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ABSTRACT 
 

This work was conducted to study the effect of mycorrhizal colonization and water stress on growth 
performance and yield of sweet pepper (Capsicum annuum L. cv Slavy F1) grown under open field 
condition. Two-filed experiments were conducted in June of 2012 and 2013 seasons, at Faculty of 
Horticulture, Mendel University in Brno. Czech Republic. To evaluate plant responses for Glomus 
mosseae colonization and water stress application, growth analysis parameters i.e., specific leaf area 
(SLA), specific leaf weight (SLW) and leaf water content (LWC) were calculated. Besides, photosynthetic 
parameters (Photosynthetic rate, transpiration rate, stomatal conductance, water use efficiency) were 
recorded while leaf nitrogen status was evaluated using the portable device “N-Tester”. Water stress 
significantly decreased SLA and SLW if compared to control plants. Moreover, G. mosseae colonization 
caused significant enhancements in SLA and SLW with advancing plant age than un-colonized plants 
either in normal or water stress conditions. SLA recorded the highest significant increase (218, 257 cm2.g-

1) with colonized plants than non-colonized (185, 190 cm2.g-1) in first and second seasons at 30-50 days 
post transplanting, respectively. Meanwhile, water deficit decreased LWC of control plants, while G. 
mosseae improved LWC for colonized ones under water stress. Notably, N-Tester was significantly higher 
with G. mosseae colonization than non-colonized plants under stress all conditions, mainly at 70-90 days 
post transplanting. Also, G. mosseae significantly increased photosynthetic, transpiration rates, stomatal 
conductance as well as water use efficiency in the first growing season. Clearly, water stress reduced 
significantly yield components while G. mosseae significantly increased number of fruits (28, 22) and 
plant total yield (2.1, 1.6 kg/plant) than non-colonized plants in the first season, respectively. This work 
shows that growth and photosynthetic analysis could be appropriate indicators to evaluate the efficiency of 
mycorrhizal colonization under water stress condition. 
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Introduction 
 

Sweet pepper (Capsicum annuum L.) is one of the most popular vegetable crops for local and global 
economic (FAO, 2013). High cash crops such as sweet pepper have employed an important position in 
Egyptian market due to its high profit and nutritional values for human health. It is a good source for 
vitamins A and C and essential nutrients that needed for human protection against cancer and 
cardiovascular human diseases (Palevitch and Craker 1995 and Lopez et al., 2012). However, inoculating 
vegetable crops with symbiotic microorganisms enhances root and vegetative growth, especially if the soil 
lakes nutrient deficiency or has physical and chemical challenges (Smith and Read 2008). In addition, 
arbuscular mycorrhiza (AM) is involved in the most durable, intimate and important symbiosis on the earth 
(Hodge, 2000), and form mutualistic symbioses with a vast majority of land plants (Gosling et al., 2006). 
AM mycelium practically uptake and translocate nutrients, mainly phosphorus and nitrogen, from the soil 
into the root tissues (Perner et al., 2005). However, resulting from the more nutrient uptake, plant growth 
is generally improved when mycorrhizal fungi colonize the root system (Rai, 2005). Moreover, when there 
is a water deficit, the direct transportation of water to the roots can be interrupted and, in this case, the 
external hyphae also acquire an important role in the absorption of water (Allen and Allen 1986).  

Water stress considers one of the most abiotic stresses that obstruct plant growth and yield in many 
areas and limiting vegetable production worldwide. Therefore, the symbiotic relationship between 
arbuscular mycorrhizal fungi and plants may ameliorate the water stress effects on plant growth and fitness 
(Kivlin et al., 2013). This work was conducted to monitor the influence of water stress on sweet pepper 
using derived growth analysis formula in different time points, photosynthetic parameters and yield 



527 
Curr. Sci. Int. 3(4): 526-533, 2014 
 

components to show clearly the capability of Glomus mosseae colonization for improving yield of 
colonized sweet pepper plants under water stress. 
 
