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Abstract: The field experiment was conducted within the two successive growing seasons of 
2008/2009 and 2009/2010 to study the effect of low gamma irradiation doses (0, 10, 20, 30, 40, 50 and 
60 Gy) on growth and productivity of snap bean cv. Bronco grown in 3 sowing dates 1st , 15th and 30th 
of October in the two seasons. Data revealed that the early sowing date on 1st of October showed the 
highest seedling emergence percentage but the lowest seedling emergence rate in the field, 30 Gy doses 
produced the highest seedling emergence percentage in the two seasons. Vegetative growth, i.e., plant 
height, leaf number, leaf area and plant dry weight at 50 days after planting recorded significantly the 
highest values at the early sowing date on 1st of October in the two seasons. With respect of gamma 
irradiation doses, all the previously mentioned parameters of plant vegetative growth recorded the 
highest values with 30 Gy. However the late sowing date in the two seasons positively increased total 
sugars in leaves. The early sowing date increased the total chlorophyll reading in leaves and protein in 
green pods. Also the early sowing date on 1st of October combined with 30 Gy dose led to the highest 
auxins, gibberellins, cytokinins values while it gave the lowest values of abscisic acid. The early 
sowing date gave the highest percent of fruit set, the influence of gamma irradiation on fruit set, 20 or 
30 Gy doses gave the highest fruit set percentage. Also the early sowing date in both seasons gave the 
highest number of pods and pod yield per plant and feddan. In addition, 30 Gy of gamma irradiation 
doses recorded the highest values of pod number and pod yield per plant and feddan and marketable 
yield per feddan. Gamma irradiation at 30 Gy dose recorded the highest values of protein in green pods 
and increased total sugars in leaves. Yield per feddan significantly (0.997) correlated with seedling 
emergence percent, plant height (0.996), leaf number (0.928), leaf area (0.980), dry weight (0.978), 
chlorophyll reading (0.953), fruit set (0.995), number of pod (0.972), total protein (0.998) and total 
fiber (-0.935). 
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INTRODUCTION 
 

 Snap bean (Phaseolus vulgaris L.) is one of the popular and important vegetable crops for human nutrition 
as a source of proteins, fibers, vitamins and minerals. In addition, it is one of the most important vegetable crops 
for local market and exportation. It is one of the popular and important vegetable crops for human nutrition as a 
source of proteins, fibers, vitamins and minerals. 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 
(FAO statistics (2009). 
 For increasing bean production to meet the progressive increasing 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 Farrag (1995); Mishra et al, (1998); Saini and Negi (1998), Amer 
et al. (2002) and Abd-Alla (2006). In Alexandria, Rehab (1999) studied the effect of three sowing dates (31st of 
October,15th and 30th of November) of faba bean and found that plant height, number of branches, number of 
leaves per plant as well as dry weight of whole plant were significantly higher with early sowing (October 31st). 
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. 
Tolba et al. (2002), in Egypt, tested the effect of three sowing dates started on 10th of May with 20day intervals 
of cowpea. 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. The best values of snap 
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bean green pod yield were obtained by sowing date of February7 followed by October 10 and November 22. 
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. In Egypt, Ewas (2010), on snap bean, found that the third date on 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. Average pod weight was significantly increased on 15th 
and 30th of January sowing dates. But sowing on 15th of February increased total pods yield.   
 Several studies have indicated that irradiation technique is one of prime importance in agriculture for 
improvement not only the productivity of crop but also for increasing the nutritive value of produced crops. It is 
well known that the modification in plant growth and yield imposed by any of the environmental stresses is 
considered to be a reflection of certain alterations in some metabolic events in tissue. Consequently, it is thought 
that seed irradiation may affect some of the biochemical regulatory mechanisms involved in seed germination 
and plant growth. The plant growth characteristics and yield were reported to be variously affected in 
consequence of gamma irradiation of seeds pre-sowing (Bijit-Bhattacharyya et al., 1999; Kumar and Mishra, 
1999; Kurdali et al., 2000; Soliman and Abd El-Hamid, 2003). Also, Orabi (1998) investigated the effect of 
gamma irradiation at doses 0, 10, 20 and 40 Gy on germination and growth of cowpea. Results showed that the 
relatively low gamma irradiation doses increased plant height, number of leaves and dry weight per plant. 
Hassan et al, (2000) examined the effect of 20, 40, 60 and 80 k-rad gamma irradiation doses on growth of 
cowpea. Irradiation treatments caused decrease in shoot dry weights with the increase of gamma dose. On the 
other hand, Nassar et al. (2004) found that gamma irradiation enhanced plant height and shoot. Abdul Majeed et 
al, (2010) reported that the growth parameters showed declining tendency with increasing doses of gamma 
irradiation. fresh and dry weights compared with plants produced from non-irradiated chamomile seeds.  
 The aim of this study was to improve growth and productivity of snap bean plants sowing late of October in 
open field at Qaliobia governorate under low temperature stress condition, to supply the market with abundant 
quantities for a long time through using by exposure the seeds to low gamma irradiation doses before sowing. 
This is to avoid the negative impact of low temperature condition during vegetative growth, flowering and 
fruiting stages to supply the market with abundant quantities for a long time.  

 
MATERIAL AND METHODS 

 
 The field experiment was carried out during the two growing seasons of 2008/2009 and 2009/2010 under 
open field conditions in the clay loam soil, at the experimental farm, Faculty of Agriculture, Ain Shams 
University, Qaliobia governorate, Egypt, in order to investigate the effect of low gamma irradiation and sowing 
dates on vegetative growth and productivity of snap bean. 
 
The Experimental Design and Treatments: 
 Seeds of snap bean (Phaseoulus vulgaris L.) cv Bronco were obtained from Agricultural Research Center, 
Ministry of Agriculture and Land Reclamation, Egypt, and irradiated with 0, 10, 20, 30, 40, 50 and 60 Gy of 
gamma rays from Cesium 137 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 snap bean. were sown directly after irradiation on 1st (early sowing date), 15th (mid 
sowing date) and 30th (late sowing date) of October during 2008 and 2009 seasons. The area of the experimental 
plot was 10.5 m2 consisted of five rows, each row was 3 m length and 0.7 m width. The plant distance was 8 cm 
apart on one side of ridge. The average temperatures and R.H.% during the growing seasons are presented in 
Table (A). 
 
Table A: Average minimum, maximum and mean temperatures (Co) and R.H. % in Qaliobia during winter seasons of 2008/2009 and 

2009/20010.  
 2008/2009 2009/2010 

Month Max temp. Min temp. Mean temp. R.H. % Max temp. Min temp. Mean temp. R.H. % 
October 33.4 12.1 22.8 56.20 36.9 16.7 26.8 56.15 

November 30.2 10.5 20.4 55.85 31.2 11.4 21.3 56.45 
December 26.5 9.1 17.8 55.65 27.5 10.4 19.0 57.15 
January 25.7 8.4 17.1 55.34 27.2 7.4 17.3 56.25 

  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. 
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Agricultural Practices: 
 Calcium super-phosphate (15% P2O5) at 300Kg/fed, was added once during the soil preparation. Ammonia 
sulphate (20.5% N) at 250 Kg/fed and potassium sulphate (48% K2O) at rate of 100 Kg/fed. were applied as soil 
application in two portions, the first was done after two weeks from sowing and the second one was carried out 
after one month from the first addition. 
 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 pod is bright green, the pod is 
fleshly and seeds are small and green). 
 
