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Abstract: Conventional tillage practices have been regarded as the major reason for the loss of fertile 
topsoil in the sloping agricultural lands of the middle hills of Nepal. Reports on the effects of no-till 
and mulch on soil and corn yield in these regions are scarce, although these farming practices have 
been recommended to reduce soil erosion and increase crop yields. To assess the impacts of tillage 
(with +T, without −T) and mulch (with +M, without −M) on soil and soil nutrient losses, and corn 
yield, we conducted an experiment with five treatments: −T+M, −T−M, +T+M, +T−M, and bare fallow 
(BF), replicated four times each in an unbalanced complete random block design in Salyan district 
of Nepal. The results showed the presence of corn and no-till significantly lowered the soil losses. 
Losses of soil organic matter (SOM) and total nitrogen were also significantly reduced by the 
presence of corn, no-till, and mulch. However, no effects of mulch on soil losses, and no effects of 
tillage, mulch and corn on soil phosphorus were observed. Soil loss was found to be significantly 
and positively correlated with total seasonal rainfall, monsoon being the most severe season for soil 
erosion. While no-till and mulch did not affect corn height, cob height, and stover yield, no-till 
significantly increased the corn yield by 0.52 Mg ha−1 compared to conventional till. We confirm the 
synergistic interaction of mulch with tillage to reduce the losses of SOM and total nitrogen, and 
effectiveness of no-till to reduce the soil losses and increase the corn yield in the middle hills of 
Nepal. As this study is based on the results of two year’s data, long-term studies are required to 
identify the long-term impacts of no-till and mulch on soil losses and corn yield across the country. 
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1. Introduction 

Accelerated soil erosion has been an enduring problem since agriculture began [1]. Out of ten 
major soil threats of the world, soil erosion is considered as the main one by the Food and Agriculture 
Organisation of the United Nations and Intergovernmental Technical Panel on Soils [2]. Soil erosion 
is a significant feature in several regions of Nepal, given the hilly topography and rugged mountains, 
concentrated rainfall events in the monsoon season, and increased human influence in the removal 
of natural vegetation and soil disturbance [3]. Several research reports suggest that a significant 
amount of soil loss occurs in Nepal; from as low as zero in the lowlands to up to 105 Mg ha−1 year−1 
in the uplands, and sometimes reaching as high as 420 Mg ha−1 year−1 in the shrublands [4]. High 
erosion rates in the shrublands are due to the steep slopes, overgrazing and lack of vegetation, and 
formation of gullies [4]. As an example, about 21,000 m3, equivalent to 64 Mg ha−1, is eroded annually 
from the Khajuri catchment of Nepal. Similarly, soil loss rates of 11.17 and 10.74 Mg ha−1 year−1 have 
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been observed in the Aringale Khola [5] and Sarada river basin [6] of Siwalik Hills of Nepal, 
respectively. 

Corn is the second most important staple crop of Nepal after rice, in terms of area of cultivation. 
The total area, production, and yield of improved corn in Nepal have been reported as 891,583 ha, 
2.23 million Mg and 2.5 Mg ha−1, respectively [7]. More than 70% of the corn growing area is the 
middle hills, which also accounts for 71% of the total corn produced in the country [7]. However, this 
region is extremely vulnerable to soil erosion under traditional annual cropping systems and 
produces greater soil and soil nutrient losses as a consequence. Data on soil erosion in corn 
production in Nepal indicates that up to 16.6 and 11.1 Mg ha−1 of soil may be lost annually in 
conventional and reduced till systems [1]. Total annual edible cereal grain production in the country 
is 5.35 million Mg whereas the requirement is 5.42 million Mg which leaves a deficit of 70 thousand 
Mg of grain [7]. Increasing corn production can fill this void if soil loss in the middle hills is kept 
under control. 

There is a growing literature that conventional till is the major reason for accelerated soil erosion 
[8,9]. Frequent hoeing and ploughing have brought about soil loss and soil nutrient decline in 
farmlands [10]. Ploughing lands immediately after the harvest and leaving them as such without 
vegetative cover is more common in Nepal [11] which further aggravates soil loss. Reduced till/no-
till instead has been effective in reducing the soil and nutrient losses such as organic carbon, nitrogen, 
phosphorus, and potassium [1]. At worldwide scale, mulching has been long known to reduce soil 
and water losses in the agricultural lands, rangelands, and fire-affected areas [12], however, little 
research has been conducted in Nepal to assess its efficacy. The beneficial effects of mulching also 
come through reduction of overland flow which ultimately reduces the sediment and nutrient load 
in the runoff water [12].  

Conventional till in corn-based upland cropping system encourages extensive soil tillage 
followed by removal of crop residues from the field, and the soil surface is repeatedly ploughed after 
farmyard manure application [1]. The soil is left bare until crop growth provides some vegetative 
cover. This practice increases the loss of topsoil and soil nutrients. No-till and mulch are 
recommended as prospective researchable options to reduce soil erosion and increase corn yield in 
Nepal [10], however, very few research has been conducted in such areas. When it comes to soil 
erosion, the monsoon season is most vulnerable to soil loss as 80% of the rainfall occurs during this 
season [13]. The aims of the research reported here were to: 

• Evaluate the impacts of no-till, mulch, and the presence of corn on soil erosion across diverse 
seasons during two consecutive years, and 

• Determine the interactive effects of no-till and mulch on corn yield during two consecutive years. 

