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ABSTRACT

The growth and development of crops in the coarse textured northern coastal plain are
predominantly affected by imbalanced nutrition leading to deficiencies of the secondary
and micronutrients. The present study aimed to evaluate the performance of a solid
formulation, named ayar - a secondary and micronutrient mixture developed by us for
rice crop after assessing the fertility of coarse sandy soils. The soils of the northern
coastal plains were deficient in available calcium, magnesium, zinc and boron whereas
the availability of soil sulphur was sufficient. The developed ayar nutrient mixture for
rice contains calcium (15%), magnesium (7.6%), sulphur (2%), zinc (1.75%) and boron
(0.75%). The current research focused on understanding the release of various nutrients
into the soil over a period of four months when applied in varied doses under water
logged conditions. The results revealed that application of ayar mixture at a dose of
30 kg/ha released the maximum amount of available calcium, magnesium, sulphur,
zinc and boron in the soil. It has increased the levels of available calcium (140%),
magnesium (47.2%), sulphur (57.8%), zinc (71.7%) and boron (42.8%). The application
of ayar mixture containing secondary and micronutrients could be a promising nutrient

supplement for rice grown in coarse textured northern coastal soils.

Keywords : Ayar nutrient mix, Mineralization potential, Secondary and micro nutrient mix

ESSENTIAL nutrients, particularly secondary and
micronutrients play an important role in the
growth and development of crops. Calcium plays a
crucial role as a secondary nutrient in plant
development, ensuring structural stability, cell wall
integrity and signal transmission (Hazarika and
Kumar, 2020). Magnesium plays critical roles in plant
physiology such as central component of chlorophyll,
capturing solar energy and cofactor for over 300
enzymes, including carboxylases and ATPases
(Hawkesford et al., 2012). Sulphur is important for
the synthesis of amino acids like cysteine and
methionine. Boron facilitates sugar transport by
forming complexes, enabling movement through cell
membranes (Marschner, 1995). It also promotes pollen
tube growth, influencing fruit development. Zinc plays

avital role in plant development, influencing enzyme
activity, protein configuration, membrane integrity and
resistance to oxidative stress. The coarse textured
sandy soils in the northern coastal plains have
evidenced significant deficiencies of the secondary
and micronutrient in them due to the prevailing
climatic conditions and the soil textural properties.

Rice crop has specific nutrient requisites that are vital
for its adequate growth and development. The attempt
for physiological understanding of rice nutrition
revealed the emphasis of balanced fertilization to
achieve optimum yields, especially for high yielding
varieties that require more fertile soil environment
(Ishizuka, 1971). Hence, catering both macro and
micronutrient needs are essential for maximizing rice
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production and combating malnutrition in populations
reliant on the staple crop (Loneragan, 1968). The
growth of crops in the sandy soil was remarkably
affected due to the deficiency of certain secondary
and micronutrients. In this context, present study was
planned to evaluate the status of available nutrients
in northern coastal soils and assessing the suitability
of a secondary and micronutrient mixture — ayar,
developed for rice crop to serve the purpose of
mitigating the nutrient deficiency in the soil. A
preliminary incubation study was conducted to
visualize its effectiveness in a coarse sandy soil.

MATERIAL AND METHODS

Soil samples were collected from 25 different
locations of the northern coastal plain region where
rice crop was cultivated. The collected soil samples
from a depth of 0-20 cm were put into clean polythene
bags and neatly labelled. The samples were transferred
to the laboratory and air dried, then sieved in a 2 mm
sieve for conducting further analysis. Available
nitrogen estimation followed alkaline permanganate
method (Subbiah and Asija, 1956), available
phosphorus was extracted using Bray No. 1 solution
and estimated using spectrophoto meter (Bray and
Kurtz, 1945), the extraction of available potassium
was done by neutral normal ammonium acetate and
estimated using the flame photometer (Jackson, 1958),
the available calcium and magnesium was also
extracted using neutral normal ammonium acetate,
then estimated by complexometric titration (Goldstein,
1959), available sulphur followed calcium chloride
extraction followed by estimation using
spectrophotometer (Mossoumi and Cornfield, 1963),
micronutrients like iron and zinc was extracted by
0.1 N HCI and estimated using atomic absorption
spectrophotometer (Sims and Johnson, 1991), the
available boron estimation followed Azomethane
H method (Gupta, 1972).

