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ZNTRODUCTION

Though, the essentiality of phosphorus was
established in 1839 by Sprengal, it?s signifieance in
Indian agriculture is realised to the greatest extent
in the recent dayé. Kanwar et al. (1982) reviewed the
problems and prospects of phosphorus management in
Indian soils and’ suggested intensified research for
the solution of the severa)l complexities of phosphorus.
They further stated that phosphorus is often a major
constraint for successful crop production in Indila,
as about 98 per cent of the soils have inadequate supply
of avhildble phosphorus, These observations appraised
that soil phosphorus and itt*s behaviour is a difficunlt
problem and it encompasses-an arrsy of factors the soil,
¢rop, fertilizer and eropping system each with a

multitude of problems of itt!s own.

Vertisols of Central India which are characterised
by high clay with smectite type of secondary clay minerals
and sufficiently high calecium carbonate content posses
the problem of phosphate fixation and in turn decreases
availability or phosphorus. Probably, crop recovery of
added phosphates seldom exceeds 20 per cent under high
clay and caco3 and this calls for ways and means to
increase the efficiency of P utilization in varied

soil-orop association.



Phosphorus is physiologiecally and bio-chemically
very active nutrient., It is a constituent of nuclic
acid which forms genes in the plants. Phosphorus is
involved in formation of cell membrane and consequently
cell formation and also as a oonstituant of phospholipids.
Phosphorus is involved in the metabolism of carbohydrates,
proteins and lipids as well as oxidation reduction like
intercellular process., Phosphorus hag a direct effect
on root development and it's proliferation, ' Phosphorus
occupies a central position in metabolism. %The process
of anabolism and catabolism of the carbohydrate can only
procegq normally when the organic compounds have
previously been esterized with phosphoric acid. Further,
it is an essential constitusnt of wvital compounds such
as phytins, lecithins and nucleotides and it is present
in majority of‘the engymes,

Several workers have observed increased responses
of phosphorus application to cotton in terms of seed
cotton yield and improved quality parameters Dhar (1964)
and gGill ot al, (1985).

In groundnut phosphorus application promote pod
formation and reduce the proportion of empty pods. It
also helps in increasing nodulation, leghaemoglobin
content and in turn reflected in pod yield (Kulkarnl,
19823 sankar and Reddy, 1984+ and Raikhelkar, 1976).



Micronutrients, though, required in minor quantities,
play an importent and specific role in the growth'and
development of plants. These elements have & very high
effeciency value, that is very small duantities are
sufficient to produce optimum effects, Boron is one
of the seven recognized essential micro nutrients
required for the normal growth, The beneficial effect
was mentioned by Maze (1914) in France and itts
essentiality was established by Warrington (1923),

Though, boron plays an important role, the bioe
chemical role of boron is yet not well understood
and it has not been shown to be part of an engyme system
Jackson and Chapman (1975). It is very importent for
the germination of plant, root dewelopment and pollen,
formation of flowers, Boron is also involved in the
process of lignification and nuclie acid metabolism.
It 4s assoclated with the cell division and affects
the absorption of phosphorus, chloride and rubadium in
a way which regulates the transport of many other

substances across the plant membrane.

In groundnut, it was reported by Raju and Raju (1978)
that boron deficiency leads to delayed flowering with
less number of flowers, checks pegging and some times

very few pegs ére formed,

The 1little resemblance of boron and phosphorus in
their chemistry and functions played by them further



adds expected synergistic inter relationship of
these two nutrients. Thus, it was folt necessary
to plaﬁ experimenta involving use of phosphorus and
boron considering boron and phosphorus responsive
crops in deficlent soils.

Recent research has brought to focus the need
to determine fertilizer doses for a entire crop rotation
rather than on individual crop basis, Moreover, the
difeot and residual effects of boron and phosphorus
were also likely to be encouraging in a suitable
cropping system. This warrants systematic study on
the relative benefits of direct and residual effects on
component crops in different sequences in a wall
defined soil-climate complex.

Phosphorus 1slwidesp}ead deficient in Marathwada
80lls with sporadic dificiant patches of boron and crop
. responses to added horon and phosphorus are 3139 found
to be encouraging (Anonymous, 1987 and Malewar, 1987)
though, the data are inadequate to draw generalised
conclusions., Thus, it was felt necessary to assess the
efficiency of phosphate sources with and without boron
keeping inview the following objectives;

1) 7o study the agronomic effectiveness of various
phosphorus sources with and without boron in Kharif
cotton and Summer groundnut cropping system,



2) To study the availability of phosphorus and boron
in cotton - groundnut cropping sedquence,

3) To evaluate the direct and residual effect of
various sources and levels of phosphorus on

subsequent groundnut orop.

+



aaxena (1962) found that appucation of 40 kg
P205/a0m mmasad total ssed cotton yield and induced
early maturity, but did not affect the vegetative growth,

phar (1964) and singh at gl. (1971) reported
increase in yield of seed cotton at higher doses of
phosphorus. In both reports phosphorus application gave
higher seed cotton yield over control.

Inorease in number of bolls/plant due to incresasing
levels of P2°5 wvas recorded by Datsur (1968),

ginha and Pandey (1969) conducted a field
experiment for four years continously with different
levels of phosphorus and reported significant increase
in yield, fibre length and ginning percentage with
increasing levels of P in all years. '

Phosphorus vas reported to inerease the root
development favourably in cotton (1970).

Bairame (1977) reported increase in seed oil
content by 1.7 to 2 ver e¢ent due to 100 kg apﬁlioation of
P205/ha. The combination of N with P gave still further
inorease in oil content in cotton seeds.



Effect of levels of phosphorus and nitrogen
on different cultivars were studied by Wankhede and
Sadaphal (1977) and Khan and Hanif (1978). They reported
significant increase in seed cotton yield irrespective of
the cultivars with increase in doses of P alone and in
combination with N and P,

Thakle (1979) confirmed the increase in seed
" cotton yield (g/pot) due to increasing lavels of P,05/he..

Jambunath et al. (1987) studied the effect of
nitrogeneous and phosphatic fertilizZer on yleld and
quality of B, cotton at four levels of nitrogen and 3
levels of phosphorug. They concluded that qusalong
is non-significant in attributing to pod yield, seed index
and 1lint index. Only fibre maturity coefficient showed
significance with P,0c.

Thanpati and Kumarswami (1983) reported that
DAP as 1,07 foliar spray slongwith some pesticides showed
increase in yield of seed cotton.

Reddy in the same year conducted an experiment
with four levels and sources of phosphorus i.e. 30, 60 and
90 kg/ha through, S5P, rock phosphate, fused magnecium
rhosphate and di calcium phosphate, He recorded increase
in no, of bolls/plant, weight of boll and seed cotton
yiclds with different phosphorus levels and sources.



G111 et al. (1985) and Ramakrishna Reddy (1985)
observed inerease in seed cotton yield due to the
increasing levels of phosphorus. Further, they have also
shown an increase in no. of bolls/plant and lint percentage
by the application of P:Os.

Syed Ismail (1987) reported increase in seed
cotton yield, lint index and fibre length due to inereasing
levels of phosphorus applications.

2.1.2 Effect of boron through soil and folisr spray on

e i u att 88 O t

Brand (1969) studied the symptoms of boron in
cotton in Central Australian Republic and estimated that
15 ppm of B is critical concentrations for leaves during

peak concentration.

Dertle and Roth (1969) depicted that suitable
level of plant growth was higheat for sugarbeat, lowest
for soyabean and intermediate in cotton,

Chandhary and Hisiani (1970) showed an increage
in yield with increasing levels of boron as borax and
recommended 2.5 ppm &s optimum concentration as soil

application,

Faulner et al. (1970) reported that boron
increased the seedling emergence, leaf boron content
and yarn strength when applied in boron defecient soils.
Agav (1973) noted increase in seed cotton yield with
application of boron 2 kg/ha.



Marphy and Landeaster (1971) studied the report

of cotton to boron_uping different rates and methods of
boron. They found broadeost was éa effeotive as drilling.
Eoron congentration of plént 1ncreésed with increasing
appliecation, '

Mathews (19?2) conducted expariment at 58 farmer's
fieldts and recommended concentrated boronated compounds
for applications with other nutrients in areas where only

small amount 4s roquiréd.

Costerhuis ‘and Venter (1974=75) reported that
boron has no influence on cotton grown on a site with
no béroq defeciency but he has reported less ghedding of
flowers. -

Honish (1975) reported that B increased the seed
cotton in yield in 5 out of 8 trials and found maximum
yield with 2.+ kg D/ha at 20-30 ppm leaf content.

Zodorohnil (1976) réported that the germination
and plant stand increanged alongwith the yield of seed |
cotton when 0,01% boric acid socluticn was aprayed preceded
by a seed treatment.

Modzhidor (1977) and Qosterhuis (1977) recoumended
boron epplication for increomsing seed cotton yield.

Increased oil content due to the application
of K end B vere suggested by Gridley and Smithson (1977)
vhilé N dacreased it.
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Anter et al., (1978) studied the effect of foliar
sprays of 25, 50 or 10C ppm, Cu, Mo or Zn or 10, 20 or
40 ppm B applied at different growth stages., They found
that all treatments increased the fibre strength,
Nolybdinum snd B increased fibre maturity but fibre
length was decreaged with boron application.

Cotton showed good response at 0,25 and 0,50 pér
cent boric¢ acid spray in Punjsb., But the increase was
high at significantly higher levels of nitrogen

(Erar et sl., 1983).

2.1.3 [ffect of P and B on yield and guality
attributes of cotton

Phosphorus spplication increased the seed cotton
yield, weight of kapas/boll, no, of seeds/boll and tended
to bring early maturity. %This was reported by Datsur
and pabir (1962) froé field experiments conducted at
Amarvati,

Miley et al. (1969) concluded that boren
enhanced the uptake and influence effeciency of applied
nitrogen, 7They noticed that the yield of seed cotton
increased only when N was applied with boron.

Mathews (1972) evaluated the effect of nitrogen
and phosphorus at different levels in combination with
0.68 kg 3/ha in 8 field trials. 5ix out of seight sites
showed good respense when nitrogen was applied. hWhere
as P and B gave significant increase in yield of seed



1

cotton in ono site only. He recommended a concentrated
boronated compound fertilizer for the application,

Agava (1973) tho efficiency of boron in various
combination and reported an inerease 4in boll formstion
and maturation. He found that the dose of 2 kg/borax/ha
with the main dose of 120:120:90 kg NHPK/ha was most
economical and bhenefiaial to cotten arop.

An experiment vag conducted at the mailn cotton
regearch station Surat in 1972«73 and 197374, With
graded dogses of fertilizers. A;. higher doses incresase
in peed cotton was recorded (Bapnn et 8l., 1975).

Highest dry ‘matter weight and seed cotton yield
was recorded at 200 kg N3 60 kg onb" 60 kg K0 by

Hasan gt al. (1975) in a glass house cxperiment. The
experimental doses wera 100 or 200 kg N/hact and C, 60
or 100 kg PO kg/he.

énithson and Heathlcote (1976) ovaluated
efficacy of boronated super phosphate particularly on
B deficient soils. He reported low yilelds of seed
cotton at very high doses of nitrogen like 250 kg N/ha.
Put when it was supplemented with boron, significantly
higher yields wera recorded.

Varshney (1977) concluded that there was no
significant effect on ssed cotton yield due to phosphorus
or when applied with nitrogen and potussium. 3ut Khan
and Hanif (1978) showed siznificant effect on secd cotton
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yield with N + P on cotton. The above report was
endorsed by Jambhunathan et al. (1981) alongwith good
ginning percentage, fibre length and staple length with
niprogen and phosphorus,

Reddy et al. (1985) confirmed the dose of
69.7 kg N/ha with 43,9 kg/?205 on the basis of pooled
analysias of two years.

Zanzan (1986) evaluated the various sources
and levels of phosphor}zs with and without boron on yield
and quality parameter of cotton. He has reported
significant increase in yield and improvement in quality
of the yield due to phosphorus levels vhen applied with

boron.
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Beveral workers havs made efforts to study
the efficlency of phosphatlc fertilizers in different
crops. The research results published in the past on
the var:l.oug aspacts relevent to phosphorus and boron
natrition 4n groundnut are compiled and presented
in the following paragraphs.

2.2

22,1

Gopalkrishnan and Nagerajan (1993) observed
practically no reoot formation when a nutrient solution

without phosphorus was applied to groundnut, however,
Thronton (1964) recorded that phosphorusg addition to
groundnut increased the number and density of nodules,
nodule growth and in turn, rate of nitrogen fixation

in groundnut.

Pillal and gen (1970) studied the effect of
trace elements on growth of rhizobium in groundnut and
concluded that boron was not essentinl for Fhizobium but
1t enhanced the growth of orgenisms. On the contrary,
Kulkarni (1982) noticed significant increase in
nodulation due to boron application to groundnut.

Powar and Khuspe (1976) reported positive
effect of phosphorus in increasing the volume of nodules



W

snd this was evident in the ciritical stages of
nodulation. Increasing levels of 'P' increaged
gignificantly the number of nodules/plant in groundénut.
This was confirmed by Patil et gl. (1931).

KoteswarRao (1979) concluded that phosphorus
application alone or in combination with rhizobium
increaged nodule numter as well as nodule weight in

groundnut,

Sankar and Reddy (1984) showed increase in
the number and weight of nodules, and leghaemoglobin
‘content in groundnut with increusing levels of P205
application,

Zanzan (1987) recorded an increase in root mass,
number of nodules, nodule weight with increasing levels

2,242 d atter and other plant
components in groundput. -

Gorgiev (1974) foumd that dry matter accumulation
was moi'e intense for the whole plant and‘ pod with the
applicaﬁicn of phosphorus. Similar rixidinga were alsc
endrosed by Rathee and Qwewal (1977).

pongale (197%) in a pot culture experiment
obasrved that the dry matter yield of groundnut at
maturity stage was favourably influenced by the
application of boron, '
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Cohen and Lepper (1977) concluded that boron
is essential for the maintaince of meristematic
activity of goowing noot and stem tips, elongation
of internodes, inoreasing root length and density
of root hairs, Thus, boron plays an lmportant role
in growth and development of plant.

Enyi (1977) found that stem and pod dry weight
wag positively correlated with increased phosphate
application ( 0, 22% and 443 kg/ha) in Tanzania.

