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INTRODUCTION

Soil erosion is an 1ncreasmgly important prob‘,m in lebabwe Whltlow (1988) states that
4.7% of the country or 1.8 mio hectares of land are actually eroded, the bulk (1.5 mio
hectares) located in the Communal Lands. Arable and grazing lands are equally effected by
erosion. The influence of human factors, especially population density and terure system ex- .
plained most of the variations of erosion in the Communal Lands (Whitlow 1988). At present
- most of the arable lands are more or less protécted against rill and gully erosion through
. countor ridges, mostly built in the late sixties. Contours, however, do not sufficiently reduce
~ sheet erosion so that high soil losses from arable land still occur. The farmers crops are ’
thereby not only affected by the loss of fertile topsoil and fertilizers washed away but the infil-
tration capacity of the soil is reduced and water-runoff increases, leaving the crops with less
‘water to grow. Also, the structural stability of the soil may collapse (Elwell 1989). Stocking _
(1986) estimates that in average 75 t/ha of topsoﬂ are lost every year from the communal
grazing areas and about 50 t/ ha from the arable lands in communal areas. If the loss of top-
- soil is calculated in terms of nutrie..ts, farmers would vearly lose nitrogen and phosphorus,
worth Z$ 120 from grazing lands and Z§$ 80 from cropland calculated in 1985 fertilizer prices.
This is more than the average application of fertilizers that amounted up to Z§ 55/ha in
1989/90 and often more than the gross margin per hectare (MLARR 1990). Erosion presents
a major hidden farming cost not only for fut:® ‘re farming but dlbO for cu1rent agricultural en-
terprises. ‘
The high economic costs induced by erosion might lead to the assump tion that farmers be-
ilave irrationally because they do not su{f1c1ently prevent erosmn Several reasons rmght ex-
plain the bebavior of farmers:.

1) Ownership of and the right of access to the resource influence soil conservation efforts.
The bulk of the grazing land in Communal areas is still common propefty allowing all
persons.with access to the grazing area to hold as many animals as they. det' The
combination of communal grazing rlghts and private animal ownership (the tragedy of-
the commons) gradually converts the grazing land, if not controlled by the community,
to an open access resource and often esults in its continwous deterioration. There are

_no incentives to improve the graz:mg areas becauss access to the. resource is not re-
stricted. The benefits of any improvement is shared between all users whereas the
costs are only born by the individual. Attempts to establish grazing schemes are built
on the concept of "resource management communities" and hope that ir the process
the ' commumty develops sets of rules for sustainable management of shared re-
sources (Cousms 1989). Cwaership of cropland resembles more the type of pcrmanent
leasehold. Land is given to the farmer by the kraal head as long as he intends to use it.
Long-term investment on cropland could therefore be undertaken by individuals with-
out the fear of losing the land-use right in the near future. The inierest of individual -
farmers to improve soil fertility or meisture conservation on cropland are likely to be
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higher and more rewarding than on grazing land. Farmers seem to prefer conservation
measures that have immediate impact only on cropland bui not on the entire ecologi-

~ cal system of their area (Mehretu & Mudimu 1991). - ' |

2) The time dimension of the costs of soil erosion and the time preference of the farmers
Not all costs will be immediately effective for the farmer but soil erosion reduces the
future soil pr()ductivity Soil productivity of cropland can be interpreted as a farming
asset at the farmers disposal. If a farmers financial resources are limited and he just
produces enough for a living he is not in a position to invest in soil conservation for
the future but has to live from his assets, the inherent soil productivity. The immediate
costs of erosion are the crucial variable for the farmer that he seeks to reduce
(Kirsclike & von Maydell 1991).

3) The perception of erosion as a farming cost. If soil erosion is not seen as a problem on
the farm then farmers are not interested to reduce the problem. '

It is often argued that technical solutions to reduce erosion and increase agricultural produc-
tion are available and that the difficulties are not technical but socioeconomic (Whitlow
. 1988). Consequently comparisons between existing and soil conserving tillage techniques

should not only be weighed according to ecological criteria but also according to economic
cost and benefit calculations (Truscott 1991).

