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Growth, Biochemical Constituents and Yield of Snap Bean as Influenced by Low
Gamma Irradiation Doses under Different Sowing Dates
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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 1%, 15™ and 30™
of October in the two seasons. Data revealed that the early sowing date on 1** 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 1* 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 1% 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 (31% of
October,15™ and 30™ 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 31%).
Singh (1999) evaluated the effect of sowing dates (5 and 20™ of October, 4 and 19" of November) on growth of
French bean. The 4™ 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 10™ of May with 20day intervals
of cowpea. Sowing on 30" 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 10" of
October and 7™ 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 15™ of February gave the
highest plant height, fresh weight per plant and leaf area compared with the 15 and 30" of January but the 15"
of January was the best in number of leaves per plant. Average pod weight was significantly increased on 15"
and 30" of January sowing dates. But sowing on 15" 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 1% (early sowing date), 15" (mid
sowing date) and 30" (late sowing date) of October during 2008 and 2009 seasons. The area of the experimental
plot was 10.5 m? 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 (C°) 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 334 12.1 22.8 56.20 36.9 16.7 26.8 56.15
November 30.2 10.5 20.4 55.85 31.2 114 21.3 56.45
December 26.5 9.1 17.8 55.65 27.5 104 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% P,0s) at 300K g/fed, was added once during the soil preparation. Ammonia
sulphate (20.5% N) at 250 Kg/fed and potassium sulphate (48% K,0) 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).

Disk area x No. Disks x Leaf FW
Disk FW

Leaf area (cm®) =

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 (GA;) 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:

Number of setting pods/plant
Total number of flowers/plant

Fruit set % = x 100

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
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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 (1* of October) gave the highest
values of seedling emergence percentage in the two seasons, but 60 Gy dose with the late sowing date (30" 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.

Gamma irradiation Gy

Treatments 0 10 20 | 30 20 50 50 Mean
2008/2009 season
1* date 84.33 c-f 87.33 be 89.00 ab 91.67 a 85.33 b-e 84.33 c-f 84.00 c-f 86.57 A
2" 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 83.24B
3" 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 81.33C 80.56 C
2009/2010 season
1* 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
2™ date 83.67 ef 86.33 c-e 88.33 cd 88.00 cd 85.00 d-f 83.67 ef 81.67 fg 85.24B
3" date 78.67 gh 83.33 ef 84.00 ef 85.00 d-f 81.67 fg 78.33 gh 77.67 h 81.24C
Mean 82.44 BC 86.11 AB 88.22 A 88.67 A 85.33 A-C 83.00 BC 81.78 C

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.

Gamma irradiation Gy

Treatments 0 10 | 20 | 30 20 50 50 Mean
2008/2009 season
1* date 10.53 f-h 9.57 hi 7711 7.44 i 9.96 gh 10.90 f-h 11.63 e-h 9.68 C
2" date 14.10 b-d 12.66 d-f 12.00 d-g 10.68 f-h 12.70 d-f 13.33 c-¢ 14.00 b-d 12.78 B
3" date 16.03 ab 14.29 b-d 12.90 d-f 11.55¢-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 9.89C 12.73 AB 13.62 A 14.13 A
2009/2010 season
1* date 10.20 g-i 9.82 hi 8.48 ij 7.37j 10.06 g-i 10.63 f-i 11.19 e-h 9.68 C
2™ 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
3" date 15.40 a-c 13.33 c-¢ 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

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 (1%, 15™ and 30™ 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 (15" and 30™ 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
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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 °C; meanwhile, it was 26.8, 21.3, 19.0 and 17.3 °C 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.