A solid formulation named ayar — a secondary and
micronutrient mixture was developed by physical
blending commercially available fertilizers by trial and
error method. The formulation was checked for its
nutrient content and quality and durability.

The mineralization potential of the solid formulation
named as ayar nutrient mixture which contained
calcium, magnesium, sulphur, zinc and boron was
analyzed by carrying out an incubation study with the
soil collected from arice growing region of the
northern coastal plains after assessing the available
nutrients of different locations and selecting an area
with lowest micronutrient availability and filled in
pots. The soil pH of this region was 5.35. Each pot
contained 5 kg of soil and different doses of mixture
were applied as treatments. The treatments imposed
included T, (absolute control), T, (ayar at 20 kgha),
T, (ayarat25kgha') and T, (ayar at 30 kg ha'). The
pots were maintained at water logged conditions and
the observations were taken at an interval of 30 days
for a period of 120 days. Watering was done regularly
to maintain submergence. The soils from the pots were
collected at monthly intervals and were analyzed for
available calcium and magnesium, available sulphur,
available zinc and available boron.

The data was statistically analyzed following the
approach described by Fisher and Yates (1958) sing
GRAPES software (Gopinath et al., 2020). The
significance of the treatment effects was evaluated
by comparing the F values among the treatment means,
along with the critical difference (C.D) and the
standard error of the mean.

RESULTS AND DISCUSSION

Table 1 presents the results of the soil chemical
analysis. Available nitrogen levels in this region
ranged from 150.2 to 288.51 kg/ha. Soil phosphorus
levels varied between 32.06 and 92.72 kg P/ha, with
an average of 49.92 kg P/ha.Soil potassium levels
ranged from 18.7 to 135.52 kg K/ha. Considering
secondary nutrients, the mean calcium level was 280.8
ppm, with values ranging from 160 to 380 ppm. Soil
magnesium ranged from 84 to 156 ppm, averaging
124.8 ppm, while sulphur levels were between 15.16
and 81.13 ppm, with a mean of 55 ppm. Among the
micronutrients, available iron showed a mean of 59.44
ppm, available zinc averaged 0.65 ppm and available
boron had a mean value of 0.38 ppm. The ranges were
24.8 to 94.2 ppm for available iron, 0.216 to 0.936
ppm for available zinc and 0.024 to 1.362 ppm for
available boron.
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TaBLE 1

Status of the nutrients in the northern
coastal plains

Parameter Soil range Mean =+ SE (m)
Nitrogen (kg ha') 150.2 — 288.51 226.74 + 7.9
Phosphorus (kg P ha') 32.06 — 92.72 4992 + 3.71
Potassium (kg K ha') 18.7 — 13552  71.118 = 7.38
Calcium (ppm) 160 — 380 280.8 +11.34
Magnesium (ppm) 84 — 156 124.8 + 4.38
Sulphur (ppm) 15.16 — 81.13 55 £ 4.12
Iron (ppm) 248 - 942 59.44 + 3.28
Zinc (ppm) 0.216 — 0.936 0.65 £ 0.03
Boron (ppm) 0.024 — 1.362 0.38 + 0.06

A detailed investigation into nutrient availability
across 25 locations in coastal sandy soils revealed that
most soils were deficient in available nitrogen.
Kerala’s soils, which are highly weathered with low
cation exchange capacity, a predominance of
low-activity clays and acidic pH, are nutrient-poor due
to heavy rainfall patterns that result in nutrient
leaching (GOK, 2019). Sumfleth and Duttmann (2008)
noted an inverse relationship between soil nitrogen
content and sand content, and low nitrogen levels have
been specifically reported in Kerala’s southern coastal
soils (Athulya ef al., 2023).

In terms of available phosphorus content, levels
ranged from 32.06 to 92.72 kg P/ha, indicating no
deficiency. The observed phosphorus accumulation
is likely due to repeated use of phosphatic fertilizers
(Vinutha et al, 2010) and the low mobility of
phosphate ions (Thuyet al., 2020). Without soil
testing, continued excessive application of phosphatic
fertilizers could lead to nutrient toxicity, causing soil
and water pollution.

