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Chagitn - |
INTRODUCTION



The soaring momentum of vegetarian movement has put
the importance of vegetables at apex in day-to-day 1life of

¢ommon man. Conseguently the search is on for more

production from the shrinking land resources %to meet the

rocketing demand of the expanding population, particularly in

a country like India. French bean (Phaseclus vulgaris L.},

native to south Mexico and central America (Smartt,1590), has

been widely adapted over a larger geographical range.

The production of fresh market beans varies fron

season-to-seascon and region-to-region. The yields are

generally higher in temperate (monsoon crop) than the

tropical ,(winter crop) zones (Sharma and Joshi, 1993). Over

the past decade, India has observed a tremendous increase of

52000 MT, (19%4) in green pod yield over 45000 MT in 1984

(Anonymous, 19%95a). In Himachal Pradesh, French bean is grown

over an area of 2073 ha with the annual production of 19206

MT; about 93,7 per cent of the total produce is exported to

the plains and only 6.2 per cept 1is used for the home

consumption (Anenymous, 1990). Therefore, it fetches

remunerative returns to the farmers. This strategy has

boosted the ecconomy of growers as well as the state,



The kidney bean is a nutritionally rich vegetable,
which not only supplies its mineral nutrients to the human
beings but alsc ameliorates the soil texture and structure by
fixing the atmospheric nltrogen. Generally, the common bean

is grown for lmmature fleshy pods as vegetable or mature pods

as pulse (Nonnecke, 1992), whereby, it acts aam curative to

many human diseases. Most of the modern french bean

cultivars are now bush types (Bassett, 1986) and are more

popular due to early bearing, easy cultivation, bharvesting

and more fertilizer responsive as compared to pole types.

The bush bean cultivar "Contender" predominates among the

Indian farmers due to its wider adaptability and prelific
bearing capacity.
Phoaphorus, plays a key role in energetic metabolism

and blosynthetic reactions as a component of adenosine

triphosphate and other phosphorelated compounds. Because cof

the functions of phosphorus in the growth and metabolism of

plants, deficiency leads to a general reduction in most of

the development processes including cell division, cell

expansion, respiration and photosynthesis (Terry and Ulrich,

1973). The regulatory function of Pi (inorganic phosphate},

in photosynthesis and carbohydrate metabolism of leaves, can

be considered as one of the major factors limiting growth,

particularly durirg reproductive stage (Marschner, 1986).

Potassium is known to influence and alter the physiological,

blochemical and histological mechanisms of plants. It has an



important role, elther direct or indirect, in major
endogenecus plant processes such as photosynthesis,
respiration, enzyme activaticn; metabolism of proteins,
carbehydrates and lipids; tranmslocaticen of photosynthates,
growth and development (Dev, 1991). Potaasium is often
enunciated a "guality element" for crop proeduction. It also

promotes resietance in plants against diseases, insects-pests

and induces tolerance to environmental stresses (Beaton,

Vegetables usually preduce high bicmass in shorter
time and remove larger guantities of nutrients as compared to
other crops. French bean, being a leguminous crop, is least
cared feor fertilizer application even when fitted in the
intensive cropping sequence. On the other hand, uptake cf
NPK from' the soll 1is enhanced. The so0il is depleted of
nutrients which ultimately hampers the scil preoductivity. To
overcome this malady better nutrient management is required.
The P and K are being considered as important parts of
fertilizer use strategies. Therefore, judicious application
of costly inputs, particularly fertilizers,is nmuch useful for
improvement of yield potential as well as the quality of any
crop. Scanty information is available on the rate of
potassium application with phosphorus in increasing the yield

and guality of bush type French bean.



The present study was designed to evaluate the

response of graded levels of P and K on growth, yield and

guality of French bean. It will help in standardizing the

fertilizer dose for exploiting the maximum genotypic worth of
French bean and shall be of practical and economical value to

the farmers,. Therefore, the present investigations were

formulated with the following obijectives:

1) To £ind out the optimum levels of P and K for
obtaining maximum green pod yield of French bean,

2) To study the effect of P and K

interaction on
different grewth, yield and gquality

characters.

3} To workout the econcmics of P and K application.



Clapten - I
REVIEW OF LITERATURE



The phosphorus and potassium have the direct effects

on varlous growth, yield its component characteristics and

gquality attributes of French bean. Although scientific

information is avallable on the phosphorus and potassium

nutrition in common bean but the information with respect to

the dwarf varieties of French bean is still lacking. A brief

review of literature avallable on the relevant aspects is

presented 1In this chapter under the following sub-heads:

2.1 Effect ¢f Fhoaphorus

Phosphorus 1is a fascinating plant nutrient. It is

invelved in a wide range of plant processes such as cell

division, develcpment of gacd racot system and ensuring timely
and uniform ripening of the crop. It is needed most by young,

fast growing tissues and performs a number of functions

related to growth and develepment, photosynthesis and

utillzation of carbohydrates. It is a constituent of

Adenosine diphosphate (ADP}) and Ribose nucleic acid (RNA),

baing the two most important components in 1ife processes.

2.1.1 Growth characteristics

Bush type French bean is cultivated extensively



throughout the mid hill regions of Himachal Pradesh but due

to poor status of available phosphorus and Iimproper

rertilizer application practices, it doces not perform better

as compared to Eurcpean and American countries (Yadav and

Pathak, 1963; Knott, 1966). Edje et al. (1%73) observed

increase in plant height with the increase in the levels of

phosphorus. Pande at al. (1974) found that the number of

branches per plant in French bean were increased with higher

levels of P305 (125 kgfha).

Mahatanya [(1976) studied the effect of phosphorus on

bean cv. Canadian Wonder and found that plant height, and

leaf area index increased with the increasing levels of

phosphorus from 0-60 kg/ha. Gupta et al. (1983) found the

peneficial effects of phesphorus on plant growth characters

viz., plant height, number of branches, number of leaves per

plant in French bean. Vidal and Junguira (1984) reported

that phosphorus application significantly increased the

percentage of bean plant survival. Ronzelli et al., (1986)

algso reported that plant stand and growth were significantly
influenced by the application of phosphorus in French bean.

Application of phosphorus € 50 kg/ha induced maximum

expansion of leaf area in French bean {(Manrigue, 1986). The

application of 8¢ kg Py05/ha showed its significant

superiority over 40 kg and control on plant height (34.48

cm}, number of branches (6.98) per plant of French bean cv.

Contender (Chandra et al., 1987).



The phosphorus efficiency was related to the uptake
efficiency of the plant which was determined by both root-
shoot ratio and absorption rate per unit of root-influx
(Fonse et al., 1988). Significant increase in plant growth

was also reported by Srinivas and Naik (1990).
2.1.2 Yiala and itas component characteristics

Pande et al. ({1974) obtained 234.35 per cent higher
green pod yield with phosphorus at 125 kg/ha in French bean.
Sharma et al. (1976) recorded maximum yield of 160.83 g/ha
with the applicaticn of 90 kg P;05/ha. However, Gupta et al.
(1983) reported 120 g/ha yleld of green pods with the
application of 120 kg P305/ha under Bangalore conditions.
However, increase in number of pods per plant was observed

with the application of P at other levels also,

Prabhakar et al. (1984 and 19286) reported that the
bean yield increased with phosphorus application upte 75 kg
P50s/ha at IIHR, Bangalore. Buzett] et al. (1984) recorded
highest pod yield and maximum number of pods per plant with
100 Xg P50s/ha-

Manrique {1986) studied the response of French bean to
phosphorus application in USA and depicted that the green pod
Yield responded favourably upto 100 kg P305/ha. Under mid

hill conditions of Selan, Singh (1987) observed significant

linear increase in green pod yield of French bean upte 40 kg



F,05 application and the optimum dose was found to be 79.7
kg/ha.

Prabhakar ot al. (1987a) studied the direct, residual

and cumulative effects of phasphorus fertilization in French
bean - cabbage-okra cropplhg system and reported that French
bean and cabbage yields increased with the phosphorus level

uptes 75 Kg FPaOg/ha, They further concluded that

fertilization at the rate of 75 kg P30g/ha would build up the

soil phosphorus to suppeort three crops in sequence even in

intensive vegetable farming system. The maximum number of

pods (11.36) per plant and green pod yvield (65.%8 g/ha) were

alsc observed with 80 kg Po0g/ha (Chandra et al., 1987).

Singh et al. (1989) reported that the application of

42 kg P0g/ha did not prove significantly superior to that
of 28 kg P»0g/ha in green pod yield (2.87-1.28 t/ha).

at al.

Stalin
(1989) stated that the application of 60 kg P,0g/ha as

supetr phosphate in two egual splits (50% basal and remaining

50% at flowering) gave higher green pod yield and number of

pods per plant. The pod yield of French bean ranged from

38,30 g/ha (28 kg P05/ha) to 41.40 g/ha (42 kg P505/ha) and

the yield was significantly higher over 14 kg P>0g5/ha

application (Singh and Singh, 19%0). Similarly, Srinivas and

Naik (1990) found that green pod yield increased

significantly with phosphorus application in bean crop.



Gajapan et al. (1990) cbtained higher green pod yleld
in French bean cv. Selection-% with different sources of
phoaphorus over control. Chakrawarti et al. (1990}
reported that increasing levels of phosphorus from 0-75 kg
P;05/ha significantly improved the yield and ylield attributes
guch as pod length, pod diameter, number of cluster per
plant, number of pods per cluster, number of seeds per pod
and weight of 10-gqreen pods, Thangaraj and Rangaswamy
(1994a) cbtained maximum green pcd yield, pod length and ped
breadth of ralnfed French bean through enriched phosphorus as

compared to direct applied phosphorus.

2.1.3 gQuality and NPK uptake

Loneragan and Asher (1967) observed that the

efficiency with which P is utilized to produce yield, i.e.

the amount of P required by the plant to produce one unit of

dry matter, which refers to the P concentration in plants to

produce 80 per cent of maximum yield, is oftenly termed as

internal P requirement. The uptake efficlency of plant,

which is the ability of the root system to acquire P fron

soil and accumulate it in the shoots, depends on the

capability of the roots to absorb P, the active life time of

roots and amcunt of root per unit of shoot.

Mahatanya (1976} found that the P application

increased P content in the plants by increasing their total

dry weight, Though P application increased P content, yet,
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it reduced potassium content in bean (Barkas, 1981). There
was increased dry welght per plant with increasing levels of
phosphorus application (Vidal and Junquira, 1984). Prabhakar
et al. (1984) reported that application of phosphorus to the
leval of 75 kg Py0g/ha significantly increased uptake of

phosphorus by the plants. Prabhakar et al. (1986) also

reported the response of French bkean-cabbage-okra cropping

sequence to phosphorus application and observed that P uptake

increased with P level upto 75 kg per ha. Application of F

increased nodulation, dry matter yield, tissue N yield and

increased P uptake {Ssali and Keya, 19%8§). Fohse et al.

(1988) studied external and {nternal P requirement and P

uptake efficiency in beans and observed maximum relative

shoot dry weight and P uptake upte 40 mg/100 g P
fertilization. Application of different levels of phosphate

fertiliéers to bush type French bean cv. premier

significantly influenced the N, P and K concentrations in

pods and leaves with the appllcation of 68 kg Po0Og/ha (Stalin
et al. 1989).

Srinivas and Naik (1988} found that phosphorus

fertilization had significant influence on total dry matter

production, protein content in peods and N concentration in

leaf, stem and pods of French bean. application of 75 kg

P305/ha increased the per cent crude protein in green pods of

French bhean (Chakrawarti et al., 1990).
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2.2 Effect of Fotasgalum

Potassium is involved in numerous metabolic pathways
within the plant. Over &0 enzyme systems are activated by
potassium, which affects vegetative as well as reproductive
growth indices in plants (Ludwick, 1992). Being one of the
three major nutrients, potassium is not only taken up in
higher amounts than the others, but also acts as chemical
‘Traffic Policeman?’, regulating the management of other
nutrients in the plant system. Fobtassium has been called by
many other names such as root booster, stalk strengthener,
food former, an enzyme activator, a breathing requlator,
water stretcher, sugar and starch transporter,

protein

builder, wilt reducer and diseaze retarder (Kanwar, 1985).

2.2.1 Growth characteristics

hii and Oecida (1972} could enhance the growth of
Phaseolus vulgaris L. by increasing the supply of potassium.

Stanev and Chichev (19%73) cobserved that the addition of

potassium in so0il, has increased significantly the growth,

leaf area and number of branches per plant.

A nutritional study was conducted by Petrov and

Gagarina (1981}, where upon they analysed that the French

bean productivity depended on the potassium concentration in

Encp’s nutrient seolution ranging from 0.10 - 2.75 mM for the

best growth of bean plants. Potassium has been reported to

develop leaves with thickened cuticles and strong epidermal
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cells which help to control the incidence of diseases (Sekhon

and Singh, 1982). Passarinho and Ricardec (198B) BsBuggested

that earliness of flowering in bean cultivars is positively

correlated with efficiency of K utillzation. Ludwick (i992)

reported that potassium affects the photosynthesis rate of

plants directly, which ultimately affects the growth rate and

coloration of leaves {healthy green coclour)}.
2.2.2 Y¥Yleld and its compeonent characteristics

Potassium can be of special concern in production of

vegetable crops for the fresh market. It is reguired in

large amounts, similar to and frequently greater than

nitrogen (Ludwick, 1592). Since potassium is directly or

indirectly involved in most plant processes e.g., regulation

¢f enzyme systems, photosynthesis, respiration, protein

synthesis, translocation of food material etc. hence, its

shsortage can result in low crop yield, gquality and

profitability (Usherwcod, 1993).

French bean showed the positive reaesponse to direct

potassium application 8 50 kg/ha, grown in Okra-cabbage-

French bean cropping system. The cummulative effect cof ¥ on

two crops (cabbage and French bean) recorded similar yields

when the Okra and French bean, or cabbage and French bean

were fertilized; but higher when all the three crops were

fertilized with K (Prabhakar et al., 1987h}. The snap bean
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pod yields was increased significantly with K fertilization

as reported by Evanylo and Zehnder (1989).

2.2.3 0Quality attributesa and NPR uptaka

Potassium (K} is often described as the "guality

element”. A shortage of K adversely affects photosynthesis,

respiration, translocation, a number of enzyme systems and

protein synthesis. This fregquently results in gmall or mis-

shapen prcduce, more dlsease and insect damage, and shorter

shelf-1life (Ludwick, 19%92}.

Higher potassium levels resulted in enhanced transfer

rate of nitrogen compounds from soluble to inscluble

fractions, due to the effect of potassium on protein

syhthesis. Presence ¢of adeguate amounts of peotassium was

necessary for syntheslis of organic acids. Adequate

concentrations of potassium favoured translocation of amino

acids and carbohydrates in plants {Duke and Cellins, 1985).

Evanylo and Zehnder (1989) observed that the nutrition

accumulation in snap bean was increased with K fertilization.

The cumulative uptake of K in the cropping segquence, of heet

root - tomato - French bean, increased with the increase in K

levels (Rao and Subramanian, 19%0).

Wnen K is deficient, rate of photosynthesis declined

and plants with greater respiratory rate, lead to decreased

dry matter production (Dev, 1991). Potassium stimulated the
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synthesis of true proteins in plants from the aminc acid

building blocks (Usherwood, 19%3).
2.3 Complemantary sffects of P and X

The snap bean pods exhibited a seguentially additive
interactien, In this case the per cent response either to P
or K was unchanged, whether applied alone or in combination.
Both P and K, then comply with the Mitcherlich version of the
"Law of Minimum®, which states that the decrease in yield is
proportional to the degree of supply in relationship to the
need (Wallace, 19B89}. The interacticon between P and X
affects the plant growth, vield and yield attributes by

affecting the varicus plants metabolic activities,

2.3.1 Growth Characteristics

Edie et al. (1973} reported significant increase in

plant height with the increasing levels of P and K. The
number of branches per plant in French bean also increased
with the addition of 50 Ky Pp0g along with 50 kg Ks0/ha

(Augustinussen, 1973). Smith (1977} observed increased

weight of bean vine with the application of P in combination

with K.

The effect on plant height and number of branches

were the best with 50, 90, 40 and 50, 60 and 60 kg N, P, K

per hectare, respectively in French bean (Thangaraj and

Rangaswamy, 1994b). Singh and Tripathi (1994) found that the
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higher levels of fertilizers glgnificantly influenced the
vegetative graowth parameters of French bean i.e, plant

height, branches per plant and compound leaves per plant.

2.3.2 Yield and its ctomponent characteristics

Verma and Mantdal (1966} reported that 23 Xg N, 68 kg
P,05 and 45 Kg K30 per hectare, increased the yield of French
kean. With the increase in fertilizer levels l.e. P and K,
the yleld and number of pods per plant were increased
aignificantly (Edje et &i., 1973). The total green pod yield
in French bean also Increased with the additieon of 50 kg P;0g
along with 50 kg Ks0/ha (Augustinussen, 1973}. Eira et al.
{1974} deduced that P05 8 E0 te 240 kg/ha enhanced yield,
K20, however, decreased the production where the economic

rate of P application was 55 kgfha,

Saxena and Locascio (1275) found that the highest
total yvields were cbtained with the lower doses of N, P and K
{79, 63 and 112 Xkg/ha) application, Yields were greatly
reduced by higher doses of N, P and K (158, 67 and 3224
kafha). Pannergelvan (1980} found that the highest yield was

obtained through the application of N, P and K at 50, 100, 5Q

kg per hectare. DOekov et al. (1%82) recommended the optimum

dose of phosphorus (80 kg/ha) and potassium (30 kg/ha) for
rainfed conditions, on the basis of higher yleld in French

pean, The highest rates of phosphorus and potassium each

with 1120 kg/ha application produced significantly higher
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yields of pods than did the lower rates (Mack, 1983). The
significant dlfferences between P and K treatments were

abserved by Anez and Tavira (1987} for number of pods per

plant in French bean.

Application of P&K each at 100 kg/ha with addition te
nitrogen 8 150 kKg/ha recorded highest pod yield (228.40 g/haj
in French bean (Ivanov et al., 1987)., 8ilva and Vizzotto
{1%88) found maximum pod yield of 13.5 t/ha, with the
application of 60:150:60 kg/ha, N:P:K, respectively. HNumber
of pods and pod length significantly improved with combined

application of 100 kg P05 and 25 kg K;0/ha (Gupta, 1%88}.

Thangaraj and Rangaswamy (19%4b) observed that the
bean yield and its attributes were the best performers with
the application of 75, 60 and 20 kg N, P and K per hectare.
Highest éreen pod yield of French bean was obtained (134.8
and 153.6 g/ha) with the application of 652.5:100:100 kg

N:P:K/ha during 1992 and 1993 (Singh and Tripathi, 1994).

Ruality and NPK uptake

It is well known that nitrogen fixation by Rhizobium
is enhanced in host plants if it is well supplled with P and

K (Mangel et al., 1874). Pannerselvan (1980) reported that
application of N, P and K increased the dry matter content
and uptake of nutrients and there was a positive coarrelation

between yileld and nutrient uptake. Application of phosphorus
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{80 xg/ha) and potassium (30 kg/ha) under rainfed condlitions,

improved protain content in French bean (DeKov et al., 1982).

Shanmugavelu (198%) reported that the highest content of N, P

and K occurred in pods, followed by leaves and stem.



Chapter -
MATERIALS AND METHODS



The present investigations were conducted at the
Experimental Farm of the Department of Vegetahble Crops, Dr ¥5
parmar University of Horticulture and Forestry, Nauni, Solan
(Himachal Pradesh) during the Kharif seasons of 1993 and
1994, Details of the materials used and technigques employed
during the course of experimentation have been given in the

following text.

