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Abstract: Previously, horizontal-ridge system has been shown effective in reducing 
soil erosion. But, it could cause water logging, which is detrimental to crop growth 
and yield. To solve this problem, drainage canal establishment might be reasonable. 
However, the evidence remains scarce. In this study, effect of drainage canal 
intervals on the volume of runoff, soil loss, and nutrient loss (N-total and P-total) 
were investigated. There were 4 drainage canal intervals applied to the 12 targeted 
plots (each sized 3 m x 3 m): R0, R1, R1.5, and R2 namely 0 m, 1 m, 1.5 m, and 2 m, 
respectively. In this case, R0 had no drainage canals and taken as the control. The 
measured runoff, soil loss, N-total loss, and P-total loss ranged 24.714 – 0.951 m3 ha-

1, 0.002 – 0.507 ton ha-1, 0.849 – 204.881 kg ha-1, and 0.685 – 176.505 kg ha-1, 
respectively. The results revealed that existence of drainage canal increased runoff, 
soil loss, and nutrient loss compared to the control. Amongst them, R1 gave the 
highest values of soil and nutrient losses followed by R1.5, R2, and R0 as the lowest, 
which was probably due to the difference in number of drainage canal existing: 12, 
7, 5, and 0, respectively. In addition, it was noticeable for a sufficient data trend 
conformity of the measured nutrient loss to the data of soil loss, runoff, and rainfall 
within a positive correlation amongst them. The data further confirmed the effect 
of soil structure condition on the volume changes of both runoff and soil loss. 
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INTRODUCTION 

Background 
Potato is one of the agricultural products of horticulture that plays important roles for 

Indonesian food demands fulfillment (BPS, 2023). It has been reported to having valuable 
nutritional contents: carbohydrates, minerals, protein, and vitamins amongst others (Perdani 
et al., 2019; Saputrayadi & Marianah, 2018; Saputro et al., 2019). Adding to this, potato may 
be consumed in various kind of meals, dishes, and other kinds of processed food so that it can 
be potentially used for food diversification (Ismadi et al., 2021; Kusumiyati, 2017; E. Purnomo 
et al., 2014; Putra et al., 2019). 

The number of potato demand in Indonesia tended to increase yearly due to the 
significant increase of population number and their incomes as well as rapid growth of potato 
processing industry (Asgar, 2013; Erlangga, 2023; Hidayah et al., 2017; D. Purnomo et al., 2018; 
Utami et al., 2015). The household consumption of potato has increased from 608.02 thousand 
tons in 2018 to 874.25 thousand tons in 2022 (BPS, 2023). The consumption increase in 2022 
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was 13.32% (102.79 thousand tons) of the 2021 consumption, and the consumption in 2022 has 
contributed 32.05% to the total domestic consumption of potato (BPS, 2023). 

On the other hand, the number of domestic potato production tended to increase 
annually from 1.28 million tons in 2018 to 1.50 million tons in 2022, for which the last year 
increase was about 10.50% (142.93 thousand tons) over 2021 production (BPS, 2023). Along 
with this, export volume of potato in 2022 was 3,518 ton (i.e. 2,666 ton fresh product and 852 
ton processed product), while the import volume was 191.05 thousand tons (i.e. 74.44 
thousand tons fresh product and 116.61 thousand tons processed product). This might 
confirm that there is a great demand to potato for domestic consumption. 

This great demand to potato has lead Indonesian farmers to cultivating potato more 
intensively. It has been reported that the harvested area of potato has increased from 68,683 
hectares in 2018 to 76,728 hectares in 2022 (BPS, 2023). Potato (Solanum tuberosum) is known 
as a cool-weather crop that requires proper temperature for better crop growth and yield 
(Kusnandar et al., 2023; Utami et al., 2015; Zhou et al., 2017). Therefore, in Indonesia it is 
mostly cultivated in highland area (Asmara et al., 2022; Hidayah et al., 2017; D. Purnomo et 
al., 2018; Zulkarnain et al., 2017). 

This cultivation practices, however, may highly risk the land to soil erosion, since the 
farmers commonly set the ridge for potato bed to be paralleled with slope direction (vertical-
ridge system) (Henny et al., 2011; Muliastuty, 2015; Tamad et al., 2023). Instead of this 
conventional vertical-ridge system, a horizontal-ridge system of which the ridge for potato 
bed is set across slope direction (paralleled to contour) has been known to enable to decrease 
the soil erosion (Direktorat Perluasan dan Pengelolaan Lahan, 2014; Henny et al., 2011; Wijaya 
et al., 2010, 2019; Wijaya, Masrukhi, et al., 2020). In Henny et al (2011) the yield of potato was 
not affected by the applied horizontal-ridge system, but this was conversely in Wijaya et al 
(2010) of which the yield was reduced about 23%. 

The result of the latter was thought related to the occurrence of water logging nearby 
the ridges that may alter soil drainage conditions. Such circumstance of high humidity, in 
turn, may become a favorable media for detrimental fungi to grow and carry rot disease to 
potato root and tuber (Aprisal, 2023). One of the possible solutions for this occurrence of water 
logging in a horizontal-ridge system is by providing drainage canal along the ridges. 
Unfortunately, data about the possible effects of drainage canal existence, particularly about 
drainage canal interval, on the soil erosion pattern of a horizontal-ridge system has yet been 
rarely documented. 
 
