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Table 1- Some physical and chemical properties of soil used in experiment

EC pH CCE* 0.C F.C PWP Ca Mg P K Mn Cu Zn Fe
Colaa g ! Olys S b (Sopei eedS e ed el PR P gy o
S Jolo S I L5 o1
“oetjewr 15 w23 % S oSS oS e mglkg
dS/m gy
3.50 7.9 57 0.43 16.4 6.5 580 275 8 200 5.1 0.57 0.54 2.8

*CCE= Calcium Carbonate Equivalent
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Table 2- Analysis of variance of nutrient concentration in leaf tomato plant

@y Olaypo (Sl
JovE Ry ¥IIY &3 (Mean square)
(Sources of var.) d.f N ‘P ) K F € Cu N{“ Zn
OJ9FY  yhwd ey o2 o P& S$9)
LSS 5 zolaw 2 0.864**  0.018** 0.285%%* 2878** 2.615%* 354.3%* 278.1%*
(Drought stress)
15259550 g B 4 0.456**  0.032** 1.295%%* 14580%* 9.412%* 467.6** 282.7**
(Mycorrhizal fungi)
S 8 0.084**  (0.003** 0.067** 809** 1.842%* 85.5%* 318.7%*
(Interaction )
inlejl olas 30 0.028 0.001 0014 101.58 0.057 6.64 5.68
Experimental fault
6.78 5.65 3.66 7.12 2.87 4.25 4.36

() ey
Coefficient of var. (%)

ns = not significant % significant at 1%
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Table 3- Mean comparison of arbuscular mycorrhizal fungi and drought stress levels on leaf nutrients concentration

Sl jlos

e salw Glomus Glomus Glomus Glomus ke
Irrigation ) (control) caledonium intraradices versiform mosseae (Mean)
(treatments

(N concentration %) T Oiepe clale

2.67 A 2.04 gh 2.3 efg 3.04 ab 3.1 cde 2.86 abc I,

244 B 2.12 fgh 2.2 fgh 2.79 bed 2.59 cde 2.52 de L

233 B 1.98 h 232 efg 2.52 de 24 ef 241 ef I

205D 227C 278 A 2.69 AB 2.59B Mean
(P concentration %) 7o yhud clale
0.48 A 0.37b 051 a 0.52a 0.52a 0.48 a I
0.44 B 0.36b 0.47 a 0.50 a 040D 0.47 a I
0.39 A 0.35b 0.38Db 040D 040D 041D I
0.36 C 0.453 AB 0473 A 0.44B 0.453 AB Mean
(K concentration %) 7 sl clale

3.12B 3.0de 3.11 cde 3.16 cd 3.14cd 3.19cd I,

358 A 3.32bc 3.75a 390a 3440 3470 L

3.03C 2.76 f 291 ef 3470 291 ef 3.1 cde I

3.027C 3.257B 3513 A 3.163 B 3.253B Mean
(Fe concentration %) 7ol clale
1732 A 153.8 cd 209.2 a 1809 b 156.1 cd 166.2 be I
140.4 B 108.5 gh 175.7b 1265 f 144.6 de 146.9 de I
1109 C 87.71 108.8 gh 123.3 fg 99.7 hi 135.1 ef I3
116.7D 164.6 A 143.6 B 133.5C 1494 B Mean
(Cu concentration %) 7 e clile
743 C 7.041 7.46 hi 7.18 hi 8.3 def 7.15 hi I
8.55B 7.57 gh 8.8¢ 8.65 cde 871 cd 9.03¢ L
8.95 A 791 fg 8.1f 9.86b 8.24 ef 10.66 a I;
7.50 D 8.12C 8.56 B 842 B 8.95 A Mean
(Mn concentration %) 7/ 5K cdale
5425 B 52.93 fg 59.17 cde 56.24 ef 52.67 fg 5026 g I
63.80 A 52.52 fg 63.47 c 74.50 a 58.65 de 69.86 b I
64.04 A 5052 ¢g 63.34c 75.80 a 61.95 cd 68.61Db I;
51.99D 61.99B 68.85 A 57.76 C 6291 B Mean
(Zn concentration %) Ly, cdale
5027C  47.67gh 53.0 def 49.67 fgh 4933 fgh 51.67 fg I
5895 A 4520h 60.44 be 86.90 a 52.69 ef 49.52 fgh L
54.68 B 48.50 fgh 56.44 cde 50.50 fg 60.82b 57.15 bed I
47.12D 56.63 B 62.36 A 5428 C 52.78 C Mean

P S S Gig pyS 3 pySeSee FYIY 4 sals jles
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Means followed by the same letter are not significantly differentns (P<0.05) by Duncan test.
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Table 4- Analysis of variance of drought stress and mycorrhizal fungi treatments on root colonization

JUVES I I &35l 4 40 (Mean square) e po 3aS5be
(Root colonization) a4y, ¢;lw
(Sources of var.) (Degree of freedom) e

(drought stress ) S S 391.1%*
(mycorrhizal fungi) 152)9500 2,88 714.6**
(Interaction) DSty 21.7%*
(Experimental fault) inlejl olas 1.704

(coefficient of var.)  (£) &lyus copo 7.76

#% significant at 1%
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on root colonization. Table 5- Mean comparison of arbuscular mycorrhizal fungi and water treatments

& )Lﬁi o Glomus Glomus Glomus Glomus RV
o caledonium intraradices versiform mosseae
(Irrigation ) (control)
treatment
I, 264b 30.7a 275b 28.6b 2.04 gh
L 16.9d 20.8 ¢ 17.2d 19.1 cd 57¢g
I3 109 f 147 12.1e 114f 29 h

