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ABSTRACT

Water scarcity in arid and semi-arid looking like Iran country, including one of the factors limiting the growth and yield of
crops. That's why finding suitable solutions for overcoming on stress and increased production of special importance. To
study the effect of inoculation with mycorhizal fungi on yield and quality of potato (Solanum tuberosum L.) under drought
stress a factorial experiment with randomized complete block design and three replications was performed in greenhouse of
Soil Science Department, University of Zanjan, Iran. In this experiment, potato tubers were cultivated in boxes with sandy
loam soils. The factors which studied were, four levels of drought stress (FC, 80% of FC, 60% of FC and 40% of FC) and
four levels of mycorrhizal fungi (no-inoculation (control), inoculation with Glomus intraradices, inoculation with Glomus
mosseae and a combination of them). In this experiment yield and yield components of potato and concentrations of
nitrogen, phosphorus, potassium in leaf and tuber were measured. The results of analysis of variance of data showed that the
effects of drought stress and mycorrhizal fungi were significant on all measured traits. The drought stress decreased all
measured traits except the nitrogen concentrations of potato leaf and tuber. Application of mycorrhizal fungi increased the
yield and yield components of potato and concentrations of plant nutrients in plant. The overall results showed that
application of mycorrhizal fungi can decrease the adverse effects of drought stress on potato plant. The highest yield of
potato at the rate of 4.87 Kg per square meter of 100% of field capacity moisture and inoculated with the fungus G. Mosse,
respectively.
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Tabel 1. Physical and chemical properties of the soil used in the experiment

P (ava) K (ava) Organic Total nitrogen Field capacity H EC Soil depth
Mg.kg! carbon (%) texture (%) P (ds.m?) (cm)
17 230 0.3 0.035 Sandy loam 135 7.69 2.4 0-20
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Tabel 2. The results of analysis variance of different levels of drought stress, inoculation with mycorrhizal fungi and
their interactions on yield, number and size of potato tuber

Mean square

Source of variation df

Tuber yield Number of tuber Tuber length Tuber diameter
Block 2 0.01ns 56" 0.003™ 0.001™
Drought stress (1) 3 404" 6904 7.68" 451"
Mycorrhizal fungi (M) 3 2.637 1056 0.24™ 0.67"
I x 9 0.56™ 219™ 0.07” 0.05™
Error 62 0.01 319 0.005 0.003
C.V (%) - 3.81 4.68 1.69 1.87
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*, ** ns: Significantly difference at 5 and 1% probability levels, and Non-significantly difference, respectively.
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Table 3. Mean comparison of drought stress levels on yield, number and size of potato tuber

Drought stress levels Tuber yield Number Tuber length Tuber diameter
(kg.m?) of tuber (cm.plant™) (cm.plant™)
100 % of FC : Control (lo) 4.32a 142a 4.68a 3.48a
l;: 80% of FC 3.60b 123b 4.43b 3.37b
I,: 60% of FC 2.57c 113c 4.24c 2.87c
l5: 40% of FC 1.34d 102d 3.38d 2.54d

Al ed (<1 0) (5 o sire B Glls Hgiw ja y0 S ie B> L oslae]
Numbers followed by the same letter are not significantly different (P<0.05).
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Table 4. Mean comparison of different levels of mycorrhiza fungi on the yield, number and size of potato tuber

Levels of mycorrhizal fungi Tuber yield ~ Number  Tuber length  Tuber diameter

(kg.m?) of tuber  (cm.plant™) (cm.plant™)
No-inoculation (control) 2.47c 110c 4.06c 2.91c
MZ1: Inoculation with Glomus intraradices 3.06b 124ab 4.16b 2.93c
M2: Inoculation with Glomus mosseae 3.20a 125a 4.31a 3.26a
M3: Inoculation with Glomus mosseae and Glomus intraradices 3.10b 1121b 4.20b 3.13b

J......:L@.l (P<-/+0) &_g)b@.m O gl g ;o 30 S yiie By b olacl
Numbers followed by the same letter are not significantly different (P<0.05).
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Table 5. Mean comparison of interaction effects of drought stress levels and inoculation with mycorrhizal fungi on
the yield, number and size of potato tube