Treatments Gamma irradiation Gy Mean
0 | 10 | 20 | 30 | 40 | 50 | 60
2008/2009 season
1* date 27.6 d-f 30.8 a-c 33.0 ab 333a 31.4 a-c 30.0 cd 28.7 c-e 30.7 A
2™ date 23.7h+j 26.9 e-g 29.1c-e 30.5 be 28.9 c-e 25.3 f-h 23.3 h+j 26.8 B
3" date 21.3j 24.6 g-i 26.7 e-g 26.5 e-g 22.2ij 21.7j 21.5j 23.5C
Mean 2421D 274 BC 29.6 AB 30.1A 27.5 A-C 25.7CD 245D
2009/2010 season
1* date 25.7 e-g 29.8 a-c 31.5ab 322a 30.4 a-c 29.4 be 28.1 c-e 29.6 A
2™ date 24.2 f-i 26.1 d-f 28.7 b-d 30.9 ab 29.2 be 252 fg 22.9 g+ 26.8 B
3" date 21.8j 24.8 f-h 254 e-g 259 ef 22.9 g-j 22.3 h-j 20.80j 234C
Mean 239D 26.9 BC 28.5 AB 29.7 A 27.5 A-C 25.7CD 239D
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.
Gamma irradiation G
Treatments 0 I 10 I 20 I 30 I Y 20 I ) I 50 Mean
2008/2009 season
1* 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
2" 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
3" date 14.03 f 15.43 cf 16.13 b-f 16.20 b-f 16.60 b-f 14.97 d-f 14.77 ef 15.45B
Mean 1542 B 16.51 B 17.56 A 17.70 A 17.57 A 16.34B 15.80 B
2009/2010 season
1* date 16.83 b-e 18.80 a-c 19.87 a 19.33 ab 17.80 a-¢ 17.47 a-e 16.30 c-f 18.06 A
2™ 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 16.35B
3" 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 15.00D 16.76 BC 17.54 AB 18.00 A 17.48 AB 16.39 BC 15.98 CD
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 (cm?) of snap bean during 2008/2009 and 2009/2010 seasons.
Gamma irradiation Gy
Treatments 0 | 10 | 20 | 30 | 20 | ) | 50 Mean
2008/2009 season
1% date 14041 ¢ 152.76 ¢ 163.43b 170.70 a 159.64 b 153.16 ¢ 145.86 d 155.14 A
2" date 11742 130.03 fg 139.65 ¢ 146.43 d 140.87 ¢ 132.90 f 124.28 h 133.08 B
3" date 110.88 jk 115911 128.04 gh 127.97 gh 118.67i 111.26 j 106.54 k 117.04 C
Mean 12291 F 13290 D 14371 B 148.37A 139.73C 132.44D 12556 E
2009/2010 season
1* date 14392 ¢ 156.00c 169.41b 176.03 a 15531 ¢ 149.89d 142.60 ¢ 156.17 A
2" date 118.04 i 12421¢g 140.63 ef 14393 ¢ 136.97 f 127.40g 11540 129.51 B
3" 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 12320 F 131.60 D 144.53 B 149.18 A 136.98 C 128.35E 119.11 G

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.
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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.

Gamma irradiation G
Treatments 0 | 10 | 20 | 30 | Y 20 | ) | 50 Mean
2008/2009 season
1* date 6.82 b-d 6.99 a-c 7.51a 7.35 ab 7.08 ab 6.95 a-c 6.88 be 7.08 A
2" date 597 e-g 6.18 ef 6.80 b-d 6.88 be 6.40 c-e 6.25 de 6.06 e-g 6.36 B
3™ date 5.28h 5.63 f-h 5.81e-h 5.92e-g 5.81e-h 5.51 gh 531h 5.61C
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
1* date 6.88 b-d 7.15 ab 7.53 a 7.01 a-d 6.84 b-d 6.53 c-¢ 6.46 de 691 A
2™ date 6.17 ef 6.48 c-¢ 6.58 b-¢ 7.07 a-c 6.55 b-¢ 6.19 ef 5.98 e-h 6.43 B
3™ date 5.45 g-i 5.86 f-h 6.04 e-g 6.15 ef 5.80 f-h 5.40 hi 4931 5.66 C
Mean 6.17 CD 6.50 AB 6.72 A 6.74 A 6.39 BC 6.04 DE 5.79E

