



Influence of Fallow Length and Land Use Practices on Soil Microbial Properties in Shifting Cultivation Landscapes of Manipur
ABSTRACT

This study investigates the effects of fallow length (0–1, 3–4, 5–7, 8–10, and 12 years) and alternative land-use systems—intermittent agriculture, agroforestry, and abandoned jhum lands—on soil microbial properties in shifting cultivation areas of Chandel district, Manipur, India. Soil microbial biomass carbon (SMBC), dehydrogenase activity (DHA), and basal respiration (BR) were assessed across soil depths to evaluate soil biological recovery following slash-and-burn cycles. Results showed that short fallow cycles (3–4 years) led to a pronounced decline in SMBC, DHA, and BR across all land-use types, indicating severe microbial deterioration under intensive jhum. In contrast, extending fallow duration beyond 5–7 years resulted in significant improvement in microbial biomass and enzymatic activities, except in intermittent agriculture where irregular crop–fallow rotations disrupted recovery. Among the land uses, abandoned jhum lands (>5 years) and agroforestry systems aged 8–10 years exhibited the highest biological restoration, surpassing even 25-year-old secondary Pinus kesiya forests in microbial activity. Agroforestry systems enriched with nitrogen-fixing trees (Alnus, Albizia, Parkia) and leguminous crops (Vigna, Cajanus, Glycine max) enhanced soil nutrient cycling, organic matter accumulation, and microbial functioning. These findings highlight that optimizing fallow cycles (≥5–7 years) and adopting integrated agroforestry systems can substantially restore soil microbial health and sustain productivity in degraded jhum landscapes of the North Eastern Hill region.
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Introduction

Shifting cultivation, locally known as jhum, remains one of the most prevalent forms of subsistence farming in the hilly regions of Northeast India (Anon, 1992). Traditionally, under conditions of low population density and extended fallow cycles of 10–15 years, jhum was considered both ecologically viable and economically sustainable. Long fallow periods allowed for adequate soil nutrient recovery, vegetation regeneration, and maintenance of ecosystem functions. However, over the past few decades, population growth, increasing food demand, and scarcity of arable land have placed tremendous pressure on the shifting cultivation system. Consequently, the jhum cycle has shortened drastically to 2–3 years in many parts of the region, leading to repeated burning, loss of forest cover, and encroachment into previously undisturbed forest areas (Nair, 1993; Marafa and Chau, 1999; Das et al., 2021). This intensification has accelerated soil erosion, nutrient depletion, faunal and microbial decline, and overall land degradation (Borggaard et al., 2003; Kumar et al., 2023). Soil microorganisms play a pivotal role in nutrient cycling, organic matter decomposition, and soil fertility maintenance. Their abundance and activity—measured through microbial biomass carbon (MBC), basal respiration (BR), and enzymatic activities such as dehydrogenase (DHA)—are highly sensitive indicators of soil health and ecological recovery (Vance et al., 1987; Casida, 1977). Recent studies in the North Eastern Hill (NEH) region have demonstrated that microbial biomass and enzymatic activities decline sharply in freshly burned jhum fields but gradually recover with increasing fallow age (Temjen et al., 2022; Barman et al., 2025). Agroforestry and natural fallows dominated by nitrogen-fixing species such as Alnus, Albizia, and Parkia significantly enhance soil organic carbon and microbial activity, improving resilience and restoration potential (Fahad et al., 2022; Arunachalam et al., 1999; Devanshi et al., 2021). Despite these insights, there remains limited quantitative understanding of how microbial properties respond to varying jhum fallow cycles and alternative land uses under the unique ecological and climatic conditions of the NEH region. The interplay between shortened fallow cycles, land-use transition (e.g., from jhum to agroforestry or abandonment), and soil microbial recovery remains poorly characterized.

Therefore, the present study was undertaken to investigate the effect of shifting cultivation cycles and different land-use systems on soil microbial properties—specifically, soil microbial biomass carbon (SMBC), dehydrogenase activity (DHA), and basal respiration (BR)—in the jhum-affected landscapes of Chandel district, Manipur. The study aims to identify sustainable land-use and fallow management strategies that can restore soil health and improve the long-term productivity of degraded jhum lands in Northeast India.

