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ABSTRACT 

 
      The effect of Cu

2+
 on the growth and biosorption properties of non-adapted (parental) and Cu

2+
- 

adapted S. cerevisiae was studied. The level of Cu
2+

 uptake and cells growth was dependent on initial Cu
2+

 
concentration. The 50% growth inhibition of  non-adapted S. cerevisiae was at 82  ppm of Cu

2+ 
 , while the 50% 

growth inhibition of  Cu
2+

- adapted S. cerevisiae was at 136.7of Cu
2+ 

.The results indicated that Cu
2+

- adapted S. 
cerevisiae was able to grow in the presence of 246 ppm of Cu

2+
 amended glucose-peptone liquid medium. No 

growth was observed when non-adapted strain grown on 191.33 to 246 ppm of Cu
2+

 amended medium. On 
the other hand, Cu

2+
- adapted S. cerevisiae significantly tolerated elevated levels of Fe

3+
, Mn

2+
, and Zn

2+
 than 

non-adapted one. It is to be noted that the Cu
2+

- adapted S. cerevisiae can able to uptake different 
considerable proportion of Fe

3+
, Mn

2+
, and Zn

2+
 in addition to Cu

2+
 when was cultured in their presence. The 

response of yield and its components of three Faba bean cultivars were studied after spraying by 
micronutrients loaded, non-loaded S. cerevisiae suspensions or their culture filtrates. The results indicated that 
there were significant differences between Faba bean varieties in yield and its components (except, number of 
seeds/ pod, seed yield/ plant and protein percentage. Foliar application with culture filtrate of Cu

2+
-adapted S. 

cerevisiae (FT) containing Cu
2+

,Fe
3+

,Mn
2+

and Zn
2+

 to Faba bean plants was the most favorable treatment to 
increase yield and its components compared with control treatment. With respect to the interaction between 
Faba bean varieties and the different treatments of micronutrients loaded , non-loaded yeasts or their culture 
filtrates , the effect on yield and its components was significant (except, plant height, number of 
branches/plant, number of seeds/pod, seed yield/plant and seed yield/feddan).   
Keywords: Saccharomyces cerevisiae, metal ions uptake, culture filtrates, biofertilizer, Faba bean.  
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INTRODUCTION 
 

               Yeasts are an inexpensive, readily available source of biomass. Yeast cells are capable of 
accumulation of abroad rang of heavy metals. Furthermore, they retain their ability to accumulate heavy 
metals under a wide range of external conditions. Yeast cells have been shown to accumulate heavy metal 
ions, such as Cu

+2
, Co

+2
, Cd

+2
, Ni

+2
, Mn

+2
, Zn

+2
, Pb

+2
, Ag

+2
 and Fe

+3
[1-4]. Saccharomyces cerevisiae is an excellent 

model microbe in biological research, and has been used for metal accumulation [5-8]. The mechanisms of 
heavy metal ions biosorption may be involve in many processes, such as sorption by transport, biosorption to 
cell walls and entrapment in extracellular capsules, precipitation, and oxidation-reduction reactions [9-12]. 
More important for metal biosorption, the cell surface is vital in controlling bio-interfacial interactions such as 
molecular recognitions, cell adhesion and flocculation [13]. The fungal cell walls are rigid and provide 
structural support and shape, mainly composed of 80-90% polysaccharide, with proteins, lipids, 
polyphosphates and inorganic ions, making up the wall-cementing matrix. The cell walls contain periplasmic 
enzymes and limit the size and type of substances entering into cells due to their porosity [13]. Yeasts 
synthesize antimicrobial and other useful substances required for plant growth from amino acids and sugars 
secreted by bacteria, organic matter and plant roots [14]. Saccharomyces cerevisiae is considered a new 
promising plant growth promoting yeast for different crops. It became in the last few decade a positive 
alternative to chemical fertilizers safely used for human, animal and environment [15]. Yeast as a natural 
stimulator is also, characterized by its richness in proteins 4%, carbohydrates 33%, nucleic acids 8%, lipids 4% 
and minerals 8% such as Na, Fe, Mg, K,P,S, Zn, Mn, Cu, Ni, Si, Cr, Va and Li in addition to thiamin, riboflavin, 
pyridoxine, hormones and other growth regulating substances, biotin, B12 and folic acid [16]. Plant derived 
foods provide an important source of proteins and dietary minerals. This is especially true in developing 
countries where plant foods are a predominant portion of the diet. Hence, there is a need to improve mineral 
concentrations of seed crops such as rice, wheat, maize, as well as common bean and other legumes. 
Biofortification is a recent approach aimed at increasing the bioavailable nutrients, such as Fe and Zn, in these 
staple crops [17] rather than using fortificants or supplements. During the last decades, foliar feeding of 
nutrients has become an established procedure to increase yield and improve the quality of crop products 
[18]. Also, in previous studies [19-21] have shown that the application of essential micronutrients such as Zink, 
Iron and Magnesium could improve the yield and yield components of crops. Foliar fertilization of nutrients 
due to the quick translocation of these nutrients to different parts of the plant is better method than the soil 
application [22]. Meanwhile role of micronutrients should not be ignored. Iron, zinc and manganese have 
several important roles in the plant, including protein synthesis, photosynthesis, chlorophyll synthesis, 
carbohydrate transport and metabolism, growth hormones regulation (auxin) pollen and flower formation 
[23]; functioning as an activator or cofactor of at least 35 enzymes. 

