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ABSTRACT

Amr Mohamed Mounir Farrag: Effect of Low Gamma Irradiation 
Doses on Growth and Productivity of Green  Bean .Unpublished  
M.Sc Thesis, Department of Horticulture, Faculty of Agriculture, Ain 
Shams University, 2011.

The field experiment was conducted within the two successive 
growing seasons of 2007/2008 and 2008/2009 to study the effect of low
gamma irradiation doses (0, 10, 20, 30, 40, 50 and 60Gy) on growth and 
productivity of green bean cv. Bronco with 3 sowing dates 8, 18 and 28th

of October in the first season and 30th of September, 10 and 20th of 
October in the second season.

The results of laboratory determinations showed that gamma 
irradiation doses did not affect the germination percent but slightly 
affected germination rate and electrical conductivity. Concerning field 
experiment, data revealed that green bean plant vegetative growth, i.e.,
plant height, fresh and dry weight, leaf number and leaf area, at 45 days 
after planting (DAP) and shoot number at 30, 45 DAP recorded 
significantly the highest values at the first sowing date in both seasons.  

With respect of gamma irradiation doses, all the previously 
mentioned parameters of plant vegetative growth recorded the highest 
values with 40 Gy at 15, 30, and 45 DAP except number of leaves which 
recorded the highest value with 30Gy at 15, 30 and 45 DAP. Concerning 
shoot number there was no significant difference among several doses at 
30 DAP in the first season but in the second season it was 20 Gy and at 45 
DAP compared with the control.

Also the first sowing date in both seasons gave the highest pod 
length, fresh and dry weight, plant yield, number of pods per plant,
marketable yield per plot and total yield per feddan. Whereas ,the second 
sowing date led to the lowest pod thickness. In addition, 20Gy of gamma 
irradiation doses recorded the highest value of pod length .The 30 Gy
dose showed the highest value of pod fresh and dry weight, plant yield 
and total yield per feddan. In addition ,the 20 and 30 Gy doses led to the 



highest pod number per plant and marketable yield, concerning pod 
thickness there was slight difference only in the second season between 
several doses.

The second sowing date in the first season and the third sowing date 
in the second season positively increased total sugars in leaves, and the 
first sowing date increased the total chlorophyll reading in leaves and
protein in green pods, the second sowing date in first season and the third 
sowing date in second season led to the lowest percentage of fibers in 
green pods and there was no significant difference between the second 
and the third sowing date in the second season. Gamma irradiation at 20
Gy dose recorded the highest values of protein in green pods and 60 Gy
dose increased total sugars and total chlorophyll reading in leaves 
whereas 20,30,40,50 and 60 Gy doses led to the highest percent of fibers
in green pods and the control scored the lowest.
Key words:
Green bean, sowing date, gamma irradiation,growth,productivity.
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1. INTRODUCTION

Snap bean (Phaseolus vulgaris L.) is an important vegetable crop in 
Egypt for local marketing and exportation, dry bean is an important 
protein source .Common bean is grown commercially to produce the 
green pods as well as the dry seeds.

Bean cultivated area for green pod production was 70516* fed. in 
2009 and yielded 341321 tons with an average of 5 ton / fed. and the
exported yield amounted to 28348 ton.

For increasing bean production to meet the increment in human 
population and exportation , increasing yield and quality can be achieved
in winter season during low temperature under low tunnels which is 
expensive. However, it is wise to study the different planting dates to 
supply the market with abundant quantities for a long time .The 
improvement of both quantitative and qualitative traits of bean depends 
on the presence of the planting dates as reported by Amer et al.(2002).

Several studies have indicated that irradiation technique is of prime 
importance in agriculture for improvement not only the productivity of 
crop but also for increasing the nutritive value of food.

Gamma irradiation has been reported to induce favorable and 
remarkable effects on seed germination potential ( Rao,1999;Sinha et 
al.1999;Vinod and Mishra ,1999 ; WangzeNeng et al.,2000 ; Soliman 
and Abd El-Hamid ,2003).The plant growth characteristics and yield 
were reported to be variously affected in consequence of gamma 
irradiation of seeds prior to sowing (Bijit-Bhattacharyya et 
al.,1999;Kumar and Mishra,1999; Kurdali et al.,2000; Soliman and 
Abd El-Hamid ,2003).

It is well known that the modification in plant growth and yield 
imposed by any of the environmental stresses is considered to be a

*Department of Agricultural Statistics, Ministry of Agriculture and Land 
Reclamation,   Egypt 2009.
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reflection of certain alterations in some metabolic events in situe. 
Consequently, it is thought that seed irradiation may affect some of the 
biochemical regulatory mechanisms involved in seed germination and 
plant growth.

Therefore, the aim of this work was to study the effect of low
gamma irradiation doses which have a stimulated effect on growth and 
productivity of green bean under the conditions of open field to reduce
the cost of cultivation under low tunnels in early winter season.



 

 

                             2. REVIEW OF LITERATURE
In order to fulfill the objective of this study, the collected literature will 
be reviewed under the following main headings:
2.1. Effect of gamma irradiation:
2.1.1. Vegetative growth characters.
2.1.2. Pod yield and its components.
2.1.3. Chemical constituents.

2.2. Effect of sowing date:
2.2.1. Vegetative growth characters.
2.2.2. Pod yield and its components.
2.2.3. Chemical constituents.

2.1. Effect of gamma irradiation:
2.1.1. Vegetative growth characters

Badawi (1978) treated seeds of Pisum sativum L.cv.Little Marvel
with eight doses of gamma rays (0-15000 r). It was reported that plant 
height and number of leaves per plant was not affected. 

Shalaby et al. (1983) exposed cloves of Egyptian garlic cultivar 
Balady to different doses of gamma rays (250, 500, 
1000,2000,4000,16000 and 32000 rad). The higher doses of gamma 
radiation (2000 rad or more) had an inhibitory effect on clove 
germination, cloves which were exposed to 2000 rad or more failed to 
continue to maturity. In the M1 generation, the studied doses of gamma 
radiation had a decreasing effect on number of leaves and plant height.

El-Bayoumi (1985) exposed the dry seeds of four soybean cultivars to
gamma rays ranged from 5 to 40 Kr. and found that plant height trait was 
significantly decreased as doses increased .While there was no significant 
effects for radiation on number of branches per plant.

Cameiro et al. (1989) subjected the seeds of two varieties of common 
bean to 0,4,8,12,16 and 20 kr doses of gamma-rays. They revealed that 
the increasing of doses caused decreasing of plant height.



4

Abada(1995) treated the seeds of faba bean with different doses of 
gamma-rays .It was indicated that the low doses of radiation decreased 
the germination percent. 

Kumari and Singh (1996) treated seeds of Pisum sativum,L. with 
different doses of gamma-rays ranged from 5 to 40kr.They noticed that 
seed germination and survival percentages were increased. 

Badr et al. (1997) irradiated seeds of two tomato cultivars
(Lycopersicon esculentum, Mill) with six irradiation doses,i.e,
0,500,1000,2000,3000 and 4000 R. The highest plant was associated with 
dose 1000 R, followed by the dose 2000 R, but the difference between 
them was not significant in the first season .However, such a stimulating 
effect did not follow a regular trend, the average plant height of the plants 
grown from the seeds that were irradiated with the dose 3000 R appeared 
to be approximately similar to that of 500 R treatment .Increasing the 
dose over 3000 R had an opposite effect. The average plant height of 
4000 R was significantly lower than those in the other doses and the 
control in both seasons. Concerning shoot fresh weight, the highest dose 
(4000 R) gave significantly higher value than the control mean. With 
respect to leaf area, the influence of the radiation treatments seemed to 
follow the same above –mentioned trend noticed in case of plant height 
and fresh weight.

Hanna-alla (1997) tested the effect of gamma radiation (50 and 100 
kr.) on some quantitative and qualitative characters of onion. Results 
showed that treatments with gamma-radiation 50 and 100 kr led to 
reduction in seedling height and number of green leaves per seedling.

Mohamed et al. (1998) studied the physiological response of soybean 
“ Glycine max L.,c.v. Clark”  to gamma radiation .Soybean seeds were 
irradiated before planting with gamma rays at 0,10,20 and 40 Gray. The 
plant height was gradually and significantly increased by increasing 
gamma dose from 0 up to 20 Gray, thereafter it was decreased by raising 
the dose up to 40 Gray comparing to control plants. The dry weight of 
plant shoots was significantly increased as a result of gamma rays at 10 
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and 20 Gray, while it was decreased due to the dose of 40 Gray as 
compared with control plants.

Orabi(1998) investigated the effect of gamma irradiation at doses 0, 
10, 20  and 40 Gy and salinity on  germination and growth of cowpea. 
Results showed that the relatively low gamma irradiation doses increased 
plant height, number of leaves , number of branches and dry weight per 
plant .While irradiating with the dose of 40 Gy decreased  these 
characters compared to un -irradiated  control .

Dorgham (1999) studied the effect of low gamma rays 15, 25, 35 and 
45 Gy on growth of lentils (Lens culinaries,Med.) at 30,60 and 90 days 
from sowing. Irradiation doses increased plant height at different plant 
growth stages and the increase was significant at 35 and 45 Gy 
doses.Gamma irradiation gave marked increase in the number of leaves 
and branches per plant at plant growth stage of 90 days from sowing. Dry 
weight was increased at doses of 35 and 45 Gy at growth stage of 90 
days; however no clear differences were obtained among gamma doses at 
the growth stages of 30 and 60 days from sowing.

Hassan et al. (2000) examined the effect of 20, 40, 60 and 80 krad 
gamma irradiation doses on growth of cowpea cv.Cream 7 plants under 
the green house conditions. Irradiation treatments caused decrease in 
shoot fresh weights of the parental population with the increase of gamma
dose and vice versa with M1 and M2 generations.

Stoeva (2000) pointed out that the irradiation of dry bean seeds of 
cultivar Plovdiv10 with 150 and 200Gy inhibit the growth of the young 
bean plants by 23% and 50%, respectively .The decrease of the relation 
leaf area /dry mass was about 25% and was adequate to the decrease of 
the specific leaf area. 

Chaudhri (2002) treated seeds of lentil with doses of 0.1, 0.2, 0.5, 1.0 
and 2.0 KGy. The growth curves of lentil seeds at different doses, where 
the lengths of roots are bigger than shoots in every case. In 1.0 and 2.0 
KGy sets the germination percentages were more or less nil. Higher doses 
inhibit germination .For this reason, only 0.1 to 0.5 KGy doses have been 
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undertaken for the consideration of germination test. Germination 
percentage is showing differences in response to different dose rates. In 
0.5 KGy set the germination percentage is very less compared to control 
and 0.1 KGy sets. It indicates that in higher dose germination percentage 
reduced in addition to root and shoot lengths. In lower dose, i.e. 0.1 KGy,
the germination percentage is not significantly different from control but 
root and shoot lengths are reduced markedly.

In this study, Soliman and Abd-El Hamid (2003) investigated the 
effect of irradiation of dry seeds of kidney bean (Phaseolsus vulgaris
cv.Giza 6) with different dosages (2.5-15.0 K.rad). It was found that the 
shoot length, number of leaves, area of leaves, number of lateral branches, 
fresh and dry weights of kidney bean shoots were significantly increased 
in response to gamma irradiation of the seeds with 2.5 and 5.0 K.rad 
when being compared with the corresponding controls .In addition, all 
preceding growth parameters showed significant reduction due to 
irradiating the seeds with 10.0 and 15.0 k.rad when being compared with 
their respective controls.

Toker et al. (2005) investigated the effects of radiation on the shoot 
length of germinated seedling of irradiated seeds of Cicer species. The 
seeds were irradiated with a 60Co gamma source using 0, 200, 300 and 
400 Gy doses .At 200 Gy minor effects could be observed, but at 400 Gy 
an obvious depression of shoot length was observed.

Beltagi et al. (2006) subjected dry seeds of common bean (Phaseolus 
vulgaris L.cv.Nebraska) to 0,2and 32 kr of gamma rays. Under highest 
dose (32kr) of gamma irradiation the seedling emerged but it did not 
continue growth and   indicated 100% lethality, the low dose (2 kr) 
significantly reduced the shoot length and leaf area.

El –Ghareeb (2006) investigated the effect of gamma irradiation 1kr, 
2kr, 3kr and 4kr on growth characters of pea plants Master B and Lincolin 
cultivars. Results showed that 1kr gave the highest significant values for 
plant height, number of leaves and number of branches per plant, on the 
contrary 4 kr dose gave sever reduction for the same characters 
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Hussein (2006) studied the effect of gamma rays (0-250 Gy) on 
mungbean (Vigna radiate L) .Results showed that the highest dose of 
radiation (250 Gy) caused stunted growth on mungbean seedlings while 
the lower doses (50&100 Gy) stimulated the growth of these seedlings 
significantly.

El-Demerdash (2007) studied the effect of gamma irradiation doses 
100, 150 and 200 Gy on soybean plants. It was found that plant height 
and number of branches per plant were deceased by gamma irradiation.

Ellyfa et al. (2007) irradiated seeds of snap bean (Phaseolus vulgaris)
with 0,300,400,500,600 and 800 Gy doses of gamma irradiation.  They 
found that the lowest dosage of irradiation (300 Gy) reduced the plant 
growth characters compared to the control. In addition, increasing dosage 
of gamma irradiation was accompanied by decrease in height, root length, 
oven-dry weight of shoot and survival of snap bean.

Norfadzrin et al.(2007) studied the effect of gamma ray on  seed 
germination ,plant height ,and dry weight of seedlings derived from 
irradiated seeds of tomato (lycopersicon esculentum) and 
okra(Abelmoschus esculentus) with 300,400,500,600 and 800 Gy .They 
found that germination percentage ,plant height , survival percentage and 
shoot dry weights of tomato and okra decreased with increasing dose of 
gamma ray.