Materials and methods 

Two-field experiments were conducted in June of 2012 and 2013 seasons, at Faculty of Horticulture, 
Mendel University in Brno, Czech Republic. The experiments were arranged in randomize complete block 
design with four replicates at 2.5 plant/m2. Seeds of sweet pepper (Capsicum annuum L. cv Slavy F1) were 
sown in trays filled with sphagnum peat on 20th and 15th of June, in first and second season respectively, 
then seedlings were transferred to soil at 2-3 true leaves. Arbuscular mycorrhiza fungus Glomus 
mosseae was applied twice. First, G. mosseae treatment was mixed to sphagnum peat as a seedlings 
growing media at rate of 3 g per plant as recommended by Symbio-m Company (CZ). Second inoculation 
treatment was applied under plant root and covered with a thin layer of sand prior to transplanting. Two 
different irrigation levels were practiced one week later transplanting as follow: Control, the irrigation was 
lunched when available water capacity (AWC) decreased below 65 %, and water stress, when AWC 
decreased below 45 %. Irrigation was automatically started using VIRRIB sensors.  

 
Recorded data 
 
Growth analysis formula 

Ten plants were collected randomly from each replicate after 30, 50, 70 and 90 days after 
transplanting to determine the following growth analysis formulas (Hunt 1978):  

1) Specific leaf area SLA (cm2/g) = {(1LA/1Lw) + (2LA/2Lw)}/2 
2) Specific leaf weight SLW (mg/cm2) = {(1LW/1LA) + (2LW/2LA)}/2               
Where: 

1LA = Leaf area of plant at time 1   2LA = Leaf area of plant at time 2 
1Lw = Dry weight of leaves at time 1 2Lw = Dry weight of leaves at time2                 

 
Leaf water content   

The fresh leaves (FW) of each sample were weighed then dried at 104°C for 2 days to measure leaf 
dry mater (DM). The leaf water content was calculated as Water content (%) = (FW - DW)/FW*100.  

 
N-Tester 

Fifth leaf from the top was selected to identify the nitrogen status for sweet pepper plants directly on 
the field by using N-Tester (Yara - UK). 

 
Photosynthesis parameters 

The portable photosynthetic system LCpro+ with an-infrared gas analyzer and leaf chamber was 
used to measure the rate of photosynthesis (Photosynthetic rate, transpiration rate, stomatal conductance, 
water use efficiency) in the fifth leaf from top from 5 plants at 60 and 90 days after transplanting.  

 
Yield 

Ten plants were sampled to calculate yield components. Fruit were gradually harvested and 
weighted to calculate average fruit weight, number of fruits per plant and total yield per plant. 

 
Statistical analysis 

Data was subjected to the statistical analysis and means were analyzed using the analysis of variance 
ANOVA. The differences between the means was determined using the L.S.D. test at significant level 
p<0.05 using statistical package Unistat (Unistat, Inc., USA).  

 
                                                                        

Results and discussion  

Growth analysis   
 
1. Specific leaf area and specific leaf weight  

Data in Fig. 1 show that main values for specific leaf area (SLA) tended to decrease while values of 
specific leaf weight (SLW) tended to increase, with advancing plant age in both seasons. Similar results 
were reported by Hanafy Ahmed et al. (2004) on sweet pepper plants. In addition, obtained results show 
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that water stress treatment significantly decreased values of SLA and SLW in both growing seasons if 
compared to well-irrigated (control) plants. However, G. mosseae colonization caused significant 
enhancements in values of SLA and SLW with advancing plant age than un-colonized plants either under 
normal or water stress conditions, mainly in the second season. Notably, SLA recorded the highest 
significant increase (218, 257 cm2.g-1) with colonized plants than non-colonized plants (185, 190 cm2.g-1) 
in first and second seasons at 30-50 days post transplanting, respectively. Similar trend was obtained with 
SLW but at 70-90 days. These findings were clearly observed with colonized and non-colonized plants 
under water stress conditions. However, periods between 30-50 days after transplanting were more 
efficient to show better significant differences in values of SLA between treatments than 50-70 days.  
 

 
Fig. 1: Specific Leaf Area (SLA) and Specific Leaf Weight (SLW) of sweet pepper plants as affected by 

G. mosseae colonization and water stress condition at different time points. Vertical bar shows 
±SE. Days are considered after transplanting.  
 

