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Abstract

The impact of soil breeding and soil amendments on soil physical proper-
ties, rice yield, and economics under crusted Alfisols (red soil) was investi-
gated in a field experiment at the Agricultural College and Research Insti-
tute, Tanjore, Tamil Nadu, India. The study was conducted for three conse-
quetive years (2020-2023). There were totally nine treatments, comprising
of clay, sand, and manure alone and their combinations and lime were rep-
licated thrise. In the first year of the experiment, the treatments were im-
posed as per schedule and thoroughly mixed with surface soil. Every year,
sunnhemp was raised as the first-season crop and incorporated in-situ at
flowering prior to transplanting of rice. The results indicated that applica-
tion of FYM 12.5 t ha'+ clay 100.0 t ha+ coarse sand 100.0 t ha (Ts) record-
ed highest growth and yield attributes, viz., plant height (94.26 cm), number
of productive tillers (16.53), grain yield (3.981 t ha*), and straw yield (5.250 t ha™)
of rice and B:C ratio of 1.66. Further, application of FYM 12.5 t ha'+ clay
100.0 t ha™+ coarse sand 100.0 t ha™ reduced soil bulk density (1.31 Mg m?3),
increase in pore volume (45.40 %), soil infiltration rate (3.62 cm h) and hy-
draulic conductivity (3.02 cm h*). However, this was on par with application
of FYM 12.5 t ha'+ clay 50.0 t ha*+ coarse sand 50.0 t ha (T).
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Introduction

Soil degradation poses a significant challenge in rain-fed and irrigated agri-
culture, leading to substantial decreases in yield and economic losses. High-
er bulk density, inadequate water infiltration, low water retention, erosion,
unfavorable soil reactions, and nutrient deficiencies all contribute to this
issue. The ideal soil physical environment is crucial for optimizing crop pro-
duction (1). For realizing the genetic full potential of a crop, maintenance of
the soil physical environment at its best is essential. Once soil physical
health deteriorates, it takes a considerable amount of time to recover, im-
pacting soil processes and ultimately reducing crop yields. It creates a fa-
vorable environment for optimal plant growth through root development to
utilize the soil for water, nutrients, and plant anchorage effectively (2).

Various physical restrictions on the soil affect over 90 million hec-
tares in India. The primary limitations of the soil are weak soil structure,
sluggish and high permeability, crusting, hardening, compaction, and inad-
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equate water openness, retention, and transmission. In
Alfisols, the movement of water and air into deeper layers
is hindered due to surface sealing by soil crusting and hard
pans (3). Additionally, the limited clay and low organic
matter content in the soil matrix restrict water transmis-
sion. The subsoil hard pan in red soil is caused by the elu-
viation of clay into the subsoil, increasing soil bulk density
over 1.8 mg/m3. Due to lesser porosity and soil compaction
brought on by the higher bulk density in these soils, the
infiltration rate is decreased, limiting water entry and
causing more water to remain on the soil surface, hence
hindering the development of healthy roots (4). The exper-
imental farm's soil falls into the category of Alfisols, and it
is generally known for its poor physical properties due to
its texture composition and light texture. Various factors
influence the formation of soil crust, such as the parent
material, clay minerals, fine sand and silt, cationic compo-
sition, sesquioxide content, and aggregate stability (5).
These soils tend to have lower surface roughness, quickly
seal after rainfall, and form a crust due to the lower clay
content and organic matter in the surface horizon, as well
as the absence of stable aggregation. The lack of natural
soil structure in Alfisols is due to low clay content in the
surface horizon, dominance of 1:1-type soil minerals, and
agricultural practices that introduce small amounts of or-
ganic matter. Upon irrigation, the soil becomes loose, but
it forms a hard mass when it dries. Soil acidity is a major
challenge in agriculture and has a detrimental impact on
crop productivity and yield (6). Once the soil becomes
acidic, applying lime to the surface can start to counteract
the pH effect (7).

Amending soil with clay, coarse river sand, and ma-
nure may be an effective way to improve soil aggregation
by facilitating the organization of soil particles and en-
hancing porosity. Moreover, this approach can help retain
more water and nutrients by minimizing percolation losses
(8). Furthermore, the incorporation of clay in soil amend-
ments can bind soil particles together, leading to notable
improvements in soil aggregation and enhancing water
movement (6). Liming is a farming method that can
change the soil’s physical, chemical, and biological char-
acteristics. Plants are better able to absorb the nutrients
and water from the soil because it encourages better root
system formation and increases the development of soil
microorganisms. Moreover, liming alters the soil’s physical
attributes along with its biochemical and biological con-
tent (9). Adding soil can accelerate the restoration of dam-
aged soil by changing its physicochemical characteristics
and biodiversity (10). Likewise, the addition of clay can
lead to increased crop yield (11). To address this issue, a
soil breeding experiment was carried out as a one-time
solution, altering the soil's textural composition to im-
prove its texture, structure, and other physical properties
for better crop production.