 
      Microbial adaptation is defined as the ability of a microbial population to adjust itself to a changing 
environment. Fungi isolated from metal-contaminated needles of pine saplings situated near a smelter 
emitting cadmium, lead and zinc exhibited greater tolerance to these metals than isolated from no 
contaminated plants [24]. Microbial tolerance to heavy metals could be developed in vitro by experimental 
manipulation [25-27]. Faba bean (Vicia faba L.) is an important winter legume crops and a good source of 
protein for human and animal feeding. 
 
      Varietal differences in yield and yield components of Faba bean crop may assist plant breeders to 
select for most promising combiners in their breeding programs. Many investigators had reported high 
variability among Faba bean varieties for yield and its components [28-36]. 
 
      The purpose of the present study was to investigate the possible use of non- adapted and metal ions 
loaded adapted Saccharomyces cerevisiae and their culture filtrates to improve Faba bean crop. 
 
 

MATERIAL AND METHODS 
Organism and culture conditions 
 
      Saccharomyces cerevisiae was obtained from Egyptian Sugar and Integrated Industries Company 
(ESIIC), Hawamdia, Giza, Egypt. The organism was maintained on YPG solid medium and sub cultured every 
one week. 
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Media 
 
      YPG medium: contained (g/l) glucose, 20; peptone 10; yeast extract, 3 with or without agar, 20.  
Glucose-peptone medium [(Its low metal binding affinity [37]: contained (g/l) glucose, 20; peptone, 10, with or 
without agar, 20.  
 
Metals 
 
      Analar-grade metal salts obtained from Merck or BDH were used throughout this work. These salts 
are: CuCl2, ZnCl2.2H2O, MnCl2.4H2O and FeCl3. 
 
Training of Saccharomyces cerevisiae to copper (II) 
 
      Saccharomyces cerevisiae was trained on peptone glucose liquid medium amended with a copper 
concentration (as CuCl2)that inhibit the growth by approximately50%  to tolerate high concentration of 
Cu

2+
.For this purpose S. cerevisiae was exposed to copper (II) for growing in or to establish the copper (II) 

sensitivity of yeast. Achievement of yeast culture tolerant to Cu
2+

was obtained during serial subcultures in 
glucose-peptone liquid medium amended with a copper concentration that inhibit yeast growth by 
approximately 50% for 7 days ( 7 transfers). The adaptation process was also carried out at 28°C with shaking 
at 150 rpm in 250 ml flasks containing 45 ml of copper amended medium. The copper tolerant isolate was 
maintained on glucose peptone solid medium containing 10 ppm of Cu

2+
 and stored at 4°C. 

 
Inoculums 
 
      Non-adapted (parental) and copper-adapted S. cerevisiae were grown in flasks (250 ml) each 
contained 45ml of glucose peptone liquid medium unamended or amended with 10 ppm of Cu

2+
. The cultures 

were incubated shaken (150 rpm) at 28°C for 24h. 
 
Metal ions toxicity in non-adapted (parental) and copper-adapted S. cerevisiae 
 
      Five ml of inoculums were added to each flask (250ml) contained 45ml of glucose peptone liquid 
medium amended with graded concentrations of Cu

2+
, Zn

2+
, Mn

2+
 or Fe

3+
. The cultures were incubated shaken 

(150 rpm) at 28°C for 24h. The growth was determined by using spectrophotometer (Agilent UV/VIS Cary-100) 
at OD600.The cells were harvested by centrifugation (3000 rpm for 10 min.) and dried at 80°C, the supernatants 
were analyzed for metal contents. Amount of metal taken up by the cells was calculated by difference in initial 
and final concentration in the solution. The metal ion sorption (%) was calculated as follows:  

 
Unsorbed (residual) metal %= Ax100/B 

Sorbed metal%= 100- Ax100/B 
 
A=Metal ion concentration in supernatant (the post-contact solution) 
B= Initial metal ion concentration (control). 
 
Analytical methods 
 
     Cu, Zn, Mn, and Fe were determined by atomic absorption spectrophotometer FS240 Agilen. 
 
 
 
Elemental analysis 
 
      Carbon, hydrogen, sulphur, and nitrogen in all samples of yeast were determined by using Vario El 
Elementar. 
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Field experiments 
 
       Two field experiments were carried out; at new land in the Researches and Production Station of 
the National Research Centre (NRC) at Al Nubaria district, El-Behaira Governorate, Egypt during winter 
seasons of 2014/2015 and 2015/2016.The experiments were carried out to study the effect of foliar spray by 
micronutrients loaded, non-loaded S. cerevisiae suspensions and their culture filtrates on three Faba bean 
cultivars.  
 

The experiments were laid out in split plot design with four replications where Faba bean varieties 
(Sakha-3,Misr -2 and Nubaria -1) were randomly assigned in main plots, meanwhile six combinations of foliar 
spraying by micronutrients loaded , non-loaded S. cerevisiae suspensions and their culture filtrates were 
distributed randomly in sub-plots as follows: 

 
1. Control (Tap water).  

2. CT: Biomass of Cu
2+

 - adapted S. cerevisiae in Tap water. 

3. FT: Culture filtrate of Cu
2+

 - adapted S. cerevisiae containing Cu (18.17ppm), Fe (24.52ppm),   Mn 

(15.87ppm) and Zn (12.56 ppm). 

4. FC0: Culture filtrate of non-adapted S. cerevisiae. 

5. C0: Biomass of non-adapted S. cerevisiae in Tap water. 

6. M.M.S (control): Mixed metals solution containing Cu (18.17ppm), Fe (24.52ppm), Mn   (15.87ppm) 

and Zn (12.56 ppm). 