Hameed et al. (2008) irradiated seeds of two varieties of chickpea ( 
Desi 97086 and Kabuli 90395) with 10 doses of gamma rays ranging 
from 100 to 1000 Gy. They found that shoot length was decreased in both 
cvs Desi and Kabuli after all doses of gamma irradiation. Generally shoot 
length of seedling was decreased gradually with increasing dose. 
Maximum decrease in shoot length was observed in both chickpea types 
after irradiation dose of 800 Gy. Seedling fresh weight was decreased in 
Desi as well as Kabuli chickpea as compared with non-irradiated control 
after almost all irradiation doses .Minimum seedling fresh weight was 
observed after 800 Gy dose in cv Kabuli while it was 1000 Gy dose in cv 
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Desi .Seedling dry weight was decreased in cv Kabuli after all irradiation 
doses as compared to non-irradiated (control).

In this investigation, Omar et al. (2008) tested the effect of different 
dosages of gamma irradiation (300,400,500,600 and 800Gy) on 
germination, plant height and shoot dry weight of chili (Capsicum 
annum).They found that the lower doses (300 and 400 Gy) in comparison 
with control (0Gy) did not affect germination regardless of time, but on 
the contrary, the higher doses (500,600 and 800Gy) inhibit seed 
germination. They observed that plant height, survival percentage and 
shoot dry weight decreased with increasing dose of gamma rays. The 800 
Gy gamma ray dose had a profound effect on these variables perhaps due 
to injury the higher doses may have caused to the seeds of chili.

Shah et al.(2008) studied the effect of gamma irradiation doses 
100,200,300,400,500,600,700,800,900,1000,1100 and 1200 Gy in M1 
generation in 4 chickpea genotypes (Pb 2000,C44 , Pb-1 , and desi x 
kabuli introgressin line CH 40 /91). Germination showed highly 
significant negative correlation with gamma rays. The result was obtained 
by plotting the reduction percentage of germination due to radiation .It 
was clear that all the four genotypes showed negligible effect of lower 
doses of gamma irradiation .The desi genotype C44 gave maximum and 
desi x kabuli introgression line CH 40 / 91 showed minimum effect on the 
germination percentage. The germination percentage decreased gradually 
with increasing doses from 400-1200 Gy in Pb2000, from 700-1200 Gy in 
C44, from 300-1200 Gy in Pb-1 and Ch40 / 91. The shoot length in C44 
and Pb 2000 stimulating effect was observed at 100 Gy while in Pb-1 and 
Ch40/91 this effect was not seen.

Girija and Dhanavel (2009) tested the effect of gamma irradiation on 
cowpea(Vigna unguiculata L.Walp) at 15,20,25,30 and 35 KR .They  
found that the germination percentage of cowpea decreased with the 
increase  in the dose concentration and it was estimated that using 50% 
reduction in seed germination was observed at 25KR dose .
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Abdul Majeed et al. (2010) conducted an experiment to study the 
effect of gamma rays on number of branches and leaves per plant ,and 
fresh and dry weight of lepidium sativum L .Dry seeds were irradiated 
with 20,30,40,50,60,70 and 80  krad (kr) by a60Co.Results showed that 
gamma irradiation significantly affected all the above mentioned  
parameters except germination percentage .Mean germination time 
(MGT) was significantly affected and delayed at higher doses of gamma 
rays .However ,increasing doses of gamma rays did not have significant 
effects on seed germination percentage .The growth parameters showed 
declining tendency with increasing doses of gamma irradiation.  

Hamideldin (2010) irradiated seeds of two cultivars of tomato 
(Lycopersicon esculentun Mill) Marm and Nima with 0, 20 and 40 Gy.
There were no significant variations in germination percentage in cultivar 
Marm, but irradiation by 40 Gy decreased it significantly in cultivar 
Nima. The dose 20 Gy gave the highest increase with significant variation 
in shoot length , number of leaves and fresh weight in cultivar Marm, in 
cultivar Nima ,significant changes were found in shoot length , number of 
leaves , leaf area and fresh weight.  

Hegazi and Hamideldin (2010) studied the effect of different doses of 
gamma irradiation (300,400 and 500Gray) on growth of two okra 
varieties. Results showed that 400 Gy gave the highest number of
branches per plant, leaf area and fresh and dry weight per plant followed 
by 300, then 500Gy.
2.1.2. Pod yield and its components

Shalaby et al. (1983) exposed cloves of Egyptian garlic cultivar 
Balady to different doses of gamma rays (250, 500, 1000, 
2000,4000,16000 and 32000 rad).In the M1 generation ,the studied doses 
of gamma radiation had a decreasing effect on bulb weight, clove weight 
and total yield.

El-Bayoumi (1985) exposed the dry seeds of four soybean cultivars to 
gamma rays ranged from 5 to 40 Kr. The results indicated that there were 
no significant effects of radiation on number of pods per plant.
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Cameiro et al. (1989) treated the seeds of two varieties of common 
bean with 0,4,8,12,16 and 20 kr, doses of gamma-rays. They revealed that 
the increasing of doses caused decreasing of number of pods per plant and 
yield traits.

Wiendl et al. (1995) irradiated seeds of two varieties of onion (Super 
x and Granex-33) with 150, 400 and 700Gy .They found that the most 
promising dose to the variety Super x was 150 Gy yielding an 24.9 
percent heavier weight of onions than the control .The second variety 
Granex-33 did not respond so favourable to irradiation but the total yield 
was 2.1 percent heavier than the control with 700 Gy dose.

Badr et al. (1997) irradiated seeds of two tomato cultivars
(Lycopersicon esculentum, Mill) with six irradiation doses 
(0,500,1000,2000,3000 and 4000 R). Radiation treatments induced 
stimulating effect , especially when the 1000 R dose was used. On the 
contrary, raising the radiation dose over 3000 R resulted in reducing total 
yield. Concerning fruit weight,none of the applied radiation treatments 
had any effect on fruit weight. The general effect of radiation doses on 
fruit number followed almost the same trend noticed in the case of total 
yield.

Hanna-alla (1997) tested the effect of gamma radiation (50 and 100 
kr.) on some quantitative and qualitative characters of onion. Results 
showed that treatments with gamma radiation 50 kr and 100 kr led to a 
reduction in marketable bulb, average bulb weight and total yield weight. 

Dorgham (1999) studied the effect of low gamma rays ( 15, 25, 35 
and 45 Gy) on growth of lentils (Lens culinaries,Med.).Number of pods 
per plant was increased by 35 and 45 Gy , weight of pods per plant was 
increased by 25 Gy.  Seed yield scored the highest values by 45 Gy dose.

Dry seeds of four pea varieties were treated with gamma rays (0, 5, 10 
and 15 Kr) by Amen et al.(2002) .They found that  the dose of 5 Kr  
increased the mean square values for number and weight of pods per 
plant.On the other hand ,the increasing of dose level gave the lowest 
mean square values for most studied characters.
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In their study, Soliman and Abd-El Hamid (2003) investigated the 
irradiation of dry seeds of kidney bean (Phaseolus vulgaris cv.Giza 6) 
with different dosages (2.5-15.0 K.rad). It was found that the number of 
pods per plant was significantly increased by 147.3% and 133.6% of the 
corresponding control by irradiation with 2.5 and 5.0 k.rad, respectively. 
Moreover, the fresh and dry weights of pods per plant showed similar 
response to the aforementioned yield attributes. Seeds irradiated with 10.0 
and 15.0 K.rad showed high significant reductions in yield components, it 
was markedly higher using the highest when 15.0 K.rad dose was applied.  

Beltagi et al. (2006) subjected dry seeds of common bean (Phaseolus 
vulgaris L.cv.Nebraska) to 0,2and 32 kr of gamma rays. The low dose (2 
kr) significantly reduced pod fresh weight.

El –Ghareeb (2006) investigated the effect of gamma irradiation (1, 2, 
3 and 4kr) on yield and its components of pea plants Master B and 
Lincolin cultivars. The 1kr dose gave the highest significant values of 
number of pods per plant and yield of green pods per plant, while 4 kr 
dose recorded notable depression.

Aladjadjiyan (2007) subjecting potato tubers to 3, 5, 7 and 10 Gy.It 
was found that the yield increased by 7-23%.

El-Demerdash (2007) studied the effect of gamma irradiation doses 
(100, 150 and 200 Gy) on soybean plants. It was found that the mean 
values of number of pods and pod weight were deceased as gamma ray 
doses increased with significant differences for the dose 200 Gy.

Hegazi and Hamideldin (2010) studied the effect of different doses of 
gamma irradiation (300,400 and 500Gray) on yield of two okra varieties 
.Results showed that 400 Gy gave the highest number  of pods per plant .
2.1.3. Chemical constituents

Orabi (1998) investigated the effect of gamma irradiation at doses of 
0, 10, 20 and 40 Gy and salinity on photosynthetic pigments and total 
sugar contents in leaves of cowpea plant. The results indicated that 10 and 
20Gy significantly increased chlorophyll a,b and a plus b as well as total 
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sugar contents of leaves ,while the highest dose(40Gy) decreased it 
compared with the unirradiated control.  

Stoeva (2002) examined the effect of gamma irradiation on pea plants. 
Three independent series of laboratory experiments with thirty-day-old 
peas plants, were carried out in a climatic box, in which seeds were 
irradiated with 80 and 100 Gy. As a result of the gamma irradiation effect, 
the chlorophyll content in the leaves of pea plants showed significant 
changes.Chlorophyll a decreased by 39 and 44 % against the control. The 
changes in chlorophyll b and total carotenoids were between 20 and 59 % 
in negative aspects.

Soliman and Abd-El Hamid (2003) investigated the effect of 
irradiation of dry seeds of kidney bean(Phaseolsus vulgaris cv.Giza 6) 
with different dosages (2.5-15.0 K.rad). It was found that total sugars 
accumulated with all doses applied.

El–Ghareeb (2006) investigated the effect of gamma irradiation (1, 2, 
3 and 4kr) on seed protein of pea Master B and Lincoln cultivars .Results 
showed that the lowest dose (1kr) of gamma rays increased seed protein 
content for cvs Master B and Lincoln.

Hussein (2006) studied the effect of gamma rays (0-250 Gy) on 
mungbean (Vigna radiate L) .Results showed that 50-100 Gy doses
increased total chlorophyll whereas the highest dose of gamma irradiation 
(250 Gy) decreased total chlorophyll.

Girija and Dhanavel (2009) tested the effect of gamma irradiation on 
cowpea (Vigna unguiculata L.Walp) at 15,20,25,30 and 35 KR .They 
found that the minimum chlorophyll was observed at 30 KR of gamma 
rays.

Hegazi and Hamideldin (2010) studied the effect of different doses of 
gamma irradiation (300,400 and 500Gray) on total chlorophyll of two 
okra varieties and found that 400 Gy gave the best results.
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2.2. Effect of sowing date:
2.2.1. Vegetative growth characters:

El –Murabaa et al. (1987) investigated the effect of planting date 
October 25 and November 25 in the first season and an additive sowing 
date September 25 in the second and third sowing seasons in Assiut on 
faba bean growth. Plant height was suppressed by the delay in planting 
until November 25.No significant difference was observed between 
planting of September 25 and October 25, number of primary branches 
per plant was depressed by the delay in planting beyond October 25 in all 
seasons. However, the earliest planting of the third season showed a 
significant but small increase in number of branches, as compared to the
intermediate planting date.

Khalil (1990) studied the response of pea to sowing dates .It was 
found that intermediate planting date (October 1) gave higher values of
plant growth than earlier (September15) or later planting date 
(October15).

Ali et al. (1994) studied the effect of planting date on pea plants in
Assiut .Dates of planting were October 15, November 15 and December 
15.It was found that intermediate planting (November 15 ) improved plant
stand percentage and gave the tallest plants.

Singer et al. (1996), in Maryout, Alexandria governorate examined the 
response of three snap bean cultivars to planting dates. It was pointed out 
that the third sowing date (29th of February) showed the highest plant 
height , number of leaves , fresh and dry weight percentage of snap bean 
compared with other dates (9th ,19th of February).

Sreelatha et al. (1997) studied the effect of three sowing dates (1, 16 
November and 1December) on two varieties of French bean. They found 
that the leaf area index decreased with the delay in sowing date.

In Mansoura, Egypt, El-Gamiely et al. (1998) found that November 15 
sowing date significantly increased plant height, plant fresh and dry 
weight, number of leaves per plant and leaf area of pea plants as
compared to October 15 and December 15sowing dates.
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Saini and Negi (1998) examined the effect of sowing date on growth 
of French bean during winter months in India .Sowing on 15th of April 
produced the tallest plants with the highest leaf area index and branches 
per plant compared to May sowing.

El-Mansi et al (1999) , in El-Khattar ,Zagazig governorate ,concluded 
that 15th of November was the most favourable sowing date for increasing 
stem length , number of branches per plant , dry weight of different plant 
organs of pea plants ,compared to the mid of each September , October 
and December.

In Alexandria , Rehab (1999) studied the effect of three sowing dates 
(31st of October,15th and 30th of November) and found that plant height, 
number of branches , number of leaves per plant as well as dry weight of 
whole faba bean plant were significantly the highest with early sowing 
(October 3th ).These results were true during the two growing seasons.

In India, Singh (1999) evaluated the effect of sowing dates (5 and 20th

of October , 4 and 19th of November) on growth of French bean .The 4th

of November sowing date led to the tallest plant and the highest leaf
number.

Abd–Alla et al. (2000) showed that the delaying of sowing date from 
Sept.1 to Oct.1 increased plant growth of pea plants.

Dapaah et al. (2000), in New Zealand ,examined the effect of four 
sowing dates (1,15,29th of November and 13th of December) on French 
bean .They found that the mid  to late November increased leaf area .