OBJECTIVES

This paper explores soil conservation methods on cropland and compares conventional tillage
with two tillage techniques that reduce soil erosion, annual ridges and tied-ridges. The paper
concentrates only on cropland erosion and does not deal with erosion from grazingland. The
aim of this survey is to: ' '

- analyse farmers perception of erosion on his farm,

- understand the benefits and constraints of the different tlllage system,
- - identify factors affecting adoption or non-adopticn of a tillage practice,

- determine net effects on yields of farm it inputs and tillage systems usmg a multiple re-

gression analysis,

- calcul‘uc gross margins and returns 1o labour and mputs for the two soil conservation

v measures and the conventrona] tillage method, .

- identify characteristics of soil consewauon techniques that allow farmers to adopt
. - them. ' _
. It is hypothesized that successful soil conservation measures not only have to conserve the soil
but have to outperform existing farm practices to be adopted by farmers. They have to in-,
crease the immediate net benefits for the farmer (Low 1991). New technologies either have to



increase production while leaving inputs constant thereby reducing average production costs,

or dlrectly reduce production costs per unit of output through mechanizing farm operations -

: (Relsch & Zeddies 1983). New conservation technologies have to be simple, cheap and visibly

effective to be adopted by farmers with limited resources; a rather demanding’ feature. The
problem of food insecurity for the majority of the communal land farmers would not allow the
farmer to adopt practices that would reduce immediate family inconie for the sake of con- ’
serving the future production potentlal of the soil. On the other hand new soil conserving _
tillage techmques not only have.to be superlor to tillage techniques used by average farmers '
but have to be better than tillage techniques used by the above average farmers in order to be_

adopted

- If changes i in the farmmg system of small farmers are advocated we need to know more

about

- the ecologica'l benefits of the conscrvation measure,
- the complexity of the farming system and the objectives of the farm household,

- the costs and benefits of the new technology compared to the existing one, 1n terms of
capital mputq and labour requirements and

.- the resource endowment and the capacity of the farmer.

SOIL ERO§ION AND CONSERVATION MEASURES:

A bnef assessment of soil conservation tillage :
: The predominant cultivation technique in the Communal areas 1s conventional ploughmg us-

ing an ox- -drawn mouldboard plow. The recommended practice is winter ploughlng shortly af-
ter harvest as long as the soil is. sull moist. Annual ploughing in conjunctlon with leaving the
soﬂ bare in the winter months, removing of crop residues and continuous plantmg of row

_crops has brought about a rapld decline in the condition of the soil (Elwell 1989). "One of the

foundation stones of modern agriculture has been annual ploughing, promoted widely by re-

search and- extension, yet it is apparent that its ef ects on our soﬂs are nothmg short of dlSdb-
trous" (Elwell 1991) - . : : -

No-till tied ridging is now advocated asa tlllage method for farmers to reduce soil erosion,

improve yields, and at the same time save draft power requirements. Permanent ridges of

about 250 mm are constricted about 90 cm apart following the contour at safe gradients:
These ridges act as miniature contotirs and can be ¢onnected through ties of half the contour
size. Land preparation and weeding should ideally be done through re-ridging with a plough a
ndger AGRITEX has launched a national campaign to promote the use of tied-ridging
among farmers and since 1988 extensive on-station and on-farm trials have been started by
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- the IAE in conjuucuon wrth the GTZ to test the performance of tled\rldgmg in drfferent natu-
ral environments (Vogel 1991) o
Mulch rippi‘ng into a trash cover of crop residues is another soil conserving tillage technique -
tested on the IAE research station. The soil is not plowed but only strip tilled with a tine up-
per. The combination of reduced tlllage and crop residue cover reduces soil erosion and in- -
creases soil fertlhty by returning organic matter to the soil. Its major disadvantage is the

scarcity of crop res1dues in the Communal areas needed for feedmg cattle in the dry seaso

(Norton 1987). o

Cl_‘ean ripping has gained interfest,'jbecause it saves time and draft power requirements espe- -

-~ cially to achieve timeiy planting when compared with conventional ploughing, This method is

