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Abstract

Open Access

This work examines the effects of sole turmeric and turmeric intercropped
with tree along with mulching under the Natural Farming system on soils
nutrients level and physical properties of the soils at depths of 0 to 15 cm
and 15 to 30 cm. The experimental plot was laid out at hill terrace with RBD
design. The research sbpecifically centers on the status of soil health in terms
of nitrogen, phosphorus, potassium, organic carbon, bulk density and pH. It was
established that intercropping significantly improved soil nitrogen, potassium
and organic carbon levels at both within the soils layer as compared to sole
turmeric cultivation. Nitrogen levels increased to 336.88 kg ha* and 323.42 kg
ha? in the intercropped system at the depths of the soils 0-15 cm and 15-30
cm, respectively, while potassium levels and organic carbon were also noted to
increase in the intercropped system which showed good potential soil fertility.
However, there was no significant difference in the phosphorous content, bulk
density and the pH between the two farming system. These findings suggested
that intercropped turmeric with tree along with mulching improves soil fertility,
promoting better soil health and potentially greater crop yield.
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Introduction enhances the fertility of the soils (Sharma and Sahoo, 2021).
Such natural enrichment of soil decreases dependency on
chemical fertilizers, thus promoting natural farming which
aimed at boosting up the health structure of soils through
organic substances. The existing research usually points out
broad benefits like improved nutrient cycling and better soil

structure in agroforestry systems. However, the specific

Soil health is a fundamental determinant of the productivity
and sustainability in agricultural systems. Natural farming is
one such concept in practice which has gained popularity
over the last few years, as a sustainable means of
agriculture vis-a-vis to conventional method; it advocates

minimal external inputs by deploying organic materials and
methods that improve natural soil fertility. In this regard,
the association of trees with crops and sometimes animals
provided a possible way forward to rehabilitate degraded
agricultural soils - agroforestry. The combination of these
two technologies, natural farming and agroforestry can bring
back life to the degraded land itself through revisiting soil
ecology functions while also developing a food production
that is robust even under climate uncertainty (Dinesha et
al., 2022). Natural farming in combination with agroforestry
system leads to several environmental benefits. The deep
roots of trees reduce soil erosion, increase infiltration rate
and draw up nutrients from the subsoil for use by shallow
rooted crops. Organic material comprising leaves fallen
from trees and pruning infuses essential nutrients in soil
thereby increasing microbial activities which eventually
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connections between agroforestry and natural farming,
such as minimal soil disturbance and the enhancement of
organic matter, haven’t been fully explored across various
agroecological environments. This indicates a real need for
more in-depth studies that look into how these combined
practices can support sustainable land management and
climate resilience, particularly in areas where conventional
natural farming has caused soil degradation. With this
view the study was conducted to evaluate the impact of
agroforestry under natural farming practice on soil health.

Material and Methods

Study Site

The study was conducted during 2023-2024 at Langol Farm
of ICAR-Research Complex for NEH Region, Manipur centre
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located at Latitude 24°50°27.46" N, Longitude 93°55’25.03”
E and an altitude of 839 m. The plot is situated on a terraced
hill, with soil texture of sandy clay loam soil. The site has
been under natural farming practices for trial purpose
and integrates a variety of crops and tree species (Parkia
roxburghii, Mangifera indica and Aleurites fordii). The site
experienced average rainfall of 12.16 mm and average
temperature range of 4.3 °C to 29.6 °C with sub-tropical
humid climate.

Experimental Design

The experiment was set up using a randomized complete
block design (RCBD). The study consists of two treatments:

1. Agroforestry with Natural Farming: Tree + Turmeric +
Straw mulch

2. Natural Farming Monoculture: Turmeric

The size of the experimental plot is 4x3 cm?2. Mulching @ 5
t ha® was applied to intercrop plots using rice straw. All the
plots were manure with FYM @ 5 t ha™. All the crops were
planted with recommended spacing.

Soil Sampling

Soil samples were collected from each plot at 0-15 cm
and 15-30 cm layer. A composite sample was prepared by
collecting subsamples from three random locations within
each plot. The samples was air-dried, sieved (2 mm) and
stored for further analysis.

Soil Analysis

The bulk density of soil (g cm?3) is measured by using the
specific gravity method, which involves determining the
weight of a known volume of soil. The soil pH is measured
using a 1:2.5 soil-to-water suspension (Jackson, 1973). In this
method, a specific amount of soil is mixed with distilled water
and the suspension is measured with a digital pH meter.
The wet digestion method documented by Walkley and
Black (1934) was used to measure soil organic carbon (%).
The alkaline potassium permanganate method, developed
by Subbiah and Asija (1956), was used to determine the
available Nitrogen (N) (kg ha?) in the soil. For measuring
available Phosphorus (P) (kg ha?) in the soil, the Olsen’s
method developed by Olsen et al. (1954) was used. The
neutral 1 N ammonium acetate method, developed by
Merwin and Peech (1951), was used to determine the
potassium available (K) (kg ha?) in soil.

Data Analysis

Data collected was statistically analyzed using paired-t test
to test for significant differences between treatments. The
software SPSS (v 29.0) was used to analyze the data.

