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Abstract
The residual effect of different thicknesses of nonwoven jute agro-textile mulches (NJATM), rice straw, and black polythene on 
the yield of maize, soil fertility, soil moisture, microbial population, and weed suppression was studied in lateritic soil of eastern 
India after broccoli. Results indicated that residual 400 gsm (grams per square meter) NJATM showed highest plant height (212.43 
cm), plant per  m2 (8.29), cobs per plant (2.00), cob length (22.63 cm), cob diameter (14.95 cm), test weight (235.6 g), grain yield 
(6.90 t  ha−1), biological yield (16.0 t  ha−1), and harvest index (43.11%) of maize. Residual NJATM decreased the density of weeds 
(broadleaved, grasses, sedges), and their significantly lower density was in 400 gsm NJATM. The population of bacteria, actino-
mycetes, and fungi was increased from their initial value in residual NJATM-treated plots. In post-harvest soil, the population of 
bacteria and actinomycetes (72.50 ×  106 and 152.75 ×  104 cfu per g) were highest with residual 400 gsm NJATM. Residual NJATM 
significantly increased the soil moisture content compared to the control, and its 400 gsm thickness showed its highest content 
of 13.18%, 18.98%, 17.12%, and 15.98% at 15, 30, 60, and 90 DAS, respectively. Again, residual NJATM improved soil fertility 
compared to other mulches, and residual 400 gsm NJATM recorded the highest available N, P, and K (145.98 kg  ha−1, 30.33 kg 
 ha−1, and 138.23 kg  ha−1) and organic C (0.70%). Thus, the residual 400 gsm NJATM proved the best in improving soil fertility 
and microbial population, conserving soil moisture, suppressing weeds, and increasing maize yield in lateritic soil.
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1 Introduction

Mulching is the method of covering the surface soil layer with 
organic or inorganic material for increasing crop productiv-
ity by improving the micro-environment of that soil. Mulch-
ing has been widely practiced for producing field crops and 
vegetables commercially [1]. This mulching has a favorable 
effect on optimizing soil temperature, improving pore spaces 
and infiltration rate, suppressing weeds, and controlling soil 
erosion [2–4]. Mulches provide different kinds of ecological 

niches in the subsystem of the crop environment. Mulching 
improves soil fertility status by encouraging the propagation 
of beneficial soil microorganisms like micro-arthopods and 
earthworms in the root rhizosphere [5]. Favorable effects of 
residue mulching on soil organic carbon (SOC), water reten-
tion, and percent water-stable aggregates have been reported 
for the surface layer [6, 7]. Organic mulching materials like 
rice and wheat straw, husk, grass, weeds, leaves, animal 
manures, compost, sawdust, and wood chips and inorganic 
mulching materials like plastic film, sand, gravel, and pebbles 
are frequently used for producing commercial vegetables like 
tomato and lettuce [1, 8–10]. Though low-density polyeth-
ylene (LDPE) and agro-textile mulches are of more or less 
similar cost, the former item is not environment-friendly [11]. 
The development of the root of the succeeding crop will be 
hampered if residual polyethene sheets used as mulch in the 
preceding crop are left in the field [12]. According to Durham 
[13] and Rice et al. [14], plastic mulch films increased the 
runoff of water after rainfall or irrigation. Straw mulches often 
contaminate the soil with weed seeds [15]. Bio-degradable 
mulches of natural fibers are preferred nowadays in view of 
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the improvement of soil health and reduction of carbon foot-
print in horticultural production systems.

Thus, there is tremendous scope for using nonwoven jute 
agro-textile mulches (NJATM) in improving soil fertility, 
suppressing weeds, and increasing crop yield [16]. Jute 
fibers are usually processed through garneting cum cross 
lapping, followed by needle punching loom for preparing 
such nonwoven jute agro-textile mulches. Such agro-textile 
mulches can reduce soil erosion, control weeds, conserve 
soil moisture, and promote plant establishment [17] as well 
as can enhance the content of organic matter [18]. Advan-
tages of using jute agro-textile mulches in increasing yield 
of capsicum and pointed gourd [19], mousumbi and tur-
meric [20], ramie fiber [21], banana [22], and green gram 
[23] have already been reported. However, most of these 
researchers have studied only the direct impact of jute agro-
textile mulches on the yield of a crop along with only a lim-
ited number of other beneficial effects but hardly anybody 
attempted to study the direct effect of jute agrotxtile mulches 
on a crop as well as their residual effects on the succeeding 
crop along with all the beneficial aspects of jute agro-textile 
mulches in comparison with other types of mulches. Again, 
there is no integrated information on either direct or residual 
effects of various mulches including agro-textile mulches on 
increasing yield of maize (which is an important cereal crop 
of India) grown after preceding broccoli, weed suppression, 
moisture conservation, microbial population, and soil fertil-
ity of light textured and less fertile lateritic soil of eastern 
India which receives ~1250 mm average rainfall annually. 
With this background, the present research experiment was 
conducted with maize (Zea mays L.) as the succeeding test 
crop after broccoli in the summer season of 2016 and 2017 
in the same field and fixed treatment-wise plot to study the 
residual effect of NJATM along with other mulches applied 
in the preceding crop (broccoli) on soil nutrient improve-
ment, increment in the microbial population, moisture con-
servation, weed suppression, increasing growth, and produc-
tivity of maize in lateritic soil of West Bengal, India.

