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Abstract  
Present paper deals with in-depth analysis of AMF colonization reported in root parasite Striga gesnerioides (Willd) Vatke. 
Oester, Var gesnerioides and its host Lepidagathis hamiltoniana Wall. ex Nees collected from Alang, and Madan Forts 
situated at high altitude region of Maharashtra. Very few studies on the association of Host – mycorrhizal fungi – parasitic 
plan are known. Although AM fungal colonization in S. gesnerioides and its host L.  cuspidata has been recently reported, 
this is the new report with reference to  host- parasite system of S. gesnerioides - L. hamiltoniana  from high altitude 
region of Maharashtra. The tripartite interaction between L. hamiltoniana, Striga gesnerioides and arbuscular mycorrhizal 
fungi is discussed in present work. We have presented evidence of significant colonization of AMF in roots of host parasite as 
well as host - parasitic plant root interaction zone on the basis of root screening at an intimate anatomical level. The AMF 
species encounterd in soil samples were viz., Gigaspora spp, Glomus epigaeum, G. macrocarpum, G. occulatum. Amongst 
the four AMF species G. macrocarpum showed highest (639) spore count 100 g-1 soil sample. 
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INTRODUCTION 
 
Striga gesnerioides (Willd) Vatke. Oester, Var gesnerioides   

(Scrophulariaceae) is common root parasite on Lepidagathis 
cuspidata  Nees (Acanthaceae) roots at high altitudes  in open 
areas throughout Maharashtra and grows in very poor gravelly soil of 
hill-slope [1]. Although Striga has reported as root parasitic plant, the 
ethnobotanical data on S. gesnerioides revels that fruits [2-4] and 
whole plant is considered as anti diabetic [5]. S. gesnerioides Var 
gesnerioides is distributed at Amba, Ajara, Dajipur, Gaganbavda of 
Kolhapur district [1].  However, Kamble and Agre [6] first time 
collected S. gesnerioides from Panhala hills of Maharashtra and 
reported AM colonization. Arbuscular mycorrhizal fungi  (AMF) 
normally colonizes almost all tropical plants, however the incidence 
of mycotrophy in medicinal plants is less documented compared to 
studies on forestry and crop species [7]. Previously Govinda Rao et 
al. [8] showed occurrence of AMF in the roots of several medicinal 
plants. However, there is a little work on medicinal plants in relation 
to AM colonization [9].  In past few years some Indian workers have 
reported AMF distribution and root colonization in medicinal plants 
from Tamil Nadu [10], Karnataka [11] and Kerala [9]. Recently from 
Central Himalaya [12], Madhya Pradesh [13] and Maharashtra [14-
17]) investigations were made on AMF root colonization in medicinal 
plants. “The AM symbiosis is found in roughly 70% of all plant  
 

 
species and is the major type of mycorrhizal symbiosis found in most 
tropical forests, in which there is also the greatest diversity of myco-
heterotrophs. Most of the myco-heterotrophs in the families 
Gentianaceae, Triuridaceae, Burmanniaceae  and Corsiaceae are 
found in tropical forests and other environments in which the majority 
of plants have arbuscular mycorrhizas” [18]. However, host and 
parasitic plant association has remained unfocused for AM 
colonization with very few exceptions such as Woltz et al. [19]; Feild 
& Brodribb, [20] and  de Vega et al. [21].  

AM fungi have played a key role in plant evolution on earth as well 
as on the development and maintenance of the structure and 
diversity of terrestrial ecosystems [22]). Most of the plants depend on 
mycorrhizas to thrive particularly in fragile and stressed environment. 
In continuation with earlier investigations [6] present research work 
was planned with aim to explore AMF colonization and spore density 
in S. gesnerioides from other high altitude regions of Maharashtra 
such as Alang, and Madan Forts region of  Nasik District, situated 
in Kalasubai ranges, Located North west of Nasik at Altitude: 4852' 
(1479 m) Latitude: 19°34'50"N Longitude: 73°39'38"E. 

