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Abstract

Background and Objectives

Drought is one of the major environmental constraints that limit plant growth and productivity
more than any other environmental factor. Drought stress reduces normal growth, disturbs water
relations and nutrition uptake in plants. Arbuscular mycorrhizal fungi (AMF) can increase plant
tolerance to drought via direct water uptake and transport through fungal hyphae to the host
plants, enhance nutrient uptake, improve osmotic adjustment and antioxidant activity. This study
was conducted to evaluate the influence of three AMF species (singly or in combination) on DS
alleviation of zinnia seedlings (as a potentially drought-tolerant flower crop) grown under
different DS levels.

Materials and Methods

To study the effects of three identified isolates of arbuscular mycorrhizal fungi (AMF) on growth
and elements concentration (P, K, Fe, Zn, Cu and Mn) of zinnia plants (Zinnia elegans L. var.
Magellan Red) under drought stress condition, a greenhouse experiment was conducted with two
factors including mycorrhiza at five levels (no mycorrhizae as control, Rhizophagus irregularis,
Rhizophagus intraradisces, Funneliformis mosseae, Mix ) and four levels of drought stress
(100% FC as control, 80% FC, 60% FC and 40% FC) with six replicates based on a completely
randomized design (CRD). Seedlings with four true leaves were transplanted into 1 L pot and
immediately inoculated with 210 spores per pot of the each of above symbionts. Control plants
received the same amount of autoclaved inocula. The plants were irrigated with distilled water
for 50 days to obtain certain amount of infection; then four irrigation regimes were achieved for
four weeks.

Results

According to the results, vegetative growth traits like fresh and dry weight of shoot, root and
flower leaf area and flower diameter were reduced significantly with increasing drought stress
levels. Drought stress reduced uptake and transport of elements. The utilized AMF improved
growth and nutrients uptake under drought stress considerably in 40% FC where R. irregularis,
R. intraradisces, F. mosseae and mix increased dry weight of shoot by 20, 22, 20, 11 percent
respectively in comparison with control.
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Discussion

In conclusion, it is suggested that AMF inoculation improves drought tolerance of zinnia plants at
least in part through the enhanced uptake of slowly diffusing mineral ions such as PO,* and Zn**.
Moreover, arbuscular mycorrhizal colonization provides better osmotic adjustment which can be
correlated with K* accumulation in top portions of inoculated plants. The results of this study
showed that zinnia plants exhibited a better symbiotic relation with three identified isolates of
arbuscular mycorrhizal fungi especially with mixed treatment.
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Table 1- Mean comparison of the interaction mycorrhiza and drought stress on some growth and reproductive traits of zinnia plant
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49.48+0.88° 62.93+2.157" 0.36+0.01' 0.38+0.01™" 0.71+0.03' 168+0.05"  4.93+0.23%°  3.20+0.12" 100%FC
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Table 2. Mean comparison of the interaction mycorrhiza and drought stress on elements concentration (P, K, Fe, Zn, Cu and Mn) in shoot of zinnia plant

\b

(P 2PF95) 380 (P55 2P 595 o (P 2P 595 G5 (P57 2 P55 955) (o1 (1032) poamiliy (A33) shud SKiS gl z6 &g
Mn (ug g Cu(ugg™ Zn (ng gt Fe (ngg™) K (%) P (%) Water status ~ AMF status

101.35+2.08° 13.23£1.27" 51.25+4.01%° 53.80+3.55™ 2.49+0.09™ 0.52+0.02" 100%FC

95.90+6.78" 15.21+2.209) 50.71+4.07"° 32.2543.77" 2.38+0.06" 0.50+0.02" 80%FC Control) iss

78.0145.74°%" 11.13+0.73 33.71+2.19 30.88+3.80" 2.52+0.13° 0.41%0,03" 60%FC (Control) Lu.»

UlTO. LOTULIST S 1T, .00To.0U 24TV, AlTUUS 0

81.58+4.11°% 13.25+1.09" 30.05+0.62¢ 26.00+3.06' 2.33+0.10" 0.49+0.01" 40%FC

78.16+3.69%" 22.88+1.63" 49.75+2.55™ 51.75+9.55%¢ 2.37+0.06" 1.07+0.06™" 100%FC

77.06+2.63%" 24.78+1.62%° 59.00+3.64° 57.78+2.55% 2.76+0.07"¢ 0.95+0.03°" 80%FC R.irreqularis

77.23+3.25%" 19.91+2.36%¢ 40.51+1.16%" 37.18+2.25™ 2.82+0.19° 0.87+0.03"" 60%FC -Irreg

85.00+5.24"¢ 19.78+1.53" 38.36+1.40°™ 39.63+2.33™" 2.83+0.09" 0.89+0.04° 40%FC

92.15+2.48%° 28.86+3.56° 49.46+5.13™ 52.51+2.92"° 2.65+0.13"" 0.86+0.02" 100%FC

76.91+8.54% 25.61%2.25% 44,37+2,55"* 41.76x2.52°" 2.54+0.05%9 0.72+0.05%" 80%FC R.intrarardises

75.712£2.00%' 16.06+1.01" 43.735.35"° 34.80+3.27%" 2.38+0.19" 0.74+0.02%" 60%FC '

73.81+3.36% 14.30+0.68™ 44.61+2.43"¢ 48.13+2.45"" 2.49+0.05¢ 0.68+0.03"" 40%FC

82.70+4.13"° 21.100.93"" 43.91+2.68™° 44.23+5.15%9 2.45+0.06°" 0.98+0.06%° 100%FC

77.60+4.86™ 25.21+4.62°° 44.56+1.43"° 37.76+2.06" 2.81+0.12" 1.00+0.08* 80%FC E mosseae