2  Materials and methods

2.1  About the experiment

2.1.1  Experimental site

A field experiment was performed during the summer season 
(March to June) of both 2016 and 2017 at the Bahadurpur Vil-
lage, Sriniketan, Bolpur, Birbhum, West Bengal, in the same 
field and fixed plot of our previous study on broccoli [16]. 
The farmer’s field where the experiment was carried out was 
situated between 23°39′47.69′′ N latitude and 87°37′36.91′′ E 

longitude with an attitude of 58.9 m above the mean sea level 
(Fig. 1) [16]. The experimental soil is Typic ochraqualf which 
was sandy loam in texture, acidic in soil pH, low in oxidizable 
organic carbon, available N, K, and medium in available P.

2.1.2  Experimental details

There were six treatments, each replicated four times and 
arranged in a randomized block design. The treatments com-
prised different thicknesses of agro-textile mulch along with 
other mulching materials viz.,  T1 (control, i.e., no mulch),  T2 
[300 gsm (grams per square meter) NJATM],  T3 (350 gsm 
NJATM),  T4 (400 gsm NJATM),  T5 (rice straw), and  T6 (black 
polythene mulch). Each of these treatments was practically 
imposed or applied on the surface of experimental plots at the 
time of preceding broccoli cultivation. Without destroying the 
plot, i.e., maintaining the fixed plot with the same experimen-
tal design and treatment arrangement, seeds of maize were 
sown, making holes according to crop spacing on the partially 
decomposed mulches. The size of each plot was 3.0 m × 6.0 
m with row-to-row and plant-to-plant spacing of 1.0 m and 0.5 
m, respectively. Maize seeds were sown in each experimental 
plot on March 6, 2016, and March 10, 2017, and the crop was 
harvested on June 16, 2016, and June 20, 2017. Recommended 
doses of nutrient application were N, P, and K at 120 kg/ha, 60 
kg/ha, and 60 kg/ha, respectively, which were applied through 
urea, single super phosphate (SSP), and muriate of potash 
(MOP). Just before sowing of maize seeds cow dung @5 t/ha, 
full doses of P and K in the form of SSP and MOP and one-
fourth of N in the form of urea were applied and incorporated 
into the soil. The rest amount of the N in the form of urea was 
top dressed at 20 days, 35 days, and 50 days after sowing (DAS) 
in three equal splits. Initially, one flood irrigation was applied at 
5 DAS for quick establishment of plants, and after that, in every 
15-day interval, the maize crop was irrigated up to 80 DAS.

2.1.3  Observation on growth and yield parameter of maize

The parameters like plant height (cm), numbers of plants 
per  m2, numbers of cob per plant, numbers of cob per  m2, 
cob length (cm), cob diameter (cm), and numbers of grains 
per cob, 1000 grain weight (g) were recorded. At the same 
time, grain yield (at ~12% moisture content) (t  ha−1), stover 
yield (t  ha−1), and biological yield (t  ha−1) of maize for each 
plot were noted. The harvest index for each treatment was 
also calculated by the following formula:

Harvest Index (%) =
Grain yield

Biological yield
× 100
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2.1.4  Observation on weed population

Cynodon dactylon, Tridex procumbens, Ludwigia parvi-
flora, Cyperus rotundus, and Cyperus difformis were the 
dominant weeds in the maize field. All the weeds were cat-
egorized into three groups like broad leaves weed, sedges, 
and grasses and counted at 30 and 60 DAS simply by ran-
domly using a quadrant of 25 cm × 20 cm (0.05  m2) in the 
sampling area. The weed population (per square meter area) 
was calculated from the observation.