 
MATERIALS AND METHODS 
 

The roots and rhizospheric soil samples of host - parasite 
association were collected from study area during Dec-Jan 2010 and 
2011. At least ten associations of plants were screened for 
mycorrhizal colonization. 

 

AM colonization 
 

The method used by de Vega et. al. [21]  to investigate  
tripartite association in host  (Cistaceae species) – mycorrhizal 
fungi – holoparasitic plant Cytinus hypocistis  (a rootless, stemless 
and leafless parasite grows exclusively inside its host root) could not 
be applicable in present material as S. gesnerioides is a 
hemiparasite having distinct root system and attachment with host (L. 
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hamiltoniana) roots. Hence during present study the roots of host, 
parasite and host – parasite root junction regions were separated 
carefully thereafter screened for AM colonization by using recently 
used technique by Kamble and Agre [6]. Roots and host-parasite 
root junction from all ten associations were cleaned with tap water 
washed separated and collected individually. These roots were 
processed and stained for microscopic observation and occurrence 
intensity [23-24]). The root segments of 100 of 1 cm length were 
randomly selected for and quantification of mycorrhizal percentage 
colonization [25].  

 

AMF spores  
 

The wet sieving and decanting method was applied to recover 
mycorrhizal spores [26]) from soil. Synaptic keys of Trappe [27] and 
Gerdmann & Trappe [28] were used for spore identification. 
Association with species was considered mycorrhizal if the root 
samples showed presence of hyphae, vesicles or arbuscules  [29-
30]. 

 
Table 1- AMF Colonization in S. gesnerioieds and  L.  hamiltoniana  

from high altitude region of Maharashtra 

 
 

RESULTS AND DISCUSSION 

The occurrence of mycorrhizal components viz., vesicles, 
arbucules and hyphae was categorized into four grades based on 
the intensity - i) Excellent : Mycelia, vesicles or  arbuscules present 
on more than 75 % of root bits ii) Good : Mycelia, vesicles or 
arbuscules present on more than 50 - 75 % surface of root bits iii) 
Moderate : Mycelia, vesicles or arbuscules present on more than 25 
- 50 %  surface of root bits iv) Poor : Mycelia, vesicles or 
arbuscules present on more than 1 - 25 % surface of root bits. The 
results obtained showed S. gesnerioides, and L. hamiltoniana have 
established AMF association with their roots (Table 1). Colonization 
of AM fungi was indicated by the presence of darkly stained vesicles 
and hyphae in the roots.  Percentage colonization in both the host 
and parasite was 80% and 100% respectively. Whereas, 95% 
colonization was observed in host-parasite root interaction zone. 
Arbuscular colonization was absent in host, parasite and host-
parasite interaction zone of root. In S. gesnerioides roots, vesicles 
were found comparatively smaller in size than host L. hamiltoniana  

and L. hamiltoniana - S. gesnerioides root junction region (Fig 1). 
“Although most parasitic plants being traditionally described as 
nonmycorrhizal, many have been observed parasitizing mycorrhizal 
host species [31-33]. Field observations also showed that some 
parasitic plants are found more often on plants associated with 
mycorrhizae [34]. In previous studies [33] [35-36] it is reported that 
AM association of the host plant is indirectly useful for parasite by 
increasing biomass and flower production. Whereas, in some cases 
it was contradictorily  proved that AMF of the host plant can reduce 
the germination, attachment, and emergence of the parasite, 
reducing the damage caused to the host [37-39]. Besides the effect 
of mycorrhizal fungi on the parasite, it has been traditionally stated 
that parasitic plants, which establish a close connection with their 
host’s roots do not interact directly with the mycorrhizal fungi of their 
host species [40-41]. Parasitaxus ustus (Podocarpaceae) is the only 
parasitic gymnosperm known to be closely associated with the 
mycorrhizal fungi of its host plant under natural conditions [19-20]” 
(with courtesy of de Vega et al.) [21]. Li & Guan [42] proved 
Pedicularis (Orobanchaceae), a genus of photosynthetic, root 
hemiparasitic plants associations with AM fungi. Whereas, de Vega 
[21] recently investigated possibility of direct tripartite association 
under natural conditions in Cistaceae: Host (Cistaceae: rockrose 
family, Order Malvales)) – mycorrhizal fungi – Cytinus: holoparasitic 
plant (Cytinaceae; Order Malvales).  

