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Preface

N{any ri orks have been done in thc low cost soil corrserrration. However. the works have been scattered in many
publications. its cornpilation in appropriate lbmats tbr the mid-level technicians wor:krng in the Department of
Soil Consen ation and W:rtershed Management has been a need to promote 1ow cost soil conservation measures.

Here an atlempt is made to compile infomation or-r soil conservation and watershed management measures and

low cost techniques related r.vith the scope and manclate olthe Department of Soil Conseivation and Watershed

Management. Pragmatic aspects of the tcchniques and steps have been emphasized while preparing the material.

For in-depti-r knou,ledge and infbrmation it is recornmended to consult with respective specialist and references.

To keep the mate rial simple. no citation is rnade in the text. Hou,eveq relerences used fbr each section are listed

at the end o1'the chapter in brief and the clctails are gi-ren in the rel'erences.

Promotion olthe soii conservation and watershed management rneasutes and 1ow cost techniques to the farmers

,' communitics Ls oue rlajor issne. lr,hich needs to be dealt in the conservation extL-nsion trarning. This book

basrcall1, deals n itir the technical aspects of the Lou,cost soil consen ation and u'atershed management measures

and techniqucs.

Soil Cor-rservatiolr and Watershed N{anii .gement Compoi-rent (SCWMC) of the Natural Resource Management

Sector Assistance Progrellme (N:\IINISAP) has also prepared training materials and conducted training on

Consen,ation Lrtcnsron and Bioengineering anci Snrvey Design and Estrmation. This material cor-rid be considered

as complelnclttirla to those prepared lbr the (. onserr,'ation Ertension and [3roengineering and Survey Design and

Estimation.

The rnateriaL is tested in the "Trainers'Training" on the subject given to the otllcers rvorking rn the District Sorl

Conservation Oil-rces, Regronal Training Centers and NARMSAP Regional Support Units. And appropriate

improvement on the n-raterial has been made.

Field practitioners are advised to make notes on: Observed in the Field (lf anything similar technique i activity
is observed in the tie1d. describe rncludrng impact). Drawbacks observed, Recommendations to solve the
drarvbacks, and Recommended Survey'/ Design / Practical Tips or Considerations as given in Annex 3

tbr the future improvement of their orl.'n.

The material is recommended fbruse as handout tbr the training as well. Use of this material lbr the training
varies depending on the level of the trainees and resource person. Therefore. it is recommended to design

session plan and training schedule to suit the t:rrget group and resource person. However, the training schedule

used during the Trainers'Training and piloting oltl"re training are given in the Annex .1.

Mr. Keshar Man Sthapit, Senior Programme Olficer from Soil Conservation and Watershed Management

Component. Mr. Yashu Nath Yogi, Programme Otficer fiom NARMSAP Regional Programn-re Ottce-Far-
v"'estern Region, Mr. Krishna Prasad Poudel. District Soil Conservatiort Olllcer fiom Lamjung District and Mr.
Kamal Prasad Gautam. District Soil Conservation OfJlcer from Rasur.va District, Mr. Chandra Man Shrestha,

Horticulture Officer fiom District Agricr-rlture Development OfIce, Lamjung are involved in the compilation of
this material.

Preparation of this material is by no rneans complete. Its continuous improvement by adding technical infotmation,
case studies and desrgn tips is highly desirable.

For further infbrmation please contact: -

Sorl Consen,ation and Watershed Management Component-NARMSAP
P.O. Box No. 12910. Kathmandu
Phone No. 42-5-5201 .1222295
e-mai1 : scll'mc(r4 mo s. coln.np

(i)
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2. What is Low Cost Soil Conservation Measures ?

Low cost soil conservation measures are characterized by:-

. Affordabilit:*: The cost of the techniques must be sufficiently low so that the farmers along with the supporling
agency could aflbrd it.

o Use of Local Materiul: Technique must use local materials, so that farmer could implement the activitv
using the materials available in the locality. It will help in mobilizing local resource.

t Eosy to Use: Technique must be simple. so that target group could implement the activity with minimum
backstopping from the technicians.

o Etrs)- to Muitttoin: Maintenance of the activity must be casy and sirlple, so that f-armer can maintain
using local materials and with minimum support fl-om the technicrans.

. Stabili1'(lnrtg-tentt): As time passes. the activitl, develops its stahility. For exarnple: as thc vegetation
grows in the gully. its roots rvill tirmly be grounded in the soil making the eully treatment more stable.
Sirnilarly. in the clay pond as time passes the clay rr ill reduce the seepaee 1oss.

o Ertvinttrnettt Frierttll)': Techniques shoulcl incorporate nrorc \r-setrltire actirities. so that with the tirle
lapse the area t'ill be covered u ith greenery,. Sirnilarll. it must not create adverse cfJ'ects on the
environment. It must not disturb the natural u ater tlon. and errsting I'esetation such as haphazard
dumping olthc cr-rt soil.

As an Erample of the Low' Cost Soil Consen'ation -{ctivit}'. Kumpur Sub-rvatershed Dhading

High ('ost I{aised (.onservation Pond rl ith ( e nre nt-
Stone Mortar Wall and Concrete Floor. Recluircs
extemal project support to construct. Total cost = N Rs.

85.445.

Needs engineering clesign ancl intense teclrnical
superv ision.

Needs skilled labor and construction nraterials such

as stone, sand, etc. which may not be ai,ailable locally
and relatively costly.

Needs cement to be procured from outside flor.ving
major cost orrtside the commrrnity.

o Normally for single use such as storing r.r,ater for
in'igation.

o Maintenance needs external support to procure
cement.

o No vegetation is integrated. Looks exotic.

o Difficult to replicate by the cornmunity.

Lo* cost conserr ation poncl nrade br tlre turtncr u ith
nrud n all covered .,vith vesetation ancl clav floor.

Docs not neecl engineering design and supen,ision.
Fanners could do.

Needs unskillcd labor and uses

Norrntrlly labor intensive and
rcrnairrs in the local conrrrrunitv.

all local nraterials.
construction cost

Normally tbr multiple uses i.e. storing rvater for
irrigation, fish larming, drinking and bathing lor
livestock. etc.

Farrners could maintain thenrselves rvithout any
external assistance-

Looks indigenous and homely.

Iirrsy to repliclrte by thc corrrnrunity.

(2)



Introduction to Low Cost Soil Conservation Measures

1. What is Soil Conservation ?

Soil Conserr..ation is detined as "the use, regulation. and treatlnent olwater and land resource to maintain irnd '

or improve soil ;lrodr"rctivitl, ancl prevent land clegradation". Application o1'soil consetvation cclnsidering lvatershed

as lvorkiuq unit is knurvn as lvatershed tnanagemcnt.

Some in.tportant principlcs fbr pror.r.roting soil ci-rnsen'ation r,r'ork utay be described as fbllor'vs:-

. Soil Conserr,ation Re.qins *.ith Proper Land L;se. Plop.-r lancl Ltse in most cases calt prcvettt ctirston

ri,,hicit rs ntore eci-,itontie ancl tiasiblc: than rchabilitatins tltc latrcl attel severe erosiot.t.

. Soil Conscrration is NIore than Erosion Control. Although. iand degradation control is a rnajor and

intportant task in srrrl conscn'ation, prorluctron tiLttctittn of the conscrt,atiou tvork sht,rlld also be eclLra{11'

erlphasizco.

LaLrcl degr^aclatiori iitcluclcs soil erosior-i. acirliflcation and rvater logging. Maintettatice and,'ot'ituprovettrent

ol'soil fertilitl, lrcasllres inclLrde ntaintcnance o1'organic rniitter. soil ph-lrsical propcrties ancl nutrients and

avoidancc oltrtri,:tt-r, rrr aclditron 1cr soil erosioti.

Soil Conservation sht;uld Benefit thc Land. I'trrrner. as wcll as the Nation" Flerteliting one u'ithoul

others mav havc arivet'sc- e1J-ects and siroulc'l not be cortsiclercti as sound. fair oi'proper.

Soil Conservation lVork Needs to be Integrated into F'arming S)stems. If soil conservation rvork

can be integrateri into tite iocal t-amrng systcurs. it u i11 be ar-r1ontatica111' or easily 3fl6pted by farrrers.

Farmers' Participation is the Ke)' to the Strccess of Soil Conservation Work. .Any such progranlme

needs to involve larntcr"s' participation starting tronr planninu. irnplernentation. maintenance and beneflt

sharing thror-rgir extension and eclucation. irrcentir.'c-s subsidies ntav be pt'ovided as required.

Soil Consen,ation I-echniques are Field Specific and F'armers Should have the Right to Choose.

Soil coiisen'atic,n technique5 sholrld be dcsisned to suit the iocai conditions and shouid also olf'er a series ol
alternatives lbl ihrmer-s tt'r ci.roose liom accordrng to theil individual interest, resource and land use pian. To

impose anv measure u'ititout considering the needs of the site and fatrrrers is destined to tail.

Good Coordination and lntegrated Approach are Necessart'. Soil conservation is an inter-disciplinary

rvork. Good ccr-ordinati6n among related agencies arncl an integrated approach are both necessary.

Soii erosion in Nepal is an iutegi-al part of the colintry's stccp topogt'aphy integrated r,vlth the heavy and iutense

lu-tollsool.l rain. and unstabie ancl weak geologii: ibnnation. Lancl degradation problem in the colllltl-y, r'vhich is

further exacerbatt:d duc- to tire ovcr exploitation oi land and i,vatcr in Nepal. is huge. Whereas the resout'ce

available tc encounter the iand degradation problems and to maintatn and i or improve the soil l-ertility ls vel')'

smali comparcrl to thc scale of the problem. There are lnany lamet's sceking assistance to implement many

actiyities u,ith limitecl l'esources at their disirosl. Theretbre. loli, cost soil conservation nteasures tbr the agriculture

based der,'elopiug country like Nepal is veru itrlptrt tartt.

(1)



3. Why Not FullyAdopted?

Desprte tuli acceptance of its need and importance of the 1ow cost soil conservation, its' wide application in the
projccts and programme rs still not satisfactory. Follolving may be described as some of the major constraints or
hindrances.

3. 1. Inudequute Technical Confidence/C'ompetency
Field statf tacilitating the comrrunity 1n the in-rplementation of soil conseration measures must have wide range
of knorvledge on the 1oi,v cost lrteasures to recommend dillerent alternatives to address the community's needs.
Simply knowing the techniqr:es is not sufircient to a tacrlrtator. Understanding oneself and rnaking others understand
is more complicated. Sr'he has to be able to convince the comrliunrfy that proposed techniques lir1fill the community,s
needs ancl is more beneflcral. S he mr-rst har e conceptr_ral claritl, so that comrnunity could be fully convincecl.
Community may have citfi-erent confusjons or clllL-ries reuarding the recommended low cost activities. The
facilitator must be able to ans\\ er those.

3.2, Looked us Prohlem .\-ol n,s Process (.4ctit'itt' C'onsiclerecl as Solution Ruther A process)
Generallv. the technician looks at the communitr"s need as a problent and recommends a measure to address the
need. Rathel'tt is tllore itt.tportant that thc technician analrses the comrnunitv's need tiom the process point of
vier'v. The technictan should understand dilt.rcnt inter-linked car-rse and ellects of the issue and recommend a
complete packa-ue soh-ttion to the need. Convincins the comrnuniry the rationales olthe package recommendation
is very crucial tbr its acceptance and adoption.

3.3. Dominated by lmmediute Needs Than Long Term Solution
AlthoLrgh the application olproper soil conservation measules will result in both protection of the lands and
increase in crop prodr-iction, most small farmers may only be interested in the immediate retum lrom the iand. As
the resource poor latmers will be looking fbr their pressing basrc daily needs i.e. producing more lbods immediately
rather thatr long term prosperity of the lif-e i.e. improve the soil fertility and conserve soil lor future. This is more
serious in terms of adopting iand husbandry or using land according to its capabiiity or suitability. Pressing needs
for thcir daily requirements fbr living force them to rmmediate haruest of more soil nutrients in the form of foods
liom thc agriculture land u.'ith the rrinimum inputs to it. There are 45 % of the country's f-armer population
holding insr-rllicient land lor subsistence livrng. therefbre rvill be seeking more land lbr cultivation in order to
sustain their fbod and other living expenditure (Assuming a fbrmer in Terai and Hill requires 0.5 hectare and
Nlor-rntain needs upto t hectare of agriculture land fbr subsistence). As a result, soil fertility rvrll be depleted
therebl, degrading the land's capabilitl,. Famous proverb "Prevention is Better Than Cure,, t-ails in this situation.

3.4. Perception / Ltnderstunding of Stakeholders
Iiarmers' belie f and confidence have emphasized demands on the hard structures (Cement and Gabron) and high
cost oriented consen'ation nleasui'es. Prominent structures become not only a matter of pride to the communities
but aiso tbr the technician as rvell as fbr the implementing agency. Equitable distribution of the bene6ts for
covering rrlore area b1'the iow cost conservation measures has still not been lully adopted. Also, empowerilg of
the comtnunity in the planning processes has played the role in pressuring the technicians to design stmcture
oriented conservalion measures.

implementing hard structures is easy lbr expending resoLrrce. With the same man-power one can expend huge
resourcre in implementing hard structures. -uvhereas only small amount ot'the same resource could be expendecl
in implemcrtting icxl' cost soil conservation and lvatershed management measures. Therefbre, it has been a
general tendency ol the fine agencies to get attracted tow,ards hard structure.

(,3)



4. Soil Conservation Techniques

Soil erosion is the process of detachment of the soil particles from the land's snrface at one place and rts

transportation to another place for deposition. Therefore, soil erosion involves three distinct processes; viz:- a.

Detachment, b. Transportation, and c. Deposition. Many physical conditions of a watershed may contribr:te
to soil erosion, such as steep slopes, heaqu and intense rainfall, erodibility of the soil, unstable bedrock and u.eak

geological formation.

The basic principle of soil erosion control is either to reduce detachment and transportation capacity of the

eroding agents (water and wind) or both through different faming practices, vegetative and engineering measr:re s

generally known as conselvation techniques. Amonq all of factors contributing to soil erosion, slope is probablr
the only one that canbe modified to reduce erosion. In many instances, a con-rbination of minimum slope modification
such as simple terracing. maximum crop canopy and u'ater management lor controlling detachment pro\.e \ .n
cost ef-fective.

We need to demonstrate that conser\/ation -qive better production and protection. Many people think that soli
conseruation is necessary only when the land is severel,v eroded. It is ahvays much cheaper. easier and rnore

effective to prevent erosion than to treat. Production and protection are hke tr.r, o hands ola person: one u ithout
the other will cause people to suffer. \!'e need to help the l'armers on every aspect of t-arming. production ancl

marketing, as much as possible.

Some of the generally used conservation techniques mav be irsted as ib1lou s: -

o Fascine

o Palisades

o Wanling

o Bamboo planting

o Grass Sowing

o Conservationplantation
. Hedge Row / Bio-terracing

o Live fence

o Muiching

o Retaining wall
o Checkdam

o Brush Layering

. Riprap

o Grass Waterways

o Water harvesting (Conservation Pond)

o Agro-forestry
r Nitrogen fixing
. Conservation Farming

Compost I FarmYard Manure

- ConservationTillage

- Crop Rotation

- Multiple Cropping

- Cover crop

(4)



5. Soil Conservation Activities

In continuing endeavor to mitigate land degradatior-r and improve procluctivity through the mobilization of national
and local resources, the Department of Soil Conservation and Watershed Management has been implen-renting
the followtng sub-programmes : -
Land Use Planning
To prepare land use developurent and improvement plans based upon scientifically assesseci land capability. This
includes: Soil conservation and Watershed management plans / Operational plans i SCWM consulfin_q services.

Land Productivitl, Conservation
To improve ancl der,'elop land based upon land capability to reduce the loss of land productivity. This includes:
On-farm conserrration. t-ruit tree planting, fbdder, grass plantation, conservation ponds and nursery operatiorr.

Development Infrastructure Protection
To protect and lenqthen the econornic lives of deleloprr-rent infl-astr-tlctLrres such as roads. irrigation, ciarns,
reservoirs, lakes etc. This includes: Road slope stahilization. irrisation canal protection. trail improvement, shelter
belt and bul'fer strips

Natural Hazard Prevention
To protect lives and properties fiom natural (Sorl and u'ater erosion) hazards. This rnch-rcles: Gully treatment.
landslide treatment, torrent controi, strear-n bank protection and degraded land rehabilitation

Community Soil Conservation Extension Programme
To develop people's knowledge and skills to raise the level of comrnunity lwareness and participation in
conseruation activities. This includes: Micro-watershed conservation demonstration. conservation ech-rcation ,'
extension / training / sludy tours / exhibitions i essay and poster drarving competitions.

DSCWM has defined and explained the objective, working strategy, scope, and ri,orking unit in Soil Conservation
and Watershed Management Activities (Definition. Objective. Scope And Working Strategy) generally know,n
as "White Book". However, further emphasis is recluired to practices implementation according to its essence.
Conceptual unclariry, inadequate motivation of the fleld stalTare some of the major reasons of its ineft-ective
implementation. Inadequate resources availabilitl tbr the implementation has also played a major role on it. Thc
"White Book" may also be revised to address the lorv cost soil conservation measures adequately and
implementation considering multi facets olthe activities rvidenins the scope olthe department.

6. Ob.iectives: -

At the end olthe training, the participants r,r,rll be able to: -

. Explain major reasons because of lvhich the fbrmers have not ful1y adopted the lorv cost soil conservation
techniques.

Explain commonly used low cost soil conservation techniques and activities and their importance,

Design different conservation activities as a package,

List and apply different extension methods in the promotion of the low cost soil conservation techniques,
and

List, select and explain the importance, uses and propagation techniques of various vegetative species
used for conservation independently or integration with other activities.

References:- Anonymous, 1994. DSC, 1992. CBS, 1994.
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Nutrient Content in Organic Sources

Organic Sources N% P205 % K20%
Cattle fresh Dung 1/l 0.7 5 0.88

Pig Fresh dung 2.11 2.41 0.91

Buffalo fresh Dung 1.09 0.82 0.70

Poultry manrlre 2.8 5 4.21 2.00

Night soil 5.5 0 4.00 2.00

Compost 0.50 0. l5 0.s0

FYM 0.50 0.2 5 0.50

Mustard cake 5.2 0 r.80 r.20

Peanut cake 7.34 r.50 1.10

Neem cake 5.00 I .10 t.,s0

Caster cake 5.50 1.10 r.30

Urine fresh 0.60 0.17 0.80

Bone meal 0.00 20-25 0.00

Leaf litters r.20 0.26
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Activity: Gully Treatment

Definition: CLrlly: An crosion channcl cut by conccntratccl run off br.rtthrough rvhich \\'ater collllllollly flou's only during

and inrmecliately aftcr hcavv rains. A gully is sufficicntly deep that it cirnnot bc crossed by a rvhcclccl vchiclc

trr elirr irtlrtcil bv plotrlltrtt'-.

Reters to the r.egetatir,c and stnrctural nreasrlrcs applicd both in gulll' and its catcltnlent to sol\ c thc problerll

o1'gully erosiott.

Major Problems
Caused by Gully
Erosion:

o Expancls gr:111, causing danrLrgc to the surror.rnclin-q arcns ancl devcloplrtent itrfl'astrttctttre s.

. So il crosiorr caus ing scditncn tlrt ion of clou,n strean r f-erti lc lands. streants. cltirnnels and resen o irs.

Nlajor Causes of
Gully Erosion:

Erosion in thc crtchrttcrtt.
('hanncl e rosion by unnranagcci runoflrcslrlting dor'vnrviud ot'sicle rvard scouring.

Stccp unprotectcd slopcs and drainage channcls.

C Lr1 l1' hc-ad L-\p:111 s ioll.

St.le.Jr1.- t.rtlL;t- 'lL.- I '1. -.rrll.l l.

a

a

a

a

a

Objectives of
Gully Treatment

. To prevent fr-rfther degradation olthe gLrlly and its r.vatershed through controlling run off and erosion.

. To improve water quality and re"irne.

. To improve the site condition of the gully area.

Sketch/Photo Scope of' the eulll trelltment

z',*'-'.-

(irazing I-antl ( (]rass
',->: land \lalragernent)

,1 
"r, 

n

t_

I Bari land

I - (R:riscr

I Planting)
I

II.--._

i

i
Brushrvood

i Checkdam

.'-*1
-Y- I

Comple tell
['rotected
Vegetation

(iull1 Area
('l'o he

treatecl uith
brush
lavering )

t'*'

t( 
"-

Bari land

\ (Raiser

tPlanting)

!

vl

._-,-. .--Boundary
Land Treatment

- -'- -'- Boundary
,.1arr\ Gully Head

r------r Stream

--+-- Palisade Line

Grazing Land
(Grass Iand
Management)

CitLllr tlcetnrcnt irrr i-1 . cs rrilo.,virtg tcchtriqucs: -
o l-anduse inrproi ctl.^ni lS''lcl: as Conscrr ation

plantation, grass p i alt ii:tq. Dcqraclcd lancl

rcirabiIitation, and Ort-i:rnlt cortsen ation) in thc

crtcir nrent.
o Vcgctative te chniques: lb rcirttbrce the ioosc soil

surface. This incluclcs Fascirtcs, Palisade, Brush

lay cring. Brushs'ood chcckdams, Wattling. Rip-
rap

. StructtLral tcchniclrLcs: Loose stone trncl Ciabion

chcckdams. Rctaining n,alls.
o Drainrge lr'lanagcnrcltt: 'lb prcr.ent rtinoll

cntcring into the gul11, ancl draining the erccss

*'atcr fiorn gullr'.
o Surfircc drainage tcchniclues: Inclucle construc-

tion ofdiversion water$,avs. sealing of
tersion cr:rcks so that rainrvtrter cannot get

inside and br-iilcl r.4r porc-\\'atcr presstrrc.

o C'orrscn ation poncl to store and divcrt excess

rL rn-olf.
o Ciu11y riirt .-tlging.
. Gull) hcad plugging.
o (,rrllr b:rnk slope eurrce lioll.
o Protcction of the eull,"- arear from lir"estock.

Survev consideratiori',

o Prcparc nrap of aboutl:500 - 2000 scale (lf not.

at lcast sketch is nrandatory) showing: -

o flatchment irrca artd ntajor landuse types.

o Grrlly area anr! active gully head areas.

o Watcr courses (ihcltrding rills)
o Sun'ey the longituclinal profile and cross section

of the gully. rvhcre the checkdams (Brushwoocl.

L oosc stone. Gabion) arc to be installcd. For

sirrplc procedurc Llse of thc clinontctcr or

abncys' level and nteasuring tape is reconl-
rncnrlccl.
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Sketch./Photo Survey consideration

Gully Head Stope Correction

Retaining lVall /
Checkdam 1 Rip-rap

Cl assifi c atio n of G ull ies

Name
Depth
inm

R econtnrc nd ed Tec h niq u es

Watenvavs Gr-rllv area

Rills < 0.30 Fascinc (Communitl'
lands),

Conscn ation Tillage
(Aqriculture lancls)

Planting

Small 0.i-r Palisadc. Brushrl'oocl
chcckdams

Planting,t Bnrsh
layering / \Vanlin-s

N{ediunr l5 Brnshsood and loosc

stone chcckdants

Plantin_g i BrLrsh

layering i Wattling

Largc 5 r0 Loose stone and Gabion
chcckdams

Planting i Brush
Iavering r \Vattling
Rctainin.s ri alls

Ravincs >10 Loose stone and Gabion
checkdams

Plantinq , Bn rsh

lavering , \!anling
Retaining ri alls

Remarks:
Depending upon thc position in the gLrllv. tascines. palisadcs.

bmshw'ood and loosc stonc chcckclams could also be Lrsed in thc larqc
gr"rllies and ravines.

