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1. INTRODUCTION

Balanced supply of nutrients is one of the most important factors determining
crop yield. Sometimes the applied nutrients may not be available for plant use, as
their availability depend on interaction between nutrients. When the supply of one of
the nutrients affects absorption and utilization of other nutrient element, the elements
are said to be in interaction. Interaction between nutrients in soil affects the overall
performance of crop. Nutrient interaction may be negative or positive. When
nutrients are in combination and results in a greater response than individual
response, the interaction is positive (synergism). When combination results in a lesser

response, then interaction is negative (antagonism).

In Kerala, black cotton soils are seen in Chittur taluk of Palakkad district
occupying an area of 2000 ha (Padmaja et al., 1994). These soils are dark, low in
organic matter, calcareous, neutral to alkaline (pH 7.0 to 8.5), high in clay content
and CEC. The texture of soil ranges from clay loam to clay. The level of total
nitrogen in the soil is satisfactory but, only very small fraction of phosphorus is in
available form (less than 1 per cent) due to the process of fixation under high pH and

clay content.

Even though these soils are fertile, the nutrient imbalances and poor physical
conditions may adversely affect the yield of the crop (Krishnakumar, 1978; Padmaja
et al., 1994). Except for available P and B, all other soil nutrients are present either in
medium level or adequate level. The availability of P to plants for uptake and
utilization is impaired in alkaline soils due to the formation of poorly soluble calcium

phosphate.
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The groundnut (Arachis hypogaea L.) belonging to the family leguminosae,
originated in South America (southern Bolivia/north west Argentina region) and
cultivation started as early as 1000 B.C. Groundnut is an important oilseed crop,
about two thirds of world production is used for oil production. The nut (kernel) is a
rich source of edible oil, containing 36 to 54% oil and 25 to 32% protein. Even
though groundnut can grow in soils of marginal fertility, proper fertilizer application
will help to achieve full yield potential of crop. Groundnut has the capacity to utilize
soil nutrients that are relatively unavailable to other crops, and therefore can make

good use of residual fertility (Cox et al., 1982).

Phosphorus is the second limiting nutrient for crop production (Mallikarjuna
et al., 2003). In majority of Indian soils available P ranges from low to medium. It
stimulates setting of pods, decreases the number of unfilled pods (pops) and hastens
the maturity of the crop. P enhances nitrogen use efficiency by plants. It is essential
for energy storage and transfer and hence called “energy currency” of the living

system.

Boron is the most limiting micronutrient for groundnut production, as it has a
role in kernel quality and flavor. Boron deficiency results in ‘“hollow-heart" in
groundnut kernels. B is involved in sugar transport, cell wall synthesis, and IAA
synthesis. Boron deficiency causes low pod filling, shriveled seeds and hollow
darkening or off-color in the center of the seed. Plants respond to B deficiency by
slowing down growth. Boron deficiency inhibits root elongation by limiting cell
enlargement and cell division. Severe B deficiency, leads to the death of root tips.
Low B inhibits leaf expansion and thereby reduces photosynthetic capacity of plants.
The early inhibition of root growth, compared to shoot growth, increases the shoot:
root ratio, which may enhance the susceptibility of plants to environmental stresses

such as deficient supplies of other nutrients and water deficit in soil.
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In this context present study entitled “Phosphorus and boron interactions in
black cotton soils of Kerala with respect to groundnut (4rachis hypogaea L.)” was

carried out with following objectives:

1. To find out the interactions of boron and phosphorus in black cotton soils of
Palakkad.

2. To assess the treatment level of boron and phosphorus for maximizing yield.
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2. REVIEW OF LITERATURE

Literature on nutritional requirement of groundnut, nutrient uptake and

interactions between nutrients are reviewed in this chapter
2.1 NUTRITIONAL REQUIREMENTS OF GROUNDNUT
2.1.1 Nitrogen

2.1.1.1 Influence of nitrogen on growth parameters

Groundnut is a leguminous crop, which can fix atmospheric nitrogen in its
root nodule at the rate of 200-260 kg N ha™', which reduces the demand for applied N.
Even though it fixes atmospheric N, it responds well to N fertilizer application (York
and Colwell, 1951 and Williams, 1979). Application of N in early stages has
beneficial effect on growth characters of groundnut (Reddy and Rao 1965).

Application of N increased the number: of leaves, branches and height of
groundnut plant (Punnoose, 1968). Nitrogen (N) is the structural constituent of the
plant cell and plays an important role in plant metabolism (Mahapatra et al., 1985).
Singh and Ahuja (1985) opined that application of N at 25 kg ha” increased the
growth of groundnut.

2.1.1.2 Influence of nitrogen on yield parameters

Reddy and Rao (1965) observed a decrease in yield of groundnut by
application of 40 kg N ha™'. Nijhawan and Maini (1966) observed increased yield of
groundnut at small doses of N. Puntamkar and Bathkal (1967) viewed that application
of 20 kg N resulted in significant increase in weight of pods and number of pods per
plant in groundnut. Saini and Tripathi (1973) observed that application of 15 kg N
ha™' resulted in highest pod yield and better oil content.
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Jadhar and Narkhende (1980) observed that N has significant role on number
of pods per plant and number of filled pods per plant. About 86-92 per cent of N
uptake by groundnut was through biological nitrogen fixation (BNF) which is
equivalent to 125-178 kg N ha™ (Dart et al., 1983).

Higher doses of N produced more number of flowers and pegs (Saradhi et al,
1990).N is required by plants in comparatively larger amounts than other elements.
As a crop of leguminosae family, groundnut can fix as much as 40-80 kg N ha”! yr'
(Islam and Noor, 1992).

Application of 10-30 kg N ha™ produced higher pod yield in groundnut and
after that there was a decrease in pod yield (Pant and Katiyar, 1996; Patel et al.,
1994) whereas, Reddy er al. (1984) reported that application of N at the rate of 40-60

kg ha' increased number of pods per plant.

2.1.2 Phosphorus
2.1.2.1 Influence of phosphorus on growth parameters

Phosphorus (P) is the second major essential nutrient element for crop growth.
The most obvious effect of P is on the plant root system. The requirement of P in
nodulating legumes is higher compared to non-nodulating crops as it plays a
significant role in nodule formation and fixation of atmospheric nitrogen (Brady and
Weil, 2002). Application of P at 132 kg ha™ increased haulm yield in groundnut
(York and Colwell, 1951). Punnoose (1968) studied effect of P on growth, yield and
quality of groundnut and found that P application increased the number of leaves,

branches, height of plant and weight of nodules per plant.

