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so i l s .

At  ICRfSAT,  in  Andhra Pradesh,  Ind ia,  a  t r ia l  was es-
tab l ished to  test  the abi l i ty  o f  vet iver  grass to  surv ive under
var ious t reatments on red a l f iso ls .  The t reatments inc luded
cutt ing the pJ-ants to ground level each month, leaving the plants
complete ly  uncut  and i r r igat ing as weI I  as not  i r r igat ing,  over  a
randomized b lock design.  Dur ing the per iod of  four  seasons that
the grass has been under  t r ia l ,  a I I  p lants  have surv ived,  and
this period has witnessed the worst three-year drought j-n the
area in  many years.  As par t  o f  the i r  observat ions,  the p lant
sc ient is ts  at  fCRISAT p lanted a s ing le l ine hedge of  the g l rass
rron a soi l  I  a substrate of rnainly quartz qravel ]  i t  could not
possibly survive onrr to establ- ish a datum point where it  would
not grow. rr This was on the inside excavated wall of a dry dam.
Not only did the vetiver survive, but i t  formed a hedge and
stopped the adjacent  r i I I  eros ion.  And because the hedge s lowed
down the runof f ,  natura l  grasses and p lants  establ ished behind i t
wi th in  two seasons,  g iv ing a n ice example of  vet iver 's  potent ia l
for  rehabi l i ta t ing waste land at  l i t t le  cost .

The Econonics of Vetiver Grass Hedges

One way to  evaluate the economic potent ia l  o f  vet iver  grass
is  through benef i t -cost  anal -ys is .  Annex 1 presents such an
analys is ,  based on data f rom Wor l -d  Bank- f inanced pro jects  in
Ind ia 's  semiar id  t rop ics,  and compares the vet iver  system wi th
engineered f ie ld  bunds.  Both technologies prov ide protect ion
against  so i l  eros ion,  and hence product ion benef i ts  over  t ime
(s ince wi thout  the conservat ion measures,  y ie lds would gradual ly
dec l i ne  f rom e ros ion ) .

The y ie ld  benef i ts  o f  the two technologies are not  welL
studied but can be roughly approximated for purpose of analysis
as 50 percent  for  vet iver  and 30 percent  for  f ie ld  bunds.*  The
in i t ia l  cost  o f  establ ish ing vet iver  hedges is  est imated at  Rs
275 per  hectare,  whi le  the in i t ia l -  const ruct ion costs  for  the
f ie ld  bunds is  est i rnated at  Rs 932 per  hectare.  Whi le  the
analys is  is  based on a number of  assumpt ions that  are poor ly
known,  the resul ts  are s imi lar  under  essent ia l ly  any feas ib le  set
of  assumpt ions:  vet iver  technology appears to  be at  least  as
ef fect ive ds,  or  more ef fect ive than,  f ie ld  bunds,  whi le  costs
are dramat ica l ly  lower .  Tabl -e 3 summar izes the in ternal  ra tes of
return and present net values of the comparison.

The rat ionale for  these est i rnates is  d iscussed in  annex
t_ .

3 0



Table 3
A Summary Economic Conparison of Vetiver

and Bunding Technoloqies for SoiI Conservation

Techno logy  Y ie1d fncrease
( e " )

Net Present Internal Rate
Value of Return

Vetiver
Bunding

5 0 ?
3 0 2

R s  8  t 5 4 3
R s  3 , 4 3 6

952
289"

:=:==:::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :=::: : : : : : : : : : : : : : : : : : : : :

Other benefits of the vetiver system that are not captured
by these nurnbers include the reduction of r isk brought about by
mo is tu re  conse rva t i on . Par t icu lar ly  in  semi-ar id  farming
systems,  the absence of  adequate ra in fa l l  dur ing cr i t ica l  per iods
of  p lant  growth can resul t  in  y ie ld  losses even in  t imes of
overa l l  normal  or  near-normal  annual  ra in fa l l - .  By reducing the
danger  of  mois ture-re la ted crop s t ress,  the vet iver  system can
encourage farmers to  adopt  more in tens ive,  h igher  payof f
s t ra tegies,  thus boost ing the i r  overa l l  agr icu l tura l  product ion.