 
In present study mycorrhizal association in L. hamiltoniana: Host  

– root junction region of host & parasite – S. gesnerioides: parasitic 
plant has been proved based on root screening (Table 1, Figure 1) 
which makes a new addition to existing data on host – mycorrhizal 
fungi – parasitic plant. The results obtained suggested that, there is 
variation in size and shapes of vesicles as well as percentage 
colonization (Table 1, Figure 1). Vesicles were moderate (host), 
smaller (parasite) and larger (Host  – parasite root junction region)  
in size. (Figure 1).  which agree with earlier report [6]. “In the 
arbuscular mycorrhizal symbiosis, plants obtain water and mineral 
nutrients from their fungal partners, enabling them to survive under 
various stressful conditions [43-45]” (with courtesy of Bouwmeester 
et al.) [46]. According to Feldmann [47] the partnership between AM 
fungi and host roots can lead to an enhanced tolerance of the plants 
to abiotic and biotic stresses. In light of abiotic stresses “it is 
conceivable that mycorrhizal fungal proliferation i.e. colonization is 
encouraged as a survival mechanism under carbohydrate stress” 
[48]). Likely, the stress buffer effect of the arbuscular mycorrhyzal 
fungi and their colonization behavior was studied by Biró et al. [49] in 
heavy-metal spicked soil on a long-term level, but among controlled 
conditions. Since, biological stress or biotic stress problems in plants 
are caused by ‘living, organisms such as fungi, bacteria, viruses, 
nematodes, insects, mites and animals’ [50]); In this scenario, one 
could speculate that host - parasitic plant association is also under 
influence of  biological stress. Hence, probable explanation put 
forward for variation found in vesicular appearance and percentage 
colonization during present study might be that, the present 
biological association of host and parasitic plant is a kind of ‘natural 
biological stress condition’ in which AM fungus has tried to establish 
colonization. However, more studies are needed to evaluate 
possibility of many other factors potentially responsible for these 
variations. Thus, to understand possible factors inducing colonization 
variations in currently investigated tripartite association of L. 
hamiltoniana (host) – mycorrhizal fungi – S. gesnerioides (parasite), 
we strongly admire that it needs in vitro study and further 
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investigations on molecular mechanisms involved under such a 
interesting biotic stress condition  

 
Recently we [6] have showed AMF colonization 30.76% (L.  

cuspidata), 53.33% (S. gesnerioides), and 83.87% (L.  cuspidate - 
S. gesnerioides root interaction zone) from Panhala hill. Whereas, 
during present investigation we observed more percentage 
colonization (Table 1) with change in host species and study area. In 
India Ragupathy et al. [51] investigated seven Scrophulariaceae 
members viz., Lindernia antipoda (L.) Alston, L. hysopiodes Haines, 
Verbascum Chinese (L.) Santapau (Non mycorrhizal at river bank 
habitat); Lindernia anagallis (Burm. f.) Pennell, Striga angustifolia (D. 
Don) C.J. Saldanha (Mycorrhizal in Coastal dry evergreen forest 
habitat); Limnophila indica (L.) Druce & Peplidium martimum (L.) 
Aschers. (Mycorrhizal & nonmycorrhizal respectively in aquatic and 
semi aquatic habitat) from Thanjavur District, in Tamil Nadu. But 
these results were neither supported with percentage colonization, 
nor with AMF spore species associated with plants. Hence it serves 
as only a preliminary data. Hence our observations on AMF species 
and mycorrhizal association in Scrophulariaceae parasite: S. 
gesnerioides and L. hamiltoniana host makes worthy contribution in 
existing knowledge. This study agree with the report [51] that, 
Scrophulariaceae members of diverse habitat shows variation in 
AMF colonization.  

