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The Effects of Fertilizers on Soil Microbial Components and
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Abstract: A study was conducted under the cultivation of high yielding variety of groundnut ICGS-76 (Arachis
hypogaea 1..) treated with fertilizers at an upland experimental block of Agronomy division, Indian Council of
Agricultural Research (ICAR) Barapam, Meghalaya, India. The aim was to assess and compare the effect of
inorganic (NPK), organic (FYM) and combination of inorganic and organic (NPK+FYM) on soil microbial
components and chemical properties and groundnut yield under different stages of cropping 1.e. Pre-fertilization
(PF), Groundnut Cropping (GC) and Post Harvest (PHV). GC mnfluenced so1l microbial number, microbial biomass
Carbon (C;.) and Soil Respiration (SR) within each treatment. CTRL, FYM, NPK4+FYM and FYM plots
harboured higher number of microbes, C_. SR respectively. Soil enzymes activity were not mfluenced by
groundnut cropping and maximum activity was exhibited only at FYM and NPK+FYM whereas NPK fertilization
showed lower influenced on it. GC has a positive effect on soil Total Nitrogen (TN), Available Phosphorus (AP)
and Moisture Content (MC). Higher amount of Total Organic Carbon (TOC) and potassium (K) were exhibited
at PHV and PF. Higher MC was observed in the NPK+FYM plot and soil pH was more acidic in presence of

groundnut. Application of NPK+FYM fertilization exhibited a beneficial effect on groundnut yield.
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INTRODUCTION

Groundnut (Arachis hypogaea L.) has been accepted
and considered as a vegetable oil seed crop in India
during mid to late 19th century and since then occupied
the first place among the oil seeds grown in the country.
In the oil seed scenario of India, groundnut is the largest
component, which occupies 45% of the total oil seeds
area and 55% of the country’s total oil seed production
[1]. Recent interest in agro ecosystem research has been
focused on the introeduction of sustainable management
practices in agriculture, including crop rotations and
fertilization systems to mamtain soil quality and
productivity and to mimimize the negative effects of
agriculture production on the environment.

Land used particularly  related to
agricultural practices and forestry can have considerable

activities

mpact on the size and activity of soil microbial
communities and on biological health of soils [2, 3].
Nitrogen fertilizer has ndeed caused a significant increase
in crop yield; it has also brought about some unfavorable

result. Besides the impairment of envirommental quality,
this practice also caused a decline in soil productivity
through excessive soil erosion, nutrient runoff and
deteriorated soil chemical properties [4]. The addition of
certain organic fertilizers causes a net immobilization of
soil nitrogen [5].

Long-term cropping systems and N fertilization can
influence important soil properties such as soil structure
and density, soil pH, the quantity, quality and distribution
of soil organic matter and of nutrient cycles within the soil
profile [6, 7]. Inorganic N fertilization can have significant
effect on soil microorganisms and enzymes through
higher plant yields and thus, crop residues and through
its impact on soil pH depending on the amount and type
of fertilizers [8]. Changes mn soil microorganisms may have
an important effect on the productivity of soil, since they
influence the crop production by acting as catalyst for
bio-transformations [9]. An understanding of microbial
processes is important for the management of farming
systems, particularly those that rely on orgame mputs of
nutrients [10].
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The activity of soil microorganisms is strongly linked
to the activity of enzymes and soil management (mncluding
crop rotations, fertilization and tillage and crop residue
placement) strongly mfluences the activity of soil
enzymes [11, 13]. Soil enzymes are potential indicators of
so1l quality because of their relationship to soil biology,
ease of measurement and rapid response to changes in
soil management [14]. Such an index would integrate
physical, chemical and biological characteristics and be
used to monitor the effects of soil management on
long-term productivity [15].

