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Table 1. Treatments map.
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Table 2. Some physical and chemical properties of soil used in experiment.

k Fe Zn

Calda P N ) 'S oS
pH S S st 4z b b V—’";’f}i ;5“
EC soil texture mg kg -1 FC PWP ocC
(ds m™) (As,3) (As,5) %
8.5 0.77 P 420 25 18 1287 003 21 142 0.6

Sandy Loam




WA (1) 0k V) s il a5 5 S S ppto g i

oS Slio g 1S g8 65 5 oS 5 AT bl 8 @l Y s
Table 3. Variance Analysis effects of mycorrhizal fungi species and water deficit on some plant characteristics.

Sl e (1 Sle
Sum of square )
&3l a= s < ol
Ly s . [ S O St O B
al S Ol LS ol | o5 %2 Degrees of &
. s . S Gt ) . Sources of variation
Qs s o aly,y Plant Al P e freedom
Chlorophyl ~ Number Root Height Root dry  Shoot dry
index sheath colonization Weight Weight
] [
211.954%*  12.699%%  287.19%*  I81.875%*  0.044**  10.383** 3 o @
Mycorrhiza
i
89.918**  24716** 1870.63**  460.282**  (0.116** 8.527%* 3 e o
water deficit
S S8 558 78
4.129ns 1.729%* 46.098%* 11.8ns 0.001ns 0.813** 9 :
Mycorrhiza fungi x water deficit
et
8.108 0.559 15.37 8.04 0.0019 0.248 48
Error
8.25 12.8 6.563 5.61 7.74 8.53 - (CV%) &l juxs oy 50

Sola e pde 5 deo s gy 5 S Jlaiml e 53 (g5l one NP
** * and ™ Significant at 1%, 5% level of probability, respectively and non-significant.
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Table 4. Mean comparison of effect of mycorrhizal fungi species and plant water stress on some Plant characteristics.

S clis Slesd
Plant parameters Treatments
S 03 L. .
Js S sae i Si 055 ) oS ¢lis) Ay Qseelils G sl )
C};liro o (S 5 +.9) ol (o) (As,3) (S ) LS ;)b
phy . (OIS s f;) . Root Mycorrhizal
(SPAD) Root Dry weight ] Plant Height colonization Number of sheath fungi (M)
(gr vase™) Shoot dry Welght (cm) 0 (per plant)
(gr vase b} (%)
35.56" 0.6° 6.5 59.59° 61.9° 27.23° M,
35.6° 0.602* 6.18° 56.5° 81.68° 26.39" M,
35.9° 0.59* 5.18° 52.86° 76.45° 20.87° M;
30.93° 0.49° 4.18° 51.4° 9.14° 20.52° NM
eSS
water deficit (S)
30.28¢ 0.49° 4.76° 48.54° 54.13° 16.28¢ S
32.74° 0.51° 5.84° 52.91° 57.1° 19.44¢ S,
36.34° 0.6° 6.02° 57.01° 61.9° 26.44° S5
38.95" 0.69* 6.71° 61.48" 61.53° 32.55° NS

a3 o DL Ao s gy Jlail o 53 SU1s a3 bl s gime BV pe S e By b ola il
35 ol bl Fomosseae R intraradices s ja 33 NM Mz My M 5 eslezal LB cugby dops Av 570 e T L5 54 NS S5 8, Sy

.JAL::jAJ;

Means by the same letter were not significantly different according to Dancans (P<0.05).
S1, S, S5, NS, 20%, 40%, 60% and 80% of available water and M;, My, M3, NM respectively R. intraradices, F. mosseae, a mixture
of two species and control.
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Table 5. Mean comparison of effects of water stress and mycorrhizal fungi species on plant characteristics and

iron and nitrogen content.

obe

Plant nutrients

A slis

Plant parameters

B

Treatment s

e)b}u&,b - 033

(do33) O3 5% ol o oS 55 G sl iy Oyl 5lS 555 g6 S 25

Nitrogen Iron 0 ) Number of sheath ~ Root colonization =~ Mycorrhizal fungi water

(%) (mgkg")  Shoot dry weight (per plant) (%) M) deficit (S)
(gr vase’

47324 180° 4.7° 18.67°¢ 65.58' M, S
3.99%f 142f 5.65¢ 17.37% 70.38° M, S
3.97 140" 4.53° 13.5" 71.32° M; S
3.442¢ 104/ 4.16° 15.5% g.22" NM S
4.62°° 200° 6.38% 22.51¢ 64.8¢ M, S,

4.057% 147" 6.25¢ 18.9° 82.65%¢ M, S,
4.658® 146" 6.11¢ 17¢" 73.45% M; S,
3.79" 110" 4.62° 19.64" 8.3 NM S,
4296% 206° 7.28% 31.75° 71.92¢ M, Ss
4.45% 165¢ 6.08% 32.24° 87.31° M, Ss
4.434% 140" 5.89¢ 21.37% 78.89% M; Ss
3.942f 112! 4.83° 22.2¢ 947" NM Ss
4.795° 210° 7.62° 37.25° 74.85% M, NS

4.562%° 182° 6.74%™ 37.07* 86.45% M, NS
4.82° 161° 6.74% 31.24° 81.12% M; NS

4.07%" 17" 5.65¢ 24.62° 10.57" NM NS

s e 0L Ao s gy el el 53 (S0 Og03T lal s e BB e S 2o Gy b pla SOl
35 ol bl Fomosseae R.intraradices s ja 33 NM Mz My M 5 eslezal LB cugby dops Av 570 0 T L5 54 NS S5 8y Sy
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Means by the same letter were not significantly different according to Dancans (P<0.05).
S1, Sz, S5, NS, 20%, 40%, 60% and 80% of available water and M;, My, M3, NM respectively R. intraradices, F. mosseae, a mixture

of two species and control.
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Table 6. Analysis Variance effects of mycorrhizal fungi species and water deficit on the nutrients content in lentils.

