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Abstract

The study was carried out in the vegetable field of the Department of Horticulture and Landscape Engineering/College of Ag-
riculture and Forestry/University of Mosul during the agricultural season spring 2021, to study the effect of spraying with boron
and phosphate fertilization on flowering and seed production of two dry white bean varieties Phaseolus vulgaris L. Using two
cultivars (Argentine, Iranian), and boron as boric acid (0, 25 and 50 mg.I" boron) and three levels of phosphate fertilizer as P,0,
(0, 20 and 40 kg.ha.?). The result indicated that Iranian cultivar was superior than Argentine in seed diameter (cm) and weight of
100 seeds. While the Argentine cultivar was significantly variable than Iranian in number of pods/plant, average weight of pod,
number of seed per pod , seed length, number of seeds per plant, seeds weight per plant and seeds yield kg/ha.!, while boron at
25mg.I? gave a high significant value in number of pod per plant, number of seeds per plant, in other hands the concentration of
boron at 50 mg.I"! was significantly in average weight of pod, weight of 100 seeds, The interaction between cultivars argentine
and 25 and 50 mg.! boron caused significantly variability in pod number per plant, dry weight of pod, seeds number per pod,
seed length , seeds number per plant seeds weight per plant and total seeds yield per ha. While interaction between argentine
varieties and 20 and 40 kg/ha. of P,0, was superiors in most traits. The interaction between boron at 50 mg/1. and 20 kg/ha. P,0,

gave significant value for number of pod per plant, pod weight, seeds weight/plant and total seeds yield/ha.

Introduction

The bean plant Phaseolus is one of the plants of the leguminous family Fabceae and its scientific name is (Phaseolus vulgaris L.), and
the original habitat of the bean is South America (Hassan et al., 2003). The bean plant is one of the crops with a short growing season,
where the time period from the emergence of germination (the emergence of seedlings) until the date of maturity and harvest is about
65 to 110 days, it gives a yield for the production of green pods and for the production of dry seeds at the end of June, and the second
autumnal date is used only for the production of green pods starting from the end of August or the beginning of September and gives
the yield of green pods in October and the second (Al-Rikabi and Al-Mishaal, 1981). The bean yield is consumed either in the form of
green pods Physiologically immature or in the stage of physiological maturity at the stage of seed formation (dry crop), is important
source of protein, calories, vitamins, minerals and fiber (Akcin, 1988). The dry seeds contain 20% protein (Fageria etal. 2011). Itis an
important food source, especially in developing countries, especially Iraq. Beans are leguminous vegetables. grown in different regions
of the world, beans are sensitive to soil salinity and high concentrations of boron. Growth and dry yield (seed production) in beans are
affected by many agricultural factors that have a direct impact on this, including good and suitable varieties for growth in the produc-

tion area. In addition to nutrients, including the use of the element boron B, which is one of the small micro-elements and its charac-
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teristics are the small size of its atoms and the strength of its attraction in drawing electrons, and its presence in nature is rare and is
found mainly in the form of crystals such as sodium crystals (borax) and pure borax, which contains 11.36% of boron, while B,0,
contains 26.55% (Al Rais, 1988). And its components are one of the important requirements used in genetic diversity in the commu-
nity and clan. Early studies in beans showed that the genetic variation of seed yield and its components is an important factor in the
breeding program (Dursum (2007), and Salehi et al., 2008). Boron also plays a major role in the process of pollination, fertilization, and
also in increasing the rate of knots in flowers as a result of its effect on the vitality of pollen grains. It also has an important role in the
developing tops, as it enters the processes of cell division and gathers in the leaves and reproductive organs (Al-Ta’i, 1989). Boron is
one of the necessary micronutrients in plant growth and productivity and has a role in transporting food from the leaves to the storage
areas. (H3BO3) or it may be adsorbed in the form of borates on the surfaces of clay colloids or dissolved in the soil solution (Al-Sahhaf,
1989). In addition, the phosphorous element, which is more concentrated in the seeds and fruits than in the leaves, plays a major role
in the completion and maturity of the seeds in the pods at the stage of physiological maturity (Mohammed, 1985). Adams (1967) indi-
cated that seed yield is a quantitative trait that is related to the characteristics of the number of pods per plant, the number of seeds
per pod and the weight of seeds, as well as the interaction of quantitative yield components with physiological and morphological
factors in the plant (Wallace et al. 1993). Santalla et al. (2002) in their study of a group of bean genotypes showed that there were
significant differences among them in the characteristics of the pod represented by the length, diameter, weight and number of seeds
per pod. Papa and Gepts (2003) showed that the studied bean cultivars varied in the color and shape of the seeds. Santalla et al. (2004)
also found that bean cultivars varied among themselves in the characteristics of the number of seeds/pod, pod weight, pod length and
diameter, dry seed yield, and seed length and width. From the study carried out by Sicard et al. (2005) to assess genetic diversity in
beans, where they studied 23 strains or genetic composition and found that these structures differed among themselves in the charac-
teristics of pod length and seed weight. Elias et al. (2007) indicated that the seed size in beans varies from one variety to another.
Harmankaya et al. (2008) mentioned in their study of six genotypes of beans are differences among them in the characteristics of the
weight of 100 seeds and the number of seeds per pod. Arunga et al. (2010) cited in their study For 25 genotypes of beans, these geno-
types have varied in each of the number of days, number of pods, weight of pods for each plant, pod length and pod diameter. Igbal et
al. (2010) indicated that the studied bean cultivars differed significantly among themselves in the number of pods/plant, pod length,
number of seeds/pod, and weight of 100 seeds. Palmero (2011) showed that when studied 17 genotypes of beans, they differed sig-
nificantly in each of the length and diameter of the seed and the weight of 100 seeds. The results of Kazemi et al. (2012) showed in Iran
on two cultivars of white beans, where the Shokofa cultivar was superior in seed yield kg/ha, seed yield/plant and harvest index over
Danshekadeh cultivar the two cultivars did not differ significantly in number of branches/plant, and number of branches/plant. Pods/
plant, number of seeds/pod, average weight of 1000 seeds (seed index) and biological yield (kg/ha). Yoseph et al., (2014) that the
genotypes of beans varied in the characteristics of the number of pods/plant, the number of seeds/pod and seed yield. Lanna et al.,
(2016) in Brazil found that, when studying the physiological characteristics of beans and their response to water stress, they did not
differ significantly in the characteristics of the number of seeds/pod and the number of pods/plant, but they differed significantly in
the weight of 100 seeds, where perola gave the highest for this trait. Darkwa et al,, (2016) in Ethiopia, in their studied evaluating 11
genotypes in beans, are significant differences for these structures for seed yield, number of pods/plant, and number of seeds/pod
under high moisture soil conditions. Alemu et al., (2017) in Ethiopia, in their study to evaluate the association and path analysis of the
yield of green pods and its components in the 36 genotypes of bean genotypes, indicated that there were significant differences in pod
length and the diameter of the pod and the yield of Green pods/plant and were significant for 50% of germination traits and number
of pods/plant. Darkwa et al,, (2016) in Ethiopia, in their study evaluating 11 genotypes in beans, that there are significant differences
for these structures for seed yield, number of pods/plant, and number of seeds/pod under high moisture soil conditions. Bagheri et
al,, (2017) obtained that bean cultivars vary among themselves in the number of seeds/pod and weight of pods/plant. Esho (2019) at
Iraq where he studied the evaluation and performance of genetic parameters in 12 genotypes of beans, differed significantly among
them in the diameter of the dry pod, the number of seeds/pod, the weight of the seeds/experimental unit, the length and diameter of
the seed, the weight of 100 seeds and the yield of dry seeds / Hectare. Jasim and Esho (2020) indicated the genotypes of beans differed

