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Abstract
Purpose Mulching is a practice recommended for soil moisture conservation in potato. The wheat straw and rice straw 
obtained as major crop residues were used as mulching materials to compare their effectiveness for soil moisture retention 
in potato crop.
Methods The field experiments were conducted in a randomized complete block design replicated thrice with three treat-
ments viz. plots incorporated with wheat straw mulch, rice straw mulch at the rate of 10 tonnes per hectare each and no mulch 
serving as control. The soil moisture was determined using a soil moisture probe and data were recorded daily at 10 cm, 
20 cm and 30 cm soil depths. The Field Emission Scanning Electron Microscopy was used to investigate moisture retention 
characteristics of the mulch materials.
Results Soil moisture retention varied as wheat straw mulch > rice straw mulch > no mulch at 10 cm, 20 cm and 30 cm soil 
depths, respectively. Highest moisture retention in wheat straw mulch at 10 cm depth is attributed to better moisture absorp-
tion ability of wheat straw in comparison to rice straw. Field Emission Scanning Electron Microscope images indicated 
the presence of smaller sized micro tubes in wheat straw than rice straw, which resulted in more water retention, thereby 
substantiating the findings of the study.
Conclusion Wheat straw mulch is more effective than rice straw mulch for shallow rooted crops like potato, due to better 
moisture absorption and retention in upper soil layer.
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Introduction

Efficient water management is one of the major challenges 
faced by present day agriculture. For successful agriculture, 
proper utilization of water is essential which can be achieved 
by adopting suitable water conservation measures (Shankar 
et al. 2017). Several techniques like micro irrigation, conser-
vation tillage, organic farming, rotational grazing, and dry 
farming including mulching are adopted for soil moisture 

conservation. Mulching is the application of any plant resi-
due or other materials for covering top soil surface for soil 
moisture retention (Chavan et al. 2010). The unique ability 
of mulches to retain moisture in case of cropped and fallow 
soils has been observed by several researchers (Havlin et al. 
1990; Dalrymple et al. 1993; Rathore et al. 1998; Duiker and 
Lal 1999; Ji and Unger 2001; Giordani et al. 2004; Chavan 
et al. 2010). Mulching has been effectively used for con-
serving soil moisture and increasing productivity in several 
crops like wheat (Rahman et al. 2005), maize (Zhang et al. 
2005), sorghum (Chavan et al. 2010), tomato (Ramalan and 
Nwokeocha 2000), turmeric (Kumar et al. 2003), Sunflower 
(Tariq et al. 2001) and sesame (Teame et al. 2017). Various 
mulch materials have also been recommended in case of 
potato crop for conserving soil moisture, saving irrigation 
water and increasing yield (Burger and Nel 1984; Mahmood 
et al. 2002, Uniyal and Mishra 2003; Kar and Kumar 2007; 
Dash et al. 2018).
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About 500 million tonnes of the crop residues are gen-
erated in India every year (MNRE (Ministry of New and 
Renewable Energy Resources) 2009). These crop residues 
are often an agri-waste to the farmers. Singh and Panigrahy 
(2011) reported that 84% of agriculture residues burning 
is from the Rice–Wheat system alone. Thus the residues 
of both these crops, i.e. rice straw and wheat straw, were 
selected to be used as mulch for comparing their moisture 
retaining potential in the potato crop. Potato is a crop that 
holds an important position in the global economy. The root 
system of potato is shallow, with weak soil penetration and 
often unable to penetrate the plough pan of soil (Lesczyn-
ski and Tanner 1976; Van Loon 1981; Stalham et al. 2007; 
Iwama 2008) which makes it inefficient to extract water and 
minerals from deeper soil layers (Opena and Porter 1999; 
Dechassa et al. 2003). Therefore, potato crop cannot grow 
well under a high degree of soil moisture depletion and 
requires frequent irrigations (Saha et al. 1997; Poddar et al. 
2018). Mulching provides the additional advantage of soil 
moisture conservation and reduces the irrigation require-
ment of the crop (Saha et al. 1997).

The present study was conducted to investigate the per-
formance of wheat straw mulch and rice straw mulch for 
their moisture retaining ability in the potato crop. An effort 
has been made to find the phenomenon responsible for 
water retention at micro level using FESEM (Field Emis-
sion Scanning Electron Microscopy) and EDS (Energy Dis-
persive Spectroscopy) technique. FESEM was performed 
to understand the distribution of the structures present in 
mulched soils, wheat straw mulch and rice straw mulch for 
explaining the moisture retaining behaviour of the mulches. 
There are hardly any reports of FESEM studies in mulched 
soils and mulching materials. Therefore, present study is an 
attempt to evaluate wheat straw mulch and rice straw mulch 
for their soil moisture retention capacity and investigate the 
microstructure of samples of soil and mulch materials to 
understand their moisture retention behaviour.

