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ABSTRACT 

 
Field experiments were carried out in a private farm at Met Rabia village, Bilbas, Sharkia Governorate, 

Egypt during the two growing summer seasons of 2010 and 2011 in order to study the effect of different levels 
of mineral fertilizers from nitrogen and phosphorus (25, 50 and 100% of the recommended dose) alone or in 
combination with a mixture of biofertilizers containing nitrogen fixers (nitrobein) and phosphate dissolving 
bacteria (phosphorein) on morphological characters, photosynthetic pigments, stem and leaf anatomy, yield and 
seed oil percentage of sesame cv. Shandaweel-3. The obtained results revealed that increasing level of the used 
mineral fertilizers induced significant increases in all investigated morphological and yield characters as well as 
in seed oil percentage of sesame cv. Shandaweel-3. Likewise, prominent increases in photosynthetic pigments of 
sesame leaves were recorded in this respect. Worthy to note that the rate of promotion increased gradually as the 
rate of mineral fertilizers increased up to 100% of the recommended dose. It is realized that raising the level of 
the used mineral fertilizers from 25 to 100% of the recommended dose induced prominent increases of 27.3, 
25.3, 46.9, 49.6, 25.0, 18.8, 32.3, 32.3, 23.9, 63.3, 15.6, 87.8 and 22.0% for plant height, number of leaves/plant, 
total leaf area/plant, shoot dry weight/plant, chlorophyll a, chlorophyll b, carotenoids, number of capsules/plant, 
number of seeds/capsule, number of seeds/plant, weight of 1000 seeds, yield of seeds/plant and seed oil 
percentage; respectively. Data also indicated that sesame plants obtained from biofertilized seeds and grown in 
biofertilized soil showed prominent increases in all investigated morphological and yield characters as well as in 
seed oil percentage and in photosynthetic pigments when compared with control plants which were obtained 
from uninoculated seeds and grown in uninoculated soil. The increments in the mentioned characters as a result 
of biofertilization treatment were 11.6, 11.5, 20.1, 19.4, 11.5, 8.3, 11.1, 13.7, 10.1, 24.4, 5.9, 30.5, and 9.1% for 
plant height, number of leaves/plant, total leaf area/plant, shoot dry weight/plant, chlorophyll a, chlorophyll b, 
carotenoids, number of capsules/plant, number of seeds/capsule, number of seeds/plant, weight of 1000 seeds, 
yield of seeds/plant and seed oil percentage; respectively. The interaction among the used levels of mineral 
fertilizers and biofertilizers proved promotive effect for all investigated characters. It is noted that the promotion 
induced by raising the level of the used mineral fertilizers was equal to that induced by biofertilizers treatment 
which substituted half of the recommended dose from the used NP and this decreased the environmental 
pollution caused by repeated application of mineral fertilizers. Worthy to mention that the effect of the used 
mineral and biofertilizers on stem and leaf anatomy of sesame cv. Shandaweel-3 was also investigated. 
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Introduction 

 
Sesame (Sesamum orientale L. synonym Sesamum indicum L.) is a member of the family Pedaliaceae 

which composed of 16 genera and some 60 species. The genus sesamum comprises about 20 species, most of 
which are indigenous to tropical Africa. A few of the African species have spread to Asia and South America 
(Bedigian, 2004; Nafe et al., 2010 and Bisby et al., 2011). 

Sesame is an important oilseed crop with great commercial attributes by virtue of its oil having an edible 
quality and medicinal value. It yields 50-60% oil and the oil is highly stable against rancidity due to the 
presence of the natural antioxidants sesamin and sesamolin (Weiss, 2000 and Sabah El-Khier et al., 2008). 

The crop is cultivated in large areas in most of the developing countries such as India, Myanmar, China, 
Sudan, Nigeria and Uganda. Many wild species of sesame are endemic to Africa, where a rich diversity occur. 
Among the wild species several have been proved to be resistant to pests, diseases and a biotic stresses.  India, 
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China, Mexico and Sudan are main producers of sesame crop. Sudan ranks first as a world exporter (Sabah El-
Khier et al., 2008 and Nafe et al., 2010). 

