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ABSTRACT 
 

An experiment was conducted at the Agronomy Field Laboratory of the Department of Agronomy, 
Bangladesh Agricultural University, and Mymensingh to study the effect of phosphorus and boron 
on the growth and yield of var. BARI Jharsheem-3 along with French bean during November 2017 
to March 2018. The experiment was comprised of two factors involving number of levels viz. 
phosphorus had four levels  15, 20, 25 and 35 kg ha

-1
 and four levels of boron viz. 0, 0.5, 1.0 and  

1.5 kg  ha-1. Triple super phosphate and Borax were used as source of phosphorus and boron, 
respectively. The experiment was laid out in a Randomized Complete Block Design (RCBD) with 
three replications. The results exhibited that yield and its contributing characters were significantly 
influenced by the phosphorus and boron applications. The experimental findings revealed that 
highest  number of pods per  plant (4.95), pod length (13.06 cm), number of seeds per pod (4.34), 
and 1000-seed weight (427.99 g), seed yield (1.40 t ha-1), stover yield (1.76 t ha-1), biological yield 
(3.16 t ha

-1
) and harvest index (46%) were recorded under phosphorus level at 25 kg ha

-1
. The 

experimental findings also revealed that the highest number of pods per plant (4.91), pod length 
(14.45 cm), number of seeds  per pod (4.36), and 1000-seed weight (427.22 g), seed yield (1.39 t 
ha

-1
), stover yield (1.68 t ha

-1
), biological yield (3.07 t ha

-1
) and harvest index (45.27 %) were 
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recorded  under boron level at 1.5 kg ha-1. In case of  interaction of phosphorus and boron, the 
highest number of pods  per plant (5.18),  pod length (14.35 cm), number of seeds pod

-1
 (4.84), 

and 1000-seed weight (427.19 g), seed yield (1.86 t ha-1), stover yield (2.05 t ha-1), biological yield 
(3.91 t ha

-1
) and harvest index (47.57 %) were recorded under P level at 25 kg  ha

-1
  and B level 

at1.5 kg ha-1. So it may be concluded that 25 kg P ha-1 and 1.5 kg B ha-1 could be applied to obtain 
higher yield of bean. 
 

 
Keywords: Phosphorus; boron; french bean; 1000-seed weight; grain yield; harvest index. 
 
1. INTRODUCTION 
 
French bean (Phaseolus vulgaris L.) of family 
Fabaceae is a nutritious vegetable grown for its 
tender green pods with high protein, calcium and 
iron content. It has many synonyms like: 
common bean, snap bean, dwarf bean, kidney 
bean, haricot bean, wax bean, field bean, garden 
bean, string bean pole bean or runner bean etc. 
South Mexico and Central America are 
considered as the primary center of origin, which 
lies in Peru-Bolivia-Ecuador region [1]. Common 
beans are important for nutritional well-being as 
well as poverty alleviation among consumers and 
farmers with few other food or crop options [2]. 
Bean is widely used in the country to make 
recipe like Githeri (cooked mixture of beans and 
maize) due to increased demand among low 
income population in the urban areas [3]. The 
protein consumption by individual people in the 
world is estimated at about 77g of protein per 
day [4]. Common beans provide the crucial 
proteins (20%), energy (32%) and generous 
amounts of micro-nutrients especially Fe and Zn, 
and vitamins A and B complex to over 50 million 
resource poor rural and urban consumers in 
eastern Africa [5]. French bean production was 
137495 tonnes from an area of 20880 hectors in 
Bangladesh in 2017 [6]. 
 
French bean production depends on many 
factors such as quality seed, variety, sowing 
date, fertilizers and proper management 
practices [7,8,9]. Crop yield varies from variety to 
variety due to internal and external factors of the 
plant. The seed yield varies in different sowing 
dates [7,10]. A suitable variety is of primary 
importance for harnessing potential yield [11]. 
 
The fertilizer management has vital important 
roles on the growth, development and yield of 
legume crops. Among the fertilizers, phosphorus 
for all crops is of prime importance. Nutrient 
requirement of different cultivars is usually similar 
except on poor soils. French bean cultivation 
requires ample supply of phosphorus. Excessive 
or under doses of phosphorus can affect the 

growth and yield of legume crops. So, optimum 
dose of phosphorus is necessary to produce 
seed yield of French bean. Beans need P for 
growth, utilization of sugar and starch, 
photosynthesis, nucleus formation and cell 
division, fat and albumen formation, transfer and 
storage of energy within plants. Energy from 
photosynthesis and the metabolism of 
carbohydrates is stored in phosphate compounds 
for later use in growth and reproduction 
[12,13,14]. Studies have shown that an 
application of P fertilizer led to an increased 
legume grain yields, particularly with velvet bean, 
and soybean [15]. The bean crops require more 
P because it is important for root nodulation to 
take place effectively [16]. 
 