2.1.5  Counting soil microbial population

Composite soil samples from each treatment were col-
lected during sowing, 60 DAS, and after harvesting maize 

for counting the microbial population of bacteria, fungi, 
and actinomycetes. The serial dilution technique and pour 
plate method were used for counting microbial populations 
as described by Agarwal and Hasija [24]. The number of 
bacteria, fungi, and actinomycetes was counted using nutri-
ent agar, potato dextrose agar, and actinomycetes isolation 
agar media, respectively.

2.1.6  Estimating soil moisture content

The moisture content of composite soil samples collected 
from each treatment at 15, 30, 60, and 90 DAS was deter-
mined by the gravimetric method. The following formula was 
used to calculate gravimetric moisture content in soil:

Fig. 1  Location map of the study area (adopted from Manna et al. [16])
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2.1.7  Chemical analysis of NJATM and soil

Using the established technique of the TAPPI Standard 
Method [25], the chemical elements such as hemicellulose, 
lignin, fat and wax, nitrogenous substance, and the amount 
of ash of various mulches utilized in previous broccoli crops 
were assessed. The cellulose content was measured using the 
updated method developed by Sarkar et al. [26], as described 
and presented in detail by Manna et al. [16], as again pre-
sented in Table 1. Besides the characteristics like nominal 
gsm as received, actual gsm, the apparent opening size 
(O95) in micron and thickness (mm) of NJATM materials 
used in the preceding broccoli crops is presented by Manna 
et al. [16], as again presented here in Table 2, as these are 
important for this residual study.

Initial and post-harvest soil samples collected from the 
experimental field were air-dried, crushed, and passed 
through a 2-mm sieve before laboratory analysis. Then 
some important soil properties of the processed soil sam-
ples were estimated like soil pH [soil: water = 1:2.5] by the 
method as described by Jackson [27], oxidizable organic 
carbon by the method of Walkley and Black [28], available 
nitrogen content by alkaline permanganate method of Sub-
baiah and Asija [29], available phosphorus by Bray’s No. 
1 method [30] using a spectrophotometer, available potas-
sium extracted by neutral normal ammonium acetate (soil: 
extractant = 1:5), and estimated by flame photometer by the 
method as described by Jackson [27].

2.2  Statistical analysis

The data recorded for different parameters from laboratory 
and field experiments were analyzed with the help of Fish-
er’s method of analysis of variance (ANOVA) technique as 

Gravimetric moisture content (%) =
Weight of wet soil–Weight of oven dry soil (at 105◦C)

Weight of dry soil
x 100

described by Gomez and Gomez [31] for randomized block 
design (RBD). The values of the standard error of means 
(SEm) and critical difference (CD) at a 5% level of signifi-
cance were computed and used to assess the effect of treat-
ments at a 5% level of significance (p = 0.05).

3  Results and discussion

3.1  Residual effect of mulches on growth and yield 
of maize

Two-year pooled data indicated that the residue of different 
mulching materials influenced significantly the growth and 
yield of maize (Table 1), and it was noted that the growth 
and yield of maize was comparatively more in all nonwoven 
jute agro-textile mulch (NJATM)-treated plot than control 
as well as other mulches applied. Again, it was observed 
that the plot treated with 400 gsm NJATM showed the 

Table 1  Physico-chemical properties of nonwoven jute agro-textile mulching (NJATM) material (adopted from Manna et al. [16])

Component Mulching materials

Nonwoven jute agro-
textile mulch (NJATM) 
(%)

Rice straw (%) Black polythene

∞-Cellulose 59.91 36.80 Low-density polythene is a thermoplastic made from the monomer ethylene 
ranging in density from 0.915 to 0.925 g  cm−3. The thickness of the used 
black polythene was 50 μm.

Hemicellulose 23.45 25.60
Lignin 12.56 10.30
Fat and wax 1.10 5.42
Nitrogenous matter 1.80 1.00
Ash Content 0.70 7.20

Table 2  Characteristics of different thicknesses of nonwoven jute 
agro-textile mulching (NJATM) material used in the experiment 
(adopted from Manna et al. [16])

Characteristics Nonwoven jute agro-textile mulch 
(NJATM)

