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 The combination of organic manures and fertilizers played a crucial role 

in improvement of soil physico-chemical properties, transformation and 

distribution of macro and micro-nutrients under various cropping system. 

The non-availability of good quality water for irrigation especially in arid 

and semi-arid regions of Haryana led to development of soil salinity that 

interferes with sustainable crop production. The study was conducted with 

the aim to explore the appropriate combination of manures and fertilizers 

under such conditions in pearl millet-wheat cropping system on sandy 

loam soils of Haryana (India). The use of organic manures along with 

fertilizers and bio-fertilizers resulted in improved nutrient status of soil 

enhancing both micro and macro nutrient pools in soil. The combination 

of fertilizers with organic manures reduced the soil pH up to greater extent 

over sole application of inorganic fertilizers under salt stress conditions. 

The INM reduced the bulk density, increased the water holding capacity 

and improved the overall soil health. This resulted in increased 

transformation of micro and macro nutrients in soil, thus enhancing their 

uptake by plants giving higher crop production. 
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1. Introduction 

The adoption of intensive cropping system to obtain higher production resulted in depletion of macro and 

micro nutrients in soil. In addition to this the increased use of chemical fertilizers which are free of micro 

nutrients, and fertilizer responsive high yielding varieties continuously depleted a large amount of 

micronutrients from soil [16]. In India, 12–15, 3–8, 44–49, and 5–6% of soil samples collected from different 

states were found to be deficient with respect to Fe, Cu, Zn, and Mn, respectively [23]. The quantity of 

micronutrients required by plants for proper growth is very little compared to that of macronutrients, however 

the crop productivity is heavily dependent on the supply of these micronutrients in appropriated amount [22]. 

Micronutrient deficiencies cause reduced immunity, nyctalopia, anemia, and slow growth in human beings 

and livestock [6]. Several micronutrient deficiencies in plants expose them to biotic and abiotic stress leading 

to deterioration of quality of economic product and decline in the yield [19]. Due to increasing cost of 
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micronutrient fertilizers the use of alternate sources like organic manures has been promoting for sustainable 

soil health. The fractions (chemical pools) which supply the micronutrients to plants for uptake are 

remarkably influenced by the soil chemical properties like pH, electrical conductivity and organic carbon 

content. The addition of organic matter ameliorates these soil by improving these properties marked by 

increased microbial activity, enhanced cation exchange and water holding capacity, and lower bulk density 

[4]. 

 

In South-Western Haryana, pearl millet-wheat cropping system is widely adopted in irrigated conditions and 

the poor-quality irrigation water is major constraint in these regions of Haryana. About 84 percent of 

cultivated area in Haryana is under irrigated conditions, out of this, 45.3 percent by canals, and 54.2 percent 

by tube wells but 62 percent area is laid under poor-quality water [8]. Although pearl millet and wheat are 

moderate salinity tolerant crop but their productivity is affected by salinity up to greater extent. In this 

situation, the integrated nutrient management proved a durable and viable option for long-term sustainable 

crop production. As people are struggling for natural resources and climate change to meet the growing food 

demand [25], it is essential to reduce the crop losses occurring due to soil degradation. The inevitable use of 

saline water resulted in increased concentration of salts, especially, sodium ions which have dispersing effect 

on soil aggregates that deteriorates the soil structure which interfere with better crop production and overall 

soil health. The major salts in saline soils are chloride and sulphates of sodium, calcium, magnesium and 

potassium [20] and these salts directly and indirectly interfere with various biological processes in the soil. 

To overcome the problem of salinity, addition of organic manures such as farm yard manure (FYM) and 

vermicompost which plays a crucial role in improvement of the soil fertility and productivity through its 

positive effects on soil physico-chemical and biological properties, and in balanced plant nutrition [12]. 

Biogas slurry proves to be good quality organic manure that improves physical and biological quality of soil 

by adding organic matter to the soil [7]. The present investigation was conducted to know the impact of INM 

on micronutrient content and uptake in pearl millet-wheat cropping system (which is the most prominent 

cropping system in arid and semi-arid regions of Haryana) on light textured soils which are highly prone to 

micronutrient deficiency. 