Boron is one of the essential micronutrient 
required for normal growth of most of the plants. 
Boron is required for proper development and 
differentiation of tissues besides being helpful in 
reducing sterility and malformation in 
reproductive organs [17]. Boron helps in the 
normal growth of plant, absorption of nitrogen 
from soil, translocation of sugars, cell wall 
synthesis, root elongation and nucleic acid 
synthesis [18,19]. The boron improves the grain 
and straw yield, nutrient content, nutrient uptake 
and quality in legume crops [17,20]. Boron 
deficiency limits the production of pulse crops 
[21]. Keeping in view the importance of 
phosphorus and boron, this research was carried 
out with the objective to study that the response 
of different levels of phosphorous and boron and 
their interaction for maximizing the growth and 
yield performance of French bean. 
 

2. MATERIALS AND METHODS 
 

2.1 Experimental Site 
 
The research work was conducted at the 
Agronomy Field Laboratory, Department of 
Agronomy, Bangladesh Agricultural University, 
Mymensingh in order to study the effect of 
phosphorous and boron on the growth and yield 
of French bean during the period from November 
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2017 to March 2018. The present research work 
was conducted in the experimental field is 
located at 24.75°N latitude, 90.50°E longitude 
and an average altitude of 18 m above the sea 
level that belongs to the Old Brahmaputra 
Floodplain (AEZ-9) soil [22,23]. The soil texture 
in the experimental site was silty loam type and 
belongs to the Brahmaputra Alluvial Tract. The 
topography of the experimental field was medium 
high land. The soil of the experimental field is 
slightly acidic (pH 6.80) with low organic matter 
content (1.19 %) and high soil bulk density (1.64 
g cm

-3
). The geographical location of the 

experimental area was under the sub-tropical 
climate. During the winter season average 
temperature was 8-25°C which is favorable for 
French bean cultivation. 
 
2.2 Treatments of the Experiment 
 
The experiment was comprised of two factors 
namely Phosphorus and Boron level. 
 

Factor A:  P1 =15 kg P ha-1, P2 = 20 kg P ha-1, P3 

= 25 kg P ha
-1

and P4 = 35 kg p ha
-1

 and
 
Factor B: 

B1 = 0 kg B ha
-1

, B2 = 0.5 kg B ha
-1

, B3   = 1 kg B 
ha-1, B4 = 1.5 kg B ha-1. This experiment was laid 
out in a Randomized Complete Block Design 
(RCBD) with three replications. The total number 
of plots was 48 (4×4×3) with size of 5 m

2 
(2.5 

m×2 m) per plot. Seeds were sown in line 
maintaining row spacing of 25 cm × 15 cm. The 
blocks and unit plots were separated by 1 m and 
0.75 m spacing, respectively. French bean var. 
BARI Jharsheem-3 was used as experimental 
material. The land was prepared by several 
ploughing and cross ploughing followed by 
laddering to break the clods and to level the soil. 
The weeds and stubbles were collected and 
removed from the plot. Triple Super Phosphate 
and Borax were used as source of phosphorous 
and boron. The recommended dose of muriate of 
potash (150 kg ha

-1
) and half amount of urea 

(150 kg ha-1) was applied during final land 
preparation and remaining amount of urea was 
top dressed at 30 days after sowing (DAS) of 
seeds. The recommended dose of triple super 
phosphate and borax (as per treatments) were 
applied during final land preparation. Before 
sowing, seed were treated with Carbendazim @ 
5g kg-1 uniformly for controlling soil borne 
diseases. Two seeds were sown per hill at a 
depth of 5.0 cm.  Three weedings were done at 
20, 35 and 50 days after sowing (DAS) to keep 
the plots free from weeds, which ultimately 
ensured better growth and development. Over-
head irrigation was applied once immediately 

after germination and further as per requirement 
of water. The crops were harvested by hand 
picking when they reached maturity. 