 
The results obtained suggest that, AMF spores of two genera viz., 

Gigaspora  and Glomus were found in high density at the rate of 
1538 spores per 100 g soil. The AMF spores belonging to four 
species viz., Gigaspora spp, Glomus epigaeum, G. macrocarpum  
and G. occulatum were recorded during spore count study. Among 
these G. macrocarpum was found in abundance followed by G. 
occulatum and G. epigaeum (Table 1). Although, AMF are an 
important part of host-parasite association in plants but their role is 
still not fully understood [6]). Hence, it is necessary to plan out 
further studies to explore morphological and physiological effects 
caused by AMF association in host and parasitic plants. Efficacy of 
AMF species viz., Glomus intraradices, G. albidum, G. mosseae, G. 
fasciculatum, and G. etunicatum  to control parasitism of  
Striga  hermonthica  in sorghum [Sorghum bicolor (L.) Moench] is 
now well understood [38]). Studies on the tripartite interaction 
between cereals (sorghum or maize), AMF and S. hermonthica have 
demonstrated that levels of  S. hermonthica seed germination can 
be significantly reduced with AMF root colonization [52-53]). Recent 
studies [54]) have also proved  negative impact of AMF  and plant 
growth promoting bacteria on S.  hermonthica germination  and  
hence recommended  for Striga control  in sorghum  crop 
through  integrated management with bacteria. Although AMF  
root colonization  reduces stimulation of seed germination of the 
plant parasite S. hermonthica and S. gesnerioides, which can affect 
not only host plants by resulting in a lower parasite incidence  [52-
53], [55]) but also false hosts or trap crops such as Vigna 
unguiculata (L.) Walp. [56]) which induce suicidal Striga seed 
germination, thereby diminishing their effectiveness. Thus AMF 
inoculums can be significantly used in cash crops parasitic weed 
management. However, in present study we have observed 
significant colonization of AMF in roots of host as well as parasite 
plant. 

The discovery of the parallelism between AMF and parasitic 
weeds in their signaling with roots constitutes a milestone in AMF 
research [57].  It is well established that, the same host-derived 

compounds strigolactones play a critical role as rhizospheric 
signaling molecules for seed germination of parasitic weeds [57]) 
and induce hyphal branching of AM fungi to establish mycorrhizal 
symbiosis [58] has opened up new lines in AMF research. However, 
simultaneous AMF colonization in host plant and its interactions 
between both is not understood perfectly. The newly recorded host 
plant in present paper L. hamiltoniana colonized with AMF which is 
economically neither cash crop nor a plant of positive economic 
value but is considered as weed. Thus, the implication for cultivation 
of S. gesneroides on Lepidagathis in relation to recover large 
biomass for antidiabetic components need further experimental 
testing under laboratory and field conditions by using native AMF 
inoculums .  

 
[*Occurrence intensity of AM F : (+) poor , (+++ ) good, (++++) 
excellent, (- )absent; V: Vesicles, A: Arbuscules, H: Hyphae ] 

 
 
 

CONCLUSION 
 

Although it is known that, AMF root colonization reduces 
stimulation of Striga seed germination, however we present evidence 
of significant colonization of AMF in roots of host parasite as well as 
host - parasitic plant root interaction zone on the basis of root 
screening at an intimate anatomical level. Thus it is worthy to note 
that newly recorded host (L. hamiltoniana) is a weed which can be 
served as model root surface for growth of antidiabetic parasite 
(Striga) in near future. However, to tap the mycorrhizal potential and 
to introduce cultivation practice there is urgent need to produce pure 
inoculums of native AMF species and various trials from laboratory to 
field.  