2. Materials and Methods 

2.1. Study Area 

The present research was carried out in the research fields of Ginger Research Program located 
in the Kapurkot Rural Municipality of Salyan district, Nepal (Figure 1). The Program is home to 
varietal research and development trials for ginger and turmeric. The research area lies between 
28°14′ North latitude and 32°24′ East longitude at an elevation of 1480 m above sea level. The climate 
is subtropical, and the major crops grown in the region are corn, millet, potato, and ginger. Maximum 
and minimum temperatures of 38 and 7 °C, respectively, and mean annual rainfall of 1011 mm were 
recorded. Ministry of Agricultural Development [14] reports indicate that moderate to well-drained 
loamy skeletal soils of nearly neutral pH (6.6) dominate the study area. Soil profiles are up to 1 m 
deep, and the soils are commonly low in SOM content (1–2.5%). The terrain is undulating with a slope 
of around 20–30°.  
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Figure 1. Location of the study area with the digital elevation model (DEM). 

2.2. Plot Size and Experimental Design 

Replicated four times each, five treatments: −T+M, −T−M, +T+M, +T−M (T = Tillage and M = 
Mulch) and bare fallow (BF) each with 3 × 3.75 m plot size, were established in an unbalanced 
complete randomised block design (Figure 2). Corn was grown in all the treatments except in the BF 
which did not receive any tillage or mulching practices, and it was kept bare of vegetation by repeated 
hand weeding while minimising disturbing the soils in the plots. Trenches of 50–60 cm depth were 
dug at the lower end of the experimental plots and covered by polythene sheets to harvest the surface 
runoff and sediment (Figure 3). 
 

 
 
 
 
 
 
 
 
 

 

Figure 2. Experimental setup showing one of the replications with treatment combinations (T = 
Tillage, M = Mulch, and BF = Bare fallow). 

2.3. Rainfall Measurements 

The months of June, July, August, and September are considered as the monsoon season when 
around 80% of the annual rainfall occurs [13], however June and July are the months with the most 
intense and heavy rainfall events. Thus, we considered July and August months as the monsoon 
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season, the period from June to July as early monsoon, and the period from August to October as late 
monsoon season to analyse how rainfall amounts in these seasons affect soil and nutrient losses. 

2.4. Measurements of Surface Runoff and Laboratory Analysis 

Harvesting of the surface runoff was done for early monsoon, monsoon, and late monsoon 
seasons with the collection being more frequent during intense rains to avoid overflow of the soil 
sediments out of the trenches. As we conducted this research to assess the impacts of soil erosion on 
corn performance while the crops are intact, the period from November to May was not included 
although there was some rainfall. Vegetal residues present in the collected soil sediments were 
removed. The sediments were air-dried, then homogenized, sieved and grinded. Soil sediments were 
then analysed for total nitrogen by Kjeldahl [15], available phosphorus (P2O5) by Olsen [16] and SOM 
by chromic acid titration [17] methods. 

 
Figure 3. Photos showing the experimental setup (a), and trenches (50–60 cm) at the lower end of the 
plots to harvest the surface runoff (b). 

2.5. Agronomic Practices 

Field preparation was done right after the harvesting of ginger from the experimental plots. The 
tillage treatment was applied by ploughing and turning the soils upside down with a spade up to a 
depth of 25 cm. Harvested mustard stems grown nearby the research area were collected, chopped, 
and applied at the rate of 3 Mg fresh matter ha−1 in the mulched plots. Plots under conventional till, 
as generally done by local farmers, were tilled twice. In all the plots except the BF, seed-sowing was 
done by the corn planter developed by the Nepal Agricultural Research Council. Manakamana-3, a 
popular corn variety in the Nepalese hills for human consumption, was sown with a spacing of 75 
cm between rows, and 25 cm between plants in the rows. Corn planting was done in June, and the 
trials were run for 21 weeks for both years 2017 and 2018. The recommended dose of chemical 
fertiliser 120:60:40 kg NPK/ha was applied for all the treatments except the BF in both years. 
Weeding/hoeing was done manually for all the plots; the first and second weeding were done after 
30 and 60 days after sowing, ensuring all plots had similarly low weed burdens. Harvesting was done 
manually in both years, and no crops were grown from November to May. 