significantly between them in the number of pods/plant, the number of seeds per pod, the length and diameter of the seed, the weight
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of 100 seeds, the seed yield per plant and the seed yield per dunum. Goldbach etal., (2001) indicated that when the boron element was
sprayed on the bean plant, it led to a significant increase in the yield of seeds and its components per unit area. Harmankaya et al.,
(2008) showed in their study that adding boron to soil and spraying on bean plants led to significant increases in the number of pods
per plant, the number of seeds per pod, the weight of 100 seeds, and an increase in seed yield per unit area. Abd El-Azeem et al.,
(2014)) indicated that when spraying boron at concentrations of 50 ppm, it caused significant increases in the number of pods in peas,
pod weight/plant, pod weight and dry seed yield compared to untreated plants. Jasim and Obaid (2013) found that the levels of fertil-
ization by spraying with boron, marine extracts, phosphate and potassium caused increases in dry pods weight, number of seeds/pod,
weight of 100 seeds, seed yield/plant and total yield per unit area, and that boron treatment led to significant increases in all studied
traits, the interaction between the factors caused significant effects on dry weight of pods, number of seeds/pod, weight of 100 seeds,
seed yield/plant, seed yield per unit area, and protein. Hemantaranjan et al., (2016) obtained from their study when treating bean
plants with concentrations (0, 2 and 3 mg boron/kg of soil) that a concentration of 2 mg/kg of soil gave the best results in seed yield
for each plant per unit area and in seed characteristics. El_Dahshouri (2017) showed that seed yield and yield components in dry
beans increased significantly by spraying each of calcium and boron before or after flowering compared to control treatments during
the growing season and seed yield was significantly increased by using 2500 calcium and 250 boron compared to untreated plants.
Hamouda et al. (2018) found that when they studied the effect of levels of zinc and boron 250 ppm, 500 ppm the results indicated that
spraying with zinc and boron had a significant positive effect on the components of the yield are represented by the number of seeds/
pod, the weight of 100 seeds, and the seed yield per feddan compared with the untreated treatments. AL_Edany and AL_Lamy (2019)
obtained in their study the effect of organic fertilizer and spraying with boron on the seed yield and its components in bean plant,
where they used four levels of organic fertilizer which are (0,25,50,75) g/liter with boron spraying at levels (0,25,50). The addition of
organic fertilizers led to significant increases in the number of pods/plant, pod length, number of seeds/pod, weight of 100 seeds, and
total seed yield. The addition of boron to significant increases in yield traits gave a concentration of 75 ml/liter. Significant increases
in number of pods/plant, pod length, weight of 100 seeds, number of seeds/pod and total yield. Several studies on boron spraying on
bean plants indicated that there were significant increases in the number of seeds per pod, the weight of 100 seeds, and the seed yield
per plant and per unit area (Camacho-Cristobal et al. 2008 on bean plant; Salehein and Rahman 2012, on bean plant; El- Waraky et al.
2013 in peas; and Mumtaz et al., 2014 on bean plant). Gajanan et al. (1990) studied by using phosphate rock, which tops the phosphate
fertilizer in acidic soils 5.5 using 4 concentrations of phosphate, which is without phosphate - phosphate rocks - and phosphate sulfate
that the yield of gournat increased by 6.15, 6.06, 7.24, 5.78 tons/hectare of grain yield. Also, Dwivedi et al. (1994) reported an increase
in the number of seeds per pod of bean plant by increasing the levels of added phosphate from 50 to 150 kg P,0./ha. Saxena an Verma
(1994) obtained an increase in the number of seeds/pod by increasing the levels of phosphate fertilizer added from 0 to 120 kg/ha
P,0..and 60:90:120 N: P,0, kg/ha in three levels gave the highest seed yield of 1.51 tons/ha. Rana and Singh (1998) indicated that the
weight of the seeds/plant responded to the levels of phosphate fertilizer added, and the highest seed yield resulted when adding 100
kg P,0./ha. Rana et al. (1998) indicated that when using four levels of N (0.40,80,120 kg/ha) and three levels of phosphate (0.50,100
kg/ha) caused significant increases in seed yield that were significant at the level of 100 kg P,0./ha. Roy and Parthasarathy (1999) also
indicated that the seed yield was high when 120 kg of phosphate was added compared to low levels, and in general, the increase in
N-P-K levels or the increase in the ratio of nitrogen to phosphorus caused an increase in the yield of pods. Veeresh (2003) indicated a
significant increase in the number of pods of bean plant when adding 75 kg P,0./ha compared to the zero control. Singh et al,, (2008)
showed that the addition of phosphorous and inoculation with Rhizobia caused increases in seed yield in beans and in the yield indi-
cators represented in the number of pods/plant, weight of 100 seeds and seed yield per unit area. Girma (2009) showed that nitrogen
and phosphorous levels up to 27 kg/ha N, 69 P,0, kg/ha, and 150 kg dap/ha caused increases in seed yield in beans. Kajumula et al.
(2012) when adding levels of phosphorus 0-40-160 mg/kg phosphorous, a significant increase in seed yield under phosphorous levels
was found, as it was found when adding 160 mg/kg phosphorous led to a significant increase in the number of pods/plant. The number
of seeds / pod and seed yield kg / hectare, but it caused a decrease in the weight of 100 seeds, and the genotypes used varied among
themselves in each of the number of pods/plant, number of seeds/pod, weight of 100 seeds, and seed yield kg / hectare as the compo-
sition outperformed the BAT477 genotype was determined in both the number of pods/plant and seed yield kg/ha, and the ANT22
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genotype was superior to the rest of the genotype in terms of 100-seed weight. Rahman et al. (2014) indicated that spraying with
N-P-K fertilizer at a concentration of 20:20:20 caused a significant increase in both the number of pods/plant, the number of seeds/
plant, and the number of seeds/pod. Amare et al. (2014) indicated that phosphorous levels were increased from 0 to 40 kg P,0,/ha,
caused significant increases in the weight of 1000 bean seeds. Deresa (2018) indicated when using 6 concentrations of N.P.S (0, 50,
100, 200, 250) kg/ha for three varieties of beans Nasir, Ibado, Angar that there were significant increases in both the number of later-
al branches/plant and the number of total pods at the level of 250 kg of N.P.S/ha, and the Angar cultivar gave a significant increase in
the characteristics of the number of lateral branches and the number of pods/plant compared with the other two cultivars. As for the
interaction between the cultivars, levels of N.P.S. the results showed that Naser cultivar with the level of 150 kg N.P.S gave higher plant
height, while Abado cultivar at the level of 200 kg gave the highest increases in weight of 100 seeds and the highest seed yield record-
ed for Anger cultivar at the level of 250 kg N.P.S. Dejene et al. (2018) found when they used four levels of phosphorus (0, 10, 20, 30) kg/
ha with four levels of CaCo3 (0, 0.9, 1.8, 2.7) tons/ha and found significant increases in the number of pods/plant and weight. 100
seeds and seed yield kg/ha for bean plant, where the concentration of 30 kg/ha of phosphorous gave the highest significant increases
for these traits. Chekanai et al. (2018) found that the addition of nitrogen and phosphorous at a level of 20 kg/ha at the flowering stage
caused increases in the activity of the number of bacterial nodules/plant and in seed yield and the interaction between N and P caused
increases in seed yield. Also, Zebire and Gelgelo (2019) showed when using phosphorous fertilizer at levels (0, 23, 46 and 69 kg/ha)
that the level of 46 kg/ha of phosphate fertilizer caused a significant increase in the number of pods per plant and the number of seeds
per pod. Asefa (2019) found that when using different levels of phosphorous fertilizer (0, 23, 46) kg/ha, these treatments caused an

