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Abstract
Soil salinity is a big concern and main factor which limit crop productivity. Salt-affected soils can be reclaimed and used for crop production as well as atmospheric carbon sink. In this study, gypsum (G), organic amendments and their combinations were used to remediate marginally salt-affected soils and increasing carbon stocks in three areas (Dijkot, Uchkera and Jhang). Gypsum along with farmyard manure (FYM), poultry manure (PM) and green manure (GM) were used in this study. Except control, treatment 1 received 100% soil gypsum requirement (SGR), all other 3 treatments received 50% SGR and equal amounts of FYM, PM and GM, respectively. A 45 day’s incubation study comprising 0-, 15-, 30- and 45-days intervals resulted that 45 days interval was more effective in remediation than others. All the amendments effectively reclaimed the salt-affected soils and increased soil carbon stocks by increasing carbon sequestration rate through reduction in soil pH (up to 19%), electrical conductivity (EC) (up to 28%) and sodium adsorption ratio (SAR) (up to 71.55%). While cation exchange capacity (CEC) (up to 39%), soil organic matter (SOM) (up to 65%), and total nitrogen (TN) (up to 96%) was increased. SOM increase and carbon sequestration was best seen (62%- or 12.59-tons ha-1) in 50% G and FYM application as compared to control (4.45-ton ha-1) in S-1. Results obtained helps in concluding that G and its combinations with organic amendments can effectively reduce the salt concentration in salt-affected soils and helps in organic matter build-up to support crop production and carbon sequestration.
Keywords: Climate change, High temperature, Salts, Soil reclamation, Water scarcity.
1. INTRODUCTION
	Salt-affected soils are widely distributed across the globe in over 100 countries (Shahid, Zaman, & Heng, 2018). According to an estimate, 10% area of arable lands is affected by salinity and sodicity, and about 25 to 30% of irrigated lands are salt-affected and agriculturally unproductive. Globally, 954 Mha area is salt-affected (Shahid et al., 2018), which continues to rise as 1-2% of the productive soils are being converted into salt-affected soils annually due to climate change (Hossain, 2019). Pakistan is among those countries having large area affected due to salinity/sodicity. It has 25% of irrigated area under salinity which is 3.9% (361,300 ha) of total area under salt-affected soils (FAO, 2107). 
	Salt-affected soils do not support vegetation due to deficiency of plant nutrients, organic matter, and salt-stress (Dahlawi, Naeem, Rengel, & Naidu, 2018). These soils require rehabilitation and restoration of organic matter and nutrients for enhanced agricultural productivity. Salt-affected soils can be reclaimed and rehabilitated using different organic and in-organic amendments (Amini, Ghadiri, Chen, & Marschner, 2016). Several organic materials, such as farmyard manures, agro-industrial by-products and composts can be used as amendments to enhance and sustain organic matter and soil fertility in salt-affected soils. The same amendments could likely be considered for soil remediation in the salt-affected areas due to their high organic matter content. In fact, organic matter has several beneficial effects on agricultural fields, such as the slow release of nutrients, soil structure improvement, and the protection of soils against erosion (Amini et al., 2016). 
	Salt-affected soils can be reclaimed through application of different organic amendments and increasing the soil organic matter and biological activity (Dahlawi et al., 2018). Soils should have sufficient amount of organic matter in it for proper productivity and plant growth (Oldfield, Wood, & Bradford, 2018). But unfortunately, Pakistani soils have less organic matter (<1%) (Muhammad, Müller, & Joergensen, 2008) and status of OM in salt-affected soils is further low which should be supplied to make soils nutrient rich and fertile (Wood, Tirfessa, & Baudron, 2018).