Nominal gsm (grams 
per square meter) as 
received

300 gsm 350 gsm 400 gsm

Actual gsm 299.40 350.25 400.80
The apparent opening 

size  (O95) in microns
285 275 245

Thickness (mm) 2.72 3.10 3.58
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highest plant growth characteristics of maize – plant height 
(212.43 cm), number of plant per  m2 (8.29), average number 
of cobs per plant (2.00), average number of cobs per  m2 
(16.58), cob length (22.63 cm), and cob diameter (14.95 
cm) as well as highest yield parameters of maize – average 
number of grains per cob (411.75), test weight (235.6 g), 
grain yield (6.90 t  ha−1), biological yield (16.0 t  ha−1), and 
harvest index (43.11%). All growth and yield parameters 
were observed as lowest in control. Only the stover yield 
of maize was highest (9.51 t  ha−1) in the 350 gsm NJATM-
treated plot. The  T4 treatment (400 gsm NJATM) increased 
the maize yield by 80% as compared to the control. The 400 
gsm bio-degradable NJATM was found to be most effective 
than others which might be due to the beneficial effect of 
increased moisture conservation, increased organic carbon, 
and nutrient status along with high weed control efficiency. 
Saha et al. [19] observed significantly higher yield over 
control in high-value crops of capsicum and pointed gourd 
in agro-textile mulched plots in the alluvial soil of Patna. 
Manna et al. [16] reported the highest broccoli yield (8.53 t 
 ha−1) in 350 gsm NJATM-treated plot over control in com-
parison to other mulches in the same experimental field of 
lateritic soil of West Bengal. However, green gram pro-
ductivity was considerably raised with 800 gsm jute agro-
textile mulches by enhancing the moisture conservation in 
the soil, as reported by Sarkar et al. [23]. Sarkar et al. [32] 
also documented that the application of 800 gsm jute agro-
textile mulches can significantly boost up broccoli yield 
by supplying vital nutrients to plants via lignin degrada-
tion. In another study performed by Adhikari et al. [33], 
they documented maximum tomato yield with 600 gsm jute 
agro-textile mulches. According to Ialam et al. [34], the 
use of straw mulch in conjunction with three irrigations 
and minimal or conventional tillage may be an effective 

strategy for increasing maize yield in drought-prone areas 
of Bangladesh. However, Zhao et al. [35] confirmed that 
the application of maize straw mulches at shallow depths 
may substitute plastic mulches for producing maize in the 
irrigated condition of arid regions.

3.2  Residual effect of mulches on weed population

Residual mulching materials caused significant variations 
in weed density in maize (Table 3). At 30 DAS, the weed 
density was highest in the  T1 treatment (no mulch). Weed 
density was increased further at 60 DAS in all the treat-
ments, and its density was again highest in  T1 (no mulch). 
At 30 DAS, both  T4 (400 gsm NJATM) and  T6 (black poly-
thene mulch) suppressed the density of broad leaves weed 
to the lowest value of 1.00 per  m2. At 60 DAS, the density 
of broad leaves weed (2.75 per  m2) was again lowest in  T4 
and  T6 treatments but statistically equal with  T3 treatment. 
The density of sedges was lowest at 30 DAS in  T6 (black 
polythene mulch) treatment but equal with  T2 (300 gsm 
NJATM),  T3 (350 gsm NJATM), and  T4 (400 gsm NJATM). 
In spite of the increased density of sedges in 60 DAS, its 
density (2.75 per  m2) was recorded lowest in  T6 (black poly-
thene mulch). The density of grasses at 30 DAS was low-
est (1.00 per  m2) in  T6 (black polythene mulch) which was 
statistically at par with  T3 (350 gsm NJATM) and  T4 (400 
gsm NJATM). The increased density of grasses at 60 DAS 
was suppressed to its lowest value (4.50 per  m2) in  T6 (black 
polythene mulch) treatment. It was thus found that the weed 
population was reduced significantly through the applica-
tion of mulches due to reduced light which caused stress 
situations to existing weeds and prevented the germination 
of many small-seeded weed species. According to Ahmad 
et al. [36], weed emergence is prevented temporarily by the 

Table 3  Residual effects of different mulching materials on the density of weed (2-year pooled data)

BLWs, broad-leaved weeds; DAS, days after sowing; NJATM, nonwoven jute agro-textile mulch; gsm, grams per square meter; SEm, standard 
error of the mean; CD, critical difference; CV, coefficient of variance
**It indicates that the F value is significant at a 1% level of significance

Treatments Weed density (numbers  m−2)

BLWs 30 DAS BLWs 60 DAS Sedges 30 DAS Sedges 60 DAS Grasses 30 DAS Grasses 60 DAS