3.1 GENERAL

Location

The experimental farm of the Department of Vegetable
Crops, is situated at Nauni about 15 km from Solan (on Soclan-
Rajgarh Road) at 309-51Y N latitude and about 779-11/ E
longitude., The elevation of the farm is 1260 m above mean
sea level, It falls in the mid hill zone of Himachal Pradesh

comprising of sub-temperate sub-humid climate,

Climata

May and June are the hottest menths and December to

February are the coldest ones. The annual rainfall ranges

between 1000 to 1300 mm; out of which nearly 75 per cent is

received during June to September. Winter rains are received

during the months of January and February with occasional

srnowfall.
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Mean weekly meteorclegical data recorded at the Agro-

meteoroloqgy Observatory of the Department of 501l Science

pertaining te the perled of experimentation, have been

delineated graphically in Fig. 1 and 2 and given in Appendix-

h The minimum and maximum temperatures remained almost

normal and varied between 14°C to 36.59C and 16.59C to 36°9C,

respectively. High percentage of humidity during July to

August menths favoured the luxuriant crop growth. Weather

conditions were alsc favourable for the incidence and spread

of dlsease (angular leaf spot} and insect (blister beetle).

Physico-chamical propartias of the soil

Composite soil samples, were collected before sowing

from the eXperimental field at 0-15 cm depth to get the

initial nutrient status of the soil. The composite samples

were run for mechanical and chemical analysis and the results

are presented in Table 1. It is evident from the data that

the so0il of the experimental area was loam in texture and

neutral iIn reaction. The fertility of the experimental site

was medium in respect of available nitrogen, phosphorus and

potassium and rich in organic carbon content.



Table 1. Physico-chemical characteristics of the soil before

sowing

i A N NN N W N R e e e N S M TSP ML MR M M NN P M M mpr e ke MmN R M N W

Components

s S W B S R SN T TP M M S U W e e s e ey g P e W B S ed eI S e

A. HMeohanical analysias
Coaree sand(%)
Fine sand{%}
slit(%)
Clay(%)

Texture
B, Chamical analysis

Avallable nitrogen
(kg/ha)

Avajlable phosphorus
(Kg/ha)
Available potassium

(kg/ha)

Orqanic carbeon(¥)

Soil pH

Contents Methods enmployed
1993 1394
28.712 29.15 International
15.25 13.71 Pipette methed
14,13 32.28 (Piper, 1966)
21,72 24 .52
Loam Loam
419.50

48.20

278.70

425.25 Alkaline per-
menganate method
{Bubbiah &
Asija, 1956)

45,50 Qlsen’s method

(Olsen et al.,

1954}

273.60 Ammanium acetate
method using
flame photometer
(Jackson, 1967)

Walkley &
BElack’s rapid
titration method
{Piper, 19686)

7.0% 1 ¢ 2.5 s0il water
suspension glass
electrode methed
{Jackson, 1967)

TR e N L S e e - e e W i
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3.2 EXPERIMENTAL TECHNIQUES

To study the response of phosphorus at different
levels wviz. 0, 40, 80 and 120 kg P505/ha alene or in
combination with four levels of peotassium at the rate of o0,
34, 60 and 90 kg X,0/ha were applied to bean cv. Contender,
The phosphorus was applied as single super-phosphate (16%
P20g} and potassium as muriate of potash {60% K30) as basal
doses. Constant amount of nitreogen at the rate of 45 kg/ha
was given in two split doses in the form of Calcium Ammanium
Nitrate (25% H). Half dozse of the N was applied at the time
of sowing and the remaining as top dressing at the time of

earthing up one month after sowing.

Tachnical Programme

The technical programme pertaining to YResponse of
phozphorus and potassium on yield and quality of Franch bean
cv. Contender under mid hill conditions of H.P." is detailed

as under:

Tresatmants

All possible combinations of P and K:

A. Lavels of P05 (Eg/ha)

Pl oz 0
Pz = 40
P3 o 30

P4 = 120
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B. Levalas of X,0 {kg/ha}

K1 - 0

K2 - 14

K3 = 50

K4 - 90

Total treatments - 1la

Design —- Randeomized Block Design (RBD)
Replications — 3

Plant spacing -— 45 ¥ 1% cm

Plot size:

Gross ~= 3,15'%2.% m (accommodating 7
lines 45 ¢m apart and 2.5 m
long)

Net K2 2.25x%2.0 m (5 inner rows 2.0 m
long leaving 0.25 m on the
gither side of the rows).

Variety used i Contender
Bésal application s 4% kg N/ha (in two splits)
Cate of sowing i June 18

Field Techniques

Lay out of the experiment

The experiment comprising of 16 Etreatments was laid

out in a randomized block design (RBDR) with <thres

replications. The treatments were allocated randomly to each

plot using random number (Fig.2za). Each pleot comprised of

seven rows, containing 16 plants per row and hence

maintaining 112 plants in each plot.
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Experimental planting

The c¢ultural practices such as banding, weeding,
hoeing and plant protection against insect pests were carried
out during the crop growth periods to ensure healthy crop
stand, but no fungicides were sprayed during the course of

experimentaticn. Irrigations were applied as and when

regquired, The details and dates of agronomic operations

followed during the course of experimentation hawve been

presented in Appendix-II.

OBSERVATIONE RECORDED

The data were recorded on ten randomly selected plants

for all the characters, except quality attributes for which

the observaticns were recorded from composite sample of 100 g

green pods 1in each plot. The plants were marked at random

excluding the border plants.

I. Growth and Development

Plant stand after i5-days after sowing (15 DASB)

Number of plants those emerged after fifteen days
after sowing in different treatments were counted and

percentage was worked out by the following formulae:

Number of plants emerged

Humber of seeds sown
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Humber of days to S50-psr cent flowering

The day on which fifty per cent plant populaticn in
each plot came into flowering, was reckoned for recording
this tralt. NHumber of days were calculated from the date of

sowing to the date of 50 per cent flowering.

Number of days taken to first picking

The day on which the first green pods were harvested
in each plot, was taken into consideration. HNumber of days

were computed from the date of sowing to the date of first

harvest.

Numbar of branchas per plant

The total number of bkranches (primary and secondary)
arising from the main stem were counted and mean number of

branches per plant were worked out.

Leaf area {cm?)

A sample of 10 leaflets was taken to measure the leaf
area, from the marked plants in each plot at the time of
second picking. The leaflets were straightened by pressing
in long book sheets for 24 hours and the leaf area (cm2) was

recorded directly on Li~Cor-3100 Automatic leaf area meter.

Plant height (cm)

The plant height was measured in centimetres from the
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ground level to the tip of the highest leaflet of the plant

at the final picking stage.

I} Yield and its component charactersistics

Puod length (cm}

Ten pods, randanmnly chosen at second pilcking from
tagged plants, were measured from the point of attachment to

the tip of the pod in centimeters and the mean pod length was

worked out,

Pad girth (cm)

After recording the pod length, the same pods were

used for recording the pod girth from suture to suture with

the help of Vernier Calliper., The mean pod girth was recorded

in centimeters.

Number of pods per plant

The total number of pods harvested at every picking on
the marked plants were taken into consideration to work out

the mean number of pods per plant.
Tota)l green pod vield per plant(g)

Total green pod yield of ten randomly marked plants
from each plot was recorded after each harvest and average

qreen pod weight per plant was expressed in grams.
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Greaan pod yield per hectare (g/ha)

The total yield of green pods harvested from net plot

was converted inteo g/ha.

ITI) Quality Attributes

protein contant of green pods

The nitregen content was determined by microkjeldanl
method. The per cent total protein content was calculated by

multiplying per cent nitrogen by a common factor of 6.25

(AOAC, 1980).

Per cent Ary matter

The samples of freshly harvested green pods, welghing

100 g from each plot, were oven dried at 659C for about 70
nhrs until a constant in the sample weights was achieved. The

difference between the initial weight and the final weight as

considered as dry matter percentage. Dry matter accumulation

Two plants {from outer rows) at random were selected

from each plot at second picking., The green pods were

separated from the plants to have the separate dry matter

accumulation by the vegetative and reproductive parts. These

samples were washed with tap water and then with 0.1 N HCIl

and finally with distilled water to make them free of

extraneous matter. The samples were oven dried at 65°9C till

uniformly constant weight was attained. Dry weight thus
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cbtained, was expressed in kg/ha for plants (leaves & stems)
and green pods separately by the following formulae.

Dry weight of two plants{g) x 10000
Bry matter accumulation = s-essseecosseesosesee e —————

(kgfha) Area covered by two plants x 1000

gsaverity of angular leaf apot

The severity of angular leaf spot was recorded at 60
days matured crop of French bean. Twenty five leaflets from

the marked plants from each treatment were taken, examined

for disease spots and infecticn was rated according fo the

faollowing scale.

Rating Number of spots per leaflet
0 -— No infection
1 =i 1-5 spots
2 e 6-10 spots
k| --  11-15 spots
4 = 16-20 spots
5 ik 21 or more spots

Disease intensity was determined according to the

formulae given by Suhag {(1972) as:

Disease ND + N1 + N2 + N3 + N4 + N5

intensity = —me——eem—mimm e X 100
(%) Total No.of leaves x No.of highest rating
where,

N = Number of leaflets in each cateqgory,.
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Chemical Plant Btudias

oven dried plant (leaves & stem} and pod samples as
described in Section 3.3 were greound to powdery mass and

subjected to chemical analysis.

The samples were digested in di-acid (4:1 - nitric
acid:perchleric acid) mixtures. The aliquat was diluted in
double distilled water and filtered into 100 ml wvolumetric
flask. In order to have complete transfer of the digested
material, three washings were given with double distilled
water and volume was made tTo 100 ml. Phosphorus in the
extract was determined by Vanado-mclybdc phesphoric yellow
¢olour method (Jackson, 1973). Potassium was determined by

flame photometric method (Jackson, 1967).

Separate digestion was carried out for nitrogen
estimation using concentrated H,;50, and digestion mixture as
suggested by Jackson ({(1973). After digestion, the total

nitrogen was estimated by modified Kjeldahl Method (A.0.A.C.,
1980) .

NPEK uptaka (kg/ha)

Nitrogen, phosphorus and potassium uptake by plants
{leaves and stem) and green pods in kg/ha was worked out

acceording to the formulae.

Nutrient content(%) x Dry matter (kg/ha)
Nutrient uptake = -—-——-—————— - e

(kg/ha} 100
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Total nutrient uptake in each treatment was calculated
by summing up the nutrient uptake by both pods and plants at

second picking stage.

NPX status of scil

After the harvest of the crop, surface scil samples ©-
15 cm depth were collected from each plot. Samnples were
dried, ground and mixed thoroughly and used for the
determination of available nutrient contents wviz.,, N, P and K

by using the standard methods as given in Table 2.

Responss curves and maximum/optimum dose of P and K

The proper method to study the fertilizer response of
yield-dose relationship, is to fit the data in a quadratic

function response curve. The guadratic production function of

the pooléd data was fitted as:

Y = a+bP + cB2...... s sty

where,
¥ =is the expected yield {(kg/ha) for given lavel of P
P =is the phosphorus dose (kg/ha);

a,b,c=are the coefficlents indicating transformed
ratios of phosphorus at different levels (Gomez

and Gomez, 1981).
The guadrate function was considered the most
appropriate for fertilizer response analysis in the present

studies, as it gives diminishing marginal productivity and is
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conalstent with the law of diminishing returns. Yield

maximising rate of phosphorus P (max) was abtained by

differentiating Y with respect to zero.

Thus,

dy

- e b+ 2CF = 0 ........ .0 2)

dn

2cP = -b DRSSO | .
-b

P(max) = o e 8 Ay {43
2¢C

At the optimum level, the wvalue o©of the additional

produce obtained by a unlt increment in nutrient will just
balance the extra cost of the fertilizer. This shows that the
optimum dose depends on the relative prices of the nutrient
and the produce. Hence, eguating eguation (2) with the cost
price ra£ic (g/p), where g 1is the cost of one unit of
phosphorus and p is the price per kg of the produce lead to
the following formula for determining the ocoptimum dose of
phosphorus P {opt)’ which may be detined as the most

profitable dose or profit maximising rate of phosphorus.

a

b + 2¢P s e B

p

q
‘ -
P

P (opt)

ic

Similarly, optimum and maximum doses of potassium were

determined.
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pcenomic Analysia

After taking into consideration the wvarilables as well
as flxed inputes and corresponding rates, the cost incurred on
each treatment was worked out [(Appendix TII1). Simultanecusly
groas returns were worked out for each treatment based on
market price of the marketable produce. Het returns were

worked out by deducting the cost incurred from the dgross

returns cof the particular treatment,

statistical Analysis

All the data relating to growth and development, yield
and its component characteristics, gquality attributes and
nutrlent uptake were statistically computed in RBD designh as
proposed by Panse and Sukhatme (1961) and Cochran and Cox
{1963} . The treatment effects were tested at 5 per cent level
of significance. The data recorded for two years, were pooled

as permitted by Bartlett’s test of Homogeneity and described

by Gomez and Gomez (1983).



Clapten - 1V
EXPERIMENTAL RESULTS



4.1 GRONTH AND DEVELOPMENT CHARACTERISTICSE

4.1.1 Plant stand(%)

The fertilizer treatments in the form o©of phosphorus
and potassium did not influence the plant stand
statistically, as revealed by computation of the data in

Table 3.

4.1.2 Days to fifty per cent flowering

The ANCOVA of pooled data in 2Appendix-1I revealed
significant effects of phosphorus, potassium year and P x K
interactions on days to fifty per cent flowering. However,
the character remalned unaffected with PxY, HKxY and PxExy

interactions.

It was cbserved that phosphcrus application @ g0
kg/ha, resulted in early flowering (33.83 days), Wwhile Pyaq
and P4q were at par with Pgp. In case of potassium
applicatieon, minimum (33.71) days to fifty per cent flowering

were recorded at 60 kg Ky0/ha, which was non-significant to

Kqp and Kgg (Table 3 and Fig.3l).

The environmental conditions in 1953 were

statistically congenial for earliness than 1994.



Effect of phosphoru® and potassium on plant stand(%) after 15 DAS of French bean cv. Cantender

Table 2.
Treatmente 19913 1994 Pooled o
Pg Fs0 Pgo P20 Hesn  Pp Fao0 Peo Py20  MHean Po Fao Pgo Pi2g¢ Mean
Ko B3.33 82.15 83.1 84.82 93.48 83.33) 84.03 83.34 86.81 84,38  83.33 83.09 83,89 0S.81 83.93
K3g 83.93 84.23 85.71 84.82 84.67 83,63 85.42 87.15 B7.50 B6.94 B81.81 84.82 B6.43 B6.16 85.31
K60 84.23 83.6) 87.80 87.50 85.79 84.72 88.53 68.8%9 B6.81 B7.24  B4.48 86.08 68,34 87,16 86.51
Kog 83.34 84.52 87.54 B5.41 85.20 85.07 B7.46 82.89 B7.50 H7.23  B4.20 85.99 B8.21 B6.46 B6.22

S e S B i o e o o o S S . e i e g e L L i i i T

Poalad Y P K PxY ExY PxK PxKxY
S.Bd.» 0.7589 1.074 1.074 1.518 1.518 2.148 3.038
CO(p=0.05) NS NS NS NS NS NS NS

Table 3. Effect of phosphorus and potassium on days to 50 per cent flowering of French bean cv. Contender

——— e B s Ll E i
T R e s e e e e L e e S L L e e e

Treatmentc 19493 1994 soghar
Fo Pag Pao P120 HeRE By Pa0 Pgo Rigi;  Hean Yo Pa0 Feo Pzo Mot
Ko 34,31 34.00 34.00 32,67 33.75 35.67 35.33 35,00 34,33 35.08 35,00 34.67 34.50  33.50 g:';g
Kig 34,00 33.67 33,7 33,33 33.67 15.00 34.67 34.33 34,00 34,50  J4.50 34.17 34.00 33-33 33.71
Ko 34.00  33.67 31.67 33.67 33.25 15.00 34.00 32.67 35.00 34.17  34.50 33.83 32.17 3:'33 33.83
Kso 33.00 32.67 33.00 33.67 33.08 34.33 34.33 34.67 35.00 34.58  :3.67 33.50 33.83 .33 5P
R S e s S e 34.04 33.63 33.96

Mean 33.83 33.50 33.08 33.33 33.44 35.00 34.58 34.17 34.58 34.58 3q.42

i
P ——— PR Ll Ll
I S S =m =

PxK PxExY

0.465 0.657

164 D.232 0,232 0.3329 0.329
5" 0.4 HE

0.34 0.47 0. 47 NS NS
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The combined effect of P x K at 80 kg P505 and 60 Kg
K20 per hectare made the crop to flewer in 32.17 days after

gowing, which was 2.83 days earlier to the control.

4.1.3 Days to first picking

A cursory glance of the pooled data in Table 4 and

analysis of variance (Appendix-1I1) extrapolated that the days

to first picking of French bean, was significantly affected

by years and various levels of phosphorus and potassium

either alone or in combination. Bowever, the interaction

effects of PxY, KxY and PxKxY were found to be non-

significant.

Applicaticn of phosphorus induced early maturity over
the control at the rate of 80 kg P;0gfha (46.82 days). This
treatment was at par with Pgq and Py3g. Similar effects were
observed with the potassium application of 60 kg K30 per
hectare (46.79 days). This dose was also showing non-
significant differences with the higher (Kgg) and lower (Kap)
levels of petassium. Minimum days to first picking were also

recorded at PggxKgg level (46.00).

4.1.4 Number of branches per plant

An analysis of variance (Appendix-1I) indicated

significant differences among the wvarious levels of

phosphorus and petassium, year and PxX & KxY interactions on

number of branches/plant in French bean. However, PxY, PxKx¥

were found to be non-significant.



:b::FQ. Effece of phosphorus and potagsium on days to firet picking of French bean cv. Contender
Treatments 1993 1994 Pooled
. Fa0  PBo i i R Fo Pao P80 Piyn Uaan Po Pag 80 Pi130 Mean
Kqy 47.67 47.33 46.67 46.313 47.00 48.67 48,33 48.00 47.33 48,08 48.17 47.83 47.31 46.82 47.54
Kap 47.33 47.00 46.33 46.31 46.75% B.00 47.67 47.67 47 .33 47.67 47.67 47.33 47.00 46.83 47.21
Kgo 47.00 46,33 46.00 46.67 46.50 47.67 46.67 46.00 48.00 47.08 47.33 46.50 46.00 47.33 46.7%
Kap q6.33 46.33 46.33 46.67 46.42 47.00 47,133 47.67 48.00 47.50 46.67 45.83 47.00 47.213 46.96
Mean 47.08 46.75 46.33 46.50 45.867 47.813 47.50 47.13 47.67 47.58 47. 46 47.13 46.81 47.06
Peoled b¢ P K PxY Xxt Pak PxExY
S.Ed.» 0.153 0.216 0.2l 0.305 0. 305 0.4131 0.558
co{P‘ﬂ-OS} 0.3 0.44 0.449 NS NS 0.88 NS -
Table 5. Effect of phosphorus and potassium on number of branches per plant of French bean cv. Contender
Treatmens s 1993 1994 fodied
N e W T W oW Wb Mg R ML ol
Xg 6.13  7.30  8.20  8.60 7.56 5.63  7.00  7.23  7.90 5,94 5.6 nas 02 B8 ;::
Kjo  6.83  7.53  9.03  9.03 .11 623 7.83 840 B.S0  .T4 6.8 268 A2 AR O
Kego 7.17 a.13 9.717 9.313 8.60 1.10 8.10 9.83 5.13 B.59 7.13 8.22 5.80 9. 3.43
Kgg  7.73  8.27  9.20  9.17 8.59 7.23 @.0) 8.97 9.27 8.27  7.48  8.25 9.08 9.2 6.48
________ .---FF—Fb-——-———-———————-—-ﬂ-‘--l'--'---"'_—"——-"'____'__—-___-_-.----Hk----___——--'——-__--u“'----nn---ﬁ—__-n-- 1
Mean 6.97 1_81 9.05% §.03 B.22 6.55 7.79 8.61 8.70 7.91 6.76 180 i ?:? ____________
Pocled Y P K PxY ExY PxK PxRxY
5,Bd.x 0.071 0.102 0.102 0.144 0.144 0.203 ﬂ}é&?
0.1% 0.21 0,21 NS o.29 0.42

CO(p=0.05)
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An inguisition of the pooled data (Table 5} showed
that tha number of branches per plant elgnificantly increased
with the increasing levels of phosphorus application and
maximum (B.87) pumber of branches per plant were recorded at
120 Xg Py0g5/ha, which was at par with 80 kg P,;05/ha. 1In case
of potassium application, at &0 kg KsOfha, recorded maximum
(B.60) number of kranches per plant which was at par with 90
kg KsC/ha. The c<limatic factors in the year 19393 were
favourable for K application to¢ produce more number of

pranches per plant, than in 1994,

Maximum number of branches/plant (9.30) were recorded

with the combined application of 80 kg P05 and 60 kg KyO/ha.

