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ABSTRACT 

This study was carried out at the experimental field of the Ornamental Horticulture Department, 
Faculty of Agriculture, Cairo University, during the two successive seasons of 2014 and 2015. The 
present study aims to test the role of mycorrhiza fungi in improving the growth of Khaya senegalensis 
seedlings in the cadmium-contaminated soil. The plants were  transplanted in 30cm plastic pot filled 
with mix of clay and sand (1:1 by volume) and treated with cadmium chloride as soil drench with 
concentrations (0, 50, 100 and 200ppm) and/or mycorrhiza fungi which was added at two rates (5 and 
10 g/pot). The results pointed that the values of vegetative growth parameters (plant height, stem 
diameter, leaf area, root length, fresh and dry weights of shoots and roots, photosynthesis pigments 
(chlorophyll a, b and carotenoids) content and peroxidase isozyme activity in leaves were decreased 
gradually by increasing cadmium concentration in the soil. It was noticed also that mycorrhiza fungi 
stimulated the vegetative growth parameters and photosynthesis pigments for both plants grown in soil 
free of cadmium compared with control plants and plants grown in soil contaminated with cadmium 
compared with Cd-stressed plants without mycorrhiza fungi. On the other hand, the cadmium content 
in all plant organs, proline content and catalase isozyme in leaves were increased by increasing 
cadmium level in the soil and /or increasing mycorrhiza rate in the soil. The highest expression of 
peroxidase and catalase isozymes were found in plants treated with cadmium at concentration 50ppm 
and mycorrhiza fungi at rate 10g/ pot. 
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Introduction 

Khaya senegalensis (Desr.) A. Juss. (African mahogany or dry-zone mahogany), belongs to 
Family Meliaceae, is a deciduous tree, 20-30 m high, and up to 1.5 m in diameter. The tree has a round 
evergreen crown of dark shiny foliage, pinnate leaves and characteristic round capsules woody fruits 
(Irvine, 1961). Its fruit is 4-6 cm in diameter and has four to five valves in which up to 6–18 seeds are 
embedded. Seeds are flat disk-like, 2-2.5 cm long, and weigh 289 g per 1000 seeds.  

African mahogany is a multipurpose tree with several environmental, economic and medicinal 
uses. The tree is famous for its high quality timber which is excellent for furniture, construction, joinery, 
interior fitting, turnery, plywood and veneers. Also mahogany is very rich in its seed oil content which 
is reported to be used in some West African countries for cooking, cosmetics and herbal medicine to 
cure a number of ailments (Keay et al., 1964). The bark of the tree is extensively used in folk medicine 
to treat malaria, fever, diarrhea, dysentery and anaemia. Also the bark is used to treat dressing ulcers on 
the backs of sheep, camels and horses. The flowers are used for treating stomach diseases and as an 
anti-syphilitic. Furthermore, mahogany is planted as a roadside and an ornamental shade tree. 

Plants require different metals as micronutrients, these are part of soil. Biosphere has become 
polluted due to toxic metals (Garg and Aggarwal, 2011). Among the hazardous metals, cadmium (Cd) 
is of particular concern because of its high toxicity to living organisms; Cd has no known biological 
function but shows high mobility in the soil leading to Cd accumulation by plants and thus in the entire 
food chain (Zhang et al., 2007). Heavy metals are added to soil from the metal working industries, 
waste incinerators, urban traffic, cement factories, and as a byproduct of phosphate fertilizers 
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(Piotrowska et al., 2010). The main sources of Cd in the environment are industrial processes and 
phosphate fertilizers (Gupta et al., 2009). Cadmium is particularly a hazardous pollutant due to its high 
toxicity and great solubility in water (Candelone et al., 1995) and it is invariably concentrated in the 
organic surface horizons of soils (Fabisiak et al., 1999). The presence of heavy metals in excess amounts 
is a global problem, threatening the health of vegetation, wildlife and humans (Tommasini et al., 1998). 