 
2.3 Data Collection 
 
Data were collected on the growth and yield 
contribution parameters. Harvest index (HI) was 
calculated from the ratio of grain yield to 
biological yield and expressed in percentage 
using the following formula: 
 

HI (%) = 
���� �����

���������� ����� (���� ����� � ������ �����)
× 100 

 
2.4 Statistical Analysis 
 
The collected data were compiled and analyzed 
statistically using the analysis of variance 
technique with computer package program 
Minitab statistical software (2010). State college, 
PA: Minitab, Inc (www.minitab.com). 
 
3. RESULTS AND DISCUSSION 
 
3.1 Effect of Phosphorus on the Yield 

Contributing Characters and Yield of 
French Bean 

 
The highest number of pods per  plant (4.95),  
length of pod (13.06 cm), number of seeds per 
pod (4.34), 1000-seed weight (427.99 g),  seed 
yield (1.40 t ha

-1
), stover yield (1.76 t ha

-1
), 

biological yield (3.16 t ha-1), harvest index (46.00 
%) was found at 25 kg P ha

-1
. Again, lowest 

number of pods plant-1 (4.75), length of pod 
(12.34), number of seeds pod

-1
 (4.21), 1000-

seed weight (420.37 g), seed yield (1.26 t ha-1), 
stover yield (1.48 t ha-1) and  biological yield 
(2.74 t ha

-1
) were obtained from 15 kg P ha

-1
, 

while  harvest index (44.70 %) from 20 kg P ha-1 
(Table 1). similar results also had significant 
effect of phosphorus in legume crops like mung 
bean and lentil [24,25,26]. Grain yield increased 
significantly by the application                                                     
of increased levels of phosphorus (0, 15, 30 and 
45 kg P ha

-1
) over control in lentil [25]. In 

mungbean varieties, phosphorus also plays a 
significant role for increasing yield contributing 
characters which leading to raise seed yield 
(1.13 t ha-1) from 80 kg P2O5 ha-1 [26,27]. The 
high dose of phosphorus fertilizer tends to form 
nutrient interaction and may affect the availability 
of other nutrients which are                                                   
essential for growth of the bean [28]. In French 
bean, the highest pod yield (22.12 t ha-1)                        
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z from 60 kg P ha
-1 

and seed yield (12.08 q ha
-1

) 
from 60 kg P2O5 ha-1 application were observed 
by [29,30]. Whereas, Zebire et al., [31] 
recommended 46 P kg ha

-1 
for better

 
production 

of French bean  based on their results obtained 
higher seed yield (7.42 quintal ha

-1
) from this 

dose when soil was sandy to sandy loam type 
with 6.7-7.3 pH.  However, responses of French 
bean production through different doses of 
phosphorous application probably may vary due 
to reserves of nutrients contents in different soil 
type. 
 

3.2 Effect of Boron on the Yield 
Contributing Characters and Yield of 
French Bean 

 
The highest number of pods per plant (4.91), pod 
length (14.45 cm), number of seeds  per pod 
(4.36), 1000-seed weight (427.22 g), seed yield 
(1.39 t ha-1), stover yield (1.68 t ha-1), biological 
yield (3.07 t ha

-1
), harvest index (45.27%) were 

recorded from the application of  1.5 kg B ha-1. 

Again, lowest  number of pods per  plant (4.7), 
pod length (12.91 cm), number of seeds  per pod 
(4.22), 1000-seed weight (420.32 g), seed yield 
(1.31 t ha

-1
), stover yield (1.58 t ha

-1
), biological 

yield (2.89 t ha-1) from 0 kg B ha-1, and  harvest 
index (44.20 %)  were recorded from 0.5 kg B ha

-

1. Positive responses of boron on the yield 
contributing characters were observed and 
recorded higher yield at the rate of 1.0 kg boron 
ha-1 in mungbean [32]. Boron application directly 
to the low available boron soil up to 2 kg ha

-1
 

enhances French bean yield in case of French 
bean - Cabbage cropping sequences [33] and 
pod yield of French bean increments about 
40.36% than control treatment (no boron 
application) [34]. Boron deficiency was 
established as the dominant nutritional problem 
causing flower and pod abortion. No pods or 
grains were formed in the                            
absence of applied boron. Boron either foliar 
sprays or soil application could increase the 
green pod yield of French bean than no boron 
application [35]. 

