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Abstract 10 

The interplay between soil nutrients, water activity, and microbial biomass is pivotal for plant growth 11 

as well as for soil health. While surface microflora typically promotes mineralization and nutrient 12 

deposits, the impact of drought on soil microbial biomass and nutrient utilization remains 13 

underexplored. In this study, we assessed various land types—open lands (OL), annual crops with single 14 

species (ACS), perennial crops with multiple species (PCM), less water available lands (LWA), and 15 

soil near ponds (CP)—to elucidate the distribution of macronutrients and microbial biomass. Soil 16 

samples were collected from different land types, air-dried, and subjected to physical, chemical, and 17 

biological analyses. Standardized protocols, including gravimetric and titration analyses, were 18 

employed for physical and chemical assessments, while microbial biomass was evaluated using 19 

fumigation. Statistical analyses, including ANOVA and Pearson Coefficient, were employed to discern 20 

patterns across seasons, soil depths, and microbial biomass. Microbial biomass carbon (Cmic) ranged 21 

from 134.2±1.2μg/g to 286.6±1.33μg/g, while nitrogen (Nmic) and phosphorus (Pmic) varied from 22 

11.3±1.3μg/g to 69.5±0.98μg/g and 07.6±1.5μg/g to 77.5±0.6μg/g, respectively, across all seasons. 23 

Carbon stock in the upper soil surface positively influenced nitrogen and phosphorus retention. Notably, 24 

PCM exhibited superior Cmic, Nmic, Pmic, and water-holding capacity compared to OL, LWA, and 25 

ACS. Our findings underscore the significance of multiple cropping systems, particularly PCM, in 26 

enhancing microbial biomass and nutrient levels in drought-affected regions. The observed 27 

improvements in soil moisture, nitrogen, phosphorous, and potassium levels suggest that diverse 28 

cropping systems can effectively enrich soil nutrients and biomass content in drought stress. In 29 

conclusion, our study highlights the potential of perennial crops with multiple species in mitigating the 30 

impact of drought on soil microbial biomass and macronutrient distribution. These findings contribute 31 

to a deeper understanding of sustainable agricultural practices in drought-prone regions and emphasize 32 

the importance of implementing diverse cropping systems to enhance soil health and resilience. 33 
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One of the important indicators of the soil is microbial biomass, which plays a crucial role in 36 

maintaining organic content in the soil by decomposing organic matter and hence controlling 37 

the nutrients and maintaining the biogeochemical process of different ecosystems (Wang et al., 38 

2014; Manral et al., 2020). The microbial density and stability are greatly affected by the 39 

different ecosystems and the existence of nutrient supplements in the soil (Dietterich et al., 40 

2022; Manral et al., 2023). The present agricultural practices are in high demand for using 41 

pesticides, fertilizers, and hybrid seeds at a very high rate, which results in environmental 42 

degradation, particularly soil. The productivity of crops mostly depends on the existence of 43 

nutrients in the soil that later reflect on the contribution made by the soil microflora in terms 44 

of microbial biomass. Amendments of organic contents to the soil provide nutrients that help 45 

in the colonization of microbial communities (Bastida et al., 2017), thereby, changes in soil 46 

characteristics might be noticed. 47 

Bulk density is directly related to soil compaction. In the open land use system, the bulk density 48 

is higher because of the soil compaction (Bargali et al., 1993; Joshi et al., 1997). This is also 49 

related to soil microbial activities; due to more soil pore space; moisture supports the microbes 50 

to enter the available pore space and enhance their activities and soil becomes more porous in 51 

forested land (Bargali K et al., 2018). Vegetation plays a significant role in the formation of 52 

soil organic matter (SOM) and influences fundamental soil-forming processes such as 53 

aggregation or podzolization (Awasthi et al., 2022 a & b). Han et al., (2021) stated that floristic 54 

composition plays an important role in the formation of SOM and influences fundamental soil-55 

forming processes. The texture of the soil may also affect the productivity of the forest by 56 

affecting moisture availability and nutrient supply to microbial decomposition (Bargali et al., 57 

2015; Han et al., 2021). 58 

The occurrence of drought might be due to changes in the land use patterns, which change 59 

nature by physical, chemical, and biological means, which modifies the soil properties and 60 

increases erosion and level of compaction (Geissen et al., 2009; Maranguit  et al., 2017). The 61 

supply of nutrients in the soil is due to the weathering of rocks and is further processed by the 62 

decomposition of the organic matter, which results in different forms as organic and inorganic, 63 

available and non-available; however, the carbon, nitrogen, and phosphorus concentration in 64 

the soil enriches through microbial activity (Chen et al., 2022). The management of cropping 65 

patterns maintains the interaction between soil and microbes by the addition of organic matter 66 

either by physical change or by nutrient supply to the soil (Devi & Yadava, 2006). It has been 67 

shown that the plantation of mixed tree species has influenced the composition of the aerobic 68 

https://doi.org/10.5194/egusphere-2024-40
Preprint. Discussion started: 12 March 2024
c© Author(s) 2024. CC BY 4.0 License.



3 
 

and nitrifying bacterial communities in the soil and has helped mitigate the drought effects in 69 

the cropping system (Gillespie et al., 2020). Earlier, it has been demonstrated that soil cropping 70 

practices enhance soil's carbon, nitrogen, and phosphorus content and could increase the 71 

diversity of soil microbes, enhancing the tolerance to abiotic stresses (Bastida et al., 2017). 72 

Therefore, restoring the soil microbial communities, maintaining nutrient cycling, and 73 

promoting effective crop productivity is of utmost necessity in drought regions. 74 