Shelke and Khuspe (1980) reported that dry matter production and P uptake
by groundnut cv. Latur No.33 was highest with the application of 17.5 kg P»0Os ha.

Basha and Rao (1980) observed decrease in shoot length and number of leaves in



groundnut under P deficiency. Change in the rate of P application from 30 to 90 kg
ha'' enhanced the growth of plant (Singh and Ahuja, 1985). Sebale and Khuspe
(1986) reported that plant height, number of leaves, branches and dry weight per
plant were increased by application of P at the rate of 60 kg ha™. Juan et al. (1986)

reported that P application increased the plant height and dry matter yield.

Phosphorus is essential for energy storage and transfer. Adenosine di and tri
phosphate (ADP and ATP) are known as energy currency of plants. (Tisdale et al.,
1993). Higher dose of P increased the number of root nodules the number and weight
of nodules, nitrogenase activity, leghaemoglobin content, leaf area and dry matter
production increased by enhancing P,Os rate from 0 to 30, 60 and 90 kg ha (Patel et
al., 1994). Higher levels of P significantly increased root and shoot growth (Patel et
al., 1994). Plants meet their P requirement by uptake of phosphate anions from soil
solution. P is important for root growth, root formation and N fixation (Lakshmamma

and Raj, 1997).

Kamara et al. (2011) reported an increase in biomass of groundnut after the
application of phosphorus fertilizer and attributed it to the availability of soluble

phosphate that enhanced extensive root development.
2.1.2.2 Influence of phosphorus on yield parameters

Banerjee et al. (1967) observed an increase in yield of groundnut by the
application of P,Os up to the level of 67.2 kg ha™'. Puri (1969) reported a significant
response of groundnut to superphosphate application. Choudhary (1979) viewed that
pod vyield of irrigated groundnut variety, TMV-2 was higher with 60 kg P,Os ha™!
than with 30 kg P,Os ha'. Nakagawa et al. (1981) reported that application of 40 kg
P,0s ha™! increased pod yield from 1.42 to 2.5 t ha™ and seed yield from 0.91 to1.58 t
ha''. P application increased seed size and 100 pod weight. Application of P above 60
kg ha™ had no effect on number of pods and it depended on soil fertility status (Rao



et al., 1984). Shelling per cent was increased by application of moderate to high level
of P (Chauhan et al., 1987).

Agasimani and Hosmani (1989) reported that response of P could be
obtained when available soil P is less than 35 kg ha'. Balasubramanian and
Palaniappan (1991) reported that higher the concentration of phosphorus, higher will

be the amount of nitrogen fixed.

Total nitrogen uptake and proportion of nitrogen present in kernel is greatly
influenced by phosphorus level and interaction between phosphorus and potassium
had significant influence on kernel yield (Balasubramanian and Palaniappan, 1991).
Samtana et al. (1994) observed improvement in yield attributes by addition of P. This
was due to formation and proliferation of new roots and improvement in their
functional activity. Ae et al. (1996) reported that groundnut showed superior ability
to take up P from a soil with low P fertility compared with sorghum and soybean in
acid soils. Root cell walls of groundnut showed higher P-solubilizing activity than
those of soybean or sorghum. Response of crop to P application depends on initial

available P in the soil.

There is higher requirement for P in legumes in comparison to non-legume
crops because of its role in nodule formation and fixation of atmospheric nitrogen
(Brady and Weil, 2002). Bala et al. (2011) reported that increased pod and seed index
and shelling per cent of groundnut was due to early and greater availability of
nitrogen and phosphorus to plants which favorably influenced the kernel development

and kernel size..
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2.1.3 Potassium
2.1.3.1 Influence of potassium on growth parameters

Dry matter production increased with higher levels of K in groundnut cv.
TMV-2 (Rao, 1979). Mathew et al. (1983) observed that growth characters like plant
height, number of branches, leaves per plant and LAI were increased with K

application.

2.1.3.2 Influence of potassium on yield parameters

York and Colwell (1951) observed that groundnut grew well even in K
deficient soil where other crops could not. High levels of soil K in the pod zone were
undesirable as they resulted in pod rot and interfered with uptake of Ca by pegs and
pods, which resulted in a higher per cent of pops and Ca deficiency in the seeds
(Hallock and Garren, 1968; Csinos and Gaines, 1986).

Potassium nutrition has favorable effect on photosynthesis and translocation
of food reserves from leaves to developing pods (Koch and Mengal, 1977). Number
of pods per plant and seed test weight increased with higher level of K in groundnut
variety, TMV-2 (Rao, 1979). There was an increase in pod yield and yield
contributing characters with increase in K level (Loganathan and Krisnamoorthy,
1980). Loganathan and Krishnamoorthy (1980) reported that optimum dose of K for
groundnut was 52 kg ha™ for irrigated crop and 26 kg ha™' for rainfed crop. Nair ez al.
(1981) reported that application of K fertilizer @ the rate of 80 kg ha™' increased
number of pods per plant. According to Ramanathan et al. (1982) application K
fertilizer at 50 kg ha™' yielded maximum number of pods per plant and test weight of
seed. Chavan and Kalra (1983) observed that dry pod yield, shelling per cent, 1000
grain weight and oil content of groundnut cv. TG-1 were higher with 50 kg ha™' than
with 25 kg ha™.
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Groundnut is a heavy feeder of K and adequate supply of this nutrient must be
provided to obtain a better yield (Geetalakshmi et al., 1993). Yakadri ef al. (1992)
viewed that 40-60 kg KO ha™ was the optimum dose of K for groundnut. Hadwani
and Gundalia (2005) reported that yield of pod and haulm was increased with K

fertilizer application.

2.1.4 Secondary nutrients

2.1.4.1 Influence of Ca on growth and yield parameters

In order to avoid Ca deficiency, application of soluble source of Ca at early
flowering stage is advocated. The developing pods require high Ca level in
surrounding soil, because Ca absorbed by root did not translocate into pods and Ca
required for pod development is absorbed directly from soil solution (Skelton and
Shear, 1971). Calcium deficiency resulted in lower yield, darkened plumule in the
seed, empty pods and sometimes plants remained green and continued to produce

flowers and pegs without pods, which might be infertile (Sulhiram et al., 1974).

