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Background: Koshi flood of August 2008 in eastern lowlands of Nepal affected around 2.64 million people in India
and Nepal, including 65,000 people and 700 ha fertile land in Nepal. It was calculated that 25% of the affected
cultivated land of Shreepur, Haripur and western Kushaha villages in Sunsari district are still barren and remain filled
with flood sediment of sizes from clay to sand even after 8 years. The issues of land change from fertile to barren
because of flooding and characteristics of the sediments in terms of cultivation are the foci of this research.

Results: Field measurement and information from questionnaire survey showed that the depth of the flood
sediment are highly variable in impacted zones. They are divided into central red, red, yellow and green zones as
per the thickness of the sediments. The sediments from sieve analysis has also shown that the degree of fineness is
greater towards the green zones and texture has shown function of distance : T=f (d). The average thickness varies
from 0.10 m in green zone to 4.5 m in central red zone in new channel area of the flood. The crop yield is also
50-75% greater in green zones than in the other zones. Changing in cultivation practice from traditional crops to cash
crops have increased income up to 200-300% in the aggraded land. Changing in cultivation practices and removing
layer of flood sediment in shallow sedimentation area are the major overcomes against the flood sediments.

Conclusion: The study concluded that the agricultural practices in aggraded land depends on sediment textures,

Background

The Koshi is the largest river in the eastern part of
Nepal and also one of the largest tributaries of the
Ganga. It’s catchment starts from Tethys sediments in
the north to the Nepal Siwalik range in the south.
Elevating active Himalayan range with high gradient
variation has made the river velocity high and high rate
of denudation in high land areas. Therefore huge sedi-
mentation by the Higher Himalayan rivers over the low
land is common. On other hand, small and large rivers
originating from middle mountains also contribute
greatly for flooding over the low land agricultural land
of the southern plain of the country.
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The Koshi is also known as the highest silt yielding
river in the world (Subramanian and Ramanathan 1996)
with an estimated 118 million cum/year of sediment
(Dixit 2009) which is attributed by the landslides and
soil erosion in its catchment areas. Although its runoff is
only about 25%, it accounts for almost 50% of the coun-
try’s soil erosion (Nayak 1996). This value indicates the
intensity of fluvial sedimentation in the river.

Sedimentation is a matter of grave concern with re-
spect to the Koshi rivers/tributaries which spans a stag-
gering length of 720 km with about 92,538 km” of
drainage area (Nayak 1996). Huge deposition on the low
land area governs the river channel system and the river
has shown to be shifted 115 km westwards in the last
200 years (Agarwal and Bhoj 1992; Gole and Chitale
1966) covering 770 km* with sand (Nayak 1996). The
dynamism of the Koshi is described by the cause of lat-
eral shifting, frequent flooding, “piggyback” thrusting
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sequences, extensive bank erosion, neotectonics, tilting,
sedimentological adjustment in its basin (Nepal et al.
2014; Ghatak et al. 2012; Rahman 2011; Jain and
Sinha 2005; Nakayama and Ulak 1999; Sinha 1998;
Khalequzzaman 1994; Blair and McPherson 1994; Schelling
1992; Agarwal and Bhoj 1992). This shifting dynamics re-
sult in the destruction of floodplains and the agricultural
lands (Moench 2010). After the construction of the Koshi
Barrage in 1962; eight major floods have been occurred
since last 55 years (Mazumder 2011). On other hand, a re-
search indicated that the sediments supply is limited in
Nepal Himalayas which shows that the precipitation is not
the only cause of erosion (Andermanna et al. 2012).
Climatic and tectonic variations have contributed to
the geomorphic diversity across the flood plain (Sinha
et al. 2005). The flood fed sedimentation poses a chal-
lenge because of infertility and hardly used except in small
quantities for construction materials (Hooning 2011).
The existence of dynamism of hydrological system in
Gangetic rivers is therefore vulnerable and is charac-
terized by shifting of the channel along with the flood
sediments which directly affects the people in the
basin (Ghatak et al. 2012).

