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ABSTRACT

Experiments were designed and implemented to evaluate yield, its components and quality determinations of
faba bean (Faba vulgaris L.) cv. Sakha 3 under nine growth promoting treatments (Control, Benzyl adenine at
50,100 mg/L, Putrescine at 50,100 mg/L, Zinc at 25, 50 mg/L and Boron at 25, 50 mg/L). Two field experiments
were carried out at the Experimental Research Station, Faculty of Agriculture, Moshtohor, Benha University,
Kalubia Governorate during two winter growing seasons (2012/13 and 2013/14). Results could be concluded as
follows:

Generally, application of the different applied treatments induced significant increases growth
characteristics, yield, its components and chemical constituents of faba bean (Sakha 3). Benzyl adenine at 50 or 100
mg/L produced the superior values of the obtained plant height, No. of branches / plant, chlorophyll content, yield,
its components and P (%) in the respective two seasons with variable significant magnitudes. Boron at 25 or 50
mg/L concentrations had the highest values of stem diameter, No. of leaves / plant, leaf area/plant, leaf and stem dry
weight, No. of pods / plant, N (%), K (%), Crude protein (%) and total carbohydrates (%) in each of the two seasons
with different significant magnitudes.
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Introduction

Faba bean is an important leguminous crop due to its major source of protein and its large area of cultivated
land in Egypt. Cultivation of faba bean which in rich the soil with ambient nitrogen through its symbiotic rhizobium
bacteria on its root nodules (Hungria and Vargas, 2000).

Field crop production in Egypt is mainly grown on the arable and around the river Nile banks. The intensive
agriculture system leads to the decrease of production per unit-area of land. Reclamation of new lands and adopting
the most promising agronomic practices are the most important factors for increasing productivity to fulfill the gap
between consumption and production of food crops (Ismaeil and Abd El -All , 2011).

High demand of food in Egypt implies more production. Faba bean (Vicia faba, L.) is one of the major field
crops grown in Egypt since, it is an important source of protein for human and animal consumption and it plays a
major role in the crop rotation and fixing ambient nitrogen. However, the total production of this crop is still
insufficient to cover the local consumption. (Khafaga et al., 2009)

Flower abscission occurs before and after fertilization. In some species the mere lack of pollination, after a
critical period, activates the abscission zones, and in other species the lack of fertilization, again after a critical
period, does so. Unfertilized flowers often abscise due to competition for carbohydrates (Aloni ef al., 1996).

Also, the whole dried seeds of faba bean contain (per 100g) 344 calories, 10.1% moisture, 1.3g fat, 59.4g
total carbohydrate, 6.8g fiber, 3.0 g ash, 104mg Ca, 301mg P, 6.7mg Fe, 8mg Na, 1123mg K, 130mg B-carotene
equivalent, 0.38 mg thiamine, 0.24mg riboflavin, 2.1mg niacin, and 162mg tryptophan. Flour contains: 340
calories, 12.4, % moisture, 25.5g protein, 1.5g fat, 58.8g total carbohydrate, 1.5¢g fiber, 1.8g ash, 66mg Ca, 354mg
P, 6.3mg Fe, 0.42mg thiamine, 0.28mg riboflavin, and 2.7mg niacin. The fatty acids composition of broad bean oil
has been reported as 88.6% unsaturated" (Duke, 1981). The amino acids content except for methionine is
reasonably well balanced (Bond ef al., 1985).

Zinc is one of the most important essential micronutrients required for optimum crop growth. It plays an
important role in many biochemical reactions within plants. Zinc is important in the formation of the plant growth
hormone auxins. Auxins are produced by shoot tips, and control cell division, leaf and shoot growth and fruit
development (Mansour, 2014). Zinc is also needed by leaf cells to form the green leaf pigment chlorophyll. Its
regulates starch formation and proper root development (Wassel ef al., 2007). Also, zinc plays an essential role in
plant physiology where it actives some of enzymes such as dehydrogenises, pretenses, peptidases and
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phosphohydrolases. Zinc is a micronutrient needed in small amounts by crop plants, but its important in crop
production has increased in recent years (Fageria, 2009).

Boron is an essential micronutrient which plays a major role for plant growth and development (Pilbeam and
Kirkby, 1983; Marschner, 1995). In commercial plant production, providing a sufficient B supply is particularly
important for yield formation (pollination) (Khayyat et al., 2007; Wojcik et al., 1999) and fruit quality (Wojcik et
al., 1999; Dordas, 2006; Dordas et al., 2007). Boron deficiency in crops is more widespread than the deficiency of
any other micronutrients (Gupta, 1993).