Majority of samples indicated potassium deficiency,
as the low clay and buffering capacity of sandy soils
allow K* ions to leach easily (Kolahchi and Jalali,
2007). Even with potassium fertilizer application, the
increase in potassium remains temporary. Jhonston
and Goulding (1992) observed that 100 mm of rainfall
could leach out approximately 1 kg K* per hectare.
Of the 25 samples analyzed, 16 samples showed

deficiency in available calcium, which can be
attributed to leaching in light-textured soils
(Chandrakala et al., 2018). Calcium availability is
further reduced in acidic soils (Rahman, 2018),
affecting the uptake of other nutrients and inhibiting
root growth.

About 52 per cent of the samples were deficient in
magnesium, likely due to parent materials in the region
being iron-rich and magnesium-poor, combined with
magnesium leaching due to climatic conditions
(Senbayram et al., 2015). Sulphur deficiency was not
observed, as the acidic nature of the soil aids in sulfur
retention, consistent with findings by Athulya et al.
(2023). Iron levels were found to be sufficient, with
concentrations above 5 ppm. High iron content in the
soil likely results from iron-rich parent materials
and acidic conditions that facilitate nutrient release
(Nair et al., 2018). However, presence of excessive
iron can impair the uptake of other nutrients, reducing
rice productivity by 12-100 per cent (Sahrawat, 2005).

Soils with available zinc levels below 1 ppm are
considered deficient (DOA, 2013) and 100 per cent
of the samples showed zinc deficiency. High
phosphorus levels, which have an antagonistic
relationship with zinc, could explain this deficiency
(Mousavi, 2011). The acidic nature of the soil also
reduces the zinc availability (Kumar et al., 2010).
Across India, zinc deficiency is reported in nearly
39 per cent of soils (Khokhar et al., 2024). Zinc
deficiency affects not only plant health but also human
health, potentially leading to stunted growth in human
beings (Bevis et al., 2023). About 92 per cent of soil
samples were deficient in available boron, which
could be due to the leaching and mobility of boron in
coarse-textured soils (Nair et al., 2018).

The Developed Solid Formulation : ayar was a
secondary and micronutrient mixture formulated by
the College of Agriculture, Padannakkad, Kerala for
meeting the nutrient requirements of rice growing
coarse sandy soils on the basis of soil test values. The
nutrient status of the rice growing soils of the northern
coastal plains suggest that they were deficient in the
soil availability of calcium, magnesium, zinc and
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boron whereas the concentration of available sulphur
was sufficient. With this data the ayar nutrient mix
was standardized to make it suitable for achieving
balanced fertilization in rice plants as rice is the major
crop grown in coastal soils. The formulated ayar
nutrient mix had a composition of calcium (15%),
magnesium (7.6%), sulphur (2%), zinc (1.75%) and
boron (1%). Before field application to rice plants, it
is necessary to study the mineralization potential of
ayar nutrient mix in soil application to assess its
behaviour in soil and its impact on soil properties.

The soil analytical data after application of treatments
showed that available nutrients exhibited varying
levels across treatments and months of incubation
study. With respect to available calcium (Table 2),
treatment T, consistently exhibited the highest values,
with 532 mg/kg in the first month, 472 mg/kg in the
second, 548 mg/kg in the third and 588 mg/kg in the
fourth month and the least values were observed in
control T,. The results are given in Fig. 1. The elevated
available calcium levels in T, (ayar at 30 kg ha™) can
be attributed to the increased dosage of ayar nutrient
mix which supplies maximum calcium content to the
soil. Further more, the synergistic relationship
between calcium and magnesium enhances calcium

availability in soil (Lange et al., 2021). The initial
status of the available calcium in the soil was deficient
(240 mg/kg). The treatment T, experienced an increase
of 25 per cent in the calcium content during the first
and second month, in the third month the increase
was about 38.3 per cent and in the last month the
increase was only about 1.6 per cent on comparing
the third and fourth month about 26.5 per cent
reduction in the available calcium level in treatment
T, was observed. In case of treatment T, the increase
in available calcium when compared to initial value

TABLE 2

Effect of ayar nutrient mix on soil available
calcium during incubation study

Available calcium (mg kg™)

Treatments

First Second Third Fourth
month month month month
T, 300 *® 300 © 332 244 ¢
T, 384 ° 360 ** 368 ° 412 °®
T, 368 ° 400 ® 364 ° 528 =@
T, 532 ° 472 ° 548 ° 588 °