Studied Characteristics: 
 Seedling emergence percentage and rate: seedling emergence (%) was calculated by counting the normal 
germinated seedlings until 14 day after planting in the open field (ISTA, 1987). Seedling emergence rate (day) 
was calculated using the formula suggested by Edwards and Sundstorm (1987) until 14 day after planting in 
open field.  
 Vegetative growth characteristics: ten plants from the inner rows in each experimental plot were chosen at 
random at full blooming stage (50 days after planting from sowing) were taken to study the following 
parameters: plant height, number of leaves per plant, average leaf area and plant dry weight  (A.O.A.C., 2005) 
leaf area was determined using the recently full expanded fourth leaf from the plant top as relation between unit 
area and leaf fresh weight (Koller, 1972). 

 
       Leaf area (cm2) =  

 
 Leaf chemical analysis: leaf chlorophyll reading (SPAD) was determined using the recently expanded full 
mature upper leaf of 21 plants in the middle row per plot. A digital chlorophyll meter, Minolta SPAD-502, 
(Minolta Company, Japan) was used. 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).  
 Endogenous phytohormones: it were quantitatively determined in bean shoots at 40 days after sowing in the 
second season using High- Performance Liquid Chromatography (HPLC) according to Koshioka et al. (1983) 
for auxin (IAA), gibberellic acid (GA3) and abscisic acid (ABA), while, cytokinins were determined according 
to Nicander et al. (1993). 
 Fruit set: ten plants from each plot were labelled at random before flowering stage. Fruit set percentage was 
calculated as follows: 

Fruit set % = Number of setting pods/plant 
× 100 

Total number of flowers/plant
 
 Green pod number and yield: average number of pods per plant was calculated. 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. 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. 
 Pod protein and fiber analysis: 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). Fiber percentage was determined in 
the dry matter of pods according to A.O.A.C. (1995). 
 
Statistical Analysis: 
 Data of the two seasons were arranged and statistically analyzed using Mstatic (M.S.). The comparison 
among means of the different treatments was determined, as illustrated by Snedecor and Cochran (1982).  

 
RESULTS AND DISCUSSION  

 
Seedling Emergence Percentage and Rate: 

Data presented in Tables (1&2) indicate that, there were significant differences in both seedling emergence 
percentage and emergence rate among the tested sowing dates. In this respect, the early sowing date showed the 
highest seedling emergence percentage but the lowest seedling emergence rate in the field compared with mid 
and late sowing date during the two seasons of study. This may be attributed to the favorable effect of 
temperature and humidity prevalent in the early sowing date during the growth season (Table A). In this 
connection, Khalil et al. (2010) found that the enhanced emergence of faba bean in case of early in September 

Disk area × No. Disks × Leaf FW 
Disk FW 
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and October compared with November/December may be due to high temperature which enhanced emergence 
of early planting. 
 Concerning the effect of tested doses, the same date in Tables 1 and 2 show that increasing the tested 
dosage up to 30 Gy produced the highest seedling emergence percentage and reduced the number of days 
elapsed for seedling emergence rate. However, increasing the rate of seed irradiation more than 30 Gy tended to 
reduce the seedlings emergence percentage and delay the emergence rate in the two seasons of study. In this 
regard, the increase in seedlings emergence percentage at gamma doses 30 Gy might be due to their stimulating 
effects on activating RNA synthesis or protein synthesis (Kuzin et al., 1975,1976) or it could be due to the 
elimination of germinating bacterial populations, their spores and mould fungi (Gruner et al., 1992). On the 
other hand, higher exposures of gamma rays more than 30 Gy may cause injury in seeds (Mehetre et al., 1994). 
These results are in line with Sharif et al. (2000), Din et al. (2003) and Kon et al. (2007). 
 Obtained results are in harmony with those of Hamideldin (2010), Khalil et al. (2010) and Mengistu and 
Yamoah (2010). On the contrary, the decrement in seedling emergence percentage and delaying emergence rate 
as a result of increasing the irradiation dosage more than 30 Gy up to 60 Gy may be attributing to the stress 
effect of high doses of gamma irradiation. In this respect, Abdul Majeed et al, (2010) reported that delay in 
germination may be due to inhibitory effects of gamma rays on seed germination of Lepidium sativum L. 
 Regarding the effect of the interaction between sowing dates and gamma irradiation, data shown that pre-
sowing irradiation of seeds at rate of 30 Gy combined with early sowing date (1st of October) gave the highest 
values of seedling emergence percentage in the two seasons, but 60 Gy dose with the late sowing date (30th of 
October) gave the highest values of seedling emergence rate in the two seasons. 
 
Table 1:  Effect of gamma irradiation and sowing dates on seedling emergence percent of snap bean during 2008/2009 and 2009/2010 

seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 

 
Table 2: Effect of gamma irradiation and sowing dates on seedling emergence rate of snap bean during 2008/2009 and 2009/2010 seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 

 
Vegetative Growth Characteristics: 
 The influence of sowing date and gamma irradiation on plant height, leaf number, leaf area and plant dry 
weight in 2008/2009 and 2009/2010 seasons are shown in Tables 3-6. Such data on vegetative growth of snap 
bean cv. Bronco as affected by sowing dates (1st, 15th and 30th of October) indicate that early sowing on the first 
of October, generally, gave the highest values for all measured vegetative growth traits ( plant height, number of 
leaves, leaf area and dry weight per plant) as compared with other dates (15th and 30th of Oct.) in the two 
seasons. These results were true in both seasons. This may be due to the suitable prevalent temperature which 
causes an increase in photosynthetic assimilation rate and also increase in duration of the period of plant growth. 
It could be concluded that sowing snap bean seeds cv. Bronco on the first of October was the most favorable for 
stimulating the vegetative growth of plants compared to the other tested sowing dates. As mentioned in Table 

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 84.33 c-f 87.33 bc 89.00 ab 91.67 a 85.33 b-e 84.33 c-f 84.00 c-f 86.57 A 
2nd date 81.33  e-h 83.67 c-f 86.33 b-d 86.33 b-d 83.00 d-f 81.33 e-h 80.67 f-i 83.24 B 
3rd date 76.00 j 80.33 f-i 81.67 f-h 82.33 d-g 79.00 g-j 78.33 h-j 77.00 ij 79.24 C 
Mean 80.56 C 83.78 A-C 85.67 AB 86.78 A 82.44 BC 81.33 C 80.56 C  

 2009/2010 season  
1st date 85.00 d-f 88.67 b-d 92.33ab 93.00 a 89.33 a-c 87.00 c-e 86.00 c-e 88.76 A 
2nd date 83.67 ef 86.33 c-e 88.33 cd 88.00 cd 85.00 d-f 83.67 ef 81.67 fg 85.24 B 
3rd date 78.67 gh 83.33 ef 84.00 ef 85.00 d-f 81.67 fg 78.33 gh 77.67 h 81.24 C 
Mean 82.44 BC 86.11 AB 88.22 A 88.67 A 85.33 A-C 83.00 BC 81.78 C  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 10.53 f-h 9.57 hi 7.71 i 7.44 i 9.96 gh 10.90 f-h 11.63 e-h 9.68 C 
2nd date 14.10 b-d 12.66 d-f 12.00 d-g 10.68 f-h 12.70 d-f 13.33 c-e 14.00 b-d 12.78 B 
3rd date 16.03 ab 14.29 b-d 12.90 d-f 11.55 e-h 15.53 a-c 16.63 a 16.77 a 14.82 A 
Mean 13.56 AB 12.17 A-C 10.87 BC 9.89 C 12.73 AB 13.62 A 14.13 A  