Calcium (Ca) is required by groundnut plants from the time pegs began to
appear for fruit formation, until the pods mature (Walker, 1975). Calcium is essential
for proper development of pod and for production of high quality seed (Cox et al.,
1982). Ca requirement varied with seed size and smaller seeded cultivars required
less Ca than larger seeded type, because of larger surface to volume ratio. Soil
characters like soil water content, soluble Ca, exchangeable Ca and type of soil

mineral present affected Ca uptake by groundnut (Keisling et al., 1983).

For production of good quality groundnut kernel, soil Ca level must be in the

range of 600-800 mg kg (Kvien et al, 1988; Sumner et al., 1986). Morphological



characters of pod like pod surface area, pod volume, number of days for maturation
of pods and shell thickness influenced Ca uptake by pods (Kvien et al., 1988). Ca
deficiency led to high per cent of aborted seeds (empty pods), improperly filled pods
and caused aborted or shrivelled fruit, including darkened plumules and production of
pods without seed (Singh and Oswalt, 1995). Mandal et al. (2005) observed that
gypsum application for summer and rainy season groundnut in sandy loam soils of

West Bengal @ the rate of 400 kg ha' recorded highest plant height (65.1cm).
2.1.4.2 Influence of magnesium on growth and yield parameters

Dowood (1982) indicated that application of three levels of Mg (0,120 and
240 kg MgS04.7H,0 ha™') caused significant increase in phosphorus uptake by plant.
Al-lami (1999) showed that increase in adding of MgS04.7H,0 from 0 to 80 kg ha™
caused a significant increase in available phosphorus in the soil from 0.23 to 0.25

c mol kg™
2.1.4.3 Influence of sulphur on growth and yield parameters

Umadevi et al. (1999) reported that pod yield enhanced by increasing S levels
from 15 to 30 and 75 kg ha™ in red loamy sandy soils of Ananthapur, Andhra
Pradesh. Highest pod yield was recorded by addition of S at 75 kg ha™'. Babu et al.
(2007) reported that application of S through gypsum @ of 40 kg ha™ recorded
highest pod and haulm yield. Singh and Chaudhari (2008) observed that in calcareous
soil, plants grown by addition of S had increased plant height, number of flowers,
number and weight of nodules, higher dry matter, seed, haulm (leaves and stems),

and oil content compared to those without S.
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Rao ef al. (2013) found that application of S at 45 kg ha™ through gypsum
recorded highest plant height (71.45 c¢cm) in sandy loam soils of Andhra Pradesh.
Application of S influenced growth, yield attributing characters, yield and oil content
regardless of the sources and levels of S. Addition of S at 45 kg ha™ recorded highest
plant height, number of filled pods per plant, 100 pod weight, 100 kernel weight, pod
yield, haulm yield and oil content of kernels (Rao et al., 2013).

The S uptake by pods increased significantly with increasing levels of S and
maximum uptake (10.89 kg ha™') was noticed with application of 60 kg S ha™. Giri et
al. (2014) observed that number of pods per plant was highest in sandy loam soils
when S was applied at 15 kg ha™ (25.52).

2.1.6 Micronutrients

2.1.6.1 Influence of micronutrients on growth and yield parameters

Mahajan et al. (1994) recorded that boron at 0.5 kg ha™' applied through
boronated super phosphate or borax increased dry pod yield (3200 kg ha™) followed
by boron spray of 0.5 ppm (2 sprays, first at 30 days after germination and second at
the time of flowering) gave higher yield than control. Subrahmaniyan et al. (2001)
noticed that combined application of ZnSOy at 5 kg ha', borax at 5 kg ha™, ferrous
sulphate at 10 kg ha™' recorded maximum number of pods per plant. Mahamoud et al.
(2006) observed that foliar application of B at 25-50 ppm increased plant height, leaf
area, total dry matter, number of pods and seed yield. Availability of micronutrients
in soils is governed by soil pH, cation and anion exchange capacity and nutrient
interactions. The application of B also promoted absorption of N by groundnut and

increased plant height, plant dry weight and the total number of pods.
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Singh et al. (2009) reported that soil application of boron at 1 kg ha™ as
agricol, solubor and borosol increased pod yield by 23, 18 and 12 per cent,
respectively, compared to the spray of 9 per cent as borax and 5 per cent as boric
acid.

Barthi ef al. (2010) reported that application of micronutrients (Fe, Zn, B)
along with recommended fertilizers improved growth parameters and chlorophyll
content of groundnut. They observed highest pod yield and dry matter content on
application of 20 kg ha' ZnSO, and 5 kg borax. . Reddy et al. (2011) reported that
soil application of micronutrients viz., ZnSO4 at 10 kg ha™, borax at 5 kg ha™' and
copper sulphate at 5 kg ha! enhanced number of pods per plant. Kamalakannan and
Ravichandran (2013) observed that application of 100 per cent NPK, ZnSOj4 at 25 kg
ha',Bat10kgha” and FYM at 12.5 t ha™! recorded highest plant height at all critical

stages of groundnut

Ravichandra et al. (2015) viewed that application of boron as foliar spray
along with rhizobium at flowering and pod formation stage had positive effect on
growth and yield of groundnut with increased plant height, number of branches, plant
dry weight, number of pods per plant, 100 pod weight, seed index and pod yield.
Excess spray of boron as foliar nutrition led to decrease in the above mentioned

par ameters.

2.1.7 Response of groundnut to combined application of N, P and K

Das (1982) reported that growth components were increased by applying
NPK. Venkateswaralu and Nath (1989) reported the importance of balanced fertilizer
schedule and its influence on groundnut. Combined application of NPK at the rate of
20: 40: 40 kg ha' produced highest yield (Pradhan and Das, 1989). Yadav (1990)
found that the application of NPK at 20: 60: 40 kg ha resulted in highest yield.
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Whereas Balasubramaniam and Palaniappan (1991) reported that the application rate

of 150 kg N and 50 kg K,O ha” produced higher yield.

Patel et al. (1994) reported that application of 25 kg N + 50 kg P,0Os ha™
increased the pod and haulm yield of groundnut cv. GAUG-1. Kachot et al. (1984)
observed higher number of pegs per plant, number of pods per plant, pod weight per
plant and test weight when 12.5 kg N ha" and 50 kg P ,Os ha” was applied. Rana et
al. (1984) reported that higher pod yield of 23.19 q ha” was obtained at 20 kg N ha™,
60 kg P ;05 ha”' and 40 kg K ,0 ha™'. Application of NPK at the rate of 50: 100: 50
kg NPK ha’ the increased the number of branches per plant significantly (Dholaria
etal., 1972).

