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ABSTRACT

A pot experiment was conducted during rabi season, 2024 in the Department of Soil Science, SAS,
Nagaland University Medziphema, to the study effect of soil amendments and potassium on performance of
rapeseed and soil properties. The experiment with four soil amendments (Aq-control, A;-5% LR, A,-2.5 t biochar
ha™ and A;-5% LR + 2.5 t biochar ha™) and 4 levels of potassium (Ko- control, Ky 20, Kao-40 and Kgo- 60 kg
K,O ha™) was carried out in complete randomized design with three replications. Results revealed that
application of soil amendments significantly enhanced the growth, yield attributes, yield, nutrient content and
nutrient uptake in rapeseed. Application of As-(5% LR + 2.5 t biochar ha'l) significantly increased the seed yield
to an extent by 50.8% and stover by 21.5% over control. Application of potassium significantly enhanced the
growth, yield attributes, yield, nutrient content and nutrient uptake of rapeseed. Application of 60 kg K,O ha™
gave significantly higher yield over rest of the treatments. Soil amendments application significantly increased
the soil pH, porosity, available NPK, exchangeable Ca?’, SMBC, dehydrogenase, acid phosphatase and
decreased that of acidity component of soil viz exchangeable acidity, exchangeable AI**, exchangeable H* and
total potential acidity. Potassium application significantly increased the available N and K contents of post-

harvest soil.
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INTRODUCTION

Oilseed crops play an important role in
the Indian agriculture. Rapeseed (Brassica
campestris L.) is a major oilseed crop that is
traditionally grown in entire the country because
of its high adaptability to conventional farming
systems. Rapeseed contributes 31% to edible oil
production in the country, followed by soybean
(26%) and groundnut (25%) (Bhagat et al.,
2022). In India, Uttar Pradesh, Rajasthan,
Madhya Pradesh, Haryana, Punjab, Orissa,
Assam, Bihar, Gujarat and West Bengal are the
states in where it is grown. Globally, India
continues to be rank 2" after Canada in acreage
(19.81%) and rank 4™ after Canada, European
Union and China in terms of production
(10.37%). During 2019-20 it was grown on 6.86
million ha in India, with a production of 9.12
million tonnes and a productivity of about 1329
kg ha™. In Nagaland, rapeseed is cultivated over
an area of 15,070 ha, with a production of
15,978 metric tons (Nagaland Statistical

Handbook, 2023). Soil acidity is a major
agricultural issue in Nagaland that has a
negative impact on crop productivity, either

directly or indirectly (Poji et al., 2017). The
fertility of such acidic soils is exceedingly low,
resulting in poorer yields from crops planted in
such soils. Therefore, it is advisable to supply
the required dose of lime to the soil to sustain its
fertility and productivity. Lime is a major means
of ameliorating soil acidity because it has a very
strong acid-neutralizing capacity, which can
effectively remove existing acids. Liming raises
the soil pH and causes Al and Mn to move from
the soil solution back into solid (non-toxic)
chemical forms. Biochar is an organic material
that is rich in carbon produced by biomass
heating in the presence of low or no oxygen.
Several advantages of using biochar for soll
correction include an increase in water holding
capacity and nutrient retention, improved soil
fertility and agrarian productivity and an
inordinate increase in soil pH.

Potassium (K) is the third most important plant
nutrient required in high amounts by plants. It
also plays a role in charge balancing osmotic
adjustment and enzyme activation in plant cells.
It is highly mobile in plants because it is not the
structural part of plant tissue but is present in
ionic form in plants. Potassium is also a quality
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element because it improves the quality of
agricultural products. Potassium also develops
resistance to different environmental stresses
and can mitigate biotic and abiotic stresses that
develop immunity in plants (Rawat et al., 2022).
Potassium is one of the principal plant nutrients
that improve crop vyield, productivity and quality.
Potassium is an essential plant macronutrient
that plays a key role in the synthesis of cells,

enzymes, proteins, starch, cellulose and
vitamins; nutrient transport and uptake;
conferring resistance to abiotic and biotic

stresses; and enhancing crop quality. Keeping
all the above facts in view, the present
investigation was conducted during the rabi
season of 2024 to study the impact of soil
amendments and potassium on performance of
rapeseed and soil properties.