Sedimentation is a natural process for balancing on
subsiding sedimentary basin by distributing sediments
over an area. The short term sedimentation covers
around the local area along the channel (Richards et al.
1993) and the accumulated sediments force the river to
form of braided system and the river frequently enters
nearby areas, especially in low lands, in an aggressive
way during the monsoon seasons in the Terai (low land)
region of Nepal.

Although a number of significant studies have been
carried out for several decades (Sinha et al. 2010) the
data availability of the Gangetic basin is still scanty.
Similarly, Hooning (2011) has also mentioned that
reliable data of previous floods and sedimentation pa-
rameters of the Koshi river are not available satisfactor-
ily. Nevertheless, studies over 50 years have shown that
the low lands (known as Terai) of Koshi basin located
downstream from Chatara lies in high flood disaster risk
zone because of poor maintenance and monitoring in
existing civil structures with poor understanding of the
river dynamics.

The soil quality in agricultural land is degrading in most
of the paddy fields. Tiwari et al. (2006) has classified and
indicated degrading trend with Soil Quality Index of
Paddy land (Khet) 0.23 out of 1.0. Soil parameters meas-
urement and reporting would not be sufficient until and
unless reorganization of the dynamics of the balancing the
different components (Karlen et al. 1995) of the dynamics
of living system, including physical, biological and chem-
ical are taken into consideration. In particular, the flood
induced sedimentation on the agricultural field can be
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taken as much significant in terms of storage and remobi-
lization in the movement of sediment (Walling 1988).
Schreier et al. (1999) has also described the balancing and
interaction of soil properties in new water and sediments
fed from the river in the monsoon. The traditional agricul-
tural management method should be reformed and de-
velop as per the situation of post disaster phase. Regmi
and Zoebisch (2004) has also emphasized the need for de-
velopment of the new guidelines for such management ra-
ther than continuing the existing conventional practices.

The intense problem of sedimentation of the Koshi in
the low land is frequent and the sedimentation hazards
are always seen particularly in the settlements adjoining
the river banks. The people in these settlements are
heavily dependent on agricultural resources. However,
the agricultural resources and its production potentials
are always in threat due to frequent high sediment
floods. On the other hand, the post disaster impact assess-
ment on the nature of flood especially on the impact of
sedimentation in agricultural land has always been
deemed insufficient, especially in of the low land areas of
Nepal. Thus there is an urgent need to assess the impacts
of the flood-induced sedimentation as a part of pre and
post disaster management in a sustainable manner espe-
cially in agricultural land and post disaster productivity.

Therefore, this study attempts to assess the impacts of
flood-induced sedimentation on agricultural land, physical
characteristics of the sediments and cultivation practices
in the affected areas during the post 2008 Koshi flood.

2008 Koshi flood

On 18th August 2008 at 12.55 pm Koshi river diverted
on its 100 years old course towards the eastern side by
breaking its embankment with 90% flow of water
(MoHA 2009) (Fig. 1). This flood is considered as one of
the most disastrous natural events of the last decade in
terms of the number of people affected and the loss of
properties. The flood completely destroyed three Village
Development Committees (VDC) whereas two VDCs
were partially affected. The flood deposited large amounts
of sand and silt on agricultural land affecting millions of
people in Nepal and India including 65,000 in Nepal
(MoHA 2009). The economic loss incurred by the loss the
existing crops estimated at US$18.7 million reduced the
National Gross Domestic Product (GDP) by 0.3% on 2009
(ADB, Asian Development Bank 2009).

About 700 ha of fertile land was uncultivable because
of the inundation of the land with flood sediments filled
with sand and silt (THT, The Himalaya Times 2011) till
2011. Most of the severely affected VDCs are still in des-
ert like conditions even after 8 years of the event. The
change in the state of cultivable land to barren due to
the flood sediments of Koshi is thus a major focus of this
study. The 4-5 m level difference between embankment
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Fig. 1 Study area and sampling sites

area and river channel pose further risk for recurring
devastations. It has been also reported that there are sev-
eral structurally critical points on the embankment that
are potential for breaching in the near future as of 2008
event (Sinha and Kommula 2010).