4.1.5 Leaf area (cm?2)

The mean leaf area as depicted In the Table & arnd
ANOVA in.Appendix~II, was significantly influenced with the
application of phosphorus and potassium. The test of

homogeneity was found significant and hence the pooled
analysis could not be carried out. Interaction effects of PxK

were found to be non-significant during both the years.

Leaf area significantly Increased with the application

of pheosphorus and potassium and maximum values were recorded
at Pgg (510.53 cm2) and Pyjq {561.74 cm2) in 1993 and 1994,
respectively. In case of potassium, the leaf area was maximum
at Kgp (484.81 cm2 and 503.43 cm2}, which was at par with
Kgp, during 1993 and 1994.



Table &. Effect of phosphorus and potassium on leaf area (cm2) of French bean cv.
Contender
Treatments 1993 1994 i
Pp Pao Pggn Piap Mean Pg Pso Pagp Pia20 Mean
Kg 337.78 351,38 442.44 476.07 401.92 345,23 356,93 426.30 526.20 413.67
KBU 380,61 428.60 5BH0O4.04 479.47 446,18 357.17 423.73 473.00 564.40 456.83
Kﬁg 386.35 438.11 545,60 512.25 470.60 420.17 452.60 541.33 575.93 4987.51
Kgp 180.45 452.62 55D.05 555.12 484.81 392.233 469.00 570.93 580.43 503.43
Mean 371.30 417.93 510.53 505.75 378.98 427.82 %02.89% 561.74
1993 1994
P K PxK P K PxK
S.Ed+ 15.364 15.364 30.728 22.581 22.581 45.161
CD (p=q.05) 31.97 91.37 NS 46.11 46.11 NS
Table 7. Effect of phosphorus and potassium on Plant height (cm) of French bean cVv,
Contender
Treatments 1993 1994
Py Psp Pgo Pizg0 Mean Pp Psp Pgg Plgg____ﬁff?_
Ko 30.27 36.91 J9.60 40.33 36.78 30.17 36.57 39.67 41.93 37.11
K30 35.93 40.03 42 .63 42.00 40.15 37.37 42.67 47.33 45.17 43.1;
Kﬁﬂ 40.17 40.8B0 44,30 43.93 42.30 39.30 45.50 50.20 50.73 46.;3
Koo 38,33 40,17 43.47 43.37 41.33 40.323 43.37 50.41 53.43___2?;__
Mean 36.18 39.48 42.50 42.41 36.79 42.05 46.91 47.81 =
1993 1954
P K PxK P K PxX
$.Ed+ 0.546 0.546 1.094 2.399 2.299 4.799
% .42 .03 4.90 4.90 NS

€D (p=0.05) 1.12
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4.1.4 Flant height {(cm)

The observations racorded on plant helght ({zm), as
influenced by varlous treatments, have boen presentord in
Tabla 7. The test of homogenelity was found signiricant and

hence the pocled analysis for two years was not performed,

Plant healght was slgniticantly Iincreased wlth the
increase in lavels of phesphorus and potassium and tallar
plants were obtalined with the lower doses of phoephorus (80
kg/ha) and potassium {60 kKgtha), during 1993, in comparison
to the higher doses of these nutrients i.e.

Fizu and Kgp
during 1994.

Plant helght was also geen to bo influenced by ExK
interaction during 1993. Maximum plant height (44,30 ¢m) was
recorded. at the application o! 80 kg F305 In conjugation of

60 kg K50 per hectare.

4.2 YIELD AND ITA COMPONENT CHARACTERIETICS

$d.2.1 Pod langth {cm)

An analyasis of varlance (Appendix~II}) Ahoweed
significant effects of phosphorus, potassium and year on the
pod length of the c¢v. Contender. The interaction arfects ot
PxY, KxY & PxK were signiticant, while DxExY effects were

non-slgniticant (Table B and Fig.4),
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reatments 1993 1994 Pooled
Po P40 Pga Pi20 Mean FPg Pao Pap P120 Mean Pq P40 Pag Pi2p Mean
Kg 14.14 14.99 15.15' 15.31 14.90 12.2F 13.00 14.01 14.60 13.47 13.20 13.99 14.58 14.96 14.18
Kip 14.69 15.03 15.60 15.58 15.23 12.83 14.64 15.35 15.50 14.58 13.76 14.84 15.48 15,54 14.90
Keo 14.96 15.37 15.65 16.07 15.51 14.02 15.60 16.27 16.27 15.54 14.49 15.48  15.96 16.17 15.53
Koo 15.01 15.37 15.52 16.08 15.4% 14.06 15.60 16.28 16.28 15.%6 14.53  15.49 15,90 16.18 15.53
Mean 14.70 15.19 15.48 15.76 15.28 13.29 14.7! 15.48 15.67 14.79 14.00 14.55 15.48 15,71
Pocled Y P K PxY FxY PxkK PrExY
5.Ed.+ 0.079 ©0.111 D0.111 0.158 0.158 0.223 0.315
€D p=0.05} 0.18 0.23 0.23 0.32 0.32 Q.46 NS

ble 9. Effect of phosphorus and potassium on pod girth (cm) of French bean cv. Contender

eatments 1993 1994 rooled

Po Pa0 Pgp P120 Mean P Pa0 Pgog  P1zp  Mean Po e Teo e T

Ko 2.8 3.06 .05 3,03  2.99  2.90  2.99  3.00 3.03  2.98 2.30  3.00 3.03 3.0 i 3:

X30 3.02  3.03 308 3,08 3.05 303 3,03 308 10 308 302 o3 306 -8R Jeo

Ko 3.03  3.18  31.1%9  3.26  3.1s  1.01  3.16  3.19  3.19 3.4 3.03  3.17  3.1% g o0
Kgo 3.02 3,11 3.12 3.15  3.18 3.03  3.16  3.1%  3.22  3.18 303 g AR AR AR
Mean 2.99 3.08 3.11 3.11 3.07 3.00 3.09 3.11 1.14 3.08 2.91 - y ii_-“fjf ----------

""""""""""""""" -k o = o I R R r P K Px¥ ExY PxK Py

5.Ed.* 0.017 0.024 0.024 0.03a 0.03¢ 0.048 a.gss

£ 6.08  0.05 NS NS NS "

CD(p=0.05) us
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Phosphorus & 120 kg/ha, recorded maximum pod length of

15.71 cm, which was at par with 80 kg P30g/ha. Similarly,

nigher doses of potassium j.e., 60 kg and 90 kg/ha, both

recorded maximum pod length of 15.33 ocmn. The comhined

application of phosphorus € 120 kg and potassium 8 90 kg per

hectare produced lcongest pods (16.18B ¢m), which was non-

signiflcantly different from Pya0xXKgp, PgoxKgg and PgaxKgp.

Pod length wae drastically reduced in 1994 as compared teo

1993, The environment was more congenial for phosphorus and

potassium application in the former year than in the latter.

4.2.2 Pod girth (cm)

A cursory dglance of the pooled data in Table 9 and
analysis of variance {(Appendix-II) extrapolated that the pod
girth of French bean, was significantly affected by various

levels of phosphorus and potassium. However, the ipdividual

gffect of years and interaction affect of PxY, KxY¥, PxK and

PxKxY¥ was found to be nen-significant.

An inguisition of the pooled data indicated that the

pod girth increased with the successive levels of phosphorus

application. It was maximum {3.13 cm) at P55, which was at

par with Pgg. 1In case of potassium application, maximum pod

girth {3.15 cm) was recorded @ 60 kg K,0/ha, which was at par
with 9¢ kg K;0/ha.
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4,2.3. Humbasr of pods per plant

A parusal of the pooled data (Table 10 and Flygy.5)
revealed significant effect of phosphorus, . potassium, years
and PxK interactions on the number of pods per plant in
French bean. However, lnteraction eftecta of PXY, KxY and

PxKxXY were found to be non-signiflcant (Appendix=I1}).

Maximum number of pods per plant (21.47) were produced
at Pgg, which was showing non-significant differences with
Pi20- Potagaium application @ 60 kg K30/ha also produced
maximum {21.42) number of pods per plant and was at par with
higher lewvel (Kgg). The agro-climate in 1994, enhanced the
overall number of pods per plant in French bean ovwv,
Contender. The combined application of phospherus and
potassium at PpgxKgp produced the highest (24.42) number of
pods/ plﬁnt. This increase was 102.1% per cent higher over

the cantrel (PpKg).
41.2.4 Green pod vield per plant (g}

The data recorded on green pod yield/plant in 1993 and
1994, was found to be homogenous and hence, pooled analysis

of wvarlance ({Appendix-IT1) was conducted. Table 11

extrapolates that the application of phosphorus and

potassium, individually or in combination, had significantly

influenced the green pod yleld per plant, whereas year, PxY,

KxY and PxKxY effects were non-significant.



Table I0.

Effect of phosphorus and potagaium on number of pods per plant of French bean ¢v. Contender

Treatments 1933 1994 Poaled -

Py Pao Pgo Py20 Mean Pp Pgg Py20 Nean Pg Pao Pgo P120 Mean

Ko 11.13  13.27  16.47 16.93 14.45 13.03 14.40 17.47 18.43 15.83 12.08 13.83 16.97 17.68 15.14

X30 15.50 18.331 20.37 19.33 18.38 15.63 19.07 22.67 20.17 19.38 15.57 18.70 21.52 19.75 18.88

Xg0 16.03 20.30 22.43 22.47 20.31 15,77 21.77 26.40 26.17 22.53 15.90  21.03  24.42  24.32 21.42

L 16.53 19.70 21.47 21.87 19.89 16.57 13 24.50 25.77 21.99 16.55 20.42 22.98 23,82 20.94

Mean 14.80 17.90 20.18 20.15 i8.26 15,25 19,09 22.76 22.63  19.93 15.02 18.50 21.47 71.19

Pooled ¥ P K PxY ExY PxX PrExY
S.Ed.+ 0.458 O0.648 0.648 ©.917 ©0.917 1.296 1.813

€0 (p=0.05}) .94 1.32 1.32 NS NS 2.65 NS

Table 11. Effect of phosphorus and potassium on green pod yield per plant (g) of French bean cv. Contender

Treatments 19913 1994 Pooled
Pp Pag Pap Piap Mean Pp Pao P12g Mean Pp Pao Pap Pi20 Hean
Kg £9.00 B82.17 110.33 10%.687 92.79 76.17 A8.83 106.00 105,232 94,08 72.58 §5.50 108.17 107.%0 93.44
K3p 91.67 112.50 128,31 128.33 115.21 57.83 122.83 137.00 125.33 120.75 94.75 117.57 132.87 126.83 117.98
Keo 107.00 131.67 151.33 150.60 135.15 101.313 136,00 169.20 166.33 143.17 104.17 133.83 160.27 158.47 1;:13
Kgo 106.72 131.17 150.00 150.683 134.568 107.33 132.02 15%9.867 169.67 142.117 107.03 131.59 154.8] 160.25 1 :—_-

114.38 135.00 134.86 119.46 95.67

L e Ryt S o o R B =

115.92 142.97 141.67 125.04

L= e S e
P— o .
o i e e T B T -

CD{p=0.05) B

94.63 117.15 138.9%9 138.26

e p—— L DLk

Pocled 4 P K ExyY ExY PxK Px¥aY
S$.Ed.* 2.752 3.892 3.8%2 5.505 5.505 7.785 11.009
& 7.9% 7.95 NS NS 15.90 NS
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Application of P05 ® 80 Rg/ha, produced maximum green
pod yield per plant (138.%9 g}, which was at par with 120 kg
PoOsg/ha. Potassium application at Kgp recorded maximum

green pod yield/plant (139.19 g), which was at par with Kgqp.

The green pod yield per plant, influenced
signiflicantly by the PxK interaction, was maximum (160,27 g)
at 80 kg P30s aleng with 60 kg K;0 per hectare. 1t gave an

overall increase of 120.79 per cent as compared to the

control (PpKgl.
4.2.5 Graan pod yleld per hactare (gqg/ha)

The mean performance of cv Contender for green pod
yield {gq/ha} as influenced by the main effects of P and K,
and PxK interacticns have been presented in Takle 12 and
illustrated graphically in Figure &, An ingulsition of the
pooled analysis of variance (Appendix-11) indicated
signifigcant differences among the wvarioua levels of
phosphorus and potassium, vyear effects and interaction
effects of PxK on green pod yield aof French bean, However,

PxY, KxY and PxKxY was found to be non=significant,

Application of phosphorus 2] BO kg P30g5/ha
significantly out yielded, (99.70 ¢q/ha), the other phosphorus
doses except Piap. Potassium when applied @ 60 kg K,0/ha
was

produced maximum pod yield ({100.17 q/ha), which

statistically superior to other potassium levels. The



i1
climatic conditions Lln the year 1994 were congenial for
ehhanced production of green pods.

Green pod yield of French bean, as influenced

significantly by the combined application of P and K, was

maximum (112.96 g/ha) at PgoxKgg- It was 90.10 per cent
higher than the contral (PgxKg). g
4.3 QUALITY ATTRIBUTES

4.3.1 Protein-content in graen pod {%)

The pooled analysis of variance (Appendix~II) revealed
signlficant effects of phospherus, potassium and their
interactions on protein=-content in green pods of French bean.

The effects of PxY, KxY and PxXExY¥ and year were found to be

non=signiflcant,

The data in Table 13 and Figure 7 revealed that the
higher deoses of phaspheorus i.e. Pgp and Pisp produced maximum
protein-content (1.89%). A linear increase was ohserved with

the increasing levels of potassium upto Kgp, however, a non-

significant decline was aobserved at Kggp.

The combined applicaticon of phosphorus and potassium B

80 kg Py05 and 60 Kg K0 per hectare, produced highest

protein-content (1.95%) in green pods.
4.2.2 PpPar cent dry matter content in pods

Per cent dry matter content of pods, as influenced by



Table 12. Effect of phosphorus and potassium on green pod yield {g/ha] of French bean cv. Contender

Treatments 1993 1994 Pooled
Pp Pao Pao P120 Mean Py Pao Pgo Fi20  Mean Pg P10 Pgo P120 Mean
Kp 55.33 6E.8B1 74.30 77.11 68.39 63.50 80.50 H84.82 BD. 46 77,32 £9.42 73.66 79.586 78.79 72.85
Kap 12.74 82.74 99.56 87.19 85.56 7B.27 84,27 98. 64 101.46 90.66 75.51 23.51 99.10 94,32 8B.12
KGD 76.63 92.37 110.96 112,26 98.30 85.72 95.69 114.96 112.23 102.1% g1.18 54.03 112.96 112.25 100.17
Kgp 8l.40 0.37 104,37 111.48 96.91 87.72 97.96 109.56 109.68 101,33 B4.56 g4.17 107.1¢ 110.58 99,12

e o . e e e o L o e T o S e b S e o o o S S L . e o Y et et

Mean 71.83 83.07 97.30 97.01 87.29 78.81 89.60 102.09 10G.96 91.86 15.17  86.34 99.70 99.00
Fooled Y P K PxY ExY Prk PxKxY
S.Ed.t 2.017 2.853 2.B53 4.035 4.035 5.706 8.068
CD(p-p.0s) 94-12 5.83 5.83 NS NS 11.65 NS
Table 13. Effect of phosphorus and potassium on protein content (%) in green pods of French bean cv. Contender
Trearmentsa 1593 1554 Pooled
Po Pao Pao P1p0  Mean Pg Pso  Paso  Pizp Mean Py bap Tep e o
Kp 1.42 1.80 1.77 1.82 1.65 1.44 1.61 1.78 1.82 1.65 1.43 1.61 1.76 1.82 i.gg
K30 1.6 1.71  1.9¢  1.80 1.77  1.59 1.6 1.%0 189 1.7 ME FE e i b
Keo 1.75 1.87 1.94 1.94 1.87 1.7% 1.87 1.95 1.94 .88 1.75 1.87 1.95 1.94 o
Xs0 1.96 181  1.94 1.9s 1.8s 1.7  1.83 1.94  1.91  1.86 1.75 L8219 153 1.8
Mean 1.63 175 1.89 1.90 1.79 1.63 1.75 1.88 1.89 1.79 1.63 1.75 1'83_*__3:f3-_--___-
e A M S e Tttt Tl ¢ P K PxY ¥xY PxK FExy

0.043 0.06l

D.01% 0.022 0.022 0.031 0.031
.09 NS

S.Ed.*
0.04 D.04 NS NS

CD{P‘=G.U‘5] NS
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various treatments has been presented in Table 14 {Fig. &}
and their pocled analysis of variance (Appendix-I1} revealed
significant effects of phosphorus, potassium and PxK
interaction on the dry matter content of the pods. However,
year, Px¥, Kx¥ and PxKxY effects were found to be non-

significant.

It is evident from the pocoled data that the dry matter
content in pods significantly increased with the increasing
levels of phosphorus and maximum dry matter content ([9.0%)
was recorded at 80 kg and 120 kg P05 per hectare. Similar
trend was observed in case of potassium application and the
maximum value was recorded at Kgp {8.95%), which was at par
with 60 kg K;0/ha. Maximum dry matter content was recorded

with the combined application of 120 kg P05 and 20 kg K30

per hectare (9.19%).
4.3.3 Per cent dry matter in plant

The effect of various levels of phosphorus and
potassium on the dry matter content of plants (stem + leaves)
at second picking stage has been presented in Table 15 and
Figure 9. The correspanding pooled analysis of variance
{Appendix-I1} have shown significant effects of phosphorus,
potassium and their interactions on dry matter

in plants,

while year, PxY, KxY and PxKxY effects were found to be non-

significant.