Design Consideration

'''*i. Iffi, t_: rdffiffi
ffiryrc1w

r i r\-q*H:

,l i ==@

' . :'- l1

', -,-n"ff,:'., . 'Hffi*'. 
'

Gullv tlcatment is categorised into three major irrcas: -

o Improvement of Catchnr.nt,\rea: -fo 
rcducc and rcgulate the

quantil)' ol rlLnoti and sedimeni.
o Landuse impror ement: (irazin_c land manaqenrent. plantinq

rn dcgradcd rrcas. Ir.alnrcnt ofslope tailure areas.

o Consen 3tion pond to nr:inaqc the runolT

. Treatmcnt of CiLrlll Heacl and.{r.-a: To prc\ ent gullv expansion
and stabilize the gullv area.

o Closr"rre oleulll'area to,qrazing and othcr biotic interter-
ence

o Gully head stabilization:

- Gully rim cdging is done by trimming the sides of a gulJv

to a straight slopc of 35 to,15o.

- Rip-rap
- Retaining s,all
o Treatment of gully area: Grass / shrub I tree plantine.

Hedgerorv planting, Brush la1'crins. Wattling. Retainin g

ivall in steep slopcs

o Watcrwa)'s Improvemcnt: To drain water safel)
o Fascine. palisade. checkdams (brushrvood. loose stone.

gabions). riprap to stabilize waterways prc\entinq further
do$n cutting ofbcd and to control the w'ater speed and

trap scdinrent.
o Stone lining of the natural drainagc rvithin the gully could

dispose the surface nrnoff.
o Diversion waterwavs abol'e the gully heads to divcrt water

coming to gtrlly. Watenvays must be at a distance at least
trvice the r.r'idth of the gully from the gully head. Water-
rvays size must be rvide enough to accommodate maximum
mnoff. Watenvays can be earthen or lined, depending on
the site condition. Precautions must be taken to safell'
disposc thc divcrted mnoffnot to create new gully.

Remarks:
e Management of mnoff above the threshold quantity crcating the

gully expansion throu-gh storing the excess runoff in thc consen'a-

tion pond could easc thc gully treatment.

(40)



(iullv r\llcr L ()n:cr\ alion I'(rll(i
(iull1 Befbrc Conscrvation Pond r

Reference: BIWMp.200j. DoR. 1999. DSC, 1992. NRRA and ilRR- 1992. SCWMC,200l. Sthapit. K. M.. 1998- Sheng,Ted C.

1986. Weidlt, H.j. (compiled)- 1976-

Conservation Pond as a means to stabilize gully. Bhardev

The village was severely affected by a gully. Even rvalking during

intense rain becamc difficult. The Bagmati Watershed Managemetrt

Project made an eftbrt to control the gully expansion by putting

checkdams and planting vegetation. Unfortrmately' the gully could

not be controlled.

During the period a conservation pond u'as constntcted at the top of

the hill in grazing lar-rd to tap the surface run-off for cattle f-eeding. As

a niiracle. the gully starts stabilizing itself rvithout much ctl-ort in tl-re

-eulll area. The fact is that the collsen'ation pond stored the erccss

nrn-of}-. thich is abovc the thrcshold capacity of the gully. As a

r!'sLrlt olthe consen ation pond. the gully rvas stabilized itself.

Practical Consideration

Giill-v- treatmcnt could only be effcctivc, if all the treat-

ments describcd have been inlplementcd as a package.

The choice ofspecies, wherever possiblc. should be

indigenous, and produce useful outputs. such as fodder,

Iuel and grass.

Vcgetation should maximize the ground covcr and reintbrce

tlic soil lay-cr.

The veeetation should be light in rveight so that large trces

do not overload thc slopc. Ger-rcrall.v shrub i bush, snlall

trccs or grrss.

A high investment ilt structures is generally rccommended

rvhen houses. lives or infrastructr-rrc arc threatened.

\\rorking Unit:
o The catchment area of a gully and gully area is takell as the

',vorking unit.

Working Season

. An-v- time during farmer's slack period fbr structural lvorks.

o During Dorrnant season if the site is rnoist and just befbre

nronsoon if thc site is drv (Baisakh. Jesthal for vegctative r'vorks.

\Iaintenance
. Patch up areas as quickly as possible rvhenevcr crosiolt

problems begin.

o Prevcnt cutting, burning or grazing of vegetation r'vhilst it

establishes.

Drainage Management in the GullY

( 41)



Activity: Landslide Treatment

Definition: What is it? Down-slope movements of a mass of rock. earth or debris r.rnder influence of eravifv
Landslide: frequently occurring when the material is saturated.

Rotati onal

\

Transitional

Types of Landslides

Fall Abrupt nrovenrents ofthc sltipes b1, free fall or rolling or bouncing.

Topples OverttLmrng or tilting ola blocl< olrock on pivot or hirrge.

Slides Slope rnovenrent calrsed b1,ciistinct sLLrfircc ofshcar faiIurc.

Rotational Movcnrcnt is approxinratelv on circular surtacc of tuilLrrc. It

mtry bc single or nrultiplc rotational surfacc thilurc.

Translational Movenrcnt is approxirrately on planar surtace failur.-.

Spreads Movenrent caused bv liqLrefaction, tvhcrcbv saturatecl loose ancl cohr'sitinless

sedirrents are transtbrnrctl into a liquid state.

Flows Rapid movenrerts of \ icior.rs f-luid. Slip surfnccs arc ulntost absent.

Conrpler Conrbinatron oltrro or nrorc principal tvpes oinlo\ell!-nt.

Lnnclslide Zoning: I-andslidc is broadly, dir idecl into follol in_q zr-rnr-s:

N,lain Scarp

iNS

Zone of
Cracking

Cracks above the slide and
sometimes around its sides are

developed.

Zone of Failure 'fhc hcacl scar (cros ni ancl tjulurc
surlace. u,'hich nral occupv onlv a

rclativell, snlall area at th. top of
the slicle.

:r--- a r\

#, I I
rl

Zone of
Tran sport

A damagccl slopc. scarred by the

passage ofdebris on its riav do*,n
s1opc. this part ofthe slopc ntay,be
itlrblr'. :rDtl nttr\ ICCu\ cf o|t it: (\\\ il.

t. | ,

i;r
I

Zone of
Accumulation

The area *'ithin *'hich the displaccd
nraterirls lics abor c thc oriqinal
groLrnd sudtrcc.

Landslide Treatment: What is it? Vegetative zrncl struclural meusLrrcs applied to treat landslides.

Major Problems caused by
landslide

o Expand landslide area car,rsing clanra.-qe to sun'ountiings (lancis ancl habitation ).

Seciinrentation of clorvnstrcanr f-ertil"- lancls. stre ams. channels ancl resen oirs.o

Major Causes of Landslide: o Erosiot-t by unmanage cl nrnotf ot.t Llirprotectcd gullics. stream. rivcrs and dlainage channe ls

resuiting cutting toe and downward scouring ofthe channel,

. Weightofrvaterfromleakingpipes,canal,pondsincreasing\vltercontentcausingshear

failure.

o Stecp unprotccted slopes.

o Altcrnation of penreablc beds sLrch as sanclstone n,ith *'eak inrpenlcable becls such as shalc

(phyllite) causing f'1orv olseepage \\,irtcr along the contact causing lubrication hclping slides.

. Human activities such as constnlction of canals, roads, bororv pits. rvhich change hvdroJogi-

cal proccsscs.

Objectives of Landslide
Treatment:

To prevent furthcr mol'crnent of slopes through controlling runoff ancl crosion.

To prcvent upslope and dorvnslope damagc.

To inrpror,e water quality and regirnc.

(42)
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Scope of the Landslide Treatment

Landslide treatrnent inl'olvcs thc tbllorving techniqr,Lcs: -

o Lancluse inrprovenrcnt (Clonscn'ation plantation, grass plirntation and on-f)rrm conscnation) in the catchtttcnt,
o BiocngineeringTechniclucs: Torcinforcetheloosesoil sLrrface. lhisir-rcluclesFascines.Palisadc.Brushlal,erir-rg.BrtLsltrvood

clieckdants. Wattling. [.oose stonc chcckclams. Rip-rap intcr planted rvith brush cutting and grass.

o Drainage Nlanagentent: To prevent nlnoff cntering into the larrclslidcs irnd draining thc cxcess rvater f-rom landslidcs.

cannot get insiclc and build Lrp pore-watcr pl'csstlre.
.' Appropriatc tbr controlling shallorv slides

o Subsurfitce Drainaqc \,ianagement: Incluclc Horizontal clrains. \trtical tlrains. I)rairage tunrrcls. Dccp subsurthcc

trenc hcs.
..- Appropriatc fbr rcriucing pore-watcr presstlre along failLLre plartes.

o Consen'ation poncl to store and divert exccss run-off,

o StructLrral Techniqucs: To stabilize unsttrblc slopes.

o Retarning Walls: Uscd on slopes. C'ould bc crccp u,alls, loosc stonc. gabions. rlrirsonr,'. and concretc.

o Chcckclanrs: L-lsecl on channel. Coulcl be brushs,oocl, loose stonc. gabion. nrasonrv ancl concrete.

o Anchoring: Llsed in deep scatcC Iandslicles. Not e as1,.

o Excar ation ancl Frllrng: Renroval o1 rock rnd soil iionr the hcatl of l landsliclc to rcclucc thc drir,ing lorce. Ancl lilling at the toe

l(r i I)(t e:r:c TC< i.lltltee ;r-rri i t)it tllor .'.

o 'lbc Protcction: To protect toe of thc slopc fionr cutting.-fhis inclLrclcs rcvctnrL-ut. .prrts. r'iprrt1. toe u'all.
o Protcction olthc landslicle lronr biotic intcrtcrencc-s.

Sketch/Photo Survey consideration

Landslide Nlapping
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. Prepare rnap olaboutl:500 - 2000 scale (lfnot,
at least sketoh is manclatory) shor'ving: -

o Landslide boundary,
o lvlark thc major landslide scarp,
o N,1ark crack zone in the gror-Lnd outside the

nrain subsidence area,

o Catchnrent are a inclr.rding major landusc

t1.'pcs rcquirrng treatment.

o Surtace drainagc pathr.vavs (springs,

s\\ amp. poncls. irrigation ditchcs. canals,
pipcs) outside ofthe landslide area that
rnal reqtLirc drr"crtinq away from the
landshde.

o Springs anri secpage areas that may nced to
bc drained.

Note: - Rccogr-rition of seepage is sometimes aided

by the identification ofnear snrface channels. wet
areas, tall vegetation on the slope. Delineation of
drainage network. espccially the presence of seeps or
springs, is extremely important in any landslidc
investigation.

o Streanr ancl Gull:ies reqr.riring special
treatnrent.

o iVark probler-r-rs of toe cutting,
o Locatc thc houses, roads, or other

manmade structures both Lrpon and in close
proxin.rity to the landslidcs,

. Record ivhich part of the slope thc lanclslide originatccl tiom i.e. Lrpper thircl parl (upper convcx part) of the slope, middle

third of slope or lowcr th:ird (concavc) of slope.
o Sr-rn c) the longittrlinal profile ancl cross sectron of the landsliclc arca. rvhctc the checkdams (Loose stonc, gabion) arc to bc

installld. For simple proccdr:rc use of the ciinomctcr or abneys' level ancl nreasLLring tepc is teconlttendecl.

Remarks: -

o Trees leaning in difTerent direction often indicates a slorv creep olsurl'ace nraterials dorvnslope rvithout immincnt slope

firil Lrre.

o Frcsh dcbris at thc btrsc scarp indicatcs the landslicle r-rpslope.

o Most landslides enlargc rvrth time. As a thumb rule. thc nrca studrecl should be 2 3 tirncs rvider and longer than thc area

suspccted-
o Anal),zc geolog),. topograph),, drainagc. and other natLrral ancl nran-rnacle elements to uncicrstand the processes of tl-re lanclsliclc

to dcsign optirnal nreasrrrcs to treat thc lanc'lslide.

(43)



.e,

._::- -'

r:a":Y

affi!

?...?;. : ',

., t1

Landslide treatment involves follorving five major areas: -

. Treatnrent of Catchntcnt Area: To reduce and regulate tl-rc

quantity of runoff and scdiment.

o Landuse intprovement: Grazing land management.

planting in de-eraded areas. treatmcnt of slope failr-rre

areas.

o Diversiort \\'ater$ ays must be s'cll abor e the cracking

zones. \\htenrals size t-t.tust be lvide enough to

accortrntodate nlaxinlunl rtttroff. \!atenvavs can bc

eartir.lt or lined. depcnding on the sitc condrtron.

Prccautiot.ts nrust bc takct.t to safcly' dispose thc

divertcd runoff not to create rlerv gullv and landslid'-'

o Drainagcwatcr\\'avsImprovcnlent
o Consen'ation pond to nlanage the runoff.

r Treatment of Cracking Zoncs: 
-lb prevent scepagc of \\ atcr

into sliding area.

o Closure olcracks 
"vith 

cla.v materials.

o Closure ofcracking zore to grazing and othcr biotic

interf'crencc.

o Treetment of Failure Zone:

o Failurc Zonc stabilization:

' Reshapinq olthe steep slope to a straight slope of 35
, -Oto +l

' Rip-rap
- Retaining rr rll
-- Fili all d!'pra-\sions. \\ ilcre \\ ate t can accLtt.tlttlale

. Treatnrent ol 1'ransport Zone:

o Slope stabilization:
.. Trcatnrr-nt of slopcs: Cirass shrub ' tree plantins.

Hedscros plantins. Brtrsh lavering. Wanling'

Rctair-rine tall in steeP sloPcs

- Drainagc \\'ate rways inlpror cment

. Treatment of Accunrulation Zone:

o Closure olaccullltllatlon lonc to glazing rtnd othcr

biotic interlirence especially fronl rcmoval of thc

debris.

o -foe protcctiotl of the accumulation dcbris.

o \\latenr a;-s il.nprovcnlent: lb drain r"'ater safch'

. Drainiigc Itlpror enrcnt: To drain water saftl\'. It u ii] be

intceral part of al l trcalmcnt dcscribed abor c.

o Fascinc. palisade. checkdams (brushriood' loose

stone. gabions). riprap ri'ith grass to stabilize

\ratcnvavs preventing firrthcr dolvn cuttinq of bed

and to control thc \\'ater speed and trap scdimcnt'

Prccautiot.ts nlusl be taken to safely dispose the

divc(ed rr-tnoft not to create nelv gulll'.

Note: -

"' Ahvays tlesign drainage systems to run along natural

clrainage lines.

- Ncver use contottr drains. thesc block very easily and also

highly susccptiblc to subsidencc- A blocked or cracked

rlrain can create terrible damage as a rcsttlt ofconcentratcd

water flow.

i - Desiqn and construct drains in such a way that \\'atcr can

I enter them easily on the higher side but not seep out orr

the low'er side.

A flexible design is usually an advantage.
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Hard Rock Laver Soft Rock (Cla1')
Lar er

Landslide treatment could only be cffective, if all the

treatments described have been implemented as a package.

This may reqr.rire big resource. [f resource is not availablc to

inrplcmcnt as a package it is not recommended to imple-

ment the activitr..

Geolo-gical (natr-rral) landslidcs should not be treated rvith

expensive structures unlcss and until they affect habitation

or inlrastructure (e.g. roads and resen'oirs).

Landslidc trcatmcnt cor-rld bc some years project rather

than one time rctivity. Landslidcs are continually changing

phenomcna. Theretbre its trcatment should considcr thc

changing strateql and measures to treat it properll,.

\lbrking Unit:
o The catchment arca ofa Iandslide and lanclslide area is

tlkcrt:rr the rorking rrnit.

\\irrking Season
. -\n) tinre durinq tamcr's slack period tbr structural *'orks.

Hos ever. rainr scason is riskv tbr thc constrr,rction of
stnlctrlrcs.

o During Domrant season if thc site is ntoist and just bcfore

monsoon if thc site is dry (Baisakh. Jestha) for vcgctetir e

rrorks-

Reference: -

BIWNIP 2003. DOR. 1999. DSCI, i992. N{arden, M., 1991. NRRAand IIRR, 1992. SCWMC.2001. Sthapit. K. N'I.. 1998. -fhakur.

V. C-., l996.L.lpreti. B. N.. and M. R. Dhital, 1986.
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Stream Bank Protection / Torrent Control

Delinition:
A stream is a rvaterrvay generally rcfirrecl to perennial olre.

Strcalt bank erosion rettrs to thc lancl adjorning the strcattt ancl or rivcr. \\'ilerc streanl and or river

cutting is irctivell" dcstrol,ing habitatiorr. agriculturc and Ibrest land.

A strcalt rvith glcat velocity or tulbulcnce causing rivet'battk erosttitt atlcl t'lootlitlu rlLtrinq hear v rait.ls.

:\ torrcnt cart be clescribecl as a natttral chantlcl or rvatcnvav rvtth:
..- A snrall catcltnlcllt or watershed.
.' Stccp ancl irregulrr sectiolls.
.- Ertrclte 6scillltion of thc runoff rvith high f'loocl pcaks afier rait.tstorrlls alld snou'nlelt.
..' Hig| bcd load (clue to intensire erosion irncl nrass movcntcnt) atlcl sctlitrt.-ttt.ttiut.l.

\/egetatire ald strLrctr-rral ntcasutes applicd in the torrcntial strcam and its catchnlcllt. \\'hcrcas stra3nl

protecticn coltin.-s to lcri\ jt\ ltainly to protcct the stl'c:Inr ballk erosiolr anrl acljoinilrg propert\

t ltlbrtrtrun trrri l.llrll'.1 ,1.. r

o Strcalr bank erosiotr.
o Floociing irnd seriitttcttt cic|rriitlott ill thc lil'll-rlltlil..

Torrent Control and
Stream bank Protec-
tion:

Erosion and Torrent:
Stccp strcanr slopc.

L,nprotectcti streattt bartks.

l:rccssrve itrtcnse rlit.t atrcl rtLttoi f .

Erosion in tirc catchrttent.

a

o

a

a

Major Causes of
Stream Bank Erosion
and Torrent:

. Protecl propd!'tv thabitation and tarrrlands) fronr e rosion. flootl artti sc(lilll.rll.lti.rl.
o [ 11.1',r-. r'L.tt,,ll i:t i lr.

Objectives of Stream
Bank Erosion and
Torrent Control:

. .\ltpiLll,r-ilrtc llt]tlr-l.c itttIt'or.-1.'ilctrt ((oll:cr-t lii.rn irlarlretjorl' Silr i-

pilitLlrJ lltallrlsctllitll ltlltl dr'gr:rdeti irntl rchrbllitrtiotl) ill thc

catchr.ttr-t-rt.
o CiLLll) tr.atlll!-llt (al:o rithr-i'c- is lrnr larltlslide)rn thc ciltchnlcnt-

o \\'ater hln esttng to tlattaqc rLttloti.

. \tlCirlll l-rnk pr'.ltCCtr,'ll Ilr!.1.i.i1-'.
o Clranneiization etTorts to rranage thc flooc1 dischrrge.
. Flood plain stabilization through biocngillccrin'1 lllcrlsLlre\.

Remarks: -

Strcam bank protection confines its actilities ancl onlv rctcrs to: -

o \l|L:Lttt Ir.rnk lrotcctitrll Il)L'il:Lll"'.
. Channelization elfbrts to nlallage the floocl ciischargc.

. Floodplain stabiiization through bioerlgirlccrrnglllc:r\Ltlt-'

A }k1 ",.rr

,llWiiikry

".$ Er d
, 'l ffiilt l'' B*c

Survel consideration

Nlapping
o Preparemapofaboutl:1000-5000scalc(llrlot.atlcr:tsketchrsrlralldiltor\)shclriing: -

o

o

o
o

o
o
(')

o

prer aiJs) portiotts,
Catchment area includir-rg nlajor landr-rse typcs requirlng treatlllcnt.

N atural rirailtage and thcir directton arlcl mark drainagL' rt'qtriritlr: lrcJtnlcrl t.

Cigllies (also landslidcs if any)in the catchmcnt recluiring spccial trcatmerlt.

Sourceolrunofl(rvhcreclocsitcontcfionrandrvheredocsitgo) andapropcrplace*hcrcitcanbe salilr dircrtecl-

Watcr pathrvavs (ponds. trrigatiorr ditches, canals) in thc catchntellt aretr that cotLlil bc ttseri to ttranagc rtlllotl
possiblc sitcs fbr conservation poncl constrtLction tbr storage of rvater to nlanagc the rutlofi',

Strcanr aqd Gullies rcquirirlg special treatnlent.

I.ocatc the houses. roads, or other ntanntat'lc structures both upon 3nd in closc prorirnity to the landslidcs.

Assessment
r Assess the problcnr of the strcanl bcd as fbllorvs: -

o Whcther thc strctrnl is at the stagc of shifiing Iaterally')

o whether thc strealll is at a stage of dcgraclatton i.c. lorvering of 1ts bcd'l

o Whcther the strcanl is at a stage

o Historical backgrotLnd strch as tieqr-rellcl. nlaril-nut.t.t tlood hcight'

. Scdirttentdcposition

(46)
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Survey consideration Continued.

Erosion

... ;

Deposition

Ilank to be protected
br'\eqetation

Conservation Pond

Deposition
4+

Erosion
4++ IJank to be protected

br.\'egetation

llank to be
treated uith
Embankment

Measurement
o i\leasure: thc longitudinal protilc an(1 i;r::.:,, srction of the strcall.t.

u,herc struct,.rrcs to be installecl to p1"oi..i tfio habitation and
larnrlancls arc rcqr-Lrred.

o Nlark anci nreasure diftcrcnt tlood water levei and assess frequency
of ils occurrencc in the stream.

o Estinrate thc nrarintum n-rnofltn the streirm.

\otc: - Thclc .rre .e r er:1l ntethocls to caiculate the mnoff. As a rule of
thunrb. the nrnin.iLLtir nrnolTtl-ont thc ctrtcitntent area in cr-rmecs can be
obtained by nrcasrLnng the area in hcctarc ancl then rrultiplying it b1,

0. l.

Design consideration

'lorrent controi is categorisccl into lour ntajor areas: -
r Improvement of Catchment Area: To redtLce and rcgulatc thc qr:antity ol

runofT anci sedinrcnt.
o [-andusc imprcvement: Grazing land managcrncnt, planting in

degraded arcas. treatmgnt of slopc lailurc arcas.

Consen ation poncl to manage the rLrnofl-.

Water,,\aYS Ir.npror.cnrcnt in the catchnrent (to stabilizc $,aterways
preventing tiulhe r clegraclation o1'the waterways and retain the
sedinrcnt): Firscine. palisade. chcckdanis (brusl-rrvood, loose stone.
gabions). ripr-ap *rth,'rass

. Improvement of stream bank area. rvhere strrictures to bc installed kr
protect the habitation and lai-ntlancls is required. -

o I irlcr'rlSlrllirr-l: -
..' ConstrtLction olentbankntcnt and spurs-

- Improvernent of thc catchment should be enrphasized
o Degraclation: -

.-' Checkciams to nrairrtain the streanr bed level.

