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INTRODUCTIION

With conaiderabls bresk-through in the evolution
and developmant of high ylslding agronomic teshniques
whioh has resulted in the “quantum jumb™ in productivity
of oereal orops, there remains an‘nrgem; need to develop
aucsh agronomic techniques to ralse the produotiviiy of
vegetable orops. The importiance of suoh a atrategy to
develop an appropriate agronomioc praotice resulting in
higher productivity is all the more relevant in a
oountry like ours where the majority of people are
vegetarians, Bhindi (Abelmogchus gsoulentus (L.) Moenoh,)
is s varm seasson pod vegetable, Originated in the
Abezenisn centre of orop origin and introduced to our
sountry by the western navigators and explorers the orop
is now being oultivated throughout the country in
differant agro-climatio regions. Advanoes in food
teohnology have given further doost to the cultivation
of bhindi with the export of dehydrated pods to foreign
oountries. The bhindli seed has been identifled as a

nutritious oattle fesd,

vhe yield of bhindi per unit of land and per
unit of time has remained very low in our ocountry, A
galaxy of reasons - poor genetic potentisl of the



exiating genotypes to manufasture ani astore the
photosynthate, inoidencs of many parasitio and non-
parasitic disenges and above all lack of an appropriate
agronomis padkage of prastioes = have basen atitributed
to the poor pearfornmance of Indiazn bhindi, Recently a
good number of varieties (Pusa Sawani Oo.,I, Selsotion-2

ete,) have been evolved,

There remains an urgent nsed to chalk out a
fertilizer sohedule for the high ylelding varieties
like 0.1 whioh ia very popular in Xerala,

No work seems to have been dons w0 find out
optimum and economio doses of anltrogon, phoahorus
ana& potassium to raise the produotivity of bhindi orop
ahove 100 q/ha. The present study was designad io
find out optimum and eoonomic lewvsls of the three major
nmatrients (nitrogun, phosphorus sand potassium) whioh
vould give a yleld level above 100 g/ha,

The affect of different levels of nitrogen,
phosphorus and potagsium on pod yield and its ocomponents
were also studied,



REVIEW OF LITERATURE



BaViaew OF LITedalyul

Pormalation of econmomic levels of fertiliger

raesuired for maximisation of orop profits is & vital
step in any orop management programmes, Shristioned
ns panurial tri:ls, the experimsnts on deciding the
eoonoinie lavels are rather limited and few in nunmber
in vegetables in general and bhindi in partiocular,
ihe avajlable literature on the effects of nitrogen,
phosphorus and potassium on growth, yield, quallty
and their oomponents in bhindi are reviewed below,

1. #ffeocts of nitrogen, phosphorus and potagsium on
grovth, yield and quality of bhindi,

1.1 Effects of nitrogen.

jandhawa (1962) oconduoted a trizl on bhindi with
three levels of nitrogen (34, 68 and 102 kg/ha) and
found 068 kg %/ha to be ths most effeoiive dose for
inoreassing the number of branohs:, leaves, flowers and
fruits per plant, Chonkar and singh (1363) in 2o sand
oulture experiment observed that for tha bveat growth
bhindi requires 210 ppm of nitrogen, 237 ppm of
phoaphoruz and 78 ppm of potagsium, The height of



plant, manmber of leaves and pods could be lnoreased
eonasiderably duz to the appiioation of nitrogen (Aron,
19433 wadleigh, 19573 Burris, 19593 Sutton, 1963;
Singh and Singh 19663 Knomalanathan et al. 1970 and
3id et al. 1971)., Aoccoriing to “houdhury (1967) for
raisin; a good orop of bhindil a dose of 61 ks of
nitrogzen, 27 kg of phosphorus and 30 kg of potzssiun
per ha, had to be applied, In HKeralz, under Velloyani
sonditions, nitrozen level above 84 kg/he wvaz found to
be detrinental (Chandrasekharan and George, 1971), The
optimum dose of nitrogen for bhindi was reported to be
54 kg/ha (Asif und George, 1972 and Sharma and Shukla,
1973), whereaas iinga (1979) reportsd that bhindi guve
better responae evan upto 75 kg/ha, Sut contradictsry
10 the sbove results a linear response to applied
nitrosen even upto 100 kg/ha wag reportsd from
Heaserghatta, dabour, whuri, 3nabaneswar und Jabalpur
(dnon., 1372-74, 1974~76 and 1977-78.

1.2 Effaecta of phosphorus,

sharma 2nd Shukla (1973) in a two year trizl
noticed that 34,8 kg P?O5Aha gave hetier growth znd
yield when compared to 17.4 =2nd 52,32 kg ?205/ha. Ina



pot culture expsriment on bhindi upto 60 ppm of
pnoaphorus gave higher plant height und yield
(Rzndhawa, g% 81.1977). The same efieot was noiioced
by saiumbnl et al.1377) 2lso. Jingh and .iingh, 1960
and Jingh et al.1967 1n4ﬂ fertilizer trial conduoted
on bhindi for three sezsona observed a oconsiderable
deorease in plant height and yleld a2t 0 kg ?’?;.‘),5/113
level as ocompared to 25 kg onsfha leval, 3But it was
reported that bhindi gave better response upto 60 kg
?zaslha in reapact of yield and yield ocomponents
(Chonxar and sSingn, 1963 and Singn 1979, Anon.,
1972~74, 1974~76 nd 1977-78,

1«3 suffeots of potassium,

satton (1963} observed that applioation of
potagsiam had no sigmificant effest on vegetative
growthi and yleld of bhindi when the available potassiun
eonteni in so0ll was high., Detrimentinal effeot on growth
and yield of bhindi due to higher doses of added
potagsium vas lso reported by ling and singh (1966),
sing et al. {1967) snd Bid gt 21.(1971). The result
obiained in 3 sand culturs experiment on bhindi
condusted by Chonkar und Singh (1963) was also found
to agree with 1it,



famalansthan et al.(1970) reported that potassium
at 30 «g xzﬁ/ha wvas favourable to the yield of bhindi
and when inoreased to 60 kg K,0/ha was detrimsntal,
This result also came in line with that of
Chandragekharan and George (1971) that bhindi erop
responded only upto 56 kg KéO/ha. 34ngn (1979) clso
noted that even though there was inorease in growvth
and yield oharacters due to ths application of potasaium
at 60 xg zgﬂ/na lavel, further increase in potassiun
level was not aignifioantly'dirfbraat from this level of
potagaiun, Linear response %o added potassium upto
60 k¢ &Qﬁlha wag also reportsd from Hasserghatts,
Bhubaneswar and .abour (Anon,, 1977-73).

1.4 Interaction affaot of nitrogen, phosphorus and
potassium on growth, yleld and nuality of bhindi,

3id et al. (1371) reported that the beat growth
in Okra wuz obtained when all the three major matrients
were applied, They notleed that among the first order
interactions, 60 kg ¥ x 30 kg KéQ/ha wag the most
efiective combination and it was followsd by the
combination of 60 kg T x 30 kg Pansfha and 30 kg
?205 x 30 kg Kéﬂ/ha. sffeot of ¥ x P interaotion had
also been reported by many workers (Uaimdbhi and Padda,
1967-68; Oharma and Shukla 1973). Acoording to Jaimbai



and Padda (1970) and aimbhi st al., (1975) application of
nitrogen above 60 kg/ha sould not give any significant
result on growth end yileld unleass the phosphorus is applied,
Singh (1979) in a fertiliser trial on bhindi var, Pusa
Jawani, found that, all the firat order interactions
increased the plant heigiit, numbsr of leaves, pod langth
and pods/plant,. Hut the number of br..whes was signifiocantly
8ffeoted by nitrogen x potassium and phosphorus x potassium
interactiona only. Among the nitrogen :nd phoaphorus
oombinations, 150 kg N¥/ha with the control of phosphorus

(0 kg P,05/ha) also gave the maximum number of pods and
maximam yleld/plant,

2. Effect of levels of nitrogen, piosshorus nd potassium
on the oonitent of matrients in bhindil.

Agif and Grieg (1972) reported that in bhindi,
aprlication of phospnorus and potassium could ineresse the
content of these nutrisnts in the plant, Applioztion of
nitrogen increaged nitrogen and copper content bul aﬁcmascd
phosphorus, calcium and zino oontsnt Jaimbhi 2t 1. (1975)
algo agreed with the above finding, He further obuarved
that the application of phosphorus did not affect the
nitrogen, potassiun, calofum, magnisium, zine and coppsr
aontent of plant, 3ut it inoreased may: _‘nese and iron
content and deoreased the content of sodium, In the ocase
of nitrogen application also they could observe the inocrease
in magnesium oontent of the plant,
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MATSRIALS AND MaifOJus

The experiment was conduoted in the main
ecampus, Zerala Agricultural Univeraity, Vollanikicara
with the objeotive of atudying the effect of graded
doges of nitrogen, phosphorus and potassiun on growth,

yield and quality of bnindi (Abslmosohus egoulentus (L.)
Moench) Yar, Co.l.

1. Materials
1.1 5ite, olimate and soil

The area is situated at 10.32°7 lattitude =2nd
75416 "o longitude at nn altitude of 22.25 metres, with
a typloal humid tropical olinate,

Iha soll of the exparimental ares is & deep,
well drainsd sandy loam, The chemicazl charasteristiics
of the 301l are presented in Table I,

1.2 Zropping history

The area was under vegetable: in the previous

season before whioh it was under rubber,

1.3 Season and weather oonditions

The experim:nt was conduoted during the period



Tuble - 1

Chemical charastariastios of soil

Jontent in soil

,_lonatifuenta {per oent)
Total nitrogen 0.115
Total phoaphorus 0.0339
Total potassium 0.201
Available phosphorus O.@i‘%#
Extractable potassium 0.0026
pK 5.1

(1 3 2 soll=vater ratio)
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from May to Auguast 1978. The detsils of the
mateorological observations for this perind are

presenied in Appendix I and “ig., I,

1.4 336d§

seeds of varisty Co.l, released fron
{amil Wadu Agriocultural Uaiversity (Arumugan and
Muthukrishnan, 1977) based en ita better perforiunce
comuarad to “usa sawani in the experivents conduoted

in iamil Tadu wvas salseisd for thils atudy.

1.5 Manures and fertilizers

Fapy yard manure st the rate of 10 twwnnes/ha,
was applied uniform 1y prior to the preparation of
ridges and furrow:, 7The fertilisers viz., =zavwonium
sulshate, super-phosphate and smuriste of potush were
ugad to supply reruired gquantities of nitro;en,

phosphorus and potzsaium,
2. Mathods
2.1 Lay out

ine experisent was laid out in ‘;’:«3 oconfounded
faotorial design with two replications, <The higher
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order interaotions ¥PK and WPK° vere partially
confounded in replieations I and II respectively.

The details of the lay out are furnished below:~-

1. Total number of treatments - 27

2, VYo, of 3aplications - 2

53¢ No. of plots - 54

4, Yo, of bDlooks - B

5. .paging - 60 x 45 om,
6, Total Yo. of piants/plot - 42

T. o, of experimental plants - 18

8. Gross plot size - 11,34 M7

9. Net plot sisze - 5.4 M

10, Jdotal experimental area - 612,36 M°

2.2 Treatman

ireatments consistaed of combinztiions af three
lavela eucn of nitrogen phosphorus and potassiun,

2.2.1 Lovels of nitrogen
e n 0.0 ig W/ha,
2e Ny 30.0 Kg H/ha.p
Je My 60,0 Kg N/ha,



12

2.2.2 Levels of phosphorug

1e Po 0.0 RKg Pzgs/ha
2e p, 25.0 ¢ ngs/h&
3. b, 50.0 &g P,0./ha

24243 Levels of potagsium
1. kb 0.0 ig Kzolha

e k4 25,0 Kg szzha
30k, 5040 Kg KéO/hs

2.3 Pield operations

The osultivation practices reocormmended for
bhindi by Keral: Agrlioultural University were followed,

2¢3.1 Preparation of field

The area was ploughed thrice and wesds were
renmoved, Thae blocks marked and each block was divided
into 9 plots. TIhen orgzanico manmure wia uniformly aspread,
small ridges were taiken keeping a spaoing cof 60 om,
from ridge tw ridge.

2¢542 3agal applioati fertil

The fertilisers, ammonium salphate, super phosphate
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and muriate of potash were applied on the ridge as
per the sohelule given in the package of praotioces
resommendation, Xerala Agrioultural University,inon.(1977).

2.347 Sowing
3eeds were soaksd in water for four hours
bafore sowlng., iueve seeds were taken oui, dralned
andd 3own 2t a rate of two 3eeda per hole with a spacing
of 45 om from piznt 10 plant within the ro., ‘hinning
was done 10 days after sowing, retaining only one
hezlthy plant,

2;3.4 ﬁeedgw
ine plots were hand weeded fremently to keep

henm frec of weeds,

Ine top=dreasing using remaining half of
the nitrogen dose was dons after 30 days of sowing
-along with earthing up.

2.3.6 Plant proteotion

ihe orop was almost free from pests and
deseasaes, However, a prophylatic spray of malathion
was givaen after 20 days of sowing,
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2.3.7 Harvest

At onz month stage, almoat all plants ocame to
flowering, Harveating was done 7 days after flower
opening. The first harvest was nade on 38th day after
sowing., Thereafter harveasting was done on every
alternate day, 7The period of reproductive phase was
2 wonths and the final harvest was made on 30th August,
1978,

2.4 Obaarvations

2.4.1 Growth componsents

(1) ieizht of plant

ihis observation was taken on 12 piants sslected
randomly in euoh plot after leaving wne border linses on
four sidexz. This obsorvation was tazen at fortnicshtly

intervals, till the end of the orop ssason,

(ii) Humder of leaves

ihe plants aelzoted for the observitions on
pdant height were used for this. 7The nuzber of
functional leaves, including the fully opened topmost
lgaf, was recorded evsry forwnight., {se toisdl nunmber of

leaves prodused per plant was =lso noted,
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(111) Number of flowers

Flower produotion of the planta were noted duily
after flowering and total numder of flowers/plant was
alss paoorded, The plants on which observaivions on
heignt and number of leavey were reoorded were used

for thils ohsractier 2lao,.

(iv) Date of flowering

“he numbsr of days taken from sowing to flower-

ing of 50" planta, in each plot, was reodorded,

(v) Number of hranohes

Hunmber of dranches per plant was observed at

ihe and of tne oroyp aznazon,

(vi) ILeaf area index

lLeaf area index was taken ot two suu, es, 30 days
after sowiny and o0 daya aftsr sowing, Ieaf samples of
b leaves (2 fronm top, ? from middle aznd ¢ from bottom)
were oonllectcd from the planta uprooted for analysing

nutrient uptake at these two stages,

Jhe leafl arew indexz was saleulsied by using



16

‘paper-weight' mothod, Six paper sheets of uniform
alze were izizen and a faotor was worked out in order
to get = ratio betwsen the mrea and welipht of tne
paper shests, The leaf area of those 6 leuves were
mirxked on ihe paper snseis and that porilons were

csul =znd weighed, Then the area of the paper ocuts

were worxed out whion would be thne leaf aren of the
3ix aample leswves, This leaf area was then related
“idh Wie dry weight oif these asix leave:s, The total
dry weig;‘u%fma dicle lenves was multiplicd by the ratio
odtained before in order to get itue lexd ares of the
entire lewves. hen Lo gel the beoeols the total leaf
ares was uivided by the izad aresa oocupisd by ihe two

selaated plania,.

vil; Doy sssimilaiion rate

votal dry weignht of two plants at 30th day
and total éry weight, ineluding dry wweight ¢f fruits,
at oUth 4y were ouLservsd in each troastment., (At a
tine two plates were twien from enes plot - the sane
plants ased for s.o.l. ealoulation). ‘.. .. waae

oxlaulated using the formila given below { 'ataon, 1958),.
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(g = wi) (ln A2 = 13 41)

NAR = (hp = A1) (22 - t1)

‘here, 2 = Total dry welght of plantas after 2 months,
W1 s Total dry welight of plantag afier one month,
AP - Leiel. at -nd mnth.

a1l ® behel. at 15t month,

In A2 and ln A1 are natural logarithrs of A2 and
A1 respectively., Tha 2 and t1 are the time of s.ampling

in days,

2.442 Yiald Qﬂmaenu

1) Husber of flowers per plant

Number of flowers was observsd, in 12 randomly

szlsoted piants from each plot, in every alternate day.

11) 7Total number of fruits produced per plant

At enoh harveat total number of fraits wee
raocorded, separately from eésch plot and these nunbers
were added to get 2 total number of fraltis per plet
Then, thls number was divided by tot=l nunhar of plante
in order to yet ths number of frults ner plarnt,

111) Percentuge of fruit-get
Prom the above two data peroentags of fruit set
wags oaloulated,
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iv) iength of fruls

To get the mean fruit length, ten fruits from
exch plot and from randomly seleoted plants, were
narvested exaotly on the Tth day of flower opening

and the mean lengih waa workoed out,

v) selint of fruits

Jotal welignt of frulits was devided by total
number of fruits to yet the average frult weight.

vi) Pargenisze of dry weight

30 fruiie from each plot were dried to conatant

welght at 70°C and dry matier persenta e wag onleulated.

vii) ioital yield

Ppults from the net plot (twelve plania) were
narvested togetuer 2nd Yhe total wei ht wus wlso
recorded esnch tims, wese welgnts of eush aurveat were

added to get total yield/plot.
2.4.% _uality (Orude protein content of fruitia)

lo find outl the orude prote¢in ocontent the
nitrogen percentage of fruita (Jackoon, 1993) was
sultiplied by 5.2%5,
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3. Uptake of nutrients
Tutrient uptake by plants was gtudied at 3 gtages.

1. 30 days after wmowing,
2. 60 dayas after sowing,
3. 30 days after sowing (at iths cad of the orop).

At 30th day ¢ plants frowm ozch plot were pulled
out randemly with root system, wasicd and dried at T70°C
to sonatant welght, Samplen of leaf and svem, were
analysed scparztely for their W, P and X content. 3t 60th
day also 2 randomly selected plante, from sash plot,
were pulled out wasicd and dried to constant weight,
In Wnris ouse leaf, gtem and frults were onalysed
sepuraiely. At the end of the orop also ihc same
prooedure was followsd, At each atage f2llen leaves
#8rea nlaso ocolleoted und added to the roupgsotive leaf

3%})1{33-

For suehn stage uptka of nitro -un, phosohorns
and potassiun pov plant was oaloulaisd lor each ireaiment,
Par hactar: remeovel of nitrogen, phvaphoras and potasgium

wis galonisted from these wvaluss,

3¢1 Chemioal sanlyslg



<0

3e1,1 Nitrogen content

¥itrogen oontent of plant maturial was osiimated

2
by the microkjldanl procedure as jiven by Jackson, (19733,

3+.1+2 Phosphorus content

Phoaphnoras content of plant material was e¢stimated

colorimetrioally (Jackson, 1373),

3.1.3 Potasaium content

Potagiiuwa oconient wias estinated using flums

photometer (Jackson, 1973).

4, Joil analysis

4,1 S0i) snalysis before orop

1 rapreszsntative soll sample of experimentszl
area was prooarad by eoliseting sodilu fross diiferent
parts of the aran and was analysad for it3 total nitrogen,
phognnorus and sni2osiur nd available vhogohorus and

rotaasium, Tha nH wze 2130 measured,

he @ote relating W oech cuaractor were snalysed
by a olying itae analyzic of verlanoe teonni ue szs  iven
by Panse and  wshatwe (1967) for confounviod fasiorial

¢xperivent,
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5.1 Zesponse

fhe response to both phosphorus and potassium
was found to be linear, But the response w nitro.en

was quadratic, The reaponse ocurve fitied to nitrogen

1s‘xf”-ao‘bxos)£2.mreX-H-m.

ine optimum dose of nitrogen was astimated
by uasing the emuation (optimum dose of 7 .-—;-53-’-—) and
the economi: optimun ol nitrogen level was worked out

asing whe ¢ maiion, ¥ = %- = B (snedecor and Cochran,1367)

20
wi2re, o = priss for 1 kg of nitrogen and

p = prioce for 1 wnne of produsc.



RESULTS



The present invesatigation was undertaken to
study the effects of graded domes of nitrogen,
phosphorus and potassiuc on growth, yleld and
quality of bhindi,variety Jo,I. The experimental
findings are presented bslow,

1. Yegetative characiers

1.1 Heig 0 lant

a) Ma ffeota:~ Observations on piant height
wore taken at 15 days interwals and the data on main
affeots are presented in Table 2 and Pig. 3 and the
analysis of varianoe in Appendix II.

sffeot of nitrogen on plant hseight was :si:nifieant
at all stagzs, After 15 days of sowing, plant height
inoreaged with avery inorgass in nitrogen levels, 31
and ?!2 lovels being at par with eash other, At later
atages, plant hneight inoreased significantly with
incransing levels of nitrogen.

At all stages, Py and Pz levels of phosphorus
racorded higher plant height than ocontrol, Ifhe ‘&’:’2 level



HULOIAE. 204 DO kg 3 on hé he ih

interval and the numbor of branohes

emem—emmmedgight of ploent -

Treatmente vays after soving Tumber of branches
15 30 45 60 75 90

ievels of N Xg/ha,

0 11.36 23,66 53.38 116,63 132,90 139.39 0.777

30 13,03 27.01 T0.97 153,37 180,13 191,77 1.244

60 13.48 29,89 T78.35 171.81 189.14 201,81 1.672
‘B’ teat 3ig. 3Sig. Sig. Sig. 318 318 Sige
SEM » 0,170 0,700 2,060 2,790 2.53%0 2.140 0.100
Cu(0.05) 0,470 2,059 6.030 8.179 7.406 6,268 0.324
Levels of P,0, Kg/ha.

0 11,90 25.27 61.45 143,11 160,62 169,62 1.178

25 12,69 27.37 68,07 146.47 165.72 178.63 1.332

50 13.21 27.93% T3.19 154,22 175.84 185,21 1.183
'F* tast 31g. 35ig. Sig. Sig. 54g. 318 ¥,
SuM o 0,170 0,700 2,060 2,790 2.5% 2.140 0.100
C (0,05) De470 2.059 64030 8,179 7T.406 0,268 -
Levels of Kgc Kg/ha.

0 12,22 264,29 68,31 150,23 167,40 177.22 1.202

25 13.00 28.43 67.21 146,68 165.43 176,04 1.233
e o 90 12,57 25.79 67.18 146.89 169,34 180,21 1.258
F' test sig.  Sig, W R <] N NS &3
aoll & 0.170 0,700 2,060 2,790 2.530 2.140 0.100
30 (0.,05) 0.470 2.059 - - - - -

£0
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was signifioantly superior to P, only at 15th, 75th
and 30th days after gsowing,

Potasgium laveles showed signifiocant differenoces
only at the 15th and 30th days after sowing, At both
these atages, the highest plant height was observed
undsr K, level, It was significantly superior to
control and at par with Kz at the first stage. There
wag no siynificant difference bstween Ko and 32. Bat
at the seoond atage, Xy was significantly superior to
X, and it wvas at par with K,

The general trend of the main effeots on plant
heaight indicates that there was increase in this
charast.r with inoreasing levels of nitrogzen =nd
phoasphorus, In the case of nitrogen application this
inorease was statistioally significant, except in the
first stage. Only at 15th, 75th and 90th day stages,
P2 level of 50 kg P205/ha showed signifioznce over Py
and Po' In the case of potassium, signifioant inorease
was noticed only at ths firast two stages and in these
oases 21s0, only upto the intermediate level of 25 kg
,0/ha.

Over the stages, there was a gteady inoresse in



20

plant height upto the 60th day after sowing and
thereafter the rate of inorense wag slow, This trend
was notliced in all the treatmants,

b) Interagtion effeotgi~ Nitrogen and phoaphorus
interaoctions were significant at all atages of orop

growth (Table 3). After 15 days of sowing, N,P,
oombination reocorded the highest plant hei: ht mnd it
wag at par with N1P2. The combination of HOPO gve the
ninioum plant helght, Afier 30 days also W,P,recordad
aignifioantly highor value than othar cambinztions and
N, P, recorded ths loweat value (Table 4), Ihe
combination of ﬂng reoorded the highest plant height
on the 45th day also (Table 5). As the data given in
Table 6 ind ioates at 60th day stage the higuest plant
height was reoorded by HzP2 oombination and it wus at
par with T,P,. At the 75th day also ﬂé?ﬁreoor&ed the
highest plant height and was at par with E1P2 and

NPy (7able 7). Ag in earlier stages,nst 30th day also
HQPQ, combination recorded the highest plant Leight
and it was at par with W,P, and N,P, (Table 8),

The gencral trend of nitrogsn and phoaphorus
inteructions on plant hzight may be summerised ag
foilows, When nitrogen wvas not appliad, there was no



sffeot of nitrogen and phosphorus intsraction
on the plant height after 15 days of aowing.

Table - 3

Levels of Levels of P,0. Kg/ha, Mean
5_Kg/baa Q 25 25 =g

0 10,93 12,08 11,07 11.36

30 11,98 13,12 13,98 13.03

60 13.02 12,87 14,57 13.48
Moan 11.90 12,63 13,21
Sal e 0.22
e (0.05) 0481

Table = 5

uffect of nitrogen and phosphorus interaction
on thée plant height after 45 days of sowing

lable - 4

BEffect of nitwrogen and phoaphorus interastion
on the plant heignt after 30 days of sowing.

Levels of Levels of P,0; Kg/ha., Mcan
N Kg/ha, 0 25 20

0 25,20 24.48 23,30 23.66

30 24,43 29.52 27.08 2701

60 23,17 28,10 33.40 27489
Maan 25427 2T.3T 27.93
SiEM o« 0.99
cu (0,05) 357

Taple = &

sffact of nitrogen and phosphorus interaction
on the plant height after 60 dayas of sowing.

%¢§§§§agf Lgvels %g PEO5 ﬁgéna. Mean
0 54.82 51,75 53.57 53438
30 03.8% T5.42 T13.67 T0.97
00 65.64 T7.05 92,35 7835
Mean 61.43 ©08.07 73.19
SuM e 2491
b (0.0%) 10.44

Levels of Lewala of P205 Kg/ha. Mean
% EKg/ha. 0 25 50
0 124,48 113,33 118,08 118,63
20 141,65 154,97 163.48 153,37
60 163,20 171,12 181,10 171,81
Mean 143.11 140,47 154,22
Sui o 3494
3D (0.U5; 14,17

9¢



iable - 7

Effect of nitrogsn and phoazpnorus interasiion
on the plant helight after 79 days of sowing,.

- n g
gfgzzzézf Leaéla o§;1205 ﬁggga. Mean
0 134,90 130,95 132,90 132,89
30 100433 177.47 136,54 130,13
60 180,62 188,75 198.08 183,14
Mean 160,62 165,72 175.84
SuM o 3457
L (0,05) 12.83
Table - 9

Effeot of nitrogen and potassium interastion
on the plant haight after 15 days of aowing.

i
0 11,03 12.00 11,09 11.36
30 12.40 13.95 12.73 13.03
60 13.23 135,05 14,17 13.48

Mean 12422 13,00  12.57

GoM 0e22

S €0.0%) 0.81

Table - 8

«ffest of nitro.un nnd phosphorus interaction
on the plant height after 90 days of sowing.

Taon 2y} & K4

gbgalaaot Legalsﬁiééons uggga. Mean
0 142,02 1%.10 141.5% 139.89
X 175,40 190,78 209.12 191,77
60 191.45 209.02 204,97 201.81

Hean 163,62 178,63 185,21

SEL S 3402

Ju (0.,05) 10.8b

Table -~ 10

Bffeot of nitrogen/potassium interaction
on the plant height after 75 days of sowing.

Levels of Levels of K0 Kg/ha Msan
¥ Xg/ha, 0 25 50
0 129.10 125,67 143.93 132.90
30 172.90 182,22 185.27 180.13
60 200,20 188,42 178.82 139,14
Mean 167.40 105.43 169.%4
S 2 5457
30 (0.05) 12483

26
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Tadble ~ 11

£ffest of nitrogen and potassium interaotion on the
plant helght after 90 days of sowing.

Levels of Levels of X,0 Kg/ha

¥ Ka/ha. 0 stZ 50 Mean
0 135,42 134,18 150,07 139.89
30 181.87 194,53 198,90 191.77
60 214,38 199,40 191,65 201,81

Sull » 3.02

Ch (0,05) 10,86

Table -~ 12

Effeot of phoaphorus and potassius interaotion on the
plant height after 15 days of sowing.

e R
0 12,68 11,52 11,50 11.90
25 12,20 13,47 12,40 12,69
50 ' 1173 14,02 13.82 13.2%
Mian 12422 13400 12.57
3EM o 0e22

b (0,05) 0.81
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significant differsnce datween phosphorus levels at
any of the stages, When nitrogen was applied both
at 30 kg N/ha and 60 kg ¥/ha levals, plant height
inoreased with inoreasing levels of phosphorus, exoept
on the 30th and 45th days. At all the laevelas of
phosphorus, inoreasing levels of nitrogen showsd
tendency to inarease plant height., llowever, on the
15th and 30th days, at 25 kg ?265/1:1& lzvel, inoreane
was noticed only upto 30 kg N/ha, G5Similarly on the
90th day, at 50 &g 9205/113 lsvel also tha inorease
wag notleced only upto the intermediate lavel of

30 kg M/ha,

Niirogen and potagsium interasstions were
signifiocant only on the 15th, 75th and 90th daya
after sowing, After 15 days, Naxz combination recorded
the highest plant height and it was at par with ?¥,K1.
The N K, combination recorded the¢ lowest value (Tavle 9).
On the T5th day, azxo recordad the highest plant
height and it wes at par with Nzﬁ. Tase §°K1
combination recorded the lowest value (iable 10).
After 90 daysof sowing, the ocombination Nzxo reoorded
the highest plant height and it waas at par with 7“!231’



Fhi
The ocombination, nazﬁ recordad lowesnt value, 2a on

the 75th day (Table 11),

Niirogen and potasaium interactions on the
plant height oaon be summarised as follows. Yiirogen
and potassiuus interaciions wore sdgnifiocant only on
the 15th, T5th and 90th days after soving. 7ihe
general (rend on the 15th day was different from those
of 75th 2nd30th duys, However, in genaral, there was
inorense in plmt height wiih inorecsing levels of
niirogen, the extent of inorease bein; more or less
gimilar at all levels of potasalum, The interastion
effeota botween nitroyen and poiasssium wers not gteady

and consistent snough to draw out genersl oonclusions,

Phogphorue and potassium interactlons om plant
hoight were signifioant only on the 15ih day aftar
souing (Iable 1:). Among the phosphorus ani potascium
eombinations, P251 and P°K1 recorded maximanm and

ninimun plant heights respeotively,

The general trend of interastiion effecta were
as follows, When phoaphorus was not applied, plant
hel;ht deoreased with inorensing rates »f potasalun,
When applied at 25 kg and 50 kg ?zﬂg/h&' plant height
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inoreased upto the intermediate level of 25 kg Xzﬁfna
of potasasium, A further inocrease¢ in the level of
potassium resultcd in  dsorsase in helght of the plant,
vhen potassium was not applisd, plant height decraassd
with inoresasing lavels of phoaphorus and whon applied
at 25 kg and 0 kg E{Zf’:'/ha. plant height inereaged witha
inorensing levels of phoaphorus,

1e2 Tumber of branoheg

There was no aignificant difference between
treatnents in respect of number of Wranches except in
the oacse of nitrogen levels (Table 2), "..c analysis of
variance is prasented in Appendix III.