Aims 

Accordingly, this study on a horizontal-ridge system was aimed to investigate the effect 
of drainage canal intervals on volume of surface runoff, volume of soil loss, and volume of 
nutrient loss. 

 
RESEARCH METHOD 

Tools and Materials 
The study was conducted at Serang Village, Sub-district Karangreja, Purbalingga 

Regency of Central Java Province in Indonesia (7° 02’ 75” S and 109° 17’05.38” E - 7° 02’ 65” S 
and 109° 17’05.51” E). The altitude of research site was 1198 m above sea level with a typical 
clay of volcanic Andosol soil (Table 1). Tools used in this study were standard soil ring 
sampler, soil oven, weight scales, measuring cup, stopwatch, roll meter, hoe, and sediment 
collector. While, the materials used were seeds of Granola potato (G3), plastic sheet, plastic 
mulch, plastic bag, chicken manure, organic fertilizer (petroganik), and organic pesticide (Bio-
P60).  
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Table 1. Initial soil properties of the research site observed 

Parameter Unit Value 

Total N % 0.46 

Available N ppm 57.16 

Total P % 0.90 

Available P ppm 0.61 

Sand % 37.44 

Silt % 48.18 

Clay % 14.38 

Soil texture  Loam 

Source: Laboratory of Soil and Land Resources-UNSOED 

 
Method 
Land preparation 

Weed and crop debris of the targeted field were initially removed, and the soil was 
plowed using hoe up to 20 cm depth. Subsequently, chicken manure and organic fertilizer 
(Petroganik, 2.5% C-org., 10-25 C/N ratio) were incorporated into the soil within dosage of 10 
and 20 ton ha-1, respectively. To this field, a set of 12 research plots was prepared, of which 
the land slope was set 5% (Figure 1). Each research plot sized 3 m x 3 m, for which the all 
edges were fenced using plastic sheet (20 cm embedded into the soil and 60 cm stand above 
the ground) as to isolating it from the surrounding. At the middle lower ends of the research 
plot, a sediment collector (plastic pail with top diameter 29.2 cm, bottom diameter 26.2 cm, 
and height from the bottom center 33.8 cm) was placed as shown in Figure 1. To these research 
plots, soil mounds for potato seed bed were prepared across the land slope (parallel to soil 
contour) as to adopting horizontal ridge-system. The soil mound had dimension of 40 cm 
width and 30 cm height. There were 5 rows of soil mounds available for each research plot 
(Figure 1). Between the top-end of each soil mound and the nearby plastic fence, there was an 
alley within 5 cm width. 

 
Experimental design 

The research was conducted by adopting a completely randomized design using a 
single factor within 3 replications. The factor (research treatment) employed was drainage 
canal interval within 4 levels of its application, namely R0 = without drainage canal, R1 = 1 m 
drainage canal interval, R1.5 = 1.5 m drainage canal interval, and R2 = 2 m drainage canal 
interval. A certain research plot was subjected to a certain type of drainage canal interval. 
Therefore, there were 12 research plots in total for the 4 types of drainage canal interval 
applied (Figure 1). Since the research plot sized 3 m x 3 m, there would be 0, 12, 7, and 5 
drainage canals available for research plot with R0, R1, R1.5, and R2 treatments, respectively. 
The drainage canal was created by hoeing the soil mounds of the targeted research plot within 
20 cm in width.  

A week later, seeds of Granola potato (G3) were planted upon the prepared soil mounds, 
of which each row consisted of 8 potato groves. Organic pesticide (Bio-P60) was then applied 
to the potato groves about once a week within a dosage of 10 ml l-1 water for plant care 
purpose.  
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Figure 1. Research plots design and figure note: (1) plot without drainage canal (R0), (2) plot with 1.5 

m drainage canal interval (R1.5), (3) plot with 1 m drainage canal interval (R1), (4) plot with 2 m 
drainage canal interval (R2), (5) alley, (6) drainage canal, (7) potato seed bed, and (8) sediment 

collector 

 
Variables and measurements 

Variables observed in this study were soil dry bulk density (g cm-3), surface runoff (m3 

ha-1), soil loss (ton ha-1), and soil nutrient loss (kg ha-1). Measurement of dry bulk density, 
surface runoff, and soil loss were conducted at 35, 43, 49, 56, 63, and 71 days after sowing 
(DAS). While, the measurement of soil nutrient loss was conducted at 35, 43, and 63 DAS. 
Along with these measurements, rainfall (mm) was also recorded using a rain gauge. For dry 
bulk density measurement, undisturbed soil samples were taken from any surfaces of soil 
mound of each research plot using standard soil ring sampler (100 cm3) for 0 – 10 cm and 10 – 
20 cm soil depth. Dry bulk density was then determined using gravimetric method after the 
soil sample has been oven-dried at 105°C for 24 hours. Surface run off was determined from 
the volume of collected run off in sediment collector per catchment area. Soil loss was 
determined from the collected soil sediment per catchment area after the soil sediment has 
been oven-dried at 105°C for 24 hours. Soil nutrient loss was assessed from the losses value of 
N-total (nitrogen) and P-total (phosphorus) namely N-total and P-total of the collected soil 
sediment per catchment area. In this case, values of N-total and P-total were determined using 
Kjeldahl and Colorimetric methods, respectively. 

