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Abstract

Sodic soils are categorized by high levels of exchangeable sodium, a high pH i.e above 8.5, and poor soil
structure, leads to reduced infiltration of water. They exhibit a tough, cloddy texture when it is dry and a
crusty surface when it is wet, hindering the root growth and seedling emergence. Phosphate ion readily
reacts with calcium and magnesium during high pH, to form less soluble compounds. This will lead to less
available nutrients and less yield. When the pH increases, the availability of the micronutrients be likely to
decrease. For the above said reasons; field experiment was conducted at Arasakulam village, Kariapatti
Block during 2024-25. The GR, NR and BCR was significantly high in the treatment receiving Soil test
based NPK application + 2.5 kg Zinc lysinate ha™’. Ts treatment is on par with T4, Application of zinc
solubilizing bacteria in sodic soil increase the availability of zinc as well as uptake of zinc positively in
sodic soil. Application of zinc solubilizing bacteria in alkaline soil increase the availability of zinc as well
as uptake of zinc positively in alkaline soil.

Keywords: Sodic soil, zinc solubilizing bacteria, rice production, yield, economics

Introduction

Rice is a major crop grown in Virudhunagar District and nearly 550 ha of area in sodic condition
in this District. Continuous usage of irrigation water with pH more than 8.5 to the soil leads to
sodic condition. The characteristic of sodic soils from the agricultural stand point is that they
contain high exchangeable sodium to adversely affect the growth of most crop plants. The
experimental soils are sodic and those which have an exchangeable sodium percentage (ESP) of
more than 15.8. Excess exchangeable sodium has a severe effect on the physical and nutritional
properties of the soil, with subsequent reduction in crop growth. The soils lack of neutral soluble
salts but contain measurable to appreciable quantities of salts capable of alkaline hydrolysis, e.g.
sodium carbonate. The electrical conductivity of saturation soil extracts is 2.5 dS m™ at 25 °C.
The pH of saturated soil is 8.7. Sodic soils are originated mostly from the parent materials and
pedogenic processes (soil forming processes). Frequent irrigation with sodic water or without
proper drainage, afforestation, and other land management practices that lead to secondary
sodification. Soil salinization and alkalization is a important ecological factor that severely
limits the functional roles of soil microorganisms in arid and semi-arid regions worldwide
(Qadir. 2008, Liu., 2017) * 71, Soil application or foliar spray of zinc sulphate is widely adopted
fertilization method to alleviate the Zn deficiency as well as to increase the grain Zn. However,
soil applied ZnSO4 with zinc solubilizing bacteria more efficient method. It can increase the soil
available Zn up to 10 mg/kg and ensure Zn availability throughout the cropping period. It
Enhances the Zn uptake by rice plant. Soil salinity disturbs various plant physiological
progressions, leading to oxidative damage and changes in leaf gas exchange, finally resulting in
decreased plant growth

Increased salinity levels also interrupt plant metabolism by increasing toxicity of ion, reducing
the availability of essential nutrient elements and affecting the protein and lipids synthesis
(Houmani et al., 2022) 4, The objectives of the studies are to assess the zinc availability in sodic
soils; to know the effect of Zn nutrition and Zn solubilizing bacteria on the growth and yield of
rice in sodic soil and to calculate the economics and Zn use efficiency.
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Materials and Methods

The field experiment was organized by Krishi Vigyan Kendra,
Virudhunagar at Arasakulam village, Kariapatti Block of
Virudhunagar District. The experimental soil is clay loamy soil
and initial soil (Table 1) and water (Table 2) parameters were
analyzed. The soil shows that of ph -8.7; EC — 2.5dS m* and
Exchangeable Sodium Percentage (ESP) — 15.8. Sodicity
problem occur due to continuous use of irrigation water without
drainage and overfertilization ~without organic manure
application. The treatments were imposed viz., Ti: Soil test
based NPK; T.:Soil test based NPK+ 18.75 kg Zinc sulphate ha’
1 T3 Soil test based NPK+ 2.5 kg Zinc lysinate; Ta: Soil test
based NPK + FYM enriched Zinc sulphate at 18.75 kg ha* (1:10
ratio); Ts: Soil test based NPK+ 18.75 kg Zinc sulphate + 500 ml
of ZSB hal; Tg: Soil test based NPK+ 1.25 kg Zinc lysinate +
500 ml ZSB ha'l; T7: Soil test based NPK+ FYM enriched Zinc
sulphate at 18.75 kg ha® + 500 ml ZSB ha®. Totally seven
treatments were taken with three replications. Randomized
Block Design (RBD) was followed in this experiment.

