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Abstract

To design more appropriate research and to facilitate communication with farmers, researchers need to understand farmers’
knowledge, perceptions and assessments of soil fertility. To address this issue for the mid-hills of western Nepal, semi-structured
interviews were conducted in 68 households to gain insight into soil fertility management practices, local methods used to
assess the fertility status of a field, and perceived trends in soil fertility. Thirty-three farmers were then asked to identify fertile
and infertile fields. Characteristics of these fields in terms of the indicators mentioned in the interviews were recorded, and
soil samples were taken for chemical analysis in a laboratory. Data were stratified according to altitude and typkhet field,
(irrigated) andbari (rainfed).

A total of 62 indicators was found to be used by farmers to evaluate and monitor soil fertility, which were classified into
five categories: those relating to soil characteristics, crop performance, agricultural management, environmental factors, and
biology. There was good agreement between farmers’ assessment of the sail fertility status of a field and a number of these
indicators, particularly soil colour and weed abundance, which were examined in more detail. The soil chemical analysis also
corresponded well with farmers assessment of soil fertility.

Farmers’ perceptions of soil fertility were found to be more ‘holistic’ than those of researchers, as they included factors they
felt influenced the soils and crop growth in their fields. The term ‘field fitness’ is proposed as it conveys farmers’ perceptions
more accurately than ‘soil fertility’ alone.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction der and bedding materials for livestock, which in turn
provide draft power and manure. Soil fertility is largely
Farming in the mid-hills of Nepal is characterised maintained by the application of compost and manure,
by a close relationship between crop production, live- but in recent years a decline in soil fertility has been
stock and forestry, with trees and crops providing fod- reported (e.gShrestha et al., 2000
There has been considerable research in Nepal on
soil fertility enhancement and soil and water conser-
vation techniques over the years (ekgatinge et al.,
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the decline in soil fertility is a major concern for Committee (VDC) in the Parbat district of western
most farmers Turton et al., 199§ their adoption of Nepal. Two agroecological zones were defined—Ilower
improved techniques has been limited (eSfrestha Pakuwa, consisting of wards 5-7, with an altitude
et al., 2000. Although much of this is due to poor range of 850-1100m, and upper Pakuwa, consisting
dissemination pathways resulting from inadequacies of wards 8 and 9, where the altitude ranged from 1100
in the agricultural extension system, an important to 1500 m. Slopes in upper Pakuwa were generally
factor may be the different ways that farmers, exten- steeper, and the climate more extreme. However, the
sion workers and researchers all perceive and assessnost important distinguishing feature results from the
soil fertility, leading to differences in the problems construction of a canal in the early 1970s which irri-
perceived and solutions required. gates most of lower Pakuwa. Both zones are predomi-
Until recently, farmers’ knowledge of soil fertility  nantly inhabited by people of the Brahmin and Chhetri
has been largely ignored by soil researchers, but with ethnic groups, and almost all of the households are en-
increasing use of participatory research approaches, itgaged in agriculture to a lesser or greater degree. All
is becoming clear that farmers have a well-developed the arable land is under level terraces hill slope cultiva-
ability to perceive differences in the level of fertility tion. Average annual rainfall in the region is 3180 mm.
between and within fields on their farms. The soil clas-  The farming system consists of: (a) bunded low-
sification systems of the hill farmers of Nepal have al- land irrigated or partially irrigated levelled land called
ready been documente@igmang, 1991, 1992; Turton  khet, (b) unbunded upland rainfed levelled or slop-
etal., 199%, and these studies have shown that farmers ing terraces calledbari, (c) kitchen gardens, and (d)
use a range of criteria, including economic and ethnic pasture land. Most land is either privately owned or
influences, to categorise their soils, but that soil colour rented, although pasture land is sometimes owned
and texture are the dominant criteria. They also see by the community. Surrounding forest is owned and
the actual fertility of a soil at any time as a function managed by community forestry groups. The main
not only of these longer-term soil properties, but also crops include successive rotations of whétt{cum
of the current and past management regime. As such,aestivumL.), potatoes $olanumtuberosumL.), spring
they assess the fertility of the soil using a range of in- maize Zea mays L.), and rice QOryza sativa L.) in
dicators which they can actually see or feel, including the khet land, and a maize/milletHeucine coracana
crop yields, soil depth, drainage, moisture, manure re- (L.) Gaertn.) relay system in thiari. Livestock is
guirements, water source, slope, and weed abundancegenerally stall-fed except for goats. Population den-
Compared to this ‘holistic’ perception, researchers sities are higher than 700 people kfnof arable land
generally take a more reductionist approach to soil fer- (World Bank, 200}
tility, often accounting only for the soil’s nutrient sta-
tus or physical characteristics. There is a strong need 2.2. Household interviews
to compare the indicators used by farmers with those
used by researchers. In the work reported in this paper, Information on farmers’ perceptions of soil fertil-
we build on the findings of these previous descriptions ity and the indicators they use to assess the fertility
by studying farmers’ perceptions and assessment of status of their fields was gathered through individual
soil fertility in more detail, and comparing them with  semi-structured interviews which took place in the
the criteria of sail fertility used by researchers. interviewee’s house. Conversations, which were trans-
lated by an interpreter, were guided towards selected
topics while remaining flexible enough to include any
other topics of interest to the farmer. Topics covered