- controvetsial because it might increase soil erosion and should be only used on less erodible
soils and light slopes (Nortori 1987). AGRITEX has promoted this system and it is already
heen tentatively used in some of the Communal and Small-scale farming areas (McMillan et . |
al. 1991). '

Annual rrdgmg, is a method used by many farmers in the Zw1mba and Chlrau area and also in
. other areas of the country (McMilla et al. 1991, Mehretu & Mudimu 1991, World Bank
1990). The crops are planted on the flat and then ridged 2 - 3 months after planting with a
-~ ridger, plough cultivator. The ridges vary in nerght and are seldom hlgher than 200mm.
" Though not a very effective soil conservation measure they do help to conserve m01sture and
‘ reduce losses of top dressed fertilizer apphed ' '
Tlte study area - : B :
Zwrmba and Chirau Communal Lands are located about 80 km west of Harare The majority -
-of the area belongs to the higher rainfall areas Natural Region | Ila with parts going into NR'
- 'IIb.In average the area receives about 750 - 900 mm of rain. The soils are mostly coarse
grained sand derived from granite and belong to the most predominant soils in Zlmbabwe
They have, in general, relatively low inherent fertility and low.available water capacity. Under
continuous cropping these soils tend to lose Droductmty if nutnents are not added The dc-
~ ¢line in productmty mn COI]_]UIICUOII w1th poor vegetative cover can lead to serious erosron
(Tnompson & Purves; 1978). The. altitude. varies between 1200 and 1300 m with gentle slopes.
- ranging from 2 - 4 %. Zwimba and Chirau have been 1dent1f1ed as areas Jwith a high level of .
' land use stress (Mehretu & Mudrmu 1991). Nearly all the ¢ropland in this area is protected by
contour ridges but sheetwash erosmn remains a srgmfrcant problern '
7 he sample of farmers ’ :
With the exception of annual ridging most of the described conservauon tlllage practlces are
-not commonly used in the Communal areas of Zimbabwe. Very few farmers have started to
use no-till tied ridging and mulch ripping 1s ‘not very commor., In May and June 1991, 50
‘farmers were 1r1terv1ewed in wamba and Chrrau plus five farmers pr actising tied ridging in-

vt
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Zowa, an adjacent small-scale farming area. These farmers had to be added'to the sample be- -
cause only two farmers used tied ridging in Zwimba and Chirau. The farmers were either ran-
domly selected or, ‘when using tied- -ridges, pointed out by AGRITEX extension workers. All
the farmers were visited and interviewed on site. The Communal farmers in the sample have
a mean average size of 3.9 ha of cropland. Of the total area 0.8 ha is left fallow; 2.2 ha'is culti-- -
vated with maize, 0.2 ha with sunflowers, 0.2 ha with cotton, 0.2 ha with groundnuts, and the
remainder with rapoko and bambara nuts. Nearly all of the farmers cultivate in pure stands
with maize being the main subsistence and cash crop. :

‘Status of soil conservation on the sampled farms

* The major exrstrng conservation structure protecting the cropland of the sampled farms are

' contour rrdges The construction of contour rrdges and grassed waterways started in 1951 un-
der the- compulsory Native Land Husbandry Act (NLHA) of the former colomal Rhode51an
Government. Today most of the cropland is protected by contour ridges built in the fifties and
early sixties although construction and maintenance of coatour ridges were and are not uni-
versally of hlgh standard ( Whltlow 1988).