SE (m+) 31.559 27.313 30.199 32.125
CD (0.05) 94.615 81.884 90.538 96.31
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Fig. 1 : Effect of ayar nutrient mix on soil available calcium during incubation study
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was 60, 50, 53.3, 71.6 per cent for the respective
months. An increase of about 53.3 per cent was
observed in case of treatment T, during the first month
and in the following 3 months the increase was 66.7,
51.6, 120 per cent respectively. Treatment T,
showcased an increase of about 121.6, 96.6, 128.5,
145 per cent in the first, second, third and fourth
month respectively. In comparison to control, the
increase in the available calcium content in the soil
during the fourth month for different treatments
wherein the application of ayar nutrient mix were
applied, was 68.8% for T,, 116 per cent for T, and
140 per cent for T,. (Table 7) The results provide a
positive indication that application of ayar nutrient
mix could enhance the calcium availability in soil with
time.

The results of available magnesium (Table 3), for the
first month, indicated that highest value was observed
in treatment T, (182.4 mg/kg) and the lowest value in
treatment T, (124.8 mg/kg). In the second month,
treatment T, had recorded the highest level at 223.2
mg/kg, while treatment T, was lowest at 156.0 mg/
kg. The results of third month showed no significant
difference among treatments, with levels ranging from
165.6 mg/kg in T, to 208.8 mg/kg in T,. In the fourth

TABLE 3

Effect of ayar nutrient mix on soil available
magnesium during incubation study

Available magnesium (mg kg-1)

Treat t
reatments First Second Third Fourth
month month month month
T, 148.8 1632 ° 175.2 172.8 ©
T2 146.4 168.0 ° 165.6 268.8 *®
T3 1824 * 156.0 ° 208.8 2496 *®
T4 1248 ©® 2232 » 199.2 2544 »°
SE (m+) 12.296 16.01 13.309 16.432
CD (0.05) 36.864 47.998 NS 49.262

month, treatment T,recorded highest content with a
value of 268.8 mg/kg, tied with treatments T, and T,
while treatment T, trailed at 172.8 mg/kg (Fig 2).
The study findings indicate that applying varying
doses of ayar nutrient mix over time significantly
impacted magnesium release in soil. Combining
calcium and boron supplements enhanced magnesium
availability, supporting previous research (Wang
et al.,2015). The initial level of available magnesium
in the soil was 84 mg/kg. In treatment T , available
magnesium content rose by 43.5 per cent in the first

Aarailable magnesium (mpflkg)
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L
=
i
i
.

T1 T2

B First month

Treatments

# Second month

I g |

T3 T4
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Fig. 2 : Effect of ayar nutrient mix on soil available magnesium during incubation study
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month, 94.2 per cent in the second and 108.5 per
cent in the third. However, there was a slight decrease
of 1.36 per cent between the third and fourth months,
with the fourth month showing a total increase of
105.7 per cent from the starting level. For treatment
T,, the increases in available magnesium compared
to the initial level were 74.2, 100, 97.2 and 220 per
cent across the four months, respectively. Treatment
T,exhibited 117 per cent increase in the first month,
followed by increases of 85.7, 148.5 and 197.1 per
cent in the subsequent months. Treatment T, exhibited
increases of 48.5, 165, 137 and 202 per cent across
the four months. By the fourth month, when compared
to the control, the application of ayar nutrient mix
resulted in available magnesium content increase of
55.5 per cent for T,, 44.4 per cent for T,, and 47.2
per cent for T,(Table 7).

The available sulphur in the soil during the incubation
study is given in Table 4. In the first month, with
respect to available sulphur, treatment T, exhibited
the highest value at 22.076 mg S/kg, while control T,
had recorded the lowest at 8.754 mg S/kg. During the
second month, treatment T, reached the maximum
value of 23.180mg S/kg, comparable to treatment T,
(21.500mg S/kg) and treatment T, recorded the lowest

TABLE 4

Effect of ayar nutrient mix on soil available
sulphur during incubation study

Available sulphur (mg S kg')