The high concentration of heavy metals adversely affects plant growth and development. Soil 
micro-organisms are also disturbed due to the presence of various pollutants in soil. Several 
physiological, biochemical and molecular processes are disturbed as a result of heavy metal stress in 
soil. Plant growth is inhibited and these heavy metals results in various defects like low seed 
germination, turgor loss, chlorosis, necrosis, senescence; photosynthesis is also decreased and 
ultimately plant death. Chemical, physical, and biological methods are used to remove toxic metals 
from soil. Among biological methods, mycorrhizal fungi which can play a role in bioremediation of 
heavy metal pollution in soil (Leyval et al., 1997). Mycorrhiza is an association between fungi and the 
roots of higher plants. Fungus enters in plant roots and develops hyphae, arbuscules and vesicles. 
Transport of nutrients especially phosphorus occurs as a result of this association. Some of heavy metals 
like cadmium interfere with many physiological and biochemical processes in plants like 
photosynthesis, respiration, nitrogen and protein metabolism, etc. the effect of these toxic metals can 
be reduced by using suitable mycorrhizal fungi as an inoculum in the heavy metal contaminated areas. 

The current study aimed to test the effect of mycorrhiza fungi at different rates to stimulate 
African mahogany seedlings which grown in soil contaminated with different level of cadmium.  

 
Materials and Methods 
 

The present study was carried out at the Ornamental Horticulture Department, Faculty of 
Agriculture, Cairo University, Giza, Egypt, during the two successive seasons of 2014 and 2015. 
Mycorrhiza was obtained from Microbiology Department, National Research Centre. Uniformal 
seedlings of khaya seneglensis (7–10 leaves and 25 –30 cm length) were obtained from nursery of 
woody trees, Horticulture Research Institute, Agriculture Research Centre. The seedlings were 
transplanted individually on March, 2014 and 2015 in 30 cm plastic pots, filled with the mixture of clay 
and sand (1:1 by volume). The physical and chemical properties are shown in Table (1), using the 
methods described by Jackson (1973). In both seasons, the established plants were treated with Cd as 
cadmium chloride (CdCl2.H2O), added as a soil drench after two weeks from transplanting at the four 
different concentrations Cd (0, 50, 100 and 200ppm), and supplied separately and/or with three different 
rates of mycorrhiza fungi (0, 5 and 10g/pot). The mycorrhiza fungi were mixed with the media before 
transplanting and covered with sand. All the plants were held under the open field condition for 9 
months continuously. Common cultural practices were followed including regular watering, hand 
picking of weeds, as well as the available commercial fertilizer used through the two experiments work 
was the fertilizer kirstalon (NPK 19:19:19) at 3.0 g/pot in monthly intervals after 30 days from 
transplanting.  

 
Table 1: Physical and chemical properties of the soil. 

Clay%  Silt% Fine sand% Coarse sand%  Soil sample 

18.72  21.00 11.05  49.23  

Sandy loam Cation (meq/l) Anion (meq/l)  Cd 

(mg/kg) 

pH .(1:1) E.C

(dS/m) +K  ++Na ++Mg ++Ca - -
4SO -Cl  -

3HCO  

0.99 7.08 1.46 5.85 4.35 4.00  7.20 0.153 8.19 1.52  

 
The experiment was a complete randomized design, with 12 treatments (4Cd*3mycorrhiza). At 

the end of the experiment on November 15th in seasons 2014 and 2015, the following data was 
recorded: plant height, stem diameter, leaf area, root length, fresh and dry weight of shoot and root. 
Photosynthetic pigments (chlorophyll a, b and carotenoids) contents were determined in fresh leaves 
according to Saric et al. (1967). Proline in fresh leaves were determined according to the method 
described by Bates et al., (1973). Cadmium content (ppm) was measured in the suspension using 
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Atomic Absorption Spectrophotometer (PerkinElmer 100 B), as described by Meuwly and Rauser 
(1992). Antioxidant Isozymes including Peroxidase isozyme (POD) according to Brown (1978) and 
Catalase isozyme (CAT) according to Woodbury et al. (1971). 
 
