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Abstract

The rising demand for high-quality rice and rice products motivates farmers
to produce traditional rice varieties. Rice production needs to be
substantially increased with suitable nutrient management practices to
meet the demand. Hence, the present study was carried out to evaluate the
influence of integrated nutrient management practices on nutrient uptake,
yield and quality of improved black kavuni rice. The research was
conducted during the Early kar (April-August 2023) and Late samba
(September-January 2023-24) seasons in a randomized block design (RBD)
with three replications and twelve treatments consisting of N in equivalent
basis with organic manure and inorganic fertilizers and one control. Based
on an N equivalent basis, the required quantity of inorganic fertilizer,
farmyard manure (FYM), vermicompost (VC) and poultry manure (PM) were
applied to rice. Observations on nutrient uptake, yield and quality were
recorded and the data were analyzed using LSD at a 5% probability level for
significance differences. The results revealed that higher nutrient uptake,
yield and quality parameters of rice were recorded with 50% recommended
dose of nitrogen through inorganic fertilizer + 50% recommended dose of
nitrogen through VC + foliar spray of 0.5% ZnSO4 & 1% FeSO, at tillering,
panicle initiation (Pl) and flowering stage (T11).
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Introduction

In Asia, rice is one of the significant stable food crops. The majority of
people consume white rice, which has been linked to a higher risk of
diabetes. Its high glycemic index increases blood glucose levels (1).
Considering this issue, the consumer prefers traditional rice varieties. The
medicinal and nutritional properties of each kind of conventional rice are
unique. Traditional rice varieties are high in fibre and rich in nutrients like
calcium, riboflavin, thiamine, vitamin D and glutamic acids. They are low in
fat, sugar and gluten. It contains oryzanol, a compound that reduces fat
production in the body, making it an excellent dietary choice for diabetics

(2).
According to (3,4), there are approximately 1200 different types of
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traditional rice in Tamil Nadu, including Mappillai Samba,
Karuppu kavuni, Karunguruvai, Atthur Kichali Samba,
Thanga Samba, Vadan Samba, Illuppaipoo Samba,
Garudan Samba, Anai komban, Ganda Sali, Chinnar, Kala
Namak, Kattuyanam, Kudavazhi, Kuzhiyadichan, Kottara
Samba, Kothamallisamba, Singinikar, Seeraga Samba,

Surakurvai, Sempalai, Salem Sanna, Thuyamalli,
Thengaipoo Samba, Bhavani, Basumathi, Poongar,
Kullakkar, Kuruvikkar, Ponni, Manijal Ponni,

Muttrinasannam, Maraththondi, Rasakkadam and Rattha
Sali, etc. Karuppu kavuni has higher anthocyanin content,
phenolic acids, flavonoids and carotenoids and it has
lower total soluble sugar, fat, and protein than traditional
rice varieties. It also contains Fe, Mn, Zn, Cu, salt, K and Mg
minerals. It has anti-arthritic, anti-diabetic and antioxidant
properties (5).

Despite its favourable nutritional quality, kavuni
rice is not widely cultivated among farmers due to its
phenological properties such as photosensitivity, long
duration, poor tillering and lower yield than current
varieties (6). Meanwhile, the improved black kavuni rice
variety CO 57 released from TNAU in 2023 is
photoinsensitive and suitable for all seasons. It gives more
yield (55.74 %) than traditionally cultivated black kavuni
rice. Its high fibre, protein and low carbohydrate content
give it excellent nutritional value. It inhibits a rise in blood
sugar levels because of its lower glycemic index. Due to the
presence of flavonoids, it also has an anticancer property
(7). These high-yielding varieties require more nutrients to
boost productivity (8).

High-yielding rice varieties remove higher amounts
of macro and micronutrients from the soil (9). Nutrient
management is a crucial component of the soil and plant
management system. Farmers have recently relied on
chemical fertilizers, particularly macronutrients, to boost
rice yields. It leads to many problems, mainly rapidly
declining  soil  fertility, —which  damages soil
physicochemical properties and soil and water quality,
resulting in global environmental issues (10, 11). Thus,
applying organic manures restores soil health and sustains
productivity over time. Using organic manures with
chemical fertilizers may have reduced N loss and increased
availability for extended periods (12).