MATERIALS AND METHODS

Site selection 

The Chandel district of Manipur was selected as a study area because all the possible forms of improved/ alternate land use practices on the abandoned shifting cultivated were available. After a preliminary survey of the study area, the shifting cultivated areas with different fallow cycles (e.g. 0-1, 3-4, 5-7, 8-10 and 12 years), presently under different land use practices (e.g. intermittent agriculture, pastures/ grassland and agroforestry) were selected. The age of fallow cycles were determined from the year of first burning of vegetation (first time jhuming) in all the land uses. Secondary mature forest (dominated by Pinus kesiya) of 25 years old in the vicinity of the shifting cultivated area was also selected as reference (control) site. The vegetations (trees and crops) grown at the sampling site under different land uses were given in the table no. 1
Soil sample collection and preparation
For each landuses soil samples were collected from different reaches of the hillock (upper, middle and lower reaches). Fresh undisturbed samples were collected for analysing biological properties from three depths (0-15 cm, 15-30 cm and 30-45 cm) for each reaches. Three soil biological parameters were analysed for this study such as soil microbial biomass carbon (SMBC), dehydrogenase activity and basal respiration (BR). Standard procedures were followed to estimate of soil microbial parameters (Table 2).

Statistical analysis
The individual variables such as dehydrogenase activity, soil microbial biomass carbon and basal respiration etc. were analyzed using a two way analysis of variance (ANOVA). The first factor was fallow cycle with five levels (0-1, 3-4, 5-7, 8-10 and 12 years post burning period) and second factor was landuse with 3 levels (intermittent agriculture, abandoned jhum and agroforestry practices). Three replications (r=3) were used to record observations on each variable. Students Newman Keuls Test was used as the post hoc test for multiple comparisons of means. It was also tried to compare the population means of all the variables (biological properties) at the same time. For this, Multivariate Analysis of Variance (MANOVA) was carried out on the data. For MANOVA, the soil depth with 3 levels was also included in the analysis as the third factor.  MANOVA hypothesis was tested with the help of Wilks’ lamda  or Wilk’s likehood ratio (Λ).
RESULT AND DISCUSSION

Impact of land use and fallow cycles on Soil Microbial Biomass Carbon (SMBC) in shifting cultivated area


The soil microbial biomass is a source and sink of nutrients. Thus, changes in the microbial biomass can be used to predict the effects of ecosystem perturbations. Results from the investigation clearly reflected that burning vis-à-vis disturbance of soil during shifting cultivation remarkably decreased microbial biomass carbon by 45-62% in all the three land uses (e.g. intermittent agriculture: 308.7 µg/g soil; agroforestry: 324.8 µg/g soil and abandoned jhum land: 454.3 µg/g soil) practiced in shifting cultivated area (Table 3) compared to undisturbed secondary mature forest (SMBC: 827.2 µg/g soil). Again, irrespective of land uses practiced in jhum area, post burning increasing trend of SMBC was distinctive. As the length of fallow periods increased, SMBC increased gradually from 193.8 µg/g soil in freshly burned (0-1 year fallow cycle) to as high as 2135.4 µg/g soil in 8-10 years fallow cycle (Table 4).  Similarly, within each land use system, more or less similar trend of post burning increase in SMBC was observed, although wide variations and few exceptions were observed. Unlike abandoned jhum land, an irregular increase in SMBC was recorded in intermittent agriculture as well as in agroforestry systems as the post burning cultivation progressed (Fig.1). In all the land uses including undisturbed forest soils, SBMC decreased consistently as the depth increases and as a result, surface soil (0-15 cm) had significantly higher SMBC (574.2 µg/g soil ) over sub-surface soils (15-45 cm: 365.8- 147.8 µg/g soil). In intermittent agriculture, SMBC content at surface (0-15 cm) varied from 192.13 µg/g  (in 3-4 years fallow cycle) to 1098.33 µg/g (in 8-10 years fallow cycle) while in agroforestry system, the corresponding variation was from 200.37 µg/g  (in 0-1 year fallow cycle) to 1426.51 µg/g  (in 8-10 years fallow cycle). Similarly, in abandoned jhum land, SMBC content at surface soils varied from 251.20 µg/g (0-1 year fallow cycle) to 1488.43 µg/g (in 12 years fallow cycle) (Fig 1).  In secondary mature forest, SMBC at surface soil was relatively high (1537.53 µg/g) compared to all the three land uses adopted in shifting cultivated area. These results were in accordance with the finding of Arunachalam (2002) that the microbial biomass C, N, and P were high in the forest stand. Microbial biomass C increased gradually as cultivation progressed, while microbial biomass N and P showed a post-burn decreasing trend. The MBC value was higher in sacred forest than 1 year jhum fallow i.e.  1684.2 µg/g and 811.1 µg/g respectively.