Tabrle 14-

Ftfect of phoswphorus and potassium on per cent dry matter in pods of French bean cv. Contendsr

L e, e e

Treatments 1993 1994 Pooled
— PO PIU PB.D 9120 Mean FD P‘o Pao PIZG HMean Fu 940 PED P:zu Mean
KO 7.15% T.85 8.55 B.59 8.04 7.13. 7.97 8.52 B.60 B.O& 7.14 7.91 8.54 B.60 8.0%
K3g T.82 8.27 8.98 9,10 B.55 7.84 8.26 5.02 8.99 B.53 7.84 8.27 9.00 9.05 B.S4
Ko 6.54 8.87 9.1% 9.16 B.93 8.56 8.88 9.17 9,18 B.95 #.55 a.84 9.1% 9,17  H.94
Kgg 8.55 B.%0 9.16 %9.18 B8.95 .57 A.B9 9,18 9.1%9 B.96 B.56 a8.%0 9.18 9.19 8.95
Mean B.02 8,47 8.96 9,01 8.862 B.03 8,50 8.97 8.95 B.62 B.02 8.49 9.00 9.00
Pooled b 4 P K oxY KxY PxE PxExY
5.Ed.» 0.058 0.082 0.082 0.12 o.12 0.164 0.020
C‘D[P=0_051 NS 0.17 0.17 HS NS 0.33 NS
Table 15. Effect of phosphorus and potassium on per cent dry matter in plant at 2nd picking stage ol French bean cv. Contender
Treauments 19943 1994 Poaled
Po Pao Pgo P1i0 Mean Pp Pag Pgo P120 Mean Po Pso Pap -fff?-_-ffff-_-
Kq 6.84 7.16 7.40 7.41 7.20 6,90 7.19 7.42 7.43 7.24 6.87 7.18 T.41 I.u ;.ig
Kag 7.33 7.59 7-76 7.79 7.62 7.31 7.43 7.79 1.81 7.59 7.32 7.51 7.78 ?,.80 a-n&
560 7.62 7.88 8.37 B.43 B.Q8 7.5%8 7.62 B.42 8.45 8.02 .80 7.75 8.a0 8.49 -4z
6 8.04 7.62 7.78 8.44 8.4 B.O
Kqo 7.63 7.92 B.413 8.45 a.11 7.€61 7.64 8.44 8.4 2 Koo sliicain
Mean 71.35 7.64 7.99 8.02 1.75 7.35 7.47 8.02 5.04 7.72 7.38 7.56 8.00 _f:gf,,,_---_
TR S . L i Pooled ¥ P K PxY KxY PxK PaoeY
5.Ed.+ 0.028 0.039 0.039 0.0%6 D.056 0.079 0.0112
~ NS 0.08 0.08 NS NS 0.16 NS

CD(ps0,0%}
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Pooled dry matter gontant(®) In pods
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An ingquisition of the pooled data deduced linear
pregress in the dry matter content of plants with the
application of phosphorus and potassium as well. Dry matter
content produced at Pypsg (8.03%) was at par with Pgp and that
produced at Kgp (8.07%) was statistically comparable to Kggp-
The same doses produced 8.46% dry matter in plants when

applied in conjugation.

4.4 DRY MATTER ACCUMULATION

4.4.1 Dry matter accumulation by poda {kg/ha)

The pooled analysis ¢f variance pertaining to dry
matter accumulation by pods (Appendix-I11) deduced significant
effects for phospherus, potassium, years and interaction
effects of PuxR. The interaction effects of Px¥, HKxY and

PxKxY were found to be non-significant (Table 16).

A linear increase in dry matter accumulaticen was
observed upteo Pggp which recorded 89%7.42 kg/ha dry matter
accumulation and was at par with Pysg. In case of potassium,
maximum dry matter accumulation (898.84 kg/ha) was recorded
at Kgp and was at par with EKgp. However, the interaction

effect at Py % Kgp 9ave the maximum dry matter accumulation

(1023.98 kg/ha). The dry matter accumulation by pods was more

in 1994 than 19933.
4.4.2 Dry matier accumulation by French bean plant {kg/ha)

The analysis of variance for dry matter accumulation
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(kg/ha) by bean plant (leaves + stem) revealed significant
influence of individual and combined application of
phosphorus and potassium (Appendix-II). However, the effects

of year, PxY, KxY and PxKxY were found to be non-significant.

The maximum dry matter accumulation (173%.15 kg/ha) by
plant was observed with the application of 120 kg P;0g5/ha,
which was at par with Pgg. In case of potassium application,
highest dry matter accumulation (1745.02 kg/ha) was recorded
at 60 kg KpO0/ha, which was showing statistical proximity with
90 kg KaO/ha.

Maxlmum dry matter accumulation (1951.23 kg/ha) was
ghserved with the cowbined application of 120 kg P30g and 30

kg KaC/ha (Table 17)}.
4.4.1 Tatal dry matter accumulation by the crap (kg/ha)

The pooled analysis of variance (Appendix-I1) deduced
significant effects of phosphorus and potassium either alone

or in combination on the total dry matter accumulation by the

bean crop (pod + plant). Year, PxY, KxY and PxKxY effects

were found to be neon-significant,

It can be revealed from the pooled data (Table 18;

il

Fig.10) that the highest (2648.91 kg/ha) dry matter

accumulation by bean crop was observed at P55, which was at

par with BO kg Ps0Og/ha. In case of potassium application,



Table 16.

Effect of phosphorus and potassium on dry matter accumulation (kgfha) by pods of French bean cw., Contandaer

Treatmente 1993 15594 Pooled
Fo Pao Pgo P120 Hean. Ta Pso Pgo Fi29  Mean Fg Fao Pag Piz0 Mean
Ko 395.39 523.41 636.96 6B1.41 554.25 452.31 639.20 722.46 700.24 628,55 423.85 581.31 679.71 680.82 591.42
Kig 567.63 6€84.73 £94.44 794.71 735.38 606.79 €95.07 887.15 900.04 772.26 587.21 6B5.90 890.79 847,37 7s3.a2
Kso 653.67 619,60 1014,.42 1038.17 881.46 735,60 §46.32 1053.20 1029.78 916.22 694.63 832.96 1033.81 1033.98 898.84
LU 697.74 B803.73 961.23 1023.75 871.61 748,60 86B.25 1009.51 1007.4B 908.46 723.17 835.99 985.37 1015.61 890.04
Mean 578.61 TO07.87 B876.76 879.51 7Te0.69 £3S5.82 762.21 918.08 909.38 A£06.37 607.22 735.04 B97.41 B94.45
Pooled 4 P K PxY KxY PxK PrExY
5.Ed. ¢ 18.501 26.165 26.165 37.002 37.002 52.329 74.004
COyp-g.0sy 37-78 56.41 53.43 NS NS  106.88 NS

Table 17. Effect of phosphorus and potassium on dry

Traatments
Po
KO 1167.41
330 1298.76
KBO 1494.586
Kga 1492.84

Mean 1163.39

T ——

—— e e s S e s W

., . . S T D O O O s
o o T L . . . = -

matter accumulation (kg/ha) by plants of French bean cv. Contender

P40 PBG Plzn Hean FD P‘O PED PIZO Mean Po P“D pﬁﬂ _._EEEE-....TTTT___

1276.79 1441.73 1435.80 1330.43 1208.14 1322.71 1456.05 1468.35 1363.82 1187.78 1299.75 1446.89 1452,09 13;:-;;
1476.54 1500.74 1617.28 1498.33 1359.51 1471.11 1639.99 1596.78 1516.85 1329.14 1473.82 1620.37 1607.03 1345‘03
1615.55 1854.81 1912.59 1729.36 1511.60 1621.48 1937.77 1971.85 1760.68 1503.08 1618.52 1916.29 1912-22 i?44~17
1631.85 1911.1) 1921.73 1739.38 1522.22 1616.57 1881.09 1980.74 1750.16 1507.53 1624.21 1896.10 1951.2 el
1500.18 1712.10 1721.85 1574.38 1400.37 1}507.37 1728.73 1754.44 1597.88 1381.88 1504.08 1720.41 17]8~13 --------

Pooled ¥ P K PxY ExY PxE PxExY
S5.Ed,.+ 11.744 16.608 16,608 23_487 23.487 33.216 46.974
& NS 33.81 33.91 NS NS 67,83 NS

CB(p=0.05)
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maximum value (26%9.52 ky/ha} was cvheaorvoed abt 60 kg KaO/fhn,

which was statistically comparablo kte 0 kg KaD/ha.

Maximum dry matter accumulation {3I00%5.B3 kqg/ha) was

observed at 120 kg P20s and 60 Ky KzO/ha, whan applled in

combination.

4.5 BEVERITY OF RNAQULAR LEAF BPOT (%)

The pooled analyals of variance (Appendix=II) revealed
signpniticant eoffectas of dAdifferent levels of potaseium
application on diseaamse sevarlty which warn almo signifticantly
varlable over the vyears. While dltferent levels of
phosphorua, {nteraction effecta of Px¥, Kx¥Y, PxK and PxKxY

weére found to be non-significant.

The disease severity was reduced with the increanslng
levels of potassium (Tabla 19;Flg.14). Minimum angular loat
spot severity (21.49%) wae observed at the highest lovel ot
potasslum (90 kg K;0/ha}, however, it was at par with RO xg

K;0/ha. The severity was comparanly lesser in 1993 than 1994,

i.6 CHEMICAL STUDIEAS IN PLANTB

4.6.1 Per cant nitrogen centent in pods

The ANOVA of the pooled data on H-content In pods of
French bean (Appendix-II) revealrd significant influance of
var ious levels of phosphorus, potassium and their
interactions, The effects of year, PxY¥, KxY and PxKxY¥ were

tound to be non-significant.



1A se Lo, errecc or phosphorue and potasalum on toral dry matter accumulation (kg/ha) by crop of French bean cv. Contender
Treatmants 1993 1994 Pocled
Fp Pio Pgg Py20 Hean Pg Pap Pao Pyag Mean Po Ban Pagp P120 Hean
Kn 1607,20 1845.923 2093.01 2129.80 1918.%8 1660.45 1961.91 2178.51 2168.63 1992.18 1633.83 1903.92 2115,.76 2149.21 1955_68
KJD 1927.20 2156.0) 2534.45 2391.66 2252.31 1966.30 2166.18 2527.14 2496.82 2289.11 194&.70 2161.0% 2530.80 2444.24 2270.71
Kgo 2165.27 2441.09 2952.15 3010.02 2642.14 2247.20 2467.80 2930.97 3001.63 2676.90 2206.23 2454.44 2971,.58 3005.8) 2559.52
Kgg 2219.96 2420_.33 2842.32 3004.48 2621.76 2270.82 2484.83 2757.27 2988.21 2A25.28 2245.3% 2452.5B 2799.80 2996,35 2£623.53
Mean 1979.8B8 2215.84 2605,.49 2633.99 2358.80 2015.19 2270.18 2613.47 2663.82 2395,.92 2008.04 2243.01 2609.48 2648.91
Pooled Y P K PxY KxY PxK Px¥xY
5.Ed.*+ 23.190 32.796 32.796 46.381 46.381 H5.592 92.786l
CD(p=0.05} HS 66.97 66.97 NS NS 1313.94 NS

Table 19. Effect of phoaphorus and potassium an “severity of angular leaf spot

{%)of French bean cv. Contender i

Treatments 1993 1994 Pooled

PCI P40 PEO Plzn Hean PC‘ qu PBG Fyap Hean Pﬂ P40 PEQ plﬂﬂ Haan _

Kg 25.25 25.93 24.77 23.80 24.924 27.32 26,38 26.45 25.07 26.30 26.28 26.156 25.61 24.41 25,62

Kip 23.00 23.10 20.82 23.432 22.59 24.68 24.17 22.87 2313 23.7) 23.84 23.63 21.84 23.28 23'12

Keo 21.98 21.22 19.68 21,87 21.19 23.80 22.3% 20.02 23.32 22.37 22.89 21,78 19.8% 22'3: 21-49
Kgp 21.37 20.48 19.78 22.47 21.03 22.30 22.2% 21.03 22.20 21.95 21.83 2137 20.41 22. “_:____
Mean  22.90 22.68 21.26 22.89 22.43 24,53 23.79 22.59 23.43 23.58 23,71 23.24 21.83 23.16

Pooled Y P K PxY KxY PxE PxExY

§.Ed.+ 0.554 0.784 0.784 1.168 1.108 1.567 2.217

" 1.13 NS 1.60 NS NS NS NS

CO(p=0.08}
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The concentration of nitrogen in the pods was
slgnificantly increased with the successive Iincreade of
phesphorus levels and maximum (3.37%) nitrogen content was
racorded at Pyop, which was at par with Pgp (Table 26). In
cage of potassium application, maximum M-content was obhserved
at Kgq, however, declined at higher potassium application
(Kgg) - Combined application of P and K, also elgnificantly
increaged N-content in pods and maximum {3.40%} Concentration

was recorded at Pgg X Kgo.
4.6.2 Par cent phosphorus content in pods

The pooled analysis of varlance (Appendlx-II1)
indicated significant differences for P and K & PxK
treatments. On the other hand, the effects of year, PxY, Kx¥Y

and PxKxY were fournd to be non-significant.

The highest P concentration (0.44%) was recorded at
120 kg P0s/ha, which was at par with 80 kg Py0g/ha (Table
21) . In case of potassium application, maximum P-content
{0.40%) was observed B 90 kg K,C/ha, however, 1t was showing

non-significant differences with Kgg and Kag. Significant
increase in P concentration of bean pod was observed with the
combined application of phosphorus and potassium, the highest

being 0.47 per cent at Pysg X Kgp.
4.6.3 Par cent K-content in pods

The ANOVA of the pocled data (Appendix III) have showh



Treatmants 1993 1994 Pocled
Po Pao Pgg P120 Mean Pg Psp Pag Fi20 Hean Pp Pao Pag Pl2p0 Mean
Xo 3.18 3.26 132 3.39 i.28 3.22. 324 3.28 3,38 3.28 3.20 3.25 3.29 3.38 3.28
l::m 3.22 3.30 1.39 3.3 3.31 3.24 3.27 3.37 3.36 3:31 3.23 3.29 3.38 3.35% 3,31
Keo 3,28 1.36 3.39 3.38 3.386 3.27 3.36 1.40 3.38 3.35 3.28 i.3s 1.40 3,38 31,36
Kag 1,28 3.26 3.39 3.40 3.33 3.27 3.30 3.37 o % - 3.32 3.27 1.28 3.18 1,36 1,32
Mean 3.24 3.30 3.d7 3.38 3.32 A.25 3.29 3.36 3.36 3.132 3.25 3.30 1.38 3.37
Pooled ¥ P K PxY ExY PxK PrExY
§.Ed.+ 0.01 0.014 0.014 0.02 0.02 0.028 0.04
€D p=g,05) NS 0.03 0.03 NS NS 0.058 NS

Table 21. Effect of phosphorus and potassium op per cent P-content in podsof French bean cv. Contender (Dry weight basis)

Treatments 1993 1994 Soolad
Pg Pan Fpop Pyap Mean Py Pan Pro Piap Mean Fp Pap Fap Pyao Hefr_l___

Kq 0.24 VO 0.36 0.41 D.33 0.25 0.33 0.35 0.41 0.34 0.25 0.33 0.36 0.4l 0.33

K3p 0.27 Q.35 0.39 0.43 0,36 0.28 0.36 0.39 3.45 0,37 0.28 0.36 0.39  0.44 o.ag

Kgq 0.29 0.37 0,43 0.45 0.39 0.29 0.38 0.45 0.46 0.40 0.29 Q.38 0.44 0.46 :‘iu
K90 0.30 0.38 0. 44 0.46 0.38 0.29 0.39 0.46  0.48 0.40 0.30 0.39  0.45  0.47 0.40
Mean 0.28 0.36 0.41 0.44 a.a7 0.28 0.37 0.41 0.45 0.38 0.28 0.36 0.41 _?;f:_____,__
Pooled Y P K PxY RxY PxK PxKxY
$.Ed. & o.007 0.011 0.011 0.015 0,015 0.02) 0,038

= NS 0.02 ©.02 NS NS 0.04 NS

CDyp=0.08)
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sighificant effects of phospharus, potassium, year and PxK
interaction o©on X-centent in the pods. However, the
interaction effects of PxY, EKxY and PxKxY were found to be

hon-significant.

Application of phospherus ® 120 kg/ha, produced
highest (2.55%) K-content in pods, which was at par with Pgg.
K-content was significantly increased with the successive
levels of potassium applicaticn and the maximum {2.56%)
concentration was observed at %0 kg K30/ha, which was neon-

slgnificant with Kgg.

The concentration of X in pods also increased with
combined applicaticon of P and K and maximum {2.75%) value was
chserved at 120 kg P05 and 920 kg K30 per hectare,
respectively. In 1994, K concentration in peods was more as

compared to 1993 (Table 22).
4.6.4 Per cent Nitrogen centent in bean plants

The pooled analysis of variance for N-content in bean
plants at second picking stage of the crop (Appendix-II)
showed significant effects of phosphorus and potassiunm
application. While year and interaction effects of PxY, KxY,

PxK, and PxKxY were found to be non~significant (Table 23).

Content of Nitrogen in plants significantly increased
with the increasing doses of phosphorus and highest N

concentration (2.67%) was recorded at 120 kg P,05/ha, which
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wag at par with 80 kKg P20s5/ha. in wase of potassium
application, maximum N-content (2.67%) in plants was cobserved
at 60 kg K;G/ha, but thereafter, it showed a declining trend

at higher level (90 kg K,0).
4,6.5 Per cent phosphorus c¢ontent in bean plants

The corresponding analysis of wvariange [Appendix-II1)
showed significant differences due to the application of
phosphorus and potassium, while years effect and interaction
effects of PxK, PxY¥, EKxY and PFxKxY were found to be non-

significant.

The pooled data revealed sjignificant increase in the
phosphorus treatments and the highest P-content {0.43%) was
recorded at Pjiaq, which was at par with Pgg. Similar trend
was observed in case of potassium application, where maximum
{0.40%) concentraticn of P in plants was recorded at 90 kg

KE20/ha, however, it was at par with 60 kg K;0/ha (Table 24).

4.6.6 Per cent potassium content in plants

The pooled analysis of variance (Appendix-II) on
pooled data computed significant effects of phosphorus and
potassium application either alene or in combination on %-

content in bean plants. However, year and PxY, KxY, PxKxY

effects were found to ke non-significant.
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Treadtments 1993 1994 Pooled
N—— Po Fso Pao P120 Mpan Py Pao Pgo P12  Mean Po Pag Pao Pl20 Mean
Ko 1.B0 '2.01 2.18 2.20 2.05 1.87- 2.09 2.25 2.28 2.12 1.84 2.05 2.22 2.24 2.09
K30 2.08 2.22 2.42 2.43 2_.29 2.15 2.31 2.4% 2.50 2.38 2.12 2.27 2.46 2.47 2.31
Kgp 2.21 2.44 2.87 2.68 2.5D0 2.2% 2.52 2.76 2.78 2,59 2.25% 2.48 2.72 2.73 2.5%
Kgg Z2.23 2.4% 2.69 2.70 2.52 2.31 2.53 2.77 2.79 2.60 2.27 Z2.49 2.73 2.75 2.56
Mean 2.08 2.28 2.49 2.50 2134 2.16 2,36 2.587 2.59 2.42 2.12 2.32 2.53 2.5%
Fooled b4 P 4 PxY xy PxK PrExY
S.Ed.+ 0.4016 9.023 0.023 0.033 0.033 0.046 0.066
Cﬂ{p=n‘05] 0.03 0.08 0.05 HE NS 0.09 us
rable 23. Effect of phospharus and potassium on per cent N-content in plantsat 2nd picking stage of French bean cv. Contender (dry
weight basis]} '
reatments 1993 1994 Pooled
Pn Pan Pao Piap Mean Py P4o Pao P20 Mean Py Fao ___Pﬁe _____ EEEE-_..’ETT.---
o 2.43 2.48 2.581 2.58 2.50 2.44 2.81 2.54 2.58 2.51 2.44 2,80 Z.52 2.58 2.51
Kip 2.47 2.55 2.66 2.65 2.58 2.489 2.57 2.66 2.67 2,60 2.48 £-56 it b g-:?
KEC- 2,56 2.684 2.2 2.74 2.87 2.58 2.62 2.76 2.77 2.68 2.56 2.63 2.74 2.75 2'61
Kgg 2.49  2.58  2.6Y 2.67 2.60 2,52 2.60 2.68  2.68  2.62 2.51 2.5  2.68  2.68 2.61
Mean  2.4%  2.56  2.64  2.66  2.53  2.50 2.8  2.66  2.68  2.60 2.50  2.57  2.6% f_fz ________
Pooled ¥ P ¥ PxY ExY PxFE PxExY
S.Fd.+ 6.016 ©0.017 0.017 0.02& 0.024 0©.040  0.048
;i - NS NS NS L
CD{P-:D.OSJ NS Q.04 0.04
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An inguisition of the pcoled data (Table 25) reveals
that the K-content significantly increased with the
increasing levels of phosphorus application. The maximum K-
content (2.50%) in plants was observed at 1280 kg Py0g/ha,
which was at par with 80 kg PyCg/ha. Similar trend was
ohserved ln case of potassium application, where maximum X

concentration {2.53%} was recorded at %0 kg K,0/ha, which was

exhibiting non-significant differences with 60 kg K;0/ha.