Results and Discussion 
 
Growth characteristics  

The results presented in Tables (2&3) showed that the vegetative growth parameters (plant 
height, stem diameter, leaf area, root length, fresh and dry weights of shoots and roots) of K. 
senegalensis seedlings was significantly affected by different cadmium concentrations. In both seasons, 
the highest values were obtained from K. senegalensis plants grown in soil free of cadmium and then 
decreased gradually by increasing cadmium concentration in the soil; so the lowest values obtained 
from plants received with 200ppm cadmium. These results are agreement with Shafiq et al. (2008) 
found that Leucaena leucocephala seedlings treated with cadmium from 0 to 100ppm showed the 
reduction in seedling length, root length and seedling dry weight at all treatments as compared to control 
plants and John et al. (2009) mentioned that the root length and stem length of Brassica juncea L. 
seedlings were decreased when the seedlings were treated with Cd at concentrations from 0 to 300 
mg/kg soil. It may be due to the fact that cadmium is easily absorbed by the plant roots. This metal is 
toxic for the plant and interferes with many cellular actions by formation of the compound complexes 
with the secondary groups of organic compounds such as proteins and, thus, prevents the necessary 
cellular activities (Metwally et al., 2003). 
 
Table 2: Effect of cadmium and/or mycorrhiza (g/pot) on plant height (cm), stem diameter(cm), leaf 

area (cm2) and root length (cm) of Khaya senegalensis plant during 2014 and 2015 seasons. 

Treatments 
Plant height  

(cm) 
Stem diameter 

(cm) 
Leaf Area 
 (cm2) 

Root length 
(cm) 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 
Cd0 85.16 103.25 1.34 1.47 94.87 110.75 51.81 53.02 
Cd50 81.49 99.32 1.26 1.41 89.72 101.51 45.74 42.69 
Cd100 77.53 94.49 1.13 1.29 82.19 89.99 39.95 39.07 
Cd200 67.59 85.78 1.07 1.20 78.37 76.33 34.46 36.24 
M0 71.26 84.66 1.08 1.21 67.24 81.98 33.97 33.76 
M5 79.72 99.44 1.19 1.34 88.34 94.94 41.64 39.87 
M10 82.12 103.03 1.33 1.48 103.28 107.02 53.35 54.64 
Cd0+M0 83.35 94.65 1.2 1.33 71.46 100.04 38.42 41.33 
Cd0+M5 85.53 104.67 1.36 1.49 98.66 112.72 55.15 48.69 
Cd0+M10 86.6 110.43 1.47 1.58 114.5 119.49 61.85 69.04 
Cd50+M0 75.11 89.45 1.16 1.26 69.36 88.65 37.21 34 
Cd50+M5 84 102.5 1.24 1.44 87.31 102.1 41.5 38.78 
Cd50+M10 85.37 106 1.37 1.54 112.49 113.77 58.5 55.3 
Cd100+M0 65.58 84.53 1.02 1.18 66.66 72.34 32.67 30 
Cd100+M5 83.27 98.70 1.09 1.22 85.15 86.02 39.17 37 
Cd100+M10 83.76 100.23 1.27 1.46 94.76 111.62 48 50.2 
Cd200+M0 61.00 70.00 0.95 1.06 61.49 66.9 27.6 29.71 
Cd200+M5 66.09 91.9 1.05 1.21 82.25 78.92 30.73 35 
Cd200+M10 75.67 95.44 1.22 1.34 91.38 83.18 45.04 44 
LSD at 5%                      

Cd 2.81 2.74 0.06 0.03 2.86 2.15 2.10 1.94 
T 2.43 2.37 0.05 0.03 2.47 1.86 1.78 1.68 