Shokr (2000) indicated that planting peas on 15th of October increased 
the plant growth. On the other hand, the lowest values of all 
characteristics were obtained when planting was in December. 

Singh and Singh (2000) examined the effect of two dates of sowing 
(15th of October and 30th of October) in India on French Bean. Data 
showed that there was no significant effect on plant height, but the 
number of branches per plant was higher by sowing on October 15.

In Assiut,  Bakheit et al .(2001) conducted a study on the effect of 
three sowing dates (1st and 20th of October and 10th of November) on the 



15

productivity of four faba bean cultivars under two soil types. October 1 
sowing date produced the tallest plants in both locations and the lowest 
number of branches/plant. 

In Sids, Bany sweif , Shaker (2001) studied the effect of three sowing 
dates (1st, 15th and 30th of September) on the growth of two bean cultivars 
( Narina and Bronco). Plant height, branch number per plant and dry 
weight were increased in the first and the second sowing dates compared 
with the third. However, the highest values of plant growth characters 
were obtained from plants planted on the 15th of September. Number of 
branches per plant was not affected by sowing date. 

Amer et al.(2002) examined the effect of four sowing dates started on 
8thof November with 30 days intervals on snap bean plant growth in 
Shark El-Owainat ,Egypt. The results showed that  planting on 8th of 
December (under low tunnels) led to highly significant increase in plant 
height, number of leaves and branches / plant as well as dry weight of 
leaves and branches compared with 8th of November and 8thof February 
and no significant differences were noticed in all growth aspects between 
the 2nd and 3rd sowing date. 

Popov and Martynov (2002) studied the effect of two sowing dates 
(May 25 and June 3) in Russia. They found that the later date (June 3)
was accompanied by a significant decrease in the area of leaf surface.

Tolba et al (2002), in Egypt ,tested the effect of three sowing dates 
started on 10th of May with 20day intervals. Sowing on 30th of May led to 
highly significant increase in plant height, number of leaves and dry 
weight per plant.

Amer (2004), in Egypt, noted that the vegetative growth of snap bean 
plants was clearly affected by sowing dates and the highest values of dry 
weight per plant  were recorded by sowing on 10th of October and 7th of 
February compared to those of November ,December and January.

Helal (2006a) showed that sowing snap bean on 1st of February
significantly increased plant height, branch number and dry weight of 
plant compared to those sown in September and April. 
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El-Desuki (2006), in Egypt ,studied the response of some sugar pea
cultivars to various sowing dates (October10 , 25 ; November10 ,25 ;
December10 ) on plant growth. It was found that planting on 
November10 followed by November 25 led to highly significant increases 
in plant length and number of leaves per plant. The lowest vegetative 
growth was recorded by planting on October10 followed by October
25.Dry weight of plant was significantly higher on November10 and 25 
and the lower values of dry weight of plant were recorded on October 10
sowing date.       

Mansour (2006) showed that sowing peas on 15th of October gave the 
maximum values of plant growth as compared to other sowing date 
treatments (15th of September and 15th of November).

Dawa et al.(2008) studied the effect of three sowing dates (20th of 
September,10th of October and 1st of November) on two pea cultivars 
(Victory Freezer and Lincoln).Sowing pea plants on 10th of October gave 
the highest value of plant height, number of branches and leaves per plant 
as well as their dry weight. 

Begum et al.(2009) ,in Bangladesh, tested the effect of sowing dates 
(1 November,11 November,1 December) on growth of French bean .They 
found that the highest plant height, number of leaves and dry matter 
content of plant at 45 days after sowing were obtained from the first of 
November sowing date.

In Egypt, Ewas (2010), on snap bean, found that the third date 15th of 
February) gave the highest plant height, fresh weight per plant and leaf 
area compared with the 15 and 30th of January  but the 15th of January 
was the best in number of leaves per plant.
2.2.2. Pod yield and its components

In Assiut, El –Murabaa et al.(1987) investigated the effect of the 
planting dates October 25 and November 25 in the first season, and third 
sowing date (September 25) was added in the second and third seasons.
The delay in planting until November 25 significantly decreased green 
pod length of faba bean and the green pod width was not significantly 
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affected in all seasons. The intermediate planting date (October 25) gave 
the highest total fresh weight and total yield of dry seeds. However, the 
earliest planting date (September 25) surpassed the latest one (November 
25) in second season, but both plantings gave equal seed yields. 

Badawy et al. (1992), in Egypt, examined the effect of four planting 
dates (March 15, April 15, May 15 and June 15) on soybean. The results 
indicated that the highest total yield was at the first and second planting 
dates.

Ali et al. (1994) studied the effect of planting date on pea plants in
Assiut. The heaviest fresh pod weight, number, weight of fresh pods per 
plant, total fresh and dry yield were increased in November 15 compared 
with early and late planting dats.

Farrag (1995), in Egypt, tested the effect of planting dates (March 15, 
May 1 and June 15) on mung bean production. It was reported that May 1 
planting gave a significant increase in total seed yield and number of pods 
per plant, compared to other sowing dates.  

Das et al (1996), in Bengal, studied the effect of sowing dates (31th of
October, 15 and 30th of November) on French bean. The optimum sowing 
dates were 15 and 30th of November.

Bisgonin et al. (1997) studied the effect of sowing dates (mid-
November, mid-December or mid-January) on Phaseolus vulgaris.  It was 
reported that the delay in sowing significantly reduced number of 
pods/plant and seed yield. In other words, the early sowing in November 
was the best compared to December and January.

Singh (1997) tested the response of French bean to sowing dates (31th

of October,10 or 20th of November) .It was found that delaying sowing 
decreased seed yield. 

Nagashie (1997) on snap bean found that the early sowing date  in the 
last week of January increased  the number of pods compared to sowing 
in the third week of February.

In China, ZhuJun (1997) studied the effect of sowing dates (3 March 
or from 20 July to 9 August at 5day intervals) on two varieties of dwarf 
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bean Phaseolus vulgaris cv.SG259 and Provider .Seed yield was highest 
with sowing on 20 or 30 July in cv SG259 and with sowing on 3 March or 
23 July for cv Provider.

Mishra et al. (1998) indicated that optimum sowing date for the 
period between 12th of October and 23th of November was 9th of 
November which gave the highest yield of green pod of Phaseolus 
vulgaris cv.Akra Komal.  

Saini and Negi (1998) examined the effect of sowing date on yield of 
French bean during winter months in India .Pod number per plant on 15 
April sowing being at par with that of 30 April sowing and were 
significantly superior to 15and 30 May sowings.

El-Mansi et al. (1999) , in Egypt, on pea concluded that 15th of 
October gave the greatest values of pod weight, number of pods per plant 
and total yield per feddan compared to 15th of each of September, 
November and December.

Rehab (1999) investigated the effect of three sowing dates (31st of 
October , 15 and 30th of November) on yield of faba bean .It was found 
that the highest number of pods and seed yield were obtained from the 
early sowing date (October 31). 

Singh (1999) evaluated the effect of sowing dates (5 and 20th of
October and 4 and 19th of November) on yield of French bean .The 4th of 
November led to the highest number of pods per plant , pod weight per 
plant and green pod yield.

Singh and Singh (2000), in India, tested the effect of two dates of 
sowing (15th and 30th of October) on French bean. They found that the 
crop sown on October 30 had higher values of total pod yield. But yield 
per plant was not affected by sowing date. 

Bakheit et al .(2001) conducted a study on the effect of three sowing 
dates (1st and 20th of October and 10th of November) on the productivity 
of four faba bean cultivars under two soil types. The October 20 produced 
the highest values of pods/plant and seed yield per fed.
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In Sids, Bany Sweif , Shaker (2001) studied the effect of three sowing 
dates (1st, 15th and 30th of September) on the pod characters of two
common bean cvs. Narina and Bronco. Sowing date of the 15th of 
September significantly increased length, diameter, weight of pods of cv 
Narina, while sowing date on the 1st and 15th of September increased the 
same characters of cv Bronco compared to the third sowing date.The Sept 
15th sowing date significantly increased seed yield of cv Narina compared 
with other dates , whereas sowing dates of 1st and 15th of September 
significantly increased the same seed yield of cv. Bronco.

Amer et al.(2002), on snap bean , examined the effect of four sowing 
dates started on 8th of November with 30day intervals .The results showed
that  planting on 8th of December (under low tunnels) led to a highly 
significant increase in number and weight of pods / plant and total yield .     

Tolba et al. (2002), in Egypt, investigated the effect of three sowing 
dates started on 10 May with 20 day intervals on cow pea cv.cream 7. It
was reported that 30th of May led to highly significant increase in number 
of pods per plant and green seed yield.

Amer (2004) noted that the best values of snap bean green pod yield 
were obtained by sowing date of February.7 followed by October 10 and 
November 22, under Shark EL-Owinat, Egypt.

El-Desuki (2006) studied the response of some sugar pea cultivars to 
various sowing dates (October 10 and 25 , November 10 and 25,
December 10) on yield and its components .It was found that the total pod 
yield and its components were significantly increased by planting on
November 10 sowing date followed by October 25 but the lowest values 
of yield were recorded with December 10 .As for pod quality, pod length 
and width were not significantly affected by sowing date. Pod thickness 
was the highest on November 25 followed by November 10, October 10 
and October 25 but the lowest values were recorded with December10. 
The highest average of pod weight was obtained by planting on December
10 followed by sowing on October10, November 25 and November10 but 
the lowest value was recorded with the October 25 sowing date.



20

Reddy et al.(2007) showed that mung bean was the best adapted to 
sowing early on 16th of January since it produced the maximum seed yield 
compared to sowing in February and March.

Kumar et al.(2007) studied the effect of sowing dates (20th of 
February,12th of March and 1st of April) on mung bean yield .They 
reported that grain yield was significantly higher under March sowing 
than February and April, in Bangladesh.

Moiruzzaman et al.(2007) studied the effect of different sowing 
dates (1st of November to 20th of December at 10-day intervals) on French 
bean .They pointed out that sowing on 10th of November gave the highest 
pod yield.  

Dawa et al. (2008) studied the effect of three sowing dates (20th of 
Sepember, 10th of October and 1st of November) on two pea cultivars 
.Sowing pea plants on 10th of October recorded the highest value of green
pod yield.  

Ramirez et al (2008), in Mexico, examined the effect of five sowing 
dates (May 2, May 17, June 1, June 16 and July 1) on snap bean. They 
found that the highest yield was obtained by sowing on May 2 and the 
lowest by that sown on July.

Ewas (2010) found on snap bean that pod length and weight were 
significantly increased on 15th and 30th of January sowing dates. But 
sowing on 15th of February increased pod thickness and total yield.  
2.2.3. Chemical constituents   

In Assiut , El –Murabaa et al.(1987) investigated the effect of the 
planting date October 25 and November 25 in the first season and the
sowing date September 25 was added in the second and third seasons. The 
earliest planting (September 25) reduced protein percent in dry seeds as 
compared to the later planting dates.

Singh and Abidi (1995) tested the effect of three sowing dates( 31th

of October, 10 or 20th of  November) on quality parameters of Phaseolus 
vulgairs .They found that protein content was the highest with early 
sowing  (31 October). 
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Singer et al.(1996) pointed that the values of protein  and nitrogen of 
pods were significantly the highest by the third sowing date (29th of 
February) compared to the first and second dates whereas  fiber content 
was not affected by planting dates, under Alexandria governorate 
conditions.

In Egypt El-Gamiely et al.(1998) found that November 15 sowing 
date gave the highest content in the leaves of chlorophyll a,b and total 
compared to 15th of both October and December.

El-Mansi et al. (1999) ,in Egypt, concluded that 15th of December 
gave the highest value of total chlorophyll a,b and total in leaf of pea 
plants compared to those of September, October and November sowing 
dates.

Rehab (1999) found that N content of faba bean pods was the highest 
in plants grown during the early planting (31th of October) compared to 
the other sowing dates (November).

Helal (2006b) mentioned that under cold tolerance the cv.Paulista   
contained significantly the highest total protein content in seeds compared 
to the other tested cultivars.

Ramirez et al. (2008) ,in Mexico ,examined the effect of five sowing 
dates (May 2, May 17, June 1, June 16 and July 1) on snap bean. They 
found that the highest percentage of fiber and protein were obtained by 
sowing on 2 May.

Ewas (2010) found on snap bean that the protein showed significant 
increase on 30th of January and 15th of February compared to 15th of 
January.



 

 

3. MATERIAL AND METHODS

         The field experiment was carried out during the two successive 
seasons of 2007/2008 and 2008/2009 under open field conditions in the 
loamy soil of El Kanatter,Qalubia governorate, in order to investigate the 
effect of gamma irradiation and sowing dates on vegetative growth and 
productivity of green bean. The chemical analysis of the experimental soil 
is presented in Table (1)
Table (1): Chemical analysis of the experimental soil of El Kanatter,
Qalubia governorate during 2007/2008 and 2008/2009 seasons. *.

Soil properties
Experimental  year

2007 2008

Ec(mmhos/cm at 250C)
pH

Mg++(meqL-1)
Ca++(meqL-1)
Na+(meqL-1)
K+(meqL-1)
Cl-(meqL-1)

HC0-
3(meqL-1)

SO4
--(meqL-1)

0.43
8.70
2.13
0.98
1.49
0.49
1.34
1.20
1.37

0.41
8.35
1.06
0.66
1.45
0.39
0.89
1.40
1.61

OM% 0.50 0.56
* Soil chemical analysis is carried out through Soils, Water and 

Environment Research Institute, Agric. Res. Center, Giza, Egypt 

according to Jackson (1973) and Page et al. (1982). 
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3.1. The experimental design and treatments

Seeds of green bean (Phaseoulus vulgaris. L)  cv Bronco were 
irradiated with 0, 10, 20,30,40,50 and 60Gy of gamma rays at the dose 
rate of 0.85478 rad/sec and 0.83522 rad /sec in the first and second 
seasons, respectively. Irradiation process was conducted at the National 
Center for Research and Radiation Technology (NCRRT), Nasr City, 
Cairo, Egypt.    