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.
Gamma irradiation Gy
Treatments 0 | 0 [ 20 | 30 [ 20 | 50 [ 50 Mean
2008/2009 season
1* date 43.1 a-d 44.3ab 44.2 a-c 45.3a 42.5a-f 42.4a-f 40.7 b-g 432 A
2" date 39.8 c-g 42.1 a-f 42.7 a-¢ 42.7 a-e 40.6 b-g 39.4d-g 39.0d-g 409B
3 date 38.0 fg 39.6d-g 414 a-g 42.0 a-g 40.0 b-g 385eg 376¢g 39.6 B
Mean 40.3CD 42.0 AB 42.8A 433 A 41.0 BC 40.1CD 39.1D
2009/2010 season
1% date 44.3 ab 464 a 46.1a 46.0a 44.3 ab 43.7 a-c 41.9b-d 44.7 A
2" date 38.3d-g 42.1b-d 41.8b-d 41.7b-d 40.0 c-e 39.1d-g 39.6 d-f 404B
3" date 354¢ 383d-g 42.0b-d 42.0b-d 39.1d-g 37.0 e-g 359 fg 38.6 B
Mean 393D 423 AB 433 A 432 A 41.1 BC 39.9CD 392D

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.

Gamma irradiation Gy
Treatments 0 | 0 | 20 | 30 | 20 | 30 | 50 Mean

2008/2009 season
1* date 8.37f 9.62 d-f 9.00 ef 10.82 c-¢ 11.69 a-d 12.31 a-c 1342 a 10.75 B
2™ 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
3" date 13.22 ab 13.65a 13.00 a-c 12.61 a-c 13.85a 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 1351 A

2009/2010 season
1* date 839e 9.51 de 9.37 de 11.89 a-c 12.55 a-c 12.57 a-c 13.03 ab 11.04B
2" date 10.78 cd 11.75 be 12.68 a-c 12.53 a-c 12.60 a-c 13.36 ab 13.40 ab 12.44 A
3" date 13.19 ab 14.00 a 13.42 ab 12.17 a-c 13.28 ab 12.99 ab 13.55 ab 1323 A
Mean 10.79 C 11.75 BC 11.82 BC 12.20 AB 12.81 AB 12.97 AB 1332 A

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.c., 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, GA; 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 (1% of October) compared with the mid and the late sowing dates. However, the second and the
third sowing dates (15" and 30™ of October) scored the highest values of total sugar in the two seasons. This
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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.

Gamma irradiation G
Treatments 0 | 0 | 20 | 30 | Y 20 | ) | 50 Mean
Auxins (ug/10g FW)
1* date 64.30 b-g 70.75 a-d 73.00 ab 76.35a 71.99 a-c 69.08 a-¢ 67.92 a-f 70.49 A
2" date 57.88 f-i 61.77 d-h 66.14 b-g 72.14 a-c 69.67 a-¢ 64.53 b-g 61.19 d-h 64.76 B
3™ 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 58.32C 64.29 BC 67.19 AB 7222 A 67.22 AB 63.26 BC 59.98 C
Gibberellins (ng/10g FW)
1* date 39.92 gh 43.64 d-h 50.02 a-e 56.45a 53.83 ab 49.19 a-f 39.69 gh 4753 A
2" 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 38.12h 46.30 A
3 date 41.10 e-h 51.60 a-d 48.48 a-g 43.47d-h 49.19 a-f 46.75 b-h 42.80 d-h 46.20 A
Mean 40.48 B 4842 A 5049 A 48.16 A 51.18 A 47.81 A 40.20 B
Cytokinins (ng/10g FW)
1* date 29.33 a-c 32.59a 30.82 ab 3241 a 31.03 ab 28.58 a-d 27.03 a-e 30.26 A
2" 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 2740 B
3" 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 ¢ 25.50 C
Mean 2495 B 28.32 AB 29.15 AB 31.26 A 29.20 AB 26.38 B 2479 B
Abscisic acid (ug/10g FW)

1* date 0.79 a-e 0.65 b-h 0.53 e-h 041 e-h 0.44 gh 0.75 a-f 0.92 ab 0.64 B
2" 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
3" date 0.89 a-c 0.73 a-g 0.66 b-h 0.55d-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 048 E 0.64 C-E 0.79 A-C 093 A

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
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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.