Management practices significantly affected organic
carbon C, carbohydrate contents, microbial biomass C and
organic C turnover rates in agricultural soils [16]. The role
of soil microbial biomass as a relatively labile nutrient pool
mn the cycling of C, N and P 1s well established [17]. In
agro ecosystems, human intervention may affect soil biota
and therefore 1t has a crucial impact on system
productivity and its maintenance. Therefore, the depletion
of organic matter level in heavily cultivated agricultural
considerably affect the
productivity of some soils. Since soil microorganisms can

situations  could future
act as an mdicator to show the fertility level and quality of
soil, the assessment and precise study on microbial
composition, their activity and quality of soil in an agro
ecosystem 18 necessary. Various agricultural management
practices such as cropping system, fertilizer application,
cultivation practices, soil orgamc amendments and
pesticide application can lead to the alteration of the
microbial dynamic in the agro-ecosystem [18]. By keeping
all these views the main objectives in this study were to
assess the effect of organic and morganic fertilizers on
so1l microbial compenents, chemical properties and
groundnut yield under fertilization.

MATERIALS AND METHODS

Study area: Study was camried out at an upland
experimental block of Agronomy division, Indian Council

Table 1: Types of fertilizer treatments and doses

of Agricultural Research (ICAR) for North Eastern Hill
(NEH) region complex at Barapam Shillong; Meghalaya,
India on Groundmut (drachis hypogaea 1..) cultivation.
The geographical position of the study site 1s at 25°38° N
latitude and 91°52° E longitudes and is situated at an
altitude of 850 msl. The soil of the study area has been
broadly divided mto four categories viz., red loamy,
lateritic, red and yellow and alluvial soil. The soil of the
experimental site 1s sandy loam (54. 50%) with moderate
permeability, silt (30. 80%) and clay (14. 45%). The soil pH
was slightly acidic and ranged from pH 4. 9to pH 6. 0. The
climate is humid and sub-tropical. The low clouds brought
in by the south and west monsoon get interrupted in the
southern face of Khasi hills and cause extremely heavy
rainfall along the Cherapunjee range through long
peninsular belt. The rain starts from middle of April and it
continues till late October.

Experimental design: High vielding variety of groundnut
ICGS-76 (International culture of groundnut selection-76)
from International Crop Research Institute for Semi-Arid
Tropics (ICRISAT), Hyderabad (India) was sown for
the nvestigation during the first year (2001) and the
second vyear (2002). The experimental field was
divided into four blocks with three replicates, each for
different treatments of fertilizer. The
optimum fertilizers dosage for groundnut was applied
mnto the field as recommended by ICAR (Table 1).
According to the types of fertilizer treatment, each of

and levels

the experimental plots viz., controls, inorganic, organic
and combinations of morganic and orgame were
designated as CTRL, NPK, FYM and NPK+FYM
respectively (Fig. 1). The experimental block was set
up in a slope land terrace, with a good drainage system.
Each triplicate plot had a size of 3x4 m’. Before
sowing and adding fertilizers the field was properly
ploughed. After the application of fertilizers, groundnut
was sown i a 10x30 cm spacing rows as recommended
by ICAR.

Treatment Source Dose

1. Control (CTRL) -

2. Tnorganic fertilizers (N+P+K) N=urea 20 kg'ha
P=single super phosphate 60 kg/ha Recommended dose
K=muriate of potash 40 kg/ha

3. Organic fertilizer (FYM) FYM=farmyard manure (Cow dung) 10 t/ha

4. Combination of inorganic and organic fertilizers N 10 kg/ha

[N+P+K) + (FYM)] P 30 kg/ha 50% of recommended dose

K 20 ke/ha
FYM 5t/ha
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Effect of groundnut growing stages (PF, GC and PHV) on soil microbial components (FP, BP, C_,., SR, DHA, URA)

under leguminous cultivation as influenced by organic and morganic fertilizers. Means+SE with the same
letter on the top of the bars within treatments do not differ significantly according to Scheffe multiple range

test (p =0.05)

