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Abstract

A detailed study was conducted on the effect of salt and saline water irrigation on soil properties and
sugarcane growth. Freshwater (<0.5 dS/m), low salinity (2.5 dS/m), and high salinity (4.0 dS/m) irrigation
treatments were applied to sugarcane crops. The soil physical, chemical, and microbial properties were determined
in the soil of 0-30 cm depth samples collected from fields. Germination rate, shoot emergence, plant height, stalk
diameter at the base of the plant at soil surface level and midpoints were recorded during growing season was
used to identify growth parameters which includes polygenic genes affect multi trait character such as number of
millable canes and cane yield. The degradation in the physical properties and reduction in nutrient availability
under continuous high salinity irrigation (7-8 dS m—1) Quite clearly indicated a breakdown of soil structure
causing increase in bulk density, decrease in porosity and plant available water, loss of chemical complexes. This
might have resulted in reduced nutrient availability, inhibited enzyme function and microbial activity. For
sugarcane, no significant gain growth and yield suffered v gradient of salinity (0-40 ds/m) decreased the
percentage of germination in 76 % to 96% for control treatment (fresh water). Under saline conditions, the time
to shoot emergence was delayed and plant height, stalk diameter and number of millable canes were significantly
lower. At the high salinity level of done 45 dSm(-1), cane yield was reduced by 38% because of excessive ions
resulted in phytotoxic effects. Low salinity irrigation (<8 dS/m) did not cause serious changes in the main sol
properties and sugarcane growth. Saline water irrigation poses significant threats on soil health and sugarcane
productivity due to limited well-adapted varieties and appropriate management strategies for regions facing
incidences of salinity stress.
Keywords: Soil properties, Salinity stress, Sugarcane growth, Crop productivity, Saline Water.

Introduction

With the global demand for freshwater increasing and soil salinization on the rise, we need
to understand the effects of saline water irrigation on soil properties and sugarcane growth (Li et al.,
2019). The use of salty water in the cultivation of crops is one of the options to address water
shortages in agriculture, although there are numerous difficulties since using salty water may cause
salt build-up in the ground surface and restrict accessibility to water and nutrients by plants ultimately
slowing down their growth and productivity (Li et al, 2018). Salinization refers to excessive
concentration of soluble salts in the soil and this has a detrimental impact on the soil health which is
characterized by impediments on its physical, chemical and biological properties. This is aggravated by
the factors like low quality irrigation management, poor drainage, seawater intrusion and utilization of
salt water in irrigation especially in arid and semi-arid regions where evaporation is highly increased
(Haider & Hossain, 20183).

Irrigation with saline water is practiced in many areas due to scarcity of good quality water
for agriculture. The salt composition of some of these waters is also changing under changing climate
resulting in different salt effects on soil and plants during irrigation. Sugarcane, a semi-perennial crop,
is cultivated primarily under irrigated conditions in the Indo-Gangetic Plain. It is relatively sensitive
to salinity during germination and early seedling growth and shows significant yield reduction when
the source water salinity is above 2 dS m-1 (Brindha S. Vasantha R. Arunkumar, 2019).
Understanding the effects of saline irrigation water that exhibit different salt compositions is
important to understand the complex effects on soil and plants.
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Reference is made to the sections titled Literature
Review and Introduction for further background. (Beecher,
1994,

Literature Review

Environmental and climatic factors govern the
agro-climatic zones of India. Soil salinity and sodicity
remain a major threat to agricultural productivity
worldwide (Brindha S. Vasantha R. Arunkumar, 2019). Salt
concentrations varies in irrigation water because it is
supplied after rain events when dilution is large or during
the dry summer months. The irrigation water supply is
designed to meet the crop estimated requirement in relation
to the irrigation water availability before planting. Saline
water may be a useful resource and with appropriate
application can minimize loss in yield and reduce the
accumulation of salt in the root zone. The salt in solution
creates osmotic pressure which limits the available water
and appears as a water stress to the plant. Various studies
have been conducted on the effect of salt on agricultural
production and development of salt tolerance criteria are
asume like after seedling stage the puede growth is not
affected by salinity or roots growth is not affected by
salinity but the whole plant growth is reduced. Sugarcane is
a natural hardy row crop which can tolerate saline and
water-logged conditions. Enhancement of irrigation
efficiency is most important in the present scenario with
limited availability of fresh water for irrigation. Brackish
water can be used purposefully for agriculture such as fish
farming, cultivation of trees and for irrigation of few crops.
The use of brackish / saline / waste water for irrigation
depends mainly on the quality of soil, crop, groundwater
and water used for mixing. (Beltran, 1999)