Materials and Methods
Details of the experimental site

The objective of this experiment is to alleviate soil physical
constraints of Alfisol, viz., soil crusting, poor water reten-

tion, poor soil aggregation, water transmission, etc. Its
inappropriate texture is the primary problem with this soil.
Its sandy surface, which contains different proportions of
silt, clay, fine and coarse sand, and sand, causes several
physical limitations, including crusting and restricted wa-
ter absorption and soil structure. The dirt gets fluffy after
irrigation, but it gets harder after it dries. The soil breed
experiment was carried out as a one-time fix to address
this and enhance the physical, structural and textural
characteristics of the soil.

Soil management

To prevent surface crust formation, it is essential to en-
hance aggregate stability through the application of clay,
lime, gypsum, or manure. This is because clay soils primar-
ily consist of a high clay fraction, which contributes to in-
adequate permeability and nutrient retention. In India, a
common practice involves adding 25 tons per hectare an-
nually of tank silt or black soil, along with 25 tons per hec-
tare of farmyard manure, composted coir pith, or
pressmud. Nevertheless, it is crucial to conduct region-
specific research that thoroughly evaluates the effects of
soil improvement using organic materials and soil parti-
cles, which is necessary for reaping the benefits in major
cropping systems within various ecological regions. There-
fore, two specific levels of clay soil, both at 25 tons per
hectare, were utilized in this study.

The land was deeply ploughed and pulverized by
implements. Then, it was demarcated into 25 m x 50 m
plots for every treatment under three replications. Fur-
thermore, each plot was subdivided with a measure of
5m x 4m. The treatments involved using various soil
amendments such as heavy clay, coarse river sand, differ-
ent levels of FYM, and lime based on the lime requirement.
These amendments were used in different combinations.
The experiment schedule consists of 9 treatments as fur-
nished Table 1. The treatments were imposed as per
schedule and thoroughly mixed with surface soil.
Sunnhemp (Crotalaria juncea) as green manure was raised
as the first season (kharif) crop and incorporated in-situ at
flowering before transplanting of rice. Rice (White Ponni)
was planted for the first year (2020) of experimentation,
followed by TKM-13 in the second and third years (2021
and 2022) of experiments after the in-situ incorporation of
Sunnhemp. The configuration for experimentation em-
ployed in this study is outlined below (Fig. 1).

Table 1. Details of the treatments

S.No.  Treatment details
T Control
T, Farm Yard Manure(FYM) @ 12.5t ha*!
Ts Clay @ 50.0t ha*

Ta Clay@100.0 t ha*

Ts Coarsesand @ 50.0tha*

Te Coarse sand @100.0t ha

Ts FYM @12.5t + Clay @ 50.0 t + Coarse sand @ 50.0 t ha*
Ts FYM @12.5t + Clay @100.0 t + Coarse sand @ 100.0 t ha*
To Lime (as per Lime Requirement- 4.8t ha)
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Fig. 1. Experimental setup.

Methodologies adopted in the study

The location of the soil profile at the experimental site is
10° 66 N and 79° 16' E. The elevation of the land is 58 m
from mean sea level, and it dips gently towards the sea.
The average annual temperature in this region is 28.3 °C,
while the average annual rainfall is 920 mm. Following rice
harvesting and before the application of any treatments, a
mixed soil sample (0-15 cm) was taken from the experi-
mental location. The physical characteristics of this sam-
ple, including the density of the bulk, soil porosity, hydrau-
lic conductivity, and particle size distribution, were then
treated and examined. The hydraulic conductivity of the
material was assessed using the fixed heads hydraulic con-
ductivity assembly method, while the bulk density, parti-
cle density, and analysis of pore space were determined
through the cylinder method (12). Additionally, the soil
infiltration rate was measured by employing the double-
ring infiltrometer method. The mean weight diameter
(MWD) of aggregates: MWD =¥ Xi. Wi, where Xi is the mean
diameter of a class (mm) and Wi is the percentage of ag-
gregates that were returned and sieved relative to the to-
tal (13). The separation of macro- and microaggregates
usually occurs at 0.25 mm (14).