Treatments First Second Third Fourth
month month month month

T1 8.754 ¢ 14.872 ¢ 15.608 °® 20.830 °©

T2 12.250 ¢ 23.180 * 26.222 * 29.234 @

T3 14.730 ° 17.872 b 24428 * 27.148 °

T4 22.076 * 21.500 * 28.158 & 32.872 @
SE (m+) 0.611 1.644 1.3 1.489
CD (0.05) 1.831 4.93 3.899 4.463

value (14.872 mg S/kg). In the third month, treatment
T, again recorded the highest value at 28.158 mg S/
kg statistically similar to treatments T, (26.222 mg S/
kg) and T, (24.428 mg S/kg), while treatment T,
remained the lowest at 15.608 mg S/kg. By the fourth
month, treatment T, (32.872 mg S/kg) showed
maximum value, comparable to treatment T, and
treatment T, showing the lowest value (Fig 3). The
enhanced release of available sulphur in soil may be
attributed to slight improvement of soil pH, caused
by addition of calcium and magnesium, which in turn

b
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Fig. 3 : Effect of ayar nutrient mix on soil available sulphur during incubation study
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increases sulphur availability. Studies suggest that
increased pH levels in sandy soils further increased
sulphur availability (Azman ef al., 2023). The initial
status of available sulphur in the soil was 23.2 mg S/
kg. when compared to the initial available sulphur
content in the soil treatment T, (absolute control)
experienced a decrease of 62.2 per cent in the
available sulphur content during the first month,
during the second month the decrease was about 35.9
per cent. In the third month the decrease was about
32.7 per cent and in the last month the decrease was
about 10 per cent. In case of treatment T,, which
received ayar mixtureat 20 kg ha! showed an increase
in available sulphur content when compared to the
control as 40 per cent during the first month and there
was an increase in the available sulphur content during
the second (55.8%) third (67.9) and fourth (40.32%)
month. Comparing with the control an increase of
about 68.34 per cent was observed in case of treatment
T, during the first month and in the second month
and the increase of about 20.17 per cent during the
following months had recorded an increase of about
56.5 and 30.34 per cent respectively. With respect to
the control the treatment T, exhibited an increase of
152.2 per cent during the first month and the following
months had an increase of 44.58, 80.39 and 57.8 per

cent respectively. The sulphur content showed varying
trends throughout the incubation study. The initial
content of available sulphur in the experiment soil
was high which might be attributed to the sulphur
containing minerals present in the acid soils (Golez
and Kyuma, 1997). The application of ayar nutrient
mixture caused a slight enhancement in sulphur
contents but the effect was not pronounced throughout
the period of incubation study.

In the incubation study, available zinc (Fig 4), was
found non-significant among the treatments during
the first and second months. In the third month,
treatment T, recorded the highest value at 7.904 mg/
kg, which was comparable to treatments T, (7.488 mg/
kg) and T, (7.220 mg/kg), while treatment T, had
recorded the lowest value. In the fourth month,
treatment T, again had the highest value and treatment
T, had the lowest available zinc content (Table 5).
The increased availability of zinc in the soil may be
attributed to the application of zinc-containing
fertilizers. These findings can be compared to those
of Xiao (2005). The initial status of the available zinc
in the soil was 6.78 mg/kg. The treatment T,
experienced a decrease in available zinc content of
about 2 per cent during the first month. In the second
and third month the decrease was about 6.6 per cent
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Fig. 4 : Effect of ayar nutrient mix on soil available zinc during incubation study
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TABLE 5

Effect of ayar nutrient mix on soil available
zinc during incubation study

TABLE 6

Effect of ayar nutrient mix on soil available
boron during incubation study

Available zinc (mg kg™)

Treatments First Second Third Fourth
month month month month

T, 6.598 6.334 6.334 ° 5484 -

T, 7.332 7.246 7.220 @ 7.282 °

T, 7.042 7.440 7488 @  7.694 °

T, 6.768 7.628 7904 ¢ 9378 *
SE (m+) 0.522 0.455 0.357 0.479
CD (0.05) NS NS 1.069 1.435

and in the last month the decrease was about 19
per cent. In case of treatment T, the increase in
available zinc when compared to initial value was
8.1 per cent in the first month, 6.87 per cent in the
second month, 6.48 per cent in the third month and
7.40 per cent in the fourth month. This showed
that application of ayar mixture at 20 kg/ha was
not sufficient to enhance available zinc in sandy soil.
The concentration of available zinc in the treatment
T, was increased by 3.85 in the first month and
in the following 3 months the increase was
9.1, 10.4, 13.5 per cent respectively. Treatment
T, showcased an increase of about 12.3, 16.5 and
38.3 per cent in the second, third and fourth
month respectively. When compared to the control
the increase in the available zinc content in the
soil during the fourth month for different
treatments with application of ayar mixture, was
recorded as 32.1 per cent for T,, 40.3 per cent
for T, and 38.3 per cent for T,. With respect to
available zinc, ayar mixture of 25 kg/ha and
30 kg/ha was found performing well under a sandy
soil environment.