2. Materials and methods included soil fertility management practices, local
methods used to assess the fertility status of a field,
2.1. Ste description and perceived trends in soil fertility. Information was

recorded in a notebook, and a check list kept to make
The study was conducted from July to September sure all topics were covered. If necessary, households
2001 in five wards of the Pakuwa Village Development were visited several times to confirm and re-check
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information or to speak with other members of the
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(16 from lower Pakuwa and 18 from upper Pakuwa)

household. Special care was taken to ensure that thewere taken frormkhet fields between mid-August and

most experienced member of the household was in-

mid-September, when rice had been growing for at

terviewed. These most experienced members wereleast a month. Similarly, 32 samples (16 from lower

identified for each household by two of the village
elders in upper Pakuwa and two in lower Pakuwa.

Only fields owned and worked by farmers were
discussed. The few fields that were rented out to
other farmers, or fields that were being rented by the
interviewee, were excluded from the discussions to
minimise errors due to a possible lack of knowledge
regarding the management of these fields. Similarly,
although farmers distinguish two layers of soils—the
top layer reached by the plough20cm depth) and
the layer underneath it—during the interviews they
discussed only the top layer; we have, therefore,
restricted our analysis to this top layer.

2.3. Field characteristics

Pakuwa and 16 from upper Pakuwa) were taken from
bari fields between the end of July and early Au-
gust, corresponding to the time when the maize was
ripe and millet at least 1 month old. Due to their dif-
ferent nutrient management (i.e. dumping of kitchen
waste), bari fields used as kitchen gardens during
the winter season were not included, as they were
small and tended to receive higher levels of organic
waste.

Each soil sample was made up of 10-20 sub-samples
randomly collected from the 0 to 20 cm deep plough
layer using an auger, at least 1 m from the terrace
edges, although in the case of some very narrow
fields, this distance had to be reduced to 0.5m. The
sub-samples were spread and mixed together on a
large clean plastic sheet, any clods thoroughly broken,

From those interviewed, a subset of 33 farmers were and vegetative material and stones removed to create
selected at random and asked to indicate their mosta uniform mix. The mix was then divided into four

fertile field and their most infertile field. Each of these equal parts from which two diagonal parts were re-
fields and its surrounding environment was then char- tained, the other two parts being returned to the field.
acterised according to its distance from the household, Quartering continued until the weight of the com-
its size, terrace height, tree shade, stoniness, aspect oposite sample was approximately 1 kg. Samples were
crops, and hardness of the soil felt when sampling (seethen placed in a numbered plastic bag, air-dried for
the next section). 3-6 weeks, and analysed at the Agricultural Research
The presence, abundance, and cover of agricultural Station Lumle (ARSL) soil laboratory.
weed species were also recorded in three randomly For this, the air-dried samples were crushed and
selected 1rh quadrats in each field. Samples of the passed though a 2mm sieve. Soil pH was determined
weeds were collected in paper envelopes, dried andby a pH meter after extraction from a soil:water ratio
pressed between sheets of newspaper, and identifiedf 1:2.5. Organic C was determined using the Walk-
using the herbarium at the Agronomy Division of the ley and Black dichromate method, and total N using
Nepal Agricultural Research Centre (NARC) at Khu- the standard micro-digestion method (Kjeldahl) with
maltar, Kathmandu. colorimetric determination by spectrophotometer. For
Information on the soil characteristics and manage- available P determination, the Bray and Kurtz method
ment of the field were obtained from discussions with (0.03M NH;F/0.1 M HCI extraction) was used. Ex-
the farmer on the fertility status, history, or particu- changeable K was estimated by 1M ammonium
lar problems of the field, with particular emphasis on acetate extraction followed by flame photometric
those indicators mentioned by the farmer during the determination.

interview.
3.1. Soil colour

3. Soil sampling and analysis Soil colour was quantified with a Munsell chart
(Munsell Color Services, New Windsor, NY), which
Soil samples were also collected from each of the uses hue, value and chroma indices to describe
selected fields described above. Of these, 34 samplescolours.Hue identifies the colour’'s approximate place
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in the rainbow (how red or yellow or blue it isjalue
identifies how light or dark it is, with values near O
being white, ancthroma identifies how much colour
there is, from very faded to very intense. The lower
the value and chroma, the darker the soil.