Impact of land use and fallow cycles on dehydrogenase activity (DHA) in shifting cultivated area
The determination of enzyme activities in conjunction with basal respiration of the soil microbes provides the most reliable index of microbial activity in soil. Our investigation revealed that land disturbances including burning in the form of shifting cultivation of different ages considerably reduced dehydrogenase activity compared to undisturbed forest systems (DHA: 10.45 µg TPF/g soil/24hr). Among the land uses practiced in jhum area, abandoned jhum land, though registered  significantly higher DHA (8.66 µg TPF/g soil/24hr) compared to agroforestry (7.99 µg TPF/g soil/24hr) and intermittent agriculture (5.58 µg TPF/g soil/24hr) systems (Table 3), yet, it was lower than the undisturbed forest ecosystem by 17%. In all the land uses, post burning DHA also increased consistently with the increase in age of fallow cycles: from 6.52 µg TPF/g soil/24hr in 3-4 years fallow cycle to 8.08 µg TPF/g soil/24hr in 8-10 years fallow cycle (Table 4). Depth distribution, however, reflected a consistent decrease both in average DHA (from 10.95 µg TPF/g soil/24hr at 0-15 cm to 4.03 µg TPF/g soil/24hr at 30-45 cm) within each land use systems of different ages (Fig.2). In intermittent agriculture, variation in DHA at surface soils (0-15 cm) was substantial: from 3.70 µg TPF/g soil/24hr (in 3-4 years fallow cycle) to 10.7 µg TPF/g soil/24hr (in 5-7 years fallow cycle). The corresponding variation in agroforestry system ranged from 10.73 µg TPF/g soil/24hr (in 0-1 year fallow cycle) to 12.93 µg TPF/g soil/24hr (in 12 years fallow cycle). Similarly, in abandoned jhum land, DHA content at surface soil varied from 9.66 µg TPF/g soil/24hr (in 0-1 year fallow cycle) to 17.20 µg TPF/g soil/24hr (in 12 years fallow cycle). Similarly Vanlalhruaii et al., (2005) observed that dehydrogenase activities were significantly (P < 0.01) greater in the soils of the undisturbed forest ecosystem than the soils under various land use practices in the buffer zone. Dehydrogenase activities were maximum in the undisturbed core zone and minimum in the 1-year-old jhum fallow. Enzyme activities declined significantly (P < 0.01) with increase in soil depth. Arunachalam et al., (1999) reported the soil dehydrogenase activity decreases in the following order from sacred grove > alder plantation > fern-dominated site > 16 year old regrowth > 13 year old regrowth > jhum fallow > 7 year regrowth > grassland. Dehydrogenase activity increased with increasing stand age in the forest regrowth i.e. from 5 to 8.2 mg/g/day. This could be attributed to increasing plant cover which produced a greater amount of litter that was ultimately incorporated into the soil.  Burning has been shown to induce high rates of microbial mortality due to the heating of the topsoil and due to the abrupt increase of pH level immediately after the burn (Andriesse and Koopmans, 1984; Giardina et al., 2000; Jensen et al., 2001), the microbial population rapidly recovers to the pre-burn levels stimulated by favourable soil pH, increased soil moisture, increased temperatures, enhanced nutrient availability and inputs of labile carbon from ash (Nye and Greenland, 1960; Palm et al., 1996; Giardina et al., 2000; Arunachalam, 2002; Devanshi et al., 2022).

Basal respiration (BR), a sensitive indicator of microbial metabolic activity and soil organic carbon turnover, significantly declined following the burning phase of shifting cultivation. Compared to the undisturbed secondary forest (73.7 µg CO₂ g⁻¹ day⁻¹), BR was 20–42 % lower across land-use practices of varying ages within the shifting cultivation landscape. Among land-use systems, agroforestry exhibited the highest BR (53.1 µg g⁻¹ day⁻¹), followed by abandoned jhum lands (47.6 µg g⁻¹ day⁻¹) and intermittent agriculture (39.4 µg g⁻¹ day⁻¹) (Table 3).

A consistent post-burning increase in BR was observed with the lengthening of fallow cycles, rising from 26.3 µg g⁻¹ day⁻¹ in freshly burned (0–1 year) plots to 57.7–62.8 µg g⁻¹ day⁻¹ in 8–12 year-old fallows (Table 4). This trend reflects the gradual recovery of microbial respiration capacity with vegetation regrowth, organic litter input, and improved microclimatic conditions. Across all systems, BR declined with soil depth—from 71.4 µg g⁻¹ day⁻¹ in surface layers (0–15 cm) to 27.1 µg g⁻¹ day⁻¹ at 30–45 cm—demonstrating the strong surface dependence of microbial processes on organic carbon and root activity.

