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Abstract

The population in the high mountains of the northwest provinces of Vietnam belongs to the poorest
population in the country. Among the reasons behind this are the high frequency of minority groups in the
region and the infertile soils of the steep slopes. As a result of the diversified elevation in northwest
Vietnam, farmers are forced to cultivate fields with a gradient of more than 25 %. Additionally, the heavy
rainfall events in the region increase the runoff, which is the main mechanism of erosion. Erosion leads to
loss of bulk soil, and large losses of plant nutrients. In addition to erosion, nutrient leakage also occurs
especially where a surplus of nutrients is applied. This is often the case when fertilizers are not applied
with care. Nutrients are a limiting factor within agriculture, and with better nutrient management, the yield,
and thus the farmers’ economy, increases.

This study aimed to locate and quantify sources and sinks of nutrients within the ten chosen farms. To
achieve this aim, two specific objectives were researched. The first objective was to quantify the farm gate
balance to get an overall idea of nutrient surplus, deficit, and environmental risks. The second objective
was to quantify and map out the internal flows i.e the field balances and the nutrients lost during manure
storage. This helps locate sources and sinks of nutrients within each farm. Additionally, it will show if the
grass strips help absorb nutrients lost through erosion.

The study was carried out in Mai Son District in Son La Province in northwest Vietnam. The data was

mainly collected through interviews with farmers on ten farms in the study area, as well as observations
made during the field visit. Five farms with cows were chosen, while five farms had no cows. The farms
mainly grew maize, longan, mango, and forage grass. Additionally, analyses were made on the nitrogen,
phosphorous, and potassium concentration in the compost, and the nitrogen concentration of the Guinea
grass (Panicum maximum Jacq) which made up the grass strips in the sloping land. The Guinea leaves

were analyzed to calibrate the SPAD meter used in the field to gather nitrogen values of the grass strips.

The calculated balances indicated that the elements N, P and K on each farm varied between 32 to 580
kg/ha/year for N, -680 (16) to 53 kg/ha/year for P and -130 to 220 kg/ha/year for K. It also showed that
Guinea grass, when grown along the contour lines, did as anticipated; absorb excess nutrients from the soil.
However, the result shows that the forage grass mines the soil from potassium. Finally, the result showed
that the farmers seem to over-fertilize the plants. When estimating the nutrient lost from manure storage,
the calculation showed significant losses of nitrogen, phosphorus, and potassium during storage.

The result of the study shows that the handling of manure, choice of compost or mineral fertilizer and
fodder, and use of grass strips on the farms affects the nutrient loss within the farm. It also shows that a
system with forage grass on the contour is, above all, effective when used on farms with grass-eating
animals as the farmers otherwise don’t harvest the grass.
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| REFERAT

Son La provinsen i nordstra Vietnanar hem till en av de fattigaste befolkningarna i landeta Tv
av de bakomliggande anledningarna till fattigdonaemlels den iga frekvensen minoritetsgrup-
per i om@det, och dels att odlingsoémtetar karakériserat med branté@h och infertila jordar.
Manga av jordbrukarna i oradet tvingas odlagsluttningar med lutningar soaverstiger 25 %.
Pa grund av Vietnams geografiska placeringattsmarken under regnperioden asimga laftiga
skyfall, vilket leder till kraftig erosion. Erosionerbgatt strre nangder jordpartiklar, meaven
naring, forslas bort fin jorden. Dendrlorade raringen kan i sin tur bidra tillanre skrdar.
Utover erosionen skeiven sbrre raringsbrluster till foljd av ineléktiva gdodslingsmetoder,at
mer raring tillférsan vad axten vid tillfallet kan absorbera.

Studien utbrdes i Mai Son- distriktet i Son La -provinsen i noébira Vietham. Informa-
tion om cardarna ochélten samlades in genom att intervjua jordbrukaieip gardar. Fem av
gardarna hade kor, medan ferardar saknade kor.2Rpardarna odlades i huvudsak majs, longan,
mango och fodergis. Analyser gjordef att beshmma nangden fosfor, kitve och kalium i
stallgbdslet, samt katvevardet i det gas(Panicum maximum Jacghar kallat guineagrs, som
anvants i gasremsorna. Kavewardet i gasremsorna i respektivalt besamdes genom att aa
med en SPAD-meter éften.