Irradiated seeds of green bean were sown on 8, 18 and 28th of October 
of 2007and on 30th of September, 10 and 20th of October of 2008. The 
average minimum and maximum temperatures during the growing 
seasons are presented in Table (2).The area of the experimental plot was 
5.4m2 consisted of 3 rows, each row was 3m length and 0.6m width, and 
the plant distance was 5cm apart on the top of row.
Table (2): Average minimum and maximum temperatures (Co) in 
Qalubia during autumn and winter seasons of 2007/2008 and 2008/2009. 

2007/2008 2008/2009
Max temp. Min temp. Max temp. Min temp.

Month
September 30.91 18.74 32.21 17.94

October 29.27 18.22 27.80 17.50
November 25.50 15.83 25.93 16.09
December 20.82 12.28 22.23 12.83

January 18.44 9.57 21.50 11.18
*Central laboratory for agri-climate,Dokki,Giza,Egypt.
This experiment was laid out in a split plot design with four replicates. 
The sowing dates were assigned in the main plots, whereas gamma 
irradiation doses were distributed in the sub plots.
Agricultural practices:

Calcium super-phosphate (15%P2O5) at 300Kg/fed, was added on 
rows at one time during the soil preparation .Ammonia sulphate 
(20.5%N) at 250Kg/fed was applied as soil application in two portions, 
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the first was done after two weeks from sowing and the second one was 
carried out after one month from the first addition .The potassium 
sulphate(48%K2O),was applied at a rate of 100Kg K2O per feddan at two 
times. The first portion took place two weeks after, sowing whereas, the 
second part was added one month later.

Agricultural management, disease and pest control programs were 
followed according to the recommendations of the Egyptian Ministry of 
Agriculture and Land reclamation. Harvesting was carried out for each 
sowing date when pods reached the marketable harvest index (when the 
fruit is bright green, the pod is fleshly and seeds are small and green).

3.1. The laboratory experiment:

3.1.1. Standard germination test:

Laboratory germination test was conducted on irradiated seeds in a 
completely randomized design with four replicates of 100 seeds from 
each treatment. Seeds were evenly distributed in 15 cm Petri dishes on a 
double layer of Whatman NO.1.Filter papers moistened with 5 ml of 
distilled water. Each Petri dish was covered with its lid and placed in an 
incubator at 25±2oC, the paper was kept moist by regular watering. After 
14 days, the count of germinated seeds was recorded, and then the 
percentage of germination was calculated using the following equation
(ISTA, 1987):

Germination % =

3.1.2. Mean germination rate (MGR):

It refers to mean number of days required for germination and (or) 
velocity of germination. Daily germination counts for 14 days were 
performed and seed was considered to be germinated at the first sign of 

Total number of normal germinated seeds
× 100

Total number of seeds
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radical protrusion through the seed coat. Germination rates were 
calculated using the formula suggested by Edwards and 
Sundstrom(1987):

MGR =

Where:

N: number of germinated seeds in a certain day

T: number of days

   3.1.3. Electrical conductivity (EC):
The Ec was used as an indicator of membrane damages, performed 

according to the ISTA protocols (ISTA, 2005) recommended for pea, in 
four replications of 50 seeds, after being weighed and placed into 250 ml 
of deionized water at 210C for 24h.The readings were then taken with a 
digital conduct meter Model LYS le1tfahigkeit-35330 (DR LANGE Co. 
The Netherlands).The electrical conductance was calculated using the 
following equation:
Ec = reading of the target /weight of the seed (g) =Ms.cm-1.g-1.
3.2. Studied characteristics:

3.2.1. Vegetative characteristics:
Plants were chosen at random from four replicates (from the inner 

rows) at 15, 30and 45 days after planting in the first and second seasons.
a. Plant height was recorded from five plants from the cotolydone to 

the apical head of the plant.
b. Branch number was recorded from five plants per treatment.
c. Number of leaves per plant: leaves of five plants were counted and 

the average number of leaves per plants was calculated just after 
appearance of the apical head to ensure an accurate count of total leaf 
number. 

d. Average leaf area: leaf area of the recently full expanded mature 
leaf (the fourth leaf from the plant top )of five plants from each treatment, 

N1T1 + N2T2 +.......  NnTn   
 

N1 + N2 +.......  Nn
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was calculated as a relation between unit area and leaf weight using the 
following equation (Koller, 1972):

Leaf area (cm2) = 

e. Plant fresh weight was recorded from five plants per plot.
f. Plant dry weight was recorded from five plants per treatment .The 

samples were cleaned by washing with tap water then dried in an air-
forced ventilated oven at 70oC for 24 hours to estimate foliage dry weight 
(A.O.A.C, 1995).
3.2.2. Fruit characteristics:   

a. Average number of pods per plant
b. Average weight of pods per plant
c. Pod fresh weight from the each harvest: 10 pods were taken 

randomly and subjected to determine pod fresh weight.
d. Pod dry weight from each harvest: 10 pods were taken randomly 

and subjected to determine pod dry weight.
e. Pod length from each harvest: 10 pods were taken randomly and 

subjected to determine pod length.
f. Pod thickness from each harvest: 10 pods were taken randomly and 

subjected to determine pod thickness.
g. Pod yield: The green pod yield was harvested at the optimum 

marketable stage of pod growth .The yield was weighed at every 
harvesting date to obtain yield per plot and then pod yield per feddan was 
calculated.

h. Marketable yield: pods were subjected to visual scoring operation 
to discard defected and blemished pods .The remained pods were weighed 
to obtain the marketable yield.
3.2.3. Chemical analysis:

a. Leaf chlorophyll reading(SPAD): It was determined using the 
fourth full mature upper leaf of 5 plants in the middle row per treatment.A

Disk area × No. Disks × Leaf FW

Disk FW
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digital chlorophyll meter ,Minolta SPAD-502,(Minolta Company 
,Japan),was used .The SPAD reading were used as relative values for 
chlorophyll content.

b. Total sugars were determined in the dry matter of the fourth 
expanded upper leaf of 5 plants in middle row per treatment; samples 
were measured calorimetrically according to Smith et al. (1956).

c. Pod protein percentage: Pod total N was determined and a factor 
of 6.25 was used for conversion of total N to protein percentage (Kelly 
and Bliss, 1975).

d. Fiber percentage was determined in the dry matter of dried pod 
according to A.O.A.C. (1995).
3.3. Statistical analysis:

Analysis of variance (ANOVA) was used to detect treatment effect 
according to Gomez and Gomez (1984) and Duncan (1965) test was 
used to compare treatment means (P ���������	
�����������������
���
��
was Statistical Analysis System (SAS) Version 9.



 

 

 

4. RESULTS AND DISCUTION 

4.1. The laboratory determinations: 

    Data presented in Table (3) showed that the gamma irradiation 
doses did not affect the germination percentage. This result is in the same 
harmony with that of Hamideldin (2010). However, gamma irradiation 
slightly affected germination rate and electrical conductivity, This result 
agrees with those of Hamideldin (2010) and Eunkyung et al. (1998), 
who reported that the electrical conductivity of the irradiated seeds was 
lower than those of un-irradiated ones. 

Table (3): Effect of gamma irradiation on standard germination test, Mean 
germination rate (MGR) and electrical conductivity (EC) of green bean 
seeds. 

Mean followed by different letters are significantly different at P ≤ 0.05 level 
Duncan’s multiple range test. 
4.2. Plant growth 
   4.2.1. Plant height: 
    Plant height as affected by sowing dates and gamma irradiation is 
presented in Table (4) .The obtained results indicated that there were  
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             Table (4): Effect of gamma irradiation and sowing dates on plant height (cm) of green bean during 2007/2008 and    
2008/2009 seasons.  

                          

              
 

     Gamma irradiation( Gy)               

Sowing   0 10 20 30 40 50 60 Mean 0 10 20 30 40 50 60 Mean 

dates       First season             Second  season       
                              15 days after sowing        

1st date 5.58c-e 5.66c-e 5.99bc 5.24e-g 6.83a 4.97g-i 6.34b 5.80A 3.79d 4.58a 4.41ab 4.20bc 4.56a 3.39fg 3.71de 4.09A 
2nd date 5.50d-f 4.79hi 5.10fgh 5.31e-g 4.71hi 4.31j 5.52d-f 5.03B 3.58d-f 3.45e-g 3.60d-f 3.46e-g 3.86d 4.30bc 3.44e-g 3.65B 
3rd date 4.63ij 5.81cd 4.30kj 4.13k 5.57c-e 3.70l 3.40l 4.50C 2.73h 3.49e-g 3.66d-f 4.15c 3.28g 3.23g 3.47e-g 3.43C 
Mean 5.23BC 5.42B 5.13CD 4.89D 5.70A 4.32E 5.08CD  3.36C 3.84A 3.89A 3.93A 3.86A 3.64B 3.53B  

                               30days after sowing        
1st date 11.80cd 8.87h-j 10.96c-f 11.33c-f 15.69a 8.41h-j 13.24b 11.47A 10.76bc 11.41ab 11.36ab 8.90e 11.22ab 9.74d 8.05f 10.20A 
2nd date 13.25b 10.38e-g 10.30fg 11.67c-e 9.36g-i 8.14ij 12.19bc 10.75B 9.00e 10.12cd 10.00d 10.80bc 11.84a 8.68ef 10.00d 10.06A 
3rd date 9.49g 10.82d-f 10.89c-f 7.82j 9.44g-i 7.79j 8.32h-j 9.22C 5.35h 5.13hi 6.41g 6.20g 4.54i 5.17hi 5.29h 5.44B 
Mean 11.51A 10.02C 10.71BC 10.27C 11.49A 8.11D 11.25AB  8.37C 8.88AB 9.25A 8.63BC 9.20A 7.86D 7.78D  

                                 45 days after sowing        
1st date 15.57c-f 17.28bc 14.86ef 21.02a 21.25a 14.07fg 15.46d-f 17.07A 14.10c-e 14.25c-e 14.24c-e 16.07b 19.41a 16.15b 14.05c-e 15.46A 
2nd date 15.78b-f 16.08b-e 17.37b 13.17gh 16.83b-d 15.75b-f 15.17d-f 15.73B 12.18f-h 15.56bc 13.92de 13.33e-g 13.19e-g 15.52b-d 13.60ef 13.90B 
3rd date 10.72j 11.92h-j 10.94ij 11.55h-j 12.57g-i 11.27ij 12.16h-j 11.59C 11.76gh 11.35h 12.21f-h 13.70ef 11.46h 11.51h 12.21f-h 12.02C 
Mean 14.02BC 15.09B 14.38BC 15.24B 16.88A 13.69C 14.26BC  12.68D 13.71BC 13.45CD 14.36AB 14.68A 14.39AB 13.28CD  

              Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
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significant differences among sowing dates in both seasons. The first 
sowing date scored the highest plant and the third sowing date scored the 
shortest one. These results were true in both seasons. These findings are 
in harmony with those of Shaker (2001) and Amer (2004) on snap bean 
who found that plant height was significantly affected by the different 
sowing dates. 

As for the effect of gamma irradiation, 40 Gy dose produced the 
highest plants in both seasons at all plant ages. This result agrees with 
those of Badr et al. (1997),Dorgham (1999), Soliman and Abd-El 
Hamid(2003)  and Hamideldin (2010) on tomato ,lentil ,snap bean and 
tomato, respectively. 

Regarding the interaction between sowing dates and gamma 
irradiation, 40Gy dose with the first sowing date gave, in general, the 
highest plant in both seasons. 
4.2.2. Number of leaves: 

The influence of sowing dates and gamma irradiation on leaf number 
of green bean plants is presented in Table (5).Plants grown at the first 
sowing date produced the highest number of leaves at all plant ages  
compared to other sowing dates. This result held true in both seasons. 
This result is in the same line with that of Amer (2004). 

The 30 Gy dose increased, generally, the number of leaves at all plant 
ages in both seasons compared to the other studied doses. This result is in 
harmony with that of Soliman and Abd-El Hamid(2003) and 
Hamideldin (2010) on snap bean and tomato, respectively. 

As to the interaction between sowing dates and gamma irradiation, the 
most effective dose, in general, was irradiation with 30 Gy dose with the 
first sowing date at all plant ages .These results were true in both seasons. 
4.2.3. Plant fresh weight: 

Plant fresh weight as influenced by sowing dates and gamma 
irradiation is presented in Table (6) .In both seasons, the highest plant 
fresh weight was recorded at the first sowing date at all plant ages.                            
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       Table (5): Effect of gamma irradiation and sowing dates on plant leaf number of green bean during 2007/2008 and 2008/2009 
       seasons. 

          Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 

       Gamma irradiation (Gy) 
       

Sowing   0 10 20 30 40 50 60 Mean 0 10 20 30 40 50 60 Mean 
dates    First season       Second  season    

                       15 days after sowing        
1st date 3.15a-c 3.15a-c 3.40ab 3.45a 3.10a-c 3.10a-c 3.00a-c 3.19A 4.00a 4.00a 4.00a 4.00a 4.00a 4.00a 4.00a 4.00A 
2nd date 2.95bc 2.90c 2.90c 3.05a-c 2.80c 3.00a-c 2.95bc 2.93B 3.90ab 3.87ab 3.85a-c 4.00a 3.75bc 3.90ab 3.70c 3.85B 
3rd date 2.71c 2.94bc 2.98a-c 2.81c 2.88c 2.75c 3.00a-c 2.86B 3.00d 3.00d 3.00d 3.00d 3.00d 3.00d 3.00d 3.00C 
Mean 2.93A 2.99A 3.09A 3.10A 2.92A 2.95A 2.98A  3.63AB 3.62AB 3.61AB 3.66A 3.58AB 3.63AB 3.56B  

                                30days after sowing        
1st date 7.21bc 7.00bc 6.69bc 9.03a 7.73b 7.25bc 7.08bc 7.42A 13.29c 12.78cd 15.20b 17.00a 17.25a 13.63bc 13.83bc 14.71A 
2nd date 6.10cd 6.10cd 7.00bc 6.98bc 6.63b-d 7.10bc 6.73bc 6.66B 11.40d 12.22cd 12.79cd 11.15de 12.45cd 11.37de 10.20e 11.65B 
3rd date 5.56d 7.22bc 7.00bc 6.08cd 6.94bc 6.85bc 6.91bc 6.65B 5.53fg 5.20fg 6.13f 6.20f 4.20g 5.80fg 6.05f 5.58C 
Mean 6.28B 6.77AB 6.89AB 7.36A 7.09A 7.06A 6.90AB  10.07B 10.06B 11.37A 11.45A 11.30A 10.26B 10.02B  

                               45 days after sowing        
1st date 8.25h-k 13.00b 12.83b 14.15a 11.33d 12.66b 13.55ab 12.25A 17.20c-f 22.13a 20.50b 20.62ab 21.50ab 18.54c 16.87d-f 19.62A 
2nd date 11.50cd 11.00de 11.11de 12.44b 8.11i-k 10.17ef 12.92b 11.03B 15.79f 18.56c 17.03c-f 21.33ab 17.56c-e 16.67ef 18.33cd 17.89B 
3rd date 6.53l 9.33f-h 9.60fg 8.53g-j 8.93g-i 7.60jk 7.33kl 8.26C 8.50h 8.78h 8.89h 12.40g 9.84h 10.13h 8.58h 9.58C 
Mean 8.76D 11.11A 11.18A 11.70A 9.45C 10.14B 11.26A  13.83E 16.48B 15.47CD 18.11A 16.29BC 15.11D 14.59DE  
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             Table (6): Effect of gamma irradiation and sowing dates on plant fresh weight (gm) of green bean during 2007/2008 and 
2008/2009 seasons. 

              Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test 

            
 

  Gamma irradiation (Gy)               
Sowing   0 10 20 30 40 50 60 Mean 0 10 20 30 40 50 60 Mean 

dates    First season       Second  season   
       15 days after sowing        

1st date 1.85fg 2.43cd 2.79ab 2.43cd 2.77a-c 2.60a-d 2.49b-d 2.47A 3.55b 3.32bc 3.31bc 2.68de 4.23a 3.57b 2.66de 3.33A 
2nd date 2.45b-d 2.42cd 2.37d 2.39d 2.32de 2.39d 2.25de 2.37A 2.65de 3.28bc 3.26bc 2.85d 3.20c 2.38e 2.60de 2.88B 
3rd date 1.60g 2.02ef 2.40d 2.50b-d 2.87a 1.88fg 2.01ef 2.18B 1.48f 1.59f 1.68f 1.66f 1.49f 1.52f 1.54f 1.56C 
Mean 1.96E 2.28CD 2.52AB 2.44BC 2.65A 2.28CD 2.24D  2.55CD 2.72BC 2.75B 2.39DE 2.97A 2.49D 2.26E  

       30days after sowing         
1st date 7.35g-j 9.73bc 8.52c-g 10.71b 12.00a 9.07c-e 6.83h-k 9.17A 13.43d 12.96d 14.61c 13.58cd 18.76a 13.28d 13.71cd 14.33A 
2nd date 9.60b-d 7.44g-i 9.04c-e 8.56c-g 7.87e-i 8.24d-h 8.91c-f 8.52B 13.43d 11.14e 16.58b 12.50d 11.31e 12.49d 12.88d 12.90B 
3rd date 5.71k 7.52f-i 6.58i-k 7.64e-i 6.74i-k 5.98jk 8.02e-i 6.88C 4.51g 4.23g 4.75g 4.81g 4.90g 6.26f 4.55g 4.85C 
Mean 7.55B 8.23AB 8.04B 8.97A 8.86A 7.76B 7.91B  10.45B 9.44C 11.97A 10.29B 11.65A 10.67B 10.38B  

       45 days after sowing        
1st date 16.22gh 26.28bc 21.61d 26.80b 29.03a 21.69d 20.28de 23.13A 45.17c 44.47c 52.31b 50.17b 56.21a 37.14e 28.53f 44.85A 
2nd date 15.55gh 24.11c 24.97bc 10.50jk 25.14bc 13.96hi 18.84ef 19.00B 27.94f 38.12e 43.87c 40.94d 45.77c 36.96e 38.37e 38.85B 
3rd date 11.46jk 14.40hi 17.77fg 12.70ij 14.74hi 10.13k 11.24jk 13.20C 13.54ij 12.19j 23.12g 19.16h 13.62ij 15.42i 12.19j 15.60C 
Mean 14.41C 21.59A 21.45A 16.66B 22.97A 15.26BC 16.78B  28.88D 31.59C 39.76A 36.75B 38.53A 29.84D 26.35E  
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Whereas, the lowest values of plant weight were recorded with the 
third planting date. This result was assured by that of Amer (2004) 

Regarding the effect of gamma irradiation, in general, the 40 Gy dose 
scored the highest plant fresh weight in both seasons .This result agrees 
with those of Soliman and Abd-El Hamid (2003) and Hamideldin 
(2010) on snap bean and tomato, respectvely. 

Respecting the interaction between sowing dates and gamma 
irradiation, the first sowing date with 40 Gy was the most effective 
treatment for stimulating the plant fresh weight at all plant ages, in both 
seasons. 
4.2.4. Plant dry weight: 

The effect of sowing dates and gamma irradiation on plant dry weight 
of green bean is presented in Table (7) .The first sowing date scored 
generally the highest plant dry weight of green bean plants at all plant 
ages, in both seasons, and there was no significant difference between the 
first and the second sowing date at 15 DAP in both seasons. This result is 
in accordance with that obtained by Shaker (2001) and Amer (2004). 

Concerning the effect of gamma irradiation, seeds irradiated with 40 
Gy resulted in the highest value of dry weight at all ages of green bean 
plants compared to the other tested doses in both seasons. This result is in 
the same way with Dorgham (1999) and Soliman and Abd-El Hamid 
(2003) on lentil and snap bean,respectvely. 
    The interaction between sowing dates and gamma irradiation showed 
that, in general, the highest dry weight per plant was obtained by sowing 
at the first sowing date with 40 Gy at all plant ages .These results were 
observed during both growing seasons. 
4.2.5. Number of branches: 

The effect of sowing date and gamma irradiation on number of 
branches is shown in Table (8) .The results showed that the plants did not 
form any branches at 15 days after planting (DAP) in both seasons .The
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Table (7): Effect of gamma irradiation and sowing dates on plant dry weight (gm) of green bean during 2007/2008    and 
2008/2009 seasons. 

              Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test.

                       Gamma irradiation( Gy)               

Sowing   0 10 20 30 40 50 60 Mean 0 10 20 30 40 50 60 Mean 

dates    First season       Second  season   
       15 days after sowing        

1st date 0.34ab 0.26e-h 0.25f-h 0.30b-e 0.33a-c 0.26e-h 0.23gh 0.28A 0.34b-d 0.33b-d 0.35b 0.37b 0.42a 0.31cd 0.34b-d 0.35A 
2nd date 0.27d-g 0.28d-f 0.25f-h 0.32a-d 0.35a 0.25f-h 0.22h 0.27A 0.34b-d 0.35b 0.31cd 0.33b-d 0.41a 0.31cd 0.35bc 0.34A 
3rd date 0.25f-h 0.28d-f 0.23gh 0.30c-f 0.29d-f 0.28d-f 0.23gh 0.26A 0.20e 0.22e 0.19e 0.19e 0.19e 0.20e 0.19e 0.19B 
Mean 0.28BC 0.27CD 0.24EF 0.30AB 0.32A 0.26DE 0.22F  0.29B 0.29B 0.28BC 0.29B 0.33A 0.27C 0.29B  

       30days after sowing         
1st date 0.95e-g 1.05d-f 1.15b-e 1.37ab 1.52a 1.12b-f 1.12b-f 1.18A 1.63c-e 1.67c-e 2.10b 1.39f 2.33a 1.69c-e 1.49ef 1.75A 
2nd date 0.88f-h 1.27b-d 1.38ab 1.28a-d 1.32a-c 1.17b-e 1.08c-f 1.19A 1.63c-e 1.69c-e 1.61c-e 1.75c 1.72cd 1.60c-e 1.50d-f 1.64B 
3rd date 0.76gh 0.91e-h 1.23b-d 0.73gh 1.08c-f 0.69h 0.77gh 0.88B 0.59g 0.50gh 0.62g 0.54gh 0.41h 0.71g 0.59gh 0.56C 
Mean 0.86D 1.07C 1.25AB 1.12BC 1.30A 0.99CD 0.99CD  1.28CD 1.28CD 1.44AB 1.22CD 1.48A 1.33BC 1.19D  

       45 days after sowing        
1st date 2.71f 3.81b 2.61fg 3.38cd 4.35a 2.99e 3.32d 3.31A 5.08c 4.77d 4.16e 5.33bc 6.09a 3.68f 3.50f 4.65A 
2nd date 2.20ij 3.80b 3.63bc 1.56l 4.28a 2.52f-h 2.70f 2.95B 4.15e 4.72d 5.52b 4.21e 5.55b 4.09e 3.65f 4.55A 
3rd date 1.69l 2.23ij 2.42g-i 1.99jk 2.27h-j 1.56l 1.80kl 1.99C 1.48i 1.44i 2.42g 1.58hi 1.57hi 1.90h 1.75hi 1.73B 
Mean 2.20E 3.27B 2.88C 2.31E 3.63A 2.35E 2.60D  3.57C 3.64C 4.03B 3.70C 4.40A 3.22D 2.96E  
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                Table (8): Effect of gamma irradiation and sowing dates on plant branch number of green bean during 2007/2008 and 
2008/2009    seasons. 

                    Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
                    (-)  Plants did not form any branches. 
 

 
 

               Gamma irradiation( Gy)               

Sowing   0 10 20 30 40 50 60 Mean 0 10 20 30 40 50 60 Mean 

Dates       First season             Second  season     
      15 days after sowing        

1st date - - - - - - - - - - - - - - - - 
2nd date - - - - - - - - - - - - - - - - 
3rd date - - - - - - - - - - - - - - - - 
Mean - - - - - - - - - - - - - - - - 

      30days after sowing        
1st date 2.00a 2.00a 2.00a 2.00a 2.00a 2.00a 2.00a 2.00A 2.26b 2.40ab 2.56a 2.35b 2.26b 2.20b 1.71d 2.25A 
2nd date 1.00a 1.00a 1.00a 1.00a 1.00a 1.00a 1.00a 1.00B 2.00c 2.00c 2.00c 2.00c 2.00c 2.00c 2.00c 2.00B 
3rd date 1.00a 1.00a 1.00a 1.00a 1.00a 1.00a 1.00a 1.00B 1.00c 1.00c 1.00c 1.00c 1.00c 1.00c 1.00c 1.00C 
Mean 1.33A 1.33A 1.33A 1.33A 1.33A 1.33A 1.33A  1.75AB 1.80AB 1.85A 1.78AB 1.75AB 1.73B 1.57C  

      45 days after sowing        
1st date 2.16fg 2.33c-f 3.00a 2.33c-f 2.33c-f 2.00g 2.33c-f 2.35A 2.13e 2.46b-d 3.06a 2.65b 2.46b-d 2.46b-d 2.33c-e 2.51A 
2nd date 2.36c-f 2.45be 2.62b 2.53bc 2.20e-g 2.26d-f 2.46b-d 2.41A 2.36c-e 2.45b-d 2.46b-d 2.53bc 2.20de 2.26c-e 2.46b-d 2.39B 
3rd date 2.00g 2.00g 2.00g 2.00g 2.00g 2.00g 2.00g 2.00A 1.28g 1.40g 1.50fg 1.73f 2.20de 1.53fg 1.51fg 1.59C 
Mean 2.17BC 2.26B 2.54A 2.28B 2.17BC 2.08C 2.26B  1.92C 2.10B 2.34A 2.30A 2.28A 2.08B 2.10B  
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highest number of branches at 30 DAP was observed for plants grown at 
the first sowing date and there was no significant difference between the 
second and the third sowing dates in first season. At 45 DAP there was no 
significant difference among the three sowing dates in first season. But in 
the second season the first sowing date scored the highest number of 
branches. This result is in accordance with that obtained by Shaker 
(2001) and Amer (2004). 

Concerning gamma irradiation, results showed that plants did not form 
any branches at 15 DAP in both seasons. At 30 DAP there was no 
significant difference among several doses in first season, but in the 
second 20 Gy scored the highest number of branches. At 45 DAP, 20 Gy 
dose scored the highest number of branches in both seasons. This result 
was reported by Soliman and Abd-El Hamid (2003) on snap bean. 

Regarding the effect of interaction between sowing dates and gamma 
irradiation, results indicated that plants did not form any branches at the 
age of 15 DAP. At the age of 30 DAP, data showed that there was no 
significant difference among sowing dates and gamma irradiation in first 
season, but in the second season plants of the first sowing date and 20 Gy 
dose had the highest number of branches .At 45 DAP, sowing at the first 
sowing date and irradiation with 20 Gy dose resulted in the highest 
number of branches in both seasons. 
4.2.6. Leaf area: 

Leaf area as influenced by sowing dates and gamma irradiation is 
presented in Table (9).The highest leaf area was recorded in plants grown 
during the first sowing date in both seasons. This result is in accordance 
with that obtained by Amer (2004).  