Assessing the soil microbial biomass to maintain soil health provides long-term productivity 75 

in different cropping patterns. Studies in this line about the different cropping systems and their 76 

microbial biomass in drought regions have not been carried out earlier. Furthermore, its 77 

relationship with nutrients was also not studied. Hence, an attempt has been made to understand 78 

the microbial biomass of carbon, nitrogen, and phosphorus with different cropping systems in 79 

the drought region of Andhra Pradesh. Here, a study has been conducted to understand the 80 

influences of multiple cropping systems on soil microbial biomass in drought-hit regions in 81 

terms of soil depths, seasonal variation, nutrient composition, and diversity. Our findings 82 

suggested that multiple cropping systems have helped enhance the soil microbial biomass and 83 

macronutrients like carbon, nitrogen, and phosphorous in drought-hit soils.   84 

 85 

Fig-1 Selected ten sampling sites for the soil analysis of the Ananthapuram district of Andhra 86 

Pradesh, India. 87 

2 Material and Methods 88 

2.1 Study area and Climatic conditions 89 
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The present study was in the drought-hit region of Anantapur district of Andhra Pradesh with 90 

a 14.67° and 14. 80° N, 77.63°, and 78.16°E with an average elevation of 335 m. In the study, 91 

the cropping pattern has been categorized as open lands (OL), Annual Crops with single species 92 

(ACS), Perennial crops with multiple species (PCM), Less water available lands (LWA), and 93 

Crops grown near the ponds (CP) has been selected as control. The pattern of the cropping 94 

system has been described in Table 1. The average climatic conditions of the area are semi-95 

arid, with hot and dry conditions and occasional rainfall. The whole is comprised of three 96 

seasons, summer with an average temperature of 36° C (March to June), Monsoon (July to 97 

October) with a temperature of 31° C, and winter season lasts for three months (November to 98 

February) with an average temperature of 18° C. 99 

2.2 Collection of Soil Samples 100 

From the study site, ten samples from 10 different regions were collected randomly from three 101 

different seasons, viz., summer, monsoon, and winter, with different soil depths such as upper 102 

surface (0-15 cm), subsurface (15-30 cm) and deeper layers (30-45 cm), after collecting soil 103 

samples in Ziplock bags, they were transported to the laboratory and air dried. The samples 104 

were made into three sub-samples, and different soil characteristics were analyzed. 105 

2.3 Soil Analysis 106 

The physical parameters such as bulk density (BD), soil moisture (SM), water holding capacity 107 

(WHC), soil texture, and soil temperature (ST) were analysed (Misra 1968). The texture was 108 

analysed with different measurements of the sieve size. The soil’s chemical properties are pH, 109 

electric conductivity (EC), total organic carbon (Walkley and Black 1934), soil organic matter, 110 

total nitrogen (Peach & Tracy 1956), phosphorus (Olsen et al., 1954), and potassium (Pratt 111 

1965). Soil microbial analysis was estimated by taking the surface soils as the activity of 112 

microbes will be higher in the surface soils. The chloroform fumigation method is used to 113 

evaluate Cmic, Nmic, and Pmic (Brookes et al., 1985; Vance et al., 1987). 114 

2.4 Statistical Analysis 115 

The statistical analysis was carried out by using ANOVA to understand the impact of seasons 116 

on the different agrosystems and their interactions with soil nutrients particularly, Cmic, Nmic, 117 

Pmic. Pearson’s correlation matrix was established for the data collected using SPSS version 16. 118 

3 Results 119 
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3.1 Physicochemical characteristics 120 

The information about the physicochemical characteristics of the soil has been tabulated in 121 

Table-2 and Table-3. The agricultural systems have a similar texture, indicating that the soil 122 

has been derived from the same parental rock, which underwent several physical, chemical, 123 

and biological weathering; moreover, due to different management practices, its original 124 

characteristics could be changed. The highest sand percentage has been observed in LWA, silt 125 

in CP, and clay in PCM. When we look at bulk density, it was seen higher in OL with 2.01 126 

g/cm3 when compared to CP with 1.65 g/cm3, indicating that it is more than 10% higher in 127 

open lands due to cropping systems. A significant variation has been observed in the WHC 128 

parameter, where PCM was identified at 51.2% with the highest and CP with the lowest at 129 

33.24%. The soil temperature ranged from 29.3°C (LWA) to 32.1°C (OL), whereas the soil 130 

moisture recorded from 4.08% to 9.43% in all agricultural cropping systems. 131 

The pH is an important chemical characteristic of soil that decides the soil acidity or alkalinity 132 

for crop production. It is identified in ACS as 8.93, and others with a range of 7.79 to 8.66. The 133 

increase in the pH clearly states the enhanced use of synthetic fertilizers and pesticides in the 134 

soil. The dissipation of ions in the soil is also confirmed by the EC study of the different ranges 135 

of the cropping pattern, which are in the series of 0.13dS/m in ACS to 0.38dS/m in OL. The 136 

variation influences the distribution of ions in the soil. The other chemical parameter in the 137 

study which promotes good crop productivity is organic carbon, which rangesfrom 0.24% 138 

(LWA) to 0.91% (OL), mostly found in the surface soils compared to subsurface soils. 139 

The soil nitrogen has also shown similar with surface soils having higher concentrations with 140 

a range of 1216 kg/ha (LWA) to 1354 kg/ha (OL); in the case of phosphorus 10 kg/ha was 141 

observed in LWA whereas 21 kg/ha has been identified in PCM. The potassium levels ranged 142 

from 132 kg/ha (LWA) to 432 kg/ha (PCM). The variation in the NPK availability was higher 143 

than less water available lands, which are mostly considered discarded lands. Most of these 144 

cultivated lands have shown nitrogen with 90% and above compared to low water level lands 145 

due to the continuous addition of synthetic fertilizers. The difference might be due to the 146 

external addition of fertilizers reducing the loss of nitrogen in the cultivated lands. 147 

3.2 Carbon (Cmic), Nitrogen (Nmic), Phosphorus (Pmic) microbial biomass 148 

In the study, the microbial biomass of carbon-nitrogen and phosphorus has shown higher values 149 

for perennial crops with multiple species when compared to other crop soils (Table-4). 150 

Throughout the cropping systems, the microbial biomass carbon registered with a range of 151 
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177.6±0.89 in OL to 286.6±1.33 in PCM. In the case of Nmic, the concentration has ranged from 152 

