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ABSTRACT

The present study was conducted to evaluate the effects of organic manure, inorganic fertilizers, and biochar,
individually and in integrated combinations, on growth, yield attributes, and grain yield of rice (Oryza sativa L.). The
experiment aimed to assess the comparative effectiveness of these soil amendments in enhancing rice productiv-
ity and to explore their potential contribution to sustainable nutrient management. Organic inputs, including
farmyard manure and biochar, were applied to improve soil physical properties, nutrient availability, and microbial
activity, while inorganic fertilizers supplying nitrogen, phosphorus and potassium were used to meet the immediate
nutrient requirements of the crop. Field experiments were carried out during a single growing season using differ-
ent treatment combinations comprising organic manure alone, inorganic fertilizers alone, biochar alone and
their various integrated applications. Growth and yield parameters such as plant height, number of tillers, dry mat-
ter accumulation, panicle length, number of grains per panicle and grain yield were recorded. The results indicated
that integrated application of organic manure and inorganic fertilizers significantly enhanced growth and yield
attributes of rice compared to their sole application. Notably the combined use of biochar and farmyard manure
exhibited a synergistic effect by improving soil structure, enhancing nutrient retention and increasing grain yield.
The findings demonstrate that integrated nutrient management involving organic manures, inorganic fertilizers and
biochar can substantially improve rice productivity while promoting soil health, thereby offering a viable and envi-
ronmentally sustainable alternative to conventional fertilizer based farming systems.

Key words: Biochar, Inorganic fertilizer, Organic manure, Integrated Nutrient Management, Sustainable
                     agriculture

Rice (Oryza sativa L.) is a member of the grass family,
Gramineae (Poaceae). As one of the three key food crops
globally, it constitutes the staple diet for roughly half of the
world’s populace. Rice has been cultivated in India for a
long time (Sangeetha et al., 2020). Rice serves as the prin-
cipal food crop globally, providing the main dietary staple
for roughly four billion individuals approximately half of
all people on Earth. Its agricultural activities span about
160 million hectares across different climatic zones, rang-
ing from 44°N in North Korea to 35°S in Australia. Rice is
cultivated in regions that vary greatly in elevation, from
about 2.7 meters below sea level, such as Kuttanad in

India’s Kerala, to altitudes of 2,700 feet ASL in the foot-
hills of the Himalayas. Rice is essential not just for agricul-
ture; it holds a crucial role in the cultural and historical
contexts of many Asian countries, as it is deeply inter-
twined with their traditions and heritage (NRRI-Bulletin,
2020). Application of organic manure has shown positive
effects on rice yield by enhancing nutrient availability and
promoting microbial activity. The use of organic manure
raises the soil’s organic matter content, which enhances its
ability to retain water and nutrients (Ghorbani et al., 2023).
Inorganic fertilizers, including Nitrogen (N), Phosphorus
(P), and Potassium (K) varieties, offer nutrients that are
immediately accessible to plants. Proper application of in-
organic fertilizers has shown significant increases in rice
yield, especially when nutrient deficiencies are addressed
(Bhatt et al., 2019). Biochar is produced through pyrolysis
of waste plant materials. Application of Biochar to rice
fields has yielded encouraging results regarding enhance-
ment of soil fertility and enhancing crop productivity
(Oladele et al., 2019). Biochar helps in keeping nutrients in
the soil and lowering nutrient leaching, which enhances
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nutrient availability for rice plants. Due to its porous struc-
ture, biochar promotes helpful microbial activity in the soil,
which enhances nutrient cycling and overall soil health. In
the view of above facts, the present study entitled “organic
manure and biochar with inorganic fertilizer’s effect on
growth dynamics and yield performance of rice (Oryza
sativa L.)’’. Impact of biochar on rice quality characteris-
tic is limited, but its positive impact on soil fertility can
indirectly contribute to improved grain quality (Hussain
et al., 2017).