The results of the available boron are given in
Table 6. During the first month, the highest availability
of boron in the soil was found in treatment
T, (0.614 mg/kg) which was on par with treatment
T, (0.580 mg/kg), while treatment T, had recorded
the lowest (0.512 mg/kg). In the second month,
treatment T, again recorded the maximum value and
treatment T, had been showing the lowest value. By

Available boron (mg kg™)

Treatments

First Second Third Fourth

month month month month

T, 0.512 ° 0.489 © 0492 < 0493 °

T, 0.514 ° 0.529 ¢ 0.538 * 0.552 °

T, 0.580 * 0.587 * 0.617 ® 0.637 °

T, 0.614 * 0.644 * 0.692 = 0.699 °
SE (m+) 0.024 0.017 0.021 0.018
CD (0.05) 0.073 0.052 0.064 0.054

the third month, the highest value was registered in
the same treatment T, (0.692 mg/kg), while treatment
T, had recorded the least value. In the fourth month a
similar trend was followed with treatment T, having
the highest value and T, had the lowest value (Fig 5).
The significant differences in soil boron availability
may be attributed to the application of boron
fertilizers. These findings can be compared with those
of Dunn et al., (2005). The available boron in the soil
initially measured 0.43 mg/kg. Over four months,
different treatments showed varying increments.
Treatment T, evidenced a 18.6 per cent increase in
the first month, followed by 13.9 per cent increments.
Treatment T, had recorded increase of 18.6,23.2,23.2
and 27.9 per cent over the four months. Treatment T,
showed a 34.8 per cent increase initially, followed by
37.2,41.8 and 46.5 per cent in the next three months.
Treatment T, had an increase in the available boron
about 41.8, 48.8, 60.4 and 62.7 per cent in the four
months respectively. Compared to the control,
treatments T,, T, and T, showed 12.2, 28.5 and 42.8
per cent increases in available boron (Table 7) after
four months, respectively, following the application
of ayar mixture for enhancement of boron availability
in coarse sandy soils.

The results of soil chemical analysis, indicated that
soils were deficient in calcium, magnesium, zinc and
boron whereas the sulphur content of the soil was
sufficient. The availability of nitrogen and potassium
was also deficient. The results of the incubation study
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Fig. 5 : Effect of ayar nutrient mix on soil available boron during incubation study

TABLE 7

Percentage increase in the available nutrients in comparison to the control during fourth month

% increase % increase % increase % increase % increase in
Treatments in available in available in available in available available
calcium magnesium sulphur zinc boron
T, 68.8 55.5 40.32 32.1 12.2
T, 116 44 .4 30.34 40.3 28.5
T, 140 47.2 57.8 38.3 42.8
revealed that treatment T, (4yar at 30 kg/ha) REFERENCES

consistently demonstrated superior levels of available
calcium, sulphur and boron in all months whereas zinc
showed maximum levels in the same treatment during
the last two months. Available magnesium showed
best results with treatment T,, T, and T, in the first,
second and fourth month respectively. While
comparing the control with the best treatment (T,) the
increase in the availability of various nutrients were
calcium 140 per cent, magnesium 47.2 per cent,
sulphur 57.8 per cent, zinc (71.7%) and boron
(42.8%). So, the application of this ayar nutrient
mixture in the sandy soil can improve the availability
of calcium, magnesium, sulphur, zinc and boron.

ATHULYA, B. M., Priva, G., Rang, B., APARNA, B. AND NISHAN,
M. A., 2023,Characteristics and soil fertility status of
Southern Coastal Plains in Kerala. Journal of the
Indian Society of Coastal Agricultural Research,
41 (2).

AzmaN, E. A., IsmaiL, R., NINomiya, S., Jusop, S. AND
ToNGKAEMKAEW, U., 2023, The effect of calcium silicate
and ground magnesium limestone (GML) on the
chemical characteristics of acid sulfate soil. PLOS
ONE, 18.https://doi.org/10.1371/journal.pone.0290703

Bevis, L., Kim, K. aND GUERENA, D., 2023,Soil zinc
deficiency and child stunting: Evidence from
Nepal. Journal of Health Economics, 87.