Branohing was inoreased with inoreasing lavels
of nitrogsn. The naximum number of branohaes per
plant (1.67) was recorded at 60 kg W/ha. :he interastion

effeota were not significant,

1.3 Jumber of funotional leavesg

a) Main effeotge~ The data on the main effeots
are presented in (able 13 and the analyeis of varianoe
for the same in Appendix I1I,

There wug no signifioant differencs betwecn the



Table -~ 13

aficot of lavels of nitrogen, phoaphorus and potassium
on th: number of funotionsl leaves at 15 days interval

and the total leaf production,

-Jymber of funotional desvea . f‘i“: :ﬂ;l
ireatments Days after sowing roduo-
15 30 45 &0 15 ion
Levela of ¥ Kg/ha,
0 4.12 6,20 10,32 14,32 9,22 13463
30 4,22 6,57 13.17 16,03 10.45 4,72
60 4,17 65.85 14,71 15,37 10.18 26,34
'?' teast No vig, 35ig. Sig. Sig. 8ig.
SuM e 010 0,10 04,20 0,17 0,22 0422
20 (0.05) - 0,27 0,61 0,52 0,68 0,64
Levsls of P,05 Kg/ha.
0 4,21 5,29 12,04 16,02 9,88 23440
25 4.06 0,67 12,72 15,02 9,95 23445
50 4,24 0,66 13,43 14,68 10,02 23.97
'F' teat N 3ig, 31g. Sig. s 15
ST 0.10 0.10 0.20 0.17 90,22 UVe22
Ob (0,05) = 0,27 0,61 0,52 - -
Levelu of KEO Kg/na
0 4,04 06,48 12,59 14,03 9,94 23406
25 4e58 04T1 12,09 15,42 9.3 <3437
20 4,08 6,42 13,51 15,62 10,%4 24,21
P otest N3 NS Sige  Sige. S1ge Sige
Sui & 0.10 0,10 0,20 0.17 0,22 0e22
S (0.0%) - - 0.61 0,52 0,68 0.64
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lsvels of nitrogen, at 15th day aftsr sowing, with
regard to the number of funotional laaves, At 0th
and 45th days, inoreaains levels of nitrogen

produced asiznificantly higher number of leaves., But
at 60th and 75th Adays, H, lovel reoordad the highost
nunber of funotional lesaves, After 60 dzys of sowing,
¥4 was significantly superior o H, and qy0 whereas
at 75th und 90th days, N, was at par with ¥,. At

all these threc stages, Ko wag siznifioanily inferior

10 R, and ﬁg.

At 15th sm.d 75th days after gowing, number of
leaves was not found to be influenoad by phosphorus
lavels, After 30 days, phosphorus agplisation
inoreased the number of leaves but Py aand P, were at
par with sach other, At 45th day, ‘P,, was significantly
superior to P _ and ?1 s Whereas at o0th day, PO was

0
found 1o have more laaves than P.' and ?2, thsse two

be ing at par,

Application of potaseium had no signifiosnt
influenne at 15w and 30th days of sowing., GLeal
nmumber of X, on the 45th day was significantly higher
than K, and %y levels. The levels,& and K wers at
par, After 60 days of sowing, leaf number of ¥, was
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aignifioantly highsr then Z, and was at par with %,
Y TS5th day, K2 was signifioantly differcnt from 4
snd was at par with Koo

“ne general trend of the main effeots on the
nmaaber of functional lenves indicates that thers was
slgnifioant Inorensc in this character with inorcasing
levcls ¢f 2ll the three mutriente., There wag
statistiodly significant inoreanse only upto the
intermnadiate levels of 30 kg N, 25 kg ?205 and 25 kg
?0 per hsotare,

Over the stages, therz was & steady inorgase in
the nmumber of funotional leawves upte 60th day after
whioh there was a sonspiouous decrenae during the next
stags of observation (75th day), The trend remains
the aume in all tae ireciments,

b) Interaotion effeatst~ The intersctions

beiwecn nitro:en and phoapnoras ware algnifiseant at
all gtages of obssrvation except 15th »nd 0th days
afteor goving. 24 45ih day, the comdinationa, ‘?,, 29
HZP‘ and P, recorded higher number of funotionsl
leaves, ihese three combinations were at par with
each other and signifioantly superior to slil other
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combinations, 30?1 recorded the lowest value

(rable 14), Aftsr 60 days, W,P,, ané W,P, and W,P,
recorded higher number of functional leaves and they
were at par with each other, The combinntion 32114‘32
reocorded the lowest value (Table 15), At 75th day
0130, ?11 Py was found to be signifiocantly superior to
all other ocombinaiions and ‘5(61’2 recorded the lowsat
mean value (rable 16).

Inc interacstion effsets between nitrogsn znd
phiosphorud muy be suumarised as followa, Thare was
simificant inwveraction at all the stages except on
the 15th and 30th days., Without alirogen application,
inoreasing lavels of phosphorus did not show any
inorease in the number of funotional leaves, At the
intermediste level of nitrogen (30 kg/ha), inarssing
levels of phosphorus tended to result in a cteady
inerease in the number of funotional levwea, At the
highest level of 60 kg ¥/ha, thers was increasc in
leaf number with inere:=asing levels of phogphorus only
upto 25 i T’Eﬁﬁ/ha. Puarther inorease n phoaphoriy:
application sinifiently deoresged the lenf mumbor,
Jomparing the cffect of lnoreasing lovels of nitrogan

at each level of =pplied phosphorus, it may be noted



Table -~ 14

uffeot of nitrogen and pheaphorus interaotion
on the number of funciionul leaves after 45
days of sowing,

. T 2l m o
f%agz}iac:t ugwl., :g 2?205 Kgéha. Mean
0 T1Ue38 10,28 10,30 1032
30 12,10 12,73  14.67 13,17
60 13.65 15,15 15,32 14,71
Mean 12,04 T2.72  13.43
SaM ¢+ 0.30
30 (0.05) 1.06

fabls - 16

Bffect of nitrogen and phosphorus interaction
on the number of funotional leaves after 75
daya of sowing.

?m sif Legela afzis’zog :iegga. Mean
0 10,50 8,92 8,23 9,22
30 885 10,12 12,38 10.45
60 10,28 10,82 9,42 10.18

Mean Jo88 3.5 10,02

SuM » 033

3V (0,05) 1.18

Table = 15

~ifeet of nitrogen and phosphorus interastion
on the nanmber 2f funalionil leavas after 60
diys of sowling,

gc?{;}ga?f Lagels o} 55?205 K%ha. Maen
o 15.85 13,18 13,93 14.32
50 15,85 14,98 17.27 16 .03
60 16,78 16,88 12,95 15.37

Maan 10,02 15.02 14,68

SEM e .06

3D (0.,05) 0,89

Table - 17

iffect of nitrogen and potassium interaction
on the number of funotional leaves after 60
days of sowing,

;evg;l’ﬁa?t Legel.z agséczﬂ Kggga. Mean
0 13,22 14,92 14,82 14.32
30 1257 10.78 18,73 16.0%
00 18425 14,55 13,32 1537

Maan 14,68 15,42 15,62

SuM s 0,06

Sb (0.05) 0.90

9¢



Table - 18

uffeot of nitrogen and potaszium interaction
on the nuuwder of funcilonul leaves afier T4
duys of sowing.

ievels of sevals of U kg/aa, ™
T Kg/na. 0 25 e 50 Mean
0 3.00 9,73 9,32 el
30 343 10,15 12,77 10.45
60 12,80 B.,18 3.55 018
3D €0405) 1.18
Table - 20

sffect of phosphorus and potsgsium interagtion
on the number of functional lcaves after 60
days of gowing.

Ry ¢ mgen Y > e

?Zgzlgggég. hgvels gg hzo ﬂgéha Mean
0 13253 17.03 17.00 16,02
25 13,95 16,18 14,92 1502
50 16,57 12.53 14.95 14,68

Maan 14,68 15,42 15,02

el e 0,06

Co (0.05) 0.30

iable = 19

~f{eet of phouphorus and potassium interaction

on the nunber of funetional leaves after 45
days of sowing.
0 11,03 11,12 13,98 12.04
25 12,65 12,68 12.8% 12.72
50 14,08 12.48 13,72 15.43
Meun 12.59 12,09 13,51
vzl & D¢30
U (0.05) 1.06
Table -~ 21

affaot of nitrogen and phosphorus interaction

on leaf production,

guzzfga?f b@gels gg Po0g Agéhﬂc Mzan
0 20.91 18,86 193,12 19.63
>0 2zeTO 23418 23.27 24,72
00 20421 28430 24,51 26.34

Mean 23440  23.45 23.97

Subh 8 Ue320

C¥ (0.05) 1.110

L T - A

o\



Table - 22 . .
'n'fuaulwn
Effact of nitrogen and potaesium on the leaf production

iwevels of levels of K, 0 Kg/ha

T Kg/ha, ot 55 120 5o Hean
0 17.90 20.43 20,56 123463
30 C2e12 24,94 Z27.09 24,72
60 2329 24473 25400 2634

Moegn 23400 23,37 24.21

SuEM 0320

S (0,05) 1.110

fable -~ 23

gffect of phospuorus and potassiam interactiion on loaf
produstion,

38

Levels of levela of X.,0 i B, ,

,?205 :.’-f.{;/haa 0 252 Kgg:; Maen
0 22,00 22,10 25,73 23440
25 25444 24,42 22435 .23.45

Maan F3400 23437 24.21

Juit » 0.320

U (0,08) 1.110
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that at all levels of phosphorus, there was a tendeney
for inorease in the number of laaves with inoreasing
levels of niirogen, However, at the highest phosphorus
level (50 kg P,Nc/ba) this inoreasing tendenoy was there
only upto 30 kg W/ha, Further inorease in nitrogen
applioation to 60 kg/ha resulted in a siynifioant
decrease in leaf number,

The oombined affeots of nitrogen and potasaium
lcvels on the number of funotional leaves were not
simifioant upto 45th day aftcr sowing. At 50th iday,
the nombinations N,Ké and Naxb recorded maximum number
of funstional lsaves and they were at prwr with ench
other, The sombination, "1K5 wzs found o produne
lover numbar of leaves (Tsbls 17), After 75 days of
sowing, WX 5 and WK, recorded maxirum valuz; 2n1d w2re
at par with sash other, N2K1 recorded minimunm value
(Table 18).

io summarise the interaotiion effeots, it woa
found that there were signifiocant interactiiona ut tnse
lagt two stajes (607 75th days)., Without nitrogen
applicution, thers waa inorease in the functional
leaf mamber with inorensing levels of potaassium uptlo
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the intermediate level of 25 kg Kéﬁ/ha. “hen nitrogen
wag applied nt 30 kg/hs there wag steady inorease in
the numder of funotional leaves with inoreasing levels
of potassium upto the highest level, VWhen nitrogen
was supplied at 60 kg/ha, applioation of potassium
tendad 1o deorease the leaf number, Jomparing the
effect of impraasing levels of nitrogen at each level
of applied potassium, it may be conoluded taat vhen
potasaium was not applied, there was inorense in the
mumber of funoilonal leaves wiwh increasin; levels

of nitrogen, ‘hen potassium was applied at 295 and

50 kg Kéﬂ/ha, inereasing lavels of nitro:en rosulted
in inoreased lsaf number upto 30 kg W/ha, there being
a deorease with further inorease in the level of

applied nitrogen,

Sonmbined erffect of phospnorus uad poiosssiam
showed significant difference only at 45 nd Goth
days after sowing., At 45th day of souwlng, "oy
Podo 20d Phi, rzeorded maximum values and ihese were
at par with each other. The oombination ?036 ragorded
the lowast volue (Tuble 19), After 60 days of souing,

PoKq Bnd P X, reoorded maximam values and were =t par
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with each other, At the sams tine, 9032 wag also
at par with “Zﬁom P1K1. The "221‘ combinntion
regorded the minimum value (Table 20).

The interaction effects may be summarised as
follows, The interaction betwsen phosphorus and
potassium was signifioant only on the 45th and 6ith
days after sowing. But even at these tWwo stages, the
wend was not steady and oconsistant, making it diffioult
to draw gener:ul conclusions. Though not comsiatant,
thore was a tendenoy for negative inieractions of

phoaphoras and potassium,

1.4 Leaf produstion

8) Main cfi2atys= Iotal numhar of leawon oms

aignifiontly inercacsd with inereaning levols of
nitrogen (iable 137 and Appendix IVJ. uwffious of
various levala o7 phosphorus on lsaf pesdustion wsre
not aignificontly diffarant, In tha onse of potaassium,
total leaf nuamber incrsased with inoressing levals bat

K, and E{O were 221 par with eaoh other,

b) racition e 1= In {he case of
nitrogen and phwasphiorus interastions, %32?1 aad !%1?2

recorded maximun values and were at par with cach other.



Ihe combinations N°P1 and N°P2 recorded minimun
values and were also at par vwith each other (Table 21),

The interaotiion effects are as follows, when
nitrogen was not applied total number of leaves was
found w deorease with increasing lewels of phosphorus.
Jhen nitrogen was a plied 2t 30 kg/ha, inareasing
levels of phosphorus significantly inoreased the
lecaf production. At the highest level of nitrogen
(60 kg/ha), the response to phosphorus applioation wvas
obgerved upto the intermediaste lewel (20 xg 7’2*’35/}1&)
and further applliostion reduced the le:f number
considerably, Comparing the aeffeots of nitrogen
levels at varying rates of phoaphorus apsliocation,

a ateady inorease in ieaf produotion wse noted with
inorea:ing lecvels of nitrogen, when phosphorus wis
not applied and also when phosphorus wag upplied at
the intermediate lewvel of 25 kg ?205/}151. At the
highest lewel o f phosphorus (50 kg ?Qﬁsﬁxa), niwo.en
inereased the leaf produstion upto ithe incvermedizie
lavel of 30 kg "/ha nnd when inmoreasasd Lo ol kg I/ha
a deerecse was noticed,

Apong nldwrogsn and potassium combinaiions, .5521-‘{0
wag significanily superiocr to all other combdinaulons
and it was followed by ’31!{2. The ﬁnz{o combination
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reocorded the minimum number of leavas (Table 22),

A pumzmary of interaction effeots may be done
ns follows, Without applisation of niirogen, there
wag inerease in leaf production when potassium was
applied at 25 kg K20/ha, beyond whioch there waa no
substntial inorease, 3ut at the intermediats level
of nitrogen (30 kg N/ha), inoreasing levels of
po tassium inorensed the leafl mamber upto the highoat
lsvel of 0 kg E{Eﬁ/ha. The trend was juat reverse in
the oase of nitro.sn application at 60 kg ¥/ha. The
effeot of nitrogen levels vwhen potassium was not
applied was that of a aignifioant inorenss with
inoreasing levels of nitrogen upto 60 kg/ha, ‘hen
potasaiun was added at both 29 kg and 50 kg Kgf}/ha,
inorease was notised upto the intermedinte level of
nitrogen (30 kg N/ha) and further addition deoreased
the leaf production espeoially at the highest level of

potassium,

In tiie ocase of phosphorus and potassium
interactions, Poi‘{a was aignifieantly superior to
other ocombinations, The ocombination of P K recorded
the minimum and was at par with P X, and PyK, (iable 23),
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An overall evaluation of the inter:etion effeot
would indiczte that the results were not consistent,

1.5 Leaf area index (L.A.I1.)

a) HMain effeotss~ At both atages of obserwvaiion,
the leaf area index was found to be zignificantly
inereascd with inoreasing levels of nitrogen (Iable 24,
Pig. 4, Appendix IV), 1In the oase of phosphorus, at
both stages P, resorded the highest values of L.i.l.

At 30th day, Py and P, were at par uith each other and
significantly inferior to P, whereas at 60th day, P, '
was at par with ’f?o and these were signifiecontly superior
0 Pye The data on the effeots of potassium revealed
taat at 30th day, Ko reocorded significantly higher
Lehele and K1 and 5(2 were at par with each other. Just
contrary to that, at the 60th day, %, level recorded
signifiocantly higher L.A.l. and K, and K, were at par
with eaoh other,

The result san be summarised as follows, L.A.l.
inoreaged with inoreasing levels of nitrogen., In the
cagse of phogphorus also the sames effeoct was noticed,
there was inorease in L.A.l. at higher levels of
potagsium also during the seocond stage of observation,



Table - 24

45

sffect of levelas of nitrogen, phosphorus and potaasium on loaf
aren index, net sssimilation rate und dry matter production,

Leaf area index W.4,.i,.

bry matter production

rreat (g/m2/any) ______ (iafua) ______
reatoents Daiguggzor Days after sowing
30 60 3 00 90
Levels of 7 Kg/ha,
0 04227 1.0%1 10,087 290,450 2487.078 73494.189
30 0.482 1,496 11,913 638,872 4285,706 527,839
60 0,664 1,840 11,327  T03.872 4496,506 5163.406
'F' tast ilge Sig. 51g. Sig. G4g. 348,
SuM o 0.007 0,019 0,200 6,568 124,708 104,995
Cv (0,05) 0,021 0,026 0.551 19,266  365.779  307.9%9
Levels of P205 Ke/ha,
0 0,420 1,512 12,549 461,922 73755.456 4593,617
25 0.423 1,314 11.534 535,311 3740,372 4676,.122
50 06529 1,541 9,264 635,961 3773.401 4667.634
‘P' test Glge  514. 348, 348 N3 5
SaM o 0.007 0,019 0.200 6.568 124,708 104,995
Cv (0,05) 0,021 0,026 04551 19,266 - -
Levels of K20 Ks/ha,
0 0.500 1,383 116176 553,656 3532.422 4760,283
25 0.434 1.399 11.351 510,606 3796.510 4314,144
50 0.432 1.585 10.820 568,933 3940,367 4863.,006
'F' test 5ige  Sig. NS Sig. NS Sig.
SoM o 0,007 0,019 0.200 6,568 124,708 104,995
¢b (0,05) 0.021 0,026 - 19,266 - 307 0959
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even though the trend was reverse during the first

staga,

Nver the siages, thers wvas a steady inoresse in
the L.A.ls, the extent of inorease being more or leass

the same in 3ll the traatments,

b) Interaotion gffeetsi- Among the combinations
of nitrogsn and phosphorus, at both ths stage:, ?‘:2532
wiaa sinificantly superior to all other oombinationa,
ihe oombinations HOPO and 80?*, recorded lowest vilues
aficr 30 days and N P, and W P, after 60 days of sowing
(iubles 25, 26).

Io summarise the trend of intaraction, ihare
wag inorease in L.A.l. with increasin: leveks of
nitrogen at all the levels of phosphoruas, the extent
of inorense baing more conspiouous at higher levels of
phoaphorus, 4 similar trend of inorease with inereasing
levels of phosphorus was also noted at all the levels
of nitrogen; but the treatment effeots were not

conasistent,

After 30 days of sowing, NZKG csombination was
aignificantly superior (o all other oombinations and



47

it was immediately followed by W,K, (Table 27).

After 60 days of sowing, N,X, combination wag

signifiocantly superior to all other combinations( Table 28 ).
/b;th stages combination of potassium levels with ?ic
recorded minimam le:f area indioces,

The interaction effects were as followa, There
was inerease in L.A.I. with inoreasing levels of
nitrogen at all the levels of potassium. /n the
contrary, there was inorease in this character with
inorensing levels of potassium only upto the inter-
mediate level of 25 kg K,0/ha when nitrogen was
supplisd upto 30 kg/ha. vhen nitrogen application was
enhancaed to 60 kg/ha, there wes siynifiocant inoreacse
in L.A.l. upto the highest level of S50 kg Kzﬂlhao

A perusal of the data indipates that the
interaction effsota betwean phosphorus and potassium
were not steady and consigitent during the two stages

of observation (Tables 29, 30).

1.6 Net assimilaiion rate (&/a°/day)

a) Main effectgi~ Data of the main effects on
the net assimilation rate are given in Table 24 and
Fige 5 and analysis of variance is presented in
Appendix 1V,



Table - 2%

Effect of nitroygun and phosphorus interaction
on the leaf area index after 30 duys of sowing

Table ~ 26

&ffeot of nitrogan and phosphorus intersction
on the leaf area index after 60 days of sowing

Levels of Levels of P,0. Xg/ha. k ievela of Levels of P Kg/ha.

¥ Kg/ha. 0 25 292 50 Mean ¥ Zg/ha., 0 25 2% 50 Mean
0 0212 0,202 0.267 04227 0 1.310 0,915 0,868 1,031
30 04458 0,496 0,490 0.482 30 1557 1,313 1,617 1.496
60 04590 0,572 0,830 0.664 60 1.670 1,713 2,138 1.840

Mcan 0.420 0,423 0.%29 Yean 1.512 1.314 1,541

Suil & 0.010 Sub » 0.027

Sv (0.05) 0.037 S0 (0.05) U.098

Table = 27 Tasle - 28

Effeot of nitrogen and potassium interaotion
on the lsaf area indax after %0 days of sowing

Effeot of nitrogen and potassium interaction
on the leaf area indax after 60 days of sowing

Lavals of

Levels of

N Kg/ha. o 3§ 720 sgg/m Mean W Ki/ha. Io‘era gg 2° %x%/xm Moam
0 06223 04212 0,245 0.227 0 0955 1,218 0,920 1,031
30 0463 0,536 0.443 0.432 30 1422 1,022 1,443 1.496
60 0,830 0.553 0.608 0.064 60 1.T73  1.357 2.792 1.840

Mean 0900 04434 0,432 Mzan 1333 1.399 1.58%

duM o 0.010 ouH ¢ 0,027

Cu (0,05) 0,037 Su (0,05) 0.098

8v



Table =« 29

Effact of phosphorus and potassium interaction
on the leaf arez index afier 30 days of sowing

Levels of Levels of xzo £g/ha.

, Mean
P05 Le/na o 25 50
0 0.425 04415 0.420 0.420
25 06492 0,395 0,383 0,23
50 0,600 0.493 0.493 0,529
Mean 0«506 0.434 04432
SaM o 0.010
S (0,05) 0,037
Table - 31

Effeot of nitrogen and phogphorus interaction
on the net assimilation rate,

gazz}ga t':f Lgvals o§SP205 %ﬁm Moan
0 9,593 10,692 3.975 10,087
30 13,762 12,008 9,508 11,913
00 14.292 11.842 7.908 11,347

Mean 12.549 11,534 3,264

SuM 0,260

Su (0.05) 0.954

Table = 30

zffact of phozphorus and potasaium interastion
on the lenf ares index afier 50 days of asowing

Levels of Lewveluy of xao Xg/ha

\ Mean
P05 Ke/ma 25 50
0 1.279 1.532 1.730 1.512
25 1122 1,277 1.543 1.314
50 1.75% 1,388 1,482 1.541
Mean 1333 1 0399 1 0535
o (0.0%) 0.008
Table - 32

Effect of nitrogen and potassium interaction
on the net assimilation rate,

Iéege;ga ?f Lgvals 02‘5&20 K%hﬂ Mean
0 10.292 10,638 3.330 10,047
30 12,472 10,737 12.480 11,913
60 10.763 12,028 10,690 11,347
Mzan 11176 114,351 10,820
Suit & 0.200
Cu (0,0%5) 0.954

6V



Table - 33

o0

affect of phosphorus and potassium interaction on the

nat agaimilation rate,

Levels of Laevols of X,0 Xg/ha,

P,0, Ke/ha, 0 352 o8 Msan
0 14,625 10,027 12,995 12.549
25 9.042 14,228 10,732 11.5%4
50 94260 9,800 8.733 9,204

Mean 11,176 11.3%1 10,820

SuM 04260

8L (0.05) 0,954

Table = 34

Effect of nitrogen and phosphorus interaction on the
dry matter production (£g/ha) after 30 days of sowing

Levals of levels of 7,0, Kg/ha

¥ Kg/na 0 25° 7 50 Hean
0 2654433 200,233 345,683 290,450
30 521.58% 675,917 719,117 638,872
60 598,750 669,783 843,083 703,872

Mean 4610922 5350371 6550951

a“ﬁ.& 9.289

CD (0,05) 334309

Table - 35

uffeot of nitrogen and phosphorus internsiion on the
dry matter production (Kg/ha) after 30 days of sowing.

Levels of  Levels of P,0. Kg/ha ,

N Kg/ua 0 25°3 50 Hean
O 3873.450 3214,050 3395.067  3494.189
3 5086.433 5212.967 5540.117  5279.839
60 4820,967 5601351 5067.900  5163,406

Mean ‘59306’7 ‘676.122 4567.694
5§ﬂ‘; 148;‘86
Cb (0,05) 533.401




gffect of nitrogen and
matier production Kg/ha

Table « 36

ol

gotmmn interaoiion on ihe dry
aftar 30 days of sowing.

L:uvels o

3 s il S
0 327,867 226.283 317,900 290,450
30 580,217 963,567 672,833 638,872
60 753.583 641,307 716,067 703.872

Mean 953,922 510,606 568,933

SaM 3,289

b (0,05) 35369

Table = 37

Effeot of nitrogen and potassium . interaciion on tae dry
matisr production (Xg/ha) after 60 days of sowving.

Levels of Lavels of Kao Kg/ha Mean
1 Ke/na 0 25 50
0 2420,383 2508,017 2532.833 2487.,078
30 4139,817 4707.433 4009.867  4285,706
60 4037.067 4174.050 5278.400 4496,506
Mean 353524422 379605‘0 3940;367
SeM o 176,364
Cv (0,0%) 633,547
Table = 38

Bffeot of nitrogen and potassium interaotion on the dry
matter produaotion (¥g/ha) after 90 days of asowing,

Levels of

¥ Ka/ha 0o T 2 S Toen
0 3145,050 3677.000 3660.517 3494.189
30 5080.,433 4382,733 58704350 5279.839
60 049,367 4382,700 50584150 51634406
Hean 4760.283 431‘014‘ 4863.006
SaM ¢ 148,486
o (0,05) 5334401




Table “o 39

02

2ffect of phosphorus and potassium interasction on the
dry matter produotion (&g/ha) after 30 days of sowing.

Levels of Levels of K,0 Xg/ha Mean
Po0g Xe/ma 25 50
0 459,86 388,883 537.017 461,922
25 595,007 504,007 506,200 535,311
50 605.4%3 638,867 663,58% 635,961
Mgan 553,650 510,606 568,933
aai o 9,289
Cu (0.,05) 534369
Table - 40

sfieot of phosphorus and potassium interceiion on the ary
matter production after 60 days of sowing,

Levels | of Levels of K20 Kg/ha
P20 Kg/ha 0 25 50 Haan
0 3353.400 73296,300 4616,.667 37554456
25 3095.,700 4331,467 3793.9%0 3T40 372
50 4148,167 3T61.7T33 3410,483 3773.461
Moun 353:.422 3796,510 3940,367
St & 176.304
Gu (0,05) 0334547
Iable = 41

Effeoct of phosphorus and potassiurn interastion on the dry
matter produsction after 90 days of sowing.

Levels of Levels of K, 0 Kg/he

Plg Kg/na 25 50 Hean
0 4858,033 3972,217 4950,600 4593.617
25 4114,183 4513.433 5400,750 4676,.122
50 5308.633 4456.783 4237,067 4667.694

Mesan 4760.,28% 4514,144 4863,006

S s 143,486

Co (0.05) 5334401
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ins N, level of nitrogen recorded signifioantly
hizher net agssimilation rate than !52 and ¥ 0® ihe
control level was inferior to ¥, and W,. In the ocase
of phoaphorus levels, ocontrol wvas found to be
aignifioantly superior to other lavels, Phosphoras
at P, level recorded ths lowest value., The differences

batween the potasasium lavels were not signifioant,

b) Interaction e 1= Among the nitrogen
and phosphorus combinationa, 82P° recorded highest
value of ... and 1t wea on par with W,P . ihese
combinationg were significantly superior to all other
combinztiona, (he ?‘-‘ZPQ oombination reoordsd lowest

value (Table 31),

To sumarise the interaotion sffeots, when
nitrogen was not applied, net aszimilation rate
increassed upto the intermediats lsvel of phoaphorus,
and when nitrogen wvas spplied both at 30 kg and 60 kg
H/ha, nzst assimilation rate deoreassd with inoreasing
levels of phosphorus, Inor:zase in W.i.i. wvas noticed
upto the highest level of nitrogen, at Po lavel of
phosphorus, Vhen phosphorus was applied at 25 kg
onslna inorease in H.a.il. was notioced upto the
intermediate level of nitrogen, whereas when phosphorus
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wag applied at 50 kg P2!}5g,fha NHioi.ile was found to
decreuse with inoreasin; levels of nitrogen,

Among the nitrogen and potassium combinations
rtgl‘(, recorded higheat W.A.R. and/it was at par with
%13'52 and ?313(0. “he combination ’ﬁ!o&zreonrded the lowast
value., There was no significant differcnoe batween

other combinations (Table 32).