Ghadekar et al. (1993) reported that pod yield was higher at the fertilizer rate
of 40 kg N, 80 kg P,0s and 30 kg K,O ha”' . NPK application @ the rate of 25 kg N
+ 75 kg P,Os + 37.5 kg K,O ha' gave mean pod yield of 3.55, 4.10 and 4.99 t ha™!
respectively (Thimmegowda, 1993).

Dahatonde (1982) revealed that combined application of inorganic fertilizer
and organic manure recorded favorable effects on various growth characters and yield
attributes of groundnut. They reported that application of 25:50 kg N and P,0s ha' +
5t FYM ha” recorded highest plant height, plant spread, no.of branches per plant and
total dry matter per plant at harvest and yield attributes viz., filled pod per plant, dry
pod per plant and pod and haulm yield of summer groundnut.

Kuchanwar et al. (1997) reported that nitrogen and phosphorus uptake was
highest with combination of 25:50 kg N and P,Os ha” respectively. Dubey (1997)
reported that, application of SSP at 60 kg P,Os ha™' was highest, but was on par with
30 kg P;0s ha™ as SSP along with Pseudomonas striata with regard to N, P and K

13



uptake (straw + grain) in black or medium clay soil (Vertisol). Shipkule et al. (2008)
reported that application of 80:60:20 kg ha' N, P,0s and K,O respectively showed
maximum nutrient content as well as highest nitrogen, phosphorus and potassium
uptake by kernel and haulm of groundnut. Sanchez and Owen (1978) reported that
application 150 kg P,0s ha™' along with N and K increased pod yield from 0.75 to
2.07 tha.

Babu et al. (2007) reported that uptake of NPK by groundnut was higher in
highly fertilized plots. But this higher uptake did not contribute to higher yield but
enhanced vegetative growth. Dholaria et al. (1972) reported that pod weight, number
of pods and number of branches per plant increased under high fertility condition (50:
100: 50 kg NPK ha™).

2.2 NUTRIENT CONTENT AND UPTAKE

2.2.1 Influence of nitrogen on nutrient content and uptake

Uptake of nitrogen is more intensive during flowering and pod formation
stages. During reproductive stages, there is continuous mobilization of N from leaves
to the developing fruit, and this sometimes resulted in appearance of N deficiency
symptoms (Kvien et al., 1986). Chahal et al. (1983) observed that shoot N content
was high at early and mid-flowering stages. Reddy et al. (1984) studied N uptake of
groundnut and it was maximum by the application of 10 kg N as basal and 20 kg N at
30 DAP. Boote et al. (1985) viewed that during seed filling stage leaf N declined
from 4.01 to 2.85 per cent and stem N from 1.65 to 1.13 per cent and root N from
2.19 to 1.50 per cent. Reddy and Murthy (1985) observed that N content was highest

in kernel and lowest in the shell. N content decreased as crop grew older.
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2.2.2 Influence of phosphorus on nutrient content and uptake

Basha and Rao (1980) reported that P deficiency decreased N,P.K and Ca
contents in 30 day old groundnut plants. Shelke and Khuspe (1980) reported that dry
matter production and P uptake by groundnut cv. Latur No. 33 was highest with 17.5
kg ha™' than with 0 or 35 kg ha™'. Nakagawa et al. (1981) reported that highest rate of
P application significantly increased P content in seeds. Patel et al. (1994) reported
the effect of application of 100ppm P>,Os on growth and nutrient uptake by groundnut
in calcareous soil. High level of P increased shoot and root growth and uptake of P by
root and shoot. Higher level of P was also effective in increasing uptake of N. Chahal
et al. (1983) observed that application of P increased N and P uptake and dry matter
yield.

Application of 60 kg P,Os ha™' increased N and P uptake and content in seed
(Islam and Noor, 1982). Chavan and Kalra (1983) reported that P increased the N
content and NPK uptake in plants. Bell (1985) reported that the tissue P content
during vegetative growth was 0.3 per cent of dry matter and declined during
reproductive stage as 0.27 per cent at 60 Days After Emergence to 0.12 per cent at
100 days.

2.2.3 Influence of potassium on nutrient content and uptake

Rao (1979) reported that uptake of N and P increased with application of K at
rate of 0, 40, 80 kg ha” in groundnut variety, TMV-2 under irrigated condition.
Reddy et al. (1983) reported that uptake of K in groundnut was maximum when it
was applied as basal @ of 40 kg ha™. Survase et al. (1986) reported that average plant
N, P, K contents at flowering stage were 2.7, 0.21, and 2.28 per cent respectively.
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2.2.4 Influence of secondary nutrients on nutrient content and uptake

Giri et al. (2014) reported that uptake of nutrients (N, P, K and S) by kernel,
shell and haulm of groundnut and also total uptake of nutrients by groundnut were
significantly influenced by levels of sulphur. Umadevi et al. (1999) reported that
application of S at 75 kg ha! recorded highest uptake of nitrogen (100.7 kg ha™),
phosphorus (10.40 kg ha™), potassium (40.4 kg ha™), sulphur (12.21 kg ha™"), calcium
(34.6 kg ha') and magnesium (15.59 kg ha) by groundnut. Singh et al. (2005)
observed that S uptake by pods of groundnut increased significantly with increased
levels of S up to 60 kg ha™ (10.89 kg ha™"). Patel et al. (2009) viewed that successive
increase in S application up to 40 kg ha™! improved NPS uptake by groundnut. The
maximum uptake of nutrients was recorded at S application at 15 kg ha'. The

minimum uptake of nutrients was recorded in no S treatment.

Rao and Shaktawat (2002) reported that application of gypsum at 250 kg ha™
(half at sowing + half at 35 DAS) for groundnut crop significantly increased nitrogen,
phosphorus, potassium, sulphur, calcium and magnesium uptake by 13.2, 11.0, 10.6,

10.4, 11.1 and 8.9 per cent respectively over control.

