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EFFECT OF NITROGEN AND PHOSPHORUS ON GROWTH AND YIELD OF
FRENCH BEAN (Phaseolus vulgaris L.)

BY

SHAHNAZ PARBHIN

ABSTRACT

An experiment was carried out at the Soil Science research field of Sher-e-Bangla

Agricultural University, Dhaka during the period from December 2019 to April 2020 to find

out the effect of N and P on growth and yield of French bean. The experiment was laid out in

two factorial RCBD with 3 (three) replications. Factor A (Four nitrogen doses) viz. N0 = No

Nitrogen applied. i.e. control; N1 = 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen; N2 = 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen and Factor B (Three phosphorus doses)

viz. P0 = No Phosphorus applied. i.e. control; P1 = 100 % Recommended Doses of Fertilizer

(RDF) of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus.

Significant variation was found in all parameter due to the combined effect of different

amount N and P fertilizer application. In case of nitrogen effects, the maximum plant height

(38.94 cm), number of leaves/plant (23.52) at 60 DAS were obtained in N1 treatment. As well

as maximum yield (7.10 t ha-1) was also obtained in N1 treatment, which was not statistically

similar to N2 treatment giving yields of 6.32 t ha-1. The lowest plant height (28.32 cm) and

number of leaves/plant (15.81) were observed from the control nitrogen treatment (N0). And

also lowest yield 4.57 t ha-1was recorded from plot where no nitrogen was applied (control).

On the other hand, the highest plant height (37.44 cm), number of leaves/plant (21.62) at 60

DAT and yield (6.99 t ha-1) were recorded from 100 % RDF of phosphorus (P3). Meanwhile,

the lowest plant height (28.12 cm) and number of leaves/plant (15.77) at 60 DAS and yield

(4.27 t ha-1) was observed in those plots where no phosphorus was applied (P0). And finally,

the combined effect of nitrogen and phosphorus on French bean showed the highest plant

height (44.25 cm) and number of leaves/plant (27.64) at 60 DAS as well as grain yield (7.61 t

ha-1) was produced when the crop was fertilized with N1P1 treatment and was statistically

similar to N1P2 (7.47 t ha-1) treatment. The lowest plant height (25.99 cm) and number of

leaves/plant (14.32) at 60 DAS and also grain yield (2.42 t ha-1) was recorded in the combine

treatment of N0P0 (control). The findings of the present investigation clearly indicated that the

appropriate use of N and P fertilizers and growing French bean is a viable option for

improved cultivation.
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CHAPTER I

INTRODUCTION

French bean (Phaseolus vulgaris L.) is one of the important leguminous vegetable crops. It is

commonly known as common bean which is grown worldwide. The crop thrives well in

diverse environments of the world ranging from tropical to temperate regions (Mongi et al.,

2016). Its 2n =22, which is a short duration vegetable crop and is one of the precious and

highly relished vegetables in North India. It is a traditional temperate region crop. Its pods are

used as a green vegetable, green shelled, or dry as pulses according to stage of harvest. It is

commonly known by different names such as snap bean, string bean, kidney bean, haricot

bean, fresh bean, navy bean etc. French bean is an excellent source of protein. The pods are

cooked fresh or processed as frozen. Hundred grams of green pods contain 1.7 g protein, 4.5

g carbohydrates, 221 I.U. vitamin A, 11 mg vitamin C, 50 mg Calcium (Gopalakrishnan,

2007). It can be grown in all types of soils ranging from sandy loam to clay soils but can’t

withstand under waterlogging conditions. Although this crop is not widely grown in

Bangladesh, it has a great export potential. Because, the fresh green pod has recently been

taken a place in the list of fresh vegetables exported from Bangladesh.

Production of French bean depends on many factors such as quality of seed, variety,

fertilizers, mulch materials and proper management practices. Various problems hamper

French bean production in Bangladesh. As per the recent estimates the production of dry

beans at global level is 19,393 million metric tons cultivated in an area of 26.603 million

hectares with a productivity of 729 kg/ha. It is an important under-utilized vegetable in

Bangladesh (Rahman et al., 2002).In Bangladesh there is no statistics about the area and

production of French bean. However, it is not entirely new crop in this country and is grown

in Sylhet, Cox’s Bazar, Chittagong, Chittagong Hill Tracts and some other parts of this

country on very small scale in winter season. French bean can easily be grown in the field as

well as in the homestead garden if the soil is managed properly. As a legume roots of French

bean root system has nodules with nitrogen fixing bacteria. It can also be used in the crop

rotation system in the field. Soil nutrient content and nutrient management is a key factor for

crop production. The modern day intensive crop cultivation requires the use of chemical

fertilizers. But, the price of inorganic fertilizers has gone up considerably which in turn has

increased the cost of production. So, the use of chemical fertilizers boosted the agricultural

production but the farming communities are not using it judiciously and hence it results in the
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loss of soil productivity. Although all 16 essential nutrients are required in appropriate

proportion for optimum pod yield, NPK nutrients are required in major quantities. It is found

that it responds very well to applied nitrogen and phosphates on Bangladesh soils.

Crop yields, vegetative growth and reproduction depend on access to adequate supplies of

mineral nutrients, and among these nutrients, N, P, and K are essential for high plant

productivity (Hawke et al., 1988 and Zaman et al., 2015). N, P, and K applications play

important roles in the growth and quantitative characteristics of adzuki bean (Liu et al., 2012

and Zhang et al., 2016). Adzuki bean has a strong physiological demand for N, and the

appropriate application of N fertilizer at different stages can increase nutrient absorption,

plant growth, and yields (Zhao et al., 2003; Kimura et al., 2004 and Zaman et al., 2015).

Increasing the amount of N applied during the early growth period promotes vegetative

growth, which leads to high yields. As plants grow, the abundance of rhizobia increases, and

their ability to fix atmospheric N improves; however, excessive applications of N fertilizer

inhibit rhizobial activity and impede flower bud differentiation and yield formation

(Bethlenfalvayet al., 1982 and Yanniet al., 2001) Moreover, P affects root morphology and

growth followed by water and nutrient uptake, resulting in effective drought mitigation and

improved yields (Zafar et al., 2013; Jian et al., 2015 and Hansel et al., 2017).

However, it is reported that in UK it responds well to applied N rather than applied P. This

may be probably due to variations in nutrient reserves in soils. Further it is reported that a

ratio of 3:2:1 for application of NPK may be appropriate based on previous several years’

experience (Gane et al., 1975). French bean is characteristically shy of nitrogen fixation and

hence require larger amount of nitrogen. Being a fertilizer responsive crop, French bean

responds well to nutrition, while excess nitrogen results in poor pod yield. Like other legumes

it also fixes atmospheric nitrogen and improves soil fertility (Adsule et al., 1998). Islam et al.

(2004) reported that application of potassium exerted a beneficial effect on plant growth

characteristics and also on the yield of beans. Sirnivas and Naik (1988) reported that nitrogen

and phosphorus fertilization of French bean resulted in increased pod yield. Chandra et al.

(1987) found that the plant growth and yield of French bean increased with the increasing

rates of nitrogen and phosphorus. Continuous cropping without the proper application of

plant nutrients to the soil causes a substantial decrease in crop yield. Supply of plant nutrients,

especially nitrogen, phosphorus and potassium through fertilizer application is one of the best

methods to increase the French bean growth and yield.
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Fertilizer is a necessary input in agricultural production. However, the un scientific use of

fertilizers is a serious threat to sustainable agriculture production systems, and excess

fertilizer residue disturbs the soil-nutrient balance and inhibits healthy plant growth.

Sustainable crop production can be achieved with appropriate fertilizer by changing the

amount of fertilizer applied and using suitable fertilizers (Kubo, 2010; Vanlauwe et al., 2010;

Kumar et al., 2014 and Rusinamhodzi et al., 2013). Appropriate fertilizer refers to the

application of fertilizers at the proper rate, time, and place; when fertilizers are applied

appropriately to soils and when their application is accompanied by suitable agronomic

implementations, crops can respond to N and P fertilizers without other constraints that limit

crop growth (He, 1993).

The present study was therefore conducted to monitor the effect of various levels of nitrogen

and phosphorus on the growth parameters and green pod yield of French bean and also to

furnish cost effective fertilizer recommendations for French bean production in Bangladesh.

Research on fertilizer management for French bean in Bangladesh is in preliminary stage.

Keeping the above stated fact in view, the present study was undertaken in achieving the

following objectives:

1. To investigate the effect of N and P fertilizers application on growth and yield

attributes of French bean.

2. To determine the optimum doses of N and P fertilizers for the proper growth and

development of French bean.
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CHAPTER II

REVIEW OF LITERATURE
In this chapter an attempt has been made to review the available information in home and

abroad regarding the study on integrated effect of N and P on growth and yield of French

Bean (Phaseolus vulgaris L.). Many research organizations of our country has limited

information about the effect of N and P on French bean as well as other beans. But in foreign

countries there are more numbers of relevant data. A review of the previous research and

findings of researchers having relevance to this study which were gathered from different

sources like literature, journals, thesis, reports, newspaper etc. were presented in this chapter.

However, some of the literatures related to this investigation are reviewed in this chapter

which are given below:

3.1 Effect of N for growth and development of French bean

Dhanjal et al., 2001 found significantly higher branches plant-1 at 120 kg N ha-1. Singh (2000)

got maximum pod length form the application of 125 kg N ha-1.

Prajapoti et al. (2004) recorded higher pod yield of French bean from 120 kg N ha-1.

Neuve et al., (1994) found that pod yield of snap bean was 12.9, 13.9, 15.0 and 15.8 tonha-1

with 0, 50, 100 and 150 kg N ha-1, respectively.

Ivano et al., 1987 reported that the pod yield of French bean increased with the increase N of

levels upto 150 kg ha-1.

Pod yield increased significantly with each successive increment in N up to 120 kg/ha were

reported by Baboo et al. (1998).

Application of higher doses of nitrogen especially for seed crop of French bean is imperative

for realizing its potential yield (Sardana et al., 2000).

Mohamed Ali Addow et al. (2020) conducted a field experiment to evaluate the effects of

nitrogen and potassium on the growth and yield of French bean. From the results of the

experiment it was found that the main effect of nitrogen had significant effects on the plant
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height, number of compound leaves per plant, leaf length, number of branches per plant,

length of green pod, diameter of green pod and number of pods per plant. But there was no

significant effect on the diameter of green pod of French bean. The maximum green pod yield

(6.53 t/ha) was obtained from the plot where 150kg N/ha was used. The result of experiment

revealed that most of the parameters studied were significantly influenced by different

potassium levels. The highest pod yield (6.10 t/ha) was obtained from the plot where 120kg

K2O/ha was used. Interaction effect of nitrogen and potassium exhibited significant variation

on most of the characters studied, but showed insignificant influence on leaf length, length of

green pod, diameter of green pod, number of seeds per plant. Application of 150kg N/ha with

120kg K2O/ha gave the highest branches and compound leaves per plant, number of flowers

per plant, weight of pods per plant and pod yield (6.69 t/ha). This information will help the

farmer to grow French bean with better yield.

3.2 Effect of P for growth and development of French bean

Phosphorus is the most important element for adequate grain production (Brady and Weil,

2002). For instance, high seed production of legumes primarily depends on the amount of P

absorbed Khan et al., 2003 P\ sufficiency for crop growth does not always exist in most soils

because of losses due to erosion and high fixation (Miller and Donahue, 1995; Brady and

Weil, 2002). Kumar et al., 2009 reported that under black soil (Vertisols) low productivity of

French bean the main problem as a result of both nitrogen and phosphorus deficiency.

Eden (2003) reported by lowest plant height (78.6cm) was recorded at high application of P

rate, this confirms with the lowest plant height was recorded at application rate of P 69 kg ha-

1.The highest rate of P application at the study site had no effect on plant height. This might

be due to high dose of phosphorus fertilizer which tends to form nutrient interaction and may

affects the availability of other nutrients which are essential for growth of the bean.

Phosphorus is a major essential plant nutrient. Parodi et al, (1977) observed that 50 kg P ha-1

was the maximum requirement for French bean. Eira et al, (1974) found in an experiment

that the economic rate of P application for French bean was 55 kg ha-1.

Shubhashree (2007) reported that significantly higher number of branches per plant is

recorded with high application rate of phosphorous. The Mean of P fertilizer applied revealed

significantly higher number of branches per plant over control.
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Veeresh (2003) observed significant number of pods per plant of common bean at application

rate phosphorous.

Also Singh and Singh (2000) reported significant increase in number of pods per plant, due to

increased P fertilization. Thus the increment of number of pods per plant due to application of

P fertilizer confirms with P fertilizer promotes the formation of nodes and pods in legumes.

Shubhashree (2007) who reported that number of seeds per pod increased significantly to

levels of phosphorus were added. The increment of seeds per pod with increasing P fertilizer

application up to optimum level might be P fertilizer for nodule formation, protein synthesis,

fruiting and seed formation.

Again Shubhashree (2007) who reported bean yield accumulation increase with application

of phosphorus rates. Similarly, significant and linear increase in total bean yield production

of haricot bean plant was observed due to increased phosphorus (Veeresh, 2003).

French bean grow poorly when grown in P-deficient soil and its low level led to low bean

productivity (Kanwar, 1982).