In Egypt, sesame is consider as a food crop rather than oilseed crop because most of its seeds production is 
used for snacks, confectionery, bakery products, tehena and halawa purposes. The cultivated area increased 
markedly during the last few years, while the productivity was not increased by the same relative. However, the 
local production of sesame did not cover the national requirements, thus a lot amount of sesame seeds was 
imported every year. So increasing the productivity could be achieved through generate a new cultivars with 
high yield potentiality as well as application of suitable cultural practices such as fertilization, irrigation and 
weed control etc. (El-Habbasha et al., 2007 and Abdo and Anton, 2009). 

It is well known that the use of mineral fertilizers are important factors for vigorous growth and 
consequently higher yield of different plant species. However, repeated application of mineral fertilizers caused 
environmental pollution. Recently, under Egyptian conditions a great attention is being devoted to reduce the 
high rates of mineral fertilizers, the cost of production and environmental pollution via reducing doses of 
nitrogenous and phosphorus fertilizers by using biofertilized farming system (El-Habbasha et al., 2007 and El-
Nagdy et al., 2010). 

Biological fertilization of non-legume crops by N2-fixing bacteria had a great importance in recent years. 
The effect of inoculation had marked influence on the growth of plant, which was reflected to increase yield. 
This increase might be due to the effect of N, which was produced by bacteria species, in addition of some 
growth regulators like IAA and GA3 which stimulated growth. Some bacteria called Plant Growth Promoting 
Rhizobacteria (PGPR), stimulate plant growth (Kapulnik, 1991 and Kloepper et al., 1991). The stimulatory 
effects of microorganisms may result from either direct or indirect action. Direct effects include production of 
phytohormones (Noel et al., 1996), enhancement of availability of some minerals (Kapulnik, 1991), liberation of 
phosphates and micronutrients, nonsymbiotic nitrogen fixation and stimulation of disease-resistance 
mechanisms (Lazarovits and Nowak, 1997). Indirect effects arise from (PGPR) altering the root environment 
and ecology (Glick, 1995). For example, acting as biocontrol agents and reducing diseases, liberation of 
antibiotic substances that kill noxious bacteria (Lazarovits and Nowak, 1997). Moreover, it was found that the 
application of phosphate dissolving bacteria as a biofertilizer resulted in a reduction of soil pH which increased 
the solubility of some nutrients such as P, Fe, Zn, Mn and Cu which in turn increased nutrient uptake by plants 
(Saber and Kabesh, 1990). In this respect, Ghosh and Mohiuddin (2000) found that the use of biofertilizers 
induced significant increase in sesame plant height and yield components such as number of capsules/plant, 
number of seeds/capsule, 1000-seed weight and seed yield/plant over those of control. Likewise, Kumar et al. 
(2009) stated that the application of Pseudomonas aeruginosa LES4 as a biofertilizer with half dose of the 
recommended mineral fertilizers resulted in growth equivalent to full dose treatment, without compromising 
with the growth and yield of sesame. Moreover, the oil yield increased by 33.3% more than that of the control. 

Therefore, the present research is designed to study the effect of mineral and bio-fertilizers on vegetative 
growth, photosynthetic pigments, yield components and seed oil percentage of sesame plant. In addition, the 
effect on stem and leaf anatomy was under consideration. Moreover, the use of biofertilizers is an attempt to 
substitute part of the mineral fertilizers which in turn could reduce environmental pollution caused by repeated 
application of mineral fertilizers. 

 
Materials and Methods 

 
The present investigation was carried out in a private farm at Met Rabia village, Bilbas, Sharkia 

Governorate, Egypt during the two growing summer seasons of 2010 and 2011 in order to study the effect of 
inoculation of sesame seeds cv. Shandaweel-3 with a mixture of biofertilizers containing nitrogen fixers 
(nitrobein) and phosphate dissolving bacteria (phosphorein) under different levels of mineral fertilizers from 
nitrogen and phosphorus (NP) on vegetative growth, photosynthetic pigments and yield characters as well as 
seed oil percentage. Moreover, the effect on stem and leaf anatomy was under consideration.  