 2009/2010 season  
1st date 10.20 g-i 9.82 hi 8.48 ij 7.37 j 10.06 g-i 10.63 f-i 11.19 e-h 9.68 C 
2nd date 12.16 e-h 11.04 e-h 10.18 g-i 10.10 g-i 11.87 e-h 12.09 e-h 12.80 d-f 11.46 B 
3rd date 15.40 a-c 13.33 c-e 12.81 d-f 12.24 e-g 14.60 b-d 15.90 ab 17.20 a 14.50 A 
Mean 12.59 A-C 11.40 A-C 10.49 BC 9.90 C 12.18 A-C 12.87 AB 13.73 A  
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(A), the meteorological data showed that the average day air temperature during Oct., Nov., Dec. and Jan. of 
2008/2009 season were 22.8, 20.4, 17.8 and 16.34 ºC; meanwhile, it was 26.8, 21.3, 19.0 and 17.3 ºC for Oct., 
Nov., Dec. and Jan. of 2009/2010 season, respectively, as well as relative humidity, 56.20, 55.85, 55.65 for Oct., 
Nov., Dec. and Jan. of 2008/2009 season and 56.15, 56.45, 57.15 and 56.25 for Oct., Nov., Dec. and Jan. of 
2009/2010 season, respectively. The prevailing temperatures during the first October plantation, at Qaliobia 
region, were the most favorable for snap bean vegetative growth. These findings are in harmony with those of 
Chattopadhyay et al. (2011) on okra; Shamsi (2010) on chickpea; Mengistu and Yamoah (2010) on carrot; 
Thalji and Shalaldeh (2006) on faba bean; Shaker (2001) and Amer (2004) on snap bean who found that plant 
height was significantly affected by the different sowing dates. 
 
Table 3: Effect of gamma irradiation and sowing dates on plant height (cm) of snap bean during 2008/2009 and 2009/2010 seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 
 
Table 4: Effect of gamma irradiation and sowing dates on leaf number of snap bean during 2008/2009 and 2009/2010 seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 
 

Table 5: Effect of gamma irradiation and sowing dates on leaf area (cm2) of snap bean during 2008/2009 and 2009/2010 seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 
 

 As for the effect of gamma irradiation, the same data in Tables 3-6 indicate that pre-sowing seeds 
irradiation at 30 Gy dose produced the highest values of plant height, leaf number, leaf area and plant dry weight 
compared with other tested irradiation doses during the two seasons of growth. These results also demonstrated 
by Hegazi and Hamideldin (2010) found that increase in most vegetative criteria of okra as a result of irradiation 
with gamma rays before sowing. This result agrees with those of Badr et al. (1997), Dorgham (1999), Soliman 
and Abd-El Hamid (2003), Hamideldin (2010) and Sharafi and Azar (2011) on tomato, lentil, snap bean, tomato 
and almond, respectively. 
 Regarding the interaction effect between sowing dates and gamma irradiation doses. Such data indicate that 
pre-sowing seed irradiation at rate of 30 Gy and early sowing on the first of October exhibited the highest values 
of plant height, leaf number, leaf area and plant dry weight in the two seasons.  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 27.6 d-f 30.8 a-c 33.0 ab 33.3 a 31.4 a-c 30.0 cd 28.7 c-e 30.7 A 
2nd date 23.7 h-j 26.9 e-g 29.1 c-e 30.5 bc 28.9 c-e 25.3 f-h 23.3 h-j 26.8 B 
3rd date 21.3 j 24.6 g-i 26.7 e-g 26.5 e-g 22.2 ij 21.7 j 21.5 j 23.5 C 
Mean 24.21 D 27.4 BC 29.6 AB 30.1 A 27.5 A-C 25.7 CD 24.5 D  

 2009/2010 season  
1st date 25.7 e-g 29.8 a-c 31.5 ab 32.2 a 30.4 a-c 29.4 bc 28.1 c-e 29.6 A 
2nd date 24.2 f-i 26.1 d-f 28.7 b-d 30.9 ab 29.2 bc 25.2 fg 22.9 g-j 26.8 B 
3rd date 21.8 ij 24.8 f-h 25.4 e-g 25.9 ef 22.9 g-j 22.3 h-j 20.80 j 23.4 C 
Mean 23.9 D 26.9 BC 28.5 AB 29.7 A 27.5 A-C 25.7 CD 23.9 D  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 17.13 a-e 18.00 a-c 19.60 a 19.47a 18.60 ab 17.53 a-d 17.17 a-e 18.21 A 
2nd date 15.10 d-f 16.10 b-f 16.93 a-e 17.43 a-d 17.50 a-d 16.53 b-f 15.47 c-f 16.44 B 
3rd date 14.03 f 15.43 c-f 16.13 b-f 16.20 b-f 16.60 b-f 14.97 d-f 14.77 ef 15.45 B 
Mean 15.42 B 16.51 B 17.56 A 17.70 A 17.57 A 16.34 B 15.80 B  

 2009/2010 season  
1st date 16.83 b-e 18.80 a-c 19.87 a 19.33 ab 17.80 a-e 17.47 a-e 16.30 c-f 18.06 A 
2nd date 14.13f 15.40 ef 16.67 c-f 17.93 a-e 18.57 a-d 16.00 c-f 15.77 d-f 16.35 B 
3rd date 14.03 f 16.07 c-f 16.10 c-f 16.73 c-f 16.07 c-f 15.70 c-f 15.87 c-f 15.80 B 
Mean 15.00 D 16.76 BC 17.54 AB 18.00 A 17.48 AB 16.39 BC 15.98 CD  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 140.41 e 152.76 c 163.43 b 170.70 a 159.64 b 153.16 c 145.86 d 155.14 A 
2nd date 117.42 i 130.03 fg 139.65 e 146.43 d 140.87 e 132.90 f 124.28 h 133.08 B 
3rd date 110.88 jk 115.91 i 128.04 gh 127.97 gh 118.67i 111.26 j 106.54 k 117.04 C 
Mean 122.91 F 132.90 D 143.71 B 148.37A 139.73 C 132.44 D 125.56 E  

 2009/2010 season  
1st date 143.92 e 156.00c 169.41b 176.03 a 155.31 c 149.89d 142.60 e 156.17 A 
2nd date 118.04 i 124.21 g 140.63 ef 143.93 e 136.97 f 127.40g 115.40 i 129.51 B 
3rd date 107.65 j 114.60 i 123.54 gh 127.57g 118.67 hi 107.75 j 99.33 k 114.16 C 
Mean 123.20 F 131.60 D 144.53 B 149.18 A 136.98 C 128.35 E 119.11 G  
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Table 6: Effect of gamma irradiation and sowing dates on dry weight (g) of snap bean plant during 2008/2009 and 2009/2010 seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 
 

Table 7: Effect of gamma irradiation and sowing dates on total chlorophyll reading (SPAD) of snap bean leaves during 2008/2009 and 
               2009/2010 seasons.  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 
 
Table 8: Effect of gamma irradiation and sowing dates on total sugars (mg/g) of snap bean leaves during 2008/2009 and 2009/2010 
               seasons.  

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 

 
 The previously-mentioned results indicated, in general, that the plants grown during the early sowing date 
were the most vigorous (expressed as height, leaf number, leaf area and dry weight of plants), compared to the 
other investigated sowing dates. Whereas, the late sowing date resulted in the lowest values of plant growth. 
This may be attributed to the favorable effect of prevalent temperature, (Table A) and humidity during the 
growth season. Concerning gamma irradiation, the results indicated that the low doses (20 and 30 Gy) 
stimulated the plant growth parameters, i.e., height, leaf number, leaf area and dry weight of plants. The 
aforementioned changes in these growth parameters of snap 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 (Table, 9) 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) reported similar results.  

