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ABSTRACT  ARTICLE INFO 

Mulching is a widely adopted agronomic practice for improving soil health, 
conserving moisture, and enhancing crop productivity, particularly under 
temperate conditions. A field experiment was conducted during 2020–21 at 
SKUAST-Kashmir to evaluate the effects of different organic and inorganic 
mulches on soil physico-chemical properties and moisture–temperature regimes 
under potato (Solanum tuberosum L.) cultivation. The study employed a 
Randomized Complete Block Design with ten treatments, including six colored 
polyethylene mulches and three organic mulches, along with an un-mulched 
control. Soil parameters such as pH, organic carbon, electrical conductivity (EC), 
bulk density, available N, P₂O₅, K₂O, soil moisture, and temperature were assessed 
before and after the experiment. Results revealed significant improvements in soil 
properties under both mulch types compared to the control. Plastic mulches, 
particularly black and green polyethylene, reduced soil pH, EC, and bulk density 
while enhancing soil moisture retention and thermal conditions. Among organic 
mulches, farmyard manure mulch recorded the highest organic carbon, reduced 
EC, improved nutrient availability, and maintained favorable soil temperature and 
moisture levels. Overall, mulched treatments significantly increased available 
nitrogen, phosphorus, and potassium compared to the initial soil status and the un-
mulched control. Black polyethylene mulch and farmyard manure mulch 
consistently outperformed other treatments in improving soil hydrothermal 
regimes. The findings highlight the potential of both organic and inorganic 
mulches to enhance soil quality and support sustainable potato production under 
temperate conditions. 

 Article history: 

Received: September 17, 2025 

Revised: October 12, 2025 

Accepted: November 26, 2025 

Published: December 31, 2025 

 

 

  

 

 

Keywords: 

Inorganic mulches; Mulches; 

Organic mulches; Soil 

physico-chemical properties; 

Temperate agroecosystem 

To cite this article: Zahed, Z., Hikmat, H., Salari, H., & Rashidi M., K. (2025). Effects of Organic and Inorganic 

Mulches on Soil Physico-Chemical Properties Under Temperate Conditions of Kashmir. Journal of Natural 

Science Review,3(4), 119-133. https://doi.org/10.62810/jnsr.v3i4.318 

Link to this article: https://kujnsr.com/JNSR/article/view/318 

Copyright © 2025 Author(s). This work is licensed under a Creative Commons Attribution-

NonCommercial 4.0 International License. 

 INTRODUCTION 

The potato (Solanum tuberosum L.) is a globally vital crop, particularly in India and China, 

which together contribute nearly one-third of the world's potato production (FAOSTAT, 

2019). While the crop boasts high productivity per unit area, it also demands substantial daily 

water input. Both inadequate and excessive irrigation can negatively affect its growth, yield, 

and quality. Optimal potato performance hinges on maintaining a proper balance between 

soil-air and soil-moisture in the root zone throughout the crop’s developmental cycle; this 

depends on sound water management practices (Singh et al., 2012). Mulching practices 
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improve soil moisture and enzyme activities in drylands, and also enhance enzyme activity 

related to nutrient cycling (Song et al., 2024). 

Film, black/blue polythene mulches under zero tillage resulted in the highest yield and 

benefit–cost ratio compared to straw mulch in coastal lowlands (Mollah et al., 2025). 

Moisture stress, particularly during critical stages such as stolon formation, tuber 

formation, and tuber development, leads to a significant decline in potato productivity 

(Saikia, 2011). Plastic film mulching can conserve water (Lie et al., 2004), regulate soil 

temperature (Hou et al., 2010; Filipovic et al., 2016), and promote plant growth (Qin et al., 

2016; Fan et al., 2016). Mulching conserves soil moisture, especially during the early stages 

of plant growth, and significantly reduces water losses in the form of evaporation by allowing 

more water to be absorbed into the soil profile (Xing et al., 2012). It also improved the 

hydrothermal regimes of the soil, which are favorable for higher crop yields (Singh et al., 

2004).  

Mulching has been widely recognized as an effective agronomic practice that 

significantly influences soil properties, crop productivity, and resource use efficiency. Recent 

studies have highlighted the substantial impact of plastic film mulching on crop performance. 

