USMAN NOTES | AIOU Code 2511 Solved Assignment 2 (Autumn 2026)

Official Portal: www.usmannotes.com

ALLAMA IQBAL OPEN
UNIVERSITY

Name:

Registration No.:

Course Code:

Program:
Semester:

Page 1 of 39 - USMAN NOTES (100% Quality Academic Reference)

2511
MA/MSc/
Autum

WhatsApp Orders: +92 324 5836626



USMAN NOTES | AIOU Code 2511 Solved Assignment 2 (Autumn 2026) Official Portal: www.usmannotes.com

ALLAMA IQBAL OPEN UNIVERSITY, ISLAMABAD

(Department of Agricultural Science)
Course: Soil Conservation & Watershed Manag-ment (2511)
Level: MA/MSc/ M.E".
Semester: Autu~n 20.5
Assignment No. 2 (Units 5-9)
Total M. .= .90 e Pass Marks: 50

SOLVED ASSIG 'M=NT GUIRE — For Study & Reference

Note: This guide is prepa ‘ed /.~ scudy and i<jerence purposes only. Students are advised to read the
relevant units of the «~urse book, understand the concepts, and then write the assignment in their own

werd's. Do not copy this guide word for word.

Question 1: Causes and Impacts of Land Degradation (20 Marks)

Q. 1 Explain the causes and impacts of land degradation. (20)

Introduction

Land degradation is the decline in the productive capacity and ecological functioning of land —
the process by which soil, vegetation and water resources deteriorate so that the land yields
less, supports less life and becomes harder and more expensive to restore the longer the
process continues. It is not a single problem but a family of processes, including soil erosion by
water and wind, loss of soil organic matter and nutrients, salinisation and waterlogging,
compaction, the decline of vegetation cover and the loss of biodiversity, often acting together
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on the same field. In Pakistan the problem touches every major land system: the eroded rainfed
tracts of the Potohar and the northern hills, the wind-swept arid zones, the salt-affected
irrigated plains and the overgrazed rangelands that cover much of the country's area. This
answer first explains the causes of land degradation — disting'*:>m g the natural background,
the direct human activities that trigger it, and the under'ying sc.ial and economic drivers — and
then describes its impacts on production, on wat :r an.! the environment, and on the incomes

and welfare of the people who depend on the taiw.

Direct Causes: Unsustainable L~nd \'se and Management

The immediate causes of d.:5-al'aiion are the ways land is used and managed beyond its
capacity. Cultivation or steep and marainal land, ploughing up and down the slope, repeated
tillage that pulverises swructure, end the removal or burning of crop residues expose soil to
water and wind erosion, while continuous cropping without adequate return of manure,

fertiliser or fallow mines the soil's nutrients and organic matter until structure collapses and

yields fall even where erosion is not visible. Overgrazing is the dominant direct cause on

rangelands and common lands: too many animals for too long remove the protective cover,
select out the palatable species, compact the surface with trampling and leave the soil open to
both runoff and wind, so the pasture degrades in a spiral in which poorer cover supports still
poorer regrowth. Deforestation and unsustainable cutting for fuelwood, timber and land
clearing strip slopes and catchments of protection, starting gullies and raising sediment loads.
In irrigated areas the characteristic direct causes are different: over-irrigation and poor
drainage raise the water table and bring salts into the root zone, producing waterlogging and

salinisation; irrigation with poor-quality groundwater adds sodium that disperses soil structure;
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and the neglect of field levelling and drainage maintenance spreads the damage. To these must
be added urbanisation, mining, road building and waste disposal, which seal, excavate or
contaminate soil outright. In every case the common feature is use that takes more from the

land system — soil depth, nutrients, cover, drainage — than tho ~.iar agement returns to it.

Underlying Causes: Population, Poverty, Tenurc a~d Puolicy

Direct causes persist because underlying conautic~z drive people toward them. Population
growth subdivides holdings, pushes culivation onto steeper and drier margins, multiplies
livestock on a fixed grazing resoui<c and creates the fuelwood demand that strips hillsides;
poverty then compels short-.~.rm susvival decisions, because a family that must eat this season
cannot easily fallow, i>rrace or replam for a benefit ten years away. Insecure land tenure
discourages investmen. in protection — tenants and sharecroppers who may lose the plot have

little reason to build bunds or plant trees on it — while the open-access character of much

grazing land removes any individual's incentive to rest it, the classic tragedy of the commons.

Market and policy signals can deepen the problem: prices and subsidies that reward water-
intensive cropping in dry areas, the underpricing of irrigation water and energy for pumping,
weak extension advice on conservation, and the historic treatment of 'wasteland' development
as simply bringing more area under the plough all encourage degradation unintentionally.
Climate change now acts as a force multiplier on all of these, intensifying the storms that erode,
lengthening the droughts that bare the soil and shifting the conditions to which existing farming
systems were adapted. A serious answer about causes must hold both levels together: blaming

only the farmer's practice misses the pressures that make the practice rational, and blaming
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only the pressures misses the practical changes in management through which recovery

actually begins.

Common forms / drivers of land degradation (illustrative, not measured data)

Illustrative severity index

Water Nutrient Salinisation Compaction Vegetation
erosion % depiztion loss

Figure 1: Common form: and drive:s of land degradation (illustrative severity index — a teaching

diagram, not measured data).

Process Forms of Degradation

It helps the discussion of impacts to name the main forms degradation takes. Water erosion

removes topsoil selectively, carrying away the fine, fertile fraction first and, in its gully form,

physically consuming fields, roads and settlements. Wind erosion does the same selective

removal in dry regions and buries neighbouring land and canals under the coarser material it
drops. Chemical degradation includes nutrient depletion, acidification in some environments,
pollution, and the salinisation and sodification that are the leading chemical problems in
irrigated Pakistan. Physical degradation covers compaction by machinery and hooves, crusting
and sealing of the surface, loss of structure and the waterlogging that drowns soil air. Biological

degradation — the decline of soil organic matter, soil organisms and above-ground biodiversity
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— underlies and accelerates all the others, because a biologically impoverished soil infiltrates
less water, holds fewer nutrients and resists erosion less. Most degraded land suffers several
forms at once, which is why single-measure reclamation so often disappoints and why the

integrated practices discussed later in this assignment are nere:<ury.