      The experimental unit area was 10.5 m
2
 = (1/400 fed., one feddan =4200 m

2
) 3 m long and 3.5 m 

width which formed of 14 rows from 20 (cm) between rows. Seeds of Faba bean varieties were planted in 1
st

 
December in growing seasons. Irrigation was carried out using the sprinklers according zoon system. During 
seed bed preparation P2O5 and K2O fertilizers were added at the rate of 31.0 and 24.0 (kg/fed), respectively, 
while nitrogen fertilizer as ammonium nitrate (33.5%) was added at the rate of 33.5 kg N/fed. Foliar spraying 
by micronutrients loaded and non-loaded yeasts and their culture filtrates were spraying on plant foliage 
during Faba bean plant growth period at 60 days after sowing.  
 

At harvest the following characters were recorded on a random sample of ten guarded plants from 
each plot: 
 

1. Plant height (cm). 

2. Number of branches /plant. 

3. Number of pods /plant. 

4. Pods yield /plant (g). 

5. Number of seeds /pod. 

6. 100 seeds weight (g). 

7. Seed yield /plant (g). 

 
The whole plot was harvested to determine seed and biological yields/feddan. Protein% was 

calculated by multiplying N content by 6.25 according to Chapman and Pratt [38]. 
 

Statistical analysis 
 
      The data are expressed as the arithmetic mean ± standard error of the means (x± SEM). The Data of 
field experiments were subjected to statistical analysis according to procedure outlined by Gomez and Gomez 
[39], whereas, treatment means were compared to L.S.D test. Combined analysis was made for the two 
growing seasons as results followed similar trend. 
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RESULTS AND DISCUSSION 
 

Effect of inoculums size on S. cerevisiae biomass production 
 
      This experiment was designed to establish the effect of inoculums size obtained from preinoculum 
medium (YPG) on growth of S. cerevisiae, therefore, conical flasks (250 ml) each containing 49 ml, 48 ml, 47 ml, 
46 ml or 45 ml of glucose, peptone liquid medium inoculated with 1 ml, 2 ml, 3ml, 4 ml or 5 ml of inoculums. 
the cultures were incubated shaken (150 rpm) at 28°C for 24 h. At the end of incubation period, the growth 
was determined at OD600. the results showed that, by increasing inoculums size, the growth of S. cerevisiae 
increased until reached to the maximum at inoculums size 5 ml recorded OD600=9.69 (Table, 1). 
 

Table 1: Effect of inoculums size on biomass production. 
 

 
 
 
 
 
 
 
Adaptation of S. cerevisiae to copper (II) tolerance in liquid medium 
 
      There are a few reports of copper (II) biosorption by growing yeast cells. Copper (Cu) is an essential 
element required by all living organisms. Thus, the growth of the original S. cerevisiae was determined on 
liquid medium amended with copper (0 to 246 ppm as copper chloride). This was done to determine the 
copper concentration that reduced the biomass growth by approximately 50%. Results presented in Fig.1 show 
that 82 ppm of copper (II) reduced the cells growth by 44.12%. The yeast was adapted to copper (II) by serial 
transfers (7transfers) on glucose, peptone liquid medium containing 82 ppm copper (II) for 7 days. Lopez and 
Vazquez [37]established peptone as being responsible for this, rather than any other nitrogen-containing 
organic substrates, because of its comparatively low metal binding affinity. Data presented in Table 2 showed 
that during the adaptation process, the growth of yeast was increased until reached to the maximum at the 7

th
 

transfer (from OD600= 0.62 to OD600= 7.17). This may be because, during 7 transfers, the culture rapidly adapts 
and can tolerate high copper concentration (82 ppm). On the other hand, the broth and the cells become 
reddish orange in color initially at the 4

th
 transfer, this is also appear when S. cerevisiae grows in solid medium 

containing copper (II) then the cells becomes reddish orange in color (Fig.2A). This may be due to some 
pigments or compound responsible for copper tolerance resistance in S. cerevisiae or as a result of oxidation- 
reduction reactions. Yap et al., [40] reported that at the Cu exposure of 200-600 mg/l, deep bluish mycelia of 
tolerant strain of Trichoderma atroviride were clearly visible which was indicative of the presence of Cu ions. 
Some workers [41-43] suggested that with active biomass, metals are concentrated through a combination of 
surface reactions, intra- and extracellular precipitation, and intra- and extracellular complexation reactions. 
After 7 transfers on liquid medium containing 82 ppm of copper (II), the growth of adapted yeast was 
determined on copper (II) amended medium (0-246 ppm), after 24h of incubation, the 50% growth inhibition 
was approximately 136.7 ppm of Cu

2+
, (Fig., 1). As shown in Fig.1, the increasing of Cu

2+
concentration in the 

growth medium caused inhibition on the growth of two kinds of yeasts (non-adapted and copper-adapted), 
but Cu

2+
-adapted strain was exhibited 100% of growth at Cu

2+
concentrations of 27.33 ppm and 54.66 ppm 

.These results were agree with the results of Sun et al., [44], they found that the growth of the yeast was 
slower as the initial copper concentration increased. On the other hand, the growth of Cu

2+
-adapted S. 

cerevisiae is higher than that of non-adapted one when grown on liquid media containing 0-246 ppm of 
Cu

2+
.No growth was observed when non-adapted S. cerevisiae grown on 191.33-246 ppm of Cu

2+
amended 

medium. [45 and 46] reported that high Cu
2+

 levels are toxic, mainly because Cu
2+

catalyzes the synthesis of 
reactive oxygen species that cause cellular damage.  Whereas ,Cu

2+
-adapted S. cerevisiae was exhibited growth 

(62.9-21.5%)at the same concentrations of Cu
2+

, this due to high metal resistance could be attributed to 
metallothionins (MTs) and/or other metal-induced small protein quantities in S. cerevisiae [47 and 48].These 
results were agree with the results of Donmez and Aksu [49]. 