increase in plant yield.

And due to the lack of studies and research on the appropriate varieties for dry production of beans for the environmental conditions
in the city of Mosul, in addition to the effect of some mineral nutrients such as boron and phosphorous on the productivity of dry beans

in the beans under the conditions of the city of Mosul, Iraq, we decided to carry out this study.
Materials and Methods

The study was carried out in the vegetable field of the Department of Horticulture and Landscape Engineering/College of Agri-
culture and Forestry/University of Mosul during the agricultural season spring 2021, the experimental field was divided by manual
plow into experimental units. In terms of the area of the experimental unit (2.4 m?) with the cultivation of an experimental unit at the
beginning of each sector that was used as guard plants, the seeds of the two varieties of Argentine and Iranian dry beans were planted
on 3/17/2021, where the seeds were placed in the hole from one to two seeds and covered with soil , by using o Drip irrigation system,
to study the effect of spraying with boron and phosphate fertilizer on characteristics yield parameters in two white bean cultivars. The
seeds of two Argentine and Iranian white bean cultivars (Esho, 2019) and three levels of boric acid were used, which are 0, 25 and 50
mg/L. And three levels of phosphate fertilizer P,0, at 0, 20 and 40 kg/ha,, so the experiment included 18 experimental units (2 x 3 x
3), and with three replications for each experimental unit, as the boron spraying process was carried out after the appearance of the
second and third true leaf, and the second A second after 15 days from the first spray, and the third after 20 days from the second. As
for phosphate fertilization, it was added once to all experimental units and to each repeater on 4/21/2021. The data were taken as
an average of ten plants randomly from each experimental unit and for the three replicates on the characteristics of yiled parameters:
number of pods per plant, the weight of the pod at extraction of seeds (gm), yield of pods per plant for seed extraction (gm), number of
seeds per pod, length and diameter of seed (cm), weight of 100 seeds (gm), seeds yield per plant (gm) and for unit area kg/ha. The data
were statistically analyzed by electronic computer and the (SAS, 2001) program was used in the statistical analysis and the averages
were tested at the 5% probability level for Duncan’s polynomial test (Steel and Torrie, 1980).
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Results and Discussion