	Organic amendments can replenish nutrient deficiency by sequestration of carbon in arable and salt-affected soils and increase the organic matter in these soils (X. Zhang et al., 2016) and has the advantage of C sequestration which helps to mitigate climate change (Farooqi, Sabir, Zia-Ur-Rehman, & Hussain, 2020). Several researchers had concluded that application of different organic amendments in salt-affected soils caused accumulation of organic thereby enhancing soil fertility and nutrient availability (del Mar Montiel‐Rozas, Panettieri, Madejón, & Madejón, 2016). Soil physical, chemical, and biological properties, organic matter, microbial biomass and soil enzymatic activities and crop productivity were improved in salt-affected soils in response to organic amendments (Meena et al., 2019). In return, soil is enriched with micro and macronutrients enhance yield as nutrients are enhanced due to enhanced microbial activity and nutrients cycling (Li et al., 2018). Through this strategy, we can address three different problems i.e., we can rehabilitate salt-affected soils and use them for food crop production, these soils can potentially be used for carbon sequestration and thus may help in mitigation  of climate change. Enhancing productivity of salt-affected soils would also be helpful to ensure food security. 
	Concurrently, the expected increase in the world’s population (9.6 billion by 2050) needs food production to enhance within few decades. Availability of agricultural lands is limited as potentially arable areas have already been cultivated and prospects for increase in arable lands are gloomy. Unfortunately, extensive areas of irrigated lands are unproductive, due to the accumulation of salts in the soil profile occupied by root systems (Guillou & Matheron, 2014). Utilization of salt-affected soils productively is a promising strategy to fulfil food requirements of increasing population. Productivity of salt-affected soils can be restored by reclamation using different organic and inorganic amendments and enhancing organic matter. Enhancing organic matter in salt-affected soils using organic amendments provides opportunity for sequestering carbon in such soils thereby mitigating climate change. Keeping in view poor fertility status and low organic matter in salt-affected soils, this study was planned to quantify accumulation of organic matter viz. carbon sequestration in salt-affected soils using well-established strategies for reclamation and investigate carbon dynamics. 
2. MATERIALS AND METHODS
2.1. Site description
	The experiment was carried-out in wire house, Institute of Soil and Environmental Sciences, University of Agriculture Faisalabad (31.2559 N, 73.0418 E). Mean annual temperature in the study area during the study were about 24±3 °C.
2.2. Soil sampling and material preparation 
	From the selected sites, soil samples in bulk were taken using random sampling technique by auger up to a depth of 30 cm. Samples were collected and mixed thoroughly for making a composite sample. Approximately 10 kg of sub-sample was used for pots filling after air-drying, crushing with wooden tool and sieving using 2-mm sieve.
2.3. Collection of organic and in-organic amendments
	Three types of organic amendments (farmyard manure, poultry manure and green manure), and gypsum were used for this study. The selected properties of the organic amendments are presented in Table 1.
2.4. Chemical anlysis 
[bookmark: _Hlk65588867]	The characteristics of soils used in the experiment are presented in Table 2. Soil saturated paste was prepared to measure pH using pH meter (Hanna HI-83141) after calibration of pH meter with buffer solution. Extract of soil saturated paste was drawn using negative pressure extraction pump. Soil saturated paste extract was used to measure electrical conductivity (EC) using conductivity meter (Lovibond SensoDirect con200) after calculating cell constant for conductivity meter. Total nitrogen (N), phosphorus (P), potassium (K), C:N ratio and organic matter of soil and organic amendments were determined using standard methods. Total nitrogen was measured using the Kjeldahl apparatus (Nelson & Sommers, 1980), available phosphorus (P) was extracted using the Olsen method (Terry et al., 2000), potassium (K+) was determined using the method described by Norman (1965) and Walkley and Black method was employed to determine the organic matter contents (Walkley & Black, 1934). Cation exchange capacity was determined using the method described by Estefan (2013). Sodium adsorption ratio (SAR) was determined using the following equation:

Soil organic carbon in soil was calculated using following equation:

Soil organic matter and carbon sequestration was calculated using following equation:

Where, 
SOC = Soil Organic Carbon (%)
BD = Soil bulk density (g cm-3)
TH = Depth of soil sample (cm) collected.

2.5. Treatments and incubation setup
	Treatments were arranged in CRD-Factor factorial design. Except control, treatment 1 received 100% soil gypsum requirement (SGR) and all other 3 treatments received 50% gypsum of their SGR in combination with equal amount (50%) of farmyard manure (FYM), poultry manure (PM) and green manure (GM), respectively. Each treatment was replicated thrice. Treatment symbology and amendments application rates are presented in Table 3. After this, salt-affected soil samples were incubated in separate ceramic pots with different treatments along with respective controls. Water contents were maintained at field capacity through-out the incubation period. The organic amendment-treated soils along with the control were subjected to incubation for 45 days at field conditions (34±5 °C in August 2019). Sampling was done at equal intervals (0, 15, 30 and 45 days) for assessment of changes in different physical and chemical properties of soils.
2.6. Analysis of amended soil after incubation
	After every interval, samples were taken and tested for pH, electrical conductivity (EC), total nitrogen, organic matter, cation exchange capacity (CEC), and sodium adsorption ratio (SAR).
2.7. Statistical analysis and data presentation tools
	The obtained data after each interval from each site treatments were subjected to statistical analysis performing analysis of variance (ANOVA). Correlation matrix and pairwise comparisons were performed at 95% confidence intervals (LSD test) using Minitab® v16.1.0 (Minitab Ltd., UK) and XLSTAT v2018 (Addinsoft, Inc., USA), respectively.
3. RESULTS
3.1. Pre-analysis of soils
	The physical and chemical characteristics along with elemental composition of the topsoils (0-30 cm depth) of the Dijkot (S-1), Uchkera (S-2) and Jhang (S-3) are stated in Table 2. Soil textures were different from each-other i.e., site-1 and site-2 had clay loam texture, while site-3 had sandy clay loam. The soils were marginally saline-sodic with a pH of 8.45±0.23, 8.36±0.16 and 8.50±0.06, respectively. The cation exchange capacity of the examined soils was recorded 2.84±0.58, 4.20±0.90 and 3.40±0.06 cmolc kg-1 soil, and the organic matter was low (0.25±0.03, 0.20±0.03 and 0.31±0.04). Moreover, electrical conductivity (EC) of the soils were recorded 5.14±0.27, 5.28±0.69 and 5.38±0.15 dS m-1, respectively (Table 2).
3.2. Temporal variations in soil chemical properties
[bookmark: _Hlk76572241]	Figure 1 indicated that soil pH varied significantly (P < 0.05) due to application of amendments at different time intervals. At site-1, it was observed that pH ranged between 8.45 at the start of the incubation to 6.87 with FYM+G@ 50% of SGR after 45 days of incubation. Soil pH decreased with incubation period in all treatments and maximum decrease (19%) was recorded at 45 day with FYM+G@50 SGR. At site-2, pH varied between 6.86 at day 45 with PM+G@50 SGR to 8.36 at 00 day. Incubation intervals and amendments significantly (P < 0.05) decreased soil pH. The maximum pH (8.36) was recorded at 0 day which decreased (18% compared to control) to the minimum pH 6.86 with PM+G@50 SGR followed by 6.90 with GM+G@50 SGR at day 45. The changes in pH were significant (p<0.000) at the end of the incubation experiment. The pH ranged from 8.45-6.87 in site-1 from T2, 8.36-6.86 in site-2 from T3 and 8.50-6.86 in site-3 from T2 after the 45 days incubation (Figure 1).
	Figure 2 indicated the temporal changes in EC of soils treated with different organic and in-organic amendments and their combinations after 0, 15, 30 and 45 days of incubation periods. The changes in EC were significant (P > 0.000) due to the application of amendments and time intervals. At site-1, EC ranged between 5.14 dS m-1 at 0 day with all amendments and 4.0 dS m-1 with GM+G@50 SGR at day 45 with 22% decrease in EC. The EC was decreased with increasing incubation days and maximum decrease in EC was recorded at day 45 in all treatments. Among the treatments, G@100 SGR was most effective in decreasing EC and witnessed about 28% decrease compared to the control at day 45.  At site-2, EC was reduced from 5.28-3.86 dS m-1 indicating 27% decrease, while we noted 28% decrease in soil EC at site-3. The EC range from initial to final ranged from 5.14-4.00 in site-1 from T4, 5.28-3.86 in site-2 from T3 and 5.38-3.90 in site-3 from T1 after the 45 days incubation (Figure 2).