 
Data analysis 

Data of surface runoff, soil loss, and soil nutrient loss was statistically analyzed using 
KaleidaGraph 4.1 software (Synergy Software 2012, USA) for analysis of variance (ANOVA). 
The post-hoc analysis was performed using Tukey’s HSD test (P < 0.05). 
 
RESULT AND DISCUSSION 

Soil dry bulk density 
Soil physical property of the soil mound for potato seed bed used in this study 

dynamically changed. This could be seen from the varied values of dry bulk density ranged 
0.470 – 0.749 g cm-3 (Figure 2), even though there was no certain external forces applied to the 
soil mound, but only natural forces like rain drop as well as growing potato root and tuber 
those took place. Comparing between 0 – 10 and 10 – 20 cm in soil depth, the latter tended to 
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having a greater dry bulk density, particularly in the plot with 2 m drainage canal interval 
treatment (R2). In case of the other drainage canal interval treatments (R0, R1, and R1.5), 
however, the result remained inconsistent. This discrepancy was probably due to the spatial 
difference and variability of the initial soil condition during soil mound preparation. If we 
take a look to the average value of dry bulk density obtained, research plot with drainage 
canal interval 1 m (R1) had the smallest value as of 0.552 g cm-3, and research plot with 
drainage canal interval 2 m (R2) had the highest value as of 0.688 g cm-3 (Figure 3). 

 

 
Figure 2. Variability in soil dry bulk density along the observation period 

 
 

 
Figure 3. Average soil dry bulk density according to the applied drainage canal interval 

 
Surface runoff 

It could be seen from Figure 4 that the volume of surface runoff varied along the 
experimental period (24.714 to 0.951 m3 ha-1), and there was no certain patterns observed 
amongst the applied drainage canal interval treatments. For instance, research plot R0 
resulted the highest runoff at 43 and 49 DAS, but gave the lowest runoff at 56, 63, and 71 DAS. 
Research plot R1.5 resulted the lowest runoff at 35 DAS, but gave the highest runoff at 56 and 
63 DAS. Research plot R2, on the other hand, gave the lowest runoff at 49 DAS, but resulted 
the highest runoff at 71 DAS. Adding to this, the applied drainage canal intervals statistically 
gave no significant differences for the whole measurements conducted as shown in Table 2. 
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Notwithstanding, it could be yet inferred from Figure 4 that there was a positive 
correlation between the volume of rainfall and the volume of runoff encountered. The higher 
rainfall volume tended to result a higher runoff volume, and this was in a good agreement 
with Permana et al (2017) and Naharuddin (2020) who mentioned that rainfall is one of the 
determinant factors for surface runoff occurrence. Other than this, the volume of runoff 
tended to decrease along with the growth of potato crop. This result might imply a positive 
role of the existing potato crop in reducing surface runoff. It is well known that crop may act 
as a canopy that protects soil surface from the destructing energy of raindrop, by which 
stability of soil pore structure can be more maintained. Thus, soil infiltration can be more 
promoted, and the surface runoff becomes diminished (Ullyta et al., 2022; Wijaya, Masrukhi, 
et al., 2020). Similar with this, Nurmi et al (2012) has reported a greater infiltration, and thus 
a lower surface runoff, for weeds-covered land rather than an open-surface land. Further, 
Naharuddin (2020) has also mentioned that land covering by plant is another determinant 
factor for surface runoff occurrence. 

If we take a look to the total and average values of runoff, research plot without drainage 
canal treatments (R0) gave the lowest values as of 80.365 and 13.394 m3 ha-1, respectively 
(Figure 5). These less values of runoff at research plot R0 were reasonably due to the absence 
of drainage canal upon the horizontal-ridge system applied so that the rainwater had less 
passage to flow upon the soil surface, and therefore had more time to infiltrate into the soil. 
In line with this, Henny et al (2011) has reported that a horizontal-ridge (parallel to contour 
or across the slope) may act as barrier and speed breaker to surface runoff, by which the 
rainwater had more time to infiltrate. Thus, surface runoff at research plot R0 in this present 
study seemed to take place only through the alley between the top-end of each soil mound 
and the nearby plastic fence of the research plot observed (Figure 1). This condition, in turn, 
may promote the occurrence of water logging near the ridge of the horizontal-ridge system 
employed (Henny et al., 2011; Wijaya et al., 2019, 2010; Wijaya, Masrukhi, et al., 2020). 

 

 
Figure 4. Runoff variability along the observation period 
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Table 2. Runoff values along the observation period 

Drainage canal 
interval (m) 

Runoff (m3 ha-1) 

35 DAS 43 DAS 49 DAS 56 DAS 63 DAS 71 DAS 

0 
23.333 ± 
0.963a 

24.714 ± 
0.888a 

23.605 ± 
0.314a 

6.133 ± 
9.415a 

0.951 ± 
0.117a 

1.629 ± 
0.513a 

1 
24.238 ± 
0.604a 

24.035 ± 
0.204a 

23.695 ± 
0.296a 

11.067 ± 
11.075a 

2.512 ± 
2.294a 

1.652 ± 
0.392a 

1.5 
18.716 ± 
8.918a 

24.057 ± 
0.079a 

19.192 ± 
7.804a 

20.391 ± 
4.079a 

8.034 ± 
12.152a 

2.761 ± 
1.592a 

2 
23.831 ± 
0.068a 

23.854 ± 
0.104a 

17.132 ± 
10.195a 

10.637 ± 
11.613a 

4.096 ± 
5.273a 

6.767 ± 
7.211a 

Values of runoff for a certain DAS measurement followed by same lowercase letter (column) were not significantly 
different (P < 0.05) 