Cd X T 3.97 3.88 0.08 0.05 4.04 3.04 2.88 2.74 

 
The data presented in the same Tables illustrated the significant effect of mycorrhiza fungi on the 

vegetative growth, the highest mean values for all mentioned vegetative growth parameters were 
obtained from plants grown in soil inoculated with mycorrhiza fungi at the rate of 10g/pot as compared 
with control plants. Similar results have been reported by Edegbai and Anoliefo (2016) on Vernonia 
amygdalina and Hakmaoui et al. (2007) on Salix purpurea and Phragmites australis. 
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Concerning the interaction between mycorrhiza fungi treatments and Cd stress, the data showed that 
the plants grown in soil polluted with cadmium at the different concentrations and containing 
mycorrhiza fungi at the rate of 10g/pot gave the highest values of vegetative growth parameters as 
compared with plants grown in soil polluted with cadmium at the same concentration without 
mycorrhiza fungi; these results prove that mycorrhiza fungi has an improvement effect on plants grown 
under cadmium stress. 
 
Table 3: Effect of cadmium and/or mycorrhiza (g/pot) on fresh and dry weight of shoot and root of 

Khaya senegalensis plant during 2014 and 2015 seasons. 

Treatments 
Shoot fresh weight Root fresh weight Shoot dry weight Root dry weight 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 
Cd0 90.48 116.82 39.86 41.07 35.79 46.08 18.76 20.84 
Cd50 71.78 94.93 29.81 32.75 27.99 37.05 13.59 16.34 
Cd100 54.71 68.89 20.27 25.51 21.00 26.32 9.58 12.47 
Cd200 42.22 50.83 15.64 17.63 15.17 19.17 7.25 8.39 
M0 51.42 65.17 18.84 23.27 19.71 24.81 8.88 11.07 
M5 61.31 78.72 28.26 29.24 23.75 30.73 12.33 15.16 
M10 81.67 104.72 32.09 35.21 31.54 40.93 15.68 17.3 
Cd0+M0 73.55 94.63 29.33 30.7 28.76 36.83 14.03 14.78 
Cd0+M5 85.22 114.85 42.87 41.27 33.65 45.14 18.19 22.47 
Cd0+M10 112.67 140.99 47.39 51.25 44.97 56.27 24.05 25.28 
Cd50+M0 57.1 74.1 21.51 25.49 21.93 28.37 10.19 12.14 
Cd50+M5 67.79 89.84 31.32 33.13 26.21 35.08 12.82 16.69 
Cd50+M10 90.44 120.84 36.59 39.63 35.85 47.69 17.76 20.18 
Cd100+M0 40.43 51.17 12.76 22.2 15.36 19.24 5.91 10.54 
Cd100+M5 52.76 63.66 22.47 24.77 20.17 25.28 10.66 12.71 
Cd100+M10 70.93 91.86 25.59 29.56 27.48 34.44 12.16 14.15 
Cd200+M0 34.58 40.76 11.76 14.7 12.75 14.79 5.38 6.82 
Cd200+M5 39.46 46.51 16.39 17.8 14.92 17.43 7.63 8.76 
Cd200+M10 52.63 65.21 18.77 20.38 17.84 25.3 8.74 9.59 
LSD at 5%               

Cd 1.66 2.12 1.10 1.12 1.89 1.39 1.05 1.10 
T 1.43 1.83 0.96 0.97 1.64 1.21 0.91 0.96 

Cd X T 2.35 2.99 1.56 1.58 2.67 1.97 1.48 1.56 

 
Chemical constituents.  
 
1. Photosynthetic pigments content  

The data presented in Fig. (1) showed that in both seasons increasing cadmium concentration in 
the soil from 0 to 200ppm caused reduction in photosynthetic pigments including chlorophyll a, b and 
carotenoid content in fresh leaves of Khaya senegalensis. These results were in harmony with those 
obtained by Andrade et al. (2008) on sunflower plant, John et al. (2008) on Lemna polyrrhiza L. and 
Hashem et al.(2016) on Cassia italic. Cadmium had a negative effect on some chemical compositions 
such as pigments content (chlorophyll a, b and carotenoids) it may be due to the primary sites of action 
of Cd which are photosynthetic pigments, especially the biosynthesis of chlorophyll (Baszynki et al., 
1980) and carotenoids (Prasad, 1995) or may be caused by decreasing chloroplast density. Also Cd 
inhibits the protochlorophyllide reductase by SH-interaction between heavy metals and SH group on 
the enzyme (Van Assche and Clijsters, 1990). In addition, heavy metals can cause substitution of Mg 
atom in chlorophyll molecules and led to breakdown in photosynthesis process (Helene et al. 1998). 
The increases of Cd concentrations in growth media decreased chlorophyll and carotenoid contents 
(Wouter et al., 2002).  

