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Abstract: This study was conducted to compare some vegetative growth characters and yield of two snap bean
cultivars sown under open field conditions in Egypt during early winter with the intent of production for export
to the European market. The field experiment was conducted in the experimental field of NCRRT, Cairo, Egypt.
Seeds of snap bean cvs. Xera and Bronco were irradiated with low gamma ray doses (0, 20 and 30 Gy) before
they  were  sown  on  different  sowing  dates  (Oct.  1 ,  8   and 15 ) in the two consecutive seasons of 2011st th th

and 2012. The experiment was laid out in a split- split- plot with three replicates, each consisting of two rows
(2.5 m long and 0.6 m wide), where seeds were sown 5 cm apart on the top of the rows. Vegetative characters
determined were plant height, number of branches, leaf area and leaf fresh and dry weight. Moreover, the
concentration of endogenous GAs, auxins and ABA were determined in 30- days old leaves. Along with
exportable yield and total yield, average pod weight, pod diameter and pod protein concentration were
determined. Results revealed that although vegetative growth attributes were in favor of cv. Bronco but cv.
Xera yielded more. Sowing on seeds on Oct. 8  resulted in increased plant length, leaf area, GAs concentrationth

in leaves and enhanced exportable and total yields. Low gamma doses investigated in this study were found
to be generally stimulatory. The 20 Gy dose led to the production of maximum number of branches, leaf dry
weight and increased GAs and auxins concentrations in leaves and maximized yield. Moreover, the 30 Gy dose
resulted in maximum leaf area, leaf fresh weight and increased pod protein percentage.
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INTRODUCTION [7]. That’s why, growth could be improved by sowing on

Studies on several legumes such as faba bean, snap established especially in Egypt, Kenya, Tanzania and
bean, pea and cowpea reported that sowing on different Uganda  to  fulfill  demands  of  the  export  market [8].
dates remarkably affected plant growth and yield [1-4]. Snap bean (Phaseolus vulgaris L.) is a major vegetable
Legumes are of special importance in the diets of humans export crop in Egypt and production is mainly  by  small
and animals  throughout  the world and are cultivated to medium scale farmers and that creates on-farm
under a wide range of environmental conditions. employment opportunities for the rural community,
Moreover, they improve soil conditions by their known especially youth and women. Green pods and dry seeds
ability to fix nitrogen in the soil [5]. The optimum of snap beans are a popular source of calcium and iron
temperature range for bean growth is from 16 to 30°C [6]. and  contain  essential  nutrients  such as ascorbic acid
Temperatures below or above that range had deleterious and  Vitamins  A  and  B  and  are  rich  in proteins [9-11].
effects on plant performance. Moreover, seeds would not In different locations, these pods are referred to as string
germinate or might be decayed at temperature below 10°C beans, French beans or green beans. In Egypt, snap bean

proper dates. Large scale cultivations of snap bean are
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is a very valuable crop when cultivated for exportation to added on the 60 cm wide rows. Afterwards, seeds were
the  European  fresh  market and are a means by which sown on Oct. 1 , 8  and 15  in 2011 and 2012. Ammonium
local farmers can diversify their agricultural production. sulphate (20.5% N) and potassium sulphate (48% K O)
The selection of appropriate cultivars, since some were first applied to the soil two weeks after sowing at a
cultivars are more suited to specific climatic conditions is rate of 125 and 50 kg/ fed and an equal quantity was
an important first step in the production of high yields. applied a month later. Normal agricultural practices and

Among ionizing radiations, gamma rays are the most management, disease and pest control programs were
energetic form of electromagnetic radiation having an followed according to the recommendations of the
energy level from around 10 kilo electron volts (keV) to Egyptian Ministry of Agriculture and Land reclamation.
several hundred keV. Therefore, they are more penetrating The area of each experimental plot/ replicate was 3 m  and
than other types of radiation such as alpha and beta rays consisted of (2 rows, each 0.6 m wide x 2.5 m long). Seeds
[12]. Gamma radiation has been reported to be useful in were sown 5 cm apart on the top of the rows and the
the alteration of physiological characters [13]. Its following data were recorded:
biological effect is based on the interaction with atoms or
molecules in cells, particularly water, to produce free Vegetative Characteristics: Plant length (cm), number of
radicals [12]. Seed irradiation during the pre-sowing is one branches, leaf area (cm ), leaf fresh weight (g) and leaf dry
of the most effective methods to improve plant weight (g) were determined 45 days after planting.
production, yield components and chemical composition Recorded values were the averages calculated from
[14, 15]. This study was conducted to evaluate and determinations made for 5 plants/ replicate. Plant length
compare the performance of two snap bean cultivars sown was measured from the cotyledon to the apical head of
in early winter on different dates with the aid of each plant. Leaf fresh weight were determined using a
stimulatory low gamma irradiation doses to determine the Metler- Toledo precision balance. For leaf dry weight
feasibility of their cultivation for the export/ local market. determination, samples were washed using tap water

MATERIALS AND METHODS °C for 24 hours according to AOAC [17] and weighed.