 
Source of seeds and the used biofertilizers: 

 
Seeds of sesame cv. Shandaweel-3 were procured from Oil Crops Research Section, Field Crops Research 

Institute, Agricultural Research Center, Giza, Egypt. Whereas, the biofertilizers nitrobein and phosphorein were 
obtained from General Organization for Agricultural Equalization Fund (GOAEF), Agricultural Research 
Center, Giza, Egypt. Nitrobein is the commercial name of nitrogen fixing bacteria containing Azotobacter sp. 
and Azospirilum sp. While, phosphorein was the commercial name of phosphate dissolving bacteria containing 
Baillus megatherium var. phosphaticum. Both biofertilizers were added at the rate of 10 g/kg sesame seeds. 

 
 
 



129 
Res. J. Agric. & Biol. Sci., 8(2): 127-137, 2012 

 

 Procedure of the experiment: 
 
Sesame seeds of approximately similar size were washed and immersed in the adhesive material Arabic 

gum to make their surface sticky before inoculation with specific bacteria of both used biofertilizers. Then, the 
seeds were allowed to dry before inoculation. Therefore, seeds were inoculated with a mixture of the used 
biofertilizers in equal quantities (10 g/kg sesame seeds for each biofertilizer) and mixed with finely sieved 
sterilized peat and vermiculite (Allen, 1971). 

Mineral fertilizers of NP were added at the rate of 25, 50 and 100% from that recommended by the 
Egyptian Ministry of Agriculture. For nitrogen fertilizer, the recommended dose was 200 kg ammonium 
sulphate (20.5% N)/feddan. Whereas, the recommended dose for phosphorus fertilizer was 200 kg calcium 
superphosphate (15.5% P2O5)/ feddan. For all treatments, basic dose of 100 kg potassium sulphate (48% K2O) / 
feddan was added. 

Phosphorus fertilizer was added as one part before sowing during the preparation of land. Whereas, 
Nitrogen and potassium fertilizers were divided into two equal portions. The first portion was added just before 
the first irrigation (21 days from sowing date), and the second one was added two weeks later. Sowing date was 
3rd May in both seasons. 

Physical and chemical analysis for soil of the experimental sites in each growing season were done before 
sowing according to Jackson (1967). The soil type was clay loam. The physical and chemical properties of the 
experimental soil are presented in Table (1). 

 
Table 1: Physical and chemical properties of the experimental soil in the two growing summer seasons 

Soil properties First season Second season 
Sand % 26.7 25.5 
Silt % 35.2 33.9 
Clay % 38.1 40.6 
Soil textural class Clay loam Clay loam 
pH 7.9 7.7 
Organic matter % 1.27 1.33 
Available N ppm 48 49 
Available P ppm  10.9 11.3 
Available K ppm 456 442 

 
In each growing season, the experiment was made in a split plot design with three replicates. The replicate 

contained three main plots, each assigned for one level of mineral fertilizers. Each main plot was divided into 
two subplots, one sown with sesame seeds which were inoculated with the used biofertilizers and the other sub 
plot was sown with sesame seeds which were not inoculated with biofertilizers. Seeds were sown at the rate of 5 
kg. seeds/feddan. Thus, the three levels of mineral fertilizers (25, 50 and 100% of the recommended dose from 
NP) beside the two levels of biofertilizers required that the experimental land of each replicate be divided into 
six subplots, each contained one treatment. The sub-plot area was 12m2 (4×3 m) and consisted of 5 rows, 60 cm 
a part and hill spacing was 20 cm within the row. After hand weeding, 21 days from sowing date. Just before the 
first irrigation, seedlings were thinned out to one plant per hill and soil was also inoculated with the chosen 
biofertilizers at the rate of 600 g from each used biofertilizer/feddan. For this purpose, the applied biofertilizers 
were mixed well with adequate amount of fine dust (20 kg fine dust/feddan) and such mixture was applied 
between rows of sesame seedlings directly before the first irrigation which was corresponding with the first 
application of nitrogen and potassium fertilizers. All other cultural practices were carried out as recommended. 
A photo represents general view of a side of the experiment at flowering stage of the second season is shown in 
Figure (1). 