Current Research on Soil Salinity

Periodic droughts in arid and semi-arid regions
have led to use of saline water for irrigation (Brindha S.
Vasantha R. Arunkumar, 2019). Many crops yield less as
soil salinity increases and generalization is difficult as yield
depends on soil type and management. Salt tolerant
varieties like sacrificial crops are important to maintain
agricultural or economic sustainability and irrigation
systems should be designed with water quality controls to
prevent salt buildup in the root zone. (Tufa, 2024

Large scale irrigation projects especially in
tropical and subtropical countries have been proposed to
increase the area under cultivation. A major problem with
irrigation is the possibility of salinization of soil especially in
arid and semi-arid regions where soluble salts can
accumulate in the root zone and result in yield loss or even
crop failure. Controlling salinity is crucial in many parts of
the world. (Sahay et al., 2018)

Impact of Salinity on Crop Growth

Salinity and saline water significantly influence
global food production, with salt-affected soils widespread in
arid and semi-arid regions where irrigation is common
(Brindha S. Vasantha R. Arunkumar, 2019). In India,
extensive areas suffer from decreased crop yield due to
salinity and alkalinity. Sugarcane production is particularly
impacted by saline water irrigation. Several studies

document the effects of soil and water salinity on growth
and yield of diverse crops, including wheat, citrus,
grapevine, and sugarcane (Carter, 1982). However, typically
only one salinity level is considered. Since irrigation water
composition varies—and consequently soil properties and
crop performance are differently affected—the study
investigated saline water at various salt concentrations to
determine the most suitable irrigation practices. Saline and
alkaline waters in irrigation are characterized by total
dissolved salts exceeding 500 mg L-1, with an excess of
calcium carbonate and bicarbonate ions. Salinity rises when
evapotranspiration exceeds precipitation. Crop losses on
salt-affected soils arise from osmotic effects, nutrient and ion
imbalances, and toxicities imparted by excess ions. Salinity
also modifies soil physicochemical properties, processes that
are time- and concentration-dependent. (Chande et al., 2020)

Methodology

The field study was conducted during January-—
April 2021 on the Vallalar-Annamalaiyan canal area in the
Thiruchirapalli District of Tamil Nadu, India. This region
experiences a semi-dry climate characterized by moderate
temperature and low humidity. Soil samples were collected
from a plot where sugarcane was planted with different
saline concentrations and four replicates. Irrigation water
samples were collected every 15 days at the start of every
irrigation cycle, and salt concentrations were monitored to
prevent excessive salt accumulation within soil horizons
during mature crop phases. Each irrigation event
approximately corresponded to 15 days, yielding a total of
four cycles for demographic characterization and soil
sampling. Field studies permit and approval were obtained
from the Tamil Nadu Agricultural University, India.
(Venkatesan & Dhanasekararan, 2019)

Soil sampling followed the criteria established by
the United States Department of Agriculture and the
Recommendations for Soil Sampling for India. Sampling
consisted of composite samples made up of five sub-samples
taken in a quinoa area measuring 8 m X 8 m, extracted at
depths of 0-30 cm and 30-60 cm. Samples were mixed to
create five composite samples representing pre-sowing and
post-harvest soil conditions. Multiple and random samples
were collected per hectare approximately every 2 weeks
during the experiment and stored at 4 °C. Laboratory
determinations followed the methods described by Brindha
et al. (Brindha S. Vasantha R. Arunkumar, 2019) and Calone
et al. (Calone et al,, 2020). Sampling tubes were cleaned
between samples to prevent salt adsorption, and soil
samples were sealed in plastic bags immediately after
collection for further determinations.