Methods

The study comprises both primary and secondary data
acquisition during period from 2008 September to 2014
December. Primary data collection includes soil sampling,
auguring, observation, depth measurement of sediments,
establishing observation plots, lab-scale experimental plots
and questionnaire survey. Grain size and composition

analysis, depth measurement, productivity and yield ana-
lysis from observation plots followed by lab plot and bio-
mass analysis were carried out in different classified zones
Central Red Zones (CRZ), Red Zone (RZ), Yellow Zone
(YZ) and Green Zone (GZ).

The main aim of the questionnaire survey was to gen-
erate information on impacts and associated problems of
sedimentation on the agricultural land and the commu-
nities’ subsequent adaptations and adoption of agricul-
tural practices within the flood affected areas during the
post-disaster phase. Flood sedimentology and cultivation
practices in the long term scenario are considered as im-
portant factors in terms of self sustaining over the heavy



Kafle et al. Geoenvironmental Disasters (2017) 4:4

sedimentation situations. Such information is considered
useful for flood-induced disaster management.

The study area (about 50 Sq km) (Fig. 1) was divided
into 7 clusters of settlements from severely affected to
lightly affected areas. A semi-structured questionnaire
was used with 16 questions related to sediments and
agriculture practices. Five options were provided for
each question relevant to post disaster issues on agricul-
ture and flood sediments. Altogether 150 respondents
were selected following Random Sampling Method
(RSM). The age of the respondents were above 16 years
with Standard Deviation1.249 in 90% of the major affected
villages of Nepal. Basically, the questionnaires were
adopted through a study of the references of literature re-
view for the post disaster issues. Questionnaire survey cri-
teria have been prepared from the suggestions available in
literature (such as Hussain et al. 2009; Dirkzwager et al.
2006; Onder et al. 2006; Roorda et al. 2004; Galea et al.
2003; Malilay et al. 1996; Guha-Sapir and Lechat 1986).
These literatures were embedded together within a single
survey questionnaire.

A total of 31 soil samples were collected with Stratified
Random Sampling Method (SRSM) in different classified
zones of which 29 samples were collected along the both
new banks of the new channel excluding 2 samples from
natural unaffected area. Out of these samples, 11 sam-
ples were collected from RZ including 5 samples into
the new channel starting from the breach point which
was further classified as Central Red Zone (CRZ). Simi-
larly, 10 and 8 samples were collected from YZ and GZ
respectively. Grain size analysis was conducted for the
sediments with standard ASTM method. The analysis
was conducted to determine the sediment size distribu-
tion and texture of the flood sediments over the agricul-
tural land. Five gram sample was examined by binocular
magnifier (20x). For this examination, mineral grains
were separated by clip and pin for the counting and
identification of the minerals.

Sediment samples were collected at a depth of 0.03 m
by manual hand auger. Thickness was detected by hand
augering, penetration of metal rod and digging the pits.
In addition, the existing excavated trenches (Nalas), irri-
gation cannel were also measured for the sediments
thickness. Total of 120 sites were measured for the con-
firmation of the thickness of the sediments and finally con-
firmed by concerning with villagers of the affected area.

The observation plots were surveyed through ques-
tionnaire, measurement and visual observations were
also made. All together eight observation plots were se-
lected in the classified zones i.e. CRZ, RZ, YZ and GZ.
The area of each plot was 18,225 sq. ft. (5 Kaththa). The
cultivation practice, yield and annual income following
the years of flood were recorded in the from each of the
observation plot.
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Laboratory plot investigation
The laboratory investigation is conducted as per specified
on Association of Official Seed Analysis (AOSA, Associ-
ation of Official Seed Analysts 2002) and International
Seed Testing Association (ISTA, International Seed
Testing Association 2009). Both banks of the new chan-
nel’s soil of the in respective zones CRZ, RZ, YZ and GZ
were mixed individually. The mixed soil were placed in 10
plastic trays of dimension 16.5” x 12.0” x 3.0” for differ-
ent zones separately as shown in Fig. 2. The soil thickness
was maintained at 2 in. in the tray for the experiment.
One hundred-fifty seeds of paddy and 150 seeds of
wheat were chosen for the plantation in the soil in dif-
ferent trays as lab plot. Individual tray plot was sepa-
rated again in three different zones with planting 50
each for the replication with same environment. The
plants were uprooted after 1 month of plantation. Plants’
wet and dry weight (zone-wise), measurement of length
of plant outside and under the soil were taken.