 
Recording of data: 

 
Investigations involved data pertaining to morphology of vegetative growth, photosynthetic pigments, stem 

and leaf anatomy and yield components in addition to seed oil percentage of sesame cv. Shandaweel-3 as 
affected by mineral and biofertilizers. Anatomical and chemical studies were carried out on specimens taken 
from plants of the second season. The procedure of recording the various data was carried out in the following 
manner: 

 
A- Morphological characters of vegetative growth: 

 
A random sample of four plants was taken for investigation in each subplot; i.e., a total number of 12 plants 

was fixed for each treatment at the age of 90 days from sowing date. Data on morphological characters were 
recorded on individual plants in both studied seasons as follows: 
1- Plant height (cm), measured from the cotyledonary node up to the upper most point of the plant.  
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2- Number of leaves/plant. 
3- Total leaf area (cm)2/plant, measured by means of LI-3000 A portable area meter.  
4- Dry weight of shoot (g)/plant. All above ground parts of the plant were chopped and placed in paper bag. 
The bags with their contents were dried in the oven at 100oC till constant weight was reached. 

 

 
 
Fig. 1:  A photo illustrate general view of a side of the experiment at flowering stage of the second growing  
             season 2011. 
 
B- Anatomical studies: 

 
Specimens of the selected treatments were taken during the second season from the internode resembling 

the middle part of the main stem and its corresponding leaf at the age of 75 days from sowing date. Specimens 
were killed and fixed for at least 48 hr. in FAA (10 ml formalin, 5 ml glacial acetic acid and 85 ml ethyl alcohol 
70%). The selected materials washed in 50% ethyl alcohol, dehydrated in normal butyle alcohol series, 
embedded in paraffin wax of 56oC melting point, sectioned to a thickness of 20 microns, double stained with 
safranin/light green, cleared in xylene and mounted in Canada balsam (Nassar and El- Sahhar,1998). Sections 
were examined to detected histological manifestations of the chosen treatments and photomicrographed. 

 
C- Determination of photosynthetic pigments: 

 
For all treatments, photosynthetic pigments were determined quantitatively in upper most leaves developed 

on the main stem in the second season of 2011 at the age of 75 days from sowing date. For this purpose, a 
random sample of two plants was taken for investigation in each subplot; i.e., a total of six plants was fixed for 
each treatment.  

Photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids) were extracted by using dimethyl 
formamide and determined according to Nornai (1982) as mg/g fresh weight of sesame leaves. 

 
D- Yield characters: 

 
A random sample of six plants was assigned for investigation in each subplot; i.e., a total number of 18 

plants was fixed for each treatment. The plants were taken from the middle region of the subplot at harvest time, 
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120 days from sowing date, in both studied seasons. Data on yield characters were recorded on individual plants 
in both studied seasons as follows: 

 
1. Number of mature dried capsules/plant. 
2. Number of seeds/capsule. 
3. Number of seeds/plant. 
4. Weight of 1000 seeds (g). 
5. Yield of seeds (g)/plant. 

 
E- Seed oil percentage: 

 
At harvest time of the second season, samples of mature seeds were preparated to determine seed oil 

percentage as follows: 
Seed oil content was determined by using soxhelt extraction apparatus using petroleum ether as a solvent 

and then the seed oil percentage was calculated on dry weight basis according to AOAC (1990). 
 

Statistical analysis: 
 
Data on morphological and yield characters as well as on seed oil percentage were subjected to appropriate 

statistical analysis according to Snedecor and Cochran (1982). The data were statistically analyzed for each 
season and the homogeneity of experimental error, in both seasons, was tested. Then, the combined analysis of 
the two seasons was done. 
 
Results and Discussion 
 
I- Morphological characters of vegetative growth: 

 
The effects of different levels of mineral fertilizers from nitrogen and phosphorus (NP) alone or in 

combination with a mixture of biofertilizers containing nitrogen fixers and phosphate dissolving bacteria on 
some morphological characters of sesame plant cv. Shandaweel-3 at the age of 90 days are presented in Table 
(2). The investigated characters included plant height, number of developed leaves/plant, total leaf area/plant 
and dry weight of shoot/plant. 

Results in Table (2) clearly show that increasing level of the used mineral fertilizers induced significant 
increases in all morphological characters under investigation. Worthy to note that the rate of promotion 
increased significantly and gradually as the rate of mineral fertilizers increased up to 100 % of the recommended 
 
Table 2:  Certain morphological characters of vegetative growth of sesame plant, at the age of 90 days from sowing date, as affected by bio  
               and mineral fertilizers from nitrogen and phosphorus (Average of the two seasons, 2010 and 2011 combined) 

Treatments Morphological characters 
Mineral fertilizers 

(NP) 
Biofertilizers 
(nitrobein + 

phosphorein) 

Plant height 
(cm) 

No. of leaves/plant Total leaf area 
(cm2)/plant 

Shoot dry weight 
(g)/plant 

25% of 
recommended dose 

- 126.6 64.7 13252 35.1 
+ 141.8 73.8 16302 42.7 
Mean 134.2 69.3 14777 38.9 

50% of 
recommended dose 

- 139.3 72.3 15914 41.8 
+ 162.9 82.5 20296 52.4 
Mean 151.1 77.4 18105 47.1 

100% of 
recommended dose 

- 165.1 83.7 20448 54.6 
+ 176.5 89.9 22976 61.8 
Mean 170.8 86.8 21712 58.2 

Mean of 
biofertilizers 
treatment 

- 143.7 73.6 16538 43.8 
+ 160.4 82.1 19858 52.3 

L.S.D. (0.05) for:     
Mineral fertilizers (A) 10.58 6.26 2193 5.09 
Biofertilizers (B) 8.26 5.08 1741 4.11 

Interaction (A×B) 14.39 8.64 3028 6.92 

-  = Without biofertilizers                                +  = With biofertilizers 

 
dose which gave the highest values of the recommended dose which gave the highest values of the studied 
morphological characters.  It is realized  that  raising the  level  of  the used  mineral fertilizers  from 25 to 100% 
of  the recommended dose induced significant increases of 27.3, 25.3, 46.9 and 49.6% for plant height, number 
of leaves/plant, total leaf area/plant and shoot dry weight/plant; respectively. 
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Regarding the effect of biofertilizers, data in Table (2) reveal that sesame plants obtained from biofertilized 
seeds and grown in inoculated soil showed significant increases in all investigated morphological characters 
when compared with sesame plants obtained from uninoculated seeds and grown in non-inoculated soil. The 
increments in morphological characters of sesame plant due to biofertilization treatment were 11.6, 11.5, 20.1 
and 19.4% for plant height, number of leaves/plant, total leaf area/plant and shoot dry weight/plant; respectively. 

The interaction among the used levels of mineral fertilizers and biofertilizers proved significant effect for 
all investigated morphological characters. It is clear that increasing level of the used mineral fertilizers from NP 
or using a mixture of biofertilizers containing nitrogen fixers and phosphate dissolving bacteria without raising 
the level of mineral fertilizers induced significant increase in any of the studied morphological characters. 
Worthy to mention that the promotion induced by raising  the level of the used mineral fertilizers was almost 
equal to that induced by biofertilizers treatment which, in general, substituted half of the recommended dose 
from the used NP and this decreased the environmental pollution caused by repeated application of mineral 
fertilizers. 

The present findings are in agreement with those reported by El-Kramany et al. (2000), El-Habbasha et al. 
(2007), Kumar et al. (2009) and Dubey et al. (2012). 

  
II- Anatomical studies: 

 
From the aforementioned results of morphological characters of vegetative growth of sesame plant as 

affected by mineral and biofertilizers, it could be stated that the treatment of 100% of the recommended dose of 
the used mineral fertilizers (control treatment) did not statistically differ from the combined treatment of 50% of 
the recommended dose of the used mineral fertilizers plus biofertilizers in their effects. Therefore, the 
anatomical structure of the main stem and leaves of such treatments was under consideration. 

 
1. Anatomy of the main stem: 

 
Microscopical measurements of certain histological characters in transverse sections through the median 

portion of the main stem of sesame plant cv. Shandaweel-3 as affected by mineral and biofertilizers from 
nitrogen and phosphorus are given in Table (3). Likewise, microphotographs illustrating the effects of these 
treatments are shown in Figure (2).      
 
Table 3: Measurements in microns of certain histological features in transverse sections through the median portion of the main stem of 

sesame plant cv. Shandaweel-3, at the age of 75 days from sowing date, as affected by mineral and biofertilizers (Means of three 
sections from three specimens) 

Histological characters 

Treatments 
100% mineral 
fertilizers 
(Control) 

50% mineral fertilizers ± % to 
control 
 

50% mineral  fertilizers +  
biofertilizers ± % to  control 

Stem diameter 7679 6524 -15.0 7718 +0.5 
Cortex thickness 498 446 -10.4 457 -8.2 
Phloem thickness 445 331 -25.6 376 -15.5 
Xylem thickness 601 452 -24.8 659 +9.7 
Vessel diameter 58 39 -32.8 55 -5.2 
Pith diameter 4591 4066 -11.4 4734 +3.1 

 
It is noted that sesame plants received 50% of the recommended dose from the used mineral fertilizers 

showed a prominent decrease in diameter of the main stem by 15% less than the control. The decrease in stem 
diameter, which was observed in plants that received half of the recommended dose from nitrogen and 
phosphorus, could be attributed to the prominent decrease in all included tissues. The decrements less than the 
control were 10.4, 25.6, 24.8  and 11.4%  for thickness of  cortex, phloem and xylem as well as pith diameter; 
respectively. Moreover, a decrement of 32.8% in average diameter of vessel less than that of the control was 
observed in this respect. 

Results in Table (3) and microphotographs shown in Figure (2) also indicated that sesame plants obtained 
from biofertilized seeds with nitrobein and phosphorein and grown in biofertilized soil which received 50% of 
the recommended dose from the used mineral fertilizers showed a negligible increase in diameter of the main 
stem by 0.5% more than stem diameter of control plants which received 100% of the recommended dose from 
the used mineral fertilizers. The negligible increase which was observed in stem diameter could be attributed to 
the slight increases induced in xylem thickness and pith diameter by 9.7 and 3.1% over the control;  
respectively. However, a decrement of 8.2, 15.5 and 5.2% below the control was observed for thickness of 
cortex, thickness of phloem tissue and average diameter of vessel; respectively. 

The present findings are generally in harmony with those reported by El-Nagdy et al. (2010) on flax plant. 
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1. Anatomy of the leaf: 
 
Microscopical counts and measurements of certain histological characters in transverse sections through the 

blade of the leaf developed on the median portion of the main stem of sesame plant cv. Shandaweel-3 as 
affected by mineral and biofertilizers are presented in Table (4). Also, microphotographs illustrating the effects 
of these treatments are shown in Figure (3). 

It is clear from Table (4) and Figure (3) that sesame plants received 50% of the recommended dose of 
mineral fertilizers from nitrogen and phosphorus (NP) showed a prominent reduction in thickness of both 
midvein and lamina by 14.6 and 16.4% less than the control (plants received 100% of the recommended dose 
from the used mineral fertilizers); respectively. 

 

 
 

 

 
 

Fig. 2: Transverse sections through the median portion of the main stem of sesame plant cv. Shandaweel-3, at 
the age of 75 days from sowing date, as affected by mineral and biofertilizers. (x 45) 
A- From plant received 100% of recommended dose from mineral fertilizers (control plant). 

 
The thinner leaves induced by median level of mineral fertilizers could be attributed to the decrease induced 

in thickness of palisade and spongy tissue as well as in dimensions of midvein bundle and in number of xylem 
rows/midvein bundle. The decrements below the control were 23.7, 15.9, 5.6, 9.6 and 16.2% for thickness of 
palisade tissue, thickness of spongy tissue, length of midvein bundle, width of midvein bundle and number of 
xylem rows/midvein bundle; respectively. However, the average diameter of vessel was not affected in this 
respect. 

Data also revealed that sesame plants obtained from biofertilized seeds with a mixture of nitrogen fixers and 
phosphate dissolving bacteria and grown in biofertilized soil which received half of the recommended dose from 
the used mineral fertilizers showed a slight increase in thickness of midvein region by 2% more than that of 
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leaves of control plants which received 100% of the recommended dose from the used mineral fertilizers. At the 
same time, the thickness of leaf lamina showed a slight decrease of 1% below the control due to the decrease of 
4.9% in the thickness of spongy tissue although an increase of 4.1% in thickness of palisade tissue over the 
control was observed. The increase in midvein thickness could be attributed to the increases induced in 
dimensions and components of midvein bundle. The increments over the control were 13.8, 21.9, 13.5 and 4% 
for length of midvein bundle, width of midvein bundle, number of xylem rows/midvein bundle and average 
diameter of vessel; respectively. 
 
Table 4: Counts and measurements in microns of certain histological characters in transverse sections through the blade of the leaf 

developed on the median portion of the main stem of sesame plant cv. Shandaweel-3, at the age of 75 days from sowing date, 
as affected by mineral and biofertilizers (Means of three sections from three specimens) 

Histological characters 

Treatments 
100% mineral 
fertilizers 
(Control) 

50% mineral fertilizers ± % 
to  control 

50% mineral  fertilizers +  
Biofertilizers ± % to  control 

Midvein thickness 1398 1194 -14.6 1426 +2.0 
Lamina thickness 201 168 -16.4 199 -1.0 
Palisade tissue thickness 97 74 -23.7 101 +4.1 
Spongy tissue thickness 82 69 -15.9 78 -4.9 
Dimensions of midvein bundle:      
Length 196 185 - 5.6 223 +13.8 
Width 1104 998 -9.6 1346 +21.9 
No. of xylem rows/midvein bundle 37 31 -16.2 42 +13.5 
Vessel diameter 25 25 ----- 26 +4.0 

 

 
 
 

 
 
Fig. 3: Transverse sections through the blade of the leaf developed on the median portion of the main stem of 

sesame plant cv. Shandaweel-3, at the age of 75 days from sowing date, as affected by mineral and 
biofertilizers. (x 45). 
A- From plant received 100% of recommended dose from mineral fertilizers (control plant). 
B- From plant received 50% of recommended dose from mineral fertilizers. 
C- From plant received 50% of recommended dose from mineral fertilizers + biofertilizers treatment. 
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The obtained results are almost in harmony with those obtained by Hassan et al. (2006) about the effect of 
mineral and biofertilizers on the anatomical structure of moghat leaves. 

  
B- Photosynthetic pigments: 

 
The effects of different levels of mineral fertilizers from nitrogen and phosphorus (NP) alone or in 

combination with a mixture of biofertilizers containing nitrogen fixers and phosphate dissolving bacteria on 
photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids) of sesame leaves at the age of 75 days 
are shown in Table (5). 

It is realized from Table (5) that increasing level of the used mineral fertilizers induced prominent increase 
in photosynthetic pigments of sesame leaves and the rate of promotion increased gradually as the rate of mineral 
fertilizers increased up to 100% of the recommended dose which  gave  the  highest  values of  chlorophyll a, 
chlorophyll b and carotenoids. Worthy to note that raising the level of the used NP from 25 to 100% of the 
recommended dose induce increases of 25.0, 18.8 and 32.3% for chlorophyll a, chlorophyll b and carotenoids; 
respectively. 

  
Table 5: Photosynthetic pigments (mg/g fresh weight) in leaves of sesame plant, at the age of 75 days from sowing date, as affected by bio  
             and mineral fertilizers from nitrogen and phosphorus in the second season of 2011 

Treatments 
Photosynthetic pigments              
(mg/g fresh weight) 

Mineral fertilizers (NP) 
Biofertilizers (nitrobein 
+ phosphorein) 

Chlorophyll a Chlorophyll b Carotenoids 

25% of recommended dose 
- 1.68 0.76 0.62 
+ 1.91 0.83 0.68 
Mean 1.80 0.80 0.65 

50% of recommended dose 
- 1.93 0.84 0.71 
+ 2.18 0.93 0.82 
Mean 2.06 0.89 0.77 

100% of recommended dose 
- 2.16 0.91 0.83 
+ 2.34 0.98 0.89 
Mean 2.25 0.95 0.86 

Mean of biofertilizers 
treatment 

- 1.92 0.84 0.72 
+ 2.14 0.91 0.80 

- = Without biofertilizers                                +    = With biofertilizers 
 

 
As to the effect of biofertilizers, data presented in Table (5) clearly show that the application of 

biofertilizers induced prominent increases in photosynthetic pigments of sesame leaves. The increments were 
11.5, 8.3 and 11.1% for chlorophyll a, chlorophyll b and carotenoids; respectively. 

The interaction among the used levels of mineral fertilizers and biofertilizers proved promotive effect for 
photosynthetic pigments. It is noted from Table (5) that increasing level of the used NP or using a mixture of 
biofertilizers containing nitrogen fixers and phosphate dissolving bacteria without raising the level of mineral 
fertilizers induced prominent increase in photosynthetic pigments of sesame leaves. Worthy to mention that the 
promotion induced by raising the level of NP was almost equal to that induced by biofertilizers treatment.  