Materials and methods

Study area and experimental site

Field experiments were performed at agricultural experi-
mental station of National Institute of Technology (NIT) 
Hamirpur, Himachal Pradesh (India) from January to April 
2018. The agricultural field was located at latitude: 31° 42′ 
40″ N; longitude: 76° 31′ 33″ E; altitude: 900 m above mean 
sea level. The region belongs to sub-humid mid hills of west-
ern Himalayas with an average annual rainfall of 1572 mm, 
80 percent of which falls during the rainy season (June to 
September) due to south west monsoons. The soil of experi-
mental area was coarse textured sandy loam.

Treatments

Three treatments used in the study consisted of rice straw 
mulch (RM), wheat straw mulch (WM) applied at the rate of 
10 tonnes per hectare each, and no mulch (NM). The exper-
iment was set up in a randomized complete block design 
(RCBD) with three replications for each treatment with a 
plot size of 3 m × 1 m under each replication. A popular vari-
ety of potato “Kufri Jyoti” was used in the study and sowing 
of the crop was done in January 2018 by standard ridge and 
furrow method with a spacing of 45 cm × 15 cm. Rate of 
application of manures and fertilizers used per hectare was 
25 tonnes farmyard manure (FYM), 120 kg N, 80 kg P and 
60 kg K. Full dose of FYM, P and K and half dose of N 
were applied at the time of sowing and remaining half dose 
of N was applied after 30 days of sowing as per package of 
practices recommended by Himachal Pradesh state agricul-
ture university (CSKHPKV 2008). Mulching was also done 
after first earthing up and both the mulches were used as 
whole straw without any chopping or other treatment. Uni-
form light irrigations to the depth of 50 mm were applied 
frequently in all the plots and total eleven irrigations were 
used during the crop season.

Soil moisture measurement

A soil moisture probe—Diviner 2000 (Sentek Pty Ltd., Step-
ney, South Australia) was used to observe the soil moisture. 
The PVC pipes were installed vertically in the middle of 
each plot to insert the probe for recording the soil mois-
ture data. The PVC pipes were driven to a depth of 100 cm 
and observations were recorded at 10 cm intervals. Potato 
is a shallow rooted crop with approximately 85% of the root 
length of crop being concentrated in the upper 30 cm layer 
of the soil (Opena and Porter 1999). Hence, the soil moisture 
data up to 30 cm has been used in the present study.

FESEM–EDS investigations

FESEM is a powerful and versatile microscopic method 
capable of magnifying the images up to 150000 × and 
together with EDS method provides elemental composi-
tion map of the sample. FESEM is often used to exam-
ine microstructures of soils to assess their environmental 
and mechanical behaviour (Mitchell 1993). FESEM–EDS 
based analytical method is used for the automatic assess-
ment and measurement of the geometric and morphological 
characteristics such as particle size, shape, arrangement and 
distribution in soils, which are important for understand-
ing the soil behaviour (Liu et al. 2015). Many macroscopic 
soil properties are frequently explained in terms of micro 
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structural behaviour such as distribution and connectivity 
of pores, particle size, shape and distribution, along with 
the arrangement of grains and grain contacts (Romero and 
Simms 2008). The procedure for collection and preparation 
of samples, subjected to FESEM and EDS investigations is 
explained below.

Soil samples

Three soil samples namely no mulched soil (NMS), wheat 
straw mulched soil (WMS) and rice straw mulched Soil 
(RMS) were collected from NM, WM and RM plots, respec-
tively. The samples were collected from a depth of 10 cm 
after 6 months of application of mulch. The samples were 
obtained using the method described by Chen et al. (1980). 
The soil samples were extracted by sampling tubes. Thereaf-
ter the sampling tubes with soil samples were submerged in 
liquid nitrogen to freeze the moisture present in the soil sam-
ples. The sampling tubes were then warmed by rubbing the 
outside to release the frozen samples. These frozen cut soil 
samples were glued on carbon tape which was mounted on 
an aluminum stub. Gold sputtering was done on its exposed 
surface, facing upward for 75 s before they were subjected 
to the FESEM–EDS measurement.

Mulch samples

The method used by Ramamurthy and Kannan (2009) 
was followed for the preparation of mulch samples for 
FESEM–EDS. Mulch samples used in the study included 
Wheat straw (WS) and Rice straw (RS). These mulch sam-
ples were washed thoroughly with distilled water to remove 

the external matter and foreign particles present on sample 
surface followed by shade drying. Then the moisture from 
the samples was removed by drying them in an oven at a 
temperature of 60 °C for 4 h. The samples were finally cut 
to 1–2 mm small pieces before subjecting to FESEM–EDS 
measurement.

