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Abstract

Introduction: Saffron (Crocus sativus) is a flowering plant of the genus Crocus in the family Iridaceae.
Saffron as the most expensive agricultural and medicinal plant has a unique status among industrial and
export products, and important for producing employment opportunities. Soil fertility management is a
proper strategy for increasing soil organic matter, strengthening microbial communities, preserving
biodiversity, enhancing agricultural input efficiency, and eventually improving plant quantitative and
qualitative yields. To attain this goal, the fertilization management program should be designed to
increase nutrient use efficiency. Optimal nutrient delivery, controlled-release fertilizers, integrated
fertilization management, the use of organic nutrient resources, and beneficial symbiotic
microorganisms with plant roots are all examples of methods that helps achieving nutrient use
efficiency. Chemical fertilizers are the most often used fertilizers in saffron fields, and their excess can
jeopardize farmed soil and water quality, and reduce the yield of saffron. As a result, biological
fertilizers have attracted more interest for being more safe, low-cost, and have fewer negative
environmental effects. Therefore, the present study was conducted to investigate the effect of the weight
of the saffron peduncle, mycorrhizal fungi, and Azotobacter biofertilizer on the growth and yield of
saffron, so that by selecting the best amount of biofertilizers and the appropriate weight of the saffron
peduncle, 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 seed weight, mycorrhizal fungi and
Azotobacter biofertilizer on saffron growth and yield, an experiment was conducted in the 2013-2014
crop year as a factorial design in arandomized complete block design at the Birjand Agricultural Faculty
Research Farm. The experimental factors included three levels of corm weight (0.1 to 4, 1.4 to 8 and
1.8 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 peduncle weight, mycorrhiza fungus,
and Azotobacter bacteria on saffron vegetative traits in the first year of the experiment showed that the
highest number of leaves per plant (9.33), average dry leaf weight (0.16 g), leaf length (37.00 cm), total
weight of peduncle with scales (23.68 g), number of peduncles in the mother peduncle (5), average
weight of main peduncle (21.15 g), and average weight of secondary peduncle (3.42 g) were obtained
from peduncles weighing 1.8-12 g and the use of mycorrhiza fungus and Azotobacter bacteria. In the
second year of the experiment, the highest number of flowers per square meter (83.96), flower yield
(66.37 g.m™2), fresh stigma yield (32.2 g.m), and dry stigma yield (58.0 g.m) were obtained from 1.8-
12 g corm and the use of mycorrhiza fungi and Azotobacter bacteria.

Conclusion:Overall, the results of this study indicated that saffron growth and yield were improved
with the simultaneous use of higher weight corm (1.8-12 g) and the use of mycorrhiza fungi and
Azotobacter bacteria. Therefore, the use of biofertilizers and the development of mycorrhizal hyphae
in agricultural soil, including in the planting site of saffron seedlings, can improve saffron cultivation
areas in sustainable agriculture and reduce the losses caused by the excessive use of chemical fertilizers.
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Table2. The ANOVA (mean of squares) of the effect of corm weight, mycorrhizal fungi and Azotobacter
bacteria on saffron leaf traits
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Table 3. Comparison of the mean interaction effect corm weight, mycorrhizal fungi and Azotobacter
bacteria on saffron leaf traits

o3l 033 2 S polas Foig g (39 bawgie buwgie
121l 7,6 PSLg3l s S ag Sy Sy i Spdsb
Corm

. . . Leaf
weight Mycorrhizal fungi Azotobacter Number of leaf ~ Fresh weight of ~ Dry weight of length

(er) per plant leaf (gr) leaf (gr) (cm)
0.1-4 Fertilizer application Fertilizer application 6.00 cd 0.42 cd 0.13 cde 33.33¢
0.1-4 Fertilizer application No fertilizer application 5.00 de 0.414 0.12¢ 32.50¢
0.1-4 No fertilizer application Fertilizer application 5.33 de 043¢ 0.12 de 31.33¢
0.1-4 No fertilizer application ~ No fertilizer application 4.66 © 0.30¢ 0.09¢ 21.161
4.1-8 Fertilizer application Fertilizer application 8.00b 0.43°¢ 0.13 be 32.661¢
4.1-8 Fertilizer application No fertilizer application 6.00 cd 0.414 0.13 cde 30.16f
4.1-8 No fertilizer application Fertilizer application 6.66 ¢ 0.42 cd 0.13 «d 33.33¢
4.1-8 No fertilizer application  No fertilizer application 6.00 <d 032f 0.10f 22.66 N
8.1-12 Fertilizer application Fertilizer application 9.332 0.572 0.16° 37.002
8.1-12 Fertilizer application No fertilizer application 8.66 P 0.42 cd 0.13 be 33.50¢
8.1-12 No fertilizer application Fertilizer application 8.33°b 0.45° 0.14° 35.50°
8.1-12 No fertilizer application ~ No fertilizer application 6.66 ¢ 0.35¢ 0.11f 28.16¢8