Results and Discussion

The comparison of soil nutrient levels and physical properties
between natural farming monoculture (turmeric) and
agroforestry with natural farming (tree + turmeric systems
+ straw much) across two soil depths (0-15 cm and 15-30
cm) as depicted in table 1 and 2, reveals important insights
into how intercropping can impact soil fertility and structure.
At both depths intercropping has more nitrogen, potassium
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and organic carbon content than sole turmeric. Nitrogen a
key nutrient for plant growth and development is higher
in intercropping probably due to better nitrogen cycling
and possibly nitrogen fixation if legumes are part of the
intercrop mix (Li et al., 2020). Potassium important for water
regulation, enzyme activation and overall plant health is
higher in intercropping at both depths; hence, intercropping
might be increasing potassium retention or making it more
available for uptake (Xu et al., 2021). The higher organic
carbon in intercropping indicates good amount of organic
matter content which is essential for long term soil health,
soil structure and microbial activity (Lal, 2015). Organic
carbon is the key for nutrient retention and water holding
capacity and makes cropping systems more resilient. These
findings align with previous research highlighting the
benefits of intercropping in enhancing soil organic matter
and nutrient cycling, particularly in systems where diverse
crops interact to create a more favorable soil environment
(Brooker et al., 2015).

Despite these improvements in nutrient availability, other
soil parameters like phosphorus content, bulk density
and pH do not show significant differences between the
two cropping systems. The lack of significant variation in
phosphorus may be attributed to the inherent limitations
of phosphorus mobility in soils, which typically requires
external inputs rather than changes in cropping practices
alone (Lizcano-Toledo et al., 2021). Bulk density, a measure
of soil compaction, is lower in the intercropped system,
indicating potentially better soil structure, but the difference
is not statistically significant at either depth. This suggests
that while intercropping may reduce soil compaction, its
effects may not be immediate or substantial enough to show
clear differences within the timeframe of the study. Similarly,
the pH levels between the systems remain comparable,
implying that both systems maintain similar soil acidity,
which is important for nutrient availability and plant growth
(Neina, 2019). Overall, the data suggests that intercropping
turmeric with tree significantly boosts nitrogen, potassium
and organic carbon, leading to a more nutrient-rich and
potentially more productive system, particularly in the 0-30
cm soil layer where most root activity and nutrient uptake
occurs. However, the limited impact on phosphorus, bulk
density and pH indicates that while intercropping is beneficial
for some aspects of soil health, other factors such as external
phosphorus management and longer-term soil structure
improvements may require additional interventions.
Many experiments have illustrated that the combination
of agroforestry with organic farming would significantly
enhance soil health. This encompasses increased levels of
organic matter, better structure and microbial activity as
well as improved nutrient cycling. According to Jose (2009),
agroforestry systems have enhanced the soil organic carbon
as a result of the addition of organic matter from littering
trees and root residues. Abreu et al. (2016) reported that
organic farming methods have enhanced the availability of
nitrogen, phosphorus and potassium within agroforestry
systems thereby increasing their availability to be taken up
by the plant. Agroforestry coupled with organic farming in
practices like composting and mulching maximizes retention
of soil water and obliterates a significant erosion of the soil,
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ensuring preservation of topsoil and sustaining productivity
over periods of time (Jordan, 2004; Sharma et al., 2022;
Duanyuan et al., 2023). These findings together suggest that
agroforestry, when practised in combination with organic
farming practices, will exert a synergistic effect of restoring

and maintaining soil health, thus providing a sustainable
approach to improve agricultural resilience and productivity.
It thus represents a promising alternative to conventional
farming systems in the face of soil degradation and nutrient
depletion.

Table 1: Soil physico-chemical parameters under different cropping system at 0-15 cm layer

Cropping system Nitrogen Phosphorous Potassium  Organic Carbon Bulk density pH
(kg ha) (kg ha) (kg ha'') (%) (g cm?)

Natural Farming 296.88 48.21 131.38 1.85 1.13 5.53

Monoculture

Agroforestry with 336.88 54.21 146.38 2.04 0.81 5.23

Natural Farming

P value (<0.5) S NS S S NS NS

[S: Significant; NS: Non Significant]

Table 2: Soil physico-chemical parameters under different cropping system at 15-30 cm layer

Cropping system Nitrogen Phosphorous Potassium  Organic Carbon Bulk density pH
(kg ha) (kg ha) (kg ha) (%) (g cm?)

Natural Farming 286.42 45.01 122.45 1.65 1.24 5.83
Monoculture
Agroforestry with 323.42 52.01 135.45 1.93 0.89 5.47
Natural Farming
P value (<0.5) S NS S S NS NS
[S: Significant; NS: Non-Significant]

Conclusion References

The study shows that integrating agroforestry in a natural
farming system significantly improved soil health compared
with monoculture natural farming system. Nitrogen,
potassium and organic carbon were found to be higher
level in the agroforestry plots, which would improve soil
fertility, microbial activity and moisture retention. These
improvements led to increased crop yields, while phosphorus
content, bulk density and pH remained similar between
systems. Agroforestry is, by all probability, causing better
recycling of nutrients and enrichment in organic matter due
to deep-rooted trees and, thus, corresponds to the principles
of natural farming. This research does indicate potential in
the area of restoring degraded soils with agroforestry while
reducing external inputs to achieve a more resilient and
sustainable farming system. Despite the growing interest
in sustainable farming, not much research has been done
on integrating agroforestry with natural farming systems,
especially on soil health and crop productivity. Studies that
combine both - how tree-crop interactions under natural
farming principles affect soil nutrient dynamics, organic
matter content and long term soil fertility - are still limited.
Further research would be very helpful in optimizing tree-
crop combinations, understanding nutrient interactions and
developing best practices for farmers who seek to balance
productivity with ecological sustainability. This knowledge
would be instrumental in advocating for wider adoption of
such integrated approaches, offering a pathway toward more
resilient and environmentally friendly agricultural systems.
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