Contour ridges in the sample area werc constructed in the earfy and mid-sixties accOrding to
the sample farmers. All of the farmers acknowledge the value of contours in preventing soil
erosion and most of them maintain them regularly. They themselves or sometrmes employed
casual labour, spend, on average, 4.5 work days per year to repair spills and- holes inthe
rldges 17 farrners (34%) even constructed new contour ridges on their cropland spending on
average 57 work days for this laborious task. Even though their construction was compulsory - .
and very unpopular before mdependence, farmers in this area appreciate the benefits of con- - -
tour ridges. It4 is strll the major anti-erosion measure in the Communal lands. Two:thirds of :
the interviewed farmers mentroned that AGRITEX extensron workers aiways advrse them to
marntam their contours. ° o , ‘ '
“Nevertheless, sheetwash erosion is still Widespread in spite of the mechanical protection
through contours. To estimate actual sheet erosion still occurring on the croplrtid a soil loss
estimation model the, Soil Loss Estimator 'For“Southern‘ Africa (SLEMSA), is used in the sur-
vey. SLEMSA, was mainly developed by Henry Elwell in Zrmbabwe to estimate average an-
nual soil loss\from, sheetwash erosion. Its purpose is to assist planners and the extensron ser-
vice to design safe rotational systems for arable Jands protected by contour udges Different
comtbinations of farming practices can be tested and the practice that reduces soil erosion fo a
‘pre-set target level can be advised. The mﬂaence of the following varrables at the specific site
are entered in the model (Elwell 1980) ’

- climate ° o
*'average annual rainfall -



'--sorls,”' S
* erodibility ¢ of the sorl type', e

* trllage practlce S - o ' L o
- topography - RN N ‘
. . *slopeoftheplot - - . R

S *lengthoftheplot e e

-1 -crop cover ’ L
o *aop S S
*plantingdate . - .G R
| "“ave‘rage yie’ld o ; L

Durrng this survey one plot cropped w1th malze or cotton was chosen on every farm and the
o necessary control variables for this plot i.e. mean annual rainfall, soil type, length and slope : f
o of the plot, crop yields and planting dates, were recorded. The average annual rates of soil ~

* loss were estimated using the model. The average rate of erosion reported on all farms

. equalled 11.2 t/ha/year. This amount of soil loss exceeds the 5 t/ha/year seen as sustamable L
" for the predominantly sandy fersiallitic soils of Zimbabwe (Vogel 1991). Only on 20% of the
plots a sust.un.\blc loss" of soil has bcen estimated. The majorrty of the plots are experrencmg
shghtly more (6-10 t/ha) sheetwash crosuon The mmmum soil loss estlmated for a sm01e

field averag,ed 46,9 t/ha ST E
_soil loss (t/ha)‘ l_ : - -j' : no._"of CaSCS‘
1r-20 . o 8
2130 .0 ¢ T o ]
S 31-50 1 RS |
o 'Table 1 f Average rates of sheetwash erosion estima-ted .Wi-th SLEMSA‘ e N

»-' i . Ly

Even in the only moderately sloped area of annba and Chirau soil losses seem to exceed the
- limits of sustamable agriculture. But how do the farmers themselves see the pr oblem of SOll
erosron'7 Only if farmers percelve erosion as a problem that. serrously hampers productlon

~ success w111 they be wrlhng to mtroduce measures agamst 1t : :

/

A

L As part of the survey, the sarie farmers expressed three domrnant farmmg problems unrelr-

- able ramfall lack of money for inputs, and insufficient draft - power. These problems belong to
~ the nilost often mentlolped farmmg problems in Zimbabwe (Elliot 1989, Rukuni’ 1985) Soil
~ erosion was only named once asa farming problem and was not prrontrzed by the. farmer.’
When asked drrectly if erosxon was a problcm on. thelr farm 44 of the respondents stated it



was. All respondents were asked:to rank their perception of rosion according to a four point
scale. Only.one third of the farmers would rank erosion as a moderatc or serious problem on .
their farm. N early half of the respondents (43%) stated, that erosion is becormng WOrse on.

' the grazing lands, but only 18% of- the farmers see a change for the worse on-cropland. It is ‘
interesting to note that shectwash:erosion had sometime notrceably affected 74% of the = -

farms, whereas gully erosion only dffected 24% of the farms J
Problem R ‘/,\ o o I}Iumber
Y unrel1able ramfall FE 21 e
" lack of money for 1nputs L o 22
|- insufficient draft power 9
- roaming cattle delaymg plantmg 8
1nadequate supply with farm assets 6 .
_ not enough labour” -, ' 6
e _1nsuff1c1ent farm asséts 5
 not enough grazing’ land . R
;4 | o water for g garder ' - ‘ 4
" infertile soil s T R U T
~not,enough cropland™ 7 - T 3
transport problems - .3
others ‘ | © 4
'Table 2 ‘ Dommant farmmg problcms expressed by respondents (three answers possrble)\ -