For instance, Xu et al. (2023) reported that plastic film mulch increased potato yield by 27% 

and enhanced water use efficiency (WUE) by a similar 27%, while also modifying soil 

hydrothermal conditions by reducing cumulative temperature ≥10°C. Their findings 

emphasized that optimal fertilizer application, suitable planting densities, use of black-

colored mulch, and ridge planting further strengthened the positive effects of mulching 

under temperate production systems. Similarly, Zhang et al. (2024) demonstrated that maize 

straw mulching combined with no-tillage practices considerably improved both grain yield 

and WUE compared to conventional tillage, suggesting that mulch–tillage interactions play 

a vital role in sustainable moisture retention. 

In addition to influencing moisture and temperature dynamics, mulching also contributes 

to the improvement of soil chemical and physical properties. According to Xing et al. (2012), 

organic mulches supply substantial quantities of carbon and nitrogen upon decomposition, 

thereby enhancing soil fertility. Increased soil organic matter subsequently leads to improved 

soil porosity and structural stability, as supported by Mulumba and Lal (2008). Both organic 

and inorganic mulches have been shown to affect soil characteristics and crop performance. 

In potato production systems, different mulch types significantly alter soil temperature, 

moisture availability, and nutrient dynamics, thereby influencing growth and economic 

returns. Plastic mulches, in particular, provide multiple agronomic advantages in arid and 

semi-arid regions, including improved crop earliness, enhanced cleanliness, prevention of soil 

erosion, and conservation of soil moisture and fertility. These benefits collectively contribute 

to higher yields (Moreno & Moreno, 2008) and effective weed suppression (Hidayat et al., 

2013). 

Different types and colors, such as black, green, yellow, blue, grey, and red, of plastic 
mulch have optical properties that change the levels of light radiation reaching the soil, 
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causing increases or decreases in soil temperature and moisture (Kasirajan & Ngouajio, 
2012). 

Organic mulches have also shown positive effects on growth, yield, and earliness, due to 

soil heating, however. Organic mulches must be renewed periodically to maintain their 

effectiveness, as they decompose over time (Iqbal et al., 2020).  

Potato cultivation frequently encounters challenges related to soil moisture retention, 

temperature regulation, nutrient availability, and declining soil quality. Mulching is a 

common agronomic practice used to improve soil conditions; however, the type of mulch, 

whether organic or inorganic, can have varying impacts on soil properties. While organic 

mulches may enhance soil biological and chemical properties, Plastic mulches often influence 

physical conditions such as moisture and temperature (Powell et al., 2020). The objective of 

this research is to evaluate the effects of different organic and inorganic mulches on soil 

physico-chemical properties and moisture–temperature regimes under potato (Solanum 

tuberosum L.) cultivation.  

METHODS AND MATERIAL  

A field experiment entitled was conducted during Kharif season 2020-2021 at the 

Experimental Field of the Division of Vegetable Science, SKUAST-Kashmir, Shalimar. The 

experimental site, located 15 km from Srinagar city at an altitude of 1685 m above mean sea 

level (34°N latitude and 74.89°E longitude), falls under a mid- to high-altitude temperate 

climate characterized by hot summers and very cold winters. During the crop season, 

temperatures ranged from 1.85 to 16.48 °C (minimum) and 13.92 to 30.46 °C (maximum), 

with a total rainfall of 347.5 mm and relative humidity between 55.68 and 58.83%. The 

planting material used was the variety Shalimar Potato-1, a medium-maturing (115–125 

days), disease-tolerant cultivar with good keeping and cooking quality. The experiment 

consisted of nine mulching treatments—six inorganic synthetic mulches (black, green, blue, 

yellow, grey and red polythene of 30-micron thickness) and three organic mulches (pine 

needles at 25 t ha⁻¹, rice straw at 20 t ha⁻¹, and FYM at 20 t ha⁻¹)—along with an unmulched 

control. Prior to fertilizer and manure application, composite soil samples were collected 

from a 0–15 cm depth, shade-dried, sieved (2 mm), and analyzed for physico-chemical 

properties, revealing neutral soil pH and medium levels of available nitrogen, 

phosphorus and potassium. 