 

2. Materials and Methods 

The present investigation was carried out at Soil Research Farms of CCS Haryana Agriculture University, 

Hisar (Haryana) during Kharif and Rabi seasons of 2022-23 and 2023-24. The site is characterized by semi-

arid climate with maximum temperature ranges between 43 to 48°C during summer in May and June, while 

temperature below freezing point accompanied by frost occurs during months of December and January. The 

mean annual rainfall of the area is about 450 mm. The texture of the soil at experimental site was sandy loam. 

 

The experiment consisted of twelve treatments i.e. T1 (75 % RDF), T2 (recommended dose of fertilizers, 

RDF), T3 [75% RDF +ST-3 (Azotobacter chroococcum)], T4 (RDF +ST-3), T5 [75% RDF+ 2.5 t ha-1 Biogas 

slurry (BGS) + ST-3], T6 (RDF+ 2.5 t ha-1 BGS+ ST-3), T7 [75% RDF+ 2.5 t ha-1 Vermicompost (VC)+ ST-

3], T8 (RDF+ 2.5 t ha-1 VC+ ST-3), T9 [75% RDF+ 10 t ha-1 farm yard manure (FYM) + Biomix (Azotobacter 

+ Azospirillum + Phosphate solubilizing bacteria)], T10 (RDF+ 10 t ha-1 FYM+ Biomix), T11 (75% RDF+ 2.5 

t ha-1 VC+ Biomix) and T12 (RDF+ 2.5 t ha-1 VC+ Biomix) and was laid out in factorial randomized block 

design (RBD) with three replications. The FYM, VC and BGS were used as organic sources and urea, single 

super phosphate and murate of potash were used as chemical fertilizers. The chemical composition of organic 

manures used in the experiment has been presented in Table 1. Pearl millet variety HHB 299 and wheat 

variety HD 3086 were used for the experiment. Saline water having EC of 7.5 - 8.0 dS m-1 was used for 

irrigation. 
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Table 1: Chemical composition of organic manures used in investigation 

S.No. Chemical 

properties 

FYM VC BG

S 

Method  Reference 

1 pH 7.41  7.40  7.53  1:2 soil water suspension [10] 

2 EC (dS m-1) 1.27  1.30  1.42  1:2 soil water suspension [18] 

3 Total N (%) 0.75  1.59  1.63  Nessler’s reagent [24] 

4 Total P (%) 0.61  0.57  1.02  Vanadomolybdate 

phosphoric acid yellow 

colour method 

[11] 

5 Total K (%) 1.12  1.09  1.46  Flame photometer [11] 

6 Fe (mg kg-1) 2.50 2.10 2.30 DTPA extractable 

method 

 

[14] 

 7 Mn (mg kg-1) 286 271 277 

8 Zn (mg kg-1) 224 216 219 

9 Cu (mg kg-1) 25.0 26.1 25.2 

 

Total micronutrients (Fe, Cu, Mn and Zn) in aliquot were determined using Atomic Absorption 

Spectrophotometer (AAS) as proposed by [5]. Uptake of micronutrients (Mn, Fe, Cu and Zn) were computed 

from the data of Mn, Fe, Cu and Zn content in grain of pearl millet and wheat crop by using the following 

formula:  

 Nutrient uptake in grain or straw (kg ha-1) = [Nutrient content (%) in grain or straw/100] x grain or 

straw yield (kg ha-1). 

 

Statistical analysis 

The test of significance was carried out at 5 % level of significance by alluding to “F” table values. The 

difference between treatments was calculated using critical difference (C.D.) worked out by OPSTAT 

software developed by Department of Statistics, CCS Haryana Agricultural University [21]. 

 

3. Results 

 

Micronutrients (Fe, Mn, Zn and Cu) content in grain of pearl millet and wheat 

The data pertaining to micronutrients (Fe, Mn, Zn and Cu) content in pearl millet and wheat grain has been 

presented in table 2 and 3. The micronutrients content in pearl millet as well as in wheat grain varied 

significantly among various treatments under saline water irrigation.  The Fe, Mn, Zn and Cu content varied 

from 53.95 to 93.60, 63.40 to 87.75, 55.8 to 66.5 and 3.83 to 7.33 mg kg-1 in pearl millet grain and 92.73 to 

185.49, 53.09 to 109.94, 68.37 to 77.45 and 2.65 to 8.66 mg kg-1 in wheat grain, respectively under saline 

water irrigation. The mean highest Fe, Mn, Zn and Cu content was observed under treatment T10 (RDF+ 

FYM+ Biomix) which was significantly at par with treatment T9, T6, T5 and T12. The micronutrient content 

decreased non-significantly under treatment T1, T2, T3 and T4 under increasing salinity level in both pearl 

millet and wheat grain, however the micronutrient content was decreased with lesser percentage in treatment 

T3 (75% RDF+ ST-3) and T4 (RDF + ST-3) as compared to treatment T1 and T2, respectively under saline 

water irrigation.  The Zn content varied non-significantly among treatment T1, T2, T3 and T4. 