	Figure 3 indicated that the soil SAR varied significantly (P<0.05) due to application of amendments at different time intervals. At site-1, it was observed that SAR ranged between 40 at the start of the incubation to 13.02 with the application of GM+G@50% of SGR after 45 days of incubation (-68%). Soil SAR decreased with incubation period in all treatments and maximum decrease (71.55%) was recorded at 45 day with GM+G@50 SGR. At site-2, SAR varied between 13.42 at day 45 with G@100 SGR to 42.00 at 00 day indicating the SAR reduction value of 68% in G@100 SGR. Incubation intervals and amendments significantly (P < 0.05) decreased soil SAR. The maximum SAR (42.50) was recorded at 0 day which decreased (71.55% compared to control) to the minimum SAR 40.00 which were reduced to 13.02 (-68%) through application of GM+G@50 SGR. The temporal changes in soil SAR treated with different organic and in-organic amendments and their combinations after 0, 15, 30 and 45 days of incubation periods were significant (p<0.000) at the end of the incubation experiment. The treatment with GM and 50% SGR (T4) proved most effective in reducing soil SAR. The SAR ranged from 40.00-13.02 in site-1 from T4, 42.00-13.42 in site-2 from T1 and 42.50-12.09 in site-3 from T4 after the 45 days incubation (Figure 3).
	Figure 4 indicated that the soil CEC varied significantly (P<0.05) due to application of amendments at different time intervals. At site-1, it was observed that CEC ranged between 2.84 cmolc kg-1 at the start of the incubation to 4.67 cmolc kg-1 with the application of Gypsum at 100% of SGR after 45 days of incubation (+39%) with G@100 SGR. At site-2, CEC varied between 5.21 cmolc kg-1 at day 45 equally with both FYM+G@50 SGR and GM+G@50%SGR to 4.20 cmolc kg-1 at 00 day indicating 19% increase in CEC value. Incubation intervals and amendments significantly (P < 0.05) increased soil CEC. The maximum CEC (4.20 cmolc kg-1) was recorded at 0 day which decreased (19.38% compared to control) to the minimum CEC (2.84 cmolc kg-1) which improved to 4.67 cmolc kg-1 (+39.18%) through application of GM+G@50 SGR. In site-3, maximum 20% increase in CEC value was seen, where initial CEC was 3.40 cmolc kg-1 and improved to 4.23 cmolc kg-1 after 45 days with treatment having GM+G@50 SGR. The temporal changes in soil CEC treated with different organic and in-organic amendments were significant (p<0.000) at the end of the incubation experiment. The CEC ranged from 2.84-4.67 cmolc kg-1 in site-1 from T1, 4.20-5.21 cmolc kg-1 in site-2 from T2 and T4, and 3.40-4.23 cmolc kg-1 in site-3 from T4 after the 45 days incubation (Figure 4).
	Figure 5 indicated that the total nitrogen in soil varied significantly (P<0.05) due to application of amendments at different time intervals. At site-1, it was observed that total nitrogen ranged between 0.028 g kg-1 at the start of the incubation to 0.52 g kg-1 with 94% increase after the application of PM+G@ 50% of SGR after 45 days of incubation. Soil total nitrogen increased with incubation period in all treatments and maximum increase (96%) was recorded at 45 day with G@100 SGR. At site-2, total nitrogen varied between 0.47 g kg-1 at day 45 with GM+G@50 SGR to 0.026 g kg-1 at 00 day indicating 94% increase in total nitrogen value. Incubation intervals and amendments significantly (P < 0.05) increased soil total nitrogen. The maximum total nitrogen (0.028 g kg-1) was recorded at 0 day which increased (94.23% compared to control) in T3 to the minimum (0.025 g kg-1) which improved to 0.57 g kg-1 (+94%) through application of G@100 SGR. In site-3, maximum 96% increase in total nitrogen value was seen, where initial total nitrogen was 0.025 g kg-1 and improved to 0.57 g kg-1 after 45 days in T1. The temporal changes in soil total nitrogen treated with different organic and in-organic amendments were significant (p<0.000) at the end of the incubation experiment. The total nitrogen ranged from 0.028-0.52 g kg-1 in site-1 from T3, 0.026-0.47 g kg-1 in site-2 from T4 and 0.025-0.57 g kg-1 in site-3 from T1 after the 45 days incubation (Figure 5).