 
 
 

Inoculums size (ml) Growth O.D600 

1 8.18 

2 8.25 

3 8.69 

4 9.49 

5 9.69 
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Figure 1: Cu
2+ 

toxicity in non- adapted (parental) and Cu
2+

adapted Saccharomyces cerevisiae. 
 

Table 2: Training of Saccharomyces cerevisiae to a Cu
2+

 concentration that inhibit the 
growth by about 50%. 

 

 
     Initial pH, 6.02 
 

 
 

Figure 2: Showed the difference between Cu2
+
- adapted and non-adapted S. cerevisiae in color. Fig.(2A) 

appears the cells of Cu
2+

- adapted S. cerevisiae become reddish orange in color during the training process to 
copper, while, Fig.(2B) appears no color formation in case of  non-adapted S. cerevisiae grown on a medium 

free Cu
2+

. 
 
 
 

Transfer No. Final pH Growth OD600 

0 5.10 3.08 

1 5.15 0.62 

2 4.63 0.98 

3 4.99 1.12 

4 5.08 1.46 

5 4.93 1.58 

6 4.85 4.28 

7 4.97 7.17 
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      The elemental analysis of dried non-adapted and Cu
2+

- adapted S. cerevisiae biomass obtained from 
glucose-peptone media unamended  or amended with 27.33 ppm of Cu

2+
 have differential ratios of C, H, N and 

S (Table 3 ).  These differential ratios were due to the exposure of cells with Cu
2+

 in the growth media, but this 
requires further in-depth study. 
 

Table 3: Carbon, hydrogen, sulphur, and nitrogen content in non-adapted and Cu
2+

- adapted S. cerevisiae. 
 

 
Metal tolerance 
 
      The sensitivity of the non-adapted (parental) and Cu

2+
- adapted S. cerevisiae to Fe

3+
, Zn

2+
or Mn

2+
 

were determined. Saccharomyces cerevisiae was grown on glucose- peptone liquid medium containing 
increasing concentrations of each individual tested metal and the biomass growth was determined. Data 
shown in Figs 3 and 4 indicate that copper-adapted S. cerevisiae significantly tolerated elevated levels of 
Fe

3+
(0-258.5 ppm) and Mn

2+
(0-208 ppm)than non-adapted one. Also, the adapted strain could tolerate up to 

51.7 ppm of Zn
2+

 than non-adapted one then the growth was dropped at Zn
2+

concentrations from 68.9- 155.0 
ppm (Fig., 5). This co-tolerance to heavy metals indicated that the mechanism(s) conferring tolerance to 
copper was not unique for that metal. Although metal- tolerant microorganisms isolated from natural 
environments polluted with metals often exhibit tolerance to multiple metals, each of the metal was usually 
present at elevated concentrations in these environment. Consequently, co-tolerance in these instances, in 
contrast to the development to each individual metal, cannot to confirm. Co tolerance to metals has been 
demonstrated in vitro, copper- trained Rhizopus stolonifer and Cunninghamella blakesleeana acquired a 
tolerance to elevated levels of Cd, Co, Ni and Pb [25].Romero et al., [50] reported that Talaromyces helicus was 
trained with high copper levels, and became co-tolerant to cobalt, lead and cadmium when was cultured in 
their presence. In addition to the Cu- adaptation was the result of physiological mechanisms, and the activated 
biochemical processes conferred resistance to Cu

2+
 as well as to other heavy metals. 

 

 
 
 

Figure 3:  Fe
3+ 

toxicity in non- adapted (parental) and Cu
2+

-adapted Saccharomyces cerevisiae. 
 

Sample C% H% S% N% 

Non-adapted S. cerevisiae (original) 46.14 11.547 0.711 6.683 

Cu
2+

-adapted S. cerevisiae 47.57 13.125 0.192 2.425 

Original S. cerevisiae grown in the presence 27.333- Cu
2+

 
 

45.56 
 

13.680 
 

0.414 
 

7.063 

Cu
2+

-adapted S. cerevisiae grown in the presence 27.333- Cu
2+

 
 

46.61 
 

8.235 
 

0.259 
 

5.550 

Cu
2+

-adapted S. cerevisiae grown in the presence of mixed metals 
(Cu, Fe, Mn, and Zn) 

 
42.46 

 
6.648 

 
0.454 

 
7.369 
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Figure 4: Mn
2+ 

toxicity in non- adapted (parental) and Cu
2+

adapted Saccharomyces cerevisiae. 
 

 
 

Figure 5:Zn
2+ 

Toxicity in non- adapted (parental) and Cu
2+

adapted Saccharomyces cerevisiae. 