3.3 Combined effect of N and P for growth and development of French bean

Rehana et al. (2017) reported an experiment entitled “Influence of Integrated nitrogen

management (INM) on French bean (Phaseolus vulgaris L.) Var. Contender and its effect on

physico-chemical and biological properties of soil under temperate conditions of Kashmir

Valley” was carried out during kharif season 2014 at research farm of SKUAST-K, Shalimar

and Srinagar under Temperate Kashmir conditions. The experiment was laid out in

randomized block (RDF) design with 13 treatments and 3 replications. The combination of

dalweed compost and vermicompost with bio-fertilizer (rhizobium) and reduced dose of

chemical fertilizers were tested in comparision with RDF. The soil under study was clay loam

in texture, medium in available nitrogen (310.10 kgha-1), phosphorus (22.92 kgha-1) and

potassium (249.10 kgha-1) with neutral pH (7.2). The physical, chemical and biological

parameters of soil were found to be significantly improved under INM practices than organic

and chemical management practices. The results revealed that application of 75% N through

urea + 25% N through vermicompost + biofertilizer (Rhizobium) (22.5 kg N + 0.55 t ha-1 +

20 g kg-1 seed) recorded maximum NPK (374.33, 33.53 and 270.35kgha-1 N, P and K
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respectively). Further the integrative use of organic and inorganic fertilizers along with bio-

fertilizers improved physio-chemical and biological properties of soil as compared to other

treatments. Thus, it may be concluded that integrated nitrogen management (INM) improved

the soil fertility.

Jayashri et al. (2017) was carried out during rabi season at avegetable farm, College of

Horticulture, Mandsaur (Gwalior) to study the effect of integrated nutrient management on

growth, yield parameters and yield in French bean. The treatments comprised six nutrient

levels N1, N2, N3, N4, N5 and N6 and three varieties viz., Arka Komal (V1), Contender (V2)

and Swarna Priya (V3). It was noticed that application of nutrient levels and varieties had

significant influence on growth, yield and yield parameters. Nutrient level N4 [Vermicompost

(10t/ha) + N (50kg/ha) + Rhizobium (15g/kg seed) + PSB (15g/kg seed) + P2O5 (80kg/ha) +

K2O (80kg/ha)] recorded the maximum plant height (57.92cm), fresh weight of shoot

(43.70g), dry weight of shoot (11.33g), number of pod per plant (31.81), pod length

(15.55cm), shelling percent (76.87%), harvest index (26.82%), seed yield per plant (17.35g)

and seed yield per hectare (25.22q). The maximum days for 50 per cent flowering were taken

with the application of N6 nutrient level which was significantly higher over other nutrient

levels. Among the varieties Swarna Priya (V3) recorded the highest growth, yield parameters

and yield in French bean. Earliest 50% flowering was recorded in variety Contender followed

by Arka Komal.

Qazi et al. (2015) conducted a study at the farm of Agricultural Research Station, Baffa

(Mansehra) during August 2006 to monitor the effect of various levels of fertilizer treatments

on plant height, number of branches plant-1, pod length, pod weight and pod yield of French

bean variety (Paulista). The experimental results revealed that all the fertilizer treatments

increased the plant height, number of branches plant-1, pod length, pod weight and pod yield

of French bean significantly over control treatment. Maximum plant height (39.03 cm),

number of branches plant-1 (18.25), pod length (14.10 cm), pod weight (5.37 gm) and pod

yield (8.26 t ha-1) were recorded in the treatments receiving 120 kg N, 90 kg P2O5 and 90 kg

K2O ha-1. The economics of fertilizers were also worked out on the basis of current market

prices and it was found that use of fertilizer was profitable. The cost benefit ratio ranged

between 4.90 and 6.05.
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Muhammad Shahid et al. (2015) conducted an experiment at the farm of Agricultural

Research Station, Baffa (Mansehra) during August 2014 to monitor the effect of various

levels of fertilizer treatments on plant height, number of branches plant-1 , pod length, pod

weight and pod yield of French bean variety (paulista). The experimental results revealed that

that all the fertilizer treatments increased the plant height, number of branches plant-1, pod

length, pod weight and pod yield of French bean significantly over control treatment.

Maximum plant height (39.03 cm), number of branches plant-1(18.25), pod length (14.10

cm), pod weight (5.37 gm) and pod yield (8.26 t ha-1) were recorded in the treatment

receiving 120 kg N, 90 kg P2O5 and 90 kg K2O ha-1. The economics of fertilizers were also

worked out on the basis of current market prices and it was found that use of fertilizer was

profitable. The cost benefit ratio ranged between 4.90 and 6.05.

Begum et al. (2015) found that the highest fertilizer treatment (90-50-120) resulted in the

highest pod length (15.76 cm), pod weight (82.33 gm plant-1) and pod yield (13.99 q ha-1) of

French bean.

Rahman et al. (2007) conducted a field experiment on French bean in Old Brahmaputra

Floodplain Soil of Jamalpur and Grey Terrace Soil of Joydebpur during 2005-2006 to find

out the optimum rates of N and P for yield maximization of French bean. Four levels of

nitrogen (0, 100, 150 and 200 kg ha-1) and 3 levels of phosphorus (0, 40 and 60 kg ha-1) were

used in the experiment. Potassium (K) 80 kg, 10 kg Sulphur (S) and 5 ton cowdung ha-1 were

applied as a blanket dose. The experiment was laid out in a randomized complete block

design with 12 treatments replicated 4 times. Nitrogen and phosphorus alone significantly

influenced the pod yield of French bean. Among the N levels, the highest pod yields (13.33

tha-1 at Jamalpur & 14.68 tha-1 at Joydebpur) were obtained with 150 kg N ha-1. Among the P

levels, the highest pod yield (12.35 tha-1 at Jamalpur & 13.69 tha-1 at Joydebpur) was

obtained with 60 kg P ha-1. Interaction effect was not significant. However, highest pod yield

(13.60 tha-1 at Jamalpur & 15.05 tha-1 at Joydebpur) was obtained from 150 kg N plus 60 kg

P ha-1. Economic analysis showed that 150 kg N plus 40 kg P ha-1 gave the highest gross

margin of Tk. 1,66,684/ha.

Sharma (2001) recorded maximum plant height, the number of branches plant-1 and green pod

yield of French bean ha-1 with 120 kg N ha-1. He also recorded maximum plant height and the

number of branches plant-1 with 60 kg P ha-1. The interaction effect between N and P was
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significant. Highest pod yield was obtained at a treatment combination of 120 kg N and 60 kg

P ha-1.

Moniruzzaman et al., 2008 conducted a field experiment on French bean taking the variety

BARI Jhar Shim-2 conducted with five levels of Nitrogen (0, 40, 80, 120 and 160 kg N ha-1)

and four levels of each of phosphorous (0, 40, 80 and 120 kg P2O5 ha-1), potassium (0, 30, 60

and 90 kg K2O ha-1) and sulfur (0, 10, 20 and 30 kg S ha-1 ), three levels of each of zinc (0, 4

and 8 kg Zn ha-1) and boron (0, 1 and 1.5 kg B ha-1) at the Agricultural Research Station,

Raikhali, Rangamati Hill District during Rabi (winter) seasons of 2005- 2006 and 2006-2007.

The experiment was conducted in Randomized Complete Block Design with three

replications. Yield and yield components of French bean were significantly influenced by

different fertilizer treatments containing macro and micronutrients separately. Results showed

significant effect of fertilizers on plant height, number of branches and leaves per plant, pod

length, number of green pods and pod weight per plant and green pod yield during both years.

The highest pod yield of 23.14 t ha-1 (average of 2005-2006 and 2006-2007) was obtained

with 120-120-60-20-4-1 kg of N-P2O5-K2O-S-Zn-B plus 0.5 kg Mo ha-1 along with 10 tons

cowdung per hectare that was closely followed by 120-80-60-20-4-1 kg of N-P2O5-K2O-S-

Zn-B plus 0.5 kg Mo ha-1 along with 10 tons cowdung per hectare. The response equations

indicated an optimum level of 138.6 kg N, 131.5 kg P2O5, 63.4 kg K2O and 17.4 kg S ha-1 for

higher green fruit yield of French bean. The economic doses of nutrients came out to be

135.8-123.3-60-17.4 kg of N-P2O5-K2O-S ha-1. Application of 136-123-60-17-4-1 kg N-P2O5-

K2O-S-Zn-B plus 0.5 kg Mo ha-1 along with 10 tons cowdung per hectare might be

considered as profitable dose for growing French bean in South-Eastern hilly region of

Bangladesh.

Singh and Singh (2000) reported that the yield and yield component values of French bean

increased with increasing N rates, but were generally highest with 80 kg P ha-1.

DATh et al. (2019) carried out an experiment entitled “Effect of Integrated Nutrient

Management on Growth, Yield and Yield attributing parameters of French bean (Phaseolus

vulgaris L.)” was carried out during Rabi season of 2018-19 at the research plot of All India

Coordinated Research Project (AICRP) on Vegetable Crops of Odisha University of

Agriculture and Technology (OUAT), Bhubaneswar, Odisha, India. The experiment was laid

out in Randomized Block Design (RBD) with eight treatments replicated thrice. All the



10

recommended package of practices except nutrient management was given uniformly to all

the treatments to raise a good crop. In this investigation, the results revealed that application

of 75% NPK through inorganic source along with 25% N through vermicompost (T3)

recorded significantly higher growth parameters viz., plant height (47 cm), number of

primary branches (5.53), leaf area (169.55 cm2); yield and yield attributing parameters viz.,

pod length (13.58 cm), pod girth (1.17 cm), average pod weight (6.45 g), number of pods per

plant (23.95) and pod yield (97.89 q ha-1). The next best treatment was T2 where 75% NPK

through inorganic source along with 25% N through FYM was applied.

Excess and imbalanced use of nutrients has caused nutrient mining from the soil, deteriorated

crop productivity and ultimately soil health. Replenishment of these nutrients through

organics sources has a direct impact on soil health and crop productivity (Sharma et al.,

2013).

French bean requires large quantity of nitrogenous fertilizer. Increasing cost of inorganic

fertilizers and reduction in soil health with chemical fertilizers, it is essential to replace

inorganic fertilizers through organic for sustainable agriculture. Organic sources of the plant

nutrients have been reported to improve growth, yield attributes, yield and soil fertility status.

In commercial agriculture, the use of chemical fertilizers cannot be ruled out completely.

However, there is a need for integrated use of alternate sources of nutrients for sustaining the

crop productivity (Dar et al., 2014). The integration of organic and inorganic sources of plant

nutrients has proved superior to individual components with respect to growth, yield and

quality of pulses (Ghosh et al., 2014; Datt et al., 2013)

Mohanty et al. (2017) reported an experiment on integrated nutrient management in French

bean. On the course of investigation, it was observed that the number of pods per plant was

highest in T8 (15.00) and T9 (15.00) followed by T7 (14.10), length of pod was highest with

T8 (13.80 cm) followed by T9 (13.20 cm), dry weight of pod per plant was highest in T8

(50.10 g) followed by (48.00 g) in T9, number of seeds per plant was highest in T5 (78.40)

followed by T8 (74.52) and dry weight of seeds per plot was highest in T8 (1653.00 g)

followed by T9 (1587.00 g). However, the seed yield per hectare was highest in T8 (18.00

q/ha) followed by 16.65 q/ha in T9 and 16.56 q/ha in T6 and the lowest seed yield of 11.76

q/ha was obtained in T11. It can be concluded that application of 75% RDF along with 25%

vermicompost and lime application produced a good environment supporting very good
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growth of French bean to produce significantly higher marketable seed yield during rabi

season under coastal agro climatic condition of Odisha.

Zhi-chaoYin et al. (2019) observed that Nitrogen (N), phosphorus (P), and potassium (K)

exert various effects on adzuki bean yields. This research conducted in a semi-arid area, and

four test sites were established in environments that have chernozem or sandy loam soils. The

model subsequently demonstrated that the yield and the yield components were more

sensitive to N and K fertilizer than to P fertilizer. Moreover, the yield and yield components

increased. These yield increases were intense in response to the 0.5 to 1.34 levels in terms of

the single effects; interaction effects; and the effects of combinations of N, P, and K

fertilizers. Moreover, the effects of combinations of N, P, and K fertilizers were more

significant on yield than were the single or interaction effects of N, P, and K fertilizers. The

optimal fertilizer combination that resulted in high yields (≥1941.53kgha−1) comprised

57.23–68.43kgha−1 N, 36.04–47.32kgha−1 P2O5 and 50.29–61.27kgha−1 K2O. The fertilizer

combination that resulted in the maximum yield was 62.98 kgha−1 N, 47.04 kgha−1 P2O5 and

59.95 kgha−1 K2O (N: P2O5:K2O=1:0.75:0.95), which produced the model-expected yield in

trials at multiple sites. An economical fertilizer combination was determined on the basis of

the best fertilizer measures in consideration of the cost of fertilizer and seed; this combination

achieved yields of 2236.17kgha−1, the profit was 15,653.16 Yuan ha−1, and the corresponding

rates were 57.60 kgha−1 N, 47.03 kgha−1 P2O5, and 31.64 kgha−1 K2O (N:

P2O5:K2O=1:0.82:0.55).



12

CHAPTER III

MATERIALS AND METHODS

This chapter briefly describes the materials and methods that are used in performing the

research work. The chapter is presented under the following heads: Location, Soil

characteristics, Climate and weather, Planting material, Land preparation, Treatments under

investigation, Experimental design, Layout of the experimental plots, Fertilizer application,

Seed collection, sowing of seeds, Intercultural operations, Sampling and harvesting, Data

collection, post-harvest soil sampling, Analysis of soil sample and Statistical analyses.

3.1 Location of the experiment

The field experiment was conducted at the Soil Science research field, Sher-e-Bangla

Agricultural University, Dhaka during the period from December 2019 to April 2020.

Geographically the experimental field is located at 23°46' N latitude and 90° 22' E longitude

at an elevation of 8.2 m above the sea level belonging to the Agro-ecological Zone “AEZ-28”

of Madhupur Tract (BBS, 2011). The location of the experimental site has been shown in

Appendix I.