Regarding the effect of gamma irradiation, 40 Gy dose scored the 
highest leaf area in both seasons .This results is in the same direction with 
that of Soliman and Abd-El Hamid(2003) on snap bean. 

Respecting the interaction between sowing dates and gamma 
irradiation, the first sowing date with 40 Gy dose was the most effective 
treatment in increasing leaf area in both seasons                       .       
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 Table (9): Effect of gamma irradiation and sowing dates on plant leaf area (cm2) of green bean after 45 days 

after      sowing during 2007/2008 and 2008/2009 seasons. 
                                     

   

  
               Gamma irradiation( Gy) 

  
      

Sowing dates 0 10 20 30 40 50 60 Mean 
         
      First season    

                  
1st date 80.09f 96.15de 139.25b 138.76b 175.47a 74.48f 179.00a 126.17A 

2nd date 78.60f 111.04c 81.93ef 129.37b 101.58cd 78.31f 83.67ef 94.93B 

3rd date 50.50h 49.65hi 56.82gh 60.00gh 68.75fg 55.50gh 35.90i 53.87C 
Mean 69.73D 85.61C 92.67BC 109.37A 115.26A 69.43B 99.52B  

                                 Second season    
1st date 165.93be 217.04a 213.06a 183.12b 212.38a 168.83b-e 174.39b-d 190.68A 
2nd date 154.76e 164.77b-e 211.40a 177.78bc 170.57b-e 162.29c-e 136.75f 168.33B 

3rd date 103.74gh 89.61h 87.05h 116.99g 158.15de 93.89h 93.83h 106.18C 
Mean 141.47D 157.14C 170.50B 159.30C 180.36A 141.47D 134.99D  

              Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range   test. 
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The previously-mentioned results indicated, in general, that the plants 
grown during the first sowing date were the most vigorous (expressed as 
height, leaf number, leaf area, branch number, fresh and dry weight of 
plants), compared to the other investigated sowing dates. Whereas, the 
third sowing resulted in the lowest values of plant growth. This may be 
attributed to the favourable effect of temperature, ( Table 2), humidity and 
light during the growth season. 

Concerning gamma irradiation, the results indicated that the low doses 
(20,30 and 40 Gy) stimulated the plant  growth parameters ,i.e.,  height, 
leaf number, leaf area, branch number, fresh and dry weight of plants. 
The aforementioned changes in these growth parameters of green bean 
plants raised from the seeds irradiated with various low dosages of 
gamma rays prior to sowing during different stages of plant development 
might be ascribed to the concomitant induced changes in the endogenous 
phytohormones of the developed plants like IAA ,GA3 and BA which 
could be induced by the low levels of gamma irradiation (Soliman and 
Abd-El Hamid,2003).                                                                          
4.3. Chemical composition of leaves:  
   4.3.1. Total chlorophyll reading 

The effect of sowing dates and gamma irradiation on total chlorophyll 
is presented in Table (10). Total chlorophyll reading was significantly 
affected by sowing dates; the first sowing date scored the highest 
chlorophyll reading in both seasons .This result may be attributed to the 
favourable effect of weather during the first sowing date compared with 
the second and the third sowing dates. 

With regard to gamma irradiation, chlorophyll was slightly influenced 
by the tested gamma irradiation doses. However, the 60 Gy dose led to 
the highest reading for chlorophyll content in both season. Although, this 
result disagree with that obtained by Orabi (1998) and Hussien (2006). 

                      Concerning the interaction effect between sowing dates and gamma 
irradiation, the highest value for chlorophyll reading was obtained from 
the first sowing date with 60 Gy dose                        .                                       
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                  Table (10): Effect of gamma irradiation and sowing dates on total chlorophyll reading (SPAD) of green bean 
leaves at 45 days from sowing during 2007/2008 and    2008/2009   seasons. 

             

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
             (-) Plants were burned as a result for low temperature. 
 
 
 

 
  

  
  

  
          Gamma irradiation( Gy)     

      

Sowing dates 0 10 20 30 40 50 60 Mean 
     First season    

1st date 36.22b 35.75b 36.47b 41.84a 34.67b-d 36.57b 41.95a 37.64A 
2nd date 31.76cd 31.31d 33.68b-d 33.56b-d 32.76b-d 35.74bc 34.09b-d 33.27B 
3rd date - - - - - - - - 
Mean 33.99B 33.53B 35.08B 37.70A 33.72B 36.16AB 38.02A  

 0 10 20 30 40 50 60 Mean 
    Second season    

1st date 42.27cd 44.12a-c 44.19a-c 43.78a-c 45.78ab 43.40bc 46.45a 44.28A 
2nd date 35.20gh 45.50ab 41.89cd 34.30h 40.73de 39.28ef 38.46ef 39.33B 
3rd date 34.67h 37.37fg 37.78f 34.17h 34.20h 37.69fg 40.55de 36.63C 
Mean 37.38C 42.33A 41.29AB 37.41C 40.24B 40.12B 41.82A  
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4.3.2. Total sugars: 
Total sugars in leaves as affected by sowing dates and gamma 

irradiation is presented in Table (11). The observed data indicated that 
there were significant differences in total sugars in leaves of plants grown 
at the three sowing dates in the first and the second seasons. The second 
sowing date in the first season and the third sowing date in the second 
season caused the highest value of total sugars. This result may be 
attributed to the effect of low temperature which led to the accumulation 
of total sugars as a result of low rate of respiration. This accumulation of 
sugars may be used as a method for facing low temperature stress. 

Regarding the effect of gamma irradiation, the 60 Gy dose scored the 
highest value of total sugars, this result agrees with that of Soliman and 
Abd-El Hamid(2003). This result may be attributed also to the stress 
effect of high doses which led to the accumulation of total sugars. 

The interaction effect of sowing date and gamma irradiation on total 
sugars was significant .The second sowing date combined with 60 Gy 
dose in the first season and the third sowing date with 60 Gy dose in the 
second season resulted in the highest values of total sugars. 
4.4. Yield and its components: 
   4.4.1. Total pod number per plant: 

The influence of sowing dates and gamma irradiation on total pod 
number per plant is presented in Table (12). Data revealed that the first 
sowing date gave the highest pod number per plant in both seasons. This 
result agrees with that of Nagashie (1997). 
   Concerning the tested doses, 20 and 30 Gy doses produced the highest 
pod number per plant in both seasons. This result agrees with that of 
Dorgham (1999) and Soliman and Abd-El Hamid(2003) in lentil and 
snap bean,respectively. 

With regard to the interaction between sowing dates and gamma 
irradiation, the first sowing date with 20 and 30 Gy doses gave the highest 
pod number per plant. 
 



 

 

 

41 

                     

   Table (11): Effect of gamma irradiation and sowing dates on total sugars (mg/g) of green bean leaves  
                 during 2007/2008 and 2008/2009 seasons. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
 
                Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
                (-) Plants were burned as a result for low temperature. 

                  

        Gamma irradiation( Gy) 
        

Sowing  0 10 20 30 40 50 60 Mean 

dates    First season     
1st date 6.97f 10.64e 6.35f 11.59e 11.84e 7.59f 12.14de 9.59B 
2nd date 18.14ab 15.73c 12.47de 16.61bc 18.08ab 13.87d 19.41a 16.33A 
3rd date - - - - - - - - 
Mean 12.55D 13.18CD 9.41F 14.10BC 14.96AB 10.73E 15.77A  

 00  1100  2200  3300  4400  5500  6600  Mean 
           Second season    
1st date 11.41e-h 9.36ij 8.89ij 9.45ij 9.58h-j 9.81g-j 8.99ij 9.64C 
2nd date 12.40ef 11.71e-g 11.39e-h 11.94ef 8.24j 10.58f-i 13.01de 11.32B 
3rd date 17.28b 11.82ef 11.63e-g 14.37cd 16.15bc 14.67cd 19.12a 15.00A 
Mean 13.70A 10.96BC 10.63C 11.92B 11.32BC 11.68BC 13.70A  
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Table (12): Effect of gamma irradiation and sowing dates on total pod number per plant of green bean 

during 2007/2008 and 2008/2009 seasons.                                     

     

  
  Gamma irradiation (Gy) 

  
      

Sowing dates 0 10 20 30 40 50 60 Mean 
    First season    

1st date 8.25e  9.75cd  12.00a  11.00ab  10.25bc  8.75de  10.25bc 10.03A 
2nd date  4.50g  5.00g  6.75f  6.75f  5.00g  4.00gh  3.00h 5.00B 
3rd date - - - - - - - - 

Mean   6.37D  7.37BC  9.37A  8.87A  7.62B  6.37D  6.62CD   
 00  1100  2200  3300  4400  5500  6600  Mean 
    Second season    

1st date 14.00a  14.00a  14.50a  13.50a 14.50a  11.75b  11.25b 13.35A 
2nd date  7.00de  7.00de  7.75cd  7.25c-e  6.25e  8.50c  5.00f 6.96B 
3rd date 1.00g 1.00g 1.00g 1.00g 1.00g 1.00g 1.50g 1.07C 
Mean  7.33A 7.33A 7.75A 7.25A 7.25A 7.08A 5.91B   

 Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
   (-) Plants were burned as a result for low temperature. 
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4.4.2. Plant yield:  
 The effect of sowing dates and gamma irradiation on plant yield of 

green bean is shown in Table (13).The results indicated that the most 
favourable sowing date for plant yield was the first sowing date. 
As for gamma irradiation, the most effective dose for increasing plant 
yield was the 30 Gy dose. This result is in harmony with those of 
Dorgham (1999) and Soliman and Abd-El Hamid(2003).   
   Respecting the interaction, first sowing date with 30 Gy dose led to the 
highest plant yield. 
4.4.3. Total pod yield per feddan: 

The total pod yield per feddan as influenced by sowing dates and 
gamma irradiation is presented in Table (14).The results elucidated that 
the total pod yield per feddan was significantly affected by the sowing 
dates .The first sowing date showed the highest total pod yield per feddan. 
This result is in the same direction with that of Amer (2004).   

With regard to the effect of gamma irradiation, 30 Gy dose led to the 
highest total pod yield per feddan. 

As for the interaction between sowing dates and gamma irradiation, the 
first sowing date with the 30 Gy dose gave the highest value of total pod 
yield per feddan. 
4.4.4. Marketable yield per plant: 

The marketable yield of green pods per plant as influenced by sowing 
dates and gamma irradiation is presented in Table (15).The results 
indicated that sowing dates had a significant effect on marketable yield of 
green pods. The first sowing date significantly increased the marketable 
yield of green pods compared to the second and the third sowing dates in 
both seasons. 

With respect to influence of gamma irradiation, 20 and 30Gy doses 
increased the marketable yield more than the other doses in both seasons. 
   As for the interaction between sowing dates and gamma irradiation, 30
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       Table (13): Effect of gamma irradiation and sowing dates on plant yield (gm) of green bean during 2007/2008 
and 2008/2009 seasons.              

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 

             (-) Plants were burned as a result for low temperatures.

      

  
  Gamma irradiation (Gy) 

        
Sowing  dates 0 10 20 30 40 50 60 Mean 

    First season    
1st date 34.40d  43.71c  77.56b  81.86a  46.78c  30.96e  46.78c 51.72A 
2nd date  6.37g  9.27fg  10.47f  9.79fg  9.48fg  7.90fg  7.22fg 8.64B 
3rd date - - - - - - - - 

Mean   20.39C  26.49B  44.01A  45.82A  28.13B  19.43C  27.00B   
 0 10 20 30 40 50 60 Mean 
   Second season    

1st date 66.33b  62.31c  56.96d 68.56a   61.25c  48.09e  45.18f 58.38A 
2nd date  28.18i  32.03h  27.32i  30.32h  27.01i  35.89g  20.47j 28.74B 
3rd date 5.33k 4.29k 4.81k 5.18k 4.38k 3.31k 3.53k 4.40C 
Mean  33.28B 32.87B 29.69D 34.68A 30.88C 29.09D 23.06E   
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  Table (14): Effect of gamma irradiation and sowing dates on total yield (ton) per feddan of green bean during 

2007/2008 and 2008/2009 seasons. 

      

  
  Gamma irradiation( Gy) 

  
      

Sowing dates 0 10 20 30 40 50 60 Mean 
    First season    

1st date 2.10c 2.10c 2.77b 4.65a 2.80b 1.77d 1.90cd 2.58A 
2nd date 0.36g 0.59f 0.55fg 0.94e 0.54fg 0.47fg 0.40fg 0.55B 
3rd date - - - - - - - - 

Mean  1.23CD 1.34C 1.66B 2.79A 1.67B 1.12D 1.15D   

 00  1100  2200  3300  4400  5500  6600  Mean 
    Second season    

1st date 3.74a 3.64a 3.72a 3.74a 3.67a 2.96b 2.61c 3.44A 
2nd date 1.69e 1.56e 1.82e 1.79e 1.50ef 2.15d 1.23f 1.67B 
3rd date 0.32g 0.24g 0.23g 0.24g 0.26g 0.25g 0.18g 0.24C 

Mean  1.92A 1.81A 1.92A 1.92A 1.81A 1.78A 1.34B   
    Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
    (-) Plants were burned as a result for low temperature. 
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Table (15): Effect of gamma irradiation and sowing dates on marketable yield (gm) per plant of green bean during 
2007/2008 and 2008/2009 seasons.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
 (-) Plants were burned as a result for low temperature. 