 
 

Leaf Chemical Composition: 
 The effect of sowing dates and gamma irradiation doses as well as their interaction on chlorophyll reading 
and total sugars are presented in Tables (7&8). Such data reveal that chlorophyll reading and total sugars were 
significantly affected by sowing dates. In this respect, the early sowing date scored the highest chlorophyll 
reading in the two seasons. This result may be attributed to the favorable effect of weather during the early 
sowing date (1st of October) compared with the mid and the late sowing dates. However, the second and the 
third sowing dates (15th and 30th of October) scored the highest values of total sugar in the two seasons. This 

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 6.82 b-d 6.99 a-c 7.51 a 7.35 ab 7.08 ab 6.95 a-c 6.88 bc 7.08 A 
2nd date 5.97 e-g 6.18 ef 6.80 b-d 6.88 bc 6.40 c-e 6.25 de 6.06 e-g 6.36 B 
3rd date 5.28 h 5.63 f-h 5.81 e-h 5.92 e-g 5.81 e-h 5.51 gh 5.31 h 5.61 C 
Mean 6.02 C 6.27 BC 6.71 A 6.72 A 6.43 B 6.24 BC 6.08 C  

 2009/2010 season  
1st date 6.88 b-d 7.15 ab 7.53 a 7.01 a-d 6.84 b-d 6.53 c-e 6.46 de 6.91 A 
2nd date 6.17 ef 6.48 c-e 6.58 b-e 7.07 a-c 6.55 b-e 6.19 ef 5.98 e-h 6.43 B 
3rd date 5.45 g-i 5.86 f-h 6.04 e-g 6.15 ef 5.80 f-h 5.40 hi 4.93 i 5.66 C 
Mean 6.17 CD 6.50 AB 6.72 A 6.74 A 6.39 BC 6.04 DE 5.79 E  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 43.1 a-d 44.3ab 44.2 a-c 45.3a 42.5a-f 42.4a-f 40.7 b-g 43.2 A 
2nd date 39.8 c-g 42.1 a-f 42.7 a-e 42.7 a-e 40.6 b-g 39.4 d-g 39.0 d-g 40.9 B 
3rd date 38.0 fg 39.6 d-g 41.4 a-g 42.0 a-g 40.0 b-g 38.5 e-g 37.6 g 39.6 B 
Mean 40.3 CD 42.0 AB 42.8A 43.3 A 41.0 BC 40.1CD 39.1 D  

 2009/2010 season  
1st date 44.3 ab 46.4 a 46.1 a 46.0a 44.3 ab 43.7 a-c 41.9b-d 44.7 A 
2nd date 38.3 d-g 42.1 b-d 41.8 b-d 41.7 b-d 40.0 c-e 39.1 d-g 39.6 d-f 40.4 B 
3rd date 35.4 g 38.3 d-g 42.0 b-d 42.0 b-d 39.1 d-g 37.0 e-g 35.9 fg 38.6 B 
Mean 39.3 D 42.3 AB 43.3 A 43.2 A 41.1 BC 39.9 CD 39.2 D  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 8.37 f 9.62 d-f 9.00 ef 10.82 c-e 11.69 a-d 12.31 a-c 13.42 a 10.75 B 
2nd date 11.10 b-d 11.93 a-c 12.27 a-c 12.35 a-c 13.25 ab 13.22 ab 13.72 a 12.55A 
3rd date 13.22 ab 13.65 a 13.00 a-c 12.61 a-c 13.85 a 13.30 ab 13.40 a 13.29 A 
Mean 10.90 C 11.73 BC 11.42 BC 11.92 A-C 12.93 AB 12.95 AB 13.51 A  

 2009/2010 season  
1st date 8.39 e 9.51 de 9.37 de 11.89 a-c 12.55 a-c 12.57 a-c 13.03 ab 11.04 B 
2nd date 10.78 cd 11.75 bc 12.68 a-c 12.53 a-c 12.60 a-c 13.36 ab 13.40 ab 12.44 A 
3rd date 13.19 ab 14.00 a 13.42 ab 12.17 a-c 13.28 ab 12.99 ab 13.55 ab 13.23 A 
Mean 10.79 C 11.75 BC 11.82 BC 12.20 AB 12.81 AB 12.97 AB 13.32 A  
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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 used as a method for facing low temperature stress. 
 With regard to the effect of pre-sowing seed irradiation with gamma rays, data show that, chlorophyll 
reading and total sugars were slightly influenced by the tested gamma irradiation doses. In this connection, the 
low dosage  20 and 30 Gy doses led to the highest reading for chlorophyll in the two seasons. While, the higher 
doses more than 30 Gy  scored the highest values of total sugar in the two seasons. Our results are in agreement 
with those of Mahmoud (2002) who report an increase in soluble sugars in response to seed irradiation of 
Delphinium ajacis and Mathiola incana. Nassar et al. (2004) found that the pre-sowing irradiation of chamomile 
seeds showed gradual increase in total soluble sugars with increasing the dose of gamma irradiation from 0.0 to 
10 k-rad. On the other hand, these results disagree with that obtained by Orabi (1998) and Hussein (2006). On 
the contrary, Hegazi and Hamideldin (2010) also, found insignificant response with total chlorophyll of okra 
leaves as a result of irradiation with gamma rays before sowing. 
 Concerning the interaction effect between sowing dates and gamma irradiation, the same data show that the 
highest values for chlorophyll reading was obtained from the early sowing date combined with using 30 Gy 
dose. While, the highest values for total sugars was obtained from the late sowing date combined with 60 Gy 
dose. These results are in line with Baek et al. (2005). 
 
Endogenous Phytohormones: 
 As shown in Table (9) all assayed endogenous hormones (auxins, cytokinins and abscisic acid) were 
significantly affected by sowing dates, while, gibberellins insignificantly. In this regard, the early sowing date 
gave the maximum values in auxins, gibberellins and cytokinins while it gave the lowest values of abscisic acid 
in bean leaves at 40 days after sowing in 2009/2010 season. This in turn might be reflected on the obtained 
growth characters (Tables 3, 4 and 6).  
 

Table 9: Effect of gamma irradiation and sowing dates on endogenous phytohormones in shoots of snap bean during 2009/2010 season. 

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 Auxins (µg/10g FW)  
1st date 64.30 b-g 70.75 a-d 73.00 ab 76.35 a 71.99 a-c 69.08 a-e 67.92 a-f 70.49 A 
2nd date 57.88 f-i 61.77 d-h 66.14 b-g 72.14 a-c 69.67 a-e 64.53 b-g 61.19 d-h 64.76 B 
3rd date 52.78 hi 60.35 e-i 62.43c-h 68.17 a-e 59.99 e-i 56.19 g-i 50.84 i 58.68 C 
Mean 58.32 C 64.29 BC 67.19 AB 72.22 A 67.22 AB 63.26 BC 59.98 C  

 
 Concerning the effect of tested doses data show that pre-sowing seed irradiation with 30 Gy doses produced 
the highest values of auxins, gibberellins and cytokinins, while it produced the lowest values of abscisic acid. 
This result is in the same harmony with that of (Soliman and Abd-El Hamid, 2003).  

Respecting the effect of the interaction, the same data indicate that early sowing date combined with 30 Gy 
dose led to the highest auxins, gibberellins, cytokinins values while it gave the lowest values of abscisic acid 
during both seasons of growth.  
 