3.2. Weed growth

General weed cover of a field was assessed using

an index ranking from 1 (very low weed cover) to
6 (total weed cover). Additionally, average height of
weeds was estimated using an index from 1 to 5:

Index Canopy height (cm)

<10
10-20
20-30
30-50

>50

ab~wnNE

For Ageratum conyzoides L., the Domin scale
(Shimwell, 197) was used to analyse abundance and
cover on a scale from 1 to 10.

4. Results
4.1. Household characteristics

The key characteristics of the sample households,
including the gender and numbers of years’ work-
ing experience in the fields of the interviewees are
summarised irmable 1 In general, households in up-
per Pakuwa owned more land overgkhet + bari)
than households in lower Pakuwa. However, in upper
Pakuwa, all thekhet land depended on patrtial irriga-
tion which allowed a maximum of two crops per year,
whereas in lower Pakuwa thdet was fully irrigated
by canal water, enabling not only three crops per year

A. Deshiez et al./Agriculture, Ecosystems and Environment 103 (2004) 191-206

Table 1
Characteristics of the households sampled
Upper Lower Total
Pakuwa Pakuwa
Number of households interviewed 28 40 68
Household ethnic group
Brahmin 18 29 47
Chhetri 5 9 14
Other 5 2 7
Number of men interviewed 22 25 a7
Number of women interviewed 23 27 50
Average experience of interviewee 20.3 235 22.2
(years)
Averagebari size holding (opani) 45 2 3.05
Averagekhet size holding (opani) 10.15 7.1 8.35
Mean number of buffalo owned 1.7 15 1.6
Mean number of oxen or cows owned 1.3 1 1.13
Mean number of goat or sheep owned 2.95 14 2

Note: 1 ropani = 0.05 ha.

March to remove the weeds, and the third in April

before planting. Either maize and millet were planted,
although these were sometimes intercropped with
beans Phaseolus vulgaris L.), peas Pisum sativum

L.) or arum @rum indicumL.).

Farmers in upper Pakuwa owned more sheep and
goats and slightly more cattle than their counterparts in
lower Pakuwa, but as they also owned more land, there
was little difference in animal manure availability per
unit area.

4.2. Farmers soil classification

Although they did describe soils as stony, sandy
and heavy, farmers were found to classify their soils
more according to their colour rather then texture. The
main properties of these different soils were stated by
farmers to be the soil fertility, manure requirement,
erosivity, and moisture retentiofigble 2.

In khet fields, both white feto mato) and black
(kalo mato) soils are highly valued. The term white

to be grown, but also giving higher and more reliable soil is somewhat misleading—these soils are, in fact,
crop yields. The crops grown, and their management, very dark in colour (as dark or sometimes even darker
varied greatly between fields from households in both than black soils), but are called white because of small
areas. shiny mica grains that become apparent when the soil

The management obari fields, on the other is irrigated. This gives some fields a shiny grey ap-
hand, was similar between all households surveyed. pearance as they reflect light. Generallybami fields,
This consisted of three ploughings—the first in Jan- black soils are the most highly valued soils and red
uary/February to break up the soil, the second in soils fato mato) somewhat less so.
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Table 2

Farmers’ classifications of soil types and their perceived properti&hdnand bari fields at Pakuwa

Soil types Occurrence Colour  Fertility Manure  Erosivity Moisture
demand retention

Kalo mato Upland bari and khet; lowland bari andkhet  Black High Low Medium High

Seto mato Upland khet; lowland khet White High Low Medium/high ~ Medium/high

Khairo mato  Uplandbari and khet; lowland bari andkhet ~ Brown Medium Medium Medium Medium

Pahelo mato  Upland khet; lowland bari and khet Yellow  Medium/low  High High Medium/low

Rato mato Upland bari and khet; lowland bari andkhet  Red Low High Medium/high  Low

4.3. Farmer indicators of soil fertility

During the interviews, 62 indicators were men-

Indicators were further classified according to the
time-scale over which they change (séable 3.
Those that change in a few days or within the season,

tioned by farmers as tools they used in assessing theas a result of routine management or due to unpre-

fertility of their soils (Table 3. Usually, fields were
characterised as either fertile or infertile, with indica-
tors described dichotomously as either good or bad, or
high or low. Exceptions to this were soil colour, soll
texture, and water quality, where descriptive terms
and a subtle gradient were used.