MATERIALS AND METHODS

A pot experiment was conducted at
School of Agricultural Sciences (SAS), Nagaland
University, Medziphema Campus, during
October to March 2024 with rapeseed (Var. TS
38) as test crop. The experimental site is
situated at 25°43.923 to 25°50.569’ North
latitude and 93°37.645 to 93°55.202" East
longitude at an elevation of 310 meters above
mean sea level. The soil of experimental field
was sandy clay loam in texture with pH 5.02, EC
0.16 dSm™, organic carbon 7.35 g kg*, soil
available N, P & K status 225, 25 & 155 kg ha™,
and exchangeable Ca** & Mg? 1.55 & 0.50
cmol(p)kg™. Exchangeable AP, H* & acidity
1.41, 0.81 & 2.30 cmol(p*)kg™ respectively and
total potential acidity 12.6 cmol(p)kg™. The
SMBC, DHA and APA of experimental soil were
165.97 pg g™ soil, 2.70 ug TPF g* hr' and 266.0
ug PNP g*hr. Four levels of soil amendments
viz Control (Ag), 5% LR (A;), 2.5 t biochar ha
1(A,) and 5% LR + 2.5 t biochar ha™(As) and four
levels of potassium viz Control (K,), 20 kg K,O
ha' (Ky), 40 kg K,O ha' (K4)60 kg K,O ha
'(Kgo) were tested in completely randomized
design (CRD) with three replications. The 25 X
30 cm earthen pots, used for experiment, were
cleaned and kept in sun light for 2 days for
drying. The stubbles and stone present in the
soil were removed. Then the collected soil @ 15
kg pot* was filled in the pots. Recommended
dose of nitrogen and phosphorus (60:30 kg ha™)
were supplied through urea and single

superphosphate, respectively. Half dose of
nitrogen and full dose of phosphorus was
applied as basal application at sowing time. Rest
half dose of nitrogen was applied at 30 DAS. Soll
amendments and potassium levels applied
according to the treatments. 5% LR was
supplied through CaCO; and potassium was
supplied through muriate of potash. The 5 seeds
pot* was sown at a depth of 1.5 cm. After 15
days of sowing three plants were maintained in
each pot. Time to time hand weeding was done
and for controlling the biting and chewing type
insects, neem oil was sprayed in the in the crop.
Pots were irrigated as and when required. Crop
was harvested at maturity stage. After threshing
the seeds were separated out and cleaned
manually. Data on plant height, primary &
secondary branches per plant, siliqua per plant,
seeds per siliqua, test weight, seed and stover
yield were recorded. Nitrogen content in plant
samples was determined by Kjeldahl method.
Phosphorus, potassium, calcium and
magnesium content in plant samples were
determined in di-acid (HNOs-HCIO,) digestion by
using standard procedures as advocated by
Jackson (1973). Nutrient uptake was calculated
by multiplying grain and stover yields with their
respective nutrient contents. Total nutrient
uptake was calculated by summation of nutrient
uptake in seed and stover. Qil content in seed
samples was estimated by Soxhlet extraction
method. The pH, EC, organic carbon, available
N, P & K content in post-harvest soil were
determined by using standard procedures (Singh
et al., 2019). For available P, soil samples were
extracted with Bray P-1 extractant (Bray and
Kurtz, 1945) and phosphorus content in soll
extract was determined as described by Jackson
(1973). Exchangeable calcium and magnesium
were determined by versenate method. The
exchangeable Al  exchangeable  H",
exchangeable acidity and total potential acidity
were determined using standard methods
(Baruah and Barthakur, 1997). Soil Microbial
biomass carbon (SMBC) was determined by
fumigation extraction method (Vance et al,
1987), dehydrogenase enzyme activity (DHA) by
2,3,5-triphenyl tetrazolium chloride technique
(Casida, 1977) and acid phosphatase activity
(PHA) by p-nitrophenyl phosphate method
(Tabatabai and Bremner 1969). Recorded data
was analyzed statistically to compare the
treatment effects.
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RESULTS AND DISCUSSION
Effect on plant growth