The s0il used for experiment was clay loam,

shradual (19890) observed that the dry matter
yield of groundnut was not influenced by phosphorus
application at any stage of plant growth except at
the pegging.

Kadlong (1982) réported that application of
B as borax 5 kg/ha was beneficial for dry matter
production of groundnut at majority of the locations,
The average dry matter varied from 0,45 to 2.uk
g/plant at seedling stage,

Reddy and Krishnamurthy . (1984) reported that
P application significantly increased dry matter
production of groundnut, sSeveral expariments conducted
under the Jurisdiction of MPKV, Rahuri on boron
nutrition in groundnut indicated that 5 kg borax/ha
once in two or three years was useful in increasing
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the creaper yield of groundnut (Anonymous, 1985, 1986, 1987
and Malewar, 1986 and 1987).

2.2.3 aat o utrient trat ‘
their uptake by groundnut.

Increased root mass, root density and length
of root provide greater root contact with the soil
which in turn enhance higher nutrient uptake, Boron
enhanced nodulation which helps in inereasing N,
fixation, phosphorus has also a role in root development
and N, fixation. The following literature gives an
insight into the research findings on the influence
of P and B on nutrient concentration uptake by

gro undnut,

Pantekumer and Bathkal (1967) in a field trial,

" carriedont for the kharif season with N(0,20, lb!s/acre),
P(0,20 and 40 1lb's/acre) and K(0 and 30 lbts/avre)
reported that phosphate application increased N, P and
K concentration and theilr uptake by pod and, way of

groundnut,

Gopal (1975) studied the effect of 10 ppm
1Bt on the P, K and Ca status of plant in groundnut
grown in sand culture over a period of 12 days and
found that *p' content of roots, middle aﬁd apical
leaves increased slowly and was highest at Qﬁg day.
Boron application had increased K uptake and reduced .
Ca, middle leaves showed ‘chlorosis at 8th day., In



17

boron treated plants the ratio of P3Fe content
increased in roots, middle and aspical leaves,

Asokan and Raj (1976) estimated boron
availability in groundnut in pot experiment using
boric acid and borax as sources of boron, They found
that avallability of B incressed with increasing
rate of B and inturn increased the concentration and
uptake by groundnat, Among them, borax was more
available than boric acid,

Dongele ond Zende (1976) in their experiment
with groundnut in medium black caleareous soil,
reported that application of 11.3 kg borax/ha
inereased uptake of H and X while t2* uptake remained

mnaffected,

Applied phosphorus increased the concentration
of P in kernsl and foliage over control, irrespective
of the fertilizer sources (Aulakh et al., 1980),

Patil et al. (1981) evaluated growth and
nutri&nt uptake by groundnut as influence by P
lavels. Higher leavels of P! gsignificantly increaged
the concentratiocn and uptake of N by roots, Similar
rasults ware reported by Karle (1982).

Kulkarni (1982) found that boron application
showed increased uptake and concentration of N, P and
N in groundnut plantsg,
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In a green house experiment conducted Chahal
et al. (1983) observed the shoot N, P and K contents
were highest at early and midflowering steges. About
63 and 66 per cent of total N and P were sbsorbed
before mid-flowering respectively. Phosphorus ‘
application significantly increased uptake of X and{P.

Zalwadia and Patil (1§83) reported that 'pt'
application at various levels (0425,50 and 75 kg J
Paoslha) significantly increased uptake and
concentration of N at various growth stages of
groundnot, Similar results were also recorded
by Mehta (1985) in groundnut,

Patil (198%) tested the efficiency of 'P!
sources, He noticed that 'P! sources blended with
boron showed significant increase in concentration of

N, P, K and C2 and boron is groundnut over control.

The results of pot oculture experiment revealed .
that application of 2 ppm boron significantly increased
the uptake of N, P, K, Fe Cu and B but decreased that
Ca, Un and Zn (Patel et al., 1986),

2.2gk ect e a binatio th othe
nutrients on yield and guality attributes of
groundnut. '

Wahab et al., (1958) studied the effect of
N and P fertilization on groundnut and observed that
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Pt application of 37.9 lbts P205/aere resulted in

an .average increase in yield of 257 founds of nuts/acre,
The increase in yield was observed till 520 pounds/acre.
The increase in yield due to phosphorus applicetion

was confirmed by Rao and Govindarajan (1960) Pense

and Khanna (1964),

Ajaykumar and Venkatachari (1972) indicated
better she}ling percentage at higher dose of P205.
01l content of kernels improved appreciably with
highar phosphate levels, |

Saini . and Tripathi (1973) and Dhatonde and
Rehate (1974) recorded better kernel weight and
test weight with increasing levels of P205 over

control,

Raikhelkar et al. (1976) studied the effects
of different levels of P on pod yleld of groupdnut
at Bandnapur from 1972-75 and concluded that P did
not show any significant difference in dry pod yield,

Aulakh et gl. (1980) compared- effectiveness
of three phosphatic fertilizers for gr&undnut and
summerised that groundnut yleld increased with applied
phosphorus, but significant increase was obtained
with 8SP in first year and SSP and DAP in second year,

All and Rawat (1983) conducted an experiment

to study the response of four groundnut cultivars to
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phosphate application under dryland condition and

depicted more or less equal response to phosphorus.

Karle (1982) and Chavan and Karle (19383)
rgported significant increase in dry pod yleld with
higher shelling percentage and oil content at higher
doses of phosphorus application.

Singh and Ahuja (1985) evaluated the effect
of fertilizers and plant density on groundnut. They
concluded that phosphorus application found to increase

both growth and pod yield of groundnut,

Zanzan (1987) also showed an increase in pod
yield, shelling percentsage, o1l .content and 100-kernel
welght of groundnut with increasing levels of
phosphorus, Super phosphate with boron pn&Qed more
effective than sSSP alone.

\

2.2.5 Effect of boron on yield and guality attributes

of groundnut. e

Pilland (1944) reported that soil appliecation
of 10-20 1lb/borax/acre gave significantly higher pod
yield in groundnut, dbut slightly reduced shelling
percentage. Similar reports of lnerease in pod yleld
were repogted by Sanjeeviah (1969) and Yadahallia (1970).

Muthaswemy and Sandarrajan (1973) observed that
boron has contributed to the increase in no. of
pods/plant, weight of pod/plant and kernmel wt. This
was éonfirmed by Ashoken and Raj (197%) in a pot culture.
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Dongale and Zende (1976) studied the response
of groundnut to applieation of Mn, B and § through soil
and foliar applications. %hey confirmed that soll
application of borax (1.97 kg/ha) and foliar spray (0.5%)
at 35 and 50 days crop age was beneficial to increase the
yield attributes of groundnut.’

Saxena and Mehrotra (1976) concluded that
application of 11,2 kg borax/ha gave maximum yleld at
Kanpur, vhere as 1owe; dose of 5 to 6 kg borax/ha was
found to be optimum at Manipuri.

gankarsn et al.(1977) recorded an increase in
oil content with increase in levels of 'BY from O to 30 kg
borax/ha. 8imilar reports were received from Patil et al.
(1981) with and without FYM. Kulkarni (1982) also endrosed
similar findings on the use of boron for groundnut.

Patil and Narkhede (1978) noted that application
of boron through soil or spray increased pod yield of

groundnut on sandy loam soils rather than on clayey soils.

Bulbule (1983) studied the effect of boron and
sulphur on yield and quality 6f groundnut and showed
inereasse in pod yield, shelling percentage, 100-kernel
weight and oil content significantly with application of
boron.

Data reported by Patil (1984) revealed that
application of 5 kg borax/ha + 50 kg P205 as single
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auperphosphato and Boronated single saper phosphate
(50 kg/ha) signifioaptly mcreased pod yield of groundnnt
from 13,8 to 21,36 a/ha. ‘

H
. R T

" ¢ ' soil Pesearch review report presented at Joint
Agresco of Maharashtra' Agricultural Universities clearly
depicted that's kg borax/ha significantly increased pod
yield of groundnut and reoommonded application of 5 kg
borax/ha onoe in two or throe years on boron doﬁ.oient
soils. Benafioial residual ef‘feot of boron vas a.lso
found in suoaedmg wheat crop (Nalowax-, 1986, 1887),

- Mehta (1985) oonduoted a ﬁeld experiment to
study the effeot of 'boronated superphosphate m comparison
with 85P in Gu:]arat. He mferrod that BSSP 18 @ best |
souroe, whioh signiﬂoantly 1noreased maximum yield of -
dry pod dry matter and oil yield. Maximum oil yield vas
obtained with application of B8P (100 kg Paoslha).

. Bhindo and Kale (1985 ) 1nd1oated s:l.gnif:l.cant
morease :I.n pod yield due to the applioation of boron
as fouar spray or so1l appnoation in ealcareous soils
from 20 trials on cultivators field from Maharashtra.

Kongala (1986) and Zanzan’ (1987) studied the
offect of different souroes or phosphorous 1n cdmbination
w:lth boron. ihey found superiority of BSSP followed by
Porax + single super phosphate in :meroving the yield
potential md quality parameters.



Chapter 3

MATSRIALS AND METHODS

The details of the materials used for conduct of
experiment and methods employed for various estimations
in seils and plants are presented in this chapter.

3.1 Details of experiment :

The experiment was conducted during Kharif 1987,
on cotton (Qossypium hirsutums Linn) and on groundnut
(Araghis hybogea) in summer 1988, respectively ét
departmental farm, College of Agriculture, Maratawada
Agricultursal University, Parbhani,

3.2 Climate and geography of Parbhandi

The sites of the field trisls are geographically
situated at 19°16' N latitude and 76°47¢ longitude at an
altitude of 409 meter (MSL). The region falls in assured
rainfall zone, The annual average rainfall in this
region is 830 mm., Most of the rainfall 1s received during

¥

June to September from south-west monsoon. &



Table 1. Metersologicml data of 1987 (June to January) and
1988 (January to June)

¥onth  Reinfall Temperature % Humidity
Max. Min, AN M
June 127,89 37.8 25,2 69 36
July 111,60 33.1 24,3 81 55
hugust 35,6 31.1 23.2 87 67
Gept. k.7 35.2 22.9 79 41
Octo. 122.4 32.8 18.2 g w2
Nov. h9.2 30.6 16.6 83 Wk
Do, 38.0 28,8 9.9 85 33
Jan, 0.0 31.3 12,1 73 26
Feb, 0.0 .5 5.4 53 18
Mer. 0.0 37.2 16,9 | 35 12
April 9.5 40.3 22,9 h2 16
May 0.0 k3.3 26.8 . 35 15
- June 238.5 36,2 - TR 87 66
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pxperimental sodl

The experimental field was properly levoelled

and a composite soil sample from 0-25 cun deapth was
ccllectod from all over the experimental field before

giving the treatments,

The composite solil sample was

analysed for 1t®s wvarlous physico=chemical propertiez.

The results obtained are tabulated bhelow.

Table 2. Physico-chemieal ocmposition of the experimental

soil used for cotton groundnut coropping system

Boil proper?y Content

A) eal oom t
1« Coarse sand 8,46 per cent
2. Fine sand 15.13 per cent
3. 811t 24,20 per cent
4. Qlay 54,22 per cent

B) Chemiqa) ocompogition

1.
. o
3.
L,
5
6,
7.
8,
9

pH (1:2 scil water suspention)
2¢ {(m mhos/em)

Jotal nitrogen(®)

Avallable nitrogen

Total phosphorus(g)

Available phosphorus

goron (hot water soluble)
63003 |
organic carbon

8.3

0.31 u whos/en
G.056 per cent
0,003 per cent
o.qﬁa per cent

9.70
0.31
2.50
0.51

kg/ha
prm

per cent
per cant
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3+  Experimentsl Treatments

The experiment on cotton was conducted in Kharif
1987 and groundnut in Summer, 1983 using four levels of
phosphorus with four sources, The levels were (Po—eontrol,
P1—reeommended dose of 13205, P2- recommended dose + 25% more
an‘d P3-reeommende'd dose + 50% more P205). The sources werej
single superphosphate (8SP), Boronated single superphosphate
(BSSP), Dieammonium phosphate (DAP) and Borax + single
superphosphate (B + SSP). There were sixteen treatment
combinations. 7The experiment was laid out in a factorial
randomized .block design (FRBD) with three replications
and the net plot size was 3.6 x 3.6 n® using cotton as a
test crop (NHH.M4).

This was followad by another experiment on
groundnut (variety-sSB XI) during gummer, 1988 on the
same layout to 1ist the residual effect of different
applied phosphatic carriers. Direet effect of thére
treatment combinations on Summer groundnut was also
studied simultaneously in a seperate experiment on the
adjace;:t experimental plot.

The details of the treatment combinations are
given in table 3 and layout plan of both the experiments
are depileted in figure 1 and 2,
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Table 3, Details of the fertilizer materials and levels.,

Abbre- Total Boron

vation phosphate concent
content ( per cent)
(per cent)

A) JFertilizer materials

Single superphosphate 8SP 16 -

Boronated ;

superphosphate BSP 16 0.18

Diammonium

phosphate _ DAP L6 -

Borax B - 1
B) Phosphate levels

Control Pb

Recommended dose P1

_Recommended dose +
25 per cent more P,

Recommended dose +
50 per cent more P3

Note 1In the phosphate source, Borax + single superphosphate
mizture, borax is mized with single superphosphate in
inereasing amcunts with increase in phosphorus levels
80 as to maintain the amount of boron equal to that
in boronated superphosphats,
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Characteristics of different phosphate carriers used
for experiment.

3,1 e supe hate

It 1s completely water soluble phosphatic
fertilizer containing 16 per cent Paogmanufactnred by
the action of ground rock phosphate with sulphuric acid.
The product is cured, dried and marketed in powder and

granular form.

3.4t.2 Doronsted single super phogphate (BSSP)

Single superphosphate is blended with boron at
the time of manufacture in 50 kg Pa“s’ 5 kg borox is
added and mixed thoroughly %o give final product of 16
per cent P205 and 0.18 per cent boron. The single
superphosphate blended with boron was supplied by Dharamsi
Morarji Chemieals Ltd., Bombay for experimental porpose.

