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ABSTRACT

Verticillium wilt is one of the important diseases that causes economic damage to pistachio trees. Arbuscular
mycorrhizae in addition to improvement of plant growth, can increase tolerance to plant pathogens. In this research,
the effect of mixture of three species of arbuscular mycorrhizal fungi, Funneliformis mosseae, Rhizophagus
irregularis and Claroideoglomus etunicatum was evaluated on Verticillium wilt of pistachio rootstocks Ahmad
Aghaei and Badami Zarand (susceptible and resistant to Verticillium dahliae, respectively). Arbuscular mycorrhizae
(AM) inoculation was done at the time of sowing pistachio seeds and pathogen (\Vd) inoculated after 52 days using
amended inoculum on sand-barley flour-distilled water substrate. The experiment was performed as factorial in completely
randomized design with 5 replications in greenhouse conditions. The results showed that the inoculation of AM increases
shoot and root dry weight, stem height and diameter, leaf area, concentration of nutrients, proline, soluble sugars,
chlorophyll comparison with the control and inoculated plants with the pathogen. In AM+Vd treatment, the presence
of the pathogen only in Ahmad Aghaei rootstock caused a decrease in the colonization percentage of arbuscular
mycorrhizal fungi comparison with the AM treatment. At the end of the experiment, the pathogenicity index in the
Vd treatment was 3.9 and 1.9 in Ahmad Aghaei and Badami Zarand rootstocks respectively but in the AM+Vd
treatment it reached to 3.6 and 1.1, which showed a significant decrease in disease severity. It is concluded that
inoculation of AM by improving the growth, nutritional and biochemical characteristics can increase resistance of
pistachio seedlings to Verticillium wilt.
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Figure 1. Electrophoresis of PCR products amplified by special primers D1/D2 on agarose gel (1%). M:
DNA ladder (100 bp). 1 and 2: Defoliating pathotype of IRAN 2432C and IRAN2430C isolates,
respectively, 3: Negative control
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Table 1. Effect of arbuscular mycorrhizae, Verticillium dahliae and their combination on growth characteristics
of pistachio rootstocks Ahmad Aghahei and Badami Zarand

Treatments Shoot dry weight Root dry weight Stem height Leaf area Stem diameter
(9) (9) (cm) (cm?) (cm)
Ahmad Aghaei rootstock
Control 5.30+0.35% 2.12+0.24% 25.80+1.30™ 122+5.25% 3.62+0.22%
AM 6.38+0.38° 2.62+0.28" 29.4+1.39° 132.8+5.57° 3.94+0.23%
vd 2.64+0.43° 1.32+0.26" 17.80+1.3¢ 88.8+5.93° 2.56+0.21"
AM+Vd 4.88+0.33¢ 1.88+0.26° 24+1.14° 114.845.93¢ 3.24+0.25°
Badami Zarand rootstock
Control 5.52+0.41° 2.4+0.23% 26.40+1.32° 126.2+5.85™ 3.76+0.27°
AM 7.2+0.4° 3.24+0.23 30.6+1.32° 145+5.83% 4.28+0.27°
vd 5.1+0.31% 2.20+0.25% 25.2+1.35" 120.2+5.26% 3.58+0.22¢
AM+Vd 6.68+0.33% 2.84+0.32° 28.80+1.28° 132.845.17° 4.04+0.23®

For each column, means with the same letter are not significantly different according to Duncan’s multiple range test (P < 0.05).
The numbers with + sign are the standard error. (AM:Arbuscular mycorrhizae, Vd: Verticillium dahliae, AM+Vd: Combination of
the treatments)
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Table 2. Effect of arbuscular mycorrhizae, Verticillium dahliae and their combination on macro-
elements concentrations in shoot of pistachio rootstocks Ahmad Aghahei and Badami Zarand

Treatments P N K Mg Ca
(%) (%) (%) (%) (%)
Ahmad Aghaei rootstock
Control 1.9+0.3° 16.1+1.03% 18.3+1.2% 8+0.9° 26.2+1.5°
AM 2.54+0.29° 18.04+1.30" 20.92+1.36° 9.66+0.82° 28.9+1.32°
vd 0.9+0.28¢ 9.52+1.36' 10.20+1.14° 4.02+0.82° 15.18+1.66°
AM+Vd 1.84+0.27° 14.62+1.49° 17.50+0.96¢ 5.8+0.79¢ 22.06+1.66¢
Badami Zarand rootstock
Control 2.10+0.25° 16.84+1.47% 19.70+1.19" 8.4+0.79° 27.30+1.37™
AM 3.06+0.21° 20.78+1.45° 25.48+1.50°% 11.50+0.73° 32.88+1.78°
vd 1.84+0.30° 15.56+1.08% 18.46:+1.48% 7.50+0.78° 25.54+1.73°
AM+Vd 2.82+0.24® 19+1.34° 24+1.35° 10.52+0.8% 31.92+2.17