..' Stop cluarrling of tire bed material,

.-- Protection of thc strcant banks (Revetments, rip-rao with grass

and shrLLbs. rctaining ri allsl
o Aggraclation: -

- Impror.'ement of tl-rc catchment shoulcl be enrphasizcd,
- Regular clearing olthc debris in the strcan'r becl,
..- Protection ofthc strcant banks (Revctntents, rip-rap with grass

anci shrubs. rctainine \.valls)

(47 )
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Sketch/Photo Design consideration, Continued.

. Flood Plain Nlanagement: - To limit loss of life and dirntagc. Using river stLrvev infomration. thc 1loocl plain is catcgorized
into fbllorving three zones and used as rccomntencletl:-
o Critical Zone :

It is the river channcl, rvhich gets flootl cycn, 1,ear ancl should bc prohibited tbr anv hr-Lntan rnterference. Rltiolaic is
ri.'here a rivcr has right ot. stay orrt of its ir.at,.

o Restrictive Zone :

It is next to critical zone, and gets tlooded u hen ciesign t'lood conres jn thc rir,cr. Anl,corrstruction shoulcl be rcstricteci
and onlv agriculturc is advocatcd.

o Warning Zone :

It is ncrt to restrictive zone. ancl crpcriences ilood only during the largcst floocl expected. Here tlood prccauriolts
r'','oulcl ntinintise flood loss during larucst f'lood anil constrlrction rr ith nccessarv rteasures can bc allorvecl.

Zone Area Flood Frequency
Recommended Land Use

Cultivation Construction
Critical Waterwav Each Year Not Allorved Not Allori,ed

Restrictive Next 3 - 5 Ycars Allor,,'ed Not Ailorved
Waming Next 20 - 25 Years Allorvccl r\l lorvccl rvith Necessar\,' easLLras

Stream Bank Protection
Runoff Nlanagement: --fo lilow thc llori,. ru:irich the channcl can
acconrnrodatc: -

o C'onsen ation pond: -fo 
store the e\cass \r atef.

o Diiersion \\'ater\\r\s: -To dire.t-t:it; crcls-s \\atar to iLncrtlter

chlnnci. Dir ersion \\ litcr\,\ a\ i sr..r ". r'r-r,-L.t bo r,, idc enouqh to
rtccor.t.trnoclalc ntlrl]ltLLilt ]-Liitrr:1. \\':iiJr'\\:Lr s c.rn be e althan or lin..r-1.

dc-pcnrlrng oit tha )itL, .i-,n(iiita,i. irt Ja:rlliiolts ntust bc takeit to
saiilr dispos.- tlte dir eri...i i':1r.,;l :ttl to crcate ne* gr-Ll1r'.

Yegetation in the rratercourse: -i:t rLrltlC aascs {slo$. 1'1ouillg lo$lancl
livers. irrigation canals) pianting rLlLritc is sirfllcrent to stabilize banks.
Solne rules tbr pianting on the r-i\ ei b.rnks: -

o In zones tl'om low to mediun-r rvater level r.rsr-rally only shrr-rbs are
allorved. The selectccl species lnnst be able to sr-u'vive prolonged

. inundation and ntust be tlexible enough to brcak in the cun'c:rt.
o [n the ailjoining zone fiol.r ntediunt to high water level also mainlv

shrLrbs arc planted, rvhich occasionally are mixed rvith trees. [n
narrow stream or rir"er bcds. trces belorv the high rvatcr level * ouicl
reduce thc nrnofTdiantctcr and so nray increase thc strcirrn vciocitv
and cause erosion.

o Trccs preferablr,ntired rvith shnrbs are plaltted above the highest
\\ atcr le\el.

o Sodding is a good * av ttr establish banks ifcasily availablc.

,:,-?

,";i*
'I'rees lbove High Water
level

rl.

Shrub
Only

Narrow River

_ _Y:{:. Water Level

Low Water Level

Practical Consideration

o Suiflcicnt llce board height must be ntaintained to prevcnt overtlos of
thc stnlcturcs.

. Closurc oftlcated (biocnginccrrng) rress to grf,zing and other biottc
interfcrcnce.

o Bioengineering solutions are effectivc fbr rivcr trarning only u,here thev
have been integrated ful11, r.vrth civil cngrncering measures (such as
gabion and stonc pitching).

Remarks:
. Thc success of the ton'ent control lies mainlv in the implernentation of

thc intcrlinkcd activitics as descnbed (h'nprovemcnt of Clatchment Arca.
lmprovcn-rcrrt of stream bank area, Flood Plain Managentent ancl Rr-mofT
Manaqenrent) as a package.

Working Unit
. Thc catchnrcnt area along rvith strearn and t-lood plain arca rnust bc

consicicrcd as the u,orking unit.

Working Season
. Any tinrc dr-rring farmer's slack perrod tbr structural rvorks.
. Ciencrally, grassitree plantation is clone at the onsct ofthe ntonsoon in

.lunc,i JuI).

Wide River

Trees Between Medium
and High Water Levels

HW Level

MW Level

LW Level

Reference: - BIW\',lP.200i. DSC, 1992 FAO. 1976. S('WNIC',200i. Sthapit. K. 1\{.. lt)98 Weicllt. II.J.. (C-onrpilccl), 1q76.
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Activity: Degraded Land Rehabilitation

Definition: Refers to thc vcgetative and structural measures applicd on the degraded iands including
fcrrests, barrcn iands and graveled and sandy rivcrbccls.

Major Problems caused
by Degraded Lands

t
o

a

Soil crosion
Lorv productivity
Seclinrcntation down stream

Major Causes of Land
Degradation:

o

a

o

a

L.ack olqround cover
Unmanagccl sr:rlace rr-tnoff
Free / over grazing and hr-rman rnterfercnce
L.nconh'ollcd fire

Objectives of Degraded
Land Rehahilitation:

o To reduce erosiot.t and incrcasc productivity through soil and moisture conscl-\ urion

Irrc lerubly ulrng \ egetrti\ c llrersurci.

Scope of Degraded Land Rehabilitation
o Planting oftree. shrub ancl grass rvith necessarl,conservation nteaslrres
o Erosiort control mcasr-u'cs such as tascines, palisacles, contollr rvattling, brr-rshrvood checkdarns
o ConstrLiction of dir crsion \\'ater\\ a\ s tbr sai'c clrainage
o Protection oithc arca lincluding lir c iencinq ) i}ont grazing and hut-nan biotic iltterf-erence
o N{ulchin.-s on the dc.qradccl lancls
. SeecllingProdLrction

Sketch/Photo Survel consideration

Landslip:rrea to be treated

I

Boundary
Treatment Boundary

Channel
Fascine/Palisade Line
Landslip Head
Brush Layering

Swamp (Mound Plantation)

\ormal Pit Plantation ,-lrea

Nlapping
. Preparemapofaboutl:2000--5.000scalc(lfnot.atleastsketchismandatorJ,) sirowing: -

o lloundary of thc degradcc'i lancl anc'l rr cragc slopes,
o Natural drainage and thcrr dircction.
o Culhes (including landslips if any.).

o Diff-erent types of land turits fbr rarious plantin-e technrques (such as pit planting, tcrracc planting, btrnding planting,
trench planting. basin planting. bnrsh lal,ering),

o Divcrsion \a-ater\\'avs ilncccssarl,'.
o Water soLrrccs (such as springs, s\\,amp. ponds, trrigation ditchcs, canals. pipes)
o Habitationincluclinsstnrctures

Nleasurement
o Slope of thc land,
u Ltn(1 ilreit.
o Total length ofthe ril Is and gullies for thc broenuinerring

measures sr-rch as tascine s, palisades, brushrvoocl
chcckdams fbr gully plugging,

o Total length tbr live fencing,
Assessment

o The.avcrage elevation ofthe area (Using topographic ntap)
ancl aspects.

o The suitable species oftrcc, shrubs, anci grasses rn

consultation *,ith the contnttLnittcs.
o Appropriirte lequnres for inter cropping.
o Horv thc requirecl planting stock coulcl bc ntade ar,atlable.it##tffi
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Design consideration

Site Condition Preferable Planting Techniques

Dry sites andAdverse Southern Exposure Contour piatfbm and trenches, Basirr Pit,

Rocky Sites C'ontoLLr trenches. Basin Pit.

Sandy Sites ClontorLr- trenches. Basin Pits

Srvampr Sites NIoLrnd enrl Contor"rr BLrnds

Hish Grass Sitcs; Contorir strips

Sketch/Photo
' Plarrting Teclrniques _
o Pottecl plants are better than barc

root seedlin-q.

o Optrr-nai size rvitir rl'ell dcrclopccl

root systcnl.

o Cutting: rvaxecl cxposed tip to er oirt

dry'in.E. On cold and rvindl, p1:rce

sr-rch as Mustang plantirg of thc bi,s

:iizecl cr,rttrn.gs of populous o1'.i to I 0

leet long of clameter 5 - 6 inchcs

gave goocl rcsults.

. C'onrbination of trees. sl.irLrbs and

grass pirr.ntrng or, slopes creJ.te ir

ticn..' nenr ork oi root. in the soiI

aiid l carr,lpr Lr\ er the surlacc.

. Conrbinltirtn ol icgut-nes \\ ith

pl.rntrtiorr *i11 hclp to rnrprove soil

I _t1r t'\. thtri nro.lLr.'tiott.

Practical Consideration

. At least onc ntonth befbrc the tinre of pltrntrng. pieparc thc site. All rveeds shoulcl bc cut.

. lf possiblc., dig p.its fol the trees or shrubs rvell in aclrance of thc pltrnting progranr. Prts are ustLally preparcd a tttonth or t*o
in adr.ancc of the actual plantine prograrr. The ainr is to prepare soii lor the rapid clevelopment olroots b1,', pror'iding a nlore

pcnr-ieable n-reclium arouncl thc plant.
o Refilipits rvith soils rvitl-r ali the stones anci roots renrorerl.
o Ilpossible pur compost,'manure 'cor.nplctc tirtilizcr at thc bottom of plantinq pit in poor soiis or atirl a good iorest srril then

lear"e lor a ferv u'ceks to consolidate the loosc soi1.

r When the ground is rvct crrough to supporl reasonable- qro\\th. plant out thc scctlljnqs. The btqqcr the holc nlade . thc bcttcr it is

lortheniant: buttherentustbeaconrpronrisebetuc.-t.rhelpinqthc-p''.intaildr-\ccssi\el1 disturbingtheslope.

e Removtri of poivthcne bag from the seerllrng by cutting tl'onl the side car-etiL111.

o Planting: lvlost tree and shrub ptanting should rdcallv be car-rjed oLlt during earlr nronsoorl. as soon as the groltn(l is \\'ci

enough to suppoft sustained grorvth.

" Mulching rvith grass or leaves grcatly recil-rces cvaporation tiont the soil surface around thc seerlling ancl orevcnts hartlcntng ol
the strrlace soii.

When?
- When there is too much sun and too littlc rvater: Poush to Asadh.

. Weeding to intprove the growth of the clesired specrcs at its young agc by renroving contpeting vegetation (rveeds). itr sonte

rlr-v alea, rveeding is necessary to redrtcc the risk ol flrcs.
When?

,-- Once unr.vantecl plants havc grown up. Srar.van to As"vin.

o 'Ihinning and Pruning: To promote ground cover r undergrouth ancl bcttcr grou'th of the planting, thinning ancl pruntng

shouicl be carried ottt.
When'r-

'- During u,inter (Poush to Falgun) rvhen the clistr"Lrbance rvill not hinder the grou,th of the rcmairring plants.

\Vorking I nit:
f)egradecl lirncl r-Lnit in consideration is taken trs rvorking LLrtrt.

Ref'erences: -

Anonynrous 19E5. Bhatta, P. N. 198i. C'oppin, N..1.. ancl l, (i. Richards. 1990. DSC. l9t)1. Hor'vcll ct. ai., 1991. DOR. 1997. Sthaptt.

K. N{ . 1998. Weidelt. Il. J.. (Conrpiled By) 1976.
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Actrvrty: Irrigation Channel Improvement

Definition: IRRIGATION C'HANNEL refers to the existing irrigation channel, which is susceptible to damage
by erosion or causing erosion up slope and down slope and without properly constructed

distribution system.
IRRIGATION CHANNEL IMPROVEMENT refers to the vegetative and structural measures

applied to manage and improve water use and to reduce sedimentation in the irrigation channel and

reduce erosion in the adjoining. Note the activity applies only for the improvement of the
existing channel.
Scope of the irrigation channel improvement limit to community based small irrigation.

Major Problems caused

by Unprotected Irri gation
Channel

o Secpage and breakaqe ofchannel causing erosion.
o Breakagc ol intakc and blockage and brcakagc of chan nel depriving the tarm fronr irrigrtion

water at the time of necds.

Major Causes of Irriga-
tion Channel Degrada-
tion:

Unprotected slope up and dorvn ofthe irrigation channel,

Unprotcctcd channcl causing seepage and breakagc.

Unprotectccl I *,cak t improperly desr_encd intakes,

Siltation of the channel.

Deep seirted failure removing entire section of charlnel.
Undercuttrng by a river,
Scour caused by the overflorving ofthe channcl,
Flood danrage to the intake.

Otrjectives of Irrigation
Channel Improvement:

a To protect irrigation channel lrom up-slope and dorvn-slopc erosion.
To prer ent erosion fiont channel Seepa-9r:.

To reducc seepage loss.
'fo inrpror c rratcr distribLrtion.

a

a

o

OY

Scope of the lrrigation Channel Improvement
o Erosion control measures (Fascine, palisadcs, grass sorving, strip

plantation. rctaining rvall) in up and dorvn slopes ofthc irrigation
channcl and catchrnent in close vicinity.

o ConstnLction and improvernent of intake, distribr-rtion and sediment
trap system.

. Improvcurcnt ofirrigation channel including channel lining, Re-qrade
and/ or reroute.

o Clonstructior] ol super-p:rsses to protect thc channcl.

Surrev consideratinn

o Visitthe intakc sitc. rnain channcls and comrnand area and prcpare map
of about I : 1000 5000 scale (lf not, at lcast skctch is mandatory)
shou ing: -

o La)'out of the channel shor.vin_s the command area and celtchment
area.

o Assess the channe I improvcment required as follorvs: -

Chainage from

intake in (m)
Condition/Problems Suggested improvement

0 o Assess intakc stability o Intake protection strLrctures, rcallocation ofintakc, etc.

. m. -.. nt. o Seepaqe: o Lining (Ce nrcnt, Clay or mix)

.11t. -.. m. . Channel breirka.gc o Construction of stone masonry channel

. m. -.. lll.

. m. -.. nt.

o L.lpslope r' dorvn slopc dcgradation o l-oose stone retaining w'all, grass sorving. and brusir

laycring

. m_ -.. nt.

.m.-..nl.
. (iLrll:- r:p ancl tlo$'n slope o Gully plugging rvith fascine. palisades and brushr.vood

checkdams

. m. -.. m.

. m. -." m.

o (iully & stream rvith dcbris up-slope . Supcr passage in dry stone masonry with RCC covcr

sl abs

.In. -.. lI',l- o Unstable channel o Retaining wall from down slope

.m.-.. Irl o Channel along the agriculture field . Grass planting alor-rg the channel

. m. -.. m. . (lLrllv ,r Strcam crossinq o Overhead passing with concrete aqueduct or pipe.

, m. -.. m. o Unstable channel rvith toe cutting by stream o Toc protection with riprap I small spurs

. Steep channcl slopc a DroD structures

o Sedinrentation o Sedimentation trapping with flushing and Re-grading to

non-sedirnenting slope.

o I)istributiorrprobJenrs o Ilegulator or divider to construct
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Sketch / Photo Survey consideration
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River

o Assess stabilitl, of thc intake.

o Nleasurc the dirnension ( Length. \\'idth and Dcpth t of cach suggc.ted strlrctLIrcs.

o Estjmate tltc r.t-rinintunt and base llonsoon discharge bv lskrng thc tinrerr hou ntlnr tintr-s qreatcr or snleller these at'c

than the prescnt drscharge.

o Assess the adequacy of the irrigation water. compare to its needs for thc possrble contmand area.

- Ifrvater is avatlable adcqLratel.v, water use nlanagenlent nla)'not be analyzcd,

- If q.atcr ar,,ailability is a problcnt, analyzc the clistribution arid croir rvater requirement. And design accorilingll"the

cropping pattent ancl system and rvater clistlibr-rtion system inclucling timing and quantrty. This is a cor-nplcx process

/ analysis. Either take hclp ofthe agriculture engrneering or appropriately decide in consensus with the famlers. Usc

ofthc drip or sprinkle irrigation, etc. could be rccomnrended lor thc efficient use ofthe availablc rvatcr.

- Ifthc availability ofthe rvater is enirtic, collstrlrction ofconservation ponds to store the rvater during available

period and use dr-rring scarcc period rvil1 help the water rllanaseme nt.

o Assess other uses of rvater sttch as water nlills. drinkine \\'atcr etc..

Listthe name, address and irrigable land holding of each benei-ician household.

Design consideration

. Ciop Water requirement: Water rcquirement can be estrr.natecl using dit-ierent I1.l.thods. For pre )ilninarr planning purposcs.

the watcr requirer.nent at intake for thc Hill and Terai can be taketl as tbllo$ s: -

Soil Type Hill Terai \Yater Requirement

Clay soils 2 1.5 liters ./ sec ,' ha.

Loamy soils 3 1.15 liters 1 sec .r ha.

Sandy/Loam soils 5 2 liters / sec ,' ha.

. Asscss the commancl arca and soil types. Estimate tl-re total water rcqr-rircment by mtlltiplying the lactor given in tlle ebor c

table for respective soil types 
"vith 

the corresponding areas.

Sketch/Photo Design consideration

o Intake: - Flill stream are characterized by very stcep slope channels and by a high degree ofactive erosion anci scclimcnt

transport.
o Considcr lbllorving points in designing intake: -

- Do not interrupt thc present course of the strcam.

- Avoid rigici and impen,ious structures ancl proviclc flcxrble (gabion box) rveirs in place of masonry or concrete

structures,

- Provide sufllcient waterways ancl lorv rveirs tbr the pirssagc of floods.

- Side rvall intakc structures should bc higher than the expcctecl nraxintunt flood levels,

- O6tit colrplicatccl enginccring stnlctLlres, and suggest appropriate lorv capital cost strLlctttrcs even at thc cxpensc of
relatively high running costs iu thc forr-n oflabor requircnrcnt fbr annual rtaintenance. StLch as use banlboo rlattle

fence and brrLshrvork rathcr than stonc nrasonry for rlir crsiott strtLottll'cs.

( s21

Intake



Sketch / Photo Design consideration

Tips for choosing site tirr intake: -

- Use outside 9f a bend rvhere thc florv is dccpcr and clcarrer, and torvard the clorvnstreatn end rvhere the etfects ofthc

secondary cllrrcnts hal'e fully dcvelopecl, to cxcluCe as muclr seclment as possiblc, cspecially course sedinlent lrom the

intake.

- Use natural controls: Natural outcrops ofrock can control a rivcr in either elcvation or plan. or sonletinres hoth There

are many situations r,,,hcre, at the bcnd in a vallev, a rivcr has attachecl itselfto a rock face on the otltside bend 
"vhich 

it rvill

follorv until the r.allcy curviltrrre reverses direction or the rock outcrop ends. The downstreant end ofsuch a reach can

often bc a site 1br an intakc. [n sontc rivers, thc flou,rvill be constraincd by a rock gorge. Intakes can bc locatecl immedi-

ately clorvnstrcant olthe end of the gorge. lf the intake is locatcd too 1ar clorvnsh'eanr. thcre t'tlay rvell be problems of

scdintent deposition.

- At the confluence of trvo river streams: Often, due to thc adclitional rvatcr providcd, intakes are locatecl dorvnstream of

conflr.rcnces. [n nrany, cases, dcposits occlrr at the confluencc, rcsulting instabilrty. Thercfore. intakes havc to be sitecl somc

clistancc do*'t.tsttclttu rr hcrc good conclitions exist.
* Bank stabilitl : Ach antagc shoLrld be tiiken of stable banks such as rock or.Ltcrops or amtored boulder bank to protect the

intakc fiont crosion.

Velocity-Area Method for Flow Measurement Drifting Object

Locate A Straight Portion of the Stream

Travel Distance
Finish Time

=t,

q
Stream Width

Start Time

,fr,qt

Design of the Channel:'
channel lining,
. Flow measurement:

follows: -

o Estimate the VelocitY
Float Method
-' A picce of rvood or floating mtrterial is placed in tlre streanr and the tinre rcquired to h'avel a fixed distancc bctrveen the

cross scctrons is nreasurcd. CalciLlatc \e1ocrty 1\'= Distance in nt trme in sccond) in nl/sec. callnot be measurcd

acclratcly u,hcrc the strcantbecl is rn-egular in profiic. The distance betrveen the cross scctiolls shoulcl be I 5 m in

minintr-trn. The float should be thro.,rn into the $atcr sereral nreters upstream of the first cross section tbr it to reach a

eonstilnt rclocttr.

- Cirlcglatc average r,e)ociry- as. \'= c * \: Where c is the constant = 0.65 for stream of dcpth upto 30cn-r, c= 0.7 fbr 30cnr

1.2m strcant dcpth and 0.75 for streanr dcpth > 1.2m. The accuracy will bc'r110 to20'n.
Currettt metenrg: Florv could be measured morc accuratcly witir current nteter. Guideline cofiles with the equipment.

It irrvofi,,es f'low nreasurcntent, ca]culation of crop r.vater requirenrent and designing channel sizc and

- Dischargc is estin-ratcd in consultation uith tlre fhn.ers. For nrorc ilccuracy florv can be measures as

Sketch/Photo Design consideration

o Estimate the Cross Section
' Stretch a tape across the stream channcl,

- Starting from one side ofthe channel, nleasure the distance

and rvater depth at w'herever the rvater depth change

(prcf-erab11, every meter) in meter,

C

I

{

D E

I

GB

Average thc r.vater depth of two successivc measuremellts

and multipliccl by the distance. Srurniing of the figure rvill
givc the cross sectional area ofthe channel.

(s3)
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Sketch./Photo Design consideration

Where,

Measurement
X,, X., x], X+, ..........distance between two measurement points

A, B, C, D, E, F, ..... water depth at the measuremcnts.

Calculation
Cross-sectional Area = x, *(0+A)/2 + x, x (A+B)/2 + x. x (B*C),I2-f

x. * (c+D)/2 + ..............

FIow Calculation: Multiplication of the cross sectional
area and velocity gives the flow in cumecs i.e. cubic meter

per second.

. Channel lining: Seepagc makes thc irrigation channel ineffcctive as rvell as erosiot-t pronc. Theretbrc, channcl lining is donc to

avoid seepage. Follorvings arc the generally used channcl lining: -

Material Slope Limit Thickness Typical Use

Grassed < 11" (20%) Lorv thick sod tbmring grasscs Canal bed and bank erosion protection.