Results and Discussion

Impact of different forms of Zn application on plant height
and yield attributing characters

Soil test based NPK+ 2.5 kg Zinc lysinate (Ts) treatment having
significantly increases plant height (123.9 cm), Number of
productive tillers (12.8) and number of filled grains panicle
(113.9) compare to the Soil test based NPK T; treatment 96.8,
6.9 and 85.2 respectively (Table 3). T3 treatment is on par with
T4 The zinc deficiency in plants will leads to reduce plant
growth and intensify in plant susceptibility to abiotic stress and
pathogenic attack (Dubey et al., 2020) M. Zinc solubilizing
microbes’ application is an alternative source to supply Zn.
Several Zn solubilizing microbes’ strains are used in the
production of organic agricultural inputs. These microbes
include Pseudomonas spp., Rhizobium spp., Bacillus
aryabhattai, Thiobacillus thioxidans, and Azospirillum spp. (ljaz
et al., 2019) [, The Bacillus spp. AZ6, as a Zn solubilizing
biofertilizer on maize, was denoted by Hussain et al., 2020 ! to
have a positive effect on total maize biological production and
improve plant physiological parameters, chlorophyll content of
leaf by 90%, and yield when compared to control (without
biofertilizer application) plots.

Impact of different forms of Zn application on grain and
straw yield (kg ha)

Soil test based NPK+ 2.5 kg Zinc lysinate (Ts) treatment having
significantly increases grain yield (5157 kg ha) and Straw yield
(7660 kg ha') compare to the control treatment

(Table 4). The percentage increase in grain and straw yield over
Soil test based NPK only (T1) is 23% and 29.9% respectively. T4
treatment is on par with Ts This study explores the possible
effects of Zn-solubilizing microbes to enhance micronutrient
content in rice, aiming to address these deficiencies of
micronutrients. The same findings were obtained by Singh et al.,
2024 121 that microbial consortia, particularly Consortium1, can
effectively replace traditional zinc fertilizers, enhancing
sustainable agriculture by promoting plant growth and yield.
These results are consistent with recent studies on the role of
plant growth-promoting rhizobacteria (PGPR) in improving
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nutrient uptake and crop performance.

Impact of different forms of Zn application on DTPA
available Zn (ppm)

Soil test based NPK+ 2.5 kg Zinc lysinate (T3) treatment having
significantly increases soil available zinc at Active tillering stage
(0.48 ppm), Panicle initiation stage (0.44 ppm) and post-harvest
stage (0.40 ppm) compare to the Soil test based NPK only (T1)
treatment (Table 5). T4 treatment is on par with Ts.

Impact of different forms of Zn application on grain and
straw zinc uptake (g hal)

Soil test based NPK+ 2.5 kg Zinc lysinate (Ts) treatment having
significantly increases the grain zinc uptake (52.5 g) and straw
zinc uptake (69.4 g) over the Soil test based NPK only (T1)
treatment (Table 6). T3 treatment is on par with T4. The same
treatment shows that increased Zn uptake in grain was 52.5 g ha-
Land in straw was 69.4 g ha. The increased available Zn in the
soil might be bacterial inoculants as various organic acids
producing bacteria aids in reducing the rhizospheric soil pH
(Ramesh et al.,, 2014; Krthika and Baachandar, 2016 and
Shakeel et al., 2015) [0 & 13 The availability of zinc directly
correlated to zinc uptake in grain and straw which is possible by
the effect of ZSB. The micronutrients availability increased by
application ZSB. Microorganisms such as Bacillus and
Pseudomonas were producing organic acids that finally resulted
in the decline of soil pH, and ensure the Zn availability to plants
(Saravanan et al. 2004) M, The effects of these microbial
treatments on soil health and exploring their potential in other
crop systems (Nabi, 2023) [#!

Table 1: Chemical properties of initial soil sample

Soil analysis

pH 8.70

EC (dSm?Y) 2.5
Organic C (g kg?}) 2.58
Nitrogen (kg ha%) 112
Phosphorus 12

Potassium 145
Iron (ppm) 1.35
Zinc (ppm) 0.25
CEC (C mol (p*) kg}) 12.6
Exchangeable Ca (C mol (p*) kg?) 5.0
Exchangeable Mg (C mol (p*) kg*}) 4.1
Exchangeable Na (C mol (p*) kg?!) 2.0
Exchangeable K (C mol (p*) kg™ 15
Exchangeable Sodium Percentage 15.8

Table 2: Chemical properties of initial water sample

Irrigation Water analysis
pH 7.9
EC (dS m?) 1.20
Carbonate (meg. L) 1.1
Bicarbonate (meg. L) 3.9
Sodium (megq. I'Y) 1.1
Calcium (meg. I'Y) 2.6
Magnesium (meg. I 1.1
RSC (meg. I'Y) 1.6
SAR 1.19
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Table 3: Impact on plant height and yield attributing characters