We classified farmers’ indicators according to the
following categories:

e Soil characteristic indicators: soil properties which
the farmers felt characterised fertile or infertile
soils.

Agricultural management indicators: indicators re-
flecting decisions in soil management.

Crop performance indicators. crop characteristics
reflecting soil fertility status.

Environmental indicators: external factors which
the farmers felt influenced soil fertility.

Biological indicators: plants (other than crops) or
animals whose density or growth reflected soil fer-
tility status.

The principal indicators mentioned by farmers were
soil colour (mentioned by 87% of the farmers), crop
yield (76%), quantity of FYM applied (75%), wa-
ter availability (66%), stoniness (57%), difficulty to
plough (56%), colour of crop (51%), soil hardness
(49%), response to manure (46%), moisture content
(37%), crop height and growth rate (35%), water sup-
ply (32%), water holding capacity (31%), and shade
(28%). The relevance of each indicator was found to
vary according to whether the farmer was referring to
khet or bari land. Farmers focused as much on the
practice or condition they believed generates or de-
stroys soil fertility as on the properties themselves.

dictable events, were classified g®rt term, while
those that change only over several years were classi-
fied asmedium term, while those that are inherent to
the site were classified &ng term. Results show that
short-term indicators (44% of the total number) were
used more frequently than medium-term indicators
(28%), and long-term indicators (28%). Interestingly,
the numbers of medium-term and long-term indica-
tors together were more than the number of short-term
indicators.

When farmers were asked which characteristics
were associated with the fields that they had desig-
nated fertile in comparison to infertile, the largest
number cited better crop appearance, followed by
less stoniness, lower height of terraces below the
field, more weeds, and less soil hardness. Other fac-
tors included the greater field width, lower height
of terraces above the field, larger field size, less dis-
tance from the house, easier access, more farm-yard
manure applied, and less shading by trees. In gen-
eral, fertile khet fields were closer to the household,
larger in size, wider, had smaller terraces above and
below the field, had less evidence of landslides sur-
rounding the field, had better crop appearance, and
had less stony and more friable soils. Similar char-
acteristics were given for fertilbari fields, as well
as easier access, higher manure applications, and a
higher presence of weeds. Thus, overall there was a
strong agreement between the farmers’ assessment
of fertile and infertile fields and the indicators that
they had said in the interviews they used to assess
soil fertility. There was, however, considerable vari-
ation between individual farmers in the indicators
used.
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It became clear from the discussions that farmers 1994). Nitrogen levels were intermediate in fertile
use soil fertility indicators to make soil management fields and low in infertile fields in botkhet andbari
decisions and for subsequent monitoring and assess-dands. Levels of phosphorus and potassium were inter-
ment. However, rather than using just a single indica- mediate overall with higher values in the fertile fields
tor to make a decision or assessment, they use at leasthan in the infertile fields. Values for organic matter
five, with some even mentioning up to 15. Each in- were found to be surprisingly low overall.
dicator is interpreted separately, but their significance  There was a strong correspondence between the
is combined when making a decision or assessment.farmers’ assessment of soil fertility and the measured
The following table illustrates some examples of how, soil chemical characteristics. Fields that were de-
and which indicators are used by farmers for different scribed by farmers as fertile were found on average

guestions.

to have significantly higher values of percentage of

Decision/assessment

Indicators used

What is the current soil fertility?

What potential does this field have?

Are changes in soil management needed?
Is it worth investing in fertiliser or manure?

Is the soil management strategy in this field working?
Crop size, invertebrates beneath the soil
Difficulty to plough, moisture, weeds

Short term
Long term

What crop should be grown?
How is the current crop performing?

Soil colour, crop yield, soil hardness, weeds
Quality of water source, stoniness, moisture

Crop colour, crop germination

Water availability, landslide potential, response to manure

Soil colour, number of crops planted (rotations)
Growth rate, crop size, density of crops

4.4. Comparison of farmer and researcher
perceptions of soil fertility

4.4.1. Soil chemical analysis

organic matter, total nitrogen, available phosphorus,
and exchangeable potassium, and a higher pH, al-
though this difference was not significant. However,

several of these variables are likely to be correlated

The results of the soil chemical analysis of the sam- with one another, and therefore are not independent.