I) ry - sto ne < 14" (25o/o) 20/25 cm Canal bcd and bank erosion protcction.

Stonc m:rsonry > 200 25/30cm Seepage reduction. Canal bcd and hartk erosion

p r-o tcc tit'r n -

Red soil: Cen.rent

(7:1)

> 20' 3 layers; each laycr

2 cm thick

Seepagc rcduction. Canal bed and bank erosiott

protection.

Pl asti c Steep slopc 0.2i 2mrr Canal sccpage pt-er cnliort.

Plain concrete Stcep slope 7.-5'10 crn Seepagc rcduclion. Canal bed and bank erosion

Drote clion.

Polythene. Gl

Ccment-Pipes

Steep slope .15,,60i 100cnr Seepa-rtc rcductron. Cenal bed and bank erosion

protection.

1.1
r-nason ry
plastercd
0.3 m
thick

Masonry Canal r,jning
Channel Size:

Step-1: Estirnation of thc crop satcr rcqr,Lirenterlt gi\cs thc

quantitv of the \\'ater to be managcd bv the channcl i.c. Q.

Step-2: Estrmatc the pernrissiblc \clocity of florv. V (m/secl tbr
the desired channcl type. Exatrplc: For dresscd channcl V =
2n-/scc.

The pennissible rnaximum velocity is as fbllorvs:-

Channel Lining Maximum Permissible

Yelocity m/sec

Clay Loanr 0.r)0to 1.15 = 1.00

1 :4 masonry
plastered 0.-i

thick

10 cm thick
concrete or
30cm masonry
l:4

Denselv Grasses 1.50 to 2.50 = I .50

Dressed nrasonL.-l' 2.0t)

Boulder lining 1.5

Ccnrent masonry rvith ccnrcnt

nointinq plaster

2.00 3.1111 = 2.-s0

R.C.C. 4.00'.6.00=5.00

Step-3: Compute approxinrate cross-scctional arca ofthe channel

to carry out the calculated run-ofI using thc fbnnula, Quantity of
rvater. Q - A(Channcl Arealx \i (Vclocity)

Sketch/Photo Design consideration

Step-4: Detenrine the channcl dinrension in such a way that the

area ofcross scclion equals thc arca ofcross scction computed as

in step 3. [lelcr to C.irass \vaterways tcchniques.

Step-5: Compute Hydraulic radius 'R' fl'ottr the cross sL-ctiotr

obtained in step 4. R -,Hyclraulic radius in meters = Area /

\\,ettecl pcrimctcr (Cross sectional l-engtlt of channel with

\\,ater contact )

Step-6: Compute the velocity V using thc Marrning's tbrmula.

V (Vclocity) (Rr r*qr r1/n, Wl'rere, R = Hyclraulic radius in

metcrs and S = Water Surface slope coresponding to high

water level = It is thc ratio ofvertical drop to thc lcngth ofthc
channel. and r.t = roughrrcss coe fllcicnt

(s4)



Sketch/Photo Design consideration

Type and Description of Ditch Conduits

Clay soii, straight and uniform

Sandy loanr or clay loam, straight and unifonn

Mixed pebbles from I to 3 cm in diameter

Mixed pebbles from 2 to 6 cm in diameter

Snrooth. hontogencotrs ston), becl

R, 'rrSlr .ton] bctl

l_' 1""'' tr

Prr.-c1. brick

l'. ,,.,1 ..,r\hlr

P rhhl,'

l'nitbmr eafih bottonr. rubblc sic1.-s

Rouqh carth bofionr. rubble sicles

C enrent par cd. snrooth sicles ancl bottonr

Step-7: \'erit\ that the computed relocrtl is appicx;.'natcly equal or less the
relocitr as assLrnted under stcp 2. [f not increlr:-r* ti:; jin-rcnsion of the

channcl.

Channel side slope
. 'To reduce land covered by the channel, the sfrt! slopes ofa channel are

usually designed to be as steep as possible.
. Typically used slopes:

o Foi Hills: 1:1 (V:H) in earth and l:/, (Y:H)in rock.
o For Terai: 1:1/z to 1 :2 (V:H) for main and secondary channels and a

vertical drop structure, 1:l to 1:Yz (V:H) for tertiary and quaternary

channels.

0.032 5

Drop Structures:
. To recluce the water velocitl, in the channel, slope gradient ofthe channel

is maintained prol'icling drop structures. Water velocity in the channel

shoLrld be optinral so that no rvceds is pronroted and transport the

anticipated sedimcnt load. Gcncrally'the earthen channels are designed

u ith r elocities ranging fi'onr 0.6 to 0.t) m/s.
. Hoil er cr. t ater r elocin' in the channel should not exceed the permis-

sible nraximunr u ater velocin, of the channel lining.

Drop Structures
o Changrng the channel slope can reduce rvater velocity. This could be

nrade by the construction of the drop structures. Some of the commonly
used drop structurcs arc: -
o A stone pal'eci channel,

o A vertical drop structLrre,

o A cascade drop strr.Lctr-rre,

o A chute drops structurc.

Some consideration in designing drop structures: Design the drop
structure so that there is: -

No channel scouring due to high water speed,

No scouring at the base ofthe structure
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Regulator
o Equrtable rlistribution of r'vater alrong the bencficiaries plays a major role

in the nranagcrnent ofthc rrrigation channel. 
-fhc 

dcsign ofthe regrtlator

must bc flexible to acconmrodate the t'antters' requirenients and bc casily

trcljustablc. Some of the conu.t.tonl1,' used rcgulators (also kttcxvn as

Saaciros) are: -

Dcsign to rnakc rotation easier. During lori, florvs. one side can be closed

to irnplcment a rotittion schcdule. During high tlo* conditiolls. one side

can also bc partly blocked otf *ith ir narro\\'tlashboard. both to protect

that side from flooding and to scncl !'\cess \\ater dou'n through the

s-,-stcnl to an ertensiot.t area. The sanla structttre can bc r.Lsed in places

*here canal branches bLrt in lrhich otte siclc- has prinlary' \\ater riqht.

Torakebetteradrantas.oldilierentt-lo\1 lerel.thcstrllctLlrcistlcsignecl
so that under lou and nornrll llots. opr-ning fi)r \\tlter t'iori is orle set of
proportions. rihile LLnder hiqh tlons a dif-icr.-nt opening is Lrsed to

regr-rlatc diffircnt rates oit-lor. Each eate is nrrdc LLp olscr crui r.-tttorable
narrow rertical strips of riood. pcmrittille a $ide rangc of tlori control.

0r'erflorv Passes

Tinrc trnd oftcn thc excess water f}ont thc irrigation channcl need to be

disposcd safely. Thcrctbre, provicle att overl'lorv an'angement in the channei

to disposc an excessive iulrouilt of rvater s:rleiy.

Free Board
To avoid overflow of the channel. sufficient free board in the channel must

be provided. Free board is estimated as:

Fo = 0.2 + 0.253 Qr 
r

Where,
Fo = Free board in m., and

Q = Design discharge in cu.m' / sec-

Package Inrplemcntution
. .\long u ith rhe channcl desrgn. other conscr\ ation acti\ itres such as

tascincs. palrsades. brush la1 ering. grass so\\ itlg. strrpusst's. ret.rinin,c

ual1. etc. must be desrgned and intplentented as the package based on the

sun ev made for each channel sections.

Practical Consideration

Avoid the usc of rig:id structrrres in unstable areas. [t takes onlv I slight

ground mol cmcnt to damagc and crack a rigid strr-rcture. and the n a major
(and costly) tailure rvrll occr-rr.

For the stLstainability of the channel. its continr.tous maintenance is r en
essential. Which need resource to procure materials. rvhich arc not

available locally and labor, rvhich could be contribrrted from the conrmn-

nitv. Thereforc, mechanisnt to raise the rcsoLtrce for the nlaintcnlnc.-

nrust bc t'nacle mtrndatory for the resource investment on the irrisation
channel improventent.
N,lake a series ofcliscussion among thc beneilciarics rcgarcling raising ol
scnicc fee as *'ater tax brsed or tl-re proportion of the watcr used b-v- the

individual household. Thrs can be asscsscd based on the sizc ofthc land

that rvili bc irrigated. The antoltnt to be Ie vied, as water tax nlr'tst bc

decided bv the communitl'. Horvcver, the amount thus raised nlust be

sufficicnt fbr the maintenance. othenvise such stntctures with time rvili
bc tlcglaJerl lnd rvrll not fllnction.

Working Unit
Intakc, clranncl. up-slope ancl dorvn-slope area aff'e cling tl-rc channel and

ri'ater distribLrtion on the contntancl area is taken as the rvorking Ltnit.

Irrigation Channel Inrprovement, Dhading

Rel'erences: BWP. 1996, BIWN4P^ 200i. Closmos Enginecring Scnices.2000. DSC', 1992. IOE, 1995. SCIWN'{C,2001. Sthapit. K.

\i . 199E. Ted C . Shcng, 1986. I-lNIt'EF. 1996.
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Activity Trail Improvement

Definition 'Itail Improvement rct'crs to the vegetative and structural mcasures applicd to protect trail front
crosiorr ancl to inrprovc thc trail for gcneral huntan and livestock h'aftlc.

Only Trail,
o Which has potential fbr gullv tbmtation
o Which is susceptiblc to damage by erosion up slope ancl clorvn slope,

e Which is causir-rg crosion r-rp slope and or dou'n slopc,
o Which is not convenicnt tbr the gcneral huntatr ancl livcstock tratfic.
is subject tbr trail improvement activitl'.

Major Problems
caused by
unmanaged trails

o Unprotcctcd,'unntanaged runoffon or from trails oftcn erocle to forrl rills and gullies.
o When trails are clantagcd. peopie start to rvalk along thc sr-n'rounding land. damaging the vegetatiort

anci compacting thc soil: thcse results in tr-Lm lcad to crosion.

Major causes of
trail degradation

LJnprotectcd trail on slopes.

Unprotected h'ail sicle up slope and dorvn slopc,

LJnr-nanaged runotf through thc trail.

o

a

a

Objectives of Trail
Improvement

To reduce erosiot-t fiom un-nranagecl trails.
To protect trails fi'ont erosiotr. atrcl
'lb impror e thc trail lor qencral human ancl iivcstock tru11lc.

a

Scope of Trail Improvement
. Intpror cntent ancl consiruction of trail lstona pil\ ur*l \re Irpin,{ ,)r ..tr'Jp IrJil scqrttcttts).

. Provision olcliversion channel ertcl srte draina.'qc rlottg thc- trut).

r Rc-gracle attd orreroLltc tlails xherc ciosiotl i5lll\:1ncc'd.
. Re-\'cgetate abandonecl traiis. lrhile rerLlLIIjllq.

o \"egetative (Planting of appropriate grass. shrubs. trecs) and stnrctlLr.rl crosiot.t controi (thsciiies. prlislrlcs. rvattling. brusll

layering, brushwood cl'reckdarns) measLlrcs rcqurred up slope and,/ or do*'n slope of thc trail.
o Construction ancl protection of small briclgcs and other minor strllcturcs wherever needecl (rvithirl the tlail segment).

o Construction ofresting place (Chatrtara).

Survey consideration

Survey
o Walk aiong the trail and preparc map ofaboutl: 2000 - 5000 scale (ifnot, at least skctch is nrandatory) shorvitrg: -

o Layout ofthe trail shori'rng the alignnrent and profile.

o Starting tiorn one end of thc trail, asscss the trail improventcnt reqr-Lired as fbllows (For example): -

Sketch/Photo

Conservation
pond for water

Landslip to
be treated

harvest

jl2 trait
Chainage Flag

Stone Pitching
P

Flat Area nothing
to be done

Small overhead
crossing

Stepping

Retaining wall
Fascine/Palisade Line

kilrw
Y

Chainage (m) Slope in
degree

Condition/Problems Suggested improvement

.m.-.m. Flat o Earthen, no problem seen . No work required, only protection ofsurrounding vegetation

nt. - . nl. <80 o Earthen, rills o Rill p)ugging r'vrth tascine, palisade, grass sowing, cross

drains anci Ieveling ofthe trail

. tn. -. m. >120 e Earthen, rvith gullying . Stone stepping, grass sowing, drainage management

.m.-.m. < 720 o Earthen. with sullvine . Stone paving, cross drains and plating at the disposal sites

_ m. -. ni. < 720 o Triril used as wateru,'ays o Stone pavenreut rvitlt concave shape and drop structltres.

l)lulceliotl lt rlispot.rl sites

(s7)
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Measurement: Make the follorving measurement for each section of the

trail: -
o Length of trail (m.) - L,
o Slope of trail (Degrce) = O,
o Cross-section ofthe trail rvherc carth and stone work to be carried

otlt,
o Necessary measurement for gully treatment (Length. Slopc and

Cross sections), drainage improvcment (Length, Slope and Cross-

sections), and plantation (Suitable species and area).

Assessment
- Availabilitl, of the suitable stonc fol the pal'cment and steppins.
- Skilled and unskilled labor for thc stone lvorks.
- Secdlings for plantatior-r and suitable species

Estimation
. Decide scctions. ',r hcre different t-u-,pes of the (e arthcn. stone pa\ entent)

triril improvenrent or storlc stcpping to bc nrade.
. \otc the places. u hcrc diflerent consen ation nleaitrrcs to be installed.

General: -

. Ciencrall]', lollo* s contoLrr tbr aJignnrent.
o All consenation rneasures requircd or1 the trail and side slopcs of the trail

must be designed and intplemented as a package,
. Pror,idc drainage ditch on thc uphill side ofthe trail.
. The trail should bc sloped toward the dorvnhill. Maxintum cross slope ol

l:20 (V:H) is reconrmended to avoid cross rllts,
o An average gradient of I09'6is generally considered the maximttnr tbr

comfortable u'alking. I5% Slope is considercd as perniissiblc gradicnt.
o Cutting and levelinq u'ith srass sorving fbr slopes belorv 8'(=1'1 n'o).

o Stone pavementforthe gradicnt8'to llo(=10 9o).

. Stone stepping tbr the eradient abor e 12" 1=26 
o;,.

o Width of thc trail should be nrorc than l.lnr.
. The length of the landing can be rrtaintained as I nt.

Desisn of Stepprng
. Size of the steps shoulc'l bc nraintained as lbllo*s

Calculation of number of steps in the stepping:

o Length of trail (m. ) = L. From measurement

o Slope of trail (Degree) - O, From measurement

o Riser Height (m.)= R, From Table above

o Trcad Length (m) = T From Table above

o Vertical Height Dilltrencc, V (m.)= L Sin O, From calculation

o Horizontal Length, H (rn.) = L* Cos O, From calculation
o Number of raisers. N = V/R.
o Numberof treads, n=N -t-t,

o Number of Landing. n, - (H - N*T) / ( l -T)
o Length of landing. Lr (m) = (FI - n*T)/ n,

o No of steps bctr.veen trvo landings: tt. = n/n,

LSin0-V

(iiven: -
L=30m
a-30o
R = 0.2 m (From Table)

T = 0.3 m (From Table)

Calculation: -

V=30*Sin30o=l5m
H - J0 * Cos 30o = 25.98 = 26 m

N=t510.2-75
n,= (26 - 75*0.3)/(l-0.3)=4.97 - 5

n=75-5=70
L, =(26-70*0.j)/5=lnr
n_=7015-lzl

LCos0=tl

Survey considerationSketch/Photo

Emsion on Unmanaged Trail - Kavre | . Peg the point of measurement for future reference.

o 0n map or sketch, locate

o Landslides,gullies,cross-drains
O Water sources, such as irrigation, springs, consenation pond, etc.

along the trail
o Area up and down slopes of the trail fbr planting
o Chautara to be made, for rcsting or halt place

o Footbridge and culvert. for crossing small streams.

Design consideration

Riser Height in m. (R) Tread Length in nr. ('f )Slope (Degree) O
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24-26 $.17 0.30

27-30 0.20 0.30
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Design consideration

Format for Stepping in the Trail

fL

Footbridges: - Only small bridges (preferably < 8 rr length) should be

considcred under the trail improvcment,
. Somc considerations for locating suitable sites for footbridges:-

o Emphasized only- single span bridgc to avoid the damagc by the

floods.
o Foundation nrust be on finn ground, preferably hard rock,
o Foundation must be located on a straight stretch olrivcr. r.vhere there

is no evidence oferosion. land sliding or lateral channcl shifting,
o There must be at least 2 m freeboard between the lorvcst of the

bridge and the highest flood level,
. Expcrt consultation (Engineers) is recommended to ntakc longer bridge

:urd further consultation.

Stepping on Steep Slopes

. Trail can be used as watenvays during the monsoorl. Make the stone

prvement rn concave shape. Ensurc the speed of thc rtu-toff does nct
e rceed the resistir,e force of the lining material.

. Trail runoffcan be storcd in the consen'ation ponds for usc u,henever

rcquired.
o Safe disposal ofthe trail rvater is key to the erosion control associated

rvith the trail.
o Use stones rvhcrever possiblc.
. On sloping scction of path, rvhcre water may run dorvn the line of thc

trail, install open, stone-lined cross-drains at intervals of I 0 to I 5 metcrs.

These should lead otTto a soak arvay area or into a rvell-vegetativc line of
natural drainage.

. Plant double lines of thomy shrr-rbs along the side of the footpath. These

rvill discourage pcople and animals from straying arvay from the trail.
o Plant trees, shrubs. or grasses in nearby areas. improvc drainagc, treat

rilis ancl gullies ri hcrcr er neccssary and do them as describcd in respec-

tiYe tcchnique chapter.

l

Stepping on the Trail, Dadeldhura

Trail Side Planting, Dadeldhura

References: -BWP 2049/50, BIWMP 2003, DSC 1992, SCWMC 2001

rvtlaintenance
o Regular clearing of silt antl r.veeds from the side and cross drains.
o Regular nraintenancc ofthc stone stepping and side drains bcfore it gets

worse.
o Maintaining the shape or grading of the sr-rrface (cspccrally earthen) anci

clearing ofthe standing watel'to avoid cross ruts.
o Protection and replacenrent planting on the side slopes ofthe trail as

precautionary measLlros.
o Regular maintenance ofvegetative and enginecring structures for its

effective actions.

Working Unit
Trail, up-slope and dorvn-slope area affecting trail, safe disposal oftrail

rvater is taken as the r.vorking r"rnit.

Working Season
. Any timc during famrer's slack period for structural rvorks.
o Dr-rring Dorntant season if the site is moist and just before monsoon if the

site is dry (Baisakh, Jestha) for vegetativc r.vorks.

(se)



Activity: Road Slope Stabilization

Definition: Road Slope: Refers to the slope up and r'or clown of the road, ',vherc it is susceptible to erosion or

degradation affecting stability ofthc roacl.

Road Slope Stabilization ret'crs to thc rcgetativc ancl structural rreasttres applied in the roacl

slope to nrairrtain stabilitl' of roacl fiotll crosioll.

Major Problems Caused by
Unprotected Road SloPes

a

o

Unprotccted r' unmzrnagecl road sicle otien blocks the roacl trafflc.
De-qrade dou'n slope agrictrlture tielcls.

Major Causes of Road
Slope Degradation:

a

a

O

Unprotccted roacl side r-rp ancl dorvtl slope.

U nmanagetl runofTthrottgh thc road.

Toe cLrtting rvhilc constructillg loacl.

Objectives of Road Slope
Stabilization:

o

o

a

-[o 
reducc erosiot't tt'ont un-ntanagcd road slopcs.

To protcct roacl fiom crosiott. ancl

To improve the road for general hLLntatt atlcl lii cstock traffic.

Scope of the Road Slope Stabilization

contour bonding.
o Erosion control in rills ancl gLLllies by fascines. palisadcs. u'attlins. bnrsh la;-cring, brushrvood chcckdants.

o lnrprovement of roadsicle drninage systen'r includiltg cross drairls.

o Livc fencing to control lir ostock ancl hrLnlan intcrferertc.-.

Survey consideration

Dilersion Drainage

+-1+{--+ =|-..,-]+f !
--.--*t**---** i
-*H+i* j

Prop-rvall (Rip-Rap)

\
\
l

!
I

i
\
\

i

Boundary

eE5# Retaining wall

-+-+--^--# Wattling

4------'> Landsliphead

Cracks

--- --> Fascine/Palisade Line
Brush lal'ering

Survey
o Walk along the road and preparc map of aboutl: 2,000 - 5,000 scalc (lf not, at least skctch is mandatory') shorving:

o Bor-tndary olthe road slope requiring protcction (reference should be made to thc chainage of thc road).

o Locato

- Rills and Ciullies.

- Drainage and cross-drains,

- water sources, such as irngation (crossrng thc road slope), springs, etc. in the road slopc,

-.' Natural drainagc and its direction

- Diversion r.vaterrvaYs if anY

O Arca Lrp slope and dorvn slope of the road for planting grass, shrubs and trees

Measurement
o Slopc ofthc area.

o Total area to be tretrted rvith grass, shrubs and trec planting.

o Total lcngth olthe rills ancl gullies fbr the bioengineering measurcs such as tascit-tcs, palistrdes, brtLshr.vood checkclams for

gully plugging.

o Total length of clrainirge to bc in-rproved.

o 'Iotal length ofdiversional rvaterrvays to be installecl-

o Tottrl lcngth lor live ttncing.

(60)
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Survey consideration

Assessment
o The averagc cls,ation of thc area ( [-lsing topographic nrap).

o The suitablc spccics oftrcc. shrubs. ancl grasscs in constrltation rvith the corlurLLnities.

o flow tire recluirccl planting stock oould bc'nracle availtbic.
Analysis

o Key to tlte succcss of thc road slope stabilization lics on the detailed artal_,-sis olthe causcs of slope instabilitv and

measLrl'cs accordinglr'. \'Iaiot causc of thc roatl slope instabilitl, arc: -
..' Toe cuttins of thc slopc.

- Nlanagcnrcnt of rLrnoll'liont LLp slopes ri'ithirr the slopc.

Sketch/Photo Design consideration

filting of Retaining \\'all for ltrcreasins Stahilitl

Tilting retaining
rvalls torvards the
hill slope increase
the stability of
the rvall by'
increasing the
rr.ragnitude of the
restori ng
moment about
the toe point ol
the rvall.

Inrvard sloping bcnch can

make retaining rval1s

more stable by helping to

incrcase the bond
between the t'oundation
soil and the rvall

Benching

Slope Area Treatment:
o Landuse improvenrent: Grass / shmb / tree planting in

degraded areas, Hedgerow planting, Brush layering, Wattling,
in steep slopes,

o Treatment of rill and gully: Fascines, Palisades, Wattling,
Bmshrvood checkdams

o Diversional rvatenva,vs to drverl excess runoff from rip-
slope.

Toe Protection
Toe protection is essential to maintain the angle of repose of the slope.

This is generally done by the construction ofretaining wall, or
revetment at the base of the slopes.

Retaining w,all helps to slrppoil / protect the rc.rd slope segments lrom
the active eadh pressure . Whereas, re', 

"i1'neni 
is constructed to protect

the base of the slope from trndemrining or othcl Jamege, such as

grazing by animals. Retaining wall acis as revetment but uot vice versa.