2.6. Measurement of Crop Parameters 

As described in the field instruction manual of the National Maize Research Program [18], plant 
growth measurements (plant and cob height, and grain and stover yield) were recorded. Plant height 
was measured as a distance from the base to the top of the plant where tassel starts branching whereas 
the distance from the base of the plant to the uppermost ear-bearing node was taken as the cob height. 
These crop parameters were measured by taking 10 random plants from the middle four rows of each 
treatment. 
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2.7. Statistical Analyses 

Statistical analyses were carried out using the R version 3.5.3 [19] and analysis of variance 
(ANOVA) was used to evaluate the effect of treatments. A five-way ANOVA was used to assess the 
effect of tillage, mulch, and corn presence across three consecutive seasons in two consecutive years 
on soil parameters. A three-way ANOVA was used to assess the effect of tillage and mulch across 
two consecutive years on crop parameters. ANOVA tables are included in the Supplementary 
Materials (Tables S1 and S2). Assumptions of homogenous variances and normal distributions were 
confirmed using residual versus fitted plots and quantile–quantile plots, respectively. Square root 
(available phosphorus) or log transformations (all other variables) were carried out to stabilise the 
residuals. Data were tested for significant differences at p = 0.05 and significantly different means 
were separated using 95% confidence limits (standard error × 1.96) [20]. Linear regression was used 
to evaluate the relationship between soil loss and seasonal rainfall for the soil management 
treatments (mulch, tillage, and bare fallow). The cor() function was used to calculate p values and 
correlation coefficients (R2). 

3. Results 

3.1. Rainfall at Experimental Site 

The amount of rainfall received in different months is presented in Figure 4. The total rainfall 
received in the years 2017 and 2018 were 1309 and 1555 mm, respectively; quite higher compared to 
the long term average rainfall (1011 mm) [21]. The amount of rainfall received at the experimental 
site during the early monsoon, monsoon, and late monsoon seasons were 243, 817, and 72 mm, 
respectively in 2017 and 183, 1036, and 168 mm, respectively in 2018. 

 
Figure 4. Monthly rainfalls at the experimental site (2017–2018). 

3.2. Soil Losses 

Soil loss was significantly affected by tillage (p = 0.020), no-till reducing the soil losses by 0.42 
Mg ha−1 compared to conventional till (Figure 5). Interaction effects of corn, season, and year (p = 
0.027) were also observed. The loss was approximately halved by the presence of corn (p < 0.001), i.e., 
by 1.77 Mg ha−1 as compared to the no-corn plots. Soil loss was the highest in the monsoon season 
(4.05 Mg ha−1) and the lowest in the early monsoon season (1.06 Mg ha−1) for both the years, and the 
year 2018 lost 2.2 Mg ha−1 of soil, 0.14 Mg ha−1 more soils than in 2017. The cumulative soil loss 
throughout the two-year trial (Figure S1) was greatest in the BF treatment (20.6 Mg ha−1), followed by 
+T−M (15.2 Mg ha−1), with −T+M, −T−M and +T+M being the lowest (mean = 9.5 Mg ha−1). 
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Figure 5. Effect of tillage (−T or +T), mulch (−M or +M), and corn (presence or absence) on soil loss at 
three sampling times in 2017 and 2018. Means (grey columns) and 95% confidence intervals (error 
bars) shown with raw data (grey circles). 

Linear regression of total seasonal rainfall and soil loss (Figure 6) shows that rainfall was 
significantly and positively correlated with was soil loss (p ≥ 0). The regression slope (b) was greatest 
for +T−M (4.7 kg soil ha−1 mm−1) and BF (4.4 kg soil ha−1 mm−1), and lowest for the mulched treatments 
(−T+M and +T+M) at 2.7 kg soil ha−1 mm−1. 

 
Figure 6. Linear regression of seasonal rainfall on soil loss for tilled (−T or +T) and mulched (−M or 
+M) plots in the early monsoon (green squares), monsoon (blue triangles), and late monsoon (red 
circles) seasons (95% confidence intervals shown). Note: Pslope is the probability of the slope being 
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significantly different to zero, b is the slope coefficient (± standard error), and R2 is the correlation 
coefficient. 

3.3. SOM Losses 

SOM loss was approximately halved by the presence of corn (p = 0.001), i.e., by 48.4 kg ha−1 as 
compared to no-corn plots (Figure 7). Interaction effects of tillage and mulching (p = 0.016) were also 
observed where mulching reduced the SOM loss by 47.2 kg ha−1 in the tilled plots, which is almost 
eight times higher reduction than in the no-till plots. The season also had significant effects on the 
SOM loss (p = 0.032) where monsoon season lost the highest SOM (81.9 kg ha−1), 35.2 kg ha−1 more 
than the early monsoon and 28.6 kg ha−1 more than the late monsoon season. SOM losses were greater 
in 2017 (p = 0.049). The cumulative SOM loss throughout the two-year trial (Figure S2) followed the 
same pattern as for cumulative soil loss. Cumulative soil loss and cumulative SOM loss had a 
correlation of R2 = 0.88. 

 
Figure 7. Effect of tillage (−T or +T), mulch (−M or +M), and corn (presence or absence) on soil organic 
matter loss at three sampling times in 2017 and 2018. Means (grey columns) and 95% confidence 
intervals (error bars) shown with raw data (grey circles). 