Also, foliar application with micro nutrients especially boron not only have major effects upon flower
formation, carbohydrate and protein metabolism, pollen germination and pollen tube growth and increase yield
(Gerendas and Sattelmatcher, 1990), but also required for chloroplast formation and sink limitations (Tersahima and
Evans, 1988). Also, boron plays a key role in higher plants by facilitating the short- and long- distance transport of
sugar via the formation of borate-sugar complexes (Dugger, 1983). However, such a proposal is unacceptable
because, the prevalent sugar transport in the phloem forms only weak complexes with boron and in the mechanisms
of phloem loading of ucrose boron is not involved (Marschner, 1995).

Furthermore, foliar spray of boron represents the more quick and efficient treatments in many cases which
lead to vigorous vegetative growth and plenty of chemical constituents (El-Sherbeny et al., 2007).

Abou EL-Yazied and Mady (2012) revealed that foliar application with boron not only significantly
stimulate many growth parameters of faba bean plants but also increased photosynthetic pigments, NPK, B, total
sugars, crude protein, auxins, cytokinins and decreased abscisic acid content. Boron treatments increased number
of formed flowers, setted pods per plant, green pod and dry seed yields, as well as satisfactory effect upon shedding
percentage.

Benzyl adenine is an important plant hormone that regulates various processes of plant growth and
development including cell division and differentiation, enhancement of leaf expansion and nutrient mobilization in
high value field crops to increase yield, improve crop quality and management Davies, (1995). In this respect,
Evidence suggests that Benzyl adenine (BA) belongs to a group of plant hormones called cytokinines and its role is
connected with the growth and development of plants. It is also implicated in the vascular development and
synthesis of secondary metabolites like indols, alkaloids and anthocyanins. It influences chloroplast differentiation
and chlorophyll (Chl) biosynthesis by stimulation of 5-aminolevulinc acid synthesis Duszka et al., (2009). When
exogenously applied, BA has been shown to result in increasing plant height Letham, (1969), leaf area Abdullah et
al., (1986), branching Hrotko et al., (1996 b).

Liu et al., (2007) reported that Polyamines, mainly diamine putrescine (Put) is polycationic compounds of
low molecular weight that are present in all living organisms. It has been proposed as a new category of plant
growth regulators that are purported to be involved in a large spectrum of physiological processes, such as
embryogenesis, cell division, morphogenesis, and development (Bais and Ravishankar 2002; Liu ef al., 2006a).

Polyamines (Putrescine) play an important role in protecting plant against various a biotic stress, they are
potent ROS scavengers and inhibitors of lipid peroxidation. The diamine Putrescine (Put) can alleviate harmful
stress effects in plants by many ways including: polyamines (PAs) may be involved in free radical scavenging
(Drolet et al, 1986). Its modulators of stress - regulated gene expression and exhibit antioxidant properties
(Kuznetsov and Shevyakova, 2007). High accumulation of polyamines (Putrescine) in plants during a biotic stress
has been well documented and is correlated with increased tolerance to a biotic stress (Kuznetsov and Shevyakova,
2007 and Ahmad et al., 2012).

The main target of this investigation is to evaluate the specific properties of growth characteristics, yield, its
components and quality of faba bean seeds cv.Sakha 3 as affected by foliar application of some growth regulators
and microelements i.e., Benzyl adenine, Poly amine (Putrescine), Zn and B.

Materials and Methods

Two field experiments were carried out during two successive growth seasons (20012/13and 2013/14) at
the Experimental Research Station, Faculty of Agriculture, Moshtohor, Benha University, Kalubia Governorate.
This study was designed and implemented to evaluate the specific properties of growth behavior, yield, its
components and quality of faba bean seeds (Sakha 3) as affected by foliar application of Benzyl adenine, Poly
amine (Paterceen), Zn and B. Experiments were designed and layed out in a complete randomized block design
(CRBD), where the applied treatments were randomly distributed. The applied treatments were as follows:

1- Control (distilled water).

2-Boron (B) at 25 and 50 mg/L.

3-Zinc (Zn) at 25 and 50 mg/L.

4- Benzyl adenine (BA) at 50 and 100 mg/L.

5- Poly amine (Putrescine) at 50 and 100 mg/L.

Seeds of Faba vulgaris L.cv. Sakha 3 were obtained from the Legumes Crops Research Centre, Ministry of
Agriculture at Giza, Egypt. The area of each experimental plot was 10.5 m?, including five rows of 3.5 meters long
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and 60 cm apart. Seeds were sown on 1% and 11" of November in the two seasons respectively in hills of 20 cm
apart on one side of the ridge. Seeding rate was 60 kg/fed.

Phosphorus fertilizer was applied in form of calcium super phosphate (15.5% P,Os) at a rate of 150
kg/feddan during the appropriate soil preparation and before sowing. Twenty five days-later after sowing, plants
were thinned to two plants / hill, with approximate 70000 plant/fed. The preceding crop was maize in each of the
two seasons. Nitrogen fertilizer (in the form of urea 46.5 %) was applied at the rate of 15 kg N / fed before the first
irrigation.