Soil sampling and processing: Soil samples were
collected randomly, aseptically from the treatments at
monthly intervals during two crop cycles. Soil samples
were taken from the top 100 mm at least three
random positions in each plot and samples from each
plot were pooled and mixed After sieving (<2mm),
approximately 300g of each sample was stored at 5°C and
The
remaining ones was air dried for chemical analysis. The
mean data of 2001 and 2002 were used to interpret as the
effect of fertilizer on soil microbiological and chemical

subsequently used for microbiological assays.

characteristics. The mean data in the month of April
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(2001 and 2002) was considered as Pre-fertilization (PF),
mean data in the month of May to September (2001 and
2002) were considered as Growing Stage (GS) and the
mean data in the month of October (2001 and 2002) was
considered as Post Harvest (PHV).

Analyses of soil chemical properties: Soil chemical
properties were determined using methods described
by Allen [19]. Soil microbial biomass carbon was
determined by chloroform Fumigation Tncubation (FT)
method [20]. Soil respiration was estimate by the
method of McFadyen [12].
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Isolation and counting of most platable microorganisms:
The dilution plate technique [21] was employed to
enumerate the most important groups of soil fungi and
bacteria. Martin’s rose bengal agar medium was used for
the isolation of fungi [22] and nutrient agar medium [23]
was used for bacteria. The Petr1 dishes were incubated at
25+1°C for 5 days and 30+1°C for 24 h for fungi and
bacteria respectively.

Estimation of enzyme activities in soil: Dehydrogenase
activity was estimated by 2-3-5-Triphenyl tetrazolium
chloride (TTC) reduction technique [24] and the activity
of urease was measured by the method of McGarity and
Myers [25].

Statistical analysis: Variances between treatments were
compared according to Duncan’s multiple range test and
variances between the three observed stages 1.e. PF x GS
x PHV were compared according to Scheffe test. Statistical
analyses were performed with Microsoft Excel and
Statistica 5.0 version.

RESULTS AND DISCUSSION

Soil microbial number: Number of fungi was significantly
greater m the CTRL, NPK end NPK+FYM plots than FYM
treatment and maximum fungal number was noted at CTRI,
(Table 2). GC has the maximum fungal population among
the three different growing stages except FYM treatment,
whereas PHV showed minimum population within all
treatments. The fungal population also showed a
significant variation among different growing stages
within treatment (Fig. 1) Number of bacteria did not differ
significantly between treatments whereas higher bacterial
number was observed at FYM plot (Table 2). These
results imply that generally soil microbial numbers did not
differ significantly within treatments. The enrichment of
so1l mtrogen through biological fixation of nitrogen by the
host legumes and plant composition, could have affected

the microbial diversity [26]. The application of fertilizer
soil fertility level,
microorganisms and also agricultural practice particularly

increased the the number of
input of manure and cover crops have large impact on the
size and activity of soil microbial communities [18, 27].

The peak of bacterial number at FYM treatment was
in agreement with the earlier findings which stated that
the ratios of Gram +ve to gram -ve bacteria and of bacteria
to fungi, as determined signature phospholipid fatty
acids, were higher in the organic treatments than in the
inorganic treatments [28)]. They also concluded that the
organic amendments increased the C,, content of the soil
whereas C,, content and C/N ratio significantly affected
bacteria and eukaryotic commumty structures. The
manure soils also supplied large amounts of readily
available C, resulting in a more diverse and dynamic
microbial system than in inorganically fertilized soil [2].
The lower microbial number in PF and PHV of groundnut
(Fig. 1) mdicated that the bacterial functional diversity in
agro-ecosystems was affected by plant growing stages
[29, 30]. It was noted that legumes could enrich their
immediate soil environment with rhizobia through
rhizosphere effect [31]. It was also observed that number
of fungi and bacteria were greater during groundnut
cropping rather than PF and PHV within treatments
(Fig. 1). The rlizosphere 1z a system exposed to
environmental fluctuations due to shift on composition of
root exudates, which has a marked influence on microbial
communities [32].