Impacts on Agricultural Production and Food Sccu-ity

The first impact is on production itself, on-site ~.2-- the degradation occurs. Loss of topsoil
means loss of rooting depth, stored wate, and rwutrient capital, so yields fall and become more
variable, responding less to fertii'sc bacause the soil can no longer hold and supply it
efficiently; farmers compens -i= \viva higher input doses at higher cost per unit of output, or
abandon the worst lai.1 altos,ether. Salinised and waterlogged fields drop out of production
entirely in their severe patches, and gullied land is lost absolutely. At national scale these on-
site losses add up to a widening gap between food demand and the productive capacity of a
fixed or shrinking good-land base, increasing import dependence and exposure to world prices.
Degradation also narrows future options: topsoil forms over centuries, so losses within a
human generation are, for practical purposes, irreversible, and each hectare abandoned in the

hills pushes cultivation pressure onto the remaining land, spreading the process.

Impacts on Water, Infrastructure and the Wider Environment

The second set of impacts falls off-site, on people who may live far from the degraded land.
Sediment eroded from degraded catchments fills reservoirs and shortens their designed life,
silts canals and raises their maintenance cost, chokes drainage systems, buries fertile valley

fields under infertile sand and gravel, and raises river beds so that floods spread wider. The loss
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of infiltration on degraded uplands converts steady streamflow into destructive flash floods
followed by dry channels, damaging roads, bridges and settlements and reducing the
groundwater recharge on which wells and springs depend. Dust from wind-eroded land harms
health, transport and machinery. Environmentally, degradatic~ .el :ases stored soil carbon to
the atmosphere, destroys habitat and native species, »2duc>s (he pollinators and natural pest
enemies on which farming partly depends, and d :graa s the water quality of streams through
sediment, nutrient and pesticide loads. Thesc oii _ite costs are frequently larger than the on-
site yield loss, and because they fall ¢ 2+ public rather than on the land user who caused
them, they are the standard ec .noi iic justification for public investment in conservation and

watershed programmes.

Impacts on Livelihc 2d” and Scciety

The third set of impacts is sccial. Degradation reduces and destabilises the incomes of farm and

pastoral households, falling hardest on the poor, who hold the most marginal land, depend
most on common grazing and fuel sources, and have the least capacity to buy their way out
with inputs or to migrate for work; women bear a particular share of the burden, walking
further for fuelwood and water as local resources decline. Falling land productivity fuels
distress migration, disputes over shrinking good land and water, and the abandonment of
villages in severely eroded tracts. It also destroys cultural and option values — local crop
varieties, medicinal plants and landscapes — that markets do not price but communities feel.
Conversely, because degradation is largely human-caused, it is also substantially reversible at

reasonable cost where cover is restored, grazing is managed and soil organic matter is rebuilt,
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as the remaining questions of this assignment describe; the impacts are therefore best read not

as fate but as the price of delayed action, rising every year the causes are left to operate.

Table 1: Causes and impacts of land degradation — summary

Category

Main Items

I stration

Direct causes

Erosive cultivation. resiace
removal, nutrie. t .~inung,
overgraz.ng, deorestation,
ov = ‘rrigation without

(rainage

Bare steep fields gully; salt
patches spread in poorly

drained canal commands

Underlying causes

Popui'ation pressure, poverty,
insecure tenure, open-access
commons, perverse prices
and weak extension, climate

change

Tenants do not terrace land
they may lose; commons are

grazed without rest

Production impacts

Yield decline and variability,
rising input cost, land

abandonment

Thin topsoil responds poorly
to fertiliser; gullied plots

leave cultivation

Off-site impacts

Reservoir and canal siltation,

floods, poor recharge, dust,

carbon release

Sediment from degraded
catchments shortens storage

life downstream
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Social impacts Income loss, fuel and water Longer daily walks for
drudgery, migration, disputes | fuelwood as nearby cover

— falling hardest on the poor | disappears

L

Conclusion

In conclusion, land degradation is caused dir~~tlv ov land use and management that exceed the
land's capacity — erosive cultivation, cover removal, nutrient mining, overgrazing,
deforestation and irrigation withott arasinage — and indirectly by the population pressure,
poverty, insecure tenure, rnei -acoess grazivg, distorted incentives and intensifying climate that
drive those practices. It. in.pacts run from falling and unstable yields and abandoned land on
the farm, through silted reservcirs, floods, poor recharge and lost biodiversity in the wider
environment, to reduced incomes, heavier drudgery and migration in society, with the poor
bearing the heaviest share. Understanding both the direct and the underlying causes is
essential, because effective remedies must combine better practices on the field with the
grazing agreements, tenure security, incentives and community organisation that make those

practices possible — the theme developed in the questions that follow.

Question 2: Agronomic Measures for Soil Conservation (20 Marks)

Q. 2 Discuss agronomic measures for soil conservation. (20)
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Introduction

Agronomic measures for soil conservation are the methods that control erosion and build soil
health through the choice, arrangement and management of crops and vegetation and through
the handling of the soil surface — as distinct from structur~: meast’.es, which reshape the land
with earthworks. They work with the biology of the fa:n.’ng system itself: keeping living or dead
cover on the soil for as much of the year as ossille, improving the organic matter and
structure that make soil resist detachment anu absorb rain, arranging crops across the slope so
that runoff is checked, and rotatire a1 mixing crops so that fertility is maintained without
exhausting the land. Their outsta,"ding advantages are low cost, use of the farmer's existing
skills and equipment, anc th.e "act that they usually raise yields and income at the same time as
they conserve, so ti.at ~onservation is not a separate expense but a by-product of good
farming. This answer discuzses the main agronomic measures — vegetative cover and
mulching, contour cultivation, strip cropping, crop rotation, mixed and intercropping, cover
crops and green manuring, conservation tillage, and agroforestry and grass management in
their agronomic aspects — and concludes with their limitations and place in an integrated

programme.

Vegetative Cover, Mulching and Residue Management

The single most effective agronomic measure is simply to keep the soil covered. A living canopy
intercepts raindrops before they can shatter aggregates, stems and litter slow surface flow so
that sediment settles and water infiltrates, and roots hold the soil and maintain its pores.