Itis noted from Figure (1) that the cultivars have significantly outperformed each other in the number of pods per plant, where the
Argentine cultivar significantly outperformed the Iranian variety, reaching 20.48 pods.plant™. As for spraying with boron, the concen-
tration of 25 mg.l? gave the highest significant difference and reached 18,55 pods.plant™. As for fertilizing with phosphate fertilizer
levels, it did not reach the significant level on the number of pods per plant It appears from Table (1) that the two interaction coeffi-
cients between the Argentine cultivar at a concentration of 25 mg.L! boron gave the highest number of pods per plant amounted to
23,28 and the lowest number of pods per plant was for the Iranian variety at a concentration of 25 mg.L* amounted to 13,82, The dual
interaction coefficients between the Argentine cultivar and the different levels of phosphate fertilizer were significantly superior to
the Iranian variety and the different levels of phosphate fertilizer. We note from table (1) that the dual interaction coefficients between
the concentration of 25 mg.L™" of boron and the concentration of 0 kg P,0_.ha of phosphate gave the highest number of pods per plant,
reaching 20.17 and did not reach the significant level with a concentration of 50 mg.L" of boron and 20 kg P,0.ha" of phosphate,
which also gave the highest significant difference, which amounted to 19.28 compared with the lowest number of pods per plant at a
concentration of 0 mg.I" of boron and a concentration of 20 kg P,0_.ha™* of phosphate, which amounted to 14.72, while the interaction
The triple among the factors under study, the Argentine cultivar with a concentration of 25 mg.I"* of boron and a concentration of 20 kg
P,0.ha" of phosphate gave the highest number of pods per plant amounting to 24,63 compared to the Iranian variety, which gave the

lowest value in that at a concentration of 25 mg.I" of boron and 20 kg of P,0,. ha™ of phosphate amounted to 12,53.

Variety: 1= Argentine 2= Iranian; Boron= mg.l"; P,0.=kg.ha.™.
Figure 1: Effect of spraying with boron and phosphate fertilizer on the num-
ber of pods per plant when extracting seeds for two white bean cultivars.

Variety Boron (mg.1") P,0; (kg-ha") Variety x Boron
0 20 40

Argentine 0 18.57a-d | 16.80bd | 18.40a-d 17.92bc
25 24.21a 24.63a 21.00a-c 23.28a
50 22.20ab | 20.97a-c | 17.53b-d 20.23ab
Iranian 0 14.17d 12.63d 14.83cd 13.88d
25 16.13b-d 12.53d 12.80d 13.82d
50 15.10cd | 17.60a-d 14.10d 15.60cd
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Interaction Boron x P,0,) 0 16.37ab 14.72b 16.62ab
25 20.17a 18.58ab | 16.90ab

50 18.65ab 19.28a 15.82ab

Interaction (variety x PO, Argentine 21.66a 20.80a 18.98a
Iranian 15.13b 14.26b 13.91b

*The means at same alphabet are not significantly different from each other according to Duncan’s polynomial test at the 5%
probability level.
Table 1: The interaction between boron and phosphate fertilizer on the number of pods per plant when extracting seeds for

two white bean cultivars*.

It is noted from Figure (2) that the Argentine variety has significantly superior in the average dry gourd weight, which reached
1.61296 gm, compared with the Iranian variety, which gave the lowest average dry gourd weight. We also notice from Figure (2) that
spraying with boron had a significant effect on the average weight of the dry pod, as it gave the concentration 50 mg.L* higher than
the average weight of the dry pod, which amounted to 1.54 g. It is noted from the same figure that there is no significant effect of
phosphate fertilization levels on this trait. It appears from table (2) that the bilateral interaction of the Argentine cultivar and spraying
with different concentrations of boron produced the highest average weight of dry pod and it differed significantly with the same con-
centrations of the Iranian cultivar, and the treatment of the bilateral interaction between the Argentine cultivar and the different levels
of phosphate fertilizer was superior compared to the Iranian variety and the different levels of phosphate fertilizer. Different from the
phosphate fertilizer used, we notice from table (2) the interaction between the concentration of 50 mg.L* of boron and 20 kg P,0..
ha! of phosphate gave the highest significant difference in the mean dry weight of the pod, which amounted to 1.59 g, as for the triple
interaction between the factors Under study, where the Argentine cultivar with a concentration of 50 mg.I" of boron and 20 kg of P,0..
ha! of phosphate gave the highest average dry pod weight of 1.68 gm compared with the rest of the treatments, while the lowest aver-
age weight of dry pod gave the Iranian variety at a concentration of 0 mg.I" boron and 20 kg P,0_.ha™' of phosphate amounted to 1.22 g.

Variety: 1= Argentine 2= Iranian; Boron= mg.l"; P,0.=kg.ha.™.
Figure 2: Effect of spraying with boron and phosphate fertilizer on the average
weight of the pod (gm) when extracting seeds for two white bean cultivars.
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Variety Boron (mg.I') P,0; (kg-ha'’) Variety x Boron
0 20 40
Argentine 0 1.53a-d | 1.55a-d | 1.63ab 1.57a
25 1.67a | 1.60a-c | 1.63a-c 1.64a
50 1.56a-d | 1.68a 1.67a 1.63a
Iranian 0 1.37d-f 1.22f 1.42c-e 1.34b
25 1.38d-f | 1.27ef | 1.51a-d 1.39b
50 1.45b-e | 1.50a-d | 1.37d-f 1.44b
Interaction Boron x P,0,) 0 1.45a-c | 1.38c 1.53ab
25 1.53ab | 1.44bc | 1.57ab
50 1.51a-c | 1.59a | 1.52a-c
Interaction (variety x P,0, Argentine 1.59a 1.61a 1.64a
Iranian 1.40b 1.33b 1.43b

*The means at same alphabet are not significantly different from each other according to Duncan’s polynomial test at the 5%
probability level.
Table 2: The interaction between boron and phosphate fertilizer on the average weight of the pod (gm) when extracting seeds
for two white bean cultivars*.

Figure (3) indicated that the Argentine cultivar gave the highest number of seeds per pod, reaching 3.93, and it differed significantly
with the Iranian variety. The figure also shows that no significant differences were found in the number of seeds per pod at all levels of
boron spray and phosphate fertilization. It appears from table (3) that the binary interaction of the Argentine cultivar at a concentra-
tion of 25 mg.L™ gave the highest significant difference of 3.99, as it appears from the same table that the binary interaction between
the cultivars and phosphate fertilization on this trait gave the Argentine cultivar a concentration of 40 kg P,0..ha" From phosphate,
the highest significant difference for the number of seeds per pod was 4.00, and the lowest number of seeds for the Iranian variety at
a concentration of 20 kg P,0,.ha" amounted to 2.99, and there was no significant effect of the effect of the binary interaction between
spraying with different levels of boron and different levels of phosphate fertilization. As for the triple interaction between the factors
under study, there were significant effects, where the Argentine variety with a concentration of 50 mg.L" boron and 40 kg P,0_.ha™ of

phosphate gave the highest significant difference in the number of seeds per pod, which amounted to 4.07.

