 113.55 9 Fertilizer application No fertilizer application 0.1-4
12.32 10 95 106.59 1 No fertilizer application No fertilizer application 0.1-4
18.96 ¢ 18.36 ¢ 125.84 ¢
15.50'% 15.70 ¢ 121.48 t Fertilizer application Fertilizer application 4.1-8

: : : No fertilizer application Fertilizer application 4.1-8
25.81° 19.62° 124.81 < Fertilizer application No fertilizer application 4.1-8
16.14 d 18.36 b 115.70 of No fertilizer application No fertilizer application 4.1-8
23.21% 2177 117.92 ¢f N o N o
2570 b 18.36 b¢ 118.36 ¢ Fertlll_z_er appllc_athn Fert!l!zer appl!cat!on 8.1-12

: : : No fertilizer application Fertilizer application 8.1-12
28472 22,732 175.99 2 Fertilizer application No fertilizer application 8.1-12
21.95¢ 17.10 @ 113.03 ¢ No fertilizer application No fertilizer application 8.1-12

5,105 0,0 B e 58 (6o sre (5 kel AW S e B S JBlas gl sl SKibie gt B 0
In each column, means with the same letter are not different significantly at 5% probability level.
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Table 6. The ANOVA (mean‘squares) of the effect of experimental treatments on qualitative
characteristic of saffron

Antioxidant Phenol Suger df ource 0
variance
l o
15.0008 ™ 101.15* 4.26 s 0.02 s 2 S
Replication
o5l 39
1481 22.88* 19.74 ™ 55.98 ** 2 Corm
weight
41929 350 126.26 ** 324 1 bessiile 25
Myecorrhizal fungi
1284.50™ 0.98 1 238.08 ** 1.00 ™ 1 Akl st
Azotobacter
698.08 ** 3.13m 13.03 s 18.26™ 2 bragSale @8 o3l 0
CMxMF
- L'«.l - L'Xo:,‘ ..
78.642* 3.66™ 8.44 1 19.11* 2 A3l Sl el s

CMxAB
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Error
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ns,** | *: non-significant and significant at 5% and 1% of probability levels, respectively
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Table 7. Comparison of the mean interaction effect corm weight, mycorrhizal fungi and Azotobacter
bacteria on qualitative characteristic of saffron

oS il

Js

el s ‘ ; o3l (js
Antioxidant Phenol Suger ALl S ‘ﬁ”&.u e : Corm weight
%) Mmg.ghy . Azotobacter Mycorrhizal fungi (N
(mg.g?) g
63.61 21445 20.32°¢ B o - o
64.08 93,17 abe 21,56 ¢ Fertilizer application Fertilizer application 0.1-4
: : : No fertilizer application Fertilizer application 0.1-4
46.97 ¢ 20.87 < 18.30°f Fertilizer application No fertilizer application 0.1-4
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Figure 2. Interaction effect of mycorrhizal fungi and Azotobacter bacteria on flavonoid
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