Fruit Set: 
 The effect of sowing dates and gamma irradiation doses as well as their interaction on fruit set (%) is 
presented in Table (10). The results show that the early sowing date on first of October gave the highest percent 
of fruit set. This result may be attributed to the prevalent high temperature compared to the mid and the late 
sowing date. The variation in fruit set among the treatments might be due to the relative low temperature 
observed during the mid and delay sowing date which in turn delay growth stages. Also the high prevailing 
temperature during the early sowing increased the concentration of promoting hormones (auxins and 

 Gibberellins (µg/10g FW)  
1st date 39.92 gh 43.64 d-h 50.02 a-e 56.45 a 53.83 ab 49.19 a-f 39.69 gh 47.53 A 
2nd date 40.43  f-h 50.01 a-e 52.96 a-c 44.56 c-h 50.52 a-d 47.50 a-g 38.12 h 46.30 A 
3rd date 41.10 e-h 51.60 a-d 48.48 a-g 43.47 d-h 49.19 a-f 46.75 b-h 42.80 d-h 46.20 A 
Mean 40.48  B 48.42 A 50.49 A 48.16 A 51.18 A 47.81 A 40.20 B  

 Cytokinins (µg/10g FW)  
1st date 29.33 a-c 32.59 a 30.82 ab 32.41 a 31.03 ab 28.58 a-d 27.03 a-e 30.26 A 
2nd date 23.21 c-e 26.71 a-e 28.95 a-c 31.14 ab 29.31 a-c 27.20 a-e 25.30 b-e 27.40 B 
3rd date 22.30 de 25.67 b-e 27.67 a-e 30.23 ab 27.25 a-e 23.37 c-e 22.03 e 25.50 C 
Mean 24.95 B 28.32 AB 29.15 AB 31.26 A 29.20 AB 26.38 B 24.79 B  

 Abscisic acid (µg/10g FW)  
1st date 0.79 a-e 0.65 b-h 0.53 e-h 0.41 e-h 0.44 gh 0.75 a-f 0.92 ab 0.64 B 
2nd date 0.84 a-d 0.66 b-h 0.57 d-h 0.46 f-h 0.84 a-d 0.78 a-e 0.89 a-c 0.72 AB 
3rd date 0.89 a-c 0.73 a-g 0.66 b-h 0.55 d-h 0.63 c-h 0.84 a-d 0.98 a 0.75 A 
Mean 0.84 AB 0.68 B-D 0.59 DE 0.48 E 0.64 C-E 0.79 A-C 0.93 A  
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gibberellins) which positively increased flowering and fruit set%. Thus, the duration the plants exposed to the 
high temperature decreased progressively as planting was delayed from mid and late sowing. Similar results 
were also reported by Khalil et al. (2010). On the other hand, Mengistu and Yamoah (2010) reported that the 
variation in flowering characters among the sowing dates could probably be related to the level and activity of 
endogenous auxins and gibberellins, substances known to enhance flowering characters in high temperatures. 
 
Table 10: Effect of gamma irradiation and sowing dates on fruit set (%) of snap bean during 2008/2009 and 2009/2010 seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 

 
 Regarding the influence of gamma irradiation on fruit set, data in the same Table show that pre-sowing 
seeds irradiation at 20 or 30 Gy doses gave the highest fruit set percentage. This result may be attributing to the 
increasing in endogenous hormones especially gibberrellins which known as flowering hormones and 
consequently affect on fruit set%. On the contrary, the stress effect of high doses of gamma irradiation led to 
decrease the percentage of fruit set. This result agrees with that El-Ghareeb (2006) on pea. Concerning the 
interaction effect between sowing dates and gamma irradiation, obtained results show the early sowing date 
combined with 30 Gy dose led to the highest percent of fruit set during both seasons of growth compared with 
other tested that treatment. 
 
Yield: 
 The influence of sowing dates and gamma irradiation and their interaction on total pod number per plant, 
pod yield per plant and feddan and marketable yield are presented in Tables (11:14). Such data revealed that the 
early sowing date on 1st of October gave the highest pod number and pod yield per plant as well as pod yield per 
feddan and marketable yield compared with mid and late sowing date in the two seasons. This result agrees with 
that of Nagashie (1997) and Amer (2004). In this respect, Shiringani and Shimelis (2011) reported that planting 
date had a significant effect on pod yield of cowpea. In addition, Shamsi (2010) found that the number of pods 
per chickpea plant is among qualities highly affected by planting date which decreases with delayed planting. In 
this connection, Khalil et al. (2010) found that planting dates significantly affected pod number and yield of 
faba bean. McMurray et al. (2011) reported that the earlier sowing dates were generally higher yielding of pea 
than the conventional sowing date. 
 Concerning the effect of the tested doses, data show that pre-sowing seeds irradiation with 30 Gy doses 
produced the highest pod number per plant, pod yield per plant and feddan as well as marketable yield compared 
with other tested irradiation doses in the two seasons. This result agrees with that of Dorgham (1999) and 
Soliman and Abd-El Hamid (2003) on lentil and snap bean, respectively. 
 With regard to the effect of the interaction between sowing dates and gamma irradiation doses (Fig. 1), the 
same data indicate that the early sowing date combined with 30 Gy doses gave the highest pod number and pod 
yield per plant and feddan as well as marketable yield compared with other interaction treatments in the two 
seasons. The previously obtained results on yield (Tables 11:14) could be attributed to the stimulation effect of 
sowing dates and gamma irradiation on plant growth (Tables 3, 4 and 6), chemical composition (Tables 7&8), 
endogenous phytohormones (Table 9) and fruit set (Table 10). 
 The previously-mentioned results indicate, in general, that the plants grown during the early sowing date 
(1st of October) were the most vigorous (expressed as vegetative growth traits, higher fruit set percentage, total 
pod number per plant, marketable yield and total yield per feddan). Whereas the mid and the late sowing date on 
15th and 30th of October, resulted in the lowest values of yield. This may be attributed to the unfavorable effect 
of prevalent low temperature during the growth season. Concerning gamma irradiation the results indicate that 
the low doses 30 followed by 20 Gy stimulated plants yield and its components like average pod number per 
plant, marketable yield and total yield per feddan. These results attributed to the stimulation effect of low 
gamma irradiation doses on vegetative growth, fruit set percentage and the endogenous pytohormones of the 

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 35.99 c-f 39.82 ab 40.02 ab 41.06 a 37.98 a-c 36.88 b-e 36.30 c-f 38.29 A 
2nd date 33.00 f-h 36.85 b-e 37.66 b-d 37.33 b-e 35.52 c-f 34.28 d-g 34.09 e-g 35.53 B 
3rd date 29.36 i 32.01g-i 33.11 f-h 33.29 f-h 30.59 hi 30.15 hi 29.03 i 31.08 C 
Mean 32.78 A 36.23 AB 36.93 A 37.23 A 34.70 BC 33.77 CD 33.14 CD  

 2009/2010 season  
1st date 37.40 c-f 39.96 a-c 41.36 ab 42.04 a 38.40 b-d 36.88 c-g 35.24 d-h 38.76  A 
2nd date 32.95 h-j 35.89 d-h 38.28 b-e 38.47 b-d 34.90 e-h 33.90 gh 33.28 gi 35.38 B 
3rd date 29.83 jk 32.60 h-j 34.32 f-h 35.10 d-h 30.41 i-k 29.14 k 28.17 k 31.37 C 
Mean 33.39 CD 36.15 B 37.98 A 38.54 A 34.57 BC 33.31 CD 32.23 D  
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developed plants like IAA, GA3 and BA. In this regard, Soliman and Abd-El Hamid (2003) reported similar 
results on bean. 
 
Table 11: Effect of gamma irradiation and sowing dates on average pod number per plant of snap bean during 2008/2009 and 2009/2010 
                 seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 

 
Table 12: Effect of gamma irradiation and sowing dates on plant yield (g) of snap bean during 2008/2009 and 2009/2010 seasons.              

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 
 

Table 13: Effect of gamma irradiation and sowing dates on total yield (ton) per feddan of snap bean during 2008/2009 and 2009/2010 
                 seasons.    

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 
 

Table 14: Effect of gamma irradiation and sowing dates on marketable yield (ton) per feddan of snap bean during 2008/2009 and 
                 2009/2010 seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 
 

Pod Chemical Composition: 
 The effect of sowing dates and gamma irradiation doses and their interaction on protein and fiber percent 
are presented in Tables (15&16). Such the results show that the early sowing date on 1st of October gave the 
highest percent of protein and the lowest percent of fiber in green pods compared with mid and late sowing date. 