Veerabhadrappa and Yeledhalli (2005) revealed that foliar spray (N, P, K, Ca
and S - commercial formulation of urea, SSP and MOP at 1 per cent level each) at 60
DAS along with application of 100 per cent RDF recorded higher levels of nitrogen
(252 kg ha™"), phosphorus (28.9 kg ha™), potassium (204 kg ha™), calcium (74.8 kg
ha') and S (31.4kg ha™) uptake by groundnut.
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2.2.5 Influence of micronutrients on nutrient content and uptake

Mahajan et al. (1994) reported that soil application of boron at 0.5 kg ha™!
through boronated superphosphate recorded higher uptake of nitrogen (127.4 kg ha™)
and phosphorus (11.7 kg ha) in clayey soils. Kamalakannan and Ravichandran
(2013) reported that application of 100 per cent NPK, zinc sulphate at 25 kgha™,
borox at 10 kg ha! and FYM at 12.5 t ha” showed highest NPK uptake at all the
growth stages of crop. Nadaf and Chidanandappa (2015) observed that borax at 5 kg
ha" and zinc sulphate at 20 kg ha” recorded highest uptake of nitrogen (95.72 kg ha’
), phosphorus (23.50 kg ha™), potassium (92.68 kg ha™), calcium (38.34 kg ha™),
magnesium (20.87 kg ha™') and sulphur (28.16 kg ha™).

2.3 PROTEIN CONTENT

Nijhawan (1962) reported beneficial effect of application of nitrogen in
increasing the protein content. Punnoose (1968) found that graded doses of P
enhanced protein content in kernels. Basha and Rao (1980) observed that P
deficiency decreased protein content in groundnut. Nair and Sadanandan (1981)
found that protein content was increased with increased P application at 50-100 kg
ha™. Nair and Sadanandan (1981) found that the protein content was decreased with

increased dose of K from 25 to 75 kg ha™.

2.4 INTERACTIONS BETWEEN NUTRIENTS
2.4.1 P and B interaction

The effects of phosphorus deficiency like reduction in dry matter, soluble
protein, DNA, activity of ribonuclease and increase in the activities of peroxidase,
acid phosphatase and polyphenol oxidase were intensified by combined deficiency of

boron and phosphorus in maize (Chatterjee et al., 1990). The excessive application
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of P reduced uptake of B in citrus (Bingham e al., 1958) and in strawberry (May and
Pritts, 1993).

Gunes and Alpaslan (2000) reported that application of B resulted in
increased B uptake and a decreased P uptake in all genotypes of maize. Similar way,
application of P resulted in decreased B uptake and increased P uptake of the
genotypes. B application caused decrease in dry weight of all genotypes where as

dry weight of all genotypes was increased by application of P.

B is more toxic in the absence of P rather than the presence of P, and this
toxicity could be alleviated by applications of P in the calcareous soils of semiarid
areas. Pollard et al. (1976) reported that capacity for absorption of phosphate was
shown to be reduced in Zea mays and Vicia faba suffering from boron deficiency.
Tavajjoh et al. (2016) found that application of P and B fertilizers increased the
concentration and total uptake of P and B in the seeds of rapeseed cultivars and there
is a synergistic interaction between P and B. Kabir ez al. (2013) reported that fertilizer
level for P, Ca and B should be 50 kg ha™', 110 kg ha™ and 2.5 kg ha” to attain

maximum yield.

Adams and Winsor (1974) observed that boron content of the foliage was
reduced by lime addition and high phosphate content in tomato. Kaya et al. (2009)
showed that interaction between P and B had an effect on biomass of tomato. Fruit
yield, number of fruits and average fruit weight decreased in the plants grown under

high boron conditions.

2.4.2 Interaction of P with other nutrients

Phosphorus deficiency is a main yield limiting variable for crop production in
acid and alkaline soils (Fageria ef al., 1983). Assessing the interaction of phosphorus

with other nutrient is critical to keep up a balanced nutrient supply for enhancing crop
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yield. Phosphorus has a positive interaction with nitrogen and plant development
(Sumner and Farina, 1986). Sumner and Farina (1986) viewed that increased growth
required more of both N and P, the mutually synergistic effects resulted in growth

stimulation and enhanced uptake of N and P.

If large amount of P is supplied, P: Fe and P: Zn ratio in plant tissue is raised
and led to deficiency of these nutrients (Loneragan et al., 1979; Loneragan et al.,

1982).

High available P induced the deficiencies of Zn and Mn in maize (Adriano
and Murphy, 1970) and potato (Adriano et al., 1971). P formed chemical bond with
Zn, at high levels of P and P bounds large quantity of Zn resulting in P induced Zn
deficiency, which led to reduced shoot growth. Friesen et al. (1980) reported
increased total Zn uptake with P addition which led to increased root growth,
however extreme level of P caused Zn deficiency. Saeed and Fox (1979) reported an
increase in Zn sorption in Hawaiian soil due to P application. Sorption of P on the
surface of Fe and Al oxides increased negative charges on them resulting in increased
sorption of Zn. Gupta and Raj (1983) observed positive interaction between K and Zn
on yield of wheat.

Heavy application of P resulted in Fe deficiency. P interactions with Fe form
Fe- phosphates which led to Fe chlorosis in plants (Ayed, 1970). P inhibits Fe
absorption by roots and Fe transport from roots to shoots and inactivates plant Fe

(Elliott and Lauchli, 1985; Moraghan and Mascagni, 1991).

Interaction between Ca and P was complex; it had both synergistic and
antagonistic effect. The synergistic effect was due to simultaneous uptake of Ca and
P. Antagonistic effect was due to precipitation of P into less soluble calcium
phosphate. Fageria (1983) reported decreased uptake of P and Ca with increased
concentration of K in rice. Lundergardh (1934) reported a higher absorption of P and
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Ca at lower concentration of K. Acidifying effect of S application was important in

mobilization of Fe, Mn, Zn and P in calcareous soil (Soliman et al., 1992).
2.4.3 Interaction of B with nutrients

Hosseini et al. (2007) showed that Zn application increased plant height and
dry matter yield where as high levels of B decreased plant height and dry matter
yield. In grape, increased Zn concentration decreased B toxicity Similarly, B toxicity

symptoms were severe in Zn deficient orange (Swietlik, 1995).

Mahmoud e al. (2006) reported synergistic interaction between B and N. The
foliar application of B (25-50ppm) in combination with 40 kg N ha™' has significantly
increased plant height, leaf area, total dry weight, number of pods and seed yield.
Daliparthy et al. (2008) reported that application of K led to decrease in B level and

caused B deficiency.
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Materials and Methods



3. MATERIALS AND METHODS

The present study entitled “Phosphorus and boron interactions in black cotton
soils of Kerala with respect to groundnut (Arachis hypogaea L.)” was carried out in
College of Horticulture, Vellanikkara during 2016-18. Study consists of a field
experiment with groundnut in black cotton soils of Chittur, Palakkad followed by
laboratory analysis of soil, plant and pod samples taken from experimental field. The

materials used and methods followed in the study are described in this chapter.

