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ABSTRACT
In order to evaluate the effect of two isolates of arbuscular mycorrhizal fungus in saffron rhizosphere on
some of saffron agronomic traits under different irrigation regimes, an experiment was conducted as split
plots factorial in a randomized completely design with three replications at the Institute of Soil and Water
Research, Karaj, Iran. The treatments consisted of three irrigation regimes (normal irrigation (control),
irrigation cut off at the beginning of the growing season and at the beginning and middle of the growing
season) as the main factors, three organic planting media (no organic fertilizer, vermicompost (20 t.ha)
and biochar (10 t.ha!) and arbuscular mycorrhizal fungal in three levels (no application, isolate a and
isolate b) as a sub factors. Molecular findings indicated that, both strains isolated from saffron
rhizosphere belonged to Rhizophagus irregularis. The results showed that the interaction effect of water
stress and planting media on economic yield and also, the interaction effect of water stress, planting
media and R. irregularis fungus on leaf number, fresh and dry weights and corm weight and diameter per
pot were significant. The highest yield (0.062 g/pot) belonged to the full irrigation with biochar.
Meanwhile, the highest leaves number (180), fresh and dry weights (90.2 and 23.96 g, respectively) and
corm weight (7.67 g) and diameter (2.38 cm) per pot were obtained at full irrigation with biochar and
Rhizophagus irregularis isolate b. In general, the use of biochar fertilizer with Rhizophagus irregularis

isolate b had the greatest effect on the measured traits of saffron in different irrigation regimes.
Keywords: Arbuscular mycorrhizal, biochar, irrigation cut off, molecular identification, vermicompost.
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Table 1. Name and sequence of primers used in this study.

Sequence Primer
5’-TGGGTAATCTTTTGAAACTTYA-3’ SSUmATfL
5’-TGGGTAATCTTRTGAAACTTCA-3’ SSUmAf2

5’-TCGCTCTTCAACGAGGAATC-3’ SSUmCf1
5’>-TATTGTTCTTCAACGAGGAATC-3’ SSUmCf2
5’-TATTGCTCTTNAACGAGGAATC-3’ SSUmCf3
5’-GCTCACACTCAAATCTATCAAA-3’ LSUmAr1
5’-GCTCTAACTCAATTCTATCGAT-3’ LSUmMAr2
5’-TGCTCTTACTCAAATCTATCAAA-3’ LSUmATr3
5’-GCTCTTACTCAAACCTATCGA-3’ LSUmAr4
5’-DAACACTCGCATATATGTTAGA-3’ LSUmBr1
5’-AACACTCGCACACATGTTAGA-3’ LSUmBr2
5’-AACACTCGCATACATGTTAG-3’ LSUmBr3
5’-AAACACTCGCACATATGTTAGA-3’ LSUmBr4
5’-AACACTCGCATATATGCTAGA-3’ LSUmBT5
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Table 2. Characteristics of biochar, vermicompost and soil used in the experiment.

Texture (mg};(kg' (m;kg' o Organig/Carbon EC 1(dS m CIN Ash  pH
1) 1) 0) (%) )
Soail Clay 142 115 0.08 0.68 14 - - 8.4
Loamy
Biochar - 2568 459 0.279 69.65 0.84 249319 56 755
Vermicompost - 154 1.32 1.84 26.9 2.8
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Figure 1. A & B, spore image of isolates a and b intact in water under stereo microscope light,

respectively. C Product of the second stage PCR on 1.2% agarose gel, L: marker, 4- 1: isolate a, 7-5:
isolate b and 8: control
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Table 3. Variance analysis of the effect of irrigation regime, organic planting medium and R. irregularis
on some agronomic traits of saffron.