The nitrogen and potassium interasiion can be
sunmarised as follows, When nitrogen wvas not applied
and also when applied at 60 kg N/ha, increase in T.i.d.
was noticed upto the intermediate level of potassium,
When nitrogen was appliesd at 30 kg W/ha application
of poiassium upto the intermediate lavel deorecaed
the Neieiie, but inoreased when potassium appliontion
wag ralsed to 50 kg ch/ha. when potassium was at i{o
and £, lavels, lhers waa inorease in ".A..i. only upto
the intermedicte level of nitrogsn, 2 steady inoraeasge

in W.ieie yas noticed ag K1 level of potasaiun,

Among the phosphorus and petassium combinations
?oxa and P1K1 recordad higher values, iThey ware at par
with each other :nd signifloantly superior te otaer
combinations. Iihe °,K, combination recorded the lowest
valus (rabls 33),
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The trend of interaoction was as follows,
Without added phosphorus and potassiunm, the WA
wag maximum and this waa followed by P,Kv ‘hen
phiosphorus was applied both at 25 kg “20‘3 and 50 &g
ng}s/ha inorease in J.4.d. wag noticed upte tus
intermediate level of potassium (29 kg £X,%/ha). Doth
in the control and at 50 kg &20/11-:3. ‘:”o ragorded the
maximm ¥W.-wie and further addition of phozphorus
redused the value, At 25 kg xzonm. increases in

Nehdeiia wag noticed upto 25 kg P?Gslha only.

1.7 Dry matter produotion (kg/ha)

a) Main effeotgs~ Regarding the ecffeot of
nitrozen levels on the dry matter production, it was
found that ”71 and 52 levels reglitered higher values
than ?io. ihe ?32 level showed significant differcmoe
as ocompared to :*1'1 only at the first stage, Un ihe
2nd and 3rd month stages, Ny and ?i2 ware at par with
each other (Tuvle 24, Appendix VIII), In the osse of
phoasphorus levels, signifieant difference was notlcad
only at tane 30th day aftsr sowing. Inereasing levals
of phosphorus recordsd significant inorease in the
dry matter produntion at this stage, TPotaassium levels
showed significant difference only at the Z0th and
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30th days of sowing, At hoth stage:, Ké and Kb racorded
higher values than & and these two wore at par with
each odaser.

Oesr the stages, thers was a steady lnorease in
dry matier produotion with advanoing age upto the lsat

atage of obaaervation,

b) lateraotjion effeotsi~ Nitrogen and phosphorus
interagtion was signifioant at 30th and 90th dnys after
sowing, After 30 days, Nsz recorded maximum dry matter
produstion wheresms at 90th day, maximum dry matter |
produotion was recorded by ¥2?1. At both stages, 36?1
recorded the lowest value (Tables %4, 35).

Aftar 30 days, among the nitrogen and potassium
combinations, szi reéoorded the highest value, The
data are presented in the Tnble 36 . At 60th day,
the Szxg ooubination gave the highest dry matter
produstion (Table 37). 3ut at 90th day N, X recorded
ihe higheat valus and it was at par with §1K2($ahla 38y .

ke inlersciion betwaen phosphorus and potagasivm
was also significant at a&ll the stages., The maximum
valuga of dry matier production were racorded by ?sz,

Poxé and ?‘Ké gombinations at 30th, 60th and 30th days
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after sowing (Tables 39, 40, 41), At 90th day there
wag no algnificant difference between other combinationa,

The effeots of nitrogen, phosphorus and potassium
levels on the dry mattar production oan be summarised
as follovwoe. ‘There was, in general, inerease in dry
matter produsiion with inoreasing lewvel: of nitrogen,.
‘his trend was conglstent, Howaver, there was
atatistionlly ai nifioant ineremse only upto the
intermediate level of 30 kg ¥/ha, A sinmilar inorease
with increasing levels of phospnorus was alse notlioced,
3at this effect was signifisant only at the first stage
of observation. In the oase of potvagseliusz, the response

was not conzisient,

'ne interzotion betwesn nitrogzen and phosphorus
was significant at first anqﬁut stages of observation
and the genaral trend was that of a positive interaotion
batween the two matrients., Ihe Interaction bsiwesn
nitrogen mnd potassium, though was significant at all
the three stages of observation, the resulis were not
consistent, tilowever, the trend was tovards positive
interaction, thoush it wes generally significant only
upto the intermediate lewel of both nitrogen and

potaasium, & simiiar Wwend was notioced in the cese of
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phoapanrus and potassium interaction also. sven though
e incersotion was of a positive wrend, si nifiosnce
Wil notised only upto the intermediate levels,

2, Yield =and {ts components

2.1 Days % 30 per gent flowering

a) Main effeotai= Among the nitrogen levels, ﬁ,
lavel took minimum days to flower (23.3) and there was
no signifioant differencs betweecn ¥, and ﬁz levals
(Table 42 and Appendix V), At the ?G leval, thore .ms
signifieant delay in {lowering. It may be noted {usi
though the differences were statistically aigalficani,
o aotual difference in the mean numder of days {nien
for flowering is only less than 3 days, In (he ouse of
phosphoras, there was siznificantly eorlier flowering

at P, level (29.4). There was no signifiocant differcnee

2
batwean Po and Pqe Potagsium applic:ztion was found to
delny the flowering significantly nnd there was nmo

significant difference bhetween Ké and %,.

b) Interaction effeots:~ Among zhe niirojzen

and phosphorus combinations Ksz, N1g and §1P2 recorded

earlier flouering und they were at par with eash otiher,



inble =~ 42

Lffect of levals of nitrogen,
on the date of flowering of 0% of the plants, total
nasoer of flouwcrs per plant, total number of fruits per
plant, percentage of fruit set =and length of fruits,

———

09

sphorus and potassiunm

o Uays taken Number ‘lumber ) of Length of
THLAIMSHLS for 509 of of fruit fruits
flowering flowers/ fruits/ set (em)
plant plant
Levels of ¥ £g/ha _
0 32.33% 13311 11,222 67.101 14,883
30 284333 18,321 15.173 67.25% 15,728
60 29,500 20,167 10,532 64,465 10,411
'F' test Sig. 312, 51g. Sige S1ge
Sk & 0.294 04253 0.130 0,701 0,087
Cu (0,05) 0.8062 0.742 0332 24232 0,254
L.evels of 5’205 ig/ha,
0 31.111 16.848 13,778 64,461 15,500
25 30.3%3 172223 15,144 00,217 15,800
50 294444 17.727 14,003 68,142 15,722
'Fotest 318 LE Sige sige W
wnti & De298 0,253 De130 Q4701 04037
Sy (0405) Je862 - 0.332 2,232 -
Levela of KZO Lgfhe
0 29,000 17.047 14,036 00,796 15,122
25 304722 16.824 13,743 04,90€@ 15,607
50 31.1067 17.927 15,148 07,05 16,233
"EY test iige 518, Siae W Sig.
sutl 3 04294 0.253 0.130 0,761 0,087
8L (0.09) 0.862 0.742 00382 - 0.254
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The sombinations ﬂé?, and ﬁb?o were at par with eaoh
other and showed maximum deley in flowering (Table 43),
In the ouse of nitrogen and potussium combinations
Naxa showed asignificantly earlier flowerin: (28.3 days)
and 1t wis at par with most of the ocombinations, The

o

for flowering (34,7 days) (Table 44), The phoaphoras
and potassiun aombination,(szs) recorded minimum days

" Ké ocombination recorded the maximum number of days

(23.,2) and P iy recorded maximum days to flowering
(34 02) (fahle 45),

To summarige, aopliention of nitrogen und
phosphorus led to early fleowering mnd appliicnidon of
poteasium resulted In signifieant deliay. ALl Lhepe
effeots ware zimifioant only upto the intermedicis
level of the respeetive matrients, 1he inlercetion of
nitrogen ond phosphinrus wia gimifisant and the trend
in general, wag positive though it w2g signifisant
upto the intarmediate levels of nitrogen and phoaphorus
only. There was a signifioant interaction detween
nitrogen and potasaium alsoe, When nitrogen w2g not
applied, there was signifionnt delay in flowering mund
this effect was noticed upto the highest level of
potassiun, This effeat of potassium could be arrested



Effeot of nitrogen und phosphorus interaction

Taole - 43

on the timetaken for 50! flowering (days).

;ag&la of 3JV%lsggf ?205 ég/h& Mean
Q 32.167 33,000 31,833 32,333
30 306333 203,000 23,533 23,333
60 306833 0,000 27.667 29,500

Mean 31.111  30.333 29777

SuH & 0.416

Ch (0.05) 1.493

Table = 45

cffect of phosphorus and

potasajiua interastion

on the time takem for 50% Tlowering (days).

g:g:ls th}ga gevala gg K20 %h& Moan
0 28,007 34,167 306500 31,11
25 50,107 28,833 32.000 30,333
50 23,167 29,167 31.000 29.445

Mean 29,000 30,722 31,167

SuM & 0.416

ep (0,05) 1.493

Table - 44

sffeot of nitrogen wnd potassium interaction
on the time tuken for 50 flowering.(days).

g&,?é:aof Iaevelu i‘g 420 gg/ha Mean
0 306337 32,000 34,667 32,333
30 234333 20500 29,333 23,055
60 cBe3%% 30,6067 234500 29.500

Mean 26,997 3722 31,167

SuM e Ge416

) (O.J)‘}) 1493

Table - 46

Effect of nitrogen and phosphorus interaction
on the muaber of flowers/plant,

gevxz}ga of Legtzla 0555205 Kg{)ba Mean
0 14,18 12,09 13,06 13,31
30 16,28 16,68 22,00 18,32
60 20,08 28 & 30 138,13 20,17 .

Mean 16.85 173 1773

SeH e 0.3%8

e (0,0%) 1,284

19



Table - 47

sffect of nitrogen and potassium interaotion on the
number of floversfplant,

gaygls of ugvela féixéo Kggya Hean
0 12,09 13,93 13,92 1331
30 15,91 18,06 21,00 13432
60 25,16 18,48 18,86 20,17

Mean 17.05 16,82 17.93

384 e Ge350

o (0.,09) 1,284

Iable ~ 48

iffeot of phospnorus and potassius interiotion on ithe
number of flowsra/plant,

Levels of Levels of 320 Kg/ha Mean
P05 Kg/ba 0 25 50
0 15.9% 15,75 18,87 16,85
25 17.52 17.72 16,43 17.23
50 17.70  17.00 18.49 17.73
Mean 17,05 10,82 17.93
iahl * 0.358
20 (0.,05) 1.284
Taple - 49

gffeot of nitrogan and phosphorus interaction on the
number of fruitsfplant,

ge;;}ga?f ugVﬂls Oté§2°5 Eﬁégat Moan
0 1154 10,60 11,48 11,22
20 13,61 16,99 14,92 15417
60 16,14 16,85 15,61 16,53
Mean 13,78 15,14 14,00
SaM 0.184

b (0.05) 04662

62



lable - 50

BEffeot of nitrogen and potassium interastion on the
number of frults per plant,

63

evaels of Levels of X.,0 Kg/ha
Y Kg/ha 0 352 5 Hean
0 10,32 10,54 12,81 11,22
20 12.93 15,73 16,86 15.17
60 18,86 14,96 15,76 10453
B (0,09) 0.062
iable - 5%

Yffect of nitrogen and phosphorus interas:iion on the
percentags of frult set,

Levels of Laevsla of 2,0, Kg/ha .

N {i/na 0 25 25 5 Haan
D 61,13 08,67 T1.51 67,10
30 65,0t 62,00 64,70 67.25
60 64,19 60,93 68,21 64,47

Maan 64,46 66,22 68,14

auM g 1.076

Cu (0.05) 387

Iable = 52

sffeot of phosphorus and potassium interzetion on the

peroentage of fruit set,

Levals of Levels of KZO Kgz/ha |

339536/1&5 0 25 50 Mean
0 63,506 63.19 61,53 64,46
25 004 %2 63,81 68,52 66,22
50 05,40 67.96 T1.06 63,14

Mean D6 4 B0 04493 67,04

SuM 2 1.076

S (0.05) 387
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when nitrogen wvas applied both at 30 kg and 60 kg
¥/ha, 1ihe trend of phosphorus and potassium
interaoiion also indioated a oonspiloucus delay in
flowering when potassium was applied upto the
intermediate level of 25 kg #,0/ha. 4As in the ocase
of nitrozen, ihis trend oould be arrested by the
applioation of phosphorus, However, when potasaium
wag added at the highest level, there was further
delay in fiowering (31 days) even when phosphorus was
applied,

2.2 Flowerg per plant

a) Main effeotss~ Nitrogen and potassium
applicaiion showed signifiocant effeot on flower
production, whereas phoaphorus appliscation had no
siznificant effeot (Tadle 42 and Appendix V),

Flower production was significantly increased
with increasing levels of nitrogen, In the ocass of
potagsium K, produced minimum number of flowers (29)
and was at par with 35‘ The Ké levzl ahowed asignificant
differance ag compared to ES and X,.

b) Intersotion effeotss~ Of the combinations
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of nitrogen and phoaphorus, 32P1 and HIPE were at par
- with eaoh other and signifiocantly superior to the other
combinations, The combinations of P4y and Py with N,
recorded minimum nuamber of flowers (14,2 and 12,7
respectively) (Table 46). Among the combinations of
nitrozen and potassium 5226 was significantly superior
o all other ocombinations (23.2) and ¥ & recorded the
lowest value (12,1) (Tadble 47). Of the phosphorus and
potasslum sombinations, Pbxé reocorded uazimum value
(13.9) and it wag stiatistioslly at par with ?ng

and P1xi. Lower values were recorded by ﬁog1, ?oﬁb.

P,Hé and P2K° (Table 48),

io summAarise tne interaotion effects, when
altrogen wss not applied, intermsdiaste levesl of
phoaphor .3 reduced the flowar  rodustion, but inorzeased
with the highest lsvel, Regarding ihe po tassium
application flower production was inoreasad upto the
intermediate lavel, When nitrogon was added at 30 kg
i/ha inoreasing levels of both phosphorus and potassium
inereassed the flower produstion., #With the higheat level
of nitro.zn, increase in flower produstion was noticed
upto the intermediate level of pnosphorus, wharsas
potassium application reduced the flowsr production,
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All levels of phosphorus and potassium showed
Jignificant increase in this charaocter with inoreaaing
levels of nitrogen, exocept in the c¢aaze of phosphorus
at 50 kg ?geslha, whare inoresse was noticed only upto
the intermediate level of aitrogen., In the onse of
phoaphorus 2nd potassium interaction, with both the
control and the highest levela of phosaphorus,
intermediate level of potasssium dsoreased the vilue
and then inoreazsed with the highest level, “ith the
intermediate level of phosphorus, inorease was notio=d
upto the intermediate level of potassium, hen
potazaium was noi added, flower produstion increnged
wvith incrs:aing levels of phosphorus and when added
at 25 kg Kgafha, inorease was noticed upto the
intermediate lsvel of phoaphorus, whereas the value
was raduced with the intermediate leval of phosphorus
and then inoreased with higher level when potassiun
1l.vel wag at 50 kg xéﬂlaa.

2.3 Fruits per plant

a) Main effeotar~ Fruits per plant inoreased
aignifieantly with inorcasing levels of nitrogen
(iable 42 and Appendix V). But 4n the onse of
phosphorus, Pa and P1 regorded hizher number of fruits
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than ?’0 but these tw levels were at par with each
other, In the case of potagaium, K1 reocorded lower
valus and was at par with Ka. Zhe level, 12 vas
signifioantly superior to Kb and K1.

b) Interaotion effectgi~ Among the ~ombinations
of nitrozen and phosphorus, 32}” recorded maximam frults
per plant and N P, recorded the lowest mean value (7able 49).
The treatment combination, Naxo was signifleantly superior
to all other combinstions of nitro;en and potassiunm and
1K, recorded the minimum vslue (Table 50).

An overall sgvaluaiion of the trend of interastion
will indiocate that when nitrogen was not added, fruit
production deoreased with the intermediate level of
phoaphorus, then inoreased with the higheat level,

With the intermediate level of nitrogen, fruit produstion
inoreazed upto ithe intermediate level of phosphorus; and
upto the higheat level of potassium, When nitrogen
applioation was raised to 60 kg W/ha, the intermediste
level of phosphoras recorded the highest value but that
of potasajum reduoced the value, Inoreasing level: of
nitrogen inoreagsed the fruit produotion at the control
lavel of both phoaphorus and potassium, but their
intermediate levels inoreased the value upto the
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intermediate lavel of nitrogen, With the hisheat
level of phosphorus, fruit production inoroased with
the inoreasing levels of nitrogen, but in the case of
potasaium, it waz only upto the intermediate level.

2.4 Fruit set (per cent)

a) Mauin efleotgi~ Increasing levelo of
applioation of nitro;en tendsd to reduce the percentage
of fruit set and NQ gave sigifioantly lower values as
comparad to %XQ and H1 vhiech were at par with each otaer
(Table 42 ond Appendix V). 3aetting peroentage increaged
with increasing levels of phosphoruz but ?o and ?1 were
at par with each other, There wis no si;nifisant

difference betwesn potaasium levels,

b) Interastio 1= Among ths treatmant
ecombinations of nitrogen and phosgphorus 80?2 racorded
the highest peroentage of fruit sst (71.5) and LP
recorded the lowest value (61) (Table 51), Between
phosphorus and potaasium the oombination, PQK‘Z gave
the highenst paerocesntage of fruit set (71.1) and it was
atatistionlly at par with P K., P4K, and ?,%,., The
lowest volue was recorded by P X, (61.5) (Table 52),

The treatment effeocts may be summarised as follows,
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The peroentage of fruit set waa found to deorease
with highar levela of nitrogen, vhsreas inorsasing
levala of phosphorus inorcased the fruit sct, In
both the casag, the ocontrol and the intervediste
lsvels were statistically at par with cash other,

Totagaium levels showed no slgnifioant difference.

mong the two-fustor combinations, only
nitrogen x phosphorus and phoaphérua % potassiunm
intersations were si:nifisant, When nitrogen was not
applied, percentage of fruit set inoreansed with
inereasing levels of phoaphorus, At 30 kg YV/ha, the
inorense was noticed upto the Intermediate lavel of
phogphorus. Jut when the dose of nitrogen w:e r lsed
w 60 kg T/ha, the interasdiate level of phosphorus
deoreagzed the valus and then inorasassd with the highest
lavel, +ith no addsd phogphorus, internediate level
of nitrosen redused tne value, but it inorensed with
Whe hignest level, Regarding the potassium levels,
the value decreaged with inmeoreasing levals, .hen
phospoorus level was inoreased to 25 «g onS/‘aa. the
fruit set was inoreased upto the intermdiite level
of nitrogen, but that of potassium redused the wvalue
and further addition tended to inorsass the fruit get,
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With the highest level of phosphorus the intermediate
level of nitrogen deoreaged the value, but insreassd
with the highest levsl., Regarding the potzasium levels,
5 gteady inorease was notioed upto the highest lavel,
‘hen potassium was not applied, the frult set was
redunoed vith increasing phosphorus levels wherens with
other levals of potassium, the vilue was increased with

inoreasing levels of phosphorus,
2¢% Lenyth of { on

a) Main effectas~ Witrogen applicntion showed
3ignifio=nt increzse in the frull lengih with inoreasing
levels (7=ble 42 -nd Appendlx V), Applicniion of
phouphoris had no siymifiesnt effect, In ihe ocase of
potassium also, there was signifioasnt incorease in fruit
lensth at hignoer levela., Though there was statisiuical
signifisanoe betwesn all the sets of tresioeats, the
astual differemses in fruit lenguh was in the range
from O = 1.5 om only.

b) Interactlon effgotsr~ Among the combinations
of nitrogen and phosphorus HzP‘ reocordad the higshest
fruit lensth (16,5) and W,P, recorded the lowsat mean
value (14.,4) (Table 53). Between combinations of
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Table - 53

Effeot of nitrogen and phosphorus inter=zstion on the
length of fruits,

Levels of Levels of P,0. Xg/ha

¥ Kg/hae 0 25 25 50 Maan
0 15,07 15.15 14,43 14.88
30 1571 1527 16,17 15,73
60 1572 16,98 16,53 16.41

Hean 15,50 15.80 15,72

SuM e 0.12

Ci (0,09) V.44

Lable = 54

afrfect of nivrogen and potaseium interuciion on the length
of the fruits,

Tevals of Levels >f K,0 Kg/na

¥ Xg'ha 0 25 K2 50 Maan
0 14,55 14,33 16.77 14,88
30 15,05 15,78 16,475 15,74
60 15,77 16,78 16,23 16.738

Mean 15.12 15063 16045

NEM ¢ 0.12

e (0,05) 0.,44

 Tadle = 55

Sffect of phospuiorus ond potassium intersetion on the
length of fruits,

Levels of levels of K,0 Kg/ha

Po05 Ke/he 25 2 50 Hoan
4] 15420 15433 15.97 15,50
25 15627 15,65 16,52 15 .80
50 14,93 10,02 16422 15.73%

Maan 15.12 15,67 16,2%

ok * .12

CL (0.05) C.44
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nitrogzn and potasazium the highest fruit length was
recorded by the combination N K, (16,8) and 1t was at

pe The lowest value was recordsd by the
combinction N Xy (14.3) (Table 54). Regarding interastion

par vith Y,X

b tween pnoaphorus and potassium the higher length of
fraits was given by ihe combinations ?132 and .?2};{2 and
the lowest value was resorded by P,K, (Tadble 55),

To sucmarise, in the csges of both nitrogen and
potagsiun levels, there was 3ignifioant inorease in
fruit length with higher levels, though the actual
differeme wus in ihe range from 0.6 -~ 1,5 om, Potasaium
levelis had no significunt effect, iun niwvrogea wes noy
applied, the fruit length inoreused upio Jae intermsdiate
level of phooghicrus, bul Yhat of poicssium reduced the
vialue, waloh inereased with further addivion of petaseium
at 30 «g L,"/hae when nitrogen level wua raised tw 30 kg
N/ha the intermediste level of puosgpuorus rseduced uue
fruit length, though it was inorsascd with 50 kg Pgos/hn
ievel., At ihe sanme level of nitrogen, inoreasing levels
of potassium inorensed the fruit length. vWith the
higheat leval of aitrogen, inereanse was noilced upto the
intermedinte levels of both phosphorus and potassium,
wWith all levels of phosphorus, inoreasing leveles of both
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nitrogen and potassium increased the fruit length,
dhen povncsium was not applied,the fruit length
inoreased with inoreasing levels of nitro:on, but it
wag only upto the intermediate lzvel of phosphorus. A
ateady inarease was notioed with inoreasing levels of
both nitrogen and phosphorus when potassium was ot the
intermudinste lewal, “'hen potassium level wis roised to
50 kg Kz’?/ha, tha ingrenrce in fruit len. th vas notioed
upte tihe intermediate level of both nitrogen and

phosphivrus,

e fectgs~ There wao of mifisnnt

difference bativson e levels of niirogen, phosphorus
and potazalum with respset to tie avernge frult welght
(luble 56 and Appendiz V1). Among the lavels of
aliregon, ', rocordel the highest frult weiyht 19,5
and wao Dollowed by 371. Ths diffarenpes betwecn the
1:vels were 2imificant,. In the oase of phosphorus
algo, P2 and 15'1 recorded higher wvaluss than P° bat '*«’1
and PE ware ai piur with each other, In th3 oase of
potasaium, X, recorded the highest v=lue (19.4), X,
racorded the lowest (18,2) und it was 2t par with Eje
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Table = 56

iffeot of levels of nitrogen, phoaphorus and potasasium on mean
weight, yield (Zg/ha), dry matter peroentags and oontent of
orude protein of fruits and the harvest index,

ory Jrude
Trestmnte  [2R NG, (Koma) ot Sontens  inaen
fruits of fruits
(per- (per-
~qant)  gcat)
Lavels of N Kg/ha
0 18,028 T7604.398 11,733 1,798 0.226
30 18,322 10558.478 11,616 1,787 0242
60 19,540 11639,918 11,562 1.830 0.239
'F' tast 3ig. 31g. s S5ige s
SeM » 0.004  163.27 0.064 0,010 0.022
D (0,05) 04274 47531 - 0,027 -
Levels of P,0; Kg/ha
0 16,128 9243.827 11,677 1.828 0.240
25 18,730 10039,095 11.9% 1.0333 0.257
50 18,972 10551.441 11,278 1,748 0.210
'F' test Sig. 548 sig. 3ig. qs
Subl o 0,094 163,27 0,064 0,010 0,022
Sb (0,05) 0.274 47531 0.188 0,027 -
Levels of K20 Kg/ha
0 18,306 9679.984 11,467 1,844 0224
25 18,161  9281,893 11,894 1,778 0.253
50 19,424 10874,486 11,549 1,803 0,229
'F' teast 348 Sig. Sig. Sig. W
HEM e 0,094 163.27 0.064 0,010 0.022
Sb (0,05) 0.274 475,31 0,188 0,027 -
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b) Interaction effestes~ f the combinations of

nitrogen and phosphorus, ﬂzPZ recorded maximum welight
of fruits (20) and it wag at pur with WQP.'. The
combination, W,P,  recorded the minimum vaulue (17.6)

and it was at par with N P, and N P, (Tadle 57). Among
the nitrogen and potassium combinztions, ?¥2K1 reoordad
the highest value (19.9) and N K, recorded ihe loweot
value (17.3) (Table 58). Among the inierasctiions of
phiosphorus and potassium 91K2 recorded signifioantly
higher value (20,3) and E’,&, recordasd ithie lowest value
(17.1) (Tabie 59).

Tae overall trealment effeots may be summariged
ag follow:. In ithe ozse of nitrogen and poiassinm,
thers was inorease in fruit weigzht upto the highest
level and in the oage of phoaphorus only upto the
Intermedinte level, The interastions were in ;enernrl
positive, thouy: the levels upto which this trend wag
noticed wag different in the three nutrients, In the
cage of nitrogen and phosphorus, it was unto the hirhent
hwla(H2P2).m the oage of nitrogen snd potossium,
upto the intermediate lavel of potagsafum sand highest
level of nitrogen (52K1) and in the oase of puoathorus



lable -~ 57

iLffeot of nitrogen and
on the weight of fruit (g).

3phorus inveraction

Iable - 53

-ffaot of nitrogen und ?otafasium interaction
on the weizht of fruit (g).

Lewvela of levels of P,0. Kg/ha ‘
¥ Kg/he 0 25 25 g9  Meen
0 17.750 18,333 18.000 18.0%0
30 17.550 18,500 18,917 138,320
Maan 184128 18,790 18,972
SaM v O.132
30 (040%) J.474
Table - 59

Bffeot of phosphorus and
on the weight of fruit (g).

tassium interaotion

Levels of Levels of X,0 Xg/ha ,,
T Ky/ba O 25 2 50 Memn
0 17.917 17.250 13.917 18,028
20 17.837 17.300 19,833 18,322
60 19,167 19,893 19,523 13.528
Maan 18,302 13,128 19.444
SEM e 04132
D (0,05) 0.474
Table = 60

Effect of nitrogen and aphorus interastion

Levels of Lovels of X,0 Kg/ha

Po0 fe/ma 25K2 50 rean
0 17333 18,467 18,583 13,128
25 13,333 17.123 20,917 13,790
50 194250 18,833 18,8353 18,972

Mean 13,302 18,128 18,777

Suatl & J3.132

b (0.05) 0474

on the yield of frauit (Xg/ha).
Levels of levela of P,0. Kg/ha
¥ &g/ha 0 25 ° 7 s0 Hean

0 T478.395 T641.975 T697.531 7T604.938
30 5145.002 10246.914 12373.457 10588.478
60  11108,025 12228.395 11583.334 11639.918

Mean 9243.827 10030,095 10551.441
ouli 8 229,012
S0 (0.05) 824.074

92
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iable - 61

ifieot of nitrogen and potaseium interantion on ihe
yisli of fruits (Xg/mm)

Levels of Levels of K.0 Kg/ha | .,

1 Kg/ha 0 25 2 50 Hean
0 7253.087 6T743,827 8817,901 7604,938
0 8675.926 10157.408 129%5,185 1053683,478
60 13104,939 10944.445 10870,371 11633,918

Mean 30T77.984 9281,893 10374,4536

Ci (0,0%5) 824,074

Tadle - 62

berived yield at various levels of nitrogen

Levels Cost of ¥ Other Yield Income /ho

of ¥ Beld/~/Kg expen— Kg/ha $3.0.80/Kg Profit

£g/ha diture e Ria
0 000,00 4700,00 7605 6084 ,00 1381.,00
60 240,00 4700,00 11639 9311,00 4611,00
75 300,00 4700,00 11419* 9136 ,00 4430 ,00
90 %6000 4700,00 10750 * 83630 ,00 3300,00

* These arc asstimated from the reapense function,
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and potassium intersotion, upto the intermediate lsvel
of phosphorusg.