Gamma irradiation Gy
Treatments 0 | 0 | 20 | 30 | 20 | ) | 50 Mean
2008/2009 season
1* 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 3829 A
2" 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 3553 B
3" date 29.361 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 3693 A 3723 A 34.70 BC 33.77CD 33.14CD
2009/2010 season
1* date 37.40 c-f 39.96 a-c 41.36 ab 42.04a 38.40 b-d 36.88 c-g 35.24 d-h 38.76 A
2" date 32.95 h-j 35.89d-h 38.28 b-e 38.47 b-d 34.90 e-h 33.90 gh 33.28 gi 3538B
3" date 29.83 jk 32.60 h-j 3432 f-h 35.10d-h 3041 i-k 29.14 k 28.17k 31.37C
Mean 33.39CD 36.15B 3798 A 3854 A 34.57 BC 33.31CD 32.23D

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 1* 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
(1" 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
15™ and 30" 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
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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.

Gamma irradiation Gy

Treatments 0 | 0 [ 20 | 30 [ 20 | ) | 50 Mean
2008/2009 season
1* date 13.33 de 15.00 b-d 17.00 a-c 1933 a 17.67 ab 17.00 a-c 14.67 cd 16.29 A
2™ 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
3" date 8.00 h 9.00 gh 10.33 f-h 10.67 e-h 9.00 gh 8.67h 8.67h 9.19C
Mean 11.44D 13.00 B-D 14.67 AB 15.67 A 13.22 BC 12.44 CD 11.67 CD
2009/2010 season
1* 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 1443 A
2" date 1133 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 11.95B
3" date 6331 7.33 hi 9.00 g-i 9.33 f-i 7.67 hi 7.00 hi 7.00 hi 7.67C
Mean 9.78 C 11.22 BC 12.89 AB 13.67 A 11.33 BC 10.89 C 9.67C

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.
Gamma irradiation Gy

Treatments 0 | 10 | 20 | 30 | 20 | 350 | 50 Mean
2008/2009 season
1* date 59.87 cd 56.59de 64.77ab 68.06a 64.52 ab 64.09 b 60.46 ¢ 62.62 A
2" date 46471 48.31 hi 50.53 gh 54.40 ef 52.62 fg 48.97 g-i 48.14 hi 49.92 B
3" date 3524 m 39.45kl 42.64 jk 45334 41.39kl 37.60 Im 37.83 Im 39.93C
Mean 47.19D 48.12CD 52.65B 5593 A 52.84 B 50.22BC 48.81 CD
2009/2010 season
1* date 56.70 b 5245¢ 61.35a 62.81 a 61.97a 60.05 ab 57.14b 58.92 A
2" date 43.59f 44.99 ef 44.46ef 49.67cd 47.92 de 45.53 ef 44.53 ef 4581 B
3" date 29911 32.51 hi 35.58gh 38.99¢g 35.77 gh 30.44 i 30.17 1 33.34C
Mean 43.40D 43.31D 47.13BC 50.49 A 48.55 AB 45.34 CD 43.95D

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.