 
Table 1. Effects of phosphorus on the yield parameters and yield of French bean 

 
Level of 
phosphorus 
(kg ha-1) 

Number 
of 
pods/ 
plant 

Pod 
length 
(cm) 

Number 
of 
seeds/ 
pod 

1000-
seed 
weight  
(g) 

Seed 
yield 
(t ha-

1
) 

Stover 
yield 
(t ha-1) 

Biological 
yield 
(t ha-1) 

Harvest 
index 
(%) 

15 4.75
b
 12.34

c
 4.21 420.37

b
 1.26

c
 1.48

c
 2.74

c
 45.98

ab
 

20 4.83b 13.04a 4.26 422.45ab 1.28bc 1.58bc 2.86bc 44.70b 
25 4.95

a
 13.06

a
 4.34 427.99

a
 1.40

a
 1.76

a
 3.16

a
 46.00

a
 

35 4.86ab 12.97b 4.29 423.49ab 1.34ab 1.62b 2.96b 45.27ab 
Level of 
significance 

* * NS * 
 

* * * * 

SEM 0.06 0.03 0.02 2.21 0.03 0.05 0.08 0.70 

 
Table 2. Effects of boron on yield contributing characters and yield of French bean 

 
Level of 
boron 
(kg ha-1) 

Number 
of 
pods/ 
plant 

Pod 
length 
(cm) 

Number 
of 
seeds/ 
pod 

1000-
seed 
weight 
(g) 

Seed 
yield 
(t ha-1) 

Stover 
yield 
(t ha-1) 

Biological 
yield 
(t ha-1) 

Harvest 
index 
( %) 

0 4.7
b
 12.91

c
 4.22

b
 420.32

c
 1.31

b
 1.58

b
 2.89

c
 45.17

b
 

0.5 4.88ab 13.00bc 4.24b 420.36c 1.32b 1.59bc 2.91bc 44.20c 
1.0 4.9

a
 13.15

b
 4.33

a
 422.38

b
 1.32

b
 1.64

bc
 2.97

b
 44.44

ab
 

1.5 4.91
a
 14.45

a
 4.36

a
 427.22

a
 1.39

ab
 1.68

a
 3.07

a
 45.27

a
 

Level of 
significance 

* * * * * * * * 

SEM 0.07 0.50 0.04 2.30 0.003 0.02 0.02 0.67 
* = Significant at 5 % level of probability, NS = Non significant, SEM = Standard error mean 
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3.3 Interaction Effect of Phosphorus and 
Boron on the Yield Contributing 
Characters and Yield of French Bean 

 

The interaction effect of phosphorus and boron 
observed significant effect on most of the studied 
yield contributing characters and yield of French 
bean. The highest number of pods per plant 
(5.18), pod length (14.35 cm), number of seeds 
per pod (4.84), grain yield (1.86 t ha

-1
), stover 

yield (2.05 t ha-1), biological yield (3.91 t ha-1) 
and harvest index (47.57 %) were found from the 
interaction of 25 kg P ha-1 and 1.5 kg B ha-1. On 
the other hand, lowest number of pods per plant 
(4.32), pod length (12.62 cm), number of seeds  
per pod (4.01), grain yield (1.11 t ha-1), stover 
yield (1.39 t ha

-1
), biological yield (2.50 t ha

-1
) 

obtained from the interaction of 15 kg P ha-1 with 
no boron application (P1B1), while harvest index 
(42.68 %) from the interaction of 25 kg P ha

-1
 and 

1.0 kg B ha-1 (P3B3). Interaction effect between 
phosphorous and boron showed non-significant 
variation on the 1000-seed weight. Numerically 
the highest 1000-seed weight (427.19 g) was 
observed from the combination of interaction of 

25 kg P ha
-1

 and 1.5 kg B ha
-1

 (P3B4) and the 
lowest one (420.13 g) was found from the 
interaction of 15 kg P ha

-1
 and 0.0 kg B ha

-1
  

(P1B1) (Table 3). Researchers reported that 
interaction of boron application with other 
nutrients also increase yield in case of other 
legume crops like mungbean [36,37]. Ganie et 
al., [38] found significantly higher seed and 
stover yield of French bean from the combination 
Boron with Sulphur (45 kg S + 1.0 kg B ha-1). 
Researchers also found that the combined effect 
of phosphorus and boron showed significant 
variation of grain yield in mungbean as for 
example higher grain yield (1.81 t ha-1) from P30 
and B1.5 kg ha-1 in var. BARI Mung-6 were 
recorded [39]. Boron in combination with other 
nutrients (e.g. B1.5 Zn1.0 kg ha-1 produce            
nearly double seed yield than control of                 
boron [40] and B1.0 Zn1.5 kg ha-1 found 
congenial for mungbean cultivation as the most 
of the yield contributing characters and yield [41]) 
also played positive responses with the             
growth and yield contributing characters         
leading to increase seed/grain yield of 
mungbean. 