Biomass carbon and soil respiration: The C_ content
ranged from 211.02 mg C g™ inthe CTRL to 270.33 mg
C g™" dry soil in the NPK+FYM plot (Table 2). Though it
showed insignificant variation of C_;, within treatment, but
C,, ncreases along with treatment where CTRL plot
showed lowest amount of C,, as compared with fertilized
plot. Higher amount of C_;, was observed at GC stage
within all treatments (Fig. 1). The maximum amount of C_,
in fertilized plots might be due to the higher accumulation

Table 2: Effect of organic and inorganic fertilizers on soil microbial components under leguminous cultivation. Means in columns followed by the same letter

do not differ significantly according to Duncun’s multiple range test (p=0.03). Values in parenthesis are SEMs. FP fungal population, BP bacterial

population, Cy;, microbial biomass carbon, SR soil respiration, DHA dehydrogenase activity, URA urease activity

Treatment FP BP Crmic SR DHA URA
CTRL 44.78a (3.04) 6.13a (0.59) 211.02a(18.13) 4.06a (0.18) 0.45a (0.02) 0.05a (0.003)
NPK 44.57a (4.5) 6.23a (0.54) 264.36a(25.95) 4.03ab (0.15) 0.45a (0.03) 0.05a (0.003)
FYM 34.34b (2.71) 7.15a (0.73) 217.38a(19.19) 4.61c (0.22) 0.51a (0.03) 0.06a (0.003)
NPK+FYM 37.52ab (2.94) 5.98a (0.64) 270.33a(38.53) 3.99ad (0.15) 0.52a (0.04) 0.05a (0.003)
LSDyps 1.71 0.32 13.56 0.08 0.01 0.001




Am-Euras. J. Agric. & Environ. Sci., 3 (3): 314-324, 2008

of organic carbon as it was noted that soil management
practice ile. manure applications typically result n
increased soluble organic C in soil or increased carbon
mput to the soil [33, 34]. Therefore the ratio of microbial C
to soil organic carbon has thus been used as an indicator
for C availability [35]. However, it was also reported that
morgamc fertilizer reduced soil microbial biomass carbon
[36, 37]. Thus, the control and FYM plots showed higher
amount of microbial biomass carbon rather than those
inorganic (NPK) treated plot [38, 39]. But it was observed
that C,, showed inconsistent distribution i.e. within
sampling period higher C,; was also noted in NPK and
NPKAFYM plots. Therefore, it can be hypothesized that
this due to the

retention of fertilizers which was already applied much

mnconsistent distribution could be

earlier for other experimental purposes. The analysis of
variance revealed that fertilizers treatment (inorganic or
organic) showed insigmficant vanation (P<0.05) on
microbial biomass carbon when compared to control plot.

Higher amount of C_ was observed at GC stage in all
the treatments (Fig. 1) with insigmficant variation between
PF, GC and PHV except in the CTRL plot. The higher
amount of C_, at GC could be due to the increased m soil
microbial mumber (fungi and bacteria) and the effect of
root exudation. The plant root exudates influences the
presence and growth of scil microbial population, since
the host plant was leguminous plant, it was expected to
support the so1l microbial population especially those of
symbiotic nitrogen fixing bacteria ie. Rhizobium sp.
Higher number of fimgi and bacteria was always recorded
m GC which suggested that microbial biomass carbon
measures the total biomass C (fungi + bacteria) and the
specific studies have indicated that fungi are dominant
component of the total soil microbial biomass accounting
for up to 90% of total [40].

