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The effect of arbuscular mycorrhizas, Trichoderma harzianum and their combination on Phytophthora root rot
of pistachio seedlings cv. Momtaz: growth, nutritional and biochemical characteristics
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Abstract

Using biocontrol agents is one of the methods to reduce mortality of Phytophthora root rot in pistachio orchards. In the present study,
the effect of arbuscular mycorrhizal fungi (AM) (mixture of three species), Trichoderma harzianum (Th) and their combination (AM+Th)
were evaluated on Phytophthora root rot caused by Phytophthora drechsleri (Pd) in pistachio seedlings cv. Momtaz. Arbuscular mycorrhizal
fungi, Th and their combination were inoculated at the time of sowing pistachio seeds, but the pathogen was inoculated two months later.
The results showed that AM, Th and AM+Th treatments and their interaction with Pd significantly increased growth, nutritional and
biochemical characteristics of seedlings compared to the control and Pd treatment. The highest increase was observed in AM+Th and
AM+Th+Pd treatments. At the end of the experiment, the mortality of pistachio seedlings was significantly reduced from 92% in Pd
treatment and reached to 67, 67 and 50% in AM+Pd, Th+Pd and AM+Th+Pd treatments, respectively. It is concluded that inoculation of
AM, Th and especially their combination improved the growth, nutritional and biochemical characteristics which can lead to biological
control of Phytophthora root rot of pistachio seedlings.
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Table 1. Effect of arbuscular mycorrhizal (AM) fungi, Trichoderma harzianum (Th), their mixture (AM+Th) and interaction with Phytophthora
drechsleri (Pd) on growth characteristics of pistachio seedlings cv. Momtaz.

Treatments Shoot dry weight (g) Root dry weight (g) Stem height (cm) Leaf area (cm?)  Stem diameter (cm)
Control 4.90+0.72% 2.53+0.18¢ 25.00+1.87% 116.6+5.03¢ 2.94+0.13%°
Pd 1.76+0.30° 1.32+0.13¢ 18.40+1.52¢ 86.40+6.73 1.86+0.21¢
AM 5.98+0.49% 3.32+0.34® 29.20+1.92% 139.8+5.63" 3.22+0.23®
AM+Pd 5.26+0.37% 2.92+0.13¢ 24.48+1.99 134.2+7.01° 2.8440.19%
Th 5.62+0.48™ 3.12+0.33% 28.0041.58%¢ 130.8+4.44¢ 3.10+0.23®
TH+Pd 4.54+0.43¢ 2.4440.22¢ 24.12+1.23° 115.8+6.46° 2.64+0.15°
AM+Th 6.44+0.5° 3.58+0.18° 31.20+1.3° 147.4+6.50? 3.31+0.19°
AM+Th+Pd 5.84+0.63" 3.38+0.19% 29.20+1.64% 137.6+5.68" 3.18+0.16%®
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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.



alo> 31 (Wang et al. 2004) OLalS 5 (g el jLid s
(Amaral et al., 2019) w0 OLs o)y Chale Zal Ji\b
Glad dlex 51 0T I 5 5yt g Olee 2l 53l ioeen
Vs b 51 ol s U adlis gl Jgloes slatida
Sler s Jalse 155 J st land cble 2153
oLl 5 K55 =l Lsles (Metwally, 2020) A5L
sbaPd Siale 50 Bl a5 (Zheng et al., 2004)
)J‘)uﬁ) J)Méuujug}ﬂmd)bw
Jds e Biay oS (F i) sl als aals b e lis

.(Grote etal., 2006) Ll aic; sbad sk

Ve Lhul ¥ oylad A Al 1 alE slacslew 5 ST

——S 5 5 T. harzianum o )ls dl.m.:w@ls sonbe

Sl e ge o(PA) S Law L 53 (AM+TH) Lap]
L aclie 3 sy Jloee gladd 5 )y clale s cme
Sbess s esle g3l chale i (F Jsar) s S dals
S5 ol 05 S s AM Sles L a5 s sdalie AM+TH
Lowso C‘L"“ 53 s e Ol slls Ll 25 S
2B 5 Loy S s 53 Lai)lS 5y Th s
23l olalS s s cble 1 slagls slaady,
s 5 s dlls glaaty jz )6 et A6l
Slodas S M5 G 5 s Ol ol Ak,
il Vs s 51 s plU 5w 50 S
Jolse o] ﬁLJ s (Rajeswari et al., 2015) )5 ,— clals
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Table 2. The effect of arbuscular mycorrhizal (AM) fungi, Trichoderma harzianum (Th), their mixture (AM+Th) and interaction with
Phytophthora drechsleri (Pd) on nutrient concentrations in shoot of pistachio seedlings cv. Momtaz.