      

  
  Gamma irradiation( Gy) 

  
      

Sowing Dates 00  1100  2200  3300  4400  5500  6600  Mean 

      First season    
1st date 16.32c  17.17c  25.55b  29.68a  28.31a  17.88c  29.36a 23.47A 
2nd date  9.02f 14.01d  17.05c  13.65d  10.81ef  11.65e  10.18ef 12.34B 
3rd date - - - - - - - - 

Mean   12.67D  15.59C  21.30A  21.67A 19.56B  14.76C  19.78B   

 00  1100  2200  3300  4400  5500  60 Mean 
    Second season    

1st date 45.80a  46.30a  45.48ab  47.11a  46.33a  43.38b  25.90ef 42.90A 
2nd date  28.03de  28.56d  32.94c  29.35d  25.79e-g  23.54g  23.99fg 27.46B 
3rd date 6.71h 4.67hi 4.73hi 3.48i 5.16hi 4.11i 4.46hi 4.76C 
Mean  26.84AB 26.51AB 27.72A 26.64AB 25.76B 23.68C 18.12D   
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and 40 Gy doses with first sowing date significantly increased marketable 
yield of green pods in both seasons, compared to the other treatments. 
4.4.5. Green pod length: 

Green pod length as influenced by sowing dates and gamma irradiation is 
presented in Table (16) .The results elucidated that the pod length of green 
bean was significantly affected by sowing dates in both season .The first 
sowing date led to the highest pod length .This result agrees with that of 
Shaker (2001) and Amer (2004).  

With regard to the effect of gamma irradiation, the 20 Gy dose showed the 
best results (highest value of pod length) in both seasons.However, no 
significant differences were detected among 10,20 and 40 Gy doses in both 
seasons. 

The interaction between sowing dates and gamma irradiation indicated that 
the highest value of pod length was obtained by sowing at the first sowing 
date and subjecting the seeds to all gamma ray doses. 
4.4.6. Green pod fresh weight: 

The fresh weight of green bean pods as influenced by sowing dates and 
gamma irradiation is presented in Table (17). The results indicated that 
sowing dates had a significant effect on pod fresh weight. The first sowing 
date significantly increased the pod fresh weight compared to the second and 
third sowing dates . 

With respect to the influence of gamma irradiation, 30 Gy significantly 
increased the pod fresh weight more than the others doses. This result agrees 
with that of Soliman and Abd-El Hamid(2003) . 

As for the interaction between sowing dates and gamma irradiation, the first 
sowing date with 30 Gy dose gave the highest pod fresh weight in the two 
seasons. However, no significant differences were observed among 20, 30, 40 
and 50 Gy doses in both seasons. 
4.4.7. Green pod dry weight 

The dry weight of green pods as affected by sowing dates and gamma 
irradiation is presented in Table (18).The results revealed that the first sowing  
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Table (16): Effect of gamma irradiation and sowing dates on pod length (cm) of green bean during 2007/2008 
and   2008/2009 seasons. 

                            

      

  
        Gamma irradiation (Gy) 

        
Sowing dates 0 10 20 30 40 50 60 Mean 

         First season    
1st date 11.88b 12.33ab 12.48a 12.47a 12.28ab 12.34ab 12.21ab 12.28A 
2nd date 10.83cd 11.20c 11.10c 10.99cd 10.97cd 10.46d 11.22c 10.97B 
3rd date - - - - - - - - 
Mean 11.36C 11.76AB 11.79A 11.73A-C 11.62A-C 11.40BC 11.71A-C  

 0 10 20 30 40 50 60 Mean 
        Second season    

1st date 12.98a  12.77ab 13.00a   12.77ab  12.87ab  12.51ab  12.51ab 12.77A 
2nd date  12.56ab  12.60ab  12.72ab  12.40b  12.36b  12.36b  12.41b 12.49B 
3rd date 11.47c 11.05c 11.29c 10.44d 11.41c 10.95c 11.06c 11.09C 
Mean  12.34A 12.14A-C 12.34A 11.87C 12.21AB 11.94BC 11.99BC   

Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
       (-) Plants were burned as a result for low temperature.
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Table (17): Effect of gamma irradiation and sowing dates on pod fresh weight (gm) ofgreen bean during 

2007/2008 and 2008/2009 Seasons. 

      

  
      Gamma irradiation( Gy) 

                                       
Sowing dates 0 10 20 30 40 50 60 Mean 

           First season    
1st date 6.22ab 5.76c 6.49a 6.45a 6.49a 6.53a 5.97bc 6.27A 
2nd date 4.57e 4.82e 4.52e 5.17d 4.55e 4.46e 4.72e 4.68B 
3rd date - - - - - - - - 
Mean 5.39B 5.29B 5.50B 5.81A 5.52B 5.49B 5.34B   

 0 10 20 30 40 50 60 Mean 
          Second season    

1st date 5.75a-c 5.73a-c 5.74a-c 5.93a 5.76a-c 5.62a-d 5.63a-d 5.73A 
2nd date 5.80a-c 5.74a-c 5.60b-d 5.89ab 5.64a-d 5.74a-c 5.34de 5.68A 
3rd date 5.33de 5.09ef 4.98f 5.10ef 5.14ef 4.98f 5.48dc 5.16B 
Mean 5.63A 5.52AB 5.44B 5.64A 5.51AB 5.45B 5.48AB  

  Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test 
  (-) Plants were burned as a result for low temperature. 
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Table (18): Effect of gamma irradiation and sowing dates on pod dry weight (gm) of green bean  during 2007/2008          
and 2008/2009 seasons. 

      

 
Gamma irradiation (Gy) 

        
Sowing dates 0 10 20 30 40 50 60 Mean 

           First season    
1st date 0.43bc 0.45ab 0.46ab 0.48a 0.48ab 0.49a 0.44ab 0.46A 
2nd date  0.36de 0.39cd 0.38d 0.35de 0.35e 0.31e 0.31e 0.35B 
3rd date - - - - - - - - 

Mean  0.39AB 0.42A 0.42A 0.42A 0.41A 0.40AB 0.37AB  
 0 10 20 30 40 50 60 Mean 
       Second season    

1st date 0.62a 0.47c-e 0.52bc 0.62a 0.57ab 0.50b-d 0.47c-e 0.54A 
2nd date  0.40ef 0.41d-f 0.43d-f 0.43d-f 0.43d-f 0.41d-f 0.41d-f 0.42A 
3rd date 0.36f 0.39ef 0.37f 0.41d-f 0.39ef 0.38f 0.36f 0.38C 
Mean  0.46AB 0.42B 0.44B 0.49A 0.46AB 0.43B 0.41B  

 Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test 
 (-) Plants were burned as a result for low temperature. 
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Date, significantly increased the dry weight of green pods compared to the 
second and the third sowing dates. 

Regarding the effect of gamma irradiation, the 30 Gy dose gave 
significantly the highest values of pod dry weight. However, the differences 
were not significant in the first season. This result is in the same way with 
that of Soliman and Abd-El Hamid(2003) 

Concerning the interaction between sowing dates and gamma irradiation, 
the best result was obtained from the interaction between the first sowing 
date and either 30 or 40 Gy doses. 
4.4.8. Green pod thickness: 

The effect of sowing dates and gamma irradiation on green pod thickness 
of green bean is presented in Table (19).The second sowing date gave the 
lowest pod thickness in both seasons and there was no significant difference 
between the second and the third sowing dates  in the second season .Similar 
result was reported by Shaker (2001).  

With regard to the effect of gamma irradiation, slight differences in pod 
thickness values were detected only in the second season. 

Regarding the effect of interaction, subjecting seeds to any gamma ray 
dose with second sowing date in both seasons gave the lowest pod thickness. 
The previously-mentioned results indicated, in general, that the plants grown 
during the first sowing date were the most productive (expressed as pod 
length, pod fresh and dry weight, pod thickness, plant yield, total pod number 
per plant, marketable yield per plot and total yield per feddan).Whereas the 
second sowing date in first season and the third sowing date in the second 
season resulted in the lowest values of plant yield and its components. This 
may be attributed to the favourable effect of temperature (Table 2), humidity 
and light during the growth season,which was reflected on plant growth 
(Tables 4,5,6,7,8 and 9).  

Concerning gamma irradiation, the results indicated that the low doses 
20 and 30 Gy stimulated plant yield and its components (expressed as pod 
length, pod fresh and dry weight, pod thickness, plant yield, total pod number
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              Table (19): Effect of gamma irradiation and sowing dates on pod thickness (mm) of green bean during 

2007/2008      and 2008/2009 seasons. 

   

 
Gamma irradiation (Gy) 

    
Sowing dates 0 10 20 30 40 50 60 Mean 

         First season    
1st date 7.39ab 7.33ab 7.24ab 7.52a 7.31ab 7.40ab 7.18a-c 7.34A 
2nd date 7.12bc 7.12bc 7.18a-c 6.85cd 7.06bc 6.67d 7.05bc 7.01B 
3rd date - - - - - - - - 

Mean 7.25A 7.22A 7.21A 7.18A 7.19A 7.04A 7.11A  
 0 10 20 30 40 50 60 Mean 
   Second season    

1st date 7.53ab 7.40ab 7.55a 7.56a 7.40ab 7.23bc 7.45ab 7.44A 
2nd date 6.80de 6.74de 6.78de 6.95cd 6.84de 6.54de 6.66de 6.77B 
3rd date 6.86de 6.56e 6.76de 6.68de 6.73de 6.71de 6.54e 6.69B 
Mean 7.06A 6.90AB 7.03AB 7.06A 6.99AB 6.86B 6.88AB  

Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
(-) Plants were burned as a result for low temperature. 
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per plant , plot yield , marketable yield and total yield per feddan).These 
results  may be attributed to the stimulated effect of low gamma irradiation 
doses which induced  the endogenous phytohormones of the developed plants 
like IAA ,GA3 and BA (Soliman and Abd-El Hamid, 2003). 
4.5. Chemical composition of pods: 
4.5.1. Protein: 

The effect of sowing dates and gamma irradiation on protein percent is 
presented in Table (20).The results showed that the first sowing date gave the 
highest percent of protein in green pods.  
With respect to influence of gamma irradiation on protein percent in green 
pods, 20 Gy dose gave the highest percent of protein .This result agrees with 
that of Orabi (1998) and Soliman and Abd-El Hamid(2003) and El 
Ghareeb (2006) on cowpea , snap bean and pea, respectively. 

Concerning the interaction effect between sowing dates and gamma 
irradiation, the first sowing date with 20 Gy dose led to the highest percent of 
protein, in pods. 
4.5.2. Fibers: 

The fiber percent of green bean pods as influenced by sowing dates and 
gamma irradiation is presented in Table (21). The obtained result indicated 
that the pods obtained from the first sowing date had the highest percent of 
fibers whereas the second and the third sowing dates scored the lowest value 
of fiber percent and there was no significant difference between them in the 
second season. This result may be attributed to the high temperature during 
the first sowing date compared to the second and the third sowing dates. 

Concerning gamma irradiation, 20,30,40,50 and 60 Gy doses led to the 
highest percent of fibers compared to the control which scored the lowest 
value of fibers.  

Regarding the interaction effect between sowing dates and gamma 
irradiation, the first sowing date with exposing the seeds to any gamma 
irradiation dose gave the highest percent of fibers in both seasons    . 
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Table (20): Effect of gamma irradiation and sowing dates on total protein percent in green pod of green bean during 

2007/2008 and 2008/2009 seasons. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
            Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 

                (-) Plants were burned as a result for low temperature. 

 
 
 

      

  
  Gamma irradiation( Gy) 

  
      

Sowing  dates 0 10 20 30 40 50 60 Mean 
        First season    

1st date 11.01c 11.89c 15.21a 11.81c 13.74b 14.17ab 8.38de 12.31A 

2nd date  7.33ef 8.31de 14.62ab 9.28d 6.82f 9.62d 8.65de 9.23B 
3rd date _ _ _ _ _ _ _ _ 

Mean  9.17D 10.10C 14.91A 10.54C 10.28C 11.90B 8.51D   
 0 10 20 30 40 50 60 Mean 
    Second  season    

1st date 15.75d-f 14.26-g 19.84a 16.88b-d 21.00a 19.92a 16.74b-d 17.77A 
2nd date  17.66b 15.50d-g 19.86a 18.01b 16.75b-d 17.50bc 17.76b 17.58A 
3rd date 14.75e-g 14.62e-g 14.35fg 9.98h 14.36fg 16.01c-e 14.00g 14.01B 
Mean  16.05B 14.79C 18.02A 14.96C 17.37A 17.81A 16.16B   
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 Table (21): Effect of gamma irradiation and sowing dates on total fibers percent in green pod of green bean 
during 2007/2008 and 2008/2009 seasons. 