Variety: 1= Argentine 2= Iranian; Boron= mgl*; P,0.=kg.ha.™.
Figure 3: Effect of spraying with boron and phosphate fertilizer on the num-
ber of seeds in the pod when extracting seeds for two white bean cultivars.
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Variety Boron (mg.1) P,0; (kg-ha"’) Variety x Boron
0 20 40

Argentine 0 3.73a | 3.77a | 3.96a 3.82a

25 3.95a | 4.06a | 3.97a 3.99a

50 3.95a | 3.94a | 4.07a 3.99a

Iranian 0 3.04b | 293b | 3.23b 3.06b

25 3.02b | 2.89b | 3.21b 3.04b

50 3.05b | 3.18b | 2.98b 3.07b
Interaction Boron x P,0,) 0 3.39a | 3.35a | 3.60a
25 3.48a | 3.48a | 3.59a
50 3.50a | 3.56a | 3.53a
Interaction (variety x P,0, Argentine 3.88a | 3.92a | 4.00a
Iranian 3.04b | 2.99b | 3.14b

*The means at same alphabet are not significantly different from each other according to Duncan’s polynomial test at the 5%

Table 3: The interaction of boron and phosphate fertilizer on the number of seeds in the pod when extracting seeds for two

Figure (4) shows that the Argentine cultivar was significantly superior in terms of seed length of 1.33 cm compared with the Iranian
variety, which gave the lowest seed length. It also did not reach the significance level for all levels of boron spray and all levels of phos-

phate fertilization in the length of the seed. Table (4) shows the binary interaction between the Argentine cultivar at a concentration

probability level.

white bean cultivars*.
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of 50 mg.L! in the seed length, which reached 1.34cm, while the lowest seed length was for the Iranian variety at a concentration of

25 mg.L!, which amounted to 1.25 cm, It also appears from the same table that the binary interaction between the Argentine cultivar
at a concentration of 40 kg P,0_.ha™ of phosphate gave the highest seed length, while the lowest seed length of the Iranian variety at
a concentration of 20 kg P,0_ha", which amounted to 1.24 cm, did not show any significant differences. In seed length at all levels of
boron spray and all levels of phosphate fertilization for all treatments. As for the triple interaction between the factors under study,
the Argentine variety with a concentration of 50 mg.I" boron and 20 kg P,0,.ha" of phosphate gave the highest seed length, which gave

1.35 cm, while the lowest seed length was for the Iranian variety at a concentration of 25 mg.I" boron and 20 kg P,0,.ha" of phosphate,

which reached 1.23 cm.

Variety: 1= Argentine 2= Iranian; Boron= mg.l"; P,0.=kg.ha.™.

Figure 4: Effect of spraying with boron and phosphate fertilizer on

seed length (cm) of two white bean cultivars.
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. _ P,0, (kg-ha) .
Variety Boron (mg.l'") o o o Variety x Boron

Argentine 0 1.33a 1.33a 1.32ab 1.33a

25 1.33a | 1.31a-c | 1.33a 1.33a

50 1.34a 1.35a 1.34a 1.34a

Iranian 0 1.25d 1.24d 1.25d 1.29b

25 1.25d 1.23d 1.26¢cd 1.25b

50 1.23cd | 1.24d | 1.27b-d 1.26b
Interaction Boron x P,0,) 0 1.29a 1.29a 1.29a
25 1.29a 1.27a 1.30a
50 1.30a 1.30a 1.31a
Interaction (variety x P,0, Argentine 1.33a 1.33a 1.33a
Iranian 1.25b 1.24b 1.26b

*The means at same alphabet are not significantly different from each other according to Duncan’s polynomial test at the 5%
probability level.
Table 4: The interaction between boron and phosphate fertilizer on seed length (cm) of two white bean cultivars*.

Figure (5) shows that the Iranian variety was significantly superior in seed diameter, which reached 0.73 cm. As for the effect of
spraying with boron, it gave the concentration 25 mg.L™ and the concentration 50 mg.L?, which gave the highest significant difference
in seed diameter compared to the concentration 0 mg.L!, which gave the lowest seed diameter. There were no significant differences

in the diameter of the pod for all levels of phosphate fertilizer.

Variety: 1= Argentine 2= Iranian; Boron= mg.l"; P,0.=kg.ha.™.
Figure 5: Effect of spraying with boron and phosphate fertilizer on
seed diameter (cm) for two white bean cultivars.

Table (5) shows the binary interaction between the Iranian variety at a concentration of 25 and 50 mg.L* boron, the highest seed di-
ameter, which was 0.73 cm. It is also noted from Table (20) that the bilateral interaction between the Iranian variety and all phosphate

levels was significantly superior in seed diameter compared with the Argentine variety for the same levels.
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Variety Boron (mg.l'") P,0; (kg-ha") Variety x Boron
0 20 40
Argentine 0 0.65d 0.64d 0.65d 0.65c
25 0.65d | 0.65d | 0.65d 0.65c
50 0.65d | 0.65d | 0.66d 0.65c
Iranian 0 0.72bc | 0.71c | 0.72bc 0.72b
25 0.73a-c | 0.72bc | 0.75a 0.73a
50 0.74ab | 0.73ab | 0.72bc 0.73a
Interaction Boron x P,0,) 0 0.69a-c | 0.68c | 0.69a-c
25 0.69a-c | 0.69bc | 0.70a
50 0.69ab | 0.69ab | 0.69ab
Interaction (variety x PO, Argentine 0.65b 0.65b 0.65b
Iranian 0.73a 0.72a 0.73a

*The means at same alphabet are not significantly different from each other according to Duncan’s polynomial test at the 5%
probability level.
Table5: The interaction between boron and phosphate fertilizer on seed diameter (cm) for two white bean cultivars*.