Treatments P (%) N (%) K (%) Mg (%) Ca (%) Zn(ugg’) Fe(uggh) Mn(ugg") Cu(uggh)
Control 0.1740.03°  1.540.16° 1744029  0.69+0.04° 2.48+0.19% 2264249  06.6+3.8°  28+1.7° 4.940.5%
Pd 0.0740.02¢  0.73+0.11F  0.8+0.16°  0.44+0.07¢ 1.2+0.2° 12.8£3.4°  51.40424"  13+1.6° 2.5:£0.4¢
AM 0.2540.03% 2.1140.13% 2.38+0.22% 0.94+0.07° 3.04+0.24* 29.4+25®  110+42.7°  32+1.4% 5.9:£0.4%
AM+Pd 0.2240.02° 1.91£0.07° 210402  0.89+0.07® 2.34+07°  21.78+3.6° 05.6+2.7°  27.06+15  4.58+0.8°
Th 0.23+0.03°  1.94+0.17% 226402  0.91+0.04% 2.90+0.22% 31.60+2.8% 114.442.9% 33.80+1.8* 6.12+0.3%
TH+Pd 0.1640.02° 1.7040.13¢  1.8140.3%  0.84+0.06° 223+021¢ 23.8£3.3%  103+£3.3¢  30+£1.2% 4.9240.5
AM+Th 0.27£0.02*  2.20£0.13*  258+0.3*  0.97+0.07° 3.18+0.23* 33+2.7 117.442.6° 37416 6.3240.7%
AM+Th+Pd  0.2540.02% 2.07+0.11% 2.3740.2®  0.904+0.05° 2.704+0.27™ 27.4+2.9%  113+2% 35.604+2.1®  5.4640.6%

s e (sllas £ Cadle ol shel I SIS b Jls gre M Ao 53 0 a3 ST 005l Gb S e Gy s glaSKile g a0
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.
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Table 3. The effect of arbuscular mycorrhizal fungi (AMF), Trichoderma harzianum (Th), their mixture (AMF+Th) and interaction with
Phytophthora drechsleri (Pd) on content of proline and soluble sugar in roots and chlorophyll a,b,a+b in leaves of pistachio seedlings cv. Momtaz.

Treatments Proline umol g~ Soluble sugars  Chlorophyll a mg Chlorophyll b mg Chlorophyll Chlorophyll
1FW mg gl FwW g'lFw glFwW atbmg g' FW index
Control 13.5+0.87¢ 20.3041.13¢ 1.540.29° 1.24+0.31° 2.7540.29¢ 60.69+1.47¢
Pd 3.56:0.88f 7.80+1.48 0.98+£0.34¢ 0.4840.33¢ 1.46+0.44¢ 49.94+1 .22¢
AM 15.660.95% 27.00+1.22b 2.1740.18° 2.14+0.36° 4.3240.29% 68.45+1.07%
AM+Pd 12.46+1.04¢ 25.80+0.84% 2.11+0.372 1.88+0.20? 4.00+0.32° 63.83+2.020
Th 14.3440.84 26.00+1.58 2.13+0.15 2.1240.40° 4.25+0.51% 64.26+1.60°
TH+Pd 10.8840.92¢ 24.40+0.89¢ 1.5940.24° 1.3340.33" 2.9240.18° 59.66+1.72¢
AM+Th 16.2640.972 29.00+1.412 2.39+0.242 2.42+0.38° 4.81+0.44° 67.34+1.41°
AM+Th+Pd  14.4840.69™ 28.401.14% 2.28+0.33° 2.2240.75° 4504+0.59% 65.7241.20®

dzes Jlas gl e o] jan sliel LI KUK bl pme Nl Ao 0 o 52 S O3l Gl S i Do gl (gl Sle 0 stn 05
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.
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Table 4. The percentage of colonized roots and root length colonized (%) of pistachio seedlings cv. Momtaz by arbuscular mycorrhizal fungi in
AM, mixture of AM with Trichoderma harzianum (AM+Th) and their interaction with Phytophthora drechsleri (Pd)
in different days after inoculation of pathogen.

