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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 photosynthetic 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 carms, can improve saffron cultivation in sustainable agriculture and reduce
losses caused by exeessive use of chemical fertilizers.
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Table 1. Physical'and.chemical properties of soil in the study area
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Table2. The ANOVA (mean squares) of the effect of experimental treatments on photosynthetic pigments
leaf of'saffron
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Table 3. Comparison of the mean interaction effect corm weight, mycorrhizal fungi and Azotobacter

ole)

bacteria on photosynthetic pigments leaf of saffron
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In each column, means with 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
9,5 9 5 Jul 5. . wolil az o Ol s i
Picrocrocin Safranal é””; df Source of variance
rocin
‘ o
257 053" 1.33 1 2 )_’i’ _
Replication
o3l 0y3s
226.89 97.18 ™ 314.59 ™ 2 Corm
weight
1.22 1.40 " 8.67 1 bussale g5
Mycorrhizal fungi
4Sbeis) o S
3.16™ 71.31™ 45397 1 ALyl s st
Azotobacter
48.16 ™ 572" 2119.51* 2 rosSele 5 el 03
CMxMF
w L" - on.«,‘ .
104.16™ 6.52* 163036 2 ALl L el 0
CMxAB
106.09 * 21.79 134859 * 1 AL 6l beygiale g8
MFxAB
5 33" 18.89™ 867 40 ** 9 FSLgl S x 5,50k 7B xellay 3
CMxMFxAB
s
1.04 1.05 4.68 22
Error
5.09 5.86 1.75 - T e
C.V (%)
oy S g Szl b (3l ety s e pf cod say TR NS

ns,** | *: non-significant and significant at 5% and 1% of probability levels, respectively
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Table 5. Comparison of the mean interaction effect corm weight, mycorrhizalfungi and Azotobacter

bacteria on secondary metabolites of saffran

SesSsSm JU S g e e o 5 039
Picrocrocin Safranal Crocin 2SR TR Corm weight
E1om 1%) E1om 1%) E1om 1%) Azotobacter Mycorrhizal fungi (N
14.59 9 13.55¢ 126.81 ¢ N . N o
2299 15.84 ¢ 145.48 > Fertilizer application Fertilizer application 0.1-4
‘ : ’ Nofertilizer application Fertilizer application 0.1-4
16.88 ¢ 17.18 113.55 9 Fertilizer application No fertilizer application 0.1-4
12329 10.95 ¢ 10659 " No fertilizer application No fertilizer application 0.1-4
18.96 ¢ 18.36 ¢ 125.84°¢ ;
15.59 ¢ 15.70 4 Y01 48 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 b¢ 21.77% 117.92 9
2570 b 18.36 b¢ 118.36 ¢ Fertilizer application Fertilizer application 8.1-12
: : : No fertilizer application Fertilizer application 8.1-12
28.47¢ 22.73% 175.99 @ Fertilizer application No fertilizer application 8.1-12
21.95¢ 17.10 113.03 ¢ No fertilizer application No fertilizer application 8.1-12

5,0 0,0 B mhaw 5o (6 sre (g lel BN S e B> S JBlas gl slo Kb 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

ST 51 Fl%j #>% ; s - ENARESS US"M @L:
.. avonol Suger ource o
Antioxidant Phenol df varihce
l £
15.0008 "™ 101.15* 426 0.02 2 ) )5“ ,
Replication
o3l 9
14.31" 22.88 " 19.74 1 55.98 2 Corm
weight
419.29 3.50 " 126.26 ** 3.24ms 1 "'*'”S”"_L‘ et .
Mycorrhizal fungi
SLess) e S
128450 0.98 238.08 ** 1,00 ™ 1 Al s St
Azotobacter
698.08 313 13.03™ 18.26* 2 ragile B xelly 03
CMxMF
78.642* 3.66:" 844 ns 19.11* 2 A3l rSlx il 0
CMxAB
175.38 s 122" 2.86 42.09 1 ALl S e ygle g8
MFxAB
AL x 15,0500 7,8 xe3lay (454
248.53* 11.68 " 55.61 ™ 16.34 ™ 2 5Ly
CMxMFxAB
15.13 4.96 6.51 0.251 22 o>
Error
6.78 23.00 12.21 218 - Re st
C.V (%)
Aoy S g g Jlaizl mlaw o o e g o e pf od Say KR NS

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

st A1 AUl 855 I ssSole .8 o3 o
Antioxidant Phenol Suger . , Corm weight
(%) mgigh 4 Azotobacter Myecorrhizal fungi (N
(mg.g™)
63.61 % 21.44 bed 20.32¢
6408 @ 23 17 abe 21,56 d 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
59.64 ® 12.19¢ 21.61¢ No fertilizer application  No fertilizer application 0.1-4
37.144 26.02 % 24.46 ¢ N o N o
6366 2071 2133 ¢ Fertlll_z_er appllc_atlo_n Fert!l!zer appl!cat!on 4.1-8
: : : No fertilizer application Fertilizer application 4.1-8
59.84 % 21.97 bed 25.88 P Fertilizer application No fertilizer application 4.1-8
66.85 @ 17.08 ¢ 23.97 ¢ No fertilizer application  No fertilizer application 4.1-8
36.46 ¢ 27.68% 27.642 N o N o
58.55 b 17534 24,04 ¢ Fertlll_z_er appllc_atlo_n Fert!l!zer appl!cat!on 8.1-12
: : : No fertilizer application Fertilizer application 8.1-12
64.11%® 22.76 ¢ 19.94 ¢ Fertilizer application No fertilizer application 8.1-12
67.042 1921 o 26.03 b No fertilizer application  No fertilizer application 8.1-12

5,105 0,0 B mhaw 5o (6 s e (5 kel B S e B> S JBlas gl slo Kb gt B 0
In each column, means with the same letter are not different significantly at 5% probability level.
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