 

Micronutrients- Fe, Mn, Zn and Cu uptake by pearl millet grain  

The perusal of data presented in table 4 revealed that Fe, Mn, Zn and Cu uptake varied significantly among 

various INM treatments. The Fe, Mn, Zn and Cu uptake varied from 0.10 to 0.26, 0.12 to 0.24, 0.11 to 0.18 

and 0.007 to 0.02 kg ha-1, respectively by pearl millet grain under saline water irrigation.  The highest Fe, Mn, 

Zn and Cu uptake was found with treatment T10 (RDF+ FYM + Biomix) viz. 0.26, 0.24, 0.18 and 0.02 kg ha-

1, respectively by pearl millet grain which was at par with treatment T6 (RDF+ BGS+ ST-3), T5 (75% RDF+ 
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BGS+ ST-3), T12 (RDF+ VC+ Biomix) and T8 (RDF+ VC+ ST-3). The micronutrients uptake decreased with 

increasing salinity from 2022-23 to 2023-24 under sole application of inorganic fertilizers viz. T1 (75% RDF) 

and T2 (RDF). 

 

Micronutrients- Fe, Mn, Zn and Cu uptake (kg ha-1) by wheat grain  

The data related to micronutrient uptake by wheat grain has been presented in table 5 which varied 

significantly among various INM treatments under saline water irrigation. The Fe, Mn, Zn and Cu uptake 

varied from 0.36 to 0.93, 0.21 to 0.55, 0.26 to 0.39 and 0.010 to 0.044 kg ha-1, respectively by wheat grain. 

The highest uptake by wheat grain was found with treatment T10 (RDF+ FYM+ Biomix), followed by 

treatment T9 (75% RDF+ FYM+ Biomix), T6 (RDF+ BGS+ ST-3) and T5 (75% RDF+ BGS+ ST-3).  

 

4. Discussion 

The critical perusal of data regarding micronutrient content (table 2 and 3) and their uptake as presented in 

table 4 and 5 revealed that micronutrient content and uptake varied significantly with various treatments under 

saline water irrigation. The micronutrients (Fe, Mn, Zn and Cu) content and uptake decreased with increase 

in salinity level from 2022-23 to 2023-24 under both pearl millet and wheat crop with sole application of 

inorganic fertilizers. The restricted supply of water under salt stress to roots and other plant parts might have 

contributed to the reduction in micronutrient contents [2]. The concentration of Fe, Mn and Cu in wheat 

depends on the concentration of macronutrients [9]. The non-linear relation between micronutrient and salt 

concentration makes it difficult to understand the mechanism of micronutrient concentration in plants under 

saline conditions [13], [17]. Copper is present in the soil in solution form, on adsorbed sites, in occluded form, 

and in the structure of primary and secondary minerals. The availability and mobility of in soil is enhanced 

by the formation of Cu containing inner-sphere complexes at high affinity sites and the sites having low-

binding energy during its uptake in soil [3]. The combined use of chemical fertilizers and organic manures 

increased the content of Zn in all fractions in comparison to 75% and 100% RDF. This might be due to the 

reason that the application of chemical fertilizers increased the crop yield which left a large amount of crop 

residues and root mass in the soil, thereby, increased the organic matter content in the soil. The micronutrient 

content in grain and stover/straw of pearl millet and wheat increased significantly with integrated application 

of organic manures and inorganic fertilizers. The higher micronutrient concentration was recorded under 

treatment T10 (RDF+ FYM+ Biomix), followed by T9 (75% RDF+ FYM+ Biomix). The application of organic 

manures resulted in increased concentration of available micronutrients by forming soluble chelated 

complexes which will increase uptake and concentration of micronutrients in plants [1], [15]. The higher 

concentration and uptake of micronutrients with FYM might be due to higher concentration of micronutrients 

in FYM compared to vermicompost and biogas slurry and also the ease of decomposability of farm yard 

manure.  