Detovergripande syftet med studien var att lokalisera och kvantifigitarkoch sinkor ©r naring

pa de tio utvalda grdarna. Br att ra syftet undeisktes t\a specifika ral. Det forsta nalet
var att gora en @rdsgrinds-balans. Anledningen var att skapawargripande uppfattning av
gardens aringsackumulering elleramingsbrist. Det andra atet var att skapa interna balanser
for falten samt att tittag hur stora aringsbrlusterna underagslingshanteringen var. Syftet
med detta var att lokalisera vart inorargarna aringen famst ackumuleras elledfloras. Detta
mal anvandesaven Br att ta reda @ om gasremsorna kunde anvdas som medebf att ta upp
den raring som @r forlorad vid ytavrinningen.

De bedknade balanserna indikerar adirimgsbalansendgardarna varierade mellan 32 kg/aa/
och 580 kg/hair for N, -680 (16) kg/har och 53 kg/har for P samt -130 kg/haf och 220
kg/hahr for K. Det visadeaven att guineagis som odlats tillsammans med frultly samt med
eller utan majs, bidrog till att ta upp den&we som annars kundérforats genom erosiorat¢kage
eller ytavrinning. Gasremsornasdga upptag av @ingen verkar dock orsaka kaliumbrist i
jordarna. Fan analysen avaringsbriuster fén godselhanteringen visade resultatet en signifikant
naringsbrlust ©or bade kwave, fosfor och kalium. Bringshckaget a gardarna pverkas av
hanteringen och val av stall- eller minerattsel, foder samt huruvida@gsremsorna gkdas eller
inte. Giasremsoar fram®r allt en elektiv metod br att minska aringshckaget i de fall de
skordas. Med andra orcipgardar som har betande djur. Detta eftersoasgt @ dessa @rdar
skordas i sbrre utstackning.

Nyckelord: Grasbarrarer, Higlandsodling, aringsbrlust, T@jordbruk, Vietham

Institutionen br vaxtproduktionsekologi, SLU
Box 7043 75007 UPPSALA, ISSN 1401-5765
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Il POPUL ARVETENSKAPLIG SAMMANFATTNING

Vietnamar ett av \arldens mestitbefolkadednder, vilket innebr att det finns ett stort behov
av att utnyttja landmassoof jordbruk. Stora delar av landytan k@sav berg, vilket medifr
att en sbrre andel avdltenar lokaliserade i branta sluttningar. | dessa ademar erosion ett
stort problem. Den huvudsakliga mekanismen till att erosionenasi@e kraftiga regnfall som
marken utatts ©r till foljd av Vietnams geografiska placering. Erosionénrhed sig Bde
landmassor i form av jordpartiklar, samt bidrar till att utarma jordamaring. Naringsutlakning
fran jordbruksmarkar ett av de strsta problemen inom odling, och bidrar ti#idre skrdar
for jordbrukarna. Br att minska aringshkaget tilkmpas aringshanteringsprincipeasom
precisionsodling. Dedr namligen inte bara erosion som bidrar tilmngsbrluster, utaraven
allt for stora @dningsgivor. Ugver precisionsodling téimpasaven olika odlingssystendf
att minska erosionen ocharingsutlakningen, & som agroforestry (eller&djordbruk) och
horisontella gasremsor som stoppar jorderiratt bra sig nedt. Agroforestry innelr att
jordbruk av gbdor kombineras med odling awatt och i vissa falaven med djurhusiilning pa
falten.

Under ar 2020 skrevs en masteruppsats om hur erosionen kan minskas genom odling av
grasremsor horisontellahgs meddltets sluttning. Syftet med denna masteruppaatels

att folja upp den tidigare masteruppsatse&mf2020 och undedka hur dessa gsremsor kan

bidra till att fanga upp denaring sombdvriga Vaxter i odlingssystemet inte hinner ta upp, och
som annars skulle lakas ut och hamna i den omkringliggandéemiljtover detta undeiktes
naringsbalansengpgardarna ur ett helheltsperspektiv (pa@rdsniva) samt inom grdarna (per

falt). Aven réringsbrlusten under @idsellagringen undeiktes. Studieobjekten var ticigdar i
nordvastra Vietnam.