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 13.33 de 15.00 b-d 17.00 a-c 19.33 a 17.67 ab 17.00 a-c 14.67 cd 16.29 A 
2nd date 13.00 d-f 15.00 b-d 16.67 a-c 17.00 a-c 13.00 d-f 11.67 e-g 11.67 e-g 14.00 B 
3rd date 8.00 h 9.00 gh 10.33 f-h 10.67 e-h 9.00 gh 8.67 h 8.67 h 9.19 C 
Mean 11.44 D 13.00 B-D 14.67 AB 15.67 A 13.22 BC 12.44 CD 11.67 CD  

 2009/2010 season  
1st date 11.67 c-g 13.67 a-e 15.33 ab 17.00 a 15.00a-c 15.33 ab 13.00 b-e 14.43 A 
2nd date 11.33 d-g 12.67b-f 14.33 a-d 14.67 a-d 11.33 d-g 10.33 e-h 9.00 g-i 11.95 B 
3rd date 6.33 i 7.33 hi 9.00 g-i 9.33 f-i 7.67 hi 7.00 hi 7.00 hi 7.67 C 
Mean 9.78 C 11.22 BC 12.89 AB 13.67 A 11.33 BC 10.89 C 9.67C  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 59.87 cd 56.59de 64.77ab 68.06a 64.52 ab 64.09 b 60.46 c 62.62 A 
2nd date 46.47 i 48.31 hi 50.53 gh 54.40 ef 52.62 fg 48.97 g-i 48.14 hi 49.92 B 
3rd date 35.24 m 39.45 kl 42.64 jk 45.33 ij 41.39kl 37.60 lm 37.83 lm 39.93 C 
Mean 47.19 D 48.12CD 52.65 B 55.93 A 52.84 B 50.22BC 48.81 CD  

 2009/2010 season  
1st date 56.70 b 52.45 c 61.35 a 62.81 a 61.97 a 60.05 ab 57.14b 58.92 A 
2nd date 43.59 f 44.99 ef 44.46ef 49.67cd 47.92 de 45.53 ef 44.53 ef 45.81 B 
3rd date 29.91 i 32.51 hi 35.58gh 38.99 g 35.77 gh 30.44 i 30.17 i 33.34 C 
Mean 43.40D 43.31 D 47.13BC 50.49 A 48.55 AB 45.34 CD 43.95 D  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 4.06 bc 3.84 cd 4.39ab 4.62 a 4.38 ab 4.35 ab 4.10 bc 4.25 A 
2nd date 3.15 f-i 3.28 e-h 3.43d-g 3.69 c-e 3.57 d-f 3.32 e-h 3.27 e-h 3.39 B 
3rd date 2.39 l 2.68 j-l 2.89 h-k 3.08 g-j 2.81i-l 2.55 kl 2.57 kl 2.71 C 
Mean 3.20 C 3.27 C 3.57 AB 3.80 A 3.59 AB 3.41BC 3.31C  

 2009/2010 season  
1st date 3.85 bc 3.56 cd 4.16ab 4.26 a 4.21 ab 4.08 ab 3.88 a-c 4.00 A 
2nd date 2.96 fg 3.05ef 3.02e-g 3.37 de 3.25 d-f 3.09 ef 3.02 e-g 3.11B 
3rd date 2.03 j 2.21 ij 2.42 h-j 2.65 gh 2.43 hi 2.07 ij 2.05 ij 2.26 C 
Mean 2.95 D 2.94 D 3.20A-C 3.43A 3.30 AB 3.08 B-D 2.98 CD  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 3.56 c-e 3.42 de 4.02 ab 4.19 a 3.92 a-c 3.91 a-c 3.68 b-d 3.82 A 
2nd date 2.61 gh 2.87 fg 2.96fg 3.19 ef 2.99 fg 2.74 g 2.72 gh 2.87 B 
3rd date 1.86 jk 2.05 i-k 2.22 ij 2.36 hi 2.16 i-k 1.95 jk 1.81 k 2.06 C 
Mean 2.67 D 2.78 CD 3.07 B 3.25 A 3.03 B 2.87 C 2.74 D  

 2009/2010 season  
1st date 3.60 cd 3.47 d 4.02 ab 4.24 a 3.91 a-c 3.80 b-d 3.61 cd 3.81 A 
2nd date 2.54 f 2.70 ef 2.73 ef 2.96 e 2.75 ef 2.65 ef 2.66 ef 2.71 B 
3rd date 1.58 h 1.72 gh 1.90 gh 2.08 g 1.86 gh 1.60 h 1.51 h 1.75 C 
Mean 2.58 C 2.63 C 2.88 B 3.09 A 2.84 B 2.68 C 2.59 C  
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This result may be attributed to the favourable prevalent high temperature compared to the mid and the late 
sowing date on 15th and 30th of October.   
 With respect to the influence of gamma irradiation on protein in green pods, 30 followed by 40 and 20 Gy 
doses gave the highest percent of protein. In addition, gamma irradiation at 60 Gy led to the highest percent of 
fibers, this result may be attributing to the stress effect of high doses of gamma irradiation. 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.  
 
Table 15: Effect of gamma irradiation and sowing dates on total protein percent in green pod of snap bean during 2008/2009 and 2009/ 
                 2010 seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 
 

Table 16: Effect of gamma irradiation and sowing dates on total fibers percent in green pod of snap bean during 2008/2009 and 2009/ 2010 
                  seasons. 

Means followed by different letters are significantly different at P≤ 0.5 level; Duncan's multiple range test. 

 
 Concerning the interaction effect between sowing dates and gamma irradiation, the same data show that the 
early sowing date combined with 30 Gy dose led to the highest percent of protein in pods, while, the same 
treatment reflected the lowest percent of fibers in pods during both seasons of study compared with other 
interaction treatments.  
 
Correlation Analysis: 
 The correlation analysis show that yield per feddan was positively associated with most of the plant 
characters. For instance, highly significant correlation were noted with seedling emergence percent (0.997), 
plant height (0.996), leaf number (0.928), leaf area (0.980), dry weight (0.978), chlorophyll reading (0.953), 
fruit set (0.995), number of pod (0.972) and total protein (0.998) (Table 17). These characters are the most 
important attributes of yield per feddan. Mengistu and Yamoah (2010) reported the significant correlation of 
yield/feddan with the plant height and also with the dry weight. On the other hand, pods yield per feddan was 
adversely associated with seedling emergence rate (r = -0.973), total sugars (r = -0.979) and total fiber (r = -
0.935). The results could suggest that delaying planting of snap bean and increasing gamma irradiation doses 
more than 30 Gy negatively affect the growth characters and ultimately resulted in reduced potential of yield. 
 
Conclusions and Recommendations: 
 The current study was undertaken to investigate the effects of low gamma irradiation doses and different 
sowing dates on growth and yield of snap bean. The results indicated that except for total fibers percent, all the 
evaluated parameters were significantly affected either by low gamma irradiation doses up to 30 Gy or different 
sowing dates or by both. The results of this study identified the appropriate low gamma irradiation doses and 
different sowing dates that would help optimize the yield of snap bean. Growth, biochemical constituents and 
yield of snap bean progressively deteriorated as planting was delayed from mid and late date as well as 
increasing with low gamma irradiation doses more than 30 Gy. Yield per feddan was significantly correlated 

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 19.60 bc 20.81 ab 20.74 ab 22.02 a 20.80 ab 19.40bc 19.30 bc 20.38 A 
2nd date 17.02de 18.17cd 18.11c-e 19.48 bc 18.33 cd 17.02de 16.03 e-g 17.74 B 
3rd date 13.95h 16.47de 16.30d-f 17.11de 16.37 d-f 14.37 f-g 14.17 gh 15.53 C 
Mean 16.86 BC 18.48 AB 18.38 AB 19.54 A 18.50 AB 16.93 BC 16.50 C  