 
On the other hand, research plots with drainage canal treatments (R1, R1.5, and R2) gave 

higher total and average values of runoff ranged 86.317 – 93.151 and 14.386 – 15.525 m3 ha-1, 
respectively (Figure 5). The total runoff was the total number of runoff during the whole time 
span of cultivation, while the average runoff was the average of 6 measurements conducted 
namely measurements at 35, 43, 49, 56, 63, and 71 DAS (Figure 4). This result might imply that 
the existing drainage canal may promote a more surface runoff occurrence. In this case, 
rainwater might take drainage canal as a passage to flow, and thus, there would be less time 
becomes for rainwater to infiltrate into the soil. Consequently, rainwater would flow and form 
surface runoff rather than infiltrating into the soil and develop water logging condition. At 
this stage, it is reasonable to think that establishment of drainage canal at a horizontal-ridge 
system is expectable for suppression of water logging condition. 

 
Figure 5. Total and average values of runoff according to the applied drainage canal interval 

 
Other than these if we take a look deeper to the data shown in Figure 5, research plot 

R1.5 gave the highest total and average values of runoff as of 93.151 and 15.525 m3 ha-1, 
respectively (Figure 5). These values were even greater than that of the research plot R1 as of 
87.199 and 14.533 m3 ha-1, respectively, regardless the higher number of existing drainage 
canals in research plot R1 (12 canals) than that of research plot R1.5 (7 canals). This result 
might imply that the number of existing drainage canal was not the sole factor for the runoff 
occurrence. This higher runoff in the latter was thought attributable to the higher value of dry 
bulk density than that of the former (Figure 3). Such a higher dry bulk density might indicate 
a more compacted soil structure, which in turn, may lead into a lesser rainwater infiltration 
but a higher surface run off occurrence. Conversely, lesser dry bulk density of the former 
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might suggest a looser soil structure, by which rainwater become more easily infiltrate into 
the soil, and thus, a lesser surface runoff resulted. 

In accordance with these, Ullyta et al (2022) and Wijaya, Kuncoro, et al (2020) have 
mentioned that compacted soil (indicated by a higher dry bulk density) resulted less 
infiltration, and thus, an increase of surface runoff. While, Nurmi et al (2012) has mentioned 
that size and stability of soil pore structure is of importance for soil infiltration. In line with 
this, Kuncoro et al (2014b, 2014a) has reported that an increased soil dry bulk density could 
be followed by reductions in soil total porosity and water movement, for which the reductions 
were more attributable to the reduced macropore volume. Further, soil with higher dry bulk 
density has been shown to having fewer continuous macropores for water movement in that 
study. 

 
Soil loss 

Similar to the result of surface runoff (Figure 4), volume of soil loss varied along the 
experimental period (0.002 to 0.507 ton ha-1), and there was no certain patterns observed 
amongst the applied drainage canal interval treatments (Figure 6). Likewise, the applied 
drainage canal intervals gave no statistical significant differences for the whole measurements 
conducted (Table 3). However, it could be yet inferred from Figure 6 for an existence of 
positive correlation between the volume of rainfall and the volume of soil loss namely the 
eroded soil likewise. This result might support the knowledge that rainfall is the major driving 
force for the occurrence of soil erosion (Naharuddin, 2021; Panjaitan & Rusli, 2012). Moreover, 
scattering pattern of soil loss data shown in Figure 6 was similar to the scattering pattern of 
surface runoff data shown in Figure 4. This might also suggest a positive correlation between 
the volume of surface runoff and the entailing volume of soil loss (Henny et al., 2011; 
Ropiyanto et al., 2022).  

 
Figure 6. Soil loss variability along the observation period 
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Table 3. Values of soil loss along the observation period 

Drainage canal 
interval (m) 

Soil loss (ton ha-1) 

35 DAS 43 DAS 49 DAS 56 DAS 63 DAS 71 DAS 

0 
0.313 ± 
0.087a 

0.191 ± 
0.049a 

0.224 ± 
0.138a 

0.027 ± 
0.042a 

0.002 ± 
0.001a 

0.004 ± 
0.002a 

1 
0.507 ± 
0.273a 

0.209 ± 
0.136a 

0.259 ± 
0.094a 

0.070 ± 
0.094a 

0.003 ± 
0.002a 

0.003 ± 
0.002a 

1.5 
0.259 ± 
0.155a 

0.192 ± 
0.219a 

0.216 ± 
0.165a 

0.112 ± 
0.152a 

0.071 ± 
0.119a 

0.031 ± 
0.043a 

2 
0.344 ± 
0.149a 

0.141 ± 
0.049a 

0.177 ± 
0.136a 

0.040 ± 
0.042a 

0.034 ± 
0.055a 

0.099 ± 
0.134a 

Values of soil loss for a certain DAS measurement followed by same lowercase letter (column) were not 
significantly different (P < 0.05) 