Characterization of sample morphology 
and elemental composition

The morphology and micrographs were recorded using 
an FEI-450 Quanta field emission scanning microscope 
(Thermo Fisher Scientific, Oregon, USA). The chemi-
cal composition of samples was determined using energy 
dispersive X-ray spectroscopy (EDS) coupled to FESEM. 
Samples were glued on the sample holder and then gold 
coated to form a readily conductive surface. The FESEM 
micrographs and resultant EDS spectrum were recorded for 
all the samples.

Results and discussion

Soil moisture

Soil moisture was recorded with soil moisture probe from 
26th February to 20th April, 2018. The moisture data 
obtained at 10 cm, 20 cm and 30 cm depths in the crop root 
zone are depicted in Figs. 1, 2 and 3, respectively. At 10 cm 
soil depth, the maximum soil moisture was observed in WM 
plots, followed by RM and NM plots, showing an average 
increase of 42% and 32% for WM and RM, respectively 

Fig. 1  Soil moisture at 10 cm 
depth
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over NM (Fig. 1). At 20 cm depth, the order of soil moisture 
retention was RM > WM > NM. Though the moisture reten-
tion was high in RM and WM in comparison to NM, but the 
average moisture increase was 15.65% in RM and 5.12% in 
WM (Fig. 2). At 30 cm depth, the moisture content in RM 
and NM was at par, but a sudden drop in soil moisture was 

observed in plots with WM (Fig. 3). It could be inferred 
from the data at various soil depths that at the applied levels 
of uniform irrigation the moisture content was high in top 
layers in mulched plots whereas high soil moisture content 
was observed in deeper soil layers in plots without mulch. 
Thus, the study indicated that the applied mulches conserved 

Fig. 2  Soil moisture at 20 cm 
depth
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Fig. 3  Soil moisture at 30 cm 
depth
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the moisture in the top layer and prevented it from percolat-
ing down in the deeper soil layer away from the crop root 
zone. The highest moisture content with WM in the top 
10 cm layer showed that WM absorbed more water than 
RM and checked the deep percolation loss more effectively. 
This was attributed to the mulch characteristics, which were 
further investigated using FESEM. Since mulches formed 
a physical barrier, limited the soil water evaporation and 
prevented percolation losses, the moisture retention in the 
top soil layers increased. Moisture conserving abilities of 
mulches reported by Mulumba and Lal (2008) and Xing 
et al. (2012) found an increase in soil moisture capacity by 
18% to 35% and 5.7% to 9.5%, respectively. Results of the 
present study have shown an increase in soil moisture from 
32% to 42% at 10 cm depth and 5.12% to 15.65% at 20 cm 
soil depth.

Morphological characterization from FESEM studies

The FESEM studies were conducted to investigate micro 
level causes of enhanced moisture retention by wheat straw 
in comparison to rice straw.

FESEM micrographs of soil samples

FESEM, studies provided high resolution micrographs 
of samples, owing to the small de Broglie wavelength of 
electrons. This enabled the samples to be examined in fine 
details. The morphology of NMS, RMS and WMS soil sam-
ples, obtained from the field after 6 months of mulch appli-
cation was determined by FESEM as shown in Plates  1, 
2 and 3, respectively. The images depicted that all the soil 
samples, i.e. NMS, RMS and WMS were homogenous con-
sisting of small micrometer scale grains having irregular 

platelet shape. The size of the particles ranged from 1 to 
5 μm. Comparison of the images showed no significant dif-
ference in the soil samples. This indicated that mulching did 
not change the properties and structure of soil over a short 
period of time. These results are also in agreement with the 
work of Schonbeck and Evanylo (1998) who reported no 
significant difference in the physical properties of soil by 
mulching. Organic mulching has been reported to improve 
soil surface aggregation within 2 to 8 years (Black 1973).

FESEM micrographs of mulch samples

FESEM micrographs of rice straw (RS) and wheat straw 
(WS) are shown in Plates  4 and 5. Micro tubes were 
observed in both mulch samples. The size of tubes in case 
of RS was about 20 μm, whereas it was about 10 μm in 

Plate 1  FESEM micrograph of Soil under NM (NMS)

Plate 2  FESEM micrograph of Soil under RM (RMS)