3.2 Soil characteristics

The soil of the research field is slightly acidic in reaction with low organic matter content.

The selected plot was above flood level and sufficient sunshine was available having

available irrigation and drainage system during the experimental period. Soil samples from 0-

15 cm depths were collected from experimental field. The analyses were done in Soil Science

lab in Department of Soil Science, Sher-e-Bangla Agricultural University, Dhaka. The

experimental plot was also high land, having pH 5.6. The physicochemical property and

nutrient status of soil of the experimental plots are given in Appendix II.

3.3 Climate and weather

The climate of experimental site is sub-tropical, characterized by three distinct seasons, the

monsoon during November to February and the pre-monsoon period or hot season from

March to April and the monsoon period from May to October. The monthly average

temperature, humidity and rainfall during the crop growing period were collected from

Weather Yard, Bangladesh Meteorological Department, and presented in Appendix III.
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3.4 Planting material

In the experiment planting material used as BARI Jhar Shim-1 that was developed by

Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur.

3.5 Treatments under investigation

The study consisted of following factors and treatments: Factor A: Four nitrogen doses and

Factor B: Three phosphorus doses.

Factor A: Four Nitrogen doses viz.

N0 = No Nitrogen applied. i.e. control

N1 = 100 % Recommended doses of fertilizer (RDF) of nitrogen

N2 = 75 % Recommended doses of fertilizer (RDF) of nitrogen

N3 = 50 % Recommended doses of fertilizer (RDF) of nitrogen

Factor B: Three phosphorus doses viz.

P0 = No Phosphorus applied. i.e. control

P1 = 100 % Recommended doses of fertilizer (RDF) of phosphorus

P2 = 50 % Recommended doses of fertilizer (RDF) of phosphorus

Treatment combinations

N0P0= No nitrogen and phosphorus applied i.e. control

N0P1= 100 % RDF of phosphorus with no nitrogen

N0P2 = 50 % RDF of phosphorus with no nitrogen

N1P0 = 100 % RDF of nitrogen with no phosphorus

N1P1= 100 % RDF of nitrogen with 100 % RDF of phosphorus

N1P2= 100 % RDF of nitrogen with 50 % RDF of phosphorus

N2P0= 75 % RDF of nitrogen with no phosphorus

N2P1= 75 % RDF of nitrogen with 100 % RDF of phosphorus

N2P2= 75 % RDF of nitrogen with 50 % RDF of phosphorus

N3P0= 50 % RDF of nitrogen with no phosphorus

N3P1= 50 % RDF of nitrogen with 100 % RDF of phosphorus

N3P2= 50 % RDF of nitrogen with 50 % RDF of phosphorus

3.6 Layout of the experimental plots

Total number of plots : 36

Individual plot size (2m×2m) : 4 m2

Space between block to block : 0.75 m

Space between plots to plot : 0.5 m
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Combine Treatments : 12

Replication : 3

Drainage size : 0.38 m

The layout of the experimental plots shown in figure 1

R1 R2 R3

Fig. 1. Field layout of the experiment

3.7 Experimental design

The experiment was laid out in a Randomized Complete Block Design (RCBD). All the

treatments were replicated three times. There were altogether 36 = (12×3) unit plots.

3.8 Land preparation

The land was irrigated before ploughing. After having ‘joe’ condition the land was first

opened with the tractor drawn disc plough. Ploughed soil was brought into desirable fine tilth
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by 3 ploughing and cross-ploughing, harrowing and laddering. The stubble and weeds were

removed. The first ploughing and the final land preparation were done on 5st December and

08th December, 2019, respectively. Experimental land was divided into unit plots following

the design of experiment.

3.9 Fertilizer application

The whole amount of TSP (as per treatment) as the sources of phosphorus was applied during

the final land preparation. Urea and Mop were applied as the sources of nitrogen and

potassium, respectively. Doses of nitrogen and MoP were applied as per treatments of the

experiment. Urea and MoP were applied in two equal installments at 15 and 30 days after

sowing (DAT) of seed. The fertilizers were mixed thoroughly with the soil by hand.

Recommended doses of Potassium, Sulphur, Zink fertilizers were used as basal doses during

land preparation.

3.10 Sowing of seeds in the field

Two seed were sown in each hill at a depth of 3 cm. The seeds were covered with pulverized

soil just after sowing and gently pressed with hands. The sowing was done on 08 December,

2019 in rows and at a spacing of 30cm x 15cm. The seeds were covered with loose soil.

French bean seeds were also sown as border crop to reduce border effects.

3.11 Intercultural operations

3.11.1 Gap filling

During seed sowing, few seeds were sown in the border of the plots. Seedlings were

transferred to fill up the gap where seeds failed to germinate. Seedlings of about 15cm height

were transplanted from border rows with roots plunged 5cm below the soil in hills in the

evening, and watering was done to protect the seedlings from wilting. All gaps were filled up

within two weeks after germination of seeds.

3.11.2 Thinning

When the plants got established, one healthy plant per hill was kept and remaining one was

removed.

3.11.3 Weeding

The experimental plots were kept weed free by hand weeding. Weeding and mulching were

done two times as and when necessary.
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3.11.4 Irrigation

Irrigation was done whenever necessary. The young plants were irrigated by watering can.

Besides this, irrigation, was given five times at an intervals were depending on soil moisture

content.

3.12 Plant protection

3.12.1 Insect pests

At the early stage of growth, some plants were attacked by insect pests (mainly aphids), and

Malathion 57 EC was sprayed at the rate of 2ml/L at 15 days’ interval.

3.12.2 Diseases

Seedlings were attacked by damping off, and Dithane M-45 was sprayed at the rate of 2 ml/L

at an interval 15 days. Some plants were attacked by bean common mosaic virus (BCMV)

which is an important disease of French bean. These plants were removed from the plots and

destroyed.

3.13 Sampling and harvesting

Maturity of crop was determined when 95 % of the pods become brown in color. Five sample

plants were collected from each plot before harvesting for taking yield attributes data. The

plants of central 1 m2 area were harvested by placing quadrates at random for recording yield

data. Harvesting was done on 20 February, 2020. The harvested crops from each plot were

tied up into bundles separately, tagged and brought to the clean threshing floor.

3.14 Data collection

Five plants in each plot were selected and tagged. All the growth parameters (except dry

weight) were recorded from those five selected plants.

The following data were collected –

I. Plant height (cm)

II. Number of leaves plant-1

III. Number of branches plant -1

IV. Number of pods plant -1

V. Pod length (cm)

VI. Pod weight plant -1 (g)

VII. Number of seeds pod -1

VIII. 1000-Seed weight (g)

IX. Yield (kg plot-1)
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X. Seed yield (t ha-1)

XI. Straw yield (t ha-1)

XII. Biological yield (t ha-1)

XIII. Harvest Index (%)

3.15 Procedure of data collection

3.15.1 Plant height (cm)

The plant height was recorded at 30, 45 and 60 days after sowing (DAT). The plant height

was taken from the ground level to the tip of the largest leaf of the plants. Plant height was

recorded from 10 randomly sampled plants, and the mean was calculated and recorded in

centimeter (cm).

3.15.2 Number of leaves plant-1 (no.)

The number of compound leaves of 5 randomly selected plants was counted from each unit

plot at 15 days’ interval from 30 to 60 DAT and the means were calculated.

3.15.3 Number of branches plant -1 (no.)

Average number of branches per plant was found from 5 randomly selected plants per unit

plot and the means were found out.

3.15.4 Number of pods plant -1 (no.)

Number of flowers from 5 randomly selected plants was counted, and their mean values were

recorded.

3.15.5 Pod length (cm)

Ten pods from each randomly selected plant were measured using a centimeter scale, and the

mean value, were calculated and expressed in centimeter.

3.15.6 Pod weight plant -1 (g)

Pods from 5 randomly selected plants were weighed, and their average was recorded in gram

(g).

3.15.7 1000-Seed weight (g)

Thousand grains were counted from threshed clean grains of each treatment and then

were weighed with the help of highly sensitive electronic balance to record thousand

grain weight.

3.15.8 Number of seeds pod-1 (no.)

Number of pods from 5 randomly selected plants was counted, and their mean values were

recorded.
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3.15.9 Yield (kg plot-1)

Green pods were harvested at regular interval from each unit plot and their weight was

recorded. As harvesting was done at different interval, the total weight of pods was recorded

for each for each unit plot, and was expressed in Kilogram (kg).

3.15.10 Yield (t ha-1)

The green pod yield per plot was finally converted to yield per hectare, and was expressed in

ton (t).

3.15.11 Straw yield (t ha-1)
Straw obtained from each unit plot including the straw of five sample plants were dried in the

sun and weighted to record the final straw yield per plot and then converted to t ha-1.

3.15.12 Biological yield (t ha-1)

Biological yield was calculated by using the following formula:

Biological yield (t ha-1) = Yield (t ha-1) + Straw yield (t ha-1).
3.15.13 Harvest Index (%)

The harvest index (%) was calculated with the following formula-

Harvest index % =
Yield

Biological yield
× 100

Here, Biological yield = Seed yield + straw yield

3.16 Post harvest soil sampling

After harvest of crops soil samples were collected from each plot at a depth of 0 to 15 cm.

Soil samples of each plot was air-dried, crushed and passed through a two mm (10 meshes)

sieve. The soil samples were kept in plastic container to determine the physical and chemical

properties of soil.

3.17 Statistical analysis

The recorded data were compiled and analyzed by two factorial design to find out the

statistical significance of experimental results by using the “Analysis of variance” (ANOVA)

technique with the help of statistics 10 that was an analysis software.
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CHAPTER IV

RESULTS AND DISCUSSION

The results of the performance of French bean under different integrated effect of N and P

fertilizer doses on growth and yield are presented in Table no. 1 to 8 and Figure no. 2 to 14.

In this chapter, moreover, the findings of the study and interpretation of the results under

different critical sections comprising growth, yield contributing characteristics, yield and

quality parameters analysis are presented and discussed in this chapter under the following

sub-headings.

4.1. Effect of N and P fertilizer on growth, yield contributing characters and yield of

French bean.

4.1.1 Plant height (cm)

By measuring plant height growth performance of plant can be considered. Plant height of

French bean was recorded from the ground surface to the tip of the leaf in 5 plants of all the

treatments. The application of different doses of nitrogen (N) fertilizer showed a positive

effect on the plant height of French bean at different days after showing (DAS). The

application of N fertilizers significantly increased the plant height of French bean compared

to that found in control showed in figure 2.

Figure 2: Effect of N fertilizers on plant height (cm) of French bean at different days

after sowing (DAS).

Here,
N0 = No Nitrogen applied. i.e. control, N1 = 100 % Recommended Doses of Fertilizer (RDF) of
Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %
Recommended Doses of Fertilizer (RDF) of Nitrogen.
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At 30 DAS, the highest plant height (12.86 cm) was obtained from the treatment N1 (100 %

RDF of N) which was identical to N2 (75 % RDF of N) treatment. On the other hand, lowest

plant height (10.80 cm) was obtained from N0 treatment that was control. Again at 45 DAT,

the longest plant (28.28 cm) was observed from the treatment N1 that was followed by N2

treatment and shortest plant (21.28 cm) was observed where no nitrogen was applied (N0).

And finally at 60 DAS, among nitrogen management treatments, N1 treatment gave the tallest

French bean plant (38.94 cm) which was significantly varied from others, while the shortest

plant (28.32 cm) was obtained in N0 treatment.

Different levels of phosphorus differed significantly in terms of plant height of French bean

at 30, 45 and 60 DAS (days after sowing) showed in Figure 3. At 30, 45 and 60 the tallest

plant (12.54, 27.39 and 37.44 cm, respectively) was found from P1 (100 % RDF of P) which

were statistically different (12.15, 26.12 and 35.32 cm, respectively) from P2 (50 % RDF of

P), while the shortest plant (10.93, 21.10 and 28.12 cm, respectively) was observed from P0
(control) treatment.

Figure 3: Effect of P fertilizers on plant height (cm) of French bean at different days

after sowing (DAS).

Here,
P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF) of
Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus

During the growing period plant height gradually increased with time and reached to the

maximum at 60 DAS. The findings showed the trend of increase in growth parameters upto

optimum level of applied nutrients following the low of dementing return. While beyond this
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optimum level adverse effect of nutrients was observed. These results are in agreement with

the findings of Sharma (2001). Increase in plant growth parameters as compared to other

lower nutrient levels might be due to the increase in NPK availability which might have

promoted photosynthesis resulting in more assimilation of food material in plant. Similar

results were obtained by Rajput et al. (2006) and Ramana et al. (2011).

Effect of different levels of nitrogen and phosphorus showed statistically significant variation

on plant height of French bean at 30, 45 and 60 DAS. At 30, 45 and 60 DAS, the tallest plant

(13.77, 31.74 and 44.25 cm respectively) was recorded from N1P1 which are statistically

identical to (12.73, 29.83 and 41.13 cm) in N1P2. Whereas the shortest plant (9.35, 19.31 and

25.99 cm, respectively) was found from N0P0 (control) treatment combination (Table 1).

Table 1: Combined effect of nitrogen and phosphorus fertilizer on plant height (cm) of

French bean at different days after sowing (DAT).

