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ABSTRACT

The present investigation, entitled “Studies on the Comparative Advantage of Biochar and Zeolite on the
Growth of Ginger (Zingiber officinale Roscoe.)”, was conducted during Kharif 2025 at Sri Konda Laxman
Telangana Horticultural University, Mulugu, using a Factorial Randomized Block Design (FRBD) with 14
treatment combinations comprising seven soil amendment treatments (biochar, zeolite and control) and two
nutrient levels (75% and 100% recommended N & K), replicated thrice. Soil amendments and nutrient levels
significantly influenced ginger growth. The treatment combination Biochar @ 4 t/ha and100% recommended
N & K (A,L,) recorded the highest plant height (78.33 cm), number of leaves (50.67), leaf length (45.53 cm),
leaf width (6.23 cm), leaf area (56.59 cm?) and leaf area index (5.15) at 135 DAS. Among the main effects,
Biochar @ 4 t/ha (A,) produced the highest sprouting percentage (88.89%), plant spread, tillers per plant
(5.52), chlorophyll content (9.98), stem length (51.65 cm) and stem diameter (6.88 cm). The 100% recommended
N & K level also significantly improved all growth parameters compared with 75% recommended N & K. The
study demonstrates that Biochar @ 4 t/ha combined with 100% recommended N & K is the most effective
treatment for enhancing ginger growth under the Central Telangana agro-climatic conditions.
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Introduction

Ginger (Zingiber officinale Roscoe.) is one of the
most important spice crops cultivated worldwide for its
culinary, medicinal and industrial uses. India is the leading
producer, consumer and exporter of ginger, with a
production of 2.22 million tonnes from 204.8 thousand ha
and an average productivity of 10.86 t/ha Soni et al.
(2023). Ginger rhizomes are valued for their characteristic
flavour and aroma, which are mainly attributed to volatile
oils and gingerols and possess several pharmacological
properties including antioxidant, anti-inflammatory,
antidiabetic and anticancer activities Ali et al. (2024).
Ginger is cultivated in considerable area in Telangana,
particularly in Sangareddy and Vikarabad districts, owing
to its high market demand in the state and economic

importance Nandam et al. (2023).

Ginger is an exhaustive crop with a high demand for
nutrients throughout its growth period. However,
continuous dependence on inorganic fertilizers alone may
deteriorate soil health by reducing soil organic carbon,
microbial activity and nutrient-use efficiency Kandiannan
et al. (2022). Integrated nutrient management practices
involving organic amendments have been shown to
improve soil properties and sustain crop productivity
Divyashree et al. (2022).

Among the emerging soil amendments, biochar and
zeolite have gained considerable attention because of their
ability to improve soil physical, chemical and biological
properties. Biochar, a carbon-rich material produced
through the pyrolysis of biomass, enhances soil structure,
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water-holding capacity, cation exchange capacity and
nutrient retention (Chen, Zhou and Zhu, 2008). Zeolite, a
naturally occurring crystalline aluminosilicate mineral,
improves soil moisture retention, hydraulic conductivity
and nutrient availability while reducing nutrient losses
through its high cation exchange capacity Gholizadeh-
Sarabi and Sepaskhah (2013), Szerement et al. (2021),
Kukowska et al. (2025).

Although, the beneficial effects of biochar and zeolite
on soil quality have been reported, comparative
information on their influence on the growth of ginger
under different nutrient levels is limited. Therefore, the
present study was undertaken to evaluate the comparative
advantage of biochar and zeolite, in combination with
recommended nitrogen and potassium levels, on the
growth of ginger under the Central Telangana agro-
climatic conditions.

Materials and Methods

A field experiment was conducted during Kharif
2025-2026 at the University Farm, PGIHS, SKLTGHU,
Mulugu, Siddipet district, Telangana, India. The
experimental site is situated at an altitude of 612 m above
mean sea level, with geographical coordinates of 17°43'
02" N latitude and 78°37' 34" E longitude, falling under
the Central Telangana Agro-climatic Zone. The
experiment was laid out in a Factorial Randomized Block
Design (FRBD) with two factors and three replications.
Factor | consisted of seven soil amendment treatments,
viz., Biochar @ 2, 3 and 4 t/ha, Zeolite @ 1, 1.5and 2 t/
ha and control (without soil amendment), while Factor Il
consisted of two nutrient levels, viz., 75 and 100%
recommended dose of nitrogen and potassium (75 kg N
and 50 kg K/ha RDF). Phosphorus was applied uniformly
@ 50 kg P/ha to all the treatments.