Where a living crop cannot occupy the ground — between rows, after harvest, before the next
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sowing — dead cover performs much of the same work: retaining crop residues and stubble on
the surface instead of burning or removing them, and spreading mulch of straw, stalks or other
organic material on vulnerable plots, protects against both raindrop impact and wind lift,
conserves soil moisture by shading the surface, moderates so.' “en perature and, as it decays,
feeds the organisms that build stable structure. Resicue .ur.ing, by contrast, destroys this
protection at exactly the season when storms riay s rike, and deprives the soil of its main
renewable source of organic matter. The pracucal target used in conservation teaching is
continuous or near-continuous covei® ..zt the cropping calendar so that bare, loose soil
coincides as little as possible wit . the season of intense rain, choosing fast-establishing varieties
and close spacing where earlv ~over is needed. On rangeland and pasture the corresponding
measure is manage.' graz.1g — stockinig to the carrying capacity, rotational resting of paddocks,
and reseeding of denuded patches — so that a protective grass cover is an actively maintained

asset rather than an accident.

Contour Cultivation and Strip Cropping

Two agronomic measures rearrange field operations and crop layout across the slope. Contour
cultivation, discussed fully in Assignment 1, performs ploughing, sowing and interculture on the
level across the slope so that every furrow stores water instead of draining it; it costs nothing in
materials and is the baseline practice for all sloping cropland. Strip cropping develops the same
principle into a cropping pattern: the slope is divided into contour strips alternating between
erosion-permitting crops, such as clean-tilled row crops, and erosion-resisting close-growing
crops, such as grasses, legumes and dense cereals. Runoff leaving a cultivated strip enters the

dense strip below at low energy, drops its sediment there — progressively building a natural
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terrace effect as soil accumulates at strip boundaries — and infiltrates instead of gathering into
rills. Variations include field strips of roughly uniform width on gentle, regular slopes, contour
strips following the true contour on more critical land, buffer strips of permanent grass or
shrubs protecting waterways and steep patches, and wind stri < ori2nted across the prevailing
wind in dry areas. Strip cropping conserves soil and me’sture  fwversifies production and risk on
the same field, and can be adopted progressivel s witi out surrendering the whole holding to

one system in a single year.

Crop Rotation, Mixed Cropping ana 'ntercropping

What is grown in sequence .. .n mixture natters as much as how the surface is worked. A
sound rotation alternares creps with iiterent rooting depths, nutrient demands and canopy
cover, and crucially inciudes a restorative phase — a legume, a fodder or a grass ley — that
returns nitrogen and organic matter, rebuilds aggregate stability and breaks the pest cycles that
force heavy tillage or chemical use. Rotating a soil-building crop before an erosion-prone but
valuable row crop means the vulnerable phase is grown on soil in its most resistant condition.
Mixed cropping and intercropping carry protection into the same season: a main crop is grown
together with a companion — classically a cereal with a legume, or rows of a tall crop with a
low, dense cover between them — so that ground cover is fuller and earlier, raindrops meet a
layered canopy, roots occupy different soil layers, and the failure risk of the whole field is
reduced because the components respond differently to drought or pest attack. Relay planting,
in which the next crop is sown into the standing previous crop, shortens the bare interval

between crops almost to nothing. These practices are traditional in much of Pakistan's rainfed

farming, and conservation teaching builds on them by adjusting proportions, spacing and
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species choice toward maximum cover and fertility return rather than replacing the farmer's

system wholesale.

Cover Crops, Green Manuring and Fertility Management

Cover crops are grown specifically to protect and improv - sril auring a period when the land
would otherwise be bare or between main crops: auick growing legumes and grasses sown
after harvest, in orchards, or ahead of a main -ru; «eep living roots in the ground, capture
nitrate that would leach away, suppre.s weeds without tillage and add biomass. Green
manuring ploughs such a crop into .nic <oi!l in place, delivering organic matter exactly where it is
needed with no transport ..-t. Aiound these practices sits the broader agronomy of soil
fertility that conservauon depends cn: balanced use of manure, compost and fertiliser to
maintain the nutrient supply thai good cover growth requires; returning all available organic
wastes to the land; liming or gypsum and salt management where soil chemistry limits plant
growth, as in sodic soils; and building soil organic matter as the master variable, because
organic matter simultaneously improves aggregate stability, infiltration, water holding and
nutrient retention — the four soil properties that decide both erodibility and productivity. A
conservation plan that ignores fertility will fail agronomically, since starved crops make thin
cover; a fertility plan that ignores cover will fail physically, since well-fed soil still washes away if

it is bare when the storm arrives.

Conservation Tillage and Agroforestry Elements

Conservation tillage reduces the disturbance that leaves soil naked and pulverised. Minimum

tillage works the soil only where seed must be placed, and zero or no-till sowing places seed
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directly into the residues of the previous crop, so the surface armour of stubble is never
destroyed and the pore structure built by roots and worms is preserved; where herbicide
dependence is a concern, cover-crop suppression and mechanical methods can substitute in
part, and even a simple shift — fewer, shallower workings, don > 2n 1he contour, avoiding tillage
when the soil is wet enough to compact or dry enov <h tu puwder — captures much of the
benefit with conventional equipment. Agrofore:try ¢ontributes agronomic measures within
farmland as well as the watershed role treateu earlier: contour hedgerows of leguminous
shrubs pruned to provide mulch and crecs manure while their roots hold the slope, trees on
bunds and boundaries that re. cle deep nutrients into litter, and fodder banks that feed
livestock from a protectza nict instead of from the open hillside. Grass management for
conservation — cor.*our ¢ rass strips, protected waterways, pasture improvement — completes

the set by ensuring that the non-cropped parts of the farm also carry their protective cover.

Table 2: Agronomic measures for soil conservation — summary

Measure How It Conserves Additional Benefit

Cover and mulch / residues Shield from raindrop and Moisture conservation;

wind; slows runoff; feeds soil | organic-matter build-up

life

Contour cultivation Level furrows store water Better moisture distribution;

across the slope cheaper field work

Strip cropping Dense strips trap sediment Diversified output; gradual
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from cultivated strips

natural terracing

Rotation, mixed and

intercropping

Restorative phases rebuild
structure and nitrogen; fuller

canopy

Yield stability; pest and risk

reduction

Cover crops and green

manuring

Living cover in bare perics;

biomass returnoa 0 riace

Nitrogen, weed suppression,

nitrate capture

Fertility and organic-matter

management

Conservation tillage

Stable aggregates; high

int.'traion and water holding

Higher, more responsive

yields

| kesidue armour and pore

Fuel and labour saving;

structure preserved moisture saving

Agroforestry / grass elements | Hedgerows, bund trees, Fodder, fuel and mulch from

fodder banks, grass strips protective plants

Limitations and Place in the Whole Programme

Agronomic measures have limits that honest teaching must state. They are knowledge- and
management-intensive rather than capital-intensive, which means they spread through
demonstration and habit change, not through a single construction season, and their full
fertility benefits build over several years. On steep slopes and in very erosive climates they
cannot by themselves control concentrated runoff, and they presuppose that the farmer

controls the land and residue decisions involved — grazing of stubble by other people's
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animals, and communal burning customs, can defeat an individual farmer's cover plan unless
the community agrees on rules. They are therefore deployed as the first and largest component
of an integrated programme, combined with the structural measures of the next question
where slope and runoff demand them, and supported bv k- (ommunity organisation of
Question 4. Their priority in that programme is justifiec by s:m:.,le economics: a rupee spent on
cover, rotation and contour working usually pre' ents more soil loss, over more area, than a
rupee spent on structures — and it keeps wo.king, through the farmer's own interest, after the

project staff have left.