Dlagye S0k
Sum of square &5l a0 i e
BE e s & i T Degrees of Sources of variation
Qoo ey B S o freedom
Nitrogen potassium phosphorus Zinc Iron
I G
1.376%* 0.565%* 0.00288**  6371.08%*  16869.58%* 3 o
Mycorrhiza fungi
eSS
1.135%* 0.577** 0.00208** 208.69%** 14193.16** 3
water deficit
. . . ToS 2o x 1 G
0.0834* 0.0399" 0.002™ 12.60™ 14.641%* 9 oS xS
Mycorrhiza fungi x water deficit
o
0.0361 0.019 0.00011 46.34 46.37 48
Error
4.01 5.74 3.96 7.01 4.37 CV ol oy 0

Sl pde 5 Ao 5 S ezl a3 (ol i S0 5T
** *and ™ Significant at 1%, 5% level of probability, respectively and non-significant.

ke pols gome 168 25 515,55 256 655 ol 31 5Kile amlis -V Ui

Table 7. Mean comparison of main effects of mycorrhizal fungi species and water deficit on the nutrients
content in lentils.

bl jole (gl yims obes
Plant nutrients Treatments
(f‘T 059 740 b el S0 135550 b
Iron (mg kg"]) Nitrogen (%) Phosphorus (%) Potassium (%) Zinc (mg kg"]) Mycorrhiza fungi (M)
216" 434" 0.292° 24.7° 69.28° M,
160° 427° 0.289° 24.5° 81.68" M,
140° 447" 0.286° 25.3° 76.4° M;
110 3.8° 0.276° 21.9° 45.8° NM
PSS
water deficit (S)
142° 4.56° 0.275 25.81° 54.13 S
151° 4293 0.28° 25° 57.1° S
155° 4.19° 0.285° 23.51° 61.87° S
170° 3.851° 0.3 21.53°¢ 63.55" NS

a3 o DL Ao s gy Jlanl o 53 ST O3l ool Jlspme M pe S 2t Gy b ol Sl
35 ol bl Fomosseae R.intraradices s ja 33 NM Mz My M 5 eslezal LB cugby dops Av 570 e T L5 54 NS S5 8, Sy
dals 5 &8

Means by the same letter were not significantly different according to Dancans (P<0.05).

S1, Sz, S5, NS, 20%, 40%, 60% and 80% of available water and M;, My, M3, NM respectively R. intraradices, F. mosseae, a mixture
of two species and control.
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Abstract

Background and Objectives: water deficiency is one of the most limiting factors of agricultural
production in arid and semiarid areas. In recent years beneficial microorganisms were evaluated as
one of the techniquesto reduce the effects of drought stress and increase sustainable agricultural
production. Therefore, this study was performed to evaluate the effect of mycorrhizal fungi on
growth and uptake of some elements on lentil (variety bile savar) under drought stress conditions.
Materials and Methods: Experiment was performed as factorial test in a completely randomized
design including two factors, Water stress at four levels (20%, 40%, 60% and 80% PAW) and
mycorrhizal fungi at four levels (Rhizophagus intraradices and Funneliformis mosseae, a mixture of
two fungal species and control), in growth chambers at Department of Soil Science and Engineering,
Tehran University, 2014. After growth period, the effect of different treatments on growth traits such
as number of nodules, shoot and root dry weights, number of sheaths, chlorophyll index, root
colonization, plant height and content of elements of N, P, K, Fe and Zn in the shoot were measured
and recorded. Analysis of variance and mean comparison of data were performed with SAS software
and Duncan’s test (P<0.05) respectively.

Results: The results showed that all measured plant traits due to the effect of water stress decreased,
so that dry matter of shoot, root dry weight, number of sheaths, leaf chlorophyll index, root
colonization and plant height at the highest level of stress S; than the control NS, respectively 49.99,
41.12, 11.2, 24.4, 26.06, 28.09 and 22.15 percent reduced. The interaction of water stress and
mycorrhizal fungi on all measured traits except for plant height, root dry weight, chlorophyll index,
zinc, phosphorus and potassium was significant (P<0.05). All the measured traits in plants
inoculated with mycorrhizal fungi were higher than the non-mycorrhizal plants. The highest number
of pods, shoot dry weight and iron was obtained in the treatment of M ;NS which compared to the
control respectively 51, 36.07, 79.48 percent was higher. Most root colonization rate in treatment
S;sM, to the 87.3 percent and lowest in treatment S;NM to the 8.25 percent were obtained
respectively. Also Mycorrhizal fungi of R. intraradices, F. mosseae and mix of the two types
respectively 89.2, 45.0, 33.7 percent increased the iron content in the shoot compared to the control.
Conclusion: Water stress had a negative impact on all indicators of growth, but the greatest
reduction in root and shoot dry weight was seen. The use of mycorrhizal fungi had a significant
effect on growth traits and nutrient uptake. The use of mycorrhizal fungi R. intraradices and
F. mosseae reduced the negative effects of water stress and led to the increase of growth and more
absorption of elements.
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