Plant height{No. of Productive| No. of filled grains
No. Treatments - -
(cm) tillers per panicle
T1 Soil test based NPK 96.2 6.9 85.2
T2 Soil test based NPK+ 37.5 kg Zinc sulphate ha* 109.4 10.9 97.4
T3 Soil test based NPK+ 2.5 kg Zinc lysinate 123.9 12.8 113.9
T4 Soil test based NPK + FYM enriched Zinc sulphate at 37.5 kg ha! (1:10 ratio) 116.9 10.4 107.0
Ts Soil test based NPK+ 18.75 kg Zinc sulphate + 500 ml of ZSB ha™! 104.1 9.30 96.2
Ts Soil test based NPK+ 1.25 kg Zinc lysinate + 500 ml ZSB hat 107.7 10.0 89.8
T7 | Soil test based NPK+ FYM enriched Zinc sulphate at 18.75 kg ha* + 500 ml ZSB ha! 113.2 11.7 100.4
SE(d) 2.9 0.29 2.6
C.D 5.7 0.56 5.2

Table 4: Impact of ZSB on grain and straw yield

No. Treatments Grain yield (kg ha) | Straw yield (kg ha?)
T1 Soil test based NPK 4210 5896
T2 Soil test based NPK+ 37.5 kg Zinc sulphate hat 4729 6562
T3 Soil test based NPK+ 2.5 kg Zinc lysinate 5157 7660
T4 Soil test based NPK + FYM enriched Zinc sulphate at 37.5 kg ha (1:10 ratio) 5074 7520
Ts Soil test based NPK+ 18.75 kg Zinc sulphate + 500 ml of ZSB ha! 4527 6855
Ts Soil test based NPK+ 1.25 kg Zinc lysinate + 500 ml ZSB ha 4586 7017
Tz Soil test based NPK+ FYM enriched Zinc sulphate at 18.75 kg ha™* + 500 ml ZSB ha™! 4803 7359
SE(d) 124 184
CD 248 367

Table 5: Impact of ZSB on DTPA available Zn (ppm)

N Active Tillering | Panicle Initiation | Post Harvesting
0. Treatments
stage stage stage
Ta Soil test based NPK 0.21 0.19 0.15
T2 Soil test based NPK+ 37.5 kg Zinc sulphate ha! 0.32 0.29 0.19
T3 Soil test based NPK+ 2.5 kg Zinc lysinate 0.48 0.44 0.4
T4 |Soil test based NPK + FYM enriched Zinc sulphate at 37.5 kg ha* (1:10 ratio) 0.45 0.4 0.37
Ts Soil test based NPK+ 18.75 kg Zinc sulphate + 500 ml of ZSB ha* 0.37 0.32 0.28
Ts Soil test based NPK+ 1.25 kg Zinc lysinate + 500 ml ZSB ha 0.34 0.28 0.24
T Soil test based NPK+ FYM enrichzegéit?;lsulphate at 18.75 kg ha + 500 ml 043 038 035

Table 6: Impact of ZSB on Zn uptake (g ha)

No. Treatments Grain Straw
T1 Soil test based NPK 41.9 50.3
T2 Soil test based NPK+ 37.5 kg Zinc sulphate hat 48.3 61.7
T3 Soil test based NPK+ 2.5 kg Zinc lysinate 525 69.4
T4 Soil test based NPK + FYM enriched Zinc sulphate at 37.5 kg ha* (1:10 ratio) 50.3 65.3
Ts Soil test based NPK+ 18.75 kg Zinc sulphate + 500 ml of ZSB ha! 43.0 51.5
Ts Soil test based NPK+ 1.25 kg Zinc lysinate + 500 ml ZSB ha 47.2 55.6
T7 Soil test based NPK+ FYM enriched Zinc sulphate at 18.75 kg ha + 500 ml ZSB ha! 49.9 62.6
C.D 0.29 0.43
SE(d) 0.14 0.20
Table 7: Impact of ZSB on GR, NR and BCR
No. Treatments GR NR BCR
T1 Soil test based NPK 67360 40493 2.51
T2 Soil test based NPK+ 37.5 kg Zinc sulphate hat 75664 47895 2.72
Ts Soil test based NPK+ 2.5 kg Zinc lysinate 81184 53488 2.93
T4 Soil test based NPK + FYM enriched Zinc sulphate at 37.5 kg ha* (1:10 ratio) 82512 54118 2.91
Ts Soil test based NPK+ 18.75 kg Zinc sulphate + 500 ml of ZSB ha'! 72432 45583 2.70
Ts Soil test based NPK+ 1.25 kg Zinc lysinate + 500 ml ZSB hat 73376 45609 2.64
Tz Soil test based NPK+ FYM enriched Zinc sulphate at 18.75 kg ha't + 500 ml ZSB ha™* 76848 49143 2.77
Conclusion treatment receiving Soil test based NPK application + 2.5 kg