Recommended dilnensions of c1ry masonly retainrng walls otr different
sl opes

Slaplag Sbne kyers ln Retulniry Walb IE e6e Stuli]aty

liward slopinq slone iayers cr
a dil Sasoary wall can
preveni slgnes comin-o locsc
ton the wa i

Crrud bffiction of Rebinln-g wdlt

CrraJlar arch lype conslrucion
ol a :ela nrn! yral , urher€ve,
poss ble rncreases ihe
st.englh o, the cverall

Arch shaped Pac<Lng
oi gab;or 5cres
in a guliy crossrn!

L

I

Slope \\'all height Base width Top width

30-i5 1.50 - 2.00 m 1.25 1.50 nr 0.75 m

35-400 2.00 - 2.-s0 nr 1.50 - 2.00 nr 0.75 1.00 nr

40-454 1 50 - i.00 nr 2.0(l -. 2.,r1) Il 1.(X) nr

o (-,'arcful design ancl supervision of ibuldations are of pararttortnt

ir.nportancc.
. I;or highcr rctaining u'all. consr"rlt Lhc appropriate rcf'crcnce tbr thc

stabiIity' anall'sis.
. l-hc lbundation shoulcl br- takcn clecp enoLrglt to safegr-rarii trgainst

rieather ancl shoulcl bc at icast h,'10,,l0cnr bclo* the ground lcvci
(For' lnr. high *'all. fbundation depth -, 1,10+30 = 50 cnr).

-fcchnic1Lics tbr increasjnq overalI stabi1ity'olnrasonry retaining * alIs

in c I uclc:

'l'ilting: filting thc *all torriLrds thc hill slopc increases the stability
olthc rvail antl its eff'cctircncss. lrpica1lr,. rvalls may bc tiltcd b)'a) k)

I 0 degrccs.

lienching: Bcnching thc tbundations as inciicatccl can add to thc

stabilrtl of the nall by proriding r.r.rorc irnchorage bctwccn the 
"vall 

arrd

thc soil.

Sloping Stone La1'ers: Stor.rcs can be preventccl tiom cornrng loose b1,-

packing the stone layers ofa nrasonry rvall so that thc layers dip into
thc slopc. Keep the anglc of the fbunclatrons ( lr:3h) rvith cach layer of
stone. 

-fhe 
otLter tirce of the u'all rvill autonraticallv come to Ih:3v if

this is donc.

Ilond Stones: Lon-e, tlat stones ertendirri: w'cll into thc soil slope ancl

placccl at rcgulerr inter"'als in the r.vall can incrcase thc bondbetrvcen tlre

rhv-skrnc *irll ancl the soil slope.

(61 )



Sketch/Photo

Phewa Tal, Kaski

Back-battered versus Front llattered Itetaining lValls

.\ back-hattcretl r.ctrinin!. tall is Ir.ric.(!)rt(rlr.itl than ll

Ir,,ril h.rttirr'.1 ,.;,.;111 11 rt.rll.
T;-picllll', Iirr plrtlirrrlt ultlth 1\\) crrrrinq [31't31ll 1.5lll

to lnr lhe back battclccl *'all scction uill bc I to I tillles
srraller than the llont battercd scction.

Design consideration

Circular or Arch Tlpe Construction (in pltn): l{ctainirtg i'"'alls that,

in plan. arc conslrllctc(l irr a *'a-v- sintilar to trch iypc ilrc strollgcr than

lincar rvells. Drainagc qullics along irrigrtton catrais arc crutplcs of

sLLitablc locations tbr suclr tvpcs ol arch rctairtiltq ri alls.

Integration With Bio-Engineering

Bioengineering techniques should be uscd in conjutction rvith rvalls,

according to site charactcristics, as follows:-
o Protection of backfill.
. Protection from scor:r and undercuttine olthe for-rndations and

sides.

e Flexible extension to the rvall by planting large bamboos, shrubs

or trees above the rvail, increasing the catch function .

I-ROYI - llA't'l'h RI'-D OR It,\ C :i- B.-\T'I'EREI)

.'\ ionrbattcrcrl rctajninq ri:ill h:rs ri sioping erposcd tnce and a rerttcal

buricd iacc. A back-battcrcti rctainirtg rvell has a verticai cxposcd lacc

and a sloping bLrnctl thce . Irlont-battcred rctaining rvalls are tttanY tintes

rrrorc expensir e tltan back-battered \\'1llls trccnttse thc ri,cight ofthc

backflll contributcs to\\'ards thc fbrces stabilizinq the s'al1.

Dil ersional \\'aterrr als

Rclir to \\ atL'r\\ a\ s lntl irrigatlon channcl intptor ctrlent fbr thc desigrl

enr-l pnctical considcretion fbr the \\'atcr\\,a) s.

Practical consideration

. Usc dry stone ntasoltr)'upto:l rtt. f)nly use othcr typcs ot rvall

rvhcn one is certain about its ireecls and can-jLrstily the additional

cost.

Ensure that walls arc prolrerlv backtrlled ancl cotltpactecl irt lavcrs.

Fillthc back of the ulll t jth,qrarcis flrst and thcn sand. Drainage

blanke t rr ith a poroLrs r.r.rcnrbranc olllltcr tibric (gcotcrtilc ii
possiblc. or hcssian) o\ er \\ cL-p holes or clrainrge rrea is preferable.

Dre ss all stonc (if it is roLurclerl) into rcctattsular blocks.

Usc stones as largc as possible. lfntaitrlr stttall stoncs are availablc

use larqe ones at lcast cverv one mctrc to tmprorc the tving.

l,isc ilattcr stoncs fbl thc top layer.

Dr1,, *alls co-exist rvith. ancl are strengthctrcd by plant roots.

Encourage or plant vegetatiolt.

L.lsc these dimcnsions fbr dry stonc rctaining rvalls. depending on

slopc angle- This tablc provides a gtLide to thc clintensions of *'alls

on cliltcrcnt slopes.

:t#k
, -.:r.#

\:

o

a

a

a

Front battered
retaining wall

lleck hattered
retuining uall

Ref'erences: -DSC. 1992. DOR, 1999. SCWMC, 2001
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Activity: Water Source Protection

Definition: Water Source: Relers lo thc rlrral water source, such as sprinqs and Ku$,as.
Water Source Cnnservation: Rel'ers to the vegetative and structui-al erosion control nrcasures applicd
in the rvater source and its catcl-mrcnt and distribution systenl.

Scope ofthc water source protection generally applies either to spring to be ]rrotected and thr-Ls

collected water is supplrcd to snrall nuntber ofhonseholds, or to kurva. u,herc it is protectcd and

comnrunity f'etch \\,ater ft'orr the kuwa itsclf-.

Major Protrlems
Caused by Unpro-
tected Water Source

a

a

a

Drying of the watcf soLil'cc.

Poor rcginre and cluality' of the rvater 1 icld.
Pot-,r lr.'ultlr artJ dr:er.c llunr \vJ1cr cutttrnttnuliott

Major Causes of
Water Source
Degradation:

o Environnrental (erosion. clcqradtrtion ofthe vegetation. polJution. Lrse olpcsticicles) degradation in
thc catch area ofthe soLn'ce.

. Racterialcontanrination

Objectives of Water
Source Protection:

o To inrprorc the qua1it1,, and reginrc of rvtrtcr thror-rgh soil and watcr consen'ation in thc catch area of
the sourcc.

Scope of the Water Source Protection

\\rater SoLrrcc Protcction involves fblIow inq:
o Clatchmcnt 

-I 
rcatnrcnt:

sLLcjr rs cc'rr.rtour terracing. col)toLrr trcnching. contoLLr bLrndingl.

o Erosion control in rills. and gullies bv tascines. pa1isadcs.,,r'attling. brr,rsh lalcring. brtLslrioocl checkdams. in the cirtclr

1fail.
o Sourcc Plotection:

o Livc lcnces around the area.

o Construction of r.vatenva)-s to tranagc \\'atcr.

o Control ofcontantinationofthesor-Lrcebl surt'accflorvofrvatere.g.f-ertilizer.disease/pathogcnstionranimal andhunran
\vaste.

o Distribution S-v-stenr: Construction of intakc. watcr storage tanks and rvater distribution svstcirt.

Survey consideration

Ilari l.urrd ----l-,; ; - - '-- (irass irn6 lr.t.r
tRaiser I'}larrtingi-$, '., u-l , _ . 

tt- plantirrg

i t u ' ':' i '\

iV.- - -_.t\ . llorrrrrlarl

i \* { { r.: 
(\" '-, - -- - 

-- - - -:1 Lantl Treatment l}ounrlarv

F<rrest Protection i\.$ .'' ,, ",o - -{Y, -- -, -.-:--: l.::::l;:':']i'..:i" '''""
\_ t / --\ Ilrush Lavering

,* .-' l- -,..-' \\,r".

treatment required) 
/ /-f 

" System g

at
Distributiorr , 1aP Stand

Svstem ,s ./
L _--:*:4 ------'' 

\\a

k :-r.-i-!-. \q -,-' 
ff- ltrurh Larerins

f '" 4 
-'tr>/- 

\\'ater
Rice lield t\tt ,/ -'./. Fticrrihrrrinrr . lap Stand

Fencing rL" / t 
waste water colrection tank' / I ) v=---,.-

t | \ 

-

Area to be orotected I \tt- e 6- eur PrvLL\'Lu 
I -*-' o*_*a___._ 

_*_ 
E

Intake Vegetable C'ultir atiorr

Visrt the spring, habitation in thc village and prcpar. nrap of about l: ll)0(,, 500() scelc (li'not. at least sketch is ntandatory)

shorving: -

o l)robable springs,
o C'rtch area oi'thc sprinu ancl landusc and erosron problcnrs (Rills and Gullics) itt the catch arce.

o Pornt source pollution.
o }Jouscholds nrap rntendcri to sene fionr thc .pring.
o SLrrvey thc iongitudinai profilc of the probablc alrgnment of water supplr, liner (Figure .. )

o List the nanre, address and irrigablc lancl holding ofeach beneflciarl, hor,Lschold.

o With thorouglr consrrltation *,ith the cornmruritv, identify a suitable location fbr a tap stand. Makc sure it ts physically

bclorv the sor-Lrcc and acccptablc to the intended uscrs.

o Measure tlrc din-rcnsion (I.-ength. Widrh lnd Depth)of cach suggcsted stnrctures (('ollecrtion chanrbers and tartksl.

o N{i:asurc thc lergth olthc tence arotLnd thc intakc^ particularly on thc highcr side.

o VIakc srrrc rhat it is not possible firr the intakc to be used as toiict or fbr r.vashinc.

r) i\sscss ('orrtarninetion of thr: soulcc. ivhcthcr the
Sourr:c shareci rr'ith anirrra1-..

- ,\quatic )ir.es livitrlt in thc :oitrce. attd

' ( lontantir,atccl rLrttol'l tuir itr tltc soulc,:.
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Sketch/Photo Survey consideration Continued.

Bund planted
with hedge

Springs ---

:

j

Storage

Drainage

ditch for
srrrface water

llund
Planted
Iledge

Protec-
tivc
ditch

PLAN

Silt Trap

Or"erflorv

y PiPe

Water bearing
layer

To stola_qe Tank

o A minimum of five villagers should acconlpany the trvo surveyors
dr-rring the detailed survey. Survey requires fbllorving materials: -

- Abney ler,el, altinreter. field book and 50ni measuring rape.
.' KhLrkri or heavy knifc lor clearing bushes along the rvay.
^- Large dekchi (knorvn volnme) and watcl-r for nteasr-rring the

source yield.
^- Three ranging rods or straight sticks ofequal height for the

Abney levcl srrrrer.

- Enamel paint and rvooden pegs to mark the survey route.

Design consideration

Soil
PrLddled (-lay Open

\\ral l

Wa ter
beari ng layer

To
collec-
tio l'l

ta nk

Stor.Le

Catchment'freatment: To inrprove and regLllate quality and quantity of rvater to the collection tank.

o Landuse improventent: Grass / shrub i tree planting in degraded areas, Hedgerow planting, Brush layering, Wattling, in
steep slopes, Grazing Iand management,

o Treatment of rill and gully: Fascines. Palisades. Wattling, BnLsh*,ood checkdanrs

o Diversion waterways to divert poiluted nlnoflcoming to the solrrce.

Capacity of the Source

o Measure the volume of water produced by the sor-Lrce in the driest period (Chaitra-Baisakh).

- Procetltrre:-
Take a container of known volume and note the time required to fill. Il"v" be the volume of container in Iiters and

"t" be the time in seconds required to fill, the water produced is "v/t" liters per second.

o Maximum number of the persons the source can serve is calculated by multiplying "v/t" (liters per second) by 2160.

(Water requirement per person is 40 liters a day).

Example Calculation:
Given: -
v = 20 liters

T - 30 seconds

Calculation: -

Flow. V = v/'f = 20130 = 0.666 liter/sec

Total rvateryield/day=Y*2lhoursx60minutes*60seconds=0.666*24*60*60=0.666*86400 liters=57542 liters
Nirnrber of Persons that could be supported = 56542140 = l43B persons

Check quality of water: Put lour drops ola solution of potassium carbonate in a small glass of the water. If decomposed organrc

matter is present, thc 
"vater 

turn palc yellorv indicatine organic pollution rather than of bacteria contamination (although the trvo

are usrLtrlly linked).
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Sketch/Photo Design consideration

Collection Chamber, Dhading

\l'ater Collection Chamber: N'lajor part of the \\,ater sourcc
protection.
. Design the collcction chambcr: N{ajor steps in the constrr-rction of

thc collcction chanrbcr 1 FigLrre): -

- When the spnng is identifiecl, the area is clearecl and cluq, to
tbrr- a rlcprcssion,

- A square or rectangular shaped stnrctrLrc. Uppe r parl is
mirtlc of thc loosc stonc, ancl Lrpper slope of the rvtrll is

illlecl rvith gravels and covelecl rvith pudcllc clav ancl soil at

the top.
..- Othcr thrcc sirlcs arc maclc rvith either concrete or stonc

cenrent nlasorlry to collect thc watcr
-- Collection chaniber r,''ill be providecl a pipo r.vith filter to

tekc thc \\,atcr to thc collcction tank. and r:r'erf'lou'.
-' fhe floor olchrnrber shoulcl bc oll'].Cl.C. (l:2:-l).
.. L.pper siclc cilthc chanrbcr is closed n'ith a prorrsion of

lockablc cor cr.

\l ater Collection Ch:rrnber: ('ontinr-rccl.
-' Thc size of thc collectiorr charrbcr riepcncls tLpon thc

ilischargc of th.- spri:rg, The nrarinr-ur.r sizc is 12Ocrlx 120crn
and clcpth of 7()cnr. tlie nrinirrunr sizc bcing
70cm'r 70cnr'i 7{)cnr.

..- Collection ohanrber is protected tionr thc contlurination
rvith the constnrctron of the buncl plantcd r,,'ith hedgc or
diversion \\,atcrways aror-nrcl it. Also the area is gencraliv
fenced.

. Retaining Wall: Thc spring altcr crcavation needs protcction. A
rctaining rvall is constmctccl in thc Lrpper sirle. To allorv nrore
dischargc to collcct. rctaining rvall is gcnerai)v ertended iatcrally.

o A nLrnrber of collection chambers coulcl be proviclccl to increase thc
t-lorv to the collcction tank.

Resen'oir -Iank

. Dccide shether tlrere is enoLrgh u,ater lor the pipe to run
constantl\. or it $ould bc be'tter to har"e a stori.lge rcselr r.rir

and rc!:Lrlatc sr-rpplv to thc tirp sttrncl.

^. Calctrlatc thc volr:me of rescnoir tank nccclccl to storc
t,,r'elvc hours' cliscl-rarge tiorn thc sourcc (or morc if
resourccs allorv fbr a bigger tank). iVlinin-runr size of thc
rcsen'oir tirnk is = "V,it* I 2(hours )'r'60( nrinr.rtes )*60( Seconcl)

litcrs=43.2 *V.it cr-r.m.
..- Provide the overflorl,nrcchanisnr in the reservoir tank.
.. Pror,rcle fi'ec board of nrinimum of 50cnr.

- I{eservorr tank must bc closcd rvith a pror"ision of lockablc
co\ er.

-.- FlLLshing nrechanisn.r n.rust be provided in the resen oir tank.
.' DLrgout reservoir tank is preferable, if the approprirrtc site

is ar ailable. Llolr er cr. such reservoir tank needs protection.
.. Ilsilt is:r problcnr il-onr thc collcction chanrbcr, silt trap

ntLrst bc pror irlccl bclore coile cting \\,r.rtcr in the resen,oir
tank fl'orr the collectton chamber.

Water Collection Tanks, Dhading

Protection of Collection Tank, Baglung

E.tample: A tap stand is to be supplied tiom a timk
*hosc outlct is -10 nrctcrs abovc thc tap. through a

pipelinc 750 nr long. Thc tap rcqtLircs ln .stinrxtcd
supplv of 1000 litcrsrhoLrr. rvhich is ncarly 0.3 litcr per

second. What size of galr anized iron pipe should be

usccl'? Try a l9ntnt (=l'1") diarttctcr pipc. Front thc tabie.

the frictional loss per I 00() m for a I 9nrnr pipc for a tlorv
of 0.3 i/sec is l8irn. The loss on 750 rn olpipe is

0.75* 18 t = 1-15.75nr. But only 30m of heacl is availabic.
-[hc loss on a 25nrnt (=l'') dianreter pipe is 0.75+,12 -
,l l.-im. ri,hich is still bo much. Therefore. tn' a Iarger

pipo. say 31nrnr (=1fi") in clianleter. The loss is then

0.75"1-l.lJ = l0.linr. llence a 3imnrpilrc shoLrltl be uscci.

Pipe.Design:......:.......:.::::]]]]:
. Flo* through pipe dependi,on iis,diameter. lriclionat

characteriitics rnd the applied Ireaa. A simple rough
calculation ior the discharge is givin the valrres in the chans
in Table.

o For,t.rult unA more complex water supply scheme requiring

,,: , :bieak pibssire,,+a1ve#ianks, aonsulfation with the water
:''']s.uFplyengineerii.srequiredt.......::.::::::::.
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Table for Calcul friction head loss in metres r 1000 meters of

I'able lbrCalctrhting pipe lriction head loss in percent of discharge per I00 nt of HI)l'lr pipe

I.lorr lll)l'l.loutsidc pipe dirmcter(rnDr)/'pre5!ure mti
I/sec
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l

Pipes are properly buried at least 50 cm below the surface.
Avoid the numberolbends in pipe layout. It is best to use

straightest possible course for pipeline.
Foster kitchen gardening as a packagc to water source
protcction.

Package Design
Water source protection shoultl be designed as a complete packagc

considering the proper treatment of the catchrnent area of the

source to improYe its hydrological rcgin]e . water supply to
community or individual houses addrcssing the community's
needs and using the rvastervatcr fbr the vegetablc farnring adding
ccononry to the conrr.r.rurlity. This incltrdes proper land-use and

erosion control rvorks in thc catchrnent area to protcct
environment. proper constmction of intake, piping, tap to supply
water as sen,ice and construction of small poids to collcct water
for vegetablc fan-ning Llsing wastewater to gcncratc cconomv.'

Working Unit
Catch area. spring. distribution svstem (ifrcquircd) and use ofrvastc
sller i. llkcn l. sorkirtg trrtit.

Kurva Renovation. Dadeldhura

Reference: - UNICEF. 1996 BIWNIP.20(ll. DS(. 1991. SCWiVIC. 1001.
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Activify: Shelter-Belt i Buffer Strip

Definition: Shelter Belt
Refers to a belt of trees and shrubs maintained to protect soil and plant resources from lvind and

conserve moisture to increase productivitv ofthe agriculture lands.

Buffer Strip
Refcrs to a belt oferosion resisting vcsetation (trecs. shrubs and grasses) maintained to recluce thc

effects ofupslope to the area. It is generally marntained to protcct lakes, resen,oirs and crops.

Shelter Belt / Bu.ffer Strip
Refers to the planting of trees, shrtrbs and grass vegctation in ror.vs mostly across general rvind direction
in case ofsheltcrbclt and across the slopc in case ofbuffer strip.

Major Problems
caused by Wind or
Upslope Runoff

. Soil erosion (wind erosion in case ofshelter belt and rvater erosion in case o1'buffor stnp.)

o Desiccation (b1, *'indt of plant
. Reduced soil f'ertilrty' (causecl bv moisture deticiencl' and erosion)
. Damage to plant (Upslopc rLrnoflr

Major Causes of
Degradation caused
by high wind and
upslope runoff:

. High rvintl veiocitr (rn ct-se o1'shL-ltcr bclt) and Upslope erosion (in casc olbuftlr'strip)
o Unmanaged rLrnofl

Objectives of
Shelter Belt /
Buffer Strip:

Shelter tselt
o To reducc *rncl crosron and consene soil and moisture for better procluction oicrops.

Buffer Strip
r To reduce adlerse eftect fi'onr upslopc crosion and conscrr c soit and nroistrLre tb:-better prodLrction.

Scope of Shelter Belt Scope of Rufl'er Strip

r Planting oftrees and shrubs rn prc-

designed pattem ofspacine and

height.
o Protcctron ofthe vegetation from

grazing ancl human interlerence.
o Scedltng production.

o Planting rrf trecs. shrub-' an.1 gras-ses in pre-rlesiqncci prrttcm olspacin,s and heisht.
o Protcction ofthe r egctation fiour grazing and lrr-Lnran intcrtcrcnce.
o Constrr-Lction of diversion \\'ater\va)s fbr safe drainagc mainJy fbr bufter sh'ips.

. Erosron control nreasurcs (such as fascines. palisades, contouf ivattling. bmshu,oocl

chcckdan-is) ir: the case oferosion prone area.
. Seedlingproduction.

Survey consideration

Nlapping: Prcpare a map of about l:2,000-5.00() scale (if not. at least sketch is rnandatory) sho*ing: -

o Area to be protected (shorving af-fcctcd land units).
o Suney and prepare location / orientatiott o1'strtp.
. Rills, gullies and drainagc.
o Water sources.

Measurement
o Length and width of the strip (land strip in rvhich shelter bclt,rbuffer strip has to be planted).
. Slope ofthe lancl in case ofbuffer strips.
. Total length ofthe rills and gullies.
. Total length of the live l'ence.

Assessment
. Type of land and the problcm
. Soii rype, climatc, (nraximum and minimunr temperatLlre, u'indy period)
. The average elevation of the area (Using topographic map),
o Suitable species of trec, shmbs, and grasses in consultation rvith the communities. including legunies
o Horv the required planting stock could be madc avatlabie.

In case of shelter belt
o Location (distance from home stead, cropping pattern etc)
o Wind velocitl arrd dircction

-._>
'-->

Flow of rvind over a modcratclv
penetrabic Shelter belt.

Flow of rvinti over a

dense Sheltcr bcit.

-1i!;,1,.1tlll,tl' I

----+ -fiitllit,;t,a
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Design consideration

Shelterbelts must be dense in their lower part, whereas the mrddle and upper parts should be more open. A shelterbelt should
consist of approximately 65 % shrubs and 35 % trees, which are further subdivided into about l5 o/o tall ancl20 o/o medir-rn size6
trees"

Sketch/Photo Design consideration
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Wind permeabiiit-v-: Dense vegetation reduces air flow. Pemeable
structrrre allorvs about 30-35% air flow and porous strltcture
allows more than 4()oh air flow. Effective shelter belt needs to
allorv 30-35% air florv.