Within each land-use system, BR increased substantially as the fallow period extended, with agroforestry and abandoned jhum systems showing more rapid recovery than intermittent agriculture (Fig. 3). The enhanced microbial respiration under longer fallows can be attributed to improved soil organic matter content and root exudation, particularly under nitrogen-fixing trees (Alnus, Parkia, Albizia) and leguminous crops (Vigna, Cajanus, Glycine max).

These findings corroborate earlier work by Arunachalam et al,. (1999), who reported higher soil respiration and dehydrogenase activity in sacred forests (674 µg CO₂ g⁻¹ day⁻¹ and 8.2 mg TPF g⁻¹ day⁻¹, respectively) than in 1-year jhum fallows (415 µg CO₂ g⁻¹ day⁻¹ and 5 mg TPF g⁻¹ day⁻¹). Recent studies from similar mountain ecosystems have further substantiated these trends: microbial respiration and enzymatic activity increase significantly with stand age and vegetation recovery (Devanshi Singh et al., 2021; Barman et al., 2025).

Long-term agroforestry trials across the Himalayan and North Eastern Hill regions have shown that the establishment of legume-based and tree-integrated systems enhances soil organic carbon pools and microbial functional diversity, thus promoting higher basal respiration and nutrient turnover rates (Fahad et al., 2022; Kumar et al., 2023). Similarly, research by Temjen et al., (2022) and Das et al. (2021) indicates that prolonged fallow restoration phases (>5–7 years) markedly improve soil quality indices—including microbial and respiration components—compared to short-cycle jhum systems.

Overall, the present findings confirm that shortened fallow cycles lead to suppressed microbial respiration, whereas prolonged fallows or agroforestry transitions restore soil microbial activity and carbon fluxes essential for long-term soil health and sustainability in shifting cultivation landscapes.

Soil Map:

In order to represent the soil microbial map across reaches of hill (Top to bottom) under different landuse systems with respect to space dimension, spatial maps of soil microbial properties were prepared using interpolation technique (Krigging) in GIS environment. These spatial maps of soil microbial parameters are been presented cluster wise (Cluster-I and Cluster-II). (Figure 4)
This study demonstrates that the shortening of shifting cultivation (jhum) fallow cycles to 2–4 years has profound negative impacts on soil microbial functioning and, consequently, on soil health and productivity. Across all land-use systems studied in the Chandel district of Manipur, short fallows significantly reduced soil microbial biomass carbon (SMBC), dehydrogenase activity (DHA), and basal respiration (BR), indicating impaired soil biological activity and organic carbon turnover.

In contrast, the gradual extension of fallow periods from 5–7 to 8–12 years resulted in marked improvement of all microbial parameters. Agroforestry and abandoned jhum systems exhibited the most consistent recovery trends, with SMBC increasing by over 90% and enzymatic activity by more than 10% compared to short-cycle fallows. Agroforestry systems enriched with leguminous crops (Vigna, Cajanus, Glycine max) and nitrogen-fixing trees (Alnus, Albizia, Parkia) restored microbial and biochemical properties even more rapidly than natural secondary forest regrowth, owing to higher litter input, rhizosphere activity, and carbon–nitrogen balance.

These results corroborate recent findings across the North Eastern Hill region and the Indian Himalayas, where prolonged fallows and agroforestry adoption have been shown to enhance soil organic carbon pools, microbial biomass, and enzyme activities (Temjen et al., 2022; Kumar et al., 2023; Barman et al., 2025). The restoration trajectory observed here reinforces the view that microbial indicators are reliable early measures of ecosystem recovery in post-jhum landscapes.

Therefore, to sustain soil productivity and ecological stability in shifting cultivation-dominated areas, it is recommended to:

1. Maintain minimum fallow cycles of at least 5–7 years, allowing sufficient time for soil microbial and nutrient recovery;

2. Promote agroforestry-based rehabilitation systems incorporating nitrogen-fixing species and multipurpose tree–crop combinations; and

3. Integrate soil biological monitoring into land-use planning and policy interventions to track restoration progress.

Adoption of such improved land-use and fallow management strategies can effectively restore microbial functioning, enhance soil fertility, and ensure long-term sustainability of the shifting cultivation landscapes in Northeast India.