Secondary data analysis method

The secondary data were collected from relevant organi-
zations. The study and analysis were focused on the agri-
culture productivity trend after the flood event. The data
were compared with the data of pre flooding phase. The
comparison is useful in finding the significant variation
of productivity before and after the flooding.

Results and discussion

Sedimentation impact in agriculture

The flooded land was classified in both sides/banks of
the new channel. As per the site and severity, the red
zone was classified into two zones: Central Red Zone
(CRZ) along the new channel and Red Zone (RZ) along
the water inundated area. The result from questionnaire
survey showed that the disaster affected farmers’ income
reduced by almost 95% since 90% of the community
were agriculture—dependent. The field observation also

Fig. 2 Lab plots in plastic trays
.
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showed that the most of the fertile land, especially in
Central Red (CRZ) and Red Zone (RZ), are still in form
of barren land filled with sediments even after 8 years
from the event. It was also observed that 20% people
have changed their agricultural practices growing cash
crops in order to cope with the situation.

Depth of the sedimentation

The contour (Fig. 3) shows that the thickness of sedi-
ments are concentrated towards the central and right
bank of the new channel on most of the CRZ and RZ
area . The thickness varies from 1 to 4.5 m in that area.
The depth is decreasing towards the YZ and GZ on both
sides of the new channel. However, the thickness of sedi-
mentation is also varied within the classified zones be-
cause of the new channel morphology.

Composition of grain and grain size distribution

The mineralogical composition of sediments has little
variation with zones from CRZ to RZ except quartz,
mica and carbonate. Quartz seems to be lesser towards
the green zones whereas mica and carbonate have shown
increasing trends. Quartz is dominant in all the zones.
However, the percentage is decreasing towards the dis-
tance from the main channel. In main channel CRZ, per-
centage of quartz varies from 60 to 70% and it is lesser
in GZ and NZ. Similarly, other major constituents are
feldspar and mica along with 0-20% of carbonate (Fig. 4).
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Chlorite, biotite and iron oxides are the minor constitu-
ents in most of the zones.

Fine grain size is greater in GZ, YZ and unaffected NZ
whereas the size is coarser on red zones (Fig. 5). Most
common sizes of sand over all zones are medium fine to
medium. Gravel is absent even in red zones. The red
zones (CRZ & RZ) are generally unsuitable to traditional
crops (rice and wheat) from agricultural point of view as
per farmers’ experiences. The available grain size distri-
bution percentage in YZ, GZ shows the suitability for
traditional crops.

The soil texture analysis is shown (Fig. 6). RZ and
CRZ soil have sandy texture whereas finer soil is present
in YZ and GZ. Therefore, YZ and GZ have loamy sand
and sandy loam respectively. In this texture plot, it has
been seen that the sand is also significantly present in NZ.

Moisture, density and pH of natural soil and sediments

On the base of the soil sampling as shown in Fig. 1 as
soil sampling sites, pH value ranged from 6.5 to 6.8 in
normal soil indicating its mild acidic in nature. However,
the top soil or sediments’ pH value ranged above 7-7.8
which indicates mild alkalinity (Fig. 7). The difference in
the pH values clearly indicates the difference in pH in
pre-flood soil and flood sediments as top soil.

Research in the low land have shown the Khet (Paddy
field) to have relatively lower pH value possibly due to
higher chemical fertilizer use (Regmi and Zoebisch 2004;
Schreier et al. 1999). However, it has been reported that
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sediments and irrigation water can increase pH values
up to 0.5 units in the existing lands. Apart from this,
limestones and chalks from the Tamor river (Mahato
and Shukla 2013) in the form of sediments contribute
for the alkalinity in the soil. The alkaline nature in sedi-
ments reflects the bedrock composition of the Lesser
Himalayan rocks that comprises of minerals rich K, Na,
Ca, Mg, carbonate rocks.