The real  benef i ts  o f  vet j -ver  grass accrue f rom in tegrat ing
th is  technology in to local  agr icu l tura l  s t ra tegies,  and th is  wi I I
cer ta in ly  requi re a great  deal  o f  adapt ive research,  ds weI I  as
t r ia l  and error  by farmers themsel-ves.  fn  some areas,  vet iver
hedges may render  a crop prof i tab le under  ra in- fed condi t ions
when i t  prev ious ly  requi red i r r igat ion.  In  other  areas,  vet iver
hedges could be par t  o f  a  land rec lamat ion ef for t  or  as a measure
to s tabi l ize graz ing areas.

As more becomes known about  vet iver ,  there wi I I  undoubtedly
emerge caut ions and potent iaJ-  problems wi th  the technology.
Al ready there have been in formal  repor ts ,  but  no documented
studies,  that  vet iver  grass may compete for  water  wi th  economic
crops,  that  the hedge rows can spread under  cer ta in  condi t ions,
or  that  the grass can harbor  cer ta in  species of  insect  pests .
Clear ly ,  a  great  deal  o f  fur ther  research is  needed to bet ter
understand the potent ia l -  benef i ts ,  as wel l  as l imi ta t ions,  o f
vet iver  grass technology.  And research is  needed not  on ly  on
vet iver  but  a lso on the potent ia l  ro le  of  o ther  p lants  for  so i l
and moisture conservat ion.

Yet ,  as th is  paper  has pointed out ,  we a l - ready know enough
about the vetiver technoJ-ogy to see many opportunit ies for
vet iver-based conservat ion systems.  The pr imary constra in ts  to
broader  adopt ion at  th is  po int  are more inst i tu t ional  than
technica l .  Nat ional  and in ternat ional  aqencies need to reth ink
thei r  assumpt ions about  so i l  conservat ion and to  take an
object ive look at  low-cost ,  1ow- input  a l ternat ives.
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ANNEX
\IETTVER GRASS: A BENEFIT-COST ANALYSIS19

As an i l lustration of the economic gains that can be derived
from a vetiver-based conservation technology, this annex presents
a benefit-cost analysis. Along with demonstrating the advantages
of  the vet iver  system, the analys is  a lso h igh l ights  some of  the
rnethodological problerns involved in evaluating soil  conservation.
Indeed, the persistence of conventional structural approaches to
erosion control owes much to the complexity of the argurnents. As
th is  analys is  shows,  there is  l i t tLe economic just i f icat ion for
constructing erosion control structures when plants can do a
bet ter  job for  a  f ract ion of  the cost .

The analysis compares the relative economics of a vetiver-
based technology with the more conventional approach of con-
st ruct ing f ie ld  bunds.  To the extent  poss ib le ,  data ref lect
cond i t i ons  on  a l f i so l s  j - n  the  semia r id  zones  o f  I nd ia .  Cos t ,
y ie ld ,  and input  data for  the in i t ia l  budgets are based on
est imates prov ided by Wor ld Bank f ie ld  s taf f  invo lved in  a p i lo t
watershed pro ject ,  and these est imates in  turn are based on on-
farm research conducted by var ious agr icu l tura l  un ivers i t ies.
The est imates have been adjusted based on d iscuss ions wi th  Wor ld
Bank agr icu l tura l is ts .  The budget  represents a rotat ion of
sorghum intercropped wi th  red gram (Cajanus ca jan)  and castor
(R ic inus  commun is ) .

The pr inc ip les behind the two conservat ion technologies
considered here--vetiver grass hedges and earthen bunds--are
s imi lar .  By in ter rupt ing the s lope of  the f ie l -d ,  both tech-
nologies slow water movement, which reduces the movement of soi l
par t ic les and prov ides greater  absorpt ion of  mois ture,  hence in-
creasing y ie lds.  Vet iver  grass hedges are sa id to  be more ef -
fect ive in  s lowing water  and in  for rn ing so i l  ter races as so i l
accumulates a long the i r  ups lope s ide.  Bunds a lso promote the
absorption of water but are designed as well to convey rrsurplusrl
water into drains and waterways. During intense storms, inade-
quate prov is ion for  t ranspor t ing excess water  can cause fa i lure
of bunds and damage to crops downslope. Loss of water from the
root zone via waterways probably accounts for the small-er yield
increase obta ined f rom bunds.  Table 4 summar izes data on the
impact  o f  three d i f ferent  so j - l  and moisture conservat ion
technologies on so i l  loss and water  runof f .
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Table 4
fnpact of SoiI and lloisture Conservation Technologies

on Erosion and Runoff

Erosion or
Sedimentat ion*

Contour  cu l t ivat ion 10-50

Contour  cu l t ivat ion 30-60

Runof f*

1 0 - 7 0
2 5

- 7 0

Locat ion

USA

f n d i a

fndones ia
USA

Reference

Wischmeiar  &
Smith
Gupta et  a l .
Dhruva Narayana

Abu jamin  e t  a l .
Car ter

Grass Str ips
Grass Str ips

Contour Bunds
Contour Bunds

9 3
4  0 - 6 0

9 0

4 3
6 2

Tha i land Sheng e t  a l - .
S ie r ra  Leone

M i l l i n g t o n

* Percentages reduced from the case where erosion control
measures are not  used.