 
Metal uptake by growing S. cerevisiae 
 
      The non-adapted and Cu

2+
-adapted S. cerevisiae were exposed to different concentrations of metal 

ions i.e. Cu
2+

, Zn
2+

, Mn
2+

, or Fe
3+

 for growing in order to establish the metal uptake by yeast.  Results presented 
in Tables (4-7) show that the uptake of all metals from each culture by Cu

2+
-adapted S. cerevisiae was 

significantly higher than the non-adapted one. As shown in Table (4) when the initial Cu
2+

 concentration was 
increased from 27.33 to 191.33 ppm, the Cu

2+
 uptake capacity of Cu

2+
-adapted strain increased from 13.9 to 

38.84ppm, while the Cu
2+

 uptake capacity of non-adapted S. cerevisiae was decreased from 12.566 to 0.0 (no 
growth). At Cu

2+
 concentrations of 27.33 and 191.33 ppm, growing adapted S. cerevisiae biomass took up 

50.88 and 20.30% of the total amount of copper (II) within the 24h, respectively. While non-adapted S. 
cerevisiae took up 45.98 and 0.0% (no growth) of the total amount of copper (II) under the same conditions. 
On the other hand, the pH values were decreased from 5.62 to 5.0 by increasing of Cu

2+
 concentrations in all 

cultures. In waste waters of pH 3-5, yeast biomass could previous an effective bio accumulator for removal of 
copper (II) [49].S. cerevisiae can be able to uptake of Cu

2+
 as well as Zn

2+
, Mn

2+
, and Fe

3+
. Ferric ions uptake was 

increased with increasing Fe
3+

 concentration up to 344.63 ppm by non-adapted and Cu
2+

-adapted S. cerevisiae, 
while the adapted strain took up Fe

3+
 higher than non-adapted one (Table, 5). The pH values were decreased 

with increasing Fe
3+

 concentration from pH 5.34 to 3.60. The results showed that the uptake of Mn
2+

 and Zn
2+

 
by S. cerevisiae appeared to be low compared with Cu

2+
 and Fe

3+
. On the other hand, the uptake of Mn

2+
 and  
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Zn
2+

 by Cu
2+

-adapted S. cerevisiae was higher than non-adapted one (Tables, 6 and7). The pH values were 
changed with increasing of metals concentrations at the end of incubation (24h.). At 23.11 ppm initial Mn

2+
 

concentration, the Mn
2+ 

uptake by non-adapted and Cu
2+

 adapted S. cerevisiae was 13.4% (3.09 ppm) and 
22.37% (5.17 ppm), respectively. Whereas, at Mn

2+
 concentration of 138.66 ppm, Mn

2+
 took up by non-

adapted and Cu
2+

 adapted was 4.45 ppm and 7.515 ppm, respectively. At 17.23 ppm initial Zn
2+

 concentration, 
the non-adapted and Cu

2+
 adapted S. cerevisiae took up 5.49 ppm and6.91 ppm, respectively. Whereas, at Zn

2+
 

concentration of 103.38 ppm, Zn
2+

 took up by non-adapted and Cu
2+

 adapted S. cerevisiae took up 5.29 ppm 
and6.96 ppm, respectively, Tables (6-7). [49] reported that heavy metal adapted cells of yeasts are able to bio 
accumulate heavy metal cations in high concentrations and to remove them from the cultivation suspension. 
The biomass of non-adapted and Cu

2+
 adapted S. cerevisiae accumulate considerable amounts of Cu

2+
, Zn

2+
, 

Mn
2+

, or Fe
3+

. These results indicate that biosorption of metals by biomass of yeast is a relatively non-specific 
process with each metal binding site being able to be used by any number of metal species depending on their 
relative concentrations and chemical properties, the nature of the ligands and external physiochemical factors 
[51]. Some workers [52 and 53] reported that metal ion uptake in yeasts is known to involve an initial rapid 
binding of metal ions to negatively charged sites on the cell wall which is a multi-laminate, microfibrillar 
structure consisting of up to 90% polysaccharides followed by a slower, energy-dependent entry. The outer 
mannan-protein layer of the yeast cell wall as well as the inner glucan-chitin layer are important heavy metal 
accumulation.  
 

Table 4: Cu
2+

 uptake by growing non-adapted and Cu
2+

 adapted S. cerevisiae. 

        
      Initial pH in the presence of Cu

2+
 =5.62 

      Initial pH at 0.0 Cu
2+ 

=6.02 
 

Table 5: Fe
3+

 uptake by growing non-adapted and Cu
2+

 adapted S. cerevisiae. 
 

       
    Initial pH in the presence of Fe

3+ 
=5.43 

 
Cu

2+
 

concentration 
(ppm) 

 
Final pH 

 
Cu

2+
 uptake (%)by 

non-adapted 

 
Final pH 

 
Cu

2+
uptake (%)by 
Adapted 

0.0 5.10 0.0 5.00 0.0 

27.33 5.10 45.98 5.20 50.88 

54.67 5.10 33.72 5.50 43.03 

81.99 5.20 30.76 5.00 42.93 

109.33 5.20 14.95 5.20 36.82 

136.67 5.00 8.23 5.20 26.72 

163.99 5.00 4.44 5.10 22.40 

191.33 5.00 0.00 5.00 20.30 

 
Fe

3+
 concentration 

(ppm) 

 
Final pH 

 
Fe

3+
 uptake (%)by 

non-adapted 

 
Final pH 

 
Fe

3+
 uptake (%)by 
adapted 

0.0 4.28 0.0 5.0 0.0 

43.079 5.00 53.973 5.26 55.656 

86.158 4.84 44.196 4.97 53.830 

129.237 4.63 33.846 4.72 47.611 

172.316 4.48 30.570 4.45 37.245 

215.395 4.27 28.261 4.29 32.411 

258.474 4.02 14.741 4.10 18.650 

301.553 3.90 8.232 3.88 10.285 

344.632 3.70 6.620 3.69 8.620 

387.711 3.62 3.912 3.60 5.111 
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Table 6: Mn
2+

 uptake by growing non-adapted and Cu
2+

 adapted S. cerevisiae. 
 