Resultat togs fram genom att samla in informaticanfjordbrukarna i on&det. Insamlin-
gen gjordes med BJp av intervjuer, samt genom att li&s odlingarna och se hur de &thpade
systemen ser ut i dagglet. Ubver detta samladesagprover och gdselprover inér analys.
Godselproverna analyserades lp/ave, fosfor och kalium, medanagproverna analyserades
pa koncentrationen av &ve i det gas(Panicum maximum Jacghar kallat guineagis, som
odlades p falten. Detta gjordesf att kunna kalibrera den SPAD-meter somzamies or att
samla in data @ kvave\arden gaset. Resultatet visagmtt det gas som an&nds br att minska
erosionen bidrar till att minska accumuleringen av N, P ocraKaiten. Resultatet indikerar
aven att gaset absorberafsnycket kalium, atbvriga giodor riskerar attd kaliumbrist.

Totalt satt visar resultatet g att gasremsorar en elektiv form av erosionshinder,addet
aven absorberar delar av de@rimg som annarsdfsvinner med ytavrinningen, men att det i
detta fall beliver kompenseras med mer kalium-basetatsgl. Generellt syns @dmster av
overgddslande med Kwe och under@gdslande av kalium. Resultatet visaren att detta system
fungerar elektivt i de fall dr griaset aniinds som foderéis och érmed skrdas regelbundet. |
ovriga fall tenderar giset att sprida sig utaif de planterade gsraderna. Dessutom forslas inte
overskott av Aringen bort fan faltet, utan stannar kvar i gset. R s satt kommer @ringen till
anvandning. Till sist visar arbete@att gardarna érlorar signifikanta rangder kave, fosfor och
kalium pa grund av inel@ktiva lagringsmetodedif godslet.
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5 Introduction

The project site is located in Hat Lot commune, Mai Son district in Son La Province, in northwest
Vietham. The size of Vietnam is 331 114 kpand it has a population of about 97 336 000
people (Daleke, 2021). In comparison to Sweden, Vietnam has approximately 10 times more
inhabitants per square kilometer, which increases the need for e cient land use. Approximately
40 % of the workforce is employed in agriculture and around 25 % of the land is agricultural land.
The farmed land equals approximately 0,07 % hectare per person, which is one of the lowest
numbers in the world. Due to the high demand for food, the pressure on the land is high and the
land is often over-exploited (Daleke, 2021).

Son La Province has an annual rainfall of about 1430 mm with 85 % concentrated between April
and September (the growing season). The elevation ranges from 100 to 2,900 m, with 92 % of
the province being hilly and mountainous and 67 % occupied with slopes with a gradient over 15
%. As aresult of the diversi ed elevation farmers is forced to cultivate lands with steep slopes
even over 25 % inclination. As a consequence, soil erosion has increased, exacerbated by heavy
rainfall events. In addition to the loss of bulk solil, this also leads to large losses of plant nutrients.

Soils naturally contain large amounts of plant nutrients such as nitrogen, potassium, and
phosphorus. However, only a small fraction is immediately plant-available, so farmers usually
add additional nutrients using di erent kinds of mineral or organic fertilizers. Soil erosion
contributes to the movement of sediment away from the farming area and into nearby streams.
This leads to eutrophication of water bodies, muddy ooding of roads, and sedimentation in
streams (Nguyen & Pham, 2018). Nutrient leaching also occurs without erosion. When the
nutrient supply exceeds the amounts the vegetation can take advantage of, the surplus nutrients
are ushed out to nearby ditches, streams, and groundwater. Eventually, this leads to algae
blooming and anaerobic conditions on the bottom of water basins, similar to the e ects of erosion
(Jordbruksverket, 2020). Nutrients are a limiting factor within agriculture and in the highlands
of Vietnam, the loss of nutrients occurs from both erosion and leaching due to soil losses and
surplus nutrients. By using existing resources more e ectively, livelihoods of the farmers would
improve.

The population in the high mountains of the Son La province belongs to the poorest pop-
ulation in the country. Among the reasons behind this is the high frequency of minority groups
in the region (WorldBank, 2022) and the infertile soils of the steep slopes. A previous project in
the same areAgroforestry for Livelihoods of Smallholder Farmers in Northwest VietQaRLi)

was carried out in two phases during 2011-2021 in Northwest Vietham. The study researched,
among other things, how smallholding farmers could improve their yield and economy by using
agroforestry techniques (La et al., 2019). The exemplar landscape was established in 2015. This
thesis is following up on ten of the farms within the exemplar landscape and looks at nutrient
management within the farms. The thesis was made possible due to already established contacts
and cooperations with the farmers in the province. This contact was established during the AFLi

- project.