For Windbreak:
. Design wind break perpendicular to the r.r'ind direction,

Permeable (screen allor.vs 30- 35% air flow). ln the fleld,
a plant / crown density of 50-60 o% is generally nrain-
tained fbr penrieable screen.

o Preferably 3 storey and 3 -5 rows,
o Havc a sreat holght.
. Pemtcable shelter protects a far distance on leeward side

contpared to dcnse one.
o Shelterbeit protects an area up to i5-20 times its height

on the lee* ard side and 5 tintes on rvindrvard srde.
For agricuLtural attl range ltmd.s
- Inten,als betrveen indir idual shelterbelts may be taken at r.rp

to 20 times the height of the tallcst growing trees.
- At all leveis of shelterbelt and both sides ofthe belt should

contain rows of tree for uniform permeability that will rentain
dense near ground.

- Spacing betrveen rows is generally 3-4 m. and betr.veen plants
is 1.5-3m.

For littestock
- To provide shelter during hot season. Establish sn.rall. dense rvindbrcaks in V or U shape, with the open end ofthe V and U

downr.vind.
F o r P r,t t er' t i t t g.[Lt fl ils ! ?or I
- Needs the greatest reductton in rvrnd velocity around the f'armhouse. barnyard and garden therefore establish dense (screen

does not allorv air flow) belt around farmstead.
For Buffer stril) to protect soiL from yvater erosion
- Several strlrctural tvpe (nrulti-storey) dense belt is constrr"rcted on slopes and banks.
For Buffer z.one to reduce harn{ill emissions;frontfactories
- Dense stnrcture rvith grasses, shrubs and higher trees around factory areas to fonr-r But'fer zone.
I or Scenic value
- Various combinations ofdifferent species is used depending upon the landscape.
Shelter for wild animals
- Coppice strips of spiny. thorn1,, frLrit -bearing species in scattered patteln and not too dense.

Practical Consideration

o On hill slopes dense vegetation is established as buffer strip intercepting surface run-offand reducing water erosion.
. Buffer strip along strcams also sen'es as a bank protecrron.
o Select those species. r'vhich are knorvn to grorv best in the localitv. Prelerably evergreen or else be in full foliage during

the main problem period and rvith desirable features such as rapid early grorvth, adequate height, longevity, dense crown,
r.vind firmness and multrple use.

o Shelterbelts must be dense in their lower part, where as middle and upper part should be more open.
. Multi storey belt with multiple tree species are preferred.
o Con.rplete soil preparation to a depth of40-60cm ovcr the entire strip is needed lor planting trees.

Some Tree species Soil conditions Some Tlee species Soil conditions

A c c ac ia a uri c' Ltl ifo rm i s Alkaline and water logged C as urina e qui s e t ifo lia Clay

Actacia nikttica Heavy soils Dalb e r g ia,s i s s o o/ 51,21, g itutt c uminii Sandy, alluvial

Alnus nepalensis Moist sandy clay EucaliptLts sp1t. Moist sandy loam to alkaline

Azadirachta indica Moist sandy clay loam Le ucaena le ttcocep hala Heavy soils

Albiiia procera Sandy loam

Reference: - FAo, 1976. Rief, Aiberl and Thomas Schmuz- 2001. weiaett, H.J. 1976.
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Activity: On-Farm Conservation

Definition: Management of the farm resource to conserve soil and water and improve production through various
measures.

Major Problems
Caused by
unmanaged
on-farm

o During thc rainy season fine topsoil frorn the Llnprotected famrlands are lost each year. Along rvith
topsoil, valuable nutrients stLch as Nrtrogen, Phosphorns, Potassir-rm and organic nlatters are also
lost, resulting in decrease in crop yield.

o Loss of topsoil decreases the overall quality of the soil as the moisture holding capacity becomes
1ow, organic matter content is reduced and the soil becomes infeftile. hard and stcrile.

Major Causes of
on-farm
degradation:

o

a

a

Unprotected slope ancl sloping length of the famrlar.rd including laiscrs.
Unmanaged runoff and moistute constraints.
Lack ofsafc drainage and irrigation canals.

Objectives of
On-Farm
Conservation:

a

o

O

Redr-rce soil erosion

Conserve moisture irnd nLrtrient
Increase productron

Sketch/Photo Scope of the On-farm Conservation

Drainage

. Vegetative (hcdgcror,/ strip planting / bio-terracingl and
physical measrrre-s (rctaining r.vall)applicd in the farnrland
inciucling slopc correction,/ nrodificatior-r of thc ten'ace .

o Planting oftrccs. herbs. or grass on marginal i rvastc land in
betu'een and ./ or u'ithin larmlands.

o Planting olgrass. trees ancl Ieguminor-Ls shrr.rbs on the nsers.
e Nlanagenrent ofrunolf. n.roisture for erosion control and

crop production throuqh improrement oldrainage,,
i:rieation canal (rvithin the plot) and water han cstr:rg
( tan kslpondl.

. Gull) plugging (fascine. palisacles. rvattling, grass plantrng,
brushr.vood checkdam, brtLsh layering).

Lemon, Chilly, Tomato

Waste-Water Pond

House-Yard Zone

Grass Sou'ing

/
Fodder Tree
Plantine

\
Lt,i-..

Loose Stone Raiser Wall

Loose Soil Terrace

Contour Bund

I Canalrsiona

I

I

I

Dive

Vegetable Terrace

Kitchen Garden
Zone

Crop Production Zone

Boundary Zone

Survey consideration

Nlapping
Visit the farm and prepare map of aboLrt 1 :2000 5,000 scalc ( If not. at least sketch is mandatory) showing: -

o Boundary ofthe fann lar-rd under considcration for conservation.
o Map the individual terracc plan.

o Natural drainage and their dircction
o Sourcc of rLrnoff (rvhere does it come tiom and r.vhere does it go) and an appropriate place where it can bc saf'cly diverted
o Drainage fiom housing complex including tap

o Possible place lor pond constmction for harvesting water from the housrng conrplex

o Gullies
o Waste Area (rvastc and marginal Iancls w ithin the fiirrr units ancl risers) fbr possible planting.
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o Measure I 2 representativc cross section of the fann for dcsigning the slope correction / modification of the fam-r unit.

o Measure the dimer-rsions of stone retainir-rg lvalls in front olthe housc if requirecl to support terrace.

Assessment
o ldentify grassesishrub/tbtlder trccs that ivill be plantcd at suitable area that inclrLdcs waste and ntarginal lands, but-rds and

risers rvithin thc farm itnits ancl boLrnclary ofthe tanlr trnit.

o Identit,v and list thc bcncflciarics

Sketch/Photo Desi consideration

Bagmati Watershed, Lalitpur Farm unit may be qcncrall)'dividcd into four major zoncs

o tlouse Yard Zone: Gcncrally requircd:

o Retainin-g rvalls: To protcct the housc front sliding and

erosion. It may rcquire to levcl 2 to i terraccs in fiont
of thc hor-rse basically to dissipate the energy of the

conccutratcd rr-rnoff from the hoirsing complex. Do not

plan on levcling more than 3 terraces. as morc lcvcling

may calrsc stability problcni by holding cxccss water.

o Drainagc: To drain runoff rvater fiottt roof and hor-rsc

vard cithcr to collect into pond or clisposcd saicll'.

o Snrall pond: To collect runoffor houschold wastcwiltcr

and irrigatc the crops t vcgctable.

o House 1'arrl boundary ',vall: A half meter stone-*'all

constructed along the bottont side ofthe house varcl

area to keep animal either in or out ofthe tarnt.

Bagmati Watershed, Lalitpur

Kitclten Garden Zone: Generally rcquired:

o Level terraccs: Belorv house-yard boundary rvall 2-l
terraces can be levclcd for grorving vegetables. Water

fronr thc ponds can be uscd to irrigatc these teraccs.

o Loose stone rctaining rvalls: Help to dissipatc the

encrgy ofthe runoffand reduccs erosion.

o Terraccs: Level terraccs rvith grass raiser and r.rnleveled

terraces *,ith grass bunds.

Crop Production Zone: Generally required:

o Partially Leveled Tcrraces with Grass Raiscr: For

better soil. nroisture and nutrients consen'ation,

n-rulching is done. Hcdgerow is planted at the rin'r of the

terraccs to help bio-tcracing. Hed-uerow rvill be

rcgularly trimmed to avoid shading effect on agriculturc

crop.

o Sloping Lirnd ri,rth Strip Bund Planting: Bunds are

planted rr'ith grasses such as Seteria, Desntodir-tm. and

small legurninous fodder spccies. Regularly trimnted to

al oid shading effect on agricultural crops. Soil

accumulalcd at the bund rvillhelp bio-terracing.

B o u n dary Zo ne.' Gencrally required:

o Fodder Planting: At thc rim ofthc boundary fodder and

fiuit trees, bamboos or hedgerows are planted.

Remarks: - All farms may not have all of thesc zoncs anrl nttry

not need all thc mcasLrres. Horvever, package treatnlcl.lt

consiciering diffcrcnt aspects ofthe farrn unit is esscntial to

rnake the activity rcsult oriented.
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Sketch/Photo Design consideration

\{**3:---e---

- 
Fann,-r's llousc

# L('\'clcd Tarrac.
Fruit I rccs

TL'rracc Bunds sith Crasscs

Field Assessment of Farmland, BWB 1997.

Foddcr I rccs

Drainagc ( hanncl

Pond
Shnrb

Terrace Dimension:
o Roiser Height: Generally, height upto 2 meters is recomnlended.

(Experience has sholvn that using the local skills the fam'rers

have built and maintained the stonc riser up to 2nt high
rvithout problems. With this riser slopc r-rp to 609'o can bc

ten'acecl gir ing a tcrrace rviclth of 2m., rvhich is essential for
ploughing the land using, the bullock power.)

. Ten'ace width: Minirrum of 2 mcters 
"viclth 

bcnch terraces is

rcquired for the ploiving by the bullock.
(Dcpcnds on various factors such as rzriser height. slope. soil

depth. crop to be grorvn, crop needs and tools to bc usccl as

rvell as larmer's inte rest, financial statlts and the tarlllcrs'
choice. Generally, it is dcsirable to kccp the rviclth bctriccn l
and 5 nr. Too rvide a terracc is not onl)' costll"but also nccds a

deep cr-rt and requircs a high riser, rvhich is r-rot dcsirable.l
o Terroce length: Depends upon the size and shapc olthc tield. the

dcgree ofdissection ofland and so on.

Practicai Consideration

lvlark out the lincs otterrace lort-nation. using an "A'' tiarne to mark

contorrr.
Start building thc tclTrrces tronr the top of the hill and proceed ilou n
s lop c.

Removc topsoil and collect nearb;- place.

Raiser ancl bLrnd construction.
Once the rrain benches harc been formccl. conrplctc thc surfrces b1'

smoothinq them to er en gracle.

-\ttcr eren i-icnr oltril. thc soil should bc compacte-cl flrnrlv bv a

bcetcr.
Replacc topsoil on terracc steps.

lmnrecliatelv afier the constrlrction of tcrriices. raisers antl buncls

shor-Lld be shaped.

The edgc ola terracc should be built a Iittle higher rhan plannecl.

because ofsettling. The rate ofsettling ntay be as high as l0% ofthc
depth of fill.
Both thc revcrse and horizontal g'ades shoulcl be chcckcd b-'- I level

dr,rring construction.
Shape thc slopc of the nser to 0.75:I (v:h, in cilse oisoil riscr).

The top and srLb-soil are thoroughly mixed if the top soil is not

aclequate lor thc tcrracc. If the sr-Lb-soil conclition is not good. thcn it is

ncccssary to keep them apart ancl shor.rld be spread on the tefface sftcr
constrLlction.
\\iorkrng dorvn the slopc on each terrace. cut out the back ofthc terrzrcc

benches and pile thc subsoil along thc front ofeach step.

Plant grasses and possibll, also locklcr or lrtrit shrubs anci trccs on the

terrzrce risers- bunds trnd bor"rndarr'.

o

a

Consideration for soil productivity maintenance:

a Deep plorving, rippins or sub-soiiing is nccded on thc cr-rt part of thc bcnch terraces to intprove thc structttt'c of the soils.

Cirecn rnanLrrirlq. colnposting or slr.rclge application is alsc- neecled in thc inititrl perioci fbl intproving sori itrtility-
\4aintain soil proiiuctirity bl propcr crop rotation ancl lcrtilization.

a

I

Remarks:
. The succcss of terraccs lies niainly in safc water management ancl regular maintcnance olthe vegctation on thc raiscrs. btrnd

and boundary.

Working Unit
. Individual fnrnr plot is consiclcred as working unil.

Working Season
o Builcl the terracc r'vhen thc lancl is not too dry and too wct.

o Generally, a tanlcr can complete thc entire inrprover.ncnt i.vork n'ithin 2 ntonths ercept fbr grass/trcc plantatioll, rvhiclr is donc

at the onsct of thc ntonsoon in June/Jtrly.
o Operation ntust bc tintecl rvithin the iigricultural season. so that thc lanci scttlcs back properly beforc thc next crops are so\\'ll.

Farmcr's slack pcriocl is r-ttost appropriate timc.

References: - NRRAand IIRR. 1992. BWP. 1997. BIWlvlP,200i. DSC. 1992. SCW\4C.2001. Sthapit. K. N{.. 1t)t)E. Ted C. Sheng.
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Fruit l.ree

Refers to the fruit trce planting along with vcgetative and structural erosion control measures applied on

the agriculture land, which is not suitable for annual cultivation or communal land under somc local

institution such as school and non-governnlcntal organization.

Soil erosion

Low productivity
a

a

Major Problems on
Marginal Lands:

Overusc of the nrarginal lands (Ptivate or Contt-ttr-Lnal)

Unnranagcd runoff
Irradcquale protcctir e vegetative co\ crs

a

a

o

'lo rcduce erosion and incrcase productil ity on the indir' idual's overused agricrtlture land and conrnlutlal

land by introducing fruit trccs.

Cultivation on nrarginal lands (stccp slope bcyond its capability) is hanrful tbr thc soil and rvatcr

conserl'ation. Thereforc. fbr better land husbandry changc of landuse fiot-n annual cLrltivation to perntanct.tt

crop (such as gl'ass or tbrest) is l'erv esscntial. Horvever, qLrestion is whethcr small tarntcrs can give r-tp

cr-rltivation and live on grasscs or forest? If not one of the alternativcs could be to plant frr-rit trccs, rvhich
could czrm in ferv ycars. Therelorc. planting fiuit tre es under ph1'sical activity is aimcd at the marginal
lands as a schentc of changing landuse. Plar-rting tiuit trees other than ntargirtal lands lor better ccononl.v

mLrst bc covered front the incontc sctterating firnd.

Objectives of Fruit
Tree Planting:

Scope of Fruit Tree Planting

o Fruit trec planting rvith ncccssary consen'ation tcchniques sucit iis contoLlr terracing. cotltour trenchitlg. contoLlr bunding
o Erosion control nrcirsures suclr as I'ascinc. palisadc. rrattlinq. grass planl::'g. brush layering, brtrshrvood cl-tcckdam, as tleedecl

o Construction ofdivcrsional channel ancl safe drainaqc
o Protcction of fiuit tr.'es (such as lir c fcncc)

Survey' consideration

Land treatment boundary
Fascine/Palisade Line
Landslip Area / Brush
Layering

-x- ii'; \
f *',*. *a/* I)._-:/i;* :

-z!;; ' Y

--\
- '/ Gentle Slope Agriculture Land

(No fruit tree planting)

Steep Slope Agriculture [,antl for Fruit Tree Planting

N{apping
r Prcparc nrap ofaboutl:2.000 - 5.000 scalc (lfnot. at lcast sketch is

nranclatory ) shorving: -
o Boundary ofthc dcgraded land atrd averasc slopes

o Natural drainage and thcil direction
o ' Guilics (including landslips if any)
o Divcrsion waterways if ncccssary
o \\'ater sourccs (such zrs springs. swamp, ponds. irrigatiorl

clitches. canals, pipcs)
Nleasurement

o Arca of the land,
o Total length ofthe rills and gullies for thc bioerruineering

measures such as fascines, palisades. brushwood checkclants for'

gully plugging
o Total length for live fencing if requiretl
o No olscedling required

Assessment
o The averagc elcvation ofthe arca (Using topographic nlap)
o Soil depth, Texture, Status of organic matter and NPK. and pH

o The suitable fruit species in consultatiotr rvith the farnler
o Appropriate species (crop. slrrub, tr-ee) for inter croppine
o Horv tl-re recluircd planting stock cotrlcl bc ntade available
o Aspect
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Sketch/Photn Design / Practical consideration

Site Selection:
Appropriate site lor fruit tree planting: -

o Prefcrence to good cirainage & irrigation facility
o Wellaerated
o With rcasonablc transport facilities lor niarkct acccssibility.
o Soil:

- Fcrlile r.vell drained loamy soil
-- At Ieast 1.5 nl deep

' Cood rvalcr holrline crprcitl

Nlango, Litchi

o Planting

- Dig the pit sufficiently deep fbr the planting.

- Ensure that roots ofthe plants are not bent rvhen planted.

- Plant thc sccdlrng at thc ccnter,

..- Press the soil firmly around the plant,

. (iir e iupport to kceP thc .ectllrng strlight.

^- Regular watering is required tbr better growth,

..- Mulching rvill help the seeclling to conservc soil anti

nioisture and protect fl-onr hcat.

r.'.

Tiii:

Site Preparation
. Alignment' Thcre arc diff'erent pattcm fbr alignment.

- Square: Pits are aligned at the sqr"rare shzrpc

-.- Rectangular: Pits arc aligncd at the rcctangular shapc

- Triangular: Pits are aligned at triangular shape

- Contour Raiser and Terrace: Pits are along rin-r ofthe terrace

, Spocing: Dcpcncls on tlre specres. slope ancl shape of the lancl

trn rt.

Pittittg:
.- Cienerallr'. size of thc pit is lm in diameter and I nr dccp.

- Pitring is done * cll in irclr ance (about I I ntonths bcforc
plantin g )

' Dig top 1-5 cnr of thc pit. iind put the soii separlrtcl)

-- Furthcr dig thc pit to lnr dcpth. thus dr-rg soil is erposcd to

sun tbr about 1,i dar s to destroy' harmful insccts

- \{ix somc pcsticidcs such as aldrin in the top 45 cm soil,

and put at the bottom of the pit

- Rest of the pit is filled rvith ri'ell nrixecl soil of conlpost or

FYN'I. bone mcal ancl pesticiclcs. Thcn iirr11, prcss thc

filling. Filling of the soil shotrld be.15cnt higher than thc

ground.

Amount of Cornpost and Farm lhrd Nlanure used in pit:
Species

i\pple. Peach.

PItrm, Pear

Orange, Swcct

omnge

-ll ) s11.. S0 gttts.
*t'"-pffii' 

*..rror*
Dcmonstration Site" Dhankuta

I Farmer's land, Palpa

(74)
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Sketch/Photo Desisn / Practical consideration

o Nlaintenance
o Regular Pruning

\Yhy?

- To control the spreading of the crorvn (Tcmperate fruits:

Apple, Pears, Pcach, Plr-rnr)

- To avoid insect attack

- To reach the pcsticides inside the plants
-' For goocl aeration and sunlight to reach insiclc

- For good fruiting (big sizc)
,.- For fiuiting for lor.rger duration

Horv and When?

- Start pruning from the beginning

Banana Plantation
1" \'ear o Cuttop lcaving(r0cnrancl side leaving l0-15 cni

(Only for Applc. Pear. Peach and Apricot)

,id _5rh l'ear o Keep main branchcs gros'ing in thc fbur drrections

and cut rcst of tlie branchcs

\t
#

3"r\tnr o Pruning should be rttade Iear"ing 50 cnr

4tt'Year o Cut main branches rvith tu'o sLtb-briincltcs.

After 5'h Year Prune
o All ncrv brarrches grorving front the nlain stcnl

o Dead. dying ancl diseasccl branchcs
. Branchcs grorving towards centcr, groltnd, ancl sky

General: -

. \trtical distance (upper to lowcr) betrr'cctt branches should be about

l0 cnr

. In casc ofgrutted plants. all branches bclorv gratting nrust be prutled

o Lorvest branches fiom the gror.Lncl shoLrlcl be aborc;1-5-60 cnt

. No poftion of the cr-Lt branch should be lcfi at thc joint

. To sprcad thc branches at the joint prtt sonlc rvood

. Branches shortcr than 50 cm need not be prltned

o Do not prune rvhen the learcs ancl fl'trits are still in the plant

Pruning Tools a

a

Scateur.

Pruning sarv

-['rentment . Appl) thc ''Bordcux Pastc'' or "Wax" on thc

prr-Lned sr-rrf ace to avoid inlcction and drying

o "Bordcux Paste" is prepared by mixing t)0 grams

of Coppcr sulphatc,90 granrs of lime rvith I litcr

of rvater

o For thc efJ-ectivcncss of the "Bordeux Pastc",

apply it rvithin 12 hours ofrts prcparation

\\trrking Unit: -
[.ancl r-rnit in consicleratron is takcn as rvorking rinit.

Referenccs: Sangrar-rla, I.P.. ct.al. (Conrpilcdl l0i:+ (B. S.t

(7s)
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Activity: Fodder / Grass Plantation

Definition: Rcf-ers to fodder trec and grass planting along rvith other vegetative and structural measttres applied on the

marginal/grazinglshrub/w aste lands, tcfface risers, kharbari, road slopcs. gr-rl lies, wastcr and fbdder orchards.

Major Problems in
Marginal Lands:

a Soil erosior-r

Lorv productivity
Lack offbrage & fodder lor livestock production.

a

a

Major Causes of
Degradation:

a Inadequate protcctivc vcgetative covers

L' rtntrnlg.cd surlhce rttrt-r'tT

Over grazing & human interferencc

a

o

Objectives of fodder/
Grass Plantation

To reclr-rcc crosion fiont degracled grirssland. shrubland and private non-cultivated areas and increasc tbrage

and fodder production.

Sketch/Photo Scope of the Fodder / Grass Planting

1t
l,€IE

-*g
E*
€&g

::

o Consen,ation planting offodder trce, grass anrl legtrntes,
. Erosior.r control mcasures such as fascines, palisadcs. contoLlr

rvattling, bruslrrl'ood chcckclanrs,
o Introduction ofrotationa] erazing and han'cstinq. application ol

Iirti I izer :rrrJ i rri:ietitrn.
. Constniction of dir ersion \\'ater\\'avs tbr safe drainagc.
. Protection ofthe area (includinq live fencing) fionr grazing and

hunran biotic interference.

Survel' consideration

\'Iapping
. Prepare amapofabout l:-5(l()0- 10.000 scale (lfnot. at lcast

skctch is nrandatorr') sho*'inq:-
.' Boundary ofthe land tbr silvi-pasture nranagcntcnt and averagc

slopc.
.- Natural drainagc and their direction.

- Gullics (inclucling Iandslips if any).
-.- Dilferent type s of lanil Lrnits fbr various planting te chniqrres

and combination of plants (Orvnership and lart'l use)

- Divcrsion water ways if necessary.