Gamma irradiation Gy

Treatments 0 | 0 [ 20 | 30 [ 20 [ 30 [ 50 Mean
2008/2009 season

1* date 4.06 bc 3.84 cd 4.39ab 4.62a 4.38 ab 4.35 ab 4.10 be 4.25 A

2" date 3.15 f-i 3.28 e-h 3.43d-g 3.69 c-e 3.57d-f 3.32¢e-h 3.27 e-h 339B

3" date 2391 2.68 j-1 2.89 h-k 3.08 g-j 2.81i-1 2.55kl 2.57kl 2.71C

Mean 320C 3.27C 3.57AB 380 A 3.59 AB 3.41BC 3.31C

2009/2010 season

1* date 3.85 be 3.56 cd 4.16ab 4.26a 4.21 ab 4.08 ab 3.88 a-c 4.00 A

2" date 2.96 fg 3.05¢ef 3.02¢-g 3.37 de 3.25d-f 3.09 ef 3.02e-g 3.11B

3" date 2.03j 2.211j 2.42 h-j 2.65 gh 2.43 hi 2.071ij 2.051ij 2.26C

Mean 295D 294D 3.20A-C 343A 330 AB 3.08 B-D 298 CD

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.
Gamma irradiation Gy
Treatments 0 | 0 [ 20 | 30 [ 20 [ 30 [ 50 Mean
2008/2009 season
1* date 3.56 c-e 3.42 de 4.02 ab 4.19a 3.92a-c 391 ac 3.68 b-d 3.82A
2" date 2.61 gh 2.87 fg 2.96fg 3.19 ef 2.99 fg 274 ¢ 2.72 gh 2.837B
3" date 1.86 jk 2.05i-k 2.221j 2.36 hi 2.161i-k 1.95 jk 1.81k 2.06 C
Mean 2.67D 2.78 CD 3.07B 325A 3.03B 2.87C 2.74D
2009/2010 season
1* date 3.60 cd 347d 4.02 ab 424 a 391 a-c 3.80 b-d 3.61cd 381 A
2" date 2.54f 2.70 ef 2.73 ef 296¢ 2.75 ef 2.65 ef 2.66 ef 2.71B
3" date 1.58h 1.72 gh 1.90 gh 2.08¢g 1.86 gh 1.60 h 1.51h 1.75C
Mean 2.58C 2.63C 2.88 B 3.09A 2.84 B 2.68 C 2.59C

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 1** of October gave the
highest percent of protein and the lowest percent of fiber in green pods compared with mid and late sowing date.
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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 15™ and 30™ 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.

Gamma irradiation G
Treatments 0 | 0 | 20 | 30 | Y 20 | ) | 50 Mean
2008/2009 season
1* date 19.60 be 20.81 ab 20.74 ab 22.02 a 20.80 ab 19.40bc 19.30 be 20.38 A
2™ date 17.02de 18.17cd 18.11c-¢ 19.48 be 18.33 cd 17.02de 16.03 e-g 17.74 B
3™ date 13.95h 16.47de 16.30d-f 17.11de 16.37 d-f 1437 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
1* date 18.70 b-d 19.95 ab 19.82 ab 21.23 a 20.03 ab 18.67 b-d 18.14b-¢ 19.51 A
2™ 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
3™ date 1476 g 16.97 d-f 16.77 d-g 17.68c-¢ 16.82d-g 1485¢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

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.

Gamma irradiation G
Treatments 0 I 0 [ 20 | 30 I Y 20 | ) I 50 Mean
2008/2009 season
1* date 1.28 b-d 1.19d 1.23 c¢d 1.25 cd 1.25 c¢d 1.27 b-d 1.27 b-d 1.25 A
2™ date 1.53 a-d 1.40 a-d 1.48 a-d 141 a-d 1.48 a-d 1.51 a-d 1.56 a-c 1.48 B
3" 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 147 A 1.37 A 142 A 141 A 145 A 145 A 148 A
2009/2010 season
1* date 1210 1.11b 1.16 b 1.20b 1.13b 1.21b 1.21b 1.18 A
2" date 1.32 ab 1.28 ab 1.35ab 1.31ab 1.32 ab 1.35ab 1.39 ab 1.33B
3 date 1.58a 1.57a 1.57a 1.57a 1.60 a 1.6l a 1.59a 1.59C
Mean 1.37A 132 A 1.36 A 136 A 135A 139A 140 A

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
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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.

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.
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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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