        
        Initial pH in the presence of Mn

2+
 =6.1 

        Initial pH at 0.0 Mn
2+ 

=6.02 
 

Table 7: Zn
2+

 uptake by growing non-adapted and Cu
2+

 adapted S. cerevisiae. 
 

     
     Initial pH in the presence of Zn

2+
 =6.1 

     Initial pH at 0.0 Zn
2+ 

=6.02 

 
Effect of various heavy metal ions on the uptake of copper (II) 
 
      The effect of various sorbates associated with copper (II) in glucose - peptone liquid medium was 
studied. The sorbates included Zn

2+
,17.23 ppm; Mn

2+
, 23.11 ppm ; Fe

3+
,43.088 ppm and Cu

2+
 ,27.33 ppm .The 

results in Table(8) showed that the copper (II) uptake by Cu
2+

 adapted S. cerevisiae was decreased from 
50.88% to 33.53% in the presence of tested heavy metal ions. It is to be noted that the biomass of S. cerevisiae 
grown on mixed metal ions amended medium removed different considerable proportion of Fe

3+
, 43.08%, 

Mn
2+

,31.33% and Zn
2+

, 26.53% in addition to Cu
2+

 33.53%with biomass growth as OD600=8.8,whereas, when 
Cu

2+
 adapted S. cerevisiae grown in the presence of a half concentration of the previous mixed metal, the 

uptake of Cu
2+

, Zn
2+

, Mn
2+

, and Fe
3+

were 14.97, 48.39, 29.26 and 33.22%, respectively. From data in Table (8) it 
appears that Cu

2+
 adapted S. cerevisiae is capable of accumulating considerable amounts of Cu

2+
 in the 

 
Mn

2+
 concentration 

(ppm) 

 
Final pH 

 
Mn

2+
 uptake (%)by 

non-adapted 

 
Final pH 

 
Mn

2+
uptake (%)by 
adapted 

0.0 4.39 0.0 4.90 0.0 

23.11 5.15 13.40 5.58 22.37 

46.22 5.60 10.69 5.82 18.70 

69.33 5.65 8.43 5.78 10.32 

92.44 5.69 6.52 5.76 8.65 

115.55 5.68 4.99 5.80 6.73 

138.66 5.75 3.21 5.75 5.42 

161.77 5.75 2.48 5.71 3.64 

184.88 5.74 1.10 5.84 2.21 

207.99 5.74 0.20 5.80 1.80 

 
Zn

2+
 concentration 

(ppm) 

 
Final pH 

 
Zn

2+
 uptake (%)by 

non-adapted 

 
Final pH 

 
Zn

2+
uptake (%)by 
adapted 

0.0 4.77 0.0 5.09 0.0 

17.23 4.75 31.89 5.23 40.11 

34.46 4.95 23.82 5.58 25.65 

51.69 5.15 15.76 5.64 17.33 

68.92 5.37 9.80 5.75 12.21 

86.15 5.45 7.00 5.75 10.62 

103.38 5.50 5.10 5.71 6.73 

120.61 5.50 3.20 5.75 4.33 

137.84 5.54 2.30 5.70 3.21 

155.07 5.56 1.80 5.76 2.10 
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presence of other heavy metal ions with only a limited decrease 17.35% in the level of accumulation at the 
higher metal ions concentrations (Zn

2+
, Mn

2+
, and Fe

3+
)with biomass growth as OD600=7.7. This indicates that 

yeast cells are selective in their uptake of metal cations and that the mechanisms of heavy metal uptake are 
not over whelmingly inhibited by elevated ionic strength. These results were agreed with the results obtained 
by [2 and 50]. 
 

 
Table 8: Uptake of mixed heavy metal ions by growing Cu

2+
 

-adapted S. cerevisiae. 
 

Metal ion 
Metal ion 

concentrations 
(ppm) 

 
Residual 

 
Adsorbed 

 
Metal ion uptake 

(%) 

Cu
2+

 
13.67 11.62 2.05 14.97 

27.33 18.17 9.16 33.53 

Fe
3+

 
21.54 11.12 10.42 48.39 

43.08 24.52 18.56 43.08 

Mn
2+

 
11.56 8.18 3.38 29.26 

23.11 15.87 7.24 31.33 

Zn
2+

 
8.62 5.76 2.86 33.22 

17.23 12.56 4.58 26.58 

    
    Initial pH in the presence of metals= 5.24 

 
 
Varietal differences   
 
       The results reported in Table (9) indicate clearly that there were significant differences between Faba 
bean varieties in plant height, number of branches/ plant, number of pods/ plant, 100 seed weight (seed 
index),seed yield/ feddan and biological yield/ feddan, except in number of seeds/ pod, seed yield/ plant and 
protein percentage. Moreover, Sakha-3 variety had the highest mean values from plant height, number of 
branches/ plant and protein percentage, while Nubaria-1 variety had the highest values for number of pods/ 
plant, number of seeds/ pod, 100 seed weight and seed yield/ plant, as well as, Misr-2 variety had the highest 
values for seed yield/ feddan and biological yield/ feddan. 
 

                The differences among Faba bean cultivars in yield attributes may be due to the differences in 
number of nodules formed by each cultivar and consequently growth of each cultivar depend mainly on 
nitrogen fixation [ 54]. Also, [28] obtained varietal differences in partition and migration of dry matter. They 
added that Faba bean cultivars differed in carbon equivalent of each of vegetative components, seeds and 
straw, number of glucose "g" required to from 1 "g" of vegetative matter, seeds and straw, yield energy per 
plant as well as per feddan and above ground biomass energy per feddan. Also coefficient of energy of crop 
index, harvest index and migration coefficient varied among the Faba bean cultivars studied.  