T1: no mulch 8.50 17.25 4.00 20.75 15.75 47.50
T2: 300 gsm NJATM 2.00 5.25 1.00 5.75 2.25 8.75
T3: 350 gsm NJATM 1.25 3.75 0.75 4.00 1.50 6.25
T4: 400 gsm NJATM 1.00 2.75 0.75 3.00 1.25 4.75
T5: rice straw 5.00 13.75 2.50 13.75 8.75 22.00
T6: black polythene 1.00 2.75 0.50 2.75 1.00 4.50
SEm (±) 0.287 0.387 0.247 0.707 0.346 0.565
CD (0.05) 0.839** 1.130** 0.721** 2.064** 1.009** 1.648**
CV (%) 18.398 10.214 31.226 16.971 13.598 7.227
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physical barrier created by mulches, but after the decompo-
sition of mulches, the barrier disappears. A similar observa-
tion was registered by Wilen et al. [37], Datta et al. [38], 
and Manna et al. [16]. However, in a different set of experi-
ments conducted by Minhas et al. [39], wheat grown with 
plastic mulches alone had the least incidence of weeds and 
their biomass, then came sorghum mulches and the inter-
action effect of sorghum mulches with conventional tillage 
also showed the lowest value of weed density and biomass.

3.3  Residual effect of mulches on rhizosphere 
microbial population

Residue of all the mulching materials increased the popula-
tion of bacteria, fungi, and actinomycetes from their initial 
values (Table 4). The population of bacteria in the initial soil 
was ranged from 15 ×  106 to 24.5 ×  106 cfu per g (Table 4) 
which was increased thereafter up to 60 DAS and decreased 
drastically at post-harvest soil in each treatment. However, 
such decreased population of bacteria in each treatment was 
more compared to their initial value indicating that residual 
mulches increased the bacterial population. The population 
of bacteria was highest in  T4 (400 gsm NJATM), followed by 
 T3 (350 gsm NJATM) at 60 DAS. Favorable temperature and 
moisture content of soil at root depth may be the key factors 
in increasing bacterial population by NJATM-treated plots. 
Such a positive impact of NJATM on the bacterial popula-
tion was also reported by Subba [40] and Manna et al. [16]. 
However, Sarkar et al. [22] conveyed the highest bacterial 
population with 1000 gsm (25.4 ×  106 cfu) woven jute agro-
textile mulches which was statistically very close with 800 
gsm thickness (24.9 ×  106 cfu).

The initial fungi population (39.75 ×  103 to 54.0 ×  103 cfu per g) 
was decreased at 60 DAS and gradually increased thereafter at har-
vest time (Table 4). At 60 DAS, the fungal population was highest 
(49.50 ×  103 cfu per g) in  T3 (400 gsm NJATM) which was statisti-
cally equal with  T4 and  T2. The residual effect of  T3 recorded the 
highest fungal population (55.53 ×  103 cfu per g) at harvest. Subba 
[40] and Manna et al. [16] in their study also reported the beneficial 
effect of NJATM on fungal populations. However, Sarkar et al. [22] 
conveyed the highest fungal population with 1000 gsm (45.3 ×  104 
cfu) woven jute agro-textile mulches which was again statistically 
equal to 800 gsm thickness (44.7 ×  104 cfu).

The population of actinomycetes was within the range of 
89.50 ×  104 to 134.75 ×  104 cfu per g (Table 4) which was 
increased at 60 DAS and again further increased at harvest-
ing. The influence of NJATM on the population of actino-
mycetes was comparatively more than other mulches. The 
population of actinomycetes was highest in  T4 (400 gsm 
NJATM) in all three sampling times, i.e., at initial, 60 DAS, 
and harvest. The result was in good agreement with the 
findings of Pal et al. [41], reporting an increased population 
of actinomycetes in soil toward soyabean maturity because 
of the higher availability of carbon at the maturity stage due 
to leaf fall. However, there was no significant change in the 
actinomycetes population in the control plot from its initial 
value to post-harvest value because of exposure of soils to 
light. Manna et al. [16] also reported a significant increase 
in the actinomycetes population in the rhizosphere soil of 
broccoli due to the application of NJATM. However, Sarkar 
et al. [22] conveyed the highest actinomycetes population 
with 1000 gsm (33.8 ×  105 cfu) woven jute agro-textile 
mulches which was again statistically at par with 800 gsm 
thickness (33.7 ×  105 cfu).