3.1 COLLECTION AND ANALYSIS SOIL SAMPLE

Soil samples were collected from different locations of Chittur and analyzed
for available P and B. Three to four samples were collected from each location from a
depth of 0-15 ¢cm. Collected samples were air dried, processed and sieved through
2mm sieve. These samples were analyzed for available P and B. Available P and B
status of samples collected from different locations are given below.
Table 1: Available P and B status of soil samples collected from different

locations of Chittur

78

Sl no. Place Available P Water soluble B
(kg ha™) (mg kg
1 Erimedu 32.00 0.30
2 Kochikkadu 22.67 0.48
3 Kammalathara 15.74 0.50
B Malayampallam 25.65 0.37
5 Nellimedu 8.70 0.30
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Plate 2: View of field before experiment
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The experiment was carried out where deficiencies of both P and B were

noticed. The techniques followed for estimation of physico — chemical properties of

soil are given below,

Table 2: Methods followed in soil analysis

Parameter Method Reference
Bulk density Keen — Raczkowski cup Piper ( 1966)
Texture International pipette method
pH and electrical 1:2.5 soil water suspension- pH Jackson (1973)
conductivity meter and conductivity meter.
Organic carbon Walkley and Black method Walkley and Black
(1934)
Available nitrogen Alkaline permanganate mehod Subbiah and Asija
( 1956)
Available phosphorus Olsen extraction (0.5 M NaHCO; at | Watanabe and Olsen
pH 8.5) and estimation by (1965)

spectrophotometer

Available potassium

Neutral normal ammonium acetate
extraction and estimation by flame

photometer

Available calcium and

magnesium

Neutral normal ammonium acetate

extraction and estimation by AAS

Available sulphur

CaCl, extraction and estimation by

spectrophotometer

Available boron

Hot water extraction and estimation

Jackson ( 1973)

(Fe, Mn, Zn, Cu)

by spectrophotometer
Available micronutrients | DTPA extraction and estimation by | Lindsay and Norvell
ICP-OES (1978)
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Table 3: Initial physico — chemical properties of soil in the experimental site

Parameter . Value
Bulk density (Mg m™) 1.35
Texture Sandy clay loam
Coarse sand (%) 3185
Fine sand (%) 27.30
Silt (%) 18.60
Clay (%) 22.25
pH 7.83
Electrical conductivity (dS m™) 0.242
Organic carbon (%) 1.40
Available nitrogen (kg ha™ ) 288.50
Available phosphorus (kg ha™) 8.70
Available potassium (kg ha™') 384.48
Available calcium (mg kg™ ) 4454.50
Available magnesium (mg kg™ ) 812.54
Available sulphur (mg kg™ ) 6.05
Available B (mg kg ™) 0.31
Available Fe (mg kg™) 8.39
Available Mn (mg kg™) 7.18
Available Zn (mg kg™) 1.03
Available Cu (mgkg™) 1.24

3.2 GENERAL DETAILS OF FIELD EXPERIMENT
3.2.1 Experimental site

The field experiment was conducted in black soils of Chittur, Palakkad.
Geographically the field is situated at eastern side of Palakkad at 10° 38° 3.88” N
latitude and 76" 44° 53.90” E longitude at an elevation of 129 m from mean sea level.
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3.2.2 Climate and weather

The experimental site has humid tropical climate.

3.2.3 Cropping season
Experiment was conducted during May to August, 2017.

3.2.4 Cropping history of field

Maize was cultivated in 2015 and then field was left fallow for one year.

3.2.5 Crop variety

Groundnut variety, K-6 (Kadiri-6) was used for experiment. This variety was
released from Agricultural Research station, Kadiri, Andhra Pradesh, which is
suitable for both kharif and rabi season. It is a semi spreading, short duration variety

resistant to leaf spot.

3.3 EXPERIMENTAL DETAILS

Soil samples were collected from different locations of Chittur and
experiment was conducted where deficiencies of both P and B are noticed. The

experimental details are given below.

Crop : Groundnut
Variety : K-6

Season : May - August
Design : RBD (factorial)
Treatments  : 4°+1

Replications : 4
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Spacing : 15em x 15cm.
Plot size 4x2m’
POP recommendations of groundnut- 10:75:75 N:P:K kg ha™
Seeds were collected from National Seed Cooperation (NSC), Palakkad.

3.3.1 Treatment details
Different combinations of P and B at different doses were the treatments.
Treatment combinations are made with four levels of P and four levels of B and soil

test based recommendation is taken as control.

Factor A
Levels of phosphorus (P) — 4
Py -Control
P, -60 kg ha
P, -75 kg ha™
P; -90 kg ha

Factor B
Levels of boron (B) — 4
By - Control
B, - 5kgha’
B,— 10 kg ha
B;— 15 kg ha™
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Plate 3: View of field at flowering stage of groundnut crop



Treatment combinations

T, : Soil test based recommendations

Treatment Notation Treatment Notation
T, Py By Tho P2 By
Ts Py B, Ti P, B,
Ts Py B> Ti2 P, B;
Ts Py B; T3 P, B3
Te P, By Tha P3 By
T, P, B, Tis P; B,
Ts P, B Tie P3B;
T P, Bs Ti7 P3B;

Nitrogen and potassium levels are kept same (based on POP recommendations
of KAU) for all treatments except for the first treatment where soil test based

recommendations were given.
3.4.1 Land preparation

Land was ploughed thoroughly using tractor and made into fine tilth. Gross
area of field was 17 cents and net area was 13.6 cents. The selected field was divided
into four blocks and each block was further divided into 17 treatment plots. Furrow of

Im width was taken in between blocks for drainage.

26
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Plate 4: View of field at pegging stage of groundnut crop

Plate 5: View of field at pod setting stage of groundnut crop
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3.4.2 Application of manures and fertilizers

Fertilizers were applied as basal dose at the time of sowing. Farm yard manure
was applied in all the plots equally. Urea and MOP were also applied in equal
quantity based on POP except in T, where soil test based recommendations were

given. Different levels of SSP and borax were given based on treatment requirements.