Soil Sampling Techniques

Soil samples were collected from all eight
locations, including the sugarcane field (Wang et al., 2017).
The collected soil was air-dried and passed through a 2 mm
sieve to remove plant roots and gravel by hand before
analysis. All samples used in the study were taken from
deserted saline-alkali land. Soil columns were prepared for
indoor testing, with intervals between samples ranging from
1 to 2 days. Soil was taken at a depth of 0-20 cm from each
site.
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Irrigation Water Composition

The  compositions of irrigation  waters
significantly influence soil chemistry and indirectly affect
plant growth (Wang et al., 2017). Freshwater, low-salinity,
and high-salinity waters, applied by basin irrigation,
exhibited similar major ion compositions (Table 4). These
compositions fall within the permissible ranges established
by the Food and Agriculture Organization of the United
Nations. Prior research at the experimental site
demonstrated that irrigation with low-salinity water led to a
saline soil state, while high-salinity water induced a sodic-
saline state (Fig. 7). High salinity hinders the leaching of
salts, thereby increasing soil sodicity.

Experimental Design

The experiment was conducted in Coastal District
of Nellore, Andhra Pradesh, India. Fresh water was
collected from Penna River, low saline water with EC of 2
dS/m and high saline water with EC of 4 dS/m from local
wells. The combination of different irrigation water sources
helped to study the growth and yield of sugarcane in three
plots under fresh water irrigation (FW), low salinity water
irrigation (LSI) and high salinity water irrigation (HSI)
treatments. The experiment was laid out in simple
randomized block design and soil samples were collected
from 0 to 30 cm depth from each plot. Sugarcane growth
parameters were monitored progressively to note the effects
of the treatments (Calone et al., 2020).

Soil Properties Analysis

The soil at the experimental site is 50% sand, 10%
silt and 40% clay (Brindha S. Vasantha R. Arunkumar,
2019). Electrical conductivity (ECe) ranged from 0.08 to
2.71 dS/m and pH from 5.7 to 6.8. Organic carbon content
was 0.23 to 0.52%. Exchangeable calcium (Ca++) was 3.6 to
5.6 meq/100g and magnesium (Mg++) 0.7 to 2.2
meq/100g. Available potassium (K) was 0.27 to 0.43
meq/100g and available phosphorus (P) 11.7 to 27.5 ppm.
Gold farmer soil is not good, it has poor physical properties
like low water holding capacity, low organic carbon and low
nutrient availability (Souleymane et al., 2019). In the
experimental field, bulk density was 1.48 g/cm$, porosity
44.5% and total nitrogen 0.03 to 0.44%. Soil pH was uniform
across the locations, 5.5 to 6.1. EC was 0.26 to 3.48 dS/m,
salinity is a concern. Total organic carbon was 0.09 to
0.47% and total salt content was 0.75 kg/m2. Na+/K+ ratio
was decreasing and available phosphorus was 3.29 to 12.0
ppm. These results show the complex interaction of
physical, chemical and microbial properties of the soil under
different irrigation regimes. (Safadoust et al., 2024)

Physical Properties of Soil

The physical features of soil largely determine the
salt content in soil and the crop's ability to withstand
salinity. Soil texture in the study varied significantly
between pre-monsoon and post-monsoon periods. During
the pre-monsoon, soils were predominantly sandy loam,
whereas post-monsoon conditions favored a sandy clay loam
texture due to the deposition of fine particles transported
from upper reaches (Souleymane et al, 2019). The bulk

density of the soil ranged from 1.12 to 1.40 g cm—3 across
sampling sites for both seasons. (Clarke et al., 2015)