Figure (6) shows the superiority of the Iranian variety in weight of 100 seeds over the Argentine variety in this trait. Also, the boron
spray treatment at a concentration of 50 mg.I! was significantly superior in weight of 100 seeds to the rest of the treatments and it
reached 30,15 g. not all levels of phosphate fertilization reached the significant level by affecting the weight of 100 seeds. Table (6)
shows that the dual interaction treatment between the Iranian cultivar at a concentration of 50 mg.L* wt produced the highest weight
of 100 seeds, which reached 33.13 g, compared with the Argentine cultivar, which gave the lowest weight of 100 seeds at a concentra-
tion of 25 mg.L!, which amounted to 26,49 g. From the same table, it appears that the highest weight of 100 seeds resulted from the
dual interaction treatment between the Iranian variety with a concentration of 0 kg P,0_.ha* and a concentration of 40 kg P,0_.ha™ of

phosphate, which amounted to 32.68 and 32.42 g, respectively.

As it appears from table (6) that the dual-concentration treatment of 50 mg.L™* boron and 0 kg P,0..ha" of phosphate gave the
highest significant difference, which amounted to 30,83 g, and the lowest weight for 100 seeds resulted from the binary interaction
treatment between 0 mg L* of boron and a level of 20 kg P,0,.ha.” of phosphate fertilizer amounted to 27,81 g. The triple interaction
between the factors under study shows that the highest significant difference resulted from the interaction between the Iranian vari-
ety at a concentration of 50 mg.I" boron and 0 kg P,0,.ha" of phosphate in 100-seed weight, which amounted to 34.65 g compared with
the Argentine cultivar that gave The least significant difference at the concentration of 25 mg.I"' boron and 20 kg P,0..ha™ of phosphate
fertilizer was 25,31 g.
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Variety: 1= Argentine 2= Iranian; Boron= mg.l*; P,0.=kg.ha.™.
Figure 6: Effect of spraying with boron and phosphate fertilizer
on the weight of 100 seeds (gm) for two white bean cultivars.

P,0, (kg.ha™)

Variety Boron (mg.l?) i T 0 Variety x Boron

Argentine 0 26.67de | 26.17e | 26.81de 26.55c¢

25 27.17de | 25.31e | 27.00de 26.49c

50 27.00de | 28.09ce | 26.44de 27.18c

Iranian 0 32.45ab | 29.60b-d | 32.06ab 31.37b

25 30.93bc | 30.60bc | 32.62ab 31.38b

50 34.65a | 32.17ab | 32.57ab 33.13a
Interaction Boron x P,0,) 0 29.56ab | 27.88b | 29.44ab
25 29.05ab | 27.96b | 29.81ab
50 30.83a | 30.19ab | 29.51ab
Interaction (variety x P,0 Argentine 26.94c 26.52c 26.75¢
[ranian 32.68a 30.79b 32.42a

*The means at same alphabet are not significantly different from each other according to Duncan’s polynomial test at the 5%

Table 6: The interaction between boron and phosphate fertilizer on the weight of 100 seeds (gm) for two white bean cultivars*.

probability level.
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Figures (1, 2, 3,4, 5 and 6 ) showed that the cultivars varied among themselves in the traits of number of pods/plant, average weight

of pod, length and diameter of the seed, the number of seeds per pod, and the weight of 100 seeds, as the Argentine variety achieved

significant increases in the traits number of pod/plant, average weight of pod, seed length, and in the number of seeds per pod, While

the Iranian cultivar was superior in seed diameter and 100-seed weight characteristics, these results may explain the genetic differ-

ences between the two cultivars in vegetative growth traits and pod traits that were discussed previously, as well as differences in the

efficiency and adaptation of the two cultivars to the environmental conditions prevailing in the study area and an overlap between

factors genetic and environmental influences on these traits are consistent with (Chung and Goulden 1971; Santalla et al. 2004; Elias
etal, 2007; Harmankaya et al., 2008; Igbal et al.,, 2010; Kamfwa et al 2015; Bagheri et al 2017; Lanna et al 2016; Esho 2019; Jasim and
Esho 2020) who show in their studies that bean cultivars and genotypes vary with regard to the characteristics of the length and di-

ameter of the seed, the number of seeds in the pod. The plants that were sprayed with a concentration of 25 and 50 mg.I* of boron also
produced increases in these traits (Harmankaya et al., 2008; Sharaf et al. 2009; Jasim and Obiad, 2013; El-Afifi et al. 2016; El-Dahshouri
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2017; and Al-Edany and Al-Lamy 2019). The level of 20 or 40 kg of phosphate fertilizer P,0, achieved the highest values in the length
and diameter of the seed and in the number of seeds per pod. This result may explain the role of the important element phosphorus in
plant growth, as it is included in the composition of the nucleic acids DNA and RNA carrying genetic factors in the plant, which have A
direct effect on these traits, and phosphorous plays a major role in the metabolic processes that take place inside the plant to complete
its life cycle. This result is consistent with (Dwivedi et al. 1994; Saxena and Verma 1994; Khan et al. 2003; Shivananda and lyengar
2004; Singh et al. 2008; Al-Assafi 2010; Kajumula and Tryphone 2012; Rahman et al. 2014; Ayalew 2017; Chekanai 2018; Deresa 2018;
and Dejene et al. 2016) whom indicated in their scientific study that Phosphate fertilizer levels lead to increases in the characteristics
of seed length and diameter, the number of seeds per pod and the weight of 100 seeds. It also appears from the results of tables (3,
4, 5 and 6) that the Iranian bean cultivar intertwined with boron concentrations achieved the highest significant values in both seed
diameter and 100-seed weight, while the Argentine variety with boron concentrations had increases in the trait. The number of seeds
per pod and seed length. Phosphate fertilizer levels overlapping with the Argentine cultivar also achieved the highest significant values
in the characteristics of seed length, number of seeds per pod. As for the bilateral interaction coefficients between the boron element
and the levels of phosphate fertilizer, and the triple interaction coefficients between the studied factors have produced significant dif-
ferences among them on these traits, the explanation of this may be due to the moral effect of the cumulative, cuamulative and singular
positive effect and also to the presence of an additional cumulative effect for each factor of The studied factors when they overlap

together and the physiological role of boron and phosphate fertilizers.