 

Table 2: Influence of INM on micronutrients- Fe, Mn, Zn and Cu (mg kg-1) content of pearl millet grain 

under saline water irrigation 

  Fe Mn Zn Cu 

Sr. 

No. 

Treatments 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 

T1 75% RDF 54.30 52.78 53.95 66.2 60.6 63.40 56.30 55.20 55.80 4.02 3.64 3.83 

T2 RDF 68.40 66.80 67.60 72.5 71.6 72.05 57.60 56.10 56.85 4.91 4.83 4.87 

T3 75%RDF + ST-3 60.10 58.70 59.40 71.3 69.7 70.50 57.00 56.40 56.70 4.40 4.23 4.32 

T4 RDF +ST-3 73.20 73.00 73.10 74.5 75.3 74.90 58.00 57.20 57.60 5.18 5.11 5.15 
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T5 

75% RDF+ BGS+ 

ST-3 88.30 87.20 87.75 81.6 84.3 82.95 62.50 63.90 63.20 6.17 6.51 6.34 

T6 RDF + BGS + ST-3 89.40 90.30 89.85 83.3 86.1 84.70 62.10 64.60 63.40 6.74 6.89 6.82 

T7 

75% RDF+VC + 

ST-3 76.20 77.30 76.75 75.9 76.8 76.35 58.40 59.60 59.00 5.12 5.32 5.22 

T8 RDF+ VC+ ST-3 78.70 79.20 78.95 77.3 78.6 77.95 60.00 60.70 60.40 5.89 6.04 5.97 

T9 

75% 

RDF+FYM+Biomix 90.80 91.80 91.30 83.9 86.3 85.10 63.20 64.50 63.85 7.02 7.36 7.19 

T10 

RDF + FYM+ 

Biomix 92.50 94.70 93.60 86.4 89.1 87.75 65.40 67.60 66.50 7.12 7.53 7.33 

T11 

75% RDF+ VC+ 

Biomix 81.50 83.10 82.30 79.6 83.2 81.40 59.20 60.30 59.75 5.87 6.12 6.00 

T12 RDF+ VC+Biomix 85.60 88.40 87.00 80.7 82.5 81.60 61.90 63.20 62.55 5.92 6.11 6.02 

 C.D. (p=0.05) 1.14 3.01 2.38 4.87 3.77 4.04 1.21 2.3 2.07 0.89 1.01 0.37 

 

Table 3: Influence of INM on micronutrients- Fe, Mn, Zn and Cu (mg kg-1) content of wheat grain under 

saline water irrigation 

  Fe Mn Zn Cu 

Sr. 

No. 

Treatments 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 

T1 75% RDF 96.10 89.36 92.73 55.17 51.02 53.09 68.47 68.26 68.37 3.26 2.04 2.65 

T2 RDF 87.25 81.27 84.26 69.63 68.44 69.03 70.21 69.97 70.09 3.68 3.22 3.45 

T3 75%RDF + ST-3 90.41 93.31 91.86 63.53 62.14 62.83 69.36 68.17 68.77 4.02 3.01 3.52 

T4 RDF +ST-3 97.29 95.78 96.54 70.94 71.52 71.23 70.74 68.49 69.62 4.11 3.88 4.00 

T5 

75% RDF+ BGS+ 

ST-3 168.47 173.56 171.02 91.52 96.15 93.84 72.85 75.26 74.06 6.25 6.62 6.44 

T6 RDF + BGS + ST-3 170.19 178.29 174.24 94.87 99.23 97.05 73.91 76.33 75.12 6.39 7.16 6.78 

T7 

75% RDF+VC + 

ST-3 154.84 163.41 159.13 78.25 80.25 79.25 71.23 73.36 72.30 4.57 4.71 4.64 

T8 RDF+ VC+ ST-3 159.58 168.23 163.91 87.26 91.41 89.34 71.89 73.91 72.90 5.61 5.72 5.67 

T9 

75% 

RDF+FYM+Biomix 177.26 181.46 179.36 100.36 110.67 105.52 74.87 77.19 76.03 7.89 8.62 8.26 