The spacing adopted was 30 x 20 cm, accommodating
54 plants per plot. Ginger rhizomes of cv. Maran were
planted on raised beds. Enriched biochar and zeolite were
applied as basal treatments as per the treatment schedule,
while nitrogen and potassium were applied according to
the recommended schedule. Observations on sprouting
and growth were recorded at 90 and 135 DAS. The data
were statistically analysed following the procedure of
analysis of variance (ANOVA) for a Factorial
Randomized Block Design as described by Panse and
Sukhatme (1985).

Results and Discussion
Percent sprouting (%)

Among the soil amendments, biochar @ 4 t/ha (A,)
recorded the highest sprouting percent (88.89%), followed
by A, A, A, A and A, (86.42, 84.57, 81.17, 80.69 and

78.70%, respectively), whereas the lowest sprouting
percent (67.59%) was recorded in the control (A,).
Among the nutrient levels, application of 100%
recommended nitrogen and potassium (L) recorded the
highest sprouting percent (84.16%), while the lowest
(78.13%) was observed with 75% recommended nitrogen
and potassium (L,). However, the differences among the
soil amendments, nutrient levels and their interaction were
statistically non-significant, indicating that the treatments
did not exert a significant influence on sprouting
percentage.

Plant height (cm)

Over the course of the study, plant height measured
at 135 DAS varied significantly due to different soil
amendments and nutrient levels. Biochar @ 4 t/ha (A,)
recorded the maximum plant height (73.36 cm), while
the control (A,) recorded the minimum (24.98 cm).
Application of 100% recommended N & K (L,) resulted
in higher plant height (64.70 cm) than 75% recommended
N & K (L,), which was (55.51 ¢cm). Among the
interactions, AL, (Biochar @ 4 t/ha and 100% N & K)
consistently recorded the highest plant height (78.33 cm).
The increased plant height may be attributed to enhanced
root development and efficient translocation of water and
nutrients, which promoted cell division, cell elongation
and overall vegetative growth in ginger. These findings
are in agreement with the reports of Adekiya et al. (2020),
Jabin and Rani (2024).

Plant spread (N-S)

Plant spread (N-S) at 135 DAS was maximum in
biochar @ 4 t/ha (32.18 cm), while the control (A,)
recorded the minimum (20.23 cm). Among the nutrient
levels, application of 100% recommended N & K (L,)
recorded the highest plant spread (26.31 cm), whereas
the lowest (21.48 cm) was recorded with 75%
recommended N & K (L,). However, the differences
among the soil amendments, nutrient levels and their
interaction were statistically non-significant, indicating that
the treatments did not exert a significant influence on
plant spread (N-S).

Plant spread (E-W)

Among the soil amendments, biochar @ 4 t/ha
recorded the maximum plant spread (32.51 cm) at 135
DAS, while the control (A,) recorded the minimum plant
spread (16.56 cm). Among the nutrient levels, application
of 100% recommended N & K (L,) recorded the highest
plant spread (25.55 cm), whereas the lowest (21.79 cm)
was recorded with 75% recommended N & K (L)).
However, the differences among the soil amendments,
nutrient levels, and their interaction were statistically non-
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Table 1 : Effect of soil amendments and nutrient levels and their interaction on plant height (cm) of ginger.
N & K levels (L) Soil amendments (4) Mean (L)
A A, A, A, A, A, A
L, 62.60 65.03 68.40 60.90 55.17 57.95 1853 55.512
L, 67.47 73.30 78.33 66.33 66.78 69.32 3143 64.70°
Mean (A) 65.032° 69.16° 73.36° 63.61° 60.97° 63.63 24.98¢
Factors Factor (A) Factor (L) Factor (AxL)
SE(m)+ 2.56 1.36 3.62
CD@5% 7.44 3.97 10.52
Table 2 : Effect of soil amendments and nutrient levels and their interaction on total number of leaves of ginger.
N & K levels (L) Soil amendments (4) Mean (L)
A A, A, A, A A, A
L, 27.33 3833 3533 26.00 3133 3767 19.33 30.76°
L, 3267 42.33 50.67 34.33 40.67 48.00 20.47 38.442
Mean (A) 30.00° 40.332 43.00% 30.16° 36.00° 42.832 19.90¢
Factors Factor (A) Factor (L) Factor (AxL)
SE(m)+ 1.29 0.69 1.83
CD@5% 3.76 2.02 5.32

significant, indicating that the treatments did not exert a
significant influence on plant spread (E-W).