The ef fect  o f  a l ternat ive so i l  conservat ion technologies on
crop yields has been studied in a nurnber of experirnents in fndia
and e lsewhere.  Despi te  the apparent  s i rnp l ic i ty  o f  the quest ion
being asked,  there is  as yet  no def in i t ive answer.  Exper imenta l
designs are weak and researchers have often focused on questions
that  are per iphera l  to  i rnpact  on y ie lds.  Table 5 summar izes
avai lab le data on the impact  o f  a l ternat ive so i l  conservat ion
technologies. fn  the case of  so iL and moisture conservat ion
using vet iver  grass hedges,  the qual i ty  o f  the crop cut t ing
experirnents that have been conducted is questionable. There are,
however, other data from tr ials with other grass barriers that
prov ide some ind icat ion of  l ike ly  benef i ts .  Fur thermore,  a
s ign i f icant  par t  o f  the y ie ld  increase at t r ibuted to  the vet iver
system resul ts  f rom the accompanying pract ice of  contour
cul t ivat ion,  s ince farmers are essent ia l ly  forced to  adopt
contour  cu l t ivat ion in  order  to  fo l low the vet iver  hedge l ines.
As a base case,  y ie ld  increases f rom vet iver  o f  50  ̂ percent  have
been  assumed ,  based  on  the  work  o f  John  Green f i e ld . zu

Simi lar ly ,  exper iments wi th  bunding techniques have prov ided
only  l in i ted ev idence of  the i r  e f f icacy of  crop y ie lds.  However ,
in  the ca lcu lat ions d iscussed in  the next  sect ion,  ds a base
case it  has been assumed that bunds with contour cult ivation wiII
increase y ie lds by 30 percent  over  the wi thout-pro ject  case.
For both bunding and vetiver, the percentage yield increase



Inpact of

Measure

Selected SoiI

fmpact on
Crop Yie ld

(? inc rease )

l_0

35
1_8
t-L
L7
24
25

36
25

2 I
L5
20
14

Notes

Sorghum, fndia
Sugarcane,  Taiwan
Cot ton,  USA
Potatoes,  Ind ia
Ma ize ,  f nd ia
Sorghum, Kanput

Barley, Kanpur

Ma ize ,  Chand iga rh ,
Ind ia
Ma ize ,  U t ta r  P rasesh
Setar in ,  Tami l  Nadu
Cotton, Tarni l  Nadu
Sorghum, Tamil Nadu
Sorghum, Maharastra
Pear l  M i11e t ,
Maharastra
Sorghum, Tamil Nadu
Pear l  M i1 le t ,  Tami l
Nadu
Wheat ,  Punjab
Grain,  Punjab
Ma ize ,  Pun jab
Pear l  M i I I e t ,  Pun jab

Reference

Dhruva Narayana
Liao
Unger

I t

t l

Bhatia &
Chaudhary:t

t l

Watson &
Laguihon

Sud  e t  a1 . *

Khan*
Kanitkar*

t l

t l

Tamhane*
t l

| l

t l

! !

t l

t l

t l

Table 5
and Moisture Conservation Techniques

Contour cult ivation

Sloping agr j -cu l tura l  land technology (SALT)
LO7 Corn ,  Ph i l i pp ines

Fie ld bunds

35
1,2
60

6
4 6
2 5

l_5

*  Repor ted  i n  Te jwan i  ( l - 989 ) .

3 9



-

has a lso been t reated as a parameter ,  and resul ts  have been
presented for  y ie ld  increases ranging f rom o to  140 percent .*

fnvestment costs for vetiver grass and earthen bunds have
been taken from estimates made during World Bank preparation of
the Ind ia In tegrated Watershed Development  Pro ject  (P la ins) .
Costs for  vet iver  grass inc lude labor ,  bu l lock power,  fer t i l izer ,
and cont ingencies.  P lant ing mater ia l  is  va lued at  fu I I  cost ,
inc lud j -ng t ranspor tat ion,  25 percent  cont ingencies,  p lus a 50
percent  rnark up.  Costs are deta i led in  tab les 6 and 7.