	Figure 6 indicated that the soil organic matter varied significantly (P<0.05) due to application of amendments at different time intervals. At site-1, it was observed that soil organic matter ranged between 0.25% at the start of the incubation to 0.65% (+61.50%) with the application of FYM+G@ 50% of SGR after 45 days of incubation. Soil organic matter increased with incubation period in all treatments and maximum increase (65%) was recorded at 45 day with PM+G@50 SGR. At site-2, soil organic matter varied between 0.57% at day 45 with PM+G@50 SGR to 0.20% at 00 day indicating 65% increase. Incubation intervals and amendments significantly (P < 0.05) increased soil organic matter. The maximum soil organic matter (0.31%) was recorded at 0 day which increased (52% compared to control) in T2 to the minimum soil organic matter (0.20%) which improved to 0.57% (+65%) through application of PM+G@50 SGR. In site-3, maximum 52% increase in soil organic matter value was seen, where initial soil organic matter was 0.31% and improved to 0.64% after 45 days. The temporal changes in soil organic matter treated with different organic and in-organic amendments were significant (p<0.000) at the end of the incubation experiment. The soil organic matter ranged from 0.25-0.65 in site-1 from T2, 0.20-0.57 in site-2 from T3 and 0.31-0.64 in site-3 from T2 after the 45 days incubation (Figure 6).
3.3. Soil organic matter and carbon sequestration
	At the end of the experiment, most of the organic, inorganic and their combinations showed significant effects (p<0.000) on increasing soil organic carbon (SOC) at all sites. Soil carbon sequestration (SCS) rate was higher under the combined treatments that had higher carbon input, relative to other treatments (Table 4). Overall, soil carbon sequestration ranged from 7.004-18.88 t ha-1. Maximum SCS was observed in site-1 with having 50% gypsum with farmyard manure, while minimum was recorded in control of site-2.
3.4. Inter-relationships among treatments and soil properties
	Pearson’s correlation coefficient was used for quantifying relationships between various parameters of the study. Fig. 7 shows the Pearson correlations and levels of significance for the relationship between the pH, SAR, CEC, OM, TN, and EC. The pH showed a good correlation with EC (R2 = 0.0.08), SAR (R2 = 0.26), CEC (R2 = 0.0.22), while total nitrogen showed relation with OM (R2=0.89) in Dijkot (S-1). Similar relationships were seen in S-2 and S-3 where several remarkable differences were recorded. There were negative relationships between EC, SAR, CEC, and total nitrogen. The same pattern was seen in S-3 (Figure 7).
Figure 7 Pearson’s correlation coefficients on effects of applied treatments on soil physico-chemical properties DpH=pH in Dijkot, UpH=pH in Uchkera and JpH=pH in Jhang, DEC=EC in Dijkot, UEC=EC in Uchkera, and JEC=EC in Jhang, DSAR=SAR in Dijkot, USAR=SAR in Uchkera, JSAR=SAR in Jhang, DCEC=CEC in Dijkot, UCEC=CEC in Uchkera, JCEC=CEC in Jhang, DTN=total nitrogen in Dijkot, UTN=total nitrogen in Uchkera, JTN=total nitrogen in Jhang, DOM=organic matter in Dijkot, UOM=organic matter in Uchkera, JOM=organic matter in Jhang. The green color indicates strong positive correlation (at p<0.05), light green color showing weak positive correlation among parameters whereas brown color showing strong negative correlation and mustard color indicates weak negative correlation among the parameters.
4. DISCUSSION
4.1. Effects of added amendments on soil chemical properties
	It is a well-documented fact that EC, pH, SAR of the salt-affected soils are higher, while CEC, total nitrogen and organic matter are lower than the normal soils and needed to be normalized to support crop production and carbon sequestration (Meena et al., 2019). These values are normalized/ adjusted after the application of amendments (Amer & Hashem, 2018). Results from our study revealed that there was up to 22% decrease in soil EC in S-1, 27% in S-2 and 28% in S-3. The results achieved by our study are in line with a previously reported by Wang et al. (2014) who found that a mixture of organic wastes decreased soil EC by 87% than control. Tazeh, Pazira, Neyshabouri, Abbasi, and Abyaneh (2013) also reported the similar results and reported up to 75% decrease in soil EC after biomaterials application in saline-sodic soils. This is probably due to the increased soluble salt ions concentrations after the addition of biosolids (Hueso‐González, Martínez‐Murillo, & Ruiz‐Sinoga, 2014), and leaching of additional salts, especially Na+ (Shaygan, Reading, & Baumgartl, 2017).