Table 3: Rate of application of fertilizers in the experimental field

Treatments Urea SSP MOP Borax
(kg ha™) (kg ha™) (kg ha™) (kg ha™)
T, 21.74 416.67 150 10
T, 21.74 0 150 0
Ts 21.74 0 150 5
Ty 21.74 0 150 10
Ts 21.74 0 150 15
Ts 21.74 333.33 150 0
T 21.74 333.33 150 5
Tg 21.74 333.33 150 10
Ty 21.74 333.33 150 15
Tho 21.74 416.67 150 0
T 21.74 416.67 150 5
Tio 21.74 416.67 150 10
T3 21.74 416.67 150 15
T4 21.74 500 150 0
Tis 21.74 500 150 : 5
T 21.74 500 150 10
Ti7 21.74 500 150 15
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3.4.3 Irrigation
Furrow irrigation was done once in 7 days.
3.4.4 Weed management

Hand weeding was done at 15 days interval. At the time of flowering, earthing
up was done along with weeding. Field was kept without any disturbance after 45

days of sowing.
3.4.5 Plant protection

Pest and disease incidence was very meager in the field. Peacock menace was

controlled by using colored reflecting papers across the field.
3.4.6 Harvesting

Harvesting was done when leaves started yellowing and began to dry up.
Plants were ready for harvest at 80 days after sowing. The plants were uprooted and

pods were separated manually.
3.5 OBSERVATIONS
3.5.1 Biometric observations

Five plants were selected randomly and tagged for taking biometric
observations. The following biometric observations were recorded from these plants
at flowering, peg development, pod setting and harvesting stages and mean values

were computed.

Plant height
Plant height was recorded at flowering, peg development, pod setting and

harvesting stages and mean values were recorded.
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Plate 6: Harvesting of groundnut crop



Number of leaves
Number of leaves was taken at flowering, peg development, pod setting and

harvesting stages and mean values were recorded.

No.of pods/plant
No. of pods/plant were recorded at harvesting stage and mean values were

recorded.

Yield
Fresh weight of pods and haulm were taken at harvesting stage and mean values were

noteded.

3.5.2 Soil analysis

Soil samples were collected from a depth of 0-15 cm and analyzed for pH, EC,
OC, major nutrients (N, P, K), secondary nutrients (Ca, Mg, S) and micronutrients
(Fe, Mn, Zn, Cu, B) both before and after the crop. Physical properties of soil viz. soil
texture, bulk density and soil moisture were also analyzed. The methods employed for

analysis are given in table no. 2.
3.5.3 Plant analysis
Collection of samples

Plant samples were collected at flowering, peg development, pod setting and
harvesting stages. Plant samples were first washed with tap water to remove dirt and
soil. These were then washed with single and double distilled water, and shade dried
for a week. The shade dried samples were kept in an oven @ 60 OC and dry weight
was recorded. The samples were powdered and stored in polythene bags. The content

of major nutrients (N, P, and K), secondary nutrients (Ca, Mg, and S) and
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micronutrients (Fe, Mn, Zn, Cu, and B) of these samples were analyzed. The methods

followed to determine the nutrients are given in the table below.

Table 4: Method of plant analysis

Parameter Method ' Reference
Nitrogen Micro kjeldahl distillation Jackson, 1973
Phosphorus Vanado — molybdo — phosphoric Jackson, 1973
(Bartons reagent) yellow color
method
Potassium Nitric acid digestion and

estimation by flame photometer

Calcium and magnesium Nitric acid digestion and Piper,1966
estimation by ICP- OES
Sulphur Nitric acid digestion and Black, 1965
estimation by turbidimetry
Boron Nitric acid digestion and Page et al., 1982

estimation by ICP- OES

Micro nutrients (Fe, Mn,

Zn, Cu)

Nitric acid digestion and
estimation by ICP- OES

Piper, 1966

3.5.4 Nutrient uptake

Uptake of major, secondary, and micro nutrients were calculated by using the

formula,

Uptake of nutrient (kg ha) = Nutrient concentration (%) x biomass (kg ha™)

100
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Plate 7: Harvested groundnut pods



3.6 Statistical analysis

Statistical analysis of experimental data was done by Fisher’s method of

analysis of variance as outlined by Gomez and Gomez (1984).
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4. RESULTS

The results of the experiment entitled “Phosphorus and boron interactions in
black cotton soils of Kerala with respect to groundnut (4rachis hypogaea L.)” are

presented in this chapter.
4.1 GROWTH AND YIELD PARAMETERS OF GROUNDNUT

The effect of P and B application on growth parameters of groundnut like
plant height and number of leaves, yield parameters like number of pods and yield at
flowering, pegging, pod development and harvest stages under different doses of

phosphorus and boron are given.

4.1.1 Growth parameters
4.1.1.1 Plant height

Plant heights at flowering, pegging, pod development and harvest stages are
shown in table 6, 7, 8, 9 respectively. The treatment, P3Bg (P, 90kg ha™' and B,0 kg
ha™) showed highest plant height at flowering (15.42 cm), pegging (24.21 c¢m) and
pod development (32.99 cm)stage. At harvest stage, the treatment P;B, (P, 60 kg ha™!
and B, 10 kg ha™) showed highest plant height (37.15 cm). Plant heights at different
stages were found to be significantly influenced due to main effect and interaction
effect. Plant height was enhanced by increased dose of P but decreased with increased

dose of B.
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Table 6: Effect of P and B application on plant height at flowering stage (cm)

Ty: 11.07
By B B, Bs Mean
Py 12.44 10.65 8.88 8.55 10.13
P, 12.66 12.06 11.59 12.31 12.15
P, 14.72 13.67 11.03 9.38 12.2
P; 15.42 13.87 13.01 12.9 13.8
Mean 13.81 12.56 11.13 10.78

CD (0.05) P; 0.104

CD (0.05) B; 0.104

CD (0.05) PxB; 0.209

SE (m) P; 0.037

SE (m) B; 0.037

SE (m) PxB; 0.073

Table 7: Effect of P and B application on plant height at pegging stage (cm)

Ty: 20.10

By B, B, B3 Mean
Py 21.43 19.59 17.34 16.98 18.83
Py 21.96 21.12 20.72 21.37 21.29
P, 23.11 22.57 19.93 17.72 20.83
P3 24.21 23.34 22.8 22.39 23.18

Mean 22.68 | 21.65 20.19 19.61
CD (0.05) P; 0.058 CD (0.05) B; 0.058 CD (0.05) PxB; 0.117

SE (m) P; 0.02

SE (m) B; 0.02

SE (m) PxB; 0.041
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Table 8: Effect of P and B application on plant height at pod setting stage (cm)