Previously, a master thesis on erosion control was made in this area ((Thelbemgl&ll Sj
2020)). The thesis examined the use of grass strips as a means to create natural terrace formation
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and thus work as an erosion control (Thelberg &&jll, 2020). This was of interest as the
method is considered a cost-e cient way to prevent or reduce erosion. The method proved to
be working e ciently to reduce erosion. The result of the study showed that the soil loss was
reduced by 43 % after two years in comparison to the elds without grass strips (Thelberg &
Sjedell, 2020). The grass used for the grass strips was guinea grass. Guinea grass can be a good
fodder grass, but the nutrient content of the grass varies depending on the nutrient supply in the
soil (Varghese Jose & Nabi, 2022). Whether the grass strips could e ciently capture eroded
nutrients was not tested in 2020. One aim of this study was to follow up on the grass strips and
estimate whether they take up considerable nutrients from the soil and by doing so prevent the
nutrients from being lost through erosion, leaching, or surface runo . The thesis focuses on the
nutrient ows on ten farms within the project site in northwest Vietham (Son La). A farm gate
balance as well as the eld and homestead balances were calculated to locate sources and sinks
of nutrients.

5.1 Main objectives and research questions

This Minor Field Study looked at the impact on the nutrient ow by replacing conventional
mono-cropping with agroforestry systems with and without grass strips planted along the contour.
The overall aim of this study was to locate and quantify sources and sinks of nutrients within
the ten chosen farms. By identifying these locations, higher precision in the farm's nutrient
management may be achieved, leading to higher nutrient use e ciency, lower nutrient losses,
and enhanced farm productivity and better livelihoods.

To reach this aim two speci ¢ objectives were looked into. These objectives were:

1. Create a farm gate balance of nutrient inputs and outputs to the farm following the cash
ows. Inputs such as purchased feed and purchased mineral and organic fertilizers and
outputs such as sold crops, animals, and other products were used. The ows are expressed
as kg/ha i.e divided by the area of the farm. This will give an overall idea of nutrient
surplus and de cit and environmental risks.

2. Quantify the on-farm ows and balances of nutrients. On-farm ows will be examined by
looking at the compost handling i.e the manure storage and each eld individually ( eld
balances). Field balances are calculated using fertilizers as input and harvest as output.
Nutrient balances during manure storage are calculated using feed and material added to
the compost as input and produced compost and sold or slaughtered animals as output.
This will give an indication of the locations of the sources and sinks within each farm.
Additionally, it will show if the grass strips help absorb nutrients lost through erosion.

Research Questions

" Could grass strips contribute to signi cant nutrient uptake and decrease the risk for nutrient
loss?

~ Within farms practicing agroforestry, where do the nutrients accumulate?
~ In which areas on the farm does nutrient mining occur?

" Is there a signi cant loss of nutrients during manure storage?

12



Hypotheses

" Grass strips along the contour capture nutrients lost from the plot area above, which
decreases the overall loss of nutrients (hence decreasing the risk for eutrophication in
nearby streams) and supports high grass production and protein content in spite of no direct
fertilization.

Nutrients accumulate downslope, i.e in the lower-lying parts of the farm. As a consequence
of harvesting fodder grass up the slope, but using the compost on downslope elds, the cycle
of nutrients is disrupted. The accumulation of nutrients downslope leads to unnecessary
nutrient losses.

Nutrient losses from the manure storage are at least as big as the nutrient export via farm
produce

5.2 Delimination

This thesis will only look at the nutrients nitrogen, phosphorus, and potassium. The research
does not look into economical aspects such as the income from the crops, fruit trees, or the
selling of animals. Nor does it consider the cost of farming at the di erent farms, such as the cost
of fertilizers, etc. The gathered information covers one year of production data and thus covers
the time between September 2022 and one calendar year back in October ( 2021). Human waste
(kitchen waste and toilet waste) is excluded from calculations. Measurements of nitrogen in the
grass were only made on the grass strips located on the bottom part of the elds.

5.3 Explanation of words and designations

Since the thesis is carried out in another country, the use of words di ers, as the meaning is not
always consistent. This wordlist will explain the meaning of some commonly used words.