	The pH in our study was reduced from 8.45, 8.36 and 8.50 (before the start of experiment) and after experiment, we recorded 18, 18 and 19% decrease in soil pH in S-1, 2 and 3, respectively. This decrease in soil pH is attributed to the increase in H+ ions concentrations by replacing basic ions and its complexes like sodium hydroxide (NaOH) and the production of organic acids and ammonium ions (Montiel-Rozas et al., 2018). This decrease in soil pH promotes the soil health, nutrients availability to plants and promotes their growth as reported by Li et al. (2018) where wheat yield was improved by 5% after biomaterials addition. Our results are also in line with the Sakai, Nakamura, and Wang (2020) whose results showed pH reduction from 9.47 to 7.61 after application of organic amendments (coal bio-briquette ash), but contradictory to Rahman et al. (2020), but the contradiction in results is indirect. As the initial pH of soil used by them was 5.7–6.0 which increased up to 6.90. this increase in soil pH was probably due to comparatively higher pH of poultry manure and cow dung as our study reports pH 7 and 7.81 for poultry manure and farmyard manure, respectively Shaaban, Abid, and Abou-Shanab (2013) also reported pH decrease from 9.20 to 8.44 dS m-1 after application of gypsum, farm manure and humic acid application in Multan, Pakistan. Similar results are presented by Ahmad, Arif, Iqbal, Khalid, and Akhtar (2013) who noted pH decrease from 8.92 to 8.12 after application of amendments in combination with gypsum during rice crop in salt-affected soils in Faisalabad, Pakistan.
	Sodium adsorption ratio (SAR) was also decreased from 40, 42 and 42.50 to 13.02, 13.42 and 12.09 in S-1, 2 and 3, respectively. We recorded up to 68% decrease in S-1 and 2, while 71.55% decrease in SAR of S-3. This decreased happened due to the increased sodium (Na+) ions replacement after addition of calcium (Ca+), ammonium (NH4+) and sulphate (SO4-) ions based organic and in-organic amendments (Gunarathne et al., 2020). Results in our study are similar to the study conducted by Tazeh et al. (2013) who reported up to 45% SAR reduction after biomaterials application. As the SAR reflects relative concentration of Na+ to the square root of the average concentrations of Mg2+ and Ca2+ in soil solution. The SAR of the soils is decreased due to the fact that organic amendment contain increase Mg2+ and Ca2+ in soil solution, thus decreasing SAR at marked concentrations (Chaganti, Crohn, & Šimůnek, 2015). Therefore, addition of higher amounts of Mg2+ and Ca2+ ions into the salt-affected soils might have reduced the SAR (Gunarathne et al., 2020). 
	The cation exchange capacity (CEC), total nitrogen and organic matter were significantly increased within the study period. As shown in the Fig. 4, 5 and 6, respectively. The CEC, total nitrogen, and soil organic matter were low in salt-affected sites which is also reported by numerous researchers (Dahlawi et al., 2018). There was increase in CEC of all the experimental sites. A total of 39, 19 and 20% increase in CEC of S-1, 2 and 3 were observed after the study period of 45 days. Similar results were reported by Kouakou, Jérémie, Gustave, and Albert (2018) who achieved CEC increase from 5.33 to 8.12 cmol kg-1 after using filter cake and chemical fertilizers application. The increase in CEC was due to the increased capacity of soil for storage of nutrients due to pH adjustment to optimum range (Fang et al., 2017), and supply of organic amendments containing Ca+, Mg+ and K+ ions (Kouakou et al., 2018). This increase in CEC furnishes the soil with numerous essential nutrients and improve soil health for plant growth and carbon sequestration improvement (Farooqi, Sabir, Zeeshan, Naveed, & Hussain, 2018). Similar to our results, Gunarathne et al. (2020) reported 20-70% improvement in CEC after organic amendments application in salt-affected soils.
	Total nitrogen (TN) contents in salt-affected soils were significantly lower in study areas (0.028, 0.026 and 0.025 g kg-1 in S-1, 2 and 3 respectively). After the application of organic amendments, there was significant increase in TN contents of the soils. We recorded 94% increase each in S-1 and 2, while 96% in S-3. These highly significant results were achieved due to the fact that we used poultry manure, farm manure and green manure in combination with gypsum which have relatively higher amounts of nitrogen concentration in it as well as potassium and phosphorus (Dróżdż et al., 2020). These results are in-line with the findings of Luo et al. (2018) but his findings showed less significant results (22% increase) than ours’s, but closely to Mangalassery, Kalaivanan, and Philip (2019) who reported up to 92% increase in TN contents. This significant increase in TN contents might be due to the increase N supply to soil, increased capacity of soil to store nutrients due to optimum pH range, increased microbial biomass. 