2.7 Smilid zi&ld

3) Main effectas~ In the ocase of nitrogen, R2
level (60 kg W/ha) recorded the highest yield of
11,639 tonnes/ha followed by ﬁ1 with 10,590 tonnesa/ha
and ¥, with 7.605 tynnas/ba (Table 56, Pig. 6 and
Appendix VI). Among the phosphorus levels, 7, raoorded
the higheast yileld of 10,77 tonnes/ha and this was
followad by P1 and PQ vith 10.040 and 9,244 tonne /oA
respectively., In the omse of potisssiun, «3 reoorded
the hi:hest value of 10.873 tonnes/.ia and this wis
followsd by £, and £,, these two being at par with

aaoh othar,

b) Interasijon effeotgs- Amyng the nitrogon and
phosphorus oombinations N.‘Pz reoorded the highest ylield

but it was at nar with tvrz?‘ and '2?2' Thz lowesi values
were recordsd by ihe ocombinations of KO vwith phosphoras
levels (Table 60). Among the intersotions hetwesn
nitrogen and potasasium the combination ?IEKO recorded
the highest fruit yield (13.105 tonnes/ha) und it was
at par vith H,KQ. The combination N &, reoorded the
lowest value (5,818 tonnea/ha) (Table 61),
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To summarise, there was significant inorease
in the yield due to applisation of all nutrients,
Among the interactions, nitrogen x phosphorus and
aitrogen x poinssium were signifiocant, BSoth these
interaotions were, in general, positive ani in the
case of nitrogen x potassium, a oconsistent effeot waa
noticed upto the intermsdiate lewvel of niirogsn,

iv) Iegponse of bhindi orop o various levels

Analysis oi varisnoe for inhe reazponse cf bhindd
to difforent levels of niltrogen, phospaoras snd
potassium are presented in sppendix Vil. Ifhe regponse.
w both phosphorus ind potassium wis found to be linear,
But the responsz: (0 nitrozen was found to be usuiratvio
(F1g.7)e The optimum dose of mitrogen was oclowlated
a8 61.23 kg N/hoeo The economie dose wun orked oui to
be 61 kg T/ha, Prom Table 02 alwo it is clety tiut,
if the niwogen level inoremseu w 7% kg T/ha we yisld
would deoreasc considerably., .o uie calowiaiud vilue
of 61 kg N/ha is prove. w be moot profitabic dose of

nitrogen.
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2.8 [Dry matter pereentage of fruita

&) ain effeotst~ Ths eifeots of levels of
nitrozen were not significanti, waereas thoss of
puospaorus ani potassium were significznt (Table 56
and Appendix VI).

There was significant difference zmong the levels
of phosphorus, OIf those, ,1 recordsd the hi;}.».mt :xld Pz
the lowest percentzges (11,26), In the sasc of
po itagsiun S reeorded signrificinily higher vilaue wm
Kz and Ko cnd vhe e were b par W ol 6ol ouwisr. Jhough
the effeot wis not Lynlfiaant, inoreoaing loveld  »f

nitrogen guv: deorensin: peroentagc of Jry matisr uplo
60 kg ¥/ha,

b) Intersoidon efteals:~ I(ue diuta on whe nitropgen

and plosphoras Interastions indlested taut 15y recoried
tne highest dry muntler perdcnisge of fralt (12.45)

it was on par with ¥ I-J'o. Ihe combinntion, %?1 ?«'»’ﬂ racnrded
the lowest value (11,11) (Table 63), Botwsen nitenpen
and potasaiun, the ocomdbination ?‘@ez’{.‘ raegorded the »ichoet
dry nmacter per oent and it wes at par witn ?!JZ,. e
2K2 combination reocorded the lowest vilue and it wns a2t
par wiith ¥ (T ibla 64). Among tha phoaphorus and
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potagsiua combinations, P,E1 reoordad the highest dry
matter perosntiags of frult and it wma signifiocantly
superior to all other ocombinations, The combination
P.K, recorded the lowest value (Table 65).

It may be oconoluded from the result th:t
application of both phwaphorus zand potassium inoreased
'the.'* percentaze of dry matter of frults, though it was
signifioant only upto the interanediate level, Ihe affeot
of nitrogen was not significant, bhut the trend was tovards
deoraage in the #eroentagb of dry matter wiih inoreasing
levels of this nutrient , The intersotions, nitrogen
x phosphorus, nitrogen x potasaium and phosphorus x
potagsium ware aignificant, However, in none of theose
interaotions the result was consistent enough to draw
out any general oconclusions,

a) Main effeatgi= Thers was aignificont differenoce
between the levels of all the three nutrienis (Iable 56
and Appendix VIII). At the 1'2 level, orude protein
content of the fruite was asignifieantly higher than ﬂo
and 7, and these levels, N and Ny were at par with esch
othar, In the cage of phoaphorus, P1 reoorded higher
value than P,, However there was no significant difference



Table - 63

Zffect of nitrogen and phosphorus interaction
on the dry matter percentage of fruit,

Levels »f Levals of P,0. Xg/ha ”

T Re/ha 0 25 29 g Hean
0 12,350 11,067 11,183 11.733
30 11,113 12.450 11,283 11.015

o0 11.567 11.750 11.367 11.561
Mcan 11.670 11,956 11,278
Sad e G409
Su (0.05) 0,329
ilable - 65

Effeot of phosphorus and potassium interaction
on the dry matter peroentage of fruit.

Table - 64

zffeat of nitrosen nd potasaium interastion
on the dry matter ceroentage of frait.

Levals _ot Levels of K20 Kg/ha
P05 %e/ha 25 50 Hean
0 11.650 11,583 11,797 11,673

25 11,067 13,017  11.783% 11,936
50 11.683 11,083 11,067 11.278

Mean 11,4567 11,834 11,549

SuM o 0.091

CD (0,05) 04325

Levels of jevels of X0 Kg ‘
¥ Kg/ha 0 35 20 4o Hean
0 11.017 12.2067 11,917 11.733
30 11.650 11,467 11,730 11.010
60 11.75% 11950 11,000 11501
Hoan 11,4067 11,835 11,549
R D.091
Cu (0,05) 04325
Table - 66

sffect of nitrogen and phosphorus interaction
on the orude protain content (per sent) of

Joe Irult. .
Levels of lavels of Pzﬂs Kg/he

¥ Kg/na 0 25 50 Mean
0 1,968  1.763 1,663 1,738
50 1.575 1.365 1.820 1.787
60 1,582 1.867 1,762 1,830
Maan 1,826  1.838 1,748
SuM & 0,014
30 (0405) 0.047

c8
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Table - 67

iffect of nitrogsn and potassium intersction on the
orude protein content (per cent) of the fruit,

Levzls of Levels of 7.0 Xg/ha
¥ Ke/ha 0 25 2 50 Hean
0 1 840 1,663 1.872 1.T92
30 1.925 1.718 1717 1,787
6u 1.768 1.922 1800 1,830
Mean 1.844 1.708 1.796
I (O:OS) D047
iahle - 68

sffect of phosphorus and potassium interastion on the orude
protein content (per osnt) of the frult.

Levels of Levels of K,0 XKg/ha

0 Kefha 0 5 2 50 Hesn
0 1.893% 1725 14867 1.828
25 10302 1.968 1.745 1.838
50 1.838 1.610 16737 1.738

Mean 1.844 1734 1 0&4‘3

ouM & 0,014

o (0,0%) 0,047

Table = 69

Zfiect of nitrogen and potassium interastion on the harvest
index.

g°§§§§n°f o Levelazgr Kéo Kg/gg Mean
0 D237 0,160 04280 Je226
30 0.247 0.243 0.237 0,242
60 0.190 3357 0,172 0.239

Mean 0.224 0253 04,229

SuM 2 0,033

Cp (0.05) 0.117
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be tween P.' and Po. The I(o lsvel of potasaium waas
algmificantly superior to K2 and K, and ths latter two
were at par with each other,

b; Interaction effeotar~ Ths combination ﬂ‘o? o
recorded markedly highor percentage of oruds protein

(1.97) than other combinationa of nitrogen and phosphorus,
it waa immediately followed by 5219‘ and %31?1. The lowest
valug was reoorded by Y P, (table 66). In,tm ease of
niirogen and potasaium intseraotion, ’!?1 f#:a racorded the
highest value (1,93) and it was at par with N,K4e The

Ny Ky combinaiion recorded the lowesi value (1.606)

(Table 67). Among the phosphorus =mnd potassium combinations,
P4Ky recorded significantly higher value (1.,97) and P,K,
recorded the lowest value (1,61) (Tadle 68).

The treatment effect on the orude protein sontent
of fruit is summarised bslow, Applioution of nitrogen
inoresaged the protein ocontent of frult snd phosphorus
application deereused it, The effeot of K was not
oonsistent, In the cagse of intersmotions, there was, in
genaral, a deorease in the acontent of protein with
inorenged lovels of phosphorus applioation, However
with the intermedlate lswvel of nitrozun, 8 reverse trend
waa notieed upto the intermediate level of nitro;en, a
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reverse trend was noticed upto the intermadiate level
of phosphorus, WNitrogen applioation, in general,
resulted in an inorease in protain content exoept at

the hi heat and the lowest levels of phosphorua, Though
signifisnnt, the results on nitrogen x potasaium and

phosphorus x potassium interastiions were not oconsiatent,

2,10 Harvest index

a) Main effeots:~- The main effeots were not
signifiont in any of the three nutrients (Table 56
and Appendix VIII).

b) Interaotion effeotss~ Among the firast order
interactions, only nitrogen and potasasium interastion

showed siznifioanoce (Tabls 69), Among the combinations,
N,k recorded the highest valus (0.253) and ¥,y anve
the lowest value (0,160),

70 sunmarise, the effests of altrogsn, phosphorus
and potazsium lavels were not signifioant, with respeot
to the harvest index, The interastion, N x K vas
significant, The trend is however, erratio and it is
diffioult to arrive at any genaral oonslusion,
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3.
3.1  Leaf
301.1 Nitrogen oontent (per cent)

a) Main effectgs~= On the 30th day of sowing,
there was significant increase in the per cant of
nitrogen in the leaf due to increasing dosss of
nitrogsn (Table 70 and Appendix IX). But at 60th day,
even though there was inoreage in mean values with
inareasing levela of nitrogen, W, and N were
statistically at par with each other, At 90th iay,
N, recorded significantly higher value and it was
followed by N, and Ny, At all the three stages,
there ware sinificant differences betwecen the
phosphorus levels. The phosphorus level, P, recorded
the highest nitrog en content and it was followed by
P, and then by P, at all stages. In the oage of
potassium, K2 lgvel recorded aignificantily higher
per o«nt of nitrogen after 30 days of sowing and Xv
and K; were at par with eoch other. After 60th and
90th days, Xy recorded markedly higher value and Ko
and K, werc nt par with each other. Over the stages,
nitrogen oontent decreased with advanoing age,
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iable = T0
sffect of levels of nitrogen, phosphorus and poiasaium on the parsentage of these

matrients in the leaf at monthly interwvalas.

Ireatnents

Titrogen(per cent) Phosphorua(per cent) Totassium(per cent)

30th 60th 90th 30th 60th 90th 30th 60th 90th
dgy day day day day day day day @ day
Levels of N Kg/ha
0 3,008 2.B49 2.765 0.474 0.407 04452 3.734 2,634 2.110
3% 3.648 2,857 2.465 0,441 0.434 0.414 3,938 2,333 1,962
60 3.T34 2,945 2,594 0.%93 0455 0431 3,553 2.739 2.117
‘F* tast 518 Sige Sige Sig. Slp. Sige N6 S5ige Sig.
BuM & 0,012 0,010 0,007 0.004 0,005 0.009 0.076 0.012 0,015
Cb (0,05) 0.035 0,029 0,022 0,012 0,014 0,025 - 0.034 0,043
Lavels of ?205 g/na
0 1,622 2,992 2,684 0.4206 0,449 0.418 3,708 2.592 2,065
25 3,307 2,785 2.552 0.429 0.437 0.420 4,019 2,518 2,010
50 34402 24874 2.588 0,454 0.439 0,460 3.498 2,596 2.114
P test 5ig. Sige ilg. Sige 3ig. Sige U4 Sig. 3ig.
Sulh 06012 0,010 0,007 0,004 0,005 0,009 U076 0.012 0.015
cDe.05D ) . < - : .
W“'"g K0 Ke/ha 0.035 9.023 0,022 9.012 0.014 0,025 0.034 0,043
30453 248060 2,538 04397 04423 04395 5,548 2,578 1.397
25 50435 2943 2,704 0,450 0,466 0.439 3,588 2,476 2.242
e 20 30497 24042 2.522 0,463 0,486 0,463 4,033 2.653 1,950
SeM 2 Us012 04010 0,007 0.004 0,005 0,009 0,076 0,012 0,015
D (0,05) 0.029 0,022 0,012 0,014 0,025 - 0.0%4 0,043

0.035
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of nitrogen and phogphorus, after 30 days of sowing,

N,P, recorded the highest value (3.867) and W P,

reoordad the lowest (2,320) (Table 71)., After 60 days

of sowing, EBPo reoorded significantly higher valus

and the lowest value was recordsd by Y P, (Iable 72),

At 90th day also N P, recorded the highest value (2.970)
and the lowest value (2,198) was given by N,P, (Table 73),

Armong ths combinations of nitrogen and potassium,
after 30 days of sowing, the highest per ocnt of
nitrogen in lexf was recorded by the sombination
N,K; (3.837) and N K, recorded the lowsst value (2.925)
(Table 74). After 60 days, the combination W, i,
recorded the hignest value and the lowest value by
Ny%, (Table 75). Aftsr 90 days of sowing, W K,
recorded the highest par ocent of nitrogen in leaf
(2.882) and the lowest value was reocorded by N‘K2(2.237)
(Zabls 76).

The results of the phosphorus and potassium
interactions were as follows, At 30th day, Pogn
recorded the highest nitrogen per oent in leaf (3,707)
and the loweat value was at Py, (3,100) (Tabls 77).



Tabls - T1

Bffect of nitrogen and phosphorus in.erastion
on the percentags of nitrogen content in the
leaf after 30 days of sowing.

wevels of Levels of B, Ny Kg/ha

% Ea/ha o 25 50 Hean
0 3.300 7,320 2.905 3,008
50 34700  H4000 50043 3.048
(714) 5e30T  3.498 3,838 3734
wriutd * Je017
U (0.05) 0060
Table - 73

Effeot of nitrogen and phogphorus interaction
on ths peroentage of nitrogen in ihs leaf after

90 days of sowing.

gawzls of 19:8?81:’5 02‘2?2 05 Kj%fxa Maan
0 2970 2,400 2.922 2«T7065
50 24539 2,658 2,198 24465
60 2542 2.595 24045 24594
Maan 2,684 2,552 2,588
Sl e 0.011
Cu (0,0%) 0.038

iasxle - 72

uffect of nitrogen 2nd phosphorus interaction
on the peroentuge of nitrogen in the leaf
after 60 days of asowing.

Levels of wevels of 7,05 Kg/ha

T Kg/ha 5 25 5c  Mean
0 34075 24545 2.927 2.849
30 2.9%24 24127 2710 20857
60 o907 . L5883 2,985 2,945
S (0.05) (4051
Ianle = T4

“ffeot of nitrogen and potassium interaotion
on the percentaze of nitrogen in the leaf
after 30 days of asowing.

Le:vela of 0 Lave]lzsof :{20 K%ha Mean
0 2,973 2.925 2127 3,008
30 3.T1T 345435 3.685 3,048
60 3,638 3,937 3.678 3,734

Mean 56459  .4735 3497

SuM & 0.017

Cb (0.05) 0,060

68



Iable - 75

gZffeot of nitrogen and potassium interaction
on the percentage of nitrogen in the leuf
after 60 days of sowing,

ga;;}iaéf 3evals oé;hzﬂ Kgéna Mean
0 2.T65 2,910 24872 2,849
X 24802 3,045 2.T25  2.857
o0 3.013 2,992 24930 2,945
Mean 24860 2,949 2.842
SaM & 0.014
b (0.05) 0.051

Table - 76

Zffeoct of nitrogen and potassium interactiion
on the percentage of nitrogen in the leaf
after 90 days of sowing.

Levels of levela of ¥," Xg/ha
T Kg/e 0 % 2 & Mean

Table - 77

Effsot of phosphorus and potassium interaot-
lon on the percentsgs of nitrogen in the
leaf afier 30 days of sowing,.

Levels; of Levela of Kéﬂ Kg/ha Maan
B0 Re/ba o 25 50
0 24707 3.695 3.465  3.622
25 3.Y00 3,377 34443  3.307
50 3572  3423% 3.582 3.462
Mean 34459 3.435 %5497
Sutt o 0.017

oo (0.0%) 0.960

0 2,657  2.882 2,755  2.765
30 2,391 2,768  2.237  2.465
60 2,748  2.462 2,572 2,594

Maan 2.598 2,704 2,522

SEM » 0.011

v (0,0%) 0,038

Table - 78

bffeot of phoaphorus and potassium interzot-
on thz perosntage of nitrogen in the leaf
after 60 daya of sowing.

Levela of Levels of Kéo Kg/ha Mean
P05 ka/ma o 25 50

0 2.967 %4000 %010 2992
25 24663 24952 2.740 24785
50 2950 2,895 ZeTT1 24874

Mean 2.860 24949 2e842
SuM e 0014

06
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After 60 days POKQ reoorded the maximum nitrogen per
oent and P,K  recorded the lowest value (Table 78).
After 90 days also, ?oﬁé recorded the highest volue
(2.804), but the lowest valx(aiaaz)moardad by PoK,e
(Zable 79).

ine effset of the three nutrientis may bde

sunnarigsed as followss~

i) Appliocaiion of nitrogen resulted in an
inorease in nitrogen oontont of leaf at all atapes,
The only exoeption was in tha oase of the last stage,
30 days after sowing, when oontrol (0 kg W/ha) recorded
highsr nitrogen content than the other two treatments
recelving 30 and 60 kg H/ha,

ii) Phosphorus application tended to deerease
nitrogen per cent in leaf though the extent of deorease
wos small, Again, there are a few exoeptions of a
further inorease in the content of this nutrient at the
highest level of phoaphorus (50 kg Pzﬁslha) ag ocompared
w the intermadinte level of 25 kg ?zeslha.

111) 7The variastion in nitrogen contunt with
inoreaaing level: of potassium wvag small and highly
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inconsiastent though the treatment effeots wore asignifioant
at all the stages.,

iv) “here vwas 8 steady decrease in nitrogen
per oent of leaf with advanoing age in all the treotnents,

v) A large numbar of jinteractions were gsignifioant
but the trend was 30 nush different at varying levels and
at different stages, that arriving a general pattern of
responze to intsraoction between different nuirienis is
diffioult,

3.1.2 Phogphorus gontent (per cent)

a) Main ¢ffectgs~ 4t 3ta day of wsowing,
phospuorus coniant of leufl signifiocantly deoreassed with
inorsasing levels of nitrogen (Table 70 and Appendix IX),
After 60 daya, N, level reoorded significantly higher
percentage of phosphorus than H1 but Ha wag inferior to 'Ho'
At 90th day also, n‘o recorded higheat vilue but it was
at par with 132 which was algo at par with 31.

At all stuges, phoaphorus oontent in the leaf
at P, level was ocignificantly higher than at P, and Pys
these two being at par,

After 30 and 60 days, inoreasing lovels of



dfuble = 79
affeot of phogphorus and potassiun inturaction
on the percentage of nitrogen in the leaf
after 90 days of sowing.

?;;:lgggg; gevals gg 320 igéga Mean
0 2.99% 2.654 2,804 24084
25 24514 2,748 2,392 24552
50 2,080 2,710 2« 369 24588

Mean 209598 2.T04 2,522

Sell & 0.011

Cuv (0.05) 0.038

o i3 -

Effeot of nitrogen anxl phosphorus interaotion
on the perocentage of phosphorus in the leaf
aftar 00 days of asowing.

ge;z}ga?f OLevalazgf gkqsggg/ha Mean
0 0.532 04435 0,490 G.487
30 0.409 0,435 0.459 0.434
60 0.400 0,440 0,518 V.455
Mean 0.449 0,437 0.489
Sal o 0.007

cv (0.05) 0.025

£ffect of nitrogen and phosphorus interaction
on the perocentage of phoaphorus in the leaf
after 30 days of sowing.

gugéigaaf 0 Levels gg ?205 zgéha Mean
0 0.43%8 0.50% 0.480 0.474
30 0.430 0.440 0.451 0.441
60 0.409 0.343 0.428 0.793
Mean 0,426 0.429 0.454
Set e 0,06
¢ (0.05) 0.021

lable 82
offeet of nitrogen and phosphorus interastion
on the percentags of phosphorus in the lesf
after 30 dayas of sowing.

g?::;ié?f oLevwla ofzgzﬁskagjgs Mean
0 0.468 0.439 0,450 0.452
30 0.381 0.389 0.473 0.414
60 0.404 0.4%4 0.456 0.431
Hean 0.418 0.420 04460
kM e 0.012

¢b (0.0%) 0.043

£6



Tabla - 8%

sffect of nitrogen and potassium interuoction
on the peroentisage of phosphorus in the leaf

after 30 days of sowing.

Table - 34

Sffect of nitrogen und potassium interasciion
on the percentage of phosphorus in the leaf
after 60 days of sowing.

Lavels of Levels of X,0 Kg/ha
T Kg/ha O % 2 5% ‘Meen

O 0.500 04430 04525 0,487
33 04325 04475  0.500 0.434
60 0.482 0,497 0.428  0.455

Maan 0,823 04406 0,486

S & 0.007

b (0,05) 0.025

Levela of Levels of K,D Xg/ha

N Kgba 0 25 2 '¥/55  em
0 06775 0.548 0.500 0.474
3G 0.443 0.425 0455 (0,441
60 0372 0.375 D433 04393

Maan 0397 0.450 00403

SEM » 0006

cb (0,0%) 0.021

Table - 85

Effect of nitrogen and potassiuwe interaction
on ihe percsnta;e of phoaphorus in the leaf

after 90 days of sowing.

Table = 86

&ffect of phosphorus and potassium interactiion
on the perceniage of phosphorus in the leaf
after 30 days of sowing.

ge?xz%aot oL'evels 3§ E{QO igéha Moan I};;g;li‘ ;;ga 0 Levelezzgf i{zo 53:@;/133 Mean
0 0.448 D.425 0.484 0.452 0 0.3%3 0492 0.432 0.426
0 U.311 0,449 0481 0.414 25 0.370 04423 04495 0,429
00 0.425 0.444 0.420 0.4%1 50 0.467 De433 0,462 0.454

Haean Ve 3495 0.439 0.403 Mean 04397 04450  0.403

SuM e 0.012 SuM 2 0.000

Cuv (0.0%) 0.043 Cu (0.05) 0.021

1743
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potassiun inoreased the phosphorus content of leaf,
whereas at J0th day, even though there was inorease

in whe peroentage ocontent of phosphorus with inoreasing
levals, 5{2 and &1 were at par,

fvor the stagses, there was a general inorease
in phoaphorus content of leaf upto the second stage
iollowed by a deoresze thereafter, The only exszption
was when nitrogsn was applied at 30 kg/ha In wiiioh oage
there was & steady deoresse in phosphorus content with

advanoing aga,

b) Intersotion effestss~ After 30 days of

goving, among the ocombinatiions of nitrogen and phosphorus
31091 combination recorded the highest phosphorus
peroentage of laaf (0,505) and N,P, recorded the lowest
value (0.343) (Table 80), After 60 days, ?Io?a
cembin:tion recorded the higheat phoaphorus percaentage
(0.532) ana 1t was at par with N,P,. <he combination

N P, recorded the lowsat valus (0.406) (lable 81).

After 90 days, the combination, 3"3’2 reocorded the highest
value (0,473) mnd T4 Pe recorded the lowest value (0,381)

L+
(fable 82)e

In ths case of interaotion hetween nitrogen and
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potaasium, after 30 days of sowing, %K‘I recorded toa

highest percentuge of pnospanrus in lezsf (0,548), The
lowest vilue was recorded by u:e¢ sombination fIEE'viO
(0s372) (iable 83}, After €0 duys, W K, reonrded the
paximum phosphorus oontent of the laaf and 322;0
recorded the lowest vulue (Table 84), After 90 days
2130, ‘:‘«‘!‘3:2 racoried the highest value but tie lowsst
value was reeorded by W X (iable 8%),

‘re phosphorus and potassiun Interusiionas were
siinificznt oaly at 30th and 60th daye, On the 30th
day, the oombination, P,KZ recordsd uhe hignest
phosphorus eontent of leaf (0,495) and P I redorded
e lowest vilue (0.353) (Tuble 36). After 60 Juya,
P2;;1 resordzd the highest vilue and ?OKO racorded the

iowest value (1able 87).

L summary of the resulis on the elfeot of
different treatmenis on the phosphorus oontent of leaf

is given below.

1) Applied nitrogen had a depressing effeoct on
whe phosphorus content, <Thig sffeot was ecapecially
mariksd upto the intermediate level of nitrogen (30 kg/ha),

Howaver, this patiern was not very regular and ocensigient,
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ii) There was a oonasistent, significant and
marked inoreasa in phosphorus oonient of leaf wiith
inareasing levuels of applied phosphorus at «il we
.Blagas,.

1i1) Applioation of potassius also tendsd o
inorasge the phosphorus ocontent of leaf tissue, “his
trend ia also oconsisient at all the agtages of observation,

iv) As in ihe oass of nitros2n content of
leaves, a number of interactions were statisticnlly
slgnificant, tHowevur, the trend is not re;ulur and
it is diffioult to drav meaningful conelusionas out of
these protraoted reasulis,

3elel 2o

a) Main ef:estgs~ After 30 days, none of the
main e ieoty showed si.nificant difference (:able T0
and Appendix X;. After 60 daye, thure was si nilieznt
difference in poitassiuk ocontent betwoen nitrogen levelas,
At this atage, ?:'2 level reocorded significantly higher
valus tacn N, and H4+ The lowest value was racorded
by ¥;. ihe trend after 90 days was also similar but
Ha and ?30 levels ware at par, In the oase of phosphorus,



iable - g7

eEffsot of phosphorus and potassium inierazotion

on the peroentage of pnosphorus in ths leaf
after 60 days of soving.

ggzala Q:;kfn %Levaléa of z{ZO z(g/ha Mean
0 0.400 Oed83 04458 0.449
25 0,403 0.808 0,499 Ged37
50 0.465 0.502 0.500 0.489

Mean 0.423 0,460 0,456

M e 0.007

3v (0,05) 0.025

Table - 89

sffeot of nitrogmn and phos
on the pereoentags of potassium
after 90 days of nsowing,.

us interaotion
in the leaf

levels of Lavels of P, 0 Kg/ha Mean
¥ £g/ha, G 25
0 2067 1.940 2,323 2.110
30 1.895 2.0%2 1,958 1.962
0 24233 2,058 2,000 20117
Mean 2 4065 2,010 2,114
SuM 0.021

su (0,05) 0.074

Table - 38

Bffeot of nitrogen und phosphorus intersotion
on the peroentage of potazsium in the leaf
after 60 days of sowlng.

Levels of Levels of P, 0.Xg/ha

¥ Kg/ha 0 25 2350 Mean
o 2,780 2,350  2.7713 2.634
30 20228 24437 2,333 24333
0 2.TO8 2,768 2,682 2.739

Maan 2,592 2,518 2.596

G (0.05) 0.058

Table = 90

BEffect of nitrogen and potaasium i.ntsiaOtion
on the pereentage of potassium in the leaf
after 60 days of sowing.

ﬁeg]/.gacf o Levalg;at ; 20) g&/ha Msan
0 2.518  2,79% 2.992 24634
30 2e2T5 24470 24253 2.333
60 2,960 2,095 2,583 24739
Maan 2598 2,476 2,653
suM + 0,016
30 (0,0%) U.05%8

86



Iable - 91

Effact of nitrogen and potassium interaovion on the
peraentags of potassium in the leaf after 90 days of
sowing.

Lavels of Levels of X,0 Hg/ha ,
N ig/na 0 2 2 o Hean
0 2,057 2.340 1,933 <¢110
30 1757 24127 2,002 1.962
00 2177 24260 1.915 2.,117
Mean 1,997 <.942 1.950
S¥ (0.,05) 0,074
Tabls =~ 92

Effect of phosphorus and potassium intersoiion on the
percentage of potussium in the leuf after 60 days of
aswing.

Levels of isvels of Kéﬂ Kg/ha Maan
P05 Re/na 25 50
0 24513 2,737 24527 2,592
25 24857 24425 2,273 24518
50 24303 2.797 2.028 2590
Mean 2o5T8 2,476 2.653
Gl e 0,016
Sv (0,05) 0.058
Table - 93

Effect of phogphorus and potagsium interasction on the
peroentaye of potasaium contaent of leaf aftuer 390 days
of sowing,

Levels of Levels of Kéo Eg/ha Mean
. j‘goﬁ Lg/ha 0 25 50
Q 24,012 2255 1.,9%0 2,065
25 2,075 2.02% 1.928 24010
50 1.903 2.447 1.992 2.114
Sul » 0,021

Cb (0,0%) 0,074

39
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after 60 and 90 days, P2 recorded higher value und

it was followsd by ‘?a and P1 and at the former stuge

Pz and Po were at par. In the case of patasalum, there
Ja88 significant difference betwsen the levels 2t 60th
day stage, the highest value being recorded by <, and
tae lowest value by X,. The szame trend was notlsed

at 90th day also. Over the stages, at all lewels of
the three nmatrients there wes deorease in potassiun
content in leaf with advancing growih ’upto the 90th day,

b) JInteraotion effeoctgs~ After 30 days, the

interaction between nitrogen and phosphorus w:is not
signifioant, After 60 days, N P recorded the Lighest
value (2,780) and W,P. recorded the lowesi (2,:¢8)
(lable 83). After 90 days of sowing, W P, recorded ihe
nighest value (2.592) and NyF, resorded uie lowsat value
(2.275) (Tadle 89),

The interaction between nitrogen and potaasium
wag not aignifieant on the 30th day., After ooty day ,
?12'0 reocorded the highest persaniage of poinmasgian in
the leaf and the lowest valus was rcoorded by "y
(iasle 90). After 90 days, §°K1 Zeve the highest value

and T,K = gave the lowest value (Tabls 91).
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The effeot of phosphorus and potasaium
interagction wus not signifiosnt after 0 daye, AL
60th day, 'P1 i{c recorded the hizhest value and P‘KE
recorded the lowest (Table 92). After 90 days, P,K,
recorded the highest value and Pziio gave ithe lowest
potassium oontent (Table 93),

ihe resulis may be sumnarised as followss~

i) The effeots of applied nitrogen anmd
phospnorus on the potassiur content of leaf wers not
conaistent though the Weatment effeois were statistioally
significant at the seoond and third siages.

i1) Thoush not vary regular midi consiatoni,
there was a trend wwards inoreasc in posasaiun contoent

of leaf with incre.sing doses of poizusium fertilizer,

111) Though auite a few interaotion effeots were
slgnifioant, the rasults showed mo regular trend in
the vriation of potasslum ocontent.