- Water sources (such as springs, swanip, ponds. irrrgrtirtn
ditches, ciinals. pipes)

Nleasurement
- Lancl area.
- Total le nqth of lir c t'encins
- Total len_sth of thc r.jils and gullics tbr bioengilteerirtg treatment

sLrch as tascines. palisaclcs. brr-rshu'ood checkdatrs.
.\ssessment

- Suitrble plant specres in consr-rltation rvith the conrntunities.
Choicc ofthe species should consider its adaptabilitl and
resistant to loping. qrori inq scason. pnority to Iocal spccics.
cor.r.u.r.rur.rit1,'s pref'erence. quality (nutritivc rllue, paIatabiJity',
toxicity) of tire species. and arailabilitl' olplanting stock.

-lirtal requirement
Fcecl rccluirement fbr difftrent animals is different. One butlhlo ts takcrr

as one livc stock unit (l-SU). rvhich rcquires 9 kg ofsun dried srasscs i

tbrage per clay rvhich is ccluivalent to 20-25 kg ofgreen grass. Live
stock unit of sonle aninrals is catcgorized below:

(liven: -

Community has 100 nrilking butfaloes. l0{) C'alf-, l0()
Cows/ Oxen, I000 goats and -i0 kids.

Calculation Animal
Lir e stock r,rnit l-ivestock No Rcciuircnrcnt

Anitrul LSU Live,stock No. Req trirettLt:nt .l b = a*b

Milking bullrLlo I 10() 100 \4ilking butthlo I

Caif 0.50 10t) 50 Calf 0.-50

Cow i oxcn o.'7 5 300 225 Corv / oxen 0.75

Goat 0.10 1 000 100 Goat 0. r0

Kids 0.05 50 2. _s Kids 0.05
-fotal Requirement 117.5

Feed Deficit:
Sr.rrnrning Lrp of the requirentcnt for difl-ercnt livcstock gives total reqtLirctnctrt.'fotai rcquirentent nlinLts total prodr.rction gives

delicit. Attcmpt shoulcl be nrade to firlflll the dctlcit.
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Design consideration

Preferable planning techniques

r Fodder tree planting on big mounds protected rvith

stone rvalls

Marginal lands

u,ithin thc
agricul ture

o Leguntinous fbragc. Pref'erably perennial. Fodder

trees sparselv planted or hedgerorvs and lbrage in

a I lcys.

Kharbari Fodder trees on boundary.

Site Condition . Recommended Nleasures

I)rv slopcs u,ith
poor soils

Over plesstrre on

land resotrrces

clue to urazing

li:rlancing thc nun.iber ol animai population rvith

carrlinq capacitl oi' arailablc Iancl.

Rcplacc unproductirc animal rvith irnproved onc

I:t'lcctivc closurc :rnci scientillc rnar)agement

practices.

Protect li)rnl grazrng iLive lcncing. ditch corc

rvall).

Seeding rvith high 1-ielding perennial grasscs.

lnter-plantine ol legurni:rous hcrbs,

Weerling

Use of t'ertilizer (if cost is recovcrccl)

('ut rud iarrv rnanagement

o Sou'ing srasscsihcrbs in contour ditches 75cn.r apart

or tcrraces.

. ContoLlr hedges of' lcguminous shrubs.

. L'ut antl carrV managenrenl

Lorv qualitv
l'eed. spccialll,
during dry

seasoll

o Feecling erasses/ lbrage at right stage oi its growth.

o \'laking sila-ecihai,' to preser!e uLrtrients and

enriching ol cereal strarv,

(irou ing shmb ;rnrl tree tbtltlcr in contbination rvith

grass.s ,' iegume herbs ro sirpplcirlent ciurinq slack

scason.

1;:i:_ : :l 1r,,11 ir'r.- :r

'.:.!:;ta:

;:j,:+l:,:':::::- .. *

;f !rt!

Mouq[_P-Ianting

Planting

L'-

Practical Consideration

o Sou ing of grass seccls (Zil 1-1 kg i ha in the bcginning oi
nronsoon & the deprh olso$,ing is 5-8 cnr.

o Planting slips rhizorrcs of grass species is rnore successfll

thrn sccrling.

. l-l \\!'r'din.-q is good tbr grilss-so\\'n area in the first 1,ear.

. Pit sizc lbr lbclclcr trc.- ancl shnrb is i0cnrxiOcm and spacing

r arics lrclm l nr to .l rrr.

o Tree ibdtier spccics ivhich can also be grorvn by direct

seeding arc Tanki. Bhatmase , Caiiandra.'I'ephrosia, Ipil-ipil.
. It is essential to takc neccssary actions well in aclvance for

the required planting stock inclucling nrrrsery.

. For sustainable land nanagernent. grazing should not cxcccd

the carrying capacity (land required lor grazing by one live

stock unit). rvhich varies rvith ltrnd types, plant type,

clinratc. nranaqcment, etc. Theret-orc it shoulcl be assessecl

locallv.

. Ctrrrying capacit), of pastoral land can be incrcased by intcr

planting of shrr.rbs .rnd tree s. Thev provide green fbdder

during dry scilson this planting syslcm provldes permancnt

covcragc and constant supply of animtrl t-eed.
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;easonal1t ilability of fodder

Fodder species Main months for fodder
supply

Other months in which
fodder carr be supplied"

;*

Altitude
range
(in Nleters)

Production/
plant /

-year in kg

Tanki (Buu hini u p u rpil re o ) Kartik to Ivlagh Ashrvin, Falgun & Chaitra < 700-i u00 7-80

Chuletro (Brassaiopsis hainla) Paush & Ma-eh Man-ssir & Falgun 700-> I 800 4 0-60

Badhar ( A rto t tr r1t u s I u koot' hu ) Mangsir to Falsun Kartik & Chaitra 700- 1200 6 0-2 00

Koiralo (Barliin i o ru ri e gLtt o ) Mangsir to Falgun Kartik & Chaitra < 700-1800 60 50

KlranyLr ( Fit'tts scnticordulu) Mangsir to Falgun Kartik, Chaitra, Baishakh & Jesth < 700,1IJ00 50 00

Kntmiro ( Litseo nortopetuIu ) Paush to Falgun Ivlan,esir, Chaitra & Baishakh < 700- I 800 60 00

Nimaro (Iicus nlrbrghii) N{agh & Fulgun

Magh & Iialgun

Ashoj, Kartik, Mangsir, Paush,

Baishakh, Jesth .r Ashadh

< 700- > 1800 60- I 20

(iogan (Sarrrarr io ttepu lan.sis ) Magh, Jesth & Ashadh Mangsir, Par-rsh & Clhaitra 100-120

Dr:dhilo ([;it us rtennruIis) Kartik, Mangsir Paush & Iialgun 700- > I {300 50-80

Gintleri (Prernma spp.) Paush..lcstli & Ashadh Ashoj, Niagh, Falgun & llaishakh

Bhimsenpati (tluddleia asialica or

panrcuJaLa.1

Kartik & [:aigun

C--haitra. Baishakh, Jesth

Nlan_gsir, Paush, Magh. Chaitla.

Ashadh. Shrarvan & Bhadra

Kabhlo (Frlrs Iut'ltrtrrr) Felgun < 700- ii00 100-150

Molases ( lvle lini.; ntintrtilloru) < 700 800

Sfilosunt he .s
<700- 200

Amriso (Thysanol:rena maxirna) < 700-t 800

Conrbination ofGrasses, herbs & fodder trec spccres

Land unit Ob.iectile Perennial Grass Leguminous herbs Fodder tree

Kharbari Thatching
materials

Species Pianting
techniqLrc

Spec ics Planting
techniquc

Species Planting techniquc

Local kha; C--ontour liiie Tanki, Nir-naro,

Bhinrsenpati,
Dudhilo, Siris,
Gidari, Chtrlctro,
Khan1,u,
Badahar Pai.vu.

Spacial

plantation
Boundary
plantation

Anir-nal feeci

& tirel
rvood

Mollases,
Sctaria, Gajl'o

Clontour
planting on

slopes

Stt'1o,
colnntoit
\ ctch,
Kudztr,
Siratro

Mired or
inte r
pl;rnting
rv ith
grasses

Tanki, Koilralo.
siris. Bakaino.
Ipil-ipil

do

Fan-nland

-Strip crop
- Riser
- Boundary

Animal t'ecd

& fire rvood
Molases, para

gr3ss, centro,
N ap ier
Amriso

contolrr or
strip
planting,
tcracc riser
planting

Stylo,
conlnl0n
vctch,
Kr,rdzu,

Siratro,

lVlixcd or
inter
planting
with
grasses,

Tanki, Koilralo,
siris, Bakaino,
Ipil-ipil,
Flerrengia,

Gliciridia

Spacial, boundary,
riser planting or
contour hcdgc
method and any
method on $,aste

lands

Grazing land Improvc
qtLality /
quantity &
availability
olfbrage.

Molases, para
grass, Centro,
Dinanath, Rai
glass

Paspalum,

Setaria,

Amriso

Broad
casting or
linc sowing

Stylo,
common
vctch,
Kucizu,

Simtro,
Dcsn-rodium
Lucerne

I\{irecl or
inter
planting
with
grasscs,

Tanki, Koilralo,
siris, Bakaino.
Ipil-ipil,
Flemengia

Gliciridia

Spacial or
boundary planting
or contor-rr hedge

Forest land Foragc

productioll
Molases,
Amriso

Broad
casting or
line sowing

Stylo.
Siratro,
I)csmodiirnr

Inter-
planting
with
grasses.

Tanki, Koilralo.
siris, Bakaino,
Ipil-ipil,
Flenrengia
Gliciridia

Inter planting rvith
other trees

References: - Pokhriyal,'f.C.et.al, 1992. Kayastha. B.P..2002, Singh, Surya 8..20()2, NAF,2058 B.S
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Del'inition: Pond (new or old ) used for storage ofrun-offwater during excess rain to reduce erosion and for later use.

Major Problems of
Conservation Pond:

a

a

a

Sccpagc and evaporation Ioss

Erosion in the catcir arca

Scdirnentatioi-r of the poncl

Objectives of
Conservation Pond:

. Store excess runoffreducing soii erosion.
r Ciradr:ally soaks rvater into gror,Lnd improving soil nroistr-rre.
. Use stored water fbr production (aahale, rrrigation, t'isheries, entcrtainnrent).

Conscrvltion pond in the conrrrrurritv must rirrr to stcre excess surface runoff and its use dr-riing other
pcriocl ibl proclLLction anrl / or to storL- rr,rnoff fi'onr the rvater source (spring / river / ctc.) to nranage mnoff
rcdLrcing the torrcnt.

Sketch/Photo Scope of Conservation Pond

o (-'onstnrctton of ncrv;rond or intprovernent of old ponds
o Landr,Lsc inrprovenrent (Consen,ation plantation. degradcd

lard rchabilitation. grass planting) and erosion control
nreasures such as micro-quili plugging (1ascinc, palisacles,

ri attling. brush Iavenng. brush rvooci checkdant) in the

cirtch area.
. Water han'esting
o Construction of convcvance systenl (inlets ancl outlets).
o Prutection ot'thc lond.
Survey consideration

Survey: -

Prepare map ol about l: I000 -' 5,101} s.:ii.: iii'not, at lcast
skctch is nrln\futor.v I slrowing. -

o r\ppropriate site tbr conscn.alirli purti:;.
o f'atch area ot-the conscrvation porids
o Diflerent lirnduse tylles as pcl t(ln\!-r\ ation nrensures

requirccl in the catch area

o Erosion problenr (such as ivlicro-gull1,. rills, slope failure)
o .{ppropriatc alignnrent fbr drainage channel: Inlet / OtLtlct

and nrcasurc length ofchannel

RIVER

Bari Land (Raiser
Planting Required) ..':1

Thp stand and waste
water collection tank

Inlet Channel
Inlet Channel

Boundary of Catch Area
Treatment Boundary
Fascine/Palisade Line

CommandArea# Brush Layering

Brush wood Checkdam Catch Area Protection

. J? Y" r5ush layering and planting

. --._(. .p ... f <,p p - ,-l_]_:--yi-grrss
,+ .* '---.*_ ? | --r.._'-. _.. _:=

(1-.--:=-- -- ,o& -z-----\-\ r

Estimate: -

o Diffcrcnt landuse types and assess cor.]sen'ation nreasures recltLireci tbr each landuse typc.
o Conrmand area if the poncl is fbr irigation.
o Sedirnent delivery lrom the catchmcnt: -

-.- 5 - i 0 crL. nr. /ha./ year fronr good catchmcnt (with good r.'egetation and pacldy field),
..- I 0 - i 5 cr,r. rn. / ha.r year fronr rnoderate catchrnent ( rv ith qras s covcrs and s loping agricu lture land grass cor,'ers ), and

"-' > 40 clr. nr. ,ii1n- iy'ear from poor catchmcnt (rvith gullics and rills)
. Average encl rninrnrunr soil depth at thc constnrction site. This rvill help in clesigning tlre size of the pond and to estimate

qriantity of cuttins and fiIIin_q.

(7e)
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Survey considerationSurvey consideration
Nleasurement:-
. Measurc cross-sectior.ts at X and Y dircctiotts at evcr)'l nlctcrs

interval covering at least 10 n-rctcrs morc on either ,sidc of thc
ploposccl construction sites. This ma1, bc Icss if thc topography is
nrore stecp.

Assess: -

. Recognizc the soil tlpe ancl its availabilitv in the corlstrttction site.
'fhis *'ill help to estinlatc the clay material requircd for tire pond
co nstructi on.

o Assess irppropriatc cot'lsL'r\ ttrort nteilsLtrcs t e'rlrtirecl orl cithcr
siclc of the inlet ancl olcrflorv channcls

. Assess aYailability of the constrLtction ntaterials to cstimate the

cost.

Design consideration
(l eneral
. Consen'ation pond is operated as a s),stem rvith three conlpo-

ne nts: the catch area ge ncrating rr-inolt. resenoir holding rr,rllott.
and thc scnice area Lrsing htrnested rvatcr.

r For low mllintenalrce and use of local lttatcrials. clrtgtttrt poncl-s

shor-rld be made. No raiserl poncl shorrkl bc constrtrcted except

tbr drinkine water that is also onlr.' if thc sitc is not suitable for
dugout pond.

Site Selection:-
o For Iralvesting catchnrc'ttt rurtoti. lDCate llt lo\\est lantl arca, so

that the largcst ioliLnre oi \\et.r c.in bc obtrined.
o Fol hanestinq strc:rnr rr-lnolt. lc.clttc the sitc so that rLrnoff ft'onl

the- source can cLrn\ cnrc-ntlr L.e iid trl the ponrL.

: For tappinu \\atar iiLrnl :pn1t! xnd lvtlter tap. loctrte inlnlecliatelv
btlc.l :Lnd clctse to sttah -.rrLLt..'.

: For conr enience. con-sar\ iltiar rrtr.itlr are prefirable to be locate(i

clos. to thc n-ril tbr aahrrlr. :roor e thc ticlLl lor iris.iltion and

i iilace tbr drinkinq \\ ater slrppl\.
o Do not install a pond less than 50 m tLpslope tiont a holtse.

o -A,r.oicl sites to install pond
. rvhere there are cvidences ol slope movcment, srLbsidcnce,

Iandsliding or gullying (rvhic1.r ma-'- affect if cxtenclecl) below
the arca.

. u,hcrc rtrlley side is not stable to hold stitncling rvater
, at tho toc of the slope, *'here instabilitv ol thc slope mav

increase
. closc'to thc cliif. $.'herc slope lailurc ntal'occttr dtte to seepage

or .\:il.I flr'r:Lltc

Preferable sites lbr conservatiort ponds are: -

o For embanknrcnt npe of conservation poncl, such sjtcs are

sLritablc rvhcrc railef is narrouitrg. sitic slopes are relatively
steep and uhere slopc of the valJcy tloor pcrnrit )aree cleep

basin. Such sites arc surtable.
o For dugout pond site har ing flat terrairl u'rth heavv soil arc

suitabl e.

Lowest Land Area For Conservation Pond
to Collect Runoff

t -trl:

Narrow Valley for Embankment Type
Conservation Pond

Calculation of Catch Area: -

E.stimate rnnoff flotv ittto thc poncl/rescnolr.
. For ,rur.f'oce runo.ff hurvc.rtrrrg, as a rr:lc of thLtnlb in Nepal, it is

rccomnrertded that every 2 cu. nr. vollu.l.tc of oonscrvatton porld

shoulcl have at lcrst 1.5 to 2 ropanies (l Hcctarc = 20 Ropalries)

of catchment arca dr-rring rronsootr periocl ancl 5 ropallics tlLLring

othcr pcnod so es to accornntoclatc 4 consectttlve day's rairl. It is
reconrt-nenclecl that pond size be dccidecl basccl on * inter crit.-lirr
ancl sut cicnt safety nteasures to dispose exccss watei' r'nr-Lst be

i n stal 1ecl.
. !:ttr sJtriug tt'oter or piped sour((, flrst nlcasltrc irn average inflov'

to the poncl ancl calculate thc size oi'thc polld to be constructeti.
. Procedure: - l'akc ir contaitier of knoun volurne and note the tltllc

requireri to fill. If "r," be thc r.'olumc of containcr in liters anrl "t"
be the tinre in seconcls reqtLirecl to fi11, the inflorv "(]'' in liter-s pcr
i.. orr,l is gir crt hr r t.

(80)
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Survey consideration Design Considerations

A pond of 1 meter height if it receives water for "LI" hours in a day,
the area (A) of the pond rcquired to holci rvater fbr a day rvith inflow
rate of "Q-v/t" liters per sccond is given by 3 4 * Q * H sq. nt.
Similarly, fr:r the pond height 1.5 m., requircd pond area to accom-
nroclate the rvater fiom the sourcc lor a day, A - 2.32 x Q * H sq. nt.

llinimum land uidth around the pond:-
To stlengthen thc pond *,alls and rednce side-seepage, there ntust be
nrininrur.n of 2 (pond Lrpto 50 sq. nr.) to 5 (200 sq. m. pond) mcters of
lancl aroLrnd the pond. Even arouncl the exposed,'r'alls, soil should
bc tlllctl and corrpacted LLp to ntinintunr of 2 rneters rvidth. Such
filling shoulcl be ranrmcd srLfflcientll after elery 20 cm of tilling.

0.75 m
>

Lr5 nr<-.____>
Retaining Wall

Duc to slopc constrain, ntixeri type of pond i.e. partially dugout ancl

partially raised ponds rra1, need to bc constructecl. For 2-j meters
high pond nrinimum dimensions ol tl're rvall shoLrld be consiclered as

fb llor,,'s:-

Dimension oI'Retaining Wall: -

. Flerght=2ni

. Top r.viclth = 0.75 nr

. Basc rviclth = 1.5 m

. Foundation rvidth = 2 r'n

. Dcpth ol loundation = 0.5 nt

. l]cisht=lnr

. Top rvicith = 1.0 rtr

' flasc rvidth = 2.3 n-r

. Irounclation rvidth = 2.-5 m

. Dcpth of lounclation = 0.5 rr

Construction of retaining rvalls: -

. L-lse only flat stones that arc biguer than 30 cm. Dress all stones
(if it js rounded) into rcctangr-rlar blocks.

. Back slant -5 to l0 "ru (torvarcl _uroLrncl) of the rvall.

. Ovcrlay al1 joints.
o Use flatter and Ionqer stones fbr thc top layer.
. Cover thc top of thc w'ail u.irh soil.
o Kccp the urglc of tlrc stone lavcrins in thc foundations (lr,:3h).
. To allo*'livcstock inkr thc pond stcpprng for lir,estock shor.rlcl be

provided in the consclr lrtion poncls.

Scepagc
o Seepoge Los,ses:

o Nlore porous thc soil and the cracks tn thc rock nrorc rvill be
the seepagc losses. Str-rdies hal'c shorvn that seepage losscs are

enorfroLrs in frcshly constructed cntbankment cum-dug orLt

type of ponds amounting upto 10 ct-rtrclay. Sr,rch ponds tenci
to stabilize only aflcr about 8 to l0 years. l'he seepagc rates in
dug out ponds can incrcnsc flom 0.28 crn / day to 10.4 crtr i
da1' as the *,ater depth varics tlont 0.5 n-r to 2 nr.

o Seepasc iosses of : cr.urclay is considcrecl to be permissiblc tbr
thc- drrgout conservation poncls that har,e 30-cnt thick clay
lal,erinr: at the bottont ancl sidcs.

o Seepuge Sealing:
o Usc of Clar'

..- To recluce the vertical seepage loss, bottont of the pond
should be filled and contpacted rvith minimum of a foot
thick of 1-r.x1,y ciay. Addition of cor.v-dung and puddling
by the livestock rvili help the sealing of floor. Nlore the

depth of puclilling, less will bc thc secpage loss. Therefore,
aahalc of buft)loes in such pond is beneficial for reducing
thc seepage.

- To redr-rce thc horizontal seepage, 30 crr widc heavy clay
shoulcl bc fliicd and compacted betrveen the rvall and thc
ground.

- If thcrc is heavy olay aroLrnci thc collstnrction site, bcfore
digging sLrch clav shoulcl be put asidc so that such clay
could be u-scd 1br seepage sealing later.

Puddlins Helps Sealing Seepase Loss

(81 )
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o Seepag3 Sealing:
o Use of Soil-Cement

- l-ayers of clay-ccmcnt (7:1 plaster) unitbrn. ly lir-red coat aftsr
coat until a thickness oli crn is attaincd.

- Sorl (Clay)-Cerncnt Plaster are only appropriate rvherc thcre is
no trarnpling damage by livestock trnd hLlnran beings.

o Llse of l,ow Density Polythene

- Lrning of 500 to E00 gaLrge L.DPE fllm bLrried ur.rclcr 20 cnr olsoil
at thc consen,atiorr poncl rviil reduce seepage significar,til.

P relto ra tion fo r I ini n g

- Side slope of thc ponrls shoLilcl bc less than l:1 ("':h).

- All protrudrng stonc. roots etc. shor:ld bc renloverl.
-- The siclcs and bottolr 01'tlie pond shoulcl bc lincd r','ith sieveci

soil ( preferablr clar ) and co*'-dultg nrix (6: I ) tt:r r-nakc srtrfacc ol
thc poncl qLLite snrooth.

-' -l-hc 
surt-acc shoLrld be ranrnrecl tc smoothen thc strifacc. l'his is

nec.ssar\'othcf\\ isc thr- :rheet is liablc to bc pr-Lttctrtrcd bv t'ottgh

or llotrudilig sr-Lrlrcc.
..- Neatlv lined the LDPE u ithout an) folcls orer the pond. Keep

o\ erlapped of ubout -i0 cnr at the.joint. Fold the or e rlapped

section to redLLcc thc lcakagc.
.' Ouerlay 20 cnr, thick llne soil (pref-erab11-'clay) on the i.DPE

tllm.

- -fo pro-'idc goori ancholage, additiottal pofiion olthe filrrt at the

top shoulcl bc cmbcdded by thc stones and soil.

- Such pond shotLlcl bc protecterl from the livcstock antl htrnLans

going into thc pontl, u.'hich ntay pultcture the LDPE f rlnr.

Nloisture (lonservation Ponds

o Pcrcolation 1l'orr tltc conscr\ ation pond itlproves thc t.ttoist,.rrc statLts

cfthc soil nrantle. rihich rcsLrlts in tncreasccl production.'l'his ccrtrld

be a nrajor actir itr to inrpr-or e the tttoistttre statr-Ls itt thc tltr nrca.