     

  
 Gamma irradiation( Gy) 

  
      

Sowing dates 0 10 20 30 40 50 60 Mean 

    First season    
1st date 1.10ab 1.09ab 1.08ab 1.16ab 1.17ab 1.15ab 1.20a 1.13A 
2nd date 0.88d 0.95cd 1.06bc 1.08ab 1.09ab 1.08ab 1.09ab 1.03B 
3rd date - - - - - - - - 

Mean 0.99B 1.02B 1.07AB 1.12A 1.13A 1.11A 1.14A  

 00  1100  2200  3300  4400  5500  6600  Mean 
    Second season    

1st date 1.17bc 1.29a-c 1.38a 1.31ab 1.34ab 1.37ab 1.38a 1.32A 
2nd date 1.27a-c 1.22a-c 1.22a-c 1.27a-c 1.26a-c 1.21a-c 1.25a-c 1.24B 
3rd date 1.21a-c 1.22a-c 1.18bc 1.23a-c 1.18a-c 1.11c 1.37ab 1.21B 
Mean 1.21B 1.24AB 1.26AB 1.27A-C 1.26AB 1.23AB 1.33A  

   Mean followed by different letters are significantly different at P ≤ 0.05 level; Duncan's multiple range test. 
   (-) Plants were burned as a result for low temperatures.
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5. SUMMARY 

        The field experiment was carried out during the early winter 
plantation of 2007/2008 and 2008/2009 seasons at El-Kanatter, Kalubia, 
Egypt. The aim of the present research was to study the effect of low 
gamma irradiation doses 0,10,20,30,40,50 and 60 Gy on growth and 
productivity of green bean plant cv. Bronco at different sowing dates (8, 
18 and 28th of October in 2007/2008 season; 30th of Sepbtember, 10 and 
20th of October in 2008/2009 season). The experimental design was split 
plot with four replicates. The main plots were the sowing dates and the 
irradiation doses were in the sub plots. 
The obtained results could be summarized as follows: 
5.1. The laboratory determinations: 

The laboratory determinations showed that several doses of gamma 
irradiation did not affect the germination percentage and slightly affected 
germination rate and electrical conductivity.  
5.2. Vegetative growth: 
   5.2.1. Sowing dates:   

At 15 days after planting the first sowing date significantly increased 
plant height, fresh and dry weight and leaf number compared to the other 
sowing dates. Plants at this age did not form any branches. 
At 30 and 45 days after planting the first sowing date significantly 
increased plant height, fresh and dry weight, leaf number, number of 
branches and leaf area at 45 days after planting compared to the other 
sowing dates. 
   5.2.2. Gamma irradiation: 

Gamma irradiation dose 40 Gy increased significantly plant height, 
fresh and dry weight after 15,30 and 45 days after planting  ; leaf area at 
45 days after planting. The 30 Gy dose increased leaf number after 15 
,30and 45 days after planting, while 20 Gy increased number of branches 
after 30 and 45days after planting. 
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 5.2.3. Interaction: 
The interaction between the first sowing date and 40 Gy increased 

significantly plant height, plant fresh and dry weight after 15,30 and 45 
days after planting and leaf area after 45 days after planting, while first 
sowing date with 30 Gy increased significantly leaf number and first 
sowing date with 20 Gy increased number of branches, after 45 days from 
sowing. 
5.3. Chemical composition of leaves: 
  5.3.1. Sowing dates: 

The first sowing date increased significantly total chlorophyll reading 
in leaves.The second sowing date in first season and the third sowing date 
in second season increased total sugar in leaves. 
  5.3.2. Gamma irradiation: 

The 60 Gy dose increased significantly total chlorophyll reading and 
total sugars in leaves in both seasons. 
  5.3.3. Interaction: 

The interaction between the first sowing date with 60 Gy 
significantly increased total chlorophyll reading in leaves, the second 
sowing date in first season and the third sowing date in second season 
with 60 Gy significantly increased total sugars in leaves. 
5.4. Pod yield and its components: 
  5.4.1. Sowing dates: 

The first sowing date increased significantly pod length, pod fresh 
weight, pod dry weight, number of pods per plant, marketable yield per 
plant , total yield per feddan and plant yield, the second sowing date led 
to the lowest pod thickness. 
  5.4.2. Gamma irradiation: 

The 20 Gy dose increased significantly pod length while 30 Gy 
increased significantly pod fresh and dry weight, plant yield and total 
yield per feddan .The 20 and 30 Gy doses led to the highest pod number 
per plant and the highest marketable yield per plant. Concerning pod 
thickness slight differences were detected only in second season. 
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5.4.3. Interaction: 

The interaction between the first sowing date and irradiation with 
several gamma doses gave the highest pod length. There was no 
significant difference between the first sowing date and 20, 30, 40 and 50 
Gy concerning pod fresh weight, while 30 Gy gave the highest pod fresh 
weight. The first sowing date with 30 or 40 Gy led to the highest pod dry 
weight and 20, 30 Gy with first sowing date gave the highest number of 
pods per plant. The first sowing date with 30 Gy dose gave the highest 
plant yield and total yield per feddan and with 30 or 40 Gy gave the 
highest marketable yield per plant .As for pod thickness ,subjecting seeds 
to any gamma ray dose with second sowing date gave the lowest pod 
thickness. 
5.5. Chemical composition in pods: 
   5.5.1. Sowing dates: 

The first sowing date increased significantly the percentage of total 
protein in both season; the second sowing date in first season and the third 
sowing date in second season led to the lowest percentage of fibers and 
there was no significant difference between the second and the third 
sowing date in second season, while the first sowing date led to the 
highest fiber percent in both “seasons. 

  5.5.2. Gamma irradiation: 
The 20 Gy dose increased significantly total protein while 

20,30,40,50 and 60 Gy increased significantly fiber percent in green pods 
and control scored the lowest percentage of fibers in both season. 
   5.5.3. Interaction: 
     The interaction between the first sowing date with 20 Gy led to the 
highest percentage of total protein. The interaction between first sowing 
date and exposing the seeds to any gamma irradiation dose increased 
significantly fiber percent while the second sowing date in first season 
with control and the third sowing date with control in the second season 
led to the lowest fiber percent. 
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Conclusion:  

It was therefore concluded that the best sowing date is the end of 
September and the first week of October for vegetative and fruit 
characteristics. Concerning gamma irradiation 30 Gy scored the best 
results for plant yield, marketable yield and total yield per feddan and 20 
Gy for total protein percent in green pods. 
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 الملخص العربى
 أثر الجرعات المنخفضة ألشعة جاما على نمو و إنتاجية الفاصوليا الخضراء

       أجرى هذا البحث لدراسة تأثير الجرعات المنخفضة ألشعة جاما على نمو و إنتاجية 
الفاصوليا الخضراء(صنف برونكو) فى العروة الشتوية المكشوفة حيث أن للجرعات المنخفضة 

من أشعة جاما تأثير منشط على إنبات و نمو النباتات .لذلك تم التفكير فى دراسة مدى تأثيرها 
على محصول الفاصوليا الخضراء من خالل الزراعة المكشوفة تحت ظروف درجات الحرارة 
التى تميل لألنخفاض و التى تم إجراؤها بغرض تقليل تكاليف اإلنتاج و التى منها تكلفة األنفاق 

البالستيكية حيث أجريت هذه التجربة فى منطقة القناطر، محافظة القليوبية، جمهورية مصر 
فى فى ثالث مواعيد  2008/2009-2007/2008العربية و تم إجراء التجربة خالل موسمى 

أكتوبر فى  20، 10 سبتمبر،30أكتوبر و ذلك فى الموسم األول و 8،18،28للزراعةهى 
 60،50،40،30،20،10الموسم الثانى و الجرعات األشعاعية التى تم أستخدامها هى صفر ،

جراى وكان تصميم التجربة هو القطع المنشقة مرة واحدة حيث وضعت مواعيد الزراعة فى 
.                             القطع الرئيسية و الجرعات اإلشعاعية فى القطع الفرعية و ذلك فى أربعة مكرارات

 لتي تم الحصول عليها:-االنتائج م أه
:  اإلنباتأوال :أختبار   

          أظهرت نتائج أختبار اإلنبات الذى تم أجراؤه على البذور المشععة قبل الزراعة  أن 
 و اإلنبات للبذور المشععة ، أما سرعة اإلنباتالجرعات األشعاعية لم تؤثر معنويا على نسبة 

أختبارالتوصيل الكهربى للبذور المشععة فكان تأثير أشعة جاما عليهما طفيفا.                    
ثانيا: الصفات الخضرية: 

   مواعيد الزراعة:
 يوما من الزراعة أعطى الموعد األول أعلى القيم بالنسبة إلرتفاع النبات و 15     بعد 

الوزن الطازج و الجاف للنبات و عدد األوراق و لم تكن النباتات قد كونت أفرع خضرية فى 
هذه المرحلة العمرية و قد أعطى الموعد األول أعلى القيم بالنسبة إلرتفاع النبات و الوزن 

 يوما من 45 و 30الطازج و الجاف للنبات و عدد األوراق و عدد األفرع الخضرية بعد 
                                                 يوم من الزراعة45الزراعة و مساحة الورقة بعد 

                                                             الجرعات اإلشعاعية:
 جراى أعلى القيم بالنسبة إلرتفاع النبات و الوزن الطازج و الجاف 40     أعطت الجرعة 

 يوم من الزراعة بينما أعطت 45يوم من الزراعة ومساحة الورقة بعد 45،30،15للنبات بعد 
 20 يوم من الزراعة و45،30،15 جراى أعلى القيم لصفة عدد األوراق بعد 30الجرعة 

 .                              يوما من الزراعة  45،30جراى لصفة عدد األفرع الخضرية وذلك بعد 
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 التفاعل:
 جراى أعلى القيم بالنسبة لكال من إرتفاع النبات و 40    أعطى الموعد األول مع الجرعة 

 يوم 45 بعد  و مساحة الورقةيوم من الزراعة45،30،15 بعد الوزن الطازج والجاف للنبات
 جراى أعلى قيمة لصفة عدد األوراق 30 و أعطى الموعد األول مع الجرعة من الزراعة

 45 جراى أعلى قيمة لعدد األفرع الخضرية و ذلك بعد 20وأعطى الموعد األول مع الجرعة 
   يوما من الزراعة.   

                                                               ألوراق:اثالثا: التقديرات الكيميائية فى 
                                                                                     مواعيد الزراعة :

   أعطى الموعد االول أعلى قيمة لقراءة الكلوروفيل فى األوراق بينما أعطى الموعد الثانى فى 
الموسم األول و الموعد الثالث فى الموسم الثانى أعلى قيمة للسكريات الكلية فى األوراق  

  الجرعات اإلشعاعية:
 الكلوروفيل فى األوراق  وكذلك السكريات لقراءة جراى أعلى قيمة 60    أعطت الجرعة 

الكلية فى األوراق و ذلك فى كال موسمى الزراعة. 
  التفاعل: 

 جراى أعلى قيمة للكلوروفيل فى األوراق و أعطى 60   أعطى الموعد األول مع الجرعة 
 جراى مع الموعد الثالث 60 جراى فى الموسم األول و الجرعة 60الموعد الثانى مع الجرعة 

فى الموسم الثانى أعلى قيمة للسكريات الكلية فى األوراق.                                          
رابعا: المحصول و مكوناته: 

    مواعيد الزراعة :  
   أعطى الموعد األول أعلى قيمة لكال من الطول ،الوزن الطازج و الجاف للقرن و كذلك 

 و للنباتبالنسبة لعدد القرون للنبات و محصول النبات الواحد و المحصول الكلى القابل للتسويق 
                                            محصول الفدان و أعطى الموعد الثانى أقل قطر للقرن.  

  الجرعات اإلشعاعية:
 جراى أعلى 30 جراى أعلى قيمة لطول القرن بينما أعطت الجرعة 20    أعطت الجرعة 

قيمة لكال من وزن القرن الطازج و الجاف و محصول النبات الواحد و محصول الفدان و 
 جراى أعلى قيمة لعدد القرون للنبات و أعلى قيمة للمحصول القابل 30 و 20أعطت الجرعه 

  لقطر القرن  كانت هناك تغيرات طفيفة  بين الجرعات األشعاعية فى  وبالنسبة للنباتللتسويق
                                                                                              الموسم الثانى

   التفاعل:
      أعطى الموعد األول مع تعريض البذور لجميع الجرعات المستخدمة أعلى قيمه لطول 

 جراى مع الموعد األول 50،40،30،20القرن ولم يكن هناك فرق معنوى بين الجرعات 
 جراى مع الموعد األول أعلى قيمة للوزن 30للوزن الطازج للقرن و قد أعطت الجرعة 
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 جراى أعلى قيمة لوزن القرن الجاف 40 و 30الطازج ،وأعطى الموعد األول مع الجرعة 
 جراى  30 أعلى قيمة لعدد القرون للنبات.و أعطى  الموعد األول مع الجرعة جراى30،20و

 40 و 30أعلى قيمة لمحصول النبات و محصول الفدان ،و أعطى الموعد األول مع الجرعة 
تعريض البذور  أما بالنسبة لقطر القرن فأنللنبات جراى أعلى قيمة للمحصول القابل للتسويق 

 ألى من الجرعات األشعاعية المستخدمة مع موعد الزراعة الثانى قد أعطى أقل قطرللقرن                                                                                                
     :                                                          التقديرات الكيميائية فى القرونخامسا:

    مواعيد الزراعة :                   
 للبروتين فى كال موسمى الزراعة و أعطى الموعد ة    أعطى الموعد األول أعلى نسبة مئوي

الثانى فى الموسم األول و الموعد الثالث فى الموسم الثانى أقل نسبة مئوية لأللياف و لم يكن 
هناك فرق معنوى بين الموعد الثانى و الثالث فى الموسم الثانى من حيث النسبة المئوية لأللياف 

                                         بينما اعطى الموعد األول أعلى نسبة مئوية لأللياف فى القرون
       الجرعات اإلشعاعية:

 جراى أعلى نسبة مئوية للبروتين و الجرعة  20    أعطت الجرعة األشعاعية 
جراى أعلى نسبة مئوية لأللياف بينما أعطت المقارنة أقل نسبة مئوية   60،50،40،30،20

 لأللياف فى كال موسمى الزراعة.               
                                                                                                 التفاعل: 

 للبروتين وأعطى الموعد  نسبة مئوية جراى أعلى20     أعطى الموعد األول مع الجرعة 
األول مع أيا من الجرعات األشعاعية المستخدمة أعلى نسبة مئوية لأللياف بينما أعطى الموعد 

الثانى مع المقارنة فى الموسم األول و الموعد الثالث مع المقارنة فى الموسم الثانى أقل نسبة 
 مئوية لأللياف                                                                                          

الخالصة: 
   وعلى وجه العموم يتضح من هذه الدراسة أن أفضل موعد للزراعة هو نهاية شهر سبتمبر و 

األسبوع األول من أكتوبر و ذلك بالنسبة لمعظم الصفات التى درست و بالنسبة للجرعات 
 جراى من حيث محصول النبات و المحصول القابل 30األشعاعية فأن افضل جرعة كانت 

 جراى افضل جرعة أدت اللى زيادة 20للتسويق و محصول الفدان بينما كانت الجرعة 
           . البروتين فى القرون
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