2l ool e B! (s (SO (g0l b 7 0 prdaws )3 s S yndie s gl gt a3 a8 e SSle %
Means followed by the same letter are not significantly differentns (P<0.05) by Duncan test.
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Figure 2- Effect of mycorrhizal fungi on root colonization Figure 1- Effects of water treatments on root colonization
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Table 6- Analysis of variance of drought stress and mycorrhizal fungi treatments on water use efficiency

JUVES I I N HET (Mean square) il po puSibo
(Sources of var.) (Degree of freedom) WUE of & pao ol,5
(drought stress ) (SdS i 2 121.8 **
(mycorrhizal fungi) 15,5550 &8 4 16.39 **
(Interaction) DiSa ys 8 4.1 **
(Experiemental fault) il (clbas 30 3.06
#xsignificant at 1% Cusl 43 gme AN sy **
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on water use efficiency. Table 7- Mean comparison of arbuscular mycorrhizal fungi and water treatments

& )in Slow Glomus Glomus Glomus Glomus RV
(Irrigation ) caledonium intraradices versiform mosseae (control)
treatment
I, 25.15 abe 2833 a 21.29 def 19.01 efgh 16.87 gh
L 25.22 abc 26.62 ab 23.72 bed 21.37 de 17.80 fgg
I3 22.06 cde 25.21 abe 20.09 efg 20.41 def 16.57h
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Means followed by the same letter are not significantly differentns (P<0.05) by Duncan test.
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Introduction: Tomato is one of the most important vegetables that are used by human. High price of tomato
due to its out of season production in Bushehr province has made a great tendency for farmers of this area to
cultivate it in fall and winter in nearly 12000 hectares in the province. Mean annual precipitation is about 250
mm per year. Maximum and minimum annual temperatures are 51 and -1 Celsius degrees. Mean annual
evaporation is 3000 mm. Recent droughts and going down of water table because of over usage of underground
water are main problems of this region that have enforced farmers to decrease irrigation water utilization and try
to increase water use efficiency by using new technologies. Therefore, any new technical methods which can
increase water use efficiency will help crop production quality and quantity and result in yield stability in the
region. Many researchers have proved that mycorrhizal fungi can improve agricultural systems sustainability
because of their ability to increase water absorption due to their long and expanded hyphae. Also they are known
to increase nutrient uptake from soils even poor in minerals. Therefore, a greenhouse project was designed to
determine the effect of Arbuscular mycorrhizal fungi on nutrients uptake and water use efficiency of tomato
under drought stress in Bushehr province in southern Iran.

Materials and Methods: The experiment was carried out on completely randomized block design in
factorial with three replications during 2016-2017 in the greenhouse of Bushehr agricultural and natural
resources research organization located in Southern Iran. Factors were as follows: 1) four Arbuscularmycorrhizal
fungi (Glomus mosseae. Glomus intraradices Glomus vsersiform and Glomus caledonium) and a control

(without inoculation), 2) irrigation at three levels based on soil moisture depletion at [,=25, [,=50 and 1;=70
percent of available water to show stress (from non-stress to low and high stress levels). Soil used for this
experiment was dried in sunshine for one month to be evacuated from any native fungi. Soils of the region are
calcareous ones with low salinity limitation (EC= 3.70 dS/m) and poor nutrition elements and slightly alkali
(pH=7.9). Inoculation of roots by fungi was done by pouring one spoon of fungi near tomato roots while
cultivating the transported seedlings in the pot. This would help the roots to be exposed to fungi directly while
spreading through growing. Irrigation water used were 22.3, 20.1 and 17.7 liter for each pot filled with 10 kg soil
during the season. The experiment lasted 100 days and tomato properties were measured such as yield,
colonization percent, nutrition elements concentration and also, water use efficiency. Dried leaves were milled
and put in furnace at 550 Celsius degrees. Roots were soaked in water for five minutes to be detached from soil
and cleaned toughly. Detached roots were maintained in small glass jars filled with alcohol and were kept in
refrigerator at 5 Celsius degrees. Roots were then colored by Try pan blue method and root colonization percent
was measured by Grid line intersect method.

Results and Discussion: Results showed that interaction effect of mycorrhizal fungi and irrigation levels
was significant at 1% level on tomato properties (except for N concentration in leaves). Mean comparison with
Duncan’s test proved that increase in drought stress caused decrease in all tomato properties but fungi
inoculation could mitigate water shortage in comparison to non-inoculated tomatoes Higher drought stress
decreased colonization significantly. Drought stress caused significant deficiency in nutrition elements such as
N, P and Fe, however some elements such as K, Zn and Mn were increased in medium drought stress.
Inoculation with all mycorrhizal fungi improved nutrition elements concentration in tomato leaves. Water use
efficiency was increased 67.9, 49.6 and 52.1 percent from non to medium and high stress respectively in
tomatoes treated with Glomus intraradices.

Conclusion: Using of mycorrhizal fungi specially Glomus intraradices and Glomus caledonium increased
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tomato water use efficiency and improved growth properties due to the increment of water resistance ability in
plant. This phenomenon is caused by higher nutrition elements uptake by roots and optimization of water
relationship in tomato in the presence of mycorrhizal fungi. According to results, it is suggested tomato roots
inoculation with mycorrhizal fungi especially in regions with high water stress potential.

Keywords: Arbuscular mycorrhizal fungi, Bushehr, greenhouse, Macro and micronutrients, Water stress