343 Di-smmonium phosphate (DAP)

Di-ammoni{m phosphate 1s a granecular mixed
fertilizer having ratio of NsP 18346 proportion. It
contained phosphorus in water soluble form while all
itts nitrogen is in an ammonical form. It is produced
by reacting ammonia with phosphorie acid in the pH range
of 5.8 to 6.0. ' '

3.4,4 Porax + single super phosphate (B + SSP)

single superphosphate is hand mixed with borax
{sodium borate, Naznho.?.maao) containing 11.0 per cent



29 '

boron. The requisite gquantity of bvorax is mixed with
single superphosphats as per level of P205 to maintain
0.18 per cent boron identicel to that of BSSP.

3.5 rtilizer appliecat

The recommended doses of fertilizers for
irrigated cotton (. hirgutum) and 100:50:50 kg and
gummer groundnut 25:50:0 kg NPK/ha, respectively.

Nitrogen and potasslum were applied through urea
(W6% nitrogen) and murate of potash (60% Kao) respectively.
Caleculated guantity of phosphorus was applied treatment |

wilige to the respective crops.

Nitrogen was given in two split doses in cotton.
Fifty per cent nitrogen was applied at the time of sowing
and remaining 50 per cent was applied one month after
sowing. Entire dose of phosphorus and potassium was
applied at the time of sowing. |

In ofder to test the direct effect of P levels
and soureces on gummer grouwndnut, an experiment with

16 treatment combinations was laid out.

The summer groundnut was also taken after, cotton
simultaneously without application of different lewvels
and sources of P except 25 Kg N/ha at the time of sowing.
3:6 Seeds and_sowing )

_The cotton seeds(NHH 4k) were dibbled. Two seeds per
hill were pleced at the space of 90x60 cm as per package of
practice. In groundnut (SB XI) seeds were also dibbled ;t a
spacing of 30x15 om as recommended for sgmggg_groundgut.



Table Lk, gchedule of eultural operations carried out on
experimental plot during kharif and sumer season

Cotton (Kharif) 1987

sr. Particulara Frequenoy Dats of
No. operation
A) Pregoving operationg
1. Ploughing 1 L /771987
2. Harrowing with bladea harrov 2 5/7/1987 and
~ 9/7/1987
3. Cleaning of field 1 10/7 /1987
4, Experimental layout 1 11/7/1987
B) Sowing
1. Dibbling 1 13/7/87
C) Fertitizer applieation
1. Basal application 1 13/7/1997
2. Jop dressing 1 14/8/1987
D) Post sowing operations
1. Gap filling 1 28/7/1987
2, Thinning 1 8/8/1987
3. Hoeing 2 9/8/1987 and
10/8/1987
4, Hand weeding 3 16/7/1987
E) 3 16/7/1987
1. Sucking pest complex 3
2, Demacron anq Rogar sltermately 2353;}33;
3) For boll worms "3
4, For fusarium wilt 1
5. Pickings 3 24 /14 /987
: ing 27/12/19%7

20/1/1




Table 5. Schedule of cultural operation carried ont on
expsrimental plot during summer season

_Groundnut (Direct effect of fertilizers).

Sr. Particulars Frequency Date of
No. ‘ operation

A) Presoving operations

1. Ploughing 1 21/1/88
2. B 2 1/88
\arrowing %51588
3, Cleaning the field . 1 27/1/88
%, Experimental layout 1 3/1/88 -
B) fowing
1. Dibbling a 1 5/2/88
€) FPertilizer application 1 5/2/88 '
D) Rost sowingz operation
1. Gep filling 1 20/2/88
2, Thinning | 27/2/83
3. mﬂiﬂg 1 29/ 2/ a8
%, Hand weedings 2 5/3/88 '
20/3/88
E) 'Irrizations | 7/2/88 and
~ subgequent
. irrigations
at 10 days
. interval
1 - 6/88
F) Hapvesting . gM 88

“T 145§




Table 6

Schedule of eultural operations

Groundnut (Residual effect) Summer, 1987

sr. Particulars Frequency Date of
No. operation
A)  Presowipg operations
1. Digging the plot with 1 22/1/88
Pick area
2, Clod crushing and 1 23/1/88 and
levelling 24./1/88
3. Re layout on same 1 L4/2/88
markings
B) [TFert e at 1 6/2/88
C) Soving
1. Dibbling 1 6/2/s8
D) Post sowing operations
1. Gap f1illing 1 22/2/88
2, ‘Thinning 1 29/2/88
3. Hosing 1 30/2/88
4, Hand weeding 2 2/2/88 .
23/2/88
E) Irrigations 7/2/88 and
subsequent
irrigations
every after
10 days
F) Harvegting 3/6/88 and

4/6/88
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3.7 growth observations

. " Pive plants were randomly selected from each
Plot, marked with tags and all biometric cbservations
were recorded on thenm.

3.7.2 Stapen count

‘ Stamens are having direct influence on length
of pollen tube and number of pollens, ¥Yor this purpose
five flowers vere collected frok each plot from selected
for biometric observations in the morning hours after 60
days. of sowing, The stamena were seperated with the
help of forecep and counted.

!

3.7.3 Biometric observationa

Biometric observations on wmﬁr of branches/
plant and no.of bolls/plant were recorded as 85 and 115
days after sowing.

3.7.4 Yield of seed cotion °

Soed eottop yield vwas rscorded from each net
plot and gross plot and then converted to hectare basis.
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3.7.5 Dry matter studies

The cotton plants were sun dried for 15 days,
veighed and then converted into hectare basis.

3.8 st studie

3.8.1 Ginning_percentage

Ginning percentage was calculated treatment wise
by ginning 200 g of seed cotton gfrom each treatment and
weight of lint obtained was recorded. The formula used
for ginning percgntage iz as follows:

. Lint weight
Ginning percentage = X 100
Seed cotton lot

3.8.2  Mean halo length (Staple length)

The lint per cent on seed was combed keeping it
on sced as it is and \halo length was read at point on
three radiecal lines marked on standard halo disc in mm
and mean halo length was estimated.

3.8.3 Iint index
Iint index was caloulated using formula

cot of 100 sesd x Gimning %
100~ ginning %

Lint index =
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3993? Seed index

It 1s weight of 100 seed which was caleulated
geperately for each treatment as & quality parameters.

3.9 Iry matter production \

After fingl picking plants were up rooted from
each net plot, dried (sun dried) for 10 days and weight
"was recorded treatment wise,

3.9.1 bge ns
Grotindnut (Direct and residual effect of phosphorus):

3.9.1°1  Hodule count per plant

Number of nodules/plant were counted periodically
at pre flowering and mid bloom stage (30 and 50 days after
sowing) of crop growth. Five plants were up rooted from
each plot carefully avoiding border rows and brought to
laboratory. The plant roots were waghed carefully to
remove goil sticking to them and number of nodules were
recorded by seperating nodules vith' blade.

3.9.2.2 leight of noduleg
Immediately after nodule count, free nodules wore
weighed on monopan electrical balance and weights were

recorded in mg
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3.9.1.3 Root volume

These root characteristics were recorded from
plants uprooted for nodule count. For this purpose three
pPlants were uprooted by digging carefully from inner border
rovws of plots without dameging roots. Root portion was out
off and volume was measured with the help of measuring
cylinder containing water by simple displacement method.

3.9.1.4+ FRoot and shoot weight

Plants uprooted vere oven dried and over dry
weight of root and shoot was recorded on monopan electrical
balance.

3.10 h t st 8

3.10.1  Pod vield

Experimental plot of each treatment in three
replication were harvested pods from net plot were sum
dried, weighed and recorded. The pod yleld per plot was
further converted intoc hectare basis.

3.10.2  JTest weight

The hundred kernel weight was recorded from
each treatment in three replications and considered as
test weight,



37

3.10.3 Dry matter produgtion

Uprooted plants at the time of harvest from
all treatment plots were sun dried for 10 days and dry

welight was recorded.

3.11 goil analysis

3.11.1 Soil reagtion

The pH was determined by using 1:2 soll water
suspension on pH meter (Pipér, 1950).

3.11.2 ectrical duct EC mmhos

»

The slectrical conductivity of supernatant in
132 soil water suspension was measured with the help of
gsolubridge conduotivity meter.

3.11.3  Eree CaC0,

It vas estimated by Purits (1949) rapid
titration method using Bromo thymol blue and boromo
cresol green as an indicator (Piper, 1950).

3.1 Qrzanic carbon

‘The modified method of Walkley and Black (193h4)
as desoribed by Jackson (1967) was used for estimation

of organic carbon,



38

3.11.5 able nit:

It vas determined by digesting soil with alkaline
potassium permangsmate solution described by Subbiah and
Asija (1956),

3.11.6 Mg_ge%

The soil extracted with 0.5 sodium bicarbonate
and phosphorus was estimated with the method suggested
by Olsen (1954).

3.11.7

The boron was determined colorometrically using
curucumin as coloring sgent as desoribed by Jackson (1967).

3.12

3.12.1

The plant samples collected were washed with tap '
water in fresh condition. Drying is carriedont unde:é shed

and oven dried.

Grinding was done with electrically operated
grinder. The ground plant samples were stored in labelled
paper begs and used for analysis purpose. '

3.12,2  Jotal nitrogen
The nitrogen from plant samples was determined

by mickokjeldahl!s method (Jackson, 1967).
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1)

3.12,3  phosphorug

' The plant sample was digested in tri acid mixture
(nitric acid, sulphuric acid and perchloric acid) and
phsophorus was determined colorimetrically (yellow colour
method) as sugzested by Jackson (1967).

3.12.% Boron -

The plant boron was estimated asking the plant
sample. The ash further dissolved in 0.1 N Hol to prepare
thé extract, Two ml of extract was taken in a flask. To
this few drops of concentration Hel and 10 ml of stou vere
added the acid solution was allowed to cool. Boron was
determined colorometrically using curasumin solution as

.8 coloring agent (Jackson, 1958).

3.13 Uptake of nutrients
Uptake of nutrients was completed by multiplying
the respective nutrient concentration by dry matter yileld
obtained/plot and further converted to uptake on hectare
basis, ' a

3.1 Statistical analvgis

Results obtained werse statistically analysed as
per the m;thod given in the book f'Statistical methods for
Agricultural Workerts by Panse and Sukhatem (1967),
"Appropriate standard errors (SE) were worked out and
critical differences (CD) at 5 per cent level were given

vheneever necessary.



Chapter IV

RESULTS_AND DISCUSSION

The cotton ecrop interact with phosphorus
indifferently under vértisols. Some times it respond to
the added phosphorus and many times no responss is recorded.
Thus, the soil-crop association i3 a very significant
paraneter in understanding the behaviour of cotton crop
growth under vertisol, Simlilarly, sources of phosphorus
also showed differential response to cotton. In view of
these observations, studies on the sources and graded levels
of phasphorus on yield attributes, concantration and uptake
of nutrients and availebility of nutrients vere planned
during 1987 and 1988 in medium black soil identifical to
that of Parbhani series (Malewar, 1976) at departmental
Farm College of Agriculture, Parbhani. Subsequently,
sources and levels of phosphorus on summer groundnut
vas tested. The results of these e:gparimanta were compiled
and presented under appropriate topios and discuss in

light of ths advancement in the subject :

.1 Influence of sources and levels of P on
biometric characters and seed cotton yleld

'h.a Inﬂ.uence' of sources and levels of P on
quality characters of cotton.
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4.3 Influence of sources and levels of P on the
nutrients concentrations and their uptake by
cotton

b Influence of sources and levels of P on the

availability of nutrients in soil

%5 ° Subsequent (residmal) and direct effect of
’ sources and levels of P on root and nodule
characteristics of summer groundnut

k6 Subsequent (residual) and direct effect of
sources and levels of P on dry matter and
grain yield of summer groundnut

4,7 Subgsequent (residual) and direct effect of
sources and levels of P on the nutriants
concentrations and their uptake by summer
groundnut

4.8 Subseguent and direot effect of sources and
levels of P on ths availability of nutrients
in cotton-groundnut crop rotation.

Y,1.1

These results presneted in Table 7(a) and (b)
indicate that application of phosphorus significantly
increased the branches/plant due to increasing levels of
phosphorus at 80 and 115 DAS of cotton crop. The advanced
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Table 7(a)s Effect of sources and levels of P on the
branching in cotton, at 80 Das.

. ILevels of phosphorus

Soures
L - Mean

Po . Py Péa,5  Pog
gsp .66 10,82 11.46 12,00 10.99
BSSP 8,92 11.20 12,44 13,00 11.39
B+SSP ] 11.33 12,00 12,82 11.40
Mean 9434 11.25 12,23 12,96

Source Lewel Souraes x level
3.E. 0,437 0.137 0.88%7%
GsDeat 59 0,1262 0.1262 0.2524

Table 7(b)s Effect of sources and levels of P on the
branching in cotton at 115 DAS

‘ Levels of phosphorus
Source , Mean

Po Pgg " Poa,s5 P’
8pp 12,07 13.97 m.21 15.97 1%,06
BRSSP 13,74 15.20 16,3 17.82 15.78
DAP 13.2% 15.78 16,82 17.69 15.88
B+95P 13.56 15,00 16,52  17.52 15.65
Mean 13.15 1,99 15.97 17.25
Source Level Souroe x level
SQEO 0.069 00069 0.1382

C.D. at 5% 0.119 0,119 0.3989
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age of the crop has also contributed towards increase
in branches/plant in cotton which 18 evidenced from the
said table at 115 DAS. The mean branches/plant affected
due to phosphorus was ranged between 9.3% to ‘ia.96 and
13.15 to 17.25 at 80 and 115 DAS. Ismail (1987), in hig
experiment observed that graded levels of P helps to
improve the branching and no.of branchea/plant in cotton
as recorded in this exnar:lment.

Sources of phosphorus differed significantly in
no.of branchesyplant in cotton, though, the differances
were of lower magnitude (Table 7a). At 80 DAS, di-amonium
phosphate source of phosphorus gave maximm no.of branches/
plent whereas Boronated superphoshate and di~-ammonium
phosphate were on par in branching with sach other at 115
DAS. Zansan (1987) and Ismeil (1987) reported similar
reasults on the influence of P and number of branches/plant
in cotton.

Source X level indioated significant and positive
effact of these combined factors on the no.of branches/
plant in cotton. The maximum mean branching was recordsd
in DAP + 75 kg P,0z/he and BSSP + 75 kg P 0./ha and additive
effect of sources amnd levels of P interaction was racorded
by Ismail (1987).

