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ABSTRACT   
 
Mycorrhizal plants have great tolerance to drought than non-mycorrhizal plants. 
This research was conducted to study the effect of AM fungi, water stress alone 
and their combined effect on Majorana hortensis on primary metabolites and free 
proline content. Osmotic stress was induced with the help of poly ethylene glycol 
(PEG= 6000) at a concentration of 5%. The estimation of primary metabolites and 
free proline were carried out after 30DAP. The amounts of chlorophyll and 
carbohydrates decreased under stress condition. Proteins and free proline 
increased under stress condition. However, there was increase in all parameters in 
the mycorrhizal plants as compared to control and stressed plants. 
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INTRODUCTION 
 
Drought is one of the major constraints on plant 
productivity worldwide and is expected to increase with 
climatic changes (Rapparini and Penuelas, 2014; Bohnert et 
al., 1995). Plants are frequently subjected to different 
abiotic environmental stresses that determine geographic 
distribution and adversely affect growth, development and 
agronomic yield.  

AM symbioses occur between most terrestrial plants and 
fungi of the phylum Glomeromycota. The interaction starts 
with a fine tuned signal exchange between the two 
symbiotic partners (Bahobail et al., 2014). It has been found 
that AM fungi stimulate growth and influence the level of 
secondary metabolites in plants (Smith and Read, 2008).   

AM fungi inoculation on plants has been successfully 
utilized for the evaluation of their role under drought 
conditions (Al-Karaki et al., 2004). Mycorrhizal plants often 
have greater tolerance to drought than non-mycorrhizal 
plants.  

The symbiotic relationship between AM fungi and the 
roots of higher plants is widespread in nature and several 
eco-physiological studies have demonstrated that AM 
symbiosis is a key component in helping plants to cope with 
water stress and in increasing drought resistance (Ruiz-
Lozano and Aroca, 2010). It helps plants to cope with the 

detrimental effects of soil water deficit acting, directly or 
indirectly, on plant functionality both above and below 
ground. At the levels of both leaves and roots, the osmotic 
stress usually caused by drought is counteracted by 
mycorrhizal plants through biochemical changes that 
mostly include increased biosynthesis of metabolites 
(mainly proline and sugars) that act as osmolytes. AM 
plants withstand drought induced oxidative stress by the 
increased production of antioxidant compounds that 
scavenges ROS and enhance the activities of antioxidant 
enzymes. 

In the present study, the effect of AM fungi on primary 
metabolites and proline content in M. hortensis when 
subjected to water stress was determined and how AM 
fungi help to cope under stress condition was also 
discussed. 
 
 
MATERIALS AND METHODS 
 
Plants of Majorana hortensis Moench were procured from 
GKVK, UAS campus, Bangalore. Healthy plants were 
maintained in Mount Carmel College, Botanical garden 
which served as in vivo plants for further studies. 
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Figure 1: Effect of AM fungi and PEG on total chlorophyll content in Majorana hortenis. 

 
 

 
 

Figure 2: Effect of AM fungi and PEG on total carbohydrates in Majorana hortenis. 

 
 

Biochemical estimations of primary metabolites in 
treated plants were estimated under normal and stress 
conditions using standard methods for the quantitative 
estimations of total chlorophylls (Arnon, 1949) (Figure 1), 
total carbohydrates (Mahadevan and Sridhar, 1982) (Figure 
2), total proteins (Lowry et al., 1951) (Figure 3), total 
phenolics (Malik and Singh, 1980) and free proline (Bates 
et al., 1973) (Figure 4). 
 
 
RESULTS AND DISCUSSION 
 
The effect of AM fungi on the chlorophyll content in leaves 
of Marjoram was observed under osmotic stress conditions. 
The total chlorophyll content was high when plants were 
treated with AM fungi and it was less in stressed plants, but 

the content was comparatively higher than the stressed 
plants when inoculated with AM fungi (Figure 1). The total 
chlorophyll content was (11.72 mg/g) in control, 10.32 
mg/g in stressed plants and it increased (13.29 mg/g) in 
mycorrhizal plants. It was comparatively less (12.60 mg/g) 
in non-mycorrhizal stressed plants.  

Bhosale and Shinde (2011) observed a similar kind of 
result in Zingiber officinale under water stress condition. 
Chaves et al. (2003) had an opinion that a large part of 
plant resistant to drought is the ability to manage excess 
radiation resulting from limitation of photosynthesis by 
drought. Recent reports indicated that an AM symbiosis 
under drought condition enhances the photochemical 
efficiency of photo system II (Ruiz-Lozano et al., 2011). The 
same results were observed by Shinde and Thakur (2015) 
in pea plants. 
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Figure 3: Effect of AM fungi and PEG on total proteins in Majorana hortenis. 