Interactions of drought Stress and Tuber yield Number Tuber length Tuber diameter
mycorrhizal fungi (kg.m?) of tuber (cm.plant™) (cm.plant™)
1oMo : Control 3.30d 123cd 4.48cd 3.34c
oMy 4.34b 143b 4.59hc 3.34c
1oM> 4.87a 156a 4.04a 3.78a
1oM3 4.76a 147b 4.61b 3.46b
1Mo 3.11e 116de 4.27fg 3.23d
1My 3.88c 124cd 4.4e 3.28cd
1M, 3.93c 129¢ 4.52bc 3.55b
11M3 3.47d 121cde 4.51bc 3.28cd
1:Mo 2.28h 105gh 4.169 2.67f
1,M; 2.64fg 121cde 4.24fg 2.69f
1,M, 2.57g 112efg 4.27fg 3.02¢
;M3 2.79f 115def 4.30ef 3.08e
1sMo 1.17j 98.7h 3.33h 2.399
1sMy 1.36i 106fgh 3.41h 2.429
1sM> 1.42i 103gh 3.39%h 2.68f
15M3 1.37i 101h 3.37h 2.67f

DBl god (P14 D) (5 lo Fe BT gl)ls g jo 50 S e B> L slas]
Numbers followed by the same letter are not significantly different (P<0.05).
(lo: 100 % of FC; 1;: 80 % of FC; I,: 60 % of FC; I5: 40 % of FC) (Mo: no-inoculation; M1: inoculation with Glomus intraradices; M2: inoculation with
Glomus mosseae; M3: inoculation with Glomus mosseae and Glomus intraradices)

pobie Sl Lol lise Sl 50,05 (slag B L guabls o St 25 lite sl 3l il ly 3o b £ s
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Tabel 6. The results of analysis variance of different levels of drought stress, inoculation with mycorrhizal fungi and
their interactions on concentration of nutrients N, P, and K in leaf and tuber of potato
Mean square

Source of variation " YN P K N P K
leaf Tuber
Block 2 0.014 0.0005 0.003 0.003 0.001 0.005
Drought stress (1) 3 3677 0.02” 12.87 5.45" 0.05" 0.26™
Mycorrhizal fungi (M) 3 009" 0.01" 050" 019" 0.003™ 0.04™
I xM 9 0.01™ 0.002™ 0.08™ 0.003™ 0.0003™ 0.002"
Error 62 0.01 0.0004 0.044 0.01 0.0004 0.003
CV (%) - 2.89 6.07 3.69 414 6.3 2.57

Sosre pé g oy ) 50 Jlisl mlaw jo s s nst g s
* ** ns: Significantly difference at 5 and 1% probability levels, and Non-significantly difference, respectively.
3 el g id (j9 5 @l polie bl 5 Sas s it molaw Ol ol slacnSile duslie Y Jga>

Ry 038 § S
Table 7. Mean comparison of Drought stress levels on concentration of nutrients N, P, and K in leaf and tuber of potato

Drought stress levels N () P (%) K () N (%) P (%) K ()

Leaf Tuber
100 % of FC : Control (lo) 3.62d 0.39% 6.37a 1.37d 0.37a 2.27a
1:: 80% of FC 3.87c 0.36b 6.13b 2.01c 0.35b 2.21b
1,: 60% of FC 4.07b 0.36b 5.50c 2.14b 0.29¢ 2.07c
I3: 40% of FC 4.55a 0.33c 4.74d 2.52a 0.28c 2.05¢

DBl g3 (P14 D) (5,0 Foe BT Gl)ls g ;2 50 S i B> L olael
Numbers followed by the same letter are not significantly different (P<0.05).
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Table 8. Mean comparison of different levels of mycorrhiza fungi on concentration of nutrients N, P, and K in leaf
and tuber of potato

Levels of mycorrhizal fungi N(%) P®%) K®%) N() PO KO
Leaf Tuber
Control: no-inoculation (Mg) 394b 033b 547b 1.88b  0.30b 2.1b
Inoculation with Glomus intraradices (M) 4.06a 0.36a 5.74a 203 0.32a 2.18a
Inoculation with Glomus mosseae (M,) 408 038a 5.79% 2.07a 0.33a 2.115a
Inoculation with Glomus mosseae and Glomus intraradices (M3) 4.03a 0.37a 5.75a 2.06a 0.32a 2.17a

bl gos (<14 D) (5,0 gae BT Gl)ls g ;2 50 S e B L olael
Numbers followed by the same letter are not significantly different (P<0.05).