The average Bulk Density (BD) of the sediment varies
from 1.43 to 1.64 g/cc in the flooded land (Fig. 8). The
density is lesser in YZ and CRZ. The BD is higher to-
wards the natural zone.

The BD values indicate that the compactness is higher
in natural zone compared to the new sediments. The
textural range from sandy soil to loam with bulk dens-
ities 1.6 to 1.4 g/cc in the field indicates that the porosity
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ranges from 40% to 47% (MAIB 2015). Based on the
bulk density, the physically favorable zones for agricul-
ture are YZ, GZ and RZ in comparison to CRZ.

The moisture content measurement was conducted in
dry season (May—June). The result shows that the mois-
ture content is lower (0.1%) in RZ and higher (18.28%) in
GZ. The average minimum moisture content is low in RZ
and CRZ compared to GZ and NZ among affected land.

Agriculture practices and cultivation changes

Field observations and survey data showed that the
farmers are able to remove the sediments from their
farm land if the depth of the sediment is less than 1 m.
They were found to dump the sediment by using trucks
and tractors. The investment cost was found to be re-
covered within the next 2 years. The study found that
two-time harvesting practices existed in the affected
areas . The cultivation practices was found to vary in dif-
ferent zones in newly formed left and right banks. Green
zone’s farmers were observed to be attracted towards
vegetables because of being cash crops and change in
the soil quality with increased fine sediment (shown in
Grain size analysis) by flood instead of traditional paddy,
wheat and gram. Most of the left bank area has been
filled with fine clay and the existing land have become
suitable for different cash crop as well as vegetable culti-
vation. The farmers of YZ area are still practicing the
cultivation of winter crop-wheat. However, they have
changed their summer crop from paddy to vegetable be-
cause of the sandy texture of sediments. In the CRZ, the
thickness of sediments is more than 1 m, making culti-
vation difficult. Therefore, they haven’t cultivated the
land in CRZ if the thickness was higher. However, in the
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RZ, the farmers were found to grow bombax (Simal),
water melon, vegetables like Point Guard (Parbar) and
cash crops like Sunflower and Sugarcane on the shallow
(<1 m) sedimentation areas (Table 1).

The survey shows that changing their traditional culti-
vation practices to new practices enable them to recover
their financial loss.. The term ‘field fitness’ is suitable in
place of ‘soil fertility’ (Desbiez et al. 2004) for the newly
adopted cultivation practices in the new situation. The
zones GZ and YZ in the upstream of the new channel
seem to contain more nutrients from new fine sediments
rendering increased productivity. The new sediments
and water brought in by the flood contribute to the nu-
trient to the farmlands (Brown et al. 1999). Regmi and
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Zoebisch (2004) has also described that the fertility of
soil is directly dependent on the agriculture practices
also. Therefore, only soil and nutrient change do not
solely cause the productivity.

Lab plot analysis and outcomes
The average germination percentage of wheat as well as
paddy was higher in NZ (94% and 96% respectively)
whereas the germination percentage of wheat in RZ was
lesser (72%) and the germination percentage of paddy in
CRZ was nil (Fig. 9).

The germination percentage indicates that sandy soil
is moderately suitable to cultivation for wheat but un-
suitable for rice.
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Table 1 Crop changing practices
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Zone Previous Current Thickness of sediments

Cetral Red (CR) Rice, wheat Water melon, Parbar <1.5 m thickness of sediments

Cetral Red (CR) Rice, wheat Barren >2 m thickness if Sediments

Right Bank Red (RBR) Rice, wheat Simal, Sugarcan <1.0 m thickness if sediments

Left Bank Red (LBR) Rice, wheat Wheat <1.5 m thickness (After removing the sediments)
Right Bank Yelow (RBY) Rice, wheat Wheat <1.5 m thickness (After removing the sediments)
Left Bank Yellow (LBY) Rice, wheat Vegetables <0.30 m thickness of sediments