By &nd large, it is summarised that there was
significant and positive influence of graded P levels
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on the bearing of mean branches/plant in cotton. Among:
the sources of P, boronated superphosphate and di-amonium
phosphate were superior over other P sources and proved
better in inoressing the mean branches/plant in cotton.

It seemed that source level interaction wrkﬁ mutually
and added in mean no.of branching due to their presence -
in the growing medium,

.1,2

Data pertaining to the effect of. source and
levels of P on the periodical square formation in cotton
are summarised in Table 8(a) and (b). These results
rovealed that the application of phosphorus is beneficlal
for square romtion'prooess in cotton. The increasing
levels of phosphorus resulted in significant inorease in
nusber of square/plant at 50 and 80 DAS. The critical
study of the Tadble 8a indicate that increasing levels of
P proportionately and significantly increased the no,of
squares/plant in cotton of 50 DAS. However, no significant
increase in no.of square/plant wéa noticed beyond 50 kg
onslha. These results are cofresponding to those of
Samudrale (1986).

Souroes of P showed their significant effsct on
the square formation in cotton (Tsble 8b). Among the
sources, BSSP and B+SSP performed well in square formation
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Table 8(a)s Effect of sources and levels of P on the square
formation in cotton.

Levels of phosphorus

Source Mean
Po Pso P62,5 Pos
50 DAS
sSp 13.0 12,6 1,46 R 13.63
BSSP 12,06 21.0 22.20 2k, 96 15.30
DAP 13.00 W13 15.34 16,50 L1918
Mean 12051 ‘15082 18,20 20009
Source Level Source x level
StEo ' 0.57‘60 ' 0.57‘*0 ' 1.111'80
C.D. at 5% 1.6574 146574 3.3148

. Table 8(b) Effect of sources and levels of P on the square
formation in cotton,

Levels of phosphorus

Source ) Mean
Po Pgo Pea,s  Fog
80 DAS
esP 27,60 - 40,23 45,10 47.10 %0.00
BSSP 32,66 51,58 59.91 60,46 51415
DAP 32006 ‘0-6, 80 l"9033 50 L] 83 h“"‘¢75
B+8SP 32.80 48,30 59,10 60.13 49,08
Mean . 3'.23 %o;?'é ;2056 ’ tgl"’obg Co
Source Leval = Source x level

S.B. 2.3305 2.3305 4,6610

C.D. at 5% 6.,7290 6.7290 N.S.
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anq both the socuréss were on par in square formation
Process. On the other shand, DAP could mot show its
supsriority or S3P alone in no.of square/plant in cotton.

Though, relatively higher values of no.of
squares/plant in cotton was noticed due to combined
effect of sources and levels of P, it would not reach
to the level of significance.

Thus, it 15 clearly depicted that P sdurces
with boron had signifiecantly higher squares/plant over .
phosphorus alone. This suggests the role of borom in
reproductive phase" or gystem in plant.

1“.1.3

atio cot

Results on ’the effect of sources and levels
of P on boll formation in cotton are recorded in Table 9(8)
\ and (b). This parameter, i.e. boll formatién was influenced
favourably and significantly due to addition of phosphorus
to cotton (Isble 9(s). However, application of phosphorus
beyond 50 kg P,0g/ha did not affect the boll formation |
gignificantly of 80 and 115 DAS. The boll formation process
was enhanced due to- phosphorus applicgtioh up to 50 kg
Paoslha and further inerement, though, showed little
increase, they were, statistically on par with each other.
samudrale (1986) recorded significant number of bolls/plant
due to phosphorus application.
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Table 9 (a)s Effect of sources and lavels of P on the
boll formation in cotton.

Levels of phosphorus

sSource ‘ Jean
*o %  Feass  Prg
80 DAS
SSP 21.33 " 25,91 28.88 80.70 26,70
BSSP :.fs.oo ' 32,16 37.83 41,72 33.67
DAP 23.32 28,88 30,52 31.88 28,65
BeSSP 23,27 31.88  3:.18 3548 - 31,20
Mean 22,73 ' 29.70  32.85 3. 9%
. Souree . . Level Source x level
S.E. 1.96%5 = 11,9645 3.9291
C.D. at 59 5.6724 5.6724% 11,3447

- Table 9 (b)s Effeet of sources and levels of P on the
boll formation in cotton.

Levels of phosphorus

Souroe Mean
P Pso Pea.s Py -
115 DAS | |
8SpP 27,04 ., 33,10 41,19 45,79 36,60
BYSP 31,88 52,28 58,98 66,02 52,29
DAP 30.52 38,20 u5.%% 53,06 41,88
B4SSP 20,88 46, Ul 55.53 98.35 47,05 ,
Mean 20.83  L42.50 49,86 55.80
Source Level source x level
SeE. 2,408 2.,4408 %.8817
C.D. at 5% 7.0488  7.0488 N.S.
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Different sourccs of phosphorus did ghow
significant differences in the no.of bolla/plant in
cotton of 80 and 115 DAS.‘ Among the sourcrs of phosphorus,
ESBP proved its superdority in btoll formation followed by
B+SEP,

Conbined offect of gources of P and levals
though mdica}:ad relatively higher values in respect of
* boll formation, but it could not reach to the level of
statistical signifioance.

It is, thus, infarrad that sources of P containing
boren help to increase the boll formation procese as
sgainst P sources with boron. Thus further included to
draw conclusion that theys is a spacific role of boron in
reproductive syatem of plant.

b1

Data tabulated in Tabie 10 show the influenocs
of sources and lowels of P on the mesn mumber of staman/
flovwer in cotton., The increasing levels of ? up to 62.5 kg
Paoglha showed significant inerease in stamen count/flover.
HRowever, further increment in ? dose could not inflvance
the stamen count/flower in cotton. The graded levels of P
influenced the stamen count which was in the range of
80.42 to 90.69 per flower. In his studies Ismail (1587)
cbserved no sizgnificent inorease in stamen count heyond

50 kg P,Og/ha.



The data in (Table 10) further depiet that sources
of phosphorus influenced the stamen connt significantly,
The range of stamen count affected due to sources of P
wvas 83,85 to 99,7%. Comparision between P sources indicated
superiority of BSSP and B+3SP in increasing stamen count
over other phospﬁorus sources tried in the experiment.
_Agarwale and sharma (1976) pinpointed the involvement of
boron in reproductive phase of crops. The ?'.-esults obparined
in the present investigation on sources of P support the
hypothesis of roie of boron in reproductive system of orops.

Table 10 s Effect of sources and levels of P on the stamen/
flower in cotton, ‘

Levels of phosphorus

Source ' Mean
Po Pso P25 Fog

sSSP 76.16 8%,93 85.93 88,40 83.85

BSSP 80,60 92,13 95,66 94,60 90,7k

DAP 82.73 86,86 87.53 87,46 86,1

B+SSP 82,20 84,86 | 92,86 92,33 88,06

_Mean 80,142 87.19 90M9 90,69

- Source Level _ Source x level
SeEs 0.5105 0.5105 . 1.0210
C.D. at 5% 1 .11»?}10 1 .11-7110 ) 209""79



Interaction hetween sources x levels of P was
significant and additive in increasing the stamen couht/
flowver in cotton.

Thus, it is concluded that P helps to increase
stamen count/flower and further improved by coupling P
with boron.

k1.5

The data on the effect of sources and levels of
P on seed cotton and dry matter yield are given in Table
11(a) and 11(b). It is seen from data (Table 11(a) that
application of phosphorus significantly increased the seed
cotton of yield which was in the range of 19.7 toc 31.6 q/ha.
Though, there was increase in seed cotton due to graded
levels of P, beyohd 50 kg P205/ha did not show significant
differences in seed cotton. Dastur and Dabir (1962) and
Thakre and Patle (1979) critically evaluated the fertilizer
requirement of cotton and reported that phosphorus appli-
cation helps to a greater extent for increasing seed cotton
yield, More or less similar trend in dry matter production
was noticed as that of seed cotton. Yield due to phosphorus
levels, Samudrale (1986) endorsed similar observations
in dry matter production influenced due to phosphorus
addition to the growing medium,.



Ta'bla 11 (8) s Effect of sources and levels of P on the
seed cotton yleld (g/ha)

SOurée Levels of phosphorus Mean
- Bp Pz Peo.s  Fog
‘geed_cotton
gsp 18,0 214k 2,1 27.5 22,7
BSSP 22,2 .  32.2 33.1 36k 31.0
DAP 19.0 23.5 27.5 29.2 24,8
B+8SP 19-8 27.6 300"“ 3302 2707
Mean 19.7 26,3 28,8 . 31.6 26,6
Source Level Source x level

8 2 1.1398 1.,13983 2,2717

CDh at 5% 3.2912 3.,2912 6.5813

Tablo 11 (b) 3 Effect of sources and levels of P on the
dry matter yield (gz/ha)

Source Levels of phoaphorus YMean
Po F50 Pe2.5 g
Dy _matter
8sp 34,31 41,26 48,47 48,50 43,13
BSE8P 34,03 TR 51,16 54,31 46,70
DAP 33.70 49,61 ' 50.23 53.08 k6,70
B+88P 33.32 45,00 47,27 48,33 13,45
Mean 3,03 45,56 k9,26 51.02
Source Lavel Source x Level
SE »
B + 0.4679 0.4679 0.9358

Ch at 5% 1.3512 1.3512 1.91
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Further seruting of Table 11(a) and (b) revealed
that phosphorus sources differed significantly in seed
cotton and dry matter yield, fhe seed cotton and dry
matter yield were in the range of 22,7 to 31 q/ha and
43.1 to 46,7 q/ha, respectively. Among the sources of
phosphorus, BSSP showed higher seed cotton yleld followed
by B+SSP indieating the superiority of SSP blend boron
or handmix borax with sSSP, Ssithson and Heathkote (1976)
and Zanzan (1987) coneluded that boronated superphosphate
proved to be better in ylelding highest seed cotton and
dry matter over other sources, Interaction between
sources and 1eveia of P was indicative of their positive
effect on the aeed cotton and dry metter yialé. Highest
seed cotton and dry matter yield was noted under BSSP +

75 kg Py0g/hs,

In short, it can be concluded that phosphorus has
responded to seed cotton and dry matter on vertisols
containing available P and hot water soluble boron at the
deficient levels. Further BSSP blend was proved superior
in raising the seed cotton yield followed by handmixed
borax with SSP.

.2, 8 avels on the

percentage, -
The quality of cotton wool, like lint perocentage,

1int index and staple length depends upon the nutrition of

1
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orops, These quality parametars wers estimated, The
resulis on lint percentage aro presented in Table 12.-

ihe data (Table 12) rewealed that application of phosphorus
showed significant incrsase in lint percentage of cotton
which improve ite quality. The lint percentage influenced
due to phosphorus was in the rangs of 29.67 to 31.79 %.
Further scrutiny of the data indieate that phosphorus
bayond 50 kg P205 did not prove beneficial in improving
lint percentage of cottcn, Though, phosphorus sources
with boron showed higher values of lint percentage over
other P sources, the resulis are not statistieally
comparable, The results are in accordonce with those

of 611l et al.(1985). No interaction between sources and
levels of P was identified,

Table 12 g Effeet of sources and levels of P on the lint
percentage (%) of cotton.

couree Levels of phoaphorus Mean
Py Pgq Pea,s  Fog

Sgp 29,37 30.57 31.49 32.09 30.87

BRSSP 28,85 31.56 32,06 31.82 31.07

DAP 30.47 31.76 31.17 30.25% 30.91

Mean 29.67 31,16 31.61 31.79

Source Level Source x level

8. Ea 0346 04346 0.8692
C.De 0t 5¢ NeSs 1.2548 NeSe
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4,2,2 8 es and e sphorus
dex of cotton,

Date pregsented in Table 13 on the effect of P
sources and their levels on lint index point out that
phosphorus levels have favourably increased the lint
index. The increasing levels of phosphorus added signi-
ficantly to the improvement of lint index upto 75 kg P205/ha
The lint index varied from 3.17 to 3.38 indicating
favourable effect of phosphorus addition. The results
on lint -index reported by Ismail (1987) are idential to
that of present findings. Sources showed dirtérential
response in improving the lint index of cotton. Further
source x level interaction was positive and combined
effect was significant indieating adequate improvement
over gingle factor,

Table 13 3§ Effect of sources and levels of P on the
lint index of cotton.

Levels of phosphorus

Source ‘ Mean
Po P50 Pea,s5 Pog
sSSP 3.1 3.25 3.33 3.39 3.27
BSSP 3,19 3.30 303"“ 3.37 3.30
DAP 3.18 3.31 3.0 3.37 3.31
B4SSP 3.17 3.29 3.36 3.37 3.29
gource
Mean 3.17 3.28 3.3% 3.38
Source Level Source x ievel
S.E. . 0.,0045 0.00u45 0.0089

C.Ds at 5% 0.0129 0.0129 0.0258
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It is observed from data (Table 14) that inoreasing
levels of phosphorus upto 62,5 kg Péoslha helped to increase
the staple length of cotton significantly. The magnitude
of increase in staple length Was from 24,05 to 26,41 mm due
to phosphorus addition to the cotton orop. Such favourable
effeets of phosphorus weré-aiso noted by Tamail (1987) and
Samudrale (1986),

‘ ‘Bources had- favourable and significant effect on the
.staple length of eot,;ton. Inf:eraotion ‘gietwean sources and
‘levels of P was significant, indicating positive effect of
combined parameters rather than individual,

. Thus, it is inferred that phosphorus has great
bearing on the improvement of quality of cotton wool
interms of lint peroentage, 1int index and staple length.
Further, sources of P with boron further added to the
improvement in the quality parameters,

ko301

Nitrogen concentration in plant and cotton seed

influenced due to phosphorus are'preaanted in Table 15(a)
and 15(b). The N concentration varied from 1,07 .to 1.5%
and 3.31 to 3.39 per cent in pla;lt and cotton seed, respe-
ctively., These results are clearly indicated gignificant
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Table 1% 3 Effect of sources and levels of P on the
staple length of cotton (mm).