 Table 1. Vegetation (trees and crops grown) at the sampling site under different land uses. 
	Sl. No.
	Present Land use of different age groups
	Fallow cycles (year since first burning
	Crops/trees/grasses grown

	1.
	Agro-forestry 

(fresh to 12 years old)
	A (0-1 year), B(3-4 years), C(5-7 years), 

D (8-10 years) and E(12 years old)


	Parkia javanica, Mangifera indica, Vigna unguiculate, Blumea densiflora, Sachharum officinalis, Emblica officinalis; Windlandia glabrate,  Pinus kesiya, Curcuma longa, Bambusa sps., Quercus serrata, Eucaliptus sps, Musa paradisiaca, Cucurbita moschate, Colocasia esculenta, Zingiber officinale, Hibiscus cannabinus, Ananas comosus, Zea mays, Cajanus cajan, Albezia, Alnus sps.

	2.
	Intermittent agriculture

(fresh to 12 years old)
	A (0-1 year), B(3-4 years), C(5-7 years), 
D (8-10 years) and E(12 years old)
	Oryza sativa, Zea mays, Colocasia esculenta,  Glycine max, Cucumis sativus, Vigna mungo, Vigna unguiculata, Dioscorea bulbifera,  Citrullus lanatus, Rhus semialata/ succeedanea

	3.
	Abandoned jhum land

(fresh to 12 years old)
	A (0-1 year), B(3-4 years), C(5-7 years), 
D (8-10 years) and E(12 years old)
	Viola pillosa, Eupatorium odoratum, Thysanolaena maxima, Melothria purpusilla, Cymbopogon flexuosus, Hyparrhenia rufa sps, Strychnos nux-blanda, Melastoma malabatericum, Lentinellus cochleatus, Blumea densiflora, Gynura cusimbua, 

	4.
	Secondary mature forest

(25 years old)
	
	Pinus kesiya, Strychnos nux-blanda, Decomomorop jenkinsianus, Rhus semialata/succeedanea, Windlandia glabrate, Ficus auriculata/ cunii, Lannea grandis, Salmalia malabarica, Tectona grandis, Castanopsis indica, Litsaea polyantha


Table 2. Methods followed for estimation of soil microbial properties

	Parameter
	Method/Instrument
	Reference

	De-hydrogenase activity
	Colorimetric determination of reduced  TTC
	Casida (1977)

	Basal respiration 
	CO2 evolution trough alkali trap method
	MacFayden A(1970)

	Soil microbial biomass carbon
	Chloroform fumigation-extraction technique
	Vance et.al., (1987)


Table 3. Effect of land uses practices on soil microbiological properties in shifting cultivated area

	Land uses
	SMBC

(µg/g)
	DHA

(µg TPF/g soil/24hr)
	BR

(µg/g soil/day)

	Intermittent Agriculture
	308.77c
	5.58a
	39.41a

	Agro-forestry
	324.86b
	7.99b
	53.06c

	Abandoned jhum land
	454.32a
	8.66c
	47.61b


n=45; Statistical test = Student-Newman-Keuls test; Means in the column followed by common letter are not statistically different at 5% level of significance. Data presented are the average of 0-45cm soil depth.

Table 4. Effect of fallow cycles on soil microbiological properties under different land uses practices in shifting cultivated area.

	Fallow cycles
	SMBC (µg/g)
	DHA (µg TPF/g soil/24hr)
	BR (µg/g soil/day)

	0-1 year
	193.86 a
	6.83b
	26.34a

	3-4 years
	242.96 b
	6.52a
	30.69b

	5-7 years
	450.47c
	7.71c
	56.12c

	8-10 years
	2135.37e
	7.92d
	62.82e

	12 years
	457.29d
	8.08e
	57.65d


n=45; Statistical test = Student-Newman-Keuls test; Means in the column followed by common letter are not statistically different at 5% level of significance. Data presented are the average of 0-45cm soil depth.
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Figure1: Impact fallow cycles on soil microbial biomass carbon (SMBC µg/g) at different depths for different landuse
[image: image2.jpg]DHA (ug TPF /g soil/24hr)

20
18
16
14
12
10

om & o

Intermittent agriculture

Abandoned jhum land

E

Forest

Forest

Agro-forestry

A 3 c o E  Forest

Legends

B o-15em [l 1530em  [l] 3045em
Fallow cycles

A=0-1year;

B=3-4year;

C=5-7year;

D=8-10yearand

E-12year

Vertical bars indicate standard errors





Fig.ure 2: Impact fallow cycles on dehydrogenase activity (DHA µg TPF/g soil/24hr)  at different depths for different landuse 
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Figure 3: Impact fallow cycles on basal respiration rate (BR µg/g soil/day) at different depths for different landuse 
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Figure 4: Spatial maps for soil microbial parameters in the shifting cultivated area Chandel district, Manipur.
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