 
REFERENCES 

 
[1] Yadav S.R. and Sardesai M. 2002.  Flora of Kolhapur District, 

Pub. Shivaji University Kolhapur. 
[2] Ambasta S.P., 1986. The useful plants of India. CSIR, New Delhi. 
[3] Jain S.K., 1996. Ethnobotany in Human Welfare. Deep 

Publications, New Delhi.  
[4] Sinha P.K. & Sinha S., 2001. Ethnobotanical Role of Indigenous 

and Ethnic Societies in Biodiversity Conservation, Human Health 
Protection and Sustainable Development. Surbhi Publication, 
Jaipur. 



      Vishal R. Kamble and Dinesh G. Agre 
 

 

30

[5] Chetty K.M., Sivaji K. & Rao K.T., 2008. Flowering Plants of 
Chittoor District Andhra Pradesh India, Student Offset Printers, 
Tirupati India.                                                                                                              

[6] Kamble V.R. & Agre D.G., 2012. Incidence of Arbuscular 
Mycorrhizal association in Striga gesnerioides (Willd) Vatke. 
Oester, Var gesnerioides - Root parasitic medicinal plant and it’s 
host Lepidagathis Cuspidata Nees from Maharashtra, India. In: 
Bhale U.N. & Sawant V.S. (Eds.), Plant Sciences for Sustainable  
Agriculture and Rural Development, Daya Publishing House, New 
Delhi,  pp. 247-252.  

[7] Bagyaraj D.J., 1995. Mycorrhizal association in crop plants and 
their utilization in agriculture. In: M. C. Nair & Bala Krishnan 
(Eds.), Benificial fungi and their utilization, Scientific publisher, 
Jodhpur, India, pp. 61-71.  

[8] Govinda Rao Y.S., Suresh C.K., Suresh N.S., Mallikarjunaiah 
R.R. & Bagyraj D.J., 1989. Vesicular arbuscular mycorhizae fungi 
in medicinal plants. Indian Journal of Phythopathology 42: 476-
478. 

[9] Sudha K. & Ammani K., 2010. Arbuscular mycorrhizal fungi in 
medicinal plants in Thrissur district,  Kerala. Mycorrhiza News 
21(4): 13-18. 

[10] Mohan V., Bappamal M. Malathy N. & Monokaran P., 2005. 
Distribution of AM fungi in association with some  important 
medicinal plants of Tamil Nadu. Indian  Forester 131: 797–784. 

[11] Chethan Kumar K.V., Chandrashekar K.R.  & Lakshmipathy R., 
2008. Variation in Arbuscular Mycorrhizal Fungi and Phosphatase 
Activity Associated with Sida cardifolia in Karnataka. World 
Journal of Agricultural Sciences, 4 (6): 770-774. 

[12] Gaur S.  & Kaushik P., 2012. "Effect of Seasonal Variation on 
Mycorrhizal Fungi Associated with Medicinal Plants in Central 
Himalayan Region of India," American Journal of Plant Sciences, 
3(5): 618-626.  

[13] Koul K.K., Agarwal S. & Lone R., 2012. Diversity of Arbuscular 
Mycorrhizal Fungi Associated With the Medicinal Plants from 
Gwalior-Chambal Region of Madhya Pradesh-India. American-
Eurasian J. Agric. & Environ. Sci., 12 (8): 1004-1011. 

[14] Pawaar J.S.  & Kakde U.B., 2012. Study of Arbuscular 
Mycorrhiza associated with some important medicinal plants in 
suburban area of Mumbai. Online Internat. Interdisci. Res. J., 2(2): 
116-127. 

[15] Mulani R.M., Rajendra Prabhu R. and Dinkaran M., 2002. 
Occurance of VAM in the roots of Phyllanthus fraternus Webster. 
Mycorrhiza News, 14(2): 11-14. 