Levels of phosphorus

source Mean

Po P50 Pea,5  Fyg
SSP 24,13 25,11 25.63 26,28 25,43
BRSSP 23,96 27,01 26,87 25,06 25,72
DAP 24,02 25,91 26,27 25,48 25.21
B43sP 24,10 26,35 26,87 25.75  25.76
Mean 26,05 26,17 aé._M 25,64

Source Level Source x level

S.E. 0.1056 0.1056 0.2112

C.D, at 5% 0.3050 0.3050 0.6099
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Table 15 (a): Effect of sources and levels of phosphorus
on the nitrogen content in cotton (%).

ILevels of phosphorus

'Mean

0.0495

sSource

Po Pgo Pe2,5  Pyg
SSP 1.06 1,24 1.36 145 1.28
BSSP 1.06  1.33 1.4k 1.6k 1.37
DAP 1.08 1.27 1.40 1.59 1.33
" B+SSP 1.07 1.25 1.39 1.51 1.31
Moan 1.07 1.27 1.40 1.5%

Source Level Source x level

SeEs . 0,0086  0,0086 0.0171
C.D, 8t 5% ~ 0.0248 0.0248

Table 15(b): Effect of sources and levels of phosphorus
"on the nitrogen content in cotton seed (%).

levels of p%ggmgggg Mean
Source PO P50 62.5 1’75
8sP 3031 3035 3-36 3037 3035
' BSSP 3031 3-‘*0 3.“’2 3.“’2 3039
DAP 3.30 3.3 3.35 3.3 3.34
B4+SSP 3.31 3.1 3ok 3.143 3.39
Source Level Source x level
S.BE. 0.0060 0.0060 0.0119
CeDa 8t 5% 0.0172 0.0172 0.0345



influence of graded levels of phosphorus on the content
of nitrogen in cotton, These observations pointed out

the beneficial effect of phosphorus on nitrogen absorption
by plant. Phosphorus, thus probably works mutually

to increase the. availability of ¥ in soil and inturn
adequately high absorption of N by pia.nt. Samudrale
(1986) also depicted the fact that phosphorus helps to

inerease the eoi'zeentration of nitrogen in cotton,

sources of phosphorus showed significant effect
on the concentration of N in cotton seed and plant. The *
concentration of N varied between 1.28 to 1.37 and 3.3% to~
3.39 per cent in plant and cotton seed, respectively,
Among the sources, BSSP and B+SSP were superior in
nitrogen concentration over other phosphorus sources.
Combined effect of sources and levels of phosphorus wes
positive and significant in increasing concentration of
N in plant and cotton seed. The maximum N in plant and

cotton seed was in BSSP and B+55P treatment, respectively.

In nutshell, it is summarised that ppplication of
phosphorus helped to inerease N concentration in plant
and cotton seed, This further indicated synergistic

effect of phosphorus on N concentration.
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4,3,2 Effect of sourceg and levels of P on the
ongentration of phosphoru d bo

eotton.

Table 16(a) and (b) consist of data on the
influence of sources and levels of phosphorus on P and
concentration in cotton. A personal or results indicated
that graded levels of phosphorus showed significant
inerease in phosphoras and boron coneentration in cotton
plant, The concentrationof phosphorus and boron varied
from 0.40 to OM9 per cent and 7.70 to 10.05 ppm, respe-
ctively, ' Samudrale (1986) also observed significant
increase in P concentration due to phosphorus levels,
Further, P application favuurqbly inereased the boron
conecentration in cotton plant. This favourable effect of
phosphorns cn boron concentration in cotton plant may
probably be attriputed to the mutual and positive

interaction hetween thege two elements.

sources of phosphorus also‘reshlted in signifiéant
inerease in boron and phosphorus concentration in cotton.
The range of phosphorus and boron influenced.due to P
addition was from O.M2 to'0.,48 per cent and 8.38 to 10.30
ppm, respectively. Among:the sourcés of phosphorus,:
BSSP exerted greatest influence on improving the P and
B status of cotton plant followed by B+SSP, ‘ o
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Table 16 (a)s Effect of sources and levels of P on the
concentration of phosphorus (%).and

Levels of phosphorus

" Source Mean
o Pgo Pea,5  FPyg
Phosphorus
DAP 0.0 0.3 O+ 0O,k6 0.43
B+SSP Oo“"1 O.h-3 0."-6 00""7 OOM"
Mean 0.40 0.3 o.46 0,49
Source Lével Source x level
S.E, 0.0206 0.0206 0.0413
C.D. at 5% 0.0596 0.0596 0.1192

Table 16(b): Effeet of sources and levels of P on the
concentration of Boron (ppm), in plant,

. Levels of phosphorus

Source Mean
Fo P50  Pea,5  Pyg
Boron
SSP 7.7 8.2 8.6 9.0 8.38
BSSP 7.7 10.6 11.2 1.7 10.30
DAP 7.8 8.3 8.9 9.0 8.50
B4SSP 7.7 9.7 10.5 10.5 9.60
Mean 7.70 9,70 9.80 10.05
sSource Level source x level

SeEe 0.1265 0.1265 0.2530

CeD. 8t 5% 0.3563 0.3563 0.7306
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Positive interaction betwsen sourced and level
of P was recorded which was showing increasing trend in

concentration of phosphorus and boron in cotton.

It 1s concluded that phosphorus application
helps to inerease its concentration and concentration
of boron in cotton, This suggests positive and significant

relationship between the behavour of two elements.

%,3.3 ect sources and levels of Pon ¢ ak
of nitrogen, phosphorus and boron by cotton.

The absorption of nitrogen, phospho?us and boron
by cotton influenced due to sources and levels of phosphorus
are given in Table 17, Table 18 and 19, The table shows
that phosphorus application significantly 1ncrea§;d the
uptake‘of nitrogen, phosphorus and boron by cotton. The )
aptake of nitrogen varied from 35.62 to 78,76 kg N/ha due
to graded levels of phosphorus indicating proportional
inerease in uptake of N with increasing levels of
phosphorus, The pattern of N uptake followed similar
trend that of concentration of N in cotton plant., The
addition of phoéphorus helps to inc ease the uptake of
N which is indicative of synergistic relationship between
N and P, Samudrale (1986) and Zanzan (1987) showed that
application of phosphorus helps to absorb sufticieqﬁ
nitrogen by facility the availability of more nitrogem
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Table 1? s Effect of sources and levels of P on the

uptake of nitrogen in cotton (kg/hs).

Levels of phosphorus

Source Mean
Po Psg Pe2.5  Pyg
Nitrogen (kg/ha)

58P 32.83 51 o""? 66023 70.78 55* 32
BSSP 37.2% 61,71 73.70 89,02 65 .1+1
DAP 36,64 63,02 70.29 82,11 63,01
B+8SP 35.78 56,38 65,50 73.15 57471
Mean 35,62 58,1k 63,84 78,76

Source Level Source x level
5.E,. 0.7423 0.7423 1.4845

2,132 2,1432 4,2864

C.D. at 5%

Table 18 3 Gffecte of sources and levels of P on the
uptake of phosphorus in cotton (kg/ha).

Levels of phosphorus

Source Mean
oo Po . Py P
Phosphorus (kg Péos/ha)
SEP 13.73  17.35 20,36 22,12 18.39
BSSP 13,63 24,27 26,59 30.24 23,68
DAP 13.50 21,35 22,09  24.37 20.32
Mean 13.33' 16,26 22,69 24,86
Source Level source x level

S.E. »87,.‘*027 -87,4027 124, 8050

C.Ds 8t 5% 353,3660 252, 3660 50,7310
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Table 19 3 Effect of sources and levels of P on the
uptake of boron on the uptake of cotton (g/ha)s

Levels of phosphorus

source ' Mean
Po Pyo Paas . Py
Boron (g/ha?
SSP 28,85 - 37.1% Lk, 59 4k, 60 38.79
BSSP 30.12 7,49 62,26 .98 51,21
DAP 20,07 . k3,8 . h6,70 k9,80 42,35

B+SSP 28,01 45,94 5he31 57,59 46,51

Mean 29.01 43,60 51.96 5%, 24

Source Level Source x level
SeEs 1., 1064 1.1064 2.2128
C.D, 8t 5%.  3.1946 3, 1947 16,3992
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for N utilization. Sources exerted significant influence
on the increase in N uptake by cotton. The uptake of N
affected due to sources of P was in between 55,32 to 65,1
kg N/ha, Among the sources of P, BSSP showed highest N
uptake by cotton. Interaction hetween source level of P
also ineclined to show favourable and significant effeet
on N absorption by cotton, |

Further, it is seen that application of
phosphorus brings the uptake values of phosphorus to the
level of statistical significance. Uptake of P by
oottén, more or less followed similar trend that of
concentration of phosphorus in cotton, The phosphorus
uptake varied between 13.63 to 24,86 kg Paos/ha due to
graded P levels indicating the highest P uptake under
applieation of 75 kg Péo5lha treatment. Similar results
are also recorded by Samudrale (1986), Sourees of
phosphorus are also favourable in inoreasing P uptake
by cotton which was ranged between 18.39 to 23.68 kg
onslha. Among the sources, phosphorus blend with boron
and sSSP mixed vwith borax performed significantly in
improving the uptake status of phosphorus. This observation
helps to drav conclusion that presence of adequate boron
along with phosphorus encourage the more absorption of
phosphorus by erop. Source x level interaction effect
further strengthen the hypothesis of positive relationship
between phosphorus and boron.
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Critical examination of the data (Table 19)
further spell out that increasing levels of phosphorus
added to the boron uptaks by cotton arop. The uptake
values of boron ranged between 29,01 to 54.24% g/ha which
vere affected due to graded P levels. Increasing levels
of phosphorus found to increase the uptake of boron which
is indicative of synergistic relationship between these
two elements, This indication was further obtained
strengthened by the significant values of boron uptake
obtained due to sources of phosphorus, The maximum boron
uptake was recorded in the treatment through 75 kg ons/ha
wvas applied in the form of boronated superphosphate. This
also further indicate the positive interaction between

sources and levels of P.

Thus, it 1s inferred that phosphorus addition
helps not only to increase P uptake but also fac_liatated
the absorption of N and B by cotton, when phosphorus
coupled with boron there was more enhancement in uptake

of N, P and B by cotton.
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vailab 1 an oil & v :

The total N, available P205 and hot water soluble
boron content influenced due to sources and levels of P are
presented in Table 20, 21 and 22, It would be sesen from
the data,that application of phosphorus favourably
influenced the total N content in the soil at the end of
the experiment. The mean total N varied from 0.055 to

0.,060% due to phosphorua eddition, Further insight of
data revealed that sourees of phosphorus also contributed
to the 1mprovament in total N status in soil. Source-
level 1nteraction, however, did not prove its significance
in altering N status. The available phosphorus status of .-
80il found to increase in the range of 11,98 to 2h4.6 kg P205
per ha due to phosphorus application. Ths,lncreasing
levels of phosphorus application, The increasing levels
of P resulted in improvement in P status of goil at the
end of harvest of cotton crop., Sources further added to the
more availability of phosphorug. Maximum available P205
was recorded in BSSP treated plot while minimym available
phosphorus was noted in S8P treatment. Thus, phosphorus
vhen coupled with boron containing fertilizer, help to
increasing availability of phosphorus. Interaction was
non significant,

Boron status in soil was ranged between 0.31 to
- 0.43 ppm &ue to phosphorus application. This datashowed
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significant effect on the availability of boron
due to presence of phosphorus, Sources of phcaphorué
further exerted positive influence on boron availability
in soils 'at the end of harvest of experiment.

By and large, phosphate is intimately associated
with the availability of N,P and B in soil. Phosphorus
also showed positive relationship with N and B
availability. )

Tsble 20: Effect of sources and levels of P on the content
of nitrogen in goil at harvest (%).

Source Levels of phosphorus ‘ Mean
Fo P50 Pea.5  Pgg
Jotal N (%)
8P  0.052 0,055 0.058 0,056 0.055
BSSP 0.056 0.057 0.058 0.062 0.058
DAP 0.05% 0.056 0.059 0.057 0.057
B+8SP  0.058  0.058 0.063  0.098 0.059
Mean 0,055  0.057 0,060 0,058
Source Level Source X level
8B, 0.0009  0.0009 0,0017

C.D. at 5% 0.0025  0.0025 0.,0050
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Table 21 3 Effeot of sources and levels of P on the
content of phosphorus in soil at harvest(kg/ha)

Levels of phosphorus

Soured Mean
o 5o . Pea,5 Py
Available Paos(kg/ha) '
S8p 11.8 22,k 23.2 24,0 20.35
BSSP 12.2 ' 23-7 2“‘"9 25-8 21.65
DAP 12,0 23.2 23.9 24,6 20,93
B+38P 11.9 23,k 24,0 24,0 20.82
Mean 11.98 23,18 24,0 4.6
. ~ Bource Level Source x level
SB. 0.3692  0.3692 0.738%
C.D. at 5% 1.0660 1.0660 2.1320

Table 22 ; Effect of sourcses and levels of P on the
content of boron in soil at harvest(ppm)

Levels of phosphorus

Sourge Mean

. Pg .P5o Pe2.s  Pog

' Hot water B. (ppm) .
88P . 031 0.3% 0035 0035 0033
BSSP 0.32 0.40 0.47 0.52 0,k2
DAP 0.32 0.33 0.36 0.37 0.34
BaSSP . 0.31 0.37 R 0.50 040

Source Level gource x level

SaBs 0.0992 1 0.0992 0.0185

CeDs at 5% 0.0267 0.0267 Qos3k



4.5 groundnut
4.5,.1 rect and residual effect of sources and level
hosphorus on the nodulation of gro t d

root characteristies

Nodule counts at 30 and 50 DAS in groundnut
as dnfluenced by P sources and their levels are presented
in Table 23(a),(b) and 2k(a),(b).

The data clearly revaa;ed that increasing levsls
6f P significantly incressed the nodule number at 30 and
50 DAS observations, Further it was depicted that, there
was considerable increase in nodule count at 50 days when
compared to 30 days cbservations. The increase in nodule
iper plant was in the range of 29,14 to 47.26 and 94,4 to
133.6 at pre flovering and midbloom stages, respectively.
Beneficial effect of P application on the gsignificant
increase in groundﬁut vas also reported by Karle (1978);
Patel gt al. (1981); Zanzan (1987 and gyed (1987).