Plant height significantly affected due to
different soil amendments at 30, 60 DAS and at
harvest as compared to control (Table 1). The
maximum plant height (34.38, 85.24 and 94.34
cm) was recorded under treatment A; (5% LR
+2.5 t Biochar ha™) followed by A; (2.5 t Biochar
ha') and A; (5% LR). Combined application of
lime and biochar (Az) produced 7.5 and 5.0%
more plant height over sole application of lime
and biochar, respectively. Number of primary
and secondary branches per plant significantly
affected due to application of different soll
amendments and potassium. Maximum number
of primary and secondary branches per plant
recorded under treatment Az (5% LR + 2.5t
Biochar ha™) at 30 and 60 DAS. The synergistic
effect of lime and biochar likely improved soil pH,
reduced aluminium toxicity and enhanced
nutrient availability, leading to improved shoot
development. Biochar role in enhancing soll
structure and moisture retention, along with
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lime’s acid-neutralizing capacity, might have
created a favourable rhizosphere for root and
shoot proliferation. Similar result was reported by
Purkaystha et al. (2025). Plant height of
rapeseed significantly affected due to application
of potassium at 30, 60 DAS and at harvest as
compared to control. The maximum plant height
(35.39, 87.95 and 97.24 cm) was recorded under
the treatment Kgo. The application of 60 kg K,O
ha* improved plant height by 16.7% at harvest
over control (Kg). Maximum primary and
secondary branches per plant were also
observed under the treatment Kg. The
progressive rise in primary branches with
increasing potassium levels indicates its direct
influence on vegetative growth, while the lowest
values in control (K,) reflect nutrient deficiency
stress. It can be attributed to potassium's vital
role in enhancing cell division, enzyme activation
and assimilate translocation. Furthermore,
adequate potassium availability improves water
use efficiency, strengthens plant structure and
promotes the development of lateral shoots,
resulting in increased branching (Odyuo et al.,
2015; Lu et al., 2016).

Table 1: Effect of soil amendments and potassium levels on growth, yield and oil content of rapeseed

Primary | Secondary
Plant height (cm) branches | branches | No. of | No. of | Test | Seed | Stover | Oil
Treatment plant™ plant® |siliqua | seeds |weight| yield | yield |content

30 | 60 | At 30 | 60 | 30 | 60 |plant® [siliqua™ (g) |(gpot™)|(gpot?)| (%)

DAS | DAS |harvest| DAS | DAS | DAS |DAS
Soil amendments
A, (Control) 31.78 77.16 85.47 1.72 3.48 235 540 124.12 1245 4.18 10.16 23.53 32.30
A; (5% LR) 32.02 79.45 87.74 1.83 3.67 2.83 6.05 130.88 13.25 4.38 11.07 25.51 33.50
A, (2.5 t biochar ha'l) 33.00 81.42 89.79 2.03 4.01 3.63 6.45 133.86 13.99 442 12.07 26.93 34.90
Qii)((:Sr:ﬁthlR;_i-)Z.St 34.38 85.24 94.34 241 433 395 7.92 139.19 14.75 4.46 1533 28.61 36.12
SEmz+ 059 188 218 0.05 0.06 003 0.10 169 036 0.12 051 049 0.15
CD (P=0.05) 1.71 540 6.27 0.15 0.18 0.08 0.28 4.87 1.04 NS 1.45 1.40 0.42
Potassium levels
Ko 31.46 75.10 83.26 1.65 3.46 243 5.18 126.87 12.73 4.32 10.25 2450 33.45
Koo 31.86 79.21 87.48 182 3.73 2.70 5.90 132.15 1357 4.34 1213 2558 34.21
Kao 32.47 81.02 89.36 2.06 3.97 353 6.77 133.71 13.94 4.37 1239 26.60 34.35
Keo 35.39 87.95 97.24 245 433 4.10 7.98 135.33 14.20 4.41 13.87 2790 34.81
SEmz 059 188 218 0.05 0.06 0.03 0.10 169 036 0.12 051 049 0.15
CD (P=0.05) 1.71 540 6.27 0.15 0.18 0.08 0.28 4.87 1.04 NS 1.45 1.40 0.42
Effect on vyield attributes, yield and oil number of siliquas per plant (139.19) and seeds

content

Number of siliquas per plant and number
of seeds per siliqua of rapeseed significantly
affected due to different soil amendments as
compared to control (Table 1). The maximum