MATERIALS AND METHODS

This field experiment was conducted at the Agronomy
Research Farm in Nawabganj, part of the Department of
Soil Science at Chandra Shekhar Azad University of Agri-
culture & Technology in Kanpur, during the Kharif season
of 2023 and 2024. The soil of experimental field is classi-
fied within the soil order of Inceptisols. It is sandy loam in
texture and neutral to alkaline in soil reaction. The sixteen
treatments were used with three replicates and each con-
sisted of a T

1
, Control; T

2
, 50% RDF; T

3
, 75% RDF; T

4
,

100% RDF; T
5
, 50% RDF + 5.0 tonnes/ha FYM + 5.0 kg

Zinc; T
6
, 75% RDF + 5.0 tonnes/ha FYM + 5.0 kg Zinc; T

7
,

100% RDF + 5.0 tonnes/ha FYM + 5.0 kg Zinc; T
8
, 50%

RDF + 5.0 tonnes/ha FYM + Biochar; T
9
, 75%  RDF + 5.0

tonnes/ha FYM + Biochar; T
10

, 100% RDF + 5.0 tonnes/ha
FYM + Biochar; T

11
, 50% RDF + 5.0 tonnes/ha FYM + 5.0

kg Zinc + Biochar; T
12

, 75% RDF + 5.0 tonnes/ha FYM +
5.0 kg Zinc + Biochar; T

13
, 100% RDF + 5.0 tonnes/ha

FYM + 5.0 kg Zinc + Biochar; T
14

, 5.0 tonnes/ha FYM +
5.0 kg Zinc; T

15
, 5.0 tonnes/ha FYM  + Biochar; T

16
, 5.0

tonnes/ha FYM + 5.0 kg Zinc + Biochar, with Rice (27P
37) crop having a plot size 4 × 5 m. Each treatment was
replicated three times and organized using a Randomized
Block Design (RBD). After thorough field preparation,
initial soil samples were collected to analyze the initial soil
properties. The available major nutrients in the initial soil
sample were analyzed; N, P, K, Zn, OC, pH and EC. The
field used for the experiment had a pH of 8.09, EC 0.32 dS/
m, CEC (Cmol (p+)/kg) 39.38 and 0.40% organic carbon.
The experimental field had a low N status (203 kg/ha),
medium available P (12.80 kg/ha), lower available K (195
kg/ha) and Zn (0.63 mg/kg). All treatments, including
Biochar and FYM were assigned to the plots at random and
uniformly mixed into the soil to a depth of 10 cm 15 days
prior to transplanting the rice seedlings, after which sub-
mergence occurred. Prior to puddling, one-third of the
nitrogen (from urea) was applied as a basal treatment,
together with full doses of potash and phosphorus. This
was mixed into the soil to a depth of 15 cm. The remaining
nitrogen was supplied as a top-dressing in two applications
of urea, during the tillering and panicle initiation stages.

The trial utilized the rice variety 27P37, planted with a
spacing of 20 × 10 cm. The crop was manually harvested
from each plot once the grains had attained physiological
maturity. When around 85% of the panicles contained
about 85% ripened spikelets and the upper part of the
spikelets had changed to a straw colour, harvesting was
carried out with serrated-edge sickles. During the harvest,
yields of straw and seed were noted. Plant samples were
gathered for the chemical analysis of nitrogen, phosphorus,
potassium, and zinc in both seed and straw samples. N was
assessed by Alkaline Permagnate method (Subbiah and
Asija, 1956), for the available P soil samples were taken
using 0.5 M NaHCO

3
 (pH = 8.5) as per Olsen et al. (1954)

and the P content in the extracts was measured by vanado
- molybdo phosphoric acid yellow colour method
Jackson’s method (1973). K that is available was deter-
mined by Flame photometer method (Toth and Prince,
1949) and Available Zn was determined by DTPA method
(Lindsay and Norvell, 1978).