43.5±0.77 (LWA) to 69.5±0.98 (PCM), whereas the Pmic has shown a variation of about 153 

08.7±0.67 in the dry season of CP to a maximum of 77.5±0.6 in the monsoon season of PCM. 154 

This clearly indicates the accumulation of organic carbon in perennial crops compared to other 155 

cropping systems. The microbial biomass has shown change (Table-5) due to different 156 

cropping patterns and seasonal variations. The microbial biomass variation in the soil might be 157 

due to the patterns of crops and their interactions with soil, and the exchange of the materials 158 

could cause fluctuations in the biomass content. When compared to the Cmic, both Nmicand 159 

Pmichave shown more concentration, probably due to the interaction of microorganisms to 160 

nitrogen and phosphorus being quite quick than carbon, as these are basic requirements for the 161 

microbes for the growth stages. In these cropping systems, perennial cropping soils have better 162 

physicochemical and biological parameters due to the constituent of the soil, well root 163 

structure, and plant litter throughout the year, making the availability of microbial biomass 164 

carbon, nitrogen, and phosphorus. Whereas the lowest Cmic, Nmic, and Pmicwere found in OL 165 

followed by CP due to fewer crops left in these soils, the concentration of C:N and C:P ranged 166 

from 11.5±1.9 to 17.2±1.8 and 12.6±1.1 to 22.1±1.4 as marked in Table-4. 167 

3.3 Physicochemical characteristics and their relationship with microbial biomass 168 

Pearson’s correlation between microbial biomass and physicochemical characteristics is given 169 

in Table-6. The microbial biomass carbon showed a significant positive correlation with Nmic 170 

(r=0.69) and Pmic (0.234), pH (r=0.55), Organic Carbon (r=0.743), WHC (r=0.789), SM 171 

(r=0.665), N(r=0.489), P (r=0.599), K (r=0.564) and have a negative correlation with sand 172 

contents. In the case of Nmic, a positive correlation has been noticed with Pmic (r=0.576), pH 173 

(0.63), Organic carbon (0.853), WHC (r=0.493), BD(2.55), SM (0.665), N(r=0.756), 174 

P(r=0.486), K(r=0.564), whereas Pmic also showed a significant positive correlation with these 175 

physicochemical parameters and negative with sand contents as shown in table-6. 176 

4 Discussion 177 

Soil ecology, nutrients richness, and other physical, chemical, and biological properties 178 

determine the agriculture sustainability and cropping patterns (Paudel & Sah 2003; Manral et 179 

al., 2020) as well as biological responses to biotic and abiotic factors (Bargali et al., 2019; Bisht 180 

et al., 2022). A rapid change in climatic conditions, even at short distances, results in 181 

pronounced heterogeneity in soil types and their chemical and physical properties (Bargali et 182 

al., 2018). The effect of drought conditions on the architecture and ecology of different soils 183 
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largely depends upon the soil composition, and therefore, the impact of drought on the soil 184 

architecture, and biotic and abiotic composition needs to be understood in the different climatic 185 

regions. Here, we have brought forth some findings on the different cropping systems on 186 

various parameters of the soil in a drought hit region in India to suggest that multiple cropping 187 

systems could help in retaining and /or recovering the vigour of the soil. 188 

The quantifiable measures of physical parameters act as soil health indicators that confirm soil 189 

fertility. One of the main properties of the soil is its texture, which decides the feasibility of the 190 

production of crops. The increase in the percentage of clay in drought–hit soils enhances the 191 

chances of retention of water and nutrients, which seems to favour crop productivity. The 192 

proportion of sand in LWA land is higher than silt and clay compared to other lands with 193 

different crops; this might be due to the addition of sand due to lack or lesser plantations, which 194 

replaces the silt with sand through soil erosion phenomenon (Bargali et al., 2018). This brings 195 

out that fewer crops in a region show the signs of high sand, and less clay soils further decrease 196 

the existence of nutrients. The soil's water holding capacity determines the water retention in 197 

the soils to nurture productivity; the PCM lands have high water retention compared to other 198 

lands; due to multiple cropping, the retention ability has increased, which correlated with 199 

Kirkegaard et al., (2014) findings. Moreover, due to irrigation facilities for an extended period 200 

of time resulted in surface water retention (Zhang et al., 2019) compared to LWA. The PCM 201 

systems with different cropping seem to modify the soil texture by their litterfall, and the action 202 

of microbes probably makes the soils retain water. Cultivated land has shown higher bulk 203 

density than uncultivated land, as continuous cultivation results in the compaction of the soil 204 

layers compared to fallowed land (Markewitz et al., 2002; Bizuhoraho et al., 2018). Rotation 205 

of crops decreases bulk density and increases soil sustainability (Ouda et al., 2018), but in our 206 

study, CP has shown lower bulk density compared to PCM systems and ACS systems, possibly 207 

due to the presence of water close to these crops, which have moistened the subsurface soils 208 

due to drainage. High soil temperature and less moisture content in OL indicate that the lack 209 

of plants exposed the soil to an increase in temperature and loosened its moisture content. 210 

The pH of the soil in the cultivated lands was higher than that of the uncultivated land, which 211 

might be due to the addition of fertilizer interacting with hydrogen ions.  During nutrient intake, 212 

plants release H+ ions, which, in turn, absorb nutrients (Bhatla et al., 2018). In the case of PCM 213 

systems, soil pH is low in the surface layers of 0-15 cm, which may be due to the addition of 214 

nitrogen fertilizers in which the ammonium gets converted to nitrate through nitrification, 215 
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resulting in the release of H+ ions. The nitrates that got released might combine with cations 216 

like calcium and magnesium, which are likely to leach to the subsurface, leaving surface soils 217 

with low pH, as our studies have correlated to Gikonyo et al. 2022.The values of pH differ 218 

from topsoil to subsurface soils; soil carbon and soil nitrogen are negatively correlated to pH, 219 

so lower pH exhibits more accumulation of organic matter. Most plants grow well when soil 220 

contains mineral acids; and if the soil pH is in the range of 6.0 to 7.0 most bacteria act on the 221 

organic matter and release mineral acids. Apart from organic matter pH also determines the 222 

usability of phosphorus, if soil is too acidic then addition of phosphorus reacts with iron or 223 

aluminum instead of intake to plants, and if soils are too alkaline, then it reacts with calcium 224 

and becomes unavailable to soil (Rosen 2014). The electric conductivity of the soil maintains 225 

the exchange of cations between crops and the soil. The cultivated land shows higher soil 226 

electrical conductivity than uncultivated lands, as adding fertilizers enhances EC; our findings 227 

correlated to Adingo et al. (2021). The soil electrical conductivity is positively correlated 228 