Tq: 30.85
By B, B; B; Mean
Py 30.42 28.53 25.79 25.41 27.53
Py 31.26 30.17 29.84 30.43 30.43
P, 31.49 31.46 28.83 26.06 29.46
P; 32.99 32.8 32.59 31.87 32.56
Mean 31.54 30.74 29.26 28.44
CD (0.05) P; 0.05 CD (0.05) B; 0.05 CD (0.05) PxB; 0.1
SE (m) P; 0.018 SE (m) B; 0.018 SE (m) PxB; 0.035

Table 9: Effect of P and B application on plant height at harvest stage (cm)

Ty:35.75
By B, B, B; Mean
Py 33.6 30.93 354 34.68 33.65
Py 35.43 33.23 37.15 34.55 35.09
P, 31.23 34 35.83 32.95 33.5
P; 31.95 34.15 36.23 34.95 34.32
Mean 33.05 33.08 36.15 34.28
CD (0.05) P; 0.865 CD (0.05) B; 0.865 CD (0.05) PxB; 1.731
SE (m) P; 0.303 SE (m) B; 0.303 SE (m) PxB; 0.606

4.1.1.2 Number of leaves

Number of leaves at flowering, pegging, pod development and harvest stages
are shown in the tables 10, 11, 12, 13 respectively. Both the main effect and

interaction effect of treatments significantly influenced the number of leaves. The
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treatment, P3By (P, 90kg ha B, 0 kg ha"') showed highest number of leaves at
flowering stage (39.64), pegging stage (60.58) and pod development stage (81.53).

Table 10: Effect of P and B application on number of leaves at flowering stage

T;: 29.6
By B, B, B; Mean
Py 34.44 29.26 28.65 25.62 29.49
Py 34.63 30.40 30.42 30.66 31.53
P, 39.25 36.45 29.22 28.82 33.43
P; 39.64 39.13 35.24 34.79 37.19
Mean 36.99 33.81 30.88 29.97
CD (0.05) P; 0.083 CD (0.05) B; 0.083 CD (0.05) PxB; 0.165
SE (m) P; 0.029 SE (m) B; 0.029 SE (m) PxB; 0.058

Table 12: Effect of P and B application on number of leaves at pod setting

Ti:49.5
By B B, B3 Mean
Py 52.05 48.26 43.11 53.74 49.29
P, 48.14 45.47 52.43 47.63 48.42
P, 50.45 54.99 51.30 53.21 52.49
Ps 60.58 58.6 47.79 53.79 55.19
Mean 52.81 51.83 48.66 52.09
CD (0.05) P; 0.089 CD (0.05) B; 0.089 CD (0.05) PxB; 0.178
SE (m) P; 0.031 SE (m) B; 0.031 SE (m) PxB; 0.062
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Table 11: Effect of application of P and B on number of leaves at pegging stage

Tq: 68.00
By B, B, B3 Mean

P 69.65 67.25 57.57 82.02 69.12
P, 61.60 60.37 74.45 64.60 65.26
P, 61.65 73.53 73.43 77.60 71.55
P; 8152 78.07 60.34 72.77 73.18

Mean 68.61 69.81 66.45 74.25

CD (0.05) P; 0.126 CD (0.05) B; 0.126 CD (0.05) PxB; 0.252
SE (m) P; 0.044 SE (m) B; 0.044 SE (m) PxB; 0.088

Table 13: Effect of P and B application on number of leaves at harvest stage

T,: 55.95
By B, B, B; Mean

Py 59.65 54.25 47.58 62.03 55.88
P, 51.60 40.38 54.45 54.60 50.26
P, 41.65 67.53 63.43 70.60 60.80
P; 68.53 70.08 50.34 52.78 60.43

Mean 155.36 58.06 53.95 60.00

CD (0.05) P; 0.130 ~ CD (0.05) B; 0.130 CD (0.05) PxB; 0.261
SE (m) P; 0.046 SE (m) B; 0.046 SE (m) PxB; 0.091

4.1.2 Yield parameters
4.1.2.1 Number of pods per plant

Number of pods per plant is significantly influenced by different levels of P

and B. Increase in pod number per plant can be observed with increased dose of P
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application (table 14). The treatment, P3B, (P, 90 kg ha" and B, 5 kg ha™) produced
highest number of pods per plant. Number of pods increased with increased dose of P

application.
4.1.2.2 Yield

The data given in table 15 indicates that yield was significantly influenced by
application of different doses of P and B fertilizer application. The highest yield (3.66

t ha) was recorded in P; B; (P, 90 kg ha™ and B, 5 kg ha™"). The lowest yield (3.17 t

ha') was in PoB; (P, 0 kg ha" and B, 15 kg ha™). Yield was increased with increased

dose of P application.

4.2 PHYSICO — CHEMICAL CHARACTERISTICS OF SOIL
4.2.1 Soil pH

The effect of application of different levels of P and B on soil pH is given in
the table 16. Data showed that none of main effects and interaction effect has
significant influence on the pH. There was only a slight change in pH after the
harvest. pH varied from 7.80 to 7.85.

4.2.2 Electrical conductivity

The effect of application of different levels of P and B on soil EC is given in
the table 17. The main effect of different levels of P and B has no effect on EC,
whereas the interaction effects were found to be significant. EC of soil was maximum

in treatment, P; By (0.298 dS m™).
4.2.3 Organic carbon

The data on effect of application of different levels of P and B on soil OC is
given in the table 18. Data showed that both main effects and interaction effect has no

significant influence on OC content.
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Table 14: Effect of P and B application on number of pods per plant

Tq: 16.35
By By B, B; Mean
Py 13.33 13.25 12.93 12.38 12.97
P, 15.35 15.08 14.48 1430 - 14.80
P, 19.48 19.08 18.53 18.23 18.83
P; 21.53 22.35 23.33 21.38 22.14
Mean 17.42 17.44 17.31 16.57

CD (0.05) P; 0.103

CD (0.05) B; 0.103

CD (0.05) PxB; 0.207

SE (m) P; 0.036

SE (m) B; 0.036

SE (m) PxB; 0.072

Table 15: Effect of P and B application on groundnut yield (t ha™)

Ti: 3.40
By B, B, B; Mean
Py 3.28 3.22 3.17 3.02 3.17
P, 3.34 3.33 3.30 3.40 3.34
P, 3.45 3.52 3.52 343 3.