Compost = A more or less decomposed manure. Manure is set aside to be metabolized
by microorganisms. The result is an odor-free compost with few or no pathogens. The compost
can also contain added (decomposed) organic materials such as crop residue.

Organic kitchen waste= leftover organic material from the farmhouse.

Closed system privy= Privies with brick-constructed pits. The system is closed and the
pits are emptied (by municipal latrine emptying) when full.

home garden= the vegetable garden located in direct proximity to the house. Included
in the home garden are also in most cases fruit trees.

Homestead= The house of the farmer family and the stables.

Nutrient losses= nutrients that have been lost due to evaporation losses, leaching, or due
to runo water.
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Nutrient accumulation = Occurs when the nutrient depot in the soil is greater than the plant need.

Nutrient depletion or mining = Occurs when plants use the nutrient depots for a longer
time and when no or insu cient nutrients are supplied to make up for the plant-absorbed nutrients.

Export = The ow of nutrients through sold products (products leaving the farm).
Import = The ow of nutrients through bought products (products entering the farm).

In the calculations, nutrient content refers to the content of N, P or K. The following vari-
ables were used:
# = Number of harvesting days
< = kg harvested grass
- = The concentration of nutrients in the materal
- = The mass (kg) of a material
sand$ 5= In ow and out ow of kg N (Nitrogen), P (phosphorus), or K (potassium) on the eld
><4BCc403aNd$ ><4sc403= In ow and out ow of kg N, P or K to the homestead
oa< oc4and$ oa< ocs=Inow and out ow of kg N, P, or K at the farm-gate
" = Kkg nutrient content in the mineral fertilizers (always bought)
+ = kg nutrient content in the used compost
+(= kg nutrient content in the sold compost
+ =Kkg nutrient content in the bought Compost
A = kg nutrient content in the harvested fruit
A ( = kg nutrient content in the harvested sold fruit
A =kg nutrient content in the harvested crops
A ( = kg nutrient content in the harvested and sold crops
= kg nutrient content in the harvested grass
( = kg nutrient content in the harvested and sold grass
" = kg nutrient content in the collected residues
> = kg nutrient content in the harvested fodder given to the animals (includes all fodder harvested
on the farm)
> = kg nutrient content in the concentrates given to the animals (includes all bought manufac-
tured feed)
= kg nutrient content in the household food (include all food consumed by the farm holders)
= kg nutrient content in the bought additional household food (e.g rice, meat, sh)
( = kg nutrient content in the sold animals
= kg nutrient content in the bought animals
(( = kg nutrient content in the total of sold and deceased animals
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6 Background

6.1 Plant nutrient need, supply, and losses

Plants grow and develop as a result of many complex processes, including the utilization of plant
nutrients. Plant nutrients are divided into micro- and macronutrients, of which the macronutrients
are required in higher amounts. Among the macronutrients, the primary nutrients are nitrogen
(N), phosphorus (P), and potassium (K). Some of the usages of N in plants are to build proteins,
amino acids, and chlorophyll in plants. Phosphorus is, among other things, required for the
synthesis of protein, and K are needed for water regulation and enzyme activity, etc. A de cit
of nutrients leads to lower plant yield. Additionally, excess nutrients threaten to disrupt the
ecosystem as they cannot be absorbed by the plants but instead leaches into the surrounding
environment. When fertilizers are applied outside of the growing season the e ect is the same as
when adding too many kg of fertilizers. One of the e ects of nutrient leaching is eutrophication
(in the case of N and P) (Varghese Jose & Nabi, 2022).

To meet the nutrient needs of the crops, minerals as well as organic fertilizers (such as
manure or composted crop residues) are used to fertilize elds. Insu cient fertilizer use and

e ciency on farms have historically contributed to low agricultural yields (Varghese Jose &
Nabi, 2022). To be able to maintain good nutrient management it is important to balance the in
and out ows of plant nutrients on the farms, as well as to establish sustainable farming practices.
Sustainable farming practices include other than nutritional issues (Berg&tiDahlin, 2005).

When nutrient management is practiced, the idea is that farmers add, by the plant, the correct
amount of nutrients needed at the right time. This is often called precision farming. It is believed
to not only be bene cial for the environment as fewer nutrients will be lost but also produce a
higher yield (Bergsem & Dahlin, 2005). If the use of nutrients is made more e cient, food
safety will be improved in many countries, and the number of excessive nutrients released into
the environment will decrease (Varghese Jose & Nabi, 2022).