This  field  experiment  was  carried  out  during the leaf from plant top) was calculated from the relation
two  successive  seasons  of 2011/2012 and 2012/2013 between unit area and leaf weight using the following
under  open  field conditions in the experimental field of equation according to Koller [18].
the National Center for Radiation Research and
Technology (NCRRT), Nasr City, Cairo, Egypt. Soil
analysis was conducted in the Faculty of Agriculture,
Cairo University according to Jackson [16]. It showed that Phytohormones: Phytohormones [Gibberellins (GAs),
the soil had a sandy clay loam texture. Soil chemical and Indole  acetic  acid  (IAA)  and   Abscisic   acid   (ABA)
physical analysis in the first and second seasons revealed (µg / 100 gm FW)] were extracted from young leaves of
that it consisted of 57.3- 58.4 % sand: 21.2- 18.2 % silt: snap bean plants, 30 days after planting and their
21.5- 23.4 % clay. Its initial pH was 7.32- 7.31 and its EC concentrations were determined in an acidic ethyl acetate
was 2.2- 1.8 dS/ m. The concentrations of soluble anions phase using GLC according to the method described by
were 1.5- 1.2 meq/ l CO , 4.5- 3.5 meq/ l HCO , 8.8- 5.5 meq/ Shindy and Smith [19].3 3

l Cl and 11.7- 9.2 meq/ l SO . The concentrations of soluble4

cations were 10.5- 9.0 meq/ l Ca, 3.5- 2.0 meq/ l Mg, 0.5- Pod Characters: Average pod weight was determined
0.41 meq/ l K and 11.2- 9.34 meq/ l Na. from averaging the weights of 10 randomly selected pods/

Seeds of snap beans (Phaseoulus vulgaris. L) cv. replicate/ harvest. Pod diameter was calculated from
Xera and Bronco were irradiated with 0, 20 and 30 Gy of averaging the diameters of 10 randomly selected pods/
gamma radiation in a self-contained dry-storage gamma replicate/ harvest using Vernier caliper. Total protein (%)
irradiator with Cs (caesium-137) as a radiation source in in green pods was determined through the determination137

NCRRT. Dose rates were 28.5 and 27.9 Gy/ h in the two of pod total N and a factor of 6.25 was used for
successive seasons. During soil preparation, calcium conversion of total N to protein percentage according to
super-phosphate (15% P O ) at a rate of 300 kg/fed, was Kelly and Bliss [20].2 5

st th th

2

2

2

before being dried in an air- forced ventilated oven at 70

Leaf area of recently full expanded mature leaves (fourth
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Table A: Average temperatures and relative humidity during the growing seasons.
2011/ 2012 2012/ 2013
---------------------------------------------------------------------------- ----------------------------------------------------------------------------
Temp. (°C) RH (%) Temp. (°C) RH (%)
--------------------------- --------------------------- --------------------------- ---------------------------

Month Max. Min. Max. Min. Max. Min. Max. Min.
October 32.4 21.5 74.2 33.2 31.6 20.2 85.6 28.2
November 25.3 13.8 80.8 41.1 31.6 20.9 84.1 35.7
December 21.3 11.8 82.0 42.4 30.6 10.9 70.6 31.8
January 19.8 8.8 74.1 38.2 22.2 7.8 74.5 29.7
*Central Laboratory for Agricultural Climate, Dokki, Giza, Egypt

Yield: Pods were harvested when they reached the seeds sown on Oct. 8  compared to those sown on Oct.
optimum marketable stage of pod growth (bright green, 1 and 15 . Contrarily, late sawing significantly reduced
fleshy pods containing small and green seeds). Green pod plant height in both seasons compared to earlier dates.
yield (kg/ fed) was calculated based on a planting rate of Regarding vigor, reflected by the number of branches,
80000 plant/ fed. The pod yield classified as exportable sowing on Oct. 1  in 2011 season and on Oct. 8  in 2012
included pods which were shiny green, intact, straight, season resulted in significantly low number of branches
with a fresh appearance and without any defects, that compared to other sowing dates, between which,
complied with exportation standards while total yield insignificant differences were recorded. Moreover, it was
included all harvested pods. found that the highest leaf fresh and dry weights resulted

Statistical Analysis: This experiment was laid out in a recorded for late sowing on Oct. 15 . Results also show
split- split- plot design with three replicates. The cultivars that investigated irradiation doses significantly stimulated
were assigned in the main plots, sawing dates were plant height, leaf area and leaf fresh and dry weights in
distributed in the sub- plots and gamma irradiation doses both seasons, though, such effect on the number of
were distributed in the sub- sub- plots in a randomized branches was recorded in 2012 season only. Seed
complete block design. Only data representing the effects irradiation with a dose of 20 Gy resulted in highest number
of the main factors and the triple interaction between them of branches in both seasons and the highest plant height
are presented and discussed in this manuscript. All and leaf dry weight in 2012 season only. Meanwhile, the
presented data was analyzed by analysis of variance 30 Gy treatment resulted in the highest leaf area and leaf
(ANOVA) which is the procedure used for testing the fresh weight values in both seasons and the highest plant
differences between the means of two or more treatments height and leave dry weight values in 2011 season only.
and the differences between means were detected using Results presented in Table 2 show the effects
least significant difference (LSD) P > 0.05 according to imposed by the interaction between the three main factors
Gomez and Gomez [21]. under investigation on the studied vegetative characters.