(p<0.05) 33,0 (gl Jxe ‘_g)Lo] AW K0S b oS jiie By SO JBlas sl slo Kkee g 2 50

In each column, means with the same letter are not different significantly at 5% probability level.
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Table 4. The ANOVA (mean of squares) of the effect of corm weight, mycorrhizal fungi and Azotobacter
bacteria on saffron corm traits

w3l S0 syl olass ) Ojs g
s 5 039 by s St
&l &l i ) onld oo oo ol ' =2 S5y
oll as 0 ’ kel Sl
Source of Total Corm Number of Weight of
df | Weight of
variance weight with replacement replacement
corms
scale corms corms
Bt
2 1.23 0.11ns 19.22 ns 0.006 "
Replication
o3l (339
Corm 2 584.96** 16.02 ** 484.83%* 4.47%
weight
1355k 7,6 ..
1 129.84%* 12.25 ** 159.76%* 3.53 #*
Mycorrhizal fungi
#SLeisl 5L
1 30.74 ** 4.69 ** 29.59*% 3.68 **
Azotobacter
13295k 58 xojlay ¢y39 N - -
2 17.98%* 1.08 ** 32.36 " 0.52 **
CMxMF
ALl 5L x o3l (39 , ,
2 3.48 * 0.52 * 15.45* 0.32*
CMxAB
L33 65 x TyeSulo 6
1 18.16** 0.50 * 57.76 s 0.05 s
MFxAB
Gl x 1215950k 7,6 xe3lay (39
FSLgis! 2 2.69 0.50 * 17.26" 0.24°
CMxMFxAB
s
22 0.62 0.17 4.08 0.08
Error

Oy g - 6.054 16.76 19.37 15.51




C.V (%)

Mo y0 G g gy Jlesl mhaw j0 o sixe g lo tre pé b g *F ¥ NS

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

ol ojly oo Sig » ALl 68 g 121598 le 758 cefluy (359 Jilite I 51 (aSilao dumslio gulis .0 Jgaer

Table 5. Comparison of the mean interaction effect corm weight, mycorrhizal fungi and Azotobacter bacteria
on saffron corm traits

ol SOk sy s " 0 bamsie
509y o3 5 ol 039 byt \ el
oIN 09 ‘“wb ol szoLo ajl_\i =P OO0
1520 y95sLe 2,8 Ui 65 S N\ ) el
Corm Total Corm UMBER0 Weight of
weight Mycorrhizal fungi Azotobacter Weight of
(1) weight with replacement replacement
Corms (g)
scale (g) Forms corms (g)
7.11¢ 2.00 ©f 5.58 ef 1.274
0.1-4 Fertilizer application Fertilizer application
f d d
0.1-4 Fertilizer application No fertilizer application O © 1.66 <% 6.59 < 1.40
0.1-4 No fertilizer application Fertilizer application 5.28 ¢ 1.33 ¢fg 3.77 ¢ 1.294
0.1-4 No fertilizer application  No fertilizer application 423" 1.00 2,06 0.61°
14.85 ¢ 3.00 « 9.80 « 2.52b
4.1-8 Fertilizer application Fertilizer application
d d
4.1-8 Fertilizer application No fertilizer application 14.83 ¢ 233 11.08°¢ 174
4.1-8 No fertilizer application Fertilizer application 14.67 ¢ 2.00 ©f 13.33bc 2.09 be
4.1-8 No fertilizer application  No fertilizer application 10.00 ¢ 1.33 efe 4.39 ef 1.40
23.682 5.00°2 21.152 3.422
8.1-12 Fertilizer application Fertilizer application
b b b
8.1-12 Fertilizer application No fertilizer application 22.59 ¢ 4.33° 21.02¢ 2.38
8.1-12 No fertilizer application Fertilizer application 18.56 b 3.66 be 15.39° 2.18 be
8.1-12 No fertilizer application  No fertilizer application 14.47 < 2.00 ¢ 11.00 © 1.40

(p0.05) 33,105 (6 ,lo sire (5 kel BB SouSG b oS o B> o JBlas glls sl pSileo fygiw ,2 40

In each column, means with the same letter are not different significantly at 5% probability level.