Combine
Treatments

Plant Height (cm)
30 DAS 45 DAS 60 DAS

N0P0 9.35 d 19.31 g 25.99 i
N0P1 11.70 bc 22.67 ef 30.17 gh
N0P2 11.34 bc 21.87 efg 28.80 ghi
N1P0 12.07 abc 23.27 ef 31.44 fg
N1P1 13.77 a 31.74 a 44.25 a
N1P2 12.73 ab 29.83 ab 41.13 b
N2P0 11.47 bc 21.27 fg 28.12 hi
N2P1 12.53 abc 28.71 bc 39.51 bc
N2P2 12.43 abc 28.07 bc 37.55 cd
N3P0 10.82 cd 20.57 fg 26.88 i
N3P1 12.17 abc 26.42 cd 35.81 de
N3P2 12.10 abc 24.71 de 33.78 ef
SE(±) 0.49 0.83 0.85
CV (%) 5.09 4.09 3.09

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, SE= Standard Error and CV= Co-efficient of variance

4.1.2 Number of leaves plant-1 (no.)

Number of leaves plant-1 is an important growth parameter for evaluating growth

characteristics of French bean cultivation. At different days after transplanting (DAS),

number of leaves plant-1of French bean was found significantly affected due to the

applications of different dose of N and P fertilizer. In case of nitrogen fertilizer application,

the highest number of leaves plant-1 (6.65, 18.09 and 23.52) was recorded in N1 (100 % RDF

of N) treatment at 30, 45 and 60 DAS, respectively. The lowest number of leaves plant-1 (5.78,
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12.23 and 15.81 respectively) was recorded in the N0 treatment, where no nitrogen was

applied (Figure 4).

Figure 4: Effect of N fertilizers on number of leaves plant-1 (no.) of French bean at

different days after sowing (DAS).

Here,
N0 = No Nitrogen applied. i.e. control, N1 = 100 % Recommended Doses of Fertilizer (RDF) of
Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %
Recommended Doses of Fertilizer (RDF) of Nitrogen.

On the other hand, at 30, 45 and 60 DAS, the highest number of leaves plant-1 (6.50, 17.52

and 21.62, respectively) was recorded in P1(100 % RDF of P) treatment which was not

statistically similar to (6.28, 16.26 and 20.11, respectively) in P2(50 % RDF of P) treatment.

The lowest number of leaves plant-1 (5.78, 12.14 and 15.77 respectively) was recorded in the

P0 treatment, where no phosphorus was applied (Figure 5).

From the DAS, it was revealed that all the treatments performed better compared to control

treatment. Nitrogen promotes chlorophyll formation and P helps in nutrient absorption by

lateral root development. As a result, number of leaves per plant increased. However, there

were significant difference among the treatments in producing number of leaves per plant

indicating that this character respond well to integrated nutrient management and

management practices, environment, edaphic, climatic and nutrition factors had profound

influence on this character during the course of investigation. This type of investigation were

done earlier by Banu et al., (2013), Singh and Chauhan (2009), Sharma et al., (2015) and

Verma et al., (2015)
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Figure 5: Effect of P fertilizers on number of leaves plant-1 (no.) of French bean at
different days after sowing (DAS).

Here,
P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF) of
Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus

Table 2: Combined effect of nitrogen and phosphorus fertilizers on number of leaves plant-1
of French bean.

Combined
Treatments

Number of leaves plant-1 (no.)
30 DAS 45 DAS 60 DAS

N0P0 5.40 e 10.87 h 14.32 h
N0P1 6.03 bcde 13.48 fg 16.90 efgh
N0P2 5.90 cde 12.33 fgh 16.22 efgh
N1P0 6.13 bcd 14.07 ef 17.95 defg
N1P1 7.13 a 20.94 a 27.64 a
N1P2 6.67 ab 19.27 ab 24.96 ab
N2P0 5.83 de 11.88 gh 15.83 fgh
N2P1 6.60 abc 18.87 abc 22.41 bc
N2P2 6.30 bcd 17.68 bcd 20.57 cd
N3P0 5.73 de 11.73 gh 14.99 gh
N3P1 6.23 bcd 16.77 cd 19.54 cde
N3P2 6.23 bcd 15.74 de 18.67 def
SE(±) 0.20 0.58 0.98
CV (%) 3.94 4.68 6.29

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, SE= Standard Error and CV= Co-efficient of variance
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Combined effect of different levels of nitrogen and phosphorus fertilizer on the numbers of

leaves plant-1 in French bean showed (Table 2) significant variation on different days. The

highest numbers of leaves plant-1 (7.13, 20.94 and 27.64 respectively) was recorded from

N1P1 (100% RDF of N with 100% RDF of P) treatment. Lowest numbers of leaves plant-1

(5.40, 10.87 and 14.32 respectively) from N0P0 (control) treatment.

4.1.3 Number of branches plant -1 (no.)

Number of branches plant-1 is an important trait for flowers and pod production and is thereby

an important aspect of French bean growth improvement. Effective number of branches plant-1

depends primarily on soil physical conditions that were superior due to addition of integrated

use of fertilizer. Different doses of N and P showed significant variation on number of

branches plant -1of French bean (Figure 6, 7 and 8 respectively). In case of nitrogen effect, the

number of branches were more with N1 (100% RDF of N) that was 6.82 and less 4.24 from

control treatment (N0). It may be concluded that when number of branches increases mostly

there was increase in number of leaves. These treatments may be ranked in order of

N1>N2>N3>N0.

Figure 6: Effect of N fertilizers on number of branches plant-1 of French bean

Here,
N0 = No Nitrogen applied. i.e. control, N1 = 100 % Recommended Doses of Fertilizer (RDF) of
Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %
Recommended Doses of Fertilizer (RDF) of Nitrogen.

In case of phosphorus effect, different doses of phosphorus fertilizer showed (Figure 7)

significant variations in respect of number of primary branches plant-1. Among the different

doses of phosphorus P1 (100% RDF of P) showed the highest number of primary branches
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plant-1 (6.55) all over the growth period which was statistically different (5.95) from the P1
(50% RDF of P) treatment. On the contrary, the lowest number of primary branches plant-1

(2.33) was recorded in the P0 treatment where no phosphorus fertilizer was applied. The

increased number of primary branches plant-1 may be due to positive effects of phosphorus on

the vegetative growth and accumulation of growth promoting substances that helped proper

growth and development of the French bean.

Figure 7: Effect of P fertilizers on number of branches plant-1 of French bean

Here,
P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF) of
Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus

Figure 8: Combined effect of N and P fertilizers on number of branches plant-1 of
French bean.
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Combined effect of different levels of N and P application on number of branches plant-1 was

also significant (Figure 8). The maximum number of branches (8.12) was recorded from N1P1
which was statistically dissimilar with others treatment and minimum branches plant-1 (3.13)

was observed from N0P0.

4.1.4 Number of pods plant -1 (no.)

The number of pods plant-1 is an important yield deterring factor in French bean. The number

of pods plant-1 was significantly influenced by the application of different level of N and K

fertilizer (Table 3 and 4). In case of nitrogen effect, the maximum pods plant-1 (14.49) was

found in the treatment N1 treatment were followed by N2 treatment which differ when

compared among themselves. On the other hand, the lowest pods plant-1 (8.00) was obtained

in the treatment N0 (control). From the result of Mohamed Ali Addow et al. (2020)

experiment it was found that the main effect of nitrogen had significant effect on number of

pods per plant. These results are in line with DATh et al. (2019); Mohanty et al. (2017).

Table 3: Effect of nitrogen fertilizers on number of pods plant-1 of French bean.

Nitrogen
Treatments

Number of pods plant -1
(no.)

N0 8.00 d
N1 14.49 a
N2 12.49 b
N3 11.18 c

SE(±) 0.43
CV (%) 7.87

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, N0= No Nitrogen applied. i.e. control, N1= 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen,

SE= Standard Error and CV= Co-efficient of variance.

Table 4: Effect of phosphorus fertilizers of number on pods plant-1 of French bean.

Phosphorus
Treatments

Number of pods plant -1
(no.)

P0 7.90 c
P1 13.88 a
P2 12.84 b

SE(±) 0.37
CV (%) 7.87

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.
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Here, P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF)

of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus

SE= Standard Error and CV= Co-efficient of variance

In case of phosphorus effect, the maximum number of pods plant-1of French bean (13.88) was

recorded from P1 which statistically followed by P2 (12.84) and whereas, the lowest (7.90)

was observed from P0 treatment.

The increased number of pods plant-1 may be due to favorable effects of phosphorus on the

vegetative growth and accumulation of materials that helped proper growth and development

of the French bean pod. Significant number of pods per plant of common bean at application

rate phosphorous observed by Veeresh, 2003.

Table 5: Combined effect of nitrogen and phosphorus fertilizers on number of pods plant-1 of
French bean.

Combined
Treatments

Number of pods plant -1
(no.)

N0P0 4.53 i
N0P1 10.47 efg
N0P2 9.00 fgh
N1P0 11.27 def
N1P1 16.68 a
N1P2 15.54 ab
N2P0 8.33 gh
N2P1 14.70 abc
N2P2 14.44 abc
N3P0 7.47 h
N3P1 13.67 bcd
N3P2 12.40 cde
SE(±) 0.74
CV (%) 7.87

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, SE= Standard Error and CV= Co-efficient of variance

Remarkable variation was found in the number of pods plant-1 of French bean when different

combined doses of nitrogen and phosphorus were applied (Table 5). The highest number of

pods plant-1 (16.68) was recorded in N1P1 treatment was identical to N1P2 treatment that was

15.54 which differ among different treatments. The lowest number of pods plant-1(4.53) was

recorded in the N0P0 treatment where no fertilizers were applied.

4.1.5 Pod length (cm)

The application of different nutritional treatments affected the length of pods significantly

different combined (Figure 9 and 10). In case of nitrogen effect, the highest statistically
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superior pod length was 16.48 cm recorded in the treatment N1. On the other hand, the lowest

pod length 13.56 cm was obtained in the treatment N0 (control). The highest fertilizer

treatment (90-50-120) resulted in the highest pod length (15.76 cm) of French bean founded

by Begum et al. (2015). Singh (2000) got maximum pod length form the application of 125

kg N ha-1. Qazi et al. (2015), Jayashri et al. (2017), DATh et al. (2019) and Shahid et al.

(2015) also reported similar result in their experiment.

Figure 9: Effect of N fertilizers on pod length (cm) of French bean

Here, N0= No Nitrogen applied. i.e. control, N1= 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen.

Statistically significant variation was recorded due to different levels of phosphorus in terms

of pod length of French bean (Figure 10).

Figure 10: Effect of P fertilizers on pod length (cm) of French bean
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Here, P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF)

of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus.

The longest pod (16.08 cm) was observed from P1(100% RDF of phosphorus), which was

statistically different (15.46 cm) from P2(50% RDF of phosphorus), while the shortest pod

(13.57 cm) was found from P0(No phosphorus applied. i.e. control) treatment.

Figure 11: Combined effect of N and P fertilizers on pod length (cm) of French bean

Pod length of French bean showed statistically significant variation due to the interaction

effect of different levels of nitrogen and phosphorus. Numerically, the longest pod (17.98 cm)

was recorded from N1P1, whereas statistically lower with (16.87 and 16.52 cm) were found in

N1P2 and N2P1, respectively. Whereas the shortest pod (12.40 cm) was found from N0P0
(control) treatment (Figure 11).

4.1.6 Pod weight plant-1 (g)

Pods from 5 randomly selected plants were weighed, and their average was recorded in gram

(g). Different level of N and P fertilization showed highly significant effect on the pod weight

per plant. Application of 100 % Recommended Doses of Fertilizer (RDF) of nitrogen gave

the maximum pod weight plant -1(113.67 g), whereas the minimum pod weight per plant

(73.13 g) was obtained from N0 treatment where no nitrogen fertilizer was applied (Table 6).

In case of phosphorus effect, the highest pod weight plant-1 (111.81 g) was recorded from P1
(100% RDF of phosphorus) treatment. Lowest pod weight plant-1(68.33 g) was from P0
(where no phosphorus used) treatment (Table 7).

There was a gradual increase in the pod yield per plant with the application of integrated use

of N and P fertilizer. Begum et al. (2015) found that the highest fertilizer treatment resulted
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in the highest pod weight (82.33 gm plant-1) of French bean. These results may be due to the

NPK role in pod weight increase that was supported by Qaziet al. (2015), Muhammad

Shahidet al. (2015), Moniruzzaman et al., 2008 and DATh et al. (2019).

Statistically significant variation was recorded in terms of pod weight plant-1 of French bean

due to combined effect of different levels of nitrogen and phosphorus. The highest pod

weight plant-1(121.81 g) was found from N1P1 which was statistically similar with (119.59 g)

N1P2 and the lowest weight was found (38.67 g) from N0P0 (control) treatment (Table 8).

Table 6: Effect of nitrogen fertilizers on pod weight plant-1 (g) and 1000-Seed weight (g) of
French bean.

Nitrogen
Treatments Pod weight plant-1 (g) 1000-Seed weight (g)

N0 73.13 d 441.56 d
N1 113.67 a 516.67 a
N2 101.20 b 487.89 b
N3 91.79 c 474.33 c

SE(±) 2.94 2.07
CV (%) 6.57 0.92

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, N0= No Nitrogen applied. i.e. control, N1= 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen,

SE= Standard Error and CV= Co-efficient of variance.

Table 7: Effect of phosphorus fertilizers on pod weight plant-1 (g) 1000-Seed weight (g) of

French bean.

Phosphorus
Treatments Pod weight plant-1 (g) 1000-Seed weight (g)

P0 68.33 c 428.58 c
P1 111.81 a 513.25 a
P2 104.69 b 498.50 b

SE(±) 2.54 1.80
CV (%) 6.57 0.92

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF)

of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus

SE= Standard Error and CV= Co-efficient of variance

4.1.7 1000-Seed weight (g)

Weight of 1000 seeds of French bean showed statistically significant variation due to

different levels of nitrogen application (Table 6). The highest weight of 1000 seeds (516.67 g)
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was recorded from N1 (100 % RDF on N) treatment. Lowest weight of 1000 seeds (441.56 g)

was from N0 treatment.