 
Comparing between research plot without drainage canal treatment (R0 and research 

plots with drainage canal treatments (R1, R1.5, and R2), the latter gave higher total and 
average values of soil losses than the former (Figure 7). This result might suggest that the 
existing drainage canal in a horizontal-ridge system may cause an increase of soil loss 
occurrence. In this case, the lowest values were found for research plot R0 as of 0.762 and 0.127 
ton ha-1, respectively. If we take a look closer to the results amongst the research plots with 
drainage canals treatments (R1, R1.5, and R2), the highest total and average values of soil 
losses were found for research plot R1 as of 1.051 and 0.175 ton ha-1, and then followed by 
research plot R1.5 as of 0.881 and 0.147 ton ha-1 and research plot R2 as of 0.835 and 0.139 ton 
ha-1. These results suggested that a greater drainage canal interval namely a lesser number of 
existing drainage canal would give a lessen soil loss. 

In general, data of total and average soil losses shown in Figure 7 had a sufficient 
conformity to the data of total and average surface runoff shown in Figure 5 despite a slight 
discrepancy on the data of research plots R1 and R1.5. In Figure 7, research plot R1 gave higher 
values of total and average soil loss than that of research plot R1.5. In Figure 5, conversely, 
research plot R1 gave lower values of total and average surface runoff than that of research 
plot R1.5. This result gave insight that a lower runoff of research plot R1 (Figure 5) may yet 
result a higher soil loss (Figure 7), and vice versa. 

 

 
Figure 7. Total and average values of soil loss according to the applied drainage canal interval 
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results of research plot R1 to that of research plot R1.5, a looser soil structure of the former as 
inferred from the lower dry bulk density (Figure 3) was yet capable of promoting a more soil 
loss (Figure 7) despite of the lower surface runoff (Figure 5). Soil with such a loose structure 
becomes fragile and prone to disruption by rain splash and surface runoff erosion. 
Naharuddin (2020) has mentioned that soil erosion by rainwater takes place as a combination 
of 2 main process namely soil particle dispersion by rain splash and conveyance of those 
dispersed soil granules by the surface runoff. 

 
Soil nutrient loss 

The observed variability of N-total and P-total losses was presented in Figure 8 and 
Figure 10, respectively. The value of N-total loss ranged from 0.849 to 204.881 kg ha-1, while 
the value of P-total loss ranged from 0.685 to 176.505 kg ha-1. The data, however, had no 
statistical significant differences amongst the applied drainage canal intervals as shown in 
Table 4 and Table 5, respectively. If we take comparisons between N-total and P-total losses, 
each of drainage canals treatments (R0, R1, R1.5, and R2) had the same shape of data scattering 
as shown in Figure 8 and Figure 10. If we take comparisons amongst drainage canals 
treatments (R0, R1, R1.5, and R2), however, there was no certain trends noticed for both N-
total and P-total losses, and it was yet difficult to determine the best and the worst treatments 
either. For instance, R1 and R1.5 treatments gave the highest and the lowest N-total losses at 
35 DAS, respectively, but this was conversely at 63 DAS (Figure 8). This was also the case for 
P-total losses as shown in Figure 10. 

Interestingly, it could be seen from Figure 8 and Figure 10 that the losses values of N-
total and P-total tended to decrease as the rainfall diminished. This result was further 
supported by the data of runoff, particularly at 63 DAS measurements (Figure 4). Adding to 
this, data trend of soil losses (Figure 6) gave more sufficient congruence particularly at 35 and 
63 DAS measurements. This suggested that the bigger volume of soil loss is the greater N-
total and P-total losses become. These results were in a good agreement with the result of 
other previous studies (Henny et al., 2011; Wijaya et al., 2019; Wijaya, Masrukhi, et al., 2020) 
that soil nutrient loss has a direct correlation to the number of eroded soil, besides it also 
appears as the function of C-organic and nutrient concentrations in the soil sediment collected. 

 

 
Figure 8. Variability of N-total loss observed 
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Table 4. Values of measured N-total loss 

Drainage canal 
interval (m) 

N-total loss (kg ha-1) 

35 DAS 43 DAS 63 DAS 

0 125.706 ± 41.991a 75.418 ± 18.141a 0.849 ± 0.345a 

1 204.881 ± 115.01a 79.176 ± 41.120a 1.887 ± 0.992a 

1.5 101.986 ± 63.346a 99.514 ± 91.159a 31.341 ± 51.997a 

2 147.718 ± 68.565a 56.434 ± 18.770a 13.518 ± 21.796a 

Values of N-total loss for a certain DAS measurement followed by same lowercase letter (column) were not 
significantly different (P < 0.05) 

 

Figure 9. Total and average values of N-total loss according to the applied drainage canal interval 
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both of them had the same trends (Figure 9 and Figure 11). Compared to the research plot 
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total and average values of N-total losses were found for research plot R1 as of 285.944 and 
95.315 kg ha-1, and then followed by research plot R1.5 as of 232.841 and 77.614 kg ha-1, 
research plot R2 as of 217.670 and 72.557 kg ha-1, and the lowest value for research plot R0 as 
of 201.973 and 67.324 kg ha-1 (Figure 9). Likewise, the highest total and average values of P-
total losses were found for research plot R1 as of 250.960 and 83.653 kg ha-1, and then followed 
by research plot R1.5 as of 194.528 and 64.843 kg ha-1, research plot R2 as of 180.044 and 60.015 
kg ha-1, and the lowest value for research plot R0 as of 170.931 and 56.977 kg ha-1 (Figure 11). 
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Figure 10. Variability of P-total loss observed 