Using organic manures offers numerous benefits
because it provides a balanced nutrient supply. According
to (13), the balanced application of nutrients from various
organic sources such as farmyard manure (FYM), poultry
manure (PM) and vermicompost (VC) along with inorganic
fertilizers is essential to maintain soil fertility and achieve
optimal crop yields. (14) stated that appropriate nutrient
management techniques are now a crucial part of recent
rice production technology to ensure productivity. An
appropriate combination of inorganic and organic nutrient
sources can increase rice productivity and quality without
harming the ecosystem. With this view, the present study
was planned to evaluate the effect of INM practices on
nutrient uptake, yield and quality of improved black
kavunirice.

Materials and methods
Experimental site

The field experiment was conducted at Wetland Farm,
Department of Agronomy, Tamil Nadu Agricultural
University, Coimbatore, during the Early kar (April - August
2023) and Late samba (September - January 2023-24)
seasons. It was located at 11°01'06" N Latitude, 76°58'21" E
Longitude and 426.7 m above MSL. The soil of the
experimental field was clay loam in texture with a pH range
of 8.12 and 8.00, and EC was 0.47 and 0.45 dsm™. The soil
nutrient status was low in available KMnOs- nitrogen (215
and 226 kg ha?, respectively) (15), medium in Olsen
available phosphorus (20.8 and 21.9 kg ha?, respectively)
(16) and high in available NH4O Ac- potassium (569 and 585
kg ha, respectively) (17).

Experimental design and treatments

The experimental design consisted of twelve treatments
with three replications, laid out in a Randomized Block
Design. The treatment details of the experiment are
provided in Table 1. Before application, the N content was
analyzed in different organic manures and the quantity was
determined. The nitrogen content of FYM, PM and VC were
0.43,2.92 and 2.26 per cent, respectively.

Crop management

The rice variety CO 57 (Improved black kavuni) was used in
this experiment. Organic manures are applied basally per
the treatment schedule before transplanting rice seedlings.
The recommended dose of N (150 kg ha™) was used per the
treatment schedule. N and K were applied at basal, tillering,
panicle initiation and heading stages. Full dose of P was
applied at basal. N content in different organic manures was
analyzed and the required quantity was determined.

Nutrient uptake analysis

Plant samples were analyzed for different nutrients. The
total nitrogen, phosphorus, potassium and micronutrients
were estimated following the Kjeldahl distillation (18),
Spectrophotometer (18), Flame photometer (18) and
Inductively Coupled Plasma Optical Emission spectroscopy
(ICP - OES) (19), respectively at 90 DAT.

Table 1. Treatment details

Treatments
T Control (Without fertilizer)
T2 100 % RDN* through inorganic fertilizer
T 50 % RDN through inorganiEstlrtilizer +50 % RDN through

T4+ 50% RDN through inorganic fertilizer +50 % RDN through PM

Ts 50 % RDN through inorganic fertilizer + 50 % RDN through VC
50 % RDN through inorganic fertilizer +25 % RDN through PM

Te +25% RDN through VC

T Ta+ Foliar application of 0.5 % ZnSO4 + 1 % FeSOs at Tillering
T and P stage

T Ts+ Foliar application of 0.5 % ZnSQO4 + 1 % FeSO, at Tillering
8 and Plstage

T Te+ Foliar application of 0.5 % ZnSO4 + 1 % FeSOs at Tillering
o and Pl stage

T Ta+ Foliar application of 0.5 % ZnSO4 + 1 % FeS0, at Tillering,
10 Pl and Flowering stage

T Ts+ Foliar application of 0.5 % ZnS0O4 + 1 % FeS0, at Tillering,
1 Pl and Flowering stage

T Te+ Foliar application of 0.5 % ZnS0O4 + 1 % FeS0, at Tillering,

Pl and Flowering stage
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Yield

Grain yield from the net plots was calculated and expressed
in kg ha™ at a grain moisture content of 14 per cent. After
sun drying, the weight of straw from each net plot was
recorded and represented in kg ha.

Physical Quality

Rice length and breadth were measured using a vernier
calliper and expressed in mm (20). The ratio between length
and breadth was used to determine the grain shape, as
suggested by (20).