RESULTS AND DISCUSSION Xera seeds on Oct. 15 , while the longest plants were

Vegetative Growth: Results presented in Table 1 show 8  and Oct. 15  in 2011 and 2012 seasons, respectively.
that plant height, number of branches, leaf area, leaf fresh Meanwhile, in 2011 season, 20 Gy- irradiated Bronco
and dry weights of snap bean are significantly affected by seeds produced the lowest number of branches when
cultivar,  sowing  date and pre- sowing seed irradiation sown on Oct. 1  and the highest number when sown on
treatments. In both seasons, cv. Bronco recorded Oct. 15 . In the latter season, both the lowest and highest
significantly higher plant length, number of branches and number of branches were recorded for unirradiated Xera
leaf area compared to cv. Xera. Moreover, significant seeds and 20 Gy irradiated Bronco seeds sown on Oct. 8 ,
increases in leaf fresh and dry weights in favor of cv. respectively. The highest leaf area values were recorded
Bronco were recorded in 2011 season only. It was also for plants grown from 30 Gy- irradiated Bronco seeds
found that sowing on Oct. 8  generally promoted sown on Oct. 8  in 2011 season and Oct. 1  in the latterth

vegetative  growth  compared   to   other   sowing  dates. season. On the other hand, the lowest values were
In both seasons under investigation, plants with recorded for plants of the cultivar Xera, grown from seeds
significantly high plant length and leaf area resulted from irradiated with 30 Gy and sown on Oct. 15  in 2011 season

th

st th

st th

from early sowing on Oct. 1  while the lowest values werest

th

The shortest plants resulted from sowing unirradiated
th

grown from 20 Gy- Irradiated Bronco seeds sown on Oct.
th th

st

th

th

th st

th
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Table 1: Main factors ‘cultivar, sowing date and pre- sowing irradiation’ effects on some vegetative attributes of snap bean plants.

Cultivar (A) Sowing date (B) Irradiation (C)
---------------------------- -------------------------------------------------- ----------------------------------------------

Character Season Xera Bronco Oct. 1 Oct. 8 Oct. 15 0 Gy 20 Gy 30 Gyst th th

Plant length (cm) 2011 60.1 b 67.8 a 65.6 b 69.0 a 57.3 c 60.8 c 65.1 b 66.0 a
2012 68.1 b 72.0 a 70.0 b 71.3 a 68.7 c 66.1 c 73.0 a 71.0 b

Number of branches 2011 15.1 a 15.6 a 11.4 b 17.7 a 17.0 a 15.4 a 15.7 a 15.0 a
2012 14.4 b 17.8 a 16.4 a 15.1 b 16.8 a 15.4 b 17.2 a 15.8 b

Leaf area (cm ) 2011 810.8 b 1307.4 a 947.4 b 1365.4 a 864.4 c 904.2 c 1115.3 b 1157.6 a2

2012 1036.0 b 1169.7 a 1039.3 c 1163.2 a 1106.1 b 988.1 c 1138.7 b 1181.9 a
Leaf fresh weight 2011 21.20 b 29.56 a 26.10 a 25.35 b 24.68 c 21.86 c 26.48 b 27.79 a

2012 24.45 a 24.54 a 26.18 a 25.87 a 21.44 b 22.05 c 24.45 b 26.98 a
Leaf dry weight 2011 3.38 b 3.73 a 3.90 a 3.44 b 3.33 b 3.10 b 3.73 a 3.82 a

2012 3.50 a 3.40 a 3.82 a 3.62 b 2.91 c 3.02 c 3.95 a 3.39 b

Means of the same factor in the same row bearing a common letter are insignificantly different at 5% level of probability. 

Table 2: The effects of interaction among ‘cultivar, sowing date and irradiation dose’ on some vegetative attributes of snap bean plants.

Season 2011 Season 2012
-------------------------------------------------- ---------------------------------------------------------
Irradiation doses Irradiation doses
-------------------------------------------------- ---------------------------------------------------------

Cultivar Sawing date 0 Gy 20 Gy 30 Gy 0 Gy 20 Gy 30 Gy

Plant length (cm) Xera Oct. 1 58.3 g 61.5 f 61.8 f 62.1 j 69.8 e-g 71.0 d-est

Oct. 8 64.5 e 69.2 c 69.2 c 65.0 i 73.9 a-c 67.8 ghth

Oct. 15 48.5 j 57.7 g 50.6 i 62.1 j 69.3 fg 71.7 c-eth

Bronco Oct. 1st 66.3 d 73.5b 72.4 b 69.5 e-g 75.0 a 72.7 b-d
Oct. 8th 65.6 de 76.4 a 69.1 c 71.7 c-e 74.8 ab 74.8 ab
Oct. 15th 61.5 f 52.3 h 73.1 b 66.2 hi 75.1 a 67.8 gh