 
                It could be concluded that the results of the cultivars differences, herein, are confirmed with those 

obtained by [28-36]. 
 

Effect of micronutrients loaded adapted, non-loaded non-adapted S. cerevisiae or their culture filtrates on 
Faba bean properties 
 
       It is clear from Table (9) that spraying Faba bean plants with micronutrients loaded , non-loaded S. 
cerevisiae or their culture filtrates significantly increased plant height, , number of branches/ plant, number of 
pods/ plant, number of seeds/ pod , 100 seed weight (seed index), seed yield/ plant ,seed yield/ feddan , 
biological yield/ feddan and protein percentage.  
 

                 It could be concluded that application with FT treatment to Faba bean plants was the most favorable 
treatment to increase yield and its components compared with control treatment followed by FC0 and C0 
treatments. Yeasts synthesize antimicrobial and other useful substances required for plant growth from amino 
acids and sugars secreted by bacteria, organic matter and plant roots [14]. Meanwhile role of micronutrients 
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should not be ignored. Iron, zinc and manganese have several important roles in the plant, including protein 
synthesis, photosynthesis, chlorophyll synthesis, carbohydrate transport and metabolism, growth hormones 
regulation (auxin) pollen and flower formation [23]; functioning as an activator or cofactor of at least 35 
enzymes. These results are in harmony with those obtained by [18-22]. 

 
 
Table 9: Effect of cultivar differences and micronutrients loaded adapted, non-loaded non-adapted S. cerevisiae or their 

culture filtrates on yield and its components of Faba bean (Average of 2014/2015 and 2015/ 2016 seasons). 

 
 

1-Control (Tap water).  
2-CT: Biomass of Cu

2+ 
- adapted S. cerevisiae in Tap water. 

3-FT: Culture filtrate of Cu
2+

 - adapted S. cerevisiae containing Cu (18.17ppm), Fe (24.52 ppm),  
Mn (15.87ppm) and Zn (12.56 ppm).  
4-FC0: Culture Filtrate of non-adapted S. cerevisiae. 
5-C0: Biomass of non-adapted S. cerevisiae in Tap water. 
6-M.M.S: Mixed metals solution containing Cu (18.17ppm), Fe (24.52ppm), Mn (15.87ppm) and 
 Zn (12.56 ppm). 
 

Effect of interaction between Faba bean cultivars and micronutrients loaded adapted, non-loaded non-
adapted S. cerevisiae or their culture filtrate 
 
      Data in Table (10) indicated that number of pods/ plant, 100 seed weight, biological yield/ feddan 
and protein percentage significantly responded to the interaction between Faba bean cultivars and the 
different treatments of micronutrients loaded, non-loaded S. cerevisiae or their culture filtrates. However, 
plant height, number of branches/ plant, number of seeds/ pod, seed yield/ plant and seed yield/ feddan 
under study showed no significant response to the interaction (Table 10). It is noteworthy to mention that 
foliar application of Nubaria-1 cultivar with FT treatment (Culture Filtrate of Cu

2+
 - adapted S. cerevisiae 

containing Cu, Fe, Mn and Zn) was the most favorable treatment for each one of number of pods/ plant, 
number of seeds/ pod , 100 seed weight,  seed treatment for each one of number of pods/ plant, number of 
seeds/ pod , 100 seed weight,  seed yield/ plant, seed yield/ feddan and biological yield/ feddan. On the other 
hand, Sakha-3 cultivar with FT treatment (Culture Filtrate of Cu

2+
 - adapted S. cerevisiae containing Cu, Fe, Mn 

Protein % 

Biological 
yield 

“ton/fed” 

Seed 
yield 

“kg/fed” 

Seed yield 
“g/plant” 

100 
seed 

weight 
“g” 

 

No. of 
seeds 
/pod 

No. of 
pods 

/plant 

No. of 
branches 

/plant 

Plant 
height 
“cm” 

 
Characters 
Treatments 

 Cultivars 

22.06 1.89 410.06 9.23 79.89 2.61 7.67 2.94 81.83 Sakha- 3 

21.72 2.26 425.17 10.11 75.33 2.56 8.17 2.61 80.94 Misr-2 

21.89 2.05 419.28 10.18 92.00 2.72 8.39 2.17 79.50 Nubaria-1 

n.s 0.12 10.35 n.s 1.09 n.s 0.45 0.20 1.19 L.S.D at 5% 

Micronutrients loaded adapted, non-loaded non-adapted S. cerevisiae or their culture filtrates. 

21.54 1.60 329.78 4.64 71.89 2.00 3.00 1.67 70.56 1- Control 

21.76 1.95 357.89 10.42 81.56 2.44 6.44 2.11 76.78 2- CT 

22.96 2.51 565.56 12.61 91.11 3.22 11.22 3.78 90.33 3- FT 

21.98 2.21 429.44 11.04 84.78 2.89 10.00 3.11 85.44 4- FC0 

21.77 2.14 426.56 10.44 82.89 2.67 9.11 2.44 82.11 5- C0 

21.33 2.00 399.78 9.88 82.22 2.56 8.67 2.33 79.33 
6-M.M.S 
 

0.60 0.11 21.92 0.68 2.85 0.42 0.76 0.60 2.53 
L.S.D. at 

5% 
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 and Zn) produced the highest values of plant height and number of branches/ plant. With respect to the 
protein percentage the most effective treatment was spraying Misr-2 cultivar with FT treatment (Table 
10).Metal toxicity can be markedly affected , either reduced or increased , by binding with organic substances. 
These metal binding processes may occur either extracellularly or intracellularly. Binding or chelation of a 
metal by released metabolites has been advanced as a mechanism of detoxification. Citric acid, oxalic acid, 
exopolysaccharides and enzymes which can be produced by many yeasts and fungi, can readily chelate metal  
ions such as cu

2+
, pb

2+
, Zn

2+
, Fe

2+
 and other metals in form organic metals and may control metal availability in 

the growth medium[ 55-57]. 
 