oy VWAV Lasli oY 5L PR 5,58 ool SLEL psle

Mader etal., ) wwes oo ilidl ) olS 59,00 lade
Ll (2001) Hodge et al. .(2000; Jin et al., 2005
w3 Gl Bl ) 3epsSen slag B 4 Wzl
S oo el 1y bS5l Sy5e e T ole
il sloylas o woged (515 (lime (yeizren
St lde Gl 655 g B L oend
A S it 5 el uenly GRS (g
Koy Gt @l op)5 o) wels s
.(Rajendran & Devaraj, 2003)
5 i ol Jlite S5 51 Lol b
2oy p S 0% slog B L il (Sis
IS pd Bl VL g o gime Sy Shud
5 ool sl o bl slejles
@B L il g ac)ie Cudyl woys Ve Zugh,
oy A Zugeby g sl il GuseslS 5 598e
a5 Sl Cawdts a0 fFY e 4 de e cud,b
ol L8l ss s VA sals Gl 4 e
Sol> Hles Sl 55 S ad eSSl (S 0l
il pae g ac i Cod)b wo o Ve SiS 4D
Jlosd 4 S a5 ael Cawdas 5,580 B L
B op)ll cub pals ase VALY el
BT T A e
i Bl ws S S el 9 G398 Oliee 1
Al-Karaki & Al-Raddad .45 &8y o gxe il5él
Jolie Cds a8 wals bl sleglesT b (1997)
olS 50 (89) 9 e ‘&“T hed) (olis
O oS (G950t HlaLS 4 Cond (5325950
» (1995) Ruiz-Lozano et al. .cdl,  ul38l Sas
oLl ;o ol yolie Ciz (il as Wyl o)l
G5 Cwglie lp 6], Wl e 63950
G5 (2001) Auge sl BlS ol o SKis
5 St LB (GFeyen akl, oS dged
5 D) wz RB Ol a4 Oy olS slaads,
ol ol aalEl ) olF g ol yole Gis
o iz 4 ]y ead obnl cute oSy
©F S e ey Giud Bl S 5eS
Sl 5 5255800 )8 Lawgi 5500 5 (s 53 0]
(LU et al,, 2015) ols Coms Hljee obS 4 layy]

wald less 5l 5 S ely 5eSlee (oS
polie 0 iYL el Cavody wo 0 BIFY )l
oy g yinsd polie b odel Cowsdy panliy g yind
9ol booad il slales el Cawsa
OoliS )05 B 5o 5l bele g Gl
les y3 polie oul palie (VL b s)logine
ssboles (¥ Jgaz) Siils dwse Gugasls b dls
I sl 3%en 2B b il s aisdle oS
T8 9 0D 0ad 5 S eliy 9 jaed (0395 cdale
Tl gobaw nlo 5l 5350 avge ugesls 195
slogyB b il b e Gl ol 58 g
ke wad g S saud chile n 65 eSee
Sk 3l S5 Slag)B o el 03950
O s 0B 0 glaun; 5 (cegdans Slleidl
oS sla)b g ada) sl a5 G38le 5 S (g0
e nl s anl oly i e yies LB oLS
g ool 18 oolawl 0y90 1) S 5l (6 iy >
2 2l olie 5 OF JEml g Qo 50 age S
(Reid & Bowen, 1979) aules Lyl oLS
Sbed 5l (o 00 (e cdale on VL
Ol 4 dwge gesls 52y580e 7B L oud mils
aals e 4 Cand a5 del Cavody By VY
Shewd ol Jg A Jgaz) sl iolidl asyo V4 /Y
ol e B L mdil sbyles L
@bl Bl 5l gyl 9 5l (boglie 5 sl
Ol (pyieS pizren bl (65l Sre Dglis
o, VAN Gl 4y cals led 5l 59,00 cdale
il [l 5l ead yaud cdale o YL el Cawsa
Cewddy o )3 oYY e 4 dwge ugeslS z,B L
sl as e AUV vals jled a4 Cans a5 Wl
G oals s 3l s 0ad yawd clale oy seS clls
iy (N Jgaz) ael Cawdas doyd Ve ol
B Lzl Jles jleas penly cdile (250l
Cewdds Ao, YA lie 4 ol il ugeslS
Uil asye TN sals [las 4 Cans a5 Wl
3 A Jaoz) sl cavods asyo YV Gl @

5w slaz B as ol el lis wladew saxn



e Y 9Sn)] 59500 slag B g (Sad iis r~‘l-‘ O g sl AR

5 o (Kot ol oy ey 4 Jaml | 5 L]
30 g Gl Alny g S0 0gzge Cagb, Llade
role chle jlade 5 ol agh, (el )50
Taiz & ) 00,5 oo J928 gyt Ghgtiws olis