Number of branches Xera Oct. 1st 13.1 de 12.9 d-f 13.7 cd 15.4 cd 17.2 b-d 16.9 b-d
Oct. 8th 15.9 b-d 15.9 b-d 16.9 a-c 10.1 e 10.2 e 10.2 e
Oct. 15th 15.7 b-d 17.0 a-c 15.5 cd 15.7 b-d 17.2 b-c 16.9 b-d

Bronco Oct. 1st 9.5 fg 9.3 g 10.2 e-g 14.5 d 17.2 b-d 17.3 b-d
Oct. 8th 19.1 ab 19.4 a 19.0 ab 18.5 b 23.1 a 18.5 b
Oct. 15th 19.4 a 19.7 a 15.0 cd 18.0 bc 18.2 bc 14.8 d

Leaf area (cm ) Xera Oct. 1st 643.4 i 849.5 g 750.1 h 869.4 g 954.4 f 892.7 fg2

Oct. 8th 932.3 f 1145.8 e 1245.4 d 949.8 f 1168.8 cd 1185.3 b-d
Oct. 15th 547.0 j 630.5 i 552.9 j 949.7 f 1168.8 cd 1185.3 b-d

Bronco Oct. 1st 926.2 f 1207.2 de 1308.2 c 1029.0 e 1139.7 d 1350.7 a
Oct. 8th 1438.8 b 1686.4 a 1743.5 a 1202.1 b-d 1243.1 b 1230.1 bc
Oct. 15th 937.6 f 1172.7 e 1345.7 c 928.3 fg 1157.3 d 1247.2 b

Leaf fresh weight (g) Xera Oct. 1st 23.99 e-g 24.71 ef 25.38 de 24.72 d-f 23.38 fg 27.63 c
Oct. 8th 16.35 j 21.65 hi 21.69 hi 21.83 g 23.73 e-g 26.60 cd
Oct. 15th 15.15 j 21.08 hi 20.76 i 21.83 g 23.73 e-g 26.60 cd

Bronco Oct. 1st 23.37 fg 27.76 c 31.39 b 23.80 e-g 25.57 c-e 31.95 b
Oct. 8th 29.79 b 26.45 cd 36.15 a 23.59 e-f 35.00 a 24.44 ef
Oct. 15th 22.53 gh 37.19 a 31.38 b 16.51 h 15.29 h 24.67 d-f

Leaf dry weight (g) Xera Oct. 1st 3.34 ef 4.26 ab 3.80 c 2.62 fg 4.35 ab 3.78 cd
Oct. 8th 2.21 h 3.30 ef 3.34 ef 3.40 e 4.09 b 2.91 f
Oct. 15th 3.13 f 3.53 c-e 3.48 de 3.40 e 4.09 b 2.87 fg

Bronco Oct. 1st 3.49 de 4.19 b 4.28 ab 3.55 de 4.07 bc 4.52 a
Oct. 8th 3.71 cd 3.53 c-e 4.53 a 3.31 e 4.49 a 3.53 de
Oct. 15th 2.73 g 3.58 c-e 3.51 de 1.81 h 2.59 g 2.72 fg

Means of the same factor in the same row bearing a common letter are insignificantly different at 5% level of probability
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and unirradiated and sown on Oct. 1  in 2012 season. Enhanced vegetative growth is most probablyst

Finally, it is worth mentioning that both, leaf fresh and dry attributed to the prevalence of suitable weather
weights recorded highest values for Bronco seeds sown conditions, especially temperature. Favorable conditions
on Oct. 8  after being irradiated with a 30 Gy dose in 2011 assist plants in maintaining boosted photosyntheticth

season and a 20 Gy dose in 2012 season. activity which was reflected as superior photosynthetic
Several authors reported that sowing date affected

snap bean vegetative growth [22, 23]. In this regard, snap
bean, chickpea, faba bean and carrot plant heights have
been reported to be significantly affected by sawing dates
[23, 24, 25, 26]. Unlike our findings, Abou El-Yazied [27]
reported that sowing cv. Bronco seeds on Oct. 1  was thest

most favorable date for stimulating vegetative growth
compared to Oct. 8  and Oct. 15 . The author reportedth th

that maximum plant height, leaf number, leaf area and plant
dry weight occurred when seeds were sown on Oct. 1 .st

Meanwhile, Amer [23] reported that the highest dry
weight recorded for snap bean plants was that recorded
for sowing on 10  of October. Moreover, enhancedth