3.4. Soil Nutrient Losses 

Presence of corn nearly halved total nitrogen losses (p = 0.001), i.e., by 7.04 kg ha−1 compared to 
the no-corn plots (Figure 8). Interaction effects of tillage, mulch, and season (p = 0.047) were observed 
where mulch reduced total nitrogen losses by 7.67 kg ha−1 in the tilled plots, about four times higher 
reduction than in the no-till plots. Season and year also interacted (p < 0.001) for total nitrogen losses, 
the loss was the highest in late monsoon in 2017, and in monsoon season in 2018. The cumulative soil 
nitrogen loss throughout the two-year trial (Figure S3) was greatest in the BF and +T−M treatments 
(mean = 79.4 kg ha−1) compared with −T+M, −T−M, and +T+M (mean = 35.5 kg ha−1). Cumulative soil 
loss and cumulative nitrogen loss had a correlation of R2 = 0.77. 
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Figure 8. Effect of tillage (−T or +T), mulch (−M or +M), and corn (presence or absence) on total 
nitrogen loss at three sampling times in 2017 and 2018. Means (grey columns) and 95% confidence 
intervals (error bars) shown with raw data (grey circles). 

Soil available phosphorus loss was not significantly affected by the presence of corn (p = 0.579) 
whereas tillage weakly increased it (p = 0.051) by 9.2 kg ha−1 as compared to no-till corn plots (Figure 
9). Interaction effects of season and year (p = 0.045) were also observed for phosphorus loss where the 
loss was highest in the monsoon season, and higher in 2017 than in 2018. The cumulative soil 
phosphorus loss throughout the two-year trial (Figure S4) was greatest in the +T−M treatment (222 
kg ha−1) compared with the other treatments (mean = 148 kg ha−1). 

 
Figure 9. Effect of tillage (−T or +T), mulch (−M or +M), and corn (presence or absence) on available 
phosphorus loss at three sampling times in 2017 and 2018. Means (grey columns) and 95% confidence 
intervals (error bars) shown with raw data (grey circles). 
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3.5. Corn Height and Yield 

Plant and cob heights and stover yield were not affected by tillage and/or mulch whereas the 
interaction effect of tillage and year was observed for grain yield (p = 0.019) (Table 1). Tillage initially 
increased grain yield in 2017, and later decreased the same in 2018. We reported an average grain 
yield of 5.75 Mg ha−1 in no-till plots across both mulching factors (+M and −M); an increment of 0.52 
Mg ha−1 over tilled corn plots. 

Table 1. Effect of tillage (−T or +T) and mulch (−M or +M) on crop growth in 2017 and 2018 (Means 
and 95% confidence intervals shown). 

Crop Growth Variables 
2017 2018 

−T+M −T−M +T+M +T−M −T+M −T−M +T+M +T−M 
Plant height (cm) 224.2 ± 4.7 227 ± 25 221.8 ± 15.9 231 ± 17 256.8 ± 36.9 254.1 ± 12.6 236.8 ± 20.2 238 ± 14.9 
Cob height (cm) 123 ± 7.8 128.8 ± 9.7 129.8 ± 16.4 132.8 ± 9 135 ± 26 133.5 ± 20.3 128 ± 12.3 132.2 ± 11.9 

Grain yield (Mg ha−1) 5.18 ± 1.27 5.98 ± 1.28 5.51 ± 1.3 7.2 ± 1.7 5.74 ± 2.24 4.8 ± 2.2 3.86 ± 2.04 3.46 ± 0.51 
Stover yield (Mg ha−1) 8.7 ± 3.1 9.0 ± 3.68 9.2 ± 2.42 10.4 ± 4.4 8.9 ± 3.1 7.5 ± 4.15 6.7 ± 2.79 6.3 ± 2.85 

4. Discussion 

4.1. Impacts of Tillage, Mulch, and Presence of Corn on Soil and Soil Nutrient Losses across Diverse Seasons 

This study showed that no-till significantly lowered the soil losses in the middle hills of Nepal. 
No-till and mulch were also effective in minimising the SOM and total nitrogen losses, with the effect 
being interactive, where mulching became important in tilled plots due to the moderating effect of 
mulch on various hydrological processes related to erosion (e.g., rainfall intensity, surface flow), 
especially in bare and/or disturbed soils [12]. This kind of synergistic effect was also reported by Kaur 
and Arora [22] in north-west India where deep tillage and mulch provided greater corn yields by 
improving soil physical environment as compared to the treatments alone. Our results are also 
consistent with other studies conducted in Kavrepalanchok district located in the middle hills of 
Nepal with similar geographical conditions, where conventional tillage practices caused more soil, 
SOM, and NPK losses whereas mulch and no-till were effective in reducing them [10]. The highest 
soil loss occurred during the monsoon season whereas total nitrogen loss was greatest during the 
2017 late monsoon. It would normally be expected that total nitrogen and SOM losses are well 
correlated [23], however the higher rainfall during late monsoon sampling time in 2017 might have 
accounted for greater soil nitrogen losses [24]. 