Yo o @ (S 5 90 b (Zeiger, 1998
Aol 5o g adn, haore 0 Jelowe Ml clale 38,

@l pole oz 1S (el Jeuily (2l
Grattan & Grieve, ) sgd oo awlS ol o> U

(1999

& 325 A

S S )38l b odel Cowoay =l ool
9 o3& o3Il cdaw axly o ead Slawr i 8 Slae
W) Gracy 2le polie cbile pioes
8l el Sy o oS S 50 (O39S
S G5 s Sl 95 slag B o) s
oLS ol o ad, Slio Lyl el 5 ol Ltals |,
e yolic s Ol Cas Wiy oo o) Jdo a5 0o S
i G lld 5 g jog okS Lawgs Slivg
il o SaS 5l ole slaslens o ail
ok o,les Rl 4 e 51555 8 L olS
ol 5o sk o Shes Jgax sl Galple w8
O il 5 4250 S s 5 Coshs, L oS
9 o0 Mgl duga ogadlS 7,6 L

REFERENCES

(S joB s (IS jsbay (2000) Liu et al.
Olme crlpl 5 olS 50 Ol g5 99959 «53259500
5 G eslaye, Culas (I (s5sle it il o
w13 5t cou 1) ol sitegd cubd b
g Ol e ©iz s 4 G595 GlalS
o) e Sy Colae S g C)l-g s
D Cond L;)M Lg’l)lf )‘ L;’TWS .‘a.a‘i.w o soL‘if
Soso 0 9 Wb ol Qi o shsSeend LS
S S LS ks, b o Cogb, Gl
o lls e olde ol S a5 ol
Al so 638500 slag,B wdl o b (Sis
Lulys jo oS slaplasl o g 0s, o ol L5t
sl il en kld 4 Cas  (Sas
.(Boomsma & Vyn, 2008; Song, 2005) sl
by g 4 olS sladin, b 5558w 7B o jen
Yo a8l (oS o aldl o yolie i g
.(Davies et al., 1992; Ruiz-Lozano et al., 1995)
aS axzaly Hlebl b o, b (1985) Huang et al.
S GRS 4 SisSee LS Caglie SI3
JUsl g cdale slaganilse 058 sl b i b
(slosgi ol wle (blS § S s Sl ol

1. Ali Ehyaei, M. & Behbahanizadeh, A. A. (1993). Guidelines for laboratory analysis of soil samples.

Water and soil research institute. Tehran. Iran.
Aliabadi-Farahani, H. & Valedabadi, A. R. (2010). Role of arbuscular mycorrhiza fungi on
medicinal plants of coriander (Coriandrum sativum L.) under drought stress. Iranian Journal of Soil

Al-Karaki, G. N. & Al-Raddad, A. (1997). Effects of arbuscular mycorrhizal fungi and drought stress on
growth and nutrient uptake of two wheat genotypes differing in drought resistance. Mycorrhiza, 7, 83-88.

Amerian, M. R., Stewart, W. S. & Griffiths, H. (2001). Effect of two species of arbuscular
mycorrhizal fungi on growth, assimilation and leaf water relations in maize (Zea mays L.). Annals of
Auge, R. M. (2001). Water relations, drought and vesicular- arbuscular mycorrhiza symbiosis.

Baghani, J. (2009). Effect of planting pattern and water quantity on potato cultivation with drip

Beukema, H. P. & Vanderzaag, D. E. (1991). Introduction to Potato Production. Wageningen.

2.
Research, 24(1), 1-5.
3.
4.
Applied Biology, 63, 73-76.
> Mycorrhiza, 11, 3-42.
> irrigation in Mashhad. Journal of Water and Soil, 23(1), 153-159.
" Nederland. 208 p.
8.

Boomsma, C. R. & Vyn, T. J. (2008). Maize drought tolerance: Potential improvements through
arbuscular mycorrhizal symbiosis. Field Crops Research, 108, 14-31.


http://79.175.150.22/srjournal/browse.php?mag_id=116&slc_lang=en&sid=1
http://79.175.150.22/srjournal/browse.php?mag_id=116&slc_lang=en&sid=1

-0

10.

11.

12.

13.

14.

15.
16.
17.
18.
19.
20.
21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

VWAV liasl o 8L oFR 8,08 el Ll psle

Bradford, K. J. & Hsiao, T. C. (1982). Physiological responses to moderate water stress. Pp: 263-324. In:
Lange, O., P.S. Nobel, C.B. Osmond and H. Zeigler (eds), Physiological plant ecology: Il. Water
relations and carbon assimilation, Springer, Berlin, Heidelberg.