A hectare of cropland would normally require about 250
l inear  meters of  contour  hedge.  At  a  hedge width of  0 .5rn th is
wi l l  occupy r25m2.**  rn  aaai t ion to  in i t ia t  p lant ing costs ,
al lowance has been made for care i-n the second and third years
af ter  which i t  is  assumed that  the hedges wi l -1  be fu l Iy  es-
tab l ished.  I t  is  impor tant  to  note that  when s ign i f icant  areas
are t reated wi th  vet iver  hedges,  the hedges themselves wi l I
becorne a source of  essent ia l ly  f ree p lant ing mater ia l .  Ul t i rnate-
Iy ,  th is  wi l - l  reduce the costs  of  land t reatment  by 50 percent .

The anal-ogous costs for constructing and maintaining earthen
bunds assume I ight  so i ls  and a bund cross sect ional  area of
0.5m2,  which appears to  be the current  s tandard.  Land est imated
to be taken out  o f  cu l t ivat ion by bunds consis ts  of  the width of
the  bund  (L .7n )  and  be rm (0 .3n )  p lus  one  ha l f  o f  t he  bo r row  p i t
(L .7n )  and  a  p rov i s ion  fo r  d ra ins  and  wa te rways  (0 .3m) .  These
costs  are deta i led in  tab le I ,  and to ta l  to  Rs 863 per  hectare.

The cost  o f  grass ing and mainta in ing bunds has been exc luded
from the analys is .  Poor  maintenance is  one of  the pr inc ipa l
reasons for bund fai lure and the conseguent need for frequent
replacement .  The base-case assumpt ion is  that  bunds requi re
replacement every f ive years.

The use of  vet iver  grass s t r ips as a source of  fodder  has
been observed in southern fndia, but there are currently no data
on i ts  va lue as fodder  or  on susta inable y ie1d.  Fodder  y ie lds
have not been incorporated into the benefit  f lows but this could

* There is room for considerable doubt as to whether these
yie ld  increases can actual ly  be reached.  Percentage y ie ld
increases,  depend on the base,  which in  the case of  the semiar id
zone can be h igh ly  var iab le.  r t  is  c lear  that  y ie ld  increase
due to moisture conservation can, in percentage terms, be very
high in drought years but that the same absolute increase in good
years would be gnal l  in  percentage terms.

**  A sguare,  one hectare p lot  wi th  a s lop of  2 .5 percent
would reguire approximately this much material.
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Table 6
Nursery Costs of Vetiver Slips

(Rupees)

Uni ts
Labor and Machinery Costs
Plowing Bprs
Breaking clods Mdays
Spreading manure Mdays
Forming ridges & furrows Bprs
Loading & unloading from

mother nursery
Treatment dressings*
Pruning and sort ing
Plant ing of  s l ips
Weeding
Weeding & topping
Uprooting clumps

Subtotal

fnput Costs
Purchase of  s l ipsr .
Manure
DAP
Urea
At raz ine  (a i )
BHC (  r_O?)
I r r igat ion

Subtotal

Base Costs

Con t ingenc ies ,  l osses ,  e t c .

TOTAL COSTS

Outputs sl ipsr.*
Average cost  per  s l ip ' t *
Sal -es pr fss* ' t *

Mdays
Mdays
Mdays
Mdays
Bprs
Mdays
Mdays

0 0 0
Tons
Kgs
Kgs
Kgs
Kgs
Tota l

Cost-/
Un i ts

4 5
L 2
I 2
4 5

I 2
L 2
I 2
T 2
4 5
T 2
I 2

2  r 2 4 4

1 0
5 0

3 . 5
2 . 6

167
2

Per Ha
No.  o f  To ta l
Un i ts  Un i ts

1 0  4 5 0
5 0  6 0 0
10 L20

5  2 2 5

r-0 L20
1 5  L 8 0
2 0  2 4 0
7 5  9 0 0
1 5  6 7 s

1 5 0  t _ , 8 0 0
2 5  3 0 0

5 ,  6 1 0

6 . 5  6 2 5
2 5  L , 2 5 O

2 5 0  8 7 5
3 7 5  9 7 5

1 . 5  2 5 0
2 5  5 0

2 5 0
4  1 2 7 5

9 r 8 8 5

2  , 4 7 L

L 2 , 3 5 6

. 6 6
t _ .  0 0

i

25

L , 8 7 5

*  Inc lud ing t ranspor t  costs .
**  Basis  for  cost ing purposes is  30 s l ips per  c Iump.
:t: tJr [ssgngs 50 percent markup.