pled fields are shown iffable 4 Most soil pH val-

Principal component analysis (PCA) provides a way

ues fell within the ranges of 5.5—4 indicating strongly of transforming these possibly correlated variables
acidic to extremely acidic conditions corresponding to into a smaller number of uncorrelated variables called

results from other middle hill area$¢hreier et al.,

principal components, so that number of variables

Table 4
Soil chemical characteristics of farmer designated fertile (F) and infertileh@) and bari fields in lower and upper Pakufva
Lower Pakuwa Upper Pakuwa LSS
Khet Bari Khet Bari
F | F | F | F |
%0OM 2.07 1.30 3.02 2.76 2.61 1.36 291 2.04 0.55
%N 0.199 0.157 0.183 0.145 0.201 0.172 0.216 0.153 0.034
P (ppm) 38.2 25.1 375 19.8 36.9 16.2 37.4 15.6 9.08
K (ppm) 89 51 179 90 114 84 204 109 29
pH 4.809 4.489 4.905 4.387 4.458 4.453 4.876 4.261 0.234
n 8 8 8 8 9 9 8 8

21L.SDg 05 indicates the least significant different at the 5% level of significance for comparisons between fertile/infertile means.
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Fig. 1. Score-plot for first two principal components (PCA1 and PCA2) for the soil analysis data. The samples are grouped according to
the ‘fertile’ or ‘infertile’ classification given to the fields by the farmers. PCA1 and PCA2 were able to explain 69% of the total variation.

of the data set is reduced but most of the original  The value and chroma of moist infertile and fertile
variability in the data is retainedsig. 1 shows the khet and bari soils are shown irfFigs. 2 and 3As
score-plot from the first two principal components, most soils sampled fell within the 10YR colour hue,
with the data points grouped according to farmer only these are shown. The few not belonging to the
classification. Although there was some overlap, there 10YR hue, which suggests a different parent material,
is clear separation of the fertile and infertile groups, tended to be darker fertile soils. Dry soils revealed a
with much greater variation evident in the fertile similar pattern. It can be seen that the soils classified
group. PCAL (predominantly pH and K) and PCA2 by the farmer as fertile had a lower value and chroma,
(predominantly %N and %0OM) together were able to indicating that they were darker in colour.
explain 69% of the total variation.

Although there were very noticeable social and eco- Table 5
nomic differences between upper and lower Pakuwa Numbers of farmers using specified colour descriptions of their
(Table 9, there were no statistically significant differ- fertile’ and ‘infertile’ khet and bari fields
ences in eithekhet or bari between soil properties of ~ Colour description  Khet Bari
fields described as fertile in the upper area and of those
described as fertile in the lower area. This was also

Fertile Infertile Fertile Infertile

found for fields described as infertile. These results VMt ; 1 :
showed that the agroecological zone did not influence |jgnt plack/white 1
farmers’ perception of soil fertility. Light black 1
Mix brown/black 1 1 2
4.4.2. Soil colour Brown 1 3 5 3
As already discussed, the interviews with the farm- 'F‘{"g; brown/red ; ) u

ers showed that soil colour was the most widely used Light yellow/brown 1
indicator. Generally, the darker soils were considered vejiow 1 1

to be more fertile than the lighter yellow or red ones Total 17 16
(Table 5.
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Fig. 2. Comparison of soil colour between fertile and inferkiet fields. The size of each bubble is proportional to the number of samples
at the corresponding value/chroma combination.

4.4.3. \\eeds there were differences in the presence of weeds
Weeds were mentioned spontaneously by only within their fields, more than 50% of the farm-
a few farmers (16%) in reference toari fields ers answered that there was a difference in the

and even less in reference thet fields. How- bari, and about 50% answered there was kimet

ever, when questioned specifically about whether fields.

6 1 Ofertile moist
Oinfertile moist

4- @

darker <---- chroma ----> lighter

0 T T T T 1
0 1 2 3 4 5
darker <---- value ----> lighter

Fig. 3. Comparison of soil colour between fertile and inferti&i fields. The size of each bubble is proportional to the number of samples
at the corresponding value/chroma combination.
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Oinfertile

cover value
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field number

Fig. 4. General cover ranking of weeds in fertile and infertiéei fields.

Farmers who answered that weeds could be used aswvas unclear from the results whether differences were
indicators inbari further explained (97%) that there due to the amount of water in the field or the fertility
was a higher abundance of weeds in the feli#ls. It of the soil.
was found that by abundance they mean diversity as Inthebari fields, it was found that there was a higher
well as cover. Furthermore, over half of the farmers abundance and ground cover of agricultural weeds in
(59%) found that species in the fertile and inferkigi the fertile fields than the infertile field&igs. 4 and b
were different. Foikhet fields, on the other hand, it  No clear trends could be established in khet fields.