408



Mpysore J. Agric. Sci., 59 (2) : 400-410 (2025)

J. SWETHA et al.

Bray, R. H. anp Kurtz, . T. 1945, Determining total organic
and available forms of phosphate in soils. Soil Science
59 :39 - 45.

CHANDRAKALA, M., RaMESH, M., SusaTHA, K., HEGDE, R. AND
SmaH, S. K., 2018, Soil fertility evaluation under
different land use system in tropical humid region of
Kerala, India. International Journal of Plant and Soil
Science, 25 (4) : 1 - 13.

DOA [DEPARTMENT OF AGRICULTURE], 2013, Manual on Soil
Plant and Water Analysis, Vol. 1, V.K. Venugopal, K.M.
NAIR, M.R. VIJAYAN, K.S. JOHN, P.
SURESHKUMAR AND C.R. RAMESH (eds.),
Government of Kerala, Kerala, India. pp. : 157.

Dunn, D., STEVENS, G. aAND KENDIG, A., 2005, Boron
fertilization of rice with soil and foliar applications
[Online]. Available at http://plantsci.missouri.edu/
deltacrops/pdfs/RiceBoron.pdf.[ 100CT2024].

Ficuers, R. anD YaTES Y., 1958, Report on coordination of
Fishers statistics in India. AHandbook of Agricultural
statistics. pp. : 17.

GOK [GoVvERNMENT OfF KERALA], 2019, Soil Health
Management for Sustainable Crop Production in
Kerala, Department of Agriculture Development and
Farmers’ Welfare, Kerala, India. pp. : 426p.

GoLDsSTEIN, D., 1 959, A new indicator for the
complexometric determination of calcium. Analytica
Chimica Acta, 21 (C) : 339 - 340.

GoLEz, N. V. anp Kyuma, K., 1997, Influence of pyrite
oxidation and soil acidification on some essential
nutrient elements. Aquacultural Engineering,
16 (1-2):107 - 124.

GorINaTH, P. P., PArsaD, R., JosepH, B. AND ADARSH, V. S.,
2020, GRAPES: General Rshiny Based Analysis
Platform Empowered by Statistics. https://
www.kaugrapes.com/home.

Gurta, U. C., 1972, Effects of boron and limestone once
real yields and on B and N concentrations of plant
tissues. Communications in Soil Science and Plant
Analysis. 6 : 439 - 450.

HawkEgsrorDp, M., Horst, W., KicHey, T., LAMBERS, H.,
SCHIOERRING, J., MOLLER, S. I. AND WHITE, P., 2012,
Functions of macronutrients. In: Marschner, P. (ed.),
Mineral Nutrition of Higher Plants (3rdEd.). Elsevier,
Amsterdam, pp. : 135 - 189.

HazaRrikA, M. AND KUMAR, P., 2020, Physiology of Calcium
Nutrition in Plants. Int. J. of Curr. Microbiol. and
Applied Sci., 9 : 841 - 849.

Ismizuka, Y., 1971, Physiology of the rice plant. Advances
in Agron., 23 (C) : 241 - 315.

Jackson, M. L., 1958, Soil chemical analysis. In: Cliffs,
E.N.J. (ed.), Soil Science. University of Wisconsin,
USA, Madison. pp. : 89 - 102.

JonnstoNn, A.E. aND GouLping, K. W. T., 1992. Potassium
concentrations in surface and groundwater and the
loss of potassium in relation to land use. In: Potassium
in Ecosystems, Biogeochemical Fluxes of Cations in
Agro-and Forest-Systems. International Potash
Institute, Basel, pp. : 35 - 158.

KnokHAR, J. S., BROADLEY, M. R. AND ANDER, E. L, 2024,
Soil zinc surveillance frameworks can inform human
nutrition studies: opportunities in India. Frontiers in
Soil Science, 4. https://doi.org/10.3389/fsoil.
2024.1421652

KorancHI, Z. AND JaraLL, M., 2007, Effect of water quality
on the leaching of potassium from sandy soil. Journal
of Arid Environments, 68 (4) : 624 - 639.