Note:  Di rect  nursery costs  are not  inc luded in  pro ject  cost ing
tables. costs are covered indirectly by a charge of 1- paise per

:ll:=:::::ll=:::l::::::::::l====:::::====::=:::::=====:::::::::==

000
Pa ise
Pa ise
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TabLe 7
Costs of Establishing Vegetative

(Rupees )

Cost/ No. of Units
Units Units Yr1 lr2 Yr3

Contour Hedge Establishnent
per 11000 running neters

Hedges

Year of Establishnent
Year 1 Year 2 Year3 Iota1

Labor
Opening
Forming
Pruning,

- 1IUrrows
bunds

separat ing,

R n r <  A q
s F t  v

Mdays  L2

Mdays 12
Mdays L2
Mdays 12

0 . 5
5

2

2

0 . 4
0 . 8

2 2 . 5
6 0 . 0

2 4 . 0
4 8 . 0
2 4 . 0

1 7 8  . 5

4 0 0 . 0
4 0 . 0
7 0 . 0

I J U .  U

8 0 . 0
7  4 . 0

8 1 4 . 0

t r .  u

0 . 0

4 . 8
9 . 6
0 . 0

L 4 . 4

8 0 . 0
0 . 0
0 . 0

8 . 0
8 . 8

9 6 . 8

992 .5  LLL.2
9 9 0  1 1 0

0 . 0  2 2 . 5
0 . 0  5 0 . 0

0 . 0  2 8 . 8
0 . 0  5 7 . 6
0  . 0  2 4 . 0
0 . 0  L 9 2 . 9

0 . 0  4 8 0 . 0
0 . 0  4 0 . 0
0 . 0  7 0 . 0
0 . 0  1 5 0 . 0
0 . 0  8 8 . 0
0  . 0  8 2 . 8
0  . 0  9 1 0 . 8

0 . 0  1 1 0 3 . 7
1 1 0  0

0 . 0  4 8 . 2
0 . 0  2 2 7 . 7

0 . 0  2 7 5 . 9
275

0 . 0  4 8 . 2
0 . 0  2 2 7  . 7

0 . 0  2 7 5 . 9
z l J

fnputs .
Pu rchase  cos t  o f  s { i ps '
T ranspo r t  o f  s1 ips "
DAP

loading,  & unloading
Plant ing & dressing
Weeding

Subtota].

0 0 0
?
KgS

Urea (3 spl i t  dressings)  Kgs
BHC (10  t )  Kgs
Cont ingencies Z

Subtotal

TOTAT COST
Rounded Cost

1 0

2 . 5
I

4 0
1 0
2 0
6 0
A O

1 0
4

r_0

Treatment Cost
Labor
Inputs

TOTAI. COST
Rounded Cost

A
per Hectare-

4 4  . 6
Z V J . J

2 4 8 . L
250

2 4 . 2

2 7  . 8
2 5

3 . 6
2 4 . 2

2 7  . 8
2 5

:il3:8t 
cost Per llectare

Inputs

TOTAI. COST
Rounded Cost

Not€a:

1 .  Cos t s  en te red  as  bu l l ock  pa i r  days .

2 .  See  nu rse ry  cos t  t ab l e .

3 .  F rom nu rse ry  t o  f i e l d  s i t e .

4 .  B a s e d  o n  4 0 m  H I  e q u i v a l e n t  t o  2 5 0 m  p e r  h e c t a r e  ( 1 m  V f ) .

5 .  S i nce  t he  f abo r  cos t  j . s  a  sma l l  p ropo ra t i on  o f  t o t a l  cos t ,

t o  t he  p ro j ec t  and  wou ld  be  pa id  as  a  comp le t i on  i ncen t i ve

p rov id i ng  t he  necessa ry  l abo r .