Conclusion

In conclusion, agronor. ic meusures conserve soil by working through the crop system itself:
continuous living or residue cover, contour cultivation, strip cropping, rotations and mixtures
that include restorative l2gumes and leys, cover crops and green manures, fertility
management centred on organic matter, conservation tillage, and tree and grass elements
woven into the farm. Together they reduce detachment, increase infiltration, trap sediment
and rebuild the soil properties on which resistance to erosion depends, while generally raising
and stabilising yields. They are the cheapest, widest-reaching and most self-sustaining part of
soil conservation, limited mainly on the steepest and wettest land, where they join with

structural measures in the integrated treatment this assighnment goes on to describe.

Question 3: Structural Measures Used in Erosion Control (20 Marks)

Q. 3 Explain structural measures used in erosion control. (20)
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Introduction

Structural measures — also called mechanical or engineering measures — control erosion by
physically reshaping the land surface, intercepting and conducting runoff, and stabilising
channels and slopes with earth, stone, brushwood or maso’iry wor'.s. They are required where
agronomic measures alone cannot cope: on slopes tco teep or storms too intense for furrow
storage, where runoff is already concentrated in-o gu.lies, where field boundaries and roads
deliver water onto unprotected land, and whe. = valuable assets such as reservoirs, settlements
and valley farmland must be defendea. Unlike agronomic measures, they demand surveying
and design, significant labour or inocl inery at construction, land taken out of production for the
works themselves, and ¢ -e~.n.ed maintenance thereafter — costs that are justified only when
the protection they g.'re, und the sroductive use they make possible, exceed them. This answer
explains the principal structural measures in the order a designer meets them on the land:
terraces, bunds, diversion and drainage works, waterways and outlets, gully-control structures,
and slope and bank stabilisation works, together with the principles of design and maintenance

that decide whether structures succeed or fail.

Terraces: Bench, Broad-Base and Graded

Terracing converts a continuous slope into a staircase of shorter, gentler segments, attacking
the slope-length and steepness factors directly. The bench terrace, the classical form for steep
cultivated hillsides, cuts the slope into level platforms separated by near-vertical risers
protected with stone, turf or shrubs; runoff is held on the bench itself, erosion on the treated

land is almost eliminated, and intensive crops, orchards and even paddy become possible on
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land that was previously destroying itself — at high construction labour, which is economical
mainly where land is scarce, valuable and permanently cultivated, as in the hill agriculture of
northern Pakistan. Broad-base terraces, used on moderate slopes in mechanised farming, are
wide, low ridges and channels that a machine can cross an+ 7ar n over, dividing the slope
without taking strips out of production. Graded terr~ces cre pbuilt with a slight longitudinal
gradient so that intercepted runoff is conducted slow'y to a protected outlet, suiting higher-
rainfall areas where ponding the whole storn. wuu.d overtop the work; level terraces suit drier
areas where every millimetre of storou i isture counts. In all types the essentials are the
same: correct spacing computec ol 1 slope and soil, an adequate channel or bench capacity for
the design storm, protec’ed ris>rs and ends, and a safe destination for the water the terrace

collects, designed bu.fore he terrace i'nes are marked.

Bunds: Contour, Graded aind Field Bunds

Bunding is the most widely used structural measure on cultivated land in South Asia. Contour
bunds are small earthen embankments built on the contour across slopes of gentle to moderate
gradient, ponding runoff behind them until it infiltrates, conserving both soil and moisture and
progressively levelling the inter-bund field as sediment accumulates against the ridge. Graded
bunds carry a designed slight slope and discharge surplus water to grassed outlets, suiting
heavier rainfall or less permeable soils. Around and between fields, ordinary field bunds —
raised, compacted and, where necessary, stone-faced or grass-planted borders — prevent field-
to-field flow, hold irrigation and rain where they belong, and mark the stable skeleton on which

contour practice is organised; planting bunds with grass, shrubs or trees both strengthens them

and yields fodder and fuel from land otherwise unproductive. Bunds fail in predictable ways
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that design must pre-empt: built off the contour they drain to a low point and breach there;
undersized sections overtop in the design storm; burrowing animals, cart crossings and
deliberate cutting by a downbhill neighbour open the first gap; and a system of bunds without a
planned outlet delivers its collected surplus onto the weakest »~int of the lowest field. Correct
layout on the true contour or grade, adequate cross-sectioi. with proper compaction, stone or
turf protection of spill points, and agreed mainte nanc responsibility convert bunding from a

frequent disappointment into the workhorse o1 e csion control.

Diversion Drains, Cutoff Drains ana “arm Drainage

Many erosion disasters begii. .vit\» vwater arriving from somewhere else — runoff generated on
a hillside, a road or a _=ttlenrant above the field. Diversion drains and cutoff drains intercept
that external water be/ure it reachies the land to be protected and convey it, at a non-erosive

gradient in a channel of adeguate capacity, to a safe outlet such as a grassed waterway, a stable

gully or a stream. A cutoff drain above a gully head is often the single most effective gully

treatment, because it removes the cause — the plunging inflow — while bed and bank works
deal with the accumulated damage. Field and farm drainage works complete the system on
flatter land: surface drains that remove excess water without scour, and, in waterlogged and
salinising irrigated areas, the drainage whose absence is itself a cause of degradation. Every
interception work embodies the governing rule of structural design: never collect water without
providing, in advance, a safe place for it to go — a drain that ends on an unprotected slope

manufactures a gully more efficiently than nature would have done.
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Grassed Waterways, Outlets and Drop Structures

The collected water of a conservation system must descend to the stream somehow, and
waterway and outlet structures make that descent safe. Grassed waterways are broad, shallow,
parabolic channels in natural drainage lines, kept in dense - rass, si-ed for the peak flow of the
contributing area and checked against a permissible vzl city 10or the grass and soil; they receive
terrace, bund and drain discharges and deliver ti em vithout scour. Where water must fall a
significant height — at a terrace outlet, a gully >ead or a drain exit — energy must be dissipated
in a structure rather than in the <oil: ~hute spillways and pipe outlets carry water down a
protected path, drop structures :tco 't down in masonry or gabion falls with stilling basins that
absorb the plunge, and <i=.p.2 stone or brushwood aprons protect small falls. These outlet
works are small in arva bt decisive in importance, because the failure of a single unprotected
outlet can release the concentrated flow of a whole treated slope and unravel the system from
its weakest point; designers therefore treat outlets, not the long lengths of bund or terrace, as

the critical engineering of the scheme.