While Atreya et al. [10] highlighted the importance of the pre/early monsoon season for soil 
erosion risk, the present study demonstrated that the monsoon season itself was most prone to soil 
loss, and was largely correlated with the rainfall in each season. This may be due to different planting 
and harvesting time of corn, and also the difference in the amount of rainfall received during each 
season in both studies. Mulch did not have any significant effects on phosphorous loss, however no-
till weakly decreased it. Similar findings were also reported by Wang et al. [25] in the Chaohu Lake 
region of China where no-till reduced phosphorus losses by 23–30% as compared to conventional till, 
related to significant reduction in seasonal runoff and soil losses. 

Findings from other parts of the world with sloping lands also confirm the value of mulch, 
especially in conjunction with reduced tillage. In Southern China, conservation tillage practices such 
as no/zero tillage reduced nitrogen losses by 1.83 mg L−1 [26]. Zero/reduced tillage practices reduce 
the detachment of soil particles due to rainfall and runoff, and mulching helps to intercept water as 
it moves down the slope and permits the soil to settle and increases the roughness of soil surface [27]. 
Combining conservation tillage and residue retention/mulching can reduce soil erosion further by 
increasing soil aggregate stability and porosity of topsoil [28]. 

The presence of corn in the field provided effective amelioration against soil and nutrient losses 
through the action of the corn roots binding soil particles [29] and corn leaves protecting soil from 
the direct impact of raindrops [30]. Soil and nutrient losses were the highest in the monsoon season 
due to higher rainfall, with more than 80% of the annual long-term rainfall occurring during this 
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season [13]. In the current study, the monsoon season accounted for 72% of the total rainfall received 
by the corn plots during their overall growing season. 

4.2. Impacts of Tillage and Mulch on Corn Yield and Height 

While the benefits of no-till and mulch for soil health are observable in the short term, the 
impacts of these practices on crop yields may take longer to manifest, especially where other 
agronomic practices (e.g., fertilisation, irrigation, crop protection) are sound [31]. Similar results were 
also reported by Liu et al. [32] in a research conducted during 2003–2015 period in southern Loess 
Plateau of China, where straw mulching increased wheat yield only after the fourth year of planting 
but no effects were seen up to the third year of the experiment. We did not observe significant 
differences with tillage and mulch for corn height, cob height, and straw yield, however larger straw 
yields were observed in no-till and mulched plots in second year of the experiment. The initial 
increase in the grain yield in tilled plots in the year 2017 may be due to better root growth [33] and 
infiltration of water [34]. Beneficial effects of tillage in terms of mineralisation of nutrients [35] and 
suppressing weed growth [36] may also have positively impacted on crop yield. In the long run, 
however, conventional till causes the loss of fertile topsoil and soil nutrients [37]. Thus, in the second 
year of corn planting, the tilled plots have produced lower crop yields than no-till corn plots. Similar 
results have been reported in other subtropical countries; conventional till produced 53% lower 
wheat-pea grain yield than no-till with stubble retained plots in China [38], and conventional till 
yielded 9.1% less corn as compared to yields across fresh beds, reduced tillage, and strip tillage in 
Bangladesh [39]. 

However, in 2018, grain yield was significantly reduced for the tilled and un-mulched plots. The 
rainfall in the monsoon season that year was 25% more than in 2017 and was associated with greater 
soil and SOM losses which are likely to have impacted on yield. Minimum/no-till practices in some 
parts of Nepal were found unsuitable as they reduced crop yields [1,10,40,41]. Similar trends have 
been documented in other studies conducted in different parts of the world too [42,43]. For example, 
conventional till produced 40–55% higher corn yield in Ethiopia [44] and deep tillage increased 
wheat-corn yields by 35% in China [45] compared with the no-till. 

Decreased yields in tilled plots can be explained by the experimental results described above, 
i.e., tillage producing greater losses of soil, SOM, and total nitrogen. When erosion occurs, the layer 
of soil that first washes away is the topsoil which is generally well structured and fertile and holds 
water to supply crop roots. Excessive tillage breaks the soil structure, loosens the soil, and makes the 
soils susceptible to soil erosion. Yield decline can also be related to the reduced SOM [46] resulting 
from conventional till in the corn plots. Reduced total nitrogen decreases photosynthesis per unit leaf 
area, ultimately reducing crop yields [47]. Here, tilled plots are losing more nitrogen thus reduction 
in corn yield has been reported in those plots. 

5. Conclusions 

This study presents the short-term effects of tillage and mulch on soil and nutrient losses, and 
corn yield in the middle hills of Nepal. No-till and mulch lowered the soil and nutrient losses 
compared to the conventional till and no-mulch practices. The crop yields were also higher in the no-
till plots in the second year of the experiment. Excessive tillage can be a major cause of soil losses 
(and associated nutrients) in the sloping lands of middle hills of Nepal. There is a need to modify 
conventional tillage practices to protect soil and plant nutrients in the cornfields. No-till and mulch 
can be suitable alternatives to conventional agricultural practices for reducing soil and nutrient 
losses, and increasing crop yield in the long run, especially when used in combination. Since the 
study was based on only two seasons of data, it is suggested that long-term field experiments are 
established, preferably in an area with differing soil types, to analyse the longer-term impacts of 
tillage and mulch on soil fertility and function, and corn yields in the middle hills of Nepal. 