Right Bank Green (RBG) Rice, wheat Rice, wheat <0.20 m (No effect after a 6 months)

Left Bank Green (LBG) Gram, wheat Vegetables <0.20 m (No effect affter a 6 months)

The height of the plant is similar in GZ and NZ com-
pared to CRZ and RZ. Height varied from 0.00 cm
(CRZ) to 22.59 cm (NZ) for paddy, whereas for wheat it
ranged from 7.05 cm (RZ) to 21.81 cm (YZ) Although
the average height is similar in YZ for wheat and paddy,
the biggest difference was found in the case of paddy in
RZ & CRZ compared to other zones.

Comparison of plant heights in the observation and
lab plots indicated that the plant with the largest height
(22.59 c¢cm) was paddy on NZ. The average root length
(8.85 cm) and (9.13 cm) the average total length (28 and
29.70 cm) were higher in GZ for both the paddy and
wheat (Fig. 10).

Average wet weight of the wheat plant varied from
4.03 g in CRZ to 8.49 g in YZ, whereas average dry weight
varied from 0.67 g in CRZ to 2.98 g in RZ (Fig. 11).

The difference in dry weight varied from 50% in CRZ
to 85% in GZ. The result can be correlated to moisture
content of soil-higher in GZ (18.28%) and lower in CRZ
(0.1%). The average wet weight of the rice plant varied
from 0.00 g in CRZ to 29.19 g in RZ, whereas average
dry weight varied from 0.00 in CRZ to 7.18 g in YZ. The

difference in dry weight varied from 0.00% in CRZ to
82.4% in NZ.

Discussion

Accumulation of flood sediments in the river eventually
force to divert the existing channel that usually causes
the breakage to the river embankment of the river and
enter the adjoining settlement in a destructive way. This
process is frequent in Nepal mostly in monsoon seasons
especially in the lowland areas (Kafle et al. 2015).

The classified area-CRZ is completely uncultivable
even after 8 years of the event. However, in RZ, farmer
themselves have taken initiatives to cope with the ad-
verse situations. Most of the area is covered with sand
and silt with negligible amount of clay. Therefore, the
farmers started to remove the sediments if it could be
managed. They have also started to plant the trees like
bombax. Similarly, cultivation of watermelon as well as
sugarcane was also cultivated wherever the conditions
were suitable. This change in cultivation practices started
3-5 years after the event which has also helped to recover
their financial loss after the disaster. Similarly, in YZ and
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GZ, cultivation practices are being revived. They have
changed their crops from traditional to the cash crop.
However, the YZ farmers are still practicing the traditional
cultivation of wheat in winter as was the norm previous to
the disaster, while changing from paddy plantation to
vegetable plantation in summer. The farmers of GZ are
practicing vegetable cultivation instead of traditional
paddy, wheat and gram.

The composition of the sediments show the domin-
ance of quartz and feldspar. Their composition range
from 12.5 to 65% respectively in average and their con-
centration is higher towards the RZ and CRZ, which in-
dicates the barrenness of the land for a long time.
Because these minerals do not alter or weather to form
soil due to their crystalline nature specially for quartz
grains. The grain size also indicated the dominating
presence of sand compared to silt and clay in all of the
zones. The percentage of carbonate and mica ranges
from 1.5 to 17.5% respectively and this variation shows
increasing trend towards GZ. The variation in value also

indicates the soil formation is greater in GZ from the
carbonate and mica minerals. The value 7.5% of carbonate
shows its significant presence in GZ compared with other
sedimentation zones. The sources of these minerals are
particularly the lesser Himalayan medium grade meta-
morphic and sedimentary rocks and higher Himalayan
crystalline & carbonate rocks. However, the sub
Himalayan portion is shorter in the Koshi basin be-
cause the thickness of sub Himalayan zone is decreas-
ing towards the eastern Nepal Himalaya.