Interaction effects of PxK on potassium content

in
plants was significant and the hlighest value (2.72%) was
recorded at 120 kg P05 along with 90 Xg K;0/ha.
4.7 NPE UPTAREE
4.7.1 Nitrogen uptake by pods (kg/ha)
Analysis of variance (Appendix-~IT) indicated

significant effects of phosphorus, potassium and their

interactions on N-uptake by pods. However, effects of year,

Px¥, KxY and PxKxY¥ were found to be non-significant.

The results presented in Table 26 showed that wmaximum
N-uptake (30,03 kg/ha) was reccrded at 120 kg P50
application, which differed non-significantly from 80 kg

P50g/ha. potassium application at 60 kgfha recorded the

highest (30.21 kg/ha) WN-uptake, which was non-significantly

higher than 90 kg K;O0/ha (29.11 kg/ha). The highest value of
35,11 kg/ha was observed at 80 ky P05 coupled with 60 kg
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Taple 24. Effect of phosphorus and potagalum on par cent P-content Ln plants at second picking etage of French bean cv. Contendar
(dry waight bagis).

Treatments 1993 19393 Pooled
Pg P40 Pgo Pi20 Sman. g Pso Pgo Fi0  Mean Py Pgo Pao Pyzp Hean
Kg 0.26 0.32 0.36 0.39 0.33 0.29  0.32 0.36  0.39  0.34 0.28 0.3z 0.36 0.39 0.34
o e k30  0.28 0.36 0.39 0.41 0.36 0,31  0.35 0.40  0.43  0.37 0.30 0.35 0,39 0.42 0.37
< §Xgo 0.31 0.38 0.43 0.44 0.39 0.34  0.37 0.43  0.45  0.40 0.33 0.38 0.43  0.44 D.39
w tKgp 0.33 0.39  0.44 0.45 a.40  0.35 0.38 0.44 0.46 0,41 0.34 0.39  0.44  0.45 0.40
L s s e e e, e e ————— o . P e o i i e o e g e e i S S g g e e
g {Mean 0.0 0.36 0.40 0.42 .37 0,32 0.36 0.41 0.43 0,34 Q.31 0.1s6 0.4l 0.41
E-—'* . e - ——— T —— - ——" i el S W U S i S ey — T —— —— i ———— ——— o " " W . S el = s W T W S — W ————————— S gl -
[ =y
%;1,: pPooled ¥ P X PxY RxY PxF PrExy
E3 S.Ed.# 0.007 ©0.009 ©0.009 0©.014 0.014 0.01%  0.028
H D p-0.08; NS 0.02 0.0z NS NS NS NS

;-Tag 25. Effect of phosphorus and potassium on per cent K-content in plants at second picking stage of French bean cv. Contender

e {dry weight basis)
Treatiments 1993 1994 Fooled
Pp Pan Pap Pyap Mean Pg Pan Pgn Pysn Mean Pg Pian Pag __..-3139-—-.2;&32-"-
Ko 1.76 1.98 2.13 2.16 2.01 1.77 2.01 2.13 .13 2.02 1.76 2.60 2.13 2.17 :g;
KJQ 2.11 2.18 2.29 2.440 2.25 2.13 2.28 2.40 2«35 2.29 2.12 2.22 2.35 2.40 2-51
Keo 2,23 2.33  2.67  2.69  2.50  2.22  2.42  2.72 2.71  2.52 2.23. ARl aeis ;:: 2.5
K90 2.25 2.44 2.68 2.70 2.52 2.24 2.45 2.74 2.73 2.54 2.25 2.44 2.71 i
Mean 2,09 2.25% 2.45 2.49 2.32 2.09 2.28 2.50 2.s0 2.34 2.09 2.27 2.47 jf‘i’_—“ _____
pooled Y P K PxY KxY PxK Pahict
$.Bd.* 0,014 0.020 0.020 ©.028 ©O.028 g.:;u 0{;25"
74 ] N5 NS :
CDI'P“FG.UE} NS 0.04 0.0
LS
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4.7.2 Phoaphorus uptake by pod§ {(kg/haj)

The ANOVA of pooled data in Appendix-II revealed
significant effects of phosphorus, potassium and PxK
interaction on P-uptake by bean pods, while the affects of

year, PxY, KxY¥ and PxKxY¥ were found to be non-significant.

The poaled data (Table 27) revealed that with the
increase in phosphorus fertilization, the P-uptake by pods
was alse significantly increased. Maximum P-uptake (4.00
kg/ha}l was ohgerved at 120 xg P;05 per hectare, which was at
par with Pgg. Similar trend was observed in case of potassium

application, where, highest P uptake (3.63 kg/fha) was

recorded at 90 Kg K»0 per hectare, which was non=-significant

with 60 Kg K50/ha.

In case of combined applications of phosphorus and
potassium, the maximum P-uptake (4.723 kg/ha}) was at Pjop¥Kgp

and Py 30%Kgp.
4.7.3 Potassjum uptaka by pods (kg/ha)

A perusal of the ANOVA (Appendix-1I) revealed

significant effects of phosphorus, potassium, PxK

interactions and years on K-uptake ({(kg/ha) by pods of French

bean while interaction effects of PxY, KxY¥Y and PxKxY were

found to be non-significant.



Table 26. Effect of phosphorus apd potassium on “N—uptake” (kg/ha) by podgof franch besn cv. Contender

Treatments 1993 B o
P ———————————— e ———— T
__________ _-_,E--____EEE___-qfaE - Fi20 Mean Py P40 Fgo #120 Mean Pp Pso Pag Pi2g Mean
Ko 12.57 17.05 21.08 22.44 1B.28 14.56 20.69 23,83 23.65 20.68 11.57 18,87 22.46 23.04 19.48
%10 18.26 22.63 30.33 26.51 24.43 19.88 22.72 29.91 30.25 25.64 18.97 22.68 130,12 28.38 25.04
4 21.46 27.58 34.41 3s5.1@ 29.64 24.08 28.41 15.81 34.84 30.79 22.77 27.99 35.11 34.98 30.21
y L 3 22.85 26.20 32.60 34.01 28.92 24.46 28.63 30.66 33.45 29.30 23.66 27.41 31.63 33.73 2%9.11
Mean 18.79 23,36 29.60 29.52 25.32 20.70 25.11 30.05 30.55 26.60 19.74 24.24 29.83  30.03
Poaled Y P K PxY x¥ BxK PakxY
S.Bd.+ 0.106 0.149 0.14% 0.212 0.212 0.259 D.424
€0 p=0,0%) NS 0.31 0.3} NS NS 0.61 NS

Table 27. Effect of phasphorus and potassium on "P—uptake” [kg/ha ) by podgof french bean cv. Contender

SESREERIR id 1594 : Pooled
o Pﬂ Fap Pao Piz0 Mean Py Pap Pgn P120 Mean Eg Pdo Pap Pian Mean
Xo 0.94 1.6  2.47 2.70  1.84 1.12  2.06  2.52  2.93  2.15 1,03  1.85  2.50  2.81 2.08
k30 1.52 2.40 1,49 3.43 2.71 1.69  2.50 1.44 3.99  2.91 1.61 2.45 3.47 3.1 2.8l
K60 1.90  3.06 4.36 4.6%  3.50 2.16  3.21 4.74  4.77  1.72 203 3.13 4.55 4.73 3.6}
Egp 2.10 3.05 4.29 45.67 3.53 7.13 3.37 4.64 4.79 3.74 2.12 3.21 4.46 4.73 3.83
Mean 1.62 2.54 3.65 3.87 2.92 1.77 2.78 3.84 q.12 3.13 1.7¢ 2.66 3.74 4.00
Pocled ¥ P x PxY ExY PxrK PxExY
S.Ed.+ 5.106 0.149 ©0.149 0,232 ©0.212 0,298  0.424
= NS 0.61 N&
€D(p=0.05) NS 0.31 ©.31 NS
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The pooled data in Table 2B extrapclated increased K-
uptake by the pods with the successive lIncrease in P
application, Maximum K-uptake (23.06 kg/ha) was recorded at
Pyzp: which was at par with 80 kg P»0g/ha. In case of
potassium application, maximum K-uptake was recorded € 60 kg
KzCG/ha (23.11 kg/haj, which was non-significant with 90 kg
K30/ha. Agro-climatic conditions in 1994 were congenial for

¥-uptake as compared to 1993.
4.7.4 Nitrogen uptake by bean plants {kg/ha)

The analysis of wvariance of HN-uptake by bean plants
(Appendix~II} deplcted significant differences among

phesphorus and potassium, either alone or in combination,

treatments. Year effects were also found te ke significant,

while PxKExY, PxY or KxY interaction effects were non-

siqnificént.

An inquisition of the pocoled data (Table 29} revealed
significant inecrease in N-uptake with the successive increase

in the levels of phosphorus. The highest N=-uptake (46.46
kgfha) was observed at Pjy;45, which was showing statistical
proximity with Pgg. In case of potassium application,
maximum N-uptake (46.76 kq{haf was recorded at 60 kg K;0/ha,

which was at par with 90 kg K;0/ha.

Combined application of phosphorus and potassium gave

highest N-uptake (53.44) at Pyag Kgp-



fmpoi= 2o miiwce v phosphorus and potassium on “K—uptaka™ (kg/ha) by podsof French bean cv. Contender

TESATMAntS 1993 1994 - i s
SEPRTR .. ——. Al it R R 3y fdo  Pgp  Eign  Mean By Pao  Pep  Pizo Mean
Ko 7.08  10.50 33,98 14.55 11,53  B8.47 13.27 16.27 15.87 13,57 7.9 11.86 15.12  15.21 12.55
X130 11.8B1 15.22 21.67 19.44 17.04 13.01 16.07 22.12 22.47 18.42  12.41 15.6§ 21.89 20.96 17.73
Ko 14.46 19.88 27,10 27.77 22,30 16,99 21.12 29.06 28.6) 23.92  15.68 20.50 28.08 28.20 23.11
Kog 15.561 19.69 25.97 27.62 22.22 16.3¢ 21.90 27.93 28.10 23.56  15.98 20.80 26.95 27.86 22.90
Mean 12.24 16.32 22.18 22.35 18.77 13.79 18.0% 23.84 23.77 19.87 1l.01 17.21 23.01 23.06
Pooled Y P [ PxY KxY BxX PxXxY
S.Ed.+ 0.486 0.687 0.687 0.972 0.972 1.375  1.945

Table 259. Effect of phosphorus and

CDEFIQ-BE} 0.99 1.40 1.40 NS

Treatments 19583 1994
¥y P40 Pao Pizo Hean  Pg Pag Pgo Pigg  Heak g Pao
Kg 28.36 31.99 36.19%9 37.03 33.3% 29.18 33.1% 36.33 37.94 34.31 28,37  32.59
Kip 32.08 37.69 42.52 42.80 38.77 33.90 37.51 43.71 42.61 39.43 32.99  27.60
L) 38.30 42.61 S1.6] 52.33 46.21 38.89 42.48 53.4% 54.46 47.30 38,50 42.55%
Kgg 37.23 42.10 51.02 S1.25 45.42 38.37 42.03 52.11 53.15 46.42 37.80 42.11

T e et s g .,

Mean 33.99 38.62 45.34 45.35 40,9

-
e e e S e e it A g (R o S R B Ay B . o e

Pooled ¥ P K PxY
5.Bd.+ 0.359 0.507 0.s07 0.717

0.73 1.03 1.03 NS

Clyp=0.05}

NS 2-81 NS

potassium on "N—uptake™ [(kg/ha) by plants at 2nd picking stage of French bean ¢v. Contender

Poaled

Pgg F130 Mean

e o, T, e

e e e R

e

36.56 37.49 33.85
43,11 42.71 2%8.10
52.55 53.44 45.76
51.57 52.20 45.30

Enre—— L Ll S

KxY B PrEXY
0.717  1.01 1.434
NS 2.07 NS
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4.7.% Phoaphorus uptakxs by bean plants (kg/ha}

The analyais of variance (Appendix-I1) indicated
sighificant effects of phosphorus and potassium application
and interaction effects of PxK on P-uptake by plants
(leaves+stem) at second picking stage. However, the effects

of year and PxKxY were found to be non-significant,

A cursory <glance of the pooled data {Table 30)
revealed that P-~uptake was maximum at 120 kg P30g/ha which
was declining statlstically with the respective lower dose.
Similar trend was observed in case of potassium application,
where highest P-uptake (7.19 ka/ha) was recorded at 90 kg
Kp0/ha., Both the doses of P and K, when applled in

conjugation, also resulted in maximum (8.89 kg/ha) P-uptake,

4.7.6 Potassium uptaka by bean plants (kg/ha)

It is evident from the analysis of variance (Appendix-
II] that the K-uptake {(kg/ha)} by bean plants {leaves + stem)

at second picking stage, was significantly influenced with

the application of phosphorus and potassium, either alone or

in combination. However, the effects of year, PxY, KxY and

PxKxY¥ were found to be non-significant.

An inquisition of the pooled data (Table 31) showed

increasing trend of K-uptake with the increasing levels of

phosphorus and highest value {43.82 kg/ha) was recorded at

120 kg Pz0g/ha, which was at par with Pgq. Similar trend was



Tatliw 30. Effect of phosphorus and potassium ofi “P-uptaksa (kg/ha) by plantsat IInd picking stage of French bsan cov. Contender
Treatments 19%3 1994 Pooled
Fo Pso Pgo P20 Mean  Pg P4p Pgg P120  Mean Po Pa0 Pap Pizp Mean
Kg 3.03 4.09 5.19 5.60 4._48 3.s5¢ 4.28 5.30 5.37 4.70 3.27 4.18 £.2% 5.66 4,59
Xip 3.63 5.27 6.20 6.63 5.43 4.2] 5.15 6.53 6.81 5.68 3.92 £.21 6.39 €.72 5.56
Kso 4.68 6.19 8.14 8.41 6.86 5.13 .99 8.33 B.Bi 7.086 4,91 &.09 8.24 8.61 £.986
Kgp .94 &,37 8.3 B.65 7.07 5.32 6.15 8.30 9.03 7.20 5.13 &.28 B.32 B.A04 7.14
Hean 4,07 5.48 6.97 7.32 5.95 4.54 5.39 7.13 7.59 6.16 4.31 5.44 7.05 .46
Pogled Y P K PxY rxY PxK PxExY
5.Ed. + 0.117 0.165 0.165 0,233 0.233 0.329 0.466
CD(p=gngj !'I‘S 0. 3‘ 0.34 NS NS5 0. 6? NS

Table 3). Effect of phosphorus and potassium

on "K—uptake~ (kg/ha) by plantsat IInd picking stage of French bean cv. Contender

e e e B e
[ ——————————————— e A e

Treatments 1993 1994 Pooled

Pg Pag Pgg 120 Mean Pg P40 P50 Przp  Mean Po P40 Fas  Plag eew

Kg 20.54 25.26 30.71 31.01 26.88 21.32 26.58 31.10 31.87 27.72 20,93 25,32  30.91 31'4: :1':2

K30 27.40  32.18 36.75 38.81 33.75 28.96 33,11 39.33 37.53 34.84 2818 32.64 3807 3847 A4

Keg 313.28 38.64 50.64 S1.45 43.50 33.55 39,29 S52.70 53,50 44.76 33.41 38.97 51.62 :3-% “-90
Kgg 33.60 39.77 54.61 S1.95 44.98 34.05 39.62 51.56 54.01 44.8] 33.82 39.70 53.09 : thae
Mean 28.70 33.96 43.18 43,131 17.29  29.47 34.65 43.69 44.33 38.02 29.09  34.31 43.43 43:?3+_____'__

Pooled Y P .4 PxY RxY PxKE PxRxY

5.Ed.» 0.441 D.S81 0.58) 0.822 0.822 1.162 1.644

= NS 1.19 1,19 NS NS 2,37 NS

€0y p=0.05)
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observed in case of potassium application and maximum K-

uptake (44.%0 Xg/ha) by plants was recorded at Kgg, which was

at par with Kgg-

The K-uptake at second picking staye increased
significantly with the combined application of phosphorus and
potassium and highest K-uptake (53,09 kg/ha) wWas recorded at

80 kg Ps0g coupled with 90 kg K»0/ha.
4.7.7 Total removal of nitrogen by the crop (kg/ha)

The remcval of N by bean crop (pods+plante) was
significantly influenced with the application of phosphorus

and potassium, either alone or in combination. Year effects

were alsc found to be =significant while PxY, KxY and PxRExY

was non-significant (Appendix-II},

An examination of the pooled data (Table 32:Fig.11)

indicated that the removal of N by bean crop increased

significantly with the increasing levels of phosphorus and

maximum removal i.e, 76.49 kg/ha was observed at 120 kg

Ps0g/ha, which was at par with Pgg. The highest removal of

nitrogen (76.97 kg/ha} by the crop was observed, when
potassium was applied @ 60 kg ¥;0/ha. At higher level (i.e.
90 kg Ko0/ha} of potassium application there was decrease in
N removal by the crop, although both the doses were at par.

In 1924, agroclimatic conditions were congenial for more

nitrogen removal as compared to 1993,



Table 32. E£ffect of phosphorum and potaessium on "Total removal of K" (kg/fha) by crop of French bean cv. Contender

Treatmenta 1993 1994 ) Pooled
Py Pag g0 P120 Meam B Pa0 Pag Pij20  Mean Pp P40 Pgo P120 Mean
Ko 40.93  48.71 60.61 59.47 52.43 43.74 53.88 60.76 61.58 54.99  42.33 51.29 60.67 60.53 53.71
K3p 50.34 60.32 72.87 69.31 63,21 55,41 60.23 73,62 72.83 65.52  52.87 60.28 73,28 71.07 64,33
K60 59.76 70.19 B6.02 87.44 75.85 62,77 70.91 89.29 89.40 78,09  61.27 70.55 87.66 B8.42 76,93
Koo 60.08 68.39 B3.62 85.26 74.34 62.82 70.66 81.11 B6.60 75.30  6l.46 69.53  82.37 B85.9) 74.82
Mean  52.78 61.90 75.78 75,37 66.46 56.19  63.92 756.17 77.60 68.48 54,48 62.91 75.99  76.49

Poaled Y P K PxY ExY PxR PxExY
5.BEd. + 0.803 1.136 1.136 1.806 1.606 2.271 3.212
cntpgﬂ_nsj 1.64 2.32 2,32 NS NS 4.63 KBS

Table 33, Effect of phosphorus and potassium on "Total Remeval of P* (kg/ha) by crop of French bean cv. Contender

Triatments 1993 1954 Pooled

B  fe B  wen xp s Ve wuw Eem M LR

Ko 3.97 5.73 1.66 8.29 .41 4.62 6.32 7.83 8.65 &.86 35 D0 L g ;liﬁ

Kig 5.16 7.67 9.69 10.06 8.14 5.89 7.64 10.01 10.80 8.59 5.83 7.66 9.85 10.43 19.59

Ko €.59 9.25 12.51 12,10 10.36 7.2% 9.20 13.07 13.313 1D.82 6.94 9.22 12.719 13 ;3 10‘1"
Kgg 7.04 5,42 12.63 13.31 10. 60 7.45 9.53 12.94 13.82 16.94 7.25 9,47 12.78 13. ___‘_:_
Mean 5.89 B.02 10.62 11.19 BE.88 6.131 8.17 10.98& 11-75 g.30 6.00 8.10 10.79 15:23 ________
Pooled Y P E ExY KxY FxK PxKxY
S.Ed.+ 0.195 0,275 0.275 €.389 0.389  0.550 0.770

: - NS NS 1.12 NS
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Maximum nitrogen-uptake by the crop (88.42 kqg/ha) was
recorded at 120 kg Pa0g and 60 Kg KpC/ha, when applied in

comhination.
4.7.8 Total removal o©f phesphorus by bean crop (kg/haj

Significant effects of phosphorus, potassium, PxK
interaction and year on total removal of P by the crop, and
non-significant effects of PxY, KxY¥ and PxKxY revealed

through the analysis of variance {Appendix-II1}.