Source of variation  df Economic Number Leaf Leaf dry Total Diameter Total Weight of Number
yield of leaf fresh weight weight of of corm number of  corm over of corm
weight corm corm 849 over 8 g
Irrigation Regime 2 26.89™ 6526.4" 3406.2" 1570.6™ 4.147E4™ 929.45™ 257.03™ 3.941E3™ 357.7"
Irrigation x 6 2.22 1.035 171 1.002 0.906 0.915 1.38 1.38 1.78
Replication
Planting Media 2 36.56™ 1911.7" 1728.6™ 555.7"" 4.649E4™ 739.17" 57217 9.366E3™ 444.8™
Mycorrhiza 2 11.73" 667.4™ 619.11" 207.14™ 6.548E3™ 72.36™ 148.71" 1.192E3™ 89.2"
Irrigation x Media 4 11.37 17.78™ 15.16" 6.85" 254.26™ 17.94™ 3,53 1.248E3™ 18.17"
Irrigation x 4 0.804" 6.9" 5.26" 277" 378.8" 1.98" 2.84" 195.31™ 2.02"
Myecorrhiza
Media x 4 1.75" 24.95™ 36.6" 12.48™ 1.498E3™ 3.58" 0.949" 581.77" 22.21"
Mycorrhiza
Irrigation x Media 8 0.375™ 8.18" 10.92" 2.38" 351.32" 3.88" 1.97" 357.25™ 1.93"
x Mycorrhiza
Sub error 48 0.00009 2.765 0.784 0.197 0.001 0.001 2.88 0.045 0.54
C.V. (%) 3.7 1.6 14 1.6 14 23 74 8.06 18.3

e #ons
.

0,0 Sy g gk e )3 o e g o Sre ed i 5
", * and **: non-significant and significant at 1% and 5% of probability levels, respectively.
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Table 4. Mean comparison of the effect of irrigation regime and organic planting media on economic
yield and total number of saffron corms and corms weighing over 8 g per pot in.

Treatment Economic yield (g pot Total number of corm Number of corm over 8
) g

Mo 0.018° 36.67% 3.44¢

Iy M; 0.022° 44.89° 5.56°
M, 0.062° 54,222 8.78°
Mo 0.011b<d 29.44° vk

I, M; 0.013% 38.224 1.22¢
M, 0.021° 43,78 4.78°
Mo 0.001¢ 25.339 vk

I3 M; 0.004¢ 33.78° 0.56%
M, 0.011°< 40.33« 2.56°

u_‘é).a.a Imn :Mo s(uig‘wJﬁ 9 u]@ul)) A;:)) J..a.ﬁ Ja,.ub‘ 9 J.J‘g‘ )»b uT (:Ja.ﬁ :|3 (uic.u‘)) J..fa) J.«:.S JJ‘j‘ )é g_j é]a.ﬁ :|z sJ.olf 6}»1 :|1
sl Jslas O}n)..“ Sl 1 syl gme Dglas (S i By > slls sla Kl (s B 0 Ll sn (M2 (CiwgeS oy M cu;” KNy

(LSD 5%) wi)lsi K005 bl cine

1:: full irrigation, I,: irrigation cut off at the beginning of the growing season (Zaeech-Ab),l5: irrigation cut off at the beginning and
mid of the growing season (Zaeech-Ab & Kulesh-Ab), Mq: no organic fertilizer, M;: vermicompost, M,: biochar. In each column,

means with similar letters do not have significant differences based on the LSD test (5%).
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Table 5. Effect of R. irregularis on the economic yield of saffron in pots.

Treatment

Economic yield (g pot™)

Non-mycorrhizal
Isolate a

Arbuscular mycorrhizal

Isolate b

0.0114b
0.019a

0.0242a

(5%) 5,lai KoaSs b lo cme B JBlas yae3T (slie 0 (5,00 cime glaT o jiie By > sl sloKilio oygim o 0
In each column, means with similar letters do not have significant differences based on the LSD test (5%).
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Table 6. Mean comparison of the interaction effect of irrigation regime, organic planting media and R.
irregularis on some agronomic traits of saffron.