Plants were sprayed twice at 40 and 70 days from sowing with freshly prepared solutions of the previous
treatments using 1.0 and 1.5 litter of solution for each experimental plot.

Sampling and data collecting:
I- Vegetative growth characteristics:

Five plants were randomly chosen from the central row of each plot at 90 days after sowing in the
respective two seasons to estimate plant height (cm), stem diameter (cm), stem dry weight (g)/ plant, number of
leaves /plant, number of branches /plant, leaves dry weight (g) /plant and total leaf area (cm?) using the disc method
as described by Derieux et al. (1973).

1I-Photosynthetic pigment:
Total chlorophyll content measured by chlorophyll meter (SPDS) Model SPAD 402 according to Mielke
and Schaffer (2010).

11I- Yield and its Components:

For each experimental plot at harvest stage from each of the three inner rows, the following characters
were recorded: Biological yield /fed (kg), Seed yield /fed (kg), Seed yield / plant (g), Weight of plant (g), Number
of pods / plant, Number of seeds / plant, Weight of pods / plant, Weight of seeds / pod (g) and Seed index (weight
of 100 seeds (g)).

1V-Chemical analysis:

Seeds at harvest (120 days after sowing) were used to determine the following chemical constituents during
2012/13 and 2013/14 seasons.

Total nitrogen percentage was determined in the dried seeds using wet digestion according to Piper (1950),
using microkjeldahl method as described by Horneck and Miller (1998). Crude protein = total nitrogen x 6.25 (A.
0. A. C., 1995), Phosphorus was determined colorimetrically according to Sandell (1950), Potassium content was
determined by flame photometer according to Horneck and Hanson (1998), Total carbohydrates content was
determined by using phenol-sulphoric acid method as described by Dubois et al. (1956).
Statistical analysis: The analysis of variance for data of each of the two growing seasons were carried out according
to Steel and Torrie (1981). The L.S.D. test at the 5% level was used in means comparison.

Results and Discussion

I- Vegetative Growth characteristics:

Data in Table (1, 2) revealed that all of the applied treatments significantly increased all vegetative growth
characteristics of faba bean plants i.e., the plant height, No. of branches/plant, No. of leaves/plant, stem diameter
/plant, total leaf area/ plant and dry weight of stem and leaves as compared with the control. Boron foliar
application produced maximum increments for the increase of its applying (25 and 50 mg/L) for No. of leaves/plant,
stem diameter /plant, total leaf area/ plant and dry weight of stem and leaves in both growing seasons. On the other
hand, benzyl adenine at 50 and 100 mg/L gave the highest values of plant height, No. of branches/plant in the
respective two seasons (Table 1).

These results are of great interest, because at this early stage of growth great simulative effects existed with
various applied treatments. Hence, that could be prolonged to the advanced growth stages including each of
flowering and the final fruit yield as well as quality of yielded seeds. Also, of interest to note that increase of stem
diameter may be accompanied with basic anatomical modification in different stem tissues especially phloem and
xylem . Therefore, that could be accompanied with great variations in the nature of broad bean branching. Besides,
increasing of stem diameter accompanied with increasing of plant height means that applied treatments lead to
vigorous growth and more healthy plant Abd El-Aal, (2012).

In this respect, Mady (2009) reported that foliar application of zinc significantly increased many growth
parameters as number of leaves per plant, dry weights of both stems and leaves per plant and total leaf area as well.

Also, Abou EL-Yazied and Mady (2012) reported that foliar application with boron significantly stimulate
many growth traits as number of leaves per plant, dry weights of both stems and leaves per plant, total leaf area and
absolute growth rate as compared with the control treatment.
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Table 1: Growth behavior of Faba bean (Faba vulgaris, L.) as affected by foliar application of the growth stimulators of plants.