The weathering process that disintegrates the minerals
eventually helps in the formation of soil. Therefore, it is
easy for soil formation from carbonate and mica group
of rocks. The presence of mica and carbonate is com-
paratively higher in GZ and YZ. The pH value is also in-
fluenced by the sediment composition and weathering
products. The carbonates enhance the soil alkalinity
against the acidity. The mild acidic nature of the normal
soil is naturally balancing from the sediments that is
brought by water mostly during the flood. Therefore, the
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Fig. 11 Average weight of paddy and wheat in wet and dry conditions

Yellow Green Natural

Zones

= Average weight, g (wet) of Paddy
=-- Average weight, g (dry) of Paddy




Kafle et al. Geoenvironmental Disasters (2017) 4:4

flood is not always harmful to the soil. It should be ac-
cepted as natural process for soil balancing. The mild
acidic nature of the normal soil indicates the use of
chemical fertilizer in the paddy fields. The higher levels
of soil nutrients in the pure forest (Paudel and Sah
2003) in the upstream of the Koshi and the top soil ero-
sion of the catchment surely contributes the nutrients in
the downstream. Therefore, the flood can contribute the
nutrients to the field to some extent to enhance the soil
quality naturally.

Bulk density is lower towards YZ and GZ compared to
NZ and CRZ. Therefore, the loose soil in GZ to YZ is fa-
vorable for cultivation. The outcomes support the field
practices data and grain size, and moisture analysis to
some extent. All these parameters show that the cultiva-
tion is favorable in GZ in most of the YZ . Therefore,
farmers have been cultivating different cash crops in-
stead of the traditional crops.

The average height is good in GZ compared to the
other classified zones. The correlation between height
and weight is directly proportional to the relations for
the both paddy and wheat. However, the comparative
difference is higher for the wheat (Fig. 12). The data also
indicated that the wheat does not need as much clay
percentage as of paddy. Therefore, the cultivation prac-
tices on YZ is favorable to wheat. However, the paddy
does not grow in the sandy soil. Soil texture of “loamy
sand” in YZ does not support paddy whereas the GZ
soil texture “sandy loam” is favorable for paddy as
well as vegetables.

Variation in thickness of sediment layer ranged from
10 to 450 cm (Fig. 3). The thick sediments are in the new
main channel, which is classified as CRZ. The thickness
was found to be decreasing towards the downstream or
southern part of the affected area. In the breach area,
major bends and channel separated area are the most
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sediment accumulated areas with 100 ¢cm to >400 cm.
The deposited sediments had controlled a morphology of
the new channel. The >400 cm thick sediments had forced
to bend the river from SW to SE, 150 cm thick sediments
forced to southwards on the side of the embankment are
the examples of river morphological control. The deposits
act as an obstruction for the flow and force the separation
of channel as braided system in most of the flooded area.
The thickness is low in Left GZ compared with Right GZ.
The inundation depth on upstream or northeastern part
of the new channel is low with compare to moving water
area or southwestern part of the flooded area.

The sediments thickness profile shows the sedimenta-
tion accumulation is high in CRZ and RZ area, whereas
the banks of the new channel area has low accumulation
of the sediments (Figs. 13 and 3)

The assessment on agriculture practices shows that
the average affected years for the cultivation varies from
6 months to 5 years (Fig. 14). The minimum affected
years for the GZ to YZ is 6 months to 2 years, whereas
it is longer for the RZ and CRZ with an average of
5 years. However, more than 5 years for years taken for
the cultivation was also observed in most of CRZ.

The data shows that the flood is not always destructive
in all parts of the land. The green zone productivity shows
some positive impacts which should be taken into account
for the assessment of the post disaster management. The
inundation area has high quality of sediment, whereas
other areas have been devastated by flood and have nega-
tive impacts on the farmland (Kafle et al. 2015).