In case of phosphorus effect, significant differences of 1000 seed weight were also noted

(Table 7). The different treatments are concerned the application of 100 % RDF of P resulted

(513.25 g) in maximum and minimum (428.58 g) seed weight was recorded in plots where no

phosphorus fertilizer was applied.

Table 8: Combined effect of nitrogen and phosphorus fertilizers on pod weight plant-1 (g) and

1000-Seed weight (g) of French bean.

Combined
Treatments Pod weight plant-1 (g) 1000-Seed weight (g)

N0P0 38.67 f 390.00 i
N0P1 98.87 bc 471.00 ef
N0P2 81.87 cd 463.67 f
N1P0 99.60 bc 481.67 e
N1P1 121.82 a 550.00 a
N1P2 119.59 a 523.67 b
N2P0 73.33 de 428.33 g
N2P1 116.54 ab 518.33 bc
N2P2 113.71 ab 511.67 bcd
N3P0 61.73 e 414.33 h
N3P1 110.03 ab 508.33 cd
N3P2 103.60 ab 500.33 d
SE(±) 5.09 3.59
CV (%) 6.57 0.92

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, SE= Standard Error and CV= Co-efficient of variance

Statistically significant variation was recorded in terms of weight of 1000 seeds of French

bean due to combined effect different levels of nitrogen and phosphorus (Table 8). The

highest weight of 1000 seeds (550.00 g) was found from N1P1 which were statistically

different from (523.67 g) N1P2 and the lowest 1000 seed weight (390.00 g) was found from

N0P0 (control) treatment.

4.1.8 Number of seeds pod-1 (no.)

The number of seeds pod-1 is also an important yield determining factor in French bean. The

number of seeds pod-1 was significantly influenced by the application of different levels of N

and K fertilizer (Table 9 and 10). In case of nitrogen effect, the maximum seeds pod-1 (5.17)

was found in the N1 treatment, which is followed by N2 and N3 treatment, respectively. On the

other hand, the lowest seeds pod-1 (4.24) was obtained in the treatment N0 (control).
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In case of phosphorus effect, the maximum number of seeds pod-1 of French bean (5.00) was

observed from P1 which followed statistically with P2 (4.77) and the lowest (4.23) was

observed from P0 treatment. The increased number of seeds pod-1may be due to favorable

effects of phosphorus on the vegetative growth and accumulation of materials that helped

proper growth and development of the French bean pod.

Table 9: Effect of nitrogen fertilizers on number of seed pod-1 (no.) and yield (kg plot-1) of
French bean.

Nitrogen
Treatments Number of seed pod-1 (no.) Yield (kg plot-1)

N0 4.24 c 1.83 d
N1 5.17 a 2.84 a
N2 4.68 b 2.53 b
N3 4.58 b 2.29 c

SE(±) 0.10 0.07
CV (%) 4.47 6.57

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, N0= No Nitrogen applied. i.e. control, N1= 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen,

SE= Standard Error and CV= Co-efficient of variance.

In case of combined effect, the highest number of seeds pod-1 (5.78) was recorded in N1P1
treatment and was followed by N1P2 treatment that was 5.13, which differ from others. The

lowest number of seeds pod-1(3.80) was recorded in the N0P0 treatment, where no fertilizers

were applied.

Table 10: Effect of phosphorus fertilizers on number of seed pod-1 (no.) and yield (kg plot-1)

of French bean.

Phosphorus
Treatments Number of seed pod-1 (no.) Yield (kg plot-1)

P0 4.23 c 1.71 c
P1 5.00 a 2.80 a
P2 4.77 b 2.62 b

SE(±) 0.09 0.06
CV (%) 4.47 6.57

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF)

of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus

SE= Standard Error and CV= Co-efficient of variance
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4.1.9 Yield (kg plot-1)

Application of different amount of inorganic fertilizers such as N and P showed significant of

variation for grain yield per plot as kilogram. A perusal of table 9 shows that maximum grain

yield plot-1 (2.84 kg plot-1) was obtained in N1 treatment which was statistically different

from N2 treatment giving grain yields of 2.53 kg plot-1. The lowest grain yield 1.83 kg was

recorded from plot where no nitrogen was applied (control).

In case of phosphorus effect, the highest grain yield (2.80 kg plot-1) was produced when the

crop was fertilized with 100 % RDF of phosphorus (P1) and the lowest (1.71 kg plot-1) was

recorded in the control treatment (Table 10).

Table 11: Combined effect of nitrogen and phosphorus fertilizers on number of seed pod-1

(no.) and yield (kg plot-1) of French bean.

Combined
Treatments Number of seed pod-1 (no.) Yield (kg plot-1)

N0P0 3.80 e 0.97 f
N0P1 4.53 bcd 2.47 bc
N0P2 4.40 cde 2.05 cd
N1P0 4.60 bcd 2.49 bc
N1P1 5.78 a 3.05 a
N1P2 5.13 b 2.99 a
N2P0 4.27 de 1.83 de
N2P1 4.97 bc 2.91 ab
N2P2 4.80 bcd 2.84 ab
N3P0 4.27 de 1.54 e
N3P1 4.73 bcd 2.75 ab
N3P2 4.73 bcd 2.59 ab
SE(±) 0.17 0.13
CV (%) 4.47 6.57

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, SE= Standard Error and CV= Co-efficient of variance

In table 11 interaction effect of nitrogen and phosphorus of French bean is showed. The

highest grain yield (3.05 kg plot-1) was produced when the crop was fertilized with

N1P1treatment which was insignificantly followed by N1P2 (2.99 kg plot-1) treatment. The

lowest grain yield (0.97 kg plot-1) was recorded in the treatment of N0P0 (control).

4.1.10 Yield (t ha-1)

Grain yield is a function of interaction among various yield components that were affected

differentially by the growing conditions and crop management practices. It is clear from the

figure 12 that grain yield was significantly less affected by the application of different levels

of nitrogen fertilizers. The maximum grain yield plot-1 (7.10 t ha-1) was obtained in N1
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treatment which was statistically similar to N2 treatment giving grain yields of 6.32 t ha-1. The

lowest grain yield 4.57 t ha-1was recorded from plot where no nitrogen was applied (control).

Application of higher doses of nitrogen especially for seed crop of French bean is imperative

for realizing its potential yield (Sardana et al., 2000).

Figure 12: Effect of N fertilizers on yield (t ha-1) of French bean
Here, N0= No Nitrogen applied. i.e. control, N1= 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen.

In phosphorus effect, the highest grain yield (6.99 t ha-1) was produced when the crop was

fertilized with 100 % RDF of phosphorus (P1) and the lowest (4.27 t ha-1) was recorded in the

treatment of control (P0) (Figure 13).

Figure 13: Effect of P fertilizers on yield (t ha-1) of French bean
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Here, P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF)

of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus.

The increased grain yield may be due to the positive effects of phosphorus on the vegetative

growth and accumulation of plant growth materials that helped proper growth and

development of the French bean grain. Shubhashree, 2007 who reported bean yield

accumulation increase with application of phosphorus rates.

The interaction effect of nitrogen and phosphorus on French bean has been showen in figure

14. The highest seed yield (7.61 t ha-1) was produced when the crop was fertilized with N1P1
treatment which followed by N1P2 (7.47 t ha-1) treatment insignificantly. The lowest (2.42 t

ha-1) was recorded in the treatment of N0P0 (control).

Figure 14: Combined effect of N and P fertilizers on yield (t ha-1) of French bean.

Singh and Singh (2000) reported that the yield and yield component values of French bean

increased with increasing N rates, but were generally highest with 80 kg P ha-1. Kanaujia et al

(1999) who also highlighted higher grain yields weight with increased potassium rates. Nitrogen

and phosphorus alone significantly influenced the pod yield of French bean. This information

will help the farmer to grow French bean with better yield.
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4.1.11 Straw yield (t ha-1)

Straw yield of French bean had significant variation with different level of N application

(Figure 15). Numerically the maximum straw yield of French bean (16.43 t ha-1) was

recorded from N1 while, the minimum (11.82 t ha-1) was found from N0 (control) treatment.

Figure 15: Effect of N fertilizers on straw yield (t ha-1) of French bean
Here, N0= No Nitrogen applied. i.e. control, N1= 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen.

Straw yield of French bean varied significantly with different levels of phosphorus

application (Figure 16). The maximum (15.79 t ha-1) straw yield was recorded from P1,
whereas the minimum (11.09 t ha-1) was statistically followed with P2 (15.53 t ha-1) was

obtained from P0.
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Figure 16: Effect of P fertilizers on straw yield (t ha-1) of French bean

Here, P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF)

of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus.

Different levels of nitrogen and phosphorus varied significantly on straw yield (t ha-1) of

French bean (Figure 17). The highest straw yield (16.97 t ha-1) was found from N1P1, which

was statistically identical (16.90 t ha-1 and 16.36 t ha-1) with N1P2 and N2P1 respectively,

whereas the lowest straw yield (7.01 t ha-1) from N0P0 (control) treatment.

Figure 17: Combined effect of N and P fertilizers on straw yield (t ha-1) of French bean

4.1.12 Biological yield (t ha-1)

Biological yield of French bean varied significantly with different level of N application

(Table 12). The maximum biological yield of French bean (23.54 t ha-1) was recorded from

N1 which was statistically identical from N2 (21.01 t ha-1) and the minimum (16.39 t ha-1) was

recorded where, no nitrogen was applied.

Table 12: Effect of nitrogen fertilizers on biological yield (t ha-1) and harvest index (%) of

French bean.

Nitrogen
Treatments Biological yield (t ha-1) Harvest index (%)

N0 16.39 c 27.27 b
N1 23.54 a 30.16 a
N2 21.01 b 29.90 a
N3 19.35 b 29.37 a

SE(±) 0.71 0.49
CV (%) 7.53 3.54

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.
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Here, N0= No Nitrogen applied. i.e. control, N1= 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen,

SE= Standard Error and CV= Co-efficient of variance.

Different level of phosphorus application (Table 13) showed statistically different results in

biological yield. The maximum biological yield (22.78 t ha-1) was recorded in P1 which was

statistically similar with P2 (22.07 t ha-1) and the lowest (15.38 t ha-1) was, however, found in

case of control treatment. Generally biological yield increased with increasing rate of

fertilizer application. Begum et al. (2015) observed biological yield varied significantly due

to phosphorus application.

Combined effect of N and P application had significant effect on biological yield of French

bean (Table 14). The highest biological yield (24.59 t ha-1) was recorded from N1P1 which

was statistically similar with N1P2 (24.38 t ha-1) and N2P2 (23.47 t ha-1) while, the lowest

(9.42 t ha-1) was found from N0P0 treatment.

4.1.12 Harvest index (%)

Harvest index of French bean varied significantly with different level of N application (Table

12). The maximum harvest index of French bean (30.16 %) was recorded from N1 which was

statistically similar with N2 (29.90 %) and N3 (29.37 %). On the other hand, the minimum

(27.27 %) was found from N0 treatment.

Different level of phosphorus application showed the different result in harvest index (Table

13). The maximum HI of French bean (30.64 %) was recorded in P1 where the level of

phosphorus (100 % RDF of P) and the lowest (27.35 %) was, however, found in case of

control treatment.

Table 13: Effect of phosphorus fertilizers on biological yield (t ha-1) and harvest index (%) of

French bean.

Phosphorus
Treatments Biological yield (t ha-1) Harvest index (%)

P0 15.38 b 27.35 c
P1 22.78 a 30.64 a
P2 22.07 a 29.53 b

SE(±) 0.62 0.42
CV (%) 7.53 3.54

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF)

of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus
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SE= Standard Error and CV= Co-efficient of variance

Harvest index of French bean had significant variation with different level of combined

nitrogen and phosphorus application (Table 14). The maximum harvest index values

(31.52 %) was recorded in N1P1 which is statistically similar (31.45 %) with N2P1 treatment

and the lowest harvest index (25.15 %) was recorded from N0P0 treatment. Jayashri et al.

(2017) was noticed that application of nutrient levels and varieties had significant influence

on harvest index.

Table 14: Combined effect of nitrogen and phosphorus fertilizers on biological yield (t ha-1)

and harvest index (%)of French bean.

Combined
Treatments Biological yield (t ha-1) Harvest index (%)

N0P0 9.42 d 25.15 d
N0P1 21.54 ab 28.81 abc
N0P2 18.20 bc 28.59 abc
N1P0 21.65 ab 28.08 bcd
N1P1 24.59 a 31.52 a
N1P2 24.38 a 30.68 ab
N2P0 16.38 c 27.95 bcd
N2P1 23.17 a 31.45 a
N2P2 23.47 a 30.29 abc
N3P0 13.99 c 27.49 cd
N3P1 21.82 ab 30.98 ab
N3P2 22.25 ab 29.10 abc
SE(±) 1.23 0.84
CV (%) 7.53 3.54

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, SE= Standard Error and CV= Co-efficient of variance

4.2 Chemical properties of the post-harvest soil

4.2.1 Soil pH

The post-harvest soil was slightly acidic where soil pH ranged from 6.22 to 6.30 due to

application of different amount of nitrogen (Table 15). There was insignificant differences in

soil pH among the treatments of the post-harvest soil. The highest pH value of post-harvest

soil was observed 6.30 in N1 (100 % Recommended Doses of Fertilizer (RDF) of Nitrogen)

and the lowest 6.22 was recorded in control treatment (N0).

Different levels of phosphorus application showed the non-significant effect on soil pH

(Table 16). The maximum soil pH of French bean (6.28) was recorded in P1 where the level
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of phosphorus (100 % RDF of P) and the lowest (6.21) was, however, found in case of

control treatment (P0).