3.2 Gtem
3e2el Hitrosen conba

a) Main effeotgi= There was asignifioant inoresse



in the nitrogen ocontent of stem due to the higher dooses
of nitrogen at 30th day after sowing, vhareas at 60th
day, higher doses deorsased the value and the differonce
b: twaen '30 and %@1 wvas not aignificant,(Iable 94 and
Appendix X), But the trend after 90 days was suite
different, At this stage, Ho rocordad the highest value
and N, the lowest.

Ihe effeat of phoapasrus liovaels was alao
signifioant at all the stages. ™ 20th day, inareasing
levels of phosphnorus deoreased the nitrogen conient of
aten but P1 and 7, vere at par, After 60 days, even -
though the value increased with the higher doses, P, and
P, were not statistioslly different, At 30th day, there
wag signifiocant difference bstwsan the levals, P

recording ths Zizsvest value, The lowdat valus wme

recorded by 7, at this siags,

The potassium lavels showed aignificant
diffarenc’as only at the first and third ztages. 4t
tha firat astag:, nitrogen oontent eignificantly deorecced
with the inareasing levels wherezs after 90 days
raocorded signifioantly higher wvalus., Thers wag mo
ai. nifioant difference betwsen K, and XK  even though
K, recorded the lowest valug,



Table - 94

£ffeotr of levels of nitrogen, phoaphorus and potasaium on ths paroentage of these
matrients in wne stem at monthly intervals.

Ireatments . Hitrogen ét.nm oenihz Pno%hmg% é@r gent)
day day day day day day

Levels Og ¥ (sgfnha)

1316 0,742 0.882 04452 0,338 06315

30 1.686 04733 0,639 0,395 04281 04268
60 1.826 0,663 0,827 0.390 0,239 0.348
'F' test 51ge S1ge Sige 51ge Bige  Jige
SaM & 06022 0,005 0,005 0007 04003 0,005
Ch (0.05) 0.064 0,014 0,013 0.022 0.010 0,014
Levels of yzosm
0 1761 0,088 0.907 0,413 0.331 0.312 4,809 2,299 1,823
25 1561 0,094 0,678 0.441 0,259 0,317 4.597 2.073 1,909
50 1.506 0,756 06762 0.37T7 0,318 0,305 4.604 2,316 1.824
"F' test 5ige Sige Sig.  Sig. Sig. W Slge Sige W
SeM & 0.022 $.005 0,005 0,007 0.003 0.005 0,008 0,005 0,037
Y (0,05) 0.064 0,014 0,013 0,022 0,010 - 0,024 0,016 =~
Lavels of 7,0 Kg/ha
0 1733 0,705 0732 04381 0339 0.328 4.821 2,345 1.868
25 1581 0,719 0.872 0,450 0,269 06292 4,600 2.157 1.782
50 1,813 0,715 0.743 0,401 0.279 0,311 4,531 2,145 1,913
'P' test 548 Ho Sige ige Sige Blge Sige vlge 3Sig.
38M « 04022 0,005 0,005 0.007 0,003 0,005 0,008 04005 0.037

CU (0,05) 0,064 = 0,013 0,022 0,010 0.014 0,024 0,016 0.109

£0T
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Over the stages, thers was a marked drop in
the content of nitrogen from 30th day to 6Uth day, in
m 3t oagszes to less than half, ¥rom 60th to 90th dey,
the nitrogen content remained praotically unohanged,
The above pattern of astage~wise variation did not
appear to be appreciably affeoted by the different

treatmnta,
b) Interaotion effeotss~ After 30 days, =mong
the oombinations of niwrogen and phoasphorus ﬁzPo and

1
Ihe combinations of ¥  with dlfferant nhosphorus levals

P, recorded the highsr values and they were at par.

recorded the loweai values snd they 'mr> ~lmo =t aar
(sable 95). After 60 days, HoTp Tecorded the hijheat
value and ¥,7, recorded the lowest (7able 96}, ‘fter
90 days +1a0, We?a raecorded the highest valus g in
the first oase, ihe lowest value wag resgorded hy the

ﬁ1P1 combination (Iable 97).

In the eae of intersaostion betuesn nitraren
and potassium after 30 days, 32£6 reocovrded the highest
value and 7 4, recorded the loweat value (T2ble 99).
After 60 days, W,4, recorded the highest value and
N,K, recorded the lowest valus (Table 99). After 30 days



{fable = 9%

sffect of niirogean and phosphorus interaction

on the perceantage of altrogen in the stenm
afiar 30 days of sowing.

Table = 96

s5ffect of nitrogen =nd phospihiorus interaetion

on the peroentage of nitrogen in the stenm
after 60 days of sowling.

Levels of

Levels of Levels of P,0. Kg/ha

¥ &g/ma 0 25 29 50 Mean
0 1.368 1,297 1.282 1.316
30 1.945 1,593 1,518 1,086
60 1.970 1,732 1.717 1,826

Mean 1.761 1,561 1,506

SEM + 0.032

3b (0.05) 0.112

fable = 97

kffeot of nitrogen ard phospnorus interaotion

on the peroeniage of nitrogen in ths stem
after 90 days of sowing.

Levela of P,0. ig/ha
T £g/ha o 25 23 50 Mean
0 0.605 0,775  0.847 0,742
30 0.763 0,707 0.730 0,733
60 0,698 0,600 0.692 0663
Mean 90639 0.694 00756
SEM & 0,007
v (0,05) 0.023
Table - 98

affeot of nitrogen and poiassiumr interaction

on the peroentage of nitrogen in the stea
after 30 days of asoving.

ge;;l/:aef gavala gg ?205 ;Kg/ha Mean
0 1.022 0,807 0.313 Uecifi2
30 0,603 0,547 0.766 J.039
60 1,098 0,681 0,702 04827

Maan 0.907 0,678  0.762

SuM & 0.007

Co (0405 0e023

?maof Lgvels 01?2%;20 &géga Vean
) 1348 1,303 1.295 1.%16
30 1783 14052 1,522 1680
60 2,065  i.857 1,723 1,526
Yean 1.733 1581 1,813
Sutl & 0.0%2
v (0.05) 0.112

GOT



Table = 99

ifreot of nitrogen and potassiuvm intersotion
on the peroentage of nitro.en in the atem
after 60 days of sowing,

Levels of vovels of L0 Kg/ha feun
N ig/na 0 25 ¢ 50 Hean
0 G733 0.751 0738 e TA2
30 06380 0,075 1,695 0a753
00 0.547 0,723 0.720 0.063
Mean 0,705 0.719 0.718
deH 0.007
S5 (0,0%) 0,023
Tabla - 101

sffect of phosphorus and potassium interaotion

on the percentage of nitrogen in the siem
after 30 days of sowing.

Table =~ 100

sffect of nitrogen ond potassium interasiion
on the perocniage of niitroc _eon in the stem
after 9C days of souwing.

Lavels of levels of Kzi} K;;;Sna Mean

T Kg/ha J 25
0 J«317 Ue391 Je330 Ul.882
50 O.7257 GeT46 0,614 0.639
o0 Q0.0323 0380  0.778 0.827
Haan 0eT52 43.372 00743
SoM & 0,009
b (0.0%) 0.023
Table = 102

4ffect of phoaphorus =2ni potassium interaction
on the peroentage of nitrogen in the atsm
after 50 days of sowing.

Levels of ievals of K,0 X/ha .
PO0ske/bs 25 2 50 Hean
0 1595 1,777 1.512 1,761
25 1457 1.715 1,510 1.561
50 1.748 1,250 1.518 1500
Maan 1733 1,581 1,813
IuM e 0l032

Co (0.05) Ol.112

Levels of Levels of K, 0 Eg/ha

Pol Re/ba g zsxé 50, o
d 0.777 0,602 ©.688 0,689
25 0.600 o810 0,672 0.694
50 0.738  0.737 0.793  0.756

Mean 04705 0,719 0.718

dult & 0.007

20 (0.05) 0,023

30T
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Hogi recorded the higheat valus and w,xa reoorded the

lovest valus (Table 100).

After 0 days, among the combinations of
phoaphorus and potassium Poib recorded the higheat
nitrogen peroentage of atem and the lowest value wag
glven by ", ({able 101), At 60th day after sowing,
the P,y combination reocorded ths highest wvalue and
PyK, recorded the lowest value (iable 1.2), After 90
days P K, reoorded the highest value and ?sz recorded

[
the lowest valiue (labls 103),

ine sumsary of the above results on the offeot
of graded doses of fertiliser nutrients on the nitrogen

aontent of gstem is given below.

i) Ths main effeots were highly variable and
no per:istant trend of treatment variation in nitrogen
content was observed, Lven application of nitrogen
413 not appear to bring about a steady inoreasse in
tae content of nitrogen in this plant part, Ilowever
applicution of phoaphorus tended to deoreaze tLha
nitrogen sonient., Sffeot of applied potassium wag

inconaistent,

11) Over the stages, there was a conspiouous



108

drop in nitrog:n ocontent from 30th to 60th day. The
onange in tae ~content of tihig nutrient with further
advence in growth was not appreciable, Tue zbove stage-
«ise trend did not appear to be affeoted very muoh by
the different troatmenis,

114) Though a large number of interactions were
statistioally significant, the treatment effeots were
found to b8 highly variadble making it difficult to arrive
at a genceral trend of interaotion,

3.2.,2 Phosphorus content (per oent)

a) Main effectas- At the first two stages,

~ the phosphorus content of stem progressively dacreased
wvith inoreusing niirogen levels and N, and wz were at
par (Table 94 and Appendix XI), But at the third stage
N, recorded the highest value and ¥, reoorded the lowest,

legarding the effeot of phoaphoras, the effects
were significant only at 30th and 60th duys. The °,
and Py levels recorded highest values and P2 and P1

reocorded lovest valuesa at 30th and 60th days, reapeotively.

In the osase of potisssium, Kﬁ and Kg recorded
higher values than Ko. bt Ké and KS were at par, on
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the 30th day. At 60th day, there was a decreasse in
phoapnorug oontent of atem with inereasing levels of
potagsiun and K1 and xz, weras at par, At 30th day, LR
recorded the highest valus and X,, the lowest,

4ith advancing age, there was a goencral trend
of deorease in phoaphorus oontent though the extent
of Jdeorease was, in general, small, Also, the different
treatments differed in the patiern, there being even an
inorease in phosphorus content with time in sowe oasges,

b) tarae feotsgs~ At 30th day, among the
combinations of nitrogen and phospihoruas :IOPO recorded
the highest peroeninge of phosphorus in stem and ?%‘132
recorded the lowest value (Tadle 104)., After 50 daya,
9 "o recorded the highsst value and 32?1 racorded the
lowest value (Table 105). At 90th day, W,P, reglutered
aignifioantly hizher walue than all other combinations

and ;#1?2 racorded the lowseat value (Table 106),

Zhe nitrogen and potaasium interaction wag
significant only at 30th and 60th days, At 30th day,

§°K1 reocorded the highest value and ﬂ,!Ko recorded the

lowest value (Table 107). After 60 days, N, &y recorded



Table = 10%

Effect of phosphor.s and potasasium interastion
on the perocentage of nitrogen in the atem
after 90 days of sowing,

Lavels Levels of K0 Zg/ha
e Mean
Plg ne/ba 25 50
0 0e313 1,053  0.857 0.907
25 0,056 0.640 0,739 0.678
50 04728 04,924 0,634 0,762
Maan JeT32 DeBT2  UsT43
Sl o 0,007
0u (0,0%) 0.023
Table = 105

Effeot of nitrogen and phosphorus interaction

on the percentage of phosphorus in the stemaffer

60 days of aowing.

levels of levels of P205 Kg/ha

N Kg/ha 0 25 50 Yean
0 0¢353 0,302 0,357 0.338
30 0,300 0.258 0,282 0.281
60 0.335 0.217 0.317 0.289
Mean 00331 0.259 0,318
sui & 0.005

Co (0,05) 0.018

Taole - 104

~ffaet of nitrogen und phosphorus interaetion
on the peroecntuge of phosphorus in the stem
after 30U days of sowing.

Levels of Levels of ?205 Kg/ha

Vb 25 5o
0 06500 06490 0.305 0,452
30 0383 04433 0.353 U395
60 0357 0.400 0,413 0.390
Mean 0s413  0.441 0,377
0D (0.05) 0,038
Table - 106

Effeot of nitrogen and phoaphorus interaction
on the percentage of phosphorus in the stenm
after 90 days of sowing.

gnwxg}gaof o levels 2;! ?205 K%ha Moan
0 0,320 0,296 0.330 0,315
30 0,217 04287 0.242 0.268
60 06337 0,370 0337 0.348

Mean 0312 0,317 0.303

Sult & 0,007

¢k (0.09) 0,025

OTT



Table - 107

iffeot of nitroyen :nd potassium intersetion
on the peroentage of phospuorus in the astem
after 30 doys of sowing.

Levels of Levels of £20 Ke/he

N Kg/na 0 25 50 Mean
0 U.440 0523 0392 0.452
30 0,320 0.415 D435 04395
60 Ve383 U.412 Q375 04390

Hean 0e3:51 0.450 0.401

SeM e 0.011

Cb (0.0%) 0.038

Table - 109

sffeot of phosphorus and potassium interaction
ontihe peroentage of phosphorus in the atem
after 30 days of asowing.

Table - 108

sffect of nitro.en md potaasium interaotion
on the pereentage of phoaphorus in the astem
after 60 days of sowing.

Levels of

e 0 Lavels 2% €50 &@éga Mean
0 0. 379 0e300 0,273 0.%38
30 0.322 04210 0.312 0.281
60 0,317 0300 0.255% 0.289

Moan 0.339 0289 0279

SuM ¢ 0.00%

3u (0,05) 0.018

Table = 110

usffest of phosphorus end potasaium interaction
on the perosntage of phosphorus in the stem
after 60 days of sowing,

Levels of levals of ch Ke/ha Mean
Po's Ke/ba 4 25 50
0 0.413 0.468 0.7%58 0.413
25 04393 Ded53 D472 0.441
50 Je337 Ve423 06772 0.377
Mean 0.381 0450 0.401
Dt hd 90011
v (0405) 0.038

Levels of levels of £,0 Kz/ha

Pol Ke/ha 25° 50 Hemn
0 0.392 0322 0.280 0.3M
25 J3.273 04212 0.291 0.259
50 06355 04335 04765 0.318

Maan 0e339 De2:39 0279

A 2 04305

s (0,05 2,018

TTT
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the nighest walue and N’Kﬁ reoorded the lowest phospghorus
gontunt of stem (Tabls 108),

Ine interaction batwesn phoaphorus and potassium
wag significant at 2ll atages. After 20 days, Pyi,
recorded the highest value and P2K$ recorded the loveast
phosphorus content of stem (Tadble 109), After 60 days,
Pgﬁb reoorded thae highest phoaphorus oontenti and ?121
recorded the lowest value (Table 110)., At 50th day,
P,Rz reoorded the highest valus and ngé recorded the

lowsst (Table 111).

The datz on the phoaphorus oonient of stem are

suomarised below,

1) ¥ith inoreasing levels of nitrogzun, phosphorus
and potasajum, the phoasphorus content in stem varied
only alightly though the differencses werc si;mific:nt
at all the stages. Further, thers waa no diatinet
trend of wariation in the peroentage oontent of
phosphorus beosuas of the different treatments, zsven
application of graded lzvels of phosphorus falied to
reglater a corresponding inorease in the phosphorus

sontent of sten,



113

i1) ith advanoing age, there was a trend of
deorease in phosphorus content, though the extent of
deorease was not appreciable, Ths different treatuments
tended to differ in the nature of varisaiion in phosphorus
conwent with time,

i11) As in the oase of nitrogen oontont, a
number of intersotions ware signifioant in the onme of
phosphorus sontant slso., However, the results siaowed
no regular pattern and it may not be possible to draw

meaningiul conclusions,

3.2.3 Potassium oontent (per gent)

a) M eotps~= At all stages, control level
of nitrogen gave maximum potassium oontent of atenm
(Table 94 znd Appendix XI), The lowest value was
regorded by N, at 30th and by 32 at other stages, There
wag significant difference between the level: exoept
between N, and N, at 90th day, 3:sffect of phogphorus
vaa algnifioant only at 30t%h and 60th days. At 30th
day, Pc regorded the higheat wvalue and Py and P2 wore
ay par, At ooth day, P, recorded the higheat valua and
it was at par with Poe The phosphorus lavel Py recorded



Tabls - 111

sEfeet of ghoaphnorua and po tassian interaction

on the perocniags of phosphorus in the stem
after 90 days of soving.

Laeveis of

iable = 112

uffeot of nitrogen a:nd phoaphorus intersotion
on the peroenitage of potassium In the stenm
after 30 dzys of sowing

Leve 70 hg

Palg de/ne a Z: 2 ;’m Hasn
0 0.323 0,292 0,313 0.312
25 06323 04265 0,352 04317
50 0.328 0,212 0,268 04303

Mean 0s328 0,288 0.311

suid & 0.007 -

G (0.05) 0-025

Tible - 113

«ffect of nitrogen and phosphorus intermotion
on the pereentags nf potazsium in the stem
after 60 days of sowing,

Levels of Levels of 7,0.Zg/ha
25 Hean
N ig/ba 25 50
0 5535 4.723 5,225 54101
¥ 4,630 4,548 3,945 4,374
60 4,267 4,520 4,643 4,476
Haan 4,809 44,597 4 504
R A J.011
o (0.0%) 0.041
iable - 114

iffeot of nitrogen and phosphorus intersotion
on the perocentage of potasaium in the atem
aftar 90 days of soving.

T e ST
ge?}ga of hegul,s ogspz:}s ug,(/)'na Mean
0 2,528 2,123 2,837 ~e913
30 24235 2,207 2.323 2.255
60 2135 1,882 1,743 1.924
Mean 24239 2,073 2,310
Sl & 0,008

m:}ﬁaaf élevx::ls @§§P2€}S %ha Mean
) 2.,02% 24208 2,165 2.132
30 1,695 1,748 1,835 1.759
60 1.772 1. 772 1,472 1,672
Hean 1823 1,309 1.824
walt & 0.053
CL (0.05) 0.189

Vit



Iable - 115

110

sffeot of nitrogan and potasaium interastion on the
percaniage of potassium in the stem after 30 days of

sowing,

ilavels of iavels of X,0 Eg/ha

T Kg/ha 0 %20 "&B Mean
0 4,775 Hesi2 56101
30 4,793 3.T75 4,574
60 4,333 4,495 4,470

suito» D011

C0 (0.,05) 0,041

Tadle - 116

sffeor of nitrogen and potassium interaotion on tne
perocnia e of potassium {n the atem aft.r 60 of

sowing,.
levels of wevels of Re/ha vaan
¥ Zg/ha 0 50

0 2955 2328 24913

30 24363 2,507 24205

60 24130 1 600 1.924
Yean 24349 24145
SuM o 0,008
G (0409) 04027

Tuble = 117

s{faot ol niiro;en and potassius inleractlion onihe
peroentage of poizgsium in the gtem after 0 days

of sowlng,

Lavels of Levels of K, Kg/ha Vi

R Ka/na 0 %2 50 mean

0 1.964 2.402 2.132

20 1.8567 1.648 1.759
60 1.775 1.638 1,672

Mean 1,868 1.913

SuH e 0.053

Sb (0,09) Je189
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Table - 118

Effeot of phosphorus and potassium interastion on tuse
pamigntage of potagsalum in the stem after 30 days of
S0wing,.

Levels of Lavels of Kéo Kg/ha Mo
9 Hean

Pa0s Z/ha 25 50

0 4,603 4,943 4,862 4,809

25 4,465 4,037 4,690 4,597

50 54333 4.400 4,020 4,004
Mean 4,821 4,660 4.5%1
3aM & 0,011
G (0,05) Je041

Tavle ~ 119

sfrect of phoaphorus and potassium interaction on wae
pergentage of potassium in the stem afier 60 days of
sowing,

Levels of Levels of £,0 Kg/ha ,

op 2 Hﬂan
P05 fgha 25 5.

0 2,405 2,348 2.145 24299

25 2.2%2 1.783 24183 2,073

50 24392 2,460 2.107 24316
Maan 2.349 2,197 2.145
dut + 0,008
b (0.0%) 0.027

Table - 120

Effect of phosphorus and potassium intersotion on the
percencage of potassium in the stem aftsr 90 days of
sowing,

%Kfyvah;.s of B oy OLevelszgt K0 X%M Mean
0 1.753 1.979 14920 1.823
25 2.004 1,530 2,195 1.909
50 1.848 2,020 1,623 1.824

Mean 1,868 1,732 1,913

SEM & 2.053

Cu (0.09) 0.189
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the lowest value, In the case of potassium lavels,
the content of potassium significantly deocreansed with
inorezaing levels at the first two gstages, At 90th
day, x? recorded highest value and it was at par with
Kﬁ which was also at par with K1.

Between Lhe stages, there wag deoreanse in the
content of potassium in stem with time, the extent of
daoreage being most oonnpxsnoub between 30 and 60 daym.
It further deoreased on the 30th day though the
magnitude of decrenae was not that substantial, This

deoreasing trend was common for all tne treatments,

b) Interaotion effectgs~ 7TIhe effeot of
nitrogen and phosphorus interastion was simifloant

at all stages (Table 112). The highest value wacz
recorded by Hb?o and the lowest by 31?2 ocombinations,
Aftor 60 days, the highest valus was recorded by N P,
and the lowest vilue waz recorded by NQPZ sombinations
(iable 113). Aftar 90th day, the ﬂepi combination
gave the highest value and N,P, recorded the lowest
value (lable 114).

Yitrogen and potassium interastions were 21ls0
signifioant at all stages, After 30 days, H°K1 recorded
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tie highest potasaium ocontent of stem and -‘111{2 recordad
the lowest value (Table 115), At 60th day also, LIR-#
resorded the hizhest value, but Ngilzz combination
reocorded the lowest valus (Table 116), At 90th day,

N Ké and 52K1 recorded the highest and ihe lowest values

o
respeciively (Tzble 117},

The phnsphorus and potagoium interactionn were
signifioant at all stages. After 30 daya, ?on recorded
the highsst potassium contsat of stem and P22{2 reoorded
the lowest valus (Table 118), At 60th day, P,y recorded
the highest valus and Py, recorded the lowest (Iable 119),
After 90 days, ?1K2 and P,K, resorded ithe highest and
the lowsst values respectively (Table 120),

The resultis on the potasasium oontent of stem are

summarised as follows,

i) Application of niirogen tended to lower the

potassiur oontant of sten,

i1) Phosphorus mpplioation thouzh had statistiocslly
aignificant effect, the data showed no consistent pattern
of variation in potassium content with varying levels of
application of phosphorus.
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111) Applioation of potassium also did not show
any persistcnt effeot on potassium content, At the
first two stages, potasalum sontents of treatments
receiving potassium application were even lower tham

the controld,

iv) Betwesn the atages, there was deorease in
the sontent of potasaium in siem with time, the extent
of deorease being most conspiouous between 30 and 60
dayas. It further decreased on the 90th day though
the magnitude of deorease wés not that sudbstantial,
The different treatments did not affeet the 2bove
deoreasing trend, |

v) As in the case of nitro.en and phosphorus
contenta, noat of the two-way intersotions were
signifioant, Yet, they followed no regular trend and
it 1a diffioult to draw useful conoluzions out of thssz,

3.3  Fruit
3431 Hitrogen content (per cent)

a) Main effectgs~ Witrogen levels were not
significant at 60t day of sowing whereas at 90th day,
H, recorded significantly higher value and N; reocorded
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the lowest value and vas inferior to N, and W, (Table

121 and Appendix XII),; Effect of phoaphorus was also
not signifiosnt after 60 days, but at 90th day, Py and
P, were at par and superior to P, level., In the osse

of potasalium at 60th day, K, recorded the highest
nitrogen percentage ~nd it was at par vith K,. The
lowest value was raecorded by &; level., At 90th day also,
Ko wag superior to K, and K2 and these two were at par,

Over the stages, there was no appreociable ochange
in the nitrogsn oontent of fruits,

b) Interaotion effeotgt~ The interaction
betwean nitrogen and phogsphorus was signifiocant at both

stages (Table 122), Ths treatment N,?, racorded the
hizhest viue and the Wo?z reoordsd ihe lowest, At
90th day, W P, combination gave the highest valus and
the N,P, recorded the lowest value (Table 123;,

The interaction between nitrogen and potasaium
vas also aignifioant at both tha astages., 7The combination
Nog‘o gave the highest nitrogen oontent of fruit at
60th day of sowing. The loweast valus was racorded by
?1031 (fable 124). After 90 days alasoc, the higheot value
was reocorded by Naxo’ but the lowsat valus wasz in T‘“’,if.e
conbination (Iable 125),



Table - 121

Kffeot of levels of nitrogen, phosphorus and potassium on the peroentage of these
matrients in the fruit af monthly intervals,

) Jitrogen (per cznt) Phosphorus (per oent) Poiasaium (per ocent)
ireatments  ~=gGey " "TU§8tR " T 80% - 90th  50th 30th”

duy day day day day day

Levela of ¥ Kg/ha

0 2.444 2.560 0.540 0.553 3,072 2977

30 2.462 24441 0,542 0.569 34136 54015

60 24533 2.491 04532 04554 34039 24970
'F' teat L8] 54g. NS Sige 51ge y3
votl & 0.027 0,006 0.004 0,002 0.011 0,013
Co (0.05) - 0,019 - 0.008 0.031 -
Levels of P,0; Xg/na ' L ,

0 24522 24513 04531 04528 2492 20926

25 2.489 24513 0.565 0.504 35042 2437

50 2.428 2,460 0.576 U584 34209 3051
' teat R Sie sig. 34g. 748e 51g.
ot & 0.027 0,006 0,004  0.002 0.011 0,013
U (0.09) - 0.019 0.011 0,004 0.031 0,040
Levels of Kﬁo Ko/na o

0 24543 2.545 0.540 0.544 3.039 24961

25 24336 24479 04565 0.573 3.099 2,984

50 2.500 2.469 0.560 0.559 3.104 3.018
'F' teat 318 318 31ge 3ig. 3ig. 51ge
oM e 0.027 0.006 0,004 0.002 0.011 0.013

i (0.05) 0.073 0.019 0.011 0,006 0,031 0040

Tel
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The interastion between phoaphorus md potassium
was signifioant, The combinstion P1 Ko recorded the
highest v2lus and P.K, recorded the lowaat value at both
atages (Tables 126 and 127),

The results on the nitrogen content of fruits

may be summarised as followep

1) The direot affeots of graded levels of the
three nutrients were highly inoconsiastent thrugh
statistio:lly aignificant in most cases, Iven application
of nitrogen £21led to give & persisteni inoreags in the

nitrogen content of frults,

11) 9ver the stnges, there was no a2psresisble
change in nitrogen oontent of fruits.

111) Interaotion srfeots were significant in moat
oases but the resuits were inoconsistant,

3+3.2 Phogphorus content (per oent)

a) M: gffecwgs~ Ihe effect of nitro.en was
not signifiocant 2t 60th day, but at 30th dzy, it wa
simifioant and %1 and !b reoorded the highest and lowest
valuss respectively (fable 121 end Appendix XII). The
N, level was ai par with Hb level in the caas phouaphorus,



Tasle - 122

Effeot of nitrogen and phosphorus interaction
on the peroentuge of niirogen in fruits after
60 days of wowing,

ge;eéxaof gevala gg 9205 %g'ksa Maan
0 24585 2.442 2305 2.444
30 24453 2,422 2.512 2,462
60 2.528 2.002 2,465 2,533

Mean 24522 2.489 < o428

SuM & 0.038

Co (0,05) 0137

iable - 124

Effeot of niwrogen and potasizium interaotion
on the percantage of nitrogen in frulis after
60 days of sowing.

- e N

;e;:llgacf 3@%13 ogs{z :%/hg.o Mean
Q 2,005 < «Q93 2.5T3 2,444
30 24543 o522 2.322 2.462
60 2,422 2.572 2a005 24533

Mezn ca943 24596 24500

JM o 0.038

S (0.05) 0.137

Table - 123

sffeet of nitrogen 2nd phosphorus interaction
on the percentags of nitrogsn in frulta after
90 days of sowing,.

;J;e;:;}gaof I(;ewla gg Pz()s uggga Mean
o 2.574 2.606 24502 2560
30 “.48% 2,371 2.469 2.441
60 2.403  2.562 2.426 2.491
Mean 26513 2,513 2,466
ol & 0009
Cu (0.0%) 0.032

Tnbla - 125

uifant of nitrogen and potaasium interactiion
on the percenta.e »f nitrogen iIn fruits after
90 days of sowing.

gegz;}gaof gavela 0 é‘sazi’) i{g/gg. Mean
0 2,626  2.500 24556 2.560
30 26533 24412 2,318 2.441
60 2eAVT 24525 2.532 24491

Mean 2e545 2,479 2.469

Sul * 0,009

JL (0.,05) 0.032

Al



Table - 126

£ffeot of phoaspihorus and potassjium interastion
on the percentage of nitrogen in fruits after
60 duyo of sowing.