The highest removal of P {11.47 Kg/ha] by the crop was
recorded with the application of 120 kg PCg/ha, which was at
par with Pgg. Similar trend was observed in case of
potassium application and the highest removal of P by crop
(10.77 kg/ha) was recorded at 90 kg K.O/ha, which was at par
with 60 kg K;0/ha, 1In 1994, cliwmatic factors were favourable

for total removal of P by the crop.

In case of PxK application, maximum removal aof P

(13.57 Kg/ha) was observed with the application of 120 kg

P505 and 90 kg K0 per hectare {Table 33;Fig.12).
4.7.% ‘Total removal of potasaium by baan crop (kg/ha)

The analysis of pooled data pertaining to the effects
of phosphaorus, potassium, PxK interaction and year, showed
significant differences, while PxY, KxY and PxKxY were having

non-significant effects (Appendix-II).
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an inquisition of the data, presented in Table 34 and
Figure 13, revealed that the total remcval of K by the crop
(pode + plante} significantly increased with the successive
increasilng levels of phosphorus and maximum wvalue ({66,62
kg/ha) was recorded at 120 kg P,0g/ha, which was at par with
Pgp. 1In case of potassium application, maximum K-removal by
crop (67.63 kg/ha) was observed at G0 kg K;0/ha, however, it
was non—siénificant with Kgp. Agro-climatic conditions were

congenial for K-removal by the crop in 1994 as compared to

1993.

Maximum removal of K {80.67 kg/ha} was obtained at

combined application of 120 kg P305 and 60 kg K;0/ha.

However, it was at par with P‘Boxxgﬂ, PlexKgg and PBQXKﬁg.

4.8 B80IL CHEMICAL ANARLYEBIB

Available NPK status in ascil after harvesting

An analysis of variance {Appendlix—-II1) showed
significant effect of phosphorus, potassium and yvear on the
available NPK (kg/ha) =tatus of soil after harvesting the
bean crop. The interaction effects of PxY¥, KrY, PxK and PxKxY

vwere found to be non-significant.
4.8.1 Avallable nitrogen (kg/ha)

Table 35 revealed that available ¥ content in socil
decreased significantly with the increase in dose from Py

(410.03 kg/ha) to Pypg (402.88 kg/ha). It was at par with Pgg



Tanple J4. Effect of phosphorua and potassium on "Total Removal of K* (kg/ha} by crop of French bean cv. Contender .

Treatments 1993 1994 Pooled
Pp Pio Pag 120 ¥ean Pp Ps0 Pap Py2¢  Mean Fa Pap Pap Pi20 KHean
Kq 27.62 35.76 44.69 45,56 3B.40 30.19 39.85 47.36 47.74 41.29 28,91 37.81 46.03 46.65 39.85
K3g 39.21 47.40 58,42 58.26 S50.B2 41.96 49.18 61.50 60.40 53.26  40.59 48,29 59.96 59.33 52.04
g0 47.74 S8.51 77.74 79.22 65.80 50.44 60.41 81.76 82.131 68.69  49.09 59.46 79.75 80.61 67,24
Ko 49.20 59.46 80,58 79.57 67.21 50.44 61.42 8014 80.11 68.0%  49.82 60.49 60.316 79.84 67.63

g R i S R e S o e i o e e YA o e o B ol By e g e T R e W o S S S e o S S " " 0 B e o e o . e e B o o T e

Mean 40.94 50.29 65.36 65.65 55.56 43,26 52,74 67.69 67.59 §57.82 42.10 S1.51 B6.52 66.62

Pooled . P . exY Ex¥ PxK Px¥xY
S5.Ed. % 0.586 0.9569 0.969 1.370 1.3170 1.939 2.743
€D p=0.05) 1.40 1.58 1.98 NS KS 3.96 NS

Table 35. Availabie nitrogen in soil {kg/ha) after harvest

Treatments 1993 1954 o
Po Py Pgo P120 Mean Py Pao Pro Piap  Bean Fo Fag fag o TR .
Xg 411,73 411.43 409.60 406.77 409.88 415.20 414.50 412.00 411.3C 413.25 4l).47 412.37 410.80 409.03 :é;-:;
K3g  409.27 610.10 405.70 401.60 406.67 413.10 410.10 407.20 406.40 409.20 411.18 410.10 406.45 404.00 bedgrds
K&o 405 .77 406,93 403.13 400.33 404.04 412.30 408.20 40410 40020 406.20 40%.03 407.57 403.62 400.27 ¢02-13
Kgo  404.73 402.73 400.31 397.12 401.24 408.10 406.10 403.40 395.30 404.22 406.42 404.42 401.87 398.23 4204-7%

— == a . i o o i T
e e T L i o T i R et

Mean 407.B8 407.80 404.69 401.47 405.46 412.18 409.73 406.68 404.30 408.22 410,03 408.76 ‘95'68__ffflff,_,_-_-_-

— PR — e o o o o
e e e i g i e o o S S e N R e

Pooled ¥ P K PxY ExY Puk PxExY

0.80% 1.144 1.144 1.618 1.618 2.289 3.2ny

5.E¢. »
1.65 2.34 2.4 NS NS NS NS

CDtpr,oﬁ}
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and Pjysg. Similar trend was observed in case of potassium
application and minimum available N (402.1% kg/ha} was
recorded at 90 Xg K,0 per hectare which was at par with Kgg.

In 1994, avalilable N in soll was more as compared to 1993,

4.8.2 Available phosphorus {(kg/ha}

A perusal of the pooled data (Table 146) revealed that
available P content in soil increased significantly with the
increase in levels of phosphorus apnd maximum walue was
recorded at Pyap (51.44 kg/ha)y, which was at par with Pgg.
Application of potassium, however, recorded reverse effacts
by showing a decrease iIn available P content of soil with an
increase in potassium levels . Avallable phesphorus content

in soil after harvesting the crop was higher during 1994 as

gompared to 1993,
4.8.3 hvailable potassium {(kg/ha}

The observations recorded on this attribute indicated

significant differences for phosphorus and potassium

application (Table 37). Available potassium reduced with the
higher dose of phosphorus, being maximum at 120 kg P,0s,
Maximum available potassium content [(265.05 kg/ha) was

recorded with 90 kg Kj;0/ha, which was at par with Kgg. In

1993, available K in socil was higher than in 1994,
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Table 35. Available phosphorus in saoil {kg/ha) after harvast
Treatments 1993 1994 Pooled -
Pq Pso Pgo P120 Mean Po Pao Fsp P20 Kean Py Pap Pag Pyzp Mean
Ko 19,80 46,10 51,30 53.10 47,58 41.83° 48,30 54,27 55,10 49,88 40.82 47.20 52.78 54.10 4d8.73
K30 37.70 43.90 50.10 51.90 45.90 39.70 45.90 52.30 52.%0 47.70 38.70 44.90 51.20 52.40 46.80
K60 36.10 42.10 49.80 4%.10 44.28 37.50 44.80 51.80 50.70 46.23 37.00 43.30 S0.80 49.90 45.25
Xgq 35.40 41.60 49.20 49.5¢ 43.93 37.10 44.10 S1.20 45.23  45.41 36.25 42.8B5 50.20 49.37 44.87
Mean 37.25 43.43 50.10 50.%0 45.42 39.13 45.70 52.39 51.%8  47.30 3B.19 44.56 51.25 51.44
Ppoled Y P K ExY KxyY pxK PxExY
S5.Ed.» 0.40% 0.579 0.57% 0.819 0.819 1.158 1.638
CD (p=0.05) 0.84 1.18 1.18 NS Ks NS NS
Table 37. Available porassium in soil {kg/ha) after harvest
Treat:ments 1993 1994 Pooled
Po Peo Pap P120 Mean Py P40 Pgo Pia  Mean Pg P40 Pgo P1pg  Hean
Kq 252.40 250.20 249.S0 248.30 250.10 250.40 245.20 244.50 246.30 246.60 251.40 247.70 247.00 247.30 248.35
K3p 259.80 260.10 258.40 257.10 258.85 255.80 256.10 254.40 254.10 255.10 257.80 258.10 2%6.40 255.60 256.98
Ken 266.10 263.70 262.90 262.80 263,88 266.10 260.70 254.90 256.80 259.63 266.10 262.20 258.50 259.80 261.7%
Kgg 267.20 266.90 266.00 265.10 266.30 268.20 262.90 264.00 260.10 263.80 267.70 264.90 265.00 262.60 26%.05
Mearn 261.38 260.2) 259.20 258.33 269.78 260.13 256.23 254.45 254,33 256.28 260.75 258.23 256.83 256.33
Poaled Y F K PxY KxY PxK PxExY
5.Ed.+ £.579 0.819 0.81% 1.159 1.15% 1.63% 2.318
1.13 1.67 1.67 NS N3 NS NS

CDp=0.05}
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4.9 QUADRATIC PRODUCTION FUNCTION FOR PHOSPHORUS AND
POTASBIUM
Quadratic eguations fitted to the pooled data Gf green
pod yield, generated the response curves for P and K which

have been graphically represented in Fig 15 and 16.

The response curve (Table 38) was foaund to be linear,
It revealed the pptimum dose of 108.98 kg Py0g/ha with an
expecsted yleld of 9970.52 kg/ha. The dose can vary from 280

kg Pa0g to 117.19 kg Py0g per hectare and maximum expected

yield can be 2982.84 kg/ha.

The optimum level of potassium was 76.33 kg K50 per
hectare with an expected green pod yield of 10021.93 kg/ha.
Maximum potassium application rate could be 78.41 kg K20 per

hectare with a yield potential of 10022.59 kg/ha.

4.310 ECONOMICS

The economics of 16 phosphorus and potassium treatment
combinations for Contender variety of French bean were worked

cut for marketable green pod yield on the pooled data and

are presented in Table 39 and Appendix-III.

Application of 80 kg P30s in conjugation with &0 kg
K»O0/ha gave the maximum net returns toe the tune of
Rs.34911.18/ha. These returns were higher by Rs.26328.3 over
tha PgKg treatment. Higher costs of P and K fertilizera

reduced the gains at Pi3p and Kggq.



Table 3B. Response functicons {Pooled data)

S L T M L B e L e e S . S . YR T T B T B T T N M T S T S ———— -

Rutrient Regression egquation aptimum Expected Maximum Expected
level green pod level green pod
(kg/ha) vield {kg/ha) yield
[kgfha) {kg/ha)
P ¥=7435,75+33-46BP-0. 1B8546P2 108,98 9970.52 117.19 9%B82.84
K Y=7235_.6 +71.087R-0.4533 &2 76.93  10021.93 78.41 10022.59

. e T e i e . R . £ e o e S " S . i R o e i B B W o i B e e . i e e N i e L e e L . e . o, . o e . S

Price par unit of phosphorus = Rs_16.00 per kg
Price per unit of potassium = Rs, 7-07 per kg
Price rate of French bean pods= Rsg. 5.35 per kg
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Table 3%9. Economics

. . . A 2 e e . . o o .y i . . B, B o . . A ot o o o . it

Treatmentsg Fixed input?* Expenditure (Ra./ha] Green pod** Gross income Net income
———————————————————————————————————————— yield (Ra./ha) (Bs./ha)
FoOg# KyOwes Additional Total iqfha)
labour
charges
Pok¥p 22612.62 0.0 g.g¢ 0.0 22612.62 59.42 311%5.50 Bs82.38
FpK3p 226812.62 2.0 212.1 72.0 22896.72 75.51 39642.75 16746.03
PpKgqg 22612 .62 g.o 424.2 72.0 £23108.82 81.18 42619.50 19510. 68
PoKgp 22612.62 0.0 636.3 96.0 23344.92 84.56 44394.00 21049.48
Faoko 226l2.62 &40.D Q.4a ¥2.0 433324.62 T3.60 38671.50 15346.88
PaoKip 22612.62 640.0Q 212.1 72.0 23536.72 43.51 43842.75 20306.03
FipKgn 22612.62 640.0 424.2 96.0 23772.82 94.03 49365.75 25592.93
Pao¥ap 22612.62 640.0 636.2 96.0 23984.92 24.17 49439.25 25454.33
Fag¥p 22612.62 1260.0 0.0 72.0 23944.62 79.56 41769.00 17824.38
PaoK3p 22612.62 1260.0 212.1 96,0 24180.72 99.10 52027.580 27846.78
PaoXean 226.2.62 1280.90 424.2 96.0 24392.82 112.96 59304.00 34911.1H
PgnKog 22612 82 1260.0 636.2 1240.0 24628.92 107.16 56259.00 31630.08
P1a0Kp 22612.62 1920.0 0.0 595.0 24628.562 7B.79 41364.75 16736.13
P120Kan 22612.62 1320.0 212.1 96.0 24840.72 94.32 49518.00 24617.28
P12g60 22612.62 1920.0 424.2 120.0 2507682 112.2% 58931.25 313854.43
P120¥ep 2I617.862 1920.0 636.3 120.0 252B8.%2 110.58 SB0%4,5D 1276%.58

x
i}

Fixed input as detailed in Appendix-III;
** = Sale rate of green pod of French bean Rs.5.25 per kg as average of both the years;

*** = Cost of K;0 8 Re.7.07 per kg;
# = Cost of P40z B Rs.16.00 per kg
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A number of wedaphic and climatologliecal factors

influence the performance of any <creop under a given

environment. These factors control metabellc processes

taking place in the plant system. Such processes are

activated by climatological factors like timely sowing of the

crop and Jjudicious supply of drowth inputs, of which, the

fertllizer application is of paramount importance.

French bean, being a leguminous vegetable, gives

better response to phosphorus and potassium than nitrogen

fertilizers {Gupta, 19588; Wallace, 1989 and Singh and

Tripathi, 1994). Hence, it was deemed essential to work out

the optimum requirements of phosphorus and potassium for

Franch bean,

In order to standardize the economical dose of P and K

nutrients on the growth and development, yield and its

component characteristics and guality parameters of French

bean, four levels each of phosphorus (¢, 40, 80 and 120

kg/ha) and potassium (0, 30, &0 and %0 kg/ha) were evaluated.
The results so obtained have been explicated in the following

text.



A number of edaphic and climatological factors
influence the performance of any <¢rop under a given
enyitonment. These factors control metabolic processes
taking place in the plant system. Such processes are
activated by climatological factors like timely sowing of the

crop and judiciocus supply of growth inputs, of which, the

fertilizer application is of paramount impertance.

French bean, being a lequminous vegetable, gives
better response toc phosphorus and potassium than nitrogen
fertilizers (Gupta, 1983; Wallace, 1989 and Singh and

Tripathi, 1994). Hence, it was deemed essential to work out

the coptimum requirements of phosphorus and potassium for
T

French bean.

In order to standardize the economical dose of P and X
nutyients on the growth and development, yield and its
component characteristics and quality parameters of French
bean, four levels each o¢f phosphorus (0, 40, 80 and 120
kg/ha) and potassium (0, 30, 60 and 90 Kg/ha) were evaluated.

The results so obtained have been explicated in the following

text.,
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GROWTH AND DEVELOPMENT CHARACTERISTICE

Phosphorus and poﬁassium are known to play a wvital
role in the growth and development of a plant, more
particularly in French bean where the nitrecgen requirement is

met by the fixation of the atmospheric nitrogen.

Plant stand

Plant stand was neot influenced by phosphatic andjor
potassic fertilizers. It seems that plant stand is dependent
upon the seed vitality and vigour whieh is least affected by
the externally applied factors., The findings of Gupta (1988)

are in consonance with the present results.

Days to maturity

Early flowering and picking in bean are the desirable
physioloﬁical characters. It is evident from the pooled data
that phosphorus and potassium played pronounced effect on
early maturity, which was observed at PgpxKgg levels. Same

dose of phosphorns and potassium when applied alone induced

earliness in cv. Contender.

The agro-climatic factors prevailing during 1993

conceded the crop to mature early as compared to in 1%94. In

the previous year of experimentation, mean temperature at

vegetative phase was lower, relative humidity was higher and

rainfall was more resulting in rapid completion of vegetative

phase.
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Early maturity may be confined to the axiom that
phosphorus plays a Key role in energetic metabslism and bic-
synthetic reactions as a component of ADP and RNA, which
governs cell multiplication resulting in rapid completion of
vegetative growth (Terry and Ulrich, 19873). Potassium
influences more than &0 enzyme systems and translocates
sugars from the site of photosynthesis to their storage
depots which results in bud formation (Ludwick, 1992 and
Usherwcod, 1993). Thereupen, phosphorus motivated the early
completion of vegetative phase and potassium, on the other
hand, induced transitional phase in the plant body, hence,
resulting in early maturity. Morecver, patassium in
combination with phosphorus 15 responsible for early crop

maturity {Usherwocod, 19933,

P is essential for earliness and uniform ripening
{Shanmugavelu, 19289). Parrerselvan (1980} reported that P
induced early flowaring and advanced the harvest by three to
four days. Passarinhe and Recardc (1988) found earliness in
flowering in bean cultivars is positively correlated with
efficiency of potassium utilization. Earlier workers wviz.
Saito et al. (1963} and Tanaka and Kamachi (1982) had also

obgserved early flowering with the increase in soil fertility,

Leaf area {(cm?)

Increased leaf area is responsible for induced

photosynthetic surface which way result in enhanced
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photosynthesis. The character was mainly influenced by the
application of phosphorus and potassium both in 1922 and
1994, However, greater leaf area was recorded in 1994 as

compared to 1993, This may be attributed to high rainfall
during 1994.
Phosphorus 1is known to increase the leaf expansion

(Fernando, 1958}, Similar results have also been observed by
Mahatanya (1976) and Manrigque (1986) with respect to

phospheorus applicatien in French bean. Mangel and Arneke

{1982) found that potassium is the predominant one among the
gations in the cell sap. At the deficlency range, only 30 mMK

is present in the sap of bush beans, while the concentrations

measured 1n the range of good potassium supply, were ahout

five times higher. <Conseguently, the osmotic potential

decreased. As the total water potential was changed only a

little by higher potassium supply, the turgor pressure was

increased by 3 bar due to K. This means that the internal

pressure on the cell wall is higher, the conseguence of this

enhanced turgor pressure bheing greater will cause cell

elongation and thus a higher growth rate when K supply is

improved. Stanev and Chichev (1973) also observed that the
leaf area increased significantly with the addition of

potassium 1in soil,

Numbar of branches

Bush beans have cymose type of branching pattern,
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which bears flowers;/pods on those branches. 5o, more the
number of branches, more will be yield. The pooled analysis
of the data revealed significant effect of F and K on number

of branches at 80 kg P05 and 60 kg K0 per hectare, either

alone or in combination.

The present results are in line with Pande et al.
(1994), Gupta et al. (19831), Chandra et al. (19287) for
phosphorus application. Similarly, Stanev and Chichev (1973}
also ocbserved that the number of branches in bean plants
increased with the application of potassium. Potassium is
known to promocte the number and enlargement of the internodes
{Aasi, 1992). Therefore, each node might have given rise to
individual branch, Augustinussen ({1973}, Thangaraj and
Rangaswamy {1%%4b) and Singh and Tripathi (1994) also found
that the . number of branches per plant significantly increased
with the combined application of P and K in French bean.
Phosphorus responsible for cell multiplication, might have
strengthened the develcpment of branches in the presence of

K.
Plant height

Plant height was significantly increased with the
lower doses of phosphorus (80 kg/ha) and potassium (60
kg/ha), during 1993, in camparison to the higher doses {P15p
and Kgpl during 199%4. However, their combined application

{PgoxKgp) gave maximum plant height (44.30 em), during 1993,
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whereas the interaction effects were non-significant in 1994.

Phosphorus increases the meristematic activity
(Fernando, 1958] and improves the development of the vascular
system (Ragalev, 1957). Potassium, on the other hand,
promotes vegetative growth, internscdal length and enhances
the turgor pressure, Which is the driving force of cell

elongation and thus the longitudinal growth 1is obvicus

{Zimmermann, 1978).