Supplementary Materials: The following are available online at www.mdpi.com/2073-4395/10/1/63/s1, Table S1: 
ANOVA for soil data, Table S2: ANOVA for crop data, Figure S1: Effect of tillage (−T or +T), mulch (−M or +M), 
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and corn (presence or absence [BF]) on cumulative soil loss at six sampling seasons (early monsoon, monsoon 
and late monsoon in 2017 and 2018), Figure S2: Effect of tillage (−T or +T), mulch (−M or +M), and corn (presence 
or absence [BF]) on cumulative soil organic matter (SOM) loss at six sampling seasons (early monsoon, monsoon 
and late monsoon in 2017 and 2018), Figure S3: Effect of tillage (−T or +T), mulch (−M or +M), and corn (presence 
or absence [BF]) on cumulative soil nitrogen loss at six sampling seasons (early monsoon, monsoon and late 
monsoon in 2017 and 2018), Figure S4: Effect of tillage (−T or +T), mulch (−M or +M), and corn (presence or 
absence [BF]) on cumulative soil phosphorus loss at six sampling seasons (early monsoon, monsoon and late 
monsoon in 2017 and 2018).  

Author Contributions: Conceptualization, D.C., P.K., L.K. and R.S.; Methodology, D.C., P.K. and L.K.; Formal 
analysis, D.C. and P.K.; Data curation, D.C., P.K. and L.K.; Writing—original draft preparation, D.C.; Writing—
review and editing, D.C., P.K., L.K. and R.S. All authors have read and agreed to the published version of the 
manuscript. 

Funding: This research received no external funding. 

Acknowledgments: We would like to thank all the staff of the National Maize Research Program and Ginger 
Research Program for their help with the data collection. Financial support from the University of New England 
to conduct the first author’s PhD project is highly acknowledged. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Atreya, K.; Sharma, S.; Bajracharya, R.M.; Rajbhandari, N.P. Applications of reduced tillage in hills of 
central Nepal. Soil Tillage Res. 2006, 88, 16–29. doi:10.1016/j.still.2005.04.003. 

2. Food and Agriculture Organisation of the United Nations. Status of the World’s Soil Resources (SWSR)—Main 
Report; FAO: Rome, Italy, 2015; Volume 650. 

3. Chalise, S.; Khanal, N. Erosion processes and their implications in sustainable management of watersheds 
in Nepal Himalayas. In Proceedings of Regional Hydrology: Concepts and Models for Sustainable Water Resource 
Management; IAHS Pub.: Wallingford, UK, 1997; pp. 325–334. 

4. Bajracharya, R.M.; Sherchan, D.P. Fertility status and dynamics of soils in the Nepal Himalaya: A review 
and analysis. In Soil Fertility; Nova Science Publishers Inc.: Hauppauge, NY, USA, 2009; pp. 111–135. 

5. Chalise, D.; Kumar, L.; Shriwastav, C.P.; Lamichhane, S. Spatial assessment of soil erosion in a hilly 
watershed of Western Nepal. Environ. Earth Sci. 2018, 77, 685. doi:10.1007/s12665-018-7842-3. 

6. Chalise, D.; Kumar, L.; Spalevic, V.; Skataric, G. Estimation of sediment yield and maximum outflow using 
the IntErO model in the Sarada river basin of Nepal. Water 2019, 11, 952. doi:10.3390/w11050952. 

7. Ministry of Agricultural Development. Statistical Information on Nepalese Agriculture; Government of Nepal, 
Ministry of Agricultural Development, Agri-Business Promotion and Statistics Division, Agri Statistics 
Section: Singha Durbar, Kathmandu, 2015. 

8. Shao, Y.; Xie, Y.; Wang, C.; Yue, J.; Yao, Y.; Li, X.; Liu, W.; Zhu, Y.; Guo, T. Effects of different soil 
conservation tillage approaches on soil nutrients, water use and wheat-maize yield in rainfed dry-land 
regions of North China. Eur. J. Agron. 2016, 81, 37–45. doi:10.1016/j.eja.2016.08.014. 

9. Kiboi, M.; Ngetich, K.; Diels, J.; Mucheru-Muna, M.; Mugwe, J.; Mugendi, D.N. Minimum tillage, tied 
ridging and mulching for better maize yield and yield stability in the Central Highlands of Kenya. Soil 
Tillage Res. 2017, 170, 157–166. doi:10.1016/j.still.2017.04.001. 

10. Atreya, K.; Sharma, S.; Bajracharya, R.M.; Rajbhandari, N.P. Developing a sustainable agro-system for 
central Nepal using reduced tillage and straw mulching. J. Environ. Manag. 2008, 88, 547–555. 
doi:10.1016/j.jenvman.2007.03.017. 

11. Thapa, G.; Paudel, G. Farmland degradation in the mountains of Nepal: A study of watersheds with and 
without external intervention. Land Degrad. Dev. 2002, 13, 479–493. doi:10.1002/ldr.536. 