Inbie = 127

Lffect of phosphorus and votassium interaction
on the perocentage of Altrogen In fruits after
90 days of sowinb.

Levels of  Lovels «f 2.0 Zg/one

%:g§1§@3§a gev»ls gg K0 gg/na Yean
0 2562 2,442 2,563 2.922
25 2,042 Zeh55H 2290 2.489
50 2428 Z.3TU 2,509 2.425

Maan 2943 24390  2.500

Sutt & 0.038

ov (0,05) 0.1357

Table - 128

seffact of nitrogen and phosphorus intersotion
on th2 percentage of phosphorus in fruits
after 60 days of sowing.

gggz}gééf 3evela ct 32%5 &@ﬁﬁi Monn
0 VeD10 0,582 0,575 Q540
30 0s523 0578 0,577 05542
60 0.545 0.535 0,577 04552

Mean UeB31 0,565  Je5T0

S.M & 0.006

Cu (0,0%) 0,020

POgig/ma 0 25°¢ 50 Haan
0 2,594 2e4738 2.509 2.513
25 2,608 24001 2.332 26513
50 208432 2,400 2,505 2,500

Y an Ze 545 3 0479 2 “69

SuM e 0,009

S (0.,0%) 0,032

Tab.e -~ 126G

Effest of nitrogen and phosphorus interazotilon
on the peroentuge of phoaphorus in fruits
after 90 days of souing.

Levels of  levelz of P, ig/ha

R iZg/na 0 25 50 Menn
0 0.508 0,578 0573 0.553
30 De532 04573 0.602 0.569
50 06,545 0,540  0.5T7 0.554

Mcan 0.528 0,564 0,584

GuH g 0.00%

S (C.05) 0,014

Vol



iable - 130

bffeot of nitrogen and potazasium interusctioa
on tne pereentage of phouphoruz in fruis
after 60 days of s0:.ing.

levels of Lavels of X,3 Kg/an )

¥ Zg/na 0 25 E 50 Hean
0 0.515 0.557 0573 0.540
30 0.540 J5TO 0.573 0,542
00 0,985 0,538  0.553 0,552

Mean 1e540 0,565  0.500

ouM o 0,006

cu (0,05) 0.020

Tanle - 132

gEffeat of phosphorus and potassium intsrootion
on the peroentags of phosphorus in fruits afisr
60 days of sowing.

iYable - 131

~ffeet of nitro.e¢n nd potnssium interaction
on the percentage of phosphoru: in fruits
after 90 days of sowinge

Lavels of Levels of Kaﬂ Kg/ha

4
B Kz /ha o 25 50 Haan
0 0,508 Q590 0,563 0.553
30 0.538 0.5490 0,577 0.569
o0 0585 0.540 0.537 0.554
Mean 0.544 00573 00559
SuM ¢ 0.00%
CP (0.05) 0,014
Table - 133

Effect of phosphorus and potzsaium interaoiion
on the peroentage of phoaphorus in fruiis after
90 days of sowing,.

Lavels of Ievels of X,0 ZXg/ha ,
Fpy ki o us 2 s e
0 0440 0,503 0,543 JeH531

25 0.54% 03577 04577 04565
50 0,017 0,557 0.5%5 0.570

Mean U540 00565 0.560

SuM & 0.006

Ch (0.05) 0,020

Levals of Lewsls of K,0 g/ nha

P75 &i/ba 25 50 resn
9 0.473 0570 0.542  0.528
25 0.547 0,573 0.572  0.564
50 0,612 0577 0,563 04584

M.an 0.544  0.573 04559

SaM 2 0,003

eb (0.05) 0,014

Gol
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the peroentage of phosphorus inoreased with higher
levels but P2 and ?1 were at par at the first stupge,
Potagsiun applioation inoraased the phoaphorus content,
the potas ium levsl, 3(1 recorded the highest value and
K, the lowest, But the levels, X, and X, were at par
at the firast stage.

Over the stagez, there was very little change
in the phouphorus content of fruits, Comparing between
treatmenta, therse was inorezpe in some and dasreanse in
some others, 3ul the differences were marginal in =11

CHagas,

b) teraotion effeoiss~ 1he nighest phosphorus
oconient of frult was obiained at the ¥°P1 and :%1*‘?2
combinntions at 60th and 90th day respectivaly. t both
stages N P, resorded tne lowest veolue (7ables 128 3nd
129).

In the oase of interaction between nitrogen amd
potassium at voth the stages, K°K1 and ﬁoi{o recorded
the higheat and the lowest values of phosphorus content
of fruit, respactively (Tables 130 and 131),

Among the phosphoras and notassiwm combinatinna,

Pgﬁo regorded the highest valuse and ?QKO reoorded the



Jowest oontant of phosphorus in frult, at boih atageo
(Tablzs 132 and 133),

The above results may be summarised as follows,

1) The affant of nitrogen on phosphorus content
though w2s significant, followed no regulzr conceivable
pattern,

11} ‘ppliontion of phoaphorus led to an inorause
in phogsphorus sontent of frult upto the highest lawval
0f 50 kg P,lg/ha.

i11) Applioution of potassium also tended to
inorease phiosphor:s content but this effect was noted
only upwo the intermediate level of 2Y kg ?\zfiflha..

iv) Over the 3tagaa, there was very little change
in the phosohorius oontaent of frultas. Jompuring batween
trastmenta, there wig inoreass in goms and deorcase in
gome o thers, e dififerences, however, wers wrginal

in all ensaes,
v) The intcracilon effecis were ulg:ly variable,

3¢3.3 Potassium content (per oent)

a) Main effeotgs~ Effeot of nitrogen upplication
was signifiosnt only at the first stage (Teble 101 and
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Appendix XII). The N1 level of nitrogen reoorded the
highest parcentage of potagsium in fruits at this

stage and the H2 level recorded the lowest value,
Potasgium conient inoreased with inoreasing levels

of phosphorus and this inorease was non-oi;nificnt
only between P, and P, at 90th day. In the case of
potassiun levels also, the walue inoreased with higher
levsla, but K, and Eé wore at par, These were superior
to Kb at the first stage but ;o was at par with Xﬁ at
the 2nd stage.

wer the stazes, there was a deor2age in the
potaszzinn content of fruilts in 2ll the tre2tzents from
60th to G0th day,

b) Interagtion effegtss~ Among the comdbinations

of nitrogen and phoaphorus, !I,Pe recorded th: nighest
potagaium oontent of fruit and W,P  resorded the lovest
valus 2t the both stages (Tables 134 and 135),

Among uWie comuinations of nitrogen and potassium
%115{2 recorded the highest poreenta= of potaeiur in
fruits and ¥,Z; recorded the lowect value (Table 136).
After 90 daya, 7y ?:1 recorded the higheat peroentage 2nd
¥4k, recorded the lowest value (Tabls 137),



Table -~ 134

Zffeot of nitrogen and phosphorus interaoilon on the
peroeniage of poteaasium in frults after 60 iays of

sowing,

levela of levels of P, 0. Kg/ha

¥ Kg/ha 0 25 275 50 Mean
0 3,050 3,078 3,087 3.072
30 2.888 3,073 3,445 3,136
60 3,037 2,973 3.095 34035

Maan 24992 3,042 34209

out & 0.015

oL (0,0%) 0,054

Table - 135

Effeot of nitroien and phosphorus interaction on the
paroentage of potassium in fruits after 90 days of

sowing,.
Levels of lLevels of P,0. Xg/ha
Xg/ha 0 25 2’5 50 Mesan
0 34015 3,007 24911 249717
30 2,733 2.990  %,262 3,015
60 24998 2,933 2.979 24,970
Mean 2.9%6 2,371 3.051
oM . 0,018
O (0,0%) 0,068
T=ble - 136

Hffeot of nitrogzn and potassium interaotion on the
parceniage of potassium in fruits after 60 days of

sowing,

Levels of Levels of K,0 Kg/ba ,

¥ Xg/he 0 25 2 50 Hean
0 3,038 3,133 3,043 3,072
30 24953 3,212 3,242 3,136
60 3,127 2,952 3,027 %0735

Mean 3,033 3,099 3.104

SuM & 0.015

3D (0,05) 0,054
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Tabls = 137

affect of nitrogen and potassium intoraotion on the
psroantage of potasaium in fruits after 90 days of

sowing,.

Lavels of

Kg/ba

avels of K0 :
¥ Lo/ha 0 % 2 50 Mean
0 3.000 2,942 2,987 2.977
30 2880 3.,09% 3,07 2015
60 2,998 2,918  2.995 2,970
Mean 2 +261 7984 3,018
SuM » 0,018
v (0.,05) 0,068
Tanle = 138

Effect of phosphorus and potassium interaction on
the perocentage of potassium in fruits afier 60 days

of sowing.
Levals of Levels of Kéo Eg/ha Maan
P05 Ke/ba 25 50
0 2.97T8 2.822 3.175 24992

26 2,977 3,020 3,128 3,042

50 3,163 3,455 3,008 34209
Mean 3.0%39 3,099 3,104
SuM & 0,015
20 (04057 04054

Table - 139

sffect of phosphorus and potagsajum interastion on
whe percentage of potassium in fruits after 90 days
of sowing,

Levels o Levels of X,0

p2§51§5,§a 0 N 25 2 Kﬁgha Hoan
0 2,948 2.843 3,016 2.9%
25 2,950 2,910 3,055 24971
50 2,987 3,200 2,965 3,051

Mean 24961 24984 3.018

SuM e 0,018

¢b (0,05) 0.068
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Among the intsrastions of phosphorus and
potaasium PoK, and P,Kq recorded the higheat and lovest
potassium contents of frults respesotively at 60th ~nAd
30th doys (Tables 138 =nd 139),

Ine results may be sunmarised as follows,

1) The direet effeot of nitrogen though was
ai; nificant, did not follow a regular pattem,

11) ith inoressing lsvels of both nhranhome

anl notazgiun, the potagasium content tended to increase,

111) Nver the a%v:pms, there was a deavease in the
potassiun rontent of frults from 60 %o 90 1ny: of soring

in all the trzatrenta,

iv; A pamber of two-fagtor interaotions were
statistionlly sismifie-nt but these have to he nerleasted
as no diatinct pattern of treatment variation was
notiseabls,

4, Uptake of nutrionta

4,1

Effeot of nitragen, phosphorus and potassium on
the uptake of nitrogsn (kg/ha) st monthly intervals,
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a) M eff t= There was sigaifiosnt inareage
in the total uptake of nitrogen due to the inoreasing
levels of niirogen at 30th day of plant growth but at
60th and 30th days, ¥y and ?32 levels were at par and
aignificantly superior to W, level (Table 140, Plg. B
and Appendix XIXI),

At 30th day, inoreasing lavels of phospiorus
si;nifiocantly inoreased ths nitrogen uptake, The
differences between the lsvels of phosphorus were not
gignificant at 60th day, At the last atage, evan though
thers was signifiocant difference between phosphorus
levels, P, recorded the highast valus and it was followed
by P, and Py,

At all stages, Kz level recorded the highest
nitrogen uptace and it was at par with ﬁo and EI1 at
firat =nd seoond stages, respeatively, but superior to
K‘° and £, at the third stage, The lovels K,. Ku and &1
gave the lowest values at 30th, 60th and 90th days,

There was substantial inoreage in uptaike of
nitrogen with advanoing age upto tha last stages,
Howsver, the rate of inorease was highest batween 30th
and 60th days after sowuing,



Tadble = 140

Effeot of levels of nitro;en, phosphorus and potassium on the uptiie of these

matrients (Zg/ha) at montpnly intervals,

Uptawe of Witrosem _ _ _

irestoentis

~-dptase of “hesphorus. .

<Jptage of Polageium

30ta 60th  90th 30th  60th  90th Jth  60th 90th
day day day day day day day day day

evela of ¥ £g/ha

0 5383 37.949 58,292 1.292 10,708 13,444 12,547 61.872  T7.3T2

30 16,706 594914 506,535 2.687 15,102 19,360 26.531 102,613 110,529

60 13,250 58,810 87.811 24073 15.926 20,572 27.177 100,029 103,905
A 753X 348 31ige 31g. 5ige L8 Sige. Y T 34ge. 31g.
SoM s Je161 1,241 04555 0,038 0.55T 0.400 0.704 2,670 1.342
Cu (0405) 0,475 3.63%9  1.629 0,112  1.633  1.173 2.085 17.8% 34936
Levels of P,0; Kg/ha |

0 12,030 52,609 81,794 1.846 14,057 17.774 18,667 89.767  97.619

25 12.811 50,965 79.669 2,177 13.111 17,815 22,506 83.570  95.965

50 15.828 53,099 T1.175 2.629 14,628 18,288 25,082 91,177 98,222
‘P test 51ie L& 5ig. 518 3 T 51g. WS q3
Sl & D.161 1,241  0.555 0.038 0,557 0,400 O.T34 2.670 1.342
Cv (0,05) 0.475 - 1.629 0.112 - - 2.065 — -
Levels of X,0 Kg/ha i ,

0 13.906 48,817 7T7.298 2,056 14.12% 18,117 22,271 86,305  39.319

25 13.011 53,628 76,206 2,201 13,724 16,910 20.452 89,097  9%.879

50 14,022 54,228 T9.1%4 2395 13.943 18.350 23,531 B9.,113  98.609
'F* tast 5ige 3ig. Sig. 3ige w3 31g. 34ge N Sige
oM+ 0.161 1,241 0,555 2038 0,557 0,400 0.704 2,670 1.342 o
8o (0.,09) 0.475  3.639 1,629 O.112 =~ 1.173 2,065 - 3.93% &
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b) ragt ‘ s~ In the oase of nitrogen
and phosphorus intersotiona at 30th day, the combination,
K2P2 recorded the highest uptake of nitrogen and ﬁ°?1
recorded the lowest value (Iable 141), After 60 days
also, 3!2?2 and N°P1 oombinations recorded higheat and
lowest nitrogen uptaie respectively (Table 142), At the
90the day, unlike the former two atages, R1‘P2 resorded
the highest uptake, but the lowest valus was reocorded by
N, Py(Table 143).

Among the nitrogen and potaspium interactiions
Nzﬁo reocorded the highest value of nitrogen uptake and
Ny Ky recorded the lowest uptake at 30th day (Table 144),
At 60th day, H.‘?Kz ocombination recorded the higheat value
and ¥,K  recorded the lowest (Tadble 145). At 30%th day,
the highest valus was recorded by W,K and the lowesat

by W X, (lable 146),

0f the ocombinations of phoaphorus and potassiwm .
Pyiy and PyK, recorded the highest and the lowest values
of nitrogen uptaike at the last two stagen, wharsas at
the first stage ?2E{° and ?Ox.' recorded respectively the
higheat and the lowest values (Tables 147, 145 and 149),

The variaiion in nitrogen uptake by the plont may



iable - 141

effect of nitrogen and phosphorus interastiion
on the uptake of nitrogen ({g/ha) at 30th day.

{faole - 142

“fieet of nitr-i2n and phosphorus inter:otion
on the uptasze of nitrogen (K./ha) at 60th day.

Levels of Levels of P,0. Xg/ha

N L /ha o 25 2°5 50 Mean
0 6.367 4.600 04983 5e9393
3 14.683 17.483 174950 16,706
ol 15.850 10,350  224%90 15,250

Haan 12030 12,811 15.828

Skt & Dec29

S (0,05) 0e823

iable - 143

sffeot of nitrogen and phosphorus interastion
on the uptake of nitrogen (Xg/ha) at 90th day,

§§;§;ﬁ of 7 gavala ogstﬁs K%éha voan
0 41,278 34,975 38,438 37.949
B3 £0.611 %, 340 55,790 53.914
60 556337 55,426 65,008 58,810

Haan 52.609 50,365 53,099

Sul e 1.241

30 (0.0%) 6,303

Tuble - 144

iffeot of nitrogen and potaasium interzotion
on the uptake of nitrogen (ig/ha) at 30th day.

#svaln of gavals °§5P205 &ggga vaan
0 T1.833 47,087 55,9307 58.292
30 84,401 80,302 94,235 30.535
60 89,099 05,409 33,804 27.811

Mean 81.794 T9.0609 71,175

SeM ¢ 0,786

G2 (0.05) < o822

gegzjgaot OLevals ofzgzﬁ Kg[hgo Mean
0 64750 5.0:3 6,117 5983
30 15,660 16,417 18,100 16,706
o0 13,307 17,533 17.850 18,250

Maan 13.906 13,011 14,022

SEM + 0.229

SD (0,05) 0,823

GET



Table - 145

pffect of nitrogen and potnssiun inter otion
on the upiace of nitrogen (g/ha) at b0 duy,.

Zable - 146

sffeot of nitro.en néd potasalum interaction
on the aptaze of aitrosen (Lg/ha) at 90th day,.

Levels of Levals of 4L, dg/ha
Kg/na 0 2, ¢ 50 Heun
0 37.031 40,599 36.T26  37.949
30 5849525 07309 53.307 59.914
Mzan 48,817 53.0256 54,228
SuM & 1e241
i (0.35) 043503
Table - 147

uffeot of phosphorus and potasailum inierzoiion
on tu¢ uptuke of nitrogen (Xg/ha) at 3uth day.

. - : AR
gevajfmof gmla Qfgéj Y R J%;g Mean
] 54,309 03,864 506,704 53,292
%) 32704 804870 90,031 86,535
60 94,383 T77.883 90,667 87.811
Hean 771298 T6,200 T3.134
Sald v 0.786
Su (0.05) 2,322

Levels of

Table - 148

sffect of phosphorus sn: potassium intersotion
on the upiaks of nitro.en (Kg/ha) at 60th day.

levels of 320 Ki/ha

Pl /b 25 55 oo
0 11,300 11,423 1%,517 12,030
25 13,217 12,907 12,250 12,311
50 16,600 14,583 16,300 15,228

Mean 13,906 13,011 14,022

Goli & 6229

v (0.05) iad23

Lavels of

H———-

Tevels of X0 K./na —
Po0g Ke/ba 2:2 50 Hean
0 AT.444 43,000 67.382 52,609
25 40,275 654852 464309 50,965
50 58,772 524031 43,494 53,099
Mean 468,817  53.628 54,229
wulh ¥ 1.241
v (0.05) 64303

9¢et
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be summarised as follows,

1) vith applioation of nitrogen, thers wae a
narked and statistioally signifioant inoreasc in
nitrogen uptake at all the stages upto the intermediate
level of 30 kg ¥/ha, When ithe nitrogen appliostion was
inorensed to the next higher level of 40 kg/ha, thare
was pragltioally little chinge in nilrogen upiake by the
plants, ‘

i1) Application of inoreassing doses of phosphorus
and potassium also, in general, resulted in inorensing
uptake of nitrogen but the treatment differences wers

less conspicuous and less oconsistent,

111) Over the stages, there was a sudstntial
increase in uptaize of nitrogen with advancing zge, it
being most oonaspiouous between 30 and 60 daya,

iv) All the two-way intesrastions (nitrogen x
phnogphorus, nitrogen x potasasium and phoaphiorus x
potassium) were aignificant at all the three stages
0L obgervation., lHowsver, the resultis were variable nnd
it is not posaibls to arrive at{ oonorete conolusions,
“he only trend noticed is that when the matrients are
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applied in combination, the uptake was generally high,
Yet, the highest uptake figures are not always at the
highest levala of nutrienta,

4,2  Fhosphorus (kg/ha)

a) Main effeotgs~- The data on the phosphorus
uptake are presenied in the Table 140, Fig, 8 2and
analysis of varisnoe in the Appendix XIII. After 30
days, T, level recorded the highest value and it was
at par with W,, At 60th and 90th days, there was inorease
in the upiake with inoreaging lewvels of nitrogen, but
Rz and 9y were at par with eaoh other, The effects of
phosphorus levels were aignificant only at twhu first
stage and at this stage, inoresasing levels snoved
signifioantly higher uptake, In thc oase of potassius,
there wis simificant difference at 30th and 90th days
only., At these two stages, K, recorded -he highest
value and K and Ky recorded lowest values nt the first
and the last stagus, respestively,

wer the stages, there was inoreage in the uptake
of phosphorus with time upto 90th dxy. The maximum rate
of uptaks waas obsorved between the first two atages,

b) Interaction affecots:- Among the combinations
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of nitrogen and phosphorus, Hépg recorded ithe highest
uptaike of phosphorus at 30th and 60th days, wherass at
90th 4=y, the highest value was recorded by 32?1. At
30th z2nd 90th days, the lowest value was reoorded by

N Py and at the 60th day, N, P, recorded the lowest value
(Tables 150, 151 and 152),

The interactiion between nitrogen and potassium
was significont only at 30th and 90th days., At ihe
firat atage, the nighest phosphorus uptake was given by
ﬁ1xé whersas at 90th day, it was notloed at WK,
combination, The lowest valus was rscorded by ﬁoxz and
No%, 8% 30th and 30th days respaotively (Tables 153 and
154).

In the oase of interastion between phosphovus
and potassium at 30th day, highsat uptake of phosphorus
wag obaerved in the combination, Pzﬁé vhereag at the
60th and the 90th duys, P K, recorded the highesi values,
The lowest uptaim figures were recorded by Pogb’ ?1K°
and ngé at first, seoond and third stages respeotively
(Tables 155, 156 and 157),

A sumnmarised account of the result is given below,

1) 1Inoreasing doses of applied mutrients senerslly



Table - 149

sffeot of phoaphorus and potassium interaction
on the uptase of nitrogen (¥g/ha) at 90th day.

wsevels of Levels of I,0 £g/ha
e 2 Hean

PZGS €;/ha o 25 50

0 T5.802 74,501 95,049 81,794

25 63,988 T4.,065%  T4.901 79.669

50 92.105 79,451 074,451 T 175
SuM e 0.766
GD, (0.05) 2822

Table - 151

cffeoct of nitrogen and phosphorus interaction
on th2 uptaiwe of phosphorus (£g/ha) at 60th day,

Table - 150

sffeot of nitrogan and phoaphorus interaction
on the uptace of paoasphorus (Zg/ha) at 30th day.

levels of Levels of 7.0, {g/ha ,
T e de 25 Hean
¥ ig/na 0 25 50
0 1355 1.148 1.370 1.292
30 2,099 2,944 34019 2,687
00 < o080 2.439 34500 2.073
SEM & 04054
¢ (0,05) 0.194
Table - 152

sfiect of niiro
on the uptaina o

n nd phosphorus interaction
phoaphorus (Kg/ha) at 90th day.

l;eaeg}ga of gavel;a 055?205 K,,gga Mean L:gv% ?h ; 4 03, vels 2 gsP 295 £ m‘)'i)a Mean
9 10,778 11,278 10,068 10,708 0 15,085 10,607 13,982 13.444
30 15130 15,099 15.2%3 15.102 30 13,880 19,098 21,037 139,800
60 10,205 12,957 183557  15.926 o0 18.790 23,080 12,346 20,572
Mean 14,997 13,111 14,628 Mean 17774 17315 18,288
ouit 8 0787 Suk e 0.506
Cu (0.05) 2.828 Ju (0.05) 2e032

ovT



iaple -~ 153
sffeot of nitrogen and potassium interuction
on uie uptake of phoespuorus (<g/ha) a2t 30th
day.

Lavels of Levels of K., Kg/ha .
N 4e/ha 0 252 ot Mem
0 1370 1,265 1.241 1.092
30 22130 2.3%8 3.074 24087
Y 24007  2.481 £.870 2073
Mean 2.0  2.201 ¢ w395
wnll & 0.054
v (0.95) 0.194
fable - 155

pffeot of phosphorus and potassium interastion
on the uptake of phosphorus (£g/ha) at 30th day

Levels of Levels of X,0 Xg/ha

PO Kg/ha 25 50 Hoan
(¢) 1.635 1.870 1.982 1.5346
25 2J039 24233 2.259 2,177
50 2.444  2.500  2.948  ©.629

Mean 2,056 2.201 2,395

Sudt » 0.054

S (0.55) s 124

table - 154

uffeat of nitro.en and potassium interaction
on the uptaie of phoophorus (Zg/ha) at 90th

day.

Levels of Lewels of X, Zg/ha oom

e Kb/h& 0 25 2 50 Magn
0 13,130 13,827 13,376 13,444
30 13161 15.185 22.234 19,860
60 2%.002  1T7.716 20,938  0.572

Haan 14,123  13.724 13,948

ouM & 0,556

82 (0.55) 2,032

Table - 156

Effect of phogphorus and potassium interaotion
on the uptake of phosphorua (Kg/ha) at 6ith day.

Levels of Levels of K2f) Kg/ha

)

Pylg g /e 0 25 s0 o
0 13,420 12,556 16,197 14,057
25 12,235 13,747  13.352 13,111
50 16,716 14.870 12,296 14,628

M_gn 124,123 13,728 13,948

B3uit . Q7857

3 (0.55)

241328

|8721
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resulted in an increase in uptake of phoaphoru:, I%

wvag most oonspiouous in the case of nitrogen, especially
between 0 and 30 kg ¥/ha, The differences in uptsie of
phosphorus oonss~uent to applieoation of graded levels of
phosphorus and potassium were not so marked,

11) As 4in the oage of nitrogen uptaxe, there wvas
inerease in uptake of phosphorus also with time, liowever,
the axtent of inerease waa muoh higher between 0 and 60
dnys after sowing than detween ths 60th and 90th days,
ihe rate of inorease in upizke with advancing age appeared
to b unaffeoted by the dlfferent treatmento,

111) Again, as in the oase of nitrogen uptauie,
the inieraotion effeots showed no consistent pattern
and the only indioation noted is that often, the uptake
of phosphorus was higher when the mutriants were applied
in combination. However the combination glving the
highest phosphorus uptaics was not always the one vith
highest lavels of nutriente,

4.3 Po aal

a) Hain effeotss~ The data on the main effeots
are presenied in Iable 140, Pig. 8 and the anulysis of
variance in the Appendix XIV,.
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After 30 days of sowing, W, recorded the highest
uptaks of potassium vhereas at 60th and 90th days, L2
ragorded the highest value, At all stages, W, and ¥,
were at par and asignificantly supsrior to ﬁo. Lffects
of phozphorus levels were significant only at the 30th
day and at that astage, there was significant inorease in
the uptaics of potassium due to the inorensing levels of
pho aphorus, Effeocts of potassium lovels were signifiocant
at 30th and 60th days, At 30th day, K, recorded the
highest valus but the higheat uptake wag noted at Kb
at 00th day, At both the stages, Ky recordsd the lowest

olug #nd 1t was at par with £ at 30th day, At both

the stagsa, Eio ond i, ware at par,

Nver the stagss, 8 marked inorease in the uptake
of potaassium waa noticed only upto the 60th lay at all
levals of all the three mutrients, After that atage,
inorosse in potassium uptaks waa marginal,

b) Interse e 1= The interastion effeots
betwesen nitrogen and phosphorus were signilicant only
at 30th and 90th days, The highest potassium uptizke
wag recorded by the combination NP, at Joth day, whareas
at 90th day, §1P2 racorded the highest value, At both
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the siages, Nb?, reoorded ths lowest upteke of potassium
(Tobles 158 and 1%9),

“he interastion betwesn nitrogen and potassium
wag also signifioant at 30th and 90th daya. The higheat
uptake of potassium was recsorded by ﬁaxz and ﬂ,KQ nd
the lowest valuss were reoorded by WoEy and Tk
respectively at 30th and 90%h days of planting (Tablas
160 and 161),

The interaction between phoaphorus ani potagsium
waz slgnifioant only =t 60th snd 90th day:c, “he highest
values were rcoorded by Poxé end szb combinatlons at
60th and 90th duya, respeotively and the loweat vulues
were reoorded by P,KS and ?Qzé oombinationsg a2t these
stages reapsctively (Tablas 162 and 163).

ihe summary of the results on potassium uptzke is

ziven balow,

1) With inersasing doses of the nutrients, there
wag inorease in uptika of potessium egpecinlly upto the
internedinie levels, This inerense wiag ncal conapliouous
in the oase of nitrogsen, The effect on ths upiuke of
potassium was not very high even by applicntion of

inereasing doses of potassium,
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11) Over ths ptagss, thers was an impressive
inorease in uptake espesially between 30 and 60 duys
after sowing., Between 60 and 90 days also, the uptake
of potaszium further inoreased tmt the magnitude of

inorease was less,

iii) As in the oase of phosphorus uptake, quite
a fow two=;ay interastions were statistioally sigznifioant,
liowever, fron the highly variable resulis, the only
gencral tren? indiosted is that the uptaie waa generally
higher wvhen the nutrisnte were applied in combination,
Again, the combination ;iving the highaest uptais wie
not the same in all oases,



Table - 157

wffeet of pnosphorus 2nd potassiusz interaoiion
on ine uptaxge of pnospnorus (:g/ha) at 50un day,

¢ls Levels of K,0 &g

g:gs K{3§; Ovels ozgagﬂ ;glha Yoan
0 17.385 10,000 19,932 17.774
25 15,889 10,537 20.4969 17.815
50 21,074 18,142 15,043 134280

M.an 13.117 16,310 18,850

ouM 04500

0¥ (0,05) 24032

Dable - 159

asffeot of nitrogen and s?horus interaciion
on the uptaie of potassium (/ha) at 90th day,

Levels of Levels cr'?gﬂs ¥y /ha * an
B Kg/na 0 25 50
0 87«73 04,704 T9.263 T7.372
30 103,210 109,469 115,908 110,529
60 101.358 114,062 I5.796 1034905
Hean 97.019 95,965 92,222
vuil & 1.8398
e (0.09) 64318

+80le - 158

sffeot of nitrogen and phosphnorus interaction
on tne upiLice of potrusiua (Kg/ha) =t 30th day.

sevels of wavels of PO X2 Moan
o 136302 94475 14,304 12.547
30 21,13 30,714 27,543 26,531
80 21,002 27.130 33,3%9 27177
S.M 2 Ue995

SD (0.05) 34570

Table = 160

Effeet of nitrogen und gotassium inter-otion
on ths uptake of potrwsium (Zg/ha) at 30th day.