[16] Kamble V.R., Agre D.G. & Dixit G.B., 2012.  Incidence of 
Arbuscular Mycorrhizal Fungi in Indian Squill: Drimia indica from 
Coastal Sand Dunes of Konkan, India. IOSR Journal of Pharmacy 
and Biological Sciences, 4(3): 31-36. 

[17] Kamble V.R., Kanoujiya L.R, Rahate H.L. & D.G. Agre., 2013. AM 
Fungal Status in Ketaka: Pandanus fascicularis From Coastal 
Region of Konkan, Maharahshtra. IOSR Journal of Pharmacy and 
Biological Sciences, 5(6): 01-06. 

[18] Leake J.R., 2004. Myco-heterotroph/epiparasitic plant interactions 
with ectomycorrhizal and arbuscular mycorrhizal fungi. Current 
Opinion in Plant Biology 2004, 7:422–428. 

[19] Woltz P., Stockey R.A., Gondran M. & Cherrier J.F. 1994. 
Interspecifi c parasitism in the Gymnosperms: Unpublished data 
on two endemic New Caledonian Podocarpaceae using scanning 
electron microscopy. Acta Botanica Gallica, 141: 731 – 746. 

[20] Feild T.S. &  Brodribb T.J., 2005. A unique mode of parasitism in 
the conifer coral tree Parasitaxus ustus (Podocarpaceae). Plant, 
Cell & Environment, 28: 1316 – 1325. 

[21] de Vega C., Arista M., Ortiz P.L. & Talavera S. 2010. Anatomical 
relations among endophytic holoparasitic angiosperms, 
autotrophic host plants and mycorrhizal fungi: A novel tripartite 
interaction1. American Journal of Botany, 97(5): 730–737. 

[22] Palenzuela, J., Ruiz-Girela M., Barea J.M. & Azcon-Aguilar, 2008. 
Diversity of Arbuscular Mycorrhizal fungi in Rhizosphere of 
endangered and/or endemic plants in Sierra Nevada (Granada, 
Spain) National Park. In: (Abstracts Book), An International 
Conference on Plant-Microbial Interactions, Krakow, Poland, pp. 
40. 

[23] Phillips J.M. & Hayman D.S., 1970. Improved procedure for 
clearing roots and staining parasitic and vesicular arbuscular 
mycorrhizal fungi for rapid assessment of infection, Trans. Br. 
Mycol. Soc., 55: 158 – 161. 

[24] Kormanik P.P., Bryan W.C. & Shultz R.C., 1980. Procedure and 
equipment for staining large number of plant root samples for 
endomycorrhiza. Can. J. Microbiol 26:  536-538. 

[25] Read D.J., Kouchki H.K. & Hodson J., 1976. Vesicular arbuscular 
mycorrhiza in natural vegetation system: The occurrence of 
infection. New Phytol. 77:  641-653. 

[26] Gerdemann J.W. & Nicolson T.H., 1963. Spores of mycorrhizal 
Endogone species extracted from soil by wet sieving and 
decanting. Trans. Br. Mycol. Soc., 46: 235-244. 

[27] Trappe J.M., 1982. Synoptic keys to the genera and species of 
Zygomycetes mycorrhizal fungi. Phytopathology. 72: 1102-1108. 

[28] Gerdemann J.W. & Trappe J.M., 1974. Endogonaceae in the 
Pacific Northwest. Mycologia.Memoir. 5: 1-76. 

[29] Pendleton R.L. & Smith B.N., 1983. Vesicular-arbuscular 
mycorrhizae of weedy and colonizer plant species at disturbed 
site in Utah. Oecologia. 59: 296-301. 

[30] Pond E.C., Menge J.A.  & Jarrel W.M., 1984. Improved growth of 
tomato in salinized soil by vesicular arbuscular mycorrhizal fungi 
collected from saline soils. Mycologia, 76 : 74-84. 