Cooking quality

Kernel length and breadth after cooking were measured
using graduated cardboard and expressed in mm (21). The
linear elongation ratio was calculated using the following

formula (21).
Length of cooked rice (mm)

LER=
Length of raw rice (mm)

Breadth wise expansion ratio of rice was calculated using
the following formula, as proposed by (21).

Breadth of cooked rice (mm)

BER =
Breadth of raw rice (mm)

The known weight of the rice sample was cooked in boiling
water until its optimum cooking time. To determine water
absorption ratio, the cooked rice was weighed and wiped
to remove any remaining water without losing solids (22).

Weight of cooked rice (g)

Water absorption ratio =
Weight of raw rice (g)

The water displacement method measured the initial rice
volume in a graduated measuring cylinder. After that, the
rice was cooked in boiling water and its volume was
measured again using the water displacement method
(22).

Volume of cooked rice (ml)

Volume expansion ratio =
Volume of raw rice (ml)

Biochemical quality

Anthocyanin content was estimated using the pH
difference method, as proposed by (23). The following
formula is used to determine the total anthocyanin

content.
AXMWxDFx103

Total anthocyanin (mg/g) =
Ex1

The amylose content was estimated using the (24)
simplified method.

To determine the total nitrogen content, the grain
sample was first digested using a digestion mixture,
followed by 0.1 N sulfuric acid distillation. The crude
protein content was then calculated from the N content by
multiplying the total N by 6.25 (25).To determine true
protein content, use the (26) method.

Statistical analysis

To test for significant differences among the 12 treatment
means, data were analyzed using R software version 4.2.0
(R Studio 2022.02.3 + 492). The significance difference was
found at the 5% level. The relationship between nutrient
uptake and rice yield was assessed by Pearson correlation
analysis.

Results
Nutrient uptake

During Early kar and Late samba seasons, among the
various treatments the highest N (94.3 and 96.4 kg ha'), P
(17.2 and 18.3 kg ha?), K (90.0 and 96.7 kg ha), Zn (261
and 295 g ha!) and Fe (1469 and 1502 g ha) uptake was
noticed in plot supplied with 50% RDN through inorganic
fertilizer + 50% RDN through VC + foliar application of
nutrients (0.5% ZnSOs4 & 1% FeSO, at tillering, Pl and
flowering stage) (Tu). It was comparable with 50% RDN
through inorganic fertilizer + 50% RDN through VC + foliar
application of nutrients (0.5% ZnSOs & 1% FeSO; at
tillering and Pl stage) (Ts). Unfertilized control (T,)
recorded lower N, P, K, Fe and Zn uptake (Fig. 1 and 2).

Grainyield

During Early kar and Late samba seasons, grain yields were
influenced by INM practices are presented in Fig. 3. Higher
grain yields (3972 and 4114 kg ha*, respectively) were
recorded with the combined application of 50% RDN
through inorganic fertilizer + 50% RDN through VC + foliar
application of nutrients (0.5% ZnSOs & 1% FeSO; at
tillering, Pl and flowering stage) (T11). However, treatment
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Fig. 1. Effect of INM practices on nutrient uptake of improved traditional
black kavuni rice (Early kar, 2023)
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Fig. 2. Effect of INM practices on nutrient uptake of improved traditional
black kavuni rice (Late samba, 2023-24)
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Fig 3. Effect of INM practices on grain yield (kg ha) of improved traditional
black kavuni rice (Eary Kar, 2023 and Late Samba, 2023-24) Ek- Eary Kar;
Ls - Late Samba

T was on par with treatment Ts, where foliar spraying was
done twice at the tillering and PI stages. The lowest grain
(1052 and 1166 kg ha, respectively) were recorded under
treatment without application of nutrients, control (T:) in
both Early kar and Late samba seasons.

Physical and cooking quality

Among different INM practices, there was no significant
difference in physical and cooking quality characters
during the Early kar and Late samba seasons, presented in
Tables 2, 3 & 4. The maximum kernel length and kernel
breadth before and after cooking, length breadth ratio,
linear elongation ratio, breadth-wise expansion ratio,
water absorption ratio and volume expansion ratio were
recorded under plot received with 50% RDN through
inorganic fertilizer + 50% RDN through VC + foliar
application of nutrients (0.5% ZnSOs & 1% FeSO; at
tillering, Pl and flowering stage) (Tw). The minimum
physical and cooking quality characters were recorded in
the control plot (T:). The kernel length of more than 5 mm
was classified as medium size.