per siliqua (14.75) recorded under treatment A
(5% LR + 2.5 t Biochar ha™) followed by A; (2.5 t
Biochar ha') and A; (5% LR). Irrespective of
treatments, the seed yield varied from 10.16 to
15.33 g pot®. The maximum seed and stover
yields (15.33 & 28.61 g pot™) obtained under
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treatment A; (5% LR + 2.5 t Biochar ha). A
critical examination of data revealed that 5% LR
lime application did not increase seed Yyield
significantly over control. While sole biochar
application improved seed yield significantly over
control (Ao). Combined application of lime and
biochar (As) increased seed and stover yields by
50.8 & 21.6%, respectively in comparison to
control. It was also observed that combined
application of lime and biochar (As;) improved
seed yield by 38.4% and 27.0% over sole
application of lime (A;) and biochar (Ay),
respectively. Hence combined application of lime
and biochar found more beneficial than sole
application for acidic soils of Nagaland. It can be
attributed to improved soil structure, pH balance
and nutrient availability, which enhanced overall
plant growth and productivity. The synergistic
effect of lime and biochar created favourable
conditions for root development, nutrient uptake
and efficient translocation of assimilates to the
developing seeds. Similar results have also been
reported by Lalhruaizeli et al. (2017).
Irrespective of treatments, the oil content in
seeds ranged from 32.30 to 36.12%. Qil content
of rapeseed crop was significantly affected due
to different soil amendments as compared to
control. The maximum oil content (36.12%) was
recorded under treatment A; (5% LR + 25t
Biochar ha™). The combined application of lime
and biochar likely corrected soil acidity, boosted
microbial activity and improved nutrient uptake,

particularly of elements like sulphur and
potassium that are vital for oil biosynthesis (Liu
et al., 2022). The maximum number of siliquas
per plant (135.33) and seeds per siliqua (14.20)
recorded under the treatment Kgo (60 kg K,O ha
). Seed and stover yields of rapeseed
significantly affected due to application of
potassium as compared to control and highest
values obtained under the treatment Kgo. The Kgg
level of potassium increased seed and stover
yield to the extent of 35.3 & 13.9% over control.
Potassium supply increases cytokinin synthesis
and photosynthates, ultimately which increases
the seed vyield. Furthermore, enhancement in
seed yield of rapeseed can be attributed to
potassium’s essential role in activating various
enzymes, facilitating energy transformation and
supporting critical biochemical processes for
plant growth and development. Oil content of
rapeseed significantly influenced due to
application of potassium. The maximum oil
content was recorded under the treatment Kgo
(60 kg K,O ha') followed by K, and the

minimum under control (Kg), respectively.
Potassium enhances enzyme  activation,
improves  photosynthate translocation and

supports the efficient conversion of assimilates
into oil. Additionally, it influences the synthesis of
fatty acids and contributes to the development of
oil-rich seeds. There was no significant effect on
test weight of rapeseed due to different soil
amendments and potassium application.

Table 2: Effect of soil amendments and potassium levels on nutrients content and uptake in rapeseed

Potassium
content (%)

Nitrogen |Phosphorus

Treatment | content (%) | content (%)

Calcium
content (%)

Magnesium

. -1
content (%) Total nutrient uptake (mg pot™)

Seed|Stover|Seed|Stover|Seed|Stover|Seed|Stover| Seed|Stover

N | P [ K /[ca]lMg

Soil amendments

Ao (Control) 2.70 0.31 0.94 056 0.62 0.79 0.77 1.47 0.81 1.12 347.7 228.0 249.1 425.0 348.3
Ai(5% LR) 292 033 1.01 064 068 0.85 0.81 166 0.83 1.15 408.8 274.9 293.9 512.9 391.5
A-2 (25t a4, 294 037 105 0.76 0.75 090 0.80 1.58 0.82 1.13 455.7 331.6 333.0 521.3 403.6
biochar ha™)

As; (5% LR +

2.51t biochar 3.10 041 1.10 0.80 0.88 091 0.84 1.68 0.86 1.19 595.6 398.5 402.1 608.4 473.1
ha™)

SEm+ 0.02 0.004 0.01 0.02 0.02 0.02 0.02 0.02 001 0.28 550 7.76 7.83 6.62 2.80
CD (P=0.05) 0.07 0.01 0.02 0.06 0.06 0.05 0.04 0.07 NS NS 15.8522.3522.5419.06 8.07
Potassium levels