Gully Control Structures: Check Dams and Allied Works

Where erosion has concentrated into gullies, structural treatment works in the channel itself.
Check dams — barriers built across the gully bed at intervals computed so that the sediment
deposited behind one reaches the foot of the next — reduce the effective gradient in steps,
trap the moving sediment, raise and stabilise the bed and create the conditions in which
vegetation can colonise the banks and floor. According to size, material and intended life they

range from brushwood and loose-stone dams for small gullies, through gabion structures of
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stone-filled wire baskets that flex and drain, to masonry and concrete dams on large channels;
keying into bed and banks, an apron against downstream undercutting, and a spillway section
that passes flood flow over the centre of the dam rather than around its ends are the
construction details on which survival depends. Supporting v<ik: include sloping back and
fencing the gully margins, plugging small rills and gully ¥ ranc-e% with earth and brush, retaining
walls where a bank must be held at a road or se ttlen ent, and silt-detention and farm ponds
that store the intercepted water for use, turri'ng « .iability into an irrigation and livestock asset.
The structural phase of gully control i. uc!i* =2rately temporary in intent: its purpose is to hold
the channel still long enough for *he yermanent treatment — grass, shrubs and trees — to take

over the work.

Slope and Bank Stahili.ation YA'orks

The final family of structures protects slopes, banks and disturbed ground directly. Retaining

and breast walls of dry stone or masonry hold road cuttings, terrace risers and slide-prone toes
where space is too narrow for an earth slope. Gabion spurs and revetments deflect or armour
eroding stream banks, and stone pitching protects canal and pond embankments. On landslip
areas, surface and subsurface drainage that removes the water lubricating the slide is often
more effective than any wall, combined with regrading, benches and deep planting. Contour
trenches and staggered contour pits on non-arable slopes — small excavations on the contour
that trap runoff and sediment and store moisture for the trees and grass planted with them —
bridge the structural and vegetative methods, and contour wattling and fascines of brush laid
across small slopes give immediate roughness and trapping while cover establishes. Each such

work obeys the general design principles: investigate the cause of instability rather than its
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appearance, prefer flexible and drained structures to rigid undrained ones on moving ground,

and combine the structure with vegetation from the start.

Table 3: Principal structural measures and their functions

Measure

Function

Tv.sical Setting

Bench / broad-base / graded

terraces

Shorten and flatten <Ic7)pt_j

hold or safely conu 20 runoff

Steep to moderate cultivated

slopes

Contour and graded bunds;

field bunds

Pond or cunduct runoff;
div'd~ s.ope; retain field

Aater

Gentle to moderate
cultivated land, dry to

medium rainfall

Diversion / cutoff c'rains

Inteicept external runoff
before it reaches protected

land

Above fields, gully heads,

settlements and roads

Grassed waterways; chutes

and drop structures

Convey collected water safely

downhill; dissipate energy

Natural drainage lines; all

system outlets and falls

Check dams (brush, loose

rock, gabion, masonry)

Step down gully gradient;
trap sediment; enable

revegetation

Rills and gullies of all sizes;

ravine reclamation

Retaining walls, spurs,

revetments, trenches

Hold or armour slopes and

banks; drain unstable ground

Stream banks, road cuttings,

landslips, degraded slopes
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Design, Construction and Maintenance Principles

Across all these types, three principles decide success. First, design for a stated storm and a
stated outlet: structures are sized from the contributing area, slope, soil and a chosen design
rainfall, and no work is approved until the destination o7 its wa.er is fixed and protected.
Second, build in the right order and to specification - - .*irvey and peg the lines first, construct
from the outlet upward and from the ridge a>wnv/ard as the system requires, compact
earthworks in layers, key stone work into soun.' material, and plant the protective vegetation in
the same season, not as an afterthought. Third, maintain as a system: annual pre-monsoon
inspection, immediate repair of *1.= ‘irst small breach — because structures rarely fail whole;
they fail at one neglectid pcint and the released water destroys the rest — and a written
allocation of responshility, whether to the landholder, the user group or the agency, agreed
before construction begins. Where these principles are observed, structural measures give
immediate, measurable protection that agronomy cannot provide alone; where they are
ignored, the landscape is littered with breached bunds and undermined dams that discredit

conservation itself.

Conclusion

In conclusion, structural measures control erosion by engineering the surface and the drainage:
terraces and bunds divide and hold the slope, diversion drains keep foreign water out, grassed

waterways and drop structures discharge the collected surplus safely, check dams and allied

works arrest and heal gullies, and walls, spurs and trenches stabilise slopes and banks. They are

more costly and demanding than agronomic measures and are justified where slope, storm
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intensity or existing damage exceeds what cover and cultivation can handle, and they work best
— indeed, durably at all — only when built to a design with safe outlets, planted with
protective vegetation, and maintained as a permanent system. Structures buy the time and
stillness in which biology can recover; the next questions sho ** wh > must organise that work

and how the whole approach is made sustainable.

Question 4: Role of Community Pariic.»ation in Watershed

Management (20 Marks)

Q. 4 Describe the role of commu.ity participaiion in watershed management. (20)

Introduction

A watershed is almost never owned by one person. Its boundary follows the ridge and the
stream, crossing the fields of dozens or hundreds of families, common grazing land, public
forest, roads and settlements, and the water that one farmer wastes or pollutes on the upper
slope becomes the flood or the dry well of another in the valley. Watershed management
therefore cannot be delivered to a passive population by an outside agency the way a road or a
power line can: nearly every treatment stands on somebody's land, restrains somebody's
grazing or requires somebody's maintenance, year after year, long after the project vehicles

have left. Community participation — the organised involvement of the people of the

watershed in planning, deciding, contributing, implementing, maintaining and monitoring the

programme — is consequently not a decorative addition to watershed management but its

operating condition. This answer describes the roles participation plays at each stage of the
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work, the institutional forms it takes, the benefits it produces, and the conditions and cautions

that separate genuine participation from its imitation.