It is noticed from Figure (7) that the Argentine cultivar has significantly outperformed the Iranian cultivar in the number of seeds

per plant and produced the highest value of 80,613 seeds/plant.

Variety: 1= Argentine 2= Iranian; Boron= mgl*; P,0.=kg.ha.™.
Figure 7: Effect of spraying with boron and phosphate fertilizer on
the number of seeds per plant for two white bean cultivars.

Also, spraying with boron at a concentration of 25 mg.L'* and 50 mg.L* gave the highest significant difference in the number of seeds
for each plant. Not all levels of phosphate fertilizer reached the level of significance for this characteristic, Table (7) shows that the
bilateral interaction between the Argentine cultivar produced the highest significant difference at a concentration of 25 mg.L™ boron
and it reached 92.79 compared with the Iranian cultivar, which gave the least number of seeds for each plant at a concentration of 25
mg.L ! boron and It reached 42,40. It is also noted that the bilateral interaction between the Argentine cultivar gave the highest number

of seeds for each plant at all concentrations of boron used in the study.
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Variety Boron (mg.l'') P,0; (kg-ha") Variety x Boron
0 20 40

Argentine 0 68.70b-e | 63.34cf | 72.92b-d 68.32¢

25 95.41a 99.97a | 82.99a-c 92.79a

50 88.21ab | 82.63bc | 71.33b-d 80.72b

Iranian 0 43.61fg 37.35g | 47.90e-g 42.95d

25 48.47e-g | 37.35g 41.39fg 42.40d

50 4694 e-g | 57.16d-g | 41.76fg 48.62d
Interaction Boron x P,0,) 0 56.16ab 50.39b 60.41ab
25 71.94a 68.66a 62.19ab
50 67.58a 69.90a 56.55ab
Interaction (variety x P,0 Argentine 84.11a 81.98a 75.75a
Iranian 46.34b 43.96b 43.68b

*The means at same alphabet are not significantly different from each other according to Duncan’s polynomial test at the 5%
probability level.
Table 7: The interaction between boron and phosphate fertilizer on the number of seeds per plant for two white bean cultivars*.

It is noticed from Table (7) that the dual interaction treatment at a concentration of 25, 50 mg.L" boron and 0, 20 kg P,0_ha" of
phosphate gave the highest significant difference in the number of seeds for each plant, which amounted to 71.94 and 69.90 g, re-
spectively. As for the triple interaction between the factors under study, it is noted from the same table that the Argentine variety at a
concentration of 25 mg.L" boron and 20 kg P,0..ha" of phosphate produced the highest significant difference among all treatments,
reaching 99.97 gm compared with the lowest significant difference of the variety Iranian at a concentration of 0 and 25 mg.I"* boron

and 20 kg P,0_.ha"' of phosphate, which amounted to 37,35 and 37.35 g, respectively.

Figure (8) shows a significant superiority of the Argentine variety over the Iranian variety in the weight of seeds for each plant
amounted to 105.50 g. As for the effect of boron concentrations and phosphate fertilizer levels, it did not reach the significant level on
the characteristic of seed weight for each bean plant. It appears from table (8) that the dual interaction treatment between Argentine
cultivar and spraying with different concentrations of boron produced the highest seed weight for each plant, and this differed with
the same concentrations and for the Iranian variety. Also, the two interaction treatments between the Argentine variety and different
levels of P,0, phosphate fertilizer per hectare were significantly superior at the probability level of 5% compared with the Iranian

variety and different levels of the phosphate fertilizer used. gloom.
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Variety: 1= Argentine 2= Iranian; Boron= mgl*; P,0.=kg.ha.™.
Figure 8: Effect of spraying with boron and phosphate fertilizer on the
weight of seeds for each plant of two white bean cultivars.

Table (8) also shows a significant superiority of the two interaction treatments at a concentration of 50 mg.L"* boron and 20 kg P,0..
ha! of phosphate, which amounted to 98.53 g. as for the triple interaction treatments for the factors under study, it is noted that the
Argentine variety for the concentration of 50 mg.L" boron and 20 kg P,0..ha" of phosphate gave the highest significant difference for
this trait, reaching 113.13 g, and the lowest weight resulted from the triple interaction treatment between the Iranian variety and 50
mg.l" of boron and 40 kg of P,0_ha" amounted to 53.00 gm.

Variety Boron (mg.l'') P,0; (kg-ha") Variety x Boron
0 20 40

Argentine 0 107.13ab | 99.67a-c | 101.8ab 102.87a

25 111.00a | 97.33a-d | 111.40a 106.58a

50 112.40a | 113.13a | 95.67a-d 107.07a

Iranian 0 67.80c-e | 67.33c-e | 81.13a-c 72.09b

25 66.13c-e 59.60e 65.20de 63.64b

50 74.07b-e | 83.93a-c | 53.00e 70.33b
Interaction Boron x P,0,) 0 87.47ab | 83.50ab | 91.47ab
25 88.57ab | 78.47ab | 88.30ab
50 93.23ab 98.53a 74.33b
Interaction (variety x P,0, Argentine 110.18a | 103.38a | 102.96a
Iranian 69.33b 70.29b 66.44b

*The means at same alphabet are not significantly different from each other according to Duncan’s polynomial test at the 5% proba-
bility level.
Table 8: The interaction between boron and phosphate fertilizer on the weight of seeds for each plant of two white bean cultivars*.

Figure (9) shows that there is a significant superiority of the Argentine variety in the total seed yield over the Iranian variety, which
produced 2197.99 kg.ha. Also, there was no significant differences when spraying concentrations of boron and phosphate fertilizer
levels at all concentrations. Table (9) shows that the binary interaction treatment between the Argentine cultivar and all boron con-

centrations gave the highest total seed yield in it, compared with the binary interaction treatments between the Iranian variety and all

Citation: Kamal Benyamin Esho.,, et al. “Effect of Spraying with Boron and Phosphate Fertilization on Yield Traits Parameters in Two Dry White Bean
Varieties (Phaseolus vulgaris L.)*". Medicon Agriculture & Environmental Sciences 3.4 (2022): 10-29.