vegetative growth in regards of plant height, number of
branches, number of leaves per plant as well as dry weight
of whole plant has been reported for other legumes such
as faba bean when sown early in the winter compared to
late sowing [1]. As for the effect of pre-sowing irradiation
treatments, Orabi [28] reported that relatively low gamma
irradiation doses increased plant height, number of leaves
and plant dry weight in cowpea. Contrarily, Hassan et al.
[29] reported an opposite effect on cowpea shoot dry
weight when high gamma doses were applied. Our
findings are in harmony with the findings of Nassar et al.
[30] who found that gamma irradiation enhanced
chamomile plant height and shoot fresh and dry weights
compared with plants produced from non-irradiated seeds.
Our results are also confirmed by previously reported
enhanced growth of several plants other than snap beans
such  as  okra, lentil, tomato and almond in response to
pre-sowing seed irradiation [22, 31, 32, 33, 34]. In this
regard,  Abou  El-Yazied  [27]  reported  that  a   30  Gy
pre-sowing irradiation treatment resulted in the best
vegetative  values  compared  to  control,  10,  20, 40 and
50 Gy doses. Meanwhile, Melki and Dahmani [35] reported
that a 20 Gy pre- sowing irradiation dose significantly
improved shoot growth of durum wheat. Grover and Khan
[36] concluded that gamma radiation at a low dose
stimulates, while a high dose inhibits plant growth and
development. In this regard, Abdul Majeed et al. [37]
reported declinations in growth parameters of Lepidium
sativum L. in response to increased radiation doses.
Abdul Shakoor et al. [38] attributed decreased shoot
lengths at higher doses of gamma rays to reduced mitotic
activity in meristematic tissues while Khalil et al. [39]
attributed it to reduced moisture contents in seeds.

assimilation, besides sparing plants enough time for
active growth. As for the stimulating effect irradiation
imposed on vegetative growth, it might be ascribed to the
enhanced endogenous growth promotors and reduced
abscisic acid production concurrent with the investigated
doses. Such results are in accordance with results
reported  by  Soliman  and  Abd El-Hamid [40] and Abou
El-Yazied [27].

Phytohormones: Results presented in Table 3 reveal that
intercultivar differences in GAs and auxins concentrations
are trivial. On the other hand, sawing date significantly
affected concentrations of GAs and auxins in leaves when
detected 30 days after planting. Sowing on Oct. 15th

resulted in a significantly reduced GAs concentration
compared to other sowing dates, between which an
insignificant difference was found. Meanwhile, Oct. 8th

recorded a significantly high auxins concentration
compared to the other early and late sowing dates,
between which an insignificant difference was detected.
It was also found that irradiating seeds with a 20 Gy dose
prior to sowing significantly increased growth promotors
(GAs and auxins) and insignificantly decreased growth
inhibitor, ABA. The 30 Gy dose seemed to have a
negative impact in this regard. As for ABA, neither
cultivar nor sowing date nor pre- sowing seed irradiation
had a significant effect on its concentration, though
higher concentrations were recorded for Bronco, delayed
sowing and unirradiated seeds compared to Xera, early
sowing and irradiated seeds.

As shown in Table 4, the best treatment in regards of
phytohormones concentration was sowing 20 Gy
irradiated Xera seeds on Oct. 8  while the worstth

treatments in this regard were sowing unirradiated Bronco
seeds on all examined sowing dates. Our results are in
consensus with results of Abou El-Yazied [27] who
reported  that  seed   irradiation   significantly  raised
auxins and GAs and reduced ABA concentration in
leaves. The author also reported that delayed sowing
significantly reduced auxins, insignificantly reduced GAs
and a significantly high ABA concentration was recorded
for sowing on Oct. 15  compared to that recorded forth

sowing on Oct. 1 . Increased GAs and auxins found inst

this study in response to pre-sowing seed irradiation are
also confirmed by the findings of Soliman and Abd-El
Hamid [40]. Here is worth mentioning that high gamma ray
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Table 3: Main factors ‘cultivar, sowing date and pre- sowing irradiation’ effects on GAs, auxins and ABA concentrations in leaves of 30 day old plants.

Cultivar (A) Sowing date (B) Irradiation (C)
----------------------------- --------------------------------------------------- ---------------------------------------------------

Phytohormone Xera Bronco Oct. 1 Oct. 8 Oct. 15 0 Gy 20 Gy 30 Gyst th th

GAs 554.4 a 507.3 a 585.7 a 567.7 a 439.3 b 429.4 b 583.6 a 579.7 a
Auxins 65.5 a 66.3 a 62.4 b 77.3 a 58.1 b 60.4 b 75.8 a 61.6 ab
ABA 15.9 a 16.0 a 14.3 a 16.2 a 17.4 a 17.2 a 15.3 a 15.4 a

Means of the same factor in the same row bearing a common letter are insignificantly different at 5% level of probability.

Table 4: The effects of interaction among ‘cultivar, sowing date and irradiation dose’ on GAs, auxins and ABA concentrations (µg / 100 gm FW) in leaves
of 30 day old plants.

Gas Auxins ABA
------------------------------------------------ -------------------------------------------- -------------------------------------------

Cultivar Sowing date 0 Gy 20 Gy 30 Gy 0 Gy 20 Gy 30 Gy 0 Gy 20 Gy 30 Gy

Xera Oct. 1st 437.0 d 594.3 a-d 589.7 a-d 69.1 b-d 50.3 cd 66.3 b-d 17.6 a-c 15.6 a-c 9.9 c
Oct. 8th 499.0 b-d 777.0 a 725.3 ab 43.6 d 107.7 a 98.7 ab 16.7 a-b 11.1 bc 17.0 a-c
Oct. 15th 397.7 d 481.7 b-d 488.3 b-d 56.7 cd 46.5 d 51.0 cd 18.4 ab 17.3 a-c 19.2 a

Bronco Oct. 1st 454.3 d 721.0 a-c 717.7 a-c 64.5b-d 78.8 a-d 45.6 d 15.4 a-c 16.2 a-c 11.0 bc
Oct. 8th 419.0 d 507.3 b-d 478.3 cd 46.1 d 105.7 a 62.2 cd 18.7 ab 16.3 a-c 17.3 a-c
Oct. 15th 369.3 d 420.0 d 478.7 b-d 82.6 abc 65.5 b-d 46.1 d 16.2 a-c 15.3 a-c 18.0 a-c

Means of the same factor in the same row bearing a common letter are insignificantly different at 5% level of probability. 