Role in Planning and Decision-Making

Participation begins with planning, and its first role is to s ippr’y kiiowledge no survey team can
match and to set priorities the community will acti'ally s.'oport. Residents know which spring
failed first, where the gully jumped its banks in ti 2 g~zat storm, which common land is disputed
and which slope the village already prctects vy custom — the raw material of a realistic
watershed plan. Through participaiary appraisal methods — village meetings, resource
mapping by residents, transe : wolks across the watershed with farmers and herders, seasonal
calendars and problem rankirg — the technical team and the community together identify the
problems in the order \ne community feels them, match them to the land's capability, and

select treatments that fit local labour, materials and customs. Decisions taken in this way carry

a legitimacy that an office-made plan cannot: the choice of which slope to close to grazing,

where the check dams go and whose field a waterway must cross has been argued out and
accepted in public, with compensation and benefit-sharing settled before the first dispute can
harden. Planning participation also corrects the professional's blind spots — a site that is
technically ideal for a plantation but is in fact the village's only dry-season grazing, or a drain
line that cuts a graveyard — before money is committed to a design that the community would

have quietly sabotaged or simply ignored.

Soil Conservation & Watershed Management (2511) | Solved Assignment Guide | Page 25

WhatsApp Orders: +92 324 5836626



USMAN NOTES | AIOU Code 2511 Solved Assignment 2 (Autumn 2026) Official Portal: www.usmannotes.com

Role in Implementation: Labour, Materials and Local Resources

The second role is contribution. Watershed works are labour-hungry — bunds, terraces,
trenches, nurseries, planting and check dams over a whole catchment amount to far more work
than any project budget can hire — and community labo'.r contrioution, whether voluntary,
shared by traditional labour-exchange custom, or pa: -, aid under programme rules agreed in
advance, is typically what makes treatment of th. whrle watershed financially possible at all.
Communities also contribute local materials — stone, brushwood, grass and tree seed — local
transport, and the watchfulness that pintects stored material and young works. Contribution
has a function beyond cheapnes.: ne ople mainiain what they have built with their own hands
and money in a way th v e /er maintain a gift, so the size and willing quality of the local
contribution is the L st :arly preaqictor of whether the works will survive. The terms must,
however, be fair and transparent: contributions should be proportionate to benefit and ability,
the poorest — who often gain most from fodder, fuel and employment but can least spare
unpaid days — should not be driven away by demands designed around the better-off, and
accounts of cash and labour should be public, because a single suspicion of misuse can dissolve

the cooperation on which everything else depends.

Role in Protection, Maintenance and Rule-Making

The third role is the longest and the most decisive: the daily protection and maintenance of the
treated watershed after construction ends. This work is almost entirely a matter of community
rules and their enforcement — agreements on closing regenerated slopes to grazing and

cutting for an agreed period, rotational grazing arrangements for the pasture, protection of
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plantations and waterways from stray animals and fire, regulation of fuelwood cutting, and the
routine inspection and repair of bunds, terraces and check dams after each storm season. No
department can post a guard on every hillside; only the users themselves, organised in a
watershed association, village organisation, water user group ~: siinilar body, with rules they
have made themselves and sanctions they accept as f-ir, con supply the continuous low-level
enforcement that determines whether cover recove s or is eaten in the first dry season.
Experience across the region is remarkably vonsiz.ent: structurally identical works flourish in
villages with functioning user organiscucs and decay within two or three years in villages
where the project treated par. -ipccdon as a formality. Maintenance funds, raised by small
regular contributions, fires, nu-sery inccrme or shares of plantation produce, turn protection

from an appeal to goodwi'l into a smaii permanent local institution.

Role in Equity, Conflict Resolution and Inclusion

A watershed programme distributes costs and benefits unevenly by nature: upland households
accept grazing restrictions and give labour on common slopes, while much of the benefit —
steadier water, less flooding, less silt — arrives downbhill, and the landless may gain only
employment and a share in fodder and fuel. Participation is the mechanism by which these
imbalances are recognised and corrected before they destroy the programme: benefit-sharing
rules for plantations on common land, priority in employment and in fodder and fuel
distribution for those who bore the restrictions, compensation or alternative grazing for
households displaced from closed areas, and representation of downstream and upstream
hamlets in the same decision body. Participation is also the forum for resolving the resource

conflicts — over grazing boundaries, water turns, encroachment and damage by animals — that
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degraded watersheds generate constantly, settling them by agreed local process instead of
feud or expensive litigation. For participation to perform these roles it must be genuinely
inclusive: women, who carry the main burden of fuel, fodder and water and hold much of the
practical knowledge of those resources, the landless, tenants ~.id herding groups must have
seats and voice, not merely attendance, or the rules produc=c will protect the interests of the

already powerful and fail precisely where enforcer nent vas most needed.

Role in Monitoring, Learning and Continu:ty

Finally, the community's role exten.1s *2 vwatching the results and carrying the work beyond the
project. Simple locally kept .-.~o1ds — rainfali, well and spring levels, survival of plantations,
sediment behind check dams fodder and fuel yields, repairs done and funds held — allow the

village itself to see wheiner treatment is working, to argue from evidence rather than rumour,

and to adapt the rules, for example reopening a protected slope in stages as cover recovers.

Local people trained as para-technicians, nursery managers and masons during the programme
remain as a permanent skill base in the watershed. When the external agency withdraws, as it
always does, it is this combination — an organisation, a fund, a set of rules, local skills and a
habit of meeting about the watershed — that constitutes the real product of the project; the
bunds and trees are merely its visible first instalment. Participation also disciplines the agency:
a community that has contributed and organised will demand the technical support, planting

stock and promised funds on time, raising the quality of the professional work itself.