The effects of inorganic fertilizer application on soil
microbial biomass have shown contradictory results.
Some workers have reported increase in the size of
microbial biomass [6, 42] whereas others have shown in
the opposite [36, 41]. The reduction i C_; under fertilizers
treatment might be due to the high level of mineral N
availability [39], changes in substrate quality and root
growth [43, 39] and variation m microbial competition and
community structure, repression of enzyme activity and
the build-up of recalcitrant and toxic compounds [44]. The
fertilizers application also suggested that it lowered the
amount of soil microbial biomass carbon and the long-
term soil management practices (primarily tillage and
fertilizers application) led to decrease in total microbial
biomass [45].
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Soil respiration (SR) ranged from 3.99 mg CO,
100 g™ soil 24h™" in the NPK+FYM plet to 4.61 mg CO,
100 g ™" s0il 24h™ inthe FYM plot (Table 2). SR figures in
the FYM plots were sigmficantly higher in comparison to
other plots (Fig. 1). The manure soils have higher levels of
soluble organic C, therefore supporting higher levels of
microbial activity. The maximum soil respiration i FYM
plot might be due to the enrichment of soil nutrients
through the addition of high organic carbon content or
the availability of active organic carbon of farmyard
manure. [t can be hypothesized that the maximum soil
respiration in the GC rather than at the time of initial stage
of fertilizers application and PHV might be due to the
lower availability of organic carbor, where FYM was
supposed to provide higher amount of organic carbon
(Fig. 1). This hypothesis confirmed the earlier observation
[46] who reported that, after 12 weeks the labile carbon
substrates from the dung were likely to have become
depleted, leaving large amount of dead microbial materials
as a possible energy source for other microorganisms.
Further, 1t was reported that the mean soil CO, evolution
was greater during the growing season than during fallow
in all crops [47] and legumes could enrich their inmediate
soil environment with rhizobia through rhizosphere effect
[31]. Tt has also been well documented that soil CO,
evolution was a function of root biomass [48], soil
temperature and moisture [49] and fungal population
[50]. The application of farmyard manure and NPK fertilizer
improved population of 4zotebacter, soil microorganisms
and nodulation of soybean (legume) in the long term
manuring experiment conducted in India [51]. Thus it can
be assumed that the reaction of the microbial community
to the addition of manure 1s very similar to a rhizosphere
response.

Soil enzymes: Dehydrogenase activity ranged from 0.45
mg TPF g~ dry soil 24h™" in the CTRL and NPK plots to
0.52mg TPF g~ dry soil 24h™" in the NFK+FYM plot and
insignificant variation was observed within treatments
(Table 2). The pre fertilization and pre-sowimng of
groundnut (PF) showed lower enzyme activity than GC
and PHY and the result also showed insignificant
variation between PF, GC and PHV within all treatments
(Fig. 1). There are lots of reporting regarding the linked
between soil enzyme activity and microorgamsms [11, 13].
Whereas our results have shown that higher enzyme
activity 1.e. NPK+FYM and FYM plots do not display
higher microbial numbers. The dehydrogenase activity
was lower in soil that had received the largest amount of
fertilizers; this suggests that dehydrogenase activity was
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Table 3: Effect of organic and inorganic fertilizers on soil chemical properties under leguminous cultivation. Means in columns followed by the same letter

do not differ significantly according to Duncun’s multiple range test (p=0.05). Values in parenthesis are SEMs. MC moisture content, TOC total

organic carbon, TN total nitrogen, AP available phosphorous, K potassium

Treatment MC pH TOC ™ AP K
CTRL 23.94a (0.38) 5.4%ac (0.03) 2.07a (0.02) 0.15a (0.01) 28.63a (2.11) 0.01a (0.0006)
NPK 23.68ab (0.30) 5.39a (0.03) 1.99 (0.01) 0.16a (0.01) 33.07b (2.07) 0.01be (0.0006)
FYM 24.92cd (0.33) 5.61b 0.03) 2.23be (0.04) 0.17a (0.009) 27.85cd (2.27) 0.01ab (0.0006)
NPE+FYM 25¢d (0.43) 5.52bc (0.03) 2.31c (0.06) 0.15a (0.009) 25.75d (1.72) 0.01bc (0.0007)
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Fig. 2: Effect of groundnut growing stages (PF, GC and PHV) on soil physico-chemical properties (MC, pH, TOC, TN,
AP, K) under leguminous cultivation as influenced by organic and inorganic fertilizers. MeanstSE with the
same letter on the top of the bars within treatments do not differ significantly according to Scheffe