 
Table10: Effect of interaction between cultivars and micronutrients loaded adapted, non-loaded non - adapted S. 

cerevisiae or their culture filtrates on yield and its components of Faba bean 
 (Average of 2014/ 2015 and 2015/ 2016 seasons). 

 

Treatments 
Plant 

height 
“cm” 

No. of 
branches 

/plant 

No. of 
pods 

/plant 

No. of 
seeds 
/pod 

100 
seed 

weight 
“g” 

Seed 
yield 

“g/plant” 

Seed 
yield 

“kg/fed” 

Biological 
yield 

“ton/fed” 

Protein 
% 

Cultivars 
 

 
micronutrients loaded adapted, non-loaded non-adapted S. cerevisiae or their culture filtrates 

Sakha- 3 

1-Control 70.67 1.67 3.00 2.00 69.67 4.00 330.00 1.26 21.77 

2- CT 76.67 2.33 6.00 2.33 80.67 9.80 345.00 1.65 22.10 

3- FT 94.00 4.33 10.67 3.00 88.00 11.80 546.67 2.10 22.10 

4- FC0 87.67 3.67 9.33 3.00 80.67 10.73 428.33 2.13 23.03 

5- C0 82.67 3.00 8.67 2.67 78.33 9.63 420.33 2.30 21.93 

6- M.M.S 79.33 2.67 8.33 2.67 82.00 9.40 390.00 1.90 21.43 

Misr-2 

1-Control 70.67 2.00 2.67 2.00 69.33 5.00 355.00 2.13 21.77 

2- CT 80.00 2.00 6.67 2.33 76.00 11.10 360.00 2.40 21.00 

3- FT 86.67 3.67 9.67 3.00 78.00 12.43 560.00 2.63 23.47 

4- FC0 84.33 3.00 10.33 2.67 73.00 11.23 443.33 2.30 21.73 

5- C0 83.33 2.33 10.00 3.00 76.33 10.77 426.00 2.07 21.37 

6- M.M.S 80.67 2.67 9.67 2.33 79.33 10.13 406.67 2.03 20.97 

Nubaria-
1 

1-Control 70.33 1.33 3.33 2.00 76.67 4.93 304.33 1.40 21.10 

2- CT 73.67 2.00 6.67 2.67 88.00 10.37 368.67 1.79 22.17 

3- FT 90.33 3.33 13.33 3.67 107.33 13.60 590.00 2.80 23.30 

4- FC0 84.33 2.67 10.33 3.00 100.67 11.17 416.67 2.18 21.17 

5- C0 80.33 2.00 8.67 2.33 94.00 10.93 433.33 2.06 22.00 

6- M.M.S 78.00 1.67 8.00 2.67 85.33 10.10 402.67 2.07 21.60 

L.S.D. at 5% n.s n.s 1.3 n.s 4.93 n.s n.s 0.19 1.04 

 

 
For experimental conditions, see footnote in Table, 9. 
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CONCLUSION 

 
      From the present study, it was found that that Cu

2+
- adapted S. cerevisiae was able to grow in the 

presence of 246 ppm of Cu
2+

 amended glucose-peptone liquid medium. When compared with non-adapted S. 
cerevisiae (parental), it was clear that Cu

2+
concentration that inhibits the growth of parental strain was initially 

191.33 ppm. On the other hand, Cu
2+

- adapted S. cerevisiae significantly tolerated elevated levels of Fe
3+

, Mn
2+

, 
and Zn

2+
 than non-adapted one. The high tolerance to Cu

2+
observed inCu

2+
- adapted S. cerevisiae could be 

attributed to metallothionins and/ or other metal- induced small protein quantities in S. cerevisiae (Birch and 
Walker, 2000; and Carman and Han, 2009). The uptake of  Fe

3+
, Mn

2+
, Zn

2+
 or Cu

2+
 by growing Cu

2+
- adapted S. 

cerevisiae significantly higher than non-adapted one. Living yeast adsorption can be divided into extracellular 
and intracellular adsorption. It is to be noted that the growing Cu

2+
- adapted S. cerevisiae can able to uptake 

different considerable proportion of  Fe
3+

, Mn
2+

, Zn
2+

 in addition to Cu
2+

 when was cultured in their presence. It  
is noteworthy to mention that foliar application of Nubaria-1 cultivar with FT treatment (Culture Filtrate of 
Cu

2+
 - adapted S. cerevisiae containing Cu, Fe, Mn and Zn) was the most favorable treatment for each one of 

number of pods/ plant, number of seeds/ pod, 100 seed weight, seed yield/ plant, seed yield/ feddan and 
biological yield/ feddan. On the other hand, Sakha-3 cultivar with FT treatment (Culture Filtrate of Cu

2+
 - 

adapted S. cerevisiae containing Cu, Fe, Mn and Zn) produced the highest values of plant height and number of 
branches/ plant. With respect to the protein percentage the most effective treatment was spraying Misr-2 
cultivar with FT treatment 
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