[31] Trappe J.M., 1987. Phylogenetic and ecologic aspects of 
mycotrophy in the angiosperms from an evolutionary viewpoint. 
Ed. Safir G. R., Ecophysiology of VA Mycorrhizal plants, CRC 
Press, Boca Raton, Florida, USA,  p. 5-25. 

[32] Pate J.S., Kuo J. & Davidson N.J.. 1990. Morphology and 
anatomy of the haustorium of the root hemiparasite Olax 
phyllanthi (Olacaceae) with special reference to the haustorial 
interface. Annals of Botany 65: 425 – 436. 

[33] Davies D.M. & Graves J.D.,  1998. Interactions between 
arbuscular mycorrhizal fungi and the hemiparasitic angiosperm 
Rhinanthus minor during co-infection of a host. New Phytologist, 
139 : 555-563 . 

[34] Sanders I.R., Koide R.T. & Shumway D.L. 1993. Mycorrhizal 
stimulation of plant parasitism. Canadian Journal of Botany, 71 : 
1143-1146. 

[35] Salonen V., Vestberg M. & Vauhkonen M., 2001. The effect of 
host mycorrhizal status on host plant – parasitic plant interactions. 
Mycorrhiza, 11: 95 – 100. 

[36] Stein C., Rissmann C.C., Hempel S., Renker C., Buscot F., Prati 
D. & Auge H., 2009. Interactive effects of mycorrhizae and a root 
hemiparasite on plant community productivity and diversity. 
Oecologia, 159: 191 – 205. 

[37] Gehring C. & Whitham T.G., 1992. Reduced mycorrhizae on 
Juniperus monosperma with mistletoe: The influence of 



International Multidisciplinary Research Journal 2013, 3(1):27-31 

 

31

environmental stress and tree gender on a plant parasite and a 
plant – fungal mutualism. Oecologia, 89: 298 – 303.  

[38] Gworgwor N.A. & Weber H.C., 2003. Arbuscular mycorrhizal fungi 
– parasite – host interaction for the control of Striga hermonthica 
(Del.) Benth. in sorghum [Sorghum bicolor (L.) Moench]. 
Mycorrhiza, 13: 277 – 281 .  

[39] Lendzemo, V.W., Kuyper T.W., Kropff M.J. & van Ast A., 2005. 
Field inoculation with arbuscular mycorrhizal fungi reduces Striga 
hermonthica performance on cereal crops and has the potential to 
contribute to integrated Striga management. Field Crops 
Research, 91: 51 – 61. 

[40] Kuijt  J., 1969. The biology of parasitic flowering plants. 
University of California Press, Davis, California, USA. 

[41] Brundrett  M.C., 2009. Mycorrhizal associations and other 
means of nutrition of vascular plants: Understanding the global 
diversity of host plants by resolving confl icting information and 
developing reliable means of diagnosis. Plant and Soil, 320: 37 – 
77. 

[42] Li A.R. & Guan K.Y., 2008. Arbuscular mycorrhizal fungi may 
serve as another nutrient strategy for some hemiparasitic species 
of Pedicularis (Orobanchaceae). Mycorrhiza, 18: 429–436. 

[43] Karandashov V. & Bucher M., 2005. Symbiotic phosphate 
transport in arbuscular mycorrhizas. Trends Plant Sci., 10: 22–29. 

[44] Harrison M.J., 2005. Signaling in the arbuscular mycorrhizal 
symbiosis. Annu. Rev. Microbiol., 59, 19–42. 

[45] Paszkowski U., 2006. Mutualism and parasitism: the yin and yang 
of plant symbioses. Curr. Opin. Plant Biol., 9:  364–370. 

[46] Bouwmeester H.J., Roux C., Lopez-Raez J.A. & Be´ card G., 
2007.  Rhizosphere communication of plants, parasitic plants 
and AM fungi. TRENDS in Plant Science, 12:(5): 1360-1385. 