12. Prosdocimi, M.; Tarolli, P.; Cerdà, A. Mulching practices for reducing soil water erosion: A review. Earth-
Sci. Rev. 2016, 161, 191–203. doi:10.1016/j.earscirev.2016.08.006. 

13. Chalise, D.; Kumar, L.; Kristiansen, P. Land Degradation by Soil Erosion in Nepal: A Review. Soil Syst. 
2019, 3, 12. doi:10.3390/soilsystems3010012. 

14. Ministry of Agricultural Development. Soil Fertility Map Preparation of Tehrathum, Taplejung, Salyan and 
Rolpa; Irrigation and Water Resource Management Project: Lalitpur, Nepal, 2013; Volume I. 



Agronomy 2020, 10, 63 12 of 13 

12 
 

15. Jones, J. Kjeldahl Method for Nitrogen; Determination; Micro-Macro Publisher: Athens, GA, USA, 1991. 
16. Olsen, S.; Cole, C.; Watanabe, F.; Dean, L. Estimation of Available Phosphorus in Soils by Extraction with Sodium 

Bicarbonate; United States Department of Agriculture: Washington, DC, USA, 1954. 
17. Walkley, A.J.; Black, I.A. Estimation of soil organic carbon by the chromic titration method. Soil Sci. 1934, 

37, 29–38. 
18. National Maize Research Program (NMRP). Instruction Book on Maize Experimentation and Data Collection; 

NMRP/NARC: Chitwan, Nepal, 1999. 
19. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical 

Computing Vienna: Vienna, Austria, 2016. 
20. Afshartous, D.; Preston, R.A. Confidence intervals for dependent data: Equating non-overlap with 

statistical significance. Comput. Stat. Data Anal. 2010, 54, 2296–2305. doi:10.1016/j.csda.2010.04.011. 
21. Department of Hydrology and Meteorology. Rainfall in Salyan Bazaar; Government of Nepal, Ministry of 

Energy, Water Resources and Irrigation: Singha Durbar, Kathmandu, 2016. 
22. Kaur, R.; Arora, V. Deep tillage and residue mulch effects on productivity and water and nitrogen economy 

of spring maize in north-west India. Agric. Water Manag. 2019, 213, 724–731. 
doi:10.1016/j.agwat.2018.11.019. 

23. Havlin, J.; Kissel, D.; Maddux, L.; Claassen, M.; Long, J. Crop rotation and tillage effects on soil organic 
carbon and nitrogen. Soil Sci. Soc. Am. J. 1990, 54, 448–452. 

24. García-Díaz, A.; Bienes, R.; Sastre, B.; Novara, A.; Gristina, L.; Cerdà, A. Nitrogen losses in vineyards under 
different types of soil groundcover. A field runoff simulator approach in central Spain. Agric. Ecosyst. 
Environ. 2017, 236, 256–267. 

25. Wang, J.; Lü, G.; Guo, X.; Wang, Y.; Ding, S.; Wang, D. Conservation tillage and optimized fertilization 
reduce winter runoff losses of nitrogen and phosphorus from farmland in the Chaohu Lake region, China. 
Nutr. Cycl. Agroecosyst. 2015, 101, 93–106. doi:10.1007/s10705-014-9664-3. 

26. Issaka, F.; Zhang, Z.; Zhao, Z.Q.; Asenso, E.; Li, J.H.; Li, Y.T.; Wang, J.J. Sustainable Conservation Tillage 
Improves Soil Nutrients and Reduces Nitrogen and Phosphorous Losses in Maize Farmland in Southern 
China. Sustainability 2019, 11, 2397. doi:10.3390/su11082397. 

27. Adimassu, Z.; Alemu, G.; Tamene, L. Effects of tillage and crop residue management on runoff, soil loss 
and crop yield in the Humid Highlands of Ethiopia. Agric. Syst. 2019, 168, 11–18. 
doi:10.1016/j.agsy.2018.10.007. 

28. Zhang, G.; Chan, K.; Oates, A.; Heenan, D.; Huang, G. Relationship between soil structure and runoff/soil 
loss after 24 years of conservation tillage. Soil Tillage Res. 2007, 92, 122–128. doi:10.1016/j.still.2006.01.006. 

29. Gyssels, G.; Poesen, J.; Bochet, E.; Li, Y. Impact of plant roots on the resistance of soils to erosion by water: 
A review. Prog. Phys. Geogr. Earth Environ. 2005, 29, 189–217. doi:10.1191%2F0309133305pp443ra. 

30. Zuazo, V.H.; Pleguezuelo, C.R. Soil-Erosion and Runoff Prevention by Plant Covers: A Review. In 
Sustainable Agriculture; Lichtfouse, E., Navarrete, M., Debaeke, P., Véronique, S., Alberola, C., Eds.; Springer 
Netherlands: Dordrecht, The Netherlands, 2009; pp. 785–811. 

31. Shan, Y.H.; Johnson-Beebout, S.E.; Buresh, R.J. Crop Residue Management for Lowland Rice-Based 
Cropping Systems in Asia. Adv. Agron. 2008, 98, 117–199. doi:10.1016/S0065-2113(08)00203-4. 