For each column, means with the same letter are not significantly different according to Duncan’s multiple range test (P < 0.05).
The numbers with + sign are the standard error. (AM:Arbuscular mycorrhizae, VVd: Verticillium dahliae, AM+Vd: Combination of

the treatments)
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Table 3. Effect of arbuscular mycorrhizae, Verticillium dahliae and their combination on micro-
elements concentrations in shoot of pistachio rootstocks Ahmad Aghahei and Badami Zarand

Treatments Zn Fe Mn Cu
(g g (g g (g g (g g
Ahmad Aghaei rootstock
Control 23.6+1.34™ 95.2+3.5° 29.2+2,3% 6.2+0.4™
AM 25.6+1.64° 08.6+3.36° 32.242.25™ 6.7+0.42%
vd 11.6+1.66° 51.2+3.7° 13.3+2.33f 3.34+0.55°
AM+Vd 20.4+1.52° 79.2+3.7¢ 20.14+2.17° 4.32+0.45¢
Badami Zarand rootstock
Control 24.62+1.38™ 98.2+3.7° 30.4+2,3% 6.38+0.52™
AM 29.8+1.64° 116+3.81° 37.4+1.98° 7.08+0.53°
vd 22.8+1.39° 95.6+3.51° 28.6+2.3¢ 5.84+0.43°
AM+vd 28+1.44° 110.6+3.29° 34.4+2.3° 6.46:+0.5™°

For each column, means with the same letter are not significantly different according to Duncan’s multiple range test (P < 0.05).

The numbers with + sign are the standard error. (AM:Arbuscular mycorrhizae, Vd: Verticillium dahliae, AM+Vd: Combination of

the treatments)

)5 bl aly )0 05 S ilen b Giab £9,5 e
A ks & AMHVA) 5l g o,z oS5
aSl ceslas oals o}:_;lf LglJbAAi}g.) Qo8 (69, ‘5.,...2:[5
Slyls g salidl Wy, ol LialesT bl B OF 54, 5
591 5 ke b (Giale 9,0 (o b lo gime NS
(B Jso=)
Lo w0l g0 ady; Job oS so)yo
Jsb 0 AM Jles 0 YoSugl sleasy,z 6
L |) Ls)b«s““’ OS] g arsls wljsl Ny, U:ZA.,.LA)’]
ol ol Gae 59) Sl b Siabe g9, oo
(AM+Vd) ;)Lm., P) 4.,::;.1)@)@ u..S).) )Lo...'»’ 49

» @Blaest al o any, Job fgelidlS ws s
b aolie )3 5 b (Siaable 5l o 0F 9 VA (slajo,
o bl adls o gme 20l Siale £9,5 olej
S e plares G2l 2o, Se2s L]
Gho 35y) Sbem b (Siaule £5,8 oloj b lo gme
Jed) 5 5lewn jpa> 0929 b sy (elob by jo 09
Sl p2 ats, Jsb GglidlS oy (AM+V
O s jo o goe WS 6l oo g iul38l Wy,
90 5 len b (Srtle £9,8 ooy b auliie j3 o)

B Jga=)

5o Lol wals b aslie o 398 Slas jlo sine
O 6oy b 5B Sl ) bl by
sleai, 7z B iiSen s jles o wlai lis olas
alb 90,2 ,0 9 (AM+Vd) V. dahliae 4 ,YsSug )l
@ slafd9,lS (Jolowe Sloaid (g bl cainy
b Jled b aslie jo Ju8g)lST a3l gath o b
sl plas s g ilidl (V) V. dahliae L g
b oamlio o SUI 358 Slio LBlaes! al o
Wy ool bl o Lol cassiils o g ol wall
Iy Gobdgre Jll sals awlie o Olas oyl
(T Jgaz) wsls oyl
e,z (Sl sled o 5 Aty w90y 0
madyy doye loy iS5 L (AM) VsSus)l sl
ol & ol las Lali8l Wy eads oS sla
e Ay (ol g @Blaesl slaaly po Al
2 Slem Giabe 5l m YA 5 07 lagg,
(e 590 ol b (Giale £958 Gloy b analis
e 35 @Blaesl by 13 (0 Jguz) og o sine
maly) eys (AMHVE) 5 jle g ato,z,8 oS 5
05 5 YA clogg, yo bady,z B b ond o5als ol
» LG Sl Flen Giale 5w
Gio 59)) Sl b (Gile 955 oloj b amalis
Sl 3l e AN gAY lase, b o Lol ols las



oy 0l 93 (sogeln g (Fsas  VsSos)T sloata 7 B Sjale ;b i Ko g aslily Jlax lAlg

5 ada, Jolowe slaaid g gy cdale o] oS 5 o Verticillium dahliae «,YoSws )T sloais z )6 256 F Jso

55 ol g llaesl w55 50 gl jasla gath gb @ Ly IS
Table 4. Effect of arbuscular mycorrhizae, Verticillium dahliae and their combination on content of
proline and soluble sugar in roots and chlorophyll a,b,a+b in leaves of pistachio rootstocks Ahmad
Aghahei and Badami Zarand.