Sources of P had influenced the nodulation in
groundnut favourably and significantly at 30 and S50 DAS
observations, The differences in nodulation due to
sources of P were relatively wide at 30 days where as
they were narrowed at 50 days-observations. Among the -
sources boronated super phosphate was better for
increasing the nodualation in groundnut followed by
Eorax + SSP; Statist;cal}y 8SP and DAP were found to be
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Table 23(a): Direct effect of sources and levels of P on the

nodule count at 30 DAS

Levels of phosphorus

Source

2o P50 P62,5 Pog ¥oan
‘ 30 DAS

89p 30.72 40,23 41,37 42,20 38,63
BSSP  30.13 hous9g  ho.83 52,27 b5 .43
DAP 24,45 o 45 42,18 43,63 39.00
B +85P 29.29 46,68 49,26 50.9% L1 Py L1
Mean = 29,.1% 4L, 21 L5.66  4L7.26
. Source Level Source X level
SE + 0.6u474 . 0,647 1.2048
C.D. at 5¢ 1,8692 1.8692 3,7385

Table 23(b) ¢ Direct effect of sources and levels of P on
nodule count at 50 DAS

the

lLevels of phosphorus

Source Mean
. Fgo Pe2,5 Pog
| 50 BAS
88P 97.57 113.09 123.72 127.56 115.48
BSSP 098.23 126,93 136.50 145,57 126,80
DAP 97.16 115,87 122.27 1243 114,93
B+SSP 100.66 12k.31 132,73  136.98 123,67

7

@ XS
Mean  98..40 120,05 g 128.80  133.63

Source Level SOureé X level
S.E.+ 04634 04634 0.9268

g;ﬁ-at 1.3381  1.3381 2,6761
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Table 2h(a) 3 Residual effect of sources and levels of P on
the nedule count at 30 DAS

Levels of phosphorus

gsource Mean
N Pgo P62,5 o5
30 DAS
SSP S5 b3.07 45,23 k48,25 42,77
BSSP 3%.08 51,03 6g.h6 68,52 5% .02
DAP 33.69 m".83 )""5338 l"8|15 "‘1‘3001
B+SSP 34,88 47.29 52,9% 60,42 43,88
Mean %,20 46,55 51.50 54,02
Source' Level Source x level
S.E. % 00,5375 0.5375 1.0750
C.D. &at5% 1.5520 1.9520

3.1040

Table 24(b) 3 Residual effeet of sources and levels of P on
the nodule count at 50 DAS

Levels of phosphorus

gouree Mean

o Psg Pgo,5 Pog

50 DA3
88P 106.62 123,29 130.30 131.26 122,99
BSSP 104,93 139.50 147,27 152,74 136,11
DAP 106,90 120.59 123,86 126,93 119.57
B+§SP 108.42 132,52 138,06 139.78 129,69
Fean 106,71  129.10 134,87 136,67
Source ievel ’ Source x level

B.Ee 2 0.4208 0,4208 0.84+16
C.D. at 5% 1.2150 1.2150 2,4301
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at par with each other in the formation of nodules at both
stages., Maximum nodule zcount (45.%3 and 146.8 at 30 and
50 DAS, raspectively) was registered in boronated
superphosphate. The results obtained on nodulation are

in accordance with those of Singh (1972); Barbose de
Mattose (1975) and Zanzan (1987). Interaction had positive
and significant affect on nodulation process, The highest
nodulation due to interaction was recorded at 75 kg

' ~P2°5/ha through boronated superphosphate.

Residual effeets of P levels and sources on -
nodulation of summer groundnut are recorded in Table 24(a),(b).
From the results given in Table 24(a),(b) it is secen that
there was significant and positive effect on the nodule
i count d@e to residual fertility of P sources and levels added
. to precseding crop, The nodule count affected due to
* residual was in the range of 34+.2 tc 54,0 and 106.7 to 136.6
at preflowvering and mid bloom stages respectively. Further
examination of the data indicate that P application through
various sources had also significant affect on nodaulation
in groundnut. Highest nodulation at both stages was
obgerved in boronated superphosphate treatments. The
interaction effect of levels and sources of P was found
to be significant to enhance nodulation at both stages.

‘The nodulation was increased with age of the crop.

It is evident from the 11terature that there is
indirsect involvement of‘phosphbrus in the nodulation process.
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Bulbule (1983) and Zanzan (1987) while working on
nutritional requirement of groundnut reported that P and
boron when applised in combination proved beiter for
increasing the ncdulation count.

The above results indicate that increasing levels
of P showed significant increase in nodule count of
groundnut as a residual value on direét applications.
Among the sources BSSP proved itts superiority in
improving nodule count over other P sources. TFurther,
gources x levels of P also resulted in significant
increase in nodule count.

Nodule weight as influenced by sources and levels
of phosphorus as direct and residual application are
presented in Table 25(a),(b) and 26(a),(b).

A perusal of the data (Table 25 and 26) reveal that
the nodule weight was increased with increasing levels of
P at the pre flowering and mid bloom stage under direct
and residual effect conditions, Nodule weight varied b
between 29,9 to 79.6 and 25.6 to 103.k at 30 and 50 days
after application. It is also noticed that increasing
P levels proportionately increased the nodule weight under
residual effect condition. sSimilarly sources of P under
both conditions (Direct and residual). Boronated
superphosphate enhanced nodulation under both eonditions
with increasing levels of P.

The combined affee§ of sources x levels was found
to be significant at preflovering and mid.bloom stage
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Table 25(a) : Direct effect of sources and levels of P on
the nodule weight at 30 DAS (mg)

Levels of phosphorus

Source Mean

%o P50 Pe2,5 Pos

30 DAS
S3p 30.10 56,17 6k.58 73.43 5607
BSSP 29,52 66,71 76,18 90.5% 65 .74
DAP 29,80  59.87 72,1k 81,58 60,84
B4SSP 30.56  58.80 71.30 73.03 58,42
Mean 29.99  60.38 71,05 7964
Source Level Source x level

S.E. # 0.4608 0.k4608 0.9216
C.D. a6 5% °  1.3305 1.3305 2.6610

Table 25(b)s Direet effect of sources and levels of P on
the noduls weight at 50 DAS (mg)

Levels of phosphorus

Source Mean
) P50 62,5 Pog

50 DAS |
S8P 25.68  54.29 7845 90.28 62,15
BSSP .26.82  65.8% 106,84 122,87 80.59
DAP 25.93  51.07 78.09 94,23 62.33
B+SSP 217 G242 99,65 106,52 73.19

Source Level Source x level

8.B. # 0.6280 0.6280 1.2561
C,D, at 5% 1.8134 1.8134 3.6268



75

Table 26(a) : Residual effact of sources and levels of P on
the nodule weight at 30 DAS (mg)

Source Lev'els’o‘f phosphorus Mean
Fo P50 P25  Pry
| 30 DAS
88P 31,34 61.h9 64.76 7746 58,76
BSSP 3432 72,57 85,67 ~ 82.82  68.84
DAP 30.8% 448 ° 7.0 76.82 61,65
B+SSP 65.60  76.05 76.88 762.88 62,88
Mean 32,37 66,03 75.13 78.49
Bourc:e ) Level: Source x level
SeBe £ 0.4459 0.14459 0.8918
" CaDe 8% 5% 1.2875 1.2875 2.5750

Table 26(b) 3 Residual effeect of sources and levels of P on
the nodule weight at 50 DAS (mg)

Levels of phosphorus

C.D. at 5% 1.2599 1.2599 2.5199

Sources Mean

Po P5o Poa,5 Pog

50 DAS
sSSP 30.11 61,63 © 76.58 ° 93,98 65.57
BSSP 31.71 73.89 * 106,85 120.03 83.12
DAP 30.35 60.62 80.73 91.94 65.91
B+SSP 32.49 70 .54 97.16 104 .47 76.16
Mean 31,16 66,67 90,33 102.60
~ Source. Level .  Source x level

SeEe L 0.M36% . 0.M364 0.8727
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gnder both conditions (Direct and residusl). The higher
magnitude of nodule weight due to residual P may be
attributed to the release of native was P which was made
available to the nodulation process., Kongale (1986) and
Syed (1987) showed ineoreased nodule weight of groundnut
fertilized with boronated superphogphate. From the above
discpssion it can be concluded that phosphorus and ooron
incombination on helped to increase nodule weight of
groundnut, Residual effect of P levels and sources was
prominent than it's direct offeet on nodulation and
nodule weight.

root welght and root volume of groundnut .

The data on root weight and volume 30 and 50 DAS
of growth period as influenced by P sources and thelr
levels are compiled in Table 27,28,29 and 30.

Application of P at graded levels through it's
various sources significantly increased the root weight
and volume of groundnut at preflovwering and mid bloom
gstage under direct and residual conditions. Similarly
various sources of P also significantly increased the
root growth of groundnut at 30 and 50 days of observations,
Among the sources of P, boronated superphoaphgte showed
significant increase in root growth over other sources.
Admixture of B + SSP was next to BSSP in increasing the root
weight and wolume at preflowering and mid bloom stages
of arop growth in groundnut under both conditions.
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Table 27(a) : Direet effecet of sources and levels of P
on the root weight at 30 DAS.

gouree Levels of phosphorus Mean

Fo Pso Pga.5 Pos5

30 DAS
8sP 0.30 0.35 0.%39 0.43 0.36
BSSP 0.30 0.40 0.48 0.50 0.42
DAP 0.29 0.3% 0.38 0.39 0.35
B+SSP 0.30 0.38 0.2 0 0.38
Mean 0.29 0.36 0.1 VR
Source Level Source x level

S.Bet 0.0046 0.,0046 0.0091
CeD. at 5% 0.0132 0.0132 0.026%

Table 27(b) : Direct effect of sources and levels of P
on the root weight at 50 DAS.

Souree Levels of phosphorus Mean
Po Pgo P65 Pyg
50 DAS
sSSP 0,16 0.59 0.70 0.75% 0.62
B8SP 0.k5 0.76 0.86 0.91 0.7
DAP Ol . 0.5% 0.62 0.71 0.57
B+SSP 0.5 0.69 0.78 0.86 0.69
Mean 0.k 0.6 0.73 0.80
Source Level Source x level
S.E. - 4 000032 0.0032 000065

C.D. at 59 0.009% 0.009% 0.0187
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Table 28(a) : Residual effect of sources and levels of P
on the root weight at 30 DAS.

Source Levels of phosphorus
30 DAs

SSP 0.39 , 0,49 0.54 0.59  0.50
BSSP 0.40 - . 0.5k 0.64 0.71  0.57
DAP 0.37 L0485 0.50 0.55  0.46
B+38P 0.39 . 0.55 0.58 0.65  O.5%
Yean " 0.39 . 0.50 0.56 0.62

Source Lavel Source of level
S.E. b 4 010067 0-0067 0.‘01 3"!‘

'CCDQ at 5% .000193 ‘000193 00'386

-

Table 28(b)i:Residual effeet of sources and levels of P
on the root weight at 50 DAS.

Levels of phosphorus

source Meen
“ 50 DAS

SsP 0,50 0.66 0.73 0.79 0.67

BSSP 0.49 0.81 ' 0.92 0.97 0.79

DAP 10,50 0,59 0,71 ' 0.7% 0,63

B+8SP  0.50  0.75 0,80 0.8 0,72

Mean 049 0.70 ' 0479 0.83

, Source Level Source x levsl
C.D. at 5% 0,0075 0.0075 0.01k9
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Table 29(a) : Direct effect of sources and levels of P on
the .root volume at 30 DAS.

Souree Levels qr phosphorus Meen
Po P50 Pea,5 Pos
30 Das |
sse " ets 1.40 1.86 1.91 1,57
BSSP 1.1% - 3,0k 2.2 | 2,26 1.92
DAP 1.10 1.42 1.75 .86  1.53
B+SSP 1.09 1.98 2.23 2,27 1.89
Mean 111 1.71 2.02 2,07
Source | Level source‘i level
8.B. % 0.0166 0.0166 0.0333
C.D. at 5% 0.0481 0,481 0,0961

A

Table 29(b): Direet effeet of sources and levels of P on
the root volume at 50 DAS.

souree Levels of phosphorus Nean
Fo Pgo Pea,y Pag
‘ , - S0 DA8 |
ssp 0.93 1.09 1.26 1,40 1.17
B3SP 0.94 1.49 1479 1.92 1,53
DAP C.9% 1.26 1.47 1.58 1.31
B+SSP 0.96 1.1 1.70 1.8 1.k8
Mean 0.99 . 1.31 1.59 1.68
' Source Level Souree x level
8.E. 2 0.0035 0.0035 0.,0070

C.D. at 54 0.0101 0.0101 0.0202
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Table 30(a) 3 Residual effect of sources and lgvels of Pon
the root volumg at 30 DAS.

/

Source Levels of phosaphorus , Mean
Po P50 Pea.s Py
30 DAS
ssp 1.11 1.42 1.85 . 1.92 1.57
B3sP 1.12 2.00 2.29 2,29 1,92
DAP 1.08 TS 1.78 1.88 ° 1,54
B+35P 1.09 1.98 2.1 2.16 1.84%
Mean 1.10 1.71 1.81 2,06
Source Level Source x level
S.E. 2 " 0.,0231 0.,0231 0,0462

CeDe 8t 5% 0.0667 0.0667 0.133%

Table 30(b) : Residunl effect of sources and levels of P on
the root wolwme at 50 DAS.

Levels of phosphorus

Sourcs Mean
Po P50 Pe2,5  Fog

‘ 50 DAS .
gsp 1.04% 139 1.1 1.6 1.31
BSSP 1.0L 1.60 1.80 . 1.91 1458
DAP 1.05 134 1.2 1.4 1.30
B+8SP 1.05 1.5% 1.64 . 1.77 1.50
Mean 1.0k T 40 1.56 1.6% 7

|  souree  Level  gource.x level

S.Be + 0.0036  0.0036 © 0.,0072

C.D. at 5% 0.010% , 0,0104 0.0207
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The interaction effect of sources and levels to
enhance root weight and volume at preflowering and mid bloom
stage under direct and residual conditions was found to be
statistically significant, Root weight was comparatively
higher under residual condition as compared to direct
condition at both stages. Highest root weight was recorded
with boronated supsrphosphate treatment. Koteswara Rao
(1979); Kongale (1986) and Zansan (1987) reported increased
root weight and volume of groundnut due to P application
through various sources.