32. Liu, Z.; Chen, Z.; Ma, P.; Meng, Y.; Zhou, J. Effects of tillage, mulching and N management on yield, water 
productivity, N uptake and residual soil nitrate in a long-term wheat-summer maize cropping system. Field 
Crop. Res. 2017, 213, 154–164. doi:10.1016/j.fcr.2017.08.006. 

33. Sow, A.A.; Hossner, L.; Unger, P.W.; Stewart, B.A. Tillage and residue effects on root growth and yields of 
grain sorghum following wheat. Soil Tillage Res. 1997, 44, 121–129. doi:10.1016/S0167-1987(97)00042-1. 

34. Lipiec, J.; Kuś, J.; Słowińska-Jurkiewicz, A.; Nosalewicz, A. Soil porosity and water infiltration as influenced 
by tillage methods. Soil Tillage Res. 2006, 89, 210–220. doi:10.1016/j.still.2005.07.012. 

35. Addiscott, T.; Thomas, D. Tillage, mineralization and leaching: Phosphate. Soil Tillage Res. 2000, 53, 255–
273. doi:10.1016/S0167-1987(99)00110-5. 

36. Arif, M.; Marwat, K.; Khan, M. Effect of tillage and zinc application methods on weeds and yield of maize. 
Pak. J. Bot. 2007, 39, 1583–1591. 

37. Sastre, B.; Barbero-Sierra, C.; Bienes, R.; Marques, M.J.; García-Díaz, A. Soil loss in an olive grove in Central 
Spain under cover crops and tillage treatments, and farmer perceptions. J. Soils Sediments 2017, 17, 873–888. 
doi:10.1007/s11368-016-1589-9. 



Agronomy 2020, 10, 63 13 of 13 

13 
 

38. Yeboah, S.; Zhang, R.; Cai, L.; Li, L.; Xie, J.; Luo, Z.; Liu, J.; Wu, J. Tillage effect on soil organic carbon, 
microbial biomass carbon and crop yield in spring wheat-field pea rotation. Plant Soil Environ. 2016, 62, 
279–285. doi:10.17221/66/2016-PSE. 

39. Gathala, M.K.; Timsina, J.; Islam, M.S.; Rahman, M.M.; Hossain, M.I.; Harun-Ar-Rashid, M.; Ghosh, A.K.; 
Krupnik, T.J.; Tiwari, T.P.; McDonald, A. Conservation agriculture based tillage and crop establishment 
options can maintain farmers’ yields and increase profits in South Asia's rice–maize systems: Evidence 
from Bangladesh. Field Crop. Res. 2015, 172, 85–98. doi:10.1016/j.fcr.2014.12.003. 

40. Khadka, S.R.; Shah, S.C. Effect of different tillage practices on spring maize production. J. Inst. Agric. Anim. 
Sci. 1987, 9, 91–95. 

41. Maskey, R.B.; Joshi, D.; Maharjan, P.L. Management of Sloping Lands for Sustainable Agriculture in Nepal; 
Technical Report on the Management of Slopping Lands for Sustainable Agriculture in Asia, Phase I, 1988–
1991; Network Document No. 2; International Board for Soil Research and Management (IBSRAM): 
Bangkok, Thailand, 1992. 

42. Gruber, S.; Pekrun, C.; Möhring, J.; Claupein, W. Long-term yield and weed response to conservation and 
stubble tillage in SW Germany. Soil Tillage Res. 2012, 121, 49–56. doi:10.1016/j.still.2012.01.015. 

43. Soane, B.D.; Ball, B.C.; Arvidsson, J.; Basch, G.; Moreno, F.; Roger-Estrade, J. No-till in northern, western 
and south-western Europe: A review of problems and opportunities for crop production and the 
environment. Soil Tillage Res. 2012, 118, 66–87. doi:10.1016/j.still.2011.10.015. 

44. Sime, G.; Aune, J.; Mohammed, H. Agronomic and economic response of tillage and water conservation 
management in maize, central rift valley in Ethiopia. Soil Tillage Res. 2015, 148, 20–30. 
doi:10.1016/j.still.2014.12.001. 

45. Tian, S.; Ning, T.; Wang, Y.; Liu, Z.; Li, G.; Li, Z.; Lal, R. Crop yield and soil carbon responses to tillage 
method changes in North China. Soil Tillage Res. 2016, 163, 207–213. doi:10.1016/j.still.2016.06.005. 

46. Manna, M.; Swarup, A.; Wanjari, R.; Mishra, B.; Shahi, D. Long-term fertilization, manure and liming effects 
on soil organic matter and crop yields. Soil Tillage Res. 2007, 94, 397–409. doi:10.1016/j.still.2006.08.013. 

47. Lawlor, D.W.; Lemaire, G.; Gastal, F. Nitrogen, plant growth and crop yield. In Plant Nitrogen; Springer: 
Berlin/Heidelberg, Germany, 2001; pp. 343–367. 

 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open 
access article distributed under the terms and conditions of the Creative 
Commons Attribution (CC BY) license 
(http://creativecommons.org/licenses/by/4.0/). 

 