Number tillers per plant

Among the soil amendments, biochar @ 4 t/ha (A,)
recorded the maximum number of tillers per plant (5.52)
at 135 DAS, while the control (A,) recorded the minimum
(2.24). Among the nutrient levels, application of 100%
recommended N & K (L,) recorded the highest number
of tillers per plant (4.86), whereas the lowest (4.20) was
recorded with 75% recommended N & K (L,). However,
the differences among the soil amendments, nutrient levels
and their interaction were statistically non-significant,
indicating that the treatments did not exert a significant
influence on number of tillers per plant.

Total number of leaves per plant

Throughout the study, number of leaves per plant
showed significant variation due to different soil
amendments and nutrient levels. Biochar @ 4 t/ha (A,)
recorded the maximum number of leaves per plant
(43.00), while the control (A.) recorded the minimum
(19.90). Among the nutrient levels, application of 100%
recommended N & K (L,) recorded the highest number
of leaves per plant (38.44), whereas the lowest (30.76)
was recorded with 75% recommended N & K (L,). A,L,
(Biochar @ 4 t/ha and 100% N & K) recorded the highest
number of leaves per plant (50.67). The improvement in
leaf production could be associated with the ability of

biochar to improve root growth and nutrient absorption,
thereby promoting greater photosynthetic activity and the
formation of new leaves throughout the crop growth period
which were in agreement with Adekiya et al. (2020).

Average leaf length (cm)

Biochar @ 4 t/ha (A,) recorded the maximum leaf
length (41.10 cm), while the control (A)) recorded the
minimum leaf length (30.09 cm). Application of 100%
recommended N & K (L,) recorded the highest leaf
length (37.64 cm), whereas the lowest (35.12 cm) was
recorded with 75% recommended N & K (L,). Among
the interactions A,L, (Biochar @ 4 t/ha and 100% N &
K) recorded the maximum leaf length (45.53 cm). The
increased leaf length under biochar and zeolite application
may be attributed to improved soil physical conditions
that encouraged vigorous root development and enhanced
water uptake, thereby promoting cell expansion and leaf
elongation as reported by Jabborova et al. (2021).

Average leaf width (cm)

The treatment biochar @ 4 t/ha (A,) recorded the
maximum leaf width (5.52 cm), while the control (A.)
recorded the minimum leaf width (2.73 cm). Application
of 100% recommended N & K (L,) recorded the highest
leaf width (4.80 cm), whereas the lowest (4.03 cm) was
recorded with 75% recommended N & K (L,). Biochar
@ 4 t/ha and 100% N & K recorded the maximum leaf
width (6.23 cm). The enhanced leaf width may be due to
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Table 3 : Effect of soil amendments and nutrient levels and their interaction on average leaf length (cm) of ginger.

Soil amendments (A)
N & K levels (L) Mean (L)
Al AZ A3 A4 AS AG A7
L, 35.15 38.86 36.67 36.53 R4 37.92 28.39 35.122
L, 36.32 36.76 4553 33.77 39.09 40.25 31.79 37.642
Mean (A) 35.73° 37.81% 41.10° 35.15° 35.71° 39.08% 30.09¢
Factors Factor (A) Factor (L) Factor (AxL)
SE(m)+ 1.24 0.66 1.76
CD@5% 3.62 1.93 5.12
Table 4 : Effect of soil amendments and nutrient levels and their interaction on average leaf width (cm) of ginger.
Soil amendments (A)
N & K levels (L) Mean (L)
Al AZ A3 A4 AS AG A7
L, 3.63 4.70 4.82 270 4.07 4.87 247 4.032
L, 4.40 5.60 6.23 437 5.03 6.00 3.00 4.80°
Mean (A) 4.01¢ 5.15% 5.522 3.53¢% 4.55b¢ 5.432 2.73¢
Factors Factor (A) Factor (L) Factor (AxL)
SE(m) £ 0.34 0.18 0.48
CD@5% 0.99 0.52 1.40

improved physiological efficiency and balanced nutrient
uptake under biochar and zeolite application, resulting in
better leaf development and expansion in ginger and
similar observations were reported by Setyawati et al.
(2023).

Average Leaf area (cm?)

Biochar @ 4 t/ha recorded the maximum leaf area
(48.55 cm2), while the control (A.) recorded the minimum
leaf area (37.34 cm?). Application of 100% recommended
N & K (L,) recorded the highest leaf area (46.02 cm?),
whereas the lowest (42.50 cm?) was recorded with 75%
recommended N & K (L,). Biochar @ 4 t/ha and 100%
N & K recorded the maximum leaf area (56.59 cm?).
The increased leaf area may be attributed to improved
cell division and expansion, resulting in the development
of larger photosynthetic surfaces under biochar and zeolite
application these findings are in agreement with Kwizera
et al. (2023).