The results with respect to P application, confirmed
the findings of Gupta {1983), Chandra et al, (1987) and
Sriniwvas and Naik (1990), while Ali and Ocida (1972) and
Stanev and Chichev (1973} found taller plants with the
increasing levels of potassium. The increase in plant height
due to combined applicatien of P and K had als¢o been reparted

by Thanqéraj and Rangaswamy (1994b} and Singh and Tripathi
{1994}.

YIELD AND ITS COMPONENT CHRRRCTERIETICS

Pod length (cm)

The pooled data revealed significant linear increase
in pod length with phosphorus application {0 to 120 kg
P205/ha), though the differences at Pgy and Pysg Were non-
significant. Similarly pod length was alsoc increased by
potassium application and highest value {15.531 cm) was

recorded with higher (Kgp and Kgp) doses of potassium. The
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interacting effect of Pj3g¥Kgp, which was at par with
PgoxKgp, PapgXKop and PyzgxKgps recerded maximum pod length
(16.18 cm}. Phosphorus fertilization had significant
influence on pod length of French bean. The findings are in
iine with Pande et al. (1974}, Singh ({1987), Singh et al,.
{1989), Chakrawarti et al. (1990) and Thangaraj and
Rangaswamy (19%4a)., Combined effect of P and K on pod length
has alsoc been abserved by Thangarad) and Rangaswamy (1994b)

and Singh and Tripathi (1994} .

Potassium is an indispensable cation for plant growth,
influencing a number of physical, physico-chemical and
metabolic pathways at the cellular level and ultimately
affect the growth and productivity of a plant (Barker and
Maynard, 1969). Under such situation though the exact reason

remains elusive, yet it might have increased the pod length.

Pod girth (cm)

It is evident from the pooled data that the pod girth

was significantly affected with the application of phosphorus

and potassium and maximum pod girth was recorded at Py

(3.13 cm} and Kgp (2.15 ¢m). The increase in pod girth due to
phosphorus application have been reported by varicus workers
(Pande et al., 1974; Singh, 1987; Singh et al., 19387 and

Chakrawarti et al., 1990). However, the increase in pod girth

with K supply may be due to higher rate of photosynthesis,

transleocation and greater number of endosperm cells {(Beringer
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and Schacherer, 1982). Besides, it enhances the tutrgor
pressure which leads to cell elongatien (Mangel and Arnekeo,

1982) .
Number of pods per plant

Number of pods per plant were significantly influenced
with the application of phosphorus and potassium either aleone
or in combipation. Maximum mumber of pods were recorded at

Pgg (21.47) and Kgp (21.42) and when applied in combination

i.e. PGU}CKED {24.42).

Increase in number of pods per plant seems To be the
result of increased number of branches, giving rise to nodes
bearing profuse flowering under the influence of higher
lavels of P and K. Ultimately, each flower matured into pad,
as potassium along with phosphorus 1is responsible for crop
maturity (Usherwood, 1993)., Similar findings with respect to
the application of phosphorus ({Pande et al., 1974; Singh,

1987; Chandra et al., 1987 and Chakrawarti et al., 1990) and

potassium ({Prabhakar et al., 1987b and Evanyleo and Zehnder,

1989} ar their combination (Gupta, 1988 and Singh and

Tripathi, 1994) have been reported.

Green pod yield
Green pod vyield in French bean is a multivariant
parameter. Yield is directly and positively correlated with

leaf area (Watsen, 1936), number of pods and nodes bearing
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pods and indirectly with number of branches, plant height and
pcd length, as postulated by Sharma and Joshi (1993). The
pocled data extrapolated that the green pod yield was
gignificantly influenced by 80 kg PyCg and 60 Kg ¥30 per
hactare, either alone or in combination. The optimum doses of

P and K were deduced tc be 108.98 kg Po0r and 76.92 kg K0

per hectare, respectively.

Number of pods and branches per plant, plant height
and pod length ete. were also significantly affected by the
phospherus at 80 kg P05 per hectare, which are known te be
the dlrectly or indirectly contributing characteristics of
green pod yield (Sharma and Joshi, 1991). These characters

were alsc showWwing the same response to phosphorus and

potassium nutrients.

Since, potassium is directly or indirectly involved in

most of the plant processes as, regulation of enzyme systems,

photosynthesis, respiration, protein synthesis, translocation

of food material etc., hence these can be reasons, why the

deficiency of potasasium can result in low crop yield, gquality
and profitability (Usherwood, 1993). Ludwick (1992) had
oplned that potassium plays a pivotal rele in the uniform

ripening of the c¢rop, growth rate, firms stems and stalks,

longer self life, less cells and waste and ultimately gives

higher market grade.
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The complementary effects of phosphorus and potassium
on the green pod yield of French bean can he ennhrined in the
similar response preduced Jjointly by the two elements on
plant height, numher of branches, leaf area, pod length,
number of pods, dry matter accumulation and uptake of N, P
and K by pods and plants, respectively. Since, these effects
were of the same type, the mechanism of the complementary
action of phosphorus and potassium shall be operative through
the efficient functioning of the photosynthetic surface and

the increased accumulaticn of photosynthates.

Olericulturists, working on fertilizer reguirements of
beans sSince 1974 and the recent scientists wviz., Singh and
S$ingnh (19590), Srinivas and Naik (1990), Gajanan et al.
{1990}, Chakrawartil et al. (1990), Thangaraj and Rangaswamy
(1994a} were holding the same views that the ygreen pod yield
is improved with the increasing levels of pheosphorus in
French bean. Similarly, French bean have shown the pogsitive
response to direct potassium application as reported by
Prabhakar et al. (1987k) and Evanyle and Zehnder (1989).
Complementary effects of P and K on green pod wield of French
bean have alsoco been observed by earlier

workers

{Ponnerselvan, 1980; Dekov et al., 1982; Thangaraj and

Rangaswamy, 1994b and Singh and Tripathi, 1994).

The green ped vield was more in 1994 than 1993. Joshi

et al. (1993) deduced that high temperature during vegetative
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phase and declining temperature at reproductive phase
favourable for good growth and high vyield. On the other hand,
high temperature and low humidity prevalling during the

repraductive phase resulted in enhanced yield (Sharma and

Yerma, 1982)

QUALITY ATTRIBUTES

French bean serves as the cheapest source of

proteincus food to the mal-nurished peopulation of India. In

the present studies, it was found that the protein content in
green pods was significantly influenced hy different levels
of phosphorus and potassium. The higher levels of phosphorus

i,e. Pgg and Pjyog preoduced the same amount of protein

{1.89%). A linear increase wWas observed with the increasing

levels of potassium upto Kgg (1.88%), however, a non-

significant decline was observed at Kgg. The combined

application of phosphorus and potassium i.e. PgpxKgg,

produced the highest protein content (1.95%] in green

pods of French bean. Similar results were also obtained by

Srinivas and Naik (1988) and Chakrawarti et al. (1990). They
have assigned the reason for higher protein content to the

higher nitrogen utilization by way of supply of phosphorus

must have enhanced the protein synthesis 1in French bean.

Phospharus enhances the rhizobium activity in the rhizosphere
by increasing the root biomass which absorbs nutrients more

frequently from the so01l solution. It is also involved
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through ATP in the activation of amino-acids for the

synthesis of protein moiety of this compound.

The possible explanaticen, that the potassium
stimulates the sypthesis of true proteins in plants from
amine acid building bleocks (Duke and Cceollins, 1985 and
Ludwick, 19%2) and also Thelps in the utilization of plant
nitrogen towards synthesis aof proteins ({Dev, 1491}, holads
good. It is well known that nitrogen fixation by Rhizobium is
enhanced in host plants well supplied with P and K (Mengel et
al., 1974) and improved pretein content in peds of French

bean (Dekov et al., 1982).

Dry matter content and accumulaticn

The pooled data extrapolated a linear progress in the
dry matter content of pods, plants as well ag dry matter
accumulation by crop (pods+plants). These parameters Wwere
maximum at B0 kg Py0g and 60 kg K0 either alone or in
combination which showed non-significant differences with
higher doses of P and K. Similar views were expressed by
dsali

Mahatanya ({1376}, Panneerselvan (1980), Vicdal (1984},

and Keya (198B8), Fohse et al. ({1%88) and Srinivas and Haik
(1988).

Combined application of phosphorus and potassium

results in Dbetter root development and improved

photosynthesis (Usherwoed, 1993). Due to the fact, French
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hean c¥. Contender might have absorbed and utilized the food

nutrients from rhizosphere more efficiently.

The reason for the better dry matter c<content and
accumulatien at higher levels of P can be well explained in
the words of Tisdale and MNelson {1966), who regarded
phosphate compounds as ‘energy currency’ within the plants.

The energy derived from the metabolism 1s stored in

phosphatic compeounds for subseguent use in growth and

development,

The increase in dry matter can be attributed to

increased photosynthetic area (explicated under leaf area)

which intercepts more radiation and greater availability of

petassium in the soll. By regulating stomatal movement and

checking transpiration, potassium improved water use

efficiency by increased dry matter production (Rajgopal,

1985) . Dev (1%91) and Ludwick (1992} have opined that the

rate of photosynthesis is declined when potassium is

deficlent and plants with greater respiratory rate lead to

decreased dry matter productign.

Angular leaf spot

Angular leaf spot causes as high damage to the French

bean crop upte 55.66 per cent {(Anonymous, 19%5h), which is a

major threat to the farmers. However, it can be managed by

potassium application, as seen in the present studies. The
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highest levela ot potassium (Kgy) reglstered the minimum
(21.49%) diseasy soverity as compared to lower levaln and
control {25.62%). There was not any #ignificant effect rar

marked with phosphorus and combined application of P and X,

Potagsium improves plant health and natural resistance
to many leaf, rocot and shoot diseascs (Ushoarwood, 1991).
Disease reslstance mainly achieved by thickenlng the
apidarmal layer {Ludwick, 1922) which avelds the penetrance
and discourage the establishment of the tunguo into the plant
ayatem. FPotamsium have also been reportod to develop leaves
with thickened cuticle and strong epidermal celle which helps

in checklng the incldence of dlscases (Sekhon and Singh,

1982).
Hutrient contant and uptaks

NMutrlent uptake ls a product of dry matter productlion
and concentration of the particular nutrient element in
gquestion. The content and uptake of N, P and K by different
plant parte (pods and stem+tleaves) and tatal removal of
nutrients by the crop, increased with the increasing lovels
of phosphorus and potassium. However, N content and uptake

decreased with higher levels of K application l.a. 90 kg K,
per hectare.
The increase In nutrient content and uptake of NPK

might be due to the increased phosphorus and potassium
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mupply, rendering more nutrients available to the plant and,
thereby, resulting in accumulation at HNPK in wvarious plant
parta as a result of efficient translecation (Smith, 1877;
Yacheva, 1%77: Pannerselvan, 19B80). lowever, the {ncreasing
levaels of ane nutrient showed the depressing etfect on the
uptake of other nutrients. This may be due to the competitlion
among the nutrients, peossibly due to monevalency, tor

entrance into the plant syatem (Tisdale and Nelscn, 1964%.

N-contant and uptaka

The content and uptake of nitrogen by pods, plante

(stem+leaves] and total removal of N by the bean crop

increased with Bsuccessive increase in levels of phoaphorus.
similar observations were also reported by Kapoor {198%),
stalin et al. (1989) and Srinivas and Maik (1390) found that
phnaphorﬁs fertilization had significant influence on N

cohcentration in leaf, stem and pod of French bean. The

increase in N content can be attributed to positive response

to P application. 1t may bhe due to the synergistic

interaction between F and K, when adequate P was applied

{Kanwar et al., 1982).

Nitrogsn content and uptake by pods and plants and

total N removal by crop were significantly increased with the

increasing levels of potassium and waximum values woere

recorded at Kgp. However, a declining trend was observed at

higher levels ot potassium application i.e. 90 kg K20 per



91

hectare. This may be due to NH4' and XK* having the same jonic
radius and are subjected to fixaticn by eclay particles with

one another, thereby altering their release (Welch and Scott,

1961) .

Wu et =I. (1969} reported that abundant supply of
phosphate and petassium to soybeans had a beneficial effect

on Ny fixation by Rhizobium japonicum. It wmay be due to

better rhizobial activity, greater root vigour and more

effective utilizaticn of s¢il molsture, which ultimately

Amprove the nutrient uptake. Smith (1977) and Mack (1983)

reported that higher fertilizer rates tended to increase N

concentration in leaves of snap beans.

P-content and uptake

Maximunt P-conternd ond hwé" éy}.fdm& whede {EM/J% érﬁé’ 63‘1'9 m K,

Jmadhﬁmﬁﬁzhe results are in conformity with the findings of

Mahatanya (1976) who alsc found phosphorus application

increased P content in the plants by increasing their total

dry weight. Prabhakar et a}l. (1984) observed that the

application of phesphorus upto 75 Xg/ha increased the P

uptake by French bean crop. F content in pods and leaves

significantly increased with the increasing levels of P

fertilization (Stalin et al., 1989). Bains (1969) reported

that the applied potassium levels showed significant

association with P content of bean plants. Similarly,

interaction of PxK alsc improved the P content pods and

plants and total removal of P by the crops. It may be
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smquentially additive interaction (Wallance, 1989), which

induced absorptien of P by French bean crop.,

K-content and uptake

The increase in K contents with increasing levels of

phosphorus has also keen reported by Mamonova (1378}, Blichki

et al, {1982) and Stalin et #1. {(1%8%)}. In case of potassium

application} K content and uptake by different plant parts

and the crop were increased significantly and maximum values

were recorded at higher levels of potassium i.e. Kgg which

was at par with Kgg. Similar trend was reported by Singh and
5ingh (1994) regarding the ¥ uptake by the grain and straw of
soybean with the application of potassium upto 80 kg X50/ha.

K content increased with increaslng levels of potassium has

also been observed by Munro et al, (1978) and Sartaln and

Forbes (1983] in cele crops. Applied phosphate levels showed
positive association with K contents in peds as repotrted by

Bains (196%9). Both phosphorus and potassium improved K

content and its uptake by bean plants may be attributed to

extensive root system and vigorous vegetative growth.

Exchangeable K increased with increasing potassium

fertilization (Martel and Zizka, 1975). He also observed

uptake of NPK at the highest rate of added P and X in soil.

Avallahle MNPE status of soil

In the present studies, there were significant
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difrarencus for the availablility of NPPK mlementa wilth the
additlon of phosphorus and potnssium In soil. The higher
applications of P and K showed an increase In the
availability of these putrients in the poll aftar harveat of
the bean crop as axpactad, but reduccd N and K was obprrved

with increasing doaes of phosphorus. Similarly, reduger

availability of N and P content in sull) wap chaierved with the

ingreasing levels of potassalum. This may me A congegquence of

more vegetative growth and more utllizatiun of theso

nutrients by creop. Simllar findinys were obgerved by Sharma

(1991) and Syota {1993).

Economice

The net returns ot RE.34911.1R per hecgtare were

obtainad at PgoxKgg. The higher levele of P and K at 120hkg

P05 and 60 kg K0 paer hactare showed a decrease in nat

returns by R8.2145.60. Applleation of P and K beyond 80 kg
and 60 kg per hettare, respectively would not be advisable

consldering the high costs of phosphate and potassic

fertilizare. Therefore, applicatlon of phosphorus and

potassium is suggested to be applied at 80 Kg Py05 and 60 kg

K20 per hectare, 1in combination, 1n French bean. Similar

views ware expressed hy Gupta et al. {1981) and Singh (1987}.



Clapten - V1
SUMMARY AND CONCLUSIONS



The present investigations on the "Response of graded
levels of phosphorus and potassium on yield and quality of
French bean cv. Contender under mid hill conditicone of
Himachal Pradesh", were undartaken at the FExperimental Farm
of the Department of Vegetable Crops, Dr ¥S Parmar Unlversity
af Horticulture and Feorestry, Sclan, HP during Kharif season
of 1993 and 1994. The experiment was laid out in Randomized
Block Design with three replications. The treatments
comprised of four levels of phosphorus (0, 40, Bd and 120 kg
Pp0g5/ha} and potasgium (0, 3¢, 60 and 920 kg KyO0/ha). The
broad objective of the study was to explore the optimum
levels of P and K to get the maximum returns, therehy,
avoiding, deficlency of any nutrient, on one hand, and

excessive applicaticon on the wother hand. The results

pertaining to P and K management have been summarized in the

following text,

The application of P and K did not affect plant stand

rather it seemed to be a character contrclled by
genetic factors.

= Early flowering 1ln French bean was induced with the
increasing levels of P and K upto B0 kq Py0g and 60 kg
K;0 per hectare. The interaction of PggxKgg racorded
minimum days €¢ 50 per cent flowering (32.17). Minimum
days taken to the first picking were 46.00 at PggoxKgp-



Leaf area significantly increased with the increasing
levels of P and K and was maximum at Pgp (510.33 <m2)
and Kegp (484.81 ©m2) in 1993 and at Pjyggp {561.74 cm2)
and Kgpn {503.473 cm2] in 1994,

The number of branches per plant was enhanced with the
applicaticn of pheephorus and potassium in gaoll.
Maximum number of branches per plant were observed at

Fag and Kgg, when applied either alone or in
combination.

The owerall plant height sBhowed a differential
regsponse to P and K in both the vears, Appllcation of
Pagp and Kgp recorded the highest increase in plant
helght during 1993 in comparlson to higher levels of
these nutrients in 1994 (P1s3p and Kgp). However, the
Interaction effects were significant in 1993 where the
taller plants were produced at PppxKgp.

Maximum pod length and girth were recorded with 120ﬁ
P05 and 60 kg K0 per hectare. Among the
interactions, maximum pod length was observed at

PiapxKgg (16.18 ¢m), whereas such effects were non-
significant for pod girth,

The number of pods per plant were significantly
Influenced by P and X and was maximum with the

application of 80 kg P305 and 60 Kg K30 per hectare,
either alone or in combination.

Application of phosphorus and potassium 80 kg P20s and
60 kg K20 per hectare, either alone or in combination,
were the best suited to lncrease green pod yield.
However, one facter guadratic response function fitted
to the yleld data indicated 108.98 kg P05 and 76.93
kg K,0 per hectare as optimum levels. The
corresponding green ped yield was 9970.52 kg and
10021.93 kg/ha, respectively, which was 34,08 per cent
and 38.51 per c¢ent more than the respective controls.



Thae wvarious guality parametors viz., protain and dry
matter content in yreen podes mhowed inconsistant

resultes with higher Aoaes of phosphoros and potama)on,
Maximum protein could b ohbtalned with gy, Ko oand
their interactling levels,

Gimilarly, dry matter content and acoumulation in pade
and plants and total dry matter acgumulatlon by the
crop was also increamed by B0 kg 1Py0. and 60 kg Ko
per hactare. Improvement in rqumllty is also Adirectly
affectsd by the plant hanlth and vigour,

Potasslum application # &0 kg Ku20/ha might have
ragulted in the ligynlrficatlon of apidermal celle anr
increased the production of phenolic compounds, which
contributed to reducre the arverity of angular loaf
spot disesse in French nhean,

Tha content and uptake ot all the thrae (HFFK] plant
nutrlents by tha pode and plants and their total
ramoval by the crop was significantly influsncad by
higher levels of phosphorus and potasaium. However,
application of potasalum beyond &0 kg Kz0/ha, reduced
N content and uptake which may be due to the
antagonistic affact of tha X' with other nutrients,

Maximum available phosphorus (51.44 k¢g) and potasalum
(264 .55 Kqg) contoents were ohnerverd at 120 Kg Py0f anvd
90 kg Ko0 par hectare. However, the increasing levels
of phosphorus had a depressing effect on nitrogen and
potassium avallability. Similarly bligher levels of
potash appllication decreaasd the avallabillty of

nitrogen and phospharug {n seil alter harvesting nof
the bean crop.