R

{ A comparison of the rates of annudl sheetwash erosmn estimated with SLEMSA and farmers
‘perception revealed that those farmers who saw erosion as-a problem on therr farrn, also had _
higher sheet « erosion estimates on therr fields. Tbrs result must be 1nteroreted cautrously be-

cause of the small sdmple srze and because SLEMSA estrmates were taken only for one f1eld 4
on each farm. o : ' ‘ ‘

i

S B Eroswn rsaproblem o ‘ : ‘ ) est. 'annu'al rate -
' onmyfarm. . oo of sheet.erosion . /.-
| ":Y‘CS(AZZ-)‘ e Batha |
cmo @) . 94t/ha
"'average “9). - o o o R 1"1'.;2“t/_ha' -
‘ ANOVAanalys.s _. . / . - r"-“(l" 344)
. Table3 Comparrson of estrmated dnrlpercened actual erosron

Ny



All farmers have at least heard about erosion, most of them have noticed it and nearly half
think erosion is a problem on théir farm, though only a minor cne. A recent study in the same

area interviewing 154 farmers on their perception and cognitive behavior of erosion came to
‘the conclusion, that 1% named gully, 20% named sheet erosion, and 32% loss of nutrients as
a cause for the decline in productivity of their land (Mehretu & Mudimu 1991). A similar
study in Svosve-Communal Lands concluded that two thirds of the interviewed farmers per-
ceived erosion in the cropland to be at least a moderate hazard or worse (Elliot 1989). Ero-
sion seems to be well recognized by farmers and description given; i.e. washing away of top-
soil, fertilizer, nutrients and seeds show that most of the farmers understand the problem.
Nevertheless, farmers seem to fail to see the severe long-term 1mphcatxons of the, problem
considering the importance of soil degradation and overgrazing in affectmg agrxculture in the
Communal Lands (Mehretu & Mudimu 1991). :

'ANNUAL RIDGES, A POSSIBILITY TO REDUCE SOIL EROSION

Annual ridging is a common method used in the study & area. In Zwimba and. Chirau nearly
half of the farmers seem to always rldge their row crops. Also in other study areas at least one
third of the farmers led.yb use this technigue (Mehxem & Mudimu 1991; World Bank 1990)..
Conversely a group of nearly the same size never r;dged thelr crop. R1dgmg, though common,
is not used in all parts of the country. ,
The effects of annudl tidges on 5011 erosion has so far never beeri investigated on research tri-
als. They seem to reduce the erosion and runoff particularly after late rains and increase
mioisture conservation. Experience at the Institute of Agricultural Engineering suggests that
-small ridges not constructed at a gradient between 1% and 2% would duflmtely break after
strong rainfall storms and might even cause rills and mcxeased erosion. Annual ridging is not
seen as a sustainable tillage practxce because generally soil erosion rates are not reduced to -
sx'istain‘able ievels (less than S t/ha). Nevertheless, ridges reduce erosion, increase moisture

conservation and are seen as an improvement to conventional tillage (Elwell 1991 personal
commum"atlon)

Of the 55 farmers interviewed in this study, 28 farmers were ridging, 7 farmers used tied-
ridges and 20 farmers were not ridging. In the following discussion the farmers presently using
ridges will be called "ridging (RG) farmers", those not ridging will be called ' non-ndgm (NR)
tarmers" and those using tied-ridges will be called "tied-ridging (TR) farmers".

The ridges are constructed between one and four months after pldﬂfﬁxg, the majority in De-
cember or January. The size rarely exceeds 200 mm and several farm 1mplements can be used
for this task. 53% of the RG farmers used a culnvator the remainder used either a ridger or a



~ plough. On average, the tools used for ridging had been bought more than 13 years ago and

- ridgers even tended to have an age of 20 years.