RESULTS AND DISCUSSION

Crop Growth Characters: The data presented in
Tables 1, 2 and 3 clearly demonstrate that crop growth pa-
rameters of rice were significantly influenced by different
nutrient management treatments. Among all treatments T

13

(100% RDF + 5 t ha-¹ FYM + 5 kg Zn + biochar) consis-
tently exhibited superior performance across both years of
experimentation as well as on a pooled basis. This treat-
ment recorded the maximum plant height (115.32 cm in
2023 and 116.87 cm in 2024, with a pooled mean of
116.09 cm) highest number of tillers (401.13 m-2 in 2023
and 404.45 m-2 in 2024 at 90 DAT, pooled mean 402.79
m-2), and maximum dry matter accumulation (874.36 g
m-2 in 2023 and 880.03 g m-2 in 2024, pooled mean 877.19
g m-2). The consistent superiority of T

13
 across years indi-

cates the robustness and stability of integrated nutrient
management practices in enhancing rice vegetative growth.
The pronounced improvement in plant height and tiller
production under T

13
 can be attributed to enhanced nutrient

availability and improved soil physico chemical and bio-
logical properties resulting from the combined application
of FYM, zinc and biochar. Farm yard manure serves as a
slow release source of macro and micro nutrients and
stimulates soil microbial activity, thereby improving nutri-
ent mineralization and uptake (Singh et al., 2021). Zinc
plays a crucial role in enzymatic activity, auxin synthesis
and chlorophyll formation, which collectively promote cell
elongation and tiller initiation. Additionally, biochar im-
proves soil structure, cation exchange capacity, moisture
retention and nutrient use efficiency, leading to reduced
nutrient losses and sustained nutrient availability to the
crop (Yadav et al., 2020). The significantly higher dry
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matter accumulation observed under T
13

 reflects enhanced
photosynthetic efficiency, greater leaf area development
and improved assimilate production and translocation. The
synergistic interaction among organic manure, inorganic
fertilizers and biochar likely facilitated improved carbon
assimilation and biomass partitioning towards vegetative
organs, ultimately resulting in higher dry matter produc-
tion. These findings corroborate the results of Kumar et al.
(2019) who reported increased biomass accumulation in
rice under integrated nutrient management systems. The
present results are in close agreement with Patel et al.
(2022) who emphasized that integrated nutrient application
not only improves growth parameters but also contributes
to sustainable soil fertility, long term productivity and
enhanced crop resilience.

Yield and Yield attributes: The data presented in
the table 4 clearly reveal that the integrated application of
organic (FYM), inorganic (RDF and zinc), and biochar
significantly influenced all the yield attributes of the crop
over the two-year study (2023–2024). Panicle length, num-
ber of grains panicle-1, test weight and effective tillers
showed a consistent increasing trend with the progressive
integration of nutrient management. The maximum panicle
length (35.10 cm in 2023 and 35.34 cm in 2024) and
pooled basis is 35.22 cm, number of grains/panicle (179 in
2023 and 182 in 2024) and pooled basis is 181.50, test
weight (23.54 g in 2023 and 23.64 g in 2024) test weight
on the pooled basis is 23.59 g and effective tillers (354/m2

in 2023 and 358/m2 in 2024) and pooled basis is 356/m2

were recorded in treatment T
13

 (100% RDF + 5 t/ha FYM
+ 5 kg Zn + biochar), which was significantly higher than
the control (T

1
). This result demonstrates the beneficial role

of combined nutrient sources in improving the reproduc-
tive growth of the crop. The two-year study period (2023–
2024), corroborating findings by Yadav et al. (2020), who
reported similar enhancements in yield components under
integrated nutrient management. The application of RDF
alone (T

4
) improved the attributes over the control but was

still inferior to treatments involving organic supplements
and micronutrients. Among the integrated treatments, T

12

and T
11

 (involving 75% and 50% RDF with FYM, Zn, and
biochar) also performed considerably well, indicating that
even partial substitution of RDF with organic and micronu-
trient inputs can enhance grain formation and quality (Patel
et al., 2022).