All mycorrhiza fungi treatments increased photosynthetic pigments content in leaves compared 
with control plants in the first and second seasons and also improve photosynthetic pigments content in 
leaves of khaya plants treated with different concentrations of cadmium as compared with plants treated 
with cadmium. These results were in harmony with those obtained by Andrade et al. (2008) on 
sunflower plant, Datta and Kulkarni (2014) on Acacia arabica seedlings and Hashem et al. (2016) on 
Cassia italic. 
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Fig. 1: Effect of cadmium (Cd) and/or Mycorrhiza fungi (M) on photosynthetic pigments content in 
leaves (mg/g F.W.) of Khaya senegalensis  plants during 2014 and 2015 seasons  

2. Proline content in leaves (mg/g F.W.) 
Regarding the effect of cadmium on the proline content in leaves of K. senegalensis plants, the 

results in Fig. (2) revealed that raising the Cd level in the soil to 200ppm significantly increased the 
proline content in leaves as compared with the control which gave the lowest proline content in both 
seasons, respectively. These results are in agreement with the findings of Abdul Qados (2015) on Acacia 
saligna, Eucalyptus rostrata and Conocarpus erecta, Ali et al. (2015) on flax plant and Dezhban et al. 
(2015) on Robinia pseudoacacia. 

The mycorrhiza fungi treatments had a considerable effect on the proline content in leaves of K. 
senegalensis plants. The data showed that the proline content in leaves increased in plants grown in soil 
inoculated with mycorrhiza fungi at the rate of 10g/pot, while the lowest mean values of proline content 
in leaves were obtained from control plants in both seasons, respectively. 

The results recorded in the two seasons also showed that using the different combinations of Cd 
and mycorrhiza fungi treatments caused some differences in the proline content in leaves. The highest 
mean values in both seasons were obtained from plants grown in soil containing mycorrhiza fungi at 
the rate of 10g/pot and receiving Cd at the concentration of 200ppm. 

 

 
Fig. 2: Effect of cadmium (Cd) and/or Mycorrhiza fungi (M) on proline content in leaves (mg/g F.W.) 

of Khaya senegalensis  plants during 2014 and 2015 seasons  

The plants exposed to heavy metals seem to induce accumulation of free proline (Costa and 
Morel, 1993). Proline could be involved in metal chelation in the cytoplasm (Farago and Mullen, 1979). 
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3. Cadmium content (ppm)  

The data presented in Fig (3) showed that K. senegalensis plants exposed to Cd at the 
concentration of 200ppm significantly increased Cd content in all plant organs (leaves, stems and roots) 
in the first and second seasons as compared to the other treatments. On the other hand, plants that did 
not receive any Cd (control) showed the lowest content of Cd in leaves, stems and roots in the first and 
second seasons, respectively, compared with other treatments. 

 

Fig. 3. Effect of cadmium (Cd) and/or Mycorrhiza fungi (M) on cadmium content (ppm) of Khaya 
senegalensis  plants during 2014 and 2015 seasons  

The data indicated that, in both seasons, the biostimulants treatments increased the Cd content in 
the leaves, compared to the control. The highest mean values of Cd content were obtained from plants 
grown in soil containing mycorrhiza fungi at the rate of 10g/pot. 

The interaction between the Cd and mycorrhiza fungi treatments resulted in considerable 
differences on the Cd content in the leaves, stems and roots of plants receiving the different treatment 
combinations. The highest accumulation were noticed in plants grown in soil contaminated with 
cadmium at the concentration of 200ppm and treated with mycorrhiza fungi at the rate of 10g/pot. 