 
Table 5. Values of measured P-total loss 

Drainage canal 
interval (m) 

P-total loss (kg ha-1) 

35 DAS 43 DAS 63 DAS 

0 101.138 ± 39.548a 69.107 ± 19.090a 0.685 ± 0.354a 

1 176.505 ± 91.308a 73.396 ± 44.554a 1.059 ± 0.594a 

1.5 84.247 ± 53.030a 84.228 ± 79.281a 26.052 ± 43.285a 

2 118.155 ± 39.003a 50.382 ± 16.544a 11.506 ± 18.421a 

Values of P-total loss for a certain DAS measurement followed by same lowercase letter (column) were not 
significantly different (P < 0.05) 

 
 

 
Figure 11. Total and average values of P-total loss according to the applied drainage canal interval 
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These results might suggest that the existence of drainage canal in a horizontal-ridge 
system may cause an increase of N-total and P-total losses. Adding to this, a greater drainage 
canal interval namely a lesser number of existing drainage canal for a certain area would give 
a lessen loss of both N-total and P-total. Interestingly, these results had a sufficient conformity 
to the values of runoff shown in Figure 5 and the values of soil losses shown in Figure 7. Thus, 
it could be inferred that the volume of runoff will affect the volume of soil loss, and the volume 
of soil loss will affect the both volumes of N-total and P-total losses. 

Overall, results from this study revealed that drainage canals development at a 
horizontal-ridge system of potato cropping field might stimulate surface runoff occurrence. 
Thus, it became expectable for rainwater to take drainage canals as a passage to flow and form 
surface runoff rather than infiltrating into the soil and developing water logging condition. 
However, this runoff establishment was yet accompanied by the occurrence of soil and 
nutrient losses. Other than this, results of this study also confirmed the role of soil structure 
condition (compact or loose) on runoff and the entailing soil and nutrient losses. Compact 
structured soil may lessen rainwater infiltration and increase runoff. While, loose structured 
soil may increase rainwater infiltration and lessen runoff, but it is prone to erosion. 

  
CONCLUSION AND SUGGESTION 
Conclusion  

The measured surface runoff, soil loss, N-total loss, and P-total loss ranged 24.714 – 0.951 
m3 ha-1, 0.002 – 0.507 ton ha-1, 0.849 – 204.881 kg ha-1, and 0.685 – 176.505 kg ha-1, respectively. 
The results revealed that existence of drainage canals at a horizontal-ridge system increased 
runoff. This meant rainwater may take drainage canals as a passage to flow and form runoff 
rather than infiltrating into soil and developing water logging condition. However, there were 
soil and nutrient (N-total and P-total) losses accompanying the runoff. Drainage canal interval 
1 m (R1) gave the highest soil and nutrient losses followed by drainage canal interval 1.5 m 
(R1.5), drainage canal interval 2 m, and drainage canal interval 0 m (R0) as the lowest. This 
was thought attributable to the difference in number of existing drainage canal: 12, 7, 5, and 
0, respectively. It was also noticeable for a sufficient trend conformity of the measured nutrient 
loss to the data of soil loss, runoff, and rainfall within a positive correlation amongst them. 

Suggestion 
Potato crop growth and yield should be taken into account in further study for 

determining the most ideal drainage canal interval for an optimum potato crop growth and 
yield within least occurrence of soil erosion. 

 
ACKNOWLEDGEMENT 

This study was funded by the Directorate General for Higher Education of The Ministry 
of Research, Technology, and Higher Education of Indonesia. The authors further 
acknowledged Dr. Atsushi Sakaguci for the valuable advices and discussions. 
 

FINANCIAL SUPPORT 
This study was funded by the Directorate General for Higher Education of The Ministry 

of Research, Technology, and Higher Education of Indonesia. 
 
CONFLICT OF INTEREST 

The authors declare that there is no conflicts of interest with any parties. Further, party 
with sponsorship for this research had no roles in research design, data collection and 
analysis, manuscript writing, and decision to the publication of research results. 

  



 Jurnal Ilmiah Rekayasa Pertanian dan Biosistem, 12(1), 61-76 

 

74 
 

REFERENCES 
Aprisal. (2023). Konservasi Tanah Untuk Usahatani Kentang Berkelanjutan. Andalas University 

Press. 
 
Asgar, A. (2013). Kualitas umbi beberapa klon kentang (Solanum tuberosum L.) dataran 

medium untuk keripik. Berita Biologi, 12(1), 29–37. 
https://media.neliti.com/media/publications/68997-ID-none.pdf 

 
Asmara, R., Mamilianti, W., Hanani, N., & Mustadjab, M. M. (2022). Potato Fluctuation, and 

Risk Preference of Potato Farming in the Bromo Plateau, Indonesia. Agrivita, 44(2), 225–
234. https://doi.org/10.17503/agrivita.v44i2.3650 

 
BPS. (2023). Statistik Hortikultura 2022. Badan Pusat Statistik Indonesia (BPS RI). 
Direktorat Perluasan dan Pengelolaan Lahan. (2014). Pedoman Teknis Perluasan Areal 

Hortikultura. Kementrian Pertanian Republik Indonesia. 
 