Biological Yield and Harvest Index: The data pre-
sented in Table 5 clearly indicate that biological yield of
rice increased progressively with enhanced nutrient man-
agement with marked differences among treatments. The
maximum biological yield was recorded under T

13
 (100%

RDF + 5 t ha-¹ FYM + 5 kg Zn + biochar) registering
143.84 q ha-1 in 2023 and 144.64 q ha-1 in 2024 with a

pooled mean of 144.24 q ha-1. This treatment significantly
outperformed the control (T

1
) which recorded the lowest

biological yield (75.72 q ha-1 in 2023 and 76.22 q ha-1 in
2024; pooled mean 75.97 q ha-1). The substantial enhance-
ment in biological yield under T

13
 reflects the cumulative

and synergistic effects of balanced inorganic fertilization
supplemented with organic amendments, biochar and mi-
cronutrient zinc, which together improve nutrient availabil-
ity, uptake efficiency and overall plant vigor. The integrated
application of FYM and biochar likely improved soil
physical properties such as aggregation, aeration and mois-
ture retention, while also enhancing microbial activity and
nutrient cycling. Zinc supplementation further contributed
by facilitating key physiological processes including en-
zyme activation, protein synthesis and chlorophyll forma-
tion thereby promoting higher photosynthetic rates and
greater biomass accumulation (Yadav et al., 2017). Similar
trends were observed in treatments T

12
 and T

10
, which also

recorded comparatively higher biological yields (140.95
and 136.12 q ha-1, respectively) underscoring the beneficial
role of integrated nutrient supply over sole application of
inorganic fertilizers.

The harvest index an important indicator of the effi-
ciency with which total biomass is converted into eco-
nomic yield, ranged from 46.93% in the control to 49.06%
in T

13
. Although variations in harvest index were narrower

compared to biological yield the relatively higher values
under integrated nutrient treatments suggest improved as-
similate partitioning towards grain formation. The highest
harvest index recorded under T

13
, followed closely by T

12
,

T
11

 and T
09

, indicates that the combined use of organic
manures, biochar and balanced fertilization not only en-
hanced total biomass production but also optimized source
sink relationships. These findings are in agreement with
Choudhary et al. (2016) who reported improved harvest
index in rice under integrated nutrient management due to
enhanced translocation of photosynthate from vegetative
parts to grains. The results highlight that integrated nutri-
ent management practices particularly those combining
organic amendments, micronutrients and biochar with rec-
ommended fertilizer doses, are effective in maximizing
biological yield while maintaining efficient biomass parti-
tioning in rice.

The present investigation clearly demonstrates that inte-
grated nutrient management combining chemical fertilizers
with organic amendments and micronutrients plays a piv-
otal role in enhancing rice productivity and soil health. The
conjoint application of RDF, farm yard manure, zinc and
biochar significantly improved crop growth, yield attributes
and yield compared to the sole application of inorganic
fertilizers. Among the different nutrient management treat-
ments T

13
 (100% RDF + 5.0 t ha-¹ FYM + 5.0 kg ha-¹ Zn +
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biochar) consistently recorded superior performance in
terms of panicle length, number of grains per panicle, grain
weight, test weight, biological yield (144.64 q ha-1) and
harvest index (48.35%). The enhanced yield under T

13
 can

be attributed to improved nutrient availability, better nutri-
ent use efficiency and improved soil physico chemical and
biological properties resulting from the synergistic interac-
tion of organic and inorganic inputs. Biochar application
likely improved soil structure, moisture retention and mi-
crobial activity, thereby facilitating sustained nutrient
supply throughout the crop growth period. Zinc supple-
mentation further enhanced physiological and metabolic
processes essential for grain development. The results
validate the effectiveness of integrated nutrient manage-
ment in promoting higher productivity while maintaining
soil fertility and ecological balance. Therefore, adoption of
integrated nutrient management practices is essential for
achieving sustainable rice production, improving resource
use efficiency and ensuring long term agricultural
sustainability in rice based cropping systems.
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