Table 5: Main factors ‘cultivar, sowing date and pre- sowing irradiation’ effects on average pod weight, pod diameter and pod protein.

Cultivar (A) Sowing date (B) Irradiation (C)
----------------------------- --------------------------------------------- ------------------------------------------------

Character Season Xera Bronco Oct. 1 Oct. 8 Oct. 15 0 Gy 20 Gy 30 Gyst th th

Pod weight (g) 2011 4.32 b 4.69 a 4.77 a 4.59 b 4.16 c 4.04 c 4.65 b 4.83 a
2012 4.51 b 4.80 a 4.86 a 4.43 b 4.68 a 4.51 b 4.73 a 4.73 a

Pod diameter (mm) 2011 5.65 b 6.81 a 6.38 a 6.17 b 6.14 b 6.03 b 6.34 a 6.32 a
2012 5.55 b 6.93 a 6.52 a 6.01 c 6.18 b 6.16 b 6.24 ab 6.32 a

Pod protein (%) 2011 24.72 a 24.34 a 24.80 a 25.27 a 23.52 b 22.68 c 25.03 b 25.88 a
2012 20.98 a 21.03 a 22.55 a 20.64 b 19.82 b 19.59 c 20.78 b 22.64 a

Means of the same factor in the same row bearing a common letter are insignificantly different at 5% level of probability

doses generally result in drastic reductions in resulted in a significant increase in pod diameter in 2012
physiological characters [36]. This is because it induces season compared to that recorded for Oct. 8 , but it was
oxidative stress with overproduction of reactive oxygen still significantly less than that recorded for the first
species such as super oxide radicals (O -), hydroxyl sowing date. Meanwhile, delaying sowing from the first to2

radicals (OH-) and hydrogen peroxides (H O ) [41], which the second sowing date resulted in a significant reduction2 2

react rapidly with almost all structural and organic in pod protein percentage in 2012 season only, while
molecules causing disturbance of cellular metabolism [42]. further sowing delay till Oct. 15  resulted in a significant

Pod Characteristics: As shown in Table 5, Bronco pods
were significantly heavier and thicker than Xera pods.
Meanwhile, pods of both cultivars recorded a trivial
difference in protein percentage in-between. On the other
hand, sowing date significantly affected studied pod
characteristics. It was found that delaying sowing date
from Oct. 1  to Oct. 8  significantly reduced pod weightst th

and pod diameter in both seasons under investigation.
Further delay till Oct. 15 resulted in a further significant
reduction of pod weight in 2011 season only. It also

th

th

reduction in pod protein compared to sowing on Oct. 1st

in both seasons under investigation. As for the effect of
radiation on studied pod characters, investigated low
gamma ray doses generally increased pod weight, pod
diameter and pod protein percentage. The 20 Gy dose
resulted in a significant increases of pod weight and pod
protein % in both seasons and a significant increase of
pod diameter in 2011 season only. The 30 Gy dose
recorded significantly high protein percent in both
seasons and a significantly high pod weight value in 2011
season, compared to the 20 Gy and the control treatments.
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Table 6: The effects of interaction among ‘cultivar, sowing date and irradiation dose’ on average pod weight, pod diameter and pod protein.

Season 2011 Season 2012
------------------------------------------------- ------------------------------------------------------
Irradiation doses Irradiation doses
------------------------------------------------- ------------------------------------------------------

Cultivar Sawing date 0 Gy 20 Gy 30 Gy 0 Gy 20 Gy 30 Gy

Pod weight (g) Xera Oct. 1 4.28 gh 4.79 c 4.52 ef 4.45 c-f 4.76 a-d 4.80 a-dst

Oct. 8 3.85 ij 4.45 e-g 4.45 e-g 4.20 f 4.24 ef 4.24 efth

Oct. 15 3.66 j 4.40 e-h 4.45 e-g 4.43 d-f 4.69 a-e 4.79 a-dth

Bronco Oct. 1st 4.55 de 5.17 b 5.32 b 4.88 a-d 5.11 ab 5.15 a
Oct. 8th 3.69 ij 4.76 cd 6.32 a 4.39 d-f 4.63 b-f 4.86 a-d
Oct. 15th 4.21 h 4.32 f-h 3.90 i 4.70 a-e 4.93 a-c 4.54 c-f

Pod diameter (mm) Xera Oct. 1st 5.61 ef 5.82 e 5.69 ef 5.75 e 5.81 e 5.82 e
Oct. 8th 5.53 fg 5.79 e 5.68 ef 5.23 g 5.42 fg 5.38 fg
Oct. 15th 5.35 g 5.71 ef 5.70 ef 5.50 f 5.50 f 5.52 f