Leaf area index (LAI)

The observations on leaf area index at 135 DAS
revealed that biochar @ 4 t/ha (A,) recorded the maximum
leaf area index (4.14), followed by A, (3.80), A5 (3.73)
and A, (3.70), which were on par with A,, while the
control (A.) recorded the minimum leaf area index (1.94).
Among the nutrient levels, application of 100%
recommended N & K (L,) recorded the highest leaf area
index (3.70), whereas the lowest (3.16) was recorded

with 75% recommended N & K (L,). The interactions
revealed the treatment AL, (Biochar @ 4 t/ha and 100%
N & K) recorded the maximum leaf area index (5.15),
while the lowest (1.85) was recorded in A.L,. These
differences in leaf area index may be attributed to
enhanced leaf expansion and greater canopy development
under biochar application, while adequate nutrient supply
further promoted vegetative growth as reported by et al.
(2021).

Chlorophyll content (SPAD)

Chlorophyll content at 135 DAS exhibited significant
differences among the soil amendments and nutrient
levels. Among the soil amendments, biochar @ 4 t/ha
(A,) recorded the maximum chlorophyll content (9.98),
while the control (A.) recorded the minimum chlorophyll
content (7.36). Among the nutrient levels, application of
100% recommended N & K (L,) recorded the highest
chlorophyll content (9.50), whereas the lowest (9.01) was
recorded with 75% recommended N & K (L,). However,
the differences among the soil amendments, nutrient levels
and their interaction were statistically non-significant,
indicating that the treatments did not exert a significant
influence on chlorophyll content.

Average stem length (cm)

Stem length at 135 DAS showed significant variation
among the soil amendments and nutrient levels. Among
the soil amendments, biochar @ 4 t/ha (A,) recorded the
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Table 5 : Effect of soil amendments and nutrient levels and their interaction on average leaf area (cm?) of ginger.
N & K levels (L) Soil amendments (4) Mean (L)
A A, A, A, A, A, A
L, 4590 43.03 4051 36.45 45.25 43.38 30.00 42.502
L, 46.90 48.12 56.59 38.96 46.15 48.75 36.69 46.022
Mean (A) 44.902 45.57% 48.55% 37.70° 45.70% 46.06% 37.34°
Factors Factor (A) Factor (L) Factor (AxL)
SE(m)+ 1.84 0.98 2.61
CD@5% 5.37 2.87 7.60
Table 6 : Effect of soil amendments and nutrient levels and their interaction on average leaf area index (LAI) of ginger.
N & K levels (L) Soil amendments (4) Mean (L)
A A, A, A, A, A, A
L, 384 333 314 2.88 375 334 185 3.162
L, 376 397 515 kWil 372 4.06 2.04 3.70°
Mean (A) 3.80° 3.65° 4.142 3.04¢ 3.73» 3.70% 1.944
Factors Factor (A) Factor (L) Factor (AxL)
SE(m)+ 0.15 0.08 0.22
CD@5% 0.46 0.24 0.65

maximum stem length (51.65 cm), while the control (A.)
recorded the minimum stem length (42.89 cm). Among
the nutrient levels, application of 100% recommended N
& K (L,) recorded the highest stem length (47.23 cm),
whereas the lowest (42.78 cm) was recorded with 75%
recommended N & K (L,). However, the differences
among the soil amendments, nutrient levels, and their
interaction were statistically non-significant, indicating that
the treatments did not exert a significant influence on
stem length.

Average stem diameter (cm)

Significant differences in stem diameter at 135 DAS
were observed among the soil amendments and nutrient
levels. Among the soil amendments, biochar @ 4 t/ha
(A,) recorded the maximum stem diameter (6.88 cm),
while the control (A,) recorded the minimum stem
diameter (5.48 cm). Among the nutrient levels, application
of 100% recommended N & K (L2) recorded the highest
stem diameter (6.53 cm), whereas the lowest (6.13 cm)
was recorded with 75% recommended N & K (L,).
However, the differences among the soil amendments,
nutrient levels, and their interaction were statistically non-
significant, indicating that the treatments did not exert a
significant influence on stem width.