T10 

RDF + FYM+ 

Biomix 183.36 187.62 185.49 106.60 113.27 109.94 75.27 79.63 77.45 8.14 9.17 8.66 

T11 

75% RDF+ VC+ 

Biomix 166.43 172.38 169.41 90.16 93.64 91.90 72.45 75.19 73.82 5.87 6.12 6.00 

T12 RDF+ VC+Biomix 160.58 169.39 164.99 88.23 92.38 90.31 72.66 74.67 73.67 6.04 6.34 6.19 

 C.D. (p=0.05) 6.14 7.22 8.65 8.26 7.11 6.17 2.05 3.46 3.00 1.02 0.73 1.09 
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Table 4: Influence of INM on micronutrients- Fe, Mn, Zn and Cu uptake (kg ha-1) by pearl millet grain 

under saline water irrigation 

  Fe Mn Zn Cu 

Sr. 

No. 

Treatments 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 

T1 75% RDF 0.11 0.10 0.10 0.13 0.11 0.12 0.11 0.10 0.11 0.008 0.007 0.007 

T2 RDF 0.15 0.14 0.14 0.15 0.15 0.15 0.12 0.12 0.12 0.010 0.010 0.010 

T3 75%RDF + ST-3 0.12 0.12 0.12 0.15 0.14 0.15 0.12 0.12 0.12 0.009 0.009 0.009 

T4 RDF +ST-3 0.16 0.17 0.16 0.16 0.17 0.17 0.13 0.13 0.13 0.011 0.012 0.012 

T5 

75% RDF+ BGS+ 

ST-3 0.21 0.21 0.21 0.19 0.21 0.20 0.15 0.16 0.15 0.015 0.016 0.015 

T6 RDF + BGS + ST-3 0.23 0.24 0.23 0.21 0.23 0.22 0.16 0.17 0.16 0.017 0.018 0.018 

T7 

75% RDF+VC + 

ST-3 0.19 0.19 0.19 0.18 0.19 0.19 0.14 0.15 0.14 0.012 0.013 0.013 

T8 RDF+ VC+ ST-3 0.21 0.22 0.21 0.20 0.21 0.21 0.16 0.17 0.16 0.016 0.016 0.016 

T9 

75% 

RDF+FYM+Biomix 0.23 0.24 0.23 0.21 0.23 0.22 0.16 0.17 0.16 0.018 0.019 0.018 

T10 

RDF + FYM+ 

Biomix 0.25 0.27 0.26 0.23 0.25 0.24 0.18 0.19 0.18 0.019 0.021 0.020 

T11 

75% RDF+ VC+ 

Biomix 0.20 0.21 0.20 0.19 0.21 0.20 0.14 0.15 0.15 0.014 0.015 0.015 

T12 RDF+ VC+Biomix 0.23 0.25 0.24 0.22 0.23 0.02 0.17 0.18 0.17 0.016 0.017 0.016 

 C.D. (p=0.05) 0.02 0.01 0.02 0.03 0.04 0.02 0.01 0.02 0.01 NS NS NS 

 

Table 5: Influence of INM on micronutrients- Fe, Mn, Zn and Cu uptake (kg ha-1) by wheat grain under 

saline water irrigation 

  Fe Mn Zn Cu 

Sr. 

No. 