 
4. Antioxidant isozymes 
 
a. Peroxidase isozyme (POD) 

Peroxidase electrophoretic patterns in Fig.(4) and Table (4) exhibit a maximum consisting of 7 
bands very well visible on the gel though tightly associated with relative mobility range from (0.090 to 
0.935) and characterized by a clear inter and intra polymorphism in bands presence and absence and 
variable densities among the following treatments (control, Cd at the concentration of 50ppm, Cd at the 
concentration of 100ppm, Cd at the concentration of 200ppm, and Cd at the concentration of 50ppm + 
mycorrhiza fungi at the rate of 10g/pot). The plants grown in soil polluted with Cd at the concentration 
of 50ppm and inoculated with mycorrhiza fungi at the rate of 10g/pot produced 7 bands including three 
faint bands at Rf (0.090, 0.158 and 0.823), three moderate bands at Rf (0.319, 0.624 and 0.706) and only 
one band highly dense at Rf (0.935) . The results indicated that the plants grown in soil polluted with 
Cd at the concentration of 50ppm and inoculated with mycorrhiza fungi at the rate of 10g/pot gave a 
high expression representative in comparison with other different treatments. 

 
b. Catalase isozyme (CAT) 

Data represented in Fig. (5) and Table (5) showed two bands very well visible on the gel though 
tightly associated with relative mobility range from (0.529 to 0.664) and characterized by a clear inter 
and intra polymorphism in bands presence and absence and variable densities (faint, moderate and 
highly density) among different treatments (Control, Cd at the concentration of 50ppm, Cd at the 
concentration of 100ppm, Cd at the concentration of 200ppm and Cd at the concentration of 50ppm + 
mycorrhiza fungi at the rate of10g/pot). The plants grown in soil polluted with Cd at the concentration 
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of 50ppm and inoculated with mycorrhiza fungi at the rate of 10/pot produced two bands including one 
moderate band at Rf (0.529) and one high density band at  Rf (0.664). The results indicated that the Cd 
stressed plant at 50ppm plus mycorrhiza fungi at 10 g/pot gave a high expression. 

Many reports suggested that Cd may stimulate the production of ROS in the mitochondrial 
electron transfer chain (Heyno et al., 2008). A variety of proteins function as scavengers for these ROS 
including catalase (CAT) and peroxidase (POD). The induction of these isozymes is considered to play 
an important role in the cellular defense against oxidative stress, caused by toxic metal exposure (El-
Beltagi et al., 2010). 
 

 
Fig. 4: Ideogram analysis of peroxidase isozyme in Khaya senegalensis 
 
Table 4: Ideogram analysis of peroxidase isozyme in Khaya senegalensis 

Rf C Cd 50 Cd 100 Cd 200 Cd 50+ M 10 

0.090 + +  + + + 

 + ـــــ ـــــ ـــــ ـــــ 0.158

0.319 ++ ++ ++ + ++ 

 ++ ـــــ +  + ++ 0.624

0.706 + + + + ++ 

 + ـــــ ـــــ ـــــ ـــــ 0.823

0.935 ++ ++ + + +++ 

 Lines: C= control plants, Cd50= cadmium at the concentration of 50ppm treatment, Cd100= cadmium at the 
concentration of 100ppm treatment, Cd200= cadmium at the concentration of 200ppm treatment and Cd50+M10= 
cadmium at the concentration of 50ppm + mycorrhiza fungi at the rate of 10g/pot    

 
Fig. 5: Ideogram analysis of peroxidase catalase in Khaya senegalensis  

 
 
Table 5: Ideogram analysis of peroxidase catalase in Khaya senegalensis   

Rf C Cd 50 Cd 100 Cd 200 Cd 50+ M 10 

 ++ + + ـــ ــــ 0.529

0.664 + ++ + ++ +++ 

Lines: C= control plants, Cd50= cadmium at the concentration of 50ppm treatment, Cd100= cadmium at the 
concentration of 100ppm treatment, Cd200= cadmium at the concentration of 200ppm treatment and Cd50+M10= 
cadmium at the concentration of 50ppm + mycorrhiza fungi at the rate of 10g/pot    
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