Carling, D. E. & Brown, M. F. (1982). Anatomy and physiology of vesicular-arbuscular and non
mycorrhizal roots. Phytopathology, 72, 1108-1114.

Cornic, G. & Masacci, A. (1996). Leaf photosynthesis under drought stress. P: 347-366. In; Baker,
N.R. (eds.), Photosynthesis and Environment, Kluwer Academic Publishers, Dordrecht.
Daneshmand, F., Arvin, M. J. & Manuchehri- Kalantari, Kh. (2009). Agria potato in response to salt
and drought stress. 10" National Seminar on irrigation and reduce evaporation. Shahid Bahonar
University of Kerman.

Davies, F. T. Jr., Potter, J. R. & Linderman, R. G. (1992). Mycorrhiza and repeated drought exposure
affect drought resistance and extraradical hyphae development on pepper plants independent of plant
size and nutrient content. Journal of Plant Physiology, 139, 289-294.

Eskandari, A., Khazaye, H. R., Nezami, A., Kafi, M. & Majdabadi, A. (2011). Effect of irrigation regimes
on physiological characteristics, yield and water use efficiency of potato (Solanum tuberosum L.) in
Mashhad weather conditions. Journal of Horticultural Science, 25(2), 201-210.

Fabeiro, C., Martin de Santa Olalla, F. & De Juan, J. A. (2001). Yield and size of deficit irrigated
potatoes. Agricultural Water Management, 48, 255-266.

FAO. (2005). FAOSTAT, FAO Statistical Databases, 'YP2008 Website, http://www. potato2008.org/.
FAO. (2009). Press release, 19 June 2009. http://www.fao.org/news/story/en/item/ 20568/icode/.
Frusciante, L., Barone, A., Carputo, D. & Ranalli, P. (1999). Breeding and physiological aspects of
potato cultivation in the Mediterranean region. Potato Research, 42, 265-277.

Gabler, J. (2002). Drought stress and nitrogen effects on Coriandrum sativum L. Journal of Herbs,
Spices and Medicinal Plants, 44, 12-28.

Grattan, S. R. & Grieve, C. M. (1999). Salinity-mineral nutrient relations in horticultural crops.
Scientia Horticulturae, 78, 127-157.

Harris, P. M. (1978). Water. Pp. 244-277. In: Harris, P.M. (eds.), The Potato Crop. Chapman &
Hall, London.

Heidari, M. & Rezapor, A. R. (2011). Effect of water Stress and sulfur fertilizer on grain yield,
chlorophyll and nutrient status of Black Cumin (Nigella Sativa L.). Journal of Crop Production and
Processing, 1(1), 81-90.

Hodge, A., Campbell, C. D. & Fitter, A. H. (2001). An arbuscular mycorrhizal fungus accelerates
decomposition and acquires nitrogen directly from organic material. Nature, 413, 297-299.

Huang, R. S., Smith, W. K. & Yost, R. S. (1985). Influence of vesiculararbuscular mycorrhiza on
growth, water relations, and leaf orientation in Leucaena leucocephala (LAM.) De wit. New
Phytologist, 99, 229-243.

Irna, A. & Mauromicale, G. (2006). Physiological and growth response to moderate water deficit of
off-season potatoes in a Mediterranean environment. Agricultural Water Management, 82, 193-209.
Jin, H. P., Feffer, P. E., Douds, D. D., Piotrowski, E., Lammers, P. J. & Shachar-Hill, Y. (2005). The
uptake, metabolism, transport and transfer of nitrogen in an arbuscular mycorrhizal symbiosis. New
Phytologist, 168, 687-696.

Khalvati, M. A., Mozafar, A. & Schmidhalter, U. (2005). Quantification of water uptake by
arbuscular mycorrhizal hyphae and its significance for leaf growth, water relations, and gas exchange
of barley subjected to drought stress. Plant Biology Stuttgart, 7, 706-712.

Khavazi, K., Asadi-Rahmani, H. & Malakuti, M. J. (2005). Necessary for industrial production of
biological fertilizers. Sena Publications. 279-274.

Koide, R. T. & Mosse, B. (2004). A history of research on arbuscular mycorrhiza. Mycorrhiza, 14,
145-163.