Treatments 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 2022-

23 

2023-

24 

Mean 

T1 75% RDF 0.39 0.33 0.36 0.22 0.19 0.21 0.28 0.25 0.26 0.013 0.008 0.010 

T2 RDF 0.37 0.33 0.35 0.30 0.28 0.29 0.30 0.29 0.29 0.016 0.013 0.014 

T3 75%RDF + ST-3 0.37 0.39 0.38 0.26 0.26 0.26 0.29 0.29 0.29 0.017 0.013 0.015 

T4 RDF +ST-3 0.43 0.43 0.43 0.31 0.32 0.32 0.31 0.31 0.31 0.018 0.017 0.018 

T5 

75% RDF+ BGS+ 

ST-3 0.77 0.81 0.79 0.42 0.45 0.43 0.33 0.35 0.34 0.029 0.031 0.030 

T6 RDF + BGS + ST-3 0.82 0.88 0.85 0.46 0.49 0.47 0.36 0.38 0.37 0.031 0.035 0.033 

T7 

75% RDF+VC + 

ST-3 0.72 0.77 0.75 0.36 0.38 0.37 0.33 0.35 0.34 0.021 0.022 0.022 

T8 RDF+ VC+ ST-3 0.77 0.84 0.80 0.42 0.46 0.44 0.35 0.37 0.36 0.027 0.028 0.028 

T9 

75% 

RDF+FYM+Biomix 0.85 0.89 0.87 0.48 0.54 0.51 0.36 0.38 0.37 0.038 0.042 0.040 

T10 RDF + FYM+ 0.90 0.96 0.93 0.53 0.58 0.55 0.37 0.41 0.39 0.040 0.047 0.044 
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Biomix 

T11 

75% RDF+ VC+ 

Biomix 0.78 0.83 0.81 0.42 0.45 0.44 0.34 0.36 0.35 0.028 0.029 0.029 

T12 RDF+ VC+Biomix 0.79 0.86 0.82 0.43 0.47 0.45 0.36 0.38 0.37 0.030 0.032 0.031 

 C.D. (p=0.05) 0.07 0.04 0.06 0.03 0.07 0.04 0.04 0.01 0.03 0.01 0.02 0.01 

 

5. Conclusion 

The addition of organic manures along with fertilizers and bio-fertilizers showed the build-up of different 

forms of micronutrients in soils especially the plant available forms. The micronutrients (Fe, Mn, Zn and Cu) 

content and uptake increased significantly with integrated nutrient management as compared to sole 

application of inorganic fertilizers under saline water irrigation. The highest micronutrients content and 

uptake was recorded with treatment T10 (RDF+ FYM+ Biomix) and lowest being recorded with treatment T1 

(75% RDF) in both pearl millet and wheat under saline water irrigation. 

 

6. References 

[1] Ankush, D., Prakash, R., Kumar, A., Singh, V., and Kumari, S. (2022). Influence of sewage sludge and 

saline water irrigation on soil soluble ions and nutrient uptake under Pearl millet-Wheat cropping system in 

semi-arid region. Indian Journal of Traditional Knowledge (IJTK), 21(2): 450-457. 

 

[2] Ashraf, M.Y. and Sarwar, G. (2002). Salt tolerance potential in some membrane of Brassicaceae: 

Physiological studies on water relations and minerals contents. In: Prospects for Saline Agriculture, pp. 237–

245.  

 

[3] Brunetto, G., Miotto, A., Ceretta, C.A., Schmitt, D.E, Heinzen, J., Moraes, M.P., Canton, L., Tiecher, T., 

Comin, J.J., and Girotto, E. (2014). Mobility of copper and zinc fractions in fungicide-amended vineyard 

sandy soils. Archives of Agronomy and Soil Science, 60: 609–624. 

 

[4] Bulluck, I.R., Brosius, M., Evanylo, G.K. and Ristaino, J.B. (2002). Organic and synthetic fertility 

amendments influences soil microbial physical and chemical properties on organic and conventional farms. 

Applied Soil Ecology, 19: 147–160. 

 

[5] Elwell, W.T. and Gridley, J.A.F. (1967). In: Atomic absorption spectrophotometery, Pergamon Press Ltd., 

London, 221. 

 

[6] Fan, J., Ding, W., Chen, Z. and Ziadi, N. (2012). Thirty-year amendment of horse manure and chemical 

fertilizer on the availability of micro nutrients at the aggregate scale in black soil. Environmental Science and 

Pollution Research, 19:2745–2754. 

 

[7] Garg, R.N., Pathak, K., Tomar, H. and Das, D.K. (2005).Use of flyash and biogas slurry for improving 

wheat yield and physical properties of soil.Environmental Monitoring and Assessment, 107:1-9 

 

[8] Grewal, S. S., Lohan, H. S. and Dagar, J. C. (2021). Micro-irrigation in Drought and Salinity Prone Areas 

of Haryana: Socio-economic Impacts. Journal of Soil Salinity and Water Quality, 13(1): 94-108. 

 

[9] Hu, Y. and Schmidhalter, U. (2001).Effects of salinity and macronutrient levels on micronutrients in 

wheat.Journal of Plant Nutrition, 24: 273-281. 