4.6

The data presented in Table 31 and 32, give an
indication for the significant differences in pod and halum
yield resulting from various levels of phosphorus through
different sources. P fertilization exhibited progressive

substantial pod and halum yield with it's levels under

direct and residual conditions, Phosphorus at 75 kg

Paoslha recorded highesi pod (30.8 g/ha) and halum 3051 kg/ha)
as a direct effect. How every the pod and halum yields were
reduced under residual conditions, sdurces of phosphorus

also exhibited significant differences in pod and halum

yield under both direct and residual conditions. Boronated
superphosphate exerted greater effect to increase pod and
hagum yield followed by B+SSP under direct and residual
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Table 31(a): Direct effect of sources and levels of P on
the pod yield of groundnut,

' Levels of Phosphorus
source Mean

Py Pgo Pea,5 Py
S8P . 19.79 ’ 23,64 26,32 27.02 2%, 19
BSSP 20.38 29,77 32.,85  35.21 29,55
DAP 20,54 24,83 27.51 28,53 29.35
B+8sP 20,22 27-72 31 056 320‘*“" 27.98
Mean 20,23 26,49 29,56 30.8

source Level Source x level

C.D, at 59 0,%212 o212 0.842%

rable 31(b): Direet effect of sources and levels of P on
dry matter yileld of groundnut,

Iévels of phosphorus

Source Mean
sSP 230% 2543 747 286% 261%,5
BSSP 2366 2619 2862 3310 2789,25
DAP 2385 2595 2685 2877 2635.5
B+S8P 2329 2587 2897 3199 2742,0
Mean 2346 2586 2797.75 3051.5

Source Level Source x level
S«Ee2 16.11 16.11 32,23

C.D. at 5% ‘ %-53 %'53 93005
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Table 32(a)s Residual effact of sources and levels of P
on yod yleld of groundnat?

Levels of phosphorus

source | Mean
R Pso ' Peais  Ppg

ssP 20,50 23,28 2979 26,49 23,99
BSsP 19:97 27,03 o2 32,79 27.55
DAP 20,74 23,62 28,09 28,85 25.82
B+SSP 20,58 26,39 29491 30,68 26,89
Mean 20,k2 - 25,58 28,55 29,70

" Source Level Source x level
C.D. 8t 5% 12787 1.2787 2.5575

Table 32 (b)s Redidual effect of sources and levels of P
on dry matter yield of groundnut,

Levels of phosphorus

sSouree Mean
Fo Pso Pe2.5 Pog
58P 2390 ‘2616 2795 , 2914  2678.75
BSSP 2349 2831 2976 3203 2840,00
DAP 2332 2716 282k 2925  2699,00
B+SSP 2352 2808 3013 3006 2795.00
Mean 2356 2743 2902 3012 '
Source Tevel Source x level
Soguz 8050 8050 17 «00

C.D. at 5% 24,55 255 49,09
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conditions. This may be attributed to the combined effect
of P and B from boronated superphosphate. Higher yields
due to P fertilization might be due to vigorous crop growth
of crop and translocation of nutrients for better pod
development, Further analysis of the data revealed that P
sources blended with boron performed well in yielding pod
and helum over non boron P sources.

A critical study of the data regarding sources x
levels interaction on pod and halum yield revealed that the
interaction effect was significant to enhanced pod and

halum yleld with levels of P application through various
sources, In general interaction effects gave significantly
higher pod and halum yields under direct condition than
residual-condition. Maximum pod (35.21 q/ha) and halum
(3310 kg/ha) yield was recorded with treatment of 75 kg
Paoslha through boronated superphosphate.

It is evident from sbove dis@sussion that application
of P through a source blended with boron is beneficial to
exploit the production potentiality of groundnut grown as
a direct or residual crop. The favaurable effect of P to
increase the halum yield could very well be attributed to
higher photosynthetic sctivity developed on account of P
application. However, combined effect of P and B on halum
and pod yield could be due synergistic relation of P and B.
Large no.of vorkers emphasized the phosphorus application
to groundnut significantly increased the pod yileld
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{Karle, 1982; Ajay Kumar and Venkatachari, 1971 and gyed,
1987) combined application of P and B is also adwvocated
by Mehta (1985); Patil (1984); Kongale (1986) and Syed
(1937). )

4.7

Data regarding the content and uptaoke of N by
groundnut as influenced by P through various sourcea undor
direct and residual conditions are prassnted in Table 33
and 3%, The concentration of N in kernel, and plant at
harvest increased with increasing levels of P application.
The concentration of N was greater in gesd than pilant and
relatively higher in direot effect condition than residusl
effect. The nitrogen content in seed varied from 5.0 to
5.3% and 4.9 to 5.25 in the direct and residual conditions
respectively. Residual P offect on content of N was also
gignificant indicating the increasing lovel of N content.
The presence of phosphorus helped t0 increase the availability
of N which inturn increased the N concentration of seed and
plant at harvest (Patel, 1981 and Zanzan, 1987).

From the critical evaluation of the dats (Taodle
33(a) anad (b), it waas depicted that the sourcs of P used
in the experiment showed positiye and significant effact
on the concentration of N in the plant under direct and
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residual conditions. Among the sources BSSP and B+85P
showed significant increase in N content of ssed and plant
at harvest under both mansgement conditions. Zanzan (1987)
and Syed (1987) also noted similar observations.

Sources and levels of P interacted positively,
showing significant increase in N concentration in groundnut
plant., Phosphorus at the rate of 75 kg/ha through B+SSP
showed highest N concentration (5.26 to 5.19) in seed,

From these positive interactions it was clear
that sources of P coupled with B proved to be effective to
increase the N concentration. Thus phosphorus and boron
appear to improve the status of N in plant. Patil (1974)
and Mehta (1986) showed that combined application of B
and P have significant effect on uptaké of Nitrogen in plant.

Data recording the direct and residual erreét of
.sources and levels of P by groundnut prssented in Table
33(b) and 34(b) indicate that direct as well as residual
P levels were assoclated with the uptake of N favourably.
The uptake of N was linear with increasing levels of P.

Uptake of N varied from h0.1 kg/ha to 70.7 kg/ha and 54.h4 to
65.9 kg/ha under direct and residual conditions respectively.

Critical evaluation of the data (Table 33 and 34)
signify that phosphorus sources under both modes of P
management influenced the uptske of N by groundnut.



Table 33(a); Direct effect of sources and lewsls of P on
the nitrogen content of the plant ().

Levels of phosphorus

source Mean
By Pgo Pga.5 Pog
SSP 1.28 2,07 2,56 2,72 . 2416
BSSP ‘ 1430 2,65 3.35 3.52 2.71
DAP 1 030 2b02 2055 2078 2. 16
B+SSP .29  2.32  3.02 3.32 2,49
Mean 1.29 2.27 . 2.87 3,09
Souroce  Level Source x level
S.Ee s 0.0513  0.0513° 0.1027
G.D. at 5% ° 0.1483  0,1483 0.2965

Table 33(b)s Direct effect of sources and levels of P on
nitrogen by dry matter (kg/ha).

Levels of phosphorus

source Mean

o B0 Pe2.5 P75
S9P 29.48 52,80 70,43 97,73 40,11
BSSP 30,91 69,16 - 95,79 - 116,50 78,09
DAP 30,93 52.51 68,66 80,00 58,02
B4SSP 30.52 59.93 87.37 . 104,98 70.70
Mean 30,46 58,60 < 80.56 o4, 80

Sourgs Level Source x level

S8.Eet 125,0740 125.0740 250, 1470

8



Table 34(a) : Residual effect c¢f P levels and sources in
nitrogen content of plant (%)

Source Isvels of phosphorus Mean
%o P50 Pea,5 Pog

58P 1.30 1.1 2,56 2,66 - 1,98
BBSP 1.32 2.54% 2.98 3.29 2.53
DAP 1.30 1,65 2.60 2,76 2.08
B4+8Sg8P 1.31 2.30 2,62 2.98 2.30
Mean 1.31 1.98 2169 2092

Souree Level source x level
SJEet 0.0071 0.000 0.0071
C.D. 8t 5% . 0.0706 0.000 0.0206
Table 3(b) s Residual effect on nitrigeon uptake in

dry matter
Source ) Levels of phosphorus Mean
Pa P50 Pg Fog

ssp 31.07  36.89 72,42 77.52  SuMN9
BSSP 31.00 72.32 88.70 9479 71.70
DAP 30.29 44,69 73.43 80.73 57.28
,B+85P 30.81 64.59 78.9%4 89.59 65.98
Mean 30.79 Shub2 78.37 85.65

Source Level Sourse x level
SE + .2? 5“" 027 5“‘ '5509

CD at 5% .7953 7953 1.5906



Table 35(a): Direct effect of sources and levels of P cn
tke nitrogen content of seed (%).

Levels of pkosphorus

Source Mean

Py Pog  Pea.y Bog
SSP 5,65 5.15 5.22 5.27 5. 17
BSBP 5.08 5023 5.32 e 3 524
DAP 5.19 5.10 5.2% 5.26 5.18
B+SSP  5.10 5025 5¢32 535 5.26
Mean 5.08 5,18 528 e 31

Source Level Scurce x level

CeD. at 5% 8.9171 0.0171 0.03%1

Table 35(M): Redidual effect of sources and levels of P
on the nitrogen content of seed (%).

levels cof phospkorus

Source Mean
Fa Pso Fea.s  Pyg
sSSP 4,92 5.10 Se2k 5.22 5.12
B3SP 4,85 5.2 5.28 5.32 517
DAP k489 5,06 5.20 5.2k 5,10
B+83P ,4‘-98 5022 50 77 50 3. 50 19
Source Level Ssarce x level

S.Ee2 0.006% 9.006k 6.8128

CaDe at 5% 0.0185 0.0185 0.037¢
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4,8

Data pertaining to phosphorus uptake by dry matter
of groundnut as effected by various levels of P through
different sources under direct and reaidual management
conditions are presénted in Table 35 and 36.

It is evident from Table 35 and 36 that uptake of
P vas significantly increased with levels of applied
phosphorous. Treatment of 75 kg P2°5/ha accumulated highest
phosphorus in the plant i.e. 23.6 and 21.% kg/ha under
dirsct and residual conditions respectively. Similar trend
' was also observed in the concentration of P in plant
fertilized with various levels of phosphorus. Similarly,
various sources of phosphorus showed differential behaviour
on the concentration and absorption of P by groundnut at
harvest under direct and residual management conditions.
Among the sources boronated superphosphate depicted greater
concentration of P and its uptake followed by B+3SSP, 88P
and DAP. The interaction effect of sourfes x levels was
also significant to increase the content and uptake of P
under different P management conditions. The above results
shovw that a good vegetative growth and root development of
the crop as a result of P fortilization resulted in better
absorption and translocation P within the plant system.
Besides this, groundnut being an oilseed crop had a higher



Table 36 (a)j Direct effect of sources and lovels of P on
it's content of the plant (%).

Levels of pkosphomus

Souree Mean
Fa Psa ' Fea,s . Ty
- PRosphorus
* S88P .00 - T 6.58 4 0.72 0.5%
BSSP OJk42 .64 Q.80 0.86 0.68
DAP 048 0.52 .62 .76 0.58
B+8SP 0.39 9.58 ©.77 0.62 0.5¢
Mean 0.40 0.56 .69 074
Scurce Level Source x level
S.E.4 9.0872 9.,0072 0.0 145
C, pc at 5% Q. ‘2‘9 Q. 0209 Oe 0‘0—18

Table 36(®): Direct effect of scurces and levels of P on
it's uptake by the dry matter (kg/ha),

Levels of phosphorus

Source Mean

P P Teas  Pps

C . Puosphorus (kg/ha) -
Ssp 9. 13 12,45 15.88 20,62 1,52
BSSP 92.92 16,72 22,90 28,46 19.59
DAP 954 13.49 16,65 21.86 15.38
B+8SP 9, 32 ‘ 1,"0 97 22412 230 57 170“‘9
Mean 9. 47 .49 19,38 23.62

Souree Level Source x level

SoEo‘t 901871 Q. ‘)1"03 6-37,"'3

CeDe at 5% O 18?1 0.5"".3 1003’7



Table 37(2)s Redicusgl effect of sources and levels of P on
it's econtent of the plant (%).

lLevels of phosphorus

Source Mean

Py Pgy Pe2.5 Pog
ssp - 0435 0.52 0.56 " 0.61 0.51
BISP 6.3  0.61 " 0.73  0.82 0.63
DAP 0.33 0,50 0.58  0.62 0.51
B+SSP 0. 3"" i Qe 56 ) 0.67 ‘ 0.78 , 005’
Mean 0.3%  0.55  0.6%  0.71

Scurce Level Smarce x level

S.E. & 0.0057  0.0057 10,0113

Table 37(B)s Residucal effect of sources end levels of P
on 1t's upteke by the dry matter (kg/ha).

Levels of phoaphorus

Source Mean
By Fso f62.5 Po5

8sp 8.37 13.60 19.8% 17.77 13.89
BSSP 7.98 1737 2143 26,27 18.26
DAP 7..69 13.58 16,38 18.13 13.9%
B+SSP ) 7099 16.01 20,18 23.“‘5 16090
Mean 8.00 15. 1% 18,45 . 21,40

sw'rce Level Source x level
SeEet 0.1723  0.1723 0. 34k7
C.De- at 5%

0.4976  0.4976

0.9953
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P requirement when grown in summer under irrigated
condition. Hence with increasing levels of applied P
through various sources blended with B, the P removed
from soil by groundnut c¢rop also inereased. Singh and
Saxena (1973) also showed greater uptake of phosphorus
in oilsesd crops by phosphorus spplication.

4.9

Data on content and uptake of bdron at harvest
in groundnut as affeoted by levels of P through various
sources under different P management conditions are
presented in Table 37 and 38.

It could be noticed from Table 37 and 38 that
inereased levels of P proportionately increased the content
and uptake of boron at harvest in groundnut in direct and
residuel management conditions. Boron concentration varied
from 24,6 to 29.8 and 22,8 to 26.1 pjm in direct and
residual conditions respectively. Similar trend was
observed with uptake of boron in both management conditions.
The sources of phosphorus showed positive and significant
influence on the concentration and uptake of boron under
direot and residual P management., The sources found to
differ significantly in both the modes of fertilizer
" application. Further scrutiny of the data (Table 37(b)
and 38(b) reveal that there was signifieant effect of -



Table 38(a)§ Direct effect of sources and levels of P en
boron content of the plant (ppm).