SS9 2 sSLg il 655 9 153l,950k 7,1 0jlay (139 1 (Slr yo (uleo) (il ylg 4 3225 b5 .58 Jgu
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Table 6. The ANOVA (mean of squares) of the effect corm weight, mycorrhizal fungi and Azotobacter

bacteria on saffron corm traits

§ lawgr shls &lem slows
le% 6 Loy )Jas Cas ) ) e
&b Ol i Az, =5 Sl 2 iy
1 |
Source of &ol3! ke Mean Number of
variance df Mean diameter of diameter of buds V\{ith
original cormles lateral flowering
cormles potential
S
2 1.12 s 215" 0.083 s
Replication
o3luy 039
Corm 2 500.82** 74.99%% 5.08 **
weight
I3l z,6 n
1 276.22% 0.04 s 0.02 s
Mycorrhizal fungi
A5l 6 L
1 40.91% 0.04 ns 0.69 s
Azotobacter
ISl @B xo3luy (9 - ‘
2 39.76 ** 8.07 ** 0.19*
CMxMF
S5l oS lx o5l 139
2 17.29 ** 56.26 ** 0.36 "
CMxAB
ALl L x Il 7,6
1 70.166 ** 83.570** 2.250%%
MFxAB
6L 1lhele )0 xojlay (439
)"SL'B")| 2 3.401 ** 44.700 ** 1.583**
CMxMFxAB
U
22 0.382 0.685 0.053
Error
Ol i g i
- 2.27 6.40 16.25
C.V (%)

3,05 a0 )0 B gl 40 gyl e g ylel B! S ie B> S Bl gl s gla SKile gt o 50

In each column, means with the same letter are not different significantly at 5% probability level.
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Table 7. Comparison of the mean interaction effect corm weight, mycorrhizal fungi and Azotobacter bacteria
on saffron corm traits

Sl ad lawg . .
3l ks ban S5y b Lansgie algz slosws
. sl lls
o3l 33 kel =2 = ‘f)
321555 L g, FSLgisl 6550 . . >
Corm Mean diameter  Mean diameter
weight Mycorrhizal fungi Azotobacter of of lateral Number of
(gr) o cormles buds with
original cormles flowering
(mm) (mm) potential
24.13f 10.40 «f 1.00 ¢
0.1-4 Fertilizer application Fertilizer application
0.1-4 Fertilizer application No fertilizer application 26.909 11.64 ¢ 1.00°¢
0.1-4 No fertilizer application Fertilizer application 17.63h 10.74 «f 1.00 ¢
0.1-4 No fertilizer application  No fertilizer application 1592 939 f 1.00 ©
27.34¢ 11.84¢ 1.00 ¢
4.1-8 Fertilizer application Fertilizer application
4.1-8 Fertilizer application No fertilizer application 27.23°¢ 11.76°¢ 1.00°¢
4.1-8 No fertilizer application Fertilizer application 29.78 ¢ 10.33 ¢f 1.33¢
4.1-8 No fertilizer application ~ No fertilizer application 21.63 ¢ 17.92 b 1.00 ©
37.50 @ 21.32 2 2.00"
8.1-12 Fertilizer application Fertilizer application
f b
8.1-12 Fertilizer application No fertilizer application 36.81° 10.81°¢ 2.66°
8.1-12 No fertilizer application Fertilizer application 33.31°b 14.154 3.002
8.1-12 No fertilizer application  No fertilizer application 28.40 ¢ 15.83 1.00 ©

(pL0.05) 53,5 (5 5 sine (g Lel LIS S0S0 b oS e Gy oy 3o (sl (sla il (gt o 4

In each column, means with the same letter are not different significantly at 5% probability level.
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Sendlys YL i b s y0le slaoslay B ran ol jen 4y (s S0 B an rizen 35b (ke s Sla S sl ol

sl asls olhae; sla S slaws e ol
I o Slos
i 51 s g auxls (Mo sine 3l U5 0 Shos bl 5 ool Sl a8 ol (Lt (A) Jgaz 50 pgo Jlo s ub

5, Shae 150,550ke @58 Byme b a8 ANV 05l (59 (oS 5 jlous s (g o sime w3l 1iSLgisl 6 555L g 03l (339



o |y (aaposia yo 0,5 YVIFE) JS o Slae Sl daloss Jlite 31 aSilis damlin gl Bollas ols Liolél 1, S

(Y J52) ol plas pgs Jlo 5o ;S Lgisl 65851 SBrae 5 1050l B Bras @ 5 ANV (S35 095

soslay 3l i ol 4 (5 Ve B ) YL 39 b g yole slaoslay jo LS 1o 5 5 o ,Sles S ol yly sdwgl 4o
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Table 8. The ANOVA (mean of squares) of the effect of corm weight, mycorrhizal fungi and Azotobacter
bacteria on saffron flower traits in two year
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Figure 1. Interaction effect of corm weight, mycorrhizal fungi and Azotobacter bacteria on saffron flower
number in two year
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