Based on the observation plots, the different agricul-
tural practices observed after the disaster can be classi-
fied into 3 groups.

i Inundation area cultivation
ii Shallow sedimentation area cultivation
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Fig. 12 Average height Vs weight of paddy and wheat
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Inundation area cultivation

This area can be classified into positive impact area for
the productivity. The data also shows that the degree of
fineness is greater with new sedimentation, which acts
to increase the productivity. 10-20 cm thick fine sedi-
ments have enhanced the productivity of vegetables and
grains. In most of this area, farmers are willing to prac-
tice vegetable cultivation instead of traditional paddy
and wheat. The income has also increased by 200-300%
annually due to the change in the cultivation practices.
The data shows that the upstream side (left bank of the
new channel) is suitable for vegetable cultivation mostly
as the clay percentage in left bank is 4.38% higher than
that of the right bank of the new channel.

This indicates that the right bank green zone does not
have much nutrient loaded sediments as in the upstream
of same zone (Fig. 15). In the right bank of the new
channel, the farmers have started the traditional cultiva-
tion of wheat and paddy after 6 months after the flood.
The income and productivity is also similar to the situ-
ation prior to the flood.

Shallow sedimentation area cultivation

Most of the shallow sedimentation is occupied by YZ ex-
cept some of the places of RZ. The crops that are grown
in the area are sugercane, watermelon and point guard

(Parbar), where the sedimentation is less than 1.5 m of
thickness. Bombax (Simal) and sugarcane are on prac-
tices over the area where thickness is less than 1 m of
sediments, whereas watermelon and point guard are be-
ing cultivated where the sediment thickness ranges from
1 to 1.5 m. The clay percentage varies from <1 to 5% in
the area. The bombax, sugarcane and point guard are
being grown on the higher clay area and watermelon in
the areas with lower clay percentage. Bombax (Simal)
and watermelon are cultivated by removing of sediments
in plantation area or by excavating the pits in the sedi-
ments. The income during pre-flood is similar to the
post-flood phase with new cultivation method. In case of
bombax cultivation, the income has not been confirmed
yet because of the immaturity of the plant.

Thick sedimentation area cultivation

This area is included in parts of the RZ and the CRZ.
The thickness of the sediments range from 1 to 4.25 m
in most of the area except some of the places. If the
sediment thickness is greater than 2 m, then the land is
uncultivable. If the land that has sediment thickness is
less than 2 m, then people have removed the sediments
by using excavator and tractor to make their land cultiv-
able. The practices can be observed in CZ. In some of
the places, the farmers have started the cultivation only
after 5 years of the event even in same land for the test-
ing of wheat cultivation. The remaining area where the

Years
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Central red Red

Fig. 14 Time for Starting of cultivation during the post disaster phase
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= @ = Time taken for cultivation (yrs)

Yellow Green




Kafle et al. Geoenvironmental Disasters (2017) 4:4

87.5%
90 1 82.5%
80
70 4 M Right Bank in Green zone
T 601 LeftBank in Green zone
% 50
E 40 -
& 30-
20 +
9 9.9%
104 6.4% 7-4% g 5o
0 T v
Sand Silt Clay
Sediment class
Fig. 15 Average sediment size in GZ

thickness of sediments is greater than 2 m have remained
uncultivated even after 8 years of the event. The grain size
analysis also indicates the presence of sand (more than
98%) in RZ and CRZ, which obviously means cultivation
is unsuitable, particularly in CRZ.

The Koshi flood shows that the impact of flood in Nepal
is very grave because of the extremely long recovery period
of the flood land. Continual barrenness even after 8 years
shows the poor management in post disaster phase, how-
ever, the adaption practices by affected people are remark-
able in the condition of government’s minimal efforts.

Conclusion

The thickness, mineral composition, sediments size are
dependent impact variables from the agriculture point of
view in post disaster period. In terms of sediment thick-
ness, up to 1.5 m of thickness is manageable for the culti-
vation by changing the traditional crops. Wheat cultivation
is possible within 1 m thick sediments whereas the thick-
ness requirements for paddy is less than 30 cm. The crop
yield is also 50-75% greater in green zones (less than
30 cm of thick sediment) than in the other zones. The
change in cultivation practice from traditional crops to
cash crops have increased the income by up to 200-300%.
Thus, agriculture practices can be adapted with respect to
sediments through changing the crops and through new
cultivation as well in the aggraded land.
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