6 -
Ofertile
Oinfertile

height value

O L} L} L} L} L} L} L} L} L} L} L} L} L} L} L} L} 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
field number

Fig. 5. Canopy height ranking of weeds in fertile and inferbli fields.
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Table 6

Principal weeds collected ibari fields and their preferred field fertility

Local name Botanical name Family More abundant in:
Boke (white) A. conyzoides L. Compositae Fertile fields
Boke (blue) Ageratum houstonianum Mill. Compositae Fertile fields
Avijalo D. cordata (L.) Willd. ex Schult. Caryophyllaceae Fertile fields
Rotnaulo P. nepalense Meissn. Polygonaceae Fertile fields
Adikari G. parviflora Cav. Compositae Fertile fields
Chitre bonsu Oplismenus spp. Graminae Infertile fields
Bonsu Digitaria spp. Graminae Infertile fields
Davile Brachiaria ramose (L.) Stapf. Graminae Infertile fields
Kuro B. ramose Graminae Infertile fields
Suire Imperata spp. Graminae Infertile fields
Kaney Commelina diffusa Burm. Graminae Infertile fields
Sama Echinochola spp. Graminae Infertile fields
Gorre dubo Cynodon dactylon (L.) Pers. Graminae Infertile fields
Rote C. dactylon Graminae Infertile fields

In lower Pakuwa, some fertilleari fields could notbe  not as abundant in lower Pakuwa. This is due to the
included in the analysis as weeds had been so abundantlifference in altitude as these plants are known to
that they had been gathered as fodder for the livestock. occur primarily above 1000 mP@rker, 1992 Avi-
The infertile fields, however, had not been weeded, jialo (Drymeria cordata (L.) Willd. ex Schult.) was
suggesting that there were less weeds in these fields. also well correlated to soil fertility in the uplands.

Table 6shows the weed species identified in the Generally, it was observed that fertile fields had more
bari fields. In upper Pakuwa, rotnauldqygonum weeds of the Compositeae family and infertile fields
nepalense Meissn.), and adikari Galinsoga parvi- more Gramineae. This supports farmers’ views that
flora Cav.) were more abundant and had a higher bonsu Digitaria spp.), siru [mperata cylindrica (L.)
cover in the fertile fields and would appear to also Raeusch), suirelinperata spp.) and other types of
be good indicators of soil fertility. These plants were grasses were more common in the infertile fields.

12 1
Ofertile

Oinfertile
10 4 .

cover (Domin scale)

0 T T T T T T T T T T T T T T T T 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
field number

Fig. 6. A. conyzoides cover in fertile and infertilebari fields.
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The speciesboke jhar (A. conyzoides L.) was classified by their agricultural potential and tillage
found to be a good indicator of soil fertility ibari properties into nine major soil types based on criteria
fields, where it was clearly more abundant, taller and such as crop productivity, soil depth, soil structure,
had more foliage in fertile fieldsH{g. 6). While the and soil colour Habarurema and Steiner, 199Kore
abundance of some weed species depended on thexperienced, older farmers are capable of further sub-
altitude, A. conyzoides was found in both the uplands dividing these nine types into sub-classes and groups
and lowlands. by taking into account indicator plants, soil texture

and consistence, and parent material.
In all of these studies, soil colour is the most widely
5. Discussion used indicator used by farmers to classify their soils.
This was also the case in our study—Dblack sdi8d

It is clear from this study that farmers in the mato) (including so-called ‘white soils’$to mato)
mid-hills of Nepal have a well-defined and compre- if silica is present) are the most fertile, and red soils
hensive set of indicators that they use to classify and (rato mato) are the least fertile. Similar findings were
assess the fertility of their soils. Generally, these are obtained byTamang (1992and Turton et al. (1995)
characteristics they can see, feel, or smell in their althoughTamang (1992)nakes the point that the im-
fields, and are based on their own experiences in portance of colour or texture in soil classification can
cultivating the fields. Similar indicators have been vary, and depends on the area and ethnic group con-
identified by studies in other parts of the world. In sidered.