Irrigation Planting Arbuscular Number of Leaf fresh Leaf dry Total weight ~ Diameter ~ Weight of corm
regime Media mycorrhizal leaf per pot weight weight of corm of corm over8g
(g pot*) (g pot*) (g pot*) (cm) (g pot*)
Non-mycorrhizal 137.3" 68.4" 16.86' 4.23m 1.809M 8.73%
Mo Isolate a 141.79 70.59 18.39¢ 4.65' 1.849n 9.1
Isolate b 1449 71.49 18.591 4.74% 1.86%" 9.63"
Non-mycorrhizal 148" 73.7¢ 19.16° 4.96' 1.89°0 10.1%
Iy M; Isolate a 160 79.1¢ 20.96° 6.26¢ 2.07¢ 10.54%f
Isolate b 164.7°¢ 81.8° 22.35° 6.48° 2.12° 10.62%
Non-mycorrhizal 154.7¢ 75.2° 20.06¢ 6.294 2.29° 10.71¢®
M, Isolate a 1740 86.4° 22.83° 7.29° 2.28° 12.07°
Isolate b 180? 90.2? 23.96° 7.67° 2.38° 12.66°
Non-mycorrhizal 94,4 47.5% 12.54" 2.7 1.58° ol
Mo Isolate a 111 541" 14.54™ 2.8 1.69'™ ool
Isolate b 113.3% 56.2" 14.56™ 2.85P 1.70'm ool
Non-mycorrhizal 122.3 61.2¢ 16.57¢ 2.98" 1.75M ool
I, M; Isolate a 131 65.1) 17.361 4.46' 1.78hiik 9.16!
Isolate b 135.8" 66.7' 17.54" 5.02" 1.839ni 10.43%f
Non-mycorrhizal 122.7 60.2¢ 15.61' 5.199 1.92¢f 10.16%
M, Isolate a 141.69 70.3¢ 18.29" 5.35f 1.94¢ 10.38¢f
Isolate b 147f 73.3f 19.41% 5.65¢ 2.04¢ 11.88°
Non-mycorrhizal 85" 41.9¢4 10.92° 2.49 1.49 ool
Mo Isolate a 931 46.3° 12.14" 2.59° 1.47° o
Isolate b 94P4 46° 12.26" 2.66" 1.57° ool
Non-mycorrhizal 97.3° 47.8° 12.67" 2,774 1.63" ool
I3 M; Isolate a 108.6™ 53.5" 14.09™ 2.91° 1.67™ ool
Isolate b 1134 55.9" 14.47™ 4.64' 1,734 9.33i
Non-mycorrhizal 106" 53.1" 13.89M 4,821 1.77% 9.83%
M, Isolate a 1164 58.13' 15.62' 5.05" 1.889ni 10.36%f
Isolate b 121 60.9% 16.61% 5.229 1.89°f 11.06°
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1:: full irrigation, I,: irrigation cut off at the beginning of the growing season (Zaeech-Ab),l5: irrigation cut off at the beginning and
mid of the growing season (Zaeech-Ab & Kulesh-Ab), My: no organic fertilizer, M;: vermicompost, M,: biochar. In each column,

means with similar letters do not have significant differences based on the LSD test (5%).
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Table 7. Effect of water stress and R. irregularis on total number of saffron corms per pot.

Treatment Total number of corms
Non-mycorrhizal 42,1
Iy Isolate a 4572
Isolate b 48°
Non-mycorrhizal 32.44°%
I, Isolate a 38.11°«
Isolate b 40,9
Non-mycorrhizal 27.89¢
I3 Isolate a 34.56%¢
Isolate b 37bcd
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11: full irrigation, I, irrigation cut off at the beginning of the growing season (Zaeech-Ab),ls: irrigation cut off at the beginning and
mid of the growing season (Zaeech-Ab & Kulesh-Ab), My: no organic fertilizer, M: vermicompost, My: biochar. In each column,

means with similar letters do not have significant differences based on the LSD test (5%).
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Table 8. Effect of organic planting media and R. irregularis on the total number of saffron corms over 8 g

per pot.
Treatment Number of corm over 8 g
Non-mycorrhizal 1°
Mo Isolate a 1.22¢
Isolate b 1.22¢
Non-mycorrhizal 1.33¢
M, Isolate a 2.67°
Isolate b 3.33%
Non-mycorrhizal 3.56™
M. Isolate a 5.44%
Isolate b 7.11°

é‘Lu.n » 6)106;M s_JSlAJ ‘J)w d5)> dl)b L;Lbua.iaL:.o OFam JR 450 )L>5.4 ‘M, 9 MM‘SA)5 My “5{' o9f d).a.n pos ‘Mo

(LSD 5%) w,las ;5505 L (LSD) jlo cxe B! J8las g0
Mo: no organic fertilizer, M;: vermicompost and Mj: biochar. In each column, means with similar letters do not have significant

differences based on the LSD test (5%).

(Beltrano & Ronco, 2008)
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