Experimental Site 

The study was conducted at the experimental field of the Division of Vegetable Science, 

SKUAST-Kashmir, Shalimar, during the Kharif season of 2020–21. The site is located 15 km 

from Srinagar city at an altitude of 1685 m above mean sea level (34°N latitude, 74.89°E 

longitude). The soil at the experimental site is sandy clay loam, with an initial bulk density of 

1.5 g cm⁻³, pH of 6.63, organic carbon 0.65%, electrical conductivity 0.18 dS m⁻¹, and available 

nutrients of nitrogen 229.76 kg ha⁻¹, phosphorus 20.0 kg ha⁻¹, and potassium 165.2 kg ha⁻¹ 

(Table 1). The region experiences hot summers and freezing winters, with minimum and 
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maximum temperatures ranging from −1.47 °C to 30.75 °C. Maximum rainfall occurs during 

March and April, with average relative humidity ranging from 55.68% to 58.83% during the 

cropping season (Meteorological Observatory, Division of Agro-Metrology, SKUAST-

Kashmir, 2020). 

Experimental Design and Treatments 

The experiment was laid out in a Randomized Complete Block Design (RCBD) with ten mulch 

treatments, comprising six colored polyethylene mulches (black, green, blue, yellow, grey, 

and red) and three organic mulches (pine needle, rice straw, and farmyard manure), each 

replicated three times. The Shalimar Potato-1 variety was used as the test crop. Seed tubers 

(25–35 g) were planted on 19 March 2020 at a spacing of 60 × 20 cm. Field preparation 

involved one deep plowing followed by three light plowings and harrowing to obtain a fine 

tilth. 

Fertilizer and Crop Management 

Recommended doses of fertilizers for the Desiree potato variety were applied at sowing, 

including farmyard manure (20–25 t ha⁻¹) and N:P₂O₅:K₂O at 150:100:100 kg ha⁻¹. Due to the 

presence of mulches, the full dose of nitrogen was applied as a basal application at the time 

of sowing. All other standard agronomic practices were followed uniformly across 

treatments. 

Data Collection 

Soil samples were collected before and after the experiment to measure pH, organic carbon 

(%), electrical conductivity (dS m⁻¹), bulk density (g cm⁻³), and available nutrients (N, P₂O₅, 

K₂O). Soil moisture content was monitored at regular intervals throughout the crop growth 

period. Additionally, economic returns were calculated to evaluate the cost-effectiveness of 

different mulching treatments. 

Statistical Analysis 

Collected data were subjected to analysis of variance (ANOVA), and means were compared 

using Duncan’s Multiple Range Test (DMRT) at a 5% level of significance (Gomez & Gomez, 

1984). 

FINDINGS 

The study revealed that both organic and inorganic mulches significantly influenced soil 

physical, chemical, and moisture parameters under potato cultivation. Mulching improved 

soil moisture retention, moderated soil temperature, and enhanced nutrient availability (N, 

P, K), organic carbon, and bulk density compared to un-mulched plots. Among the 

treatments, black and colored plastic mulches performed best in conserving soil moisture and 

regulating temperature, while farmyard manure and rice straw were most effective among 

organic mulches. Overall, mulching improved soil health and created favorable conditions for 

potato growth, highlighting its importance for optimizing soil properties and crop 
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productivity under the temperate conditions of Kashmir. 

Soil pH, organic carbon, electrical conductivity (EC), and bulk density were significantly 

influenced by different organic and inorganic mulches (Table 2). All mulching treatments 

reduced soil pH compared to the initial value of 6.61. Among inorganic mulches, black 

polyethylene mulch (T1) recorded the lowest pH (6.31), which was comparable to grey (T5), 

yellow, and green mulches. Among organic mulches, pine needle mulch (T7) resulted in the 

lowest pH (6.23), while the highest pH (6.55) was observed in the unmulched control (T10). 

Soil organic carbon was highest under green polyethylene mulch (T2, 1.826%), which was 

comparable to other colored plastic mulches. Among organic mulches, farmyard manure 

mulch (T9) recorded the highest organic carbon (1.800%), followed by rice straw mulch (T8). 

The lowest organic carbon (0.973%) was observed in the control (T10). 

Mulching also decreased soil electrical conductivity relative to the initial status (0.183 dS 

m⁻¹). The minimum EC (0.14 dS m⁻¹) was recorded under black polyethylene mulch (T1) and 

farmyard manure mulch (T9), while the highest EC (0.303 dS m⁻¹) was observed under pine 

needle mulch (T7), which was comparable to the control (0.302 dS m⁻¹). 