multiple range test (p = 0.05)
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highly sensitive to the inhibitory effects associated with
large amount of fertilizer additions [52]. The gher
enzyme activity as observed in the manure treated plot
suggested that manure promoted biological and microbial
activities and accelerated the breakdown of organic
substances in the added manure [53]. The highest
dehydrogenase activity was observed in soil treated with
manure, while lowest in the CTRIL or NP-treated plots. So,
the addition of FYM and NPK+FYM enhanced and
promoted dehydrogenase enzyme activity. Tt canbe
hypothesized that the addition of manure saturated so1l’s
capacity to retain manure-P and the soil P status might
also mfluence microbial growth directly, through its effect
on plant root growth and consequently influence the
amount of C released by roots [54, 55]. It was also
observed that dehydrogenase was significantly ligher in
the soil treated with cattle manmure [53]. The results of
insignificant variation of dehydrogenase activity within
treatments indicated that there 13 no significant impact of
mdividual fertilizers treatments on the dehydrogenase
activity [56]. The pre fertilization and pre-sowing of
groundnut (PF) showed lower enzyme activity than GC
and PHV (Fig. 2). It was also reported that n the legume
species, acld phosphatase and dehydrogenase activities
were significantly higher in rhizospheric than in non-
rhizospheric soils [57].

Urease activity ranged from 0.05 NH',-N g~ dry soil
3h™" in the CTRL, NPK and NPKA+FYM plots to 0.06 NH'.-
N g' dry soil 3h' in the FYM plot and insignificant
variation was observed within treatment (Table 2). The
result also mdicated that urease activity showed higher
amount in the PF rather than GC and PHV within all
treatments and a significant variation were observed
between PF and PHV witlun CTRL and NPK plots (Fig. 1).
The much closed result within treatment indicates that the
fertilizer has a trivial influence on soil urease activity and
the total, intracellular, extracellular and specific urease
activities m the soils were sigmficantly affected by crop
rotation, but not by N fertilization [58]. The levels of
fertilizer N as stated with earlier results also did not affect
the urease activity, soil organic matter content and N,
content [59]. The mean urease activity showed higher
amount m the PF than GC and PHV m all treatments
(Fig. 2), which indicated that the compound fertilization
inhibited urease activity after six weeks of application [60].
Long-term N fertilizer application and products formed
from microbial assimilation of NH, and NO, in C-amended
soils could suppress the urease activity [61, 62]. It has
also been reported that variation in urease activity was
caused by changes in organic matter content of soils [63]
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and legumes rotation led to greater contents of organic C
and N m soils [64].

pH and moisture content: pH ranged from 5.39 in the NPK
to 5.61 in the FYM plot and insignificant variation was
observed (Table 3). The lowering of soil pH might be due
to fertilizer application [65]. Most N-contaimng morganic
fertilizers, unless specially treated, tends to acidify soil.
This 1s mainly due to the fact that most fertilizer supply
NH," or result in its production. Upon oxidation NH," can
release H' ions which are potential source of acidify [66].
Tt was also reported that the plots that were continuously
applied with pure organic fertilizer showed slight increase
m soil pH and soil organic matter content [67].
Conversely, the continuous application of pure inorganic
fertilizer resulted in a decreasing trend in soil pH. Our
result also showed that the soil pH in the GC stage was
significantly lower than PF and PHV (Fig. 2).