Character . . .
Concentration Plant height Stem diameter No. of leaves No. of branches
(mg/L) (cm) (cm) /plant /plant
Treatments
First season 2012/13
Control (distilled water) 101.67 1.60 106.00 3.97
Zine 25 109.33 1.80 135.67 4.53
50 111.67 1.80 186.67 4.73
Boron 25 110.67 1.70 233.33 4.20
50 116.67 2.20 285.00 4.87
Benzyl adenine 50 110.00 1.60 128.33 4.10
100 120.00 1.80 137.33 4.90
Putrescine 50 109.67 1.80 129.33 4.87
100 111.33 1.80 183.33 4.57
L.S.D at 5% for: T=6.65 T=0.22 T=15.96 N.S
Second season 2013/14
Control (distilled water) 84.67 1.44 124.33 3.53
Zine 25 87.67 1.52 156.67 3.87
50 90.33 1.62 200.00 4.37
Boron 25 92.33 1.48 240.67 3.90
50 94.67 1.81 265.00 4.53
Benzyl adenine 50 90.00 1.62 145.00 4.00
100 97.67 1.60 158.33 4.60
Putrescine 50 82.33 1.51 148.33 4.23
100 93.67 1.57 188.67 3.83
L.S.D at 5% for: N.S T=0.13 T=16.89 T=0.36
Table 2: Growth behavior of Faba bean (Faba vulgaris, L.) as affected by foliar application of the growth stimulators of plants.
Character . .
Concentration Leaf area(cm?) Leaves dry Stems dry weight Total
(mg/L) /plant weight (g)/plant (g)/plant Chlorophyll
Treatments
First season 2012/13
Control (distilled water) 1574.14 7.33 21.67 34.83
Zine 25 2861.83 13.33 35.67 39.47
50 4506.73 17.67 45.67 41.03
Boron 25 3585.35 15.67 47.67 42.53
50 4125.53 16.33 57.33 42.07
Benzyl adenine 50 1782.49 7.67 25.33 43.93
100 2040.15 10.00 28.00 44.47
Putrescine 50 1838.49 7.67 24.33 39.50
100 2239.07 8.67 30.67 43.73
L.S.D at 5% for: T=345.60 T=1.60 T=5.85 N.S
Second season 2013/14
Control (distilled water) 1934.31 8.67 25.67 41.03
Zine 25 2525.46 13.00 32.00 43.03
50 4471.11 19.67 45.00 46.30
Boron 25 4086.75 15.00 43.33 43.33
50 4607.41 19.67 45.00 46.20
Benzyl adenine 50 2217.00 11.33 28.67 46.50
100 2783.54 12.00 32.00 47.87
Putrescine 50 2131.72 8.67 27.00 43.13
100 2807.22 11.33 27.00 47.27
L.S.D at 5% for: T="725.16 T=2.84 T=4.28 N.S

II-Photosynthetic pigment:

Data in Table (2) showed that photosynthetic pigments content in leaves as total chlorophyll were increased
with different applied treatments i.e., Benzyl adenine at 50 or 100 mg/L, Boron at 25 or 50 mg/L, Putrescine at 50
or 100 mg/L and Zinc at 25 or 50 mg/L in plants of 90 days aged in each season of 2013 and 2014.

In this respect, Benzyl adenine at 50 or 100 mg/L produced the highest content of total chlorophyll in leaves
of plants (43.93, 44.47) in the first season, being (46.50, 47.87) in the second season in the previously respective
season compared with control.

In addition, increment of shoots (stems & leaves) fresh weight due to increases of number of both branches
and leaves and the total leaf area as mentioned previously. Increment of leaf characteristics (number and area) as
well as their content of photosynthetic could be a basic for increasing the photosynthetic efficiency. These results
are of great interest, because they are lightly considered direct reason for the more dry matter production and
distribution in shoots of broad bean plants as affected by different applied treatments (El-Desouky ez al., 2011; Abd
El-Aal 2012; El-Badawy and Abd El-Aal, 2013 and Youssef and Abd El-Aal 2014).
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The obtained results are in agreement with those reported by Fletcher et al. (2000) reported that the increase
in cytokinin levels was associated with stimulated chlorophyll biosynthesis Mady (2009) reported that foliar
application with zinc significantly increased photosynthetic pigments. Abou EL-Yazied and Mady (2012) reported
that foliar spraying with boron at 50 mg/L increased photosynthetic pigments.

Polyamines retard chlorophyll loss and prevent the rise of RNase and protease activity (Altman, 1982;
Cohen et al., 1979; Kaur- Sawhney and Galston, 1979).

I1I-Yield and its Components:

Data in Table (3) clarified that all of the applied treatments significantly increased yield and its components
of faba bean plants i.e., biological yield /fed, seed yield /fed, seed yield / plant, weight of plant , number of pods /
plant, number of seeds / plant, weight of pods / plant, weight of seeds / pod, seed index as compared to the control.
The superior enhancement was obtained for the application of the higher concentration of B, Zn, benzyl adenine and
Putrescine compared with the relevant previous substances.

Results indicated significant differences among the applied treatments, where benzyl adenine was the
superior for biological yield (3533.33, 3466.67kg/fed), seed yield (1216.46, 1647.32 kg/fed), seed yield / plant
(34.5, 26.3 g), weight of plant (118.17, 72.53 g), number of seeds / plant (36.67, 30.7), number of pods / plant
(15.00, 12.70 ), weight of pods / plant (47.07, 42.77 g), seed index (96.67, 96.33) in the respective two seasons.
Such result may be attributed to the indirect effect of most materials in many biochemical processes.