Erlangga, K. A. (2023). Analisis Daya Saing Ekspor Produk Kentang Indonesia Terhadap Pasar 

ASEAN. Jurnal Multidisiplin Indonesia, 2(8), 1840–1855. 
https://doi.org/10.58344/jmi.v2i8.358 

 
Henny, H., Murtilaksono, K., Sinukaban, N., & Tarigan, S. D. (2011). Erosi dan Kehilangan 

Hara Pada Pertanaman Kentang dengan Beberapa Sistem Guludan Pada Andisol di 
Hulu DAS Merao, Kabupaten Kerinci, Jambi. Angewandte Chemie International Edition, 
6(11), 951–952., 2(2), 43–52. 

 
Hidayah, P., Izzati, M., & Parman, S. (2017). Pertumbuhan dan Produksi Tanaman Kentang 

(Solanum tuberosum L. var. Granola) pada Sistem Budidaya yang Berbeda. Buletin 
Anatomi Dan Fisiologi, 2(2), 218. https://doi.org/10.14710/baf.2.2.2017.218-225 

 
Ismadi, I., Annisa, K., Nazirah, L., Nilahayati, N., & Maisura, M. (2021). Karakterisasi 

Morfologi Dan Hasil Tanaman Kentang Varietas Granola Dan Kentang Merah Yang 
Dibudidayakan Di Bener Meriah Provinsi Aceh. Jurnal Agrium, 18(1), 63–71. 
https://doi.org/10.29103/agrium.v18i1.3844 

 
Kuncoro, P. H., Koga, K., Satta, N., & Muto, Y. (2014a). A study on the effect of compaction on 

transport properties of soil gas and water. II: Soil pore structure indices. Soil and Tillage 
Research, 143. https://doi.org/10.1016/j.still.2014.01.008 

 
Kuncoro, P. H., Koga, K., Satta, N., & Muto, Y. (2014b). A study on the effect of compaction 

on transport properties of soil gas and water I: Relative gas diffusivity, air permeability, 
and saturated hydraulic conductivity. Soil and Tillage Research, 143. 
https://doi.org/10.1016/j.still.2014.02.006 

 
Kusnandar, A. Z., Ambarsari, A., & Ferhat, A. (2023). Distribusi Kentang ( Solanum 

tuberosum L. ) di Kabupaten Wonosobo. Agroforetech, 1(02), 1024–1028. 
 
Kusumiyati. (2017). Pengaruh Suhu dan Lama Penyimpanan terhadap Kualitas Kentang 

Olahan (Solanum tuberosum L.) Kultivar Atlantik. Jurnal Ilmu Pangan Dan Hasil 
Pertanian, 1(2), 1–12. https://doi.org/10.26877/jiphp.v1i2.1678 

 
 



 Jurnal Ilmiah Rekayasa Pertanian dan Biosistem, 12(1), 61-76 

 

75 
 

Muliastuty, W. O. (2015). An analysis of soil erosion , value of crop management and 
conservation practice factor of Red Pepper Crop under different ridge types. Journal of 
Environment and Earth Science, 5(20), 130–137. 

 
Naharuddin. (2020). Konservasi Tanah Dan Air. CV. Media Sains Indonesia. 
 
Naharuddin, N. (2021). Tingkat Erosi pada Plot Model Arsitektur Pohon Attims (Eucalyptus 

deglupta), Corner (Arenga pinnata), dan Rauh (Arthocarpus teysmanii). Jurnal Ilmu 
Kehutanan, 15(1), 28–41. https://doi.org/10.22146/jik.v15i1.1510 

 
Nurmi. Haridjaja, O., & Arsyad, S. Yahya,  dan S. (2012). Infiltrasi dan Aliran Permukaan 

sebagai Respon Perlakuan Konservasi Vegetatif pada Pertanaman Kakao. Jurnal 
Agroteknotropika, 1, 1–8. 

 
Panjaitan, P.P.B. & Rusli, A. R. R. (2012). Aliran Permukaan Dan Erosi Pada Penutupan 

Tanaman Jati Unggul Nusantara (JUN) di Kebun Percobaan UNB, Cogreg. Sains Natural, 
2(2), 169–178. 

 
Perdani, C. G., Amaludin, F. N., & Wijana, S. (2019). Formulasi Kerupuk Kentang Granola 

(Solanum Tuberosum L.) Sebagai Makanan Kuliner Khas Tengger Jawa Timur. Jurnal 
Pangan Dan Agrobisnis, 7(3), 37–48. 
https://jpa.ub.ac.id/index.php/jpa/article/view/655 

 
Permana, Y. I., Wicaksono, K. P., & Tyasmoro, S. Y. (2017). Pengaruh Arah Guludan terhadap 

Intercroping Tanaman Apel (Malus sylvestris L.) pada Pertumbuhan Berbagai Tanaman 
Hortikultura. Jurnal Produksi Tanaman, 5(1), 15–23. 
https://media.neliti.com/media/publications/132735-ID-none.pdf 

 
Purnomo, D., Damanhuri, F., & Winarno, W. (2018). Respon Pertumbuhan dan Hasil 

Tanaman Kentang (Solanum tuberosum L.) Terhadap Pemberian Naungan dan Pupuk 
Kieserite di Dataran Medium. Agriprima : Journal of Applied Agricultural Sciences, 2(1), 67–
78. https://doi.org/10.25047/agriprima.v2i1.72 

 
Purnomo, E., Widodo, S., Suedy, A., Haryanti, S., & Biologi, J. (2014). Perubahan Morfologi 

Umbi Kentang Konsumsi (Solanum tuberosum L. Var Granola) Setelah Perlakuan Cara 
dan Waktu Penyimpanan yang Berbeda. Jurnal Biologi, 3(1), 40–48. 