Bulk density decreased under all mulching treatments compared to the initial value of 

1.50 g cm⁻³. The lowest bulk density was recorded under green polyethylene mulch (T2, 1.30 

g cm⁻³), followed by black polyethylene mulch (T1). Among organic mulches, farmyard 

manure mulch (T9) produced the lowest bulk density (1.32 g cm⁻³). The highest bulk density 

was recorded in the unmulched control (T10, 1.43 g cm⁻³). 

Table 2. pH, Organic carbon (%), Electrical conductivity (dsm-1), and Bulk density (gcm-3) in the soil after crop 

harvest as affected by different organic and inorganic colored polyethylene mulches 

Treatments pH 
Organic carbon 

(%) 

Electrical 
conductivity (ds 

m-1) 

Bulk density (g 
cm-3) 

 Mean ±Sd Mean ±Sd Mean ±Sd Mean ±Sd 
T1 Black Polythene Mulch 6.31±0.0058c 1.823±0.011d 0.140±0.0100a 1.31±0.0055b 
T2 Green Polythene mulch 6.33±0.0161cd 1.826±0.011d 0.206±0.0010c 1.30±0.0060a 
T3 Blue Polythene mulch 6.34±0.0095d 1.800±0.010d 0.203±0.006c 1.32±0.0043c 
T4 Yellow Polythene mulch 6.33±0.0095cd 1.786±0.040d 0.170±0.010b 1.33±0.0043d 
T5 Grey Polythene mulch 6.32±0.0119c 1.792±0.007d 0.154±0.001ab 1.33±0.0045d 
T6 Red Polythene mulch 6.34±0.0095d 1.813±0.003d 0.210±0.010c 1.32±0.0045c 
T7 Pine Needle mulch 6.23±0.0070a 1.470±0.030b 0.303±0.015d 1.40±0.0065f 
T8 Rice straw mulch 6.38±0.0015e 1.650±0.045c 0.157±0.0002b 1.38±0.0055e 
T9 Farmyard manure mulch 6.25±0.0015b 1.800±0.011d 0.140±0.0100a 1.32±0.0045c 
T10 Control (no mulch) 6.55±0.0020f 0.973±0.152a 0.302±0.0130d 1.43±0.0043g 
Initial status 6.61 0.623 0.183 1.50 
CV (%) 0.117 2.48 4.00 0.39 

Mean values followed by the same letters within each column do not differ significantly at p ≤ 0.05. 

The effects of different organic and inorganic mulches on soil nutrient availability (N, P₂O₅, 

and K₂O) are presented in Table 3. All mulching treatments significantly increased soil-

available nitrogen compared to the initial status (229.76 kg ha⁻¹). Among inorganic mulches, 

red polyethylene mulch (T6) recorded the highest nitrogen content (301.31 kg ha⁻¹), which 

was comparable to black (T1), green (T2), and yellow (T4) polyethylene mulches. Among 
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organic mulches, farmyard manure mulch (T9) exhibited the highest available nitrogen (301.0 

kg ha⁻¹), statistically at par with rice straw mulch (T8). The lowest nitrogen content (255.50 

kg ha⁻¹) was observed in the unmulched control (T10). 

Soil-available phosphorus (P₂O₅) also varied significantly across treatments. The highest 

P₂O₅ (22.50 kg ha⁻¹) among inorganic mulches was recorded under black polyethylene mulch 

(T1), which was comparable to other colored plastic mulches. Among organic mulches, rice 

straw mulch (T8) recorded the highest available phosphorus (22.50 kg ha⁻¹), statistically 

similar to the other organic mulches. The lowest phosphorus availability (21.26 kg ha⁻¹) was 

observed in the control (T10), while the pre-planting soil status was 20.00 kg ha⁻¹. 

Similarly, available soil potassium (K₂O) increased significantly with mulching treatments 

relative to the initial value (165.21 kg ha⁻¹). Black polyethylene mulch (T1) recorded the 

maximum K₂O (184.3 kg ha⁻¹) among inorganic mulches, comparable to other colored 

polyethylene mulches. Among organic mulches, farmyard manure mulch (T9) exhibited the 

highest potassium availability (183.10 kg ha⁻¹), statistically similar to rice straw mulch (T8). 