Ko 280 0.34 1.01 0.66 0.60 0.82 0.78 158 0.80 1.12 371.7 265.3 263.9 467.5 357.2
Koo 289 0.34 1.02 0.68 0.66 0.86 0.80 1.60 0.82 1.15 441.2 301.3 300.3 508.3 397.8
Kao 299 0.37 1.03 0.70 0.77 0.88 0.81 1.61 0.84 1.16 469.7 316.9 331.1 528.2 416.9
Keo 298 0.38 1.04 0.72 0.87 0.89 0.82 1.61 0.85 1.16 525.2 349.4 382.8 563.7 444.4
SEm#+ 0.02 0.004 0.01 0.02 0.02 0.02 0.02 0.02 0.013 0.28 550 7.76 7.83 6.62 2.80
CD (P=0.05) 0.07 0.01 NS NS 0.06 005 NS NS NS NS 15.8522.3522.5419.06 8.07
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Effect on nutrient content and uptake

The N, P, K and Ca content in rapeseed
seed and stover enhanced significantly with soil
amendments application (Table 2). Highest
enhancement observed with combine application
of lime and biochar (Az). However, Mg content in
seed and stover was not affected significantly
with soil amendments. A significant impact of sail
amendments observed on nutrient uptake in
rapeseed. The data further reveals that
maximum nutrient uptake recorded under
combine application of lime and biochar (As),
followed by 2.5 t ha™ biochar application. Total
N, P, K, Ca and Mg uptake increased by 71.2,
747, 61.4, 43.1 and 35.8% over -control,
respectively with lime and biochar application
(A3). Improvement of nutrient uptake may be
attributed to enhanced nutrient concentration in
tissues and biomass yield (seed and stover) with
application of biochar and lime (Wan et al,
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2023). A significant enhancement in N and
potassium content in seed and stover observed
with potassium application, while effect on P, Ca
& Mg content was insignificant. Maximum
nutrient content in seed and stover recorded
under Kgo treatment. Total N, P, K, Ca and Mg
uptake in rapeseed significantly improved with
potassium application. Highest uptake of these
nutrients recorded under Kg, level of potassium.
The Kgo potassium level increased N, P, K, Ca
and Mg uptake to the extent of 41.2, 31.6, 45.0,
20.5 and 24.4% respectively, over control.
Increase in nutrient uptake by plants with higher
levels of potassium application may be attributed
to potassium's vital role in improving nutrients
metabolism and translocation within the plant.
Potassium application enhanced nutrients
content and vyield, which ultimately increased
nutrients uptake in rapeseed (Kishor et al.,
2015).

Table 3: Effect of soil amendments and potassium levels on soil properties

EC o Acidity compolnents Available W Ex. Dehydrog Acid

Treatment| SO (dsm’ Porosity car?c;n (cmol kg™) nutrients (kgha™)|calcium| SMBC | enase |phosphatase
PH DT () | gy BX | EX | EX|TPAL N | P K | (cmol | (ugg™) | (g TPF | (ug PNP g™
) (@ kg™) [acidity| AP*| H kg™ gt hrh) hr')

Soil amendments
'(A(gontrol) 5.00 0.18 49.55 711 243 1.421.01125 218 264 154 151 191.29 3.00 284.71
A1 (5% LR)5.11 0.17 48.71 7.32 226 1350091121 232 275 159 1.58 192.47 3.24 294.25
Az(2.5t
Piochar ha 5.05 0.18 51.01 760 228 1.390.8910.9 232 28.8 161 1.56 194.19 3.40 298.15
As (5% LR
+.2'5t .5.20 0.18 50.89 768 223 1.300.93 9.7 235 29.0 164 1.58 210.49 3.56 302.14
?lochar ha
)
SEmzt 0.03 0.008 0.63 0.30 0.03 0.030.050.31 2.4 0.70 0.58 0.01 1.43 0.01 4.27
E:on 0s) 009 NS 180 NS 010 0.080.140.88 7.0 203 168 003 411 002 12.29
Potassium levels
Ko 5.07 0.17 50.12 7.33 229 1.330.96 10.7 222 26.4 143 1.56 175.61 3.01 290.13
K20 5.10 0.17 50.05 743 228 1.360.9211.1 231 275 156 1.54 193.17 3.15 292.44
Kao 5.08 0.18 49.83 748 230 1.380.92 115 232 289 162 1.56 203.37 3.36 296.15
Keo 5.12 0.19 50.17 7.47 231 1.390.9211.8 233 28.8 177 157 216.28 3.69 300.52
SEmz 0.03 0.008 0.63 0.30 0.02 0.030.050.31 2.4 0.70 0.58 0.01 1.43 0.01 4.27
E:PD:O 05) NS NS NS NS NS NS NS NS 7.0 NS 1.68 NS 4.11 0.02 NS