Table 4  Residual effects of different mulching materials on the populations of bacteria, fungi and actinomycets in soil (2-year pooled data)

cfu, colony forming unit; DAS, days after sowing; NJATM, nonwoven jute agro-textile mulch; gsm, grams per square meter; SEm, standard error 
of the mean; CD, critical difference; CV, coefficient of variance
**It indicates that the F value is significant at a 1% level of significance

Treatments Population (cfu  g−1)

Bacteria (×106) Fungi (×103) Actinomycetes (×104)

At sowing At 60 DAS At harvesting At sowing At 60 DAS At harvesting At sowing At 60 DAS At harvesting

T1: no mulch 15.00 45.00 21.00 39.75 37.50 41.75 89.50 89.75 92.50
T2: 300 gsm NJATM 18.50 54.50 36.00 53.00 46.75 55.00 121.50 131.05 140.98
T3: 350 gsm NJATM 24.50 67.50 39.50 54.00 49.50 55.53 131.0 136.40 147.40
T4: 400 gsm NJATM 21.50 72.50 46.50 48.50 46.25 51.00 134.75 148.95 152.75
T5: rice straw 16.00 46.25 24.50 41.50 37.75 43.25 102.50 115.85 123.50
T6: black polythene 18.00 46 21.50 40.75 37.00 41.03 110.50 116.67 129.53
SEm (±) 0.838 1.192 1.143 1.449 1.347 1.114 0.778 12.554 0.953
CD (0.05) 2.447** 3.480** 3.335** 4.229** 3.930** 3.252** 2.270** 36.597** 2.780**
CV (%) 8.863 4.313 7.255 6.267 6.343 4.650 1.353 20.325 1.453
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3.4  Residual effect of mulches on soil moisture 
content

Activities of microorganisms in soil and growth parameters 
of maize are influenced by soil moisture content in the rhizo-
sphere which was influenced by residual mulches applied in 
preceding broccoli. The soil moisture content was lowest at 15 
DAS, followed by 90 DAS < 60 DAS < 30 DAS in decreasing 
order in all the treatments compared (Table 5). The average 
soil moisture content at 15, 30, 60, and 90 DAS was lowest in 
 T1 (control) and decreased in the order:  T4 (400 gsm NJATM) 
>  T3 (350 gsm NJATM) >  T2 (300 gsm NJATM) >  T6 (black 
polythene) >  T5 (rice straw) (Table 5). The highest moisture 

content in  T4 (400 gsm NJATM, having less porosity) plot 
was because of reduced evaporation and reduced weed popu-
lation [16]. In the control plot without mulching materials, 
soil moisture content was lowest because of bare soil sur-
face exposed to heat and wind reduced the moisture content 
through evaporation. Again, the moisture content in the plot 
where the residue of various thicknesses of NJATM mulches 
was comparatively higher because of their higher moisture 
retentive capacity than other mulches. In broccoli crops where 
fresh NJATM were applied, there was more moisture content 
compared to other mulches as well as control [16]. According 
to Sarkar et al. [23], jute agro-textile mulches can enhance 
water utilization by crops and can thus be employed in water-
stressed areas, whereby improving the micro-environment 
in soil and optimizing the proper supply of nutrients to the 
crop, the higher crop productivity can be achieved. Adhikari 
et al. [33] also opined that the application of jute agro-textile 
mulches conserves soil moisture and also increases its use 
efficiency in the tomato field, resulting in maximum soil mois-
ture use efficiency with 600 gsm jute agro-textile mulches 
compared to other thickness. Ahmad et al. [36] established 
that by storing moisture in the soil, mulching can help crop 
plants demand less irrigation.

3.5  Residual effect of mulches on post‑harvest soil 
properties

All the studied soil properties except soil pH and EC var-
ied significantly in the soil after the harvest of maize due to 
the residual effects of different mulching materials applied 
(Table 6). Soil organic carbon (OC) was increased significantly 
in all residual mulch-treated plots over control, and its content 
was noted highest (0.70%) in  T4 (400 gsm NJATM)-treated 
plots. Again, such an increase in soil OC was more in residual 

Table 5  Residual effects of different mulching materials on soil moisture 
content (2-year pooled data)

DAS, days after sowing; NJATM, nonwoven jute agro-textile mulch; 
gsm, grams per square meter; SEm, standard error of the mean; CD, 
critical difference; CV, coefficient of variance
**It indicates that the F value is significant at a 1% level of significance

Treatments Moisture content (%)

15 DAS 30 DAS 60 DAS 90 DAS

T1: no mulch 6.80 7.55 7.20 6.82
T2: 300 gsm NJATM 9.28 14.84 13.67 13.39
T3: 350 gsm NJATM 12.41 16.40 15.71 14.89
T4: 400 gsm NJATM 13.18 18.98 17.12 15.98
T5: rice straw 7.44 10.07 9.77 9.66
T6: black polythene 8.60 12.26 11.17 10.74
SEm (±) 0.193 0.197 0.165 0.161
CD (0.05) 0.564** 0.575** 0.481** 0.470**
CV (%) 4.019 2.953 2.648 2.704