Niger, for example, farmers distinguish three major  Although weeds were not spontaneously mentioned
soil types:jigawa, geza and hako on the basis of by farmers in our study as indicators of soil fertility in
indicators such as soil texture, reactions to precipi- bari fields, most of them recognised that there are more
tation and runoff, and workability with agricultural present in the fertile fields than infertile. This view is
tools (Ambouta et al., 1998 Jigawa soils have a  supported by both visual observations and from the
clear topsoil layer, and they are permeable and easyquadrat sampling. Itari fields, where management
to work with tools, geza soils are a deeper red and practices are relatively uniform, weeds (in particular
rapidly waterlogged during rainstorms, whileko A. conyzoides) can be used as an indicator of soil fertil-
soils are compact, impermeable, quite hard when dry, ity. In khet fields, with much more varied management
and difficult to work. Similarly, in the Siaya District  practices, no clear results were obtained, and irriga-
of Kenya, farmers base their classification on the sur- tion regime and water levels are probably more impor-
face layer of the soil, taking into account the colour, tant in influencing weed distribution and abundance
texture, and heaviness of working/é&ngo, 200). than soil fertility. Other authors have also noted that
Indicators used to assess the current fertility of a field the ability of weeds to act as unambiguous indicators
included crop yields, soil colour, compactness, soil is limited, because their presence may reflect crop-
odour and the composition of vegetation. In another ping practices rather than soil conditionSofbeels
part of Kenya, farmers’ criteria for distinguishing et al., 2000. Nevertheless, reports on the use of weed
soil productivity also included ease of tillage, soil growth and weed species as indicators of soil fertility
moisture retention, and the presence of weeds andin other parts of the world are widespread. For exam-
soil invertebratesNJurage et al., 2000 The presence  ple, they are used to identify areas of good agricul-
of earthworms and beetle larvae were regarded astural potential (e.gBarrios et al., 1994; Fujisaka et al.,
positive features. The weddommelina benghalensis 2000, environmental conditions (e.¢flolzner, 1971;
(L.) was associated with soils of high productivity, Ramirez et al., 1991or to detect soil impoverishment
andDigitaria scalarum Schwein. andrhynchelytrum after cropping (e.gBannink and Leijs, 1974; Sakai
repens Willd. with low productivity soils. In northern ~ and Kawanabe, 1982; Otte, 1984; Kranz et al., 1998;
Ethiopia Corbeels et al., 20Q0three different soil Corbeels et al., 2000; Fujisaka et al., 2000; Mango,
types are distinguished by farmers according to yield, 2000; Murage et al., 2000

topography, soil depth, colour texture, water holding It was clear from the number, diversity and descrip-
capacity, and stoniness. In southern Rwanda, soils aretive detail of the indicators identified in our study,
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as well as from the interviews, that Nepali farmers depending on how it is managed. This fits with the
have both an intimate knowledge and ‘holistic’ view view expressed by some authors (eiglliams and
of soil fertility, being more interested in their fields’ Ortiz-Solorio, 1981; Roming et al., 199#hat soil fer-
ability to produce crops rather than in soil fertility tility is a human-made technical attribute rather than an
per se. In some ways, the concept of ‘field fitness’ is inherent soil property. Indeed, a comparison of the fer-
more appropriate than ‘soil fertility’ in understanding tility status of forest and cultivated soils in Nepal sug-
how farmers think, as they regard their soils as one gests that farmer management has acted to increase the
component within a particular environmental con- soil fertility far beyond their inherent levelS¢hmidt
text and location. Fitness, as opposed to the termset al., 1993. Human activity has resulted in a concen-
‘quality’ or ‘health’ that are sometimes used (e.g. tration of nutrients on cultivated lands, and it is only
Roming et al., 1995 emphasises the overall ability natural that farmers include themselves and their en-
of a field to perform particular functions, mainly crop vironment in their interpretation of soil fertility.
production, under a particular management regime Although farmers are often described as practising
and environmental constraints. short-term strategies and having only short term views
One interesting finding of this study was the im- regarding soil fertility (e.g.Turton et al., 1995 our
portance of environmental factors mentioned as indi- study indicates that this is not the full story. Indeed, the
cators by farmers. These included such factors as thenumber of indicators identified which were medium
amount of water bringing nutrients from forested ar- or long term in natureTable 3 suggests that farmers
eas higher up, the occurrence of a landslide, and evendo have a significant long-term perspective. In the in-
the level of crop destruction in a field by monkeys, terviews, we found often that farmers would describe
all of which would affect the fertility management of long-term soil management strategies for each of their
the field by the farmer. The importance of the local individual fields, and then show fields that had been
environment in farmers’ perception of soil fertility is  infertile 10 years ago but through careful management
not widely reported, althougBorbeels et al. (2000) had been made fertile.
noted that farmers in Ethiopia mentioned topography  The holistic view of soil fertility of farmers differs
while Tamang (1992)and Turton et al. (1995both from the more reductionist view of many researchers.
mention slope and altitude from discussions with Farmers are interested in soil productivity and appro-
farmers about soil fertility in the hills of Nepal. priate management practices, and as such, generally
It was also clear that farmers see soil fertility as a only take the topsoil or the arable layer into account.
dynamic process integrating the soil's chemical and Similarly, their classification and indicators rely on
physical characteristics, its agricultural requirements, soil characteristics that they can experience, so that
and factors in the surrounding environment. More im- the names they give to soils do not necessarily corre-
portantly, they see themselves as active participants inlate to the scientific classification, particularly at the
this process. For example, in a similar study in Nepal, national and international levels. Researchers, on the
Tamang (1992Yeports that farmers claim that ‘any other hand, are usually more interested in the way the
soil can be made fertile’. The same concept was found soil was formed, or in things that they can measure

in Niger—where intensification on the fertijegawa and which are not always visible (e.g. soil N content).
soils resulted in soil fertility decline, these soils began In addition, they may also rely on agricultural models,
to be referred to akako soils (Ambouta et al., 1998 methods and techniques conceived in the context of