Effect on soil properties

Soil amendments significantly increased
soil pH & porosity and reduced exchangeable
acidity, exchangeable AI**, exchangeable H* and
total potential acidity (TPA) of post-harvest soil
(Table 3). Highest values of pH and porosity and

minimum values of acidity components noted
under combined application of lime and biochar
(IAz). Lime and biochar application decreased
exchangeable acidity and TPA by 6.5 and 22.4%
over control. Combined application of biochar
and lime possibly decline in exchangeable
acidity and exchangeable aluminium by an
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increasing CEC, which could bind Al and Fe to
the soil exchange sites and thus improved soll
acidity (Odyuo and Sharma, 2020). Available N,
P, K and Ca enhanced significantly with lime and
biochar application. Highest improvement was
noted when lime and biochar applied together
(A3). Available N, P, K and Ca enhanced by 7.7,
9.8, 6.4 and 4.6% respectively over control.
Although the application of biochar might have
reduced the adsorption of phosphate by
increasing the soil pH and the precipitation of
APP* and Fe®". Co-application with lime increased
the soil pH much more than biochar alone. This
enhanced pH effect explained the superior
performance of the biochar—lime co-application
in increasing the soil available P (Zhang et al.,
2025). Likewise available nutrients, soil microbial
biomass carbon (SMBC), dehydrogenase activity
(DHA) and acid phosphate activity (APA)
significantly increased with application of soil
amendments. Highest enhancement was
recorded with combined application of lime and
biochar, which was 10.0, 18.6 and 6.1%
respectively over control. The improvement in
microbial activites due to different soil
amendments may be attributed to enhanced soil
physical and chemical conditions that support
microbial growth and activity. The application of
lime helps in correcting soil acidity, creating a
more favourable pH range for microbial
communities. Biochar with its porous structure

REFERENCES

Baruah, T.C. and Barthakur, H.P. (1997) A
textbook of soil analysis. Vikas Publishing
House Private Limited.

Bhagat, R., Singh, M., Sharma, B.C. and
Shankar, U. (2022) Effect of sowing
environments on yield attributes and yield
of Gobhi Sarson (Brassica napus L.)
cultivars under sub tropics of Jammu
region. Jour.Oilseed Brassica 13: 7-10.

Bray, R.H. and Kurtz, L.T. (1945) Determination
of total, organic and available forms of
phosphorous in the soil. Soil Science 59:
39-45.

Casida, J.L.E. (1977) Microbial metabolic activity
in soil as measured by dehydrogenase
determinations. Applied and
Environmental Microbiology 34(6): 630-
636.

Chen, H., Nazhafati, M., Li, C., Qi, W., Lai, M.

and high surface area, provides habitat and
energy sources for soil microbes (Chen et al.,
2021). The EC and organic carbon not affected
significantly with soil amendments application.
Available nitrogen, potassium, SMBC and DHA

increased significantly with potassium
application. Maximum enhancement in these
parameters recorded under Kg level of

potassium. The Kg, potassium level improved
potassium content to the extent of 23.7% over
control. Potassium application could not show
significant effect on other soil properties viz pH,
EC, porosity, organic carbon, acidity
components, available P & Ca and APA.
Increase in available potassium might be
attributed to the direct addition of potassium
through fertilizers, which enhances the
exchangeable potassium pool in the soil. As the
rate of potassium application increases, more
potassium remains in the available form after
meeting the plant’s immediate uptake, especially
when soil conditions support its retention (Zhang
et al., 2025).