[47] Feldmann F., 2008. Mycorrhiza for plant vitality: mycorrhizal fungi 
as factors of integrated  horticultural plant production. Eds. 
Feldmann F., Kapulnik Y. & Baar J.: Mycorrhiza Works, ISBN 978-
3-941261-01-3; 8-16., Deutsche Phytomedizinische Gesellschaft, 
Braunschweig, Germany. 

[48] Bayne H.G., Brown M.S. & Bethlenfalvay G.J., 1984. Defoliation 
effects on mycorrhizal colonization, nitrogen fixation and 
photosynthesis in the Glycine Glomus-Rhizobium symbiosis. 
Physiol. Plant, 62: 576-580. 

[49] Biró B.,  Posta K., Füzy A., Kádár I. & Németh T., 2005. 
Mycorrhizal functioning as part of the survival mechanisms of 
barley (Hordeum vulgare L) at long-term  heavy metal stress. 
Acta Biologica Szegediensis, 49(1-2): 65-67. 

[50] Flynn P., 2003. Biotic vs. Abiotic – Distinguishing Diseases 
Problems from Environmental Stresses. Horticulture and Home 
Pest News., IC-489(22) September 12, 2003. 
http://www.ipm.iastate.edu/ipm/hortnews/2003/9-12-
2003/stresses.html 

 

 

 

 

 

 

 

 

 

 

[51] Ragupathy, Mohankumar V. & A. Mahadevan. 1988. Distribution 
of VAM in Thanjavur District flora. In Proceedings: Mycorrhiza for 
Green Asia, First Asian Conference on Mycorrhizae, Eds. A. N. 
Mahadevan, Raman & Natarajan K., CAS in Botany University of 
Madras, India, 95-98.  

[52] Lendzemo V.W., Kuyper T.W., Matusova R., Bouwmeester H.J., & 
van Ast A. 2007. Colonization by arbuscular mycorrhizal fungi of 
sorghum leads to reduced germination and subsequent 
attachment and emergence of Striga hermonthica. Plant Signal 
Behav 2: 58–62. 

[53] Sun Z., Hans J., Walter M.H., Matusova R., Beekwilder J., 
Verstapen F.W.A., Ming Z., van Echtelt E., Strack D., Bisseling T. 
& Bouwmester H.J., 2008. Cloning and characterisation of a 
maize carotenoid cleavage dioxygenase (ZmCCD1) and its 
involvement in the biosynthesis of apocarotenoids with various 
roles in mutualistic and parasitic interactions. Planta 228: 789–
801. 

[54] Hassan M.M., Abdelhalim T.S., Yagoub S.O., Osman A.G., Gain 
M.E.S.A. & Babiker A.G.E.T., 2011. Effects of arbuscular 
mycorrhiza fungi (AMF), plant growth promoting bacteria (PGPR) 
and interaction on Striga hermonthica management in Sorghum.  
Intl. J. Agric: Res & Rev. 1 (3):  107-115. 

[55] Lendzemo V., Kuyper T.W., & Vierheilig H. 2009. Striga seed-
germination activity of root exudates and compounds present in 
stems of Striga host and nonhost (trap crop) plants is reduced due 
to root colonization by arbuscular mycorrhizal fungi. Mycorrhiza. 
19: 287–294.  

[56] Lane, J.A., Bailey J.A., Butler R.C.  & P.J. Terry. 1993. 
Resistance of cowpea [Vigna unguiculata (L.) Walp.] to Striga 
gesneriodes (Willd.) Vatke, a parasitic angiosperm. New Phytol. 
125: 405-412. 

[57] García-Garrido, J.M., Lendzemo V., Castellanos-Morales V., 
Steinkellner S. &  Vierheilig H., 2009. Strigolactones, signals for 
parasitic plants and arbuscular mycorrhizal fungi.  Mycorrhiza. 
19: 449–459. 

[58] Akiyama, K., Matsuzaki K. & Hayashi H. 2005. Plant 
sesquiterpenes induce hyphal branching in arbuscular mycorrhizal 
fungi. Nature. 435: 824–827. 