Ievels of phosphorus

Source . Mean
Po Pgy P62, 5 Posg
sSSP 24,5 25.5 25.5 26,2 25.43
BSSP 24,9 30.1 34, 1 34,6 30.93
DAP 25,1 25,1 26.4 26,2  25.70
B+3SP | 24,0 . 27.9 32,2 32.3 29.10
Mean 24,63  27.15 29,55 29,83
‘ ‘Source Level Scuree x level
SuE;_t 003251 \003251 0.6801
C.D. at 5% 0.9386 0.9386 : 1.8771

Table 33(b)s Direct effect of sources and levels of P on
boron uptske by the dry matter (gm/ha).

Levels of phosphorus

Saurce Mean
By - P50 Pe2.5 Py
SsP 55.78 63.84% 70,13 75.58 664,33
BSSP 58,97 78,64  97.60 114,52 87.43
B4SSP . 56,52  70.52 92,99 101,57  80.40
Mean 57478 69.53  82.90 91,76
- Sourece Level Source x level

SeBet 0.880%  0.880% - 1.7608

CeDe at 5% 805"'20 20 5""20 5008“'1



Table 39(a)s Residusl effect of sources and levels of P
on boron content of the plant (ppm).

Source Levels of phosphorus Mean
0o Pg Pea.s  Pys
SgP 2343 23.8 24,2 24,3 23,90
BSSP 23.1 26,6 28.2 29,0 26,73
DAP 22,4 23.,0 23¢9 24,2 23.38
Mean 229 85 24,60 25080 26,18
Source Level = Source x level
SOE,: 2.0 1230 2 1230 "'.' 21'60
C.D. at 5% 6.1299 6. 1299 12,2599

Table 39(b)s Redidugl effect of sources and levels of P
on boran uptake by the dry matter (gn/ha).

— Levels of phosphorus Mean

P P50 Fea.s oy
S8P 54,25  79.30  83.90 92,93  61.37
BSSP 55.70 62,27 68,46 68,46  78.u48
DAP 52,22 46,79 67,50 70.78 59,32
B4+SSP 53,,16 70.20 81.05 81.78 71.5%
Mean 53.83 63,64 75.22 78.48

Souree Level source x level

S. Eoi : 0.6912 00,6912 1.‘3823

CODO' at 5% 1%9956 1.9956 3.9912
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source x level ingeraction on the content _and uptake of
boron under both the modes of P application. Increasing
P levels proportionately added to the uptake of boron

by groundnut under both the modes of P application. The
above discussion lsads to conclude that presence of
phosphorus in growing medium helps to increase in the
concentration of .boron and subseguently add to its uptake.
Thus it can be mentioned that P and B acted synergistically
to fecilitate the absorption of both the nutrients in
plants, Further boron blended P sources proved superior
in increasing the boron uptake over non-boron P sourcss.
Similar observation:- were also noted by Mehi;a (1985) and
Kongale (1986),

4,10

The data presented in Table 39 and 40 gives an
insight into the influence of soﬁroes and levels of phosphorus
on total nitrogen content in soil after harvest of groundnut
in direct and residual fortilizer management. Scrutiny of
the data indicated that phosphorus has no bearing on the
totel nitrogen content of soil under both the modea of

fertilizer management.

Sourcea of phosphorus could not improve the total
nitrogen status of the experimental soil after cotton-



Table 40(a)s Direct effect of sources and levels of P on
total nitrogen content in soil at harvest (%).

lLevels of phosphorus

Source . Mean

Fo Pso Poa.5  Frs
§5P 0,05 0,062 0,061 0,063 0,059
BSSP 0.058 0.061 0.060 0.063 0.060
DAP 0.057 0.060 0.062 0.061 0.060
B+SSP | 0.056 0,062 0.059 0.060 0.059
Mean 0.055 0,061 0.061 0.062

Source lexel Source x level

Se. Bo:, 000008 0.,0008 0.0016

CeDs at 5% N.S. 000023 0-00"6

Table 4¥0(b)s Residual effect of sources and levels of P
on total nitrogen content in soil at harvest (%).

Source Levels of phosphorus Mean.
Fy Pgq Pea.5  Fpg

SSP 0.060 0.061  0.059 0.06 °  0.060

BSSP 0.061 0,060 0.062 0.063 0.062

DAP 0.060 0.062 0,060 0.062 0.061

B+SSP 0.061 0.061 0,061 0.063 0.062

Mean 0.061°  0.067  0.060 0.062

Source Level Source x level
C.D. at 5% N.S. Ne Se N.S,
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groundnut and groundnut system alone, But the levels of
phosphorus seem to have a slightly enhancing influence on
the soil N content in direct application. The interaction
effect of phosphorus levels and sources was non-significant
in residual fortilizer management. '

This it can be inferred that though phosphorus
relationship in plant was synergistic in nature, phosphorus
addition with different sources did not show & positive
effect on the total nitrogen content in soil.

4,11

The results presented in Tsbla 41 and 42 indicates
that direot as well as residual P management had a significant
influence on the phosphorus content in the soil after harvest
of groundnut crop. The levels and the sources showed significant
increase in available phosphorus. The svailability of phosphorus
ranged from 10,95 to 22.58 kg P205/ha and 8,45 to 14.29 kg
P205/ha influenced due to direet and raa:‘!.dual P levels
respectively. Similarly the phosphorus content shouwed

significant differences with the various P sources, A casual
study of the data depicts that values of available phosphorus

ranged between 17.75 to 19,38 kg Paoslha in direct P
management and 12.36 to 12.52 kg P205/ha in case of
rewidual management.



Pable 41(a)s Direct effect of scurces and levels of P on
avallable phosphorus content in soil at

hervest (kyhﬂ) .

-

Levels of phosphorus

Bource _ Mean
) Pz Pe2.5  Fos

38P 11.0 17.6  19.2 21,2 17.75
B38P 10.8 20,1 2207 23.9 ., 19,38 ~
DAP 10.9 18.1 20,2 22,2 17.85 .
Mean 10,95  18.75 20.98  22.58

Source Level Source x level
S.E o b 000875 0. 0875 00 17}*9

0.2525 . 0.2525 " 05051

CeD. at 5%

Table 41(b):s Residugl effeet of scurces snd levels of P
on available phosphorus content in soil at
harvest (kg/ha).

Source Levels of phosphorus Mean
Fo P Pe2.5  Tog
SSP 8.40 13.40 1%,00 14,04 12,46
B3SP . 8,30 13.00‘ 13.80 1%.26 12, 3%
DAP 8.60 13.32 13.49 14,02 12.36
B+SSP 8.50 13.20 13056 11".82 12052
Mean 8;“5 13.23 13&71 1)"029
Souree Level gource x level

C.D. at 5% 0.0893 0.0893 0.21786
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T™e interaction between sources and levels
proved significant which are in accordance with the
views of Syed (1987). It is obvious that application
of & particular element on soil :lntﬁm increases its
availability and makes the nutrients avallable to the
plants. The results obtained on the availability of
phosphorus due to varied phosphate levels showed similar .
pattern particularly ﬁxider direet management and their
interaction. Syed (1987) recently reported similar
findings on the availability of phosphorus affected
due to source and lsvels of phosphorus.

k.12

A porussl of data in Table 43 and W4 reveal that
application of P showed relative differences in availability
of boron with the sources and levels under direct and

residual P management. -

Graded doses of phosphorus added to more
availability of boron in soils under both the sets of,
conditions. The available boron in soil ranged from 0.33
to O.44+ and 0,32 to 0.38 ppm as affected due to P levels
under direct and residual P management respectively.



Table 42 (g)s DMirect effect of sources and levels of P on
boron content in soll at harvest (ppm).

Source Levels of phosphoras ' Mean

%o P50 Pe2.s Py
SSP 0.32 0.33 0.32 0.33 0,33
BSSP 0.33 0.45 0.50 0.56 0.46
DAP 0033 ° 0.32 ' 0.33 0.33 0.33
B+SSP 0033 i 0."‘3 OQW 005"‘ ) 00“"‘“
Mean . 0033 0.38 00’.’1 0."‘!’

Source . Level .Source x level

Se Eo: 0. 0096 000096 . 0:0193
CeDs at 5% .0.,0278 0.0278 0.0551

¥

Table 42(b)s Residual effect of sources and levels of P
oh boron content in scil at harvest (ppm).

Levels of phosphorus

Source Mean
Po Pgo Pea.5  Ppg

sSSP 0.31 0.33 0433 0.34 0.33

BSSP 0:32 6."’3 Ool"s 00“5 0. 42

DAP 0.32 0.32 0.33 0.32 0.32‘

B#SSP ' 0431 0.39 040 0.1 0.38

Mean 0032 Q. 37 0.38 0.38

Source lLevel " Source x level
S.Es ¢ 0.006"‘ 0.006% ‘ 0.0127
CeD. at 5% ~ 0.018% 0.018%  0.0368
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Phosphate sources also proved their suber:l.ority
in increasing available boyon in soil under both the modes
of P application. The availability of boron showed the
specificant pattern due to varied P sources under both
gets of conditions available boron was in the range of
0.33 to 0.46 and 0.32 to 0.42 ppm under direct and residual
P management respectively. Among the sources of P boronated
superphosphate and B+SSP sljoved higheat availability of
boron in soils.

Two factor interaction between source and level
indicated positive and significant effect on the availability
of boron. Highest availability of 0.56 and 0.45 ppm was
observed due to combination of 75 kg P205/ha through
boronated superphosphate.

From the' foregoing discussion it is coneluded that

P application alone or its blend/hand mix with boron helps
to improve the availability of boron in soils, Malewar (1987)

also reported relatively higher availability of boron in
80il due to addition of phosphorus as BSSP or B+SSP.



Chapter VI

SUMMARY AND CONCLUBIONS

Field experiments were conducted to study the
efficacy of different levels and sources of phesphorus
as direct and residual effects on the root characteristics,
dry matter and grain yield and uptake of nutrients in
cotton-groundnut eropping system during 1987-88 at the
departmental farm, College of Agriculturs, Parbhani, on
medium black soils classified as typic chromostert
identical to that of Parbhani series. The experiments
were planned in a factorial randomised block design
using four levels of phosphorus (Control, Recommended,
Reeommended + 259 P2°5' Recommended + 50% more P 5)
with four sources. (SgP, B3SP, DAP and Borax + SSP). There
vere sixteen treatment combinations replicated three times.
The field and analytical data wers subjected to statistieal
analysis. The salient findings emanating fron; the stuc'w
and conclusions ars briefly summarized below,

Cotton
1. Direct application of P levels showed significant
positive increase in no.of branches, 1n cotton at 80 and
119 days. ZAmong the phosphorus sources boronated
superphosphate and di-ammonium phdsphate ware at par in
branching was 4% 115 DAS. Maximum mean branching was
depicted in DAP + 75 kg Paoglha and BSSP + 75 kg P2°5/ha‘
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¢

2. Mean number of squares in cotton was influenced
significantly due to P application, However, P dose
beyondl 50 kg P205/h3 did not show any effect on square
formation. Phosphorus sources dblended with boron had
significantly higher squares/pleant over non born P sources.

3. " Application of P beyond 50 kg P,0g did not show
any effect on boll formation, However, BSSP proved its
superiority in boll formation followed by B+SSP.

L, Mean number of stamens/flower in cotton was
influenced due to sources and levels of phosphorus and
ranged from 83.8 to 99.7 stamens/flower. The interaction
between B blended sources and levels of P was beneficial
to increase the stamen count/flower in cotton.

5. Dry matter and seed cotton yleld was significantly
increased from 19.7 to 31.6 quintals seed cotton/ha., Among
the source BSSP proved beneficial in increasing the dry
matter production and seed cotton yleld at harveat.

6. Among the various quality parameters of kapas,
P levels significantly increased the lint percentage,
lint index and staple length. However, interaction effect

wag non significant.

7. Application of graded levels of P through various
sources increased the content and uptake of N, P and boron
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by cotton crop. Blending of P sources with born was

found beneficial to increase the avallability of N, P
and B in soil,

8. - A significant increase in the uptake of N, P
and B by cotton was observed with graded levels of
phosphorus. Boronated superphosphate proved to be better
gource to increase the uptake of nutrients (NP and B)
followed by B+SSP. '

9. Fertilizetion of cotton at graded levels through
various B blended P sources did not influence the total
nitrogen status of soil. However, the status of P and B
was influenced,

Groundnut
10. Resldual effect of P sourcés was also distinct
and significant in increasing the yield parameters of -
groundnut after cotton crop. Nodulation, nodale {feight
in groundnut increased with increasing levels of phosphorus.
However, BSSP showed its superiority as compared to other
P sources, Maximum nodulation was recorded with 75 kg
P205/ha at midbloom stage.

1. Graded levels of P found to increase the root
veight and root volume afldgsbundnut crop were significantly
increased due to P levels., Higher magnitude of root wt.
and root volume due to sources x level interaction was



108

observed under rea:ldua} P management rather than direct
management.

12. Direct and residual effects of P levels and
their sources significantly increased the halum yield
of groundnut. However residual value of P sources
and their levels on halum yield of groundnut was of
higher order than direct management. Phosphorus at
75 ¥g P,0y/ha as BSSP proved to be the best source
for improving the dry matter production of groundnut

Crop.

13. Pod yield of groundnut was linear with levels
of phosphorus. Among the sources BSSP was superidr to
enhance the pod yield. Direct effect of P was of
higﬁef order than the residual P management system on
pod yield of groundnut,

1, The concentration and uptake of N, P and B
were significantly increased due to P levels and their
sources under both the mode of P application. §gource x
level interaction under residual P management showed
beneficial effect on the content and uptake of N, P and
Boron.

15. The concentration of N, P and B in soil was
increased due to P levels and their sources under dirsoct
P mansgemsnt gystem than residual P management systen.
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It can be concluded that application of
phosphorus blended into B helps to increase the root
characteristics, yield parameters and absorption of
N, P and B by cotton-groundnut cropping system. Among
the sources BSSP showed its superiority over other P
"eources followed by B«SSP , Coupling of P and B found
to improve all the yield and quality parameters of
cotton and groundnut over non boron sources. Thus
single application of different sources of P to
cottonagrt;undrxut oropping system leave the residual
effect of its application which subsequently utilized
by‘ the succeediﬁg crop.
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