Statistical analysis

For statistical analysis of data, on-farm data were collect-
ed from each treatment that had been evaluated for three

Table 2. Effect of soil breeding and soil amendments on soil physical properties

consecutive years during 2020, 2021 and 2022. Simple cor-
relation studies were carried out with analytical data on
various physical properties to establish the relationship
between different parameters using standard methods.
The data collected on various soil characteristics of field
experiments were analyzed. When there were significant
variations in the treatment, critical distinctions were es-
tablished at a 5 % probability level as per Panse and Su-
khatme (15).

Results and Discussion

Effects of soil breeding and soil amendments on soil
physical properties

The study examined the soil's physical properties, such as
bulk density, soil pore volume, soil infiltration rate, and
hydraulic conductivity, before and after implementing
treatments (Table 2). Over a three-year period, heavy clay,
coarse river sand, and FYM were individually and collec-
tively added to the soil to address soil physical constraints.
The FYM (@12.5 t ha')+ clay (@100.0 t ha) + coarse sand
(@ 100.0 t ha?)resulted in the most significant reduction in
soil bulk density (1.31 mg m?3) from the initial level
(1.59 mg m?) and the highest improvements in soil pore
volume (45.50%), soil infiltration rate (3.62 cm h), and
hydraulic conductivity (3.02 cm h?). Similarly, the results
obtained under FYM (@12.5 t ha?) + clay (@50.0 t ha!) +
coarse sand (@50.0 t ha') showed significantly lower soil
bulk density and the greatest improvements in pore vol-
ume, infiltration rate, and hydraulic conductivity (1.32 Mg m™,
44.6%, 3.53 cm h, and 2.80 cm h, respectively). The con-
trol demonstrated the highest soil bulk density (1.51 Mg m3),
lowest pore volume (31.8%), infiltration rate (1.98 cm h),
and hydraulic conductivity (1.17 cm ht). The application of
FYM (12.5 t ha), clay (100.0 t ha), and coarse sand
(100.0 t hal) resulted in the most substantial reduction in
mean weight diameter and grand mean diameter
(0.287 mm) from the initial level of 0.211 mm, and the
highest enhancement in micro- and macroaggregate
stability (20.8 mm) was achieved by the application of
clay (100.0 t ha?).

Soil texture is one of the key characteristics influ-
encing the physical and chemical characteristics of soil

Bulk Particle Pore Infiltration Hydraulic
S.No.  Treatment details density density . conductivity
(Mg m-3) (Mg m-3) space (%) rate (cmh?) (cm h)
T1 Control 1.51 2.3 31.8 1.98 1.17
T, FYM@ 12.5tha? 1.38 2.26 41.4 2.92 2.53
T3 Clay @ 50.0t ha* 1.39 2.32 37.1 3.1 1.86
Ta Clay@100.0 t ha! 1.4 2.39 39.2 3.43 1.87
Ts Coarse sand @ 50.0tha 1.45 2.3 37.4 4.3 2.56
Te Coarse sand @100.0t ha* 1.44 2.37 373 4,75 3.01
Tr FYM @12.5 t + Clay @ 50.0 t + Coarse sand @ 50.0 t ha* 1.32 2.45 44.4 3.53 2.8
Ts FYM @12.5 t + Clay @100.0 t + Coarse sand @ 100.0 t ha™* 131 242 45.4 3.62 3.02
To Lime (as per Lime Requirement- 4.8t ha?) 1.42 2.41 34.7 2.85 171
S.Ed 0.06 0.08 1.02 0.32 0.28
CD (p=0.05) 0.14 NS 2.25 0.64 0.37
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(16). Soil breeding with heavy clay and coarse river sand
with farmyard manure reduced the bulk density of soil by
up to 16.00%. This might be due to the significant positive
effect of soil breeding with clay, coarse river sand, and
farmyard manure on soil enhancing soil aggregation, bet-
ter organization of soil particles, and increased porosity.
Formation of soil aggregates in light soil helps in retaining
soil water and nutrients by dropping the percolation loss-
es due to the addition of clay and coarse river sand. The
relationship between soil density and porosity is inter-
linked (17). Additionally, soil breeding with the application
of clay can bind soil particles together, resulting in signifi-
cant changes in soil aggregation and improving water
movement (6). In the same way, the red Alfisol soil experi-
ences an increase in water holding capacity due to the
application of 60.00 t ha? of tank silt in Andhra Pradesh
(18, 19). The available water content and moisture reten-
tion capacity were enhanced by applying tank silt and
clay. After mixing 2% clay, four passes by an iron roller
(500 kg) increased the moisture retention capacity and
infiltration rate of loamy sand (8). The lime application
helps in correcting soil pH, and it can alter the flocculation
and formation, stabilizing stable aggregates. Further, it
improves soil aeration, root growth, and microbial growth
(9, 10). Increased clay content and the addition of farm-
yard manure can help to prevent the formation of crust
because the clay particles link to soil aggregates, shielding
them from the damaging effects of raindrop impact (10).