Levels of levela of K, ¥i/ha Moan

7 K:/ha 0 25 50
0 13,936 10,599 13,105 12,547
30 24,216 17,716 27.061 254531
60 204000 27,043 23,827 Te17T

Mean SRe2T1 204452 2734531

vat & 095

Sy (J405)

34570

9vT



Table = 161

Effect of nitrogen and potasaiun interaction on the
uptrke of potassium (Xg/ha) at 90th day,

Levels of levels of K,0 K./ha

¥ g/ha 0 25 50 Haan
0 71.117 84,821 76,179 T7.372
30 100,389 104,260 120,338 110,529
60 120,451 92,556 98,710 103,905

Meon 99,%19 93,879 98.699

s _‘: 1.898

Su (0.05) 6,818

.able = 162

sufect of phosphorus and potagssium interaction on the
aptake ol potsasium (Zg/ha) at vuth day,

7o0 Lg/he 0 25 ) 50
o 5%.9499 79,247 106,457 89,767
25 75.531 91,543 85,0636 324570
50 39,784 30,450 T7 247 31,177
Mean 860305 890097 890113
auk o 34775
34 (0405) 12.562
table - 163

Effect of phoaphorus and potassium interaction on the
upiage of potassiunm (Xg/ha) at J0th iay,

Tevels of ievels of KéO %;/ha

P0g He/ha g 25 50 Hean
) 95,426  89.235 108,197  97.619
25 91,502 83,593  107.710  95.965
50 110,938 103,809  79.920 98,222
Haan 99,319 3%5.879 93,640
5.M 1,898

Jb (0.05; 6.018

147
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DISCUESTION

Applisation of nitrogen ahowed osignifiocant
inorease in plant heizht upto the highest level tried
exoapt on the 15th day of sowing vhere it was only upto
the intermediate level, Inorease in plant height in
bhindi due to niircgen appliocation was also reporied by
(Arnon 194%5; dadleign, 19573 Burris, 1959; Sutten,
1963; Widham, 1966; Singh e} 8l. 19663 Kamalanathan
et al. 1970 and 314 st al. 1971).

In the oase of phosphorus aleo there was
signifioant inorcase in plant height upto the highest
level of 10 kg ?295/ha. exoept during the peak stages of
bearing, from 30th to 60th day, where it was only upto
the intermedite level of 25 kg P,0;/na. 3ingh gt al.
(1966 and 1967) also observed similar regponse upto a
level of 50 kg sz}sﬂm. 3ut 3harma and Shukle (1973)
reported significant effect on height only upto 34.8 kg
f’zﬂslhs.

Regarding the regponse to potassium, it hz:d been
noted that, the potassium applisation rceorded
3isnifioant effect on plant height only upto the bearing
aiage ie, at 15th and %0th day. At thesc stages the
signifiocance wag noticed only upto the intermadiate level
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of 25 kg Kgﬁ/ha and furtiher inoreass upto 50 kg KéO/ha
oonsiderably reduced the plant height., Sutton (19673)
also observed that applioation of potaaaium had no
significant effect on the vegstative grovth of bhindi,
ZJontradiotory regsult had also besn reported by Singh
(1979) who found that the height of bhindi inoreased
upto a level of 060 kg Kgﬁ/ha.

All the two~factor interastions were significant,
The general trend of nitrogen and phosphorus interaction
wag positive, A positive response in the oase of plant
height, to nitrogen and phosphorus combinations was also
roported by oilmbnl et al. (1970, 1975) and singh (1579},

dvanthougn thse interaotions between niirogen x
potassiun and phosphorus x potassium were siinifioant,
the result was not'oonsiatent enough to draw any gsneral
conclusion, Plant height in bhindl is a charaoter that
is altered appreciably by availabiliiy of the ihree
fertilizer nutrisnts, 1In the ease of nitrogen and
phoaphorus, the general indioation is that of an inorease
in height with increasing levels of these nutrisnts. n
the ocontrary, potassium applisation prodused signifioant
inarease in a few oases and non=-significant inoresase in
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a few othar oases, These differences most probably

arise from the differences in the original rate of
availability of potassium in the -20il in which these
experiments were conducted, In ihe present study, there
was inorense in height with inoreasing lsvels of ihe
three nutrients indioating the presence of sub=-optimal
level of nutrient: in soll before oropping. In the case
of potassium, the remlts were not{ as oonsjistent as in
the other two nutirisais, there being significant inorease
in height only 2% the first two stages. 4t these stagee
1ls0, thors waa inorease in height upto 2% kg Kze/na. a
further increase in application resmalting in a deorsase,
At later stages, differences dis=appeered. The only
Juatification appearas to be that the highest dose of
poiaasium applied nuzsally had serme initial inhabitory
effect on plant growth and ithet this was well compensated
at later atagesa, Howsvsr, avidenoes for such inhibitory
effeoct of potasasium on helight of biindi are not avuilabdle
in literaturs, Parhups 2 gertzin degree of salt injury
might have ocoursed in the sarly stagea, Such signifioant
inhimtory effeots were however, not observed in other
growth onharaoters,

BEventhough the variety tried is report:d to be a
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non-branshing type observations on this character were
nlso recorded, Thore was stotistioally significant
inorease in this cherczetsr with inoreasing levels of
nitrogen and the meaximum mmmber of hranoches produced
wap 1.67 per plant, The interaction effeot were not

ainificant,

“he number of funotional leaves was affeoted dy
application of all the three mutrients though the ¢ffeot
was consistent upto the intermediats levels only, IThere
are two factors thai influenoce the number of funotlonal
leaves viz, the rate of leaf preoduotion nad the
retentivity of the lewwes, A3 the resulis on leaf
production would indicate, nlirogen appliextiion recsulted
in nigher leaf production whereas the affects of
phospioras and potasalun were not signifioany, It would
thus maan that in the oaaga of nitrogen, higner funotional
leaf number might have resulted from nigoner leaf produstion
aither alone or in combination with higher leaf retantiivity,
In the oagse of phoasphorus and potasaium inoreaged leaf
ratentivity appears to be the only factor responsible
for the hizher numbor of funotional leavea.

Total number of leawves produced per plant was
affeoted signifiocuntly by nitrogen apslication upto the
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highest level tried, The szame trend was also observed
by 7andhawa (1962) upto a level of 68 g Y/ha, A
comparison of th2 raesults with plaat hsight and number
of functional leaves would indioate that there is slight
deviation of the trend in thls case, The Justifioation
for this appsars to be either that leaf productionhs a
character not as much responsive to phoaphorus and
potassium or that the level of defiolency of these
nutrients for =ppreciable inhibition in lez:f produstion
is lover than that of 1he other two churasters,

Inoreaning levels of nitrogen signifloantly
inoreased the laaf area index Both at 30th and 60th days,.
The same sffect was noticued in the oase of phospnorus
applieation 1lso, Application of potaasium deoreased
the leaf area index at the 30th day, uwhereas oonsiderable
inorease in this character wns noticed ai the 60th day
dues to its =zpplicaiion upteo the highest level, ‘here
waa & steady inoreazse in L.asle over the stages and tche
axtent of inorease was more or less sams in =ll the
treatments, Leaf srea index is a functlion of both the
number of funotionsl leaves 3t a tims 2nd the average
arex of the leaf, The similarity in the trend of results
may be taken to indioate that an inerezss in lsaf nunmber
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wags one of the faotors responsible for the inoreascd
uesele at higher lavels of the nutrienis, Yet, the
point remains that even uwhen there was no sinifioant
inorenge in laaf number bayond the internmedinte levels
of the nutrients, leaf :ares index oontinued to increase,
In all probability, inorsase in mesn area per leaf was
an @qually important faotor responsible for the inoresase
in LeA.l. at the highast level of nutirientas,

Applicntion of nitrogen inoreased net assimilation
rate upto the intermediate level and this waa followed
by daorease at a still higher level, Phosphorus
application tended to deorease the N.A.l. valus, Added
potagssium had no effest, Welieie, bPein; 8 measure of
carbohydrate accusulation psr unit leaf ares, 1s expeoted
1o follow =n inverase relation with b.A.l., beouuse of
mautaal sheding of leaves (Jatson, 1958), 4As appliocation
of nitrosen and phosphorus resulted in significant
inaresse in L.-+l., it was t0 e expected tazt N.:i.d.
would deorezse with inoreasing levels of these nutrientis.
The resulis obtalned, however, 40 not follow this pattern,
4 oomparison of L.4.1l. valuss will substantiate this laok
of deorease in ¥.:.i. The highest menn L.A.l. obtained
was only 1.84 whieh is generally oonsidered inadequate
for inducing any marked matual shading,
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Another faotor that affeots N.A.i. ocould be the
sfficienoy of individual leaf o photoaynthesiss whioh
is often related to the ohlorephyll content, If this
was the dominant effeot, zpplioation of nitrosun and
phosphoru: would have resulied in inoreasing ... In
this study, no suoh oonsistent effeéta were notioced,

It may be ooncluded, tuersfore, that the si nifleant
effeots of nitrogen and phosphorus notioed in tais

siudy may be either due to random errors or because of
other faotors effeoting the efficienny of the leaf to
photoaynthesise., Though all the two~facior interaections
were signifiocant the results did not follow any oconsistent

patiern,

Applicd nitrogen inoressed the dry matter yield,
Jtavistiocal signifieance was notloed only upto the
intermediate level receiving 30 kg W/ha. Applioation
aof phosphorus also tended to inorezse ths dry matter
yield, but it was signifioant only at 30th day after
sowing. In the oase of potassium, the result was not
sonalstent, thoug: the maximum value wns recorded at
the higheat level of 50 kg i{'ze/ha.

i‘he inorease in dry matter produotion with
inoresaing levels of nutrients follows an expected
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pattern beoause similar inorease was notioced in other
vegetative characters like height, number of leaves

nd betels 14 way be recalled that the trend in pod
yield was alao similar, Ag had bsen mentioned elsevhere,
tal: is attributable to the sub-optimal levels of these
three matrienis ori inally in the soil, It may, however,
be noted that though there was a general trend of
inoreasing dry matter accumilation with inoreasing levels
of natrients, the treaiment effeots were not conalstent,
dteady inorease uplio the highest lewel was not notioced,
As would be evident from the ocomparison of yleld data,
there wis inorease in the final yield of fruit upto the
higher level of all the mutrients tried, The ealoulated
optimam level bamed on yield was higher than that tried
in the cage of niiropgen and response wans linear in the
oage of phosphorus and potassium, Prom the yleld data
it ia, thersfore, concluded that the requirement of the
fertilizer nutrienta wsas even higher than the levels
tried, Though & similar inorsase in dry matter
accumulation wag also to be expeoted, such o consistent
trend was not notlioed, The only justifioation appears

to be that the sample size was amall (2 plants/plot)

and that the random variation must have resulted in a

higher error component.
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The interactions were gemrally significant and
the ovar all trend was that of an advantage dus tw the
combined applioation of nutrients, Similar was the
trend in the case of final yi=ld also,

inere was signifioant inorease in yield dus to
the increasing levels of all the three matrients, In
tha oase of nitrogen, the yleld was found to increasge
upto the level of 60 kg N/ha, and the optimum and the
aconomic doses wers worksd out Lo be 61.23 kg and 61 kg
¥/ha regpectively, The results thus indioate that
nitrogen supplying power of the 041 was inadaquate to
meet the renuirem:nt of the orop, 4 study of the
nitrogen oontant of the goil will aloo indicate that ihe
sontant of this nutrient is comparatively low. Thore
are two faoctors that affest the responss of crops w0
fertiligers, IThess are the -uantity of the oconccrned
nutrient in the s0il in the available form and the
renairerent of the orop, The sipnificant inorcase in
yield noticed upww 60 kg ¥/ha indiocates thut the inherent
rate of supply of nitrogen from the 30il was not cnough
W mset the requircment of bhindi, A similar inorease
in ithe yleld of this orop upte 61 kg W/ha was alm
reported by Jhowdhury (1967).

A comparison of the data on yleld components will
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indicate that there was a similar inorease upto 60 kg
H/hn in the omse of wost of the charsotera., The
somponents whioh ashowed asignifioant inorease are, flower
sroduotion, fruits per plant and welight of fruits, In
the oase of fruit set, on the contrary, thure vas a
gignifieant decreasse with inercasing levels of nitrogen,
‘he fz20t that even with a Jeoreanse in the percentage of
fruit set there was inorease in the final yieli, indioating
that the depressing effeot of this yleld component waas
more thun ocompenaanted by inareage in yleld componants
whioh showed poaslitive response, 7The reason for the
differcnoe in the response of yield ocomponents with
inoreasing lavels of nitrogen would be discussed later,

In the oase of moat of growth e¢harscters, there
waa significant positive responge o nitrogen upto
60 kg Y/ha, <hese char:oters are height of plants,
funetional leaves at various stoges, toisl leaf production
and the b. «l. at the %0th day., Tols will farther
gubstantiate e conolusion that the orizinal nitrogen
supply from iwne 301l was inadequats for ameatiin: ilhe

orop requirem nt,

The only growth component whioh d4id not show
signifioant inoreagse upto the highest lavel of nitrogen
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wag H.il.i. The re:pon for this deorease has been
digoussed already. A study of the oontent anl uptaxe
of nitrogen also showed an inoreasing trend with

ineressing lavels of nitrogen,

As in the cage of nitrogun, there was signifioznt
positive response to the phosphorus appliention upto the
highest level of .0 kg ?205/’}13. Jnlike in the ocage of
nitrogen which showed a quadratio response, the response
to phosphorus wid linear and the optimum level oould not
tharefore be worksd out. The genersl conocluaion would
again be that the guantity of phosphorus availuble in
tha aoll originally was lower than the gquatity reosuired
by the orop. The extraotable phosphorus content of tne
soll was 4 ppm which is rated ns low.

Similar resulis of ingreasing reanonse to ~pplied
phosphorus even upto 60 g ?zf}slha were ©130 reported oy
Thonkar and Singh (196%) and Singh (1972). imlike in
the oase of nitro.un vwhioh shoved Snereasnin; rusponse
in most of the yleld componunis, response Lo phosphorus
wag positive and zi: nificant in only a few of the yleld
componaentas, The charceters that showed much posiuive

trends were Irulis per plant and setiing poroentage,
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The number of flowers amd fruit length were unaffeoted
and fruit weight and dry matter paorcentage inoreased upto
the iniermediate lovel (25 kg Pzas/ha). The two yleld
eomponsnts that nave direct bearing on yield are the
rnumber of fruits and the weight of frults, 4mong these,
the former significantly inorensed with inoressing
phosphorus levels, upto the highest level and ths latoer, .
upto the intermediate level, The two componenis thnat
affeot the number of frults huarvested are the numbsr of
flowers and settiing perocntage, Among thess, phoaphorus
applioation did not affeot the numbar of flrwers but
enhanced the setiing psroentange, It may then be conoluded
that the inorease in yleld due to phosphorus application
was mainly beosmuse of the lmprovement in the numbsr of
fruits per plant, the coatributing fasitnr for this; baing
the inoreased settiing percaati go, The fruit weiszhi also
woa affeeted by pacsphorug, bat hs 2ontribation by this

ocomponeant was :f lesa importance,

Phosphorus application aleo enhanced tie growth
of plants, as indioated by inorease in plant heignt,
lesf production and iL.d.l. Ag in the ocaae of nitrogen,
phoaphorue application alse resulted in a deorease in

ﬁ Yy i .
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Regponse 1o potassium application was significunt
upto the nighest level of %0 kg ifi?{}/ha. inhe nature of
rasponse was lineaxr indloating thereby that the yleld
would inorease gtill further ot highor rates of potassiunm,
Yomparison of the extraoted available potassium content
of the asoill will also indlonte that the content of tuis
nutrient in soil was originally low. OGimilar resulis of
inweasing recponse to applied potassium were also reported
by Jhandragekharan and George (1971) upto a nigh level
of 50 kg ?G/ha and by Singh (1979) who ovserved significant
reaponse upto 60 kg Kaf}/ha.

A study of the data on yleld componentia will snow
that ths charoters Wit vere inmproved by tns appliostion
of this mairisnt ware the mmaber of flowers, fraits aand
the length and welght of fruit. .ae oniy cuorszeier that
was not affooted by applied potagsium was (e pordenings

of fruit aset,

The growls etoponenia 2lso were in seneral imoroved
by the applic ion of pot=zasium, The only f6tlor vhich

wag not affeotad 5y its applisction wasg We e e

fhe two=factor interactions, nitrogen x phoaxiorus
and nitrogen x poitagsium wore significant in ihe case of

yield, :here wus a ganoral trend of inorease in yleld



161

when the above fastors are in sombination, ilowever,
suoh a positive trend was not consiztantly noticed upto
the highest level, Such a laok of inorease in yleld

in conbination of nutrients at higher levels, even uhan
the main efieota are signifioant upto these levels is
notv usual in the oase of fertilizer matrients, In the
ease of mogt of the yield and growih ~omponanta also,
the interactiionn were signifiozat but the results were
nct censistent, Tot much emphasis is therefore glven
on the combination that gave th: hignest yleld, The
only consistent effsot 1ip an advantage due to the

sombined applicntion of the thres nutrients,

Io ooaeclude, the inorasase in yleld of bhindi
with inoreasing lewels of nitwogsn, phosphorus and
potasalun wsy ¢ songidered (o be beoause of tie low
sontents of wie avtrients in soll, Tus yisid components
et were effectad by e diifersnt nu.rients were
differeai, tiirs::n wnd pobassiug applioavion inoressed
yield through za laprovementi in number md weighi of
fruiws., Phvogpborus nad 1te effects muinly on the numoer
of fruiis, Fruli nunber w@ius iaareased whroagh douvh
nicher flower produsilion und setilag in cvhe case of

nitrogen and potussium vhereas it was only ihrough higher
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getting in the oazse of phosphorus. There was a genaral
improvement in growth by applioation of zll lhe three
nutrients, the only exeeption being N.A.h. Jombinsd
application of nutrients wag gererally benefiocial,

Application of nitrogen and phosphorus resulted
in early flowerin:., whereas poicssium application
delaved it, However, there wag carliness in fiowering
only due to the interrmediate level of nitrogen and further
addition slightly delaysd the flowering, Induoction of
early flowering due 1o the applioailon of puospuorus
and delay due Lo excess appliention of anitrogen is a
coumon observation in most of the orops (Tisdale and
Talson, 1971). Though the above difference in the time
taken for {lowering was statistieally signifiount, (oo
mach enphaals on the sbove obgservation is not to be given
because the abasoluate difference in the nuuber of dnys
token for 507 {lowering was only upto 2 maximunm of 3 duys.
Ag in the omsz of nther obsarv-tions, the two-= faotor
intersections ware signifioant, Thourh the resulis were
inconsistent o =2n extent, there wais 2n indiention
tovards earlineaa in flowering when nitropen and

phosphorus ancliostions were aombined,

Application of nitrogen and potassium resulted in



163

signifionntly higher number of flowers upto the highest
level tried. In the oase of phosphorus, on the contrary,
there wag no advantage in terms of this char-oter,
Inoreased flower production due to nitrogen applioation
upto 68 kg Y/ha was reported by ‘andhawa (1962), As had
been discussed earlier, due to the appliocction of nitrogen
and potassium there was signifioant improvement is most
of tho yilsld conmponsnts, the mmber of fiowers being one
»f them. ‘lowever, in the ease of phoasphorus there was
3i:snificant inorensze in the number and weight of fruits,
vhereas the nunber of flowers was not significntly
inoreaged, It is a general observaiion that depending
upon the inherent fertiliity of the soil, the effect of
different nutrients on various yleld componants vary,
ihis 1is oconsidered to be beoause the oritiozal levels of
tne mutrients in terums of different yield atiributes are
d1fferent, Iin lne osze of bhindl, (hus, tne level of
phosphorus availability for optimun number and weigut
of fruits should be oonsidered more than that of nuumber
of flowera. All the three two-=fa2otor inter otions are
si:niffeant, 3ut the results were not consiatent =nd
no meaningfui onnclusions oould he drawm from ‘imée

results.

The pereentuge of fruit set was aignifioantly
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affeoted by nitrogen and phosphorus, Applioation of
alirogen loversd the setiing percentage, whereas
phosphorus enncnged it, The affect of potuasium wns

not signifieant, It may be reoalled that the trend

wag reverse in the number of flowerz whers application

of nitrogen was found o produce larger number of flowers,
It may also be noted that the disadvantage dus to deoreanse
in flower produciion due to the applieation of phoaphorus
was more than ocompensated by inoreasse in setiing perocentage,
Ag had bezn disoussed elaevwhere, the over:ll trend was
that of an inorease in yisld besauss of the appliocation
of phosphorus, The interastionswere signi flaant, The
sombination of higheat phosphorus, without nitrogen
applioition resulted in higher percentage of fruit set,

Applioation of nitrogen and potagsium brought

about significant inoresse in the number of fruits upto

the highest level, In the osmse of phosphorus, eventhough
thers was inarease in yisld upto the highest level tried,
difrferences ware asimmifiecant only upto the intermediate
level of 25 kg Pzﬁsfha. Ag had baen indicated earlier,
there are two faotors that deoide the number of fruite,.
These are the namber of flowers and the settiing percentage,
As had alzo been mentioned sarlier, in the oasse of niirogen



flower produotion inoressed vwith inoreasging levels of
applioation and the setiing poroentage deoreased with
inore=zsing rates, As indioated by the higher number of
fruiis, the effect of increazed flower production
dominated, In the oase of phosphorus, the reverse .ag
the trend iej the setilng peroentage dominated, The
finzl effeot in both nitrogen =and phosphorus was that
of an inoressed fruit produotion, Inerense in number
of pods/plant consecusnt to aitrogen appliecation »f

08 kg W/ha wea 2lso reported by ‘sndhuwa (1962). The
overall aflect of upplied potassiun was also towards

an inorease upto the highest level, However, the
components vi:, flower produotion and setiing perosnta e
wore afiected in different patierns in tiuis oczse. FPlower
produotion was alsnifioantly enhanced by =pplisation of
this nutrient, wmfeas there wvas no effect on setiing

peroantago.

0 sumnmarise, there was inoreagse in the numbaer
of fruits due to the application of 2ll the three
mitrients, bui there was differense in the re:ponse on
the ocomponents contributing % the mumber of fruita,
Hitrogen applloation inoreaged flowering, but decersased
the setiing purcentiage, the affeot of the former being
dominant, TPhoaphoru: applioation deoreased flower
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produciion nd inoreased setiing peroentings, the effect
of the latter being dominant, Appliociion of potassium
inoreasad flowering but showed no apparsnt affest on

the getuving peroentage, ‘Loonz the two=~fadtor interaotions
the effeot of nitrogen x phosphorus and nitrogen x
potagsium were signifiocant, ihe resulis were inoonsistent

and henoe are neglected as duc to chanos crrors,

Appliostion of nitrogen and potassium upto the
highest levels resulted in longer fruits., P“hosphorus
nad no significant affeot, The observation on length
of fruit was inoluded as a teasure of frult size,
Agsuming that the length is a valid index of fruit size,
it may be concluded that nitrogen and potassium applloation
sroduced bigger fruits, As will be disoussed afterwards
almost the saame trand was noticed in the fruit weli:ht
also, A4lthough 1l the two-fmotor interustions wers
simifioant, the results would not be diacussed in
det:il as the rusults were not consistent,

There was inasase In the welght of frult dus
to inoressing levels of all the three nutrients, However,
in the ocase of phosphorus significant inoresse was
ne tised only upto 2% kg ?2050;&. It was pointed out
earlier that application of nitrogen resulted in the
producstion of bigger fruits, As will be disocussed
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aftervards this nutrient had no significant effeot on

the dry matter perosntage of fruilt, Taking for granted
that the length is a true meagure of size of fruit it

may bs ooncluded that inereasse in fralt welght waas

mainly through the incresse in sigze of fruit, In the
case of pnosphorus, fruit length was not affected but dry
weight wis inocreased upto the intermedinte lsvel,
Probably as a rezult of this inorease in 4dry matter
paroantage, tha fruit weight also inoreased upto the
internedlats level, In the case of potaassium the inorease
in fruit welignt upto ihe highest level ma:t be atiributed
to both Inorsase in sige snd dry welzhi, However, in the
onga of dry matier peroentage thare was algnilloant
increase upto the intermediste lewvel only., The inverastion
affeots are negleoted as the high variability makes it
diffioult to explain the resulta,

Appliention of phoaphorus and potassium produced
fruits with high peroentage of dry matter. However,
statistielly significunt inorease was noijiced upto the
intermedi:te levsl only. Witrogen application had no
significant efiect on this sharsstur, As had been
disoussed nlready, dry matter percentage was one of the
major scontributing fiotors towards the inorense in fruit
woight in the oasc of phosphorus and was sontribduting to



2 lesser extent in the oase of potagsium, ihe
interacstion effesats are nagleoted beocauze of the
reasons mentioned already.

None of tne three nutrients had any signifioant

affeot on the harvest index, Harvest index is a messure

of the proportion of the total ascwmlated dry matter
that gets conocenirated in the soconomic part, in this
case, the fruits., It s kaown thut appliocation of

nitroyen in excessive amounta leads to excesaive

vegetative growth at the expense of resrodustive growth

(iisdale and Telson, 1971), thus lsading w a deorcase
in harvest index, ‘he above ill«effect of excesasive
nitrogon supply is also known to be counter acted to
an extent by baliuneed upplloation of the remcining two
fertilizcr nutrienis, phosphorus and potassium, The
lack of signifieant effect of 2pplied nitrozen thus
indioates that the level of applied nitrogen iried in
this expariment was not exvessive, The mein effects
of the nutrients give only the overall seffeot as the
values are averaged over different lavcls of applied
phoaphorus snd poiassium (ranging from 0 to 50 kg/ha),
The esvaluation of the intarastion eoffect will further
indionte the levels of nitrogen that tended to be
exoesaive at varying levela of applied phos ;ixamé and

168
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potassium, Laok of signifioant effeots of phosphorus

and potassium is to be normally axpeoted as tuese
matriants generally are not reported to effect the
relative vegetative and reprodustive growth differentially
when nitrogen supply is not exocessive,

Among the two-faotor interastions, that datween
nitirogen and potassium only was signifionnt, wWithout
potasasium, application of nltrogen at the highest level
resulted in a marked deorease in harvest index, At the
intermsdiate level of potasaium, there was no such
deorsease and in fuot there was inorease in harvest index
values with inoreasing lsevels of nitrogen, These results
may be taken io indicate that nitrogen at 60 kg/ha was
exoessive vithout zpplied potassium and that this effeot
was nullified when potas:ium vas applied at the
intermedite level of 25 kg Eaﬂlhﬁ. At the highest level
of potassium (50 kg Kaalha). on the contrary, there wasg
deoreage in tne harvest index with inoreasing levels
of nitrogen, This dacrease even when polassium was
applied in adequate amounts is diffioult to explain,

It may however be pointed out that the results were

not ocansistent,

Application of nitrogen inoresssd ihe nitrogen
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content of lesaf and stem and applied phosphorus had a
depresaing effeoct., Potassium applicstion had no
appraciable effect on the nitrogen ocontent. Increase
in content of nitrogan with inoreasing levels of these
nutrients is w be normully expected, I{he dacrease in
nitrogen contont with inereacsing levels of phosvhorus
may be attriosuted lo the increase in dry matter zcoumulation
with applied phosphorus and the conscouent d4ilution of
nitrogen in the plant in a lowrger dry weight, It may be
noted th2t there waa no suson 2 desrezuze in niirogen
uptake wiih inerensed phosphorus applioztion indienting
thereby thut this dilation eficot was probably responsible
for the doorsusing contznt of this nutrient, A similar
dilution effeot was not obaserved with inoreaszing levels
of potasaium, presumsably because the extent of increase
in dry matier accumulation was not as consplouous as in
the cags of potassium application, Over the stages,
there was a deoressz in nitrogen content of laaf and
stem snowing thereby that the rates of acoumulation of
nitrogen in these parts were lower than the rate of
inoreage in dry matter with advanoing age, This is 4in
agrseuent with tie usual trend of nitrogen eontent in
almost all plants exoepting probably legumes, In the
oage of fruits, on the oontrary, applied nutrients had
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no signifioant effect on the nitrogen oontent, 0Over the
atages nlso, there was no appreciable changs in the
nitrogen oontent, The faset that the niirogen content

of fruit did not deoreage vwith advanaing age evan when
whe osontent of this mutrisnt in leaf snd stem deoreased
indioastes .hat thers was a prefer_ential tr.nslocation
of niitrogen to the develecping fruiis, It is =lgo to be
soncluded that the rate of abesorpiion of nitrogen 4id not
sommengurate with the overall inorease in dry matter
accumulation, A1l the two-faotor interactions were

genarally signifiocunt, but noi consistent.