Table 4: Roles of community participation across the life of a watershed programme

Stage Community Role What Fails Without It
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Planning

Local knowledge, problem
ranking, site and treatment
decisions, benefit-sharing

agreements

Implementation

Labour, local materie:s,
transport, superv’'sion of

quality

Office plans that ignore
grazing needs, disputes and

customs; works sited wrongly

Costs exceed any budget;
whole-watershed treatment
impossible; no ownership

created

Protection and maintenancc

\rezing and cutting rules, fire
and arimal protection, post-
storm repair, maintenance

fund

Plantations grazed out; first
breach unrepaired; works

decay in a few seasons

Equity and conflicts

Benefit sharing,
compensation, inclusion of
women, landless and

herders, dispute settlement

Costs fall on upland poor,
benefits flow down;
resentment destroys

cooperation

Monitoring and continuity

Local records, trained local
skills, permanent watershed

organisation

No learning or adaptation;
programme ends with the

project
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Conditions for Genuine Participation — and Cautions

Participation is not produced by holding meetings. It requires time before construction for trust
and organisation to form; honest information about what the programme can and cannot fund;
decisions that are actually honoured by the agency when (he cor.munity chooses within the
technical limits; transparency in money and in the se'ecion ur office-bearers; and a legal or at
least officially recognised standing for the local or ranis ation so that its rules and funds endure.
The cautions are the mirror image: particinatio.» can be captured by local elites who steer works
and wages to themselves; it can desene: ate into a ritual of attendance registers used to release
funds; women's and herders' r.ominal presence can conceal their exclusion from the real
decisions; and imposed ¢’ ution demands can tax the poorest for benefits they receive last.
Recognising these ris.'s is not an arsument against participation but a specification for doing it
properly — the more so bLiecause there is no alternative instrument that can protect a

watershed at all. Technical quality and participation are complements, not substitutes: the

engineer must still design the dam correctly, and the community must still be the body that

decides, builds, guards and repairs it.

Conclusion

In conclusion, community participation in watershed management supplies the local knowledge
and legitimate decisions that planning requires, the labour and materials that make whole-
watershed treatment affordable, the rules, enforcement and maintenance funds on which
survival of the works depends, the benefit-sharing and conflict resolution that keep an uneven

distribution of costs and benefits fair, and the organisation, skills and records that carry the
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work beyond the life of any project. A watershed is a shared resource system, and only the
organised community that lives in it can manage it continuously. Programmes that treat people
as beneficiaries to be delivered works produce structures that decay; programmes that treat
them as the managers, supported by sound technique. ,r.duze watersheds that keep

improving after the programme closes.

Question 5: Sustainable Land Manage.<nt Practices (20 Marks)
Q. 5 Explain sustainable land manage =~ vractices. (20)

Introduction

Sustainable land manaze...ent (SLM) is tiie use of land resources — soil, water, vegetation and
animals — in ways th.* :neet the thanging needs of the present while ensuring the long-term
productive potential of those resources and the maintenance of their environmental functions.
In other words, it is the positive answer to the land degradation examined in Question 1: where
degrading management takes more from the land system than it returns, sustainable

management keeps the capital of soil depth, organic matter, cover and water intact while

drawing a continuing income of crops, fodder, fuel and other products from it. SLM is not a

single technique but an integrated set of practices — agronomic, vegetative, structural and
managerial — selected for the capability of each piece of land and combined with the tenure,
incentives and community organisation that make them durable. This answer explains the
principles of sustainable land management and then describes its main practice groups: soil and

fertility management, water management, erosion control and integrated farming systems,
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grazing and forest management, and the enabling conditions without which technically sound

practices do not persist.

Principles of Sustainable Land Management

Four principles run through all SLM practice. First, use lz1d uccurding to its capability: match
the intensity of use to what slope, soil and climate ~an boar indefinitely, cropping the capable
land well, grazing or foresting the fragile land, a~a 2rutecting the critical land — the matching
exercise formalised in land capability clcssification. Second, keep the soil covered and fed:
maintain living or residue cover foi a2 much of the year as possible and return organic matter
and nutrients at least equal 1.- veraovals, because soil organic matter is the working capital from
which structure, infiltrc*ion ar.d fertility are all drawn. Third, manage water as carefully as soil:
capture rain where it taus, store ii in the profile and in ponds, dispose of the surplus safely and

use every stored unit productively and without generating salinity. Fourth, integrate and

diversify: combine crops, livestock, trees and, where relevant, fish and other enterprises so that

the wastes of one component feed another, income is spread across seasons and risks, and no
single failure can destroy the household. Around these technical principles stand the
managerial ones — secure tenure, fair access to common resources, viable economics for each
practice in the year it is adopted, not only in the tenth year, and local organisation for the
works and rules that exceed one farm — which decide whether practices that are sustainable in

the field-trial sense become sustainable in the social sense of actually being continued.
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Soil and Fertility Management Practices

The foundation practices work on the soil itself. Organic-matter management — applying
farmyard manure and compost, returning crop residues, green manuring, growing legumes in
rotation and mixture, and mulching — rebuilds aggregate stability, infiltration, water holding
and nutrient supply together, and is the closest thing soil management has to a universal
remedy. Balanced and efficient nutrient manageient replaces what harvests remove, guided
where possible by soil testing and by the princiole of applying the right source, rate, time and
place, combining organic and mineral s~urces so that fertiliser feeds a biologically active soil
rather than substituting for or €. Conservaticn tillage and contour working, described in
Question 2, protect th.s inproving soil from physical loss, while biological practices —
encouraging earthwc ms and microbial activity by avoiding unnecessary burning, excessive
pesticide use and prolonged tare fallow — maintain the living system that cycles nutrients and
builds structure. On problem soils the practices are specific: gypsum, leaching and drainage
with salt-tolerant cropping for sodic and saline land, additions of organic matter and careful
water management for compacted and crusted surfaces, and agroforestry species chosen for
their litter quality where nutrient pumping from depth is needed. The measurable aims are a
soil that absorbs the design storm, holds plant-available water through a normal dry spell and

yields without a rising input bill — the working definition of a soil being managed sustainably.

Water Management Practices

Sustainable water management on the land begins by harvesting rain in place: contour bunds,

terraces, trenches, pits and tied ridges that hold runoff for infiltration; field-level water
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harvesting and small farm ponds and tanks that store the managed surplus for livestock and
supplementary irrigation at critical crop stages; and recharge structures that direct clean runoff
to wells and aquifers. In irrigated systems the corresponding practices are precision land
levelling for uniform application, irrigation scheduling that ayr!ies water by the crop's need
rather than by fixed turns alone, lining or piping of lea'y ch.2n*els where seepage is genuinely
lost, alternate and deficit irrigation strategies wh :re r. search supports them, conjunctive and
careful use of groundwater so that pumping Joc, .iot mine the aquifer or pull up salts, and —
indispensably — drainage, surface an~ >ub-urface, that removes the excess water and salts
which otherwise convert irrig..tior itself into a degrading force. Watershed-scale water
planning links these farm. prac.ces: upstream harvesting is sized with regard to downstream
users and storages, and ‘iparian bufiers and protected catchments guard the quality of the
water that all of them share Done together, these practices raise the productivity of each
millimetre of rain and each cubic metre of canal water, which in a water-short country is the

largest single production reserve available.