Biochemical quality

Different nutrient sources significantly influenced the
biochemical characteristics of rice grain in both seasons, as
shown in Table 5. During Early kar and Late samba seasons,

Table 2. Effect of INM practices on physical quality characters of improved traditional black kavuni of rice (Early kar, 2023 and Late samba, 2023-24)

Physical quality*
Treatments Early kar (2023) Late samba (2023-24)
KBBC KLBC KBBC
KLBC (mm) (mm) LBR (mm) (mm) LBR
T 5.69 2.02 2.82 5.71 2.03 2.81
Tz 6.35 2.13 2.98 6.40 2.14 2.99
Ts 6.22 2.10 2.96 6.23 2.10 2.97
Ta 6.37 2.13 2.99 6.42 2.15 2.99
Ts 6.47 2.16 3.00 6.50 2.17 3.00
Te 6.24 2.10 2.97 6.29 2.11 2.98
Tz 6.40 2.14 2.99 6.46 2.16 2.99
Ts 6.51 2.17 3.00 6.54 2.18 3.00
To 6.27 2.11 297 6.32 2.12 2.98
T 6.42 2.15 2.99 6.46 2.16 2.99
Tu 6.54 2.18 3.00 6.58 2.19 3.00
T 6.29 211 2.98 6.32 2.12 2.98
SEd 0.15 0.11 0.15 0.32 0.11 0.15
CD (P=0.05) NS NS NS NS NS NS
*KLBC- Kernel length before cooking / KBBC- Kernel breadth before cooking /LBR - Linear breadth ratio
Table 3. Effect of INM practices on cooking quality characters of improved traditional black kavuni of rice (Early kar, 2023)
Cooking quality*
Treatments

KLAC (mm) KBAC (mm) LER BER WAR VER
T 7.00 2.40 1.23 1.19 2.47 1.96
T, 7.96 2.60 1.25 1.22 2.60 2.10
T3 7.71 2.54 1.24 1.21 2.51 2.00
Ta 8.02 2.63 1.26 1.23 2.62 2.14
Ts 8.20 2.68 1.27 1.24 2.70 2.20
Te 7.75 2.55 1.24 1.21 2.54 2.03
Tz 8.05 2.64 1.26 1.23 2.66 2.17
Ts 8.24 2.70 1.27 1.24 2.73 2.25
Ts 7.86 2.56 1.25 1.21 2.57 2.06
Tio 8.07 2.65 1.26 1.23 2.68 2.18
Tu 8.29 2.71 1.27 1.24 2.75 2.27
T 7.88 2.58 1.25 1.22 2.58 2.08
SEd 0.39 0.13 0.06 0.06 0.13 0.07
CD (P=0.05) NS NS NS NS NS NS

*KLAC- Kernel length after cooking/ KBAC - Kernel breadth after cooking/ LER - Linear Elongation Ratio/ BER- Breadth Wise Elongation Ratio/

WAR- Water Absorption Ratio/ VER- Volume Expansion Ratio
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Table 4. Effect of INM practices on cooking quality characters of improved traditional black kavuni of rice (Late samba, 2023-24)

Cooking quality*

Treatments
KLAC (mm) KBAC (mm) LER BER WAR VER
T 7.01 2.42 1.23 1.19 2.50 1.99
T, 8.00 2.63 1.25 1.23 2.65 2.13
Ts 7.72 2.55 1.24 1.21 2.54 2.04
Ta 8.04 2.64 1.25 1.23 2.67 2.15
Ts 8.26 2.70 1.27 1.24 2.75 2.23
Te 7.78 2.56 1.24 1.21 2.57 2.06
Ts 8.09 2.65 1.25 1.23 2.70 2.18
Ts 8.30 2.74 1.27 1.26 2.78 2.27
Ts 7.87 2.57 1.25 1.21 2.59 2.09
Two 8.12 2.67 1.26 1.24 2.72 2.20
Tu 8.33 2.75 1.27 1.26 2.79 2.29
T 7.90 2.59 1.25 1.22 2.61 2.11
SEd 0.39 0.13 0.06 0.06 0.13 0.11
CD (P=0.05) NS NS NS NS NS NS