Ridging is not a new technology in Zwimba and Chiran. RG Farmers have a long experience,
on average 18 years. Nearly all of the NR farmers have at least heard of, seen or used ridges
themselves. Agritex extension workers advised 63% of the RG-farmers to use ridges, another
27% inherited this measuré from their parents and a minority were introduced through
neighbors. An astonishing pattern of technology adoption could be found in the area. Farmers
who ridge were not randomly scattered throughout the area but in some villages nearly all
farmers would ridge and-in other villages hardly one ridging farmer could be found. Differ- _
ences in the natural envrronment slope, soil type or ramfall did not vary between adopters or ,

. non adopters : : '

RG farmers perceived ridging as a very useful tillage technique and mostly damed.sev.eral
benefits of ridging when compared to the situation without ridges. Also NR farmers mostly
could name several benefits of the measiire when as}fed Altogether 8 NR farmers (40%) had
already used rldges but gave it up.

benefits of ridging - . RG -NR

' ' L . farmers -,

.| higher yields - ' 27 10 . .

| moisture conservation | | L 20 13
_soil and fertilizer not = . S

washed away . ' - 15 .. 8
reduces weedi'ng S - | 11 5.

_good maize stand . 6 . 4
reduces work By . . 3~ 0.

‘Table 4 Benefits of ridging as perceived by RG and NR farmers (several answers. possi-

ble)

The most important beneﬁts are clearly relatéd to soﬂ and water conservation. Ridges reduce _
water runoff and prevent the loss of valuable topsoﬂ and top- dress fertilizer: Addrtlonally it
~reduces labour reqmrements especially for the very time consuming and laborious weedmg
opcranon mainly done by hand with a hoe. Some farmers see an additional benefit through
better maize stands due to the ridges. Nearly all RG farmers (90%) reported higher y1elds on
the ridged fields tl { 1an on fields without ridges, the other 10% said yields were comparable and’
no farmer reported lower yields. Also half of the NR farmers said ridges increase yields
though 4 farmers said yields were lowcr The yreld increase does not secin to be 1remend0us
‘but a slight yield 1 mcrease ' o

A
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Disadvantages of ridging " RG NR
S ' ' ' . - farmers
N
no disadvantages ‘ S L - 7 - -6 i
transport of crops with A
scotch-cart difficult , 5 6
trenches in the furrows: . . " 22
have to be destroyed in years - - o
with much rain L : .2 R
no tools for ridges, hrrmg Co I ; b .
is expensive ~ + - . L ' _ 1 7
more work . ST o 1 0
| ridges disturb ploughing. T 0 - 4

Table 5 Drsadvantages of rrdbmg as percerved by RG and NR farmers (several answers
possible) : .

. The disadvantages named by the RG farmers do not seriously y hamper the farming operations.

The observation that trenches in the furrows could occur shows that ridging is not altogether.

unproblematic and could enhance soil erosion. Oaly two RG farmers did not have sufficient

draft power and farm implements vo ridge their crops and had to hiré oxen and a cultivator

‘ ‘_fI'OIl’l relatives. The overall i 1mpressron is that RG far mers are very satlsfled and 63% have
recommended this measure.to therr neighbors. ‘

NR farmers named 2 varrety of reasons for not rrdgmg At least half of the farmers owned
enough farn rmplements and draft power for rldgmg ‘The other half of the farmers would
have to rely on hiring oxen and a cultivator. The main reasons named by NR farmers for not.
ridging were not enough equipment or money to hire equipment. A small number of NR'©
: farmers were to old or did not have enough labour. Difficulties with transport of the crops af-
ter harvest and the drf ficulties ploughing ridged fields. have lead a number of farmers to grve
, up ridging. Differences in the farming system of RG and NR farmers mrght account for adop-
tion or non—aduptron of rrdgmg

‘ ) Factors mﬂuenczng performance of fam"err . o

Several studies i in the recent years have shown that houschola income patterns in umbabwes
Communal Lands are highly skewed not only between but also within regions (Stack & |
Chopak 1990; Jackson & Collier 1938, Rohrbach 1989). The top 20 % of ploducers account
for 50 - 60% of total grain productr_on and even more of the marketed amount of grain ‘

- (Jackson & Collier 1988, Rohrbach 1989). Farmers that have a higher grain production show

_a significantly higheruse of new technologies (improved seeