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Inheritance of Some Important Characters to Improve Sweet 
Melon (Cucumis melo L.) Fruits 

 
Abou kamer, M. E*, Mona. M. Yousry**, A. K. Hatem*, A.M. El-Gamal**  

*Horticultural Research Institute, Agricultural Research Center, Egypt. 
**Plant Production Department, Faculty of Agriculture (Saba Basha), Alex. University 

  

ABSTRACT: The present investigation was carried out during three years of 2012, 2013 

and 2014. These experiments were done at Sabaheya Horticultural Research Station, 
Alexandria, and Fowa area, Kafer El- Sheikh, Egypt. Type of gene action, correlation coefficient 
and path analysis among all combinations of some important characteristics of sweet melon 
were studied. A 5X5 half-diallel cross was performed among five pure lines of sweet melon. 
Additive gene effects were found to be significant for plant length, number of branches / plant, 
flowering date, maturity date and flesh thickness indicating that the additive gene action played 
the main role in the inheritance of these traits. The evaluated characteristics of fruit netting, fruit 
shape index, total soluble solids % and moisture content exhibited insignificant values for the 
additive gene action. The dominant gene effect was found to be significant for plant length, 
number of branches per plant, maturity date, fruit netting degree, Total soluble solids % and 
moisture content indicating the importance of dominant gene effect in the inheritance of this 
characters. Total yield per plant, phenotypically, correlated with plant length, average fruit 
number and average fruit weight. Hence, a lot of attention for such relationships in the 
improvement program of such characters of sweet melon through selection. 

Key words: Cucumis melo, gene action, correlation coefficients, path analysis  

INTRODUCTION 
Sweet melon (Cucumis melo L.) is one of the most important economic 

species of the family Cucurbitaceae. Among the different parts of a melon plant, 
fruits have the highest diversity in size, form, external ornamentation, and 
internal and external color (Kirkbride, 1993). Further, Kirkbride (1993) and 
Goldman (2002) reported that, fruits as short as 4 cm long (C. melo, L. var 
agrestis) and as long as 200 cm (C. melo, L. var. flexuosus ) and attaining 
weights between 50 g and more than 15 kg . Plant breeding programs are aim 
to improve the characteristics of plant so that they become more desirable 
agronomically and economically higher yield and improved quality. High yield, 
early maturity and uniform fruit shape and size, as well as, excellent quality, are 
important objectives for melon breeding programs (Zalapa et al. 2006). Several 
researchers had match attention with the family Cucurbitaceae to study the 
influence of gene action; such as, Zalapa et al. (2006), Feyzian et al. (2009), 
Pornsuriya et al. (2009) and Abu Arak (2013), they all declared that the additive 
genes effects were the key regulator factor for most melon traits. They, also, 
showed that all three types of epistatic effects were significant for fruit width 
(additive x additive, additive x dominance and dominance x dominance) 
effected in the inheritance of melon traits.  

The objectives of the present study were: (1) to generate genetic 
information such as, the nature of gene action (additive, dominant, and epistasis 
gene action) controlling the studied characters and (2) calculating the 
correlation coefficient (r) for different pairs of some important characters of 
sweet melon to be used in the improvement programs of melon. 

 

 

 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   645     

Vol. 19 (4), 2014 
 

MATERIALS AND METHODS  
1. Experimental materials 

The genetic material were consisted of five parental lines obtained from 
the breeding program of the project of improvement the Cucurbitaceae 
vegetables, Horticultural Research Institute. Five genotypes are (line Kooz Assal 

(P1), Line Matrouh (P2), line orange (P3), line green (P4) and line Ideal (P5)). A 5X5 half 
diallel cross was performed, in the green house at the first of February in 2012, 
among the five lines of sweet melon, to get 10 F1 hybrid combinations. At the 
first of august 2012, the F1 of each of the ten hybrids was selfed and 
backcrossed to both parents to get 10 F2 and 20 backcross populations which 
were sown on 15th of March, 2013 and 20th of March, 2014. 

2. Field experiments and the experimental design 
The seeds of the 5 parents, 10 F1′ s, 10 F2′ s and 20 backcrosses 

generations, as well as, the seeds of the commercial cultivar "Gallia" were sown 
for the evaluation on 15th and 20th of March 2013 and 2014; respectively, in 
Fowa area, Kafer El- Sheikh Governorate, Egypt. A randomized complete 
blocks design with three replicates was used.  Each plot consisted of three 
rows; each row was 4 m long and 1 meter wide having an area 12 m2 for each 
plot.  

 
3. Statistical analysis and estimation of genetic parameters 

The recorded data for the six populations; i.e., P1, P2, F1, F2, BC1and BC2 
for each cross were, statistically, analyzed and the combined analysis over two 
seasons were done as outlined by Allard (1960). Types of gene action were 
calculated using relationships given by Hayman (1958) and Gamble (1962). 
Simple correlation coefficient (r) was calculated for different pairs of the studied 
characters as shown by Dospekhove (1984). 

 

RESULTS AND DISCUSSION 

 

Data of Table (1 and 2) revealed that there were significant genotypic 
differences among the tested populations for all the studied characters. This 
result indicating that the evaluated populations differed in their genetic potential 
with respect to these traits. The environmental factor (year effects) showed 
significant and highly significant effects on plant height, number of branches per 
plant, flowering date, maturity date, fruit flesh thickness, netting degree and 
moisture content. The results indicated that there were fluctuations in the 
environmental conditions from year to another throughout both experiments of 
this investigation affecting these characters. The interaction between the 
genetically and environmental factors (genotype X year) had pronounced 
effects for the two traits flowering date and T.S.S %, suggested that the relative 
performance of the evaluated population was essentially the same, when grown 
under individual environments, as illustrated by Anne et al. (2011). 

The mean values of the vegetative characters are shown in Table (3). 
Results of plant height trait showed that most of the F1′s crosses had the 
highest mean values. The hybrid 2×4 and 3×4 led to the tallest plant but the 
shortest plant was given by BC1P1 in the hybrid 2×4.According to number of 
branches per plant trait. Results showed, generally, that the F1′s plants 
recorded high values where it ranged between (4- 4.66). The crosses 1×3, 1×5 
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and 3×5 recorded the lowest mean values for flowering date characters, so 
these genotypes might be elected for producing early fruits. On the other hand, 
the genotypes P1, 2×4, 2×5 and Gallia 1 might be elected for producing late 
fruit, where they all gave values ranged between 40 to51 days from planting to 

flowering stage. For maturity date the results showed that the hybrids 1×3, 1×2, 
1×5, 3×5, 2×3 and 4×5 recorded the lowest value for the days to maturity. 
 
Table(1):Combined analysis of variance for the studied vegetative 

characters; flowering date, maturity date and yield and its 
components of 5 parents, 10 F1 ,10 F2,10 BC1P1 and 10 BC1P2 
sweet melon crosses (over two years  of 2013 and 2014) 

 

S.O.V. D.F.
Plant height 

 (cm) 

No. of 

branches 

per plant 

Flowering 

date (day) 

Maturity 

date (day) 

      

Fruits 

No. per 

plant 

Average 

fruit 

weight 

(kg) 

Total fruit 

yield per 

plant (kg) 

Blocks 2 3728.38* 1.65* 3.15 7.95 0.72 0.096 0.311 

Genotypes 44 3254.67** 1.15** 82.61** 354.79** 0.70** 0.232** 1.122** 

Years 1 4670.84* 2.70* 31.33** 6.69** 0.18 0.183 4.206 

G x Y 44 671.35 0.40 11.00** 79.01 0.41 0.074 0.240 

Error 178 1037.64 0.19 3.46 2.42 0.42 0.091 0.248 

*, ** Significant and highly significant at the 0.05 and 0.01 level of probability, respectively. 

Table(2):Combined analysis of variance for the studied fruit 
characteristics of 5 parents, 10 F1, 10 F2, 10 BC1P1 and 10 BC1P2 
sweet melon crosses (over two years of 2013 and 2014) 

 

S.O.V. D.F. 
Fruit flesh 
Thickness 

(%) 

Fruit shape 
index 

Fruit netting 
degree 

T.S.S 
 (%) 

Moisture  
Content (%) 

Blocks  
2 184.058** 0.025 4.959** 2.718 12.873* 

Genotypes 44 39.161** 0.085** 3.168** 7.607** 7.547** 

Seasons  1 273.330** 0.019 0.003 11.408* 25.330* 

G x S 44 19.052 0.008 0.700 2.841* 3.841 

Error 178 21.612 0.010 0.985 1.845 3.890 

*, ** Significant and highly significant at the 0.05 and 0.01 level of probability, respectively.  

The mean performances for yield and yield component character are 
presented in Table (4). The highest average for the fruit number per plant 
recorded by the P2 (line green) followed by the F1 plants for the hybrids 1×2, 
1×3, 1×4, 2×4, 2×5, 3×4 and 3×5. Results indicated that the lowest fruit number 
was obtained by the parent P1 (line kooz Assal). For average of fruit weight per 
plant character results clearly showed that the genotype BC1 P1 in cross 1×4 
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recorded the highest fruit weight value followed by the genotype BC1 P2 in the 
cross 2×3. The highest F1 values for the fruit weight character were recorded by 
the hybrids 1×3, 1×4 and 2×4. The highest  recorded value for the  total fruit 
yield per plant trait was obtained by the genotype BC1 P1 in the cross 1×4, while 
the highest F1 values were given by the hybrids 1×2, 1×5, 2×4, 2×5, 3×4 and 
3×5.  

 
Mean performances of sweet melon fruit characteristics are presented in 

Table (5).The mean values of fruit flesh thickness showed that the F1 plants ( 
cross 3×5 ) gave the highest value, followed by the commercial cultivar "Gallia 
1" compared with other evaluated genotypes. Regarding the fruit shape index 
character, the parent P1 (line kooz Assal) seemed to have an oblong fruit shape 
where it gave the highest value; the F1 crosses seemed to be round where 
values ranged between 0.90 and 1.27. The lowest value was given by "Gallia 1" 
cv., where it recorded 0.90 for this trait. Most of the F1 crosses getting the 
highest values in addition to the check cultivar "Gallia 1", but the lowest values 
were recorded with BC1P2 in the cross 2×4.  

 
The total soluble solids character (T.S.S) for the F1 crosses ranged from 

12.83% (the hybrid 1×4)  to 16.86% for the cross 1×5; while the lowest mean 
value was recorded by the P1(line kooz Assal). The cultivar "Gallia 1" recorded 
moderate percentage in this respect. The parent P1(line kooz Assal) gave the 
highest percentage value (93.77%) for the fruit moisture content  trait; while all 
the F1 crosses ranged from 89.54% (the hybrid 2×3) to 92.27% for the hybrid 
4×5.The P3(line orange) recorded the lowest value (83.72%) for the fruit 
moisture content trait. 

 
Chamnan et al. (2006) in Thai Slicing melon reported that, F1 generation 

had the best performance considered from fruit number per plant, followed by 
that of BC2, whereas, the poorest performance was P1. Zalapa et al. (2006) in 
melon found that, for most traits, F1 generation means were higher than the 
mid-parent value, and at AR the mean of the F1 surpassed the  mean of the high 
parent for fruit number per plant, fruit weight per plant and days to anthesis. 
Also, they found that the F1 generation was intermediate to parental lines for 
primary branch number at both AR (5.7) and HCK (5.6), and performed equal 
to/or better than both parents for fruit number per plant (5.9, AR and 1.7, HCK), 
fruit weight per plant (6.2 kg, AR and 2.4 kg, HCK) and average weight per fruit 
(1.1 kg, AR and 1.5 kg, HCK). BC1P1 and BC1P2 progeny resembled their 
respective recurrent parent with respect to growth habit and fruiting 
characteristics, and F2 individuals varied dramatically for the yield-related 
characteristics examined. 
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Table (3): Mean performances of 5 parents, 10 F1 ,10 F2 ,10 BC1P1, 10 

BC1P2 sweet melon crosses and a check cultivar for the 
studied vegetative characters, flowering date and maturity date 
(over two years  of 2013 and 2014) 

 

genotypes 
Plant 
height 
(cm) 

N o .  o f 
branches 
 per plant

Flowering 
Date 
 (day) 

Maturity 
date 
(day) 

Plant 
height 
(cm) 

N o .  o f 
 branches 
 per plant 

Flowering 
date (day) 

Maturity 
date 
(day) 

Cross 1 (1x 2) Cross 6 (2x 4) 

P1 225.50
bc

* 4.66
a
 43.00

b
 79.00

e
 236.60

b
 3.83

a
 35.50

g
 79.50

c
 

P2 236.60
ab

 3.83
b
 35.50

g
 79.50

d
 230.20

bc
 4.33

a
 37.50

f
 79.50

c
 

F1 263.50
a
 4.66

a
 36.00

f
 70.00

g
 279.50

a
 4.00

a
 40.00

d
 78.50

e
 

F2 198.80
c
 3.83

b
 39.00

e
 75.00

f
 192.20

c
 4.50

a
 39.50

e
 79.00

d
 

BC1 224.60
bc

 4.16
ab

 41.00
d
 86.50

b
 191.30

c
 4.00

a
 40.50

c
 78.00

f
 

BC2 223.50
bc

 4.50
ab

 41.50
c
 81.00

c
 207.00

bc
 3.83

a
 44.50

b
 91.00

b
 

Gallia1 209.00
bc

 3.83
b
 51.00

a
 92.00

a
 209.00

bc
 3.83

a
 51.00

a
 92.00

a
 

Cross 2 (1x 3) Cross 7 (2x 5) 

P1 225.50
ab

 4.66
ab

 43.00
b
 79.00

c
 236.60

ab
 3.83

ab
 35.50

g
 79.50

e
 

P2 234.10
ab

 4.33
ab

 38.50
d
 76.00

e
 214.00

bc
 3.50

ab
 37.00

e
 80.00

d
 

F1 270.10
a
 4.66

ab
 34.50

g
 69.50

g
 261.30

a
 4.00

a
 40.00

d
 80.50

c
 

F2 212.50
b
 3.83

b
 37.50

e
 81.50

b
 186.30

c
 3.66

ab
 36.00

f
 79.00

f
 

BC1 227.8
0ab

 4.33
ab

 40.50
c
 77.50

d
 216.30

bc
 3.66

ab
 48.50

b
 87.00

b
 

BC2 219.30
b
 4.83

a
 37.00

f
 73.00

f
 233.00

ab
 3.16

b
 41.50

c
 76.00

g
 

Gallia1 209.00
b
 3.83

b
 51.00

a
 92.00

a
 209.00

bc
 3.83

ab
 51.00

a
 92.00

a
 

Cross 3 (1x 4) Cross 8 (3x 4) 

P1 225.50
ab

 4.66
a
 43.00

c
 79.00

d
 234.20

b
 4.33

a
 38.50

f
 76.00

g
 

P2 230.20
ab

 4.33
a
 37.50

e
 79.50

c
 230.10

b
 4.33

a
 37.50

g
 79.50

f
 

F1 259.60
a
 4.00

a
 35.50

f
 78.50

e
 279.50

a
 4.16

a
 39.50

d
 88.00

e
 

F2 207.60
b
 3.00

b
 35.00

g
 75.50

g
 207.00

b
 4.16

a
 39.00

e
 91.50

c
 

BC1 246.50
ab

 4.83
a
 43.50

b
 77.00

f
 220.80

b
 3.83

a
 41.00

c
 89.00

d
 

BC2 218.30
ab

 4.83
a
 40.00

d
 84.00

b
 222.50

b
 3.66

a
 44.50

b
 93.50

a
 

Gallia1 209.00
b
 3.83

ab
 51.00

a
 92.00

a
 209.00

b
 3.83

a
 51.00

a
 92.00

b
 

Cross 4 (1x 5) Cross 9 (3x 5) 

P1 225.50
abc

 4.66
a
 43.00

b
 79.00

f
 237.50

ab
 4.33

ab
 38.50

e
 76.00

f
 

P2 214.00
abc

 3.50
b
 37.00

f
 80.00

e
 214.00

b
 3.50

c
 37.00

f
 80.00

e
 

F1 251.30
a
 4.33

ab
 36.00

g
 74.50

g
 259.80

a
 4.66

a
 34.00

g
 74.50

g
 

F2 199.30
c
 4.33

ab
 37.50

e
 94.00

a
 217.30

b
 3.66

bc
 41.00

d
 82.00

d
 

BC1 213.20
abc

 4.50
ab

 40.50
c
 92.50

c
 217.20

b
 4.33

ab
 42.00

c
 84.00

c
 

BC2 241.00
ab

 4.00
ab

 38.50
d
 93.50

b
 207.60

b
 4.16

abc
 48.50

b
 89.00

b
 

Gallia1 209.00
bc

 3.83
ab

 51.00
a
 92.00

d
 209.00

b
 3.83

bc
 51.00a 92.00

a
 

Cross 5 (2x3 ) Cross 10 (4x5 ) 

P1 236.60
a
 3.83

a
 35.50

d
 79.50

e
 230.20

ab
 4.33

a
 37.50

f
 79.50

d
 

P2 234.20
a
 4.33

a
 38.50

c
 76.00

f
 214.00

b
 3.50

bc
 37.00

g
 80.00

c
 

F1 239.30
a
 4.16

a
 36.00

d
 75.00

g
 256.30

a
 4.16

ab
 39.00

d
 75.50

f
 

F2 216.50
a
 4.16

a
 39.00

c
 96.50

a
 213.20

b
 3.16

c
 38.50

e
 79.00

e
 

BC1 232.00
a
 4.50

a
 41.50

b
 81.00

d
 209.00

b
 4.00

ab
 43.50

b
 84.50

b
 

BC2 249.30
a
 3.83

a
 41.50

b
 82.50

c
 222.80

ab
 4.00

ab
 43.00

c
 79.00

e
 

Gallia1 209.00
b
 3.83

a
 51.00

a
 92.00

b
 209.00

b
 3.83

abc
 51.00

a
 92.00

a
 

* Means with different superscripts in a column are significantly different at (P<0.05), using 

Duncan’s Multiple Rang Test. 
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Table (4): Mean performances of 5 parents, 10 F1 ,10 F2 ,10 BC1P1, 10 
BC1P2 sweet melon crosses and a check cultivar for the studied 
yield and yield components (over two years  of 2013 and 2014) 

 

genotypes 
Fruits No. 
per Plant 

Average fruit 
weight (kg) 

Total fruit yield 
per plant (kg) 

Fru i ts  No.  per 
Plant 

Average fruit 
weight (kg) 

Total fruit yield 
per plant (kg) 

Cross 1 (1x 2) Cross 6 (2x4) 

P1 1.83 
c*

 1.180
 a
 2.140 

ab
 2.83

 a
 0.765 

abc
 2.150

 b
 

P2 2.83
 ab

 0.765
 c
 2.150

 ab
 3.17

 a
 0.739

 bc
 2.307

 b
 

F1 3.00
 a
 0.831 

bc
 2.473

 a
 3.00

 a
 1.029

 ab
 2.854

 a
 

F2 2.16
 bc

 0.755
 c
 1.370

 c
 2.00

 b
 1.111

 a
 1.825

 b
 

BC1 2.83
 ab

 0.648
 c
 1.751

 bc
 2.50

 ab
 0.762

 abc
 1.893

 b
 

BC2 2.33
 abc

 1.051
 ab

 2.320
 a
 1.83

 b
 0.651

 c
 1.161

 c
 

Gallia1 2.33
 abc

 0.872 
bc

 2.008
 ab

 2.33 
ab

 0.871
 abc

 2.008 
b
 

Cross 2 (1x 3) Cross 7(2x5) 

P1 1.83 
b
 1.225 

a
 2.148 

ab
 2.83 

ab
 0.765 

ab
 2.150 

a
 

P2 2.50 
ab

 0.983 
a
 2.171 

ab
 2.50 

b
 0.728 

b
 1.820 

a
 

F1 2.16 
ab

 1.100 
a
 2.205 

ab
 3.33 

a
 0.718 

b
 2.280 

a
 

F2 2.33 
ab

 0.910 
a
 1.918 

b
 2.33 

b
 1.015 

a
 2.280 

a
 

BC1 3.00 
a
 1.085 

a
 2.735 

a
 2.50 

b
 0.645 

b
 1.610 

a
 

BC2 2.33 
ab

 1.105 
a
 2.455 

ab
 2.50 

b
 0.853 

ab
 2.080 

a
 

Gallia1 2.33 
ab

 0.871 
a
 2.008 

b
 2.33 

b
 0.872 

ab
 2.020 

a
 

Cross 3(1x 4) Cross 8 (3x 4) 

P1 1.83 
c
 1.353 

ab
 2.148 

bc
 2.50 

b
 0.983 

a
 2.171 

ab
 

P2 3.16 
a
 0.739 

c
 2.307 

bc
 3.16 

a
 0.739 

a
 2.307 

ab
 

F1 2.66 
ab

 1.093 
bc

 2.526 
ab

 2.66 
ab

 0.974 
a
 2.546 

a
 

F2 2.33 
bc

 0.793 
c
 1.626 

c
 2.33 

b
 0.846 

a
 2.085 

ab
 

BC1 2.16 
bc

 1.602 
a
 3.029 

a
 2.50 

b
 0.710 

a
 1.744 

b
 

BC2 2.66 
ab

 0.794 
c
 2.159 

bc
 2.16 

b
 0.876 

a
 1.780 

b
 

Gallia1 2.33 
bc

 0.871 
bc

 2.023 
bc

 2.33 
b
 0.871 

a
 2.008 

ab
 

Cross 4 (1x 5) Cross 9 (3x 5) 

P1 1.83 
b
 1.180 

a
 2.148 

b
 2.5 

ab
 0.983 

a
 2.171 

ab
 

P2 2.50 
ab

 0.732 
b
 1.819 

bc
 2.5 

ab
 0.713 

b
 1.819 

bc
 

F1 3.16 
a
 0.933

ab
 2.860 

a
 3.16 

a
 0.776 

ab
 2.406 

a
 

F2 2.33 
b
 0.926 

ab
 1.943 

bc
 2.66 

ab
 0.695 

b
 1.763 

bc
 

BC1 2.00 
b
 0.774 

b
 1.546 

c
 2.50 

ab
 0.658 

b
 1.598 

c
 

BC2 2.33 
b
 0.672 

b
 1.541 

c
 2.33 

b
 0.686 

b
 1.568 

c
 

Gallia1 2.33 
b
 0.871 

b
 2.008 

bc
 2.33

 b
 0.871 

ab
 2.008 

abc
 

Cross 5 (2 x 3) Cross 10 (4x 5) 

P1 2.83 
a
 0.765 

b
 2.150 

ab
 3.16 

a
 0.739 

b
 2.307 

ab
 

P2 2.50 
a
 0.983 

ab
 2.171 

ab
 2.50 

a
 0.713 

b
 1.819 

ab
 

F1 2.33 
a
 0.716 

b
 1.666 

b
 2.50 

a
 0.925 

ab
 2.213 

ab
 

F2 2.33 
a
 0.790 

b
 1.605 

b
 2.33 

a
 1.067 

a
 2.438 

a
 

BC1 2.15 
a
 1.027 

ab
 2.172 

ab
 2.66 

a
 0.879 

ab
 2.154 

ab
 

BC2 2.33 
a
 1.250 

a
 2.811 

a
 2.50 

a
 0.716 

b
 1.690 

b
 

Gallia1 2.33 
a
 0.871 

ab
 2.008 

b
 2.33 

a
 0.871 

ab
 2.008 

ab
 

* Means with different superscripts in a column are significantly different at (P<0.05), using    

Duncan’s Multiple Rang Test. 
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Table (5): Mean performances of 5 parents, 10 F1, 10 F2, 10 BC1P1 and 10 
BC1P2 sweet melon crosses and a check cultivar for the studied 
fruit characteristics (over two years of 2013 and 2014) 

 

genotypes 
Fruit flesh 
thickness 

(%) 

Fruit shape 
index 

Fruit netting 
degree 

T.S.S (%) 
Moisture 

content (%) 

Cross 1(1x2) 

P1 58.46 
c
* 1.54 

a
 7.66 

b
 12.16 

c
 93.77 

a
 

P2 62.39 
bc

 1.04 
c
 9.33 

ab
 14.33

ab
 91.70 

ab
 

F1 64.32 
ab

 0.99 
cd

 10.00 
a
 14.66 

ab
 91.58 

ab
 

F2 68.58 
ab

 1.21 
b
 8.33 

ab
 14.06 

ab
 91.42

abc
 

BC1 66.58 
ab

 1.06 
c
 9.66 

a
 14.58 

ab
 90.34 

bc
 

BC2 67.37 
ab

 1.06 
c
 8.16 

ab
 15.26 

a
 88.23 

c
 

Gallia1 69.20 
a
 0.90 

d
 9.66 

a
 13.66 

b
 90.33 

bc
 

Cross 2 (1x3) 

P1 58.46 
c
 1.54 

a
 7.66 

b
 12.16 

c
 93.77 

a
 

P2 63.64 
b
 1.11 

b
 9.50 

a
 14.58 

ab
 92.72 

ab
 

F1 64.53 
ab

 1.27 
b
 10.00 

a
 15.03 

a
 91.22 

ab
 

F2 64.74 
ab

 1.24 
b
 9.33 

a
 14.6 

ab
 91.81 

ab
 

BC1 67.77 
ab

 1.18 
b
 9.16 

a
 13.08 

bc
 91.36 

ab
 

BC2 65.67 
ab

 1.13 
b
 8.66 

ab
 13.83 

ab
 91.05 

b
 

Gallia1 69.20 
a
 0.90 

c
 10.00 

a
 13.66 

ab
 90.33 

b
 

Cross 3 (1x4) 

P1 58.63 
c
 1.54 

a
 7.66 

b
 12.16 

d
 93.77 

a
 

P2 63.28 
b
 0.97 

c
 10.00 

a
 14.01 

bc
 90.50

bcd
 

F1 66.65 
ab

 1.06 
b
 10.00 

a
 12.83 

cd
 91.06 

bc
 

F2 66.03 
ab

 1.01 
bc

 9.83 
a
 16.13 

a
 88.17 

d
 

BC1 66.50 
ab

 0.95 
c
 10.00 

a
 14.61 

ab
 88.89 

cd
 

BC2 66.81 
ab

 0.94 
c
 9.83 

a
 15.96 

a
 91.52 

b
 

Gallia1 69.20 
a
 0.90 

c
 10.00 

a
 13.66

bcd
 90.33

bcd
 

Cross 4 (1x5) 

P1 58.63 
b
 1.54 

a
 7.66 

c
 12.16 

d
 93.77 

a
 

P2 64.34 
ab

 0.93
cd

 9.33 
ab

 14.66 
bc

 89.90 
c
 

F1 67.65 
a
 1.09 

b
 9.83 

a
 16.86 

a
 91.36 

bc
 

F2 65.72 
a
 1.05 

bc
 9.83 

a
 16.91 

a
 89.50 

c
 

BC1 68.98 
ab

 1.00 
bcd

 7.66 
c
 13.43 

cd
 92.32 

ab
 

BC2 63.96 
ab

 1.01 
bcd

 8.16 
bc

 15.55 
ab

 90.52 
bc

 

Gallia1 69.20 
a
 0.90 

d
 10.00 

a
 13.66 

cd
 90.33 

bc
 

Cross 5 (2x3) 

P1 62.39 
c
 1.04 

bc
 9.33 

a
 14.33 

bc
 91.71 

ab
 

P2 63.64 
bc

 1.11 
b
 9.50 

a
 14.58

abc
 92.73 

a
 

F1 65.14 
abc

 0.93 
c
 9.33 

a
 15.09 

ab
 89.54 

b
 

F2 65.98 
abc

 1.01 
bc

 10.00 
a
 16.33 

a
 89.91 

ab
 

BC1 64.45 
bc

 0.96 
c
 9.66 

a
 13.13 

c
 91.93 

ab
 

BC2 68.19 
ab

 1.25 
a
 9.66 

a
 12.83 

c
 90.72 

ab
 

Gallia1 69.20 
a
 0.90 

c
 10.00 

a
 13.67 

bc
 91.84 

ab
 

* Means with different superscripts in a column are significantly different at (P<0.05), using 

Duncan’s Multiple Rang Test. 

To be Conted… 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)  

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   651     

Vol. 19 (4), 2014 
 

Table (5) Cont'  

genotypes 
Fruit flesh 
thickness 

% 

Fruit shape 
index  

Fruit 
netting 
degree 

T.S.S % 
Moisture 

content % 

Cross 6 (2x4) 

P1 62.39 
bc

* 1.04 
ab

 9.33 
ab

 14.33
ab

  91.71 
ab

 

P2 63.28 
bc

 0.97 
abc

 10.00 
a
 14.02

abc
 90.51 

ab
 

F1 67.28 
ab

 1.08 
a
 10.00 

a
 14.97 

ab
 91.50 

ab
 

F2 67.03 
ab

 1.03 
abc

 10.00 
a
 15.28 

a
 89.15 

b
 

BC1 62.62 
bc

 1.03 
abc

 9.16 
b
 15.32 

a
 91.17 

ab
 

BC2 61.36 
c
 0.89 

c
 7.16 

c
 12.77 

c
 92.36 

a
 

Gallia1 69.20 
a
 0.90 

bc
 10.00 

a
 13.67 

bc
 91.84 

ab
 

Cross 7 (2x5) 

P1 62.39 
bc

 1.04 
a
 9.33 

a
 14.33 

a
 91.71

a
 

P2 66.84 
abc

 0.93 
c
 9.33 

a
 14.67 

a
 89.90

a
 

F1 68.17 
ab

 0.94 
bc

 9.67 
a
 13.53 

a
 90.71 

a
 

F2 68.20 
ab

 1.03 
ab

 9.83 
a
 13.50 

a
 91.66 

a
 

BC1 60.94  
c
 0.92 

c
 9.67 

a
 13.80 

a
 89.90 

a
 

BC2 66.22 
abc

 1.09 
a
 9.50 

a
 12.82 

a
 91.90 

a
 

Gallia1 69.20 
a
 0.90 

c
 10.00 

a
 13.67 

a
 91.84 

a
 

Cross 8 (3x4) 

P1 63.64 
bc

 1.11 
a
 9.50 

ab
 14.58 

ab
 83.72 

b
 

P2 63.28 
bc

 0.96 
bc

 10.00 
a
 14.01 

b
 90.41 

a
 

F1 63.02 
bc

 1.06 
ab

 10.00 
a
 15.71 

a
 90.51 

a
 

F2 66.43 
ab

 0.96 
bc

 10.00 
a
 13.91 

b
 90.53 

a
 

BC1 63.22 
bc

 0.95 
bc

 8.66 
b
 15.66 

a
 90.50 

a
 

BC2 60.68 
c
 0.94 

c
 9.50 

ab
 15.68 

a
 90.67 

a
 

Gallia1 68.20 
a
 0.90 

c
 10.00 

a
 13.66 

b
 90.33 

a
 

Cross 9 (3x5) 

P1 63.64 
bc

 1.11 
a
 9.5 

ab
 14.58 

a
 92.72 

a
 

P2 65.34 
abc

 0.93 
a
 9.33 

ab
 14.66 

a
 89.90 

b
 

F1 70.00 
a
 1.00 

a
 10.00 

a
 14.41 

a
 91.72 

ab
 

F2 62.47 
c
 0.97 

a
 9.00 

b
 15.11 

a
 90.15 

ab
 

BC1 65.22 
abc

 0.99 
a
 9.83 

a
 15.13 

a
 90.81 

ab
 

BC2 66.11 
abc

 0.98 
a
 10.00

a
 14.38 

a
 89.19 

b
 

Gallia1 68.20 
ab

 0.90 
a
 10.00 

a
 13.66 

a
 90.33 

ab
 

Cross 10 (4x5) 

P1 63.28 
ab

 0.97 
b
 10.00 

a
 14.01 

ab
 90.50 

ab
 

P2 65.34 
ab

 0.93 
b
 9.33 

b
 14.66 

ab
 89.90 

b
 

F1 61.97 
b
 0.93 

b
 9.83 

a
 15.50 

a
 92.27 

a
 

F2 62.22 
b
 1.15 

a
 9.83 

a
 14.60 

ab
 91.49 

ab
 

BC1 63.95 
ab

 1.09 
a
 9.66 

a
 14.26 

ab
 92.32 

a
 

BC2 61.93 
b
 0.97 

b
 8.66 

b
 15.16 

ab
 90.10 

b
 

Gallia1 68.87 
a
 0.90 

b
 10.00 

a
 13.66 

b
 90.33

ab
 

* Means with different superscripts in a column are significantly different at (P<0.05), using 

Duncan’s Multiple Rang Test. 
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Genetical parameters 

Type of gene action 
The data of the genetic analysis which give estimation on population mean 

values (m), additive gene action (a), dominance gene action (d) and the three 
epistatic effect ; i.e. additive x additive (aa), additive x dominance (dd) and 
dominance x dominance for the tested characters are presented in Tables (6,7 
and 8).  

The data of plant height showed significant variation for all the crosses; 
therefore, to improve this trait, selection in the advanced selfed generation on 
the basis of family mean performance would be effective. With this respect, the 
crosses 1x3, 1x4, 3x4 and 3x5 gave, highly, significant values for the additive 
gene effects indicating that, selection for the longest plant would be effective in 
these crosses. The dominance effects were found to be highly significant with 
positive values for all the hybrids except of the hybrid 4x5, these result indicated 
that, the dominance gene effect was important in the inheritance of this 
characters. The additive x additive interaction found to be highly significant with 
positive values for all the crosses except of importance of the crosses 3x5 and 
4x5 indicating the importance of additive x additive gene action in the 
inheritance of this trait. The additive x dominance interaction was found to be 
highly significant for all the crosses with positive values for the crosses 1x3, 
1x4, 3x4 and 3x5 and negative value for the crosses 1x2, 1x5, 2x3, 2x4, 2x5 
and 4x5. This results indicating that, the selection for this trait in the early 
generation would be not effective. The dominance x dominance was found to be 
highly significant for all the crosses with positive values for the crosses 1x3, 
2x4, 3x4, 3x5 and 4x5 and negative values for crosses 1x2, 1x4, 1x5, 2x3 and 
2x5, this results indicating that the dominance gene For the number of branches 
per plant character, the additive gene effect exhibited insignificant values for all 
the crosses. The results showed that, the dominance x dominance epistatic 
were recorded significant and highly significant values for all the crosses.  

 
The data presented in Table (6) for the no. of branches per plant trait 

revealed that the additive gene effect exhibited insignificant values for all the 
crosses. The results showed that, the mean value of the fruit maturity date 
character recorded highly significant and significant only for the two hybrids 1x5 
and 2x3, respectively, indicating that, the population mean values might be 
effective as indicator for selection for this trait. while the dominance gene effect 
was significant with positive values for the crosses 1x2, 1x4, 1x5, 2x4, 2x5, 3x4, 
3x5 and 4x5 indicating that the dominance gene effect had the main role in the 
inheritance of this character. The additive x additive (aa) epistatic found to be 
significant and highly significant with positive values for the crosses 1x2, 1x4, 
2x4, 2x5 and 4x5.The dominance x dominance epistatic was found to be 
significant an highly significant with positive values for the crosses 1x3 and 2x3 
, while the crosses 1x2, 1x4, 1x5, 2x4, 2x5, 3x4, 3x5 and 4x5 exhibited highly 
significant with negative value. These results showed that the dominance effect 
have the main role in the inheritance of this character. Dominance x dominance 
epistatic were recorded significant and highly significant values for all the 
crosses. 
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Table (6): Gene action of 5 parents, 10 F1, 10 F2, 10 BC1P1 and 10 BC1P2 

sweet melon crosses for the studied vegetative characters, 

flowering date and maturity date 

Gene 
action 

Plant 
height 
(cm) 

No. of 
branches 
per plant 

Flowering 
date 
(day) 

Maturity 
date 
(day) 

Plant 
height 
(cm) 

No. of 
branches 
per plant 

Flowering 
date 
(day) 

Maturity 
date 
(day) 

Cross 1 (1x 2) Cross 6 (2x 4) 

m 199.3** 3.83 41.00 73.33 198.5** 4.50 39.83 80.33 

a -14.33** -0.33 -0.5 4.83 -10.17** 0.17 -2.27 -15.33 

d 111.25** 2.44 -3.65 20.58** 59.08** -2.42* 8.20** 14.83** 

aa 82.67** 2.02 -1.00** 29.33** 18.33** -2.33* 5.86** 17.33** 

ad -13.58** -0.75 -3.85 6.92* -11.25** 0.42 -1.43* -14.83 

dd -0.50** -1.50* -15.37** -71.50** 154.50** 2.83** -21.07** -9.67** 

Cross 2 (1x 3) Cross 7 (2x 5) 

m 217.67** 3.83 38.83 81.17 190.83** 3.67 38.0 80.33 

a 8.33** -0.50 2.67 5.17 -23.33** 0.50 5.00 15.17 

d 71.70** 3.17 -5.83** -34.67** 160.58** -0.76 28.0** 15.75** 

aa 38.67** 3.00 0.67** -27.67** 134.66** -1.00 24** 15.66** 

ad 7.47** -0.67 0.67 3.00 -27.92** 0.33 5.50 15.58 

dd 16.60** -3.00 -7.00** 25.33** -91.17** 2.67* -48.88** -31.50** 

Cross 3 (1x 4) Cross 8 (3x 4) 

m 212.33** 3.00 37.00 76.50 211.67** 4.17 40.67 90.83 

a 14.50** -0.33 2.83 -6.67 1.67** 0.17 -2.50 -4.67 

d 81.67** 6.17 13.58* 15.50* 90.67** -1.50 9.33** 6.75** 

aa 58.33** 6.67 17.67* 16.67* 96.66** -1.66 7.66** -2.00** 

ad 14.17** -0.50 0.42 -6.50 2.17** 0.17 -3.17 -3.08* 

dd -18.67** -8.33* -31.83** -23.67* 45.33** 4.33* 23.33** -8.83** 

Cross 4 (1x 5) Cross 9 (3x 5) 

m 207.83** 4.33 38.83 88.33** 221.67** 3.67 40.67 84.33 

a -33.0** 0.50 1.33 -0.50 7.67** 0.17 -8.33 -6.33 

d 130.17** -0.08 -0.17** 6.17** 12.17** 3.08 12.58* 10.17* 

aa 89.33** -0.33 4.00** 11.67** -20.66** 2.33 16.00* 14.00 

ad -36.83** -0.08 -1.50 0.50 4.67** -0.25 -8.42 -4.17 

dd -41.67** 0.17* -9.67** -69.0** 103.67** -2.017* -50.50** -57.67* 

Cross 5 (2x3 ) Cross 10 (4x5 ) 

m 221.17** 4.17 41.00 94.50* 220.17** 3.50 38.50 80.33 

a -22.13** 0.67 0.17 0.17 -11.67** 0.17 1.17 4.50 

d 73.58** 0.08 -1.67** -58.42** -1.33** 2.55 12.75 3.25** 

aa 70.00** 0.00 0.33** -54.33** 26.00** 2.33 11.00 7.66** 

ad -23.92** 0.92 1.67 -1.25 -15.17** -0.25 1.25 5.08 

dd -115.8** -0.17 -18.00** 30.83** 106.00** -2.57* -22.17 -23.83** 

*, ** Significant and highly significant at the 0.05 and 0.01 level of probability, respectively. 
(m, a, d, aa, ad and dd = population mean, additive, dominant, additive x additive, additive x 
dominant and dominant x dominant gene action, respectively).  

 
The data of the flowering date character appeared that the additive gene 

effect exhibited insignificant for all the crosses indicating that the role of the 
additive gene effect was negligible in the inheritance of this character. The 
dominance gene effect exhibited significant and highly significant positive value 
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for the crosses 1x4, 2x4, 2x5, 3x4 and 3x5. The additive x additive epistatic 
gene effects (aa) were found to be significant with the positive value for all the 
crosses, indicating that the additive x additive interaction was important in the 
inheritance of this trait. 
 

 The type of gene action for fruit yield per plant and yield components (No. 
of fruits per plant and average fruit weight) are presented in Table (7). The 
mean values of these characters were found to be insignificant for all the tested 
crosses indicating that the population mean may be not effective as an indicator 
for selection for these traits. The tabulated data of the No. of fruits per plant 
showed that the dominance effect exhibited significant values only for the 
crosses 1x3, 2x3 and 2x4.The dominance x dominance interaction was found to 
be significant for all the crosses except for the crosses 1x2 and 2x5. These 
results indicating that the dominance x dominance interaction was more 
important in the inheritance of this character. 

The data of average fruit weight per plant character are presented in Table 
(8). the additive and dominance effects showed insignificant values for all 
crosses indicating that the additive and dominance effects might be not effective 
in the inheritance of this characters, the additive x additive interaction showed 
insignificant values for all the crosses except for the cross 2x4 which gave 
significant with negative value. The additive x dominance interaction was found 
to be insignificant for all the crosses except of the cross 1x4 which gave 
significant negative value. 

For total fruit yield per plant characters, the recorded data showed that the 
additive and dominance effects were found to be insignificant for all the crosses 
except for the cross 2x5 which gave significant value for the dominance effect. 
The additive x additive interaction was found to be insignificant for all the 
crosses except for the 2x5 and 3x4, the dominance x dominance interaction 
was found to be significant for the crosses 1x4, 2x3, 2x4 and 3x4 indicating the 
importance of the dominance epistatic in the inheritance of this character for the 
tested crosses. 
 

Fruit quality characteristics 

Data presented in Table (8) declare these characters of gene action for 
fruit fresh thickness, the mean values was found to be significant and highly 
significant for the crosses 1x3, 1x4, 1x5, 2x5 and 4x5 indicating that 
improvement of such a character might be effective depending upon the 
population mean in the breeding selection. The additive gene action was 
significant and highly significant for all the tested crosses except for the hybrids 
1x3, 1x4, 2x3 and 3x5. Concerning the dominant gene effect; results showed 
high significant for the tested crosses with highly magnitude values, which may 
be emphasize that the dominant gene effect was important in the inheritance of 
this trait. The additive x additive interaction  
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Table (7):Gene action of 5 parents, 10 F1, 10 F2, 10 BC1P1, and 10 BC1P2 
sweet melon crosses for the studied yield and yield components 
characters  

Gene 
action 

Fruits No. 
per plant 

Average fruit 
weight (kg) 

Total fruit 
yield per plant 

(kg) 

Fruits No. 
per plant 

Average fruit 
weight (kg) 

Total fruit yield per plant 
(kg) 

Cross 1 (1x 2) Cross 6 (2x 4) 

m 2.17 0.758 1.610 2.00 1.100 1.830 

a 0.50 -0.40 -0.568 0.76 -0.04 0.73 

d 2.33 0.229 2.027 1.00* -1.81 -0.43 

aa 1.67 0.369 1.704 0.66* -1.91* -1.18 

ad 1.00 -0.612 -0.568 0.83 -0.22 0.81 

dd -1.33 -0.161 0.602 3.33* 3.28 5.51** 

Cross 2 (1x 3) Cross 7 (2x 5) 

m 2.17 0.900 1.780 2.33 1.020 2.280 

a 0.67 -0.02 0.28 0.00 -0.21 0.47 

d 2.00* 0.81 3.23 0.83 -1.09 0.70* 

aa 2.00 0.80 3.27 0.66 -1.06 -1.73* 

ad 1.00 -0.12 0.38 -0.17 -0.23 -0.63 

dd -4.00* -0.81 -4.73 3.30 0.99 2.36 

Cross 3 (1x 4) Cross 8 (3x 4) 

m 2.33 0.790 1.630 2.33 0.680 1.590 

a -0.50 0.81 0.89 0.33 -0.17 0.92 

d 0.50 1.61 4.29 -0.17 0.40 3.02 

aa 0.33 1.63 3.90 0.00 0.45 2.80* 

ad 0.17 0.59 0.97 0.67 -0.29 0.89 

dd 0.33* -2.63* -4.61* 1.67* -0.29 -2.19** 

Cross 4 (1x 5) Cross 9 (3x 5) 

m 2.17 0.93 1.890 2.67 0.700 1.760 

a -0.33 0.10 0.01 0.17 -0.03 0.03 

d 1.00 -0.85 -0.38 -0.33 -0.16 -0.39 

aa 0.00 -0.84 -1.25 -1.00 -0.09 0.72 

ad 0.00 -0.13 -0.25 0.17 -0.16 -0.23 

dd 2.00* 1.71 4.77 2.67* 0.66 3.42 

Cross 5 (2 x 3) Cross 10 (4x 5) 

m 2.33 0.790 1.600 2.33 1.070 2.440 

a -0.17 -0.22 -0.69 0.17 0.16 0.46 

d -0.67* 1.24 2.96 0.33 -0.88 -1.58 

aa -0.33 1.39 3.55 0.33 -1.08 -2.06 

ad -0.33 -0.11 -0.54 -0.17 0.15 0.22 

dd 1.33* -2.77 -5.70* 1.33** 1.19 3.60 

*, ** Significant and highly significant at the 0.05 and 0.01 level of probability, respectively. 
(m, a, d, aa, ad and dd = population mean, additive, dominant, additive x additive, additive x 
dominant and dominant x dominant gene action, respectively).  
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showed highly positive and negative magnitude values with highly significant 
values in most of the tested crosses except for the cross 2x3, indicating that the 
duplicate additive epistatic was more important in the inheritance of this 
character. Concerning the interaction additive x dominant the results showed 
significant and highly significant values for all the crosses except for the crosses 
2x3 and 3x5. The non-allelic interaction dominant x dominant was found to be 
significant and highly significant with positive values for the crosses 1x5, 2x4, 
2x5 and 3x4. 

 
For fruit shape index trait, all the evaluated crosses exhibited insignificant 

values for the six parameters; i.e., mean values, additive gene effect, dominant 
gene effect, additive x additive, additive x dominant and dominant x dominant. 
These results suggesting that the improvement of this character in the early 
generation would be not effective. The data of fruit netting degree showed the 
additive gene effect was found to be insignificant for all the evaluated crosses, 
while the dominant gene effect showed highly significant positive value only for 
the crosses 1x2, 1x3 and 2x3. The additive x additive interaction showed 
significant and highly significant only for the crosses 1x2, 1x3 and 2x3. 
Dominance duplicate epistatic was found to be significant and highly significant 
with negative value for the crosses 1x3 and 2x3 while the crosses 1x5, 2x4, 
2x5, 3x4 and 4x5 exhibited positive significant and highly significant values. The 
non- allelic interaction additive x additive showed significant and highly 
significant values for all the crosses except for the cross 1x5, 2x5 and 3x5.  

 
The total soluble solids character showed that the additive gene action 

exhibited non- significant values for all the evaluated crosses; while the 
dominance gene action gave significant and highly significant values for most of 
the tested crosses except for the hybrid 2x4. These results indicated that the 
dominance gene effect was more important than the additive gene effect in the 
inheritance of this character. Concerning the duplicate additive epistatic, the 
data showed that the crosses 1x4 1x5 2x3, 2x5, 3x4, 3x5 and 4x5 showed 
significant and highly significant values. On the other hand, the dominance 
duplicate interaction was found to be highly significant for most of the tested 
crosses, except for the hybrid 3x5.  
  

The mean values of the fruit moisture content trait was found to be 
insignificant for most of the tested crosses, except for the cross 3x4 where it 
gave significant value. The dominant gene action exhibited highly significant 
with high magnitude values for all the crosses indicating that the dominant gene 
action was more important than the additive gene effect in the improvement of 
this character. As for the duplication additive interaction, the results showed that 
all the crosses exhibited highly significant positive and negative values except 
for the cross 2x4 which gave, significantly, positive value. The dominant x 
dominant interaction showed highly significant values for all the tested crosses. 
Similar results were reported by Fernaindez et al. (2009) and Reddy et al. 
(2013`).  
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Table (8): Gene action of 5 parents, 10 F1, 10 F2, 10 BC1P1, and 10 BC1P2 
sweet melon crosses for the studied fruit characteristics 

 

Gene action 
Fruit flesh 
thickness  

(%) 

Fruit shape 
index 

Fruit 
netting 
degree 

T.S.S (%) 
Moisture 

content (%) 

Cross 1 (1x2) 

m 66.67 1.22 8.33 14.07 91.43 

a 0.53** 0.01 1.50 -0.35 0.58 

d 7.45** -0.94 2.63** 4.15* -6.79** 

aa 4.27** -0.64 2.33** 2.77 -5.63** 

ad 1.45** -0.24 1.79* 0.77 -0.45 

dd -26.10** 0.98 -1.25 -5.90* 14.23** 

Cross 2 (1x3) 

m 65.80** 1.25 8.67 14.60 91.81 

a 0.30 0.05 0.50 -0.74 0.32 

d 11.58** -0.41 1.75** -2.92* -4.40** 

aa 5.27** 0.36 1.00** -4.57 -2.37** 

ad 2.05* -0.16 1.42 0.47 -0.21 

dd -15.17* 0.93 -0.83** 7.58** 0.45** 

Cross 3 (1x4) 

m 66.13* 1.02 10.00 14.80 88.14 

a 1.00 0.01 0.17 -1.35 -2.63 

d 9.48** -0.45 0.67 3.14** 7.17** 

aa 3.33** -0.25 -0.33 1.97** 8.28** 

ad 2.15* -0.28 1.33 -0.42 -4.26 

dd -15.37** 1.08 -2.00 -8.42** -2.76** 

Cross 4 (1x5) 

m 66.00* 1.06 9.83 15.72 89.50 

a 2.37** -0.01 -0.50 -1.28 1.69 

d -1.57** -0.33 -6.33 0.22** 7.47** 

aa -7.67** -0.19 -7.67 -3.23* 7.93** 

ad 6.07** -0.32 0.33 0.03 -0.26 

dd 17.27** 0.81 2.67** 4.17** -7.48** 

Cross 5 (2x3) 

m 66.07 1.02 9.33 16.10 89.93 

a -4.43 -0.25 0.00 0.30 1.21* 

d 3.75** 0.30 1.92* -11.84** 2.92** 

aa 1.53 0.44 1.33* -12.46** 5.95** 

ad -3.65 -0.21 0.08 0.42 1.72* 

dd -13.37** -0.93 -1.17* 19.62** -7.37** 

*, ** Significant and highly significant at the 0.05 and 0.01 level of probability, respectively. 
(m, a, d, aa, ad and dd = population mean, additive, dominant, additive x additive, additive x 
dominant and dominant x dominant gene action, respectively). 
 

To be Contd. 
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Table (8) Cont'  

Gene action 
Fruit flesh 
thickness 

(%) 

Fruit 
shape 
index 

Fruit 
netting 
degree 

T.S.S (%) 
Moisture 

content (%) 

Cross 6 (2x4) 
m 67.13 1.03 10.00 15.28 89.53 
a 1.50** 0.15 2.00 2.55 -1.35 
d -14.95** -0.21 -7.00 -3.13 -7.81** 

aa -20.86** -0.28 -7.33 -4.96 9.97* 
ad 1.72** 0.11 2.33 2.39 -1.95 
dd 32.30** 0.61 14.00* 9.18** -47.84** 

Cross 7 (2x5) 
m 68.13* 1.03 9.83 13.5 91.64 
a -5.40** -0.16 0.17 0.98 2.00 
d -11.23** -0.13 -0.76 -1.73** -3.00** 

aa -15.20** -0.08 -1.00 -0.76** -2.97** 
ad -2.63** -0.22 0.17 1.15 -2.85 
dd 23.27** -0.09 0.67* 0.63** 2.28** 

Cross 8 (3x4) 
m 66.20 0.96 9.83 13.92 90.54* 
a 1.57** 0.01 -0.83 0.02 -0.15 
d -12.10** -0.04 -1.34 8.45** -0.92** 

aa -12.46** -0.06 -3.00 7.03** 0.18** 
ad 1.00** -0.06 0.82 -0.30 -1.26 
dd 11.27** 0.48 3.35* -9.70** 1.76** 

Cross 9 (3x5) 
m 61.20 1.06 9.00 15.62 90.14 
a -1.33 0.01 -0.17 0.12 1.62 
d 20.95** -0.27 4.25 -4.34* -0.07** 

aa 16.13** 0.26 3.66 -3.76* -0.54** 
ad 0.65 -0.09 -0.25 0.16 0.21 
dd -6.83 0.36 -4.50 2.42 6.49** 

Cross 10 (4x5) 
m 62.07* 1.15 9.83 14.60 91.53 
a -0.40** 0.13 1.00 -0.90 2.22 
d 1.78** -0.47 -2.50 1.64* 0.90** 

aa 7.07** -0.45 -2.67 0.47* -1.21** 
ad 2.15** 0.10 0.67 -0.58 1.90 
dd -8.63** 0.06 5.00** 0.38** 1.32** 

*, ** Significant and highly significant at the 0.05 and 0.01 level of probability, respectively 

(m, a, d, aa, ad and dd = population mean, additive, dominant, additive x additive, additive x 
dominant and dominant x dominant gene action, respectively).  

Correlation coefficient and path analysis 
          Correlation coefficient values are presented in Table (9). Values of the 

correlation coefficient were positive and significant or highly significant among 

the following characters:  plant length with each of average fruit weight / plant 

and total yield / plant. Flowering date with maturity (days). Maturity (days) with 

the netting degree.  Average fruit number with each of total yield /plant and 

netting degree. Average fruit weight with each of total yield / plant, fruit shape 

index. Total yield / plant with each of netting degree, TSS. TSS with moisture 
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content. Negative and significant or highly significant correlation values were 

found among maturity date with of No. of branches per plant. 

 
Table (9): Correlation coefficient values (r) for each pair of characters of 

the studied traits of sweet melon (over the two years of 2013 
and 2014)  

Traits PL NB FD MD AFN/P AFW/P TY/P FTH% FSH I N TSS 

            
NB 0.10           

FD 0.40 -0.67*          

MD 0.35 -0.68* 0.66*         

AFN/P 0.17 0.04 0.20 0.07        

AFW/P 0.60* 0.06 0.09 -0.02 -0.21       

TY/P 0.56* -0.09 0.28 0.14 0.62* 0.60*      

FTH% -0.05 0.05 -0.31 -0.11 0.30 -0.19 0.05     

F SH I 0.46 0.37 -0.31 -0.24 -0.34 0.81** 0.29 0.19    

N 0.43 -0.39 0.43 0.64* 0.59* 0.18 0.66* 0.24 -0.10   

TSS 0.09 -0.10 0.18 0.06 0.12 0.54 0.53* -0.32 0.29 0.21  

MC% 0.06 0.49 -0.19 -0.38 0.38 0.12 0.32 -0.11 0.01 0.11 -0.10 

       *, ** Significant at 5% and 1% levels of probability, respectively. 

PL = plant height                  N = Branches number.                           FD = Flowering (days).                          

MD = Maturity (days).          AFN = Average fruit number.                 AFW = Average fruit weight  

TY = Total yield / plant         FTH% = Flesh thickness.                       N = Netting degree.                                

FSH I = Fruit shape index.   TSS%=Total soluble solids                   MC = Moisture content% 

 

 It could be concluded from results, listed in Table (9), that the characters 
plant length, number branches / plant and average fruit weight were good 
determinates of total yield / plant. These results suggesting that selection 
should be practiced for high yield production based on the plants which 
recorded highest values respecting to these three characters. Similar trend, 
more or less, of these results were found by Ibrahim and Ramadan (2013) who 
found highly significant positive correlation among total yield / plant with each of 
plant length and average fruit weight. The results of Wahba (2004) on some 
local cultivars and hybrids of sweet melon showed a positive correlation 
between flesh thickness and fruit diameter and among fruit weight and each of 
fruit length, fruit diameter and seed cavity diameter. The negative association 
was detected between flesh thickness and seed cavity / fruit diameter.  

The Direct and indirect effects of average fruit number, average fruit 
weight (kg), plant length (cm), branches number and fruit shape index on total 
yield / plant (kg) were tabulated in Table (10). It could be noted from the data of 
path coefficient analysis that the direct effect was positive and highly in 
magnitude for fruit number per plant, plant length and fruit shape index. So, 
selection for these characters may be effective in improving the total yield per 
plant (kg). The Indirect effect was highly positive for the average fruit weight 
through its relation with fruit flesh thickness (0.5761), So, selection for high fruit 
flesh thickness may be effective in improving total yield through its relation with 
average fruit weight. Similar results were found by Feyzian et al. (2009) and 
Abou kamer (2011) on melon, they found direct positive effect for average fruit 
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number on total yield / plant and indirect positive effect for branches number 
through its relation with average fruit number / plant on total yield. 
 
Table (10): Direct and indirect effects of some characters (Average No. of 

fruit per plant, average fruit weight per plant, plant length, No. of 
branches per plant and fruit flesh thickness) on total yield per 
plant 

traits FN FW PL BN FTH Total effect 

FN 0.7359 0.0341 0.1000 -0.0082 -0.2418 0.6200 

FW -0.1545 -0.1622 0.3529 -0.0122 0.5761 0.6000 

PL 0.1251 -0.0973 0.5882 -0.0204 -0.0356 0.5600 

BN 0.0294 -0.0097 0.0588 -0.2041 0.0356 0.0900 

FTH -0.2502 -0.1314 -0.294 -0.0102 0.7112 0.2900 

       
     R.E= 0.2950405 

    AFN = Average fruit number.  
    AFW = Average fruit weight (kg).                  
    PL = plant height. 
    BN = Branches number. 
    FTH% = Flesh thickness. 
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ABSTRACT: A half diallel cross among six parents of wheat (Triticum aestivum L.) was achieved 

for combining ability under recommended irrigation and water stress at Etay EL-Baroud Agricultural 
Research Station, Agricultural Research Center, Egypt, during 2009/2010 and 2010/2011 seasons in 
RCBD with three replications. Data were recorded from F1 generation for days to heading, days to 
physiological maturity, plant height, flag leaf area, spike length, number of spikelets spike

-1
, number of 

kernels spike
-1

, number of spikes plant
-1

, 1000-kernel weight and grain yield plant
-1

. Mean squares for 
genotypes, parents, crosses and parent vs. crosses were significant for all the studied traits in both 
irrigation treatments. General combining ability (GCA) and specific combining ability (SCA) mean 
squares were significant for all the studied traits in both irrigation treatments. High GCA/SCA ratios 
which largely exceeded the unity were detected for all studied traits, except for grain yieldplant

-1
 under 

the study in both conditions. Wheat genotype Line 1 (P6) showed the maximum desirable GCA values 
for days to heading, days to physiological maturity, flag leaf area, spike length, under water stress, 
number of kernels spike

-1
and 1000-kernel weight under both conditions. For shortness, the cultivar 

Sakha 93 (P2) proved to be the best general combiner for plant height under both environments. 
Meanwhile, Sham 6 under normal conditions and Sahel 1 under water stress conditions were the best 
combiners for plant height concerning breeding for tallness. The cultivar Gemmeiza 9 proved to be a 
good general combiner for number of spikelets spike

-1
 under both conditions. The cultivar Misr 1 found 

to be the best general combiner for number of spikes plant
-1

 and grain yield plant
-1 

under normal 
condition, while the cultivar Sakha 93 found to be the best general combiner for number of spikes 
plant

-1
 and grain yield plant

-1 
under water stress condition. The cross (Sahel 1 x Sham 6) showed the 

maximum desirable SCA values for days to heading and days to physiological maturity under both 
water regime treatments. The cross (Misr 1 x Line 1) exhibited the maximum SCA for plant height 
under normal conditions, while (Sahel 1 x Gemmeiza 9) showed the maximum SCA for plant height 
under water stress condition. The cross (Sahel 1 x Misr 1) showed maximum SCA value for flag leaf 
area under both environments. The cross (Sham 6 x Line 1) was the best specific combiners for spike 
length under normal conditions, while (Sahel 1 x Sham 6) was the best for spike length under stress 
conditions. The best specific combiner for kernels spike

-1 
under both conditions was the cross (Misr 1 x 

Line 1). The cross (Sakha 93 x Misr 1) showed the best SCA for number of spikes plant
-1

 under 
normal conditions while the cross (Sakha 93 x Line 1) was the best one under water stress conditions. 
For 1000-kernel weight the cross (Gemmeiza 9 x Misr 1) was the best specific combiner under both 
irrigation conditions. The cross (Sakha 93 x Line 1) exhibited the maximum SCA for grain yield plant

-1 

under normal conditions while the cross (Sakha 93 x Gemmeiza 9) was the best one under water 
stress conditions. The crosses (Sakha 93 x Gemmeiza 9), (Sakha 93 x Line 1) and (Misr 1 x Line 1) 
were prospective in wheat breeding programs since they expressed significant and desirable (ŝij) 
effects for most traits. 

Keywords: Bread wheat, General combining ability (GCA), Specific combining ability (SCA), Normal 
irrigation, Water stress. 

 

INTRODUCTION 

Wheat (Triticum aestivum L.) is the most important cereal crop in Egypt as well 
as in most countries over the world. Egypt's strategy is to minimize the food gap of 
this crop particular throughout vertical improvement and horizontal expansion. 
Although the cultivated area is restricted, enormous activities in new land reclamation 
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and cultivation succeeded to add more land for food production. But, the limited 
water resources put limitations. Moreover, drought is a worldwide issue that impacts 
seriously on the security of food production and the global climate change makes this 
even worse (Elisabeth et al., 2009). Therefore, breeding and correct cultivation of 
cultivars having high yield potentialities are the main way to produce wheat crop to fill 
the gap between production and increased population.  

Breeders should concentrate on development of productive wheat varieties by 
crossing good general combining lines for grain yield and selecting transgressive 
segregates from the resulting hybrids. Information regarding general and specific 
combining ability of wheat genotypes is a prerequisite to launch a successful wheat 
breeding program. Diallel mating design has been extensively used to analyze the 
combining ability effects of wheat genotypes and also to provide information 
regarding genetic mechanisms controlling grain yield and other traits.  

Significant differences due to GCA and SCA were observed for the studied 
traits (Pang et al., 2010).  Saeed et al. (2010) observed significant differences among 
genotypic mean in all of the traits under both conditions, they reported that; GCA and 
SCA differences were significant for all the traits under study except spike density 
and 100-grain weight in both conditions. Khan et al. (2007) found that, the additive 
gene effects were operating in plant height, biomass plant-1, number of grains spike-1 
and grain yield plant-1, while number of tillers plant-1 and 1000-grain weight were 
controlled by non-additive gene effects. Golparvar (2013) found that GCA to SCA 
mean square ratio was significant for non of traits, indicating that non additive effects 
of genes were more important than additive effect for all studied traits.  

The objectives of the present investigation were to assess the variations 
among wheat genotypes and available crosses for water stress tolerance 
characteristics, find out the good general combining genotypes for sound breeding 
program and to select high yielding combiners for the development of productive 
wheat varieties and mark crosses with better specific combining ability for yield 
related traits by employing diallel cross technique and to determine suitable 
measurements for drought resistance in wheat genotypes. 

 

MATERIALS AND METHODS 
          The present investigation was carried out at Etay EL-Baroud Agricultural 

Research Station, Agricultural Research Center, Egypt, during the successive wheat-

growing seasons, 2009/2010 and 2010/2011. Six common wheat genotypes 

(Triticum aestivum L. em Thell) representing a wide divergent were selected to 

establish the experimental materials for this study. The names, pedigree and origin of 

these varieties and/or lines are presented in Table (1). 
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Table (1): Code number, names, pedigree and origin of six parents of bread 
wheat 

No. Name Pedigree Origin 

    
P1 Sahel 1 

NS.732/PIMA/VEERY"S" 
Egypt 

SD735-4SD-1SD-1SD-0SD 

    
P2 Sakha 93 

Sakha 92 / TR 810328  
Egypt 

S8871-1S-2S-1S- 0S 

    
P3 Gemmeiza 9 

Ald “S”/ Huac// Cmh74A .630/ Sx 
Egypt 

CGM4583 -5GM-1GM- 0GM 

    

P4 Misr 1 

OASIS/SKAUZ//4*BCN/3/2*PASTOR 

Egypt CMSS00Y01881T-050M-030Y-030M- 

030WGY-33M-0Y-0S. 

    
P5 Sham 6 

W-3918-A/JUPATECO-73 
Syria 

CM-39992-8M-7Y-0M-0AP-0SYR 

    
P6 Line# 1 

KAUZ/PASTOR 
CIMMYT 

CMSSB0025S-48Y-010M-010Y-010M-9Y-0M 

 

In 2009/2010 season, grains for each of the parental genotypes were sown at 
various dates at 7 days interval for 4 weeks to provide synchronized flowering among 
the genotypes. All possible cross combinations excluding reciprocals were made 
among the six genotypes to produce their fifteen F1 crosses. Hybridization was made 
by hand for enough number of spikes on main stems of each parent after 2-5 days 
from hand emasculation according to weather conditions. 

In 2010/2011 wheat growing season, the six parents and their fifteen F1 hybrid 
seeds were sown on 1st of December in two experiments. The twenty one (21) 
entries were evaluated in two separate irrigation regime experiments. The first 
experiment was given one surface-irrigation 29 days after the establishment one at 
the tillering stage (water stress conditions, S). The second experiment was irrigated 
four times after sowing irrigation (normal conditions, N). In each experiment, the 
genotypes were grown in a randomized complete block design (RCBD) with three 
replicates. Each replicate consisted of 36 rows, 3 m long and 30 cm apart with 20 cm 
between plants. Sixteen grains were sown in each row and manually drilled in the 
rows. Each experiment was surrounded by a wide border (12m) to minimize the 
underground water permeability. All other cultural practices, except irrigation, were 
applied as recommended for wheat cultivation. The two outside rows of the two 
external rows in each plot were discarded to eliminate the border effect. 

           Ten guarded plants for each parent and cross were tagged at random from 
each replication and data were recorded on heading date, maturity date, plant height, 
flag leaf area, spike length, number of spikelets per spike, number of spikes per plant 
number of the kernels for the highest spike, 1000 kernel weight and grain yield per 
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plant. Monthly average temperature and amount of rainfall and mechanical and 
chemical analysis of experimental soil are shown in Tables (2) and (3). 

Table (2): Meteorological data at Etay EL-Baroud location during 2010/11 
growing season 

Month 

Air temperature (Co) 

RH % 
Rain 
fall 

(mm) 

Mean soil temperature (Co) 

Mean Extreme 5 cm 10 cm 
depth 

20cm 
depth Max. Min. Max. Min. depth 

Oct. 31 20.2 33 17 52.32 0 23.61 23.35 24.27 

Nov. 27.8 16.9 30 14 53.77 0 21.55 21.52 21.58 

Dec. 21.9 11.1 25 9 54.1 12 15.08 16.13 19.1 

Jan. 19.55 9.74 21 8 53.84 10 13.92 14.05 19.24 

Feb. 19.07 9.5 21 8 53.1 8 14.09 14.02 18.88 

Mar. 20.64 10.4 23 9 52.19 6 15.13 15.34 20.35 

Apr. 23.07 12.2 30 10 51.03 3 17.78 17.87 22.22 

May 25.42 13.5 29 12 49.6 0 19.13 19.34 22.4 

 

Table (3): Mechanical and chemical analysis of experimental soil in 2010/11 
season at Etay EL-Baroud Research Station 

Mechanical analysis 

Clay %    52.6 

Silt %    26 

Sand %    21.4 

Textural class    Clay 

Chemical analysis 

Available N  mg/kg    58.6 

Available P  mg/kg    7.8 
Available K  mg/kg 214 

 

The recorded data were subjected to the analysis of variance technique following 

Steel et al. (1997) to determine the significant differences among crosses and parents. 

General and specific combining ability estimates were estimated according to Griffing 

(1956) diallel cross analysis designated as method 2 model 1 for each experiment where 

genotypic differences were found significant.  
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REASULTES AND DISCUSSION 

Analysis of variance and mean performance 
 Analysis of variance for all studied traits for each of normal and stress 
environments are presented in Table (4). 

Mean squares for genotypes, parents, crosses and parents vs. crosses were 
found to be significant for the ten measurements in both irrigation treatments 
indicating wide diversity between the parental genotypes used in the present study 
for these traits. Significant variations among genotypes for grain yield and related 
traits in different varieties of wheat were also reported by Ahmadi et al. (2003); Joshi 
et al. (2004); Hakim et al. (2007); Mohammadi et al. (2007); Seboka et al. (2009) and 
Saeed et al. (2010). 

The mean performances of six wheat parental genotypes and their F1 at 
normal and stress irrigation conditions are presented in Table (5). The water stress 
treatment decreased the mean of days to heading and days to physiological maturity 
for parents and their hybrids. Line 1 (P6) followed by Sakha 93 (P2) were the earliest 
under the two irrigation conditions, while the parental genotype Sham 6 (P5) was the 
latest one. The two crosses (P2 x P6) and (P1 x P6) were the earliest in days to 
heading under both irrigation conditions. Meanwhile, the latest ones were the cross 
(P1 x P3) under normal conditions, (P3 x P4) and (P3 x P5) under stress conditions. 
These results indicated that the parental genotype Line 1 (P6) possessed gene (s) 
controlling earliness of days to heading, while parental genotypes Sham 6 (P5) and 
Gemmeiza 9 (P3) have gene (s) for lateness. 

Regarding days to physiological maturity, among parents, the earliest in 
maturity were Line 1 (P6) and Misr 1 (P4) under both irrigation conditions, while Sham 
6 (P5) was the latest one for this trait under the two irrigation conditions. Concerning 
crosses, three crosses (P4 x P6), (P1 x P6) and (P1 x P4) showed the lowest values 
(desirable) under both irrigation conditions. 

For plant height, Sham 6 (P5) was the tallest stature followed by Sahel 1 (P1) 
and Gemmeiza 9 (P3). However, Sakha 93 (P2) was the shortest under the two 
irrigation conditions. Regarding crosses, two crosses (P1 x P2) and (P2 x P4) had the 
shortest plants under both irrigation conditions. However, crosses (P3 x P5), (P5 x P6) 
and (P3 x P6) had the highest mean values under normal irrigation meanwhile, 
crosses (P1 x P3), (P1 x P5), (P1 x P6) and (P3 x P6) showed the same performance 
under stress conditions. The reduction in plant height of stressed plants may be due 
to the reduction in internodes length and/or due to the reduction in moisture 
absorption, nutrient uptake and photosynthesis under drought stress condition. 

The parents and crosses stressed for water had mean value of flag leaf area 
lower than plants under normal condition. For the parents, Line 1 (P6) and Sham 6 
(P5) were the highest for flag leaf area under both irrigation conditions. Concerning 
crosses, the three crosses (P5 x P6), (P4 x P6) and (P3 x P5) had the highest value 
under normal conditions, meanwhile crosses (P4 x P6) and (P5 x P6) were the highest 
under water stress conditions. Cross (P3 x P4) had the lowest value of flag leaf area 
under both irrigation conditions. 
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Regarding spike length, Line 1 (P6) had the tallest spike under the two 
irrigation conditions. Cross (P5 x P6) had the tallest spike under normal conditions 
followed by four crosses i.e. (P3 x P6), P4 x P6), (P2 x P6) and (P2 x P3). Meanwhile 
crosses (P4 x P6), (P2 x P6), (P3 x P6) and (P1 x P6), respectively had the tallest spike 
under stress conditions, cross (P3 x P4) showed the lowest value for this trait under 
both conditions. 

For number of spikelets per spike, Gemmeiza 9 (P3) followed by Sahel 1 (P1) 
and Line 1 (P6) were the highest among parents under both irrigation conditions. 
Crosses (P1 x P3) and (P3 x P6) had the highest number of spikelets per spike under 
normal conditions. On the other hand, crosses (P1 x P3), (P1 x P6), (P2 x P3), (P3 x P5) 
and (P3 x P6) exhibited the highest one under stress conditions. 

Concerning number of grains per spike, Line 1 (P6) ranked the first under both 
irrigation conditions; the two crosses (P1 x P6 & P4 x P6) ranked the first and the 
second respectively, under both irrigation conditions followed by (P5 x P6) and (P2 x 
P6) under normal conditions. The high number of grains per spike in these crosses 
cold be attributed to superiority of the parent Line 1 (P6) in this trait. It is clear from 
the data that water stress treatment decreased the mean of number of grains per 
spike for parents and their hybrids. This reduction may be due to the effect of water 
deficit on pollination and fertilization processes, which lead to decreasing number of 
grains per spike. 

Concerning number of spikes per plant, the two parents Shame 6 (P5) and 
Misr 1 (P4) owned the highest number under both irrigation conditions. Meanwhile, 
the parent Line 1 (P6) owned the fewest number of spikes per plant. Under normal 
conditions cross (P2 x P4) owned the highest number followed by cross (P1 x P2).  

For 1000-kernel weight, the parental genotype Line 1 (P6) was the superior parent 
under both irrigation conditions. All the five crosses that contain the parent Line 1 (P6) 
in addition to the two crosses (P3 x P4 and P2 x P4) exhibited the highest values for 
this trait under normal conditions, cross (P3 x P6) ranked the first under both 
conditions. It’s clear that the parental genotype Line 1 (P6) possess gene (s) 
controlling high kernel weight. The high 1000-kernel weight in this parent could be 
attributed to its high flag leaf area. 

Concerning grain yield per plant, the parent Misr 1 (P4) showed the highest 
value of grain yield per plant under normal conditions. Meanwhile, the parent Sham 6 
(P5) had the highest value of grain yield per plant under stress conditions. Under 
normal conditions crosses (P1 x P3) and (P3 x P6) ranked first and second 
respectively, followed by the two crosses (P2 x P3) and (P2 x P6) under both irrigation 
conditions. 
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Combining ability 
 

Analysis of variance for combining ability in normal and stress conditions is 
presented in Table (6).Mean squares associated with general combining ability 
(GCA) and specific combing ability (SCA) were found to be significant for all studied 
measurements in both irrigation conditions. It is evident that additive type of gene 
action was more important part of the total genetic variability for these traits in both 
normal and stress irrigation conditions. High GCA/SCA ratios which largely exceeded 
the unity were detected for all traits, except for grain yield/plant under the study in 
both irrigation treatments, such results indicated the predominance of additive and 
additive x additive types of gene action in the inheritance of such traits. These results 
are in agreement with those found by Abd Elnour (2005). Significant differences due 
to general combining ability and specific combining ability were observed for the 
studied traits (Pang et al., 2010). 

 
General combining ability effects: 
  

General combining ability effects (
i

ĝ ) for individual parental line and/or cultivar 

for all studied measurements at normal and stress irrigation conditions are presented 
in Table (7). Such results are being used to compare the average performance of 
each parent with other genotype and facilitate selection of parents for further 
improvement to drought resistance. High positive values would be of interest for all 
measurements in question except days to heading and days to physiological maturity 
where high negative effects would be useful from the breeder point of view. 

The two parental genotypes Misr 1 (P4) and Line 1 (P6) expressed significant 

negative (
i

ĝ ) effects for days to heading and days to physiological maturity under 

both normal and stress conditions, indicating that both parental genotypes could be 
considered as a good combiners for developing early genotypes. 

For plant height, under the two irrigation conditions significant negative (
i

ĝ ) 

effects were detected for Sakha 93 (P2) and Misr 1 (P4) respectively, revealing the 

possibility of utilizing these parents to release short stature varieties. On the other hand, 

considerable significant or highly significant positive values were detected for the other 

parents under the two irrigation conditions, except Sahel 1 (P1) at normal irrigation 

conditions, showing that these genotypes are suitable in breeding programs towards 

releasing varieties for higher plant height under the previous conditions. Yet releasing 

cultivars with short plants may be of special interest for such purpose.  

Regarding flag leaf area, highly significant positive GCA effects were detected 

by Sham 6 (P5) and Line 1 (P6) at both conditions and Sakha 93 (P2) under normal 

condition for showing that these parents appeared to be good combiners for this trait 

at the previous conditions. The other four parents gave significant negative or in 

significant (
i

ĝ ) effects for this trait. 
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Concerning spike length, only two parents i.e. Sham 6 (P5) and Line 1 (P6) 

exhibited highly significant and significant positive (
i

ĝ ) effects under normal irrigation 

conditions only. Meanwhile, the other parents gave highly significant negative or in 

significant (
i

ĝ ) effects for this trait. 

For number of spikelets/spike, under both normal and water stress conditions, the 

parental genotypes Gemmeiza 9 (P3) and Line 1 (P6) gave the desirable (
i

ĝ ) effects. 

Meanwhile, the parent Sahel 1 (P1) showed the same result under normal irrigation 

condition only. The other parental genotypes gave undesirable (
i

ĝ ) effect under both 

irrigation conditions for this trait. 

Regarding number of grains/spike, the parental Line 1 (P6) was the best 

combiner of number of grains/spike, it gave the highest significant positive (
i

ĝ ) 

effects under the two irrigation conditions followed by the parental genotype Sahel 1 

(P1). Therefore, they could be considered as the best combiners for this trait. 

Regarding number of spikes/plant, the parental Sakha 93 (P2), Misr 1 (P4) and 

Sham 6 (P5) showed the desirable (
i

ĝ ) effects under normal conditions, in addition to 

the previous parents the parent Sahel 1 (P1) showed the desirable (
i

ĝ ) effects under 

stress conditions. The parental Line 1 (P6) was the inferior for this trait and appeared to 

be bad combiner for this trait at the previous conditions. 

For 1000- kernel weight, two parental genotypes i.e. Gemmeiza 9 (P3) and 

Line 1 (P6) expressed highly significant positive (
i

ĝ ) effects under both irrigation 

conditions. However, Line 1 (P6) was the superior one indicating that these genotypes 

could be considered as good combiners for this trait. While, Sahel 1 (P1), Sakha 93 

(P2), Misr 1 (P4) and Sham 6 (P5) showed  highly significant negative effects in both 

irrigation conditions, suggesting that these genotypes could not be considered as 

good combiners for developing this trait. 

The estimates of GCA effects for grain yield per plant are highly significant and 

positive in Gemmeiza 9 (P3) and Misr 1 (P4) under normal irrigation conditions. It 

could be noticed that Sahel 1 (P1) and Sakha 93 (P2) indicted desirable (
i

ĝ ) under 

water stress conditions. Negative and significant estimates of GCA effects were 

obtained for Line 1 (P6) under the two irrigation conditions. These results are partially 

in harmony with Sultan et al., (2011) who pointed to the importance of additive gene 

effects in the inheritance of plant height and spikes number plant-1, while, additive, 

dominance and epistasis were the important in the inheritance of grains number 

spike-1, 100-grain weight and grain yield plant-1 at most cases under both normal and 

water stress conditions. Moreover, additive genetic variance played the greatest and 

the important role in the inheritance of plant height, spikes number plant-1 and grain  
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yield plant-1 at most cases under both water conditions. On the other hand, 

dominance genetic variance was the greatest and the important in the inheritance of 

grains number spike-1 and 100-grain weight at most cases under both water 

conditions. Kulshreshtha and Singh (2011) indicated that both additive and non-

additive gene action were found to be important in the inheritance of yield and yield 

attributes under normal as well as saline irrigation conditions. On the other hand, 

Iqbal and Khan (2006) found that general combining ability effects were significant for 

spike length, number of spikelets per spike, number of grains per spike, spike density 

and grain yield. They added that the specific combining ability (SCA) variances were 

greater than general combining ability (GCA) variances, which showed the 

predominance of non-additive gene effects. 

 

Specific combining ability effects: 
 

Specific combining ability effects (ŝij) of the parental combinations computed 
for all the studied measurements under normal and stress irrigation conditions are 
shown in Table (8). Seven and six crosses exhibited significant and negative (SCA) 
effects for days to heading in normal and stress irrigation conditions, respectively. 
Such results indicate that cross (Sahel 1 x Sham 6) followed by cross (Gemmeiza 9 x 
Sham 6) could be considered as good crosses for developing line to early heading 
date.  

Under normal irrigation conditions, six crosses exhibited negative and 
significant (ŝij) effects for days to physiological maturity, two crosses out of them 
didn’t gave significant negative (ŝij) effects for days to heading. Five crosses exhibited 
significant (ŝij) effects for days to physiological maturity under water stress conditions, 
also two crosses out of them didn’t gave significant (ŝij) effects for days to heading. 
Such results confirm the viewpoint that it is not necessary that the genotype that have 
early heading date, have early maturity date also. Hence, maturity date could be 
reliable as a selection criterion for earliness than heading date. Earliness if found in 
wheat is favorable for escaping injuries by stress conditions (especially drought) and 
for intensive production. 

Concerning plant height, among fifteen crosses, four crosses viz. (Sakha 93 x 
Line 1), (Gemmeiza 9 x Line 1), (Misr 1 x Sham 6) and (Misr 1 x Line 1) showed 
significant positive (ŝij) effects at stress and normal irrigation conditions. The cross 
Misr 1 x Line 1 followed by Gemmeiza 9 x Line 1 and Sakha 93 x Line 1 showed 
highest significant positive (ŝij) under both irrigation conditions. 

The most desirable (ŝij)  effects were recorded by the crosses (Sahel 1 x Misr1), 
(Sakha 93 x Gemmeiza 9), (Gemmeiza 9 x Sham 6)  and (Misr 1 x Line 1) under both 
normal  and stress irrigation conditions  for flag leaf area showing that these crosses 
appeared to be the best crosses for this trait. 
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Four crosses i.e. (Sahel 1 x Sakha 93), (Sahel 1 x Gemmeiza 9). (Sahel 1 x Misr 
1) and (Misr 1 x Line 1) had significantly positive (ŝij) effects for spike length under 
normal and water stress conditions. The cross (Sahel 1 x Sham 6) expressed the 
highest (ŝij) effects for spike length under water stress conditions. 

Regarding number of spikelets/spike, five crosses out of the fifteen crosses 
exhibited significant desirable (ŝij) effects under normal irrigation conditions. Meanwhile, 
three out of the fifteen crosses exhibited significant desirable (ŝij) effects under stress 
conditions, only the cross (Misr 1 x Line 1) exhibited significant desirable (ŝij) effects for 
this trait under both normal and stress irrigation conditions. 

From the same Table (8), it could be noticed that the three crosses; (Sahel 1 x Line 1), 
(Sakha 93 x Gemmeiza 9) and (Misr 1 x Line 1) under normal and water stress 
conditions are considered to be promising hybrids for improving number of kernels/spike, 
as they showed highly significant positive (ŝij) effects. The cross (Gemmeiza 9 x Line 1) 
was the worst cross for this trait under both irrigation conditions. 

Regarding number of spikes/plant, four crosses exhibited significant positive (ŝij) 
effects under normal irrigation conditions, the cross (Sakha 93 x Misr 1) had the highest 
(ŝij) effect. Meanwhile, under water stress conditions five crosses exhibited significant 
positive (ŝij) effects, the cross (Sahel 1 x Gemmeiza 9) was the only cross which 
expressed significant positive (ŝij) effects for number of spikes/plant under both normal 
and water stress conditions. 

Eight crosses exhibited significant positive (ŝij) for 1000-kernel weight under both 
normal and water stress conditions. The crosses (Gemmeiza 9 x Misr 1) and 
(Gemmeiza 9 x Line 1) could be considered as the best crosses for this trait. 

Concerning grain yield/plant, nine parental combinations showed significant 
positive (ŝij) effects under normal irrigation conditions. Also six crosses showed desirable 
(ŝij) effects under water stress conditions. The two crosses (Sakha 93 x Gemmeiza 9) 
and (Sakha 93 x Line 1) seemed to be the best combinations for this trait under both 
normal and stress conditions. 

 

CONCLUSION 
 

The results revealed that there was significant genotypic variation among the 
genotypes for the studied traits. The genotype Line 1 (P6) could be used as donor parent 
for the improvement of days to heading, days to physiological maturity, flag leaf area, 
spike length, number of kernels/spike and 1000-kernel weight for normal and water 
stress conditions. The cultivar Misr 1 (P4), showed potential for the improvement of grain 
yield/plant under both irrigation conditions, and grain yield/plant under water stress 
conditions. The crosses (Sakha 93 x Gemmeiza 9) and (Sakha 93 x Line 1) have 
potential for the improvement of number of spikes/plant and grain yield/plant for water 
stress conditions. The cross (Sahel 1 x Misr 1) holds a promise for yielding better 
segregates with improving flag leaf area. 
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ABSTRACT: The present study was conducted to evaluate different types of irrigation water 

and their impact on heavy metals content in soil and date palm grown in Al-Hassa Oasis, Saudi 
Arabia. The investigated irrigation water included groundwater (GW), mixture of groundwater and 
drainage water (GW+DW), mixture of groundwater and tertiary treated wastewater (GW+TTWW) 
and mixture of groundwater, drainage water and tertiary treated wastewater (GW+DW+TTWW). 
The results of this study indicate that the water types used may cause one problem or another 
according to the water type. By applying the criteria used for interpreting water quality for irrigation, 
the most domain problems are salinity hazard and potential salinity. Therefore, it is expected that 
continuous irrigation without good water management (leaching requirements) can led to severe 
problems from the salinity point of view. The mixed waters (GW+DW +TTWW) have the highest 
effect on elemental composition of plants and soil followed by (GW+TTWW), (GW+DW) and then 
(GW). Generally, a significant difference in heavy metals concentrations for both treated soil and 
plants was found. The contents of the heavy metals in both soil samples and plants are compared 
with the worldwide standards. Based on these comparisons, the results concluded that the heavy 
metals in the soil and plants were in acceptable range. 

Keywords: Al Hassa Oasis, Water Quality, Heavy metals, Sodium hazard, Potential salinity, leaf 

mineral composition. 

 
INTRODUCTION 

Water insufficiency is one of the most critical problems that confront the 
world particularly in the arid and semi arid regions. The water policy of any country 
is to use all water resources for adding more land to increase agriculture 
production for the people demands. The limiting factor for reclaiming the arable 
land is the availability of good quality water. Using the treated wastewater for 
irrigation purposes becomes inevitable alternative to reduce the request of 
freshwater resources in the world, especially in arid and semiarid areas (Duan and 
Fedler, 2007).  

 
The sources of irrigation water in Al-Hassa Oasis, Saudi Arabia are 

drainage water, tertiary treated wastewater and groundwater individually or mixed. 
Before using any source of water that mentioned before, it should be tested to find 
out its effect on soil chemical, physical, fertility and toxicity properties. Also, the 
effects on plant growth, yield and elemental analysis must be calibrated. Heavy 
metals are components of the biosphere, occurring naturally in soils and plants, but 
as a consequence of industrialization. Heavy metals from various sources such as 
fossil fuel combustion, sewage sludge, industrial waste and fertilizer, contaminate 
the environment. Plants growing on polluted soils may contain elevated levels of 
heavy metals (Gallego et al., 2002; Zornoza et al., 2002). Heavy metal ions such 
as zinc, manganese and nickel are essential micronutrients for plants, but when 
present in excess, these, and non-essential heavy metals such as cadmium, can 
accumulate in plant parts used for human or animal nutrition to undesirably high 
contents. At even higher levels, they can become toxic to the plant (Williams et al., 
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2000). The growing urbanization increases domestic water use while supplying 
wastewater that can be used for non-potable purposes, such as agricultural 
irrigation. The costs associated to wastewater source are low compared with those 
of other water sources (Bahri, 1999). 
 

In developing countries agricultural sector, the predominant trend is reuse of 
treated wastewater in irrigation (Smith, 1996; Haruvy, 1997; Bahri, 1999,; 
Nicholson et al., 2003). In contrast, most developing countries such as Mexico, 
Peru, Chile and Argentina rely on raw wastewater for agricultural irrigation (Siebe 
and Cifuentes, 1995; Peasey et al., 2000). Some researches on the effects of 
treated wastewater on soil and plant have been done in the past years. Abedi-
Koupai et al. (2006) reported that the accumulation of Pb, Mn, Ni, and Co in the 
soil significantly increased after wastewater land application, and such an 
accumulation decreased with the depth. Hussein (1991) found that sewage and 
drainage water significantly increased Fe, Mn, Cu and Zn in sandy clay loam soil, 
sandy soil and calcareous soil. These results are in harmony with those obtained 
by Hussein et al. (2008) and Al-Dakheel (2011). They reported that groundwater; 
drainage water and tertiary treated wastewater have the highest effect on Fe, Mn, 
Cu, Zn, Cd, Co and Ni content of soil followed by groundwater and tertiary treated 
wastewater, groundwater and drainage water and then groundwater. Pereira et al. 
(2012) found that, using reclaimed wastewater (RWW) leads to increase (P, Mg, B, 
Fe, Mn, Zn, Ni, Cu, Co, Cd, Cr, and Pb) in soil compared with well water irrigation. 
Gonca and Gokhan (2012) reported that, soil nutrient elements (Mn, Cu, Zn, and 
Fe), and heavy metals (Cd, Cr, Ni, and Pb) were higher in soil treated with 
wastewater than in control soil. On contrast, there was no significant difference in 
the concentrations of heavy metals in soils irrigated with reclaimed water and with 
ground water or tap water in different years (Yang et al., 2011). Keser and Buyuk 
(2012) reported that, plant nutrient contents (Zn, Ca, Mg and Na) and heavy metals 
(Cd and Pb) in parsley plant increased with wastewater irrigation. In addition, the 
wastewater-irrigated plants showed a significant accumulation of heavy metals (Pb, 
Cd, Cr, and Cu) in their edible parts and roots (Keser, 2013). 
 

The present study aimed to evaluate different types of irrigation water and 
their impact on some of heavy metals content in soil and date palm grown in the Al-
Hassa Oasis, Saudi Arabia. 
 

MATERIALS AND METHODS 
The investigated irrigation waters include groundwater (GW), mixture of 

groundwater and drainage water (GW+DW), mixture of groundwater and tertiary 
treated wastewater (GW+TTWW) and mixture of groundwater, drainage water and 
tertiary treated wastewater (GW+DW+TTWW). Characteristics of irrigation water 
quality used for irrigating the investigated soil are illustrated in (Table, 1). 

  
Quality of the irrigation water was determined according to the following 

parameters (Wilcox, 1958 and FAO, 1973& 1976): 
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1. The soluble salts concentration of water, which can be expressed in terms of 
electrical conductivity (ECiw, dS/m). 
2. The chemical composition of water, by determining the concentrations of cations 
(Ca2+, Mg2+, Na+, K+ and anions (CO3

2-, HCO3
-, Cl- and SO4

2- ions).  
The quality parameters were calculated as follows: 

a. Sodium Hazard: 

Can be expressed in terms of Sodium Adsorption Ratio (SAR) or Soluble Sodium 
Percentage (SSP, %). 

)/2Mg(Ca

Na
SAR

22 ++

+

+

=  

100
Na

  SSP ×

∑
=

+

Cations  
(The concentration of cations was expressed in me/L). 
b. Magnesium hazard (SMgP): 

It can be expressed by the value of Soluble Magnesium Percentage (SMgP, %),  

SMgP =
[Mg2+]

[Ca2+ + Mg2+ ]
×   100 

 
c. Bicarbonate hazard: 

It can be expressed by the value of Residual Sodium Carbonate (RSC, me/L): 

2- - 2+ 2+

3 3RSC = CO +HCO - Ca +Mg       

(The concentration of ions was expressed in me/l.) 
The concentration of toxic compounds can be expressed by the values of:   

a. Potential Salinity (PS):  

- 2-

4PS(me/l)=Cl +0.5 SO×  

b. The nitrate concentration (NO3
- , mg/l). 

c. The boron concentration (B, mg/L). 

Table (1). Chemical characteristics of the irrigation waters used in the present study 
 

Irrigation waters EC, dS/m 
  

pH 
  

Soluble cations soluble anions 
NO3

-
 

  
B 

Na
+
 K

+
 Ca

2+
 Mg

2+
 CL

-
 HCO3

-
 SO4

=
 

meq/l mg/l 

GW 2.07 7.24 9.13 0.41 6.64 3.69 11.60 3.60 4.67 7.78 0.33 

GW+DW 2.62 7.31 12.78 0.63 7.11 4.76 12.36 5.10 7.83 15.73 0.54 

GW+TTWW 3.54 7.22 18.52 0.75 10.05 5.84 20.59 7.31 7.26 12.76 0.61 

GW+DW+TTWW 4.43 7.14 20.61 0.57 12.86 9.85 24.00 4.64 15.25 21.11 0.48 
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Four farms in Al-Hassa Oasis were selected according to the irrigation water 
quality (One farm for each irrigation type) and approximately similar in soil texture. 
Four locations were selected in each farm. Four palm trees were selected to 
represent each location in the farms (16 palm trees for each farm). The palm trees 
were selected as uniform as possible in growth and vigor and subjected to the 
same cultural practices commonly adopted in the farm.  From each date palm tree, 
five pinnate leaf samples were collected from the middle of the third leaf (from top) 
in all directions, i.e. 20 pinnate per each date palm tree. Leaf samples were 
washed with tap water, distilled water, air-dried, oven dried at 65Cº for 72 hrs, and 
then ground in a stainless steel mill and the powder stored for elemental analysis. 
The ground material (plant powder) was digested with concentrated Sulphuric acid 
+ 30% hydrogen peroxide according to the method of Wolf (1982). In the digest, 
Fe, Mn, Cu, Zn, Cd, Co and Ni were determined by inductively coupled plasma 
optical emission spectrometer (Carter, 1993).   
 

Four soil samples were collected from each farm, one for each location, 
from the surface (0 – 30 cm) depth for chemical analysis. All the collected soil 
samples were air dried, grounded and sieved through a 2mm sieve and kept for 
analysis. Mechanical analysis was carried out according to the international 
hydrometer method using sodium hexametaphosphate as a dispersing agent 
(Richards, 1972). pH and total soluble salts were measured in the soil paste extract 
(Jackson, 1973). The contents of Fe, Mn, Cu, Zn, Cd, Co and Ni in the soil were 
determined by inductively coupled plasma optical emission spectrometer (Carter, 
1993) after extraction with DTPA extracting solution. Some physical and chemical 
properties of the soil samples are presented in (Table, 2). 

 
The experiment was arranged in randomized complete block design, (four 

treatments or water quality) with four replications, represented by 4 locations with 4 
trees for each location). The obtained results were subjected to statistical analysis 
of variance using SAS Software (SAS Institute Inc., 1996). 
 
Table (2).  Some physical and chemical characteristics of the experimental soil as affected 

by the different irrigation waters 
 

Irrigation Water 

Particle Size Distribution 

pH 
ECe  
(dS/
m) 

Soluble Cations Soluble Anions 
Sand

% 
Silt% 

clay
% Texture 

meq/l 

% % % Na
+
 K

+
 Ca

2+
 Mg

2+
 CL

-
 HCO3

-
 SO4

=
 

GW 87.9 2.0 10.1 LS 1.69 4.62 0.28 7.17 4.32 4.43 2.82 9.14 

GW+DW 86.9 4.0 9.1 LS 7.62 2.15 7.84 0.35 8.49 5.56 9.04 3.63 9.57 

GW+TTWW 82.8 6.1 11.1 LS 7.37 2.63 9.55 0.63 9.66 7.13 9.21 3.64 14.11 

GW+DW+TTWW 87.9 4.0 8.1 LS 7.50 3.25 12.58 0.47 11.65 8.79 12.31 3.25 17.92 

LS Loamy sand 

 

RESULTS AND DISCUSSION 
1. Quality of irrigation water 

The water quality parameters for the all investigated water types are 
presented in Table (3). From these data, it appears that for all types of water, the 
ECiw ranged from 2.07 to 4.43 dS/m. The critical level of ECiw to cause severe 
salinity problems is 3 dS/m as reported by FAO (1976). The values of ECiw for 
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(GW) and (GW+DW) are less than the critical limit and no problems of using these 
types of irrigation water. On the other hand, the (GW+TTWW) and (GW+ 
DW+TTWW) have ECiw values more than the critical level. It could be considered 
as high salinity and may cause severe salinity problems. Therefore, it is expected 
that continuous irrigation without good water management (leaching requirements) 
can led to severe problems from the salinity point of view. 

 
The data presented in Table (3) also revealed that the SAR value of all 

water sources is relatively low in comparing with the critical level of sodium hazard 
(less than 10) as reported by Richards (1972). With respect to the SSP as indicator 
for sodium hazard, the values of SSP for all types of water were ranged from 45.94 
to 52.67%. The data revealed that all values of SSP were less than the critical limit 
(< 60%) as reported by Wilcox (1958). 
 

Magnesium hazard is one of the criteria for suitability of water for irrigation. 
In this respect, the values of SMgP tabulated in Table (3) indicated that all types of 
water have a values ranged from 35.72 to 43.37%. The values are below the 
harmful level (> 50%). This means no problem of Magnesium hazard. The 
magnesium salts have toxic effects on the plant and the toxicity of Mg ion is higher 
than the toxicity of Na ion having the same concentrations. 
 

The RSC value evaluates the tendency of irrigation water to form 
carbonates and to dissolve or to precipitate the calcium and to a less degree, the 
magnesium carbonates. The precipitation of poorly soluble carbonates increases 
the sodium hazard of irrigation water and as a result increases the sodicity of 
irrigated soils. The present values of RSC have a negative values, this means that 
Ca2+ + Mg2+ is more than the CO3

2- + HCO-
3 resulted in no problem of sodium 

hazard. Potential salinity (PS) for all water types used was ranged from 13.94 to 
31.63 me/l. The high values of PS over the critical level (5 me/l) as reported by 
Richards (1972) may be due to high chloride and sulphate content in the irrigation 
water. The concentration of B for all the water types in the present study is < 1 
mg/l. The palm trees are considered as semi-tolerant to Boron, which the limit of 
boron in irrigation water is from 1 to 2 mg/l (Wilcox, 1958). This would put these 
waters in the range of no problem of toxicity with respect to palm trees. 
 
       Table (3). Water quality parameters used for comparing the different irrigation waters  

Irrigation water 
ECW 
dS/m 

SAR 
SSP 
(%) 

Mg Hazard 
(%) 

RSC 
 me/L 

Potential salinity 
( me/l) 

B 
mg/l 

NO3
- 

mg/l 

GW 2.07 4.02 45.94 35.72 -6.73 13.94 0.33 7.78 

GW+DW 2.62 5.25 50.56 40.11 -6.77 16.27 0.54 15.73 

GW+TTWW 3.54 6.57 52.67 36.76 -8.58 24.22 0.61 12.76 

GW+DW+TTWW 4.43 6.12 46.95 43.37 -18.07 31.63 0.48 21.11 

 

The nitrate contents (NO3
-) in this water varied from type to another, but it is 

not exceeding the critical limit (45 mg/l) that cause nitrate poisoning (Wilcox, 1958).  
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Generally, from the presented data, it appears that the water types used in 
this work may cause one problem or another according to the water type. By 
applying the criteria used for interpreting water quality for irrigation, the most 
domain problems are salinity hazard and potential salinity. These results are in 
harmony with those obtained by Hussein et al. (2008) and Al-Dakheel (2011). 
 
2. Leaf elemental composition 

Crops can be characterized by typical chemical composition of growing or 
developed tissues. Chemical analysis of plant parts is often used for diagnostic 
purpose in determining fertilizer needs. Poor fertility level, excessive concentration 
of available nutrients, or high salinity in the root zone is reflected in lower or higher 
concentrations of certain elements in plant tissues in comparison with the optimum 
range (Feigin, 1985). 
 

Table (4) shows the leaf elemental composition of palm irrigated by the 
different types of irrigation waters. The results revealed that (GW+DW), 
(GW+TTWW) and (GW, DW+TTWW) significantly increased Fe, Mn, Cu, Zn, Cd, 
Co and Ni contents in leaves of palm as compared with ground water (GW). It is 
observed that (GW+DW+TTWW) have the highest effect on elemental composition 
of plants followed by (GW+TTWW), (GW+DW) and then (GW). Campbell et al. 
(1983) obtained similar results; they showed that Fe, Cu, Zn, Pb, Ni and Cd 
contents in alfalfa, sweet corn and wheat crops were below hazardous levels. 
These results are in agreement with those obtained by Samia et al. (1989), they 
reported that the application of different treated wastewater effluents to three soils 
in Egypt (sandy, calcareous and clay) increased the concentration of heavy metals 
(Cd, Cu, Fe, Mn, Ni and Zn) in leaves of corn and wheat. In addition, Hussein 
(1991) reported that drainage and sewage water significantly increased Fe, Mn, Cu 
and Zn in corn, sugar beet and cotton plants. Moreover, Shahin and Hussein 
(2005) reported that the effect of different types of irrigation water on Cd content in 
cucumber, lettuce and tomato plants in the following order 
(GW+DW+TTWW)>(GW+TTWW) >(GW+DW) >(GW). Also, these results are in 
harmony with those obtained by Hussein et al. (2008). They found that 
(GW+DW+TTWW) have the highest effect on micronutrient contents of palm 
followed by (GW+TTWW), (GW+DW) and then (GW).  On contrary, these results 
are in contrast with the results obtained by Abdel-Nasser et al. (2000), they found 
that the leaf micronutrient contents (Fe, Mn, Cu, Zn and B) in olive plants 
significantly decreased with increasing the salinity of irrigation water. 
 

Referring to the nutrition criteria, the concentration of Fe in the plants of 
palm were more than the normal range found in plants (30-150 ppm), but generally 
these excesses concentrations are not toxic to plants (Hausenbuiller, 1985). The 
concentration of Mn in palm are within the normal range (15-100 ppm) 
(Hausenbuiller, 1985) except Mn concentrations in palm trees irrigated with (GW) 
were less than this range. The levels of Zn in the plants are much less than the 
general toxic limit (100 mg kg-1) for plants given by Leeber (1972). The values of 
Cu concentration in the date palm were within the normal range found in plants (5-
15ppm) (Hausenbuiller, 1985). Typical amount of risk elements (Cd, Co and Ni) in 
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plant are 0.1-1, 0.05-0.5 and 0.1-5 mg/kg for Cd, Co and Ni, respectively, Vecera 
et al.(1999). According to Vecera et al. (1999) the concentrations of Cd, Co and Ni 
in leaves of date palm were within the normal range. 

 
Table (4). The leaf elemental composition (mg/kg) of Palm irrigated by different irrigation 

water types 

Irrigation water Fe Mn Cu Zn Cd Co Ni 

 mg/kg 

GW 122.48 11.47 4.01 9.41 0.19 0.24 2.24 

GW+DW 153.64 16.70 6.14 13.51 0.28 0.32 2.65 

GW+TTWW 194.58 27.60 8.96 16.68 0.33 0.47 3.07 

GW+DW+TTWW 249.48 42.44 10.23 18.92 0.38 0.59 4.34 

LSD (0.05) 4.23
**
 1.35

**
 0.88

**
 1.01

**
 0.05

**
 0.05

**
 0.19

**
 

** Significant at 1% probability level 
 

3. Soil elemental analysis 
Table (5) illustrates the effect of different types of irrigation water quality on 

the chemical properties of soil cultivated with date palm. The results indicated that 
(GW+DW), (GW+TTWW) and (GW+ DW+TTWW) significantly increased available 
Fe, Mn, Cu, Zn, Cd, Co and Ni of the soil as compared with ground water (GW). It 
is noticed that the effect of different types of irrigation water quality on the 
elemental contents of soil are in the following order (GW+ DW+TTWW) > 
(GW+TTWW) > (GW+DW) > (GW). Also, the data showed that there were a 
positive significant correlation between soil contents of Fe, Mn, Cu, Zn, Cd, Co and 
Ni and plants elemental contents of Fe, Mn, Cu, Zn, Cd, Co and Ni. The correlation 
coefficients were 0.99, 0.93, 0.98, 0.99, 0.98, 0.99 and 0.92, respectively. The 
obtained results are in close agreement with those found by Hussein (1991), 
Hussein et al. (2008) and Al-Dakheel (2011). Also, these results are in agreement 
with those obtained by Abdel-Nasser et al. (2000), they found that available soil 
micronutrients (Fe, Mn, Cu and Zn) significantly increased with increasing the 
salinity of irrigation water. Moreover, these results are in harmony with those 
obtained by Shahin and Hussein (2005), they reported that (GW+DW+TTWW) 
have the highest effect on Cd content of soil followed by (GW+TTWW), (GW+DW) 
and then (GW). 
 
   Table (5). The elemental contents of soil irrigated by different irrigation water types 

Irrigation water Fe Mn Cu Zn Cd Co Ni 

 mg/kg 

GW 1.79 2.61 0.48 1.05 0.16 0.35 0.33 

GW+DW 2.72 5.94 0.66 2.78 0.21 0.47 0.42 

GW+TTWW 4.18 8.03 0.98 4.02 0.27 0.59 0.52 

GW+DW+TTWW 6.44 9.68 1.25 5.11 0.31 0.72 0.71 

LSD (0.05) 0.47
**
 0.23

**
 0.11

**
 0.15

**
 0.05

**
 0.08

**
 0.05

**
 

** Significant at 1% probability level 

 
According to Follett and Lindsay (1970), the data in Table (6) illustrate that 

the concentration of Fe in soil irrigated with (GW+DW+TTWW) was adequate. The 
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concentration of Fe in soil irrigated with (GW+DW) and (GW+TTWW) was marginal 
while, the concentration of Fe in soil irrigated with (GW) was deficient. The 
concentrations of Mn, Cu and Zn in the soil irrigated with different types of irrigation 
water were adequate. Typical amount of risk element (Cd, Co and Ni) in non-
polluted soil are 0.01-3, 1- 40 and 10-1000 mg/kg for Cd, Co and Ni, respectively, 
Vecera et al. (1999). According to Vecera et al. (1999), the concentration of Cd, 
Co, Ni and Pb in soil treated with different types of irrigation water were within the 
normal range. 
 

Table (6). Critical levels of DTPA- extractable micronutrients for sensitive crops 
(mg/kg) 

Nutrient Deficient Marginal Adequate 

Zn 
Fe 
Mn 

   Cu 

< 0.5 
< 2.5 
< 1.0 
< 0.2 

0.5 -1.0 
2.5 4.5 

> 1.0 
> 4.5 
> 1.0 
> 0.2 

Source: Follett and Lindsay (1970) 

 
 

CONCLUSION 
It can be concluded that the water types used in the present study may 

cause one problem or another according to the water type. By applying the criteria 
used for interpreting water quality for irrigation, the most domain problems are 
salinity hazard and potential salinity. Therefore, it is expected that continuous 
irrigation without good water management (leaching requirements) can led to 
severe problems from the salinity point of view. The mixture of (GW+DW+TTWW) 
have the highest effect on elemental composition of plants and soil followed by 
(GW+TTWW), (GW+DW) and then (GW). The results concluded that the heavy 
metals in the soil and plants were in acceptable range. 
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Effect of Kaolin Application with Well-Irrigated and Water-
Stress on Some Growth Parameters, Yield and Fruit Quality of 

"Le Conte" Pear Trees 
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ABSTRACT: This experiment carried out during 2012 and 2013experimental seasons on 

"Le-Conte" pear trees. The Kaolin was applied on the canopy surface of trees in well-irrigated 
and water stress conditions at the beginning of growth, after fruit set and 4 weeks before the 
commercial harvest as follows: Well-Irrigated Control (WIC), Well-Irrigated + 1% Kaolin (WI1K), 
Well-Irrigated + 3% Kaolin (WI3K), Well-Irrigated + 5% Kaolin (WI5K), Well-Irrigated + 7% 
Kaolin (WI7K), Stress-Irrigated Control (SIC), Stress-Irrigated + 1% Kaolin (SI1K), Stress-
Irrigated + 3% Kaolin (SI3K), Stress-Irrigated + 5% Kaolin (SI5K) and Stress-Irrigated + 7% 
Kaolin (SI7K). Data indicated that all well and stress irrigation treatments plus spraying Kaolin 
tended to increase shoot length as compared with controls (WIC and SIC). Moreover, SI5K and 
SI3K treatments gave the highest significant value for the shoot thickness. WI3K, WI5K and 
SI5K treatments gave the highest significant value in leaf area. Also, SI5K, SI3K and 
SI7Ktreatments significantly increased fruit set percentage and decreased fruit drop percent 
compared to all well treatments, SI1K and the two controls (WIC and SIC) during both growing 
seasons. Furthermore, all well irrigation water with kaolin treatments increased average fruit 
weight as compared with stress irrigation water treatments, while all stress irrigation water with 
kaolin treatments increased number of fruits per tree as compared with well irrigation water 
treatments as well as control treatments during both seasons of the study. Also, SIC treatment 
gave the highest significant T.S.S percent compared with well irrigation treatments and WIC. 
Stress irrigation treatments decreased acidity percent fruit content as compared with well 
irrigation treatments, while all kaolin concentrations showed no effect on it. At the meantime, all 
stress treatments especially, SI7K increased vitamin content, as compared with WIC and SIC. 
Also, it was found that well irrigated increased N, P and K percentages in “Le-conte” pear leaf 
as compared with stress water treatments. 

Keywords: pear, well and stress irrigated, kaolin, vegetative growth, yield and fruit                                                                  
composition. 

 

INTRODUCTION 
Regulated deficit irrigation (RDI) is the practice of using irrigation to 

maintain plant water status within prescribed limits of deficit with respect to 
maximum water potential for a prescribed  part or parts of the seasonal cycle of 
plant development (Kriedemann and Goodwin, 2003). RDI results in higher 
canopy light transmission (Shellie, 2006) that may lead to undesirable fruit 
exposure and sunburn in warm production regions with high solar radiation 
(Tararaet al., 2008 and Wample, 1996). The conventional way of reducing plant 
water deficits is irrigation, as Le Conte pear trees are grown extensively with 
poor supplies of water during a drought; extensive irrigation is not only 
uneconomical but also impracticable. 

 
Dropping of fruits during June month and before harvesting due to water 

deficits and high temperature considers a serious problem and the losses are 
usually of a very high magnitude. Therefore, during a drought the only means of 
reducing plant water deficits in trees is by using antitranspirants (Davenport et 
al., 1972). 
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 The great benefits of various antitranspirants for flowering, checking fruit 
drop as well as improving the yield quantitively and qualitatively of different fruit 
trees have fascinated pomologists and promoted much of the modern 
researches in this direction (Abou- Khaledet al., 1970; Davenport et al., 1974; 
Yang, 1995; Glenn et al., 2001; Layne et al., 2002; Green et al., 2003; Glenn et 
al., 2003; Jifon and Syvertsen, 2003; Abd El- Kader et al., 2006; Salehand  El-
Ashry, 2006; Wand et al., 2006; and Alyet al., 2010). Environmental dusts and 
particular coverings on plants generally reduce photosynthesis and productivity 
due to leaf shading and interference with stomata activity. A wide range of 
minerals are available but kaolin offer low cost, safety profile, low absorption, 
particle size, dispensability in water and general commercial availability needed 
for agriculture use (Rosatiet al., 2006).  Kaolin cools tissues and protects plants 
from extreme heat and ultraviolet radiation by increasing leaf reflectance and 
reducing transpiration rate (Nakano and Uehara, 1996 and Glenn et al., 2010). 

 
It appears that applying a reflective coating to plants under water stress 

provides more benefit in reducing the heat load than reduction in potential 
photosynthesis. Also, it was expected that net radiation was reduced, 
suggesting a potential reduction in transpiration and water use (Glenn et al., 
2001). Most of the early work in this area has been found to improve yield, fruit 
color and size, as well as the instantaneous rate of net photosynthesis of leaves 
(Glenn et al., 1999; Showler, 2002; Thomas et al., 2004 and Rosatiet al., 2006). 
Furthermore, kaolin improved net photosynthesis and stomatal conductance in 
citrus at midday but not in the morning (Jifon and Syvertsen, 2003) whereas no 
effect was found on pecan (Lombardiniet al., 2004). There have been reports of 
delayed maturation in some trials (Glenn et al., 2001). However, at high 
temperature, rate of net photosynthesis may be more limited by the heat stress 
than by low light so that the reduction in leaf temperature, induced by the kaolin 
film, could more than compensate for the negative effect of reduced light 
(Glennet al., 2003). It can be expected that, the kaolin applications reduced leaf 
temperature, reduced the water require for trees under stressed- water apple 
trees (saving water irrigation), may be increased the yield and improve the 
quality of fruits and prolonged the shelf life of fruits after harvesting. 

 
The objective of the present study was to investigate the effect of kaolin 

film applications in well and stress water on Le-Conte pear trees on vegetative 
growth, fruit setting, yield and yield components. So the results can be used to 
develop a pear irrigation guide to conserve water usage in a semi-arid climate.  

 
MATERIALS AND METHODS 

This experiment was carried out during two consecutive seasons at 2012 
and 2013 on "Le-Conte" pear trees (Pyrus communisx Pyrus serotinia L.). The 
trees were 8 years old, budded on Pyrus commun is rootstock spaced at 5 x 4 
and grown on sandy loam soil in a private orchardat Al- Nubaria region, Behira 
government. Trees were trainedto the central leader system.Soil samples were, 
randomly, taken from two depths (0-30 cm and 30-60 cm) prior to initiating of 
the experiment and analyzed for physical and chemical properties. A 
randomized complete block design was used in this trial using five trees for 
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each treatment.Pear orchard was divided into well-irrigated as required in the 
area and the other was done under water stress treatments. 

 
The treatment of well-irrigated was irrigated with fertigated system 

carried out in the farm (Well irrigation), while the treatment of water stress was 
provided an amount of supplemental water that met either100% of estimated 
crop evapotranspiration(ETc) throughout the growing season then reduced 
percentage of ETc beginning shortly in spring irrigated at 70% from the practical 

irrigation (Stress irrigation). The two water irrigation regimes were equivalent 

to 100%and 70% of crop evaporation respiration (ETc) were determined by 

using the Penman Monteith model according to Allen et al. (1998) equation: 

Crop evapotranspiration (ETc), mm /day = ETo x Kc 

Which ETo: Potential evapotranspiration 

Kc: Crop coefficient    

Fifty trees nearly uniform as possible in growth vigor and productivity 
were chosen for each water treatments.The trees were subjected to fertigation 
system used in the practical field. Other cultural practices were applied in a 
manner consistent with those of commercial pear with orchards. Four rates of 
kaolin were applied for both water irrigation systems with an air- blast sprayer 
and control treatment.The reflective films applied on the canopy surface of trees 
in well-irrigated andwater stress conditions are as follows: 

 
 1- Well-Irrigated Control (WIC). 
 2- Well-Irrigated + 1% Kaolin clay (WI1K). 
 3- Well-Irrigated + 3% Kaolin clay (WI3K). 
 4- Well-Irrigated + 5% Kaolin clay (WI5K). 
 5- Well-Irrigated + 7% Kaolin clay (WI7K). 
 6- Stress-Irrigated Control (SIC). 
 7- Stress-Irrigated + 1% Kaolin clay (SI1K). 
 8- Stress-Irrigated + 3% Kaolin clay (SI3K). 
 9- Stress-Irrigated + 5% Kaolin clay (SI5K). 
 10- Stress-Irrigated + 7% Kaolin clay (SI7K). 
 

Reflective film (Kaolin) was applied at the beginning of growth, after fruit 
set and 4 weeks before the commercial harvest date using Tween 20 (1%) as a 
surfactant.Soil analysis was carried prior and the end of experiment in different 
depths (Table 1). Water quality used in experimental study is presented in Table 
(2). 
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Table (1): Physical and chemical properties of experimental orchard soil 

 
Table (2): Water quality used in experimental study 

 
 The following parameters were measured: 

Shoot length (cm): In the spring of each season, 20 non –fruiting shoots of 
spring cycle were tagged at constant height and at all direction of each tree. In 
October, the average length of tagged shoots was measured. 
 
Shoot diameter (cm): At late October in both seasons, shoot thickness for 
twenty shoots was measured by hand caliber.  
  
Leaf area (cm2): Leaf area was examined during the second half of August on 
fully developed mature leaves by portable area meter LI .COR model LI-3000 A. 
 
 Fruit set and drop percentages: In the spring, four branches were chosen 
from each tree and marked. The number of flowers, number of fruits on these 
branches and the remained fruits on these branches were counted then the fruit 
set and fruit drop percentages were calculated according to the equation. Sixty 
days after flowering, fruit set percentage was calculated in the same 
sequence mentioned above for the initial fruit set percentage according to this 
formula: 
 
               Fruit set (%) =    No. of fruit lets         x100 
                                         No. of opened flowers                      
Fruit drop (%): was calculated by counting the number of dropping fruits from 
the middle of June till the commercial harvesting time under experimental 
conditions (Middle of August), then expressed as a percentage from the whole 
 number of fruits remained on the tree at the middle of June according to this 
formula: 
 
Fruit drop (%) =    No. of dropped fruits    x100 
                                           No. of set fruit lets         
Average fruit weight (g/ fruit), fruit samples were weighted and the average 
fruit weight for each replicate was calculated. 
 

Depths 
(cm) 

Sand 
        

Silt  Clay  
pH       EC 

(ds/m) 

Anions  (meq / L) 
 

Cations ( meq / L) 

% % % HC3  CL SO4 NH4
+

  Ca
++

  Mg
++

  Na
+

  K
+

  

0 – 30  
 

30 – 60  

70.3 10.1 18.6 7.6 0.78 12.9  4.2 4.27 0.06  5.75 4.0 6.7 0.220 

68.2 11.5 17.7 7.7 0.91 13.2  4.3 3.59 0.09 4.43 3.29 6.04 0.042 

SAR 
 

pH       EC 
(ds/m)  

Anions  (meq / L) 
  

Cations ( meq / L)  

HCO3  CL SO4 NH4
+

 Ca
++

 Mg
+

 Na
+

 K
+

 

10.10  7.1    5.62  12.20   75.14 4.27  0.06  5.75  8.0  2.0  0.22  
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No. fruits/tree, Weight of fruits/tree: At harvest time, yield of each 
treatment was recorded as yield weight/tree by the multiplying number of 
fruits × average weight of fruit.  
 
 Fruit firmness: was expressed as (pound / Inch2) according to (Magness and 
Taylor, 1925). Flesh firmness was measured in two opposite sides of the fruit 
using Magness Taylor pressure tester. 
 

Regarding chemical fruit characteristics, samples of 10 fruits from each 
replicate tree i.e. 30 fruits for each of the applied treatment was picked 
randomly at harvest to determine the following parameters: 
Total soluble solids of fruit juice (TSS %) was used to determine the 
percentage of TSS by hand refractometer.  
  
The percentage of total acidity was determined in fruit juice according to 
the A.O.A.C. (1985) by titration with 0.1N sodium hydroxide using 
phenolphthalein as an indicator and expressed as grams malic acid / 100 
milliliters. 
 
Vitamin C (Ascorbic acid): The ascorbic acid content of the juice was 
determined by titration with 2, 6 dichloro phenol-indo-phenol (A.O.A.C., 
1985) and calculated as milli-grams per 100 ml of juice. 
 
Leaf elemental compositions: At the end of July of both seasons, samples 
of 40 leaves /tree were taken at random from the previously tagged shoots, 
the leaf samples were washed with tap water and distilled water, and then 

oven dried at 70°C to constant weight and then ground. To determine the 
leaf elemental contents, ground material of each sample was digested with 
sulphoric acid and hydrogen peroxide according to Evenhuis and Dewaard 
(1980).  

 
In the digested material, total nitrogen and phosphorus were determined 

colorimetrically according to Evenhuis (1976) and Murphy and Riley (1962), 
respectively and potassium was determined by flame photometer. The 
concentrations of N, P and K were expressed as percent.  
Statistical analysis 

Results of the measured parameters were subjected to computerized 
statistical analysis using MSTAT package for analysis of variance (ANOVA) 
and means of treatments were compared using L.S.D. at 0.05 according to 
Snedecor and Cochran (1980). 
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RESULTS AND DISCUSSION 
Vegetative growth: 

The data for both experimental seasons, regarding the effect of different 
treatments of well and stress irrigation and kaolin spraying on the shoot length 
of "Le-conte" pear trees are shown in Table (3). Data indicated that, in general 
well irrigated treatments increased the shoot length as compared with stress 
irrigation treatments. Statistical analysis showed that, WI5K and WI7K 
treatments caused the highest significant length in the two seasons and SIC 
had the lowest significant value in both experimental seasons. Furthermore, 
data showed that, for both experimental seasons, all well and stress irrigation 
treatments plus spraying Kaolin in any rates tended to increasing shoot length 
as compared with control treatment (WIC and SIC). No significant difference 
was found among SI1K, SI5K and SI7K in both seasons. 

 
Results of the effect of different treatments on shoot thickness of "Le-

conte" pear trees clearly indicated that, in spite of all well irrigation with kaolin 
treatments under the study increased the shoot thickness of "Le-conte" pear 
trees during 2012 and 2013 seasons as compared with well irrigation ( control) 
and the difference was not big enough to be significant, except WI7K in the first 
season, but the stress irrigation with kaolin spraying treatments generally 
increased the shoot thickness as compared with well irrigation with kaolin 
treatments as well as control treatments in both seasons. SI5K and SI3K 
treatments gave the highest significant value for the shoot thickness as 
compared with other treatments in both seasons (Table 3). 

 
With regard to leaf area, data indicated that WI3K, WI5K and SI5K 

treatments gave the highest significant value in leaf area meanwhile, control 
treatments (WIC and SIC) tended to decrease leaf area of "Le-conte" pear trees 
in both seasons (Table 3).  

 
The same results were reported by several authors, Heron et al. (2002) 

on pear found that sprays of prohexadione-Ca under water regime condition 
reduced shoot growth and Glenn et al. (2010) on grape vines (Vitis vinifera L. 
cvs.‘Cabernet Sauvignon’, ‘Merlot’, and ‘Viognier’) using a particle film treatment 
(PFT) under varying levels of applied water. Boland et al. (2000a&b) have 
shown in peach that deficit irrigation can restrict root volume and that was 
associated with a reduction in vegetative growth and canopy transpiration 
demand. Cooley et al. (2004) reported, up to 17% reduction in leaf area and 
40% reduction in shoot growth in ‘Cabernet Sauvignon’ under deficit irrigation 
and Shellie (2006) reported that, an increase in ‘Merlot’ canopy light 
transmission under deficit irrigated. The reduction in gs observed in this study 
under deficit irrigation regimes was most likely the result of negative feedback of 
low plant water status. Plant water status, at any point in time, is influenced by 
prior water status conditions that may have altered root capacity for water 
uptake, xylem hydraulic conductivity, non-hydraulic signals (Soar et al., 2004), 
and/or the ratio of shoot to root transpiration demand. 
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Table (3): Effect of kaolin applications at well and stress irrigated               
pear trees on some growth parameters in 2012 and 2013 
seasons 

 
Treatments 

Shoot  lengt  
(cm) 

Shoot diameter  
(cm) 

Leaf   area  
(cm2) 

2012 2013 2012 2013 2012 2013 
WIC 41.36c 40.86cd 0.38c 0.39c 22.36ab 22.98b 
WI1K 43.23c 44.65bc 0.39c 0.41c 23.12ab 23.23b 
WI3K 45.12bc 46.13b 0.39c 0.42c 25.23a 26.12a 
WI5K 52.23a 50.33a 0.42bc 0.43c 25.23a 26.85 b 
WI7K 48.13b 49.74a 0.45ab 0.46bc 24.12ab 25.25ab 
SIC 38.25d 39.22d 0.46ab 0.52ab 21.86b 22.82b 
SI1K 42.12c 43.86bc 0.47ab 0.53ab 23.01ab 23.20b 
SI3K 43.23c 41.29cd 0.49a 0.56a 24.02ab 23.23b 
SI5K 45.12bc 42.92bcd 0.50a 0.58a 25.28a 26.36a 
SI7K 44.32bc 42.83bcd 0.48a 0.51ab 24.98a 24.55ab 

Means followed by the same letter(s) within a separate column are not significantly 
different at 0.05 level of probability. 

 
Fruit set and drop percentages: 
 

The data concerning the effect of well and stress irrigation plus spraying 
kaolin on the percentage of fruit set and drop of "Le-conte" pear trees during 
2012 and 2013 seasons are presented in Table (4).The results showed that, 
spraying the trees, in general stress irrigation treatments and kaolin applied 
increased the percentage of fruit set and decreased the percentage of fruit drop. 
Statistical analysis showed that, SI5K, SI3K and SI7Ktreatments significantly 
increased fruit set percentage and decreased fruit drop percent compared to all 
well irrigated treatments, SI1K and the two controls (WIC and SIC) during both 
growing seasons. No significant difference was found between SI5K and SI7K 
in the first season for fruit set percent. The lowest significant values were 
obtained by WIC and WI7K in the two seasons. While, the lowest significant 
percent of fruit drop obtained by SI5K and SI7K and the highest significant 
value was obtained by WIC and WI7K in the two experimental seasons. The 
data also showed that, stress irrigation without applied kaolin (SIC) gave fruit 
set % more than well irrigation without applied kaolin (WIC), while the reverse 
was true for fruit drop % in both seasons. 

 
The beneficial of these antitranspirants on increasing plant water 

potential and accelerating cell division can enhance growth characters and 
prevent the formation of abscission zone by increasing calcium in the proximal 
and distal sides of the abscission zone of the fruits was mainly attributed to their 
positive action on standing the various stresses surrounded the trees such as 
water stress and high temperature ( Davenportet al.,1972 and 1974). In the 
meantime, Masoud (2012) found that foliar application of the three 
antitranspirants namely Vapor gard, Kaolin and green miracle at 1.0 to 4.0 % 
considerably declined preharvest fruit dropping on Hamawy  apricot trees.The 
promoting effect of these antitranspirants on growth (Davenport et al., 1972) as 
well as their positive action on reducing preharvest fruit dropping surely 
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reflected on enhancing the yield as number of fruits and weight ( kg.) . These 
results are in agreement with those obtained by Glenn et al. (2001); Green et 
al.(2003) and Aly et al. (2010) on apple and Masoud (2012) on apricot. 

 
Table (4): Effect of kaolin applications at well and stress irrigated pear 

trees on fruit set and drop percent in 2012 and 2013 seasons 
 

Treatments Fruit set  % Fruit drop    % 

 2012 2013 2012 2013 
WIC 8.43 e 8.63e 91.57a 91.37b 
WI1K 9.23 d 9.21d 90.77b 90.79cd 
WI3K 9.85c 9.58c 90.15c 90.45d 
WI5K 10.12c 9.23d 89.88c 90.77cd 
WI7K 8.21 e 8.23f 91.79a 91.77a 
SIC 9.48 d 8.96d 90.52ab 91.04bc 
SI1K 10.12c 9.23d 89.88c 90.77cd 
SI3K 11.28b 11.85b 89.72d 88.15e 

SI5K 12.03a 12.23a 87.97e 87.77e 
SI7K 12.07a 11.99b 87.93e 88.01e 

Means followed by the same letter(s) within a separate column are not  

significantly different at 0.05 level of probability. 

 
Physical properties: 

Concerning the applying well or stress irrigation water with kaolin on the 
average fruit weight (g/ fruit) of “Le-conte” pear trees in 2012 and 2013 
seasons, results revealed that all well irrigation water with kaolin( which show  
an increase in average fruit weight (g/ fruit) as compared with WIC and SIC in 
both seasons)  treatments increased average fruit weight as compared with 
stress irrigation water treatment as well as control treatments during both 
seasons of the study, and that increase in fruit weight is big enough to be 
significant. It was noticed that WI5K treatment gave the highest average fruit 
weight (g/ fruit) of “Le-conte” pear trees in 2012 and 2013 seasons, meanwhile, 
the SIC treatments gave the lowest value of average fruit weight (g/ fruit) of “Le-
conte” pear trees in both seasons (Table 5). 

Regarding the number of fruits per tree, data revealed that all stress 
irrigation water with kaolin treatments increased number of fruits per tree as 
compared with well irrigation water treatment as well as control treatments 
during both seasons of the study. It was noticed that SI5K treatment gave the 
highest significant average fruit weight (g/ fruit) of “Le-conte” pear trees then 
SI7K and SI3K in 2012 and 2013 seasons, meanwhile, the WIC and SIC 
treatments (control) gave the lowest significant values of the number of fruits 
per tree of “Le-conte” pear in both seasons (Table 5). 

 
As for weight of fruits/tree (kg), it was found that, all well irrigation  and 

stress irrigation with kaolin treatments showed an improvement in average of 
weight of fruits/ tree( kg) as compared with well and stress irrigation controls in 
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both seasons. Statistical analysis showed that, the highest significant value was 
obtained by WI5K in both seasons and followed by SI3K and SI5k and no 
significant difference was found between WI5K and SI5K in the second season. 
The lowest significant value was obtained by WIC and SIC in both seasons.  

 
Regarding the influence of irrigation and kaolin treatments on fruit firmness 

of “Le- conte” pear trees during the both seasons, data showed that, all well 
irrigation plus kaolin tended to decreased fruit firmness of “Le- conte” pear trees 
during both seasons as compared with WIC. Moreover, it was noticed that 
increasing kaolin concentrations in well irrigated treatments led to decreased 
fruit firmness of “Le- conte” pear trees during the both seasons. At the same 
time, all stress water irrigation plus kaolin treatments increased fruit firmness of 
“Le- conte” pear trees during the both seasons. Generally, no significant 
differences were noticed among WIC, WI1K and WI3K also, no significant 
differences were noticed among SI3K, SI5K and SI7K treatments for effected on 
fruit firmness of “Le- conte” pear trees during the both seasons (Table 5). 
Song et al. (2012) found that the largest berry fresh weight of grape in both  
years, when used water regime (35–70% ETc or 35% ETc treatments) and the 
data showed a significant decrease in berry fresh weight by 23–29% in the 2 
years. 
 

The effect of antitranspirants on increasing calcium in the proximal and 
distal sides of the abscission zone of the fruits was mainly attributed to their 
positive action on standing the various stresses surrounded the trees such as 
water stress and higher temperature ( Davenport et al., 1972).David et al. 
(2003) in pear, there was a significant negative correlation where flesh firmness 
decreased as SSC increased. When data were pooled across cultivars in 1999 
and regression analysis was conducted, a significant linear relationship existed 
between flesh firmness and SSC for both the control and film treatments, 
respectively. Moreover, Glenn et al. (2003) in apple found that, the kaolin 
applications reduced leaf temperature, reduced the water require for trees 
under stressed- water apple trees (saving water irrigation), may be increased 
the yield and improve the quality of fruits and prolonged the shelf life of fruits 
after harvesting. Also, Rosatiet al. (2006) showed that Kaolin applications have 
been used to mitigate the negative effects of water and heat stress on plant 
physiology and productivity with variable results, ranging from increased to 
decreased yields and photosynthetic rates. The mechanisms of action of kaolin 
applications are not clear: although the increased albedo reduces leaf 
temperature and the consequent heat stress, it also reduces the light available 
for photosynthesis, possibly offsetting benefits of lower temperature. Abd El-
Rhman (2010) found that all studied treatments (controlled irrigation, bagging, 
zinc sulphate and kaolin) had no effect on yield / tree (kg) but seeds% 
(grains)/fruit weight were reduced significantly when trees were treated with 
controlled irrigation, bagging, zinc sulphate and kaolin sprays. 
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Table (5): Effect of kaolin applications at well and stresses irrigated pear  
trees on some fruit parameters in 2012 and 2013 seasons 

 
Means followed by the same letter(s) within a separate column are not significantly 

different at 0.05 level of probability. 

Chemical properties of fruits: 

 Data of Table (6) revealed that, increasing rates of kaolin, gradually, 
decreased the content of fruits from T.S.S % in both seasons. At the same time, 
in general, stress irrigation treatments increased T.S.S percentage as 
compared with well irrigation treatments. It was found that, SIC treatment gave 
the highest significant T.S.S percent compared with well irrigation treatments 
and WIC, while the differences among the rest treatments (stress irrigation with 
kaolin) were not big enough to be significant, except for SI7K in the first season. 
In the meantime, the lowest significant values were found in WI5K and WI7K, in 
the second season.   

As for ,the effect of well and stress water irrigation   with or without kaolin 
treatments , it was found that, in general, stress irrigation treatments decreased 
acidity percent fruit content as compared with well irrigation  treatments, while 
all kaolin concentrations showed no effect on it. Statistical analysis of the data 
showed that, the highest significant value was obtained by WI1K in the first 
season and WIC in the second season. Meanwhile, the lowest value of acidity 
percent was obtained by SI7K in the first season. It is cleared from the data 
that, no significant differences were found among the stress irrigation 
treatments in the second season.  

Furthermore, the data as for the effect of irrigation plus kaolin on vitamin C 
content in “Le-conte” pear fruits during 2012 and 2013 seasons showed that, 
stress treatments in general led to increase Vitamin content, in the meantime all 
kaolin concentra   tions in well as well as stress irrigation treatments in both 
seasons, increased fruit vitamin C content as compared with WIC and SIC. 
While, SI7K gave the highest significant value in the two seasons. Masoud 

Treatments 
Average fruit 

weight (g) 
No fruits/tree  

 
Weight of      

fruits/tree (kg) 
Fruit firmness 
( pound /inch2) 

 2012 2013 2012 2013 2012 2013 2012 2013 
WIC 139.23d 137.82c 189.24h 178.21f 26.30g 24.84e 16.23cd 16.25bc 
WI1K 141.22c 144.32b 192.11g 188.98e 27.05e 27.38c 16.03de 16.12cd 
WI3K 143.56b 143.36b 196.32f 195.24d 28.18d 28.03b 16.02de 16.11cd 
WI5K 148.21a 146.52a 209.23e 199.53c 31.00a 29.25a 15.96de 15.99d 
WI7K 140.45c 138.36c 188.36h 193.23d 26.66f 26.89c 15.89e 15.45e 
SIC 129.23i 131.23f 189.23h 193.24d 24.66h 25.36d 16.70a 16.55a 
SI1K 136.25f 133.23e 211.21d 201.32c 28.81c 26.88c 16.63ab 16.50a 
SI3K 137.89e 135.21d 212.32c 208.87b 29.27b 28.24b 16.35c 16.41ab 
SI5K 133.25g 136.23d 218.24a 213.89a 29.09bc 29.18a 16.40bc 16.33ab 
SI7K 130.23h 132.22ef 214.22b 211.23b 27.91 d 28.06b 16.41bc 16.35ab 
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(2012) found that, there was a gradual promotion on fruit weight and vitamin C 
with increasing concentrations of each antitranspirants. 

Regulated deficit irrigation is a significant improvement in water 
management for horticultural crops because it reduces irrigation water inputs 
while improving crop quality (Glenn et al., 2010), also it has been used with 
peach and pear to shift photo assimilate sinks from vegetative to reproductive 
growth and increase yield, fruit quality and water use efficiency (Boland et al., 
1993; Chalmers et al., 1981; Johnson et al.,1992; Mitchell and Chalmers 1982; 
Mitchell et al., 1989; Moiana et al., 2003). On the other hand, regulated deficit 
irrigation in wine grapes is commonly applied during two periods to increase 
berry quality, water deficits early in the season, from fruit set  to veraison , 
control berry size and reduce vine vigor ( McCarthy et al., 2002 and Keller, 
2005). Water deficit early in the season or after veraison and during fruit 
ripening can reduce yield and vegetative development compared to full irrigation 
(Kriedemann and Goodwin, 2003) and can benefit berry and wine quality in 
different ways (McCarthy et al. 2002; Cortell et al. 2005 and Romero et al., 
2010) Plant water relations were more impacted by irrigation regime than by 
particle film; however, vines with kaolin- particle film had the coolest leaf and 
canopy temperature (Glenn et al., 2010). Trees under deficit irrigation had the 
warmest leaf and canopy temperature. 
Song et al. (2012) found that the lowest total soluble solids, highest titratable 
acidity, and lowest pH in both years of grape, when used water regime (35–70% 
ETc or 35% ETc treatments) and the data showed a significant decrease in 
berry fresh weight by 23–29% in the 2 years.  
Higher total soluble solids in grapes under water deficit could be related to the 
indirect effects of water stress (Koundouras et al., 2009). Also, David et al. 
(2003) showed that, there was a significant negative correlation where flesh 
firmness decreased while, total soluble solids increased in pear. Glenn et al. 
(2003) in apple, expected that, the kaolin applications reduced leaf temperature, 
reduced the water require for trees under stressed- water apple trees (saving 
water irrigation), may be increased the yield and improve the quality of fruits 
and prolonged the shelf life of fruits after harvesting. Rosati et al. (2006) 
showed that Kaolin applications have been used to mitigate the negative effects 
of water and heat stress on plant physiology and productivity with variable 
results, ranging from increased to decreased yields and photosynthetic rates. 
Abd El-Rhman (2010) found that, in pomegranate, total soluble solids, total 
sugar and reducing sugars and other physical and chemical measurements 
were increased as influenced by foliar spraying with all treatments (controlled 
irrigation, bagging, zinc sulphate and kaolin) in both studied seasons. Masoud 
(2012) worked on Hamawy apricot trees, were subjected twice to three 
antitranspirants namely Vapor gard, Kaolin and green miracle each at 1.0, 2.0 
and 4.0 % in addition, to the control treatment, and the data showed that foliar 
application of the three antitranspirants declined preharvest fruit dropping and 
total acidity percentage and improved the yield, calcium pectate % on distal and 
proximal sides of the abscission zone, fruit weight, total soluble solids %, total 
and reducing sugars, sucrose % and ascorbic acid comparing with the check 
treatment. 
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Table (6): Effect of kaolin applications at well and stresses irrigated pear 

treeson some chemical fruit parameters in 2012 and 2013 seasons 
 

Treatments TSS % Acidity % 
Vitamin C  

(mg/100 ml juice)  
 2012 2013 2012 2013 2012 2013 

WIC 12.23bcd 12.36bc 0.49ab 0.51a 19.10e 19.21d 
WI1K 12.11cd 12.20cd 0.50a 0.49ab 20.19d 20.11c 
WI3K 12.02cd 12.13d 0.48ab 0.47b 21.21c 21.02b 
WI5K 11.87d 11.92e 0.47b 0.46b 21.22c 21.32b 
WI7K 11.99cd 11.86e 0.48ab 0.47b 20.11d 21.01b 
SIC 12.66a 12.65a 0.40cd 0.39c 20.21d 21.21b 
SI1K 12.54ab 12.52ab 0.42c 0.41c 21.63bc 21.33b 
SI3K 12.32abc 12.55ab 0.40cd 0.42c 21.99b 21.54b 
SI5K 12.31abc 12.41abc 0.41cd 0.40c 22.23b 22.45a 
SI7K 12.23bcd 12.40abc 0.39d 0.39c 22.85a 22.98a 

Means followed by the same letter(s) within a separate column are not significantly 
different at 0.05 level of probability. 

 
Leaf elemental content: 

Table (7) represents the effect of well and stress water irrigation plus 
kaolin spraying treatments on N, P and K in leaves of “Le-conte” pear trees in 
2012 and 2013 seasons. It was obvious from the obtained results that, in 
general it was found that well irrigated increased N, P and K  percentage in “Le-
conte” pear leaf as compared with stress water treatment. Moreover, the usage 
of kaolin either with well irrigation or stress irrigation gradually increased N, P 
and K percentage as compared with WIC and SIC, also it was found that 
increasing kaolin concentrations in the two seasons in both well and stress 
irrigation treatments  decreased the N,P and K percentage leaf content. As for 
nitrogen content, statistical analysis showed that, the highest significant value 
was obtained by WI1K treatment and the lowest significant value was obtained 
by SIC in the first season and SI1K in the second season. The differences 
between WI3K and WI5K also, between SI5K and SI7K were not big enough to 
be significant in both experimental seasons.   

Concerning phosphorus and potassium, the same trend was found, data 
cleared that, the differences among the treatments (well irrigated with kaolin) 
WI1K, WI3K, WI5K andWI7K were not big enough to be significant. The lowest 
value was obtained by SIC in the two minerals for two seasons. 

The same trend was found by Glenn et al. (2001), they reported that 
application of particle films increased the foliage reflectivity and influence on 
leaf physiology. Romero et al. (2010) found that, The linear relationships 
between Kroot-stem and Kplant, and Ψs suggest that plant hydraulic 
conductance and root water uptake were progressively reduced during water 
stress in grapevines, they also found that, the significant decrease in leaf 
nitrogen observed in regulated deficit irrigation not during the well-irrigated 
period and reduced N uptake in deficit- irrigated treatments as a consequence 
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of soil water deficit .Also, Stanley (1998) and Schupp et al. (2002), found that 
increasing the concentrations of kaolin or silica gel decreased the 
concentrations of N, P and K contents in leaf and fruit apple.  

It was concluded from the previous data that, stress irrigation with kaolin 
treatments improved fruit set and fruit quality, while well irrigation with kaolin 
increased average fruit weight and N, P and K percentages. 
 
Table (7): Effect of kaolin applications at well and stress irrigated pear   

trees on NPK leaf content in 2012 and 2013 seasons 
 

Treatments N (%) P (%) K (%) 
 2012 2013 2012 2013 2012 2013 

WIC 1.92cd 1.99 c 0.42 b 0.42ab 1.39 b 1.36 b 
WI1K 2.22 a 2.25 a 0.48 a 0.46 a 1.46 a 1.43 a 
WI3K 2.01 b 2.14 b 0.48 a 0.45 a 1.45 a 1.43 a 
WI5K 1.99bc 2.14 b 0.46 a 0.45 a 1.43 a 1.39ab 
WI7K 1.92cd 2.11 b 0.45 a 0.42ab 1.44 a 1.39ab 
SIC 1.72f 1.94 d 0.30 d 0.33 d 1.30 b 1.29 c 
SI1K 2.02 b 1.91 d 0.38 c 0.39bc 1.36 b 1.36 b 
SI3K 1.92cd 2.11 b 0.36 c 0.39bc 1.36 b 1.35 b 
SI5K 1.85de 2.01 c 0.36 c 0.38bc 1.32 b 1.30 c 
SI7K 1.82e 2.02 c 0.32 d 0.36 c 1.30 b 1.30 c 

Means followed by the same letter(s) within a separate column are not significantly 
different at 0.05 level of probability. 
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ABSTRACT: The susceptibility of Culex pipiens larvae to some insecticides commonly 

used in mosquito control programs [cypermethrin (Sparkill
®
), deltamethrin (Embrator

®
), 

temephos (Temepest
®
) and spinosad (Tracer

®
)] was investigated, also variations in esterases 

and glutathione S- transferases (GST) activities among three field populations (Abou homoss, 
Nadi El Said, Montaza) were measured and compared with a laboratory susceptible strain (S). 
The highest level of resistance against the tested insecticides was found in Abouhomoss 
strain (27.3, 22.2 and 24.8- fold) and  the lowest level of resistance was recorded in Montaza 
strain (12.75, 15.17 and 8.17-fold) towards cypermethrin, deltamethrin and temephos, 
respectively. On the other hand, all strains recorded no resistance against spinosad (Tracer®). 
All field strains revealed significantly higher levels of GST and esterases activities compared 
with the laboratory susceptible strain. The results of the present study suggest that esterases 
and glutathione S- transferases enzymes have major role in Culex pipiens resistance to the 
evaluated insecticides. 
Keywords: Culex pipiens, estrases, glutathione S-transferases, cypermethrin, deltamethrin,    
                    temephos, spinosad. 
 

INTRODUCTION 
Mosquitoes are the most important arthropod disease vectors, 

transmitting nine dreadful human diseases in over 100 countries, causing 
mortality of nearly two million people every year (Knudsen and Slooff, 1992; 
Klempner et al., 2007), therefore, the mosquito control continues to be an 
important strategy in preventing the mosquito-borne diseases (Nauen , 2007; 
Billingsley et al ., 2008; Midega et al., 2010). Mosquito control relies mainly on 
the chemical control using organophosphate, carbamate and pyrethroid 
insecticides. The extensive and indiscriminate applications of synthetic 
chemical insecticides lead to widespread development of resistance by 
mosquitoes and unwarranted toxic or lethal effects on non-target organisms 
(Roberts and Andre, 1994; Nauen , 2007) . 

 
Insecticide resistance is a complex evolutionary phenomenon, which 

can potentially cause large problems in the control of agricultural insect pests 
and disease vectors, and it is an increasing problem for mosquito control in 
different parts of the world (Canyon and Hii, 1999; Katyal et al., 2001; Saleh et 
al., 2003; Nazny et al., 2005; Tawatsin et al., 2007). It is necessary, from time 
to time, to monitor the susceptibility status of local mosquito vectors to the 
insecticides used in the control programs. Documentation of insecticide 
resistance will identify insecticides that are no longer effective and is a critical 
first step towards developing resistance management programs (Panlawat et 
al., 2005). 
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The more efficient detoxification mechanisms, also known as metabolic 
resistance mainly occurs due to an increase in the expression or activity of 
three major enzyme families: esterases (EST), glutathione-S-transferases and 
the cytochrome P450 superfamily of enzymes (Li et al., 2007; Braga and Valle 
2007; Russell et al., 2011). 
Measuring the activity of these enzymes in natural populations is an important 
step in monitoring insecticide resistance mechanisms worldwide and should 
be conducted together with the surveillance of control efficacy to prevent 
significant changes in susceptibility to the insecticides being used (Coleman 
and Hemingway, 2007; Polson et al., 2011). Metabolic-based resistance 
mechanisms are important in conferring insecticide resistance. Detoxifying 
enzymes, primarily esterases, glutathione-S- transferases and 
monooxygenases , may be qualitatively or quantitatively changed to confer 
resistance (Cui, et al., 2007) . Glutathione-S-transferase enzymes (GST) play 
an important role in detoxification of xenobiotic compounds including 
insecticides. GSTs can produce resistance to a range of insecticides by 
conjugating reduced glutathion (GSH) to the insecticide or by its primary toxic 
metabolic products (Hemingway, 2000; Enayati et al., 2005). There is limited 
information on susceptibility levels of mosquito vectors to insecticides in 
Alexandria and Bouherra. So the objective was to determine the current 
susceptibility status of  Culex pipiens larvae, the primary vector of filariasis, to 
some insecticides commonly used in mosquito control programs. Moreover, 
activities of esterases and glutathione S- transferases (GST) activities among 
three field populations (Abou homoss, Nadi El Said, Montaza) with a 
laboratory susceptible strain to investigate the role of these enzymes in C.  
pipiens resistance to the commonly used insecticides. 

 
MATERIALS AND METHODS 
Insect strains: A Culex pipiens L. (Diptra: Culicidea) colony maintained in the 
laboratory of Medical and Veterinary Insects, Department of Economic 
Entomology, for more than 10 years was used as susceptible strain (S). The 
field strains were collected from different ponds from Abou Homouss (El- 
Bouherra governorate), Montaza and Nadi El Said districts (Alexandria 
governorate). Larvae were cultured in the laboratory for one generation. 
Mosquitoes were reared at 27±1 °C, 70±5% RH, and a photo regime of 14: 10 
hr (light: dark). adults were provided with a 10 % sucrose solution as food 
source. A pigeon was introduced twice a week to the adults for blood feeding. 
Larvae were reared in dechlorinated water under the same temperature and 
light conditions and were fed daily with baby fish food. 

  

Insecticides used: Cypermethrin (Sparkill® 25% EC) was provided by Anchor 
Co. Egypt, deltamethrin (Embrator®) 2.5% EC was supplied by KZ CO. Egypt, 
temephos (Temepest®) 50% EC was obtained from Kalyanyi industries, India 
and spinosad (Tracer®)  24% SC was provided by Dow Agrosciences CO. 

 

Larvicidal bioassay: The larval susceptibility test was conducted according to 
WHO guidelines (WHO, 1975 and 1981) using early fourth instar larvae. 
Sufficient numbers of larvae were kept in the same breeding water till the test 
was carried out. Series of each tested insecticide concentrations were 
prepared in addition to control were replicated four times. Lots of 25 larvae 
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were used for all the experiments that have been conducted at 27± 1 °C and 
75± 5 RH. Mortality counts were carried out after 24hr of treatment. Mortality 
percentages were calculated and corrected according to Abbott (1925). Values 
of LC50, confidence limits and slop functions were calculated and ascertained 
using probit analysis according to Finney (1971). 

 

Biochemical analysis: 
  
Sample preparation: Batches of 200 mg early fourth instar larvae, from each 
mosquito strain, were homogenized in 2ml of 0.1 M phosphate buffer pH 7.4 
using a glass homogenizer immersed in ice cubes. The homogenates were 
centrifuged for 30 min at 10.000 xg at 4°C using Cryofuge 20-3, Heraeus 
Christ Centrifuge. The supernatant was used as crude enzyme extract for 
enzymes assay. 
 

Protein measurements: The protein concentration of enzyme extract was 
determined by the method of Bradford (1976). Absorbance at 595 nm was 
carried out. Each sample was replicated three times and the protein 
concentration extrapolated from a standard curve using bovine serum albumin. 

 
Glutathione S- transferases assay: GST activity was measured according to 
the method of Asaoka and Takahashi (1983). Results were presented as a 
specific activity ±SD. 
 

Esterases assay: Esterase activity was measured according to He (2003) 
using α- naphthyl acetate as a substrate. Production of α- naphthol was 
monitored with a spectrophotometer at 320 nm. All assays were done in 
triplicate at 37°C. The reaction mixture (1 ml) contained 50 mM sodium 
phosphate (PH 7.0) , 10 mM MgCl2, 50 mM substrate and 100 µl crude 
esterase homogenate. The enzyme blank reference cuvette was used without 
the protein as a control. 
 

Statistical analysis: Data was subjected to analysis of variance (ANOVA) 
(CoStat Statistical Software, 1990). The standard deviation (SD) of four 
replications was calculated. Means were compared with each other using 
Student- Newman Keuls (SNK) test (LSD at P < 0.05). 

 
RESULTS AND DISCUSSION 
Toxicity of the tested insecticides against four strains of C. 
pipiens: 

Toxic effect of the selected insecticides against Culex pipiens 4th instar 
larvae of the laboratory and field strains, collected from different locations was 
evaluated. The probit analysis of the obtained data illustrated the insecticidal 
activity of the selected insecticides as LC50 values (Table 1). Data showed that 
the 4th instar larvae of the field strains demonstrated varied levels of resistance 
to the tested insecticides. It is clear that Abou homoss strain has the highest 
levels of resistance against the tested insecticides with resistance ratios of 
27.3 , 22.2 and 24.8 – fold towards the evaluated insecticides cypermethrin 
(Sparkill®), deltamethrin (Embrator®) and temephos (Temepest®) , 
respectively. This high level of resistance may be due to the intensive use of 
insecticides in surrounding agricultural areas. Regarding Nadi El Said strain, 
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the resistance ratios were 15.6, 17.6 and 10.7 – fold towards cypermethrin 
(Sparkill®), deltamethrin (Embrator®), and temephos (Temepest®), 
respectively. Montaza strain recorded the lowest resistance ratios against the 
tested insecticides (12.75, 15.17 and 8.17-fold towards cypermethrin, 
deltamethrin and Temephos, respectively). The present results clearly suggest 
the differential resistance ratio of the three Culex pipiens field strains to 
cypermethrin, deltamethrin and temephos when they were compared with the 
lab. strain. The strategy for the control of vector population with the restricted 
group of insecticides is very crucial and facing challenge nowadays. Rotational 
use of different groups of insecticide rather than the use of different members 
of same group of insecticides is more effective to reduce and deal with the 
resistance problem. Carbamates and organophosphates must be used in 
rotation in order to maintain the pyrethroids susceptibility (Nauen, 2007). . 
Resistance against 5% deltamethrin was reported in Culex quinquefasciatus 
from Lahore, Pakistan (Tahir et al., 2009). On the other hand, all strains 
recorded no resistance against spinosad (Tracer®), therefore, Tracer® can be 
used as a good alternative for mosquito control. This result agreed to a large 
extent with the findings of Darriet et al. (2005) who found that spinosad was 
significantly more effective against An. gambiae than against the other two 
mosquito species (Cx. quinquefasciatus and Ae. aegypti), and was more 
effective against Cx. quinquefasciatus than against Ae. aegypti. No significant 
difference was noted between the susceptible and resistant strains of each 
mosquito species. Currently, mosquito control depends on chemical or 
biological insecticides that cause as small toxic effect as possible against man 
and the environment. In this regard, spinosad proved to be a valid alternative 
for eliminating the larvae of many culicid species because it is a mixture of two 
natural compounds produced during the fermentation of spinosad and it has 
LC50 of 5000mg/kg for rats (Tomlin, 2000). This larvicide, which has been 
noted for its successful use for control of Ae. aegypti and An. albimanus larvae 
in Mexico (Bond et al. 2004), merits detailed evaluation with other mosquito 
species, especially because the absence of cross-resistance with common 
insecticides (pyrethroids, carbamates, and organophosphates) which makes 
spinosad a potential candidate for disease vector control, particularly in areas 
which where mosquitoes are resistant to insecticides. Perez et al. (2007) 
concluded that spinosad was as effective as temephos granules in eliminating 
the immature stages of Aedes spp.The present results also agreed with Jones 
(2012) who found that the susceptibility of Culex quinquefasciatus to spinosad 
did not differ between the laboratory reference strain (Sebring-S) and field 
collected mosquitoes. 
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Table (1): Median lethal concentrations of some evaluated insecticides 
against three field strains of Culex pipiens compared to the 
laboratory strain. 

 

insecticide Mosquitostrain 
LC50 

(mg/l ) 
Lower limit 

(mg/l) 
Upper limit 

(mg/l) 
RR* Slope ± S.E 

Cypermethrin 
(Sparkill

®
) 25%EC 

Lab 0.0016 0.0007 0.0039 1.0 1.35 ± 0.109 
Abou homoss 0.04368 0.06 0.090 27.3 1.5 ± 0.125 
Nadi El Said 0.0249 0.0171 0.081 15.56 1.35 ± 0.112 
montaza 0.0204 0.0192 0.029 12.75 1.41 ± 0.113 

Deltamethrin 
(Embrator

®
)2.5%EC 

Lab 0.0006 0.0005 0.0007 1 1.45 ± 0.150 
Abou homoss 0.0133 0.0155 0.024 22.16 1.5 ± 0.162 
Nadi El Said 0.0106 0.007 0.024 17.6 1.41 ± 0.152 
montaza 0.0091 0.01 0.0153 15.1 1.48 ± 0.158 

Temephos 
(Temepest

®
)50%EC 

Lab 0.0006 0.0004 0.0009 1 1.63 ± 0.131 
Abou homoss 0.0149 0.0199 0.027 24.83 1.78 ± 0.147 
Nadi El Said 0.0064 0.0053 0.0117 10.66 1.66 ± 0.136 
montaza 0.0049 0.0049 0.006 8.16 1.67 ± 0.135 

Spinosad 
(Tracer

®
) 24% SC 

Lab 0.14 0.103 0.277 1 2.04 ± 0.190 
Abou homoss 0.714 0.678 1.3005 5.1 2.9 ± 0.250 
Nadi El Said 0.336 0.2505 0.5808 2.4 2.68 ± 0.238 
montaza 0.49 0.385 0.875 3.5 2.28 ± 0.217 

*RR=Resistance Ratio 
 
Activity of glutathione S-transferase (GST) and esterases in the tested 
strains of Culex pipiens : 

GST and esterases activities in the susceptible laboratory strain and three 
field strains are shown in Fig. (1). Activities of GST and esterases were found 
to be significantly higher in all field strains compared to the activities of the 
susceptible one. The GST activities in the field strains (Abou homoss , Nadi El 
Said and montaza strains) were 2.57, 2.00 and 1.65 - fold , respectively, of 
that of the laboratory strain  Abou homoss strain recorded the highest 
esterases activity (2.26- fold) compared with that of the laboratory strain, while 
Nadi El Said and montaza strains esterases activities were 2.11 and 1.83-fold 
of the laboratory strain esterases activities. There was a significant correlation 
between all enzyme activity levels and insecticide resistance phenotype by 
populations. The most probable reason for this, as explained by Ahmed and 
Wilkins (2002), when an insecticide enters an organism, before reaching its 
target site, it could meet with different enzyme and protein obstacles and as a 
result of interactions with these enzymes the insecticide is degraded. The 
latter results agreed to a large extent with the findings of Bisset et al. (2011) 
who recorded high levels of resistance in all tested strains of the mosquito 
Aedes aegypti and also they found that resistance ratios were highly 
correlated with esterase activity (P = 0.00001). On the contrary, the present 
finding of the correlation between the GST activities and the resistance ratio 
was disagreed with Bisset et al. (2011) who reported that neither GST nor 
monooxygenases were associated with the increase in Aedes aegypti 
resistance to temephos. 

 
The increased detoxification is a common mechanism of resistance to 

pesticides (Openoorth, 1985). In Culex pipiens, such a mechanism is often 
involved in resistance to organophosphates . However, the low levels of 
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organophosphate and pyrethroid resistance could be conferred by either the 
elevated esterase or monooxygenase enzymes (Penilla et al., 1998). 

  
Several earlier workers stated that pyrethroids do not serve as substrates 

for GST ( Reidy et al., 1990; Grant and Matsumura , 1989) . So, other 
enzymes systems have been proposed as being responsible for conferring 
metabolic detoxification of pyrethroids. However , induction of GST activity has 
been reported not only after exposure to organophophates and 
organochlorides but also against pyrethroid (Yu and Nguyen , 1996; 
Kostarpoulos et al., 2001). Reidy et al. (1990) and Grant and Matsumura 
(1989) reported that there were correlation between the elevated levels of 
GST and resistance to pyrethroids for Tribolium castaneum and Aedes 
aegypti, respectively. Therefore, the significantly higher level of GST activity 
might play a role in pyrethroid resistance in Culex pipiens along with esterase 
activity. 

 
 
Figure 1: Activity of gluatthione S- transferases and esterases in the field 

and laboratory strains of Culex pipiens . 
 
The results of the present study showed that the field populations have 

highest levels of esterases and glutathione S-transferases activities and 
resistance to the tested insecticides. These results suggest that esterases and 
glutathione S-transferases enzymes have major role in metabolic resistance to 
the used insecticide. 
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Biosafety of Stevia Extract Employing a Variety of Short-Term 
Genotoxic Bioassays  
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ABSTRACT: Current work was carried out to assess the possible genotoxic effect of the 

natural sweetener Stevia in causing DNA damage, in order to achieve such a purpose, the 
genetic material of mice (Mus musculus, 2n=40) and human (Homo sapiens, 2n = 46) were 
chosen and used employing the following short-term genotoxic bioassays recommended by 
Environmental Protection Agency (EPA-USA): 1- Analysis of chromosomal abnormalities in 
mice bone-marrow cells; 2-Analysis of mice primary spermatocytes 3-Analysis of 
micronucleated polychromatic erythrocytes in mice; and 4- Chromosomal aberrations in human 
lymphocyte culture. The obtained results clearly showed that Stevia extractwas proven to be 
negative in causing DNA damage, which gave a strong evidence, at the level of the present 
study, that Stevia extract is recommended to be suitable for human usage. 
Keywords: Stevia Extract, Biosafety, Short-Term, Genotoxic Bioassays. 

INTRODUCTION 
Stevia rebaudiana (Bertoni) is a small perennial shrub that has been 

used for centuries as a bio sweetener and for other medicinal uses such as to 
Lower Blood Sugar, Weight Loss, Microorganism inhibitor, oral tonic digestive 
aid and skin care. Its white crystalline compound (stevioside) is the natural 
herbal sweetener with no calories and is over 70-400 times sweeter than that of 
white sugar (Bharat et al., 2013). 

In 1970, the Japanese food manufacturers began to use Stevia extracts 
as a natural sweetener. Now, about 40% of the sweetener Japanese market is 
Stevia based. Also, the use of products and extracts of Stevia are widespread 
throughout a lot of countries, such as China; Taiwan; Thailand; South Korea; 
Brazil; Malaysia; Indonesia; Argentina; Paraguay; Philippines; and Vietnam 
(Soejarto et. al., 1982). 
 In 1994, Egypt has registered Stevia as a natural sweetener for use in 
food. The products in which Stevia has been used include soft drink; ice cream; 
cookies; chewing gum; tea and skin care products. In addition, Stevia and its 
extract are very important in weight-loss programs for their ability to reduce 
craving sweet and fatty foods. This plant has also been used to treat some 
diseases such as diabetes; high blood pressure; skin abrasions and inhibiting 
growth and reproduction of bacteria-like plaque (Tomita et al., 1997). The gap 
between sugar production and consumption in Egypt is widening. In October 
2013 Egypt had produced about 2012 Thousand Metric Tonnes (TMT) of sugar 
and imported 1208 TMT (GAIN Report, 2013/2014).  
 At the same time, five grams of stevioside can substitute one kilogram of 
table sugar. Thus, the cultivation of Stevia in Egypt as a main natural sweetener 
may reduce the gap between sugar production and consumption. Moreover, 
water requirements for the growth of sugarcane plants are relatively quite high, 
Sugarcane plant needs three times the water amount compared with Stevia, 

which requires approximately 300 m3 water/feddan. Also, Stevia can grow 
under different climatic conditions and in different type of soils (Jia, 1984). So, 
there is a great interest on the strategical agriculture plan for Stevia cultivation 
in the new land reclamation projects to meet the demands of the Egyptian 
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markets and generate income for the growers. 
 Furthermore, stevia extracts can increase the palatability and 
attractiveness (enjoyment) of food through enhancement of flavors and odors 
(Ikan et al., 1993). Moreover, Stevia combines with other sweeteners to 
enhance their nutritive values (Shibata et al., 1991).  

Genotoxins are agents that specifically producing genetic alterations at 
sub-toxic exposure levels which result in organisms with altered hereditary 
characteristics. Depending upon the developmental stage of an individual, a 
genotoxin can exert teratogenic effect or cause mutations not only in somatic 
cells but also in germinal ones (Brusick, 2003). 

In the last few years, several investigators reported that no acute toxicity 
for stevioside was achieved in doses as large as 15 g/body weight/day (Medon 
et al., 1982; Krejci and Koechel, 1992 and Toskulkao et al., 1997). It seems that 
no acute toxicity for stevioside but several question of concern were raised 
regarding the specifications of the stevia extract that had been tested, 
questionable chronic toxicity and carcinogenicity studies and possible effects on 
the male reproductive system that could affect fertility. 

There are many systems to test mutagenicity using Drosophila as a 
genetic model to detect different genetic end points such as dominant lethal 
mutations (Würgler et al., 1986); Bacteria (Terai et al., 2002) and 
Saccharomyces cerevisiae (Badawy et al., 2004). 

The present investigation was carried out to study the biosafety of stevia 
extract employing a variety of short-term genotoxic bioassays. To achieve such 
a purpose the genetic materials of mice (somatic & germinal) and of human 
genomes were used. 
 

MATERIALS AND METHODS 
The present study aims to assess the possible genotoxity of Stevia extract 

(biosafty) employing mice (Mus musculus, 2n = 40) and Human (Homo sapiens, 
2n = 46) genomes. 

Stevia rebaudiana (Bertoni); Stevia 1108 and Stevia 9B-11 were imported 
from USA through the Faculty of Agriculture, Alexandria University, Egypt. An 
additional stevia variety namely Sponti was obtained from Sugar Crops 
Research Institute (SCRI), Agricultural Research Center (ARC), Ministry of 
Agriculture, Egypt. 

Stevia rebaudiana (Bertoni) seeds were cultivated in pots (Bitmos : sand 
: clay) (1:1:1)   at green house at Sabahia Agricultural Research Station in 
December 2013. The plants were harvested in mature stage before flowering. 

Albino Swiss mice, Webster strain, weighting of 20±2 g were purchased 
from Faculty of Medicine, Alexandria University, Alexandria, Egypt. Animals 
were housed in cages in a room kept at 21°C with a 12 h light/dark cycle, and 
given food and water ad libitum the local committee approved the design of the 
experiments, and the protocol conforms to the guidelines of the National 
Institutes of Health (NIH). 

Heparinized human blood samples were taken from healthy volunteers 
20-22 years old. They were non-smokers, non-subjected to any medical 
treatment. 
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Preparation of aqueous extract of Stevia leaves 

Extraction of Stevia sweeteners has been carried out with water for each 

genome (Mondal et al., 2012). Fresh leaves of Stevia washed thoroughly tap 

water then were dried in an electric oven (E. Schulz & Co. Inh. Franz. 

Skorezewsh KG). The dry leaves were ground into coarse powder by a hammer 

mill, then sieved through 60 mesh sieve, and finally stored in polyethylene bags 

until used. About 10 g of the ground leaves were extracted with 1.0 liter of hot 

water (80°C ± 5°C) in a thermostatically controlled water bath for 2 hrs and then 

filtered through filter paper (Whatman No.4). The filtrate was freeze-dried using 

lyophilizer into powder and stored at 4°C. Stevia sweetener extract was 

determined through HPLC (high-performance liquid chromatography) as given 

by Kolb et al. (2001) Figure (1).  

 

 

 

 

 

 

 

 

Figure (1): Chromatogram of Stevia sweetener from Sponti extract 
 

(HPLC system Linear gradient 84 to 55% CH3CN/H2O, H3PO4, pH = 5), over 20 min, detection at λ = 
210 nm, Agilent 1200 PDA detector, Eclipse plus C18 column (3.5 µm 4.6x250 mm); flow rate 2.0 
mL/min.) 
 

Experimental design 

Treatments were divided into three groups as follow: Group I (as 
negative control), the animals received distilled water, Group II (as a positive 
control), each animal was given 1 ml of indoxan (cyclophosphamide) two times 
daily for 10 days (25 mg/kg b. wt.), while Ethyl methane sulfonate (EMS) with a 
concentration of 0.02M was used as a positive control in human lymphocyte, 
and the animals in groups III were obtained one ml of Stevia extract two times 
daily which contains 500 mg of Stevia sweeteners, for a month, while in the 
primary spermatocytes treatment, the dose was orally given three times daily 
which contains 750 mg of Stevia sweeteners, for a week. Four mice were used 
for Stevia extract treatment including the negative and positive control as well. 
The following genotoxic bioassays were chosen and used: 
1- Analysis of chromosomal abnormalities in mice bone-marrow cells, 
2- Analysis of mice primary spermatocytes, 
3- Analysis of micronucleated polychromatic erythrocytes in mice, and 
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4- Chromosomal aberration in human lymphocyte cultures. 
1. Analysis of chromosome behavior in mice bone marrow cells 

  The treated animals were killed by decapitation 24 hrs after the last dose. 
Three hours prior to killing, the animals were injected with 0.6 mg/kg of 
colchicine. After killing, the adhering soft tissues and epiphyses of both tibiae 
were removed. The marrow was aspirated from the bone, transferred to 
phosphate buffer saline, centrifuged at 1200 rpm for 5 minutes and the pellet 
resuspended in 0.075 M KCl. Centrifugation was repeated and the pellet was 
resuspended in fixative solution (methanol: acetic acid, 3:1). The fixative was 
changed after 2 hours and the cell suspension was left overnight (in a 
refrigerator). 
Slide preparation and staining 

Cells in fixative were dropped on a very clean glass slide and air-dried. 
Spreads were stained with 10 % Giemsa at PH 6.8 for 5 min. 
Screening of slides 

Slides were coded and scored for chromosomal aberrations e.g., gaps, 
deletion, fragment, break, stickiness and hyperploidy. A mitotic index based on 
at least 1000 counted cells was recorded. For chromosomal abnormalities, at 
least 200 metaphase cells per dose were recorded. The comparison between 
treatments and control groups were statistically done. 

 
2. Analysis of mice primary spermatocytes 

Four male mice were used for each treatment. The dose was orally given 
three times daily which contains 750 mg of Stevia sweeteners, for a week. Ten 
days after the last dose, animals were killed by cervical dislocation. The used 
procedure follows basically the description given by Oud et al. (1979); Adler 
(1984); Seehy and Osman (1989) and Seehy (2007). 

Tissue sampling: The testes were removed by making an incision into 
the scrotum and fat tissue was cleaned. The tunica were removed, transferred 
the tubules to a small Petri dish containing a piece of fly mesh and 3-4 ml of 2.2 
% tri-sodium citrate. The tubules were cut up with forceps several times, and 
then they were mashed on the fly mesh with flat-top forceps. The fluid 
containing the cells was transferred to 12 X 100 mm round-bottom centrifuge 
tubes, centrifuged at 1000 rpm for 5 min. supernatant was completely 
discarded. The hypotonic solution (1 % trisodoum citrate) was  slowly added 
and centrifuged, after 15-20 min, and then the cells were fixed in (methanol: 
glacial acetic acid, 3:1). The fixative was changed twice after 10 min for each by 
centrifugation between changes. 
Staining 

The slides were stained for at least 10 min using 10 % Giemsa (PH = 
6.8), washed and air-dried. 

 
3. Micronucleus test in mice 

Male and female of strain Swiss albino, from randomly bred colony were 
used in the micronucleus assay. Four animals were used for each treatment. 
Each animal was received the proper dose of Stevia extract. The animals of the 
negative and positive control groups were received the proper volume of 
deionized water and cyclophosphamide, respectively. 
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Extraction of bone-marrow 

Animals were killed after 24 hrs of the treatment time. The adhering soft 
tissue and epiphyses of both tibiae were removed. The marrow was aspirated 
from the bone, transferred to centrifuge tubes containing 5 ml fetal calf serum 
(one tube for each animal). 
Preparation of the smears 

Bone-marrow smear was made according to Schmid (1975). The tubes 
were centrifuged at 1200 rpm for 5 min., the supernatant was removed and a 
small drop of the viscous pellet was transferred on the end of a slide and spread 
by a cover glass held at an angle of about 45degrees. The preparation was then 
air-dried. 
Staining 

The preparations were stained in ordinary vertical staining jar according 
to method described by Gollapudi and Kamara (1979). The slides were fixed in 
absolute methanol for 5 min., rinsed twice in deionized distilled water, stained 
for 10 min. in Giemsa (1:6 Gurr’s R-66 Giemsa in deionized water), rinsed again 
thoroughly in deionized distilled water, air-dried, cleaned in xylene for 3 min and 
mounted.  
Screening of slides 

A thousand polychromatic erythrocytes per animal (4000 per treatment) 
were scored using a special hand counter. The frequency of micronucleated 
cells was expressed as percent of micronucleated cells based on the total 
polychromatic erythrocytes percent. 

In this part of study, only polychromatic erythrocytes were scored 
according to Brusick (1986). Micronuclei were identified as dark-blue staining 
bodies in the cytoplasm of polychromatic erythrocytes. The data obtained from 
this study were analyzed according to Hart and Pederson (1983). 

 
4. Analysis of chromosomal abnormalities in human lymphocytes 

 In order to investigate the possible activity of the extract in causing 
chromosomal abnormalities in human chromosomes, the same procedure as 
that described by Seehy and Osman (1989) was used. Ethyl methane sulfonate 
(EMS) with a concentration of 0.02M was used as a positive control. At 70 hrs. 
of incubation at 37ºC colcemid was added to each tube. At 72 hrs. after 
initiation of the cultures, harvest the cells and prepared slides and stained by 
Giemsa 10%.Chromosomes were investigated for deletion, gaps, and fragment. 
…etc. 
 

RESULTS 
As mentioned before, this work was carried out to detect the possible 

genotoxic effect (Macro DNA damage) of Stevia rebaudiana (Bertoni) employing 
Mice (Mus musculus, 2n = 40) and Human (Homo sapiens, 2n = 46). 

The data obtained from the analysis of mice bone marrow after treatment 
with the variety Sponti and two American Genotypes Stevia 1108 and Stevia 
9B-11 in addition to the negative as well as positive control were summarized in 
Table (1). 

As shown in Figure (2) total percentages of aberrant metaphases were 
21.5% and 81% for the negative and positive control, respectively. However, 
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they were 30.5%, 18.5%, and 15% for the genotypes Sponti, 1108 and 9B-11.  
 

   Table (1): Percentage of chromosomal abnormalities in mice bone                                  
marrow cells after treatment with tested Stevia extract 
(Sponti, 1108 and 9B-11), negative control and positive 
control 

 

Genotype 
and 

treatment 

Type of aberrations 

Total 
aberrant 

Percentage of 
total aberrant 
metaphases 
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Sponti 13 12 10 3 20 61 30.5 

1108 12 4 10 3 8 37 18.5 

9B-11 11 8 3 2 6 30 15 

NC 9 - 30 1 3 43 21.5 

PC 44 40 48 9 21 162 81 

NC: Negative Control. 
PC: Positive Control. 
200 cells were counted. 

 
 
 

 
 

Figure (2): Percentage of total aberrant metaphases in mice bone- 
             marrow cells after treatment with Stevia extract (Sponti,  
             1108 and 9B-11), negative and positive control. 

 

Statistical analysis in Table (2) shows that all tested varieties of Stevia were 
found to be not significant. 
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   Table (2): Statistical analysis (Chi square x2) of chromosomal abnormalities 
in  mice bone marrow cells after treatment with tested Stevia extract 
(Sponti,  1108 and 9B-11), negative control and positive control 

 

Genotypes Obs. Exp. 
(Obs.-
Exp.)2 

/Exp. 

Chi square 
tabulated 

 

Sponti 61 52 1.6  
df=1 

at 0.05=3.841 
1108 37 40 0.225 

9B-11 30 36.5 1.16 

NC 43 0 0 

PC 162 102.5 34.5 
 

Table (3) and Figure (3) show comparison between Sponti variety and the 
American ones in addition to the negative as well as positive control. All 
varieties were proven to be negative in causing significant aberration in mice 
primary spermatocytes. Total percentages of aberrant diakinesis were 14.5% 
and 77% for the negative and positive control respectively. However, they 
were 5.5%, 13%, and 9.5% for the varieties Sponti, 1108 and 9B-11.  

 

Table (3): Percentage of abnormalities in mice primary spermatocytes after  
          treatment with Stevia extract (Sponti, 1108 and 9B-11), negative and  
          positive control 

 

Genotype 
and 

treatment 

  Type of aberrations 

Total 
aberrant 

diakinesis 

Percentage 
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aberrant 
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Sponti 1 - 3 4 2 1 - 11 5.5 

1108 - 2 4 10 3 1 6 26 13 

9B-11 - 1 8 4 3 1 2 19 9.5 

NC - - 8 16 2 2 1 29 14.5 

PC - 11 7 66 26 2 42 154 77 

NC: Negative Control. 
PC: Positive Control. 
200 cells were counted. 
RCF: Robertsonian Centric Fusion 
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Figure (3):  Percentage of abnormalities in mice primary spermatocyte   
       cells after treatment with tested Stevia extract (Sponti, 1108  

                  and 9B-11), negative control and positive control. 
 

Table (4) revealed that, there was a significant increase in aberrations 
after treatment with positive control while negative control and all tested 
genotypes of Stevia were found to be not significant. 
 

            Table (4): Statistical analysis (Chi square x2) of abnormalities in mice primary  
                               spermatocyte after treatment with tested Stevia extract (Sponti,  
                            1108 and 9B-11), negative control and positive control 

 

Treatments Obs. Exp. 
(Obs.-Exp.)2 

/Exp. 

Chi square 
tabulated 

 

Sponti 11 20 4.05  
df=1 

at 0.05=3.841 
1108 26 27.5 0.08 

9B-11 19 24 1.04 

NC 29 0 0 

PC 154 91.5 42.7 
 
Table (5) and Figure (4) show the effect of Stevia extract upon the 

induction of micronucleated polychromatic erythrocyte (MNPE). Positive control 
gave 1.75%, while negative control gave 0.25%. This percentage ranged from 
0.5 to 1.25% for genotypes Sponti and 9B-11, respectively. 

 
 

      Table (5): Micronucleated polychromatic erythrocyte (MNPE) in mice 
                      bone-marrow cells after treatment with tested Stevia Extract 
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                                   Number of examined cells = 4000 cells 

 
 

Figure (4): Micronucleated polychromatic erythrocyte (MNPE) in   

            mice bone-marrow cells after treatment with Stevia Extract. 
 

Figures 5 – 24 illustrate the effect of Stevia extract upon mice genome 
compared with the positive control. Figures 25 – 29 show the effect upon 
human chromosomes. 
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Analysis of human lymphocyte cultures after treatment with the tested 

verities of Stevia extract proved that: 1. No significant increase in aberration and  
2. This extract is negative and was not capable in causing Primary DNA damage. 
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DISCUSSION 
The history of Stevia as a safe sweetener is very inconsistent. There has been 
controversial debate over its use from the date it entered the human foods. 
Also, the research that has been done to approve its safety for human 
consumption or confirm its deleterious effects has provided inconsistent results. 
For example, Stevia extract was evaluated for its genotoxic potential using the 
comet assay. This showed that Stevia extract and steviol do not have DNA-
damaging activity in cultured cells and mouse organs (Sekihashi et. al., 2002). 
In contrast, in vitro Ames test was used to test the mutagenic effect of 
stevioside and steviol using Salmonella typhimurium TA 98 and TA 100 as the 
tester strains. Stevioside and steviol at the concentrations up to 50 mg and 2 
mg per plate respectively showed no mutagenic effect on both tester strains 
either in the presence or absence of metabolic activating system. However, at 
the high concentration both stevioside and steviol showed some toxic effects on 
both tester strains. While, the toxic effect was decreased in the presence of the 
metabolic activating system (Klongpanichpak et. al., 1997). Stevioside and 
steviol did not show any significant chromosomal effect in cultured human 
lymphocytes. This indicates that stevioside and steviol are neither mutagenic 
nor clastogenic in vitro at the used doses. However, in vivo genotoxic tests and 
long-term effects of stevioside and steviol are yet to be investigated (Suttajit et. 
al., 1993). Steviol was found to induce mutations at the guanine 
phosphoribosyltransferase gene (gpt) of Salmonella typhimurium TM677 wit 
metabolic activation. However, it is completely negative in the reverse mutation 
assays using E. coli WP2uvrA/pKM101 or S. typhimurium TA strains (Matsui et. 
al., 1996). Steviol was found to be mutagenic after metabolic activation in the 
forward mutation assay using Salmonella typhimurium TM677 (TM677). The 
results of obtained from such a research are in a harmony with those obtained 
by Würgler et al., (1986) on Drosophila; Matsui et al. (1989) on Salmonella 
typhimurium TA 100, TA98, TA102 and TA97 and Badawy et al. (2004) on 
Saccharomyces cerevisiae using different strains. 

 
The present work revealed that Stevia as assessed by the short-term 

genotoxic bioassays carried out on Mice (Bone-marrow – micronucleus – and 
primary spermatocytes) was proven to be negative in inducing Macro DNA 
damage. On the other hand, it was found to be negative in causing primary 
DNA damage, such a result reflects the biosafty of Stevia usage for Human as a 
natural sweetener. These results are in agreement with those reported by 
Abdel-Tawab et al. (2004) who investigated the capability of stevioside to 
induce clastogenic effect in mice bone marrow. They found that no significant 
numerical or structural chromosomal aberrations observed in treated group or 
their offsprings. Roberts and Renwick (2008) examined the toxicokinetics and 
metabolism of rebaudioside A, stevioside, and steviol in rats for comparative 
purposes to determine whether toxicological studies conducted previously with 
stevioside would be applicable to the structurally-related glycoside, 
rebaudioside A. Overall, the data on toxicokinetics and metabolism indicated 
that rebaudioside A and stevioside are handled in an almost identical manner. 
These studies support the use of toxicological safety studies conducted with 
stevioside for the safety assessment of rebaudioside A (Roberts and Renwick, 
2008). 
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Genetic toxicology was simplified for the purposes of regulatory toxicology 
safety testing. Most agencies expect to see a limited test battery consisting of 
tests for gene mutation and chromosome aberrations. The International 
Conference on Harmonization (ICH) core battery of tests is the best example  of  
this  approach,  and  this  battery  is  expected  to  become  the  international 
standard for most testing requirements (Pugsley et al., 2008). 

In conclusion, at the level of this study the use of Stevia rebaudiana (Bertoni) 
as a natural sweetener for human usage is recommended. 
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ABSTRACT: This study was carried out in the tissue culture laboratory , the Faculty of 

Agriculture, Saba basha, Alexandria University, Egypt during the period from 2012 to 2014 . An 
efficient and reliable protocol for in vitro propagation of croton (Codiaeum    variegatum Gold 
Dust.) was optimized. However, nodal explants from field grown of Croton (Codiaeum 
variegatum Gold Dust. )  were used during in vitro culture study for induction of multiple shoots. 
Nodal explants were inoculated on various initiation or establishment media with different 
combinations of NAA and BA and the neoformed shoots were cultured on proliferation 
(multiplication) media for the development of multiple shoots, and the elongation media to 
elongate of the neoformed shoot. The subsequent elongated shoots were rooted, and 
acclimatized ex vitro, successfully. The best medium for shoot initiation was WPM medium 
supplemented with 1.0 mg/l BA. The favourable medium for multiplication was the tested 
medium augmented with 2.0 mg/l BA and 0.50 mg/l NAA. In addition, the most effective medium 
for elongation was the used medium enriched with 1.0 mg/l NAA. Furthermore, th in vitro shoots 
showed healthy root development when the tested medium was supplemented with combination 
of 2.0 mg/l IBA and 0.50 mg/l NAA (rooting stage).The combination of sand: peat moss (4:1) 
was used as substratum for the hardening of the in vitro plantlets, as a potting mix, was the best 
suited mix for the acclimatization of plantlets. 

Key words: In vitro culture, Codiaeum variegatum, nodal explants, initiation, multiplication, 
rhizogenesis, acclimatization 
 

 
INTRODUCTION 
       Garden croton grows naturally in southern Asia, Indonesia, and other 
Eastern Pacific islands where it grows in open forests and scrub. It is an 
evergreen shrub growing up to 6 m in height but usually maintained at 60 to 90 
cm and grows well in areas having humid climate. The family Euphorbiaceae 
comprises nearly 322 genera and 8910 species (Bingtao et al., 2008) many of 
which have their own economic value and hence contribute to the floristic 
wealth of tropical and subtropical  countries of the world. The family comprises 
a  number of endemic and endangered taxa. However the in vitro studies are 
confined only on a few genera of aesthetic, medicinal, timber yielding, rubber 
yielding, dye yielding, cottage industries, ornamental and food crops like 
Acalypha, Baliospermum, Codiaeum, Cleistanthus, Croton,Euphorbia,Emblica, 
Eryngium, Excoecaria, Givotia, Glochidion, Hevea, Jatropha, Mallotus, 
Manihot,Phyllanthus, Putranjiva, Ricinus, Sapium and Uapaca ( Rajesh-
Kondamudi et al., 2009). In addition to its aesthetic value as an indoor plant, 
crotons are also well known for its medicinal value. The plant is also well 
reputed for the production of valuable secondary metabolites of alkaloids, 
terpenes and flavanoids in nature (Puebla et al., 2003; Maciel et al.,1998; 
Martins et al., 2002).  Generally, crotons are multiplied vegetatively by averages 
of cuttings and air layering. These processes are slow in response and requires       
large number of mother/stock plants. Despite its slow rate of conventional 
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multiplication, the plant is very high in demand (Deepa and Shanthi,2013) . 
Hence, micropropagation is an alternative averages of propagation, to meet its 
high demand in relatively shorter time. For instance, from shoot tip cuttings, one 
mother/stock plant can yield only 20 plants per year (Nasib et al.,2008; 
Mulabagal and Tsay,2004).  Micropropagation is a relatively new technology 
and application of innovative method that have served to overcome barriers to 
progress in the multiplication of elite species and further improvements are 
anticipated (Nasib et al.,2008 ; Ashish and Sharma, 2011) . In-vitro growth and 
development is considerably influenced by several factors like genotype, the 
age and size of mother plant and explants, the season, growth conditions, 
media composition, and various other physiological factors (Ashish and 
Sharma, 2011). Also, as a averages of securing pathogen free plants, culture of 
shoot apical meristem is ideal. Other advantages in this method include rapid 
multiplication of plants within shorter period of time irrespective of the season 
(Mulabagal and Tsay, 2004). Keeping the above points in mind, chosen croton 
was for micropropagation due to its rare success in conventional breeding and 
also due to the meager availability of data for in-vitro production (Shibata et al., 
1996; Orlikowska et al., 2000). An improved and enhanced method was 
established for the in-vitro propagation of croton. Croton is an evergreen shrub 
with alternate, simple leaves mottled with white, yellow, or red flower. Flowers 
are small, long, axillary, usually unisexual racemes antiamoebic, and 
anticancerous activities ( Kupchan et al., 1976).  The plant may change colour 
as it matures (Ogunwenmo et al., 2007). Fruits are globular capsules and 3 to 8 
mm in diameter.Hence, this species has been selected for the different 
morphology and color combination of leaves, with contrasting veins. The leaves 
are alternate, non-serrated but sometimes lobed. The leaf extracts of crotons 
are reported to have many medicinal properties including purgative, sedative, 
antifungal, Croton (Codiaeum variegatum ,Gold Dust ) with its amazing colors 
and leathery leaves is regarded as a beautiful foliage plant commonly known as 
croton and sometimes called Joseph's Coat  orvariegated croton (Nasib et al., 
2008).Propagation of croton by rooting of softwood cuttings has been a good 
development. Some authors have investigated how different compounds of the 
substrate can improve root  induction (Tillmann  et al .,1994; Chen et al., 2000 
;Dai- Bisheng, 2007).  The present study was aimed to establish an efficient and 
reliable protocol for in vitro propagation with focusing on rhizegenesis of this 
hard –to- root species. 

                                                                                        

MATERIALS AND METHODS 
Plant material and explants sterilization  

The plant material was collected from shrubs grown in garden of 
Ornamental and landscape, of the Research Department of EL-Montazh, 
Alexandria, Egypt. The plants were sprayed with the fungicide and insecticide 2-
3 week prior to start initiation and over head watering was strictly avoided. 
Freshly grown shoot tips, with two to three nodes , were selected as  explants’ 
source in August. The collected material was brought to the plant tissue culture 
laboratory of the Plant Production Department of the Faculty of Agriculture 
,Saba Basha, Alexandria University during 2012-2014 seasons  and  washed, 
thoroughly, with running tap water for 30 minutes to remove the dust or sand 
particles. The shoot tips were cut to nodal segments (single node) as an 
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explants source (Bhattatacharya et al., 1990).The excised explants were dipped 
in 70% ethanol for 60 sec. After treatment with ethanol the explants were rinsed 
with double distilled water twice, so as to lower the toxic effect of ethanol. The 
nodal segment’s surfaces were sterilized  using 20% of sodium hypochlorite for 
20 minutes and 1.5 mg/l mercuric chloride for 5 min. Few drops of Tween-20 , 
also, were added as a surfactant  to sterilized water with sterile gentle shaking 
under sterile conditions . After 20 minutes the plant material was washed three 
times with sterilized water and became ready for culture. 
 
Microprogation stages 
1-Intiation stage 

The explants were cultured on solidified woody plant medium coined as 
WPM (Lloyd and McCown, 1980) which contained different concentrations of 
the cytokinin benzyl adenine (BA) at four concentrations:0.0(nil), 0.5,1.0 and 1.5 
mg/l,in combinations with the auxin Naphthalene acetic acid (NAA) at four 
concentrations: 0.0(nil) ,1.0, 2.0 and 3.0 mg/l.Three explants were cultured in 
each jar which containing 30ml of medium and were placed, vertically. Each 
treatment was replicated three times and each has 3 explants (i.e.9 explants 
/treatment).The jars were capped with aluminum foil closures. The cultured jars 
were incubated in growth chamber at 25 C temperature under 16 hr daily 
light and 8hr darkness illumination by a florescent light intensity of 2880 Lux 

(40 mol PPF). 
 
2-Multiplication stage 

The neoformed propagule of the initiation stage was sectioned into single 
leaflet node. The excised nodal cutting explants of the different positions were 
cultured onto the multiplication medium which was woody plant medium (WPM) 
supplemented with BA at four concentrations: 0.0(nil), 1.0, 2.0 and 3.0 mg/l, in 
combinations with  NAA at four concentrations:0.0(nil) ,0.25, 0.50 and 0.75 mg/l. 
 
3-Rooting (rhizogenesis) stage 

The obtained shoots of croton from the multiplication stages were, 
individually separated and cultured on a rooting medium for rhizogenesis to 
achieve this stage ,two types of auxins were used as Indole butyric acid (IBA) at 
four  concentrations: 0.00(nil),1.00, 2.00 and 3.00 mg/l , in combinations with 
NAA at five concentrations:0.00 ,0.25 ,0.50 ,0.75 and1.00 mg/l. Generally, the 
data were recorded per propagule at initiation, multiplication and rooting stages 
after 35 days in culture. The tested characters were as follows: 
-Average shoot length(cm)/propagule. 
-Average number of shoots formed/ propagule. 
-Average number of leaflets formed/ propagule. 
-Average number of nodes formed/ propagule. 
-Average number of roots formed/ propagule. 
-Average root length(cm)/ propagule.(at rooting stage) 
-Average rooting time / propagule. (at rooting stage) 
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4-Acclimatization stage 
The neoformed plantlets (rooted shoots) were then transferred to the 

greenhouse for hardening. The potting mix used in this study comprised of sand 
and peat moss ( 4:1) .The transferred plants were monitored  weekly for at least 
6 weeks. 
 
Statistical analysis 

A completely randomized design was used for all the experiments (Gomez 
and Gomez, 1984).Recorded data were analyzed, statistically, using analysis of 
variance technique (ANOVA) and averages were compared by Duncan’s 
multiple range test (Steel et al.,1997) and significance was determined at 
p 0.05. 
 

RESULTS AND DISCUSSION 
          Achievement of optimal and reliable system for micropropagation of 
croton (Codiaeum variegatum Gold Dust) was urgent and in focus. Therefore, a  
set of experiments was conducted, and the obtained results were presented 
and  discussed in the following section as follows: 
 
1-Initiation stage 

Data presented in Table (1) and Fig. (1) exhibit that both applied growth 
regulators’ levels and their combinations exerted highly significant effects on the 
initiation stage’s characters of croton ,where single  nodal explants were grown 
in vitro for 35 days . Respecting the main effect of BA, the highest average 
value of shoot length (2.78 and 2.75 cm) was recorded at the absence of BA or 
its existence in the culture medium at 0.50mg/l. While, supporting the culture 
medium with NAA at 2.00 mg/l, gave rise to the highest average value (3.65 
cm).  Regarding the  average number of shoots that formed per propagule, the 
obtained results of BA manifested that BA at 1.0 mg/l gave the highest number 
of shoots (1.51) which expressed, significantly, the highest average value 
comparing to the other treatments .In this respect, BA levels consider as in 
favour of stimulation cell division , morphogenesis (shoot initiation/bud 
formation) in tissue culture, and break of apical dominance and release growth 
of lateral buds (Raven,1992;Salisbury and Ross,1992;Davies,1995) and their 
combinations exerted highly significant effects on the initiation stage’s 
characters of croton ,where singles  nodal explants were grown in vitro for 35 
days).  
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Table (1). Effect of different levels of BA and NAA (mg/l) and their 

combinations on the initiation stage of croton cultured in vitro 
for 35 days. 

 

                    NAA             BA levels (mg/l)           Average     Significance 
Characters  levels     0.00   0.50   1.00   1.50      NAA     BA     NAA    BA X NAA 
                    (mg/l) 

(a)Average shoot length (cm)/ propagule: 

         0.00     1.26    2.57     2.61   2.26     2.18     **         **            ** 

         1.00     4.37    3.47     3.23   3.53     3.65 

         2.00     3.44    2.78     2.45   2.43     2.77 

         3.00     2.05    2.19     1.78   1.98     2.00 

Average (AB)            2.78    2.75     2.52   2.55  

L.S.D.(0.05)                                                                      0.11    0.11      0.22 

  

(b)Average number of shoots formed/propagule: 

                    0.00     0.33     1.11     1.33    1.16    0.98      **         **           ** 

                    1.00     0.60     1.88      2.33   1.49    1.58 

                    2.00     1.11     0.76      0.88   1.33    1.02 

                    3.00     0.55     0.66      1.72   0.83    0.94  

 Average(BA)           0.65     1.16      1.51   1.20  

L.S.D.(0.05)                                                                     0.27     0.27    0.55 

(c)Average number of leaflets formed/propagule: 
                  0.00       2.55     4.61     5.66   6.00    4.70                   **          ** 

                  1.00       6.50     5.88     5.78   5.27    5.86 

                  2.00       6.27     6.27     5.11   5.66    5.83 

                  3.00       5.72     5.61     4.55   4.33    5.05 

Average(BA)           5.26     5.59     5.27   5.31 

L.S.D(0.05)                                                                          0.32   0.32   0.65 

(d)Average number of nodes formed/propagule:     

                 0.00         1.44      2.78    2.72   2.83    2.44                    **       ** 

                 1.00         5.50     4.44    4.39   5.50    4.95 

                 2.00         5.05     4.27    3.99   3.77    4.27 

                 3.00         3.50     3.55    4.16   4.16    3.84 

Average (BA)           3.87      3.76    3.81   4.06 

L.S.D.(0.05)                                                                       0.24     0.24     0.48 

(e)Average number of roots formed/propaglue: 

                 0.00       0.22      2.33     0.00    0.00    0.63          **      **           **   

                 1.00       3.72      2.99     1.66    0.36    2.18 

                 2.00       5.11      3.55     3.33    3.77    3.94 

                 3.00       2.33      1.33     0.66    0.00    1.08 

Average (BA)         2.84      2.55     1.41    1.03  

L.S.D.(0.05)                                                                         0.50     0.50       1.00 

L.S.D.(0.05)=Least significant difference teast at 0.05 level of probability 

*,**:Significant or highly significant. 
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        With regared to the number of leaflets formed, the obtained data disclosure 
that BA at 0.50 mg/l, brought about the highest average value (5.59). On the 
other hand, augmenting the WPM with NAA at either 1.00 or 2.00 mg/l led to the 
highest average values (5.86 or 5.83, orderly) comparing to the other 
treatments. Meanwhile, the interaction between nil level(0.00 mg/l) and 1.00 
mg/l BA and NAA, respectively, gave the highest average value (6.50 
leaflets/explants). As for the average number of nodes formed /propagule, the 
obtained results showed that BA at 1.50 mg/l, led to the highest average value 
(4.06). On the other side, supplemented the tested medium with NAA at1.00 
mg/l, gave the highest average value (4.95) comparing to the other treatments.  
 
 

 
Figure (1): Initiation stage of croton nodal explants cultured on WPM 

+1mg/l NAA only. 
           On the other hand, the main effect of NAA, the obtaind data declared 
that NAA at 1.0 mg/l, resulted in the highest average values of the most studies 
characters except rooting trait. As regarded to the average number of roots/ 
propagule, the obtained results expressed that BA at either nil (0.00 mg/l ) or 
0.50 mg/l, led to the highest  average values (2.84 or 2.55, consecutively).While   
BA at  2.00 mg/l , at 2.00 mg /l, gave the highest average value (3.94).The 
interaction between BA at 0.00 and NAA at 2.00 mg /l, resulted in formation the 
highest rooting mass (5.11). Decreseasing the average values of the studied 
characters (length of shoot and number of roots ) were concomitant with 
increasing BA. WPM This finding could be due to accumulation supra-optimal 
level of cytokinin within tissues which exerts adverse effects  on growth 
performance (Murashige,1974;Tomas,1987;George et al.,2008).Hence , 
medium without BA resulted in the highest average value of shoot length was 
taken place. This finding could be attributed to the mode of action of auxin NAA 
within cultured tissues which is capable of controlling various distinctive 
processes such as cell growth and elongation (George and  
herrington,1984;Georrge et al.,2008).On the other hand, extreme the lowest 
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concentration of NAA used, affected well the initiation stage of croton in 
vitro.This might be owing to the reason that higher concentration of NAA, which 
is usually ineffective against shoot proliferation (Vijaya et al.,1991;Waseem et 
al.,2011).Furthermore, it is known the role and mode of action of auxin for their 
abilities to enhance root formation, as stated by research workers(Chen et 
al.,1985; Liu et al.,1994;George et al.,2008;Waseem et al.,2011). Silva et al., 
(2013) reported that the longest shoots on croton production being produced on 
medium supplemented with 1.0 mg/l NAA, and the combination of NAA and IBA 
at a ratio of 1:1mg/l of BA and NAA ,respectively led to the production of both 
number of leaves and longest shoots after a 60 days of subculture period , 
successfully, especially when cultures were  initiated from explants taken from 
sprouted shoots of croton (Codiaeum vareiegatum , L.). The establishment and 
multiplication stages were possible when 1mg/l BA or 1mg/l IAA and 3 mg/l 2ip 
were added to the selected cultivar, respectively (Radice, 2010). Chitra and 
Madhusoodanan (2005)who studied the influence of auxins in direct in vitro 
morphogenesis of Euphorbiaceae. Rout et al. (2006) reviewed critically on 
present scenario and future prospects of tissue culture. However Indole butyric 
acid (IBA) induced the rooting very effectively and various studied characted 
plants established in the soil. (Ahn et al., 2007). 
 

 

2-Multiplication stage  
 Results presented in (Table 2) and Fig. (2) revealed that both applied 

growth regulators and their combinations affected highly singinficantly the 
studied characters of multiplication stage .However, regarding the average 
shoot length (cm) / propagule, BA was in adverse relationship in the given trait; 
whereas BA level increased, the studied trait decreased ,therefor the nil level 
(0.00 mg/l) gave the highest average value (2.17).On the contrary, NAA levels 
were in proportional relationship, where, as the levels increased the highest 
average values increased, especially at 0.50 or 0.75 mg/l, which gave the 
highest average values (2.42 or 2.49, consecutively ).Meanwhile, the interaction 
between BA at nil level and NAA at 0.50 mg/l ,recorded the highest average 
value (2.76).As for the average number of shoots formed / propagule, the main 
effect of BA showed that augmenting the culture medium with BA at 2.00 mg/l, 
led to the highest average value (3.06).On the other hand, providing the culture 
medium with either 0.50 or 0.75 mg/l of NAA, resulted in the highest average 
values (2.73 or 2.65,each in turn) 

 
Meanwhile, the combination of BA and NAA at 2.00 and 0.50 mg/l, 

respectively led to the highest average value (3.89).With reference to the 
average number of leaflets formed/ propagule, fortifying the tested medium with 
either 1.00 or 2.00 mg/l of BA, resulted in the highest average values of the 
given trait (7.51 or 7.59,each in turn ), comparing to the other treatments. On 
the other hand ,as NAA added to the culture media increased the gained values 
increased , especially  at either 0.50 or 0.75mg/l, led to the highest average 
values (7.87 or 7.88, consecutively) of the given trait. But the interaction 
between BA and NAA at 2.00 and 0.50mg/l , in series resulted in the highest 
average value (7.22) of the tested trait . 
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Table (2).Effect of different levels of BA and NAA (mg/l) and their 

combinations on the multiplication stage of croton cultured in 
vitro for 35 days. 

                     NAA         BA levels (mg/l)          Average     Significance   
Characters   levels   0.00  1.00  2.00  3.00      NAA       BA      NAA     BA X NAA 
                    (mg/l)  

(a)Average shoot length(cm/propaglue: 
                    0.00      1.01  1.67  1.39  1.01      1.27        **        **            ** 
                    0.25      2.33  2.16  1.69  2.13      2.08 
                    0.50      2.76  2.32  2.61  2.00      2.42 
                    0.75      2.57  2.11  2.61  2.66      2.49 

Average(BA)            2.17  2.07  2.07  1.95      
 
L.S.D.(0.05)                                                                   0.09     0.09       0.18 

(b)Average number of shoots formed/ propagule: 
                   0.00      0.33   1.66  2.61  1.33     1.48         **          **           ** 
                   0.25      0.72   2.27  2.60  1.05     1.66 
                   0.50      1.44   3.22  3.89  2.38     2.73 
                   0.75      1.72   3.11  3.16  2.61     2.65 

Average(BA)           1.05   2.56  3.06  1.84 

L.S.D.(0.05)                                                                   0.30     0.30     0.61 

(c)Average number of leaflets formed/ propaglue: 
                  0.00       3.44   5.55  6.00  5.88      5.22        **         **         ** 
                  0.25       6.55   6.99  6.39  8.00      6.98 
                  0.50       7.89   8.27  8.66  6.66      7.87 
                  0.75       7.11   9.22  9.33  5.89      7.88 

Average(BA)            6.25   7.51  7.59  6.61 
L.S.D.(0.05)                                                                   0.40   0.40      0.80 

(d)Average number of nodes formed/ propaglue: 
                  0.00       2.44   5.89  5.16  2.00       3.87       **       **          ** 
                  0.25       3.89   5.11  6.27  6.05       5.33 
                  0.50       4.16   4.50  7.22  7.22       5.77 
                  0.75       5.44   5.33  6.33  7.05       6.04 

Average(BA)           3.98   5.20  6.24  5.58 

L.S.D.(0.05)                                                                   0.49   0.49      0.99 

(e)Average number of roots formed/ propaglue: 
                 0.00       0.29    0.94  0.33   0.00      0.38 **        ** ** 
                 0.25       3.66    3.50  0.72   1.39      2.31 
                 0.50       5.00    1.78  3.44   2.00      3.05 
                 0.75       6.28    3.55  3.38   4.11      4.33 

Average(BA)          3.80    2.44  1.97   1.87 

L.S.D.(0.05)                                                                   0.55     0.55     1.11 

L.S.D.(0.05)=Least significant difference test at 0.05 level of probability 
*,**:Significant or highly significant. 
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Figure (2): Multiplication stage neoformed croton shoot of initiation stage 
culture on WPM+ 2.0mg/lBA+0.50 mg/l NAA. 

 
Respecting the average number of roots formed / propagule , the obtained 

results, divulged that the  absence of BA from the culture medium, brought the 
highest average value of the tested trait (3.80),then as the BA levels increased 
the given results decreased . For NAA levels, the highest average value of the 
given trait (4.33) was recorded due to augmenting the culture medium with NAA 
at 0.75 mg/l., comparing to the other  treatments. In general , these results 
could be brought about to the mode’s action of cytokinins on stimulation both 
cell division and promotion growth of axillary shoots in plant tissues culture as, 
also, found by Tomas(1987),Triginano and Gray(2000) and George et al. 
(2008). Nasib et al. (2008) grew the shoot tip explants of Codiaeum variegatum 
on MS + BAP (0.5mg/l) + peptone (25mg/l). Sana (2012) reported that 
enhanced shoots and buds proliferation formation can be achieved by using the 
MS media with 2 mg/l of both KIN and BA. The higher concentration of these 
hormones (5mg/l each) resulted in shoot formation of various cultivars of 
Codieaum variegatum (L.). Martin et al. (2005) reported the influence of auxins 
in direct in vitro morphogenesis of mesophyll cells of Euphorbia nivulia, where 
the KIN reduced the rate of morphogenesis, whereas BAP induced somatic 
embryogenesis. The combination of BA with NAA and IAA had positive effect on 
morphogenesis. The shoot tips of Glochidion multiloculaire produced multiple 
shoots when cultured on MS + BA (1.0 mg/l) and IAA (1.0 mg/l). Callus was 
derived from the leaf and stem explants on a medium containing 2,4-D (0.5-2.0 
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mg/l),and produced shoot buds when transferred to MS+ BA (1.0-2.0 mg/l) + 
CM (Coconut milk, 10% v/v)(Yamuna et al., 1995).  Bhot et al. (2010) concluded 
that nodal explants from field grown plants of Codiaeum variegatum (L.) Blume 
when inoculated on B5 medium fortitified with NAA (0.1mg/l), BAP (2.0 mg/l) 
and phloroglucinol (100 mg/l), showed the highest number of shoot bud 
development and proliferation in var. Undulatum while with spermidine 
(0.1mg/l), BAP(2.0 mg/l) and phloroglucinol (100mg/l) showed shoot bud 
development and proliferation in var. Norwood Beauty and Punctat aureum. 
With reference to the rooting mass per propagule,  this finding might be taken 
place due to the well-known role of auxins in inducing of root formation (Tomas, 
1987 and George et al.,2008). 
  
3-Rooting (rhizogenesis) stage 

Results in Table (3) and Fig. (3) showed that the applied both auxin levels 
and their combination exerted, significant effects on the studied characters of 
croton, except, the average number of node formed /propagule,  whereas, 
However the interaction between IBA at 2.00 mg/l and NAA at 0.50mg/l. gave 
the highest nmber of root and root length per propagule (11.78, 
3.96),respectively and also gave the high level of shoot length (4.02) which may 
equal at the same average the highest shoot length(4.08) was produced when 
medium supplemented with NAA at1.00 mg/l and IBA at nil(0.0).The data 
showed significant effect on the number of shoots characters when applied both 
growth regulators,using NAA at 0.75 gave the highest average effect 
(1.27).While using IBA at 2.00 mg/l gave high average effect  comber to  anther 
concentration  of IBA (0.94) .On other hand ,the interaction between IBA and 
NAA gave the highest average number of shoots per propagule (1.72).But the 
lowest average of rooting time produced with IBA at 3.00 mg/l and NAA at1.00 
mg/l (10.27).As for the average number of leaflets formed/ propagule ,the main 
effect of IBA and NAA showed that augmenting the culture medium with IBA at 
2.00 mg/l and NAA at 0.25 gave the highest average value(8.89). 

This results coud be explaind on the bases that auxin induced number of 
responses which involved cell division, cell enlargement, protein and nucleic 
acids synthesis which are concomitants of auxin-induced growth and changes 
in wall plasticity of plant cell and increase the apical dominance as there are 
essential and rapid processes involved in growth and elongation 
(Wilkins,1989).Our results were further confirmed by the previous findings of 
Komalavalli and Rao (2000); Sarker and Shaheen( 2001 ); Munshi et 
al.(2004);Awal et al.(2005);Rajani and Patil(2009); Waseem et al.(2011) who 
suggested IBA as the best auxin for root induction and development. Nasib et 
al. (2008) grew the shoot Codiaeum variegatum   which enhanced the  rooting 
was induced on MS+ IBA (2.0mg/l) medium, and they were acclimatized with 
95% survival rate. Chitra and Madhusoodanan (2005) studied the influence of 
auxins in direct in vitro morphogenesis of Euphorbiaceae. Rout et al. (2006) 
reviewed critically on present scenario and future prospects of tissue culture of 
some Euphorbiaceae members. While Indole butyric acid (IBA) induced the 
rooting very effectively . 
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Table(3).Effect of different levels of IBA and NAA (mg/l) and their 
combinations on the rooting stage of croton cultured in vitro for 35 days. 

                     NAA         BA levels (mg/l)       Average     Significance   
Characters   levels   0.00  1.00  2.00  3.00   NAA      IBA      NAA     IBA X NAA 
                    (mg/l)  

(a)Average shoot length(cm)/ propagule: 
                     0.00     1.01    2.06   2.48   2.24   1.94          **        **          ** 
                     0.25     2.94    3.34   2.47   2.23   2.74 
                     0.50     3.04    3.12   4.02   3.89   3.52 
                     0.75     3.56    3.31   2.71   2.22   2.95 
                     1.00     4.08    3.49   2.97   2.86   3.30 

Average(IBA)            2.92    3.06   2.93   2.65 
L.S.D.(0.05)                                                                       0.19      0.21        0.42 

(b)Average number of shoots formed/propagule: 

                       0.00     0.00     0.00    0.83   0.00    0.20       **         **           ** 

                       0.25     1.16     0.66    0.55   1.33    0.93 

                       0.50     1.00     0.88    1.61   1.33    1.20 

                       0.75     1.11     1.00    1.72   1.27    1.27 

                       1.00     0.00      0.00   0.00   0.00    0.00 

(IBA)                           0.65     0.50    0.94   0.78 

L.S.D.(0.05)                                                                        0.16     0.17     0.35 

 (c)Average number of leaflets formed/propagule : 

                       0.00    2.38   5.78   5.66   6.00      4.95       ns       **        ** 

                       0.25    7.22   5.55   8.89   4.89      6.46 

                       0.50    6.89   7.00   6.00   6.11      6.50 

                       0.75    8.44   7.11   5.72   5.94      7.05 

                       1.00    7.33   4.83   5.89   5.00      5.76 

Average(IBA)           6.45    6.05   6.43   5.78 

L.S.D.(0.05)                                                                      0.39     0.43     0.87 

(d)Average number of nodes formed/propogule: 

                      0.00     2.00   3.39   3.27   2.72       2.84       **        **         ** 

                      0.25     3.55   3.11   3.11   4.66       3.61 

                      0.50     3.11   4.49   3.78   3.33       3.68 

                      0.75     4.22   3.33   3.77   3.94       3.81 

                      1.00     4.22   3.88   3.89   3.00       3.75 

Average(IBA)             3.42   3.64   3.56   3.53 

L.S.D.(0.05)                                                                       0.34    0.34    0.68 

(e)Average number of roots formed/propaglue: 

                     0.00     0.44   4.55   4.94    5.44      3.84         **       **         ** 

                     0.25     5.77   6.72   7.38    9.44      7.33 

                     0.50     7.38   7.33  11.78  7.50       8.50 

                     0.75     7.33    7.33   5.77    7.11     6.88 

                     1.00     5.16    6.55   7.22    6.44     6.34 

Average(IBA)           5.22    6.49    7.42    7.18 

L.S.D.(0.05)                                                                            0.42    0.47    0.94 

To be Continued.. 
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Table (3) Continued.. 

(f)Average root length(cm)/propagule: 

                   0.00    0.23    1.20   1.43    1.80      1.16       **          **        ** 

                   0.25    1.43    2.28    1.63   1.50      1.71 

                   0.50    1.61    3.10    3.96   3.33      3.00 

                   0.75    2.33    2.56    2.70   2.60      2.55 

                   1.00    2.83    2.33    2.26   2.13      2.39 

Average(IB)          1.68    2.29    2.40   2.27 

L.S.D.(0.05)                                                                       0.19       0.21    0.43 

(g)Average rooting time/ propagule: 

                 0.00   35.00   31.83   32.16  28.22   31.80      **            **       **    

                 0.25   34.00   34.11   20.99  19.33   27.11 

                 0.50   18.22   20.50   16.78  15.27   17.69 

                 0.75   31.38   21.54   18.89  24.22   24.01 

                 1.00   17.27   19.33   11.94  10.27   14.70 

Average(IBA)      27.17   25.64   20.15  19.46  

L.S.D.(0.05)                                                                      0.89    0.99    1.99 

L.S.D.(0.05)=Least significant difference test at 0.05 level of probability *,**:Significant 

or highly significant. 

 
 

Figure (3):Rhizogenesis of neoformed croton shoot of multiplication stage 
grown on WPM+2.0 mg/l 

 

4-The fourth stage (acclimatization) 

Acclimatization of in vitro grown plants is an important step in 
micropropagation (Smart, 2008; Rout et al.,2006).The In vitro grown plantlets 
with at least two to three roots were transferred to the greenhouse for the 
acclimatization ex vitro. The potting mix ( sand and peat moss,4:1 ), routinely 
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used in the nursery of our institute, was found suitable for the hardening of the 
plants. The survival rate of the In vitro grown plants was 90% as shown in Fig. 
(4). 

 

 
Figure (4):Acclimatized croton tissue culture plants derived plants ex 

vitro. 
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ABSTRACT:  Tomato plants were sprayed three times (at 15 days intervals) with different 

evaluated insecticidal treatments during two following growing seasons of 2012 and 2013 in an 
approach to achieve efficient control against the tomato leafminer (borer) Tuta absoluta. During 
the first season of 2102, the treatment of emamectin benzoate+Kz oil was more effective and 
reduced the number of larvae and increased their reduction percentages up to 40.9% as 
compared with the other performed treatments of the 1

st
 spray. After the 2

nd
 spray, the treatment 

of  chlorantraniliprole+Mineral oil was the most potent one and recorded the highest general 
mean of reduction over 10 days of inspection (89.9%) followed by chlorantraniliprole (alone) 
(81.3%). Furthermore, post- 3

rd
 spray the mixture of metaflumizone+Kz oil

®
 was proved to be 

the utmost superior treatment and achieved complete reduction (100%) all over the adopted 
inspection periods (5, 7, and 10 days). The same trend of results was gained during the second 
season of 2013. The addition of the mineral oil (Kz oil

®
) increased the efficiency of the evaluated 

insecticides :emamectin benzoate, chlorantraniliprole and metaflumizone; therefore it is 
recommended to admix mineral oil with each of these effective evaluated insecticides. So, they 
could be used in IPM programs for achieving potent control of Tuta absoluta. 
Keywords: Tomato plants, the tomato leafminer Tuta absoluta, insecticidal treatments, 

mineral oil, reduction percentage 

 
INTRODUCTION 
          Tomato crop (Solanum lycopersicum L.) is affected by many insects and 
fungal diseases, among which, the insects Trialeurodes vaporariorum and Tuta 
absoluta, and the fungi Alternaria spp. and Botrytis cinerea are of great 
incidence (Bue et al., 2012). The tomato leafminer (tomato borer) Tuta absoluta 
Povolny, native to western South America, is an extremely devastating insect-
pest in planted tomato crops in most of South America, Europe and Africa 
(North of the Sahel). It causes yield losses up to 100% and decreases fruit 
quality in open field and greenhouse crops if control methods are not applied 
(Bueno et al., 2012). This insect- pest has spread rapidly throughout the 
Mediterranean area, and has also reached the countries of northern Europe. In 
2009, Tuta absoluta has been found in the UK and the Netherlands travelling on 
Spanish tomato imports (Miniermotte, 2010).  It was also first observed in the 
year of 2010 damaging the tomato plants in different countries; Egypt 
(Mohammed, 2010), Israel   (Seplyarsky et al., 2010), Turkey (Unlu, 2012 and 
Klc, 2010), Montenegro, Italy (Hrncic and Radonjic, 2011), Iran (Baniameri 
and Cheraghian, 2012), Russia (Izhevsky et al., 2011), Greece (Roditakis et 

al., 2010) and Khartoum State, Sudan (Mohamed et al., 2012). The pest 
occurs throughout the entire growing cycle of tomatoes both for fresh market 
and processing, and larval feeding can cause losses up to 100% (Desneux et 

al., 2010) 
 
        Because of its characteristic biology and behavior, T. absoluta is a 
challenging insect-pest to control. T. absoluta has been controlled with synthetic 
insecticides. Organophosphates and pyrethroids were used during the 1970's 
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and 1980's. New products (abamectin, spinosad, tebufonzide and chlorfenpyr) 
were introduced in the 1990's (Lietti et al., 2005). At least 12 classes of 
insecticides are being used for controlling T. absoluta (IRAC, 2009a and 
2009b). Control failures had been noted with Organophosphates and 
pyrethroids in South America (Salazar and Araya, 2001) prompted research on 
the resistance status of T. absoluta  (Lietti et al., 2005; Siqueira et al., 2000a, 
2000b). However, newer classes of insecticides provided good control of this 
pest (IRAC, 2009a). Indoxacarb, spinosad, imidacloprid, deltamethrin, and 
Bacillus thuringiensis var. kurstaki were applied for the control of larval 
infestations in Spain (FERA, 2009; Russell, 2009). Chlorpyrifos and pyrethrins 
were used in Italy (Garzia et al., 2009). Abamectin, indoxacarb, spinosad, 
imidacloprid, thiacloprid, lufenuron, and Bacillus thuringiensis (Bt) were 
recommended for infestation outbreaks in Malta (Mallia, 2009). In Brazil, 
abamectin, cartap, chlorfenapyr, phenthoate, methamidophos, spinosad, and 
indoxacarb were recommended for use in the South, Southeastern, and 
Savannah tomato-growing regions, while chlorfenapyr, phenthoate, and 
spinosad were recommended for use in the Northeastern region (IRAC, 2007). 
In Argentina, Bt and triflumuron were recommended for the control of T. 
absoluta larvae as part of an IPM program that also included parasitoids 
(Riquelme, 2006). 
 
         In Egypt, T. absoluta is newly reported and until now there are two 
registered insecticides (Dipel-2X® and Proclaim®) for controlling this insect. 
However, in Egypt there are going on evaluation of some insecticides under 
registration and few studies describing the efficiency of some insecticides for 
the control of T. absoluta (Derbalah el al., 2012; Shalaby et al., 2012; Hanafy 
and El-Sayed 2013; Soliman et al., 2013; Ramadan, 2014). Therefore, certain 
insecticidal treatments compatible with IPM programmes were evaluated for 
their efficiency against T. absoluta infesting tomato plants in Egypt. 

 

MATERIALS AND METHODS  
 
Field experiment 
            Field trials were carried out in El-Sabahia Agricultural Research Center 
during June of 2012 (summer season) and the farm of Faculty of Agricultural 
(Saba Basha), Alex. Univ. at Abis 10th village, Alexandria Governorate during 
March of 2013 (winter season). The planted area was of approximately 3-5 
Kerat. The selected experimental areas were divided into longitudinal blocks 
separated by buffer paths of 1 m2 wide between every plot (180 m2) to prevent 
insecticides drift. Transplanted tomato seedlings (Variety Malika) were grown all 
over the different blocks. The recommended agricultural practices were followed 
during both seasons according to recommendations of the Egyptian Ministry of 
Agriculture. 
  
        The presence of T. absoluta was confirmed by inspecting the occurring 
symptoms of morphological changes in tested plants of the collected specimens 
from the field.  
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  Two sticky pheromone traps (Pherodis®) all over the growing season were 
used and they were replaced within that plot treated with detergent (Masrol®). 
The used trap with the pheromone (yellow) (1 lure) is specific for T. absoluta 
and it is produced by Koppert Biological System.  
     

 Insecticidal treatments 

     In both seasons of 2012 and 2013, each block of planted tomato 
contained three replicates / treatment. The plants of untreated check (control) 
were chosen to be a little far away from those treated plants to avoid any 
contamination or interference of spray drift. 

 

         Four different insecticidal treatments were evaluated; each treatment was 
applied at three consequent sprays (1st, 2nd and 3rd) in addition to a 5th 
treatment which has been used as untreated check (control) . The adopted 1st 
treatment of first spray included trap+detergent, emamectin benzoate, 
emamectin benzoate+Kz-oil and Engeo® (thiamethoxam + lambda-cyhalothrin). 
The treatment of second (2nd) spray included trap+detergent, chlorantraniliprole 
(Coragen®), chlorantraniliprole+Kz-oil and chlorfenapy+ spinotoram.  The third 
(3rd) spray also included each of trap+detergent, metaflumizone, 
metaflumizone+Kz-oil and methomyl+ indoxacarb. All sprayed plants in the 
performed treatments were compared with the untreated check plants (Table 1).  
         In the second season of 2013, the aforementioned four insecticidal 
treatments (plus the control one) in each consequent 1st, 2nd and 3rd sprays 
were identically carried out as that done in the first season of 2012. The 
insecticidal applications were done when the plants were at the age of 2 months 
using a Knapsack sprayer (20 liters), at the rate of 200 liters / fed at 15 day 
intervals. 

 
Table (1): The rate,  trade and common names of the evaluated pesticides 
    

Trade name Common name 
Rate/Fed. 

(ml) 
Alferdy® Metaflumizone 200 
Avaunt® Indoxacarb 50 
Coragen20®%SC Chlorantraniliprole 60 
Masrole® Detergent 1000 

Engeo® 
14.1% thiamethoxam  +10.6% 
lambda-cyhalothrin 

100 

Kz oil® Mineral oil 1000 
Lannate® Methomyl 300 g 
Proclaim® 5%EC Emamectin benzoate 120 g 
Radiant®12%SC Spinotoram 100 
Chalenger® Chlorfenapy 100 

     
Sampling technique and inspection of the Tuta absoluta  
             The infestation rate was recorded after 5, 7 and 10 days post- spraying 
taking into account the mean number of larvae / 8sampled plants /replicate in 
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each treatment compared with control. Percentages of infestation reduction 
were also calculated. The estimated infestation rate in treatments was 
determined pre- and after 5, 7 and 10 days from insecticidal applications and 
the percentages of infestation reduction were calculated using Henderson and 
Tilton (1955) equation as follows: 

  A  C  
 Reduction %  = 1 - [ ـــــــ x ـــــــ ] x 100     where,      
    B  D  

A: number of larvae  in treatment after treatment. 
B: number of larvae in treatment before treatment. 
C: number of larvae in the check before treatment. 
D: number of larvae in the check after treatment. 
 
Statistical analysis 
       Data of the present study were subjected to the analysis of variance 
ANOVA using ″F″ Test following the randomized complete block design 
(RCBD). The least significant differences (L.S.D) at the 0.05 probabilty level 
were determined according to computer program (COSTAT software, 1988) 
and Steel and Torrie (1981) to compare the average mean numbers of the 
different treatments and control. 

 

RESULTS AND DISCUSSION 
         During the first season of 2012, four insecticidal treatments were 
evaluated against the tomato leafminer (tomato borer) Tuta absoluta compared 
with the untreated check after the first spray. The residual effect of each of 
these treatments on the mean number of detected larvae on tomato plants and 
calculated reduction percentages are presented in Table 2. It could be seen that 
the mean numbers of larvae are going to be decreased till the 10th day post-
treatment. Meanwhile, the calculated percentage of reduction of each treatment 
was found to have, merely, the same trend. Considering the general mean (%) 
of reduction caused by the application of the different performed insecticdes, it 
is noticed that the treatment of emamectin benzoate+Kz oil was effective for 
reducing the number of larvae and increased their reduction percentages up to 
40.9%, followed by the treatment of trap+ Detergent that gave a reduction 
percentage of 35.6. The addition of Kz oil to emamectin benzoate increased its 
efficacy; showed the highest reduction percentage  of inspected larvae as 
compared with emamectin benzoate alone which recorded the least reduction 
percentage of 23.6 (Table 2).  
 
         The second spray included three different insecticidal treatments with the 
previously used treatment of trap+ Detergent and the untreated check (Table 3). 
Before the application of the evaluated treatments of the second spray, it was 
noticed that the number of the detected larvae increased. Nevertheless, the 
three tested treatments (chlorantraniliprole, chlorantraniliprole+Mineral oil and 
chlorfenapyr+spinetoram) were so effective in reducing the number of inspected 
larvae and increasing the calculated reduction percentages. The results 
revealed that the treatment of chlorantraniliprole+Mineral oil was the most 
potent one; recording the highest general mean of reduction of  89.9% over 10 
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days of inspection,  followed by the treatment of chlorantraniliprole alone 
(81.3%). Herein, the addition of the mineral oil increased the efficiency of 
chlorantraniliprole when they were admixed and presented a promising efficient 
chemical mixture for controlling Tuta absoluta; that mixture would be included 
within IPM programs. The effective treatment of the mixture of 
chlorantraniliprole+ spinetoram (78.1%) was less potentthan that mixture of 
chlorantraniliprole+Mineral oil in reducing the larval occurrence. A possibility for 
reducing pesticide applications in tomato fields is the use of integrating 
management methods such as proper plant spacing within the row (Guedes et 

al., 1994), and use of mineral oil in the insecticide mixtures (Guedes et al., 
1995) as well as improved production systems (Picanco et al., 1995). 
 
        The effect of certain applied treatmentsin the 3rd spray against the tomato 
leafminer, Tuta absoluta in 2012 season  is shown in Table 4. It could be seen 
again that the addition of the mineral oil to an insecticide is increasing its 
toxicological activity. The mixture of metaflumizone+Kz oil was proved to be the 
superior achieving complete reduction (100%) all over the inspection periods 
post-spraying. The addition of the mineral oil to metaflumizone was found to 
double its activity. These results are in agreements with those reported by 
Guedes et al. (1995). It could be also seen that the effect of metaflumizone 
alone was merely equal to that mixture of methomyl+indoxacarb, whereas the 
general means of reduction percentages were 59.1 and 52.6, respectively). 
Therefore, the application of metaflumizone alone within IPM programs would 
be more useful than the use of the less effective mixture of 
methomyl+indoxacarb (Table 4). 
 
         During the second season of 2013, the applied 1st spray involved four 
insecticidal treatments as those of the 1st spray of the 1st season of 2012 
evaluated against the tomato leafminer Tuta absoluta compared with the 
untreated check (Table 5). The results obtained ascertained again that the 
mixture of emamectin benzoate +Kz oil was the most effective treatment 
against the tomato leafminer, Tuta absoluta giving the highest general reduction 
of 48.4.9%, whereas emamectin benzoate alone recorded a lower general 
mean of reduction comprised 25.4%. The treatment of Engeo® (a mixture of 
14.1%thiamethoxam +10.6% lambda-cyhalothrin) came in the second rank 
giving a general mean of reduction amounted to 35.8%. Again, the addition of 
the mineral oil to emamectin benzoate has increased its residual effect and the 
efficacy of the applied mixture. 
 
          Moreover, the deduced mean number of inspected Tuta absoluta larvae 
and calculated reduction percentages due to the  applications of different 
evaluated insecticidal after 5, 7 and 10 days in the 2nd spray are shown in Table 
6. In this concern, the calculated mean of general reduction is being used for 
evaluating the residual effect and to determine the efficacy of each of evaluated 
treatments. The results revealed that the applied mixture of chlorantraniliprole+ 
Kz mineral oil was the most potent treatment that reduced the number of  Tuta 
absoluta larvae and gave a high general mean of reduction percentage of 94.2, 
followed by chlorantraniliprole (alone) (91.1%) and chlorfenapyr + spinetoram 
(71.4%). 
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           The treatment of using a trap+ detergent (as a spray) was the least 
efficient one, whereas the number of larvae were increased all over the adopted 
periods of inspection (Table 6); therefore the calculated general mean of 
reduction was as low as 4.6%. 

 
Table (2): Effect of certain tested insecticidal treatments against the 

tomato leafminer, Tuta absoluta infesting tomato plants in 2012 
season (1st spray) 

 

1
st
 season (2012)  

 

 

Treatments 
 

 

General 

Average 

  
L.S.D 

0.05 

Average No. of larvae/8 plants  (A) and 

% infestation reduction (R) after 1 
st 

spray at 

different intervals (days) 

 

Pre-

spray 
10 7 5 

R(%) A R A R A R A A** 

35.6 11.6 1.5 58.8 9.0
d
 35.5 12.0

c
 12.5 14.0

b
 16.0

a
* Trap+Detergent 

23.6 16.6 1.1 42.3 15.0
c
 18.1 18.0

ab
 10.5 17.0

b
 19.0

a
 

Emamectin 

benzoate 

40.9 12.6 1.4 61.5 10.0
d
 45.4 12.0

c
 15.7 16.0

b
 19.0

a
 

Emamectin 

benzoate + Kz oil 

29.0 15.3 1.2 53.8 12.0
c
 22.7 17.0

b
 10.5 17.0

b
 19.0

a
 Engeo

®
 

 - 22.3 1.0 - 26.0
a
 - 22.0

b
 - 19.0

c
 19.0

c
 Untreated check 

*Means followed with the same letter(s) within the same row are not significantly 
different at 0.05 probability level.    

** A= Average number of larvae and R= Infestation reduction percentage 

 
Table (3): Effect of the evaluated insecticidal treatments against the tomato 

leafminer, Tuta absoluta infesting tomato plants in 2012 season (2nd 
spray) 

 

1
st
 season (2012) 

 

 

 

Treatments 

 

 

General 

Average 

  
L.S.D 

0.05 

Average No. of larvae/8 plants  (A) and 

% infestation reduction (R)   after 2
nd

 

spray at different intervals (days) 

 

Pre-

spray 
10 7 5 

R(%) A R A R A R A A 

-2.9 84.0 0.538 -7.1 87.0
a
 -6.0 85.0

b
 -1.1 80.0

c
 70.0

d
* Trap+Detergent 

81.3 7.6 2.013 85.6 6.0
c
 87.8 5.0

c
 70.5 12.0

b
 36.0

a
 Chlorantraniliprole 

89.9 3.7 2.599 100.0 0.1
d
 91.8 3.0

c
 77.8 8.0

b
 32.0

a
 

Chlorantraniliprole 

+Mineral oil   

78.1 10.6 1.837 87.9 6.0
c
 87.8 6.0

b
 58.8 20.0

b
 43.0

a
 

Chlorfenapyr + 

Spinetoram 

 - 79.0 1.591 - 80.0
d
 - 79.0

a
 - 78.0

b
 69.0

c
 Untreated check 

*Means followed with the same letter(s) within the same row are not 
significantly different at 0.05 probability level.    

** A= Average number of larvae and R= Infestation reduction percentage.  
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Table (4): Effect of the applied insecticidal treatments against the tomato 

leafminer, Tuta absoluta infesting tomato plants in 2012 season 
(3rd spray) 

 

1
st
 season (2012)  

 

 

Treatments 

 

 

General 

Average 

  
L.S.D 

0.05 

Average No. of larvae/8 plants  (A) and 

% infestation reduction (R) after 3
rd

 spray at 

different intervals (days) 

 

Pre-

spray 
10 7 5 

R(%) A R A R A R A A 

-2.5 21.6 1.033 -2.5 19.0
d
 -13.6 25.0

a
 13.6 21.0

c
 22.0

b
 Trap+Detergent 

59.1 3.6 3.183 70.3 2.0
c
 50.0 4.0

bc
 43.4 5.0

.0b
 8.0

a
 Metaflumizone 

100.0 0.0 ---- 100.0 0.0 100.0 0.0 100 0.0 3.0 
Metaflumizone+  

Kz oil 

52.6 3.6 2.599 40.6 4.0
b
 62.5 3.0

b
 54.7 4.0

b
 8.0

a
 

Methomyl + 

Indoxacarb 

- 18.6 1.125 - 16.0
c
 - 19.0

b
 - 21.0

a
 19.0

b
 Untreatedcheck 

*Means followed with the same letter(s) within the same row are not significantly 
different at 0.05 probability level.    

** A= Average number of larvae and R= Infestation reduction percentage.    

 
Table (5): Effect of the performed insecticidal treatments against the 

tomato leafminer, Tuta absoluta infesting tomato plants in 2013 
season (1st spray) 

 

2
nd

  season (2013)  

 

 

Treatments 

 

 

General 

Average 

  
L.S.D 

0.05 

Average  No. of larvae/8 plants  (A) and 

% infestation reduction (R) after 1 
st
 spray 

at different intervals (days) 

 

Pre-

spray 
10 7 5 

R(%) A R A R A R A A 

26.6 10.0 1.500 42.6 9.0
c
 20.5 11.0

ab
 16.6 10.0b

c
 12.0

a
 Trap+Detergent 

25.4 11.0 1.423 35.2 11.0
bc

 33.3 10.0
c
 7.6 12.0

ab
 13.0

a
 

Emamectin 

benzoate 

48.4 8.0 1.837 67.2 6.0
c
 56.6 7.0

c
 21.4 11.0

b
 14.0

a
 

Emamectin 

benzoate + Kz oil 

35.8 9.3 1.701 58.8 7.0
c
 33.3 10.0

b
 15.3 11.0

b
 13.0

a
 Engeo

®
 

- 15.0 1.248 - 17.0
a
 - 15.0

b
 - 13.0

c
 13.0

c
 Untreated check 

*Means followed with the same letter(s) within the same row are not significantly 
different at 0.05 probability level.    

** A= Average number of larvae and R= Infestation reduction percentage.    
 

The addition of the mineral oil (Kz oil) to chlorantraniliprole gave a highly 
effective mixture that reduced the incidence of Tuta absoluta larvae. In this 
concept, Bassi et al. (2012) reported that Chlorantraniliprole (Rynaxypyr®, 
Coragen® and Altacor®) is a novel diamide insecticide by DuPont with 
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outstanding performance on Tuta absoluta and has an extremely low 
mammalian toxicity profile. This compound was tested on T. absoluta since 
2002 in Brasil at the DuPont R&D Station in Paulinia; the early results indicated 
a new standard of T. absoluta control, even on insecticide-resistant populations. 
 
       The obtained results regarding the effect of the evaluated insecticidal 
treatments of carried out 3rd spray during the season of 2013 against the tomato 
leafminer are presented in Table 7. The treatment of metaflumizone+Kz oil was 
also the most effective treatment that rather reduced the infestation rate  of Tuta 
absoluta after 10 daysof spraying and pronounced the highest general mean of 
reduction percentage of 74.4. Again, it is also noticed that metaflumizone 
(alone) was merely as effective as the mixture of methomyl+indoxacarb (a 
mixture of two carbamate insecticides) and therefore it is better to apply 
metaflumizone alone or with a mineral oil to increase the toxic efficacy of the 
applied compound against the insect-pest. Garzia et al. (2009) reported that the 
most effective insecticides for controlling Tuta absoluta in Sicily (Italy) are some 
chlorpyrifosand/or some pyrethrin products plus mineral oils. 
As a conclusion, the addition of the mineral oil (Kz oil®) increased the efficiency 
of the evaluated insecticides :emamectin benzoate, chlorantraniliprole and 
metaflumizone; therefore it is recommended to admix mineral oil with each of 
thees effective evaluated insecticides. So, they could be used in IPM programs 
for achieving potent control of Tuta absoluta. 

 
Table (6): Effect of the evaluated insecticidal treatments against the 

tomato leafminer, Tuta absoluta infesting tomato plants in 2013 
season (2nd  spray) 

 

2
nd

  season (2013)  

 

 

Treatments 

 

 

General 

Average 

  
L.S.D 0.05

Average No. of larvae/8 plants  (A) and 

% infestation reduction (R) after 2
nd

 spray at 

different intervals (days) 

 

Pre-

spray 
10 7 5 

R(%) A R A R A R A A** 

4.6 31.3 0.88 -2.7 36.0
a
 2.0 31.0

b
 14.6 27.0

c
 26.0

d
 Trap+Detergent 

91.1 2.7 3.18 93.8 2.0
c
 100.0 0.1

c
 79.4 6.0

b
 24.0

a
 Chlorantraniliprole 

94.2 1.4 2.25 100.0 0
.
1

c
 100.0 0.1

c
 82.7 4.0

b
 19.0

a
 

Chlorantraniliprole 

+Mineral oil   

71.4 5.3 2.25 80.2 4.0
c
 78.0 4.0

c
 56.1 8.0

b
 15.0

a
 

Chlorfenapyr + 

Spinetoram 

 29.0 0.90 - 31.0
a
 - 28.0

b
 - 28.0

b
 23.0

c
 Untreated check 

*Means followed with the same letter(s) within the same row are not significantly 

different at 0.05 probability level.    

** A= Average number of larvae and R= Infestation reduction percentage.    
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Table (7): Effect of applied insecticdal treatments against the tomato 
leafminer, Tuta absoluta infesting tomato plants in 2013 
season (3rd spray) 

 

2
nd

 season (2013)  

 

 

Treatments 

 

 

General mean 

(%) 

  
L.S.D 

0.05 

Mean No. of larvae/8 plants  (A) and 

% infestation reduction (R) after 3
rd

 spray 

at different intervals (days) 

 

Pre-

spray 
10 7 5 

R A R A R A R A A** 

7.2 15.6 1.20 6.6 14.0
c
 -6.6 16.0

ab
 7.2 17.

.
0

a
 15.0

bc*
 Trap+Detergent 

54.0 3.0 3.18 66.6 2.0
b
 50.0 3.0

b
 45.4 4.0

ab
 6.0

a
 Metaflumizone 

74.4 0.7 4.50 62.0 0.7
a
 62.0 0.7

a
 99.3 0.7

a
 1.9

a
 

Metaflumizone+  

Kz oil 

58.5 2.6 3.18 50.0 3.0
b
 66.6 2.0

b
 59.0 3.0

b
 6.0

a
 

Methomyl + 

Indoxacarb 

- 9.6 1.50 - 9.0
b
 - 9.0

b
 - 11.0

a
 9.0

b
 Untreated check 

*Means followed with the same letter(s) within the same row are not significantly 
different.    
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ABSTRACT: A pot experiment was conducted during 2012 and 2013 seasons in the 

Experimental Field of the Medicinal and Aromatic Plants Department at Dokky, Giza, to 
investigate the effect of aqueous extracts of  powdered dried henna ( Lawsonia inermis) and 
camphor (Eucalyptus camaldulensis) leaves separately  on Lavender ( Lavandula dentata) root 
rot disease, vegetative  growth, volatile oil percentage, volatile oil component analysis (GLC). 
The results were summarized as follow: in all cuts in the two seasons, treatment inoculated with 
the tested fungus alone all plants died (control). The plants sprayed with Lawsonia inermis 
aqueous extract at high concentration (100g/L) had a highest significant antimicrobial activity 
against root rot disease, Lawsonia inermis aqueous extract showed good inhibitory effect 
against the tested fungus. As for vegetative growth and volatile oil percentage the application of  
Lawsonia inermis aqueous extract at (100g/L) significantly increased plant height, number of 
branches ,  herb fresh and dry weights and volatile oil percentage in most cases in both 
seasons. Followed by the application of Eucalyptus camaldulensis  aqueous extract at (100g/L). 
The lowest values were recorded  when the plants were treated with Eucalyptus camaldulensis 
aqueous extract at (50g/L) in the first and second seasons. Regarding GLC analysis, the 
highest percentage of 1,8-Cineol (the main component of the volatile oil) was produced with 
Lawsonia inermis aqueous extract at (100g/L). 

Keywords Lavandula dentata root rot disease, Lawsonia inermis and Eucalyptus 
camaldulensis leaves aqueous extracts. 

 
INTRODUCTION 

The intensive and indiscriminate use of fungicides in agriculture has 
caused many problems to the environment such as water, soil, animals and 
food contamination, poisoning of farmers elimination of non target organisms 
and selection of phytopathogens, pest and weed insensitive  to certain active 
ingredients( Strangarlin et al., 1999).To minimize the negative effects of 
fungicides alternative developed  methods to  control  plant diseases are being 
used. These methods include the biological control, the induction of resistance 
and the use of natural products with induction of resistance and or with direct 
antimicrobial activities (Schwan and Strangarlin, 2005).  

The biological control is defined as the use of antagonistic organisms for 
the control of microorganisms, reducing the amount of inoculum that determines 
the extent of disease (Cook and Baker, 1983).The induction of resistance 
promotes the activation of the latent plant defense systems, which manifests 
itself when it comes into contact with a biotic (Felipini and Di Piero, 2009) on 

apple and (Strangarlin et al., 2010) on soybean or abiotic elicitor carre  and ( 
Barretti et al., 2010) on tomato. The expression resistance of induction both can 
be used to denote local protection, this is, the induction of a resistance only in 
the tissues in which it was applied the treatment with the inducing agent, also 
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can indicate a systemic resistance that manifest far from the tissue where the 
elicitor was applied ( Moraes, 1992). 

Henna (Lawsonia inermis) belongs to family Lythraceae  is small shrub 
cultivated in many tropical countries and warm temperate reign. It has been 
used  for  coloring  palms of hands, soles of feed an finger nails and also for 
personal adornment (Bhuvane and Kuruvilia, 2002). Lawsonia inermis plant 
constituent are made up tannic acid, mucilage and gallic acid, but the main 
bioactive constituent is 2-hyrooxynaphthoquinon (lawsone). (Singh and Singh, 
2001) powdered leaves of this plant in paste form have been used as cosmetic 
and as remedy in skin diseases and used as  external application in headache. 
Lawsonia inermis aqueous extract has been used as natural fungicide 
(Dahankhar et al., 2000). Also,  Lawsonia inermis aqueous extract has  a high 

antimicrobial activity against potato dry rot disease caused by Fusarium solani 
(Bhardwaj, 2012). Spraying Lawsonia inermis aqueous extract is the safe 
method to control powdery mildew disease of Zinnia elegans (Hegazi and  El- 
Kot, 2010). 
Some components in Lawsonia inermis leaves  according to (Duke , 1992) 

• Lawsone (10 ppm) 
  1.4 Naphaquinone 

• Flavonoid glucosde 
  Apigenin-4- glucoside 
  Luteolin-3- glucoside 
  Luteolin-7-0- glucoside 

• Tannins (50-100 ppm) 

• Phenolic acid 
  Gallic acid 

• Terpenes 
   Beta- sitosterol 
   Mannitol  

• Coumarins(12.7-21.4 ppm)     

•  Sugars 
   Pentosan  

Camphor (Eucalyptus camaldulensis)  belongs to family  Myrtaceae, 
is one of  the reputed fast growing  trees of the world. It,s oil is acrid, bitter, 
astringent and insect repellent,( Babu et al., 2008). 

Some components in Eucalyptus camaldulensis leaves according to (Duke,  
1992) 

• Terpens and their derivatives 
   Beta-Bisabolol, Beta-Elemene, Beta-Pinene 
   Borneol, Cadinadiene, Cadinenol, Cadineol 
   1-8Cineole(24-48ppm), Geraniol, Eugenol    
   &-Terpineol- Citronellol, Camphene 
   Cuminalcohol, Cuminaldehyde, Camphor 
   Eucalyptol  

• Phenolic acidsglocosid 
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lavender (Lavandula dentata) belongs to family Lamiaceae. Lavandula 
dentata is one of the most useful medicinal and aromatic  plants. Commercially,  
it is an important source of essential oil that  is widely used in fragrance industry 
including soaps, colognes,  perfumes, skin lotions and other cosmetics (Paul et 
al., 2004). In food manufacturing, lavender essential oil is employed in flavoring 
beverages, ice –cream, candy, baked goods and chewing gum (Kim and Lee, 
2002) . Recently, aromatherapy is becoming increasingly popular and 
Lavandula dentata is used  in aromatherapy as a relaxant (Lis –Balchin  and 
Hart, 1999).Several  therapeutic effects of  Lavandula dentata, such as 
sedative, antiviral and antimicrobial activities have been reported (Gamez et al., 
1990 ; Buchbauer et al., 1991). 

 
Lavandula dentata essential oil  are advocated for their use as 

antibacterial agent in both early and modern aromatherapy texts (Lawless,1992; 
Gattefosse,1995). Lavandula dentata is exposed to many diseases and root rot 
is one of the Botryodiplodia theobromae (Pat.) Griff. and Maubl. (Syn: 
Lasiodiplidia theobromae Pat.) and its asexual state, Botryosphaeria rhodina 
(Berk and M.A. Curtis) Arx are fungal pathogens of great economic 
importance.It is a cosmopolitan fungus causing both field and storage diseases 
on more than 280 plant species including crops, fruits, and cash fruit trees .B. 
theobromae is an opportunistic plant pathogen that causes different types of 
plant diseases within tropical and subtropical regions ( Faber et al., 2007). It has 
a wide host range estimated to be more than 280 plant species (Domsch et al., 
2007;Khanzada et al., 2006; Sutton 1980) although with varied pathological 
effects on its hosts. The fungus is known to cause tuber rots in yam, root rot in 
cassava, collar rot in peanuts, crown rot in banana, stem end rot in mango 
fruits, stem rot in pawpaw and leaf spot in citrus (Sangeetha et al., 2011; Rossel 
et al., 2008; Khanzada et al., 2004). Rots caused by the fungus, particularly in 
the root and tuber crops often occur underground and so diagnosis of the 
disease is usually delayed or under repaired. Moreover, the wider host range 
(Crammer, 1979) and the host non- specificity of B. theobromae makes control 
and management of the disease very difficult. 

 
Nawadays synthetic fungicides are used as primary tools for the control 

of plant diseases. However, the alternative control methods are needed 
because of the negative public perceptions about using synthetic chemicals, 
resistance to fungicide among fungal pathogens, and high development cost of 
new chemicals. The uses of plant-derived products as disease control agents 
have been studied, since they tend to have low mammalian toxicity, less 
environmental effects and wide public acceptance (Lee et al., 2007; Katooli et 
al., 2011).  

The aim of this research was to examin the antifungal activity of aqueous 
extracts of Lawsonia inermis and Eucalyptus camaldulensis leaves  separately 
to control of Lavandula dentata plants root rot disease . 
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MATERIALS AND METHODS 
           This experiment was conducted at the Experimental Field of the 
Medicinal and Aromatic Plants Department at Dokky, Giza, Egypt, in two 
successive seasons 2012 and 2013. 
 
1. Preparation of Plant extracts 
          Lawsonia inermis and Eucalyptus camaldulensis aqueous extracts were  
prepared by soaking (100g) of  powdered  dried leaves in tap water  for 24 
hours  and then they were filtered. Each extract was concentrated at  (50 and 
100g/L) (Babu et al., 2008).Lavandula dentata plants were sprayed four times  
with aqueous extracts of  Lawsonia inermis and Eucalyptus camaldulensis 
separately. The first spray was conducted after planting, the second was done 
three weeks there after, the third was applied after the 1st cut and the fourth was 
added three weeks after the third one. 
 
2.Experimental procedure 
2.1.Isolation and identification of causal pathogen (Botryodiplodia  

theobromae )          
Naturally  infected plants showed root rot disease  symptoms, collected 

from El –Ekhlas  Farm  at Giza ,were  cut into pieces 5mm long .These  pieces 
were surface  sterilized for 3min. with 3% sodium hypochlorite  and rinsed in 4 
successive changes of sterile distilled water then left to dry on Whatman No. 1 
filter paper .The surface sterilized pieces were transformed to potato dextrose 
agar (PDA) medium in petri  dishes  and incubated at  27± 2ºC  for 5 days . 
Pure cultures, made by single spore technique, was identified using cultural, 
morphological and microscopical characters  according to (Barnett and Hunter, 
1981). 

 
2.2.Soil infestation with the pathogenic fungus  

Isolated pathogen Botryodiplodia  theobromae  was grown on sand –corn 
medium(1:1w:w and 40% water ) for 15 days at 25± 2ºC.Pots (30cm diameter) 
containing sterilized sandy loam soil were artificially infested separately with 
prepared fungal inoculum at the rate 3% of soil weight .The inoculum was mixed 
thoroughly with the upper layer of the soil  then irrigated every other day and left 
for 7 days to ensure  the distribution of the inoculum. Each treatment was 
replicated three times every replicate consisted of nine pots (1 plant / pot)  and 
nine ones left without infestation to serve as control. Root rot percentage was 
recorded 45 days after planting. 

 
2.3 Source of cutting     

Lavandula dentata cutting (15-20) cm in height were obtained from El- 
Ekhlas Farm at Giza and planted in plastic pots (30cm diameter) on  25th  
February, 2012 and 2013  in the first and second seasons, respectively.  
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3. Experiment layout 

The experiment layout was designed in complete randomized blocks 
included five treatments each treatment was replicated three times and every 
replicate consisted of nine pots (1plant /pot), the recorded data were statistically 
analyzed according to Snedecor and Conchran (1968), using L.S.D at 5% . 

 
4. Chemical fertilization 

The sources of chemical fertilizers (NPK) were ammonium sulphate  
(20.6%N), calcium superphosphate (15.5% P2O5) and potassium sulphate 
(48%K2O). (NPK) fertilizers  were added at  the recommended level in five 
doses, the 1st was  for all phosphorous amount which was added during soil 
preparation, the rest (NK) were applied in two equal doses for each cut, on 8 th 
April  and  10 th May  for the1stcut  and  on 10 th June (after the1st cut)  and 9 th 
July for the 2ed one in the two seasons. The plants were harvested  twice, the 
first cut was conducted on 7th June  and the second one  on  8 th August  in both  
seasons. 

 
5.Treatments 
1.Control (Botryodiplodia  theobromae fungus all plants died and were not 

subject to statistical analysis ) . 
2.Botryodiplodia  theobromae fungus+ Lawsonia inermis aqueous extract at 

(50g/L). 
3.Botryodiplodia theobromae fungus +Eucalyptus camaldulensis aqueous 

extract at (50g/L). 
4.Botryodiplodia theobromae fungus + Lawsonia  inermis aqueous extract at 

(100g/L). 
5.Botryodiplodia theobromae fungus +Eucalyptus camaldulensis aqueous 

extract at (100g/L). 
 
6.Data recorded 

    The following data were recorded 
1. Identification of causal pathogen (Botryodiplodia  theobromae ) 
2.Percentage  of root rot. 
3.Plant height and number of branches /plant. 
4.Herb fresh and dry weights (g/plant). 
5.Volatile oil percentage in fresh herb according to (British Pharmacopeia, 

,1963). 
 
7.Volatile oil component 

Sample taken from the oil obtained in the first cut of the first season were 
analyzed using gas liquid chromatography (GLC), to determine their main 
constituents. The use of GLC in the quantitative determinations was performed 
using the methods described by (Bunzen et al., 1969;  Hoftman, 1967). 
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RESULTS AND DISCUSSION 
1. Identification of causal pathogen 

Associated with root rot symptoms was a fungus that had the following 
morphology: solitary pycnidia, pyriform, black, 150–175 X190–210 mm, 
glabrous, with an apical ostiole, stromatic wall, composed of several layers of 
dark brown, thick-walled cells; conidia ellipsoidal, one-celled, hyaline when 
immature becoming dark brown, striate and didymospore with age ,22.0–28.5 
X12.5–14.0 mm. The fungus fits the description of Botryodiplodia theobromae 
(Pat.) Griffon  & Maubl. (Punithalingam, 1976 ; Barnett and Hunter, 1981). 

 
2. Percentage  of root rot 

Aqueous extracts of Lawsonia  inermis and Eucalyptus camaldulensis 
were tested for their antifungal ability to control root rot disease of Lavandula 
dentata caused by the pathogenic fungus  Botryodiplodia theobromae . Data in 
Table (1) clearly emphasized that, Lawsonia inermis and Eucalyptus 
camaldulensis aqueous extracts separately control  root rot disease . It is 
obvious that resistance agents significantly decreased  the incidence of root rot 
disease, Lavandula dentata plants were protected by aqueous extracts of 
Lawsonia  inermis and Eucalyptus camaldulensis separately. The most effective 
treatment was aqueous extract of Lawsonia inermis at 100g / L in both seasons. 
This result may be due to medicinal and aromatic plants represent a rich source 
of antimicrobial agents ( Mahesh and Satish, 2008). Plants generally produce 
many secondary metabolites, fungicides and many pharmaceutical agents used 
in traditional medicine (Ibrahim, 1997; Ogundipe et al., 1998).Medicinal and 
aromatic plants  are the sources of natural fungicides that make excellent  leads 
for new fungicides development (Arokiyara et al., 2008; Brindha et al., 2009). 
Also Medicinal and aromatic plants have limitless ability to synthesize aromatic 
secondary metabolites, most of which are phenols or their oxygen subatituted  
derivatives (Geissman, 1963). Important subciasses in this group of compounds 
include phenols, phenolic acids, quinones, flavones, flavonoids, tannins, 
coumarins and essential oils. These groups of compounds show antimicrobial  
effect and serves as plant defense mechanisms against pathogenic 
microorganisms. Simple phenols and phenolic acid are bioactive 
phytochemicals consisting a single substituted phenolic ring. Phenolic toxicity to 
microorganisms is due to the sites and number of hydroxyl groups present in 
the phenolic  compound( Scalbert, 1991;  Urs and Dunteavy, 1975).Quinones 
are  characteristically highly reactive, colored compounds. These results were in 
accordance to ( Bambawale et al., 1995) on cotton found that,  Lawsonia 
inermis  aqueous extract inhibited spore germination and mycelial growth of 
Myrothecium roridum. Also, (Bakeer et al., 2005) on Pelargonium graveolens 
reported that, garlic (Allium sativum) and onion (Allium cepa) extracts 
significantly decreased the incidence of Pelargonium graveolens root rot 
disease. (Sharma et al., 2010) on kinnow fruits observed that, Allium sativum 
aqueous extract inhibited 100%of mycelial growth of Botryodiplodia  
theobromae followed by aqueous extract of Lawsonia inermis which reduced  
73.64% of rot incidence.  
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The same results were obtained by  (Hegazi and El-Kot, 2010) found that, 
spraying Zinnia elegans plants with Lawsonia inermis aqueous extract inhabited 
powdery mildew caused by Erysiphe cichoracearum fungus. In the same way, 
(Tariqu et al., 2010) on Gladiolus grandiflorus stated that, spraying both  
aqueous extracts of Allium sativum and Allium cepa reduced incidence of corm 
rot disease caused by Fusarium oxysporium fungus.  

                 
3.Vegetative growth 
3.1.Plant height and number of branches/ plant 
 Data in Table (2) indicated that, treatment inoculated with Botryodiplodia  
theobromae fungus alone  all plants died  (control), also both aqueous extracts 
of Lawsonia inermis  and Eucalyptus camaldulensis had a significant increased 
in plant height and number of branches / plant in the two seasons. The tallest  
plants in the first and second seasons at the two cuts were recorded by the  
plants were treated with aqueous extract of Lawsonia inermis  and Eucalyptus 
camaldulensis  separately at 100g/L which gave (36.36, 34.77cm) and (29.16, 
27.36 cm) at first and second cuts in the first season, respectively. The same 
trend was observed in the second season giving (32.50, 31.77 cm) and 
(26.97,25.30 cm). The shortest plants in the two cuts of the first and second  
season were treated with aqueous extract of Eucalyptus camaldulensis at 50 g / 
L as shown in Table (2).The same trend was observed in the case of number of 
branches. The application of Lawsonia inermis aqueous extract also had  a 
significant effect on number of branches/plant, the highest number of branches 
was recorded when plants were sprayed with Lawsonia inermis aqueous extract 
at 100g/L giving 9.35 and 10.07 at first and second cuts, respectively, while in 
the second season the recorded data were 12.01 and 13.15 at first and second 
cuts, respectively. The lowest values were recorded when the plants were 
sprayed with Eucalyptus camaldulensis aqueous extract at 50g/L in the first and 
second cuts at the first season giving (7.46 and 8.90).The same trend was 
observed in the second season giving (9.60, 10.96) at the first and second cuts. 
These results may be due to Lawsonia inermis aqueous extract contains 
lawsone (C10H6O3),the active  
ingrediend and naturally occurring  naphthoquinone (Habbal et al., 2007) and 
the presence of eucalyplol in Eucalyptus camaldulensis  aqueous extract (Babu 
et al., 2008).These results are in agreement with that obtained by (Tariqu et al., 
2010) on Gladiolus grandiflorus. 

3.2.Herb fresh and dry weights (g/ plant) 
         Data in Table (3) revealed that, treatment applied with the tested fungus 
alone all plants died (control).  Spraying   aqueous extracts of Lawsonia inermis 
and Eucalyptus camaldulensis separately had a significant effect on   herb fresh 
and dry weights in most cases in the two seasons. The best results were 
obtained from Lawsonia inermis aqueous extract. The highest fresh and dry 
weights /plant were recorded when Lavandula dentata   plants were sprayed 
with Lawsonia inermis aqueous extract at 100g/L giving 37.15, 39.31 g /plant 
and 41.43, 48.44 g/plant fresh weight and 15.47, 19.88 g/plant and 28.09,37.12 
g/plant dry weight in the first and second seasons respectively.  
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These results may due to the presence of the secondary metabolites, 
flavonoids, tannins, phenols and anthraquinones in Lawsonia inermis 
aqueous extract, the plant extracts may be considered as good sources of 
natural antioxidants for medicine uses (Arulpriya and Lalitha, 2012). These 
results are in harmony with (Muhammed, 2005; Tariqu et al., 2010). 
 
4.Volatile oil percentage  

Data in Table (4) showed that, all plants died when they were  treated 
with the pathogenic fungus alone  (control). Essential oil percentage of  
Lavandula dentata fresh  herb were significantly responded to plant  extracts 
(natural fungicides)  in the first season at the  two cuts . The high 
concentration of Lawsonia inermis aqueous extract (100g/L) had a highest 
fungitoxic activity against Lavandula dentata root rot, which gave the highest 
oil percentage the values were 0.367 and 0.427% at the first and second cuts 
in the first season respectively. While in the second season the differences 
between the treatments were not significant. The lowest volatile oil percentage 
was obtained when the plants were sprayed with Eucalyptus camaldulensis 
aqueous extract at 50 g/L in the two seasons.The increment in volatile oil 
percentage may be due to medicinal and aromatic plants are the sources of 
natural fungicides because plants produce secondary metabolites such as 
phenols, phenolic acids, quinones, flavones, flavonoids, flavonols, tannins, 
coumarins and essential oils. These  groups have antimicrobial effect against 
pathogenic microorganisms (Das et al., 2010). 

  
  5. GLC analysis of essential oil 

The GLC analysis were carried out on the essential oil of Lavandula 
dentata plants of two treatments in the first cut of first season, Eucalyptus 
camaldulensis aqueous extract (50g/L) and Lawsonia inermis aqueous extract  
(100 g / L). Data were recorded in Table (5) and Figures (1-2) revealed that, 
1,8- Cineol was the main component. It was observed that content of 1,8- 
Cineol tended to increase up to 46.48 % in case of Lawsonia inermis aqueous 
extract  (100g/L). 
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Figure 1. Chromatogram of Lavandula  dentata volatile oil distilled from  plants sprayed 

with Eucalyptus camaldulensis leaves aqueous extract at (50g/L) 

 

 
Figure 2. Chromatogram of Lavandula  dentata volatile oil distilled from plants          

sprayed with Lawsonia inermis leaves aqueous extract at (100g/L). 
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CONCLUSION  
It could be concluded that Lawsonia inermis aqueous extract at high 
concentration (100g/L) had a highest (natural fungicide) fungitoxic activity 
against Lavandula dentata root rot disease and it had a positive effects on 
vegetative growth and volatile oil percentage. 
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ABSTRACT: This work was carried out in Experimental Farm of ( PPRI) during the 

season of 2012 and 2013.The aim of the study was to investigate the effect  of the inoculation of 
spearmint (Mentha viridis) plants with silicate dissolving bacterium (Microbacterium 
trichotecenolyticum) and or vesicular arbuscular mycorrhizal fungi (VAM) on the incidence of  
root rot disease, plant  growth and volatile oil percentage. The obtained results are summarized 
as follows: in all cuts in the two seasons, treatment applied with pathogenic fungus alone  all 
plants died (control) . The  inoculation with silicate dissolving bacterium plus mycorrhizal fungi 
reduced  growth of tested fungus and at same time  spearmint plants were  significantly taller 
than other treatments in both seasons. The same trend was observed in the branching of 
spearmint plants except in the second cut of the first season, the differences between 
treatments were not significant. The combination between silicate dissolving bacterium and 
mycorrhizal fungi (VAM) significantly increased dry weight/ plant in the second cut at the first  
season, also the highest  volatile oil percentage was achieved with this treatment. In addition 
GLC analysis revealed  that the highest percentage of carvone (the main component of the 
volatile oil) was produced with  that exact treatment. 

Keywords: Biological control, Mentha viridis root rot disease, Fusarium solani, Mycorrhizal 
fungi, Silicate dissolving bacterium. 

 
INTRODUCTION 

Spearmint (Mentha viridis,L.) belongs to family Lamiaceae (Labiatae).It is 
one of the most important medicinal and aromatic crops in many parts of world 
as well as in Egypt for local use and exportation (Bakeer et al., 2005). It is used 
in various medicinal and aromatic industries, such as the flavoring of 
pharmaceutical and other preparation such as tooth paste, mouth washes and 
perfumes (Mahran,1967).Spearmint volatile oil is characterized by a high 
carvone content for (60-70)% (Lee and Fred,1998; Elmasta et al., 2006). 
Spearmint volatile oil is used as carminative, antimicrobial, also it is added to 
diarrheal drugs to prevent colics (Hikal and Omer,1993). 

 
The complex disease, root rot caused by (Fusarium oxysporium , 

Rhizoctonia solani, Macrophomina  phaseolina (Bakeer et at., 2005) are 
considered as one of the most destructive soil borne disease attacking crops. 

 
Arbuscular mycorrhizal fungi (VAM) are ubiquitous soil fungi that form 

obligate associations with plants roots. The potential benefit of mycorrhizal to 
agriculture is more apparent than even before because of the need to increase 
food, fiber and fuel production to keep pace with the increase in world 
population is crucial, especially in the lesser developed areas of the world. 
Hypotheses proposed to explain VAM fungal effects on soil borne plant 
pathogens generally have been considered to have either a physical or 
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physiological basis. It is already known that VAM fungi have been shown to 
affect root growth, nutrient absorption and host physiological responses to 
environmental stresses. However, VAM fungi have not been shown to interact 
directly with pathogens through antagonism, antibiosis or predation. The 
indirectly effect of the host-pathogen relationship by physiologically altering the 
host or by competing for space or host resources (Kulkarni et al., 1997). 

 
Silicon (Si) is known as a beneficial element for plants the direct and 

indirect benefits of the element for crops (especially grasses) are related to 
resistance to diseases, pest and drought. The importance of Si on plant nutrition 
is set greater in the case of organic farming, since the use of biocides 
(insecticide, fungicides, nematicides, etc.) (Buck et al.,  2008). 

 
Supplying Si through fertilization can contribute for the increase in 

production and protection of organically grown crops. (Epstein, 2001) cited 
some scientifically proven examples of beneficial effects that Si promotes in the 
plants, such as resistance to plant pathogen attack, better structure of plant 
architecture, resistance to herbivore of insects, mitigation of heavy metal 
phytotoxicity. Traditionally it is suggested that an accumulation of Si in the 
epidermal tissue of the plant main mechanism which provide defense against 
insect and fungal attacks. Steel slag was considered as an adequate source of 
Si and registered in 1955 in Japan as a fertilizer (Kingston, 2008).Numerous 
studies demonstrated the high agronomic benefits of steel slag mainly due to it 
is high soluble Si (Ferreirex et al.,2008). 

 
MATERIALS AND METHODS 
      This study was carried out at Experimental Farm  of  Mycology Research & 
Diseases Survey Dept., PPRI, ARC, in two successive seasons 2012 and 
2013.The aim of this study was to investigate the effect of applying VAM fungi 
and / or silicate dissolving bacterium on the incidence of  spearmint plants root 
rot. 
1.Source of the pathogenic fungus and plant material 
      Pathogenic fungal isolate of Fusarium solani, the causal agent of spearmint 
root rot disease, was obtained from Mycology Research & Diseases Survey 
Dept., PPRI , ARC. This isolate proved to be aggressive in previous 
studies.VAM fungi inoculum containing spores of Glomus mosseae, Glomus 
intraradices, G.faculatum and Gigaspora sp. was also obtained from Mycology 
Research & Plant Diseases Survey Dept, PPRI, ARC. It was applied at the rate 
10 g / kg soil (consisted of soil, extra material hyphal  fragments and infected 
sudan grass root fragments). 
2.Source of silicate dissolving bacterium 
      Domestic isolate was kindly provided by Department of Microbiology/  
SWERI / ARC. 
3.Experimental procedures                                                                             
       A pathogenic isolate of Fusarium solani  was grown on sand –corn medium 
(1:1W:W and 40% water ) for 15 days at 25 ± 2 ºC.  Pots (30 cm diameter ) 
containing sterilized sandy loam soil were artificially infested separately with 
prepared fungal inoculum at the rate of 3% of soil weight. The inoculum was 
mixed thoroughly with the upper layer of the soil then irrigated every other day 
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and left for 7 days to ensure the distribution of the inoculum. Each treatment 
was replicated three times every replicate consisted of nine pots (1 plant / pot)  
and nine ones left without infestation to serve as control. Prior to cultivation, 
electric furnace steel slag (by product of Ezz –Dekheilah steel company )was air 
dried, ground at < 60 mesh and mixed in the soil pots at rate equivalent to 250 
kg/fed. At planting date and 15 days later, strain of silicate dissolving bacterium 
was applied in liquid form to the steel slag treated soil at rates equivalent to 5 L 
/ fed. Spearmint rhizomes (12-15 cm in length) were obtained from the Farm of 
El Kanater El- Khairia and planted in the inoculated plastic pots (30 cm 
diameter) on 15 th February, 2012 and 2013 in the first  and second seasons,   
respectively.   
4. Experiment layout 

The experiment layout was designed in complete randomized blocks 
included five treatments each treatment was replicated three times and every 
replicate consisted of nine pots (1plant /pot), the recorded data were statistically 
analyzed according to Snedecor and Conchran (1968), using L.S.D at 5% . 
5.Chemical fertilization 

The sources of chemical fertilizers (NPK) were ammonium sulphate (20.6 
% N ), calcium superphosphate (15.5% P2O5 and potassium sulphate 48% 
K2O). (NPK) fertilizers  were added at  the recommended level in five doses, the 
1st was  for all phosphorous amount which was added during soil preparation, 
the rest (NK) were applied in two equal doses for each cut, on 29 th March  and 
28  th April  for the1st cut and  on 20 th May  (after the1st cut)  and  22 th June  for 
the 2edone in the two seasons. The plants were harvested twice, the first cut 
was conducted on 17 th May and the second one on 18 th July in both seasons. 
6.Treatments 
1.( Control) Fusarium solani (all plants died and were not subject to statistical 

analysis ) . 
2.Fusarium solani + Mycorrhizal fungi (VAM). 
3.Fusarium solani +.silicate dissolving bacterium 
4.Fusarium solani+ + Mycorrhizal fungi (VAM) + silicate dissolving bacterium. 
5.Spearmint plants without any infection (normal). 
7.Data recorded 
The following data were  recorded: 
1.Incidence of root rot disease 
2.Plant height and number of branches/ plant. 
3.Herb fresh and dry weights (g/ plant). 
4.Volatile oil percentage in dry herb according to British Pharmacopeia (1963). 
8.Volatile oil components    

Samples taken from the oil obtained in the first cut of the first season were 
analyzed using gas liquid chromatography (GLC), to determine their main 
constituents. The use of GLC in the quantitative determinations was  performed 
using the methods described by (Bunzen et al., 1969 and Hoftman, 1967). 
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RESULS AND DISCUSSION 
1. Incidence of root rot disease 

Results presented in Table (1) showed that spearmint plants response to 
inoculation with the tested bio agents (VAM and silicate dissolving bacterium) . 
It is obvious that they significantly decreased the incidence of root rot disease. 
Spearmint plants were protected from early infection with Fusarium solani .The 
best results were obtained from inoculation with silicate dissolving bacterium + 
Mycorrhizal fungi (VAM) in the first and second season respectively. Such effect 
may be due to that Si deposited on the tissue surface act as physical barrier .It 
prevents physical penetration and /or makes the plant cells less susceptible to 
enzymatic degradation by fungal pathogens. This mechanism is supported by 
the positive correlation between the Si content and the degree of suppression of 
diseases and pests. Also, Si function as a signal to induce the production of 
phytoalexin (Cherif et al.,1994).Si application to cucumber resulted in the 
stimulation of the chitinase activity and rapid activation of peroxidases and 
polyphenoloxidases after infection with Pythium spp. Glycosidically bound 
phenolics extracted from Si treated plant when subjected to acid or beta 
glucosidase hydrolysis displayed a strong fungistatic activity. However, in oat 
attacked by Blumeria yraminis, Si deficiency promoted the synthesis of phenolic 
compounds(Carver et al.,1998).The phenylalanine ammonia – lyase activity 
was enhanced by Si deficiency.( Harlpur et al., 1990) showed that simultaneous 
inoculation of VAM fungi with the pathogen reduced the incidence of disease 
caused by Sclerotium rolfsii [Corticium rolfsii] on wheat in pot trials. Also (Rabie, 
1998) revealed the effectiveness of G. mosseae against Botrytis faba of broad 
bean. It was suggested that mycorrhizal fungi increase the resistance of plants 
against pathogen attack by increasing the nutritional needs of plants, and other 
factors that cause the unavailability of nutrients for the pathogen, reducing 
environmental stress on plants and soil microorganisms in improving 
rhizosphere. Mycorrhizal infection may alter the host plant metabolism through 
certain chemical, physiological and morphological inductions (Mosse, 
1973)..Mycorrhizal fungi (VAM) inoculated plants have higher levels of orginine 
that is inhibitory to chlamydospores of disease causing pathogen ( Amarantus, 
2001) reported that VAM can cause unavailability of nutrients for pathogen, that 
claim is supported by (Turk et al., 2006) who said that arbuscular ,vesicles and 
the network of intracellular hyphae cause the unavailability of space to colonize 
and reduce pathogens carbohydrate supply in the plant roots .Mycorrhizal fungi 
(VAM) may improve response in the root system of plants root against 
pathogens. It is speculated that mycorrhizal chickpea seedlings that survived 
might have benefited from some or all of these modifications. These results are 
in harmony with those obtained by (Harplur et al.,1990) on wheat, (Liu et al., 
1995 ) on cotton , (Rabie, 1998) on broad bean and ( Moussa and Daoud, 
2013) on corn. 
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2.Vegetative growth 
2.1. Plant height and number of branches/ plant 
From data in Table (2) it can be noticed that inoculation of the plants with 
mycorrhizal fungi (VAM) and or silicate dissolving bacterium significantly 
increased plant height in both seasons. The tallest plants in the first and second 
seasons at the two cuts were recorded when the plants inoculated with silicate 
dissolving bacterium + Mycorrhizal fungi (VAM) giving 54.78 and 47.09 cm at 
first  and second cuts, respectively. The same trend was observed in the 
second season giving 46.56 and 37.88 cm. Regarding the effect of resistance 
agents on number of branches, data showed that all studied parameters in 
Table (2) significantly increased except in the second cut of the first season. 
The most effective treatment was Fusarium solani +silicate dissolving bacterium 
+ Mycorrhizal fungi (VAM), which recorded 42.69 and 32.65 at first and second 
cuts, respectively. The same trend was observed in the second season giving 
28.17 and 24.17. These results are in agreement with that obtained by 
(Rabie,1998) on broad bean. 
2.2. Herb fresh and dry weights (g /plant ) 
Data in Table (3) indicated that there were insignificant differences in herb fresh 
weight / plant due to all treatments in concerning the effect of antistress agents. 
As for herb dry weight, inoculation of spearmint plants with silicate dissolving 
bacterium+ Mycorrhizal fungi (VAM)  had no significant effect on herb dry 
weight in the two season except in the second cut of the first season. The 
inoculation  of spearmint plants with silicate dissolving bacterium+ Mycorrhizal 
fungi (VAM)  gave the highest dry weight /plant in the first season at the second 
cut (50.45 g / plant).These results are in harmony with those obtained by 
(Harlpur et al., 1990) on wheat, (Cherif et al., 1994) on cucumber and (Rabie, 
1998) on broad bean. This behavior may be due to the positive role of silicate 
dissolving bacterium which dissolving Si from steel slag by product protect 
plants from unfavorable conditions and biotic stresses (Ferreirex et al.,2008). 
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3.Volatile oil percentage 
Essential oil percentage of spearmint dry herb  were significantly responded to 
the inoculation  with silicate dissolving bacterium and or VAM as recorded in 
Table(4). Regarding the effect of  resistance agents, data revealed that, 
treatment applied with Fusarium solani  alone all plants were died at  the same 
time the combination between silicate dissolving bacterium and  mycorrhizal 
fungi achieved the highest essential oil percentage    of spearmint dry herb, in 
both season. These values represented 3.94% and 3.76% at two cuts in the first 
season, while  in the second season the values were  (2.99 and 2.84) at the first 
and second cuts respectively. The enhancement of essential oil percentage of 
spearmint dry herb by the inoculation with silicate dissolving bacterium + 
mycorrhizal fungi (VAM) may be due to the role of mycorrhizal fungi (VAM) in 
making phosphorus, manganese, zinc, in available form transfer of metabolite 
compounds and the efficiency of its root system leading to more absorption of 
water and nutrients, which led to increasing the rate of physiological processes 
and finally gave better yield (Liu et al., 1995). Also, silicon (Si) is essential for 
normal growth and development of plants, as well as in improving host plant 
resistance to pathogens attack (Nxumalo et al., 2008). 
4. GLC analysis of essential oil 
The GLC analysis were carried out on the essential oil of spearmint plants of 
two treatments in the first cut of the  first season, normal plants (without any 
infection) and mycorrhizal fungi (VAM) plus silicate dissolving bacterium. Data 
were recorded in Table (5) and Figures (1-2) revealed that, carvone and D-
Limonene were the main components. It was observed that carvone content 
tended to increase up to 61.84 % in case of mycorrhizal fungi (VAM) plus 
silicate dissolving bacterium. Also data emphasized that D-Limonene content 
tended to increase up to 26.38% with the same treatment. 
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Figure 1. Chromatogram of spearmint volatile oil distilled from normal 

plants (without any infection). 
 

 

Figure 2. Chromatogram of spearmint volatile oil distilled from plants 
inoculated with mycorrhizal fungi (VAM) plus silicate dissolving 
bacterium. 
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ABSTRACT: Rotifers Brachionus plicatilis are being used worldwide to feed early 

developmental stages of marine finfish and crustaceans. Further, rotifer transmits adequate 
supplies of micro and macro-nutrients, vitamins, probiotic, and even antibodies to fish larvae. 
Food type is regarded as the most important criterion that could affect growth and quality of 
rotifers. There fore, the present work was performed to study the effect of food type, salinity, 
water temperature, and initial stocking density on the population growth of rotifers. The first 
experiment was conducted to during the first phase of the present study investigate the effect of 
four different algal diets: (1) Nannochloropsis oculata life (N), (2) Spirulina platensis powder (S), 
(3) 50% N. oculata + 50% beaker yeast (NY), and (4) 50% S. platensis + 50% beaker yeast, on 
rotifer population (as final number/ml) and fatty acid profile of rotifer batch cultured (72 h) was 
employed. Rotifer culture treatments were conducted in jars (30 liters) with three replicates for 
each treatment.The results of the firts phase of the study clearly illustrated that NY diet 
possessed the highest population growth, Eicosapentaenoic acid (EPA), and Docosahexaenoic 
acid DHA percentage. Depending on the results of the first phase, the diet NY was candidate to 
investigate the effect of different salinities (25, 27, and 29 ppt), temperatures (26, 28, 30, 32 ºC), 
and initial rotifer stocking densities (50, 100, 150, and 200 Ind./ml) on rotifer population. The 
results showed that salinity 25 ppt, temperature 28ºC, and initial rotifer density 150 pcs/ml 
possessed the highest rotifer population growth during a 72-hrs batch culture system of rotifer  
when fed on 50% N. oculata + 50% beaker yeast (NY) food type. 

Keywords: Rotifers, Brachionus plicatilis, food type, salinity, temperature, stocking density     
                          

 

INTRODUCTION 
Rotifer (Brachionus plicatilis) is a cyclically parthenogenetic organism 

that appears regularly and typically in saltwater lakes and coastal lagoons. 
Several studies revealed that B. plicatilis was a complex species and at least 
three sympatric species (Brachionus plicatilis, Brachionus rotundiformis and 
Brachionus ibericus) have been observed. The two species B. plicatilis and B. 
rotundiformis are used worldwide, alone or in conjunction with other types of 
food to feed early developmental stages of marine finfish and crustaceans 
under hatchery conditions. Further, rotifer transmits adequate supplies of micro 
and macro-nutrients, vitamins and even antibodies to fish larvae (Lubzens et 
al., 2001). However, among them B. plicatilis was widely used as live feed in 
aquaculture. Moreover, B. plicatilis are currently essential for intensive culture of 
marine larval fish in many hatcheries throughout the world (Fielder, et al., 
2000). Rotifer size varies in response to different environmental conditions. The 
fish larvae select the rotifers according to their size, and this resulted in 
increasing growth rate, and reduces mortality (Qie et al., 2011). 

Diet is regarded as the most important criterion that could affect growth 
and quality of rotifers. Moreover, B. plicatilis cultures are often influenced by 
variety of food types as diets. Rotifers density, production, fecundity, and growth 
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rate were dependent on food availability and quality (Ferreira et al., 2011). 
Microalgae are the first found to be an excellent food that could provide best 
rotifer quality and quantity for marine fish larvae (Yin and Zhao, 2008). The 
microalga Chlorella, Nannochloropsis, and Tetraselmis have often been used 
as exclusive food in culturing B. plicatilis (Lubzens et al., 1997). However, 
Ashour (2011) reported that Nannochloropsis may be the best microalgal 
species used as rotifer feed. Rotifer quality is often enhanced by different 
enrichment techniques. For example, it has been suggested that the 
replacement of baker’s yeast supplemented with oils rich in n-3 HUFA can be 
used as an alternative food for rotifer culture. However, using yeast could 
deteriorate water quality (Nhu, 2004). 

A large number of researches have been reported that temperature, 
salinity and food types have variable effects on productivity of different strains of 
rotifers (Miracle and Serra, 1989, Fulks and Main, 1991). On the other hand, 
the density of rotifers in the water column has a significant effect on the feeding 
success of marine fish larvae by influencing the probability of encounter 
(Fielder et al., 2000).  
            The aims of the present study were to: 
1- Investigate the effect of different algal diets (Nannochloropsis oculata or 

Spirulina platensis) as a single diet or a supplemented diet with baker’s yeast 
(Saccaromysis cervicates) on rotifer population, as increase in number. 

2- Investigate the effect of different water salinities, temperatures, and initial 
rotifer culture densities on rotifer population growth during a batch culture of 
rotifer (72 hrs.).  

 

MATERIAL AND METHODS 
 

MATERIALS 
The experiments were conducted in Fish Rearing Laboratory, El-Max 

Research Station, Aquaculture Division, National Institute of oceanography and 
Fisheries (NIOF) Alexandria, Egypt. The culture water used in these 
experiments were obtained from a saline ground water (30±2 ppt).The rotifers 
B. plicatilis (L - type with average length ~ 200 µm) were obtained from a 
routine culture at the marine Finfish hatchery of NIOF. The present study was 
divided into two phases using patch culture system, each one was continued for 
72 hrs. The necessary dilution to the desired initial density of rotifer was 
accomplished using sterilized and filtered seawater. The algal cell density was 
determined with a haemocytometer and the rotifer density with a 1- ml glass 
pipette using Sedgwick-Rotifer chamber. Rotifer culture treatments were 
conducted in special jars (30 liters) with three replicates for each treatment . 

 

Phase1: study the effect of different food type on rotifer productive 
performance and its fatty acids content: 

Four treatments were conducted, from different algal species and yeast, 
as food for rotifer; (1) Nannochloropsis oculata (N) at 15 X104 cell/ind/day 
(Wendy and Kevan 1991), (2) Nannochloropsis oculata + dried yeast (NY) at 
0.5 g/106 ind., (3) dried Spirulina (Spirulina platensis) (S) at 0.5 g/106 ind. and 
(4)  dried Spirulina (0.5 g/106 ind )+dried yeast  (SY) (0.5 g/106 ind).  The culture 
conditions during the experiment were: salinity 25 ppt, temperature 30oC, pH 
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7.8 and desolved oxegen(DO) was 4 mg/l. The initial rotifer density was 
conducted at 100 ind. /ml (fulks and main, 1991). 

 

 

Phase 2: Effect of salinity, temperature and initial density on rotifer 
productive performance: 

Depending on the results of the  phase 1, the treatment NY which 
possessed the highest rotifer final number (population), as well as achieved the 
highest polyunsaturated fatty acid, Eicosapentaenoic acid (EPA) and 
Docosahexaenoic acid (DHA) percent.  Accordingly, this treatment was selected 
and candidate to investigate the effects of different salinity, temperature and 
initial density on rotifer productive performance. 

Salinity experiment was conducted at three levels; 25, 27, and 29 ppt. 
Each level was tested under controlled conditions of temperature 26±1°C, DO 
4 mg/l, and pH 7.8. The initial rotifer density was conducted at 100 ind. /ml. 

 

Temperature experiment was conducted at four levels; 26, 28, 30, 32 
oC. Each level was tested under controlled conditions of salinity 25 ppt, DO 4 
mg/l, and PH 7.8. The initial rotifer density was conducted at 100 ind./ml. 

 

The previously recorded optimum water quality parameters of Salinity 
25‰, temperature 28 oC and the best food type of NY were subsequently 
provided to test the best initial rotifer cultured densities from between 50, 100, 
150 and 200 ind. /ml. 

 

Experimental methodology: 
 

Productive performance of rotifer: At the end of the experiments, as well as 
at the end of every day during experiments, 1 ml of rotifer culture from each 
treatment was collected five times and counted to determine the average  
final number of rotifer, as a population of rotifers B. plicatilis (Ashour, 2011). 
 

Fatty acids analysis: Preparation of fatty acids methyl ester from total lipids 
was performed according to the procedure of Radwan (1978). All analysis for 
identification of fatty acids fractions were performed on gas chromatography 
instrument, model HP (Hewlett Packard) 7890 GC equipped with a flame 
ionization detector.  The conditions for fatty acid analysis were: 
 
 

Column HP-5, 30 m, 0.32 mm ID, 0.25 µm film 
thickness  

Detector FID 
Detector temperature 250 ºC 
Injected  temperature 220 ºC, injection volume 2 µl, splitless mode 
Carrier Gas Nitrogen 
Gas Flow 1 ml/min. 

 

Water quality: During this experiment, temperature was kept at 30±0.5°C, 
salinity 25 ppt, and pH 7.45 – 7.8. Dissolved oxygen concentrations was 4 mg/l 
at the starting time and decreased after three days of culturing to 2.3, 2.4, 2.6, 
and 2.4 mg/l for treatments, S, SY, N, and NY, respectively. Total ammonia 
concentrations at the starting time varied between 0.54–0.55 mg/l and 
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increased after three days of culturing to 0.78, 0.76, 0.78, and 0.77 mg/l for 
treatments, S, SY, N, and NY, respectively. 
Statistical Analyses: 

At the termination of the experiments, Total Number of Rotifer (millions) 
in days 1, 2, and 3 , Final Density (ind/ml), Total Increment of rotifer (Millions in 
3 days/30 litres), Average Daily Increment (Millions/30 litres/ day), and Average 
Increment per day (%) were subjected to One-way analysis of variance 
(ANOVA) using the software Package (SPSS Version 16) to test the 
significance between treatments (water temperature, water salinity, feeding 
types, and rotifer density). The differences between Rotifer culture system 
treatments were performed using LSD test with 0.05 significance level 
according to Steel and Torrie (1980). 

  
Growth performance, and feed utilization parameters 

Means of weight gain, percentage weight gain, average daily gain (ADG) 
and specific growth rate (SGR % / day) were calculated according to the 
following equations: 
Weight gain = W1- W0. 
Percentage weight gain (WG %) = {(W1 - W0) / W0} x 100. 
Average daily gain (ADG) = weight gain/experimental period (d). 
Specific growth rate (SGR %) = {(In W1 - In W0)/T)}x 100. 
Where: 
W0: Mean initial weight (g). 
W1: Mean final weight (g). 
T: Time in days between weightings. 
Means of feed conversion ratio (FCR), protein efficiency ratio (PER) and Protein 
Productive Value (PPV %) were calculated according to the following equations: 
Feed conversion ratio (FCR) = Feed intake (g) / Weight gain (g). 
Protein efficiency ratio (PER) = Weight gain (g). / Protein intake (g). 
Protein Productive Value (PPV %) = {(BP1– BP0)/CP} x 100. 
Where: 
BP0: Initial body protein content (g) 
BP1: Final body protein content (g) 
CP: Protein intake (g) 
Condition Factor: 
k=  FW / L3 X 100 
Fulton’s condition factor K with W  whole body wet weight In grams and L  
length in cm; the factor 100 is used to bring K close to unity. 

RESULTS: 
 

Food type: 
The results of the effect of different food types (N, NY, S, and SY) on 

rotifers (B. Plicatilis) population showed that there were significant differences 
between all treatments (P≤0.05), as showed in Table 1. 

In the first day, data showed that NY diet achieved the highest significant 
total number of rotifer (2.25±0.042X106/30L), followed by SY 
(2.18±0.157X106/30L), and N (1.86±0.170X106/30L), while the lowest 
(1.80±0.085X106/30L) was achieved by S diet. In the second day, our results 
showed that NY achieved the highest significant total number of rotifer 
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(3.06±0.085X106/30L), followed by SY (2.88±0.212X106/30L), and S 
(2.52±0.099X106/30L), while the lowest value was recorded by N diet 
(2.52±0.099X106/30L).while, the results obtained at the third day observed that 
the highest significant total number of rotifer was achieved by NY 
(4.74±0.169X106/30L) followed by SY(4.50±0.127X106/30L), and 
N(3.60±0.255X106/30L), but the lowest was achieved by S diet 
(3.12±0.084X106/30L), as shown in table (1).On the other hand, the highest 
significant final density (Ind./ml) of B. plicatilis was achieved by NY diet  
(158±5.656, Ind./ml), followed by SY (150±4.243 Ind./ml), and N 
(120±8.485Ind./ml),while the lowest was achieved by S (104+2.828 
Ind./ml).Similar trend was observed in the daily increment percentage,, the 
highest significant daily increment percentage (%) was achieved by NY (72%), 
SY (66.7 %), and N (46.7 %), while the lowest was achieved by S diet (36 %). 

 
Table 1: Effect of different food types on the productive performances of rotifers 

B. plicatilis 
 

Food Types 

(Treatments)* 

Total Number of Rotifer  (x10
6 
/30L)  

Final Density 

(Ind./ml)*** 

Total Increment 

(x10
6
/3 

days/30L) 

Average Daily 

Increment (x10
6
 

/3 days /30L) 

 

Average daily 

Increment (%) Day 0** Day 1 Day 2 Day 3 

S 1.5 1.80 + 0.09
 b

 2.52 + 0.10
 b
 3.12 +0.09

 c
 104+ 2.83

 c
 1.62 + 0.09

 c
 0.54 + 0.03

 c
 36.0 + 1.88

 c
 

SY 1.5 2.18 + 0.16
 a
 2.88 + 0.21

 a
 4.50 + 0.13

 a
 150 + 4.24

 a
 3.00 + 0.13

 a
 1.00 + 0.04

 a
 66.7 + 2.83

 a
 

N 1.5 1.86 + 0.17
 b

 2.43 + .08
 b

 3.60 + 0.26
 b

 120 + 8.49
 b

 2.10 + 0.26
 b

 0.70 + 0.09
 b

 46.7 + 5.66
 b

 

NY 1.5 2.25 + 0.04
 a
 3.06 + .08

 a
 4.74 + 0.17

 a
 158 + 5.66

 a
 3.24 + 0.17

 a
 1.08 + 0.06

 a
 72.0 + 3.78

 a
 

Average 1.5 2.02 + 0.23* 2.72 + 0.29* 3.99+ 0.72** 133 + 23.84** 2.49 + 0.72** 0.82 + 0.24** 55.34 + 15.89** 

* N: N. oculata; NY:N. oculata + Yeast; S: S. platensis; and SY:S. platensis+Yeast     

   ** Initial Density was 50 Ind./ml.;     ***   The volume of the rotifer tank is 30 liter of water culture. 
 

 

The results of fatty acids profile of B. plicatilis feed on N, NY, S, and SY 
were shown in Table 2. Rotifer fed on S diet achieved the highest total 
saturated fatty acids (TSFA) percentage (52.30%), followed by SY (38.66%) 
and N (37.93%), while the lowest TSFA was achieved by NY (24.18%). Palmitic 
acid C16:0 was the main fatty acid (FA) presented in all treatments; it was 
achieved (28.13, 21.85, 26.80, and 10.91%) at S, SY, N, and NY diet, 
respectively. The second main FA obtained in SFA was C18:0, it was 5.02, 
10.05, 6.04, and 10.91% at S, SY, N, and NYdiet, respectively. Furthermore, 
rotifer fed on S achieved the highest total monounsaturated fatty acids (TMUFA) 
percentage (20.78%), followed by NY (6.18%) and N (5.12%), while the lowest 
TMUFA was achieved by SY diet (4.57%). Moreover, rotifer fed on S diet 
achieved the lowest total polyunsaturated fatty acids (TPUSFA) percentage 
(6.23%), followed by SY (7.93%) and N (11.79%), while the highest TPUSFA 
was achieved by NY (13.65%). As well as, rotifer fed on NY achieved the 
highest DHA percentage (10.99%) and EPA (2.66%), comparing to rotifer fed 
on N (8.60 and 2.08%) and S (0.64 and 1.85%), respectively. Further, rotifer fed 
on SY did not possessed any DHA percent, while possessed EPA about 1.83% 
of total fatty acids.On the other hand, rotifer fed on NY recorded the highest 
omega3(ΣU-3) (13.66%), comparing to N (10.99%), S (2.49%) and SY (1.83%), 
while did not achieved any omega6 (ΣU-6) percentage, comparing to SY 
(6.10%), S (3.74%), and N (0.80%).  
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 EPA/DHA ratio was high (2.89) in rotifer fed on S diet, comparing to 
rotifer fed on N (0.24) and NY (2.24), while DHA/EPA was low (0.35)in rotifer 
fed on S diet, comparing to rotifer fed on N (4.14) and NY (4.12), as shown in 
Table 2. 
Table 2: Fatty acid profiles (% of total FA) of different food types used as rotifer feed. 

Fatty acid profiles 
Feeding Types 

S SY ND NY 

                       Saturated 

C8:0 6.77 1.03 0.21 ND** 

C10:0 2.56 0.90 0.30 ND 

C11:0 2.21 0.90 0.38 ND 

C12:0 0.40 0.17 0.49 ND 

C13:0 1.25 ND 0.12 ND 

C14:0 0.34 1.18 1.90 1.57 

C15:0 0.20 1.34 1.13 0.78 

C16:0 28.13 21.85 26.80 10.91 

C17:0 0.21 1.184 ND ND 

C18:0 5.02 10.05 6.04 10.91 

C20:0 0.28 ND ND ND 

C21:0 4.90 ND 0.51 ND 

SUM 52.30 38.66 37.93 24.18 

                 Monounsaturated 

C14:1 0.34 0.38 0.12 0.456 

C15:1 0.33 ND 0.32 ND 

C16:1 0.58 1.74 0.42 0.90 

C17:1 0.10 ND 0.62 0.88 

C18:1c 17.44 ND ND ND 

C20:1 1.68 ND 0.24 ND 

C22:1 0.29 2.44 3.38 3.94 

SUM 20.78 4.57 5.12 6.18 

                  Polyunsaturated 

C18:2n-6  ND 0.74 0.60 ND 

C18:3n-3 ND ND 0.30 ND 

20:2n-6 1.86 2.68 ND ND 

C20:4n-6 ND ND ND ND 

C20:5n-3 1.85 1.83 2.08 2.66 

C22:2n-6 1.86 2.68 0.2 ND 

C22:6n-3 0.64 ND 8.60 10.99 

SUM 6.23 7.93 11.79 13.65 

Total conc. of FA in mg/g of dw 79.32 51.17 54.85 44.03 

Sat. /Unsat. 1.94 3.09 2.24 1.22 

ΣU-3 2.49 1.83 10.99 13.66 

ΣU-6 3.74 6.10 0.80 0.00 

EPA/DHA 2.89 - 0.24 0.24 

DHA/EPA 0.35 - 4.14 4.12 

     ND: non detected
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Management parameters during the second experimental phase : 
Effect of Salinity ; 
The results of the effect of different water salinities (25, 27, and 29 ppt) on 
rotifers (B. Plicatilis) population showed that there were significant differences 
between all treatments (P≤0.05), as showed in Table 3. In the first day, data 
showed that salinity 25 ppt recorded the highest significant total number of 
rotifer (2.365±0.495X106/30 L), followed by 27 ppt (2.1٠0±0.042 X 106/30 L), 
while the lowest significant total number of rotifer (2.ooo±0.014X106/30 L L) was 
recorded by 29 ppt. In the second day, our results showed that salinity 25 and 
27 ppt achieved the highest significant total number of rotifer 
(3.285±0.021X106/30 L) and (3.240±0.042X106/30 L respectively). The lowest 
significant total number of rotifer, 2.130±0.042X106/30 L was achieved by 29 
ppt. As well as, the results obtained from the third day showed similar trends, 
salinity 25 and 27 ppt possessed the highest significant total number of rotifer 
(3.285±0.021X 106/30 L) and (3.240±0.042X106/30 L respectively), while the 
lowest significant total number of rotifer (2.130±0.042X106/30 L) was achieved 
by 29 ppt, as shown in Figure 2. On the other hand, the highest significant final 
density of B. plicatilis was achieved by salinity 25 ppt (1.865±0.007Ind./ml) and 
27 ppt (1.795±0.007Ind./ml), respectively, while the lowest was achieved by 29 
ppt (1.320±0.042Ind./ml). Furthermore, the highest daily Increment percentage 
(%) was achieved by salinity 25 ppt (41.33%) and 27 ppt (40.00%), respectively, 
whereas the salinity 29 ppt achieved the lowest daily Increment (29.34%). 
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Effect of water Temperature: 

 
The results of the effect of different water temperatures (26, 28, 30 and 32 

ºC) on rotifers (B. Plicatilis) population showed that there were significant 
differences between all treatments (P≤0.05), as showed in Table 4. 

In the first day, the results showed that the highest significant total number 
of rotifer was achieved at temperature 32 ºC (2.280±0.042X106/30 L) followed 
by 30 ºC   (2.420±0.057X106/30 L), and 28 ºC (2.350±0.056X106/30 L), while 
the lowest was achieved by 26 ºC (2.140±0 .112X106/30 L). In the second day, 
our results showed that the highest significant total number of rotifer was 
achieved by temperature 30 ºC (3.380±0.055X106/30 L) followed by 28 ºC 
(3.450±0.042X106/30 L), and 26 ºC (3.265±0.062X106/30 L), while the lowest 
was achieved by 32 ºC (2.640±0.085X106/30 L), as well as, the results obtained 
from the third day observed that the temperature 28 ºC achieved the highest 
significant total number of rotifer (3.900±0.276X 106/30 L), followed by 30 ºC 
(3.750±0.212X 106/30 L), and 26 ºC (3.600±0.085X106/30 L), while the lowest 
was achieved by 32 ºC (3.000±0.178X 106/30 L), as shown in Figure 3. On the 
other hand, the highest significant final density (Ind./ml) of B. plicatilis was 
achieved by temperature 28 ºC (130±9.192 Ind./ml), followed by 30 ºC 
(125±7.071 Ind./ml), 26 ºC (120±2.828 Ind./ml), while the lowest was achieved 
by 32 ºC (100±5.656 Ind./ml) According the results , the highest significant daily 
increment percentage (%) was achieved by 28 ºC (53.3 %), 30 ºC (50 %), and 
26 ºC (46.7 %), while the lowest was achieved by 32ºC (33.3 %). 

 

Effect of Initial rotifer density: 

The results of the effect of different initial density of rotifer (50, 100, 150 
and 200 Ind./ml) on rotifers (B. Plicatilis) population showed that there were 
significant differences between all treatments (P≤0.05), as showed in Table 5. 
In the first day, the present result showed that the highest significant total 
number of rotifer was achieved by density 150 (3.48±0.08X106/30 L) followed 
by 200(2.64±0.04 X106/30 L), and then 100(2.25±0.04), while the lowest was 
achieved by density  50 106/30 L (1.11±0.17X106/30 L).In the second day, our 
results showed that the highest significant total number of rotifer was achieved 
by 200 (4.58±0.01X106/30 L) followed by 150(4.50±0.13X 106/30 L), and then 
100(4.05±0.04X 106/30 L), while the lowest population  was achieved by density 
50 106/30 L(2.23±0.18X106/30 L). As well as, the results obtained from the third 
day showed that the highest significant total number of rotifer was achieved by 
density 150 (6.48±0.01X 106/30 L) followed by 200 (5.91±0.04X106/30 L), and 
then 100 (4.80±0.00X106/30 L), while the lowest was achieved by density 50 
Ind./ml . (3.12±0.00X106/30 L), as shown in Figure 4. 
On the other hand, the highest significant final density (Ind./ml) of B. plicatilis 
was achieved by 150 (216.0±0.42 Ind./ml), followed by 200 (197.0±1.41 
Ind./ml), and 100 (160.0±0.14Ind./ml), while the lowest was achieved by 50 
Ind./ml (104±0.14 Ind./ml). Moreover, the highest significant daily increment 
percentage (%) was achieved by 50 (105.20 %), 100 (73.20 %), and 150 (62.80 
%), while the lowest was achieved by 200 (32.3 %). 
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Table 5: Effect of different initial rotifer density on the productive performance of 

Rotifers (B. Plicatilis) during the second phase study    

 

Initial density 

Treatments 

Total Number of Rotifer (106 /30L) 
Final Density 

(Ind./ml)** 

Total 

Increment  

(x106 /3 

days/30L) 

Average Daily 

Increment  

(x106 /3 days 

/30L) 

Average daily 

Increment (%) 

Day 0 Day 1 Day 2 Day 3 

50 0.75 1.11±0.17a 2.23±0.18a 3.12±0.00a 104.0±0.14a 2.37±0.00a 0.79 ± 0.00a 105.20 ± 0.21a 

100 1.50 2.25±0.04b 4.05±0.04b 4.80±0.00b 160.0±0.14b 3.30±0.01b 1.10 ± 0.00b 73.20 ± 0.21b 

150 2.25 3.48±0.08c 4.50±0.13c 6.48±0.01c 216.0±0.42c 4.23±0.01c 1.42 ± 0.01c 62.80 ± 0.07c 

200 3.00 2.64±0.04d 4.58±0.01c 5.91±0.04d 197.0±1.41d 2.91±0.04d 0.97 ± 0.01d 32.34 ± 0.47d 

Average 1.87 2.37±0.91** 3.84±1.02** 5.08±1.37** 169.3±45.67** 3.20±0.73** 1.07 ± 0.24** 68.35 ± 27.80** 

The volume of the rotifer tank is 30 liter of water culture. . ***means in within same 

column sharing same superscript are not significantly different (p ≤ 0.05) 

DISCUSSION: 
           The microalga (Nannochloropsis) is widely used in the laboratory and in 
commercial hatcheries for culturing B. plicatilis because it supports higher rotifer 
survival and reproduction rates and contains adequate highley unsaturated fatty 
acid (HUFA) especially, EPA (Kobayashi et al., 2008). Our results found that 
rotifer fed on live N. oculata achieved final population, as well as EPA and DHA, 
higher than rotifer fed on dried S. platensis.These results indicated that N. 
oculata may be the best microalgal species used as rotifer feed (Ashour, 2011). 
On the other hand, Nhu (2004) studied the effects of different four feeding 
types: (1) bakers’ yeast (Saccharomyces cerevisiae) in wet form plus 10% squid 
liver oil (by dry weight), (2) S. cerevisiae in dry form plus 10% squid liver oil, (3) 
microalgae (Nannochloropsis oculata) and (4) microalgae (Chaetoceros 
muelleri) on growth and quality of rotifer of the L-strain. The results showed that 
there were significant differences in rotifer growth rate, viability, size and ciliate 
contamination between the four dietary treatments (P <0.05). Moreover, rotifers 
fed on microalgae showed better viability, larger size and low ciliate 
contamination compared to those fed on yeast. These findings were supported 
the results of the present study. the highest final rotifer population and the 
highest content of EPA and DHA were achieved by rotifer fed on N. oculata 
supplemented by beaker yeast (NY). However, the combination between N. 
oculata and beaker yeast have some advantages; (1) reduced the rotifer 
production cost, (2) enhanced rotifer quantity (population) and quality (EPA and 
DHA percentage), and (3) reduced the contamination occurred while using 
beaker yeast only.  

Evaluating rotifer growth parameters to maximize productivity is important 
under different management condition (Fotoon et al., 2007). Both temperature 
and salinity will directly influence the reproductive rate of the rotifer, and the 
response in general depends on strain and environmental conditions (Miracle 
and Serra, 1989). Salinity had also a greater effect on rotifer than temperature 
(Fielder et al., 2000). 

The rotifer B. plicatilis tolerates salinities ranging from 1 to 97 ppt (Walker, 
1981). Viayeh, et al., (2010) found that the maximum final population density of 
rotifer (B. urceolaris) strain fed on Nannochloropsis was at 20 ppt(brackish 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha) 

 

 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  810     

Vol. 19 (4), 2014 
 

water), while final population density of rotifer (B. plicatilis) strain fed on 
Chlorella was at 10 and 30 ppt.During the present study(brackish water) the 
salinity 25 ppt possessed the highest final number of rotifer, comparing to 
salinity 27 and 29 ppt (with using NY as rotifer feed). The differences in these 
results may be due to the difference of rotifer food and/or rotifer and algal 
strains. However, the present study illustrated that the decrease of salinity 
degree (from 29 to 25 ppt) caused increasing of the final number of rotifer (B. 
Plicatilis). 

Fielder et al. (2000) investigate the effect of rapid changes in temperature 
and salinity on availability of the rotifers (Brachionus rotundiformis) and 
(Brachionus plicatilis) and they concluded that rotifers should be cultured at 
lower temperatures and similar salinities to the fish larval rearing tanks or 
acclimated for at least 6 h to larval rearing conditions. The results of the present 
study reported that the temperature 28 ºC recorded the highest significant final 
number of rotifer in addition 28 ºC recorded also the highest final density (130± 
9.192 Ind. /ml) and average daily Increment percentage (53.3 %), comparing to 
26, 30, and 32 ºC (under NY and 25 ppt treatments conditions). 

In conclusion, the present study illustrated salinity 25 ppt, temperature 28 
ºC and initial rotifer density of 150 Ind/ml recorded the highest rotifer quality, 
growth and production under 50% N.oculata + 50% beaker yeast (NY) feeding 
conditions. 

 

REFERENCES 
Ashour, M. F. 2011. Studies on culture of some marine microalgae and its 

utilization as feed for some invertebrates and fish larvae. M.Sc. Thesis, 
Library of National Institute of Oceanography and Fisheries (NIOF), 
Alexandria branch, Egypt.  

Fulks, W. and Main, K.L., 1991.Rotifer _Brachionus plicatilis.production 
systems. In: Fulks, W., Main, K.L. _Eds.., Rotifer and Microalgae Culture 
Systems. Proceedings of a US–Asia Workshop, Honolulu, HA, January 
28–31. pp. 3–52.  

Fielder, D. S., Purser G.J., and Battaglene S.C. 2000.Effect of rapid changes 
in temperature and salinity on availability of the rotifers Brachionus 
rotundiformis and Brachionus plicatilis. Aquaculture, 189:85–99. 

Ferreira, M., Pedro Seixas, Paula Coutinho, Jaime Fábregas and Ana 
Otero. 2011. Effect of the Nutritional Status of Semi-continuous 
Microalgal Cultures on the Productivity and Biochemical Composition of 
Brachionus plicatilis. Mar Biotechnol 13:1074–1085. 

Fotoon A.Q. Sayegh, Naseem Radi, and David J.S. Montagnes. 2007. Do 
strain differences in microalgae alter their relative quality as a food for the 
rotifer Brachionus plicatilis?. Aquaculture, Volume 273, Issue 4, 20 
December 2007, Pages 665–678.  

Kobayashi, T., Nagase, T., Hino, A. And Takeuchi, T., 2008. Effect of 
combination of feeding Nannochloropsis and freshwater Chlorella on the 
fatty acid composition of rotifer Brachionus plicatilis in a continuous 
culture. Fisheries Science, 74: 649–656. 

Lubzens, E., Minkoff, G., Barr, Y. Zmora, O. 1997. Mariculture in Israel—past 
achievements and future directions in raising rotifers as food for marine 
fish larvae.Hydrobiologia, 358: 13–20. 



J. Adv. Agric. Res. (Fac. Agric. Saba Basha) 

 

 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  811     

Vol. 19 (4), 2014 
 

Lubzens, E., Zmora, O. and Barr, Y. 2001. Biotechnology and aquaculture of 
rotifers.Hydrobiologia, 186 (187): 387–400. 

Miracle, M.R. Serra, M. 1989. Salinity and temperature influence in rotifer life 
history characteristics.Hydrobiologia, 52: 81–102. 

 Nhu, C.V. 2004. A Comparison of Yield and Quality of the Rotifer (Brachionus 
plicatilis – L-strain) Fed Different Diets Under Aquaculture Conditions, 
Vietnam.  Asian Fisheries Science, 17: 357-363. 

Qie, G., Reitan, K.I., Evjemo, J.O., Stqttrup, J., and Olsen, Y. 2011. Live 
feeds, In: Holt, G.J. (Ed.), Larval Fish Nutrition, first ed. John Wiley & 
Sons, Inc., pp. 307–334.  

Radwan, S. S. 1978. Coupling of two dimensional thin layer chromatography for 
the quantitive analysis of lipid classes and their constituent fatty acids. J. 
Chromatogr. Sci., 16: 538-542.  

Steel R.G.D. and Torrie, J.H. (1980), Principles and Procedures of Statistics, 
SecondEdition, New York: McGraw-Hill Book Co. 

Viayeh R.M, H. Mohammadi and A. B. Shafiei. 2010. Population Growth of 
Six Iranian Brachionus Rotifer Strains In Response To Salinity And Food 

Type. International Review of Hydrobiology, Volume 95, Issue 6, pages 
461–470. 

 Walker, K.F., 1981. A synopsis of ecological information on the saline lake 
rotifer Brachionus plicatilisMu¨ller 1786.Hydrobiologia, 81: 159–167. 

Wendy Fulks and Kevan Main. 1991. Rotifer and Microalgae culture systems. 
Honolulu, Hawaii, January 28-31. 

Yin, X.W. and  Zhao, W., 2008.Studies on life history characteristics of 
Brachionus plicatilis O. F. Müller (Rotifera) in relation to temperature, 
salinity and food algae.Aquatic. Ecology, 42: 165–176. 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



J. Adv. Agric. Res. (Fac. Agric. Saba Basha) 

 

 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  812     

Vol. 19 (4), 2014 
 

  

������ �	
��� 
  

 �
� ������� ������� ���� ������� �������� ���� ��������� ��� ����� ���

  ��!�� "��#�$%�)'  ���(  
  

)��� �
� �*+, �$�� -#���� !�� !����. ���$ !��� -�/�, �/� -#� !��� ��/0��.  

��  � �����	
� ����� �������
�� ���� ���� �����
� ���� � ��������� �����  

� � ��	�
� ����
 ����
� � ��
� ���!�
�� �  ���"��#� ���������  

  

 $����
� %����	
� ���)��"���
� (%�����
�� (��	�
� )����� %���� (�*+ �, ��- ��� � 
 . ����� �� � � �� ���

��*+�
�� (��	�
� )����� %���� �
� ��- (�*+
� /�� 0� 1�	 2$��3�
� ������� (��-�
� 4��	��� %������"
�� %

 $����
� %����	
� (����� ��� ��� ��5�)��"���
� .( (���� (	���
�� (�*+
� /�� ��5� (���� �
� 1	�
� �*- 6� ��

��"���
� (,�5�� ��� ��� 7���
� (,�5�� $���	
�.  

���%� �
����� :  � 9
�	:
� 0� ("�;� %<���� =��� ��5� (>	<� � �,  

� �  ������ ?������ ���� )(�	( .  

 � �  ?�<� ���
�����)@�	��( .  

 A� $���;
�� ����
� 0� :��; .  

 B� ��"���
� ���� ���  $���;
�� ���
������� 0� :��;  .  

 $��
 %��,�
� ��>�� /������ ��>� 0��� ��"���
� �, (��-�
� 4��	�� (��� 0�� ��C�  4��	� �, (���

 4�	
� (�� ?<� ���,AD  (����� E�
 %������ 1<5� �
 . ��� (�����
� 0� FG��
� %� >��A  0� :��; �-�

*- �, (�*+
� �, E3,�� �- (,��
� $���;
�� ?������������
� (���
� H . 

������ �
����� :  %<����� (	���
� �-� (�G��
� E����
� (���� ���I – �C – �K  $���	 (���� 6
�� �, L��

 %<����� H���
��M – �N – AD �A�  7��� %�,�5�� 2(��G� (���ID – �DD – �ID – �DD  0G��/��� .

 (�G��
� %<����
� E3,� 0# FG��
� %� >� ����I  �� � �	����
  6
�� �, L�N  (,�5�� H���	�
 (��G� (���

 7����ID  0G��/���.  



J. Adv. Agric. Res. (Fac. Agric. Saba Basha) 

 

 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  813     

Vol. 19 (4), 2014 
 

   



J. Adv. Agric. Res. (Fac. Agric. Saba Basha) 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   814     

Vol. 19 (4), 2014 

 

 

 

��������	 ���� �� ����	 ���� ����� �������	 ������	  

 
 ���� ������ ��� ��   �����! ������ ��  ����  ���"�	 ��  ��� �� 

 ������� �	
��� ���– ������� ���� )	�	� 	�	� (�  ���	����������  

  
�	#$%:  

 �	��  !" ���#����� ���	
���� ���$��� ���#��  %&	'� ($��� ��� )����� ������� *+, )�-���
.����	�$��� �/0��� ����� ���� 1$
  ���	��� ����'�� )��,2� 1$	�� 13# 4�:)6 ( 7���8���� �,9 ���.�$ �����

 ���	
��� ���$��� ���#��  %&	'�� �0������:���	�$��� �/0�� !" ����� ���� 1$
.� �	��  !" );(  ��� )�����
	-�	�$��� <"� ��'��$ ���	�$��� �/0�� !" ����� ���� �	��� ���$��� 7	��#��  !" ���	
��� %&	'��� 7	�$��� .

 $����� �������  )�8��� ��.���� >$��9 ��  �	����� �� 	�� :�����$ �'
$�� �?	
.�� 1��.��� >��	�9 �� 
7	�	����)6( Data Envelopment Analysis (DEA)  ��  �"	@�	� :����� ���� 1$
.�� ���	���� %&	'��� A	�/�

������� )��,9 B�/.�� �'��#��� ���	
���� 7	�3���$ 7���C��� D�� ���/�.  
          E?	FF�� 4FF� 4�FF�� �F�$ 7	FF�	���� )FF�8� 1F��.� >$�FF�  ���#�FF�G� �FF��'�� %&	FF'��� ���F/�)(DEA .� �	FF��� 1$FF


	�$��� �/0�� !" ����� ���� �F������ ��$��� 13# ���);H6H�;H66(  1F��/� �-�	F��G� 1$F
.��� �+F, �F����� 49
/�� A'� ��� 1$
.��$ ���#����� ������ ���	
��� ���$��� �	���� 4� ��.  

  
��� :  

�, ����� 1�
	.� �	��G� D$-��� ����� I	���?� I	"�������� 7	�	����  ��
����  -��$��� �	����%  !"
����� ��� ��.��� >�0��:  ���	��  7�+ )	�
9 ���#��G� !�9��� <�$��� 13# 4� )�-�� �+, B�/.� 4���$

�����"  %��� J3#��  ���� 	-�$ ��'���� 4�1����$ ���� ��#����� �	���� �
	�� 7	'��$��  1�� �	���� !"
����� ����$ >
� 4�  $9: <�$��� 13# 4� !/"2�%�	�� .	�����  �� �

#��� �@��2	� ����� ���� ����

������% ����� >
� 1$
.�� ���	/��	� ��?	��� K�	�	��.� ��/� I��L�:  $� 1�
	.� �	��G� D$-��� )�, B�/.�
����� � ����
'��� 7	�	���� D�� ��"$� �@�/���$�@�� ��	���� 7��.$�� 4�� ��������  1�	���� ��� )$�$��

�$ �	���	� D$-��� K��$� !��� 7���.���$&	'��� B�/.� ��  1$
$�� 4$� 1$.% ��	�����  ���$��� ���	
����$
��#������ �	���� !".  M�
9 ��$� I��/��� ����� ���� 1$
.� �	��  1	#�  �� !��� 7	L"	.��� D�� !"

                                                           

 تحليل مغلف البياناتبإستخدام  دول حوض النيل، قياس كفاءة ا�قتصاد الكلى ل)٢٠١١(، )دكاترة(محمود حنفى ، ممدوح البدرى ) ١(

Data Envelopment Analysis (DEA)   المؤتمر الدولى السادس والث3ثون ل0حصاء وعلوم الحاسب وتطبيقاتھا، الجمعية ،
 .أبريل ٢٢ – ١١للتعبئة العامة و ا7حصاء، الفترة من ا7حصائية المصرية والجھاز المركزى 
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)	'���	 *�%��: ����� *+, �������  �'
$�� �?	
.�� 1��.��� >��	�9 ��  $ �,�$L�� ��� )����� �����
 ������	� �
	#�� I��	���  7	�	���� )�8��� ��.���� >$��9 �� )Z( Data Envelope Analysis (DEA)  A	�/�
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���� 7	�3���$ 7���C��� D�� ���/� ��  �"	@�	�
������� )��,9 B�/.��.  

  

                                                           

دراسة إقتصادية 7نتاج محصول بنجر السكر مع إھتمام خاص بمركز حوش عيسى ، )٢٠١٢(، عبدالجيد حمدي فضل : عبدالقوي)١(
  .، رسالة ماجستير، قسم ا�قتصاد الزراعي ، كلية الزراعة ، جامعة ا�سكندريةبمحافظة البحيرة

، مركز البحوث الزراعية، وزارة الزراعة واستص3ح اGراضي، نشرة، بنجر السكر، )٢٠٠٥(، )دكتور(أحمد محمد أبو روح  )٢(
  .ا7دارة المركزية ل0رشاد الزراعي

إستخدام تقدير الكفاءة التقنية وا7قتصادية 7نتاج محصول عباد الشمس الزيتي بمحافظة الفيوم ب). ٢٠١١) (دكتور(ع3ء أحمد قطب )٣(
 .يونيه) ٢(العدد ) ٢١(المجلة المصرية ل0قتصاد الزراعي المجلد . تحليل مغلف البيانات
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�FF������ �FF��� �	FF��#� 4	FF� �FF�$ 49 �FF�  I��	��FF�  FFL"	.� !FF" �FF��	�$��� �FF/0�� � �FF�.���%  B0	FF�� �FF,9 X�FF. 

������ !@��2� ����� ���� �	��  !" %���$�� % 4� I3@" Y�+$ :���$-���� !" �	��  7	��� 4� ������ 49 ��F���
 ���FF�$ ��FF��� 1FF���� ���FF� <�	FF
�� �FF�$�.�� �FF/0���� *+FF, !FF" ��FF��� �FF��� 4FF� ��FF��� �	FF��� <�	FF
� �$�	FF�9 �FF�

����� ���	�$��� ����$ ����� ���������.  S�. 4	�F���� !F,$ 7	F����� $9 7	F�	0� �F��# �F��	�$��� �F/0�� �@�� 
 ����� ����–  ���.��� >$��–  0$���$ �@-���– �$��� >�U���	 –  1$��)6.(  

  
توزيع أعداد م
زارعين محص
ول بنج
ر الس
كر وفق
اً للمس
احات المنزرع
ة م
ن المحص
ول ف
ي من
اطق  :)١(جدول 

  )٢٠١١-٢٠١٠(قطاع النوبارية للموسم الزراعى 

 الفئات
النھضة 
 ومريوط

  غرب
 النوبارية 

بنجر 
 السكر

 البستان
جنوب 
 التحرير

 ا/جمالي

 ٧ ٢ ٠ ٠ ٢ ٣ أقل من فدان
 ٨٧٥ ١٢ ٨٧ ١٢٥ ٢٥٥ ٣٩٦ فدان إلى أقل من خمسة أفدنه من

 ١٦٢ ٢ ١٣ ٣٨ ٦٢ ٤٧ خمسة أفدنه فأكثر
 ١٠٤٤ ١٦ ١٠٠ ١٦٣ ٣١٩ ٤٤٦ ا/جمالي

 ١٠٢ ٠ ١٠ ١٦ ٣٢ ٤٤ %١٠العينة 
  جمعت وحسبت من استمارة ا�ستبيان: المصدر

  

                                                           

(1) Coelli, T.J.A 1995 Guide to Frontier Version 4.1: A Computer Program for Stochastic 
Frontier production and Cost Function Estimation, Mimeo Department of Econometrics, 
University of New England, Armidale. 

 

، ا�قتصاد القياسي، محاضرات لطلبة الدراسات العليا، قسم ا�قتصاد الزراعي، كلية )٢٠٠٥(، )دكتور(محمود عبد الھادي شافعي  )٢(
  .الزراعة، جامعة ا7سكندرية
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  توزيع عدد أفراد العينة حسب مناطق الزراعة ): ٢(جدول 

 % عدد أفراد العينة المنطقة الترتيب

  ٤٣,١ ٤٤ النھضة ومريوط اGولي
  ٣١,٤ ٣٢ غرب النوبارية الثانية
  ١٥,٧ ١٦ بنجر السكر الثالثة
  ٩,٨ ١٠ البستان الرابعة

 ١٠٠ ١٠٢  المجموع
  جمعت وحسبت من إستمارة ا�ستبيان: المصدر       
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 ���	P�� �?'�� �@� 7�+ T������.	����7	 F�$������  SF�. : �P�WF" �F��"9 �F��# 4F� ��F��� �F��� 4F�� [F��
 T���� ����?'�� *+, 6] 1P�P ����� !��$. 6Z,`  %��P.��� ������ 7���'� 4� �  1$�� ���)Z. (  

  عدد فئات العينة حسب المساحة المنزرعة من بنجر السكر ): ٣(جدول   

 % عدد أفراد العينة الفئة الترتيب

 ٨٦,٣ ٨٨ أفدنة ٥من فدان إلى أقل من  اGولي
 ١٣,٧ ١٤ خمسة أفدنة فأكثر الثانية

 ١٠٠ ١٠٢  المجموع
  .جمعت وحسبت من إستمارة ا�ستبيان: المصدر

  
 ��%���	��'���	 23����	� 43����	  

��%�� ������	 � ��'���	 ���"�	 (����� /����� (��5	���������	 ����:  4� 4���� 7	F�	��� 4�	F���� 1F��.� �	F��#  &��F� 
��#� !" �������� ���	���� 7	0�$��� B���� 	��" ��P.��� ������������� <@$� �������� 7	���� ) .@$����  !"

 1$��)] ( ��� ����� �F��	��� 7	0F�$���� 4�� ��$��� B$�" �$�$ !F" �F�� B0	F��� I	F/"$ ��F��� �F��� �	F��  T���F�
 ����� ���� ��������P.��� ������ !" ���	�$��	.  

تحليل التب
اين /ختب
ار معنوي
ة الف
روق ب
ين متوس
طات ا;نتاجي
ة المزرعي
ة ب
إخت9ف من
اطق زراع
ة  ): ٤(جدول 
  )٢٠١١-٢٠١٠( ة النوبارية بمحافظة البحيرة للموسم ا/نتاجىمحصول بنجر السكر بمنطق

 مصدر التباين
مجموع مربع 

ا/نحرافات 
T.S.S 

درجات 
 .D.Fالحرية 

متوسط مربع 
 M.Sا/نحرافات 

 إختبار ف 

 ف المحسوبة
مستوى 
 المعنوية

 ١١,٦٣٣ ٣ ٣٤,٨٩٩ بين المناطق
٠,١٢١ ١,٩٨٣ 

 ٥,٨٦٥ ٩٨ ٥٧٤,٧٥٧ داخل المناطق

    ١٠١ ٦٠٩,٥٦٥ الكلي
  ٢٠١١- ٢٠١٠في منطقة النوبارية بمحافظة البحيرة في الموسم  البحثية مزارع العينةحسبت من بيانات  :المصدر

  

 �FF�� 1��FF��� �FF� �FF��	��� 7	0FF�$���� 4�FF� �FF�$��� B$�FF" �$FF�$ ��FF��$ 4FF� 4�FF� %�FF�	���� 7	FF��	/��� <FF�
����))( ������ 7	�	�� A	�9 ��� ��$�.�����$����� 7	�$��� ��� ���$���� 	-���� 4��$ ��P.���H,H6:H,Hb)6( . 

 

6�'���	 ���"�	 7�	0� ����	 ���� ���� 8���� 4� ��$���	 ��	�%� �����	 ������	�: %&	F'��� 1F��.��� �+F, ��F�$ 
����� ���� 1$
.� �	��  !" ���#����� ���$��� ���'�� ���	���� �F�P.��� ������ T�����  ��F��� �F?	��� 7	F�P 1FL !F"

����� �?	��� ��8� 1L !"$)6( .  

                                                           

مجلة . كفاءة التقنية وا7قتصادية 7نتاج محصول اGرز في مصرتقدير ال). ٢٠١٢. (، وآخرون)دكتور(وائل أحمد عزت العبد  )١(
 .يناير) ١(العدد ) ١١(الجمعية السعودية للعلوم الزراعية المجلد 
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 $� 4��� D�����	�7	�	�� �� ��� 1$��)b (49  �?	��� 7	�P 1L !" ����� ���� �	��� ���'�� %&	'��� ���/�
 �����[���  ���$.H,aH; ��� !���� 49 ���� �+,$����� �  1$
.� 4� �	���� %�	�� �-���� �?'�� *+, T���� !"

��FF��� �FF���  ���$FF.� ��FF/� ��FF���a,c % $FF��� ���FF/� $9 �FF��� !FF" %�	FF�� (9 4$���FF��� �FF��� �	FF��� ���#�FF���� ��� 
49 !FF��� 	FF�� ��FF��� �FF��� !FF����  �	FF��  !FF" ���#�FF���� ���	FF
���� �,���$FF� 4FF� I���FF� 4$�FF/'� �FF?'�� *+FF, T���FF� !FF"
����� ���� X9  !��$.� ��/� ����� �-�	��  �'��� %�	��a,c. %  
 $� D�����	� 4���7	�	�� �� A'�1$��  K��  %�	��� B�	���49  !F" ��F��� ���� �	��� ���'�� %&	'��� ���/�

�� T���FF� !F" ��FF��� �F?	��� �FF�8� 1FL �FF��	�$��� �F/0��� �FF�P.��� �F�����F�[ ���$FF. H,a^b  �FF��� !F���� 49 �FF��� �+F,$
�����  4� �	���� %�	�� �-���� �?'�� *+, T���� !"����� ����  ���$.� ��/� �����Z,b % �F��� !" %�	�� (9 4$�

��F��� �F��� �	F��� ���#����� ���$��� ���/� $9 .��F��� �F��� !F���� 4GF" Y�+F�$  !F"�� *+F,T���F�  4F� I���F� 4$�F/'�
��FF��� �FF��� �	FF��  !FF" ���#�FF���� ���	FF
���� �,���$FF�:  �FF'��� %�	FF�� KFF��� >FF���� X+FF�� �FF�2�-�	FF�� � ��FF���  ��FF/�

 !��$.�Z,b . %����� ���� �	��  %�	�� 4���$ !" *+F, �� 13F# 4F� T���F�: )6 ( ��F�	���� �F������ �F���$� %	F����
:�FFF��	� %�$FFF� 7�+ �FFF��	��� )	�FFF
9 ���#�FFF��$); ( >FFFF�	���� !?	FFF��� 4�FFF/���$ %��FFF�2� 4FFF� !FFF�P��� 7	FFF����� <FFF@$

 :����� ���� 1$
.��)Z (%&	'� %�	�� �� �	-��� (�	�� !" �$0���� �	���� ��'�� ��� �-�����$ 4�������� ���$�
 �
�9 �-� B/.� (+�����	��  �����.  

  
تقديرات الكفاءة الفنية للموارد ا/قتصادية المستخدمة في إنتاج محصول بنجر السكر لم
زارع العين
ة ): ٥(جدول 

  البحثية

 الكفاءة السعوية ظل تغير العائد للسعةالكفاءة الفنية في  الكفاءة الفنية في ظل ثبات العائد للسعة

٠,٩٣٥ ٠,٩٦٥ ٠,٩٠٢ 

تحلي----ل المنحن----ي المغل----ف للبيان----ات  برن----امج س----تخدامإت وحس----بت م----ن اس----تمارة ا�س----تبيان وبجمع----: المص����در
  . (DEA)ا�لكتروني

  
6�'���	 �6��"�	 7�	06 ;��6� 46%� ��6��	 �6��� ��6�� 8�6��� ���"��	 ������	�:  4�F��� 1F��.��� 4F� 49  ���F/�

 �	��� ����� %&	'� ����� ���� X$��� !���F�P.��� �F����� T���� �F��	�$��� �F/0��� ��[F� ���$F. H,aZb  �F��� �+F,$
�9 	-� �� ��P��� ��$���� %&	'��� ��  1
 4��� !��� ���$F.� ��F/� ��F��� 	F-�	��  %�	�� 13# 4� 	-��  1$
$��^,b 

 %�	���� [���� �� ��.�� ��� �0/� ���9 ��� 1P�2� K��.�0�$���� ���	���� )��	���� 0�$� 1$��)b.(  
 $� �F��� 1$F
.� �	F��  !F" �F'��#��� 	-��$�W� ���	���� %&	'��� 4�	/��� (�	
���� 1��.��� &���  4� 4���

����� ����  ���'�� %&	'��� 49 ���	�$��� �/0��� ��P.��� ������ T���� X$��� !�� ���$. 4� 7H,aH;  7	�P 1L !"

                                                                                                                                                                          

(2) Farrel, 1957, Measuring the Technical Efficiency of Company, Ed., Activity of Production 
and Allocation, Cowles Commission for Research in Economics, Monograph No 13, Wiley, 
New York. 
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  ���$F. �F�  ��F��� �F?	���H,a^b  �FF��� �	F��  !F" ��F��� 7��$F"$ �$F�$ �F/�/. �F�C� �+F,$ ��F��� �F?	�����8� 1FL !F"
����� ��P.��� ������ T���� X$��� !�� .  

  
 7�	06 ;��6� 4%� ����	 ���� ���� 8���� 4� ��$���	 ������5�	 ��	��	 <3	�� (	����� �6��"�	

��'���	 ��������	 �����: ���� 44� D������  ��� 1$���� 7	�	��)^ ( 49  ���	F
��� ���$F��� !F" D?�$F'�� ���F/�
��FF��� �FF��� 1$FF
.� �	FF��  !FF" ���#�FF����  T���FF���FF�P.��� �FF����� !�	FF���� �FF�$��� 13FF# );H6H�;H66( !FF,: 

)6 ( SFF�. ��FFF��� �FF��� 1$FFF
.� �FF���� !FF" %�FFF�#�� 7�$�FF� ��FF�� !��$FFF. %�FF�#�� 7�$�FFF� !FF" D?	FF'�� 0FFF�$�� [FF��
H,;^b  !�$FFF�$����� �$FFF0��� 4FFF� ��'�FFF�� �FFF� �FFF?'�� *+FFF, T���FFF� !FFF" ��FFF��� �FFF��� !FFF���� DFFF�� 49 !FFF��� �+FFF,$ ��FFF�

�"�$FF� 4FF� �U�FF�� !FF�� ��FF��� �FF��� 1$FF
.� �FF���� !FF" �FFP��.�� ���	FF���� E���FF���$ FF, �FF���� !FF" %�FF�#�� 7�$�FF� �+
1$FF
.���: ); ( SFF�. �FF��	�$��� �FF/0�� !FF" 4��FF'�� �	FF��  0FF�$��� 4��FF'�� �	FF��  0FF�$�� !FF" D?	FF'�� 0FF�$�� [FF��

 !��$.Z6,c^  T���� !" K�����P.��� ������ :)Z (���.	�� ��$����� ������ ���� SF�. � [F�� 	F-�� D?	F'�� ���F/�
!��$FF.H,66H FF� �$FF�$ !FF��� �+FF,$ 4��FF"�� �FF�� �FF� ��FF��� �FF��� !FF���� 4FF��$�8  ��FF��� �FF���� �FF�$����� �.	FF����

 !FF" 	-���#�FF�� $9 ��FF��� �FF��� �	FF��  %�	FF�� !FF" 	-�38�FF�� 4FF��� 4	FF� !FF��� �.	FF���� *+FF, ���FF,�ٕ$ 1FFP�2� 138�FF���
D��FFFU9  T���FFF�� ��FFF���	� X�FFF#9 �FFF��	����FFF�P.��� �FFF�����: )](  7	FFF������ &��2 ��3FFF�� ��W�FFF���� X�FFF���� 1FFF���� �FFF���

 S�.��FFF��� �FF��� 1$FF
.� !FF" �FF��	����� !��$FF. D?	FF'�� [FF��ZHa,c]` KFF���:  DFFF�� 1FF�.� !FF��� X+FF�� �FFF�2�
 T���FFF� 4FFF� 4�FFF�������FFF�P.��� �FFF�����  $9 	FFF-�� &	�8�FFF�� 4FFF��� 4	FFF� X�FFF���� 1FFF���� �	�?�FFF�� !FFF" ��"	FFF@  )��	FFF��

�� !" 	-� %�	'��� E�	� �	��#e !����: )b ( SF�. ��F��� �F��� 1$F
.� �F���� !F" ��#�F���� !F�N� 1���� ����
�!FF" D?	FF'�� 0FF�$�� [FF�� !FF" ��#�FF���� !FF�N� 1FF���� �FF���  T���FF��FF�P.��� �FF�����  !��$FF.b6,ca6 KFF���: )^ ( �FF���

 SFF�. ��FF��� �FF��� 1$FF
.� �FF���� !FF" ���#�FF���� X$	FF/���� T���FF� !FF" D?	FF'�� 0FF�$�� [FF���FF�P.��� �FF�����  !��$FF.
6a,`Z^K���: )` (�$ !��$F. !F�$�2� �	�F��� 4F� D?	F'�� 0F�$�� [��ZH,bb �F��/4��F": )c (�$ [F�� �F��� 0F�$��

 !��$FF. !FFF�	�$��� �	�FF��� 4FF� D?	FF'��66,Zb�FF��/4��FFF": )a (�$4FFF� D?	FF'�� 0FF�$�� [FF��  !��$FFF. !�	'FF�$'�� �	�FF���Z],Hb 

�FF��/4��FF": )6H (�$[FF��   !��$FF. �$�FF��8��� �	�FF� 4FF� D?	FF'�� 0FF�$��b,6 �FF��/4��FF" :)66 (�$ 4FF� D?	FF'�� 0FF�$�� [FF��
 !��$FFFF. �$�FFFF��	��� �	�FFFF�],Zb �FFFF��/ 4��FFFF": )6; (�$ ��$FFFF@��� %��FFFF�2� �FFFF��� !�	FFFF��  4FFFF� D?	FFFF'�� 0FFFF�$�� [FFFF��

�FF������ !FF" ���#�FF����  T���FF� !FF"�FF�P.��� �FF�����  !��$FF.6^a,^c` KFF���/4��FF": )6Z (�$ 4FF� D?	FF'�� 0FF�$�� [FF��
 !��$. ��P.��� ������ T���� !" ���#����� !������ 7������ ����],] ��� /4��": )6] (�$ 4� D?	'�� 0�$�� [��

 T���FFF�  !FFF" ���#�FFF���� ���FFF�.�� 7��FFF����� �FFF����FFF�P.��� �FFF�����  !��$FFF.H,Ha; �FFF�� /��FFF"4: )6b (�$ 0FFF�$�� [FFF��
FF���� �FF��0'�� 7��FF����� �FF��� 4FF� D?	FF'�� !��$FF. ���#�H,Z6H �FF�� /�FF�P.��� �FF����� T���FF� !FF" 4��FF": )6^ (�$ [FF��

 4� D?	'�� 0�$������$�� 7	�+8���  !��$. ��P.��� ������ T���� !" ���#�����6,HH ��� /4��". 
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تق
ديرات متوس
ط ف
وائض الم
وارد ا/قتص
ادية المس
تخدمة ف
ي إنت
اج محص
ول بنج
ر الس
كر ف
ي ): ٦(جدول رقم 
 العينة البحثيةمزارع 

 المتوسط الموارد ا/قتصادية
 ٠,٢٦٥ )سنه(عدد سنوات الخبرة 
 ٣١,٨٦٠ )جنيه(متوسط إيجار الفدان 

 ٠,١١٠ )فدان(مساحة بنجر السكر بالمزرعة 
 ٣٠٩,٨٤٧ )جنيه(قيمة العمل البشري المستأجر 

 ٥١,٨٩١ )جنيه(قيمة العمل اTلي 
 ١٩,٧٣٦ )جنيه(قيمة التقاوي 

 ٣٠,٥٥٠ )كجم(سماد اليوريا كمية 
 ١١,٣٥٠ )كجم(كمية سماد البوتاسيوم 
 ٣٤,٠٥٠ )كجم(كمية سماد الفوسفات 
 ٥,١٠٠ )كجم(كمية سماد المغنسيوم 
 ٤,٠٥٠ )كجم(كمية سماد الكالسيوم 
 ١٦٩,٦٨٧ )جنيه(قيمة اGسمدة العضوية 
 ٤,٤٠٠ )كجم(كمية الكبريت الزراعي 
 ٠,٠٩٢ )كجم(كمية المبيدات الحشرية 
 ٠,٣١٠ )كجم(كمية المبيدات الفطرية 
 ١,٠٠٠ )كجم(كمية المغذيات الورقية 

��6666�تحلي----ل المنحن----ي المغل----ف للبيان----ات  برن----امج س----تخدامإت وحس----بت م----ن اس----تمارة ا�س----تبيان وبجمع----: 	�

  . (DEA)ا�لكتروني

   $ M@��B�� 	�� 1	���F�  !" I	"���  K�	��� DF�� F���� !F" ���#�F���� �	F���� �F
	�� �F��� 1$F
.� �
 T���� !" �������P.��� ������ ���	�$��� �/0��� � ��$	����� %���2	 $�F��0'��$ ���F�.�� 7�������:  �F@� X+F�� �F�2�

� %�$����@��$ ��.	� 4� E�	��� 1$
.��� X�#9 ��.	� 4� �������� �����	�.  
6��� ��'���	 ���"�	 (����� ��%�� �6���0�	 ���6�%� /� ��6�����6�������	 �6���� ��6��	 �6��:  4F� 4�F��� &��F� 

 �F������� 7	�F��� )F��#� !F" �F������� ���	���� 7	0�$��� B���� 	��" ��P.��� ������ 7	�	��� 4�	���� 1��.� �	��# 
 �FFF�� 1$�FFF� !FFF" K.FFF@$��� �FFF������ <FFF@$�)` (�FFF�$� KFFF�9  !FFF" �FFF������� �FFF��	��� 7	0FFF�$���� 4�FFF� �FFF�$��� B$�FFF"

 �FF/0��� ��FF��� �FF��� 1$FF
.�� �FF�$����� �.	FF���� I	FF/"$ ��FF��� �FF��� �	FF��  T���FF�� ��FF���	� SFF.��� <FF@$� 7	�FF���
 �F��� 4�F� %�F�	���� 7	��	/��� <��$ 4� Y�+ ��� 1����� �� S�. ��P.��� ������ !" ���	�$���)) ( �F�� ��$F�.���

	�9� 4��$ ��P.��� ������ 7	�	�� A��� 7	�$��� ��� ���$���� 	-����� ��$H,H6 :H,Hb. .  
   



J. Adv. Agric. Res. (Fac. Agric. Saba Basha) 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   822     

Vol. 19 (4), 2014 

 

 

 


دول 

احة ): ٧(ج


إخت9ف للمس


ة ب

ة المزرعي


طات ا;نتاجي

ين متوس


روق ب
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اين /ختب

ل التب

           تحلي

  )٢٠١١-٢٠١٠(ا/نتاجىالمزروعة بمحصول بنجر السكر بمنطقة النوبارية بمحافظة البحيرة للموسم 

 مصدر التباين
مجموع مربع 

ا/نحرافات 
T.S.S 

درجات 
 .D.Fالحرية 

متوسط مربع 
 M.Sا/نحرافات 

 إختبار ف 

 ف المحسوبة
مستوى 
 المعنوية

 ٢٢,٨٠٦ ١ ٢٢,٨٠٦ بين المناطق
٠,٠٤٩ ٣,٩٦٤ 

 ٥,٧٥٤ ١٠٠ ٥٧٥,٣٨٢ داخل المناطق

    ١٠١ ٥٩٨,١٨٩ الكلي
بيانات العينة البحثية في مزارع العينة في منطقة النوبارية بمحافظة البحيرة في : جمعت وحسبت من: المصدر

  )٢٠١١-٢٠١٠(الموسم 

  
  4� 4����$ 1$�F��� AF'� 7	F�	�� 49X$F��� �	F��#��  ($�F�� �F�� �F�$�����H,Hb  	F��  ��PWF� �$F�$ �F���

��FF��� �FF��� �	FF��� �FF��	���� 7	0FF�$���� �FF�� �FF������� ��FF��� X$FF���  �FF��� 1$FF
.�� �FF�$����� �.	FF���� I	FF/"$
 �.	FFF���� I	FF/"$ �FFF����� ��FF�/� �FFF�� ��FF� )$FFF� �FF�	�/�� (�	FFF
���� 1FF��.��� 4GFFF" ��	FF��	�$ : �FFF��	�$��� �FF/0��� ��FF���

 $��� �FF/0��� ��FF��� �FF��� 1$FF
.�� �FF�$�����4�FF�?" !FF�  �FF��	� 4FF� 7	.	FF���� X$+ 4�����FF��� �FF�$2� �FF?'�� �FF@�$ R
 4F� 7	.	F���� X$+ 4�����F��� �F��	P�� �F?'�� �F@� 	F���� :�F��"9 �F��# 4F� 1�9 ��  4��" 4� V$���� !��� ����� ����

���"9 ���# 4� ���2� ����� ����.  
  

���	 ���� ���� 8���� 4� ��$���	 ��	�%� �����	 ������	 �46� �6���0�	 (�3�%� 6�'���	 �6��"�	�: �4F� 4�F�� 
7	FF�	�� D����FF�� �� �FF�� 1$�FF�)c (49  ���FF/���FF��� �FF?	��� 7	FF�P 1FFL !FF" ��FF��� �FF��� �	FF��� �FF��'�� %&	FF'���  T���FF��

 �FF�$2� �FF?'��)6 �  4FF� 1FF�9b �FF��"9( �FF��[  ���$FF.H,aH6 ��FF��� �FF��� !FF���� 49 �FF��� �+FF,$  �FF?'�� *+FF, T���FF� !FF"
 �-�FFF�����FFF��� �FFF��� 1$FFF
.� 4FFF� �	FFF���� %�	FFF��  ���$FFF.� ��FFF/� ��FFF���a,a % ���$FFF��� ���FFF/� !FFF" %�	FFF�� (9 4$�

��FF��� �F��� �	FF��� ���#�F���� 49 �+FF, !F���$ :��FF��� �F��� !FF����  �,���$FF� 4FF� I���F� 4$�FF/'� �F?'�� *+FF, T���FF� !F"
�	��  !" ���#����� ���	
����K �-�	��  �'��� %�	�� K��� >���� 	�� : !��$.� ��/� �����a,a% 49 Y�+� 4����$ :

 ��F��� �F?	��� 7	F�P 1FL !F" ��F��� �F��� �	F��� �F��'�� %&	F'��� �F��� �F��	P�� �F?'�� T���F� !F")�FF��"9 �F��# 4F� �FP�9 (
 !��$FF.H,a^b ��FF��� �FF��� !FF���� 49 �FF��� �+FF,$  �FF��� 1$FF
.� 4FF� �	FF���� %�	FF�� �-�FF��� �FF?'�� *+FF, T���FF� !FF"
�����  ���$.� ��/� �����Z,b %��F��� �F��� �	F��� ���#�F���� ���$F��� ���F/� $9 ���� !" %�	�� (9 4$� . Y�+F�$

����� ���� !���� 4G" ��F��� �F��� �	F��  !F" ���#����� ���	
���� �,���$� 4� I���� 4$�/'� �?'�� *+, T���� !" 
 !��$.� ��/� ����� �-�	��  �'��� %�	�� K��� >���� 	�� :Z,b%.  

 $�4��� 7	�	�� D�����  4� A'� K��  %�	��� B�	��� 1$���� –  1$��)c( 49  �	��� ���'�� %&	'��� ���/�
����� �?	��� ��8� 1L !" ����� ����  T���� !" 4� ��$2� �?'���F��	�$��� �F/0��� �F�P.��� �F����� )6 –  4F� 1F�9b 

���"9( �[��  ���$F.H,a^c  !F���� 49 �F��� �+F,$��F��� �F���  �F��� 4F� �	F���� %�	F�� �-�F��� �F?'�� *+F, T���F� !F"
��FF���  ���$FF.� ��FF/� ��FF���Z,; %��FF��� �FF��� �	FF��� ���#�FF���� ���$FF��� ���FF/� !FF" %�	FF�� (9 4$�:  4GFF" Y�+FF�$
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����� ���� !���� �F��� �F��� �	F��  !F" ���#�F���� ���	F
���� �,���$F� 4F� I���F� 4$�F/'� �F?'�� *+F, T���F� !F"�  :
 !��$F.� ��F/� ��F��� 	-�	��  �'��� %�	�� K��� >���� 	��Z,; % �F��'�� %&	F'��� ���F/� 49 1F��.��� 4F� Y�+F� 4�F���$ :

 !��$F. [F��� �F��	�$��� �/0��� ��P.��� ������ 4� ���	P�� �?'�� T���� !" ����� �?	��� ��8� 1L !" ����� ���� �	���
M�.FF
 �FF.�$: *+FF, !FF����� 49 !FF��� �+FF,$  ��FF��� �FF��� �	FF��� �FF�P��� �FF��'�� %&	FF'��� 1$FF
$�� 4FF� �$FF���� �FF� �FF?'��

�-������.  
  

تقديرات الكفاءة الفنية للموارد ا/قتصادية المستخدمة في إنتاج محصول بنجر السكر لم
زارع العين
ة ): ٨(جدول 
  . بمنطقة النوبارية البحثية

 الفئة
الكفاءة الفنية في ظل ثبات العائد 

 للسعة
الكفاءة الفنية في ظل تغير العائد 

 للسعة
الكفاءة 
 السعوية

 ٠,٩٣٢ ٠,٩٦٨ ٠,٩٠١ اGولي

 ٠,٩٦٥ ١,٠٠ ٠,٩٦٥ الثانية

����	 : 7	�	���� )�8��� !�.���� 1��.� ���#��	�$ 4	������ %�	���� 4� 7��.$ 7���.  
  

���	 ���� ���� 8���� ���"��	 ������	 �� ����0�	 (�3�%� ���"%��'���	: � 4� 4���7	�	�� D������ �� 1$�F�
 ���)c ( 49 1$
.� �	��� ����� %&	'� ���/� ����� ���� X$��� !�� ��P.��� ������ 4� !�$2� �?'�� T�����[F�� 

���$. H,aZ; T���� 49 ���� �+,$ *+,  �F� �F?'�� �F�P��� ��$�F��� %&	F'��� �F�  1F
�!F���  4F� 	F-��  1$F
$�� 	F-����
 ���$FF.� ��FF/� ��FF��� 	FF-�	��  %�	FF�� 13FF#^,c  %[FF���� �� �FF�.�� �FF�� �FF0/� �FF��9 �FF�� 1FFP�2� KFF��. �	FF���� 0FF�$

�0�$���� ���	���� )��	����.  49 Y�+� 4�����$��$���� %&	'��� ���� ���	P�� �?'�� T����� [��� H,a^b  49 !F��� �+F,$
��	P�� �?'�� T���� D�� 13F# 4F� 	F-��  1$F
$�� 	F-����$ ��P��� ��$���� %&	'��� ��  1
� �� � ��F��� 	F-�	��  %�	F��

 ���$.� ��/�Z,b  %�� �F�.�� �F�� �F0/� �F��9 �F�� 1FP�2� KF��. �F�� �	F���� �F�� 1���� 13# 4� Y�+$ 0F�$
�0�$���� ���	���� )��	����.  

 $� 4�	/��� (�	
���� 1��.��� &���  4� 4��� �F��� 1$F
.� �	F��  !F" �F'��#��� 	-��$�W� ���	���� %&	'���
��FF���  ���$FF. 4FF� 7����  �FF��'�� %&	FF'��� 49 �FF�P.��� �FF����� 4FF� !FF�$2� �FF?'�� T���FF� X$�FF�� !FF��H,aH6   1FFL !FF"

  ���$F. �FF�  ��F��� �FF?	��� 7	F�PH,a^c �	FF��  !FF" ��F��� 7��$FF"$ �$F�$ �FF/�/. �F�C� �+FF,$ ��F��� �FF?	�����8� 1FL !FF" 
����� ���� 1$
.� � 4� !�$2� �?'�� T���� X$��� !�����	�$��� �/0��� ��P.��� ����� ���'�� %&	'��� 7���+  	�� :

 !��$. 4� ���	P�� �?'�� T�����H,a^b  ��F��� �F?	��� 7	F�P 1FL !" �F?	��� �F�8� 1FL !F" M�.F
�� �F.�$�� !��$F. �F� 
 ��F��� !FF" ��F��� 7��$FF"$ �$F�$ �F/�/. �FF�C� �+F,$��F��� �FF��� 1$F
.� �	F��   �FF?'�� T���F� X$�F�� !FF���F��	P��  4FF�

����	�$��� �/0��� ��P.��� �����.  
46��)	 �63��	 7�	06 ;��6� 46%� ��6��	 �6��� ��6�� 8�6��� 4� ��$���	 ������5�	 ��	��	 <3	�� �����: 

4���� � ��� 1$���� 7	�	�� D�����G)a (49 ��� ���$F��� !F" D?�$'�� ���/� 1$F
.� �	F��  !F" ���#�F���� ���	F


����� ���� �� T������?' !F�$2� �F��	�$��� �F/0��� �F�P.��� �F�����  �F�$��� 13F#!F������ );H6H/;H66( )6 ( ��F�
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 ����� ���� 1$
.� ����� !" %��#�� 7�$����" D?	F'�� 0�$�� [��	F-  !��$F.H,;cH  DF�� 49 !F��� �+F,$ ��F�

 �FF���� !FF" �FFP��.�� ���	FF���� E���FF���$ !�$FF�$����� �$FF0��� 4FF� ��'�FF�� �FF� �FF?'�� *+FF, T���FF� !FF" ��FF��� �FF��� !FF����

�� $FF
.�1 -��FF� %�FF�#�� 7�$�FF� �"�$FF� 4FF� �U�FF�� !FF���: ); (4��FF'�� �	FF��  0FF�$�� ��� [FF��FF�" D?	FF'�� 0FF�$ K  !��$FF.

;b,^`c K���/4��'�� �?'�� *+, T���� !": )Z (����� ���� �.	�� � [�� 	-�" D?	'�� 0�$�� !��$.H,6H]  4��"

�FFF� �$FFF�$ !FFF��� �+FFF,$FFF�� �FFF� ��FFF��� �FFF��� !FFF���� 4FFF� � $�8� 1FFFP�2� 138�FFF��� ��FFF��� �FFF���� �FFF�$����� �.	FFF���� �

 ���,�ٕ$�,  %�	�� !" 	-�38��� 4��� 4	� !��� �.	���� *+,���	F��  !F" 	-���#�F�� $9 ��F���	� X�F#9 �F��	��� D��FU9

T����� �?'�� *+,.  

تقديرات متوسط فوائض الموارد ا/قتصادية المستخدمة في إنتاج محص
ول بنج
ر الس
كر ف
ي م
زارع  ):٩( جدول
 العينة البحثية

 الفئة الثانية الفئة اGولى الموارد ا/قتصادية
 ٠,٠٠٠ ٠,٢٦٥ )سنه(عدد سنوات الخبرة 
 ٠,٠٠٠ ٣١,٨٦٠ )جنيه(متوسط إيجار الفدان 

 ٠,٠٢٠ ٠,١١٠ )فدان(مساحة بنجر السكر بالمزرعة 
 ٤٤١,٧٠٠ ٣٠٩,٨٤٧ )جنيه(قيمة العمل البشري المستأجر 

 ١٨٨,٤١٠ ٥١,٨٩١ )جنيه(قيمة العمل اTلي 
 ٣,٦٢٦ ١٩,٧٣٦ )جنيه(قيمة التقاوي 

 ١٤,٦٥٠ ٣٠,٥٥٠ )كجم(كمية سماد اليوريا 
 ٢,٠٠٠ ١١,٣٥٠ )كجم(كمية سماد البوتاسيوم 
 ١٤,٦٥٠ ٣٤,٠٥٠ )كجم(كمية سماد الفوسفات 
 ١,٠٠٠ ٥,١٠٠ )كجم(كمية سماد المغنسيوم 
 ١,٠٠٠ ٤,٠٥٠ )كجم(كمية سماد الكالسيوم 
 ٣٤,٢٤٩ ١٦٩,٦٨٧ )جنيه(قيمة اGسمدة العضوية 
 ٠,٨٠٠ ٤,٤٠٠ )كجم(كمية الكبريت الزراعي 
 ٠,٠٢٠ ٠,٠٩٢ )كجم(كمية المبيدات الحشرية 
 ٠,٠٦٠ ٠,٣١٠ )كجم(كمية المبيدات الفطرية 
 ١,٥٠٢ ١,٠٠٠ )كجم(كمية المغذيات الورقية 

��6666�تحلي----ل المنحن----ي المغل----ف للبيان----ات  برن----امج س----تخدامإت وحس----بت م----ن اس----تمارة ا�س----تبيان وبجمع----: 	�

  . (DEA)ا�لكتروني

 1FFP� D?�$FF" 	FF-� �F�$� !FF��� (�FF#2� ���$FF��� DF�� �FF�  �"	FF@�	� �+F,)](  ��W�FF���� X�FF���� 1FF���� �F���

 ��FF��� �FF��� 1$FF
.� !FF" �FF��	���� 7	FF������ &��2 ��3F���D?	FF'�� [FF�� KFF�"  !��$FF.;Zc,HZc KFF���/4��FF'��  �FF�2�

 4FFF��� 4	FF� X�FFF���� 1FF���� �	�?�FFF�� !FF" ��"	FFF@  )��	FF�� �FFF?'�� *+FF, T���FFF� 4FF� 4�FFF������ DFF�� 1FFF�.� !FF��� X+FF��

�F#e !���� E�	� �	��� !" 	-� %�	'��� $9 	-�� &	�8���: )b ( 1$F
.� �F���� !F" ��#�F���� !F�N� 1F���� �F���

 S�. ����� �����F�" D?	F'�� 0F�$�� [��K  !��$F.6^,Hc6 F���K/4��F'�� : $!F" D?	F'�� 0F�$�� [F���  X$	F/��� �F���

 !��$FFF. ��FFF��� �FFF��� 1$FFF
.� �FFF���� !FFF" ���#�FFF����6c,^a^ KFFF���/4��FFF'�� $ :� �	�FFF��� 4FFF� D?	FFF'�� 0FFF�$�� [FFF��
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ABSTRACT: The main objective of the research is studying access to use of 
economic resources available to produce sugar beet crop in Nobaria rgion to 
raise the proportion of efficiency of this crop by measuring the efficiency of 
technical and economic efficiency and estimate the size of the surplus or deficit 
in the resources used in the cultivation of been crop in Nobaria region. 

Descriptive and statistical analysis has been used to achieve the 

objectives of the research. The study depends on the secondary data, which 

collected from local sources during the study period. Aquestionannaire through 

personal interviews was used to collect data from (102) respondents randomly 

selected from branches of Nubaria region. 

It was found from the results of the assessment of the technical efficiency 

using the method of Data Envelope Analysis (DEA) adapter for the production 

of sugar beets in Nubaria region during the (٢٠١١-٢٠١٠) agricultural season this 

crop that farmers can reduce the economic resources of the college and used to 

obtain the same amount of production.  

In light of the results of the research outlined, the research recommends 

the following : 

1- Reconsider agricultural policies followed in order to work on trying to achieve 

economic stability in the production of sugar beet crop in Egypt and that the 

stabilization of the relationship between the prices of the supply crop output 

to factories and the prices of production inputs and organize the transfer of 

the crop from the field to the factory, which achieves a measure of stability in 

quantity produced from sugar. 

2- Support mechanization of agricultural operations and automated services 

and the need to bring agricultural machinery replaces human labor and 

prices that fit farmers to reduce production costs, particularly as it shows that 

                                                           

(1)  Prof of Agr. Econ; Supervision committee; member. 

(2)  Emeritus Prof of Agr. Econ; Supervision committee; member. 
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the cost of human labor absorbs the bulk of the costs of these and more 

problems that growers interviewed sample research . 

3- Support research and extension programs farm as well as the interest in 

studies and research in the areas of improving varieties produced and the 

transfer of technology to reach productivity Alfdanah to levels of global 

production of ground unit to re-tune the resource-farm economic used in the 

production of sugar beet crop to use quantities that achieve the lowest level 

of the cost of production for higher productivity possible.  

4- interest in the cultivation of sugar beet crop on the large scale because the 

efficient use of resources will be higher compared to small scale, and it is 

also clear from the data analysis for this search. 

5- Rationalize capita consumption of sugar annually by changing the kind of food for 

the population and the expansion in the production of natural sweeteners of glucose 

syrup and fructose Hague alternative to sugar factories to meet the needs of candy 

and soda water and pharmaceutical companies of sugar which contributes to raise 

the proportion of self-sufficiency. 
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 المستوى المعنوي معامل ا�رتباط البسيط المتغيرات المستقلة
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 النسبة المئوية التكرار المشك<ت التسلسل

 ٨٨,٦١ ١٠٩ عدم إنعقاد الدروات الخاصة باBنتاج السمكي ١
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 ٦٩,١٠ ٨٥ عدم توفر المواد ا@ولية ٥
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ABSTRACT : This research is aims mainly to identify some of the variables 
associated with the level of knowledge of fish breeders in Gharraf River Basin in 
the Republic of Iraq.  

We used personal interview to collect the research data of all fish farmers 
in floating cages in River Basin Garraf Iraq totaling 123 breeders, has 
represented the results using the following statistical analyies: Percentage, 
Percentage Distribution, Frequency tables, SMA, arithmetic mean and so as to 
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show the contrast between the respondents. It also used to check the veracity 
of the hypotheses research all of the simple correlation coefficient for Pearson 
to study the relations questionnaire, between independent variables and the 
dependent variable, using the computer a program spss (statistical Package for 
the Social Sciences), The research results showed the following: 

First: personal characteristics and socio-economic and psychological 
connectivity fish breeders to respondents  

Ages associated with the percentage of respondents between the ages of 
(25-39) years (48.8%) and (39-53) years (22%) and (53 years and over) about 
(29.2%) of the total fish farmers surveyed. As for the educational level of the 
respondents, it was clear from the results of the respondents that (30.9%) of the 
respondents with a low level of education, and (52%) with average educational 
level , while (17%) of the respondents; with high educationd level of the total 
fish farmers respondents; with regard to the number of family members it was 
clear from the results that (35%) of those with small families, and (57.7%) 
oflarge size those  middel sized families while (7.3%) of those with families big 
Alndjemua of total respondents; with respect to the number of family members 
working in the field of aquaculture study it showed that the number of family 
members working in the aquaculture of the first category percentage (14.6%) 
and the number of family members working in the aquaculture of the second 
category amounted percentage (43.1%), and the number of family members 
working in the aquaculture of the third category amounted to (42.3%) of the total 
respondents, fish farmers, In connection with the expertise of the fish reaching 
the proportion of respondents, ranging from the number of years of experience 
between (1-11 years) (30.1%), and number of years of experience ranging 
between (11-21) years (43.9%), while the range of the number of years of 
experience (21 years and older) (26%) of the total respondents, fish farmers As 
far as annual income from fish production it showed that  those who have a low 
income accounted to (1.6%), while middle income amounted to (76.4%) and 
high income earners accounted to (22%) of the total respondents, with respect 
to capacitive possessory floating fish cages the study showed that the 
percentage of fish farmers possession of respondents who have a small farm 
(56.1%), and medium (25.2%) and high (18.7%) of the total respondents; The 
cage is associated with an average production of fish, the study showed that the 
percentage of educators with low production amounted to (16.3%), while the 
percentage of those with average production (41.5%), while the percentage of 
people with high production (42.3%) of the total fish farmers surveyed; As for 
the sources of information farming and fishing to respondents, the study 
showed that the proportion of people with the level of the sources of low 
reached (13%), and the percentage of people with sources medium was 
(72.3%) while the percentage of people with sources of high (13.8%) of the total 
respondents, and for the direction of the respondents about the percentage of 
aquaculture fish farmers with a negative trend (3.35%) and neutral (71.5%) and 
positive (25.2%) of the respondents. 

Second: the knowledge level of the fish farmers of respondents  

The study showed that the proportion of people with low knowledge level 
was (59.3%) while the percentage of people with cognitive level average 
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(30.1%), and the proportion of people with a high level of (10.6%) of the total 
respondents to the fish farmers. 

Third: Breeders respondents 

The results showed a correlation significant positive correlation between 
the variable cognitive level for fish farmers as the dependent variable and 
between each of: Age of the respondents, educational level, number of family 
members, number of family members working in the aquaculture, experienced 
fish to respondents, the annual income from fish production, capacity of 
possessory of the cages, the average production of the cage, the sources of 
information for the fish farm respondents, the direction of the respondents 
towards aquaculture. 

Fourth: the most important problems facing fish breeders' respondents 
from their point of view 

The study showed the presence of six problems arranged as follows: 
sessions on production of fish (88.61%) of the respondents, to providers soft 
loans to fish farmers mentioned (88.61%) of the respondents providers feed and 
licenses (82.92%) of the respondents, provision of fingerlings licenses and their 
price mentioned (74.79%) of the respondents, provision of raw material 
(69.10%) of the respondents, and red tape mentioned by (43%) of the 
respondents. 
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ABSTRACT : This study aims mainly to identify the  knowledge and attitudes 
of farmers respondents related with the use of compost  as organic fertilizer in 
some villages in Kafr El-dawwar and Abu Homs، from sub-objectives following : 
(1) identifying some characteristics of farmers respondents، (2) identify the 
knowledge of respondents farmers related with the use of compost as organic 
fertilizer، (3) identify the of farmers respondents towards the use of compost as 
organic fertilizer، (4) identify some of agricultural and environmental useful for 
recycling agricultural waste into compost is used in fertilization of The view point 
of respondents farmers. 
A personal interview schedule was used for collecting data from intentional of 
100 farmers from the villages which studied، the statistical analysis method 
used included. Percentages، range، frequency، tables، arithmetic mean and 
person’s simple correction coefficient. 
  

The main findings of this study were : (1) level of knowledge of the 
respondents farmers related with the use of compost as organic fertilizers low 
levels 10% moderate level 44% ،good level 46% . (2) Attitude of respondents 
farmers towards the use of compost as an alternative farmyard manure: positive 
attitudes percentages was 51%، neutral 33% and negative attitudes 16%.(3) 
There is a positive significant relationship، at 0.05 level between general 
knowledge level towards the use of compost as organic fertilizer and following 
variables: compost use duration in fertilizer، respondents farmers education. 
 (4) There is a negative significant relationship، at 0.01 level between attitude of 
respondents farmers towards the use of compost as organic fertilizer and 
following variables: age and farm work duration. (5) There is positive significant 
relationship at 0.05 level between attitude of respondents farmers towards the 
use of compost as organic fertilizer and following variables: compost use 
duration in fertilizer and respondents farmers education. 
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