Kumar, M. B. M., SuBBarAYApPA, C. T., DorRESWAMY, C. AND
SupHIR, K., 2010, Distribution of zinc fractions and
their relationship with some soil properties in rice soils
of Chamarajanagar district. Mysore Journal of
Agricultural Sciences, 44 (2) : 332 - 338.

LANGE, A., CavaLLl, E., PErREIRA, C. S., CHAPLA, M. V. AND
Da Siva Freppi, O., 2021, Calcium: magnesium ratio
and chemical characteristics of soil under crop of soy
and corn. Nativa, 9 (3) : 294 - 301.

LoNErAGAN, J. F., 1968, Nutrient requirements of
plants. Nature, 220 (5174) : 1307 - 1308.

1)
S
Q
3
Q
A
~
3
=
=
8o
~
S
~
o
=
3
=
®
S
@
g.

409




e}
1\
Q
=
2
Q
A
~
S
~
=
=~
=
=
S
~
S0
X
N~

)

Mysore Journal o

Mpysore J. Agric. Sci., 59 (2) : 400-410 (2025)

J. SWETHA et al.

MARSCHNER, H., 1995, Mineral Nutrition of Higher Plants
(2ndEd.). Academic Press, London, pp. : 889.

Massoumt, A. AND CORNFIELD, A. H., 1963, A rapid method
for determining sulphate in water extracts of soils.
Analyst. 88 (1045) : 321 - 322.

Mousavi, S. R., 2011, Zinc in crop production and
interaction with phosphorus. Australian Journal of
Basic and Applied Sciences, 5 (9) : 1503 - 1509.

Nair, K. M., Kumar, K. S. A., Kumar, S. C. R,
RamMamoorTHY, V., LALITHA, M., SRINIVAS, S., KOYAL,
A., PArvaTHY, S., SusatHA K., StvaNanD, HEGDE, R. AND
SingH, S. K., 2018, Coconut growing soils of Kerala:
1. Characteristics and classification. Journal of
Plantation Crops, 46 (2) : 75 - 80.

Ranman, M. A., Lkg, S. H., Ji, H. C., KaBIRr, A. H., JONES,
C. S. anp Leg, K. W., 2018, Importance of mineral
nutrition for mitigating aluminum toxicity in plants
on acidic soils: Current status and

opportunities. International Journal of Molecular

Sciences. MDPI AG. https://doi.org/10.3390/

jms19103073

Sanrawat, K. L., 2005, Iron toxicity in wetland rice and
the role of other nutrients. Journal of Plant Nutrition,
27 (8) : 1471 - 1504.

SENBAYRAM, M., GRANSEE, A., WAHLE, V. anD THIEL, H.,
2015, Role of magnesium fertilisers in agriculture:
Plant-soil continuum. Crop and Pasture Science.
CSIRO. https://doi.org/10.1071/CP15104

Sivs, J. T. anp Jonnson, G. V., 1991, Micronutrient soil
tests. J. J. Mortvedt, F. R. Cox, L. M. Shuman and R.
M (Eds.). In: Micronutrients in Agriculture, 2nd Ed.
Soil Science Society of America. Books Series No. 4.
pp. : 427 - 476.

SuBBiAH, B. V. AND Aspa, G. L., 1956, A rapid procedure
for the estimation of available nitrogen in soils. Current
Science, 25 : 259 - 260.

SumFLETH, K. AND DUTTMANN, R. 2008, Prediction of soil
property distribution in paddy soil landscapes using
terrain data and satellite information as indicators.
Ecological Indicators, 8 (5) : 485 - 501.

THuy, P. T. P., Hoa, N. M. anD Dick, W. A., 2020, Reducing
phosphorus fertilizer input in high phosphorus soils for
sustainable agriculture in the Mekong delta, Vietnam.
Agriculture (Switzerland), 10 (3).

VinuTHA, C., SupHIR, K. AND BuagyarLaksami, T., 2010,
Impact of continuous fertilization on selected
soil properties and phosphorus dynamics in an
Alfisol. Mysore journal of agricultural sciences,
44 : 339 - 344,

Wang, Y., Hu, N., Xu, M. anp L1, Z., 2015, 23-year manure
and fertilizer application increases soil organic carbon
sequestration of a rice-barley cropping system. Biol
Fertil Soils, 51 : 583 - 591.

X140,W.,2005,Distribution of zinc in soil-crop system after
long-term located application of zinc fertilizer. Chinese
Journal of Eco-agriculture.

410