Days after pathogen inoculation

Treatments 0 8 14 21 28 35 42 49
Colonized root (%)

AM 61.043.6Km 62.7+3.5" 6649 67.7+£3.5M 69.3£3.1%"  72.0+3.0%7 73.3£3.15F  77+3.6°¢

AM+Pd 62.0+3.0"m 56.043.6™ 52.04+3.0°  50.743.5°  54.3+3.1™  59.3+3.1'™ 63735  67.743.1M

AM+Th 69.743.1%" 72.743.5%"  76+3v 78.74£3.57¢  79.3+4%c 80.0+3.0% 82.0£3.6®°  84.0+3.6°

AM+Th+Pd 68.0+2.6" 67.7+2.5M 67.7+3.8%1 60.7+£3.5Km  61.7+.35™ 67.7+2.59 73.0+£3.0%"  77.0+3.0>¢
Root length colonized (%)

AM 56.342.5%" 57.3+3.1" 59.3+2.19™  60.3+£2.5  61+2.6°% 61.7++25%  63.3+£2%9 65.3+2.50¢

AM+Pd 56.7+£2.1" 53.0£3.0m  49.3+2.9¢ 50.3+3.1™ 51.742.5%4  54,74+3.1™P  56.3+2.1%" 58.3+3.1""

AM+Th 61.3+2.5%1 62.3£3.1%"  64.3+3.1°"  65.3+2.5"°  67.0+2.6%¢ 67.742.5%¢ 69.3+2.5®  70.3+2.5°

AM+Th+Pd 59.7+2.0¢ 58.7£2.59™ 553+25%  56,7+2.1"  583+2.9"™  63.04+2.0°" 65.3+2.1  67.3+£3.1%°

Az Slre glast £ Cale el an slel LG ZLUS b ls sre S Ao s 0 Cla.w): Sl Osa3l b S e Gy ghyls gle Sl
The 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.
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Table 5. The percentage colonization of the pathogen in roots and mortality of pistachio seedling Momtaz in Phytophthora drechsleri (Pd),
interaction with arbuscular mycorrhizal fungi (AM+Pd), Trichoderma harzianum (Th+Pd) and their mixture (AM+Th+Pd)
treatments at different days after inoculation of the pathogen.

Days after pathogen inoculation

Treatments 21 28 35 42 49
Pd 16.7+3.1M 38.3+3.8% 58.7+2.3° 77.0+2.0° 89.0+3.0%
AM+Pd 6.3++1.5™ 11.74£2.1¢ 17.7£3.1M 31.743.1% 37.742.5%
Th+Pd 9.3+2.5'm 15.7+2.51k 21.7+£2.1" 35.3+3.1¢f 42.0+3.6°
AM+Th+Pd 3.7£3.2" 8.7£3.5'™m 13.7+3.1K 20.7+2.5" 28.7+3.69
Mortality of seedlings (%6)
Pd 0.0 25.0+5.09 41.7+5.8° 75.0+5.0° 91.7+6.6°
AM+Pd 0.0 8.3+5.8 16.7+5.8" 50.0+5.0¢ 66.716.6°
Th+Pd 0.0 16.745.8" 25.0+5.09 50.0+5.0¢ 66.7+6.2°
AM+Th+Pd 0.0 8.3+5.8' 16.7+5.8" 33.345.8 50.045.0¢

JREXIVY.Y J\:\Mg&;iu‘xy& a\)AA Alac) MJ\MJ@J&MJ‘J‘;\MU)\:\;‘ MJJA c}am)duﬂ;bu}a‘)i@tﬁ)mq}ﬁbguuﬁum
The 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.
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