(0.033) with nitrogen and (0.065) with phosphorus, but negative correlations were shown with 229 

potassium (-0.054). The OL systems have shown higher EC compared to other cropping 230 

systems, probably due to high evaporation and transpiration from the plants, which might led 231 

to the deposition of salts at the root zone. The total organic carbon (TOC) showed a significant 232 

difference between different agriculture cropping systems, and it has ranged in a manner of 233 

OL>PCM>CP>ACS>LWA from 0.24% (LWA) to 0.9% (OL); this might be due to open lands 234 

were not disturbed for many years, resulting into the natural persistence of TOC compared to 235 

other lands (Batjes 2014). Like TOC, soil organic matter (SOM) plays an important role in 236 

maintaining nutrients; the concentration varies from 0.03% (LWA) to 1.01% (OL). SOM 237 

improves the soil functions of storing and supplying macro and micronutrients and finds one 238 

of the indicators to determine the productivity and management of different cropping patterns 239 

(Sharma et al. 2020). SOM promotes the soil to handle acidity and helps mineral decomposition 240 

in the soil; furthermore, the soil ventilation and decomposition of SOM results in lower carbon 241 

content (Srivastava & Singh 1989). In the present study, the carbon content is 84% in all the 242 

crop-cultivated lands compared to open lands. Less loss of nitrogen has been identified due to 243 

continuous cultivation other than nitrogen, which has shown above 90% of its availability in 244 

all cultivated lands compared to uncultivated land. Due to the continuous supply of fertilizers 245 

to the soil, it retains the presence of nitrogen; similarly, phosphorus also indicated 85% of its 246 

concentration in cultivated land compared to uncultivated one.  247 
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The variation in microbial biomass is also shown to be significantly different in different 248 

cropping patterns. The change in the soil environmental patterns might alter the microbial 249 

biomass either on the surface or inner layers of the soil (Wang et al., 2018). Microbial biomass 250 

maintains the chemical cycling and physical properties, as it is considered as sensitive indicator 251 

that favours organic and mineral fertilization. A study by Rice et al. 1997, that microbial 252 

biomass is homeostatic under optimum conditions. If soil lacks nitrogen, carbon or phosphorus 253 

then the limitation of microbial biomass might be noticed, and excess leads to over saturation 254 

of microbes. So, soil microbial biomass is considered to be a sensitive indicator. Throughout 255 

the agricultural cropping systems, Cmic has in a series of 134.2±1.2 μg/g to286.6±1.33μg/g for 256 

all seasons, Nmic recorded 11.3±1.3 μg/g to69.5±0.98μg/g and Pmic has in the range of 07.6±1.5 257 

μg/g to 77.5±0.6μg/g in three seasons. The results clearly indicate that the accumulation of 258 

debris from plants and perennial roots favours the microbes to deposit biomass, enhancing the 259 

soil’s C, N, and P (Latati et al., 2017; Kirkegaard et al., 2017). There has been a positive 260 

relationship (p<0.001) between Cmic and soil carbon, which indicates that the richness of 261 

organic matter enhances microbial biomass with higher levels (Bargali et al., 2019). PCM has 262 

a diverged litter to the soil, and rotation of crops with multiple crops might enhance the release 263 

of organic carbon to the soil; thereby, increased Cmic would have been noticed. The PCM 264 

systems enhance the clay percentage (Table-2), which seems to be favourable for the microbes 265 

to retain longer periods due to the retention of water and organic carbon, which enriches the 266 

Cmic. Further, Nmic has shown higher accumulation where there has been a close connection 267 

with soil carbon, as nitrogen is available in organic form in the soil where heterotrophic bacteria 268 

require carbon as a source of energy. Due to the presence of leguminous crops in PCM systems, 269 

the prevalence of nitrogen-fixing bacteria does survive in the vicinity of the root zone (Xing et 270 

al., 2022), which likely stimulates the Nmic in the soils. Similarly, Pmic also has a positive 271 

correlation with Cmic and plays an important role in microbial function and activity (Zhang et 272 

al., 2019; Wang et al., 2022; Manral et al., 2023). Compared to ACS, CP, LWA, OL, PCM 273 

systems have crop rotation and deposition of different crop residues in the soil, which supplies 274 

organic phosphorus to the soil and gives an impression that encourages the Gram positive 275 

bacteria to convert them into Pmic. The cropping systems of PCM have a convincing impact on 276 

microbial biomass compared to other systems due to good soil properties and litter diversity. 277 

Different litters of multiple crops might invade different microbes, which releases nutrients to 278 

the soil in a better way, further resulting in enhanced biomass (McDaniel et al., 2014; Padalia 279 

et al., 2022). 280 
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Different cropping systems produce various residues and root exudates, which boost microbial 281 

activity and diversity of the soil. Further, increases soil microbial biomass and establishes C 282 

and N cycling (Li et al. 2019). Thus, the PCM systems with different leguminous and non-283 

leguminous plants have shown better soil microbial biomass when compared to other cropping 284 

systems of the study. 285 

Microbial biomass richness mostly depends on the soil carbon instead of nitrogen, though the 286 

nitrogen might be influenced by the C:N ratio; similarly, the presence of phosphorus also has 287 

an influence on biomass carbon with the C:P ratio. The maintenance of the ratio between C: N: 288 

P may be due to the litter of multiple cropping, which correlates with the findings of Xu et al. 289 