Percolatron poncls also inrpror c the grotLncl rvirter status. Whilc
nraking ponds lbr percolatiort pilrposc, seepagc control nteasLtres arc

nol necessilr\.
o Dislance bet*een the pcrcolatiott ponds to itttprore sojl Ittolsturc

should be less than 250 nrctcrs.

Depression ol'the Conservation Pond Will Have Better Nloisture
Condition and Can be Used for Rice Seedling Before the R:rinv
Season (As Shorvn in the Picture) or Growing Vegetable during Drv
Period.

rei*: affi-
Low Density Polythene Sheet Used for Seepage Sealirtg

Growing Rice Seedling in the Pond Area

trm
Maintenancc consideration:

Removal of Sediment and treatment of catch area:

o Sedimentation problern is more serious in case of runoffharvcsting ancl canal i'ccdrng. To reduce sedimentation. catch arert of
the pond should be consencc'l properlv. All the rills and gullies. barren lands should be treated usttrg bioenginecrirrg nrersrrre5.

o Depending Lrpou thc sedintentatton problcm. it is rcconrmenclcrl to renror e tlre scdinrcnt regularly and use it (if t'ertile) in the

agricultr.Lre flelds for fertility regcneration or dcposit it arouncl the pond to strengthcn lhc cntbankntcnt or sides.

6 Or seciintent trap tank couid also bc constructed bcfore tl-re ponc1. Such tank should have seclintent flr"rshing nrecl-ranisnr

othcrwise cleaning ofthc tank will be burdensonre and erpensivc.

o If thc livestock (buffaloes) is allorvecl to cnter the pond for the bathing and puddling purpose, thc steps to the ponds shor-Lld be

regularly maintaincd.

Maintenance of inlet / orerllow channels:
o Leakage in the channel reduces the efficiency ofthe ponds as r.vell as it ntay causc crosiotr hazard. Thereforc. lining in thc

channels must be rcgularly rnaintained. Also, sedinrent deposit in thc channels may'caltsc overland tlorv, rvhich mtry trigger the

gullie s. Thus, sediment in the clranne I must be removed regularly.

o Protect vcgetation on dorvn-slopc of tl-re poncl.

Working Unit
o Catch area gcnerating runofl, pond holding rLrnoff and r-rtilization of \vater fbr prociuction is taken as rvorklng Lrnrt

References:-DSC, 19S2. FAO.rnd IIRR. 1995. Sthaprt. K. lvl. anti Shashirrcir:r Lal. Unpublishcd. SCI\\rMC.200l
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,l
I favorable conditions.

Why: - Experience indicates that quality planting stock and selection of applopnate species are the reasons for succcssful

plantation.

To produce good planting stock, following consideratiorls nlllst be made:

o Sclecting suitable species for the site and dcmanded by thc contnrunities fulfilling their basic needs,

o Sorving seed / seedling at correct tinte and in an appropriatc rvrv.
r Selecting clLLality planting stock (sced, seedlings, clltting, slips, stent, iind rl-rizome).

o QtLality planting stock can be achieved by: -

- Paying nrore attention to the quality ofpotting nlixtttte

- Ensunng proper spacing and root pruning

- CtLlling the plants bcfbre they lcave the ntrrscrY
.- Hardening of the planting stock

|De--"."-
I storage, shelter, working area. compost making area. 

I

Tree/Shrub Bed

50 mm Sieved Forest

Soil + Fine Sand
10 mm Fine Washed

Sand

50 mr-r-rUnsieved Forest soil

40 nu-n Washed Gravel

Grass Bed

3: 1 Forest Soil : Washed Sand

-l
Hessian Cover

t

2 )o Sloping Chan.rber for Drarnage

.,':\\ .'.,..,'\ - +l

%$ll
Wu.h.d Grru"ll I

1:1 Compost:Soil

Ilessian Cover'

v
*1 

< 1,1,,';;1":1",,n

-l I t,r r,,,"*
o {Sn'l r r,P,'r

I

{ { r,,asrca c,n*r

Bare Root Plant Bed

Raised

,a*'^, ,t, fuf,h€n
-_- bund to

iittt
l:

ll
ll.s

I

+

{1- hol,l "o,",i
"1_ Sicved soil

I Unsieved

!{- soil
+

i Dus

l* oriJinui
I ground
l

Bamboo Propagation Bed
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Promotion of Low cost Soil Conservation and Watershed Management

l.Introduction

Technology means nothing unless replicated by the intended target beneficiaries. Extension is defined as the
process by which targeted beneficiaries replicate the technologies for their own and or community,s benefits.
Therefore, extension includes awareness building and creation oienvironment for replication by the beneficiaries.
Farmers have faced a land management issue of one kind or the other. They have therefore sought ideas and
possibilities to solve the issue and have developed and applied the idea in the way most suitable foi them, given
the prevailing conditions and resources available. Main objective ofpromoting icscwM is to bring charige in
farmers' or community members' behavior (towards SCWM) by persuading them to adopt fCSCWU.-ffre
challenges to meet the objectives are to identify those successful low cost conservation practices and to extend
them in similar areas, or to teach people to learn from each other, or to persuade people to adopt them.

2. Strategies for the prornotion of LCSCWM

Strategies to promote the LCSCWM are categorized into two. One is regarding the staffand second is regarding
the farmers.

2.1. Strategies regarding the staff

Good results need quality service and inputs. For the quality service, extensionist / service provider needs
competencies in the following areas:

o LCSCWM technologies of economic and practical importance. Extension worker should be able to
provide useful information relevant to local situation. S/he should have thorough knowledge on LCSCWM
so that they can give information on relative advantages in many dimensions. Such as rationale, cost,
sustainability, multiple uses, simplicity of the technology etc. These aie the perceived characters of LCSCWM
so these characteristics should be the basis for the extension. People will adopt LCSCWM quickly if these
characters are perceived as beneficial to them. If community members perceive that LCSCWM aie simple
to understand and use, they will adopt. The early adopters are more interested to test new technology by
doing on small-scale trial. Extension worker should facilitate early adopters to try LCSCWM in small scale.
Conservation activities of preventive nature are less understood (less observ.i; uy community members
and focus on curative measures, therefore extension worker should be able to tint LCSCWM with other
benefi ts to satisfy community's, expectations.

o Logical thinking on cause and effect relationship.

It is said that "If anything can possibly go wrong, it will go wrong, of unintended result,,. Therefore
extension worker should create environment to think and analyzethe situation and act in appropriate sequence
(facilitate how to think, not what to think). Attention should be paid in the process, which *ltt uttl-ut"ty uang
the desired results. Extension worker should be able to facilitate community members to identify the real
situation and their felt needs. They should be able to empower communities through stepwise processes and
be able to facilitate them to organize in groups to solve common problems. This professionalism often
depends on the personal skills of the individual extensionists.

o Confidence in LCSCWM

Extension worker should have confidence in LCSCwM that can bring about change in soil conservation and
watershed management. Confidence can be built'through training and practice.
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Willingness and professional skill

Extension worker should have r'villingness to work for the communities. They should have practical(prolbssional) skill to execute LCSCwM ancl demonstrate in the fie1d and then interpret the result. Theyshould be able to provide various technological options as a solution to the issue. For this they should be abieto analyze the issue liom different perspectives for which they should update their professionalism (through
learning liom training / by doing r'from farmers). Able to collect stories of successful activities and use then-ias the source of new inlormation for further dissemination.

Effective Communication

Effective communication is one of the essential elernents to bring change in behaviorot'the communities.
The success depends on the skil1 of extension r,vorker to use..l*ant extension message in right time andcommunicated through appropriate channel. They shouki aiso knor,v learning u.rrurio. oi adult people. Notethat conservation extension has been considered as a compulsory training to all the field stafi.

Follow up and Feed back

Extension wotker should keep in touch r'r'rth communities and get f-eecl back fiom the,r for future improvement.

2.2. Strategies regarding the farmers/communities

Adoption Process

Five stages of adoptionprocess have been widely recognized. These are: - i. Awareness, ii. Interest and motivation,iii. Evaluation, iv. Trial and v. Adoption.

Adoption is not an instantaneous act, rather it is a process that occurs over a period of time and consists of aseries o f, actions.

Awareness stage: The individual leams of the existence of the new idea but lacks information about it. At thisstageanindividualisawareoftheidea,butlacksdetai1edinformationaboutit.

rnterest stage: The individual develops interest and is motivated in the innovation and seeks additional informationabout it' At this stage the individual develops interest in idea and tries to acquire more information about it. Theperson wants to know what it is, how it works and what its potentialities are.

Evaluation stager The individual makes mental application ofthe new idea to the present and anticipated futuresituations and decides whether or not to try it. At this stage the individual judges the worth of the innovation. Theperson makes assessment whether the idea is applicable to own situation, and if applied what would be theresult.

Trial stuge: The individual actually applies the new idea on a small scale in order to determine its utility in ownsituation' These are generally small-scale trials to test the effectiveness of the innovation in one,s own situation.Apparently individual needs to test a new idea even though they have thought about it for a long time andgathered information concerning it.

Adoption Stage:Trial may be considered as the practical evaluation of an innovation. Being satisfied with thetrial and considering the pros and cons of the situation, the individual takes a final decision and appiies theinnovation in a scale appropriate to own situation on a continued basis.
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Effective Approach

Different extension activities have different effectiveness based on the level ofpeople's ability to remember and

the level of their participation. The following chart indicates the activity, Ievel of their involvement and their

leaming level. Between the two extremes of "reading" and "doing the real thing" are a number of other ways

through which people learn. As one moves downward from the pinnacle of the cone, increased involvement, and

learning occur. Strategy should be based on this result.

We tend to remember Our level of involvement

1 0% ol rvhat rvc read

20% of what lve hear

3096 olrvhat we see

509/o of rvhat we hear & see

Reading

VerbalReceivins t

I
Visual Recelvins

t"
+

,/ Listening

/ Looking at chart-diagram

Watching Film and Discussion \
Watching Demonstration and Discussion \

T}oh of rvhat rve say

I
90oo ofrvhat yy'$ot
say md lo/

Participation in Discusston

Making a Presentation

P.*tt.tng th" R*lThrt g

Doing the Real Thing

l\cugtvilr5 dil(

Partici pation

I
Doing

Activity, Involvement and Learning

Strategies

Based on the adoption stage and eff'ectrve approaches of the extension, following strategies are adopted: -

o ldea Catalogue: Many good indigenous ideas and techniques exist in the area. As a facilitator, sr'he must be

aware of such things irr the locality and also in the surroundings. For r,vhich thorough visit and understanding

of the area must be made. Idea catalogue collected fiom dilterent parts of the country could be an asset 1o

promote the fac i litation.

. Awareness Building: Raising the level ofawareness and knowledge on LCSCWM (level of consciousness).

Awareness is the first stage of adoption.

Follorving are some activities to create awareness: -

. Poster / flipchart development on LCSCWM techniques: Showing the advantage, limitation and

construction stePs.

. Filmshow

. Conservation day: Emphasize the need of the LCSCWIv{

' School conservation education: Communicate the need, roles of the I-CSCWM techniques'

. Literacy: Communicate the need, roles of the LCSCWM techniques.

o Stimulate Interest: Stirnulate interest among community members by providing relevant technologies in

right time. Give one idea at a time and describe about the importance of the idea. Encourage l-armers to seek
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solutions to emerging issues in their immediate.surroundings, i.e. enhance their analyticel skills, enhance

dialogue and idea sharing among farmers (contact f-atmer, lamer to farmer extension, etc.), enable their-r to

identity and seek various soltrces tbr ideas and solutions. Following are some major strategies: -

i Interaction is one rnajor activity to stin-rulate the interest between individual farmer and community. In

the interaction technicians and motivators must accompany the group and facilitate to pron-rote the

learning environment. Follor,ving are some of the major activities: -

House to house visits: Fielcl staff go on house-to-house visits. Farmers strongly favor mutual

discussion. Mutual discr-rssion can give more infbnnation. can increase trust and help farmers to

clarillz f'eeiing, and can integrate lanner's needs in the implementation. The extension can tnake a

very direct attempt to influence the farmers by suggesting improvement on what the fatmers have

been saying or doing, using tl-reir own standards as a ref-erence point'

Group lnteraction: Discussing in sma11 groups is usefu1 in raising awareness of fanners. Disciplined

group discussion r,vill help them to be more aware of the problem and their f'eeling. Group discussion

can help larmers to specity therr problems clearly and in n-rore detail. Farmers may conciude that

they shoulcl change their norms and do it. This can help participants to develop consensus on

opinior-r about a specilic issue or tbr action. Follor,ving could be appropriate floors fol group discussion.

o Crollp netrvorking,

o lvlonthl-v meeting.

o Planning.

o Schoolcollsenlationeduc:ttiotl,
o Literacy class.

Successfui stories and cases, comparative infbrmation on advantages and disadvantages, cost benefits

of the difl'erent interventions could be some of the good tools fbr discussion.

Visits and Interaction: "seeing is believing". Therelbre, stimulating interest through visits to the sites,

rvhere activities have been irnplemented. Where farmers can see and interact to build understanding and

consensus among themselves. Following are solne activities: -

o Visit to activities carried out by individual f'armer and community inside the sub-

watershed,

o Visit to activities carried out by individual 1-amer and community outside the watershed

r,vithin the district, and

o Visit to activities carried out by individual t-armer and community outside the district.

Motivate forAction: IVlotrvate cornmunity members by stirring thetr desires towards action. Peopie have

desire for economy and fbr ner,v experience. Therefbre use this philosophy for motivation. Convince them

by strong persuading to practice LCSCWM in real lit-e. Once the tarmers or community or students (in case

of school conseruation education) develop desires, persuade them to practice LCSCWM in reallife. Following

are appropriate floors for persuasion: -

Planning: During the community's plan preparation, field staff must provide a number of

alternative solutions to the issue and should explain the pros and cons ofthe alternatives. Persuade

them to select and implement the selected activities through the LCSCWM techniques at

individual and community levels.

School Consertation Education/Literacy Programme.' Students, if they express the desire

to implement LCSCWM techniques around the school, should be persuaded to implement activity

at demonstration scale. The same could be done with the literacy groups.
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Demonstrqtion: It is the etfective way olextension ol the successtr-rl practices. people qet tl-)e
opportunity to observe the technrques and their benefits clirectly. Demonstration can be rnacie as
individual techniqr-re or several techniques as an integratecl package. Demonstratiol can be
made on the working process (method) and their results. Follor.r,,ins are thc sr-ritable areas rvhere
the demonstration can be clone: -

o On School complex: In School through strLcle nts after School Conservation Eclucation
Progran-is

o On leacler thrmers' land through leacler fhrmcrs
o L)n Comuunity land through cornrltrrritv gr.crr-rp

Retparcls: Rer.i'arding the indiviciual flrnrer. school or con.imlu.rity irrplementing LCSCW\,i ancl
doing best in the in-rpletrentation of the L( SC\\'i\I tcchr-riclue cor-rlcl be yew ei'lectir-c ,rcans ol
motivation. Rervard not onlv prol'ides the rnccntive but llso recoqnizes the eftbrts paclc bv
them.

Adaptation (Technical Backstopping): Whcn people are convincccl, thcy plan anciippleprent LCSC.\\iM.
During the implementation. they neecl help and encollrege lxent. At lhis stage, extension rvorker shor-rld
provide in-situ tinlely technical backstopping. Field staff'r.nlrst be verv sensiti.,,e and pro-active to provide
service.

Replication: Alter in-ipiementation, people olrsen'e the pros ancl cons. e1'lectiveness and beneflts, etc. and
conclude and make flnal clecision. rvhcther to replicate or re.ject. Ertension u'orker shoLrld help analyze the
result in proper way.

Conclusion

Peopie learn because olcompulsion, desire, interest, neecls etc. Therelbre, E,xtension rvorker should be able to
know the level of consciousness of the beneficiaries (F arn-iers / Community rnerr-rbers) in the learning process so
as to carry or-rt appropriate extension method to enhance decision-making process.

Reference: Ban, A. W. van den and Hau,kins, H. S., 1999. Ray, G. L., 1996.
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Annex 1. List of Species Used in the Text

Local Name Botanical Name Botanical Name Local Name
Antala Emblica otficinahs Acacia arabica Babul
Ar-nliso Thvsanolaena ntaxinra Acacia catcchr-r Khair
Arare Acacia pennata /\cacia pennata Ararc
A s s r-rr<-r ,,\clhatoda I asica Adhatocla r, astca Assuro
Babiyo Eulaliopsis binata Agal'c Antcricana Ketr-rki

BabLrl Acacia arabica Albizia lcbbeck Kalo siris
Badaanr ( groLLncl nLrt.1 Arachis glabarata Albizia lrroccra Siris
Bariahar Aftocarprrs lakoocha Alnus ncpalensis Utis
Bains Salrx tetfaspemtir Alnus ttepulettsi.s Uri.s

Bakaino lVleiia azedarach Arachis glabarata Baclaant (.qround ntLt )

B a1'er Zizvphr-Ls ntauritiana Artocaqrus lakoocha Badahar
Bcdulo Zizl'phus.jujLibc Arundinaria tntenlcdi a Nigalo
Blratri'asi I l:lcntin.qiu ntut roltl1r.lltt Arundo clonax ] Na,kat
Bhimai I Creri'ra opposititbiia ArrrrrdLre llr ncprlcrriis ] plrrrrk.

Bh:ntal (ireu'ia optiva BambLrsa balcooa (DhanLr) Dhanu bans

Bhuletro Butca nrinor Bambtisa nutans ,/ cupalatir Mal bans

Bihaya, Sarurva Ipornoea fistulosa Bassia butvracca Chiruri
Casuarina Casuanna I I Bauhiniaprrr?urea Tanki
Centipedc grass ( errrinctlu gr:rs. I I Brrrrhrrri.r rcric::rr.r Koiralo
Chanip !lichelia champaca Brassaiopisi hainla Chuletro
ChilaLmc Schima rvallichii Butca ntrnor Bhuletro
Chr-rlctro Brassaiopisihainla Cajanus cajan Rahar

Ch1'uri Bassia but,r'racea CasrL:Lnna Casuarina
Dabdabc (iarr,i!'a pinnata Centipede grass Centipede grass

[)e.strtrxlirnt D e s r r tod i unt ren.s rt rL i i Chamaecri sta rotLrncli fol ia

Dhaincha Sesbania grandif'lora Chocrospondias ax i ilaris Lapsi
Dhanr-r bans Bambusa balcooa (Dhanu) Colquhounia coccinea Namdi phul
Dhoncle Nel,raudia reynaudiana Cymbopogon microtheca Khar
Dubo Cl,noclon clactylon Cyr-rodon clactvlon Dubo
Dudhilo FicLrs nentoraiis D. I-lookcri (kalo) Kalo
Faledo / Phaledo Ervthnna arborescencs Dalbergia sissoo Sisso

Ghangharu Pyracantha crenulata Dendrocalantus hamltonii Tama bans

Gideri Premna spp. Desmanthus r,irgatus

Gliricidia Cliricitlia sepiunt Destnotliun renson.ii Desmodium
Gogan Saurauia napaulensis Dismanthus

Ciolainchi Plumeria acuminata Drepanostachyum intermedium Tite nigalo bans
Ipil ipiJ Leucaena leucocephala Duranta rcpens Nilkada
Ipil-lpil Le t r c aenu le uc oceph u la Emblica officinalis Amala
Kabro Ficus lacor Erythrina arborescenes Faledo / Phaledo
Kalo D. Hookeri (kalo) Eulaliopsis binata Babiyo
Kirlo siris Albizia lebbeck Euphorbia royleana Siuli
Kanda plrul Lantana camara Ficus glaberrin'ra Pakhuri

Kans Saccharunt spontaneum Ficus lacor Kabro
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Local Name Botanical Nami: Bdtanical Name Local Namd

Katara khar Themeda species Ficus nemoralis Dudhilo

Ketuki Agave Americana Ficus religiosa Pipal

Khair Acacia catechu Ficus roxburghii Nimaro

Khanyr-r Ficus semicordata Ficus semicordata Khanyu

Khar Cymbopogon microtheca F I em in gi cr mac rop lty I I u Bhatwasi

Khiro Sepium insegne Fraxinus floribunda LankrLri

Khus Vetiveria lau,soni Garuga pinnata Dabdabe

Kimbu Morus alba Gliricidio sepiurr Gliricidia

Koiralo Bauhinia veriegata Grewia oppositifolia Bhimal

Kutmiro Litsca monopetala Grewia optiva Bhimal

Lahare papal Populus deltoids H imalayacalantus hookerianus Padang bans

Laiiguras Rhododendron arboreum lpomoea fisttLlosa Bihaya i SanL* a

Lankuri Fraxinus flonblrnda Ipomoea tlstr-rlosa SamrvaiBihaya

Lapsi Choerospondias ax i llaris Jatropha curcas Sajilvan

Mal bans Bambr.Lsa nlltalls / cuPalata Lantana camara Kanda phul

Namdi phLrl Colquhor-rnia coccinca Leucaena leucocephala Ipil ipil

Napier Pennisatun purpLlretlnl Le uc:a e nrt le uc ttc eP h a I a Ipil-lpiL

Narkat ArtLndo clonax Litsea monopctala Kutmiro

Nigalo Arundinarta intermedi a Melia azedarach Bakaino

Nilkada Duranta repens Michelia champaca Champ

Nin-raro Ficus roxburghii Morus alba Kimbu

Padang bans Himalayacalamus hookerianus Neyraudia arr.tndtnacea Sito

Painyu Prunus cerasoides N eyrandi a re;' n audi ana Dhonde

Pakhuri Ficus glaberrima Paspalunr PaspaltLm

Paspalum Paspalr-rn-t Pennisatum purpureunl Napier

Phurke Arundr-1c11 a nepalensi s Pinus rorburghii Sallo

Pipal Ficus religiosa Plumerta acuminata Golainchi

Rahar Cajanus cajan Populus deltords Lahare papal

Sajiwan Jatropha curcas Premna spp. Gideri

Sallo Pinus roxburghii Prunus cerasoides Painyu

Saruwa/Bihaya Ipomoea fistulosa Pyracantha crenulata Ghangharu

Sesbania Sesbania Rhododendron arboreum Laliguras

Simali Vitex negundo Saccharum spontaneum Kans

Siris Albizia procera Salix tetrasperma Bains

Sisso Dalbergia sissoo Saurauia napaulensis Gogan

Sito Neyraudia arundinacea Schrma wallichri Chilaune

Siuli Euphorbia royleana Sepium insegne Khirro

stylo-l 84 stylo- 1 84 Sesbania Se,sbania

Tama bans Dendrocalamus hamltonii Sesbania grandiflora Dhaincha

Tanki Bauhinia purpurea stylo- l 84 Stylo- 1 84

Tite nigalo bans Drepanostachyum intermedium Tephro.sia canclicla Tephrosia

Utis Alnus nepalensis Themeda species Katara khar

Uti.s ALnus nepttlensis Thysanolaena maxima Amliso
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Annex 3. Users'Note

Case Observed in the Field (If any similar technique/activity is observed in the field, describe it including
its impact): -

Drawbacks observed: -

Recommendations to solve the drawbacks:

Recommended Survey/DesignlPractical Tips or Considerations:'

(ttz)
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