Chemical Properties of Soil

Canal water with a total dissolved solid level of
4749 mg 11, or groundwater with a TDS level of 17,746 mg
11, was used for the irrigation treatments. The chemical
properties of the experimental soils, including salinity,
micronutrient status, organic matter content, and pH were
determined. The soil-water suspension was equilibrated by
shaking with measured four times in the laboratory. The
mineral composition of the irrigation water from the well
was reflected in the soil samples collected from the high
salinity site. The sandy soil sample revealed some
enrichment in Na+, Ca2+, and Mg2p relative to their
concentrations found in the low salinity irrigation water. A
mixed clay soil sample exhibited a relatively greater
concentration of Na+ than Ca2+ or Mg2p. The salt
treatments did not significantly affect the pH of the three
soils. Exchangeable bases were not measurable at the high
salinity site because the samples were highly dispersed after
agitation in IN NH4OAc. With all three soils, the
exchangeable K and Ca decreased with the salt addition.
The exchangeable Na did not change significantly with the
salinity status of the water. The changes in pH and
extractable ions were of interest because they indicate the
potential for enrichment of these ions in crops or
groundwater on the site where wastewater was used for
irrigation (Souleymane et al., 2019) (Wang et al., 2017).

Soil Microbial Activity

Salt stress affects other processes through a
reduction of microbial activities and enzyme functions.
Especially in the topsoil, the activity of phosphatases, urease
and B-glucosidase decreases upon salt stress and changes
the availability of soil nutrients (Hou et al., 2021). Microbial
communities adapt to the salt pressure by energy-intensive
biosynthesis of osmolytes. Salt accumulation increases the
extracellular osmotic pressure such that sensitive
microorganisms die or become inactive. The microbial
diversity and evenness decrease along a saline gradient,
with a concurrent increase in Proteobacteria, Actinobacteria,
Chloroflexi, Firmicutes, Acidobacteria and Bacteroidetes
and relative abundances of  Ascomycota and
Mortierellomycota. (Zhou et al., 2024,

Irrigation Treatments

Irrigation treatments consisted of freshwater
(water salinity <0.5 dS/m), and lower salinity (~2.5 dS/m)
and higher salinity (~4.0 dS/m) groups. The lower and
higher groups were subsequently subjected to saline
irrigation, while the freshwater group continued with
freshwater irrigation (Brindha S. Vasantha R. Arunkumar,
2019). The objective was to assess the impact of varying
water salinity levels on soil properties and sugarcane
growth response.

Freshwater was sourced from underground
aquifers at a depth of 200 m, containing approximately 350
mg/1 soluble salts. The lower- and higher-salinity waters
were obtained from underlying saline confined aquifers at
1000 m depth, containing 1250 and 2000 mg/1 soluble salts,
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respectively. The chemical properties of water from both
freshwater and saline sources are summarized in Table 2.
Groundwater stands as a convenient, cost-free irrigation
water source, extensively used across the subcontinent to
ensure Crop success.

Freshwater Irrigation

Freshwater plays a vital role as an irrigation
source in irrigated agriculture although it is becoming
increasingly scarce (Panta et al., 2016). Sugarcane is
cultivated in vast areas around the world, providing
foodstuft, fodder, sugar, and biofuel. However, the sugarcane
industry is threatened on a long-term perspective in many
irrigated locations by increasing difficulties in securing the
required volume of quality water allocation from river
systems primarily due to population growth and
environmental concerns. The problem is especially serious
in dry areas that rely on river water from places with a lot of
rain to support farming.

Soil and irrigation water with high salt levels
cause problems worldwide. They lead to land damage and
affect how crops grow, their yield, and quality. Around the
world, soil damage has resulted in the loss of 2.6 million
hectares of farmable land, with 45% of this loss due to
salinization (Souleymane et al, 2019). Asia, the Pacific,
Australia, and the Near East are the most affected regions.
The sugarcane belt is affected in many areas by rising
salinity, caused either naturally or by irrigation; yearly an
average of 3.8 million hectares of land is being lost by
salinization. In irrigated areas, the use of marginal or saline
waters for irrigation has resulted in considerable harm to
the crop and soils in many parts of the world. The current
study addresses this problem and reports the long-term
impact of salt and saline-water irrigation on soil properties
and its implications on sugarcane growth.