84.26+7.75"° 18.06+1.34" 52.70+3.15% 53.80+3.34" 2.84+0.17% 0.95+0.11% 60%FC '

83.88+6.54"* 14.50+0.98%7 18.43+4.16°* 42.35+6.62°" 3.47+0.06° 0.87+0.05%¢ 40%FC

87.46+2.38 22.01+3.26"° 50.15+3.71%¢ 66.95+4.46° 2.55+0.11%¢ 1.10+0.02%¢ 100%FC

77.6524.43% 18.50+1.22%" 44,66%3.23"* 41.216.31°" 2.74+0.14"° 1.06+0.06** 80%FC Mix

67.86+3.42" 17.00+1.08°" 44.08+2.83"¢ 38.76+3.11"" 2.78+0.10"° 0.94+0.08%¢ 60%FC

77.93+4.84%" 16.00+0.58" 34.03+2.63™ 33.98+3.329" 4.96+0.10° 0.75+0.09°™ 40%FC
*% *% ns *% *% *% (Mycorrhiza )}U)g:,,
*% *% *% *x *% *% (Drought) Lo
ns * *k Kk Kk ns M x D) Lax X }_J;\:.,

tDifferent letters on the columns show significant difference at 5% level of probability (LSD).
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Table 3. Mean comparison of the interaction mycorrhiza and drought stress on elements concentration (P, K, Fe, Zn, Cu and Mn) in root of zinnia plant

(PF 25 osf) 380 (P 2P o (P55 2P 5 95%0) S5 (P57 2 £ 57 9,50) T (40 33) sty (e 33) hud i gl z6 &9
Mn (ug g™) Cu (ngg?) Zn(ngg™) Fe (ng g™ K (%) P (%) Water status ~ AMF status

50.53+4.58%7 16.65+0.27¢ 16.78+0.669" 123.58+11.40™ 2.14+0.24% 0.48+0.04"F 100%FC

63.13+3.37"¢ 16.80+0.60° 25.25+3 58" 151.15+15.93 2.14%0.09® 0.48+0.04™ 80%FC (Control) s

41.93+3.19 16.88+0.62° 12.33+1.58" 109.35+10.56" 2.14+0.16% 0.41+0.04* 60%FC

54.63+3.99™ 16.61+0.46° 10.35+0.61/ 145.52+13.26°" 2.29+0.08%% 0.50+0.05"* 40%FC

103.21+4.77° 102.8616.29 29.10b+2.59¢ 211.57+10.39° 2.56+0.11" 0.95+0.05°* 100%FC

73.96+3.53° 92.30+10.01%® 22.13+2.24%9 215.62+15.18° 2.64+0.13" 0.8620.05% 80%FC . lari

66.31+8.39%" 82.75+2.37 25.12+0,72°% 176.82+17.68%° 2.43+0.11° 0.87+0.08%f 60%FC Ruirregularis

67.93+3.67%" 52.11+3.65% 27.00+4.23"¢ 185.68+18.80%¢ 2.05+0.05° 0.68+0.04™" 40%FC

93.388.52% 26.45+1.11% 32.00+3.16%® 203.03+19.28%° 2.59+0.09" 0.82+0.04%9 100%FC

75.30+5.81% 24.66+1.12" 28.08+2.53" 172.15+11.74>*° 2.56+0.06™ 0.78+0.03°" 80%FC . di

61.15+3.36°" 23.08+0.51° 27.0042.28"¢ 189.17+12.95%° 2.37+0.06"* 0.71+0.04% 60%FC Runtrarardises

44.38+4.19" 21.45+1.38° 18.52+1.05" 156.32+24.78°" 2.29+0.13%%* 0.650.04%} 40%FC

90.81+3.44% 60.93+7.99° 20.83+2.07°" 177.88+15.14%° 2.21+0.08% 0.68+0.02" 100%FC

70.73+6.50% 50.38+2.42°% 16.36+1.55%7 198.57+14.62% 2.16+0.19% 1.15+0.11%° 80%FC

65.43+2.91%" 57.03+3.68% 15.56:+0.54" 153.65+7.77%9 2.11+0.06% 1.15+0.04%¢ 60%FC F.mosseae

54.25+4.64" 46.23+2.41% 21.03+2.07¢" 147.88+11.97%" 2.17+0.08% 1.21+0.08% 40%FC

87.066.67™ 61.30+8.15° 23.20+1.99%" 185.37+6.79*¢ 3.33+0.072 1.24+0.15° 100%FC

56.61+5.85™ 59.88+9.57° 22.27+0.27%9 115.05+11.00%" 3.38+0.04° 0.98+0.11°% 80%FC Mi

48.43+3.11" 57.16+4.37% 36.20+2.37° 90.35+4.99" 3.35+0.05° 0.97+0.06°* 60%FC X

46.03+2.98" 37.58+1.57¢ 35.56+2.80° 69.50+6.94’ 3.09+0.09° 1.01+0.07°* 40%FC
*% ** *% *% *% *% (Mycorrhiza )}U)g:,,
** ** ns ** * ns (Drought) é‘“’-
*%k *k *k *k ns *k M x D) u_(,;, X }_J;\:.,

AES € g (j0r 0 v Fv (€ g 20 Crow ) | Crmgf (CH o

Al o LSD ¢ 505T s ys T gl 02 Jla g Ml i s DA O sty 3 oslise oy T
tDifferent letters on the columns show significant difference at 5% level of probability (LSD).
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Figure 1. Effect of different water stress levels on mycorrhizal colonization percentage
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