* KLAC- Kernel length after cooking/ KBAC - Kernel breadth after cooking /LER- Linear Elongation Ratio/ BER- Breadth Wise Elongation Ratio / WAR- Water

Absorption Ratio /VER- Volume Expansion Ratio

Table 5. Effect of INM practices on biochemical quality characters of improved traditional black kavuni of rice (Early kar, 2023 and Latesamba, 202324)

Biochemical quality

uptake and yield. Results showed that uptake of nitrogen

Early kar (2023) Late samba (2023-24)
Treatments
Anthocyanin Amylose Crude True Anthocyanin Amylose Crude True
protein protein .« h
(mge?) (%) 06 (%) (mgg?) (%) protein(%) protein (%)
T 115.7¢ 17.20¢ 6.00¢ 4.60¢ 118.8¢ 18.20° 6.25¢ 4.60¢
T, 131.0% 20.10¢def 7.59¢ 5.30% 133.9¢ 21.50¢¢ 7.73¢ 5.4Qbcd
Ts 125.5¢ 18.90 7.34¢ 5.00¢ 128.7¢ 20.00¢ 7.45¢ 5.10¢
Ta 131.6° 20.30bcdef 7.67° 5.30« 134.6¢ 21.80b<d 7.88< 5.40bcd
Ts 136.1% 21.10b 7.90%b¢ 5.50%°¢ 137.0°¢ 22.30b° 8.08%¢ 5.60%¢
Te 126.7¢ 19.10¢ 7.41° 5.10¢ 131.5¢ 20.70¢% 7.57¢¢ 5.20
T7 132.9% 20.50Pcde 7.700¢ 5.40b<d 135.7¢ 22.00bd 7.94< 5.502b<d
Ts 143.6° 21.80%° 8.22%b 5.70%° 145.6%° 23.10%° 8.61%° 5.70%°
To 129.5%¢ 19.50¢9f 7.49¢ 5.20« 132.4¢ 20.80¢de 7.64< 5.20¢
T 134.2bc 20.90P<d 7.76 5.40b 136.3° 22.10b< 8.00 5.502b<d
Tu 145.0° 22.70° 8.51° 5.80° 147.1° 23.90° 8.72° 5.90°
T 129.8%¢ 19.90¢def 7.55¢ 5.20« 133.0¢ 21.00¢de 7.69« 5.30bd
SEd 4.5 0.74 0.28 0.18 4,72 0.73 0.28 0.18
CD (P=0.05) 9.33 1.53 0.58 0.37 9.78 1.52 0.58 0.38
Same alphabets are on par with each other. = = e s
combined application of 50% RDN through inorganic g & & £ 333 333 3 3
fertilizer + 5350 RDN through VC + foliar aiplicatiogn of B SRR 1
nutrients (0.5% ZnSO; & 1% FeSO, at tillering, Pl and o 966 ﬂﬁl 96 g,aﬁ 9,56 ¢ 9"“ I
flowering stage) (Tu) recorded higher anthocyanin content P(Ek) 1 %‘ f # V’ 9‘ ﬂ 9‘ f ﬂ 075
(145.0 and 147.1 mg g, respectively), amylose content (22.7 K(EK) 1
and 23.9%, respectively), crude protein (8.51 and 8.72%, - = Bf;iﬁﬁﬁﬁ;ﬁ B
respectively) and true protein (5.80 and 5.90%, respectively)
content. It was at par with 50% RDN through inorganic ' %#M?‘#%BA i
fertilizer + 50% RDN through VC + foliar application of 0.5% GY(EK) 1 gﬁ 9‘ pé 9;05 % /
ZnS0O4 & 1% FeSO0;, at tillering and PI stage (Ts). The lowest N@s) 1 yg W /ﬂBﬁ .
biochemical quality was recorded under the control plot = PP 9‘9’6’9‘ | o2
o w1 ghoh o
Correlation analysis . L 05
Correlation analysis was carried out to assess rice's nutrient - Va % 96
Fells) 1 # 075
Ls) 1

(0.97 and 0.97), phosphorous (0.95 and 0.96), potassium
(0.96 and 0.97), zinc (0.96 and 0.98) and iron (0.97 and 0.95)
of rice were positively correlated with grain yield in both
Early kar and Late samba seasons, respectively (Fig. 4).