Combined effect of N and P application had no significant effect on soil pH of French bean

(Table 17). The highest soil pH (6.30) was recorded from N1P1 which was statistically similar

with N1P2 and N2P2 (6.30) while, the lowest soil pH (6.20) was found in N0P0, N2P0, N3P0 and

N0P2 treatment, respectively. The study revealed that the application of chemical fertilizers

slightly increased the soil pH of the post-harvest soil compared to the initial soil (Appendix

III).

Table 15: Effect of Nitrogen fertilizers on the soil pH, organic matter content of the post-

harvest soil.

Nitrogen
Treatments Soil pH Organic matter content (%)

N0 6.22 0.79
N1 6.30 0.88
N2 6.27 0.83
N3 6.24 0.78
LS NS NS

CV (%) 0.52 3.51
In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, N0= No Nitrogen applied. i.e. control, N1= 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen,

LS= Level of Significant and CV= Co-efficient of variance.

Table 16: Effect of Phosphorus fertilizers on the soil pH, organic matter content of the post-

harvest soil.

Phosphorus
Treatments Soil pH Organic matter content

P0 6.21 0.76
P1 6.28 0.86
P2 6.26 0.85
LS NS NS

CV (%) 0.52 3.51
In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF)

of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus

SE= Level of Significant and CV= Co-efficient of variance
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4.2.2 Organic matter content

The application of different amount of nitrogen fertilizers had no significant effect on organic

matter content in soil (Table 15). The average soil organic matter content of the initial soil

was 0.78 % which was slightly lower than that of the post-harvest soils. The highest and

statistically superior soil organic matter content was 0.88 % that was found in the treatment

N1 followed by N2 treatment. The lowest soil organic matter was 0.79 % was noticed in N0

treatment.

In phosphorus effect, the highest soil organic matter (0.86 %) was produced when the crop

was fertilized with 100 % RDF of phosphorus (P1) and the lowest soil organic matter (0.76 %)

was recorded in the treatment of control (P0) (Table 16).

Table 17: Combined effect of nitrogen and phosphorus fertilizers on the soil pH, organic

matter content of the post-harvest soil.

Combine
Treatments Soil pH Organic matter content

N0P0 6.20 0.78
N0P1 6.27 0.81
N0P2 6.27 0.80
N1P0 6.23 0.84
N1P1 6.30 0.88
N1P2 6.27 0.86
N2P0 6.20 0.70
N2P1 6.30 0.84
N2P2 6.30 0.83
N3P0 6.20 0.79
N3P1 6.27 0.82
N3P2 6.27 0.81
LS NS NS

CV (%) 0.52 3.51
In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, LS= Level of Significant and CV= Co-efficient of variance

Combined effect of N and P application had no significant effect on soil organic matter of

French bean (Table 17). The highest soil organic matter (0.88 %) was recorded from N1P1
which was statistically similar with N1P2 (0.86 %) while, the lowest soil organic matter

(0.78 %) was found from N0P0 treatment. The study revealed that the application of chemical

fertilizers slightly increased the soil organic matter of the post-harvest soil compared to the

initial soil but the differences were not statistically significant (Appendix III).
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4.2.3 Total nitrogen (N) in soil

The total N present in the post-harvest soil varied insignificantly (Table 18). Soil nitrogen

content of the post-harvest soil was higher than the initial soil. The total nitrogen content of

the post-harvest soil ranged between 0.06 % and 0.08 %. The highest nitrogen (0.08 %) was

found in N1 (100 % Recommended Doses of Fertilizer (RDF) of Nitrogen) treatment. The

lowest soil N (0.06 %) content was found in N0 treatment that was control which was

statistically similar with N3 treatment.

Different levels of phosphorus application showed no statistically different results in total

plant N (Table 19) in post-harvest soil. The maximum total N in post-harvest soil of French

bean (0.07 %) was recorded in P1 (100 % RDF of P) which was statistically similar with P2
treatment and the lowest (0.06 %) was, however, found in case of control treatment.

Combined effect of N and P application had no significant effect on total N in French bean in

post-harvest soil (Table 20). The highest total N (0.08 %) was recorded from N1P0, N1P1 and

N1P2 while the lowest total N (0.05 %) was found from N0P0 treatment.

Table 18: Effect of Nitrogen fertilizers on the total N, available P and exchangeable K of the

post-harvest soil.

Nitrogen
Treatments Total N (%) Available P

(ppm)
Exchangeable K
(mg 100 g-1 soil)

N0 0.06 15.07 c 1.10
N1 0.08 17.33 a 1.20
N2 0.07 16.69 ab 1.19
N3 0.06 15,83 bc 1.12
LS NS * NS

CV (%) 9.03 6.06 8.24
In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, N0= No Nitrogen applied. i.e. control, N1= 100 % Recommended Doses of Fertilizer (RDF) of

Nitrogen, N2= 75 % Recommended Doses of Fertilizer (RDF) of Nitrogen and N3 = 50 %

Recommended Doses of Fertilizer (RDF) of Nitrogen,

LS= Level of Significant and CV= Co-efficient of variance.

4.2.4 Available phosphorus (P) in soil

The available phosphorus content of the post-harvest soil varied significantly by different

treatments (Table 18). Available phosphorus content in soil varied from 15.07 to 17.33 ppm

due to applied different nitrogen fertilizer doses. The maximum phosphorus content 17.33

ppm was observed in case of the treatment N1 (100 % Recommended Doses of Fertilizer
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(RDF) of Nitrogen). The lowest phosphorus content (15.07 ppm) of post-harvest soil was

observed in N0 (No Nitrogen applied) treatment.

Different level of phosphorus application showed the different result in available P (Table 19).

The maximum P contain in post-harvest soil of French bean (21.43 ppm) was recorded in P1
where the level of phosphorus (100 % RDF of P) and the lowest (9.63 ppm) was, however,

found in case of control treatment.

Combined effect of N and P application had significant effect on post-harvest soil available P

of French bean (Table 20). The highest available P (24.01) was recorded from N1P1 while, the

lowest post-harvest soil available P (8.45 ppm) was found from N0P0 treatment.

Table 19: Effect of Phosphorus fertilizers on the total N, available P and exchangeable K of

the post-harvest soil.

Phosphorus
Treatments Nitrogen (%) Available P Exchangeable K

P0 0.06 9.63 c 1.10
P1 0.07 21.43 a 1.18
P2 0.07 17.63 b 1.12
LS NS * NS

CV (%) 9.03 6.06 8.24
In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, P0 = No Phosphorus applied. i.e. control, P1 = 100 % Recommended Doses of Fertilizer (RDF)

of Phosphorus and P2 = 50 % Recommended Doses of Fertilizer (RDF) of Phosphorus

LS= Level of Significant and CV= Co-efficient of variance

Table 20: Combined effect of nitrogen and phosphorus fertilizers on the total N, available P

and exchangeable K of the post-harvest soil.

Combine
Treatments Nitrogen (%) Available P Exchangeable K

N0P0 0.05 8.45 e 1.10
N0P1 0.06 10.43 e 1.14
N0P2 0.06 9.90 e 1.13
N1P0 0.08 20.13 bc 1.16
N1P1 0.08 24.01 a 1.20
N1P2 0.08 21.33 ab 1.20
N2P0 0.07 16.43 e 1.14
N2P1 0.08 20.23 bc 1.17
N2P2 0.07 20.03 bc 1.16
N3P0 0.06 9.73 e 1.12
N3P1 0.06 17.53 cd 1.15
N3P2 0.06 16.53 e 1.11
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LS NS * NS
CV (%) 9.03 6.06 8.24

In a column, means followed by a common letter are not significantly differed of 5% level by Tukey HSD test.

Here, LS= Level of Significant and CV= Co-efficient of variance

4.2.5 Exchangeable potassium (K) in soil

The exchangeable potassium (K) content of the post-harvest soil slightly influenced due to

the environment fact (Table 18). The exchangeable K content of initial soil was 0.10 mg 100

g-1 soil and the values of post-harvest soil ranged from 1.10 to 1.20 mg 100 g-1 soil due to

effects of different nitrogen fertilizer. The highest exchangeable K (1.20 mg 100 g-1) was

found in the treatments of N1 (100 % Recommended Doses of Fertilizer (RDF) of Nitrogen).

The lowest value (1.10 mg 100 g-1) was found in the treatments N0 treatment where 0 % of N

fertilizer was applied.

Different levels of phosphorus application showed no significant difference in post-harvest

soil exchangeable K (Table 19). The maximum exchangeable K of French bean (1.18 mg 100

g-1) was recorded in P1 post-harvest soil (100 % RDF of P) and the lowest (1.10 mg 100 g-1)

was, however, found in case of control treatment.

Combined effect of N and P application had significant effect on exchangeable K of French

bean (Table 20). The highest exchangeable K (1.20 mg 100 g-1) was recorded from N1P1 and

N1P2 which was statistically similar with N2P1 (1.17 mg 100 g-1) while, the lowest

exchangeable K (1.10 mg 100 g-1) was found from N0P0 treatment. The exchangeable K

increased in soils due to residual effects of applied K containing fertilizer.
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CHAPTER V

SUMMARY AND CONCLUSION

The experiment was conducted at Soil Science research field, Sher-e-Bangla Agricultural

University, Dhaka during the period from December 2019 to April 2020 to evaluate the

performance of French bean under different treatments of integrated N and P fertilizers. The

experiment was laid out in two factorial RCBD with 3 (three) replications. Factor A (Four

nitrogen doses) viz. N0 = No Nitrogen applied. i.e. control; N1 = 100 % Recommended Doses

of Fertilizer (RDF) of Nitrogen; N2 = 75 % Recommended Doses of Fertilizer (RDF) of

Nitrogen and N3 = 50 % Recommended Doses of Fertilizer (RDF) of Nitrogen and Factor B

(Three phosphorus doses) viz. P0 = No Phosphorus applied. i.e. control; P1 = 100 %

Recommended Doses of Fertilizer (RDF) of Phosphorus and P2 = 50 % Recommended Doses

of Fertilizer (RDF) of Phosphorus. The total numbers of experimental plots were 36.

Phosphorus fertilizer was applied as triple super phosphate and N was applied as urea at

recommended doses. Seeds were sown on the 08th December, 2019. The plants were allowed

to grow until maturity and was applied intercultural operations such as irrigation, weeding

and thinning. Insect and disease control were done whenever required in order to support

normal growth of the plant. The fruits were harvested at marketable age from 30thApril 2019

to 20th February, 2019. Plot wise yield and yield components were recorded. Data were

statistically analyzed using the “Analysis of variance” (ANOVA) technique with the help of

statistics 10 software. The mean differences were analyzed by Tukey HSD test.

In case of nitrogen effects, the highest plant height (38.94 cm) and number of leaves/plant

(25.52) at 60 DAT were recorded from the plot where 100 % RDF of nitrogen (N1) was

applied and the lowest plant height (28.32 cm) and number of leaves/plant (16.22) were

observed from the control treatment (N0). The maximum number of branches plant-1(6.82)

and pods plant-1 (14.49) were recorded from N1 (100% RDF of N) treatment and the lowest

number of branches plant-1(4.24) and pods plant-1 (8.00) were observed from the control

treatment (N0). The longest pod (16.48 cm) was recorded in the treatment N1 (100% RDF of

Nitrogen). On the other hand, the shortest pod (13.56 cm) was obtained in the treatment N0

(control). The highest pod weight plant-1(113.67 g) and weight of 1000 seeds (516.67 g) were

recorded from N1 (100 % RDF on N) treatment. Lowest pod weight plant-1(73.13 g) and

weight of 1000 seeds (441.56 g) were from N0 treatment. The maximum seeds pod-1 (5.17) as

well as grain yield per plot as kilogram (3.05 kg/ha) was found in the treatment N1 treatment

were followed by N2 and N3 treatment. On the other hand, the lowest seeds pod-1 (4.24) as

well as grain yield per plot as kilogram (0.97 kg/ha) were obtained in the treatment N0



46

(control). Finally, the maximum grain yield plot-1 (7.10 t ha-1) was obtained in N1 treatment

which was statistically similar to N2 treatment giving grain yields of 6.32 t ha-1. The lowest

grain yield 4.57 t ha-1 was recorded from plot where no nitrogen was applied (control).

Numerically the maximum straw yield of French bean (16.43 t ha-1) was recorded from N1

while, the minimum (11.82 t ha-1) was found from N0 (control) treatment. The maximum

biological yield of French bean (23.54 t ha-1) was recorded from N1 which was statistically

similar with N2 (21.01 t ha-1) and the minimum (16.39 t ha-1) was recorded where, no nitrogen

was applied. The maximum harvest index of French bean (30.16 %) was recorded from N1

which was statistically similar with N2 (29.90 %) and N3 (29.37 %). On the other hand, the

minimum (27.27 %) was found from N0 treatment.