Conclusion

The present investigation demonstrated that soil
amendments and nutrient levels significantly influenced

the growth of ginger under Central Telangana conditions.
Among the treatments, biochar @ 4 t/ha in combination
with 100% recommended nitrogen and potassium
consistently recorded superior performance for most of
the growth parameters. The improved performance may
be attributed to enhanced soil physical properties and
moisture retention, which promoted better crop growth
and productivity. Therefore, the application of biochar @
4 t/ha along with 100% recommended nitrogen and
potassium can be recommended as an effective nutrient
management strategy for improving ginger production
under Central Telangana conditions.

Acknowledgments

The author would like to thank Dr. Rajasekhar Marri,
Chairman of the Advisory Committee and the Advisory
Committee members, Dr. Veena Joshi, V. Krishnaveni
and Dr. R. Preetham Goud, for their valuable guidance
and constant support throughout the research. The author
also thank the Department of Plantation, Spices, Medicinal
and Aromatic Crops, Post Graduate Institute of
Horticultural Sciences, Sri Konda Laxman Telangana
Horticultural University, Mulugu, Telangana, India, for
providing the necessary facilities to conduct this study.
The first author gratefully acknowledges the Indian
Council of Agricultural Research (ICAR), New Delhi,
for providing the postgraduate fellowship during the course
of the study.



1086 Nymisha Pemmaraju et al.

References

Adekiya, A.O., Agbede T.M., Ejue W.S., Aboyeji C.M., Dunsin
O.,Aremu C.0. and Adesola O.0. (2020). Biochar, poultry
manure and NPK fertilizer: sole and combined application
effects on soil properties and ginger (Zingiber officinale
Roscoe) performance in a tropical Alfisol. Open Agric.,
5, 30-39.

Ali, Koddus and Flinn G. (2024). An overview of the traditional
and modern applications of ginger. J. Hlth Sci. Res., 4(10),
10-16.

Chen, B., Zhou D. and Zhu L. (2008). Transitional adsorption
and partition of nonpolar and polar aromatic
contaminants by biochars of pine needles with different
pyrolytic temperatures. Environ. Sci. Technol., 42(14),
5137-5143.

Divyashree, N., Poojashree S., Venukumar and Vishwanath
Y.C. (2022). Sustainable ginger production through
integrated nutrient management. In: Ginger: Cultivation
and Use. IntechOpen.

Gholizadeh-Sarabi, S. and Sepaskhah A.R. (2013). Effect of
zeolite and saline water application on saturated
hydraulic conductivity and infiltration in different soil
textures. Arch. Agron. Soil Sci., 59(5), 753-764.

Jabborova, D., Kadirova D., Narimanov A. and Wirth S. (2021).
Beneficial effects of biochar application on lettuce
(Lactuca sativa L.) growth, root morphological traits and
physiological properties. Ann. Phytomed., 10(2), 93-100.

Jabin and Rani B. (2024). Effect of biochar on soil physical
properties and growth parameters of ginger cv. Karthika.

Indian J. Hort., 81(3), 307-312.

Kandiannan, K., Prasad S. and Banuve A. (2022). Spices of
the Pacific region with special reference to vanilla and
ginger production: Challenges and the way forward. J.
Spices Aromat. Crops, 31(1).

Kukowska, S. and Szewczuk-Karpisz K. (2025). Management
of the soil environment using biochar and zeolite in
various combinations: Impact on soil condition and
economical aspects. J. Soils Sediments, 25(1), 77-102.

Kwizera, E., Mungai N.W., Opiyo A.M. and Niyokuri N.A.
(2024). Effect of biochar and inorganic fertilizer on the
quality of beetroot (Beta vulgaris L.) in Kenya. Int. J.
Hort. Sci., 7, 7-13.

Nandam Komala, P., Radhika D., Srinivasa Reddy D. and
Supriya K. (2023). Trends in production, price fluctuations
of ginger in Telangana and five major ginger producing
states in India. Biol. Forum — Int. J., 15(2), 346-349.

Setyawati, A., Rahayu M., Muliawati E.S. and Febriyanti (2023).
Applications of cow manure and bagasse biochar on the
growth and flavonoids of white turmeric (Curcuma
zedoaria). In: E3S Web Conf., 467, 01011.

Soni, J.K,, Lalramhlimi B., Dayal V., Sunani S.K., Sailo L.,
Nibhoria A. and Doley S. (2023). Evaluation of ginger
genotypes for commercial cultivation in Mizoram and
future prospects. Environ. Conserv. J., 24(3), 186-198.

Szerement, J., Adamczuk A. and Jozefaciuk G. (2021). Effect of
low zeolite doses on plants and soil physicochemical
properties. Materials, 14(10), 2617.