The lowest K₂O content (173.90 kg ha⁻¹) was observed in the unmulched control (T10). 

Table 3. Available Nitrogen (kg. ha-1), available P2O5 (kg. ha-1), and available K2O (kg. ha-1) in the soil after crop 

harvest as affected by different organic and inorganic colored mulches 

Treatments 
Available Nitrogen 

(kg ha-1) 
Available P2O5 (kgha-1) Available K2O (kg ha-1) 

 Mean ±Sd Mean ±Sd Mean ±Sd 
T1 Black Polythene Mulch 300.9±0.529e 22.50±0.20b 184.3±0.72f 
T2 Green Polythene mulch 300.49±0.54de 22.24±0.39b 183.7±0.60ef 
T3 Blue Polythene mulch 299.16±0.76cd 22.30±0.42b 182.00±0.50c 
T4 Yellow Polythene mulch 300.22±0.38de 22.22±0.52b 183.57±0.12ef 
T5 Grey Polythene mulch 298.20±1.00bc 22.30±0.60b 182.21±0.61cd 
T6 Red Polythene mulch 301.31±1.48e 22.25±0.47b 183.42±0.51ef 
T7 Pine Needle mulch 297.00±1.00b 22.00±0.50ab 180.32±0.27b 
T8 Rice straw mulch 300.00±0.50de 22.50±0.50b 182.20±0.60cd 
T9 Farmyard manure mulch 301.00±0.50f 22.50±0.50b 183.10±0.52de 
T10 Control (no mulch) 255.50±0.50a 21.260±0.38a 173.90±0.52a 
Initial status 229.76 20.00 165.21 
CV (%) 0.245 2.12 0.274 

 Mean values followed by the same letters within each column do not differ significantly at p ≤ 0.05. 

Analysis of the data presented in Figure 2 indicated that mulch type had a significant 

influence on soil moisture content throughout the potato growth period. Among inorganic 

mulches, black polyethylene mulch (T1) consistently retained the highest soil moisture, 

followed by grey polyethylene mulch (T5). In the case of organic mulches, farmyard manure 

mulch (T9) maintained the maximum soil moisture compared to pine needle (T7) and rice 

straw mulches (T8), with rice straw mulch ranking second. The lowest soil moisture was 

consistently observed in the unmulched control (T10) across all growth stages.
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Figure. 2: Soil moisture content (%) as affected by different organic and inorganic mulch 

The data recorded on soil temperature during different growth stages, namely 

germination, vegetative, stolon formation, and bulking, are presented in Figure 3. The data 

recorded indicate that all the mulches provided a cordial temperature at all stages of potato 

crop growth, compared to the control. Among the colored Plastic mulches, T1 (black PM) 

maintained the soil temperature better than the other mulches. Among the organic mulches, 

T9 (farmyard manure mulch) was able to maintain soil temperature more effectively than the 

other organic mulches. The treatment T10 with no mulch recorded the lowest soil 

temperature as compared to the mulched ones. 

 

Figure 3. Soil temperature (oC) as affected by different organic and inorganic Polythene mulches 

0

5

10

15

20

25

wk1 wk2 wk3 wk4 wk5 wk6 wk7 wk8 wk9

germination Vegetative Vegetative Vegetative +
Stolon

Formation

Vegetative +
Stolon

Formation

Bulking
Stage

Bulking
Stage

Bulking
Stage

Bulking
Stage

7/4/2020 6/5/2020 13/5/20 20/5/20 27/5/20 3/6/2020 10/6/2020 17/6/20 24/6/20

S
o

il 
M

o
is

tu
re

 (%
) 

an
d

 R
an

in
fa

ll 
(m

m
)

Weekly dates of differnt stages of pllant grwoth

 Black P. M  Green P. M Blue P.M Yellow P.M
Grey P.M Red  P.M Pine N R straw

0

5

10

15

20

25

9/5/20-15/5/20 16/8/20-22/5/20 23/5/20-29/5/20 17/6/20-23/6/20 24/6/20-31/6/20

A
ir

  a
n

d
 S

o
il 

T
em

p
er

at
u

re
 (
℃

)