 
Table 3. Interacting effects of phosphorus and boron yield contributing characters and yield of 

French bean 

 
Interaction 
(P×B) 

Numb
er of 
(pods/
plant) 

Pod 
length 
(cm) 

Numbe
r of 
seeds/ 
pod 

1000-
seed 
weight 
(g) 

Seed 
yield 
(t ha

-1
) 

Stover 
yield 
(t ha

-1
) 

Biologic
al yield 
(t ha

-1
) 

Harves
t index 
(%) 

P1×B1 4.32g 12.62e 4.01e 420.13 1.11cd 1.39c 2.50d 44.40b 
P1×B2 4.78

d
 12.79

e
 4.27

c
 420.47 1.25

cd
 1.42

bc
 2.67

d
 46.81

ab
 

P1× B3 4.78
d
 12.97

d
 4.31

c
 420.51 1.25

cd
 1.49

bc
 2.74

cd
 45.62

ab
 

P1× B4 4.91c 13.45b 4.34c 420.62 1.32bcd 1.67ab 2.94a-d 44.89ab 
P2× B1 4.85

bc
 12.72

e
 4.21

c
 422.19 1.25

cd
 1.52

bc
 2.78

cd
 44.96

b
 

P2× B2 4.85bc 13.02d 4.29c 420.26 1.29bcd 1.60abc 2.89a-d 44.63b 
P2× B3 4.92

b
 13.15

c
 4.40

b
 420.37 1.31

bcd
 1.57

bc
 2.88

b-d
 45.48

ab
 

P2× B4 4.92
b
 13.22

bc
 4.42

b
 420.38 1.40

ab
 1.68

ab
 3.08

a-c
 45.45

ab
 

P3× B1 4.65e 13.11c 4.10d 420.18 1.31bcd 1.58abc 2.90bcd 45.17ab 
P3× B2 4.71

e
 13.12

c
 4.32

b
 420.21 1.34

a-d
 1.62

abc
 2.96

a-d
 45.27

ab
 

P3× B3 5.05ab 13.31bc 4.40b 420.42 1.40ab 1.87a 3.28ab 42.68b 
P3× B4 5.18

a
 14.35

a
 4.84

a
 427.19 1.86

a
 2.05

a
 3.91

a
 47.57

a
 

P4× B1 4.65
f
 12.68

e
 4.06

d
 420.36 1.28

bcd
 1.47

bc
 2.80

cd
 45.71

ab
 

P4× B2 4.98b 12.91e 4.20c 420.39 1.36abc 1.66ab 3.00a-d 45.33ab 
P4× B3 4.98

b
 13.07

c
 4.22

c
 420.65 1.37

abc
 1.63

abc
 2.95

a-d
 46.44

ab
 

P4× B4 5.05ab 13.22bc 4.37b 420.67 1.37abc 1.68ab 3.06a-c 44.77ab 
Level of 
significance 

* * * NS * * * * 

SEM 0.05 0.11 0.05 0.45 0.02 0.03 0.05 0.61 
* = Significant at 5 % level of probability, NS = Non significant, P1 = 15 kg ha

-1
, P2 = 20 kg ha

-1
, P3 = 25 kg ha

-1
, P4 

=35 kg ha
-1

, B1 = 0 kg ha
-1

 B2 = 0.5 kg ha
-1

 B3 = 1 kg ha
-1

 B4 = 1.5 kg ha
-1

, SEM = Standard error mean 
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4. CONCLUSION 
 
From the present study, it may be concluded that 
single application of phosphorus and boron had 
significant effect on yield of French bean (var. 
BARI Jharsheem-3). The treatments showed the 
positive effect in most cases and hence may be 
used for the improvement of yield and quality of 
French bean. From the above findings it can also 
be concluded that the treatment combination of 
25 kg ha-1phosphorus and 1.5 kg ha-1 boron 
along with recommended doses of N, K and Zn 
fertilizers had significantly increased the plant 
growth and yield of French bean (var. BARI 
Jharsheem-3). This combination can be treated 
as the best treatment considering all other 
combination of phosphorus and boron in respect 
of yield and yield contributing characters of 
French bean (var. BARI Jharsheem-3). 
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