Bronco Oct. 1st 6.77 c 7.06 b 7.32 a 6.90 b 7.34 a 7.51 a
Oct. 8th 6.44 d 6.71 c 6.85 bc 6.69 cd 6.55 d 6.80 bc
Oct. 15th 6.48 d 6.91 bc 6.70 c 6.87 bc 6.82 bc 6.85 bc

Pod protein (%) Xera Oct. 1st 24.44 de 25.29 b-d 26.21 ab 20.96 b-d 22.26 a-c 22.90 ab
Oct. 8th 24.40 de 26.16 ab 27.03 a 20.95 b-d 21.81 bc 21.86 bc
Oct. 15th 18.58 g 25.03 b-d 25.31 b-d 17.45 e 17.44 e 23.14 ab

Bronco Oct. 1st 22.70 f 24.85 cd 25.32 b-d 21.84 bc 22.24 a-c 25.08 a
Oct. 8th 22.93 f 25.30 b-d 25.78 a-c 18.85 de 19.92 c-e 20.44 b-d
Oct. 15th 23.02 f 23.57 ef 25.62 b-d 17.45 e 20.98 b-d 22.43 a-c

Means of the same factor in the same row bearing a common letter are insignificantly different at 5% level of probability

Results representing the effect of studied main proteins. The author attributed that effect to the prevalent
factors  interaction on some pod characteristics are shown favorable higher temperature compared to that prevailing
in Table 6. It was noticed that results did not follow a latter. Moreover, Bronco and Xera pods recording protein
consistent  trend  in both seasons under investigation. percentages that are insignificantly different is in
The lowest pod weight and pod diameter were recorded accordance with results reported by Abd Alla and Abou
for pods grown from unirradiated Xera seeds sown on EL-Saoud [44] and Amer et al. [46]. Finally, high pod
Oct. 15  in 2011 season while sowing on Oct. 8  recorded protein % in response to the irradiation treatments is inth th

the lowest values in 2012 season. As for pod protein %, agreement with results obtained for chickpea, soybean
it recorded the lowest value when unirradiated Bronco and pigeon pea [48, 49, 50].
seeds were sown on Oct. 15  in both seasons. On theth

other hand, 30 Gy irradiated Bronco seeds sown on Oct.
1  recorded the highest pod weight, pod diameter and podst

protein % in 2012 season, which is consistent with the
trend noticed for the individual main factors studied in
this investigation.

High pod diameter recorded in this study in response plant growth and yield alterations in response to abiotic
to sowing on Oct. 1  is in harmony with results reported stress are considered to be a reflection of some metabolicst

by Shaker [43]. Moreover, Bronco pods scoring a higher activity adjustments in tissues. In this regard, plant yield
pod weight and diameter compared to Xera agrees with characteristics  were  reported  to  be  affected  by seed
results obtained by Abd Alla and Abou EL-Saoud [44] pre-sowing gamma irradiation [52, 53]. 
and Gharib et al. [45]. On the other hand, higher pod
protein % associated with earlier sowing found in this
study is in agreement with results obtained by Amer et al.
[46] and Abdel-Hakim et al. [47]. Our results are also
confirmed by results of Abou El-Yazied [27] who reported
that early sowing on Oct. 1  resulted in increased podsst

Abou El-Yazied [27] indicated the importance of
irradiation in agriculture because of its role in increasing
nutritive value of produced crops. In this regard, Rahimi
and Bahrani [51] reported that a 50 Gy pre-sowing gamma
irradiation dose resulted in a significant increase in grain
protein content of wheat. Here, it is worth mentioning that

Yield: As shown in Table 7, exportable yield and total
yield recorded for cv. Xera were significantly higher than
those recorded for cv. Bronco in both experimental
seasons. Sowing on Oct. 8  recorded superior results inth

regards  of  exportable  yield  and  total  yield compared to
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Table 7: Main factors ‘cultivar, sowing date and pre- sowing irradiation’ effects on exportable and total yield quantities (kg/ fed).

Cultivar (A) Sowing date (B) Irradiation (C)
-------------------------------- --------------------------------------------------- ------------------------------------------------

Yield (kg/ fed) Season Xera Bronco Oct. 1 Oct. 8 Oct. 15 0 Gy 20 Gy 30 Gyst th th

Exportable 2011 1751.1 a 967.3 b 1082.9 b 1509.1 a 1485.5 a 1024.4 b 1579.2 a 1473.9 a
2012 1637.9 a 727.0 b 615.4 c 1928.9 a 1003.1 b 910.3 b 1331.2 a 1305.9 a

Total 2011 3417.5 a 2831.9 b 2876.1 b 3163.2 a 3334.7 a 2547.6 c 3574.9 a 3251.6 b
2012 3572.8 a 3025.6 b 2177.7 c 4440.5 a 3279.4 b 2687.8 b 3720.7 a 3489.0 a

Means of the same factor in the same row bearing a common letter are insignificantly different at 5% level of probability. 