Plate 3  FESEM micrograph of soil under WM (WMS)
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WS. Micrograph of RS showed plasma like layers but that 
of WS showed the continuous tubular structures. The con-
tinuous tubular morphology of WS and smaller diameter 
of micro tubes in WS seems responsible for retaining more 
moisture because these micro tubes act as capillaries and 
hold the water tightly due to surface tension. Narrower the 
capillary, more is the rise resulting in higher water reten-
tion. Thus, the capillary rise in WS was nearly double than 
that of RS since the diameter of the RS tubes observed was 
twice the diameter of micro tubes observed in WS. Further, 
the plasma like layers observed in the micrograph of RS 
did not allow water molecules to get entrapped into these 
layers. Analysis of soil moisture data revealed an increase 
in soil moisture retention to the extent of 42% in WM and 
32% in RM as compared to NM at 10 cm soil depth. But 
the soil moisture drastically reduced at 30 cm depth in WM 
plots. This indicated that wheat straw mulch present in the 

top layer retained maximum moisture and prevented it from 
percolating to deeper layers. The FESEM images of mulch 
materials explain the soil moisture retention behaviour in 
the field. Therefore, WM is capable of holding water in the 
uppermost soil layer, which is beneficial for shallow rooted 
crops like potato.

Elemental composition

The soil and mulch materials are composed of various ele-
ments. The chemical composition of the elements present in 
the soil samples was detected with Energy dispersive spec-
trometry (EDS).

Elemental composition of soil samples

The EDS Spectrum of NMS, RMS and WMS detected Oxy-
gen (O), Silicon (Si), Aluminum (Al), Iron (Fe), Magne-
sium (Mg), Potassium (K) and Nitrogen (N) in all the soil 
samples. The EDS spectrum of NMS showed presence of 
68.5% O, 13.28% Si, 9.1% Al, 4.73% Fe, 2.63% Mg, 1.02% 
K and 0.75% N (Fig. 4). The atomic percentages of the ele-
ments observed in RMS were 69.28% O, 13.62% Si, 9.97% 
Al, 2.22% Fe, 0.91% Mg, 1.27% K, 1.99% N and 0.74% Na 
(Fig. 5). The EDS analysis of WMS detected 65.65% O, 
19.83% Si, 8.46% Al, 3.12% Fe, 1.16% Mg, 0.81% K and 
0.98% N (Fig. 6). The increase in elemental nitrogen over 
control was observed in both RM and WM. This may be 
due to high moisture content under mulch which increased 
the mineralization of soil nitrogen. Bhagat et al. (2016) also 
reported that there was an increase in nitrification poten-
tial of the soil after application of mulch and high dose 
of nitrogen fertilizer due to the N-mineralization process, 
which increased the supply of  NH4

+ ions. Similar practice 
i.e. application of mulch along with the recommended dose 
of fertilizers used in the present study is attributed to the 
increased nitrogen content in mulched samples.

Elemental composition of mulch samples

The EDS Energy Spectrum of RS and WS are shown in 
Figs. 7 and 8, respectively. The prominent elements detected 
in mulch samples though EDS were Carbon(C), Oxygen (O) 
and Silicon (Si) which were 55.26%, 40.93% and 3.81%, 
respectively in RS with corresponding values of 58.69%, 
40.84% and 0.47%, respectively in WS. C and O in both the 
mulch samples were almost comparable, but Si was found to 
be more in RS than WS. This is because rice straw is actu-
ally rich in silicates due to which it is not considered good as 
fodder for cattle. Though, both the mulch samples possessed 
a high Carbon content, C was not detected in soil samples, 
since the release of C takes place after the decomposition 
of mulch which is a time-consuming process. Change in 

Plate 4  FESEM micrograph of RS

Plate 5  FESEM micrograph of WS
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soil’s total organic matter occurs slowly after mulching 
(Powlson and Jenkinson 1981; Schnurer et al. 1985; Pers-
son and Kirchmann 1994). Findings of present study are in 
line with that of Shashidhar et al. (2008) which could not 
find any measurable increase in organic carbon content with 
rice straw.

Conclusion

The present study was focused to investigate the use of 
wheat straw mulch and rice straw mulch for their mois-
ture retaining ability in potato crop at soil depths of 10 cm, 
20 cm and 30 cm. The analysis of observed soil moisture 

data revealed that enhanced soil moisture retention in wheat 
straw mulch and rice straw mulch was 42% and 32%, respec-
tively at 10 cm soil depth; whereas corresponding increase 
at 20 cm soil depth was 5.12% and 15.65%. The experimen-
tal findings were substantiated by the results obtained from 
FESEM-EDS studies, wherein small micro tubes with an 
approximate size of 10 μm in wheat straw and 20 μm in rice 
straw were observed. Narrower capillaries in wheat straw 
were responsible for higher water retention as compared to 
rice straw. Wheat straw mulch also prevented moisture per-
colation to deeper soil layers. In shallow rooted crops like 
potato, wheat straw mulch provides effective soil moisture 
retention in the root zone.

Fig. 4  EDS spectrum of NMS



S352 International Journal of Recycling of Organic Waste in Agriculture (2019) 8 (Suppl 1):S345–S356

1 3

Fig. 5  EDS spectrum of RMS
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Fig. 6  EDS spectrum of WMS
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