 2009/2010 season  
1st date 18.70 b-d 19.95 ab 19.82 ab 21.23 a 20.03 ab 18.67 b-d 18.14b-e 19.51 A 
2nd date 17.11 d-f 18.29 b-e 18.27 b-e 19.61 a-c 18.52 b-d 17.14d-f 16.36 e-g 17.90 AB 
3rd date 14.76 g 16.97 d-f 16.77 d-g 17.68c-e 16.82d-g 14.85 g 15.09 fg 16.13 B 
Mean 16.86 BC 18.40 AB 18.28AB 19.51 A 18.46 AB 16.89 BC 16.53 C  

Treatments 
Gamma irradiation Gy 

Mean 
0 10 20 30 40 50 60 

 2008/2009 season  
1st date 1.28 b-d 1.19 d 1.23 cd 1.25 cd 1.25 cd 1.27 b-d 1.27 b-d 1.25 A 
2nd date 1.53 a-d 1.40 a-d 1.48 a-d 1.41 a-d 1.48 a-d 1.51 a-d 1.56 a-c 1.48 B 
3rd date 1.61 a 1.51 a-d 1.56 a-c 1.56 a-c 1.61ab 1.58 a-c 1.63ab 1.58 B 
Mean 1.47 A 1.37 A 1.42 A 1.41 A 1.45 A 1.45 A 1.48 A  

 2009/2010 season  
1st date 1.21 b 1.11 b 1.16 b 1.20 b 1.13 b 1.21 b 1.21b 1.18 A 
2nd date 1.32 ab 1.28 ab 1.35 ab 1.31 ab 1.32 ab 1.35 ab 1.39 ab 1.33 B 
3rd date 1.58 a 1.57 a 1.57 a 1.57 a 1.60 a 1.61 a 1.59 a 1.59 C 
Mean 1.37 A 1.32 A 1.36 A 1.36 A 1.35 A 1.39 A 1.40 A  
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with seedling emergence percent, seedling emergence rate, plant height, leaf number, leaf area, dry weight, total 
chlorophyll reading, total sugars, endogenous phytohormones, fruit set, total pod number, total protein percent 
and total fiber.  
 It could be concluded that under such conditions of the experiment, it is advisable to using 30 Gy of low 
gamma irradiation dose of snap bean seeds in order to ameliorate the depressing influence of low temperature 
experienced by plants as a result of the late sowing date (October) on growth, biochemical constituents and yield 
under open field condition. 

 
Table 17: Simple correlation coefficients among different characters. 

 
Gamma irradiation doses (Gy) 

 
Fig. 1: Effect of interaction between low gamma irradiation and sowing dates on total yield (ton/feddan) of 
            snap bean during 2008/2009 and 2009/2010 seasons. 
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Plant characters 
 SEP SER PH LN LA DW CR TS FS NP YF TP TF 

SEP  -0.987 0.999 0.900 0.964 0.990 0.929 -0.962 0.999 0.986 0.997 0.999 -0.951 
SER   -0.989 -0.823 -0.911 -0.999 -0.861 0.907 -0.990 -0.999 -0.973 -0.985 0.932 
PH    0.893 0.959 0.992 0.923 -0.957 0.999 0.989 0.996 0.999 -0.998 
LN     0.983 0.835 0.997 -0.984 0.892 0.819 0.928 0.905 -0.927 
LA      0.919 0.993 -0.999 0.959 0.908 0.980 0.967 -0.983 
DW       0.872 -0.916 0.993 0.999 0.978 0.988 -0.991 
CR        -0.994 0.922 0.958 0.953 0.934 -0.923 
TS         -0.956 -0.905 -0.979 -0.965 0.950 
FS          0.989 0.995 0.999 -0.892 
NP           0.972 0.984 -0.930 
YF            0.998 -0.935 
TP             -0.991 
TF              

SEP = Seedling emergence percent, SER = Seedling emergence rate, PH = Plant height, LN = Leaf number, LA = Leaf area, DW = Dry 
weight, CR = Chlorophyll reading, TS = Total sugars, FS = Fruit set, NP = Number of pod, YF = Yield/feddan, TP = Total protein. 



Aust. J. Basic & Appl. Sci., 5(11): 30-42, 2011 

41 

Badr, H.M., A.A. Alsadon and A.R. Al-Harbi, 1997. Stimulation effects of gamma radiation on growth and 
yield of two tomato cultivars (Lycopersicon esculentum Mill). J. King Soud. Univ., 9(2): 277-286. 

Baek, M.H., J.H. Kim, B.Y. Chung, J.S. Kim and I.S. Lee, 2005. Alleviation of salt stress by low dose γ-
irradiation in rice. Biologia Plantarum, 49(2): 273-276. 

Bijit-Bhattacharyya, P., K. Borua and K. Bhattacharyya, 1999. Comparative response of yield components 
in Solanum khasianum Clarke to different doses of gamma ray treatments. Advances in Plant Sciences, 12(1): 
67-79. 

Chattopadhyay, A., S. Dutta and S. Chatterjee, 2011. Seed yield and quality of okra as influenced by 
sowing dates. African Journal of Biotechnology, 10(28): 5461-5467. 

Din, R., M.M. Khan, M. Qasim S. Jehan and M.M.I. Khan, 2003. Induced mutability studies in three wheat 
(Triticum aestivum L.) varieties for some morphological and agronomic characteristics. Asian J. Plant Sci., 
17(2): 1179-1182. 

Dorgham, E.A., 1999. Effect of low gamma-ray and seedling rates on growth, yield and its components as 
well as seed quality of lentils (Lens culinaries Med). Arab Journal of Nuclear Sciences and Applications, 32(1): 
249-256. 

Edwards, R.L. and F.J. Sundstorm, 1987. After ripening and harvesting effects on tabasco pepper seed 
germination performance. HortScience, 22: 473-475. 

El-Ghareeb, I.M., 2006. Gamma rays mutagenic influence in development pea agronomic and biochemical 
characters. Annals of Agric. Sci., Moshtohor, 44(2): 637-652. 

Ewas, A.B., 2010. Effect of some treatments on the tolerance of snap bean plants to early planting dates. 
PhD. Thesis, Fac. Agric. Ain Shams Univ., Cairo, Egypt. 

Fao statistics, 2009. Common bean production. Website: www.fao.org/corp/statistics.   
Farrag, M.M., 1995. Yield of 23 mungbean accessions as affected by planting date under El-Menia 

conditions. Assiut Journal of Agricultural Sciences, 26(2): 49-62. 
Gruner, M., M. Horvatic, D. Kujundzic and B. Magdalenic, 1992. Effect of gamma irradiation on the lipid 

components of soy protein products. Nahrung, 36: 443-450. 
Hamideldin, N., 2010. Molecular comparative studies on the effects of gamma irradiation and 

osmopsriming on tomato seeds. J. Rad Res appl. Sci., 3(1): 129-148. 
Hassan, H.M., M.A. Ali and I.M. Darwish, 2000. Effect of gamma irradiation on the susceptibility of 

cowpea to root-knot nematode (Meloidogyne incognita). Minia .J.Agric.Res. & Develop., 20(1): 47-56. 
Hegazi, A.Z. and N. Hamideldin, 2010. The effect of gamma irradiation on enhancement of growth and 

seed yield of okra (Abelmoschus esculentus L.) Monech] and associated molecular changes. Journal of 
Horticulture and Forestry, 2(3): 38-51. 

Hussein, O.S., 2006. Response of gamma irradiated mung bean seeds to salinity and ascorbic acid 
treatments. Egypt. J. Rad. Sci. Applic., 19(1): 257-270. 

I.S.T.A., 1987. International Seed Testing Association: Handbook of Vigor Test Methods. 2nd Ed., Int. Seed 
Test. Assoc., Zurih, Switzerland. 