	Organic matter contents in salt-affected soils are generally less due to higher accumulation of salts and less plant growth and nutrients deficiency needed for their growth (ARUNIN & PONGWICHIAN, 2015; Fageria, Gheyi, & Moreira, 2011). Organic matter in soils helps to remediate soil contaminants as well as salts in salt-affected soils (Romero et al., 2011), act as nutrient pool for plants (Canellas et al., 2010), and hosts soil microbiota (Bonanomi et al., 2016). In our study, organic matter contents were as low as 0.25, 0.20 and 0.31% in S-1, 2 and 3. After the experiment, organic matter contents were significantly increased. We recorded 61.50, 65 and 52% increase in organic matter concentration in 3 sites by adding organic amendments and their combinations with gypsum. Montiel-Rozas et al. (2018) reported similar results (up to 10% increase in organic matter) by addition of compost and vermicompost. Diacono and Montemurro (2011) also reported similar results that addition of organic wastes increased soil organic matter up to 90% as compared to control and 100% as compared to chemical fertilizer application. Scotti, Bonanomi, Scelza, Zoina, and Rao (2015) stated that organic matter addition in soils results in increased CEC and slow nutrient release which supports plant life-cycle till maturity as compared to chemical fertilizers which are lost rapidly after application. Soil organic matter also promotes microbiota and helps in sequestering carbon in soils for long-term storage (Maltas, Kebli, Oberholzer, Weisskopf, & Sinaj, 2018). In addition to all above benefits, soil organic matter increases soil structure, stability and water holding capacity by improving bulk density (Cercioglu, 2017).
4.2. Carbon sequestration after amendments application in salt-affected soils
	There is a significant positive correlation between soil carbon sequestration (SCS) and amendments application (del Mar Montiel‐Rozas et al., 2016; Farooqi et al., 2020). Same pattern was seen in our study where SCS rate was increased after application of varied combinations and alone application of organic amendments. For S-1, with high soil clay content (clay loam), there was a strong correlation between soil SCS and carbon input, indicating that the soil had the potential to sequester more carbon into soil than control. For the other two sites with sandy loam and clay loam, there was also linear relationship between SCS and amendments applications, but it was also concluded that SCS efficiency is decreased along the increasing inputs beyond optimum or required concentrations (X. Zhang et al., 2016). Our calculated results showed 61.50 (18.88 in amended soil vs 7.55 t ha-1 in control soil), 65.00 (17.35 vs 7.00 t ha-1) and 52% (18.37 vs 9.76 t ha-1) increase in SCS in S-1, 2 and 3, respectively. These results are in-line with Rahman et al. (2020) who reported 24.24 t ha-1 increase in SCS after organic amendments application. Ghosh, Wilson, Ghoshal, Senapati, and Mandal (2012) also reported 6.92 to 8.31 Mg ha-1 increase in SCS after amendments and their combinations with fertilizers. Zhang et al. (2012) also reported SCS increase up to 25.93 g kg-1. Similarly, many scientists stated the similar results as we have obtained like (Bolan, Kunhikrishnan, Choppala, Thangarajan, & Chung, 2012; del Mar Montiel‐Rozas et al., 2016; Maltas et al., 2018; Wu et al., 2021).
5. Conclusions
	We used farmyard, poultry and green manure and their combinations with gypsum to evaluate their effectiveness for marginally salt-affected soil’s reclamation and carbon sequestration. It was noted the effectiveness of the applied amendments increased with the increase in time and facilitated the favorable alterations in the soil chemical properties. From the periodical soil testing results, treatment with 50% gypsum and 50% green manure (T4) improved the soil chemical properties effectively as well as soil carbon sequestration as compared to all other treatments and control. Overall, we recorded 19, 18 and 19% reductions in soil pH; 22, 27 and 28% reductions in soil EC; 68, 68 and 71.55% reductions in SAR in S-1, 2 and 3, respectively. We also recorded 39, 19 and 20% improvements in soil CEC, 94, 94 and 96% increase in soil total nitrogen, and 61.50, 65 and 52% increase in soil organic matter in S-1, 2 and 3, respectively. Soil carbon sequestration increase was best seen in treatment with 50% gypsum and farmyard manure application (T3) with 18.88 t ha-1 in Dijkot with minimum in control treatment of Uchkera (7.004 t ha-1). Treatment with 50% farm manure and 50% gypsum application gave best results in S-1 and 3, while treatment with 50% poultry manure and 50 gypsum gave best results in S-2. Overall, best performance among treatments was recorded in the order of T0<T3<T2<T1<T4, while overall sites performance in increasing soil carbon sequestration was in the order S2<S3<S1.
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List of tables
Table 1: Physicochemical properties of organic amendments used in experiment.
	Properties
	Farmyard manure
	Poultry manure
	Green manure