Erosion Control and Integrated Farming Systems

The erosion-control practices of Questions 2 and 3 — cover, contouring, strips and rotations on
the agronomic side, bunds, terraces, waterways and check dams on the structural side — form
the third group of SLM practices, applied land-unit by land-unit in the ridge-to-valley sequence
of a watershed plan. What makes their deployment 'sustainable land management' rather than
a list of works is their integration into farming systems that households can profitably operate.
Integrated crop-livestock systems recycle manure to fields and residues and fodder to animals,

closing the nutrient loop that nutrient mining broke. Agroforestry systems add the tree
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component — fodder, fuel, fruit and timber trees on boundaries, bunds, woodlots and contour
lines — diversifying income, feeding livestock from protected plots instead of open slopes and
building the permanent cover that fragile patches need. Integrated pest and weed
management reduces the chemical load on soil and water. Dive~iiiction into higher-value, less
water-demanding crops where markets allow, and vilue-2duing storage and processing at
village level, raise the income earned per unit of ;oil a\d water, easing the economic pressure
that drives degradation. The test of integraticn 1> <. actical: every enterprise on the farm should
either use another's by-product, protcce or other's resource base, or spread the household's

risk — preferably all three.

Illus*r=_ive comparison: 5LM vs unmanaged land (not measured data)

B Degraded / unmanaged
EEm Sustainable land management

lllustrative index

Soil Water Yield Carbon Input
retained infiltration stability stored savings

Figure 2: lllustrative comparison of land outcomes under sustainable land management and under

unmanaged, degrading use (index diagram for teaching — not measured data).

Grazing Land, Forest and Common-Land Management

Because a large share of degradation occurs off the cropped field, SLM includes explicit

practices for the commons. Rangeland management rests on matching stocking rate to carrying
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capacity, rotational and deferred grazing that lets key species seed and recover, protection and
reseeding of denuded areas, water-point distribution that spreads grazing pressure, fodder
banks and stall-feeding development that carry animals through the dry season without
stripping the hills, and community grazing rules of the kind descr"ued’ in Question 4. Sustainable
forest and plantation management applies the same logi~ tu trees: harvest not exceeding
growth, assisted natural regeneration and enr'chment planting, protection from fire and
uncontrolled cutting, and a fair local share ir toic2: produce that gives residents an interest in
the standing resource. Biodiversity is 17ai.22 2d as an asset within all of these — retaining field
trees, hedges, wetlands and ha.ita. strips, corserving local crop and livestock varieties, and
protecting pollinators an7i natu.al enemiec — because the ecological services they provide are

part of the producti ‘e sys*em, not a !uxury added to it. Common-land practices fail without the

tenure and organisational conditions discussed below, which is why SLM treats commons

governance as a practice in its own right rather than a background assumption.

Table 5: Sustainable land management — practice groups and their purposes

Practice Group Representative Practices Main Purpose

Soil and fertility Manure and compost, Maintain organic matter,
residues, rotations with structure, infiltration and
legumes, green manuring, nutrient capital

balanced nutrients,

conservation tillage

In-situ harvesting, ponds and | Capture, store and use water
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recharge, levelling,
scheduling, efficient

conveyance, drainage

L

Erosion control

Cover, contouring, strips;
bunds, terraces, wats.n 1ays,

check dams

productively without salinity

or aquifer mining

Ke~.p soil in place from ridge

to valley

Integrated systems

Commons managemern*

Crop-livestock 1ategration,
ag cfarectry, IPM,

Jiv 2rsification

Recycle by-products, spread
risk and income, protect

fragile patches

Stocking control, rotational
grazing, regeneration

protection, fodder banks

Restore and sustain
rangeland, forest and shared

resources

Enabling conditions

Secure tenure, incentives,
extension, credit, community

organisation, monitoring

Make sound practices
adoptable, profitable and

permanent

Enabling Conditions: Tenure, Incentives, Knowledge and Monitoring

Practices persist only inside enabling conditions, and listing them completes the explanation of

SLM. Secure tenure — ownership, long lease or recognised community rights — gives the land

user the future from which conservation's delayed benefits are paid, and reform or written
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agreements that protect tenants' investments can transform adoption on rented land.
Economic incentives align the present with the future: credit suited to multi-year works, fair
prices, payments or cost-sharing for the public benefits of conservation such as downstream
sediment reduction, and prompt fodder, fuel and incon.= returns from the practices
themselves. Knowledge systems — extension, farme: fie.1 ~chools, demonstration on real
farms, and the documentation of successful loca' pracice — spread the management skill on
which agronomic measures depend. Monitorn.ng uicses the loop: simple indicators watched over
years — soil organic matter and dcuu:, cover percentage, well levels, sediment behind
structures, yield stability — tell ~ari 1gers whether the land is genuinely on a sustainable path
or merely busy with prujects, and allcvw correction while correction is still cheap. Policy
coherence binds the who.2: land, water, forest, livestock and agricultural pricing policies pulling
in the same direction, with watershed and land-use planning as the frame in which farm

decisions are made.

Conclusion

In conclusion, sustainable land management is the integrated practice of using land within its
capability, keeping soil covered and organically fed, capturing and using water without waste or
salinity, controlling erosion from ridge to valley, integrating crops, livestock and trees into
mutually supporting systems, governing the commons by agreed rules, and sustaining all of it

with secure tenure, workable incentives, knowledge and monitoring. Its practices are known,

tested and largely affordable; the achievement of the approach is to combine them into

systems that a real household, on real land, under a real climate, can continue indefinitely —

producing more, more reliably, while handing the soil, water and cover to the next generation
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undiminished. That combination of productivity, stability and permanence is the goal toward
which every topic in this course — watershed, erosion, conservation measures, structure and

participation — has been building.

Soil Conservation & Watershed Management (2511) | Solved Assignment Guide | Page 39

Page 39 of 39 - USMAN NOTES (100% Quality Academic Reference) WhatsApp Orders: +92 324 5836626