Axplied niirogen had & deosre=zing effeot on the
phoaphorus content of laaf, It did not{ have con:istent
effeot on the ocontent of this nutrient in fruit.
Application of phosphorus and po tassium led to inorease
in phoazphorus oontent of leaf and fruit, The content
nf this nutrient in stem was not affected by the
applisation of any fertiliser matrient. Inorease in
phosphorus content through inoreased availability of
this nmatrient sonsesuent 0 fertilizer applie=tion is
an expected observation, The deoresse in phoaphorus
content by the application of nitrogen is atiributable

to the dilution effeot, However, in the oase of potazsium,
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thare was no sush dilutlon effeol noticed snd in fast

tne trend was what of as inorease in phosphorus omtent
w“ith appliocsation of potassium, Ihs only ‘ustification
appears 10 be nn inoreagsd vigour of the plant resulting
from the applicution of potagaium which more than
compensated ths probable dilution effaot, The interaotion
effeots «ere not conalstent, Unlise in the ozse of
nitrogen, thoers was no oonsistent nnd conapicunrus deorease
in phosphorus content of any of the component, over the
stages. ovidently tiie oontinued absorpiion of vhosphorus
was adeguate enough to ocommensurate with the inorease

in the dry welight of the plant narts, The two-fuot r
interastiions, though showed statistioal ~ignifioance,

were not consistent enough to drav any genersl oonclusion,

The effezt of applisuztion of fertilizger nutrients
on pe tassium content of plant parts was hizhly variable,
The only osnsistent seffects notioed were the decrvase in
potzssiue sontent i sten dgongeguent io nitrogsn
epplication and increuwg: in oontent of this nutriant in
frults ith epplic:tion of puoephorus and poiassium,
zven in iheoce csses, though the results were atatistioslly
signifieant, the diiference were only to the extent of a
moximar of 0,27, “eglesting these marginal onanges in
the content of potassiun, it may be sonsluded that, in
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general, potassium conient of plant parts were not
appreciably afiested, 5ven gppliontion of potusaium
at a rate u3 high as 50 kg Zéﬁ/h& 413 not alter the
potagsium conient in tissues, This ia oulte contrary
o the expecintion beoczuse polasc-ium is a nutrient that
is xnown W sihovw 2 high degree of luxury consumption
(Tisdale and Nelson, 1971), The only justifioation
for ihis a.pcars (o be that even at the highest level
of applied potuasium tried in the experimeni, the rate
of av:ilability from the =oil was not exoessiva, It
may be noted that the trend in yield with inoreasing
lovels of potassiunm was limear, 7Ti again supports the
point that potassium levels tried were subopiimal, Over
the stages, there was a marked deoreage in potassium
conient of nll the plant components, This agress with
the genarsal uptake pattern of ths nutrient in plants,
Many of the tw=factor interastions were aignifioant

but being inconaslstent these are neglected,

Jhere wie o txeked ond statistieally significant
inorease in alwagan uptake at 31l stagzes apto the
fntermediate liv:l of 30 kg W/ha, Turther imreage in
nitro.en lavel apis 60 %z ¥/hs 2l90 showed inorease
but the oxiznt of inorezse was leass. Applicstiion of

prhosphorus and pstigsiom alse incressed the upinig of
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nitrogen but the treatment differences were leas
songpiousus than those due to niirogen levels, The
inoreage in upta:e of nitrogen at higher lewsls of
nitrogen 1s an axpsoted ohnerevation beonuse dry matter
acrumalation snd nitrogen osontent of plant partis
inoressed due to the applioation of this nutrient. ihe
inoraace in uptake of nitrogen duec to the applieation
of phosphorus and potaassium is atiributable only to the
increase in dry weight, This effeot of inoreased dry
oatter ascoumuliation oconld more th:n compensate the
deorensed nitrogen content oonaequent to the apovliontion
of thess nuirients, Over the 3Wag:s, liere wis &
substiantial inorease in the uptake of nitrojen with
advancing age, it beiny most conspiouous between 30 und
60 duys after sowing. Tt may be noted in ials context
that the nitrogen content of plant partis showed a trend
of deorease with advancing age, Anoiher poiny of
importanse is tait the extent of inorease in uptake
was low after the 60th day, Thie indiocatss the neoessity
of applioation of nitrogen before tails period, <Ihough
the uptake was not substaatial after ithe 6Jth day,
agouwmilation by rultz uns inoreasing sabsiantially (as
evidenced by maried inoreanss in dry welght and lsok of

decrease in nitrogen oontant), At the same time, nitrogen
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content in the vegetative parts declined substantially
showing thereby that the aignificant part of nitrogen
in the fruits was derived by translocation from the
vegetative parts, The interastions are significant but
inoonsistent. The only tremd that oould be notioed is
a2 higher uptake of nitregen when the nutrientg are
applied in combination,

Inoreasing doses of applicd nutrients gensrally
resulted in an inorease in the uptuke of phosphorus,
It was most conspioucus in the oase of nitrogen and
especially betwsen oontrol and 30 kg Y/ha., But in the
oase of phogphorus and polaasium the differences ware
not so marked, A comparison of the daua oa phusjiorus
oontent will revenl that e appliiocation of nitrogun
resulted in 2 decreasg in phospiaorus content, ™ e
contrary, phosphorus upluke suowed a morc conapiouous
inorease du: to niirogen applicaiion thun sae w
applicationa of phosphorus ami potacsium, Jdnile
discuasin; the nitrogen content, 1t wos pointel outl tant
the dearease in asoni:nt of phosphorus was pro.uably hecause
of the dilation of absorbed phoaphorus in @ larger bulk
of dry natier, iiis point will be furinar substantiated
by the resulis of phousphorus uptoks vhieh ineredged



substantially dus to the applioation of nitrogen., ihe
inorease in phoephorus uptake due t¢ the applieation
of phosphorus and potassium at graded level: is
underastandable bescauss both phoasphorus sontent and dry
matter accumulztion inoreased dus to these treatmsnts,
Ag in the onse of nitrogen, uptake of phosphorus also
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inareased with time, This incrense wis Wore conapiouous

bstwecn 30 and 60 days after sowing, 0ata on the
phosphorus content of tissues, over the atages showed
that unlik: nitrogen, there wea no appreciadls change
in the ocontent of this nutrient with advaneing =ge,
In the oagse of phosphorus thus there wag nraatioslly
litile translocation to the developing new tiszsues
inoluding the frults, In otherwords, all tha inorease
in uptake owvaer the atages wags =loso accompanied by
ocontinued abgerption of this matrient, The trend of
interaoction effeotz vag similar to thaet of nitropen

uptake,

There was increage in the vptuge of potassium
with incorezsing ineea of auilrienis, espsclially upto
the intervedi:te levels, As in the onse of nitrojen
and phosphoris u:t:ke, tais wia also more conspiouous

with niitrogen appliici:tion, EIven wie added potassium
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oould not bring about a coerresponding inoreass in its
uptake,

While discussing potassium oontent, it was
concluded that there was no appreciable chenge in the
oontent of tnis natrient consecuent to the anplic tion
of the three fertilizer mutrients, The marked inerease
in uptake of tuls nmutrient 13 thus atiributable almost
exolusively to ithe inoreased dry weight,

4g in the case of nitrogen and phosphorus, uptake
of potassium nlee inoreased with advanoing age, the
extent of imreape being most conspisucus bsiween 0ia
and 60th days, Hor the same puriod conieni of pulasaiua
in 211 the tissaes rogistered 3 deoresnse thus indicuiding
that the continued abae,:ptlon ox thae nutrient wiag pulinly
reaponsible for thz increcssd sccumulaiion ln devsleping
organs, iue inweraction efifecis siowed lue soae patisrn
of response as in ithe case of nitrogen und phoupihorus

uptaxe,



SUMMARY
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SUMMKARY

The hhindi variety Co,l was grown in a f.'t3
oonfounded fastorial dessign with two replications
during May « August 1978 at the Inatruotional Parm,
Solle;e of Hortioulture, Vellanikikaras,

2, The expsriment was ocondusted to find out
the optimum/economic doses of nitrogen, phosphorus
and potagsium for higher yleld, its ocomponents ani pod
quality and its oomponenis with special emphasis on
crude protein ocontent, NWitrogsn, phoavhorus and
potasajum at three levels and their combinations formed
the 27 treatmenta in the experiment, Attemptis were
also made to find out the amount of nitrogen required
10 produce an economio level of pod produotivity.
Hesponsa ourve was =lso fitted o £ind out the limwar/
quadratioc relation among levels of nitrogen and pod
produoctivity.

3« There was inoreanae in plant height vith
increasing levels of the thres nutirients, The inorease
wag asignifioant in the cass of nitroyen and phosphorus
appliocation only. The number of funetional leaves was
affsoted by applioation of all the turee nutrients
whough the effsot wag eonsistent upto the intermediate
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level only. In the oase of phosphorus and potassium
application, the inoreased leaf retentivity appears
to be the fuotor responsible for the higher number of
functional leaf,

4, igher level of the three nutrients
resulted in high leaf ares index, Inoreased moan
area/lenf waa observed sa an important faotor responsible
for tue incrsacse in leaf area index at the highest lavel

of nutrients,

5. Application of nitrogen increased NAX upto
the intermedinte level (30 kg/ha) and this was folliowed
by deorease at a 3till higher level, Phoasphorus
application tended to deorease the NAi. Added potaasium
had no effeoct.

6. Applied nitrogen inoreased the &y matier
yield, Appliocation of phosphorus also tandad to inorease
the dry matter yield., In the oase of potzasium the
result was not consiatent though the highest valus was
recorded at the highest lsvel of 50 kg X,0/ha.

7« There was asignifiount increase in yleld
dug to increasing levels of all the three nutrients,

In the cass of nilrogen the yleld was found vo increase



upto 60 kg ¥/ha and the economlo and optimam levels
were worxed out to be 6l1.and 61.23 %g respeotively.
Hegponse to phoophorus and potassium aspplioation was
observed linear, The optimam dose and the soonomioe
dose of phoaphorus and potassium could not be hence

wried out,

8, Application of nitrogen and potasaiun
resulied in signifiocantly higher number of flowers
upto tne highest level tried., The per oent of fruit
set wvan aignificantly affeoted by anitrozen and
phosphorus inter:otion. The combination of the higheat
phosphorus (50 kg P205/ha.) without nitrogen resulted in
higher per oent of fruit set, Appliostion of nitrogen
and potassium drought out significant increass in the
number of fruit upto the higheat level. Yitropgon amd
potassium applioation upto the highest level resulted
in longer fruits. Theres was inoreuse in fruit weligsht
with incre=ging laevels of all the three nutrients,
However in the oase of phoaphorus significant inorezse
was notioced only upto 25 kg Paaslha. Phoaphorua and
potaassium produced fruits with higher psr cent of dry
matter, Titrogen appliontion had no aignificant effeot
on this ocharacter,

180
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9, farvast index was not signifioantiy
affected by different lavels of three nutrients,
Jitrogen content in leaf and atem inoreased with
inorseasing lavels of nitrogen applied, The vorying
levels of phouphorus had a depreassing effeot on the
nitrogen content, Potasaium application had no
appreciable effect on nitrogen ocontent, Similarly
phosphor .3 content of leaf decreased with inorenging
levels of nitrogen applioation, The affect of upplied
fertilizer nutrients on potassium conient of plant

parts was obgerved highly veriable.

10, Patterns in uptad of nutrients wers astudled
under different levela of nutrients applizd to anil,
This has revealed that & bhindi orop yilelding 110,39
suintals of pods/ha romoves 87.81 kg nitrogen,

204572 kg Py and 103,905 ke Ky0/ha.
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APPENDICES



Appendix - I.

Jeather data (weskly averages) frou Junz to August 1978

gg:ﬁ: Temp, C Rel:::vgeg%midity iotal gg&r::;f

hate 31?;;- z»:a::”“g;. PN Al AV R:ﬁ' m}m
June 4 - June 10 1 28.3 22.T7 94 82 88 14045 0.2
June 11 = June 17 2 28.0 21.9 9% 85 90 256.6 0.9
June 13 « June 24 3 29.7 23.0 93 79 86 875 1.0
June 25 = July 1 4 28.0 22,5 94 84 89 219.9 0.3
July 2 - July 8 S 29.0 229 95 81 88 141.8 1.2
July 9 - July 15 6 27.4 22.4 96 81 88.5 296.,8 0.6
July 16 -July 22 T 29.5 23.0 93 74  83.5 46.0 2.9
July 23 = July 29 8 27.9 23.2 95 85 30 252.7 0.3
July 30 -~August 5 9 29.3 23,3 94 79 86,5 12.5 1.4
August 6 - August 12 10 28,2 23.1 96 86 91 241.5 0.5
Aggust 13 - August 19 11 28.7 22.7 95 80 87.5 1275 0.4
hAugust 20 - August 26 12 28.1  23.1 95 79 81 93.9 0.6
August 27 - September 2 13 28.1 22.5 94 65 87.5 21545 1.7




Appendix - I1. Analysis of variance for grovth components

e Mean gauares _________ —
Source D.F, == Heishy of plagta (om) at 15 dave intervals .. _____
15 30 45 50 75 90
3lo0k 5 7.37**  45.59** 192,97 423,73  324.32% 292.20*
N 2 22.47*% 1T4.87** 2962,07** 1.121.05%#16425.,60**  19879.67**
P 2 6.84%  35.42%  626.34*%  584.45% 1080,56%*  1102.44%*
NP 4 3.44%**  30,92° 349,85%*  406.35* 402.85* 580 ,.,87**
& 2 2.73%  34,71% 7.40 71.51 68.64 82.99
L1’ 4 2.63*%  7.85 31,02 184,52  T717.07** 828,23
PK 4  5.76% 14,15 103.29 389.51 146,67 124.79
HPK 2 1.05 8,62 40.28 8.26 150,60 113.95
wPKe 2 22.42** 1.% 30.80 247.15 56452 134,07
NP2K 2 10.34%* 2,32 14,66 23.30 43.05 56 447
npli? 2 10.98%* 3,59 65432 34,39  239.81 149.26
Error 22 0.462 ' 139.95  114.75 82.21

8,87 76.07

*  Significant at 5 per oent level
#» Significant at 1



Analysis of variance for growth components (oontinued)

Mean aquares
Source DA, Number of functioning lezaves at 15 days interwvals
§g;ng§sa 15 30 45 60 75
8lock 5 0.517*  0.456  1.260%*  4,050**  2,254* 3.891%%
q 2 3,607** 0.045  1,910** 89,020%* 13,323%* 74563+
P 2 0,138  0.176  0.850*  8.611%* 5,741 0.093
1P 4 0.135  0.149  0.081 3,593%  19,803** 15,0914
X 2 0.015 0,598  0.417 9.313%*  4,381%* 603644
NK 4 0.367  0.150  0.310 1.411  50,064%*  28,962%*
P& 4 0.131  0.107  0.260 5.952¢% 28.081%* 1,631
NPK 2 0.023  0.101  0.280  2.091 1,603 6.804%*
¥PK® 2 0,186  0.103  0.260 3,541% 1,611 1.803
P2k 2 0.075  0.089  0.211 34452 5.260%* 3,902+
nPeK2 2 0.059  0.057  0.016 0.293 1.294 546527
Error 22 0.220 0.180 0.160 0.784 0.563 0,962

* Signifioant at 5 per oent level
#+ Signifioant at 1 per cent level



Appendix ~ IV. Analysis of variancefor growth components (continued)

Mean aquares
Soures D.F.  Total leaf AR
production 30th day 60th day (g/me/day)
Blook 5 11,264+ 0.013%+ 0.039%+ 1,104
5 2 220,391%* 0.871%* 2.97T1%%  15,731%
P 2 2,341 0.069+* 0.275%*  50.923%*
P 4 41,923%+ 0.033%* 0.317*%  17.772%#
K 2 6.071%* 0.031%» 0.227%* 1.318
Ng 4 41,972%* 0.057** 0.816%+ T.275%*
P 4 14,610%+ 0,006%* 0.287**  33,724%*
NPK 2 1.853 0.,017** 0.081%% 2.032
Np&? 2 14,.313%% 0.014%# 0.060%* 04373
NP2K 2 3.751% 0.012%» 0.540%%  16,055%*
Np2g2 2 8.T11%* 0,019+ 0.042¢+ 3.578%
Error 22 0,864 0.001 0.007 0.635

* d4gificant at
** Slinifioant at

psr cent level
per cant level



Appendix - V. Analysis of variance bt yield components

Mean squares

o - -

Source V... J8ys taken far Wumber of RNumber of Peroantage of Average
* 50 ¢ flowering flowers fruits fruit set langth of
par plant per plant (After angular fruit
transformation) (em)

Block & 56 .GOT** B.562%*  4.345%*  105.480** 1,058
N 2 564909%* 226,504*% 131,387** 44.241% 10,542
P 2 12.519* 3,501 6.TT4** 61,020%* 0.436
NP g T.102%» 43,699**  13.067**  110,418** 2,152%*
E 2 23.574%* 6.125%  13.958%* 22,565 5.556%*
RK 4 T.824%* 40,197**  29.059** 24.474 1.289%*
PX 4 25.514%* 3.218**  0.584 T1.206%% 0.441%
WP 2 16.259%* 1.099 4. TAT*> 5,218 0.580"
L £ 9,148% 27.090%*  5.758%*  196,089** 0.708*
2k 2 12,574%# 2.333 6.514%% 49.644* 1.934%*
1 8,685 54290% 4,087+ 4,556 9.002
srror 22 1.556 1.151 04305 10.424 0,135

* Significant at 5 per cent lavel
*s 3ignificant at 1 per cent level



Appendix ~ VI,

Analysis of variancefor yield components (contimued)

Mean squares

- o v - -

———

o b g iet e prioms g o
(g) (kg/ha)

Iloek 5 10,454 105 .480%* 1842,6%%

R 2 11,370%* 44.,241% 25555 6%

P 2 3.526% 61.020%* 2530.9%*

NP 4 0.601*# 110.418%* 1672.8%*

s 2 9,187%* 22,565 4012,3%%

NK 4 3.209%* 24.474 5237 ,7**
PX 4 B.476%* 71.206 40.1
NPK 2 12,048%* 5,218 141.9

HpE2 2 12.065%* 196,089 307410

NP2 2 15,487+ 49,644 1543,2%*

NP2gZ 2 6.687** 4.556 3030.9%*
Error 22 0.157 10.424 153.7

* Signifiocant at 5 per cent levsl
** 3ignificant at 1 per osni level

-



Appendix - VII. Analysis of variancefor lineur and quadratioc effects
of the differeni matris=ats (Yield ig/ha)

Jource DJF, Mean asquares

¥itrogen

Leniar 1 47469,14%>

Juadratio 1 3641,98%%
Phosphorus

Leniar 1 4909,14%*

Jaadratio 32.59
Potassium

Leajar 7376 <54

‘aadratic 1 648,15
Error 22 153.70

* Significant at 5 per oant level
*+ 3ignifiocant at 1 per cent level



Appendix ~ VIII,

Analysis of varisnce of total dry mattier produotion at monthly interwals,
harvest index and orude protein

Mean squares
Source  D.F. Total dry matier produstion (kg/ha) Harvest Orude Protein
30th day 60th day 90th day index (geweb.)

8look 5 22688,6** 2158093 308740.8 0.0133  0.0117*»
2 889622.9%*  21951895.5%**  17965160,7** 0.0014  0,0091%*
2 137417.6%* 49391,7 37097.1 0.0103  0.0438%*
NP 4 17916.5% 150592.7 971369 ,2%* 0.0063 0.0922%*
X 2 16466.5**  T70560.1 1532520.8 ** 0.0043  0,0265**
NK 4 18578.9%*  1427658.6**  2432177.1%* 0.0407°  0.0925%*
PK 4 18988.6%%  2846195.8**  2370284,1%* 0,0081 0.0961%*
RPK 2 49266 .6** 255581,03  620400.001 0.0088  0.0109**
P42 2 23864 ,2%* 44607 .1 2115932,8%* 0.0010  0.00401
NP4K: 2 29010.4**  1039022.5*  1083738.4* 0.0190 0.1985%+
wpeg? 2 24630,9%% 220018.4 526460.9 0.0254 0.0258%*
Error 22 7766 279957.8 198431.6 0.,0096  0.00152

* Significant at S
** Jignificant at 1

per oent level
per cent level



Analyais of variance for the nmutrisnt content of plant parts

Mean squares
Sourcs D.F,  Vitrogen content of lsaf (per oent) Phosphorus content of leaf(per cont)
30th day 60th day 90th day 30th day 60th day 90th day
Bloak 5 0,129** 0,182%+ 0.229** 0.008** 0.002%* 0.003
N 2 2,833 0.051%* 0.406%* 0.023°% 0.012%+ 0.007*
P 2 0.440%* 0.195%¢ 0.084%# 0,004+ 0.013%* 0.010%*
; 4 0.106** 0.185%* 0.436%* 0.008%* 0.012%* 0.,006%*
£ 2 0.,017** 0.059** 0,151 0.022%* 0.019%* 0.022%*
K 4 0.074** 0.083%* 0.249%* 0.017%* 0.029%* 0.,016%+
PK 4 0,264 0.063%" 0.,167** 0.,016%* 0.007** 0.003
NPK 2 0.0045 0.118%# 0,268%% 0.001* 0.006"# 0.001
¥Pk2 2 0.257** 0.272%* 0.274%* 0.014%* 0.001 0,001
#2x 2 0,560% 0,084 0,016%* 0.011%% 0.004% 0.011%»
P22 2 1,107 0051 0.031%* 0.001* 0,013%* 0.033%*
Error 22  0.003 0.002 0.001 0.0003 0.0004 0.,0013

* Jdignificent at 5 per oeni lavel
*» Significant at 1 per cent level



Appendix - X.

Analysis of variance for the nutrient content of plant parta(econtinued)

Souree L.,

Mean squares

Potassium oontent of leaf (per aent)

Nitrogen content of stem(per oent)

30th day 60th day 30th day 30th day 60th day 30th day

Blooi 5  0.857 0.169%* 0.024** 0.015 0.022%" 0.,010**

7 2 0,668 0.802%* 0.139%* 1.252%* 0.034°* 0.292%*

P 2 1,237 0.035%* 0.049%* 0.326** 0.025%* 0.242%%

P 4  0.910 0.205+* 0.134%* 0.050%* 0.045% 0.127%*

K 2 0,630 0,142+ O.444%" 0.229%* 0,001 0,109**

nK 4 0,319 0.133%* 0.,112%¢ 0.162%* 0.059+* 0.009**

PK 4  0.359 De394%* 0.136%* 0.304%¢ 0.,060** 0.069* *
NPK 2  0.0122 0.373** 0.086" 0.055%* 0.040** 0.002%

NP2 2 1.123 0.040** 0,010 0.050** 0.004%* 0,022 *
wpeK 2 1.453 0.078** 0.069** 0.139%* 0.070** 0.063
ypei? 2 0.407 0,388 0,266+ 0,003 0,024+ 04034
Error 22 0.0024 0.004 0.009 0.0004 0.0004

0.0896

*  Significant at 5 per ocent level
1

**  3ignificant at

per oent level



Appendix - X1 .

Analysis of variance for the nutrient content of plant paris(ocontinusd)

Mgan squares
Source ».i, Phosphorus content of stem(per cent) Potassium content of stem(per oent)
30th day  60th day 90th day 30th day  60th day 90th day

3look 5 0.011%* 0.003%* 0.003% 0.454%* 0.236* 0.142%%

1 2 0.023* 0.017*+ 0.029%* 3.297%* 1,56g%* 1.043%+
2 0.018* 0.027%* 0.0008 0.261"+ 0.338** 0.044

P 4  0.015* 0.003%* 0.004%* 0.905%* 0.395** 0.118%%

K 2 0.022** 0.019%* 0.006** 0.380%* 0.203%* 0.088*

BK 4 0.014%* 0.015%# 0.001 1.549%* 0.531%* 0.2024#

PK 4  0.009%* 0.012%+ 0,006%* 1.459%*% 0.2528% 0,434+
NPK 2 0.0003 0.007** 0.0015% 04550%* 0.538%* 0,009

NPK® 2 0,038% 0,002%* 0.0016* 0.635"*  0.108** 0.656%*
NP2y 2 0.037* 0,006%* 0.008%* 2.968%* 0.064%* 0.050
w22 2 0,006%* 0.007** 0.009** 0.767** 0,170+ 0.061
Error 22 0,001 0.0002 0.0004 040011 0.0005 2.025

* Jignificant at 2’ par oant lsvel

*+ 54ignificant at

per cent level



Appendix - XII1.

Analysis of variance for the mutrient conient of plant parta (continued)

sSource Pele

Mean aquares

Niirogen contant of

fruit (per oent)

Phosphorus ocontent of

fruit (per cent)

i -~

Potageiun content of
fruit (per cent)

60th day  90tu day 60th day  90th day 60th day  90th day

3lock 5  0.014 0.032% * 0.0007* 0.0007** 0,084 % 0.112%+
N 2 0,040 0.065%* 0.0004 0.0014%* 04047 0.010

P 2 0,081 0.014%+ 0.0102%%  0,0143%*  0,233**  0,061%+

NP 4  0,058% 0,027+ 0.0024**  0.0024%*  0.137**  0,149%*
K 2 04104  0,031%» 0.0016%*  0,0039*¢  0,002**  0,015*

NK 4 0.304"¢  0.068%* 0.0070°*  0,0076**  0.096°*  0.043%*

PK 4  0.070°*  0.100%* 0.0099%*  0.0080%* 0.255%* 0.087+*

NPK 2  0.018 0.049%» 0.0010*  0,0005 0.114%> 0.048%*

w2 2 0.050* 0.028%* 0.0024%**  0,0020%* 0,104+ 0.225%*

NP2y 2 0,032 0.025%% 0.0075**  0.0031* 0.333%¢ 0.176**

322 2 0,076+ 0.135%* 0.0035"*  0.0045%* 0.097+* 0.145%%
Error 22 0,013 0.0007 0.00027  0.00015 0,0020 0.0033

* Significant at 5 per cent lsvel
»+ giemificant at 1 per cent level



Appendix~X11I,

Analysis of varianoce for the total uptake of nitrogem and phosphorus

(kg/na)
Mean squares
Sourse v.E. 5;:;;.;;~;;;;ogen (kkg/ha) .l;;;a.;:?;;;;;om“(kg/ha)
30th day 60th day ';()th day ;(-)th day 6Oth day 90th day
Blook 5 T.766**  158,135%®  113,243%+ 0.183** 6,613 14,931%+
it 2 B803.467** 2756.669** 5011,852%* 11.560%* 142.970** 277.407**
p 2 56,420%* 22,967 568.291%* 2.787** 10,560 1.471
P A 23.035%* 154,757 "  344,389*% 1.070%*  19,619*  37.458%*
K 2 5.508%%  158,353¢ 30.407** 0.522%* 0,721 17.278%*
K 4 T.125%  504,.8314%  330,069** 0.602** 13,110 26.941%%
PK 4 5.014%%  1039,522%%  049,091+* 6.076%  27.132%*  48,170%*
NPK 2 B.214%%  222,467*  54,191%* 0.298%* 8,702 6.945
wpk2 2 7.646%* 13,762 121,638 0.253%*  21,281%  13,440%
NP2K 2 4.139%%  96,027*  242,221+% 0.650**  45.041** 8,864
Np2g? 2 17.204%* 72,248 418.728+* 0.298**  23,195% 65,441+
irror 22 0.472 27.111 54553 0.026 54580 2,380

* Significant at 5 per ocent leval
e Signifioant at 1 per cent level



Appendix - XIV, Analysis of variance for the total uptake of potassium

Mean aquares
Source D.F. Uptake of potassium (kg/ha)

30th day 60th day 30th day
Bloak 5 31,197* 218,942 213.7814*
N 2 1229.925%* 9367.185%* 5541 ,686%*

P 2 187.606%* 294, T17 24.585
NP 4 114.,733%* 197.295 861,386+

K 2 43,114 47.049 157.424*
WK 4 39,036 175.574 956,880
PK 4 19.506 1254, 375% 1310.769**
HPK 2 21,740 802,767** 177.444%
wpx? 2 9.817 167,966 536.778%*
ek 2 52,913+ 1044, 119%¢ 399,203%#
np2K2 2 97,467** 418,282 1961.312%¢

22 8,918 128,269 32.422

* Significant at 5 per cent level
** 3ignificant at 1 per cent level



STUDIES ON THE EFFECTS OF GRADED DOSES OF NITROGEN,
PHOSPHORUS AND POTASSIUM ON GROWTH, YIELD AND
QUALITY OF BHINDI (Abelmoschus esculentus (L.) Moench.)
VARIETY Co. 1

BY

SUBRAMANIAN, K. V,

ABSTRACT OF A THESIS
Submitted in partial fulfilment of the

requirement for the degree

Master of Science in Borticulture

Facultyof Agriculture

Kerala Agricultural University

Department of Olericulture

COLLEGE OF HORTICULTURE
Vellanikkara - Trichur.

1980



ABSIRACT

Zhe yield of bhindi per unit of land and per unit
of time has heen odbsarved to be very low in our country.
A galaxy of reasons ~ poor gen:tie potential of the
existing genotypes, inoidenoe of parasitioc and non-
parsgitio diseases and above all lack of an asppropriate
agrononic practiiocss = have been attributed o the poor
parfornance of Indian bhindi, There renains an urgent
nced to ohalk out 2 fertilizer sohedule for the high
yielding varietles like Co,I which is popular in Kerala,

“he pregent study "Studies on the effeot of graded
doses of nitrogen, phosphorus and potasalum on growth,
yield and quality of bhindi (Abelmosohus esoulentus (L.)
Moenoh.)", was designed to f£ind out the optimum and
eoonomic levely of the three major nmatrients (nitrogen,
phosphorusn and potasusium) whioh would give a yileld lsvel
above 100 g/ha,

4 glgnificant inorease in yleld waa observed due
to inoreasing lavels of all the three nutrients., In the
oase of nitrogen the yisld was found to ineresse upto
60 kg/ha and the economic and optimum levels wers worked



out to ve 61 and 61.23 kg/he respeotively, Response
to phosphorus and potassiun appliocation was observed
10 be linear, Patterns in uptaie of matrisnts
indioated that a bhindi orop yielding 116.39 quintals
of poda per heotare removes 57.81 kg nitrogen, 20.872
kg PEQS and 103,905 «g ziz"%/ha.

The effeots of graded doses of nitrogen,
phosphorus and potassium on plant height, leaf
produstion, leaf aren index, not agssimilation rates,.
per oent of frult set and other yleld componantis were
aloo atudied.
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