Meanwhile, SLW were significantly increased at 70-90 days if compared to 30-50 days. Here the 
author point out that leaf area expansion decreased to relatively greater extent than dry matter 
accumulation per unit leaf area. The decrease in SLA could result from reduction in the translocation rate, 
since the bulk of the newly formed assimilates was still in the leaves. However, the ratio of dry matter 
accumulation of leaves per unit leaf area (SLW) increased with G. mossease colonization comparing to un-
colonized plants. In this respect, it can be assumed that the G. mossease colonization might have an 
positive effect on increasing the photosynthetic activity or reducing respiration rate or both leading to the 
increase in dry matter production per unit leaf area either in control or water stress condition (Abdelaziz, 
2003). In connection, AM association enhances the acquisition of soil mineral nutrients by the host plant, 
which in turn provides products from carbon metabolism to the fungus (Allen and Shachar-Hill 2009). 
Also, gradual decrease in SLA and SLW under water stress might be attributed to a low metabolic activity 
of these plants due to reducing NPK uptake which consequently efficient and respiration rate, this may be 
implicated in decreasing rate of dry matter production per unit leaf area. 

 
2. Leaf water content and N-Tester assessment 

As shown in Fig. 2, data reveal no significant increases in values of leaf water content between 
colonized and non-colonized sweet pepper plants in the two growing seasons. This expected results are in 
agreement with (Goicoechea et al., 2005) who mentioned that AM symbiosis couldn’t affect leaf water 
potential in non-stressed plants. Also, Porcel and Ruiz-Lozano (2004) and Beltrano and Ronco (2008) 
observed higher leaf water potential in stressed mycorrhizal plants than non-colonized stressed plants. On 
contrast, water stress decreased LWC in leaves of sweet pepper if compared to control plants. However, G. 
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mosseae colonization improved LWC for colonized plants than non-colonized in both growing seasons 
under water stress condition. These results are in harmony with Sánchez-Blanco et al. (2004) who said that 
mycorrhizal inoculation regulates stomatal conductance by lowering leaf osmotic potential for turgor 
maintenance. 

 

 
 
Fig. 2: Leaf Water Content (LWC%) and N-Tester values of sweet pepper plants as affected by G. 

mosseae colonization and water stress condition at different time points. Vertical bar shows ±SE. 
Days are considered after transplanting.  

 
According to the effect of treatments on nitrogen status, values of N-Tester show that N tended to 

increase in leaves of sweet pepper with advancing plant age. These significant increases were recorded in 
both growing seasons either under water stress or colonization treatments. Notably, N-Tester values were 
significantly higher with G. mosseae colonization than non-colonized plants either under stress or normal 
conditions. Nitrogen status was much better at 70-90 days than 30-50 days after transplanting in both 
growing seasons. However, no differences between periods, as single treatment, were observed. There is 
no doubt that AM colonization improves plant nutrition status under water stress by modulating water 
balance in plant tissues (Auge, 2001). In addition, Govindarajulu et al. (2005) reported that AM fungi 
transfer significant amounts of N to the host plants. In this respect, it could be concluded that G. mosseae 
colonization caused favorable effects in N status than non-colonized plants under normal and water stress 
condition. 

 
Photosynthesis measurement 

Regarding to the effect of G. mosseae colonization on photosynthetic parameters, Table 1 shows 
significant increase in photosynthetic and transpiration rates, stomatal conductance as well as water use 
efficiency in the first growing season if compared to non-colonized plants. On contrast, no significant 
differences were found in term of transpiration rate and stomatal conductance among colonized and non-
colonized plants in the second season either in control or water stress condition. In addition, water stress 
significantly reduced values of the all above photosynthetic parameters in the first season. The interaction 
between G. mosseae and water stress reveal significant increase in photosynthetic rate, transpiration rate, 
stomatal conductance and water use efficiency in the first season. Similar trend was observed in the second 
season except stomatal conductance that did not significantly affected by treatments. In this respect, it may 
be suggested that both of G. mosseae and water stress did influenced photosynthesis of treated sweet 
pepper plant under the experimental condition. It seems that G. mosseae helped water stress plants to 
overcome water stress occurrence if compared to non-colonized plants. Similar results were obtained by 
Jezdinsky et al., (2012) who found that Glomus sp has improved photosynthetic parameters of leek under 
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water stress condition and the effect of water stress was more effective than Glomus sp on plant 
photosynthesis. In addition, many reports indicated that AM colonized plants keep high levels of water and 
turgor potentials, relative water content, transpiration flux and net photosynthetic flux (Davies et al., 2002 
and Mena-Violante et al., 2006). Also, AM fungi adapt to soil drought and thus maintain higher root 
colonization, which is beneficial for survival and growth of the host plant (Nasim, 2010). 
 