Application of FYM (12.5 t ha') + clay and coarse
sand (100.0 t ha'each)recorded higher mean weight di-
ameter, micro and macro soil aggregates (Table 3). Wet-
ting and drying cycles that occur naturally and frequently
in soil can promote better aggregation and result in a sta-
ble soil structure. The stabilization of soil aggregates was
enhanced by the application of compost (20). Further-
more, the application of organic matter significantly raised
the quantities of microbial biomass carbon (MBC) in aggre-
gates (21). The higher organic carbon and soil nitrogen

were related to enhanced soil structure, as demonstrated
by the positive correlations with MWD and macroaggre-
gates. Additionally, a correlation analysis revealed a posi-
tive relationship between macroaggregate and stability,
the pace at which soil organic carbon and soil nitrogen
contributed to them. As a result, aggregate size had an
impact on the sequestration of carbon and nitrogen in the
soil. The findings showed that manure-enriched fertilizer
enhanced soil fertility and structure more than fertilizer
alone in improving crop output (22). Compared to the ap-
plication of manure or fertilizer alone, a combination of
the two improved soil nitrogen, aggregation, and organic
carbon status. This indicated that the use of both fertiliz-
ers and manure was a suitable strategy for increasing car-
bon sequestration in agro-ecosystems (23). For improved
agro-ecosystem functioning, the stability of soil aggre-
gates and related carbon (C) is a crucial indication for eval-
uating overall soil health (24). Similar outcomes of en-
hanced soil nutrient availability due to the incorporation
of clay in sandy soil were observed by (25) and by the addi-
tion of animal manure in sandy soil in Northern china (26).
Similarly improvement of aeolian sandy soil in Mu Us, Chi-
na with soft montmorillonite clay stone was noticed by
(27). Utilizing natural clay deposits together with finely
sized wheat straw could serve as an efficient approach to
enhance plant growth in areas with limited water re-
sources (28).

Effects of soil breeding and soil amendments on growth
and yield of rice

The experiments involving soil breeding with heavy clay,
coarse sand, and soil amendments resulted in increased
plant height, productive tillers, rice grain yield, and straw
yield (Table 4 and Fig. 2). The treatment FYM (@12.5 t ha!)
+clay (@100.0 t ha!) + coarse sand (@ 100.0 t ha?) resulted
in the highest growth and yield attributes for rice, includ-
ing plant height (94.26 cm), productive tillers (16.53), rice
grain (3.981 t ha), and straw yield (5.250 t ha%).

Table 3. Effect of soil breeding and soil amendments on soil aggregates at various depths

Mean weight Diameter

Grand mean Diameter

Percentage of micro

Percentage of macro

(MWD) (mm) (MWD) (mm) aggregates (<0.25m) aggregates (>0.25m)
S.No Treatments details
0-10 10-20 20-30 0-10 10-20 20-30 0-10 10-20 20-30 0-10 10-20 20-30
cm cm cm cm cm cm cm cm cm cm cm cm
T: Control 0.385 0.307 0.211 0.334 0.411 0.335 80.25 84.5 87.55 19.75 15.5 12.45
T FYM @ 12.5tha! 0.785 0.381 0.269 0.574 0.478 0.381 65.5 73.5 80.1 345 26.5 19.9
Ts Clay @ 50.0t ha! 0.641 0.25 0.214 0.43 0.349 0.345 66.3 76.6 79.2 33.7 234 20.8
Ta Clay@100.0 t ha! 0.781 0.384 0.271 0.57 0.481 0.382 67.55 77.75 83 32.45 22.25 17
Ts Coarse sand @ 50.0tha 0.652 0.264 0.24 0.441 0.355 0.364 714 75.8 85.25 28.6 24.2 14.75
Te Coarse sand @100.0 t ha* 0.621 0.392 0.28 0.412 0.49 0.389 72.4 74.55 83 27.6 25.45 17
+ +
T7 M @125+ Clay @ 50:10 t 0.652 0.264 0.24 0.445 0.363 0.365 68.05 74.1 80.6 31.95 25.9 19.4
Coarse sand @ 50.0tha
FYM @12.5 t+Clay @100.0 t +
T, 792 . .287 .582 1494 412 . 4. 1.4 4 25.4 18.
8 Coarse sand @ 100.0 t ha' 0.79 0.396 0.28 0.58 0.49 0 69.6 6 81.45 30 5 8.55
To Lime (as per Lime Require- 0.4 0.31 0.218 0.348 0.415 0.323 78.25 81.6 85.75 21.75 18.4 14.25
S.Ed 0.016 0.007 0.006 0.011 0.01 0.01 1.767 1.912 2.073 0.74 0.587 0.427
CD (p=0.05) 0.035 0.015 0.014 0.024 0.021 0.021 3.747 4.053 4.394 1.57 1.245 0.905
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Table 4. Effect of soil amendments on rice growth, yield attributes, and economics

Plant height (cm) Productive tillers (Nos. hill?)