Dates of weedky Records 

 Black P. M  Green P. M Blue P.M Yellow P.M

Grey P.M Red  P.M Pine N R straw



Journal of Natural Science Review, 3(4), 119-133 

126 

DISCUSSION 

The ideal soil pH for potatoes is slightly acidic, between 6.0 and 6.5. During the study, it was 

found that the use of mulching has significantly influenced the soil pH compared to the initial 

soil pH. Pine needle mulch (T7) was able to make the soil more acidic as compared to other 

organic and colored plastic mulches. This could be attributed to the fact that pine needles 

release acid during the decomposition process, thereby providing the ideal pH condition for 

the crops. Various researchers have also reported that organic mulches can reduce the soil 

pH by forming organic acids during the decomposition of plant-derived materials (Wang et 

al., 2021; Zhao et al., 2022). These results also correlate with the findings of Kumar et al. 

(2023).  

Soil organic carbon plays a significant role with respect to many chemical and physical 

processes in soil environments, which provides a primary source of nutrients for plants, aids 

in the aggregation of particles, develops soil structure, increases water storage capacity, and 

provides a habitat for soil biota. The study revealed significant differences in soil organic 

carbon compared to the initial organic carbon of the soil. Plastic mulches have increased the 

organic carbon of the soil among the treatments as compared to the un-mulched treatment. 

Similarly, in the case of organic mulches, T9 (farmyard manure mulch) has increased the 

organic carbon content compared to the rest of the organic mulches. Since the life of 

microorganisms is directly influenced by soil temperature, mulching provides a congenial 

environment for maximum microbial activity, leading to the decomposition of organic matter 

in the soil and an increase in soil organic carbon. The results are in agreement with the 

findings of (Sabri et al., 2018; Singh et al., 2022; Chen et al., 2023). 

Electrical conductivity is the measure of the amount of salt in the soil. For optimum plant 

growth, EC should be ideal, as high or low EC is not desirable. High EC hinders nutrient uptake 

by increasing the osmotic pressure of the nutrient solution. Likewise, low EC also affects plant 

growth and yield. So, EC is considered an important indicator of soil health. The study 

revealed significant differences in EC among the treatments compared to the initial EC of the 

soil. Black PM (T1) has reduced the EC as compared to the un-mulched treatment. The reason 

for this can be attributed to the fact that mulching reduces soil water evaporation, thereby 

reducing salt accumulation in the soil. These results align with the findings of Pakdel et al. 

(2013). Hild and Morgan (1993) also reported that mulching reduces the accumulation of salts 

in the soil, and so EC gets reduced. Among the organic mulches, Farmyard manure mulch 

(T9) resulted in a reduction in EC compared to the other two mulches. This can be attributed 

to the fact that FYM mulch helps maintain soil moisture by reducing water evaporation from 

the soil. Thus, reduces the accumulation of salts in soil, leading to a low EC of soil.  

Density of the soil refers to the mass per unit volume of soil. The denser the soil, the less 

permeable is. The study revealed significant differences in soil bulk density compared to the 

initial bulk density of the soil. Plastic mulches have resulted in a reduction of bulk density 

compared to unmulched cases. In the case of organic mulches, T9 (farmyard manure mulch) 

has decreased the bulk density of the soil compared to the rest of the organic mulches, un-
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mulched, and the initial status. The probable reason for this might be the high amount of 

organic carbon produced by the activities of microorganisms during the decomposition of 

organic materials, which leads to a lower soil density and ultimately increases the soil's 

porosity. Secondly, mulch materials create the optimum temperature in the soil, which 

provides a suitable condition for the growth of soil microorganisms. As a result, 

microorganisms accelerate the decomposition process of organic matter, which leads to the 

production of organic carbon. The results are in agreement with those of Orji and Eke (2018), 

who reported that bulk density values were reduced compared to the control. (Sabri et al., 

2018; Singh et al., 2022; Chen et al., 2023) also support our findings. 