Table 8: The effects of interaction among ‘cultivar, sowing date and irradiation dose’ on exportable and total yield quantities.

Season 2011 Season 2012
------------------------------------------------- ------------------------------------------------
Irradiation doses Irradiation doses
-------------------------------------------------- --------------------------------------------------

Cultivar Sawing date 0 Gy 20 Gy 30 Gy 0 Gy 20 Gy 30 Gy

Exportable yield (kg/ fed) Xera Oct. 1 1001.3 e 1532.4 cd 994.3 e 549.5 gh 1049.2 cd 652.3 e-hst

Oct. 8 2034.9 b 2917.3 a 3230.7 a 2249.2 b 3713.2 a 3657.0 ath

Oct. 15 1133.0 de 1721.2 bc 1194.4 de 890.3 de 880.8 d-f 1099.6 cdth

Bronco Oct. 1st 801.3 ef 1036.1 e 1131.8 de 410.4 h 459.9 h 571.2 f-h
Oct. 8th 266.2 g 438.7 fg 167.0 g 576.4 e-h 790.4 d-g 587.5 e-h
Oct. 15th 909.3 e 1829.8 bc 2125.5 b 786.2 d-g 1093.4 cd 1268.1 c

Total yield (kg/ fed) Xera Oct. 1st 2308.8 gh 2528.4 fg 2512.8 fg 1597.9 f 2195.2 ef 2166.6 ef
Oct. 8th 3727.7 cd 5124.0 a 4941.0 ab 3989.2 c 6913.5 a 6176.0 b
Oct. 15th 2587.3 fg 3818.1 cd 3209.1 d-f 3115.0 d 2910.7 d 3091.2 d

Bronco Oct. 1st 2802.1 e-g 3404.5 de 3699.8 cd 1855.9 f 2527.2 de 2723.1 de
Oct. 8th 1306.2 i 2215.9 gh 1664.7 hi 2993.3 d 4001.4 c 2569.6 de
Oct. 15th 2553.6 fg 4358.3 bc 3481.9 de 2575.2 de 3776.5 c 4207.7 c

Means of the same factor in the same row bearing a common letter are insignificantly different at 5% level of probability

sowing on Oct. 1 , while it recorded significantly higher El-Yazied [27] reported that early sowing on Oct. 1  gavest

values compared to sowing on Oct. 15  in 2012 season the highest pod yield/ fed. Putting into consideration thatth

only.  It  was  also  found  that both investigated temperature reductions occur with time advancement, the
irradiation  doses  significantly   increased   exportable author attributed that to concurrent higher concentrations
and  total  yield  compared  to  the  control,  however,  the of growth promotors with suitable temperature conditions
30  Gy  treatment  resulted  in a significant reduction in that in turn had a positive effect on flowering and fruit set
total yield in 2011 season compared to the 20 Gy and consequently, yield. In this regard, Mengistu and
treatment. Yamoah [26] reported that the variation in flowering

As shown in Table 8, the highest exportable and total
yield/ fed were recorded for plants grown from Xera seeds
irradiated with 20 Gy prior to sowing on Oct. 8 . In 2011th

season, the 30 Gy treatment recorded an insignificantly
higher exportable yield value compared to the 20 Gy
treatment. Planting date was reported to have a significant
effect on snap bean, faba bean and cowpea yield [54-56].
Shamsi [24] confirmed such findings by reporting that the
number of pods/ chickpea plant was among the
characteristics that were highly affected by planting date
and declines with delayed planting. McMurray et al. [57]
added that earlier pea sowing dates were generally high
yielding.  In  this  regard  and  unlike our findings, Abou

st

characters among different sowing dates could probably
be related to the activity level of endogenous auxins and
gibberellins which are known to enhance flowering
characters in high temperatures. Moreover, enhanced
vegetative growth found in this study as a result of
sowing on Oct. 8  and Oct. 15  and seed pre-sowingth th

irradiation treatments is expectedly associated with
improved root growth which introduces extra soil volume
to roots exploration, which probably contributed to
improved nutrients absorption, assimilates allocation and
ultimately, increased yield. Similar improved root growth
in response to low gamma doses was previously reported
for wheat [35, 58].
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The promoting effect seed pre-sowing irradiation has 10. Kelly, J.F. and M.K. Scott, 1992. The nutritional value
on yield is in harmony with results reported for lentil, snap of  snap  beans  versus other vegetables, pp: 23-46.
bean and wheat grains [32, 40, 51]. Our results are also In: Henry, G. and W. Janssen (Tech. Eds.). CIAT
confirmed  by  results reported by Abou El-Yazied [27] Proceedings of an International Conference on Snap
who attributed increased fruit set of snap beans in beans in the developing world held from 16th to 20th
response to pre-sowing seed irradiation with doses of 20 October 1989 in Cali, Colombia.
and 30 Gy to increased endogenous hormones especially
gibberellins, which are known to be flowering hormones
that enhance flowering and consequently increase yield.
Unlike our results in this study, Abou El-Yazied [27]
reported that the 30 Gy treatment recorded the highest
pod total and marketable yield/ fed.
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