 



A. Verma, P. K. Yadav and R. Prakash, 2025                   AMA, Agricultural Mechanization in Asia, Africa and Latin America 

 

20642 

 

[10] Jackson, M. L. (1973). Soil Chemical Analysis. Prentice Hall of India Pvt. Ltd., New Delhi, India, 498: 

151-4. 

 

[11] Jackson, M.L. (1967). Soil Chemical Analysis. Prentice Hall of India Pvt. Ltd., New Delhi. 

 

[12] Kumar, R., Singh, M.P. and Kumar, S. (2011). Growth analysis of wheat (Triticum aestivum L.) 

genotypes under saline condition. International Journal of Scientific and Technological Research, 1(6): 19-

23. 

 

[13] Latare, A.M., Kumar, O., Singh, S.K. and Gupta, A. (2014). Direct and residual effect of sewage sludge 

on yield, heavy metals content and soil fertility under rice–wheat system.Ecological Engineering, 69: 17-24. 

 

[14] Lindsay, W.L. and Norvell, W.A. (1978). Development of DTPA soil test for zinc, iron, manganese and 

copper. Soil Science Society of America Journal, 42: 421-428. 

 

[15] Litardo, R.C.M., Bendezú, S.J.G., Zenteno, M.D.C., Pérez-Almeida, I.B., Parismoreno, L.L. and García, 

E.D.L. (2022).Effect of mineral and organic amendments on rice growth and yield in saline soils. Journal of 

the Saudi Society of Agricultural Sciences, 21(1): 29-37. 

 

[16] Puniya, R., Pandey, P. C., Bisht, P. S., Singh, D. K., & Singh, A. P. (2019). Effect of long-term nutrient 

management practices on soil micronutrient concentrations and uptake under a rice–wheat cropping system. 

The Journal of Agricultural Science, 157(3): 226-234. 

 

[17] Ramamoorthy, P., Elayaraja, D. and Dhanasekaran, K. (2018).Effect of saline water irrigation and 

organic amendments on the nutrient availability, microbial population, enzyme activity and yield of brinjal 

in coastal saline soil. Journal of Emerging Technnologies and Innovative Research, 5:300-311. 

 

[18] Richard, L. A. (1954). Diagnosis and improvement of saline and alkaline soils.USDA Handbook Number 

60, Washington D.C. Estimation of available phosphorous in soil by extraction with sodium 

bicarbonate.Circulars USDA. 939.  

 

[19] Rutkowska, B., Szulc, W., Sosulski, T. and Stepien, W. (2014). Soil micronutrient availability to crops 

affected by long-term inorganic and organic fertilizer applications. Plant Soil Environment, 60:198–203. 

 

[20] Sharma, S., Thind, H.S., Singh, Y., Singh, V. and Singh, B. (2015).Soil enzyme activities with biomass 

ashes and phosphorus fertilization to rice-wheat cropping system in the Indo Gangetic plains of India. Nutrient 

Cycling in Agroecosystems, 101: 391-400. 

 

[21] Sheoran, O. P., Tonk, D. S., Kaushik, L. S., Hasija, R. C., & Pannu, R. S. (1998). Statistical software 

package for agricultural research workers. Recent advances in information theory, statistics & computer 

applications by DS Hooda & RC Hasija Department of Mathematics Statistics, CCS HAU, Hisar, 8(12): 139-

143. 

 

[22] Sharma U (2013). Sulphur, zinc and copper dynamics under long-term integrated plant nutrient system 

in rice-wheat sequence of North western Himalayas. Ph.D. Dissertation, Chaudhary Sarwan Kumar Himachal 

Pradesh Krishi Vishvavidhalaya, Palampur, India 

 

https://www.shin-norinco.com/


ISSN: 00845841 

Volume 56, Issue 06, June, 2025 

  

20643 

 

[23] Sharma U, Kumar P (2016). Micronutrient research in India: extent of deficiency, crop responses and 

future challenges. International Journal of Advanced Research, 4:1402–1406 

 

[24] Snell, F.D. and Snell, C.T. (1959). Colorimetric methods of analysis 3rd Ed. Vol. IID. Van Nostrand Inc. 

New York.  

 

[25] Zhang, H., Zhu, J., Gong, Z., Zhu, J.K., (2022). Abiotic stress responses in plants. Nature Reviews 

Genetics,23 (2), 104–119. 