Effect of Spraying with Boron and Phosphate Fertilization on Yield Traits Parameters in Two Dry White Bean Varieties (Phaseolus vulgaris
L.)*

24

boron concentrations. And the dual interaction treatment between the Argentine variety and all the concentrations of phosphate fer-
tilizer used has produced the highest value in it, compared with the Iranian variety, which produced the lowest yield in that at all levels
of the phosphate fertilizer used in the study. Also, the binary interaction at a concentration of 50 mg.lI"" boron and 20 kg P,0_ha™ of
phosphate gave the highest significant difference for the total seed yield, which was 2052.8 kg.ha! compared with the least significant
difference that resulted from using a concentration of 50 mg. L'* boron and 40 kg P,0..ha" of phosphate amounted to 1548.6 kg.ha’. As
for the triple interaction, we note that the Argentine cultivar with a concentration of 50 mg.I" boron and 20 kg P,0,.ha" of phosphate
gave the highest total seed yield, which reached 2356.9 kg.ha, and the least significant difference was for the Iranian variety at 50
mg.I"". Boron and 40 kg of P,0..ha™ of phosphate amounted to 1104.2 kg.ha™.

Variety: 1= Argentine 2= Iranian; Boron= mg.l*; P,0.=kg.ha.™.
Figure 9: Effect of spraying with boron and phosphate fertilizer on
seed yield (kg/ha) for two white bean cultivars.

Variety Boron (mg.1") P,0; (kg-ha") Variety x Boron
0 20 40

Argentine 0 2231.9ab | 2076.4a-c | 2120.8ab 2143.1a

25 2312.5a 2027.8a-d 2320.8a 2220.4a

50 2341.7a 2356.9a 1993.1a-d 2230.6a

Iranian 0 1412.5c-e | 1402.6c-e | 1690.31a-e 1501.8b

25 1377.8c-e | 1241.7e 1358.3de 1325.9b

50 1543.1b-e | 1748.6a-e 1104.2¢ 1465.3b
Interaction Boron x P,0,) 0 1822.2ab | 1739.6ab 1905.6ab
25 1845.1ab | 1634.7ab | 1839.6ab
50 1942.4ab | 2052.8a 1548.6b
Interaction (variety x P,0, Argentine 2295.4a 2153.7a 2144.9a
Iranian 1444.4b 1464.3b 1384.3b

*The means at same alphabet are not significantly different from each other according to Duncan’s polynomial test at the 5%
probability level.
Table 9: The interaction between boron and phosphate fertilizer on seed yield (kg/ha) for two white bean cultivars*.
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From the figures we note (6, 7, 8 and 9) that the plants of bean cultivars have achieved a significant and different increase among
themselves in the number of seeds per plant, the weight of seeds per plant, the seed yield of the experimental unit and the total seed
yield per unit area, as the variety outperformed The Argentine over the Iranian in the number of seeds per plant, the weight of the
seeds per plant, the seed yield of the experimental unit and the total seed yield. The explanation of these results for the superiority of
the Argentine variety in these traits may be due to the influence of genetic factors carried by this variety in addition to the variety’s
adaptation to environmental conditions. Prevalent in the research implementation area in addition to the cultivar’s growth strength,
the number of pods per plant (Figure 4) respectively. This finding is consistent with several researchers (Adams 1967; Chandhla
2001; Sicard et al 2005; Arunga et al 2010; Kazemi et al 2012; Mulugeta et al 2013; Yoseph et al 2014; Kamfwa et al 2015; Correa et
al. 2016; Brusamarello et al. 2017; Bagheri et al. 2017; Esho 2019; and Jasim and Esho 2020) who indicated in their studies that bean
cultivars vary among themselves in the characteristics of the number of seeds per plant, seed weight per plant and The seed yield of
the experimental unit and the total seed yield per unit area. Also, spraying bean plants with a concentration of boron achieved signif-
icant increases in the number of seeds per plant (Fig. 10), but it did not reach the significant level on the other traits. This result was
consistent with (Singh et al. 1989; Goldbach et al. 2001; Camacho-Cristobal et al. 2008; Sharaf et al. 2009; El-Yazied and Mady 2012;
Jasim and Obiad 2013; Abd El-Azeem et al. 2014; Mumtaz et al. 2014; Hemantaranjan et al. 2016; El-Afifi et al., 2016; and Al-Edany and
Al-Lamy 2019) whose indicated in their studies that there was an increase in the characteristics of the number of seeds per plant, the
seed yield per plant and the unit area in the bean plant. But on the other hand, it appears that the levels of phosphate fertilizer did not
reach the significant level in these traits, noting that the level of 40 kg of P,0, produced the highest non-significant values in it. This
result was consistent with (Gemechu 1990, Dwivedi et al., 1994; Gupta et al.,, 1996; Rana et al. 1998; Roy and Parthasarathy 1999; Singh
etal. 2008; Al-Assafi 2010; Kajumula and Tryphone 2012; Morad et al. 2013; Rahman et al. 2014; Kakon et al. 2016; Dejene et al. 2016;
Ayalew 2017; Deresa et al. 2018; and Zebire and Gelgelo 2019). And the binary and triple interaction coefficients between the studied
factors resulted in significant increases on these traits, as they varied among themselves by their effect on these traits. Explanation of
this to the moral effect of the cumulative, cumulative and positive singular effect, as well as the presence of an additional cumulative

effect for each of the studied factors when they overlap together, and the physiological role of boron and phosphate fertilizers.
Conclusion

Through the results obtained from this study, we conclude that the Iranian variety was better than the Argentine in some traits of the
yield and its components, boron at a concentration of 50 mg/liter, and 20 kg P,0, per ha. gave the best results for most of the studied
traits, and he interaction between the Argentine variety and phosphate levels, or with boron concentrations, gave the best results for
the studied traits.
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