The field experiment was conducted at the Sugar
Research Institute (SRI), near Nairobi in Kenya, using tube
wells with varying salt levels (3.1 — 12.1 dS m-1) and an
unclassified fresh water source. Assessment of soil and plant
physiochemical properties was carried out in treatments of
fresh water, low salinity, and high salinity, at four different
sites. Soil properties and crop characteristics were examined
following irrigation with water of varied salt concentration.
A total of 35 years of data from the experiment were
compiled and analysed. Salinity manifested in changes
related to structure and texture, along with variations in
physicochemical properties and water retention. Growth
parameters declined at higher salt concentration.

Low Salinity Irrigation

Both fresh and brackish water can be used as
irrigation source for sugarcane, but water with low salinity
affects soil and crop performance. High salinity water causes
profound changes in soil physical and chemical properties
including mineralogical changes, clay reduction, organic
carbon mobilization, variation in nitrogen, phosphorus and
potassium availability. These changes affect microbial
enzyme activities and organic and inorganic carbon species
behavior and impairs sugarcane seed germination, root
development, growth and yield.

Low salinity water simulates groundwater quality
with EC of 2.5-3.0 dS m-1 and SAR of 10.00 and contains
around 11,600 ppm dissolved salts. Well water (EC 0.2 dS
m-1) with same SAR is also used as control and canal water
(EC 0.56 dS m-1, SAR 0.85) is also used as control.
Chemical composition of low salinity water is similar to
fresh water except for higher chloride and sodium. Soils
irrigated with fresh and low salinity water are free of surface
crusting indicating minimal impact on soil aggregation and
structure. Although soil sodification hazard is high at low
salinity — since EC of 8 dS m-1 is required to balance SAR of
10 (Brindha S. Vasantha R. Arunkumar, 2019) — neither
fresh nor low salinity water irrigation changes soil pH
which is neutral to slightly alkaline (Panta et al., 2016).

High Salinity Irrigation

Sugarcane growth during the late-rainy and early-
dry seasons was assessed under freshwater, low-salinity, and
high-salinity irrigation in the northeast region of Thailand,
where water compositions are dominated by Ca(HCO3)g,
Na2SO4, and NaCl. This setting provides an ideal
environment for elucidating the impact of salt and salinity
on sugarcane growth and soil properties (Calone et al,
2020).

Irrigation water 92freshwater (0.085 dS m b12),
low salinity (4 9 5 dS m b12), and high salinity (7 9 8 dSm
b12) 93was applied at one to three times the sugarcane crop
water consumption rate. Salinity values b94 dS m b12 had
minimal impact on soil properties and sugarcane growth
and yield. Low salinity irrigation reduced soil bulk density,
increased soil porosity, and improved plant-available water.
Enhanced cation exchange capacities and electrical
conductivity suggest increased nutrient availability. Soil
sulfate concentrations and chemical complexes also
increased under these treatments. Conversely, high salinity
irrigation (7 9 8 dS m b12) elevated soil bulk density,
decreased porosity and plant-available water, and reduced
chemical complexes, all of which contribute to inhibited
sugarcane growth and yield (Brindha S. Vasantha R.
Arunkumar, 2019).

Sugarcane Growth Parameters

Germination was elevated under low salinity
irrigation but was depressed under high salinity conditions,
where seedlings also exhibited noticeable stunting.
Irrigation with N and H fostered greater growth of shoots
and roots compared with freshwater and L irrigation.
However, overall sugarcane growth and yield declined
dramatically under saline-water irrigation. Tissue K levels
were always lower with saline compared to freshwater
irrigation. Shoot growth and germination both rose under L
and H vs. freshwater irrigation, but growth and yield were
otherwise clearly retarded by saline-water irrigation
(Brindha S. Vasantha R. Arunkumar, 2019).