However, when improved soil management techniques the industrialised world and which are not necessarily
were adopted, particularly working the topsoil layer wholly appropriate in a developing country context
and mulching, manyako soils were re-transformed  (Pawluk et al., 199 Nevertheless, both farmers and
back intojigawa soils. A similar view of the dynamic  researchers have similar objectives, namely to en-
nature of soil classification is taken by farmers in sure that the soil resources are sufficient to meet the
the semiarid highlands of Tigray, northern Ethiopia needs of present day farmers and also the farmers of
(Corbeels et al., 2000who see their land moving the future. It is important, therefore, that both per-
between theeguid (fertile soils), mehakelay (moder- ceptions of soil fertility are used. For this to occur,
ately fertile soils) andekik (poor soils) classifications  researchers need to understand and use indigenous
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knowledge systems, which need to be viewed, not as eastern Nebraska, USA, were paired within regions
opposing, but rather as complimentary to their own of similar climate, topography, and soil type, and
way of thinking Pawluk et al., 199 their perceptions of soil conditions for ‘good’ and
The results presented in this paper indicate that there ‘problem’ soils on their farms were queried using a
is good agreement between assessment of soil fertil- written questionnaire. Their perceptions of soil quality
ity by farmers in Nepal and scientific indicators of indicators tended to match the scientific assessment
soil fertility such as nutrient status, soil organic matter closely for ‘good’ soils, but less so for ‘problem’
content, and pH. Similar agreement has been found soils. Indicators that were incorrectly estimated at a
in other studies—for examplélurage et al. (2000)  frequency greater than 33% included available N and
found in Kenya that productive soils, as identified by P, soil colour, degree of compaction, and infiltration
12 farmers, had significantly higher soil pH, effective rate. Despite this, farmers’ perceptions were correct or
cation exchange capacity, exchangeable cations, ex-nearly-correct over 75% of the time for the majority
tractable P, and total N and P than non-productive soils. of indicators evaluated in the study.
Total organic C and several estimates of soil labile C  Thus, evidence is emerging that there is sufficient
including particulate organic C (POC), three Ludox overlap between farmers’ and researchers’ percep-
density separates of POC, KMg@xidisable C, and  tions of soil fertility for there to be useful dialogue.
microbial biomass C were also significantly greater in Similar overlaps in knowledge were observed in Hi-
the productive soils, as was soil microbial biomass N, machal Pradesh in India iyuffield et al. (1998)n a
net N mineralisation and soil respiration. The similar- wider context than just soil fertility. Indicators of sus-
ity of soil physical properties (clay and sand contents) tainability identified by villagers tended to emphasise
in productive and non-productive fields suggested that their livelihood dependence on the surrounding forest,
differences in chemical and biological indicators had whereas those identified by local professionals placed
resulted from soil management and were not inherent greater emphasis on the presence or absence of forest
properties of the soils. In a similar study in the Tharaka management practices as indicators of sustainability.
Nithi District in Kenya,lringu et al. (1996found that The latter also gave more weight to agroforestry and
total organic C differed significantly between soils agricultural diversification and stressed a different
classified as good and poor by farmers there, but, in- mix of socio-economic indicators. Overall, however,
terestingly, that there were no significant differences there was significant agreement on most of the basic
in soil pH. Similarly,Corbeels et al. (200Gpund that concepts. In the Nepal context, the expertise of both
the classification used by farmers in the semiarid high- farmers and researchers is important if more sustain-
lands of Tigray, northern Ethiopia, discussed above, able techniques of soil management are to be devised
correlated well with the categories of soil fertility. an implemented. Researchers can provide the breadth
In southern Rwanda, however, no clear correlation of understanding of soil biophysical processes gained
was found between soil types according to farmers’ from experiences world-wide, whereas farmers can
classification and soil types classified according to the provide the context-specific knowledge required to
US Soil Taxonomy abarurema and Steiner, 1997  adapt this understanding to local biophysical and
reflecting the different ways in which farmers and socio-economic conditions. Local agricultural exten-
scientists categorise soils. However, within the three sion staff can play an important role in enhancing this
agroecological zones situated in different districts of essential link between the two worlds.
the study area, farmers always applied the same names,
the use of which facilitated exchange between farm-
ers, extension workers and researchers. Farmers’ soilAcknowledgements
classes correspond to soil suitability classes, and may
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