From these results, it may be concluded
that combined use of lime & biochar and
potassium application were found more effective
in enhancing growth and yield of rapeseed and
improving soil health. Thus, application of 5% LR
+ 2.5 t biochar ha™* along with 60 kg K,O ha™ are
recommended for getting better vyield of
rapeseed in acidic soil condition of Nagaland.

and Du, X. (2021) Biochar improves
sustainability of green roofs via regulate
of soll microbial communities.
Agriculture 11(7): 620-627.

Jackson, M.L. (1973) Soil Chemical analysis.
Prentice Hall of India Private Limited,
New Delhi.

Kishor, K., Vani, K. P., Srinivas, A., Surendra, B.
P. (2015) Growth, yield and nutrient
uptake of safflower as influenced by INM
under irrigation and rainfed planting.
Journal of the Indian Society of Soil
Science 4(10): 2277-2279.

Lalhruaizeli, Sharma Y.K. and Sharma S.K.
(2017) Response of tomato
(Lycopersicon esculentum Mill.) to lime
and potassium under acidic soll
condition. Annals of Plant and Soil
Research 19(1):89-94.



YASHPAL KUMAWAT, Y.K. SHARMA and J.B. BORDOLOI 484

Liu, M., Linna, C., Ma, S., Ma, Q., Song, W.,
Shen, M. and Wang, L. (2022) Biochar
combined with organic and inorganic
fertilizers promoted the rapeseed nutrient
uptake and improved the purple soll
quality. Frontiers in Nutrition 9: 997-1005.

Lu, Z., Lu, J., Pan, Y., Lu, P., Li, X., Cong, R.
and Ren, T. (2016) Anatomical variation
of  mesophyll conductance  under
potassium deficiency has a vital role in
determining leaf photosynthesis. Plant,
Cell and Environment 39(11): 2428-2439.

Nagaland Statistical Handbook (2023)
Directorate of Economics and Statistics,
Gouvt. of Nagaland, Kohima. 31-33

Odyuo, Ekonthung, Sharma, Y.K. and Sharma,
S.K. (2015) Potassium fractions of soils
of SASRD research farm of Nagaland
University and response of soybean to
potassium. Journal of the Indian Society
of Soil Science 63: 181-185.

Odyuo, Zanbeni R. and Sharma Y.K. (2020)
Response of green gram (Vigna radiata)
to fertility levels in acid soil of Nagaland.
Annals of Plant and Soil Research 22(3):
296-300.

Poji, Issactho, Sharma, Y.K. and Sharma, S.K.
(2017) Fertility status and forms of acidity
in soils of Phek district of Nagaland in
relation to land use systems. Annals of
Plant and Soil Research 19(3): 260-265.

Purkaystha, J., Prasher, S.O., Afzal, M.T.,
Dhiman, J. and Nzediegwu, C. (2025)
Effect of biochar, hydrogel and soil liming

on nutrient leaching in a coarse-textured
soil. Sustainability 17(12): 5396-5401.
Rawat, J., Pandey, N. and Saxena, J. (2022)

Role of potassium in plant
photosynthesis, transport, growth and
yield. Role of Potassium in Abiotic Stress
5(4): 1-14.

Singh, S.K., Biswas, D.R., Srinivasamurthy,
C.A,, Datta, S.P., Jayasree, G., Jha, P.,
Sharma, S.K., Katkar, R.N., Raverkar,
K.P. and Ghosh, A.K. (2019) Sall
analysis. Published by Indian Society of
Soil Science, New Delhi.

Tabatabai, M. A. and Bremner. J. M. (1969) Use
of p-nitrophenyl phosphate for assay of
soil phosphatase activity. Soil Biology
and Biochemistry. 1: 301-307.

Vance, D., Brookes, P.C. and Jenkinson, D.S.
(1987) An extraction method for
measuring soil microbial biomass C. Saoll
Biology and Biochemistry 19(6): 703-707.

Wan, H., Liu, X., Shi, Q., Chen, Y., Jiang, M.,
Zhang, J. and Liu, F. (2023) Biochar
amendment alters root morphology of
maize plant: Its implications in enhancing
nutrient uptake and shoot growth under
reduced irrigation regimes. Frontiers in
Plant Science 14: 11-22.

Zhang, Y., Yang, C., Wang, J. and Lu, S. (2025)
Biochar co-applied with lime enhances
soil phosphorus availability via microbial
and enzymatic modulation of paddy
soil. Microorganisms 13(3): 582-587.