S.No. Treatment details B:F
2021 2022 2023 Mean 2021 2022 2023 Mean  fatio
T Control 7260 8631 9025  83.05 1500  6.67 1062  10.76  1.34
T FYM @ 12.5 t ha' 7620 9433 9561 8871 1733 9.00 1475  13.69 140
T Clay @ 50.0 t ha! 78.60 9213 10144 90.72 1800  9.00 1450  13.83 131
T, Clay@100.0 t ha 7547 9506 9652  89.02 1733 953 1500 1395  1.29
Ts Coarse sand @ 50.0 t ha 7720 9031 9746 8832 1633  8.66 1480 1326 1.8
Te Coarse sand @100.0t ha'! 7947 9133 9451 8844 1667  10.00 1675 1447  1.30
T FYM @12.5 t + Clay @ 50.0 t + Coarse sand @ 50.0 t ha'! 80.93 9427 10620 93.80  18.00 1033  21.04 1646  1.66
Ts FYM @12.5 t + Clay @100.0 t + Coarse sand @ 100.0 t ha'* 7820 9546  109.12 9426 1867  11.66 1925 1653 141
Ts Lime (as per Lime Requirement-4.8tha) 74.67 92.66 94.25 87.19 16.33 8.90 16.25 13.83 1.55
S.Ed 2.12 - - - 0.22 1.34
CD (p=0.05) 4.48 - - - 0.48 1.40
Conclusion
DOGrainyield (kg/ha) [ Straw yield (kg/ha)

The current soil breeding experiment utilized various soil

8000 5250 amendments, including heavy clay, coarse river sand, and

5000 sags 4675 4609 440 4897 FYM, either individually or in combination, to address soil

F 3 .| ‘%'|| physical limitations. Based on the results, it is recom-

4000 | 3704 sa1h | saop| %57 333r 3554 373 el mended that a combination of FYM (12.5 t ha), clay (50.0 t

292

Yield (kg/ha)
w
o
=]
o

Treatments

Fig. 2. Effect of soil amendments on rice yield.

This treatment was comparable to FYM (@12.5 t ha) + clay
(@50.0 t hal) + coarse sand (@50.0 t ha?), which also
showed significant growth and yield attributes, such as
plant height (93.80 c¢m), number of productive tillers
(16.46), mean rice grain yield (3.755 t ha!), and straw yield
(4.897 t ha?). The grain yield was 28.00% higher than
that of the control (Fig. 2). The control treatment without
any soil amendments exhibited the lowest growth and
yield attributes for rice, including plant height (83.05 cm),
number of productive tillers (10.76), mean rice grain yield
(2.925 t ha), and straw yield (3.704 t ha). Furthermore,
the treatment FYM (@12.5 t ha!) + clay (@50.0 t ha?) +
coarse sand (@50.0 t ha') showed the highest B:C ratio of
1:1.66, while the control had the lowest B:C ratio of 1:1.28.
The lime requirement treatment Lime (4.8 t ha*) had regis-
tered the rice growth, yield attributes viz., plant height
(87.19 cm) and productive tillers (13.83 no.s), rice yield
(3.157 t ha), which was 8.0% higher over control, and a
straw yield (4.294 t ha?). Soil breeding with amendments
strongly influenced crop growth and subsequently, the
yield of rice, which might be due to the favorable influence
of these practices on soil properties. The increase in yield
resulting from the addition of clay and coarse river sand
might be due to an increase in soil properties, which ulti-
mately promoted crop growth and yield (4, 29, 30).

ha?), and coarse sand (50.0 t ha) can be used to signifi-
cantly reduce soil bulk density and improve soil pore
space, infiltration rate, and hydraulic conductivity in soils
with severe physical constraints. According to the expre-
imental results, this approach can also lead to enhanced
rice yield and profitability of farmers. These results will act
as an essential resource for upcoming studies and farming
methods aimed at enhancing the crop's effectiveness.
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