	pH
	7.81
	7.00
	-

	Total C (%)
	11
	23.45
	9.80

	Total N (%)
	0.78
	7.1
	2.50

	Total P (%)
	0.37
	1.5
	0.56

	Total K (%)
	1.20
	2.5
	1.78

	C:N ratio
	22:1
	13:1
	25:1























Table 2: Properties of soils used in experiments (values indicated are average of 3 replications ± standard errors)
	Parameter
	Unit
	S-1
	S-2
	S-3

	pH
	-
	8.45 ± 0.23
	8.36 ± 0.19
	8.50 ± 0.06

	EC
	dS m-1
	5.14 ± 0.27
	5.28 ± 0.69
	5.38 ± 0.15

	Na+
	g kg-1
	14.12±0.32
	21.10±0.12
	17.21±0.19

	Ca+Mg
	mmolc L-1
	0.35±0.08
	0.50±0.11
	0.32±0.21

	SAR
	(mmol L-1)1/2
	40 ± 2.74
	42 ± 7.83
	42.50 ± 2.03

	Bulk density
	g cm-3
	1.67 ± 0.000
	1.75 ± 0.02 
	1.65 ± 0.03 

	OM
	%
	0.25 ± 0.03
	0.20 ± 0.03
	0.31 ± 0.04

	Texture
	-
	Clay loam
	Clay loam
	Sandy clay loam

	CEC
	cmolc kg-1
	2.84 ± 0.58
	4.20 ± 0.90
	3.40 ± 0.06

	Total nitrogen
	g kg-1
	0.028 ± 0.002
	0.026 ± 0.001
	0.025 ± 0.002





















Table 3: Treatments, symbology and amendments application rates used in this study
	Sr. No.
	Treatments
	Symbology

	1
	Control
	T0

	2
	Gypsum @ 100% Soil Gypsum Requirements (SGR)
	T1

	3
	Gypsum @ 50% SGR + Farmyard manure (FYM)
	T2

	4
	Gypsum @ 50% SGR + Poultry manure (PM)
	T3

	5
	Gypsum @ 50% SGR + Green manure (GM)
	T4

	Amendments application rates

	Sr. No.
	Gypsum
	Farmyard manure (g kg-1)
	Poultry manure (g kg-1)
	Green manure (g kg-1)

	T0
	-
	-
	-
	-

	T1
	10 g kg-1 (100% SGR)*
	-
	-
	-

	T2
	5g kg-1 (50% SGR)**
	10 g kg-1***
	-
	-

	T3
	5g kg-1 (50% SGR)
	-
	10 g kg-1
	-

	T4
	5g kg-1 (50% SGR)
	-
	-
	10 g kg-1


*: 10 tons acre-1; **: 5 tons acre-1; ***: 10 tons acre-1

















Table 4: Soil organic matter, organic carbon, and carbon sequestration of different treatments after the study period (t ha-1)
	Site-1

	Treatments
	SOM (%)
	SOC (t ha-1)
	SCS (t ha-1)
	Added C (t ha-1)

	Control
	0.26
	0.150
	7.555
	0.295

	G @ 100 SGR
	0.42
	0.243
	12.204
	4.944

	FYM + G @ 50 SGR 
	0.65
	0.377
	18.887
	11.62

	PM + @ 50 SGR
	0.58
	0.336
	16.853
	9.593

	GM + @ 50 SGR
	0.50
	0.290
	14.529
	7.269

	Site-2

	Control
	0.23
	0.133
	7.004
	0.914

	G @ 100 SGR
	0.45
	0.261
	13.703
	7.613

	FYM + G @ 50 SGR 
	0.55
	0.319
	16.748
	10.658

	PM + @ 50 SGR
	0.57
	0.331
	17.357
	11.267

	GM + @ 50 SGR
	0.56
	0.325
	17.052
	10.962

	Site-3

	Control
	0.34
	0.197
	9.761
	0.901

	G @ 100 SGR
	0.54
	0.313
	15.503
	6.643

	FYM + G @ 50 SGR 
	0.64
	0.371
	18.374
	9.514

	PM + @ 50 SGR
	0.56
	0.325
	16.078
	7.218

	GM + @ 50 SGR
	0.58
	0.336
	16.652
	7.792
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