Table 6  Physico-chemical properties of initial and post-harvest experimental soil (2-year pooled data)

EC, electrical conductivity; NJATM, nonwoven jute agro-textile mulch; gsm, grams per square meter; SEm, standard error of the mean; CD, criti-
cal difference; CV, coefficient of variance
**It indicates that the F value is significant at a 1% level of significance, and NS indicates that the F value is nonsignificant

Properties pH EC (mmhos  cm−1) Organic C (%) Available N 
(kg  ha−1)

Available P 
(kg  ha−1)

Available K 
(kg  ha−1)

Initial soil 4.90 0.08 0.39 125.00 15.2 100.8
Post-harvest soil T1: no mulch 4.90 0.08 0.38 123.78 16.33 101.65

T2: 300 gsm NJATM 4.90 0.08 0.53 130.93 21.05 115.07
T3: 350 gsm NJATM 4.88 0.09 0.67 140.08 23.00 121.02
T4: 400 gsm NJATM 5.00 0.09 0.70 145.98 30.33 138.23
T5: rice straw 4.88 0.08 0.47 128.51 20.35 108.10
T6: black polythene 4.90 0.08 0.46 126.73 18.58 106.27
Sem 0.04 0.00 0.01 1.500 1.084 0.6
CD (0.05) 0.12 NS 0.01NS 0.017** 4.378** 3.164** 1.765**
CV (%) 1.74 8.28 2.13 2.261 1.884 1.072
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NJATM-treated plots compared to other mulches applied 
because of their higher contribution to root biomass and crop 
residues in soil. Additionally, NJATM with a higher C:N ratio 
and lignin content (12.56%) improved nutrient immobilization 
and degradation of NJATM materials causing organic matter 
addition in soil [16]. The enrichment of soil organic matter 
through the decomposition of organic mulches has already 
been reported by Youkhana and Idol [42]. Adhikari et al. [33] 
conveyed that organic C content in soil was maximum with 600 
gsm jute agro-textile mulches in tomato. However, Sarkar et al. 
[22] documented the highest organic C content (0.46%) in soil 
treated with 1000 gsm woven jute agro-textile mulches which 
showed an increment of 84% over un-mulched soil.

The available N content in soil was enhanced after the 
harvest of maize in residual NJATM-treated plots over 
control as well as other mulches. The highest available N 
content (145.98 kg  ha−1) was recorded in  T4 treatment, i.e., 
plot treated with 400 gsm NJATM. Such enhancement of 
available N under NJATM-treated soils may be attributed 
due to higher mobility of nitrogen in increased moisture 
content and enhanced mineralization of soil organic N due 
to higher microbial activities [16, 43]. A separate investiga-
tion conducted by Zhou et al. [44] looked at the influence 
of nonwoven ramie fiber film on the surroundings of the 
roots of rice seedlings and discovered a substantially greater 
amount of soil nitrogen that ultimately resulted to improve 
rice seedling growth. However, Sarkar et al. [22] reported 
the highest available N content (79.4 kg  ha−1) in soil treated 
with 1000 gsm woven jute agro-textile mulches for bananas 
in the new alluvial soil of West Bengal, India. Again, accord-
ing to Adhikari et al. [33], the available soil N content was 
highest due to the imposition of 600 gsm jute agro-textile 
mulches in tomatoes.

The available P content in post-harvest soil was enhanced 
in residual NJATM-treated plots over control as well as other 
mulches. Similar to available N, the available P content was 
highest (30.33 kg  ha−1) in  T4 (400 gsm NJATM), followed by 
 T3 (23.0 kg  ha−1) (350 gsm NJATM). Such a higher amount 
of available P in residual NJATM-treated plots was probably 
due to better hydrothermal regimes, higher root growth, and 
reduced weed density [16]. Production of organic acids due to 
the decomposition of NJATM along with the release of metal 
cations (Al, Fe) might enhance the native P solubilization and 
subsequent availability of P in soil [16, 45]. However, Sarkar 
et al. [22] reported the highest available P content (25.0 kg 
 ha−1) in soil treated with 1000 gsm (which was, however, sta-
tistically equal to 800 gsm) woven jute agro-textile mulches 
for bananas in the new alluvial soil of West Bengal, India. 
Again, the experiment conducted by Adhikari et al. [33] noted 
the highest available P content in soil treated with 600 gsm 
jute agro-textile mulches in tomato.