(2013). The Cmic/C, N/Nmic, and P/Pmic percent ratios were in the range of 1.21±0.87 to 290 

1.64±0.76, 0.89±0.89 to 3.89±1.4, 0.98±1.4 to 2.99±0.9 respectively. Our study report fell into 291 

the 1.2 to 2.7% range per Devi & Yadava et al. (2006). A study by Ravindran & Yang (2015) 292 

found that the ratio of Cmic/C, N/Nmic, and P/Pmic percent was in the range of 1.2 to 3.1% in 293 

the forest soils, which is similar to ours. The PCM systems in the study have significantly 294 

maintained the abiotic characteristics of the soil, which further improved the plant growth in 295 

drought-hit soils. 296 

5 Conclusion 297 

The continuous cultivation deprives the soil of its inherent pool of nutrients, and slowly, the 298 

soil becomes unhealthy. To improve the physicochemical and biological characteristics of the 299 

soil needed for better crop productivity, multiple cropping and crop rotation with other 300 

agriculture practices are suggested. In the present study, we employed these practices in the 301 

drought-hit soil of a different regions in the Anantapur district of AP, India. We demonstrated 302 

that the proper root system and perennial crops play a key role in enriching the microbial 303 

biomass through their diverse litter that invades different microbes. These changes in the 304 

microbial community seem to have affected carbon, nitrogen, and phosphorus levels. 305 

Moreover, the increase in the concentration of soil organic matter has enriched the diversity of 306 

the plants to be grown in the drought regions, making a feasible environment to activate the 307 

microbial diversity with different plant communities. Plants growing in these soils would 308 

uptake nutrients and release H+ ions, making soil pH acidic and enhancement in WHC, SM, 309 

and ST most suitable for sustainable crop productivity. However, further studies would be 310 

required for the detailed characterization of microbial diversity in different types of systems 311 

used in the present study. and how do they change in response to multiple cropping systems 312 
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under PCM. The available results clearly suggest that the perennial crop selection in the 313 

drought-hit region has significantly improved the total organic carbon, nitrogen, and 314 

phosphorus sources in the soil, further improving the interaction of microbes and thereby 315 

maintaining the microbial biomass of the soil. 316 

Conflict of Interest: There is no conflict of Interest. 317 

Acknowledgements: The authors are thankful “MURTI” (Multi-disciplinary Unit of Research 318 

on Translation Initiative) and “GSS” (GITAM School of Science) of Gandhi Institute of 319 

Technology and Management for providing support in the conducting field studies, necessary 320 

instrumental facilities in the laboratory. 321 

Authors contribution 322 

The author’s contribution is conceptualization by MKR, NJS, investigation by NJS 323 

methodology by MKR and NJS, data curation by MKR & NJS, initial writing by NJS, Writing 324 

– writing and editing MKR, NJS, SSB. All authors discussed, reviewed, and agreed to the 325 

publication. 326 

 327 

References 328 

1. Adingo, S., Yu, J.R., Xuelu, L., Jing, S., Li, X. and Xiaoning, Z.: Land-use change 329 

influence soil quality parameters at an ecologically fragile area of YongDeng County 330 

of Gansu Province, China. PeerJ, 9, p.e12246..https://doi.org/10.7717/peerj.12246. 331 

2021. 332 

2. Awasthi, P., Bargali, K., Bargali, S.S., Khatri, K. and Jhariya, M.K.: Nutrient 333 

partitioning and dynamics in Coriaria nepalensis Wall dominated shrublands of 334 

degraded hills of Kumaun Himalaya. Front. for. glob. change, 5, p.913127.doi: 335 

10.3389/ffgc.2022.913127. 2022. 336 

3. Awasthi, P., Bargali, K., Bargali, S.S. and Khatri, K.: Nutrient return through 337 

decomposing Coriaria nepalensis litter in degraded hills of Kumaun Himalaya, India. 338 

Front. for. glob. Change DOI 10.3389/ffgc.2022.1008939. 2022. 339 

4. Bargali, K., Manral, V., Padalia, K., Bargali, S.S. and Upadhyay, V.P.: Effect of 340 

vegetation type and season on microbial biomass carbon in Central Himalayan forest 341 

soils, India. Catena, 171, pp.125-135.https://doi.org/10.1016/j.catena.2018.07.001. 342 

2018. 343 

https://doi.org/10.5194/egusphere-2024-40
Preprint. Discussion started: 12 March 2024
c© Author(s) 2024. CC BY 4.0 License.



12 
 

5. Bargali, S.S., Shukla, K., Singh, L., Ghosh, L. and Lakhera, M.L.: Leaf litter 344 

decomposition and nutrient dynamics in four tree species of dry deciduous forest Trop. 345 

Ecol. 56(2): 57-66. 2015. 346 

6. Bargali, S.S., Padalia, K. and Bargali, K.: Effects of tree fostering on soil health and 347 

microbial biomass under different land use systems in the Central Himalayas. Land 348 

Degrad. Dev. 30, 1984-1998. https://doi.org/10.1002/ldr.3394. 2019. 349 

7. Bargali, S.S., Singh, R.P. and Joshi, M.: Changes in soil characteristics in eucalypt 350 

plantations replacing natural broad‐leaved forests. J.Veg.Sci. 4: 25-351 

28.  https://doi.org/10.2307/3235730. 1993. 352 

8. Bastida, F., Torres, I.F., Hernández, T. and García, C.: The impacts of organic 353 

amendments: do they confer stability against drought on the soil microbial 354 

community?. Soil Biol. Biochem 113, 173-183. 2017. 355 

9. Batjes, N.H.: Total carbon and nitrogen in the soils of the world. Eur. J. Soil Sci. 65, 356 

10-21.https://doi.org/10.1111/j.1365-2389.1996.tb01386.x. 1996. 357 

10. Bhatla, S.C.A., Lal, M., Kathpalia, R., Bhatla, S.C.: Plant mineral nutrition. Plant 358 

physi.Devel. Metabol., 37-81. 2018. 359 

11. Bisht, S., Bargali, S.S., Bargali, K., Rawat, G.S., Rawat, Y.S. and Fartyal, A.: Influence 360 

of anthropogenic activities on forest carbon stocks—a case study from Gori Valley, 361 