Animal keeping and thus manure production on the farm is valuable for production of crop
and fruit. When manure is used to produce organic fertilizer it returns some of the nutrients
taken up by plants to the soil and a sustainable nutrient cycle is established. This is the case
given that the animals graze or feed from materials grown on the farm. If the farm does
not house animals, nor buy manure from other farmers, crop residues can be used to recircu-
late nutrients to the soil (Bergsim & Dahlin, 2005) to reduce the need of buying mineral fertilizer.

Using compost as a fertilizer has both advantages and disadvantages. Some advantages are that
the compost contributes additional nutrients (apart from N, P, and K) as well as organic material
that has a positive e ect on the soil's physical conditions (Celik et al., 2004). A disadvantage is
that the compost is heavy and bulky, and it is therefore unevenly distributed around the farm.
This contributes to variation in fertility among the di erent compartments on the farm. Nutrient
losses may occur during storage. The losses are determined by the design of the storage, and if
the manure and compost is covered or not. If the manure and compost are not covered, the rain
will cause additional nutrient losses (Tittonell et al., 2010). Due to this, it is good to make a
farm-speci ¢ nutrient balance to decide where the major nutrient losses occur within the farm.
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Plant nutrients are, as mentioned, lost from the elds through various routes. However,
the main mechanisms are surface runo and leaching. When runo occurs there are two ways in
which it contributes to nutrient loss. The rst way is when applied nutrients dissolve into the
soil solution. Soil nutrients then leave the soil through the surface runo water due to water
exchange. Soil nutrients also enter runo water through desorption from soil particles or through
sediment transportation, adsorbed on the surface of the soil particles. Nutrient losses are a ected
by rainfall intensity. Higher losses occur as the rainfall increases. It is also a ected by the water
ow (with higher losses occurring with a higher inclination and less friction) as well as vegetation
cover and farming methods (Yao et al., 2021). As the farmland in the researched area has both
intense rainfall and a steep slope, increased vegetation cover and agroforestry methods such as
horizontal grass strips and fruit trees have been introduced in the elds to prevent the runo ow
and thus the erosion and nutrient losses (Rachmat & Nguyen, 2022). As farmers add mineral or
organic nutrients to a sloping eld, the risk is that much of the nutrients leave the soil with runo
water before the plants can absorb them. This especially occurs during the early farming season
as the plants are still small (Al-Kaisi & Helmers, 2008; Bergsir& Dahlin, 2005) and the rain

can be heavy.

6.2 Erosion control

As the size of the population increases, so does the scale of conventional farming and modern
forestry. As these two huge industries require more land for their production, the consequence is
evidently deforestation. As forests are cleared the productive capacity of soils declines, erosion
accelerates, siltation of dams and reservoirs occurs, biodiversity decreases, and the wildlife
habitat is destroyed (Nair et al., 2021).

There are many methods used to decrease erosion. Among these, some commonly used
are contouring, terraces, and water and sediment control basins as well as strip cropping. When
constructing man-made terraces the gradient of the soil is changed to give the eld a horizontal,
instead of a sloping, surface. This construction breaks the water ow downslope so that rainwater
or irrigation water is held on the eld and thus in Itration to the soil increases. A waterway is
constructed to lead the excess runo water safely away from the slope in a way that prevents
erosion from occurring i.e by ensuring that water outlets are vegetated. A problem with this
technique is that the water that is led away from the eld is also being lost (Truong & Loch,
2004).

A way to bypass constructed terraces is to grow grass strips along the slope contour. The
vegetative barrier creates a protective barrier alongside the contour. During rainfall, the water
transports sediment to the grass strips, where the runo water is slowed down, and the sediment is
deposited. Within a couple of years, small terraces have naturally formed (Truong & Loch, 2004).
In addition, the grass strips also capture potential contaminants and/or pesticides (Hoekstra &
Hannam, 2017). A research study within the exemplar landscape showed that terraces formed as
the systems developed, through the gradual deposition of soil sediment above the living grass
strips and trees. After the ve-year study period, the study could identify a 4.0 cm raise in soll
surface due to accumulated soil sedimentation above the grass strips. On average N, P, and K
losses decreased with 21 - 84 % (Do et al., 2023) Another study showed that after only one to
two years the eroded soil had started to form natural terraces on the slope (Thelb@®dged, S
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