CONCLUBION

The crystal clear results obtained from the present
studies, revealed significapt effects of phosphorus and
potassium c¢n the growth and development, guality and
production potential of French bean cv. Contender. The
highest doses of Pjypp and Kggp influenced the leaf area, plant
height, ped length significantly, whereas, the lower doses of
Pgp and Kgg had the favourable effects on the days to 50 per
cent flowering, days to first picking. number of branches,
number of pods and green pod yield. However, bhoth these
combinations were at par to each other. Therefare, PggxKgp
was the most bheneficlial dose where the net returns for

Rs5.34911.18 per hectare were obtained which was higher by

R5.26238.30 per hectare to the control.

The optimum levels of phosphorus and potassium, worked
out by one factor quadratic function, were 108.98 kg P3Cg and
76.93 kg K50 per hectare. The expacted yield potential was
9%70.52 kg and 10021.23 Kkg/ha, respectively. Keeping in view
the rising costs of phosphate and potassic fertilizers, the
application of phosphorus and potassium beyond 80 kg Py0g and

60 kg Ko0Q per hectare, seems futile,

£524]
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APPENDIX=I
MEAN WEEKLY METEOROLOGICAL UDATA OF CROP GHOWTH PERIDD
{June-Auguet, 1993 and Juns=Augumt, 1594)

Manth Waak Temperaturs{°g) Ralatlye humidity MNalnfall
——————— - - B Lol o T e p—— ‘mm}

Maxlmum MLlnlmum Max lmum Minimum

T T W A T LT T LT L [ e g ——"

1993

June 7 I 16,9 1.0 56,4 a2.4 4,0
June 14 II 36.0 10.0 60.4 55,0 25.0
June 321 It Jl.o 14.0 77.9 57.4 11.4
Juna 28 v 31.0 19,0 87.% 2.7 88,8
July S 1 32.0 16.5 77.5 €3.0 2.0
July 12 I i9.0 19.0 91,5% 8.0 222.8
July 19 111 29.0 19.0 9%.7 15.5 61.8
July 26 v 9.0 17.0 33.7 71.23 17.2
August 2 i 30.5 i18.58 84.0 65.4 4,0
August 9 1t 30.0 19,8 94,4 79,3 27.2
August 16 111 30. % 17.% §9.5 64,0 4.8
hugust 21 v 1.0 17.5 831.0 60.0 -

huguet 30 v 29.5 19,7 H7.3 2.5 4.2
1994

Juns 6 I 35.5 21,5 47.5% 22.4 s

June 13 1I 32,0 20.8 4.0 42.0 27,0
June 27 v 29,2 19.3 88,7 74.4 EB.4
July 14 I 28.,) 21.7 87,9 71.9 132.2
July 11 1T 27.8 20.7 9%.0 77.0 16.4
July 18 1II 26,9 22.2 4931.7 74.7 6.4
July 2% Iv 2%5.1 20,7 94.0 9L.8 160,08
Auguat 1 I 27,6 21.7 95.9 74.1 42.2
August 8 1L 8.0 22.5 94.0 74.0 14,8
August 1% III 26.9 21.0 94.7 84.8 65.0
August 23 v 26.5 0.9 96.2 81.2 25.0

Auguat 29 v 28.1 20.2 96.3 8%.3 6.8

T e S



APPEMDIE-I]

Analysis of variance for characters umler study in French bean (Phaseclus wulgarfs L.)

MEAN SM OF SQOUARE

Source of df Per cent plant stand after 15 DAS  Owsys to 50 per cent flowering Bays ta first picking ¥o, of branches per plant
VEriation e e e AR S R R R R R SRR SRS S e e e i i o e e T o B B -
1993 1994 Pooled 1993 1994 Pooled 1993 1994 Pooled 1993 1994 Poaled
Replication
LH 2 120458 4. 21875 1.0a398 0.14648 0.26%53 0.&4453 0.18826 0.05459
bj % a.13z24n b.87523 0.45703 0.258%1
Year (Y) 1 476458 13.5130% 20. 1667 215092+
Phosphorus (P 3 205500 22.7118 17.6597 0.97245 1.389%2 2.539040 1. 27691 0.55449 1.58333* 12.3623% 11, 9015% 240339+
PotassiumiK) 3 11.5382 22.14z¢ 12,4097 1.02821 1.72265 2.36a62 0.83247 2.05545* 2.55556% 2.93063% 6. 5879 9. 12505~
oay 3 §.4734 0.03711 0. 25000 0.229%8
Kx¥ 3 1.34028 0.62064 0,33333 0. 3917
PaK 9 280903 L.oaf1a2 bk Tas3 162023 1. 37022 2.T6013= 0.40749 1.24103 145300 0. 20451 027817 03T
PrEaY ) 2. 71045 0. 1495 0. 1944 0.10643
Error
#) W 177829 2.90451 b. 78551 0.5%02% 0.53758 0.57925 0.10248 0. 14458
& 60 13,8438 054787 0.55842 0.12357
.......................................... R R = S



---------------- B T L T T T L T T ——

Source of
varistion

teaf orea/10 leaflet Plant height [cm)

Pod Lergth (om) Pod gicrth (om)

--------------------------------- - - T e T L

1963 1996 Poaled 1993 e Poal &g

T S S S R e .

deplicetion
a)
-}

Year (Y)
Phospharus (P)
Potessium(iC)
Puy
KxY¥
Pk
PakxY
Error

LY}

by

A W b ke e e =

o, 1neT 5. 22658 0. Doss8 0.0m937
0,138 001301

50954 0.00258

2. 485547 13.9731= 13.9%m* 0.03736" 0.0&554% 0.08z4

1.00173" . 7e21r 9.8)293 0. 054 10 0.07619% 0. 12555
2.47A73 0,052

2. P05 0.00L7R

630787 1. EG016% 61515 0.00258 0.0027¢ 0.004%0
0. 18287 ¢.COOB0

0.12855% 0.16973 0, 00667 0.00734
0. 146914 G. 06701

e LA L DT L L

Contd, ...



Source of df Wa. of pods per plant Ereen pod wvieldsplant (g1 Green pod yield (g/ha)

ol Y e il Al

VREEATION 00 e edaacwi il dalecacmalB SRR et e e e e sl e o e e s e
1993 199 Poaled 1993 W Pooled 193 19%4 Pooled

Replication

al 2 381592 12,9288 234375 44.B956 978125 106_850

Bl B.37240 P, 4T %9.3312
Year (Y) 1 &T. 33720 718.541 ThE. 25"
Phosphorus {P} 3 TPAPAT* 151 450 Z222.745%  GEPZ.BTY SRADLITY 105%4.29e 1853, 310 1425, Ta= 3283, 16~
PotessiumiK) ] 855572  112.243*  195.792v  £828.B1" 8395.08%  T1TAT.950 2296180 1617.35* 388215+
PrY 3 &.39539 34,5977 15. 8489
K.Y ] 2.02908 558749 11.5556
Prx ] 1. 47ege 16,1552 24.5934%  SaZ.FSR 2ARLVEY 1959.30¢ 7.7 412.538= 7o . 2rm
Pagxy > 1.B4303 122.338 LT, 3420
Error

] i 3.79248 529110 155_55% 208068 38. 1170 107,250



e D e L kT T ek e o T T T T e e L FE e A R L SR P

Dry matter sccumutation by pads{kg/ha}

Dry matter content in plants (X}

Source of of Protein content {n green pods (X} Dry meitar comtent in pods [X)
variation =000 ace-aca-o-a AR AN A A RE Wb iy e T ICr e e || e S YT o Pl 3 ATV S, X L1 LYY T S = S| [PPSR P 1ALt ) A TSR S T
1993 1994 Pouled 1793 19%4 Faoled 1993 R Paoled 1903 1934 Ponted
Replication
a) 2 000332 0.00255 a. 1197 A.60126% 0. 0%5 0. 04445 1609500 248100
Bl & 0.002% 0,2504% 0.02110 13290.00
50100, 00~
Year (T) 1 0.00004 0.00087 0.02425
Phosphorue (P) 3 0,20576*  0.17B4*  0.2A35%*  Z.&0B26* 2.51200% 5.11767 1.20100* 1.54450% 269550 2541k0, 67  FISSO9.1VT G606F5 500
Potassium(K) 3 QU12577*  0.92590%  0.25158*  2.21090%  2.19770"  4.40673~ 2.20330~ 1,76793¢ 3.95860= 280522.91%  ZN0ED.S6*  APN2A.AE
Px¥ 3 0.00053 0.00189 0.02%2 948,791
£xv 3 0.q001M 0.00211 0.01251 2181,
Pak ? 0. 0D&SR 0.00584 0,01537+ 012913 0.12408 0.24950* 0.03106" D. D48 6= D.09221* 46212.58% 26143, 75~ AN
Pakar 9 0. 00045 0.00378 0,00717 2023 5
Error
&) 30 00055 000530 0.09ae0 0.0m03 001374 1.024620 LE T TR0 67
by &0 0.00562 0.080303 0,01896 214,977
g e A i
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Incidence of snguiar Leaf spot(X)

Source of
wariatiom

df bry matter accumulation by plants

Total dry matter accumulstion by

N-content in pogs (X)

Replication
[ &
bl

Year (¥}
Phaspharys (P)
Potassium(E)
PxY¥
KxY
PxEK
Pkt
Error

a)

tkgshal croe (kg/ha)

1993 1994 Daeled 1993 197 Peoled
2 148 . GO0 Z588.000 5520.00 1518400
& 1358000 2035212
1 13232.00 33152.000
I 293420 ISAROT.5* TIGT23.Et VA0241T.A  105T7262.20% 2256548.8*
3 GA5187 .5 L8159 1% QOOASS. 0T 1416BAY.9* 1223247 6% 2435264 .00%
3 112179 3100. 500
3 il 027 ABAL 000
P OATH L AGET  IZ2VIZ.E81Y 14899 ,40% 28409 190" 21882 _OB4 Q& EF POY
¥ 1572 14 M54 .23
3 229T.69 322,133 11603,017 14811018
&0 3309.5%01 12907.017

1993 1P Pooled
0.398437 2.065429
1. 2319556
I1.6835%
T 455529 T.Tetys 13.920573
39.3216% 5280504 A5 LDASEST
1, 270599
0, 202587
2.2128% 2. 2121877 3502747
0921442
5750333 90009544
373383

1993 1 Pool ed
0. D00 S 0.008%
0.DD14&%
0. 00053
. 05048" 0.03242 a.05188
0.0110% D.01153 0.32225%
G.06103
0. DDOES
0.00370 0.00313 0.00500*
0.00187
0.00284 0.00219
0.00253
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Source of of K-content in plant (X) N-uptnke by pods (kg/ha) P-uptake by pods (kg/ha) E-uptaske by pods (kg/ha}
wriatlon @====0 @ sccriisssrsssvasssssssasass - i T A R e e e R R L e s e e e e e e e T s e
1953 1994 Pooled 1993 1994 Pooled 1983 1994 Foaled 1993 1904 Posol ed
Replication
) 2 0,00549 0.002%% 13,7382 14, 5448 0.521292 C.07148 10,5313 E_g1000
b 4 0.00392 1%, 1625 0.34638 §.7470
Tear (¥} 1 0.071599 194132 1. 05004 61,579
Phospharus (P) 3 D.41290"  0.46813 D.B77BL® 129.990" 258, 28%*  SAS.540 131124~ 13, Taki 26,847 258, 285 2BL_4105%  5TZ.5&1*
Potass lumiK) 3 0.6%568 Q.70525" 1.39850% I27.479" 242,94 548,277 & B7F7ac &.83275% 11,7097 315,551 288, NP &03 .04~
Pxy 3 0.00322 2.74174 p.01228 0. 1811
Kxt 3 0.00138 (. 15321 0. 00065 0.61088
Pk ¢ 0.00887 0.01038" 0.01829% 572708 §5.3558% .7170 ,55857 0.32074 0.81B2* 14,4195 .962 12, 828
Prkx¥ 2 0, DO0Y3 4.04928 0.06115 141827
Error
1) 30 0. 00608 0.00358 11,1434 9.00812 0.35193 0. thTeTR 6. 2747 5. D64
B} &0 0. 00w B2 10.0757 D. 265R05 547145
Contd, ...
-
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P-uptake by plantikg/ha)

Poaled 1953

Source of
variation

Replication
a)
-]

Tear (Y)
Phosphorus (&)
Patassium{K)
PeY
ExY
PRE
PrEyy
Error

a}

by

of

O D N oW e b

b
&0

N-uptake by plant (kg/ha)

PR L L L L L LT T T

1993 199

JEA. 368"
L34 2o

420, 375"
453.259*

13319

70572

2. %5459 LR

2.0

20.0625*
807.284™
891276

1.L4525
0.19788

19. 276"

1.D5555

5.08584

1593

smstmame s e

0.12602

26. 6810
130807

0.3315&

0.34792

0.77734
0.2400%

Q.97973
51.1B7a
35.0655"

031784

g.ovsa

0, 78185

0.03948

&22 &M=
B73 . 474

23.2242%

19

41870

625 .420"
B3 239~

27 .Ouasr

E-uptake by plant(ka/ha)

e e s g e e e

Pooled

2.48242

13377
124782
1702. 28

0.27256

2..2529

46,5145

3.77993

4. 05243

F T mEAE EmAAAas kg EY TEEE F- - EEERF-ES EE T RS EE S s B HE S S AN EES R S d e

Total removal ef M by crop (kathe)

P S

1993

.28

1696 B
1630, e*

14,7968

16,0951

1994 Fooled

e T L L T T e LT T R L et

LAY, o
21.8924

7. Boa 5t
2res.2m
2704 2T

9.08569
3,10053
.90
5.53602

1258, 56
1318, 61

26,6195

12, 85559
15.4755

AL FAEEEmAEEARREEE R =AY e Ad LR EEEn

Contd. ...
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Soste of
varistion

o

Total remval of P by croplig/ha)

=]

EfEr st e PSS EE S SRS T S

T Pool ad L] 1556 Pooled

Avaiimble B in soil (kgha)

Ewrma—r -

e

Pepled

L

Yenr (Y)
Prosphonues (P
Porassium{x)
PxY
kxy
P
PoiiaT
Error

»}

LY

&

WD b e b b

nL1Zw

TT g
&7 e

O &P

0,753 4. WD 4. GAT65
D.72845 0.5

L5 1Z2.m
75858 52,77 NIST.L4" VA AT
AT Rl e B § T [
0, Zrees 0. 30558
0.02m8 5617
1.26065 205 ALGEGT AT.00TS* 0.3t
0.07573 1.355

C.61475 14. 8655 7. BN
0,287 .27

mamAEEsnmAE EmEEEAmE s mEs s T

11,55
163 35

230057

.oxn

142467
e

5. 8181

18,2567

15,7500

1B

26T 2

. 7T
PR
2, 25554
4505
4.5

*  Significant at 5 percont Level sf sgm'{fmhq.

avaflable P in soil (kaMa)

T T T e

1973

1.505907

W50 A4T
356762

1. 20768

e

e T smssssasss

2.95750

L8 556"
b, R

1,007

1.7

Pocled

............................................ S B R R e e e o . s B B B B 8 e B o B o e B o B ok B i

Total remowval of K by crop{kg/a)

G labde € i soil (kgMa)

155 195 Pexcd o]

2.1

o=
T F
7. 0Pt
17236
0. 641
1.8
0.55815

4. [

____________________ S e P T Y T T R L LI TR R LR

087500 &1
50000

P 3. -

0z MY T
S K &1L 1ZRNT
6 4k

B.4iLAT -

SO0 1660875 106675
5. 757
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APPENDIK-I1I '

COST GF CULTIVATION FOR FRENCE BERKH (vagoatabhle rtype)

Lxad lnpat

. Prapazatery Tlllage

L) 3 ploughing & As.500G/- each

Liy 3 plankings @ Rfe.,i00/- each

i1y Comt of FYM (10 t/ha) B Re.l20/t

1vi Labour charges on carriage and apniication at
12 unic Laboup 2 Ra.id4/=-

v Prapacatlon of beda, channales ste,
&0 unit labour @ Rs.24/-

FY b

t. Cost aof emsad (foundation):
i Saad rate - 75 kg/nha @ Re.50/ Ky
ity Labour charges for sowing = 10 unit labour @ Re.24f-
3. Interculturs cparatlions
i] one woeedlng+gap filling - 50 unit labour € PRe.24/-
il Hosing and aearthing up - 59 unit labour B Rma.24/-
8. lgarion
3 drrigacione = 9 wnit labour B Ra.24/-
5. Fertillzars
i} 45 kxg N/ha @ ’e. B/f~ per kg
CAN 4 . A8.200fg - 50% basal and 50% top dresoing
ii) Lebour charger - 4 unit labour B Q[=, 24/-
E. Plant protsction mmapuran
1) Cost of waedicide apd insecticlde
L1 4 eprays#, 16 unit labour @ Re.24/-
1. Harvaatlng
i} Jd pickinge of green pode, 45 unit labour ® Ha.24/-
i1y Transportation charges - Ra.400/~ mach pleking
8. Rantal chargen of land @ Rs,20000/ year
9. Hiacallaneous charges
Total:
Intaraest on capital invastmant @ 12% (3 montha]
Grand Total

= gl e iR

L o riry SOLAM
IW‘daﬁl

Bortn B aw -

-'-.--ﬁntﬁﬁﬁihﬂﬁll-hn-

- A L . A e e e m m N o e —

tRa. fha)

Re. 1500.00
Re. 31000
Rg. 1203.400
Re 288,00

Ra. 1440.00

RE. 3750.04
Re. 240.00

Re. 1200.G0
Rea. 1300.,00

Re. 216&6.00

Re, 3c0.00

Rea. 96.00

Re. 1COD.00
Ro. 3Ba.00

Re. 1083.00
Re. 1200.00
Ra. S400.00

Re. 1500,00

Re.21954.00
R&. hSH. &2
AB.22R12.62
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ebstract
ABSTRACT

The present investigstions on the "Hesponse of graded levels of
hosphoerus bnd potsssium on yield snd quality of Freneh besn cw. Contender
brider mid-hill esnditions of Himsehs! Pradesh”, were undertsken st the
Experimentsl Farm of the Depsrtment of Vegetable Crops, Dr Y 5 Parmar
iniversity of Horticulture and Forestry, S5clsan (HP) during kharif sesson of
1933 and 1894, The experiment was laid out in randowmized block design with
three replientions. The trestnenis comprif'ed gf [our leveles of phosphoruos
R, 4B, 82 and 120 kg PEOEJha} and poatassiam {8, 30, 68 and B ke KEUKh&}

The results obitsined from the present studies, cleasrly showed
significant effects of phosphaorus snd potussioom on 2rowth, guslity and
vradustion  potentisl  of French besn ov, Contender. The highest doses  of
qu and K 9@ significantly influenced the lesf sres, plsnt height, pod
lefigth, whercss the lower doses of F and K had the faveorable effects on
the davs to 50 per gent Flowerin T days ?g first pilcking, nuober of
branches, rnumber of pods, green pod vield, protein, dry msetter and HFEK
content in peds, HPK uwptzke mnd totsl dry matter prodoction by ocrop.
However, beoth these combinations were st psr to ewch other. Therefore,
Pg zE wus the mest economicel dose where the net retorns of Hs. 2623838
pAE ?gctare recorded higher Lthar Lhe control. Potsssium & 68 Reg K“0/ has
proved to check the severity of angular lesf spot.

The optimum levels of phosphorus snd potassion, worked out by the one
factor guedrastic function, where 198.88 kg Pch and 76.83 kg hqﬂ per |
hectare: The expected yield potential was 997875 kg snd  18021.93 hg;ha,
respeclively. Keeping in view the rising cost of rhosphate and potmsgic
fertilizervs, the sppligation of phosphorus and potsssium beyond 96 kg Pﬂﬂc
and 5@ kg E50 per hectsre, seems futile.
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