Nitrogen is highly mobile in soil and is subject to several losses, including denitrification, 

volatile losses, and nitrate losses through percolating water. During the study, it was found 

that the soil's nitrogen content improved after crop harvest compared to its initial status. Red 

PM (T6) resulted in the highest available nitrogen of the soil as compared to other plastic 

mulches. This could be attributed to the fact that global solar radiation transmittance is 

highest in red-colored mulch (Amare & Desta, 2021) compared to other colors, which may 

have significantly increased soil temperature. Several researchers report that nitrification has 

a distinct optimum temperature between 25 °C and 35°C (Mu et al., 2023). Hence, the 

favorable microclimatic conditions of mulched soil increase the number and efficiency of the 

nitrifying soil micro-organisms, resulting in more available nitrogen (Sokombela et al., 2025; 

Long et al., 2022; Pakdel et al., 2013). 

  Results showed that soil K is significantly affected by the mulching process. In the case 

of plastic mulches, maximum available potassium was recorded by T1 (black PM), which was 

superior among the rest of the plastic mulches. In the case of organic mulches, T9 (farmyard 

manure mulch) recorded the maximum available potassium followed by T8 (rice straw mulch). 

With respect to the availability of phosphorus, it was higher in the mulched than the 

unmulched treatment. In the case of plastic mulches, the maximum available phosphorus 

was recorded by T1 (black PM), which was comparable to the rest of the plastic mulches. In 

case of organic mulches, T9 (farmyard manure mulch) recorded maximum available 

phosphorus, which was at par with T8 (rice straw mulch) but was significantly superior 

compared to un-mulched plots. Similar results were obtained by Li et al. (2023), who noted 

that potassium and phosphorus availability increased under mulched treatment compared to 

no mulch treatment. 

Furthermore, the presence of mulch causes adjustments in soil temperature and 

maintains soil moisture, which helps improve the availability of phosphorus in soil. Another 

possibility could be the organic acids produced during the decomposition of soil organic 

matter complexes, thereby helping in the solubilization of native P and reducing P sorption 

(Sokombela et al., 2025). 

Since mulches formed a physical barrier, limited soil water, and prevented percolation 

losses, the moisture in the surface layer of the soil, up to 15 cm, has increased. The moisture 

conservation abilities of mulches have been reported by (Goel et al., 2019; Mulumba & Lal, 
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2008; Xing et al., 2012). This role could be associated with reduced soil evaporation, enhanced 

soil water infiltration, and redistribution of soil moisture. Furthermore, the variation in the 

color of plastic mulches affects the transmittance, absorbance, and reflectance of both short-

wave and long-wave radiations. The higher the reflection, the lower the temperature and loss 

of water. These important characteristics of plastic mulches make it efficient in conserving 

water and protecting against water loss (Wang et al., 2024). 

The application of black PM increases the average soil temperature by 3.68 °C compared 

to bare soil or a non-mulched plot. This might be due to the greater solar radiation 

transmittance of black plastic mulches compared with other plastic mulches. These findings 

are in agreement with field studies conducted by Li et al. (2023) and Moursy et al. (2015). 

Similarly, applying farmyard manure mulch increased average soil temperature by 2.68 °C as 

compared to a non-mulched plot. The findings are in agreement with those of many other 

field studies, including those by (Li et al., 2018; Simsek, 2017; Xing et al., 2012). The warmer 

soil temperature can hasten seedling emergence and growth, allowing for the achievement 

of the desired population at an earlier growth stage, which in turn maximizes the absorption 

of solar radiation and enhances yield (Li et al., 2018). 

Furthermore, the soil temperature under rice straw mulch was lower during the warmer 

part of the season and higher during the colder, later part of the season. This might be 

because rice straw \reduces the solar energy reaching the soil and, as a result, reduces 

temperature increase because it has a higher albedo and lower thermal conductivity. Similar 

findings have been reported by many other studies, including those by (Xu et al., 2023; Yi et 

al., 2014).  

CONCLUSION 

The organic and inorganic (polyethylene) mulches exhibited a significant influence on all soil 

parameters and economic production. Soil physical properties like pH, EC, organic carbon, 

and bulk density were improved significantly by the use of different mulches as compared to 

the initial status. However, among the mulches, it shows less significance. The use of mulches 

significantly improved nutrient availability as compared to the control. Black PM showed a 

significant increase in available N, P, and K, and was found to be comparable to rice straw 

mulch in terms of improving nutrient availability. For harvesting a sustainable, economic, and 

high-quality yield in potatoes, and based on both gross and net returns, a grower can adopt 

the black and red PM for inorganic and Farm Yard Manure mulch for organic mulching.  
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