Again, the result of the research was showed that the main effect of phosphorus was

significant in respect of above growth and yield characteristics. The highest plant height

(37.44 cm) and number of leaves/plant (21.62) at 60 DAT was recorded from 100 % RDF of

phosphorus (P3). On the other hand, the lowest plant height (28.12 cm) and number of

leaves/plant (15.77) at 60 DAT was observed in those plots where no phosphorus was applied

(P0). Among the different doses of phosphorus P1 (100% RDF of P) showed the highest

number of primary branches plant-1 (6.55) and number of pods plant-1 (13.88) over the entire

growth period. On the contrary, the lowest number of primary branches plant-1 (2.33) and

number of pods plant-1(13.88) were recorded in the N0 treatment where no phosphorus

fertilizer was applied. The longest pod (16.08 cm) was observed from P1(100% RDF of

phosphorus), which were statistically identical (15.46 cm) with P2(50% RDF of phosphorus),

while the shortest pod (13.57 cm) was found from P0 (No phosphorus applied. i.e. control)

treatment. Application of 100 % Recommended Doses of Fertilizer (RDF) of phosphorus

gave the maximum pod weight plant -1(111.81 g) and weight of 1000 seeds (513.25 g),

whereas the minimum pod weight per plant (68.33 g) and weight of 1000 seeds (428.58 g)

were obtained from where no phosphorus fertilizer applied. The maximum number of seeds

pod-1of French bean (5.00) was observed from P1 which was statistically followed with P2
(4.77) and whereas, the lowest (4.23) was observed from P0 treatment. The highest grain

yield (2.84 kg plot-1) was produced when the crop was fertilized with 100 % RDF of

phosphorus (P1) and the lowest (1.71 kg plot-1) was recorded in the control treatment. The

maximum yield (t ha-1) was recorded from P1 whereas, the minimum (11.09 t ha-1) which was

statistically followed with P2 (15.53 t ha-1) was obtained from P0. Finally, the highest grain

yield (6.99 t ha-1) and straw yield (15.79 t ha-1) were produced when the crop was fertilized

with 100 % RDF of phosphorus (P1) and the lowest grain yield (4.27 t ha-1) and straw yield
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(11.09 t ha-1) were recorded in the treatment of control (P0). The maximum biological yield

(22.78 t ha-1) was recorded in P1 which was statistically similar with P2 (22.07 t ha-1) and the

lowest (15.38 t ha-1) was, however, found in case of control treatment. The maximum harvest

index of French bean (30.64 %) was recorded in P1 where the level of phosphorus (100 %

RDF of P) and the lowest (27.35 %) was, however, found in case of control treatment. Also,

interaction effect of different level of nitrogen and phosphorus applications on French bean

had significant effect of all variables. However, the height plant height (44.26 cm) and

number of leaves/plant (27.64) at 60 DAT were recorded from N1P1 (100 % RDF of nitrogen

and phosphorus). On the other hand, the shortest plant height (29.99 cm) and number of

leaves/plant (14.32) at 60 DAT were observed in N0P0 (Control). The maximum number of

branches (8.12) and number of pods plant-1 (16.68) were recorded from N1P1 which was

statistically dissimilar with other treatments and minimum branches plant-1 (3.13) and number

of pods plant-1(4.53) were observed from N0P0. The longest pod (17.98 cm) and pod weight

plant-1(121.82 g) were recorded from N1P1. Whereas that of the shortest pod (12.40 cm) and

pod weight plant-1(119.59 g) were found from N0P0 (control) treatment. The highest weight of

1000 seeds (550.00 g) and number of seed pod-1(5.78) were found from N1P1 and the lowest

weight (390.00 g) and number of seed pod-1(3.80) from N0P0 (control) treatment. The highest

grain yield (3.05 kg plot-1) was produced when the crop was fertilized with N1P1 treatment.

The lowest (0.97 kg plot-1) was recorded in the treatment of N0P0 (control). And finally, the

interaction effect of nitrogen and phosphorus of French bean showed the highest seed yield

(7.61 t ha-1) and straw yield (16.97 t ha-1) were produced when the crop was fertilized with

N1P1 treatment, whereas the lowest seed yield (2.42 tha-1) and straw yield (7.01 t ha-1) from

N0P0(control) treatment. The highest biological yield (24.59 t ha-1) was recorded from N1P1
which was statistically similar with N1P2 (24.38 t ha-1) and N2P2 (23.47 t ha-1) while, the

lowest (9.42 t ha-1) was found from N0P0 treatment. The maximum harvest index values

(31.52 %) were recorded in N1P1 which is statistically similar (31.45 %) with N2P1treatment

and the lowest harvest index (25.15 %) was recorded from N0P0 treatment.

From the findings of this study, it may be concluded that among the four level of nitrogen

treatment, 100 % RDF of N gave best performance in terms of total grain yield. Again,

among the three phosphorus application packages, 100 % RDF of P gave best grain yield.

However, the results of the present investigation revealed that French bean can be grown

successfully when the use of 100% recommended doses of nitrogen with 100% recommended

doses of phosphorus gave more yield.
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The findings of the present investigation clearly indicated that the combined use of N and P

fertilizers and growing French bean is a viable option for increasing income of farmers. This

results will be help to the local farmers can cultivate French bean in the field and homegarden

in both suitable ways for commercially cultivation in Bangladesh and the developed model

should be replicated others bean. The present study also opened the avenues for further

investigation using the different suitable plants of legume family.

Recommendations: Considering the situation of the present experiment and further studies

in the following ideas may be suggested

1. Such study is needed to be conducted in different agro-ecological zones (AEZ) of

Bangladesh.

2. The results are required to substantiate further with different varieties of French bean.

3. These findings will later serve as secondary data for the cultivation of other beans.



49

CHAPTER VI

REFERENCES

Adsule, R.N., Deshpande, S.S. and Sathe, S.K. (1998). French bean in:
Handbook of Vegetable Science and Technology, [Salunkhe, D.K. and
Kadam, S.S. (eds.)] Marcel Dekker, Inc., New York, 457-469.

Ascencio, J. (1987). Potassium and calcium distribution patterns along the leaf
insertion gradient of bean plants grown in nutrient solutions. Journal of
Plant Nutrition. Vol. 10(4): 455-484.

Baboo, R., Rana, N.S. and Pantola P. (1998). Response of French bean to
nitrogen and phosphorus. Annual Agriculture Research. Vol. 19 (1): 81-
82.

BBS (Bangladesh Bureau of Statistics). 2011. Yearbook of Agricultural
Statistics. Statistics and Information Division, Ministry of Planning.
Government of the People’s Republic of Bangladesh, Dhaka-1207.

Begum, A., Ahad, A., Kaisar, M.O., Islam, M.M. and Anam, M.K. (2015).
Effect of sowing dates and fertilizer treatments on the reproductive
variability of French bean (Phaseolus vulgaris). Pakistani Journal of
Biological Science. Vol. 6(22): 1897-1901.

Bethlenfalvay, G.J., Pacovsky, R.S., Bayne, H.G. and Staford, A.E. (1982).
Interactions between Nitrogen Fixation, Mycorrhizal Colonization, and
Host-Plant Growth in the Phaseolus-Rhizobium-Glomus Symbiosis.
Plant Physiology.Vol. 70, 446–450.

Brady, N.C. and Weil R.R. (2002). The nature and properties of Soils.
Thirteenth edition, Prentice Hall, New Jersey, 960 p.

Chandra, R., Rajput, C.B.S., Singh, K.P. and Singh, S.J.P. (1987). A note on the
effect of nitrogen phosphorus and Rhizobium culture of the growth and
yield of French bean (Phaseolus vulgaris L.) cv. Contender. Haryana
Journal of Horticulture Science. Vol. 16: 146-147.

Çolpan, E., Zengin, M. and Özbahçe, A. (2013). The effects of potassium on the
yield and fruit quality components of stick tomato. Journal of
Horticulture, Environment and Biotechnology. Vol. 54 (1): pp 20–28.

Dar, M.H., Singh, N.G.H., Dar, S.R., Rizvi, S.M., Rani, P., Kataria, N. (2014).
Response of yield and yield components of common bean (Cv. Shalimar
rajamsh) to integrated phosphorous supply and co-innoculation with
Rhizobium, VAM, Azotobacter in temperate conditions of Kashmir. Vol.
51:10-17

DATh, S.K., Ansaba, V., Tripathy, L. and Pathak, M. (2019). Effect of
integrated nutrient management on growth, yield and yield attributing
parameters of French bean (Phaseolus vulgaris L.). The Pharma
Innovation Journal. Vol. 8(11): 98-100

Datt, N., Dubey, Y.P. and Chaudhary, R. (2013). Studies on impact of organic
and integrated use of nutrients on symbiotic parameters, yield, quality of



50

French bean (Phaseolus vulgaris L.) Vis-a Vis soil properties of an acid
alfisol. African Journal of Agriculture Research. Vol. 8(22):2645-2654.6.

Devlin, R.M. and Witham, F.H. (1986). Plant physiology. 4thEd. CBS
publishers and distributors 485, Jan Bhawan, Shadhara, Delhi, 110032
(India).

Dhanjal, R., Parkash, O. and Ahlawat, S.P.I. (2001). Response of French bean
(Phaseolus vulgaris L.) varieties to plant density and nitrogen application.
Indian Journal of Agronomy. Vol. 46(2): 277-281.

Eden, T. (2003). Study on uptake and response of common bean (Phaseolus
vulgaris L.) varieties to different levels of phosphorus application on
entisol of Alemaya. MSC. Thesis. Harmaya University, Haramaya,
Ethiopia.

Eira, P.A.Da., Pessanha G.G., D.P.P.De., Britto S. and Carbajal, A.R. (1974).
PesquisagropecuasiaBrasileira, 9: 121-124. (Cited from Vegetable Crops.
eds. Bose, T.K.; M.G. Som and J. Kabir. 1993. Nays Prokash, 206
BidhanSarani, Cacutta 700006, India).

Ghosh, C., Biswas, P. and Dhangrah, V.K. (2014). Effect of organic and
inorganic sources of nitrogen on growth and yield of French bean
(Phaseolus vulgaris L.). Vegetables Science. Vol. 27(1):23-25.

Gopalakrishnan, T.R. (2007). Vegetable Crops. New India Publishing Agency,
New Delhi (India).

Hansel, F. D. et al. (2017). Phosphorus Fertilizer Placement and Tillage Affect
Soybean Root Growth and Drought Tolerance. Agronomy Journal. Vol.
109(6), 2936–2944.

Hawke, M. A. and Maun, M. A. (1988). Some aspects of nitrogen, phosphorus,
and potassium nutrition of three colonizing beach species. Canadian
Journal of Botany. Vol. 66, 1490–1496.

He, M.H. (1993). Studies on efect of mutiple factors of nitrogen, phosphorus
and potassium in small red bean. Science & Technology of Tianjin
Agriculture & Forestry. Vol.02, 3–5.

Islam, M.S., Haque, M.M., Khan, M.M., Hidaka, T. and Karim, M.A. (2004).
Effect of fertilizer potassium on growth, yield and water relations of bush
bean (Phaseolus vulgaris L.) under water stress conditions. Japanese
Journal of Agriculture. Vol. 48(1):1-9.

Ivanov, L., Rankov, V., Veler, B., Manuelyan, K.H., Porayajov, I., Benevshi, M.
and Petrove, R. (1987). Optimizing mineral fertilization in commercial
green bean production. “Dui-Nauk” 24: 45-49

JayashriBarcchiya and Kushwah S.S. (2017). Influence of integrated nutrient
management on growth, yield parameters and yield in French bean
(Phaseolus vulgaris L.). Department of Vegetable Science,
RajmataVijayarajeScindiaKrishiVishwavidyalaya, Gwalior campus
College of Horticulture, Mandsaur–458 001, Madhya Pradesh, India.
Legume Research. Vol. 40(5): 920-923.



51

Jian, J., Lauricella, D., Armstrong, R., Sale, P. and Tang, C. X. (2015).
Phosphorus application and elevated CO2 enhance drought tolerance in
field pea grown in a phosphorus-deficient vertical. Annual Botany. Vol.
116, 975–985.

Kanaujia, S.P., Raj Narayan and Sumati Narayan, (1999). Effect of phosphorus
and potassium on growth, yield and quality of French bean (Phaseolus
vulgaris L.) cv. Contender. Vegetable Science. Vol. 26(1): 91-92.

Kanwar, J.S. (1982). Phosphorus management of Indian soils: Problems and
prospects. Fertilizer News. Vol. 27(2):43- 45.

Khan, B.M., Asif, M., Hussain, N. and Aziz, M. (2003). Impact of different
levels of phosphorus on growth and yield of mung bean genotypes. Asian
Journal of Plant Sciences. Science. Science. Science. Vol. 2(9): 677-679.

Khan, G.A., Sajid, M. and Amanullah. (2007). Response of Dhalia
(Dhaliapinnata) to different levels of nitrogen alone and in combination
with constant doses of phosphorus and potassium. American-Eurasian
Journal of Sustainable Agriculture. Vol. 1(1): 25-31.

Kimura, S.D. et al. (2004).Seasonal N uptake and N2fxation by common and
adzuki bean at various spacing. Plant and Soil. Vol.258, 91–101.

Kubo, K. (2010). Appropriate fertilizer use and fertilizer technology for
sustainable crop production. Extension Bulletin-Food & Fertilizer
Technology Center.

Kumar, A., Mishra, V.N., Srivastav, L.K. and Banwasi, R. (2014). Evaluations
of soil Fertility Status of Available Major Nutrients (N,P& K) and Micro
Nutrients (Fe, Mn, Cu & Zn) in Vertisol of Kabeerdham District of
Chhattisgarh, India. International Journal of Interdict and Multidisc
Studies. Vol. 1, 72–79

Kumar, R.P., Singh, O.N., Yogeshwar Singh and Singh, J.P. (2009). Effect of
integrated nutrient management on growth, yield, nutrient uptake and
economics of french bean. Indian Journal of Agriculture Science. Vol. 79:
211. 122-128.

Li, X. et al. (2015). Effects of coupling water and nitrogen on root physio-
ecological indices and yield of adzuki bean. Chinese Journal of Eco
Agriculture. Vol. 23, 1511–1519.

Liu, Z. X., Zhou, G. M. and Chen, J. (2012). Effect of Different Fertilizers on
the Quantitative Characters and Yield of Adzuki bean. Journal of Beijing
University of Agriculture. Vol.27, 4–6. .