Germination Rate

Germination is when a seed starts to grow into a
young plant. This is the start of a plant's life. For sugarcane,
the soil needs to be moist enough before it can sprout. At
first, sugarcane plants do not need a lot of irrigation. But
the way water is given should not disturb the young
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sprouts. Irrigation is more important if the soil is dry or
during a long dry season. Without enough water, the seeds
may not grow well or the plants may not establish properly.

The study examined the germination percentage
and germination index of sugarcane under irrigation with
different salinity levels during the 2017 cropping period.
Germination percentage is defined as the total number of
germinated sprouts before Inter-Cultivation Operation.
Germination is influenced by a variety of environmental
factors, including soil, temperature, oxygen, salinity along
with species and seed treatment (Ribeiro de Andrade et al.,
2018). The germination index serves as a more precise
gauge of soil and water salinity effects on sprouting because
it captures both the proportion and the speed of
germination.

A larger germination index value corresponds to
an improved germination rate or the number of days needed
for sprouting. The germination index under different
irrigation salinities provides the most sensible measure of
soil and water salinity effects. The germination percentage
was 96% for the freshwater irrigation, 91.5% for the low
salinity irrigation, and 76% for the high salinity irrigation.
The results reveal that electrical conductivity levels below 3
dS/m do not cause significant reduction in the germination
percentage for these treatments. Data indicate that
germination is substantially decreased at an EC of 6 dS/m
or higher (Brindha S. Vasantha R. Arunkumar, 2019).

Growth Metrics

Sugarcane growth was monitored from the early
sprouting stage until maturity, examining parameters such
as shoot emergence, plant height, stalk diameter, number of
millable canes, and cane yield. A six-month field experiment
was conducted at the University of Southern Queensland’s
research farm located at 270 30'S latitude and 1510 55'E
longitude. Fresh irrigation water contained 0.99+0.12 dS
m—1 of salts, whereas saline irrigation waters had salinities
of 7t0.32 dS m—1 and 9081 dS m—1. Results
demonstrated that initial cane production, stalk height, and
cane yields were significantly influenced by water salinity.
For instance, shoots first emerged after 17 days in the
freshwater treatment, but emergence was further delayed in
brackish and saline water treatments. The initial emergence
in the freshwater plots took 17 days, whereas it took 238 and
28 days in the brackish and saline water plots, respectively.
This pattern underscores the detrimental impact of elevated
salinity on early sugarcane development. (Simdes et al,
2016)

The shoot height and number of millable canes
adversely decreased due to elevated salt concentration in the
irrigation water. Saline water irrigation with salinity higher
than 7 dS m—1 reduced sprout emergence and significantly
retarded the growth of plants. Stalk diameter and number of
millable canes were considerably lower in saline treatments,
and a 38% reduction in cane yield at the higher salinity level
may be attributed to phytotoxic effects exerted by excessive
Na+, Ca2+, Mg2+, and SO42— ions on plant physiology.
Comparable results have been reported elsewhere (Brindha
S. Vasantha R. Arunkumar, 2019).

Salt build-up in soil may induce reduced water
uptake by plant roots through low osmotic potential and ion
toxicity, thereby retarding sugarcane growth through
physiological stress. Increasing salinity decreases shoot
height and stem base diameter, and decreases chlorophyll
content in leaves (Hélio Alves de Andrade et al, 2018).
Notably, high salinity significantly lowers yield
components. These analyses indicate that salt present in
irrigation water adversely affects soil properties and
measured growth parameters, necessitating mitigation
strategies to sustain sugarcane productivity in salt-affected
areas.

Yield Assessment

Sugarcane yield is primarily dependent on the
growth parameters discussed earlier. Highest yield is
obtained under freshwater irrigation. Saline water
treatments reduced the yield of the studied crop because
water uptake by roots and the transport of nutrients from
soil to plant decreased due to accumulation of salts around
the roots (Brindha S. Vasantha R. Arunkumar, 2019). Salt
accumulation modifies the internal water status and turgor,
and influences carbohydrate partitioning and yield. Yield at
low salinity (0.18 dS m 1) was 8.1% less than when fresh
water (0.03 dS m 1) was used for irrigation (Souleymane et
al., 2019). A reduction of about 13% was observed at high
salinity (0.54dS m 1) in the irrigation water.