Kelly, I.D. and F.A. Bliss, 1975. Heritability estimates of percentage seed protein and available methionine 
and correlations with yield in dry bean. Crop Science, 15: 753-757. 

Khalil, S.K.,  A. Wahab, A. Rehman, F. Muhammad, S. Wahab, A.Z. Khan, M. Zubair, M.K. Shah, I.H. 
Khalil and R. Amin, 2010. Density and planting date influence phonological development assimilate 
partitioning and dry matter production of faba bean. Pak. J. Bot., 42(6): 3831-3838. 

Koller, H.R., 1972. Leaf area, leaf weight relationship in the soybean canpoy. Crop Sci., 12: 180-183. 
Kon, E., O.H. Ahmed, S. Saamin and N.M. Majid, 2007. Gamma radiosensitivity study on long bean 

(Vigna sesquipedalis). Am. J. Applied Sci., 4(12): 1090-1093. 
Koshioka, M., J. Harada, M. Noma, T. Sassa, K. Ogiama, J.S. Taylor, S.B. Rood, R.L. Legge and R.P. 

Pharis, 1983. Reversed phase C18 high performance liquid Chromatography of acidic and conjugated 
gibberellins. J. Chromatgr, 256: 101-115. 

Kumar, Y. and V.K. Mishra, 1999. Effect of gamma rays and diethyl sulphate on germination, growth, 
fertility and yield in green gram (Vigna radiata L. Wilczek). Annals of Agricultural Research, 20(2): 144. 

Kurdali, F., M. Al-Shamma and Z. Ayyoubi, 2000. Stimulation of N2-fixation in chickpea by gamma 
irradiation as affected by different levels of ammonium sulfate fertilizer. Communications in Soil Science and 
Plant Analysis, 31(5-6): 705-715. 

Kuzin, A.M., M.E. Vagabova and A.F. Revin, 1976. Molecular mechanisms of the stimulating action of 
ionizing radiation on seeds. 2. Activation of protein and high molecular RNA synthesis. Radiobiologiya, 16: 
259-261. 

Kuzin, A.M., M.E. Vagabova and V.N. Prinak-Mirolyubov, 1975. Molecular mechanisms of the stimulating 
effect of ionizing radiation on seed. Activation of RNA synthesis. Radiobiologiya, 15: 747-750.  



Aust. J. Basic & Appl. Sci., 5(11): 30-42, 2011 

42 

Mahmoud, F.A.N., 2002. Effect of gamma radiation and some agrochemicals on germination, growth and 
flowering of Delphinium ajacis and Mathiola incana plants. M.Sc. Thesis. Fac. Agric., Moshtohor ( Benha 
branch), Zagazig Univ., Egypt. 

McMurray, L.S., J.A. Davidson, M.D. Lines, A. Leonforte and M.U. Salam, 2011. Combining management 
and breeding advances to improve field pea (Pisum sativum L.) grain yields under changing climatic conditions 
in south-eastern Australia. Euphytica, 180: 69-88. 

Mehetre, S.S., C.R. Mahajan and P.M. Dhumal, 1994. Effect of different doses of gamma irradiation on 
germination and survival of soybean. Soybean Genetics Newsletter, 21: 108-112. 

Mengistu, T. and C. Yamoah, 2010. Effect of sowing date and planting density on seed production of carrot 
(Daucus carota var. sativa) in Ethiopia. African Journal of Plant Science, 4(8): 270-279. 

Mishra, H.N., A.K. Mohapatra, S. Sahoo and A.K.B. Mohapatra, 1998. Performance of french bean under 
different dates of sowing in eastern ghat high land zone of Orissa .Annals of Agricultural Research, 19(1): 83-
84. 

Nagashie, A.K.K., 1997. Effect of sowing dates and water stress on productivity of bean (Phaseolus 
vulgaris L.) Plant. M.Sc. Thesis, Fac. Agric. Ain Shams Univ., Cairo, Egypt. 

Nassar, A.H., M.F. Hashim, N.S. Hassan and H. Abo-Zaid, 2004. Effect of gamma irradiation and 
phosphorus on growth and oil production of chamomile (Chamomilla recutita L. Rauschert). Int. J. Agri. Biol., 
6(5): 776-780.  

Nicander, B., U. Stahi, P.O. Bjorkman and E. Tillberg, 1993.  Immunoaffinity co- purification of cytokinins 
and analysis by high-performance liquid chromatography with ultraviolet spectrum-detection. Planta, 189: 312-
320. 

Orabi, I.O.A., 1998. Effect of seed irradiation and salinity on growth, chemical composition, flowering and 
seed production and its quality of cowpea. Egypt. J. Appl. Sci., 13(1): 201-215. 

Ramirez, S., N.E. Estrada, J.A. Gonzalez and M.T. Montes, 2008. Yield and quality of snap bean 
(Phaseolus vulgaris L.) through planting dates. Revista Fitotenca Mexicana, 31(3): 235-241. 

Rehab, F.I., 1999. Effect of sowing dates and VA-mycorrhizal inoculation on growth attributes, yield and 
its components of three varieties of of faba bean Vicia faba, L. Adv. Agric. Res., l4(3): 963-981. 

Saini, J.P. and S.C. Negi, 1998. Effect of cultivar and date of sowing on growth and yield of French bean 
(Phaseolus vulgaris L.) under dry temperate condition. Indian Journal of Agronomy, 43(1): 110-113. 

Shaker, F.S., 2001. Effect of sowing date and plant density on growth, seed yield and quality of two bean 
cultivars . Minia. J. Agric. Res. & Develop., 21(1): 175-188. 

Shamsi, K., 2010. The effect of sowing date and row spacing on yield and yield components on Hashem 
chickpea variety under rainfed condition. African Journal of Biotechnology, 9(1): 007-011. 

Sharafi, Y. and A.M. Azar, 2011. Gamma irradiation influences on some biological traits in two almond 
(Prunus amygdalus, L) cultivars. Journal of Medicinal Plants Research, 5(2): 255-258. 

Sharif, A., M.R. Khan and S.A. Hussain, 2000. Effect of gamma radiation on certain characters of 
Gossypium hirsutum L. Pak. J. Agric. Res., 16(2): 114-119. 

Shiringani, R.P. and H.A. Shimelis, 2011. Yield response and stability among cowpea genotypes at three 
planting dates and test environments. African Journal of Agricultural Research, 6(14): 3259-3263. 

Singh, O.R., 1999. Effect of dates of sowing and graded doses of nitrogen on growth and yield of French 
bean cv Contender in eastern U.P. Orissa Journal of Horticulture, 27(2): 39-42.  

Smith, F., M.A. Gilles, J.K. Maniltanand and P.A.C. Gerdees, 1956. Coloremetric methods for determine of 
sugars and related substances. Anal. chem., 28: 350-361. 

Snedecor, G.W. and W.G.  Cochran, 1982. Statistical methods. 7th ed. Iowa state Unv., press,  lowa,  U.S.A. 
Soliman, M.S.A. and M. Abd El-Hamid, 2003. Certain physiological, biological and molecular aspects of 

kidney bean plants originating from gamma-irradiated seeds during seed germination and plant development, 
Egypt. J. Rad. Sci. Applic., 16(1): 189-211.  

Thalji, T. and G. Shalaldeh, 2006. Effect of planting date on faba bean (Vicia faba L.) nodulation and 
performance under semiarid conditions. World Journal of Agriculture Sciences, 2(4): 477-482. 

Tolba, M.T., E.S. Ameen and A.M. Moghazy, 2002. Effect of sowing date as well as nitrogen fertilizer 
level on growth, yield and dry seed quality of cowpea plant. J. Agric. Sci. Mansoura. Univ., 27(11): 7611-7622. 