Treatments Proline Soluble sugars ~ Chlorophyll a Chlorophyll b Chlorophyll Chlorophyll index
umol g* FW mg gt FW mg gt FW mg gt FW a+b
mg gt FW

Ahmad Aghaei rootstock
Control 12.52+1.14° 18.98+1.31¢ 1.73+0.23° 1.48+0.23° 3.21+0.16° 62.38+1.87°
AM 14.22+1.1° 22.22+1.37° 2.2+0.26" 1.81+0.23% 4.01+0.31° 68.06+2.12°
vd 5.3+1.09° 9.52+1.2 0.66+0.27° 0.41+0.35¢ 1.08+0.39° 49.62+1.98°
AM-Vd 10.92+1.12¢ 16.84+1.45° 1.23+0.35¢ 1.03+0.35° 2.27+0.16° 58.02+1.93¢

Badami Zarand rootstock
Control 13.42+1.03" 20.8+0.97" 1.76+0.27° 1.50+0.27° 3.27+0.30° 63.64+2.06°
AM 16.54+1.15° 28.64+1.3 2.6+0.35° 2.13+0.26° 4.73£0.21° 71.142.15°
vd 13.74+0.94" 19.52+1.15% 1.54+0.26% 1.51+0.25° 3.06+0.17° 62.06+2.22°
AM-Vd 15.92+1.33° 27.26+1.5° 2.28+0.23% 2.06+0.32° 4.34+0.51® 69.34+2.37ab

For each column, means with the same letter are not significantly different according to Duncan’s multiple range test (P < 0.05).
The numbers with + sign are the standard error. (AM:Arbuscular mycorrhizae, Vd: Verticillium dahliae, AM+Vd: Combination of
the treatments)
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Table 5. The percentage of colonized roots and root length colonized (%) of pistachio seedlings

rootstocks Ahmad Aghaei and Badami Zarand by arbuscular mycorrhizae in AM and combination of AM
and Verticillium dahliae treatments at different days after inoculation of pathogen.

Days after pathogen inoculation (AM inoculation)

Treatments 0(52) 28 (80) 56 (108) 84 (136) 98 (150)
Colonized root (%)
AM (AA) 59+2.9" 62+2.5 68+2.9' 74.8+3.3° 76.2+3.2%
AM+Vd (AA) 60+2.8" 54.2+3 55.2+2.31 58.2+2.9" 62+3%"
AM (B) 66.8+3.1' 74+3° 82+2.8™ 87.2+3° 88+3.3°
AM+Vd (B) 68+2.9° 65.2+3 79.2+2.8% 84+2.8% 84.8+2.8%
Root length colonized (%)
AM (AA) 50.2+2.8" 55.4+3.4" 61.8+3.8" 65.2+3° 66.4+3.3%
AM+Vd (AA) 49.8+3" 44.8+2.8' 43+3.1' 51+3.3 52+3%
AM (B) 58.2+2.8" 63+3°7 70+2.5% 76.2+2.9% 76.8+2.8°
AM+Vd (B) 59.8+3%" 55.8+2.8" 67+3% 72.6+2.5" 73.4+2.4%¢

Means with the same letter are not significantly different according to Duncan’s multiple range test (P < 0.05). The numbers with +
sign are the standard error. AM: Arbuscular mycorrhizae, AM+Vd: Combination of arbuscular mycorrhizae and Verticillium
dahliae, AA: Ahmad Aghaei rootstock, B: Badami Zarand
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Table 6. The percentage colonization of the pathogen in shoot (%) and Pathogenicity index of
pistachio seedlings rootstocks Ahmad Aghaei and Badami Zarand in Verticillium dahliae and

combination of the pathogen and arbuscular mycorrhizae treatments in different days after inoculation of
the pathogen.

Days after pathogen inoculation

Treatments 63 70 7 84 98
Shoot colonization by pathogen (%)
Vd (AA) 16.8+3° 32.4+3.4° 65.8+3.3° 88.8+4° 92+3.3°
AM+Vd (AA) 8.4+3.2" 18+3.29 42.4+3.7° 74.4+35° 89.8+3.1°
vd (B) o 6.6+£3.4" 16+2.9° 31.2+3° 40.8+3.31
AM+Vd (B) o o 8+3.1" 22.4+3.6' 25.2+3f
Pathogenicity index (%)

Vd (AA) 0.6+0.25 1.70+03% 2.5+0.4° 3.2+0.3° 3.940.2°
AM+Vd (AA) o" 1+0.4 1.4+0.4" 2.8+0.3¢ 3.6+0.2°
vd (B) om 0.4+0.2¢ 0.9+0.21 1.4+0.2%" 1.9+0.2°
AM+Vd (B) om o" 0.2+0.1™ 0.9+0.21 1.1+0.2"

Means with the same letter are not significantly different according to Duncan’s multiple range test (P < 0.05). The numbers with +
sign are the standard error. Vd: Verticillium dahliae, AM+Vd: Combination of arbuscular mycorrhizae and Verticillium dahliae,

AA: Ahmad Aghaei rootstock, B: Badami Zarand
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