GY
=

Fig. 4. Correlation between nutrient uptake and grain yield (kg ha?) of
improved traditional black kavuni rice (Early Kar, 2023 and Late Samba, 2023
-24)
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Discussion
Nutrient uptake

Higher nutrient uptake could be attributed to increased
dry matter production by combining organic and inorganic
fertilizers. The improved performance under the combined
application of inorganic fertilizer and vermicompost may
also result from a favourable soil environment, which
might have promoted better root proliferation and
ensured higher nutrient uptake (27, 28).

The higher nitrogen uptake might have increased
due to the steady availability of nutrients from inorganic
sources at earlier stages and the slower release from VC.
Additionally, nitrogen is a vital component of the
chlorophyll molecule, enabling the plant to absorb
sunlight for photosynthesis. This drives vegetative growth
and ultimately, greater nitrogen uptake, leading to higher
yields (29). Nitrogen uptake is determined by nitrogen
content and biomass production. The notable increase in
nitrogen content, combined with higher yield under the
application of inorganic fertilizer and VC, boosted the
overall nitrogen uptake. This is because plants absorb
more nitrogen due to the increased pool of available
nitrogen in the soil from the applied nutrients. These
results are closely conformed with the findings of (30).

The increased availability of phosphorus could
result from the solubilization of native phosphorus by
organic acids produced during the decomposition of
organic manure. This process leads to better utilization of
available phosphorus. Additionally, the organic manure,
which contains nitrogen, may have boosted the soil's
organic  phosphorus content, thereby enhancing
phosphorus availability and resulting in higher
phosphorus uptake by rice plants. These results align with
the findings of (31). INM practices improve the efficiency of
phosphorus absorption mechanisms and promote root
growth, enhancing phosphorus uptake. VC increases
microbial activity in the soil, leading to higher availability
of phosphorus and its uptake. Combining inorganic and
organic nutrient sources facilitates the synthesis of DNA
and RNA, the fundamental genetic materials. It promotes
the development, maintenance, and repair of all tissues
and cells in crop plants (32). This process boosts
phosphorus uptake in crops.

The increase in potassium uptake can be attributed
to the enhancement of photosynthesis, energy transfer
and nutrient movement within plants, facilitated by
proper fertilization through organic and inorganic nutrient
sources. Additionally, this could enhance crop plants'
absorption of various minerals. This results in increased
carbohydrate  mineralization, which might have
contributed to higher plant potassium uptake. These
results confirm the results of (33, 34).

The increase in Zn and Fe uptake with the
application of these micronutrients is likely due to their
enhanced bioavailability. The combined application of Zn,
Fe and nitrogen sources might further boost Zn and Fe
levels by promoting the synthesis of Zn and Fe regulator
proteins, which facilitate their translocation in crops

6

potentially due to improved root growth, leading to
increased uptake by root tips and transfer to the phloem.
Similar findings were observed by (35, 36). Foliar
application of ZnSO., and FeSOs combined with organic
and inorganic fertilizers enhanced and balanced the
availability of essential plant nutrients. Organic fertilizers
contributed to sustained nutrient release over a prolonged
period. The simultaneous release of organic acids, acting
as chelating agents, might have facilitated micronutrient
availability and absorption, which might have resulted in
increased micronutrient uptake. These results conform to
the findings of (37).

Grain yield

The highest grain yield might be due to the combined
effects of yield attributes, enhanced photosynthetic
efficiency, and improved capacity of reproductive sinks to
utilize incoming assimilates due to the foliar application of
Zn and Fe. Additionally, it enhances protoplasmic
elements and supports physiological functions such as
chlorophyll and protein synthesis, thereby increasing
straw yield (38). Due to the slow release and continuous
supply of nutrients in balanced quantities throughout
various growth stages, rice plants can assimilate sufficient
photosynthetic products. This leads to an increase in dry
matter and source capacity, producing more panicles with
a higher number of fertile grains, increased test weight and
higher grain and straw yields. These results agree with the
findings of (39, 40). The combined application of N-based
inorganic and organic manures increased grain and straw
yield. This could be attributed to enhanced photosynthesis
rates, as nitrogen is a crucial component of chlorophyll.
This process led to the accumulation of photosynthate in
the vegetative parts of the plants, thereby improving
growth and yield. These results corroborate the findings of
(41).