The obtained results are generally in agreement with those reported by Abdo (2008) on soybean. 
 

C- Yield characters and seed oil percentage: 
 

Data given in Table (6) indicate that increasing level of the used mineral fertilizers induced significant 
increase in all investigated yield characters and in seed oil percentage and the rate of promotion increased 
gradually as the rate of mineral fertilizers increased up to 100% of the recommended dose which gave the 
highest values of the studied characters. It is realized that raising the level of the used mineral fertilizers from 25 
to 100% of the recommended dose induced significant increases of 32.3, 23.9, 63.3, 15.6, 87.8 and 22.0% for 
number of capsules/plant, weight of 1000 seeds, seed yield/plant and seed oil percentage; respectively. 

As to the effect of biofertilizers, results in Table (6) reveal that sesame plants obtained from biofertilized 
seeds and grown in biofertilized soil exhibited significant increase in all yield characters and in seed oil 
percentage when compared with sesame plants obtained from uninoculated seeds and grown in non-inoculated 
soil (control plants). The increments in yield characters and seed oil percentage due to biofertilization treatment 
were 13.7, 10.1, 24.4, 5.9, 30.5 and 9.1% for number of capsules/plant, number of seeds/capsule, number of 
seeds/plant, weight of 1000 seeds, yield of seeds/plant and seed oil percentage; respectively. 

The interaction among the used levels of mineral fertilizers and biofertilizers proved significant effect for 
all yield characters under investigation and for seed oil percentage. Worthy to mention that the rate of promotion 
induced by raising the level of the used mineral fertilizers was almost equal to that induced by biofertilization 
treatment. It is clear that the treatment of 100% from the recommended dose of mineral fertilizers NP did not 
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statistically differ from that of 50% of the recommended dose of NP plus biofertilizers in their effect. This 
means that using a mixture of biofertilizers containing nitrogen fixers and phosphate dissolving bacteria 
substitute half of the recommended dose from the used mineral fertilizers NP. 

The present findings are in accordance with those reported by El-Kramany et al. (2000), El-Habbasha et al. 
(2007), Kumar et al. (2009) and Dubey et al. (2012). Also, they stated that the application of biofertilizers with 
half dose of the recommended dose of mineral fertilizers resulted in growth equivalent to full dose treatment of 
mineral fertilizers (100% of the recommended dose), without compromising with the growth and yield of 
sesame plant. 

 
Table 6: Yield characters and seed oil percentage of sesame plant at harvest time, 120 days from sowing date, as affected by bio and 

mineral fertilizers from nitrogen and phosphorus (Average of the two seasons, 2010 and 2011 combined) 
Treatments Characters 
Mineral fertilizers 
(NP) 

Biofertilizers 
(nitrobein + 
phosphorein) 

No. of 
capsules 
/plant 

No. of 
seeds/ 
capsule 

No. of seeds 
/ plant 

Weight of 
1000 seeds (g) 

Yield of 
seeds (g) / 
plant 

Seed oil % 

25% of 
recommended 
dose 

- 93.6 49.5 4633 3.837 17.78 44.6 
+ 108.9 55.3 6022 4.193 25.25 50.8 
Mean 101.3 52.4 5328 4.015 21.52 47.7 

50% of 
recommended 
dose 

- 107.5 56.2 6042 4.201 25.38 51.1 
+ 131.1 63.9 8377 4.528 37.93 55.9 
Mean 119.3 60.1 7210 4.365 31.66 53.5 

100% of 
recommended 
dose 

- 130.8 63.1 8254 4.611 38.06 56.8 
+ 137.2 66.7 9151 4.674 42.77 59.5 
Mean 134.0 64.9 8703 4.643 40.42 58.2 

Mean of 
biofertilizers 
treatment 

- 110.6 56.3 6310 4.216 27.07 50.8 
+ 125.7 62.0 7850 4.465 35.32 55.4 

L.S.D. (0.05) for:       
Mineral fertilizers (A) 9.68 4.15 1073 0.247 3.99 3.18 
Biofertilizers (B) 7.53 3.18 815 0.195 2.48 2.41 
Interaction (A×B) 12.96 5.69 1387 0.323 4.75 4.26 

-  = Without biofertilizers                                +  = With biofertilizers 
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