42

% of  above
? of  above

1 0 0  r . 0 0
r_00 r .00

4 4 . 6
2 0 3 . 5

2 4 8 . t
250

t he  en t i r e  amoun t  has  been  i nc l uded  as  a  cos t

t o  t he  bene f i c i a r y  who  wou ld  be  respons ib l e  f o r



Table 8
Conparative Costs of Earthen Bunds and Vegetative Barrier Hedges

(1 -989  Cos ts )

Slope I
Notes  l -  2 .5  4

Construction costs
Average bund length
Average earth works
Field bunding costs
Associated costs*

Cost per gross hectare

Loss of arable land
Affected width
Adjusted width
Area affected
Net loss
Proport ion affected
Net loss

Cost per net hectare

* For associated diversion channels and waterways--l-5 percent of
direct cost,s.

Assumptions: Bunds established at l-m vert ical interval, bund
crogs section eguals 0.5 fr2, and labor rate is equal to Rp
6/m3 for earth work.

Table 9
Results of Econonic Analvsis of Alternative SoiI Conserrration

Technologies under Various Parameters

Yield Erosion Loss Net Present Est. Rate
fncrease Prevented Value* of Return

Technology (Z)  (Rp/ha)  (Z)

Plr ha
mJ/ha
Rs
Rs
Rs

L00
50

300
45

345

250  400
L25 200
75O L ,2OO
1L3  L80
863  1 r38O

m2 o f  bund  .  4 .O  4 .0  4 .O
m2  o f  bund  3 .  o  3 .0  3 .0
square meters 400 l - ,  000 l - ,  600
square  me te rs  300  75O L r200
z  4 .O  r . 0 .0  l _6 .0
z  3 .0  7 .5  L2 .O
Rs  356  932  1 ,368

Vetiver
Fie1d bunds

Vetiver
Field bunds

50?
352

50?
352

L . 2 5 - O . 9 5
1 , . 2 5 - O  . 9 5

0 .  00
0 .  00

8  , 543
3 t436

6 ,765
L t 6 5 9

4 , 7 L 9

952
2BZ

872
222

349"F ie l d  bunds  352  L .25 -O .95
(no replacement reguired)

* L0 percent discount.
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easi ly  be done as addi t ional  data become avai lab le.*

Results

The resul ts  of  ca lcu lat ions on the comparat ive costs  of
vetiver qrass hedges and earthen bunds are summarized in table 9.
Using the base case assumpt ions,  both vet iver  grass hedges and
earthen f ield bunds appear economically viable. However, vetiver
wi th  a net  present  va lue (NPV) of  Rp 8,543 per  hectare ( tnn :  95
percent)  is  c lear ly  super ior  to  bunding (NPV :  Rp 3,436 per
hec ta re r  IRR :  28  pe rcen t ) .

The dominance of the vetiver technologry, holds for any
plausib le  combinat ion of  parameters.  This  ar ises main ly  f rom the
cost advantage of vetiver. Figure 3 i l lustrates the outcome of
alternative productivity impact assumptions. Even if  i t  is
assumed that the inpact of vetiver is only to prevent erosion, a
yield impact from bunds of nearly 40 percent (higher than the
opt imis t ic  base-case assurnpt ion)  would be requi red before bunding
would become the most  des i rab le opt ion.

I f  damage f rom eros ion is  ignored,  the i rnpact  o f  a  50
percent production increase frorn vetiver st i l l -  yields a return of
87 percent .  on the other  hand,  under  the same assumpt ion,  a  35
percent production benefit  from bunding returns only 22 percent.
S ince nei ther  conservat ion technology wi I I  complete ly  s top
erosion, the actual rate of return would l ie somewhere between
these two est imates.

The assumption that f ield bunds wil l  need to be replaced
every f ive years has re la t ive ly  minor  impact  on the prof i tab i l i ty
of  th is  technology.  From the base-case rate of  re turn of  28
percent with replacement, i f  bunds are assumed to last the entire
3o-year  p lanning hor izon,  the rate of  re turn r ises only  6
percent, thus arnounting to 34 percent. The present value of
future costs of replacement are so small as to have l i t t1e impact
at that high an irnpl icit  rate of discount. At a more modest 10
percent  d iscount  ra te,  the present  va lue r ises f rom Rp 3,436 per
hectare to  Rp 4,719 per  hectare.  Nonetheless,  even i f  bunds are
maintenance f ree,  vet iver  is  s t i1 l  preferred.

* This could be an
respect to promoting
farmers often attach

with
smal1

impor tant  considerat ion,  especia l ly
adoption, given the irnportance that

to  l ivestock.
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Fig.ure 3
Inpact of Alternative Productivity Assumptions on Rates of Return
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