Western Himalaya. Sustainability, 14,16918 DOI: 10.3390/su142416918. 2022. 362 

12. Bizuhoraho, T., Kayiranga, A., Manirakiza, N. and Mourad, K.A.: The effect of land 363 

use systems on soil properties; A case study from Rwanda. Sustainable Agri. Res. 7, 364 

30-40.http://repository.pauwes-cop.net/handle/1/183. 2018. 365 

13. Brookes, P.C., Kragt, J.F., Powlson, D.S. and Jenkinson, D.S.: Chloroform fumigation 366 

and the release of soil nitrogen: the effects of fumigation time and temperature. Soil 367 

Biol.Biochem., 17, 831-835. https://doi.org/10.1016/0038-0717(85)90143-9. 1985. 368 

14. Chen, Y., Yin, S., Shao, Y. and Zhang, K.: Soil bacteria are more sensitive than fungi 369 

in response to nitrogen and phosphorus enrichment. Front. Microbiol.13, 999385. 2022. 370 

15. Devi, N.B. and Yadava, P.S.: Seasonal dynamics in soil microbial biomass C, N and P 371 

in a mixed-oak forest ecosystem of Manipur, North-east India. Appl. Soil Ecol. 31, 220-372 

227. https://doi.org/10.3389/fmicb.2022.999385. 2006. 373 

16. Dietterich, L.H., Bouskill, N.J., Brown, M., Castro, B., Chacon, S.S., Colburn, L., 374 

Cordeiro, A.L., García, E.H., Gordon, A.A., Gordon, E. and Hedgpeth, A.: Effects of 375 

experimental and seasonal drying on soil microbial biomass and nutrient cycling in four 376 

https://doi.org/10.5194/egusphere-2024-40
Preprint. Discussion started: 12 March 2024
c© Author(s) 2024. CC BY 4.0 License.



13 
 

lowland tropical forests. Biogeochemistry, 161(2), 227-377 

250.https://doi.org/10.1007/s10533-022-00980-2. 2022. 378 

17. Geissen, V., Sánchez-Hernández, R., Kampichler, C., Ramos-Reyes, R., Sepulveda-379 

Lozada, A., Ochoa-Goana, S., De Jong, B.H.J., Huerta-Lwanga, E. and Hernández-380 

Daumas, S.: Effects of land-use change on some properties of tropical soils—an 381 

example from Southeast Mexico. Geoderma, 151, 87-382 

97.https://doi.org/10.1016/j.geoderma.2009.03.011. 2009. 383 

18. Gikonyo, F.N., Dong, X., Mosongo, P.S., Guo, K. and Liu, X.: Long-term impacts of 384 

different cropping patterns on soil physico-chemical properties and enzyme activities 385 

in the low land plain of North China. Agronomy, 12, 386 

471.https://doi.org/10.3390/agronomy12020471. 2022. 387 

19. Gillespie, L.M., Fromin, N., Milcu, A., Buatois, B., Pontoizeau, C. and Hättenschwiler, 388 

S.: Higher tree diversity increases soil microbial resistance to drought. Commun.biol 3, 389 

377. https://doi.org/10.1038/s42003-020-1112-0. 2020. 390 

20. Han, W., Wang, G., Liu, J. and Ni, J.: Effects of vegetation type, season, and soil 391 

properties on soil microbial community in subtropical forests. Appl Soil Ecol, 158, 392 

103813. https://doi.org/10.1016/j. 2021. 393 

21. Joshi, M., Bargali, K. and Bargali, S.S.: Changes in physico-chemical properties and 394 

metabolic activity of soil in poplar plantations replacing natural broad-leaved forests in 395 

Kumaun Himalaya. J.Arid Environ 35: 161-169. 396 

https://doi.org/10.1006/jare.1996.0149. 1997. 397 

22. Kirkegaard, J.A., Conyers, M.K., Hunt, J.R., Kirkby, C.A., Watt, M. and Rebetzke, 398 

G.J.: Sense and nonsense in conservation agriculture: principles, pragmatism and 399 

productivity in Australian mixed farming systems. Agric.Ecosyst. Environ. 187, 133-400 

145.https://doi.org/10.1016/j.agee.2013.08.011. 2014. 401 

23. Latati, M., Aouiche, A., Tellah, S., Laribi, A., Benlahrech, S., Kaci, G., Ouarem, F. and 402 

Ounane, S.M.: Intercropping maize and common bean enhances microbial carbon and 403 

nitrogen availability in low phosphorus soil under Mediterranean 404 

conditions. Eur.J.Soil. Biol 80, 9-18. https://doi.org/10.1016/j.ejsobi.2017.03.003. 405 

2017. 406 

24. Li, X., Jousset, A., de Boer, W., Carrión, V.J., Zhang, T., Wang, X. and Kuramae, E.E.: 407 

Legacy of land use history determines reprogramming of plant physiology by soil 408 

microbiome. The ISME journal, 13, 738-751https://doi.org/10.1038/s41396-018-0300-409 

0. 2019. 410 

https://doi.org/10.5194/egusphere-2024-40
Preprint. Discussion started: 12 March 2024
c© Author(s) 2024. CC BY 4.0 License.