Physical and cooking quality

The application of different sources of nutrients could not
cause much variation in rice's physical and cooking
quality. (42, 43) reported that combined application of
organic and inorganic nutrients could not cause much
variation in the physical (Kernel length (7.19), kernel
breadth (2.42) and length breadth ratio (2.97)) and cooking
quality (Kernel length (9.90) and breadth (2.67) after
cooking, water absorption ratio (3.27), linear elongation
ratio (1.37), breadth wise elongation ratio (1.10), volume
expansion ratio (3.12) of rice due to various nitrogen
management practices.

Biochemical quality

Anthocyanins are crucial secondary metabolites and
constitute a significant subclass of flavonoids responsible
for the colouration of rice plant tissues. The buildup of
anthocyanin in plants serves various roles, including UV
radiation protection, involvement in hormone regulation
and response to both biotic and abiotic stresses. The
highest anthocyanin content might be due to the
combined application of inorganic and organic nitrogen
sources. The nitrogen application has been linked to
increased grain anthocyanin content, which could be a
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crucial factor in promoting protein synthesis within the
anthocyanin synthesis pathway in plant tissues (44). Foliar
-sprayed Zn and Fe significantly influenced gene
expression in phenolic biosynthesis pathways, increasing
anthocyanin content. These results align with the findings
of (45).

The amylose content is the most crucial
biochemical indicator of rice quality. Improved and
adequate nutrition from organic manure, ensuring a
steady supply of nutrients, may have increased total
amylose content (46). The improvement in rice amylose
content could be attributed to the enhanced availability of
both macro and micronutrients, balanced fertilization and
a continuous supply of nutrients achieved through the
combined use of organic manure and inorganic fertilizers
(47). Greater availability, absorption, and uptake of
nutrients through INM practices lead to increased nutrient
levels in the grain, which results in higher amylose
content. The use of organic nutrients, particularly VC,
resulted in higher amylose content, which is positively
linked to the desirable texture of cooked rice (48).

INM practices led to higher protein content due to
increased soil nitrogen availability and subsequent plant
uptake. Micronutrients enhance the chemical composition
of grain and act as catalysts, promoting essential organic
reactions within the plants, thus improving protein
content in rice grain (49). Nitrogen is a critical component
of protein. It is vital in synthesizing amino acids and
accumulating protein in plants (50). The consistent supply
of nitrogen and its effective translocation to the grain
altered the proportion of grain components by increasing
the nitrogen levels. The higher nitrogen level within the
grain enhances the plant's metabolic activities and
increases the protein content. These results are consonant
with the findings of (51).

Correlation analysis

Higher grain yield could be attributed to enhanced
nutrient uptake by the plant, promoting optimal growth of
plant components and metabolic processes such as
photosynthesis. This results in increased accumulation
and translocation of photosynthate to the economically
valuable parts of the plant, thereby leading to higher yields
(52). Food nutrient uptake by crops is directly proportional
to dry matter production and grain and straw yield. The
increased grain yield has resulted due to higher nutrient
uptake in rice (53). Applying organic manures enhances
microbial activity, releasing various organic acids that
solubilize native soil nutrients and making them available
for plant macro and micronutrient uptake, resulting in
higher productivity. These results confirm the results of
(54).

Conclusion

The results revealed that INM practices, viz., application of
inorganic fertilizers along with VC and foliar application of
ZnSO4 and FeSO;, at tillering, Pl and flowering stage, are a
practical approach for enhancing nutrient uptake,
productivity and quality of improved traditional black

kavuni rice. INM is essential for achieving sustained and
high-quality rice production. This approach promotes the
careful and balanced use of organic and chemical inputs to
enhance soil health and boost yield in an eco-friendly
manner, thereby mitigating nutrient depletion issues.
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