 
 
 

 

Free proline 

 
 

Figure 4: Effect of AM fungi and PEG on free proline content in Majorana hortenis. 

 
 

The present work is also in line with the study of 
Mafakheri et al. (2010), explaining that drought imposed 
during vegetative growth significantly decreased total 
chlorophyll content in three (3) varieties of chick pea. 
Shinde and Khanna (2014) reported higher amount of 
chlorophyll pigments in mycorrhizal potato plants. A 
decrease in total chlorophyll with drought stress implies a 
lowered capacity for light harvesting. Since the production 
of ROS is mainly driven by excess energy absorption in the 
chloroplasts it may be avoided by degrading the absorbing 
pigments (Herbinger et al., 2002). 

Osmotic stress increased the total carbohydrate content 
in Majorana plant. The metabolite content was more (67.0 
mg/g) in stressed plants and 60.7 mg/g in mycorrhizal 
plants. There was significant difference between the two 
treatments, but the content comparatively decreased in 
mycorrhizal stressed plants (68.7 mg/g). 

AM symbiosis can increase the drought tolerance of 
plants if the commonly observed higher rates of 
photosynthesis lead to an increased accumulation of non-
structural carbohydrates acting as osmoprotectants which 
can lower the osmotic potential (Porcel and Ruiz-Lozano, 
2004). Several studies reported the accumulation of 
carbohydrates when plants are subjected to water stress in 
both woody species such as Citrus (Wu et al., 2006) and in 
herbaceous species such as lettuce cultivars (Balsam and 
Goioechea, 2012). 

Increase in water stress causes decrease in protein 
content. The mycorrhizal plants showed (42 µg/ml) as 
compared to stressed plants (35 µg/ml). The mycorrhizal 
stressed plants also showed 34 µg/ml with not much 
significant difference. There was decrease in the protein 
content level in stressed plants irrespective of the presence 
of AMF.   
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When water is limiting, decreased stomatal conductance 
and increased diffusive resistance to CO2 could lead to 
increased plant water potential. To maintain water uptake, 
water potential must be reduced. To achieve such an effect, 
plants can rely on mechanisms of ‘osmotic adjustment’ or 
‘osmoregulation’ that decrease the osmotic potential 
resulting from the accumulation of compatible solutes or 
osmolytes (Serraj and Sinclair, 2002). Proteins were 
suggested to have important roles during stress as an 
osmotic adjustment. 

In the present study, osmotic stress resulted in reduction 
of protein content. Similar findings were observed by Misra 
and Gupta (2006) in Catharanthus roseus plants and Osman 
et al. (2007) also in Vinca plants. According to Fresneau et 
al. (2007), drought inhibits protein synthesis in the plants. 

Accumulation of proline contributes to the maintenance 
of proper balance between extracellular and intracellular 
osmolality under the condition of water stress. The free 
proline content increased in stressed plants (39 ug/ml) and 
it was present in very memorable amount in mycorrhizal 
plants (5.5 ug/ml), but the free proline content (17 ug/ml) 
was considerably reduced in mycorrhizal stressed plants. 
The colonization of roots by AM fungi in various plant 
species induces proline accumulation when water is 
limiting. The enhanced accumulation of proline in these 
studies was linked to AM induced drought resistance with 
proline acting as osmoprotectant. Conversely in several 
studies while proline content increased in response to 
water deficit, a lower accumulation of proline was observed 
in mycorrhizal plants relative to non-mycorrhizal plants 
(Ruiz –Sanchez et al., 2010), suggesting that AM symbiosis 
enhanced host plant resistance to drought. Proline could 
also be considered as a marker of the potential injury 
caused by water deficit indicating that mycorrhizal plants 
characterized by lower proline accumulation were less 
stressed than the non-mycorrhizal plants. 

The drought stress had an undesirable effect on plant 
soluble protein in the presence or absence of Glomus 
mosseae which seems due to a sharp decline in plant 
photosynthesis. The plant leaf chlorophyll content values 
decreased in drought stress as compared with same 
treatment in well watered condition indicating plant 
photosynthesis decreased in drought, which led to 
inhibition of some essential materials for protein synthesis, 
therefore, the protein synthesis dramatically reduced 
(Mohammadkheri and Heidari, 2008). The gradual decrease 
in plant total soluble protein during water deficiency was 
induced by proteolysis or decline in some essential 
minerals for protein synthesis uptake with water as 
nitrogen compounds (Lqbal and Bano, 2009).  
 
 
Conclusion  
 
It can be concluded that total chlorophyll and 
carbohydrates decreased under stress conditions, while  

 
 
 
proline and protein were increased in Majorana plants. In 
association with AM fungi the plants have better adaptation 
to stress conditions. 
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