 
Putra, F. P., Saparso, S., Rohadi, S., & Ismoyojati, R. (2019). Respon Tanaman Kentang 

(Solanum tuberosum L.) Pada Berbagai Ketebalan Media Cocopeat dan Waktu 
Pemberian Nutrisi Sundstrom. Jurnal Ilmiah Pertanian, 15(2), 57–66. 
https://doi.org/10.31849/jip.v15i2.1950 

 
Ropiyanto, A., Banuwa, I. S., & Nurul, S. (2022). Pengaruh Guludan dan Pupuk Organonitrofos 

Terhadap Aliran Permukaan dan Erosi Pada Pertanaman Singkong (Manihot esculenta Crantz) 
Musim Tanam Keenam. 10(2), 279–287. 

 
Saputrayadi, A., & Marianah, M. (2018). Kajian Mutu Stik Kentang (Solanum tuberrasum L.) 

Dengan Lama Perendaman Dalam Natrium Bisulfit. Jurnal Agrotek UMMat, 5(1), 11. 
https://doi.org/10.31764/agrotek.v5i1.226 

 
 



 Jurnal Ilmiah Rekayasa Pertanian dan Biosistem, 12(1), 61-76 

 

76 
 

Saputro, A. W., Rianto, H., & Suprapto, A. (2019). Hasil Tanaman Kentang (Solanum 
tuberosum, L.) Var.Granola L. (G1) Pada Berbagai Konsentrasi Trichoderma sp. dan 
Media Tanam. Jurnal Ilmu Pertanian Tropika Dan Subtropika, 4(1), 1–4. 

 
Tamad, Soesanto, L., & Karim, A. R. (2023). Use of Biological Organic Fertilizers and Pesticides 

To Improve Potato Cultivation in Slope Andisols. Biotropia, 30(2), 232–241. 
https://doi.org/10.11598/btb.2023.30.2.1902 

 
Ullyta, A., Tarigan, S. D., & Wahjunie, E. D. (2022). Infiltrasi dan Aliran Permukaan pada 

Agroforestri dan Kelapa Sawit. Jurnal Ilmu Pertanian Indonesia, 27(3), 359–366. 
https://doi.org/10.18343/jipi.27.3.359 

 
Utami, G. R., Rahayu, M. S., & Setiawan, A. (2015). Penanganan Budidaya Kentang (Solanum 

tuberosum L.) di Bandung, Jawa Barat. Buletin Agrohorti, 3(1), 105–109. 
https://doi.org/10.29244/agrob.v3i1.14833 

 
Wijaya, K., Kuncoro, P. H., & Arsil, P. (2019). Dynamics of soil physical and chemical 

properties within horizontal ridges-organic fertilizer applied potato land. IOP Conference 
Series: Earth and Environmental Science, 255(1), 1–7. https://doi.org/10.1088/1755-
1315/255/1/012024 

 
Wijaya, K., Kuncoro, P. H., Nishimura, T., & Setiawan, B. I. (2020). Assessing saturated 

hydraulic conductivity from the dielectrically-predicted dry bulk density. Agricultural 
Engineering International: CIGR Journal, 22(3). 

 
Wijaya, K., Masrukhi, M., Kuncoro, P. H., Sudarmaji, A., Sulistyo, S. B., & Syariffianto, A. 

(2020). Pengaruh Kombinasi Mulsa-Pupuk Terhadap Erosi Tanah pada Lahan Kentang 
dengan Aplikasi Bio-Arang dan Guludan Horizontal. Jurnal Keteknikan Pertanian Tropis 
Dan Biosistem, 8(2), 189–199. https://doi.org/10.21776/ub.jkptb.2020.008.02.09 

 
Wijaya, K., Setiawan, B. I., & Kato, T. (2010). Spatio-temporal Variability of Soil Physical 

Properties in Different Potato Ridge Design in Relation to Soil Erosion and Crop 
Production. 2010 Jeju INWEPF-PAWEES Joint Symposium & Steering Meeting, 1–4. 

 
Zhou, Z., Plauborg, F., Kristensen, K., & Andersen, M. N. (2017). Dry matter production, 

radiation interception and radiation use efficiency of potato in response to temperature 
and nitrogen application regimes. Agricultural and Forest Meteorology, 232, 595–605. 
https://doi.org/10.1016/j.agrformet.2016.10.017 

 
Zulkarnain, D. H., Maharijaya, A., & Syukur, M. (2017). Uji Daya Hasil Klon Harapan Kentang ( 

Solanum tuberosum L .) IPB di Kabupaten Garut Jawa Barat Yield Trials of IPB Potato ( Solanum 
tuberosum L .) Promising Lines in Garut District West Java. 1(1), 42–48. 

 