Discussion

Irrigation using high saline water or brackish
water alters the soil properties and plant growth (Brindha S.
Vasantha R. Arunkumar, 2019) and therefore the effects of
saline water irrigation on soil properties and Sugarcane
growth were studied.

Sugarcane is cultivated in medium to heavy
textured soils where soil permeability could be restricted.
Soil critical restriction limits for normal root growth and
respiration and partial potential compaction limits were
evaluated in freshly cultivated uncultivated soils. The key
soil properties, which affect crop growth in saline soils were
physiological like osmotic potential, chemical or toxic like
Disturbed Bulk Density, Calcareous content, Cation
Exchange Capacity and Calcium Carbonate.

Physical properties like hydraulic conductivity
aquifer and surface velocity were found to be affected
strongly by soil compaction and salinity. The surface
velocity was more significant and it was observed that some
crops can tolerate salinity if suitable water is given. Crop
water quality requirements varied from location to location
and crop to crop (Panta et al., 2016). The less permeable the
soil higher was the salinity.

Salt accumulation in the upper horizon of the soil
was influenced by crop type, groundwater salinity and
characteristics of the capillary fringe, and soil texture.
Groundwater hydrochemistry at the same location showed a
similar set of water types in the area except one location.
The major difference was found in the South-Western part
of the study area.

The pH values varied from 7.09 to 8.08, which was
within the permissible limit for irrigation. Likewise, for EC
also it was observed that the except few locations the study
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area was not suitable for irrigation. During the
experimental period the EC of the water which was used for
irrigation was 1.9-2.9 dSm-1, 2.9-3.5 dSm-1 and 5.3-7.2
dSm-1. The SAR was 2.6-4.6, 4.6-5.81 and 7.3-7.8
respectively for the fresh, less saline and high saline water.
The maximum value of EC and SAR in the first two water
categories were within the permissible limits but for the
high saline one both EC and SAR surpassed the limit and
ignored by earlier researchers and assumed to be equal to
the permissible or allowable limits. The main difficulty of
these industries was the pollution of Dindigul, Vaigai and
Kaveri on account of continuous industrial growth and
uncontrolled discharges of effluents.

Interpretation of Results

Saline water irrigation affects soil properties by
increasing electrical conductivity (EC) and sodium
absorption ratio (SAR) which affects soil salinity and
sodicity (Brindha S. Vasantha R. Arunkumar, 2019). Salt
induced increase in soil EC increases cation exchange
capacity which in turn affects the dissolution and
precipitation of calcium and magnesium ions and hence the
soil ion balance (Hélio Alves de Andrade et al.,, 2018). High
sodium concentration can displace calcium and magnesium
on cation exchange sites and deplete the soil of these
essential nutrients. Physical properties like bulk density and
porosity also gets affected with high sodium levels causing
soil particle dispersion which reduces microporosity and
aeration.

Physicochemical =~ properties  get  changed
significantly ~with reduction in soil pH, electrical
conductivity, organic carbon and nitrogen content. These
reduction affects microbial activity and soil enzyme
functions which are essential for nutrient cycling. The
enzyme activity gets decreased which in turn reduces the
availability of essential nutrients like nitrogen, phosphorus
and potassium and further hinders plant growth.

Microbiological properties gets compromised
under saline conditions with decrease in microbial baseline
counts and overall enzyme activities. The suppressed
microbial population hinders the process of organic matter
decomposition and nutrient transformation which is
essential for soil fertility and healthy plant growth.

The effects of saline water irrigation on soil
properties reduces the resource availability to crops and
hence the productivity. Understanding these effects is
essential for developing the management strategies to
sustain the agricultural productivity in the regions where
salt and saline water irrigation is prevailing.