In this connection, the obtained increase of the seed yield production could be attributed to that increase in
growth characteristics of branches number, total leaf area and dry weight (Table, 1 and 2) and also may be due to
the increase in photosynthetic pigments content (Table, 2). Thereby, increase in all substances and bioconstituents
synthesis and their translocation from leaf and different organs of plants up to seed production Zewail (2011).
Benzyl adenine increased all physiological substances to bring plant growth and development and highest
production in from of seeds and all different part of plant production of this plant during two growing seasons.

These results might be explained according to the role of Benzyl adenine on promoting proteins synthesis,
soluble and non-soluble sugars synthesis, or may be due to the ability of Benzyl adenine for making the treated area
to act as a sink into which nutrients from other parts of the plant are drawn. Additionally, these results may explain
the role of cytokinins in promoting proteins and pigments synthesis and their ability to delay senescence and
withdraw sugars and other solutes from older parts of a plant to the new organs Salisbury and Ross, (1974). In the
same line, Leopol and Kawase (1964) stated that cytokinins stimulate the movement of sugars, starch, amino acids
and many other solutes from mature organs to primary tissues of other ones. Furthermore, may be due to the role of
kinetin on increasing the promoters in the plant tissues at the expense of the inhibitors to increase roots growth.
Moreover, it is well established that cytokinins stimulate lateral roots initiation, absorption and thus increasing the
size (number, thickness, fresh and dry weights) Devlin and Witham, (1983). The abovementioned results of are in
harmony with those attained by Youssef and Abd El-Aal, (2014).

Also, zinc play an essential role in plant physiology where it activate some enzymes as dehydrogenises,
pretenses, peptidases and phosphohydrolases. Zinc is a micronutrient needed in small amounts by crop plants, but
its important in crop production was noticed in the recent years (Fageria, 2009).

Abou EL-Yazied and Mady (2012) cleared that foliar application with boron application not only increased auxins
and cytokinins but also decreased abscisic acid. Also, increased number of the intiation flowers, setted pods per
plant, green pod and dry seed yields, as well as the satisfactory effect upon shedding percentage.

IV-Chemical analysis:

Data presented in Table (4) indicated that the Zn at 25 or 50 mg/L and B at 25 or 50 mg/L followed by
Benzyl adenine at 50 or 100 mg/L and Putrescine at 50 or 100 mg/L treatments increased nitrogen, phosphorus,
potassium crude protein and total carbohydrates contents in seeds. On the other hand, High increases in total
carbohydrates having the descending order: B at 25 or 50 mg/L followed by Benzyl adenine at 50 or 100 mg/L then
Putrescine at 50 or 100 mg/L followed by Zn at 25 or 50 mg/L for the respective two seasons.

In this respect, the increase in nitrogen and phosphorus due to applying the growth substances (BA) may be
the result of its role on regulating ions and may be modifying the uptake movement and metabolism of nutrients
within plant tissues. The increase in total carbohydrate in response to the applied treatment is supported by
stimulating of photosynthetic pigments and the accumulated dry matter in shoots of BA treated plants (Zewalil,
2011).

In this connection, Mady (2009) mentioned that foliar application of zinc significantly increased NPK, Zn,
total sugars, total free amino acids and crude protein content of faba bean seeds.

Along the same line, Abou EL-Yazied and Mady (2012) reported that foliar spraying with boron at 50 mg/L
increased NPK, B, total sugars and crude protein content in leaves at 70 and 85 days after sowing.
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Table 3: Growth behavior and productivity of Faba bean (Faba vulgaris, L.) as affected by foliar application of the growth
stimulators of plants.

Character
) Yield (kg/fed) Plant Pods No. of Seed No. of Seed
Con(flcl:n;gtlon weight weight pods yield seeds in(:ieex
Treatments & Biology seeds (g) /plant /plant /plant /plant
First season 2012/13
Control (distilled water) 3066.67 889.59 65.50 28.67 10.00 20.40 23.00 76.33
Zine 25 3133.33 908.91 74.00 32.23 14.33 30.27 29.00 92.67
50 3466.67 1147.67 82.00 48.93 16.67 30.23 29.67 93.00
Boron 25 3133.33 935.84 95.00 32.93 10.67 22.27 26.00 87.00
50 3466.67 1108.47 100.73 39.90 12.00 29.63 34.33 90.00
Benzyl adenine 50 3266.67 1011.77 102.00 36.03 12.67 26.13 27.67 94.67
100 3533.33 1216.46 118.17 47.07 15.00 34.50 36.67 96.67
Putrescine 50 3066.67 1020.46 79.17 30.77 10.67 27.73 27.33 82.67
100 3200.00 1156.74 81.00 40.83 15.00 29.40 33.33 94.67
L.S.D at 5% for: N.S N.S T=14.50 T=8.23 T=2.55 T=4.01 T=4.14 N.S
Second season 2013/14
Control (distilled water) 2866.67 958.37 44.90 22.47 7.53 18.50 20.60 78.33
Zine 25 3000.00 1240.96 51.97 27.10 7.53 20.83 26.33 91.33
50 3333.33 1280.26 59.17 34.57 8.97 24.67 27.87 96.00
Boron 25 2866.67 1334.19 58.37 29.83 9.07 24.27 28.77 82.67
50 3000.00 1553.68 55.00 27.50 10.03 25.17 28.87 88.00
Benzyl adenine 50 3066.67 1090.78 45.13 25.33 10.03 19.50 21.93 90.33
100 3466.67 1647.32 72.53 42.77 12.70 26.30 30.70 96.33
. 50 3200.00 1243.09 48.70 26.30 9.10 18.57 22.47 86.00
Putrescine 100 3400.00 | 1301.38 50.67 33.57 11.77 19.60 23.67 86.33
L.S.D at 5% for: N.S 24];57 T=3.11 T=3.04 T=0.99 T=2.50 T=2.17 T=5.47