Soil chemical properties (TOC, TN, AP and K): Total
organic carbon (TOC) ranged from 1.99 % m the NPK plot
to 2.31 % m the NPK+FYM plot and insignificant variation
within treatment was observed (Table 3). GC stage
showed lower TOC except i the case of NPK+FYM plot
and insignificant variation of TOC between three stages
in all treatment was observed (Fig. 2). The higher soil
organic carbon in FYM and NPK+FYM plots might be due
to the higher organic matter content in farmyard manure
[68]. Soil orgamc matter levels and soil microbial activities,
vital for the nutrient turnover and long-term productivity
of the soil were enhanced by use of organic amendments
along with inorganic fertilizers [69]. The peak organic
carbon i NPK+FYM plot could be due to the supplies of
large amounts of readily available C, resulting in a more
diverse and dynamic microbial system than inorganically
fertilized so1l [70]. Sumilarly, the combination of farmyard
manure with N+P and N+P+K fertilization could enable
soil carbon to be maintained equal to, or greater than the
native site soil [71]. In contrast, continuous inorganic
fertilization was deleterious to soil quality because of
depletion of orgamc matter, the reservorr of plant available
N and P in weathered, tropical soils [72]. Insignificant
variation of TOC between three stages in all treatment was
observed. This result indicates that the crop has not
significantly nfluenced on the distribution of TOC
(Fig. 2).

Total nitrogen (TN) content ranged from 0.15% in the
CTRL plot to 0.17 % in the FYM plot and insignificant
variation was observed within treatment (Table 3).
Insigmficant variation between the three stages was
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Fig. 3: Mean (2001-2002) yield of groundnut as influenced

by orgamc and inorganic fertilizers. Means+SE
with the same letter do not differ sigmficantly
according Scheffe multiple range test (p = 0.05)

observed but higher N content was noted in the GC stage
and lower N content in the PHV stage within all treatments
(Fig. 3).The msigmficant variation within treatment could
be due to the fixation of atmospheric nitrogen by
groundnut through its nodules present in the root system.
The higher soil N content in the treated plot was greater
m all fertihized treatments as compared to the control
[6, 52]. There are lots of reports on the higher soil N
content in FYM treated soil [68]. However, combination of
farmyard manure with N+P+K fertilization enabled N to be
maintained equal to, or greater than the native site soil
[71]. Further, the addition of certain organic fertilizers
causes a net mobilization of soil nitrogen [5].

Available Phosphorous (AP)
msigmficant variation within treatment and NPK plot
displayed higher level of P (Table 3) which indicated that
the P fertilizer application sigmficantly mcreased soil P
concentration [72, 73)]. Further, it was also reported that
little of the P fertilizer added m their experiments could be
detected in the bicarbonate-extractable fraction a few days
after addition [74]. Though insignificant variation of AP
between cropping stages was observed, greater AP was
noted 1n the GC stage (Fig. 2). This result suggests that
groundnut has a beneficial effect on the distribution of
soil AP.

The mean soil K content showed msignificant
variation within treatment (Table 3) and GC stage did not
displayed higher soil K as compared to PF and PHV while
a significant variation was noted between PF and PHV in
the FYM plot (Fig. 2). Soil K content showed insignificant
variation within treatmment, where NPK and NPK+FYM
fertilization were expected to display higher levels of K
(Table 3). GC stage did not display higher soil K as
compared to PF and PHV while a significant variation was
noted between PF and PHV i the FYM plot (Fig. 2). It

content showed
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was also reported that the soil concentrations of all the
morganic nutrients (NPK) measured were greater
following fertilizer applications as compared to the
unfertilized plots [52]. But our result could be due to the
effects of K retention which was applied few years back
for other experimental purposes. Similar results has been
documented [75, 76], which they suggested that this lack
of effects of removing fertilizers in the short term is due in
part to the long history of fertilization and accumulation
of nutrient reserves in the soil before the various
experiment began.

Yield: Groundnut yield was sigmficantly higher m the
treated plot than CTRL plot (Fig. 3). These findings show
that the highest vield which was noted in NPK+FYM
plot could be due to the improvement of soil physical
properties and nutrients, which translated to higher
yield [77].
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