14 
 

25. Manral, V., Bargali, K., Bargali, S.S., Karki, H. and Chaturvedi, R.K.: Seasonal 411 

dynamics of soil microbial biomass C, N and P along an altitudinal gradient in central 412 

Himalaya, India.. Sustainability, 15, 1651.https://doi.org/10.3390/su15021651. 2023. 413 

26. Manral, V., Bargali, K., Bargali, S.S. and Shahi, C.: Changes in soil biochemical 414 

properties following replacement of Banj oak forest with Chir pine in Central Himalaya, 415 

India. Ecol. Process 9, 30.https://doi.org/10.1186/s13717-020-00235-8. 2020. 416 

27. Maranguit, D., Guillaume, T. and Kuzyakov, Y.: Land-use change affects phosphorus 417 

fractions in highly weathered tropical soils. Catena, 149, 385-418 

393.https://doi.org/10.1016/j.catena.2016.10.010. 2017. 419 

28. Markewitz, D., Sartori, F. and Craft, C.: Soil change and carbon storage in longleaf pine 420 

stands planted on marginal agricultural lands. Ecol. Appl. 12, 1276-421 

1285.https://doi.org/10.1890/1051-0761(2002)012[1276:SCACSI]2.0.CO;2. 2002. 422 

29. McDaniel, M.D., Tiemann, L.K. and Grandy, A.S.: Does agricultural crop diversity 423 

enhance soil microbial biomass and organic matter dynamics? A meta‐analysis. Ecol. 424 

Appl., 24, 560-570.https://doi.org/10.1890/13-0616.1. 2014. 425 

30. Misra, R.: Ecology Work Book Oxford and IBH Publishing Company. New Delhi. 426 

1968. 427 

31. Olsen, S.R.: Estimation of available phosphorus in soils by extraction with sodium 428 

bicarbonate (No. 939). US Department of Agriculture. 1954. 429 

32. Ouda, S., Zohry, A.E.H., Noreldin, T., Ouda, S., Zohry, A. and Noreldin, T.: Crop 430 

rotation maintains soil sustainability. Crop Rotation: An Approach to Secure Future 431 

Food, 55-76. https://doi.org/10.1007/978-3-030-05351-2_4. 2018. 432 

33. Padalia, K., Bargali, S.S., Bargali, K. and Manral, V.: Soil microbial biomass 433 

phosphorus under different land use systems of Central Himalaya. Trop. Ecol. 1-434 

19.https://doi.org/10.1007/s42965-021-00184-z. 2022. 435 

34. Paudel, S. and Sah, J.P.: Physiochemical characteristics of soil in tropical sal (Shorea 436 

robusta Gaertn.) forests in eastern Nepal. Himalayan Journal of Sciences, 1, 107-110. 437 

2003. 438 

35. Peach, K., Tracy, M.V.: Modern Methods of Plant Analysis, Springer Verlag, Adelaide, 439 

Australia. 1956. 440 

36. Pratt, P.F.: Potassium. Methods of soil analysis: Part 2 chemical and microbiological 441 

properties. 9, 1022-30. 1965. 442 

https://doi.org/10.5194/egusphere-2024-40
Preprint. Discussion started: 12 March 2024
c© Author(s) 2024. CC BY 4.0 License.



15 
 

37. Ravindran, A., Yang, S.S.: Effects of vegetation type on microbial biomass carbon and 443 

nitrogen in subalpine mountain forest soils. J.M.I.I. 48, 362-444 

369.https://doi.org/10.1016/j.jmii.2014.02.003. 2015. 445 

38. Rice, C.W., Moorman, T.B. and Beare, M.: Role of microbial biomass carbon and 446 

nitrogen in soil quality, 49, 203-215. https://doi.org/10.2136/sssaspecpub49.c12. 1997. 447 

39. Rosen, C.J., Kelling, K.A., Stark, J.C. and Porter, G.A.: Optimizing phosphorus 448 

fertilizer management in potato production. AJPR, 91, 145-449 

160.https://doi.org/10.1007/s12230-014-9371-2. 2014. 450 

40. Sharma, S., Singh, P. and Sodhi, G.P.S.: Soil organic carbon and biological indicators 451 

of uncultivated vis-à-vis intensively cultivated soils under rice–wheat and cotton–wheat 452 

cropping systems in South-Western Punjab. Carbon Manag. 11, 681-453 

695.https://doi.org/10.1080/17583004.2020.1840891. 2020. 454 

41. Srivastava, S.C. and Singh, J.S.: Effect of cultivation on microbial carbon and nitrogen 455 

in dry tropical forest soil. Biol. Fertil. Soils 8, 343-348. 456 

https://doi.org/10.1007/BF00263167. 1989. 457 

42. Vance, E.D., Brookes, P.C. and Jenkinson, D.S.: Microbial biomass measurements in 458 

forest soils: the use of the chloroform fumigation-incubation method in strongly acid 459 

soils. Soil Biol.Biochem. 19, 697-702.https://doi.org/10.1016/0038-0717(87)90051-4. 460 

1987. 461 

43. Walkley, A., Black, I.A.: An examination of the Degtjareff method for determining soil 462 

organic matter, and a proposed modification of the chromic acid titration method. Soil 463 

Sci., 37, 29-38. 1934. 464 

44. Wang, C., Liu, D., and Bai, E.: Decreasing soil microbial diversity is associated with 465 

decreasing microbial biomass under nitrogen addition. Soil Biol.Biochem. 120, 126-466 

133.https://doi.org/10.1016/j.soilbio.2018.02.003 2018 467 

45. Wang, C., Wang, X., Liu, D., Wu, H., Lü, X., Fang, Y., Cheng, W., Luo, W., Jiang, P., 468 

Shi, J. and Yin, H.: Aridity threshold in controlling ecosystem nitrogen cycling in arid 469 

and semi-arid grasslands. Nat.commun, 5, 4799.https://doi.org/10.1038/ncomms5799. 470 

2014. 471 

46. Wang, K., Ren, T., Yan, J., Zhu, D., Liao, S., Zhang, Y., Lu, Z., Cong, R., Li, X. and 472 

Lu, J.: Straw returning mediates soil microbial biomass carbon and phosphorus 473 

turnover to enhance soil phosphorus availability in a rice-oilseed rape rotation with 474 

different soil phosphorus levels. Agric.Ecosyst. Environ. 335, 475 

107991.https://doi.org/10.1016/j.agee.2022.107991. 2022. 476 

https://doi.org/10.5194/egusphere-2024-40
Preprint. Discussion started: 12 March 2024
c© Author(s) 2024. CC BY 4.0 License.