Comparison with Previous Studies

The observed detrimental effects of salt and saline
water irrigation on soil quality concur with earlier findings
by (Brindha S. Vasantha R. Arunkumar, 2019), who
established that sugarcane growth declined sharply when
soil electrical conductivity (EC) exceeded 3 dS m-1. Salinity
is widely recognized as a major abiotic stress that adversely
affects crop production worldwide, with yield reductions up
to 40% in affected areas. Sugarcane, a glycophyte, exhibits
stunted or zero growth under salinity stress. Increasing
salinity diminishes leaf growth parameters and elevates

chloride ion concentrations in foliage, while sucrose
accumulation declines with heightened KCI levels. Unless
soils are reclaimed to remove salts, sugarcane faces adverse
growth conditions throughout the crop cycle. Monsoon
rainfall provides temporary relief by leaching soluble salts.

Implications for Agriculture

Elevated concentrations of salt in water and soil
impose significant constraints upon plant growth and
productivity, notably in regions of inland Australia where
water supplies for irrigation are drawn from various saline
sources. Sugarcane, a major commercial crop in Queensland
and northern New South Wales, is utilized for sugar
production and biofuel additives; in 2008, it accounted for
about 47% of Australian sugar production, valued at $1
billion. Consequently, the water requirements for sugarcane
production are substantial. reported that irrigation is
necessary for improving the yield and quality of sugarcane
in southern Queensland during drought periods, while
numerous studies have indicated that excessive irrigation
reduces yield and growth.

Sugarcane is a versatile and renewable raw
material owing to its relatively high biomass and input to
energy ratio, and the process residues from sugarcane
factories, such as bagasse and molasses, can be used as
energy sources. [Efficient sugarcane production is
problematic in many parts of Australia. Around 38,000 ha of
sugarcane was planted along the Queensland east coast
between 2006 and 2012, with weed control costing over $11
million and 650 hours per year for cultivation and
harvesting. So sugarcane can’t be ignored in agriculture and
manufacturing.

Sugarcane production is affected by many climatic,
pedological and agronomic factors. It's being realised that
soil physics plays a big role in agriculture and can have big
impacts on crop yields. Soil salinisation can affect physical
and chemical soil properties, for example, increase bulk
density and decrease hydraulic conductivity and the impacts
of salinity on production has been well documented. This is
particularly applicable to sugarcane, which is highly
susceptible to salinity. High irrigation requirements led to
the accumulation of soluble salts in the soil profile and
decreased the sugarcane yield at the experimental site. The
yield of salt-sensitive crops was lower than that of salt-
tolerant crops subjected to violin-time saline water
irrigation. Soil tolerance to different salinity levels is
another important factor and it is clear that salinity reduces
yield and growth of sugarcane on the soil sites we examined.
To use saline water for irrigation you need to know the
salinity tolerance of crops and the effects of saline water on
soil physical and chemical properties and uptalke.

This study was to determine the effects of salt and
saline water irrigation on physical and chemical properties
of two different soils and growth and development of a
major crop, sugarcane (Saccharum officinarum L.), grown in
the field in southern Queensland, Australia. A laboratory-
based study comprising a series of pre-sampling and
laboratory tests as well as a field-based investigation
comprising a 3-year (2008—2005) irrigation experiment was
conducted.
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Conclusion

The detailed review of the evidence and facts in
the report, the research reaches the conclusion that the
irrigation with salty water changes the soil properties and
sugarcane development a lot. Although the use of low
salinity waters (EC less than 38 dS/m), has limited impact,
higher salinity levels (greater than 7 dS /m) leads to the
salinization of soil, water scarcity, and impairs important
physiological processes in sugarcane, which culminates in
poor growth, yield and quality. The study highlights the
need to manage irrigation and salinity so as to maintain
productivity and to avoid soil degradation. It emphasizes
that regulated salty water exploitation, with proper
mitigation policies including soil and crop management may
have a considerable contribution to fight water shortage
problems without significant losses in the agricultural crop
output. In conclusion, the research indicates the need to
conduct further studies on salt tolerance enhancement and
irrigation management that is not only sustainable to
maximize sugarcane production in salinity prone areas.
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