Miller, R.W and R.L. Donahue. (1995). Soils in Our Environment. Seventh
(ed.), Prentice Hall, Englewood Chliff, New Jersy, USA. Mitiku, H.
(1990). Preliminary studies of biological nitrogen fixation by haricot bean
on two soil types in Hararghe, Ethiopia. In CIAT African Workshop
Series (CIAT). CIAT Regional Programme on Beans in Eastern Africa.

Mohamed Ali Addow, Ali Abdikadir Hassan, Mohamed Sheikh NourAdde, Ali
Addow Noor, Md. AhsanulKabir. (2020). Effect of Nitrogen and



52

Potassium on the Growth, Yield and Yield Contributing Traits of French
bean. IOSR Journal of Agriculture and Veterinary Science(IOSR-JAVS).
Vol. 13(4), pp. 01-12.

Mohanty, S., Sahu, G.S., DATh, S.K., Pradhan, S.R., MangarajS.andNahak S.
(2017). Integrated Nutrient Management for Seed Production in French
bean (Phaseolus vulgaris L.). Department of Vegetable Science,
Department of Agronomy, College of Agriculture, OUAT, Bhubaneswar-
751003, Odisha, India. International Journal of Current Microbiology
Applied Science. Vol. 6(10): 3295-3303.

Mongi, R., Tongoona, P., Shimelis, H. and Sibiya, J. (2016). Appraisal of
common bean farming systems under angular leaf spot disease prone
environments of the southern highlands of Tanzania. Indian Journal of
Agriculture Research. Vol. 50 (5): 428-433.

Moniruzzaman, M., Islam, M.R. and Hasan, J. (2008). Effect of N P K S Zn and
B on Yield Attributes and Yield of French bean in South Eastern Hilly
Region of Bangladesh.Agricultural Research Station, Raikhali, BARI,
Chandraghona, Rangamati Hill District-4531, Bangladesh, Regional
Agricultural Research Station, Rahmatpur, BARI, Barisal, Bangladesh
and Department of Horticulture, Bangabandhu Sheikh Mujibur Rahman
Agricultural University, Salna, Gazipur, Bangladesh. Journal
ofAgricultural Rural Development. Vol. 6(1&2), 75-82.

Muhammad Shahid, Ahmad Abbas Malik, AdilRehman, Muhammad Shirin
Khan and Zakaria (2015). Effect of Various Levels of Nitrogen,
Phosphorus and Potash on the Yield of French bean. Journal of Natural
Sciences Research. ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online)
Vol.5, No.11.

Neuve, J.J., Floot, H.W.G., Postma, S. and Evers, M.A.A. (1994). Research on
reducing nitrogen fertilizer application to snap beans (Phaseolus vulgaris
L.) by inoculation with Rhizobium phaseoli. VerslagProefstationVoor de
Akkerbouwen de Groenteteelt in de Vollegrond. (168): 120 pp.

Parodi, A.E., Opazo, A.J.D and Mosjidis, C.H.J. (1977). Agriculture Tecnica,
37: 12-18. (Cited from Vegetable Crops. eds. Bose, T.K.; M.G. Som and
J. Kabir. 1993. Nays Prokash, 206 Bidhan Sarani, Cacutta 700006, India).

Pal, P., and Ghosh, P. (2010). Effect of different sources and levels of
potassium on growth, flowering and yield of African marigold
(Tageteserecta Linn.) cv. “Siracole”. Indian Journal of Nat Production
Recourses.Vol. 1(3): 371-375.

Prajapoti, M.P., Patel, H.A., Prajapati, B.A. and Patel, L.R. (2004). Studies of
nutrient uptake and yield of French bean (Phaseolus vulgaris L.) as
affected by weed control methods and nitrogen levels. Legume Research.
Vol. 27(2): 99-102.

QaziShoaib Ali, Shah Zeb, Ehtesham Jamil, Naveed Ahmed, Muhammad Sajid,
Sajid Siddique, Nazia Jan and Muhammad Shahid (2015). Effect of



53

various levels of Nitrogen, Phosphorus and Potash on the yield of French
bean. Pure and Applied Biology. Vol. (4)3:318-322.
http://dx.doi.org/10.19045/bspab.43007.

Rahman, M.A., Hoque, A.K.M.S., Rahman, M.N., Talukdar, M.B. and Islam,
M.S. (2007). Effect of Nitrogen and Phosphorus on the Growth and Yield
of French bean. Journal of Soil Nature. Vol. 1(2): 30-34.

Rehana Jan, Tahir Ali, NighatMushtaq, ShaziaRamzan, BaseeratBinteNabi and
JehangirMuzzafarMatto (2017). Influence of integrated nitrogen
management on French bean (Phaseolus vulgaris L.) var. Contendor
under temperate conditions of Kashmir Valley. International Journal of
Chemical Studies. Vol. 5(5): 1741-1745.

Rusinamhodzi, L., Corbeels, M., Zingore, S., Nyamangara, J. and Giller, K.E.
(2013).Pushing the envelope? Maize production intensification and the
role of cattle manure in recovery of degraded soils in smallholder farming
areas of Zimbabwe. Field Crops Research. Vol. 147, 40–53.

Sangakkara, U.R. (1996). Response of French bean (Phaseolus vulgaris L.) to
rate and ratio of potassium fertilizer application. Pertanika Journal of
Tropical Agricultural Science. Vol. 19(1): 61- 67.

Sardana, V., Dhingra, K.K., Gill, M.S. and Singh, I.J. (2000). Production
technology of French bean (Phaseolus Vulgaris L.) cultivation: A review.
Agricultural Review. Vol. 21 (3): 141-154.

Sharma, G.D., Thakur, R., Som, R., Kauraw, D.L. and Kulhare, P.S. (2013).
Impact of integrated nutrient management on yield, nutrient uptake,
protein content of wheat (Triticumastivam) and soil fertility in a
typichaplustert. The Bioscan. Vol. 8(4):1159-1164.

Sharma, S.K. (2001). French bean green pod and seed production as influenced
by nitrogen and phosphorus application. Annals of Agricultural Research.
Vol. 22(1): 130-132.

Shubhashree, K.S. (2007). Response of rajmash (Phaseolus vulgaris L.) to the
levels of nitrogen, phosphorus and potassium during rabi in the northern
transition zone. (Doctoral dissertation, UAS, Dharwad).

Singh, R.V. (2000). Response of French bean (Phaseolus vulgaris L.) to plant
spacing and nitrogen, phosphorous fertilization. Indian Journal of
Horticulture. Vol. 57(4): 338- 341.

Singh A.K. and Singh S.S. (2000). Effect of planting dates, nitrogen and
phosphorus levels on yield contributing factors in French bean. Legume
Research. 23(1): 33-36.

Srinivas, K. and Naik, L.B. (1988). Response of vegetable French bean
(Phaseolus vulgaris) to nitrogen and phosphorus fertilization. Indian
Journal of Agricultural Science. Vol. 58 (9): 707-708.

http://dx.doi.org/10.19045/bspab.43007


54

Vanlauwe, B. et al. (2010). Agronomic use efficiency of N fertilizer in maize-
based systems in sub-Saharan Africa within the context of integrated soil
fertility management. Plant and Soil. Vol. 339, 35–50

Veeresh, N.K. (2003). Response of French bean (Phaseolus vulgaris L.) to
fertilizer levels in Northern Transitional Zone of Karnataka. M. Sc. (Agri)
Thesis, University of Agriculture Science, Dharwad, pp. 37-39.

Yanni, Y.G. et al. (2001). The beneficial plant growth-promoting association of
Rhizobium leguminosarumbv. Trifoliate with rice roots. Functional Plant
Biology Vol. 28(9), 845–870.

Zafar, Z.U. and Athar, H.U.R. (2013). Influence of different phosphorus
regimes on disease resistance in two cotton (GossypiumHirsutum L.)
Cultivars differing in resistance to cotton leaf curl virus (CLCUV).
Pakistan Journal of Botany Vol. 45, 617–627.

Zaman, M., Kurepin, L.V., Catto, W. and Pharis, R.P. (2015). Enhancing crop
yield with the use of N-based fertilizers co-applied with plant hormones
or growth regulators. Journal of Science Food Agriculture. Vol. 95,
1777–1785.

Zhang, S.Y. et al. (2016). Effects of Different N Fertilizer Application Patterns
and Nitrification Inhibitor on Growth and N Utilization of Adzuki Beans.
Journal of Henan Agricultural Sciences. Vol. 45, 15–18+28.

Zhao, S.J., Zhang, M.C., Yang, C.Y. and Wang, W.X. (2003).Effect of culture
factors on growth and yield of soybean II. Effect of fertilizer application,
watering, growth regulate measures on yield. Chinese Journal of Oil
Crop Science. Vol. 02, 49–52.

Zhi-chaoYin, Wen-yunGuo, Jie Liang, Huan-yuXiao, Xi-yuHao, An-fuHou,
Xu-xiaoZong, Ting-ruiLeng, Ying-jieWang, Qing-yuWang and Feng-
xiangYin (2019). Efects of multiple N, P, and K fertilizer combinations
on adzuki bean (Vignaangularis) yield in a semi-arid region of
northeastern China. College of Plant Science, Jilin University,
Changchun, Jilin, China. Institute of Edible Bean, Baicheng Academy of
Agricultural Sciences, Baicheng, Jilin, China Modern Research and
Development Center, Agriculture and Agri-food Canada, Modern,
Canada. Institute of Crop Sciences, Chinese Academy of Agricultural
Sciences, Beijing, China. Scientific Reports. Vol. 9:19408

Sharma, S.K. (2001). French bean green pod and seed production as influenced
by nitrogen and phosphorus application. Annals of Agricultural Research.
Vol. 22(1):130-132.

Ramana, V., Ramakrishna, M., Purushotham, K. and Reddy, K. Balakrishna
(2011). Effect of biofertilizer on growth, yield and quality of French bean.
Vegetable Science. Vol. 38 (1):35-38.

Rajput, Pankaj Kumar, Singh, O.N., Singh, Yogeshwar and Singh, J.P. (2006).
Integrated nutrient management for quantitative and qualitative yield of



55

French bean (Phaseolus vulgaris L.). Vegetable Science. Vol. 33 (2):155-
159.

Banu, S.S., Arjumand, A., Nag, B. and Puttaiah, E.T. (2013). Effectiveness of
farm yard manure, poultry manure and fertilizer – NPK on the growth
parameters of french bean (Phaseolus vulgaris) in Shimoga, Karnataka.
Global Journal of Current Research. Vol. 1(1):31- 35.

Singh, N. I., and Chauhan, J. S. (2009). Response of Frenchbean (Phaseolus
vulgaris L.) to organic manure and inorganic fertilizer on growth and
yield parameters under irrigated condition. Nature Science. Vol. 8(5):
1545-1550.

Sharma, S. K., Prajapati, S. and Raghuwanshi, O. (2015). Effect of organic
manures and inorganic fertilizers on yield and economics of cowpea
production (Vignaunguiculata L.). Indian Research Journal of Genetics
Biotech. Vol. 7(1): 152-155.

Verma, H. P., Chovatia, P. K., Sharma, S. and Shivan, A. C. (2015). Growth
and yield of cowpea as influenced by nitrogen and phosphorus levels on
medium black soils of Gujarat. Annals Agriculture Research New series.
Vol. 36(4): 400-404.



56

CHAPTER VII

APPENDICES

Appendix I: Map showing the experimental site under study

Study Area
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Appendix II: Characteristics of soil of experimental field

A. Morphological characteristics of experimental field

Morphological features Characteristics

Location Agronomy field , SAU, Dhaka

AEZ Madhupur Tract (28)

General Soil Type Shallow red brown terrace soil

Land type High land

Soil series Tejgaon

Topography Fairly leveled

B. Physiological properties of the initial soil

Characteristics Value

Partical size analysis

Sand% 25

Silt% 45

Clay% 30

Textural Classes Silty -Clay

pH 6.3

Organic carbon (%) 0.47

Organic matter (%) 0.78

Total N (%) 0.04

Available P (ppm) 23.00

Exchangeable K (meq/100g soil) 0.1
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Appendix III. Monthly average of relative humidity, air temperature and total rainfall

of experimental site during the period from December 2019 to

April 2020

Month Average RH%
Average temperature (C0) Total Average

Rainfall(mm)Min. Max.

December, 2019 52.41 6.04 23.35 00

January, 2020 59.13 12.45 21.32 00

February, 2020 53.66 16.34 24.12 4.34

March, 2020 46.37 19.41 28.54 1.22

April, 2020 49.16 23.21 31.42 2.17

Source: Bangladesh Meteorological Department (Climate & weather division) Agargoan,
Dhaka - 1212
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Appendix IV: Schedule of cultural operation in the experiment

Serial
No.

Cultural preparation Date

1 Opening of the land 05.12.19

2 Ploughing and cross ploughing 06.12.19

3 Breaking of clods, laddering and weeding 06.12.19

4 Layout of the experimental pit and plot 08.12.2019

5 Applications of 2/3rd of urea and entire of other fertilizer 08.12.2019

6 Sowing of seed 08.12.2019

7 Germination of seed 15.12.2019

8 Gap fillings 16.12.2019

9 1st Irrigation 17.12.2019

10 Thinning 23.12.2020

11 2nd Irrigation 25.12.2019

12 3rd Irrigation 10.01.2020

13 1stWeeding 13.01.2020

14 1st Flowering 17.01.2020

15 4th Irrigation 10.01.2020

16 5th Irrigation 09.02.2020

17 2nd Weeding 14.02.2020

18 Harvesting 20.02.2020

19 Collection post-harvest soil 14.03.2020

20 Analysis of soil sample 25.11.2020
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Appendix V. Some photos document during experiment
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