16 
 

47. Xing, T.T., Cai, A.D., Lu, C.A., Ye, H.L., Wu, H.L., Huai, S.C., Wang, J.Y., Xu, M.G., 477 

Lin, Q.M.: Increasing soil microbial biomass nitrogen in crop rotation systems by 478 

improving nitrogen resources under nitrogen application. J.Integr. Agric. 21, 1488-479 

1500.https://doi.org/10.1016/S2095-3119(21)63673-0. 2022. 480 

48. Xu, X., Thornton, P.E. and Post, W.M.: A global analysis of soil microbial biomass 481 

carbon, nitrogen and phosphorus in terrestrial ecosystems. Glob. Ecol.Biogeogr. 22, 482 

737-749.https://doi.org/10.1111/geb.12029. 2013. 483 

49. Zhang, Y., Yu, Z., Shi, Y., Gu, S. and Zhang, Y.: Effects of supplemental irrigation 484 

based on soil water content on water consumption, dry matter and yield of 485 

wheat. Chil.J.Agric.Res. 79, 190-201. http://dx.doi.org/10.4067/S0718-486 

58392019000200190 . 2019. 487 

 488 

Table:1 Cropping System in Drought Region 489 

Pattern of Crops Crop species Pot Herbs 

Open Land (OL) Mangifera indica, Solanum 

lycopersicum, Citrus 

sinensis, Ricinus communis, 

Citrus linetta 

Chrysanthemum indicum, 

Rosa rubiginosa, Justicia 

infundibuliformis 

Annual Crop with single 

species (ACS) 

Zea mays, Sorghum, Oryza 

sativa, Solanum melongena, 

Pennisetum glaucum 

Tagetes erecta, 

Chrysanthemum indicum, 

Coriandrum sativum,  

Perennial crops with 

multiple species  (PCM) 

Cajanus cajan, Musa 

acuminata, Murrayakoenigii, 

Citrullus lanatus 

Jasminum sambac, 

Chrysanthemum indicum, 

Spinacia oleracea 

Less water available lands 

(LWA) 

Arachis hypogaea, Sorghum, 

Capsicum frutescens, 

Trigonella foenum-graecum, 

Helianthus annuus 

Trigonella foenum-graecum, 

Amaranthus caudatus,  

Crops are grown near the 

ponds (CP) 

Justicia infundibuliformis, 

Tagetes erecta, Psidium 

guajava, Portulaca oleracea, 

Gossypium hirsulum, Citrus 

limetta 

Justicia infundibuliformis, 

Tagetes erecta, Portulaca 

oleracea 

 490 

 491 

Table: 2 Soil Physical properties of different agricultural cropping systems 

   Agricultural Cropping systems 

Parameters Depth 

(cm) 

OL ACS PCM LWA CP 

Sand (%) 0-15 43.12±3.33 42.66±2.98 36.22±2.89 44.25±3.09 43.24±2.59 

 15-30 42.22±3.37 40.16±2.81 34.55±2.08 43.55±3.04 42.19±2.53 

 30-45 39.67±2.77 38.66±2.70 35.43±2.83 42.92±2.57 41.91±3.29 
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Silt (%) 0-15 34.12±2.04 27.22±2.17 28.99±1.73 36.24±2.89 37.32±2.72 

 15-30 32.12±2.24 30.56±2.13 31.28±1.56 37.12±2.59 38.87±2.33 

 30-45 35.22±2.11 29.98±1.79 30.98±2.16 36.88±2.58 37.88±2.65 

Clay (%) 0-15 22.76±1.82 30.12±1.50 34.79±2.43 19.51±1.56 19.44±1.36 

 15-30 25.66±1.53 29.32±1.75 34.17±2.73 19.33±1.35 18.94±1.13 

 30-45 25.11±1.25 31.36±2.50 33.59±2.35 20.2±1.24 20.21±1.61 

BD (g/cm3) 0-15 2.01±0.12 1.93±0.15 1.89±0.09 1.77±0.14 1.65±0.13 

 15-30 2.32±0.16 1.98±0.13 1.99±0.15 1.85±0.11 1.72±0.10 

 30-45 3.01±0.24 2.01±0.16 2.10±0.16 1.90±0.13 1.89±0.13 

WHC (%) 0-15 35.66±2.13 44.56±3.11 51.26±4.10 39.76±2.38 33.24±2.32 

 15-30 33.72±2.69 43.23±3.02 49.37±3.94 37.12±2.59 31.98±2.55 

 30-45 34.51±2.41 40.12±2.80 47.23±3.34 35.65±2.49 29.67±1.48 

SM (%) 0-15 4.08±0.28 6.92±0.48 9.43±0.66 5.32±0.37 5.99±0.35 

 15-30 3.98±0.35 4.94±0.39 7.13±0.57 4.15±0.24 4.27±0.29 

 30-45 2.89±2.02 3.12±0.15 3.42±0.26 3.23±0.20 2.87±0.17 

ST 0-15 32.1±2.56 30.2±1.81 31.2±0.66 29.3±1.46 30.1±2.40 

 15-30 26.1±1.82 24.1±1.45 25.6±0.76 26.1±1.82 29.3±2.05 

 30-45 25.2±1.76 23.4±1.63 24.3±0.12 25.7±1.79 26.1±1.30 

Texture  Loam soil Loam soil Loam soil Loam soil Loam soil 

 492 
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 497 

Table:6 Pearson’s correlation of microbial biomass indices. 498 

 C mic N mic P mic C 

mic:Nmic:Pmic 

C 

mic/C(%) 

N 

mic/N(%) 

P 

mic/P(%) 

C mic 1       

N mic 0.961** 1      

P mic 0.882 0.912** 1     

C 

mic:Nmic:Pmic 

-

0.663** 

-

0.792** 

-

0.801** 

1    

C mic/C(%) -0.212 -0.345 -0.226 0.110 1   

N mic/N(%) 0.569** 0.963** 0.843** -0.679** -0.269 1  

P mic/P(%) 0.412** 0.864** 0.765** 0.115 -0.439 -0.643** 1 
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