Application of Soil test based NPK+ 2.5 kg Zinc lysinate having
significantly increases the plant growth parameters, yield
attributing characters, grain and straw yield of rice compare to
Soil test based NPK only (T;) treatment. T5 treatment is on par
with T4 The GR, NR and BCR was significantly high in the
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Zinc lysinate hal. T3 treatment is on par with T, Application of
zinc solubilizing bacteria in sodic soil increase the availability of
zinc as well as uptake of zinc positively in sodic soil. The
outcomes of the study advocate the use of zinc solubilizing
bacterial strains in the form of biofertilizers to intensify the


https://www.agronomyjournals.com/

International Journal of Research in Agronomy

uptake of zinc and available zinc both in edible parts of plants
and in the soil, respectively. This technology has suitable
alternative practice for improving higher yield and socio-
economic status of the farmers in sodic soil. The farmers were
willing to take up the seed treatment, soil application of
biofertilizer.

References

1.

10.

11.

12.

13.

Dubey R, Gupta DK, Sharma GK. Chemical stress on
plants. In: New Frontiers in Stress Management for Durable
Agriculture. Springer; 2020. p. 101-128.

Houmani H, Palma JM, Corpas FJ. High salinity stimulates
the adaptive response to potassium deficiency through the
antioxidant and the NADPH-generating systems in the roots
and leaves of the halophyte cakilemaritima. J. Plant Growth
Regul. 2022;42:6286-6306.

Hussain A, Zahir ZA, Ditta A, Tahir MU, Ahmad M,
Mumtaz MS, et al. Production and implication of bio-
activated organic fertilizer enriched with zinc-solubilizing
bacteria to boost up maize (Zea mays L.) production and
biofortification under two cropping seasons. Agronomy.
2020;10:39.

ljaz M, Ali Q, Ashraf S, Kamran M, Rehman A.
Development of future bioformulations for sustainable
agriculture. In: Microbiome in Plant Health and Disease.
Springer; 2019. p. 421-446.

Krishnakumar S, Chelvi Ramessh, Krishna Surendar K,
Balaji T, Selvi J, Arul Arasu P, et al. Biofertilizers
assessment for rice production under alkali soils. Int. J. Res.
Agron. 2024;7(7S):256-258.
doi:10.33545/2618060X.2024.v7.i7Sd.1042.

Krithika S, Balachandar D. Expression of Zinc Transporter
Genes in Rice as Influenced by Zinc- Solubilizing
Enterobacter cloacae Strain ZSB14. Frontiers in Plant
Science. 2016;7:446.

Liu G. Soil enzymes as indicators of saline soil fertility
under various soil amendments. Agric. Ecosyst. Environ.
2017;237:274-279.

Nabi M. Role of microorganisms in plant nutrition and soil
health. In: Sustainable Plant Nutrition. Academic Press;
2023. p. 263-282.

Qadir M. Productivity enhancement of salt-affected
environments through crop diversification. Land Degrad.
Dev. 2008;19:429-453.

Ramesh A, Sharma SK, Sharma MP, Yadav N, Joshi OP.
Inoculation of zinc solubilizing Bacillus aryabhattai strains
for improved growth, mobilization and biofortification of
zinc in soybean and wheat cultivated in Vertisols of central
India. Applied Soil Ecology. 2014;73:87-96.
doi:10.1016/j.aps0il.2013.08.009.

Saravanan VS, Subramoniam SR, Raj SA. Assessing in
vitro solubilization potential of different zinc solubilizing
bacterial (ZSB) isolates. Brazilian Journal of Microbiology.
2004;35(1, 2):121-125. https://doi.org/10.1590/S1517-
83822004000100020.

Singh T, Kothari M, Singh AV, Shankhdhar D, Shankhdhar
SC. Impact of Zinc Solubilizing Bacteria and Microbial
Consortia on Growth and Yield of Rice (Oryza Sativa L.).
Journal of Experimental Agriculture International.
2024;46(8):611-18.
https://doi.org/10.9734/jeai/2024/v46i82744.

Shakeel M, Rais A, Hassan MN, Hafeez FY. Root
Associated Bacillus sp. Improves Growth, Yield and Zinc
Translocation for Basmati Rice (Oryza sativa) Varieties.

14.

~993 ~

https://www.agronomyjournals.com

Frontiers in Microbiology. 2015;6.
doi:10.3389/fmicbh.2015.01286.

Truscd M, Gadea S, Vidican R, Stoian V, Vatca A, Balint
C, et al. Exploring the research challenges and perspectives
in ecophysiology of plants affected by salinity stress.
Agriculture. 2023;13:73.


https://www.agronomyjournals.com/