Table 4: Chemical constituents of Faba bean (Faba vulgaris, L.) seeds as affected by foliar application of the growth
stimulators of plants.

Character . Minerals (%) Crude Total
Concentration .
protein carbohydrates
(mg/L) N P K B Zn (%) (%)
Treatments
First season 2012/13

Control (distilled water) 4.10 0.073 1.08 0.06 0.25 25.62 53.25
Zine 25 4.30 0.088 1.41 0.06 0.30 26.87 57.29

50 4.50 0.125 1.40 0.08 0.34 28.12 58.78

Boron 25 5.10 0.084 1.54 0.10 0.26 31.87 60.65

50 5.87 0.095 1.44 0.11 0.33 36.68 60.98

Benzyl adenine 50 4.50 0.369 1.21 0.08 0.27 28.12 57.30
100 4.93 0.419 1.44 0.09 0.28 30.83 61.84

Putrescine 50 4.97 0.161 1.33 0.07 0.28 31.06 56.18
100 5.73 0.241 1.53 0.07 0.30 35.81 61.26
L.S.D at 5% for: T=0.22 | T=0.15 T=0.03 0.063 T=0.03 T=1.42 T=1.83

Second season 2013/14

Control (distilled water) 4.03 0.060 1.35 0.06 0.22 25.19 52.27
Zine 25 4.43 0.122 1.49 0.07 0.27 27.69 56.17

50 5.40 0.137 1.49 0.08 0.32 33.75 58.70

Boron 25 4.73 0.065 1.49 0.09 0.27 29.56 58.97

50 5.50 0.076 1.64 0.12 0.31 34.37 61.47

Benzyl adenine 50 4.50 0.216 1.52 0.07 0.26 28.12 57.43
100 4.90 0.240 1.59 0.08 0.26 30.62 58.67

Putrescine 50 4.77 0.149 1.52 0.07 0.24 29.81 55.37
100 5.00 0.166 1.52 0.08 0.26 31.25 59.90

T= —
L.S.D at 5% for: T=0.19 | T=0.06 0.009 0.001 T=0.02 T=1.21 T=1.35
References

A.0.A.C,, 1995. Association of Official Analytical Chemists. Official Methods of Analysis, 15th Ed., Washington,
D.C.,US.A.

809




Middle East J. Appl. Sci.., 5(3): 804-811, 2015
ISSN 2077-4613

Abd El-Aal, M.M.M., 2012. Response of Ananas Melon Plants to Foliar Spray with Some Natural Extracts. Res. J.
Agric. & Biol. Sci., 8(2): 201-212.

Abdullah, A.A., R. Grace and M.M. Yeoman, 1986. Rapid micropropagation of Calabrian pine from primary and
secondary buds on shoot explants. Can. J. Forest Res., 16: 637-641.

Abou EL-Yazied, A. and M.A. Mady, 2012. Effect of boron and yeast extract foliar application on growth, pod
setting and both green pod and seed yield of broad bean (Vicia faba L). Journal of Applied Sciences
Research, 8(2): 1240-1251.

Ahmad, P., A. Kumar, A. Gupta, S. Sharma, X. Hu, K. ul Rehman Hakeem and M.M. Azooz, 2012. Polyamines:
Role in plants under a biotic stress. Crop Production for Agricultural Improvement, Chapter (19): 491-
512.Springer Science Business Media B.V.

Aloni, B., L. Karni, Z. Zaidman and A. A. Schaffer, 1996. Changes of carbohydrates in pepper (Capsicum annuum
L.) flowers in relation to their abscission under different

Altman, A., 1982. Retardation of radish leaf senescence by polyamines. Physiologia. Plantarum. 54: 189-193.