Lebaschy, M. H. & Sharifi Ashoorabadi, E. (2004). Growth indices of some medicinal plants under alhvi
different water stresses. Iranian Journal of Medicinal and Aromatic Plants Research, 20, 249-261.

Liu, A., Hamel, C., Hamilton, R. I., Ma, B. L. & Smith, D. L. (2000). Acquisition of Cu, Zn, Mn and
Fe by mycorrhizal maize (Zea mays L.) grown in soil at different P and micronutrient levels.
Mycorrhiza, 9, 331-336.

Liu, A., Hamel, C., Hamilton, R. I., Ma, B. L. & Smith, D. L. (2000). Acquisition of Cu, Zn, Mn and
Fe by mycorrhizal maize (Zea mays L.) grown in soil at different P and micronutrient levels.
Mycorrhiza, 9, 331-336.

Liu, A., Plenchette, C. & Hamel, C. (2007). Soil nutrient and water providers: how arbuscular mycorrhizal
mycelia support plant performance in a resource limited world. P: 37-66. In: Hamel, C., and C. Plenchette
(eds.) Mycorrhizae in Crop Production. Haworth Food & Agricultural Products Press, Binghamton, NY.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

e Y 9Sn)] 59500 slag B g (Sad iis r~‘l-‘ O g sl \i34

Lu, F. C, Lee, C. Y. & Wang, C. L. (2015). The influence of arbuscular mycorrhizal fungi inoculation on
yam (Dioscorea spp.) tuber weights and secondary metabolite content. PeerJ, 3, e1266.

Méder, P., Fliessbach, A., Dubois, D., Gunst, L., Fried, P. & Niggli, U. (2002). Soil fertility and
biodiversity in organic farming. Science, 296, 1694-1697.

Muller, J. E. & Whitsitt, M. S. (1996). Plant cellular responses to water deficit. Journal of Plant
Growth Regulation, 20, 41-46.

Ortas, 1. (2010). Effect of mycorrhiza application on plant growth and nutrient uptake in cucumber
production under field conditions. Spanish Journal of Agricultural Research, 8, 116-122.

Picone, C. (2003). Managing mycorrhizae for sustainable agriculture in the tropics. P95-132. In:
Vandermeer, J.H. (eds.), Tropical Agro ecosystems, CRC Press, Boca Raton, Florida.

Rajcan, I. & Tollenaar, M. (1999). Source: sink ratio and leaf senescence in maize: Dry matter
accumulation and partitioning during grain filling. Field Crops Research, 60, 245-253.

Rajendran, K. & Devaraj, P. (2003). Biomass and nutrient distribution and their return of Casuarina
equisetifolia inoculated with biofertilizers in farm land. Biomass and Bioenergy, 26, 235-249.

Reid, C. P. P. & Bowen, G. D. (1979). Effects of soil moisture on VA mycorrhiza formation and root
development in Medicago. pp. 211-219. In: Harley, J.L. (eds), The Soil-Root Interface, Academic
Press, London.

Ruiz-Lozano, J. M., Azcon, R. & Gomez, M. (1995). Effects of arbuscular mycorrhizal Glomus
species on drought tolerance: physiological and nutritional plant responses. Applied and
Environmental Microbiology, 61, 456-460

Samarah, N., Mullen, R. & Cianzio, S. (2004). Size distribution and mineral nutrients of soybean
seed in response to drought stress. Journal of Plant Nutrition, 27(5), 815-835.

Song, H. (2005). Effects of VAM on host plant in the condition of drought stress and its
Mechanisms. Electronic Journal of Biology, 1(3), 44-48.

Subramanian, K. S., Charest, C., Dwyer, L. M. & Hamilton, R. 1. (1997). Effects of arbuscular
Mycorrhiza on leaf water potential, sugar content and P content during drought and recovery of
maize. Canadian Journal of Botany, 75, 1582-1591.

Taiz, L. & Zeiger, E. (1998). Plant physiology. (zed ed.). Sinager Associates. Inc. Publisher. Sunderland
Massa Chusetts. 757p.

Wu, Q. S. & Xia, R. X. (2005). Arbuscular mycorhizal fungi influence growth, osmotic adjustment
and photosynthesis of citrus under well-watered and water stress conditions. Journal of Plant
Physiology, 163, 417-425.

Zhu, X. C., Song, F. B., Liu, S. Q., Liu, T. D. & Zhou, X. (2012). Arbuscular mycorrhiza improves
photosynthesis and water status of Zea mays L. under drought stress. Plant Soil Environment, 58(4),
186-191.