Table 1: Photosynthetic rate (μmol.m−2.s−1), transpiration rate (mmol.m−2.s−1), stomatal conductance 
(mol.m−2.s−1) and water use efficiency (μmol CO2.mmol H2O−1) of sweet pepper plants as 
affected by G. mosseae colonization and water stress condition at 60 days after transplanting.  

Treatments 
Photosynthet

ic rate 
Transpiration 

rate 
Stomatal 

conductance 
Water use 
efficiency 

Season 1 
Control 4.01 0.71 0.081 5.45 
G. mosseae 4.78 0.69 0.086 5.32 
Water stress 2.96 0.32 0.022 3.15 
Water stress +  
G. mossease 

3.23 0.40 0.025 4.00 

LSD 
    

Glomus 0.12 NS NS NS 
Water stress 0.01 NS NS 0.44 
Glomus x Water 
stress 

0.40 NS 0.04 0.62 

  Season 2 
Control 4.66 1.12 0.14 6.31 
G. mosseae 5.01 1.32 0.10 6.99 
Water stress 3.15 0.21 0.034 4.76 
Water stress +  
G. mosseae 

3.65 0.46 0.052 5.62 

LSD 
    

Glomus 0.31 NS NS 0.21 
Water stress 0.02 0.004 0.011 0.13 
Glomus x Water 
stress 

0.23 0.63 0.027 0.42 

 

Yield components 
 

Data in Fig. 3 represents that G. mosseae significantly increased number of fruits (28, 22) and plant 
total yield (2.1, 1.6 kg/plant) if compared with non-colonized plants in the first season, respectively. While, 
no different between colonized and non-colonized plants in terms of number of fruits, average fruit weight 
and plant yield in the second season. Clearly, water stress significantly reduced yield components in both 
growing season. However, colonized sweet pepper plant showed significant improvement in yield 
components when grown under water stress condition if compared to non-colonized plants. In this respect 
it could be concluded that G. mosseae colonization reflected positively on sweet pepper production under 
water stress condition than non-colonized control (Marihal et al., 2011). Regarding to the effect of AM 
fungi inoculation, Douds and Reider (2003) found that inoculation of sweet pepper seedlings with Glomus 
mosseae prior to transplanting showed significant increase in fruit yield than control.  Likewise, weights of 
single cucumber fruit of plants inoculated with G. mosseae and G. versiforme were about 1.4 and 1.3 times 
higher than those from the un-inoculated treatment, respectively, (Changxian Wang et al., 2006). In 
connection, mycorrhizal plants can enhance the accumulation of carbohydrates (Thomson et al., 1990), 
amino acids (Johansen et al., 1996) and cause alternations in the content of hormones (Goicoecheta et al., 
1997), and increase enzymatic activity (Ruiz-Lozano and Azcon 1996), as well as secondary metabolites 
(Peipp et al., 1997). Moreover, AM colonization supports plant system by better root architecture that 
provide more exploration of soil volume to absorb water and nutrients from the soil (Comas et al., 2013), 
thereby potentially enhancing drought tolerance of the host plant. In conclusion, this work shows that 
growth and photosynthetic analysis for colonized sweet pepper plants grown under water stress condition 

is an appropriate indicator to evaluate colonization efficiency under stress condition.   
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Fig. 3: Number of fruits per plant, average fruit weight and total plant yield of sweet pepper plants as 
affected by G. mosseae colonization and water stress condition.  
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