Again, there was an increase in available K content in post-
harvest soil in residual NJATM-treated plots over control as 

well as other mulches. The plot treated with T4 (400 gsm 
NJATM-treated plot) showed the highest (138.23 kg  ha−1) 
available K which was, however, statistically equal to T3 
(350 gsm NJATM-treated plot). Such improvement in avail-
able K content residual mulch-treated soils might be due to 
less weeds, better hydrothermal regime, and good amount of 
root biomass, as reported by Gupta and Acharya [43], Singh 
et al. [46], and Manna et al. [16]. Thus, enrichment in avail-
able N, P, and K in residual NJATM-treated plots compared 
to control and other mulches was might be due to microbial 
decomposition of NJATM under favorable temperature and 
moisture regime [16]. However, Sarkar et al. [22] reported the 
highest available K content (226.0 kg  ha−1) in soil treated with 
1000 gsm woven jute agro-textile mulches for bananas in the 
new alluvial soil of West Bengal, India. Again, Adhikari et al. 
[33] reported the lowest (153 kg  ha−1) and highest (310.5 kg 
 ha−1) available P content in un-mulched and soil treated with 
600 gsm jute agro-textile mulches, respectively, in tomatoes.

3.6  Efficacy of the residual NJATM over others

The results of the experiment revealed that residual nonwo-
ven jute agro-textile mulches (NJATM) were more efficient 
in comparison to residual rice straw and polythene mulches 
for enhancement of growth and productivity of maize, 
enrichment of macro-nutrients in soil, suppression of weeds, 
and enhancement in water holding capacity and increase in 
the microbial population of the light-textured lateritic soil 
of West Bengal. The residue NJATM with higher porosity, 
higher permeability, higher carbon to nitrogen (C:N) ratio, 
higher water absorbing capacity (~500%), eco-friendliness, 
and biodegradability, its chemical composition like cellu-
lose, lignin, fat, wax, and nitrogenous matter contents might 
be responsible for its superiority over other mulches like 
rice straw and plastic mulches. Consequently, overall soil 
health was improved, and the yield of maize was increased 
in NJATM-treated plots in comparison to other treatments. 
Manna et al. [16] reported similar observations in previous 
crop broccoli in the same experimental field. Considering 
biodegradability and strength loss, 250 gsm NJATM can be 
used well for boosting the yield of short-duration (75–100 
days) horticultural crops, while 400 gsm NJATM can be 
utilized for long-duration crops [47]. Manna et al. [48] 
found that 350 gsm NJATM is superior to other mulches in 
terms of enhancing soil water, optimizing soil temperature, 
raising soil nutritional status, and consequently raising the 
yield of broccoli planted in lateritic soil. Sengupta et al. 
[49] and Sengupta [50] have earlier reported the outstanding 
potential of applying needle-punched NJATM compared to 
other mulches in crop yield in rainfed humid and semi-arid 
regions. Furthermore, considering the environment, Liu 
et al. [51] conveyed that bio-degradable nonwoven mulches 
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fabricated from natural fibers have the potential in enhanc-
ing cotton productivity when compared to plastic mulches 
and simultaneously reduce plastic pollution.

4  Conclusion

Based on the results obtained from this experiment conducted 
in lateritic soil of eastern India, it can be summarized that the 
residue of nonwoven jute agro-textile mulches (NJATM) of 
different thicknesses as well as rice straw and black polythene 
mulch which were used in preceding broccoli increased all 
the growth characteristics and yield parameters of maize, soil 
fertility, soil moisture, microbial population, and weed sup-
pression as compared to non-mulched plots. However, among 
all the mulches used, the residual 400 gsm NJATM showed 
the highest value of plant height, plant per  m2, cobs per plant, 
cob length, cob diameter, test weight, grain yield, biologi-
cal yield, and harvest index of maize. Again, weed popula-
tion (broadleaved, grasses, sedges) density was significantly 
decreased with the residue of NJATM of 400 gsm thickness. 
Similarly, the population of bacteria and actinomycetes in 
post-harvest soil was highest in residual 400 gsm NJATM. 
Likewise, residual NJATM significantly improved the mois-
ture content and fertility status (available N, P, K and organic 
C) of soil compared to soil imposed with other mulches and 
not imposed with any mulching material. Among all the thick-
nesses of NJATM, 400 gsm thickness preserved the highest 
soil moisture and highest available N, P, K, and organic C. 
Thus, it can be concluded that residue of 400 gsm NJATM 
mulches is proven best in improving soil fertility, conserving 
soil moisture, increasing soil microbial population, suppress-
ing weeds, and increasing summer maize yield in dry lateritic 
light-textured soil.
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