Bais, H.P., G.A. Ravishankar, 2002. Role of polyamines in the ontogeny of plants and their biotechnological
applications. Plant Cell Tiss Organ Cult 69: 1-34.

Bond, D. A., D. A. Lawes, G. C. Hawtin, M.C. Saxena and J. S. Stephens, 1985.Faba Bean (Vicia faba, L.). p. 199-
265. In: R.J. Summerfield and E.H. Roberts (eds.), Grain Legume Crops. William Collins Sons Co. Ltd. 8
Grafton Street, London, WIX 3LA, UK.

Cohen, A.S., B. Popvic Radovnn and Z. Saul, 1979. Effects of polyamines on chlorophyll and protein content,
photochemical activity, and chloroplast ultrastructure of barley leaf discs during senescence. Plant Physiol.
64:717-720.

Davies, P.J., 1995. Plant Hormones: Physiology, Biochemistry and Molecular Biology. Kluwer Academic
Publishers, Dordrecht, The Netherlands., pp: 833.

Deriaux, M., R. Kerrest, and Y. Montalon, 1973. Etude de la sulface foliare et de 1, activite photosynthetique chez
qulques hybrids de mais. Ann. Amelior plantes, 23: 95-107.

Devlin, M. and H.Witham, 1983. Plant Physiology, 4th Ed. Publishers Willard, Grant Press, Boston.

Dordas, C. (2006): Foliar boron application improves seed set, seed yield, and seed quality of alfalfa. Agron. J., 98:
907-913.

Dordas, C., G.E. Apostolides and O. Goundra, 2007. Boron application affects seed yield and seed quality of sugar
beets. J. Agri. Sci., 145: 377-384.

Drolet, G., E. B. Dumbroff, R. L. Legge and J. E. Thompson, 1986. Radical scavenging properties of polyamines.
Phytochemistry. 25: 367 - 371.

Dubois, M., K. A. Gilles, J. K. Hamilton, P. A. Rebens and F. Smith, 1956. Colorimetric method for determination
sugars and related substances. Anal. Chem. Soc., 46: 1662-1669.

Dugger, W.M., 1983. Boron in plant metabolism. Encyclopedia of Plant Physiology, 15(B):626-650.

Duke, J.A., 1981. Handbook of legumes of world economic importance. Plenum Press, New York. p. 199-265.

Duszka, K., B.F.C. Clark, F. Massino and J. Barciszewski, 2009. Biological activities of kinetin. In: Ramawat KG
(eds) Herbal Drugs: Ethnomedicine to Modern Medicine. Verlag Berlin Heidelberg, Berlin, pp: 369- 380.

El-Badawy, H.E.M. and, M.M.M. Abd El-Aal, 2013. Physiological response of Keitt mango (Mangifera indica L.)
to kinetin and tryptophan. J. Appl. Sci. Res., 9(8):4617-4626.

El-Desouky, S.A., F.H. Ismaeil, A.L. Wanas, E-S. L. Fathy and M.M. AbdEI-All, 2011. Effect of yeast extract,
amino acids and citric acid on physioanatomical aspects and productivity of tomato plants grown in late
summer season. Minufiya J. Agric. Res., 36(4): 859-884.

El-Sherbeny, S.E., M. Khalil and M.S. Hussepn, 2007. Growth and productivity of rue (Ruts graveolens) under
different foliar fertilizers application. J. Appli. Sci. Res., 3(5): 399-407.

Fageria, N.K., 2009. The use of nutrients in crop plants. Pesq. Agropec. Bras. 40: 1211-1215.

Fletcher, R.A., A. Gilley, T.D. Davis and N. Sankhla, 2000.Triazoles as plant growth regulators and stress
protectants. Hort. Rev., 24: 55-138.

Gerendas, J. and B. Sattelmatcher, 1990. Influence of nitrogen form and concentration on growth and ionic balance
of tomato (Lycoperiscum esculentum) and potato (Solanum tuberosum): In Plant nutrition physiology and
application (M.L. van Beusichem, ed).pp. 33-37. Kluwer Academic Dordrecht.

Gupta, U.C., 1993. Boron and its role in crop production. Boca Raton, FL: CRC Press, USA, pp: 53-85.

Horneck, D. A. and D. Hanson, 1998. Determination of potassium and sodium by Flam Emission
Spectrophotometry. In Handbook of Referance Methods for plant analysis. Kalra, Y. P. (ed.):153-155.

Horneck, D. A. And R. O. Miller, 1998. Determination of total nitrogen in plant tissue. In Handbook of Referance
Methods for plant analysis. Kalra, Y. P. (ed.): 75-83.

Hrotko, K., L. Magyar and T. Buban, 1996b. Effect of benzyladenine application on one-year-old ‘Idared’ apple
trees in the nursery. Hort. Sci., 28: 49-53.

Hungria, M. and M.A.T. Vargas, 2000. Environmental factors affecting nitrogen fixation in grain legumes in the
topics, with an emphasis on Brazil. Field Crops Res., 65: 151-164

810



Middle East J. Appl. Sci.., 5(3): 804-811, 2015
ISSN 2077-4613

Ismaeil Faten, H. M. and M. M. Abd El —All, 2011. Effect of some growth regulators and antioxidants on growth,
yield and seed chemical composition of faba bean plants. J. Plant Production, Mansoura Univ., Vol. 2 (11):
1563 -1577.

Kaur-Sawhney, R. and A.W.Galston, 1979. Interaction of polyamines and light on biochemical process involved in
leaf senescence. Plant Cell Enveron. 2:189- 196.

Khafaga, H. S., A. H. Raeefa, M. M. Hala and S. A. Alaa, 2009. Response of two faba bean cultivars to application
of certain growth regulators under salinity stress condition at Siwa oasis.1- Growth traits, yield and yield
components. 4" Conference on Recent Technologies in Agriculture, 2009:236-

Khayyat, M., E. Tafazoli, S. Eshghi and S. Rajaee, 2007. Effect of nitrogen, boron, potassium and zinc sprays on
yield and fruit quality of date palm. Am Eurasian J Agric Environ. Sci., 2: 289-296.

Kuznetsov, V.V. and N.I. Shevyakova, 2007. Polyamines and stress blerance of plants. Plant Stress, 1(1): 50-71.

Leopol, A.C. and M. Kawase, 1964. Senescence of a trifoliate bean leaf caused by treating the primary leaves of
cuttings with benzyladenine. Amer. J. Bot., 51: 294-298.

Letham, D.S., 1969. Cytokinins and their relations to other phytohormones. BioSciences, 19: 309-316.

Liu, J.H., C. Honda, T. Moriguchi, 2006a. Involvement of polyamine in floral and fruit development. JARQ 40: 51—
S8.

Liu, J.H., H. Kitashiba, J. Wang, Y.e Ban, T. Moriguchi, 2007. Polyamines and their ability to provide
environmental stress tolerance to plants. Plant Biotechnology, 24: 117-126.

Mady, M. A., 2009. Effect of foliar application with yeast extract and zinc on fruit setting and yield of faba bean
(Vicia faba L). J. Biol. Chem. Environ. Sci., Vol. 4(2): 109-127

Mansour, M. M., 2014. Response of soybean plants to exogenously applied with Ascorbic acid, Zinc Sulphate and
Paclobutrazol. Rep Opinion., 6(11):17-25.

Marschner, H., 1995. Mineral nutrition of higher plants. 2nd ed., Acadimic press. Pub. New York (USA).

Mielke, M.S., B. Schaffer and C. LI, 2010. Use of a SPAD meter to estimate chlorophyll content in Eugenia
uniflora L. leaves as affected by contrasting light environments and soil flooding, Photosynthetica 48 (3):
332-338.

Pilbeam, D.J. and E.A. Kirkby, 1983. The physiological role of boron in plants. J. Plant Nutr., 6: 563-582.

Piper, C.S. (1950): Soil and Plant Analysis. Inter. Sci. pub., New York, 213-217.

Salisbury, F.B. and C.W. Ross, 1974. Plant Physiology. Publishing Inc. Belmont. California, 2nd ed., pp. 422.

Sandell, R. (1950): Colorimetric determination of traces of metal 2" Ed. Interscience pub., Inc. New York.

shading regimes. Ann. Of Bot. 78: 163—-168.

Steel, R.G.D. and J.H. Torrie, 1981. Principles and procedures of statistics, a biometrical

Tersahima, I. and J.R. Evans, 1988. Effect of light and nitrogen nutrition on the organization of the photosynthetic
apparatus in spinach. Plant Cell Physiol., 29: 143-155.

Wassel, A.H., M.A. Hameed, A. Gobara and M. Attia, 2007. Effect of some micronutrients, gibberellic acid and
ascorbic acid on growth, yield and quality of white Banaty seedless grapevines, African Crop Sci.
Conference Proceeding, 8, 547-553.

Wojcik, P., G. Cieslinski and A. Mika, 1999. Apple yield and fruit quality as influenced by boron applications. J.
Plant Nutrition, 22(9): 1365-1377.

Youssef, A.S.M. and M.M.M. Abd El-Aal, 2014. Effect of kinetin and mineral fertilization on growth, flowering,
bulbs productivity, chemical compositions and histological features of Hippeastrum vittatum plant. J. Plant
Production, Mansoura Univ., Vol. 5 (3): 357 — 381.

Zewail, R. M. Y., 2011. Inducing cold tolerability in faba bean plants for maximizing its productivity. Thesis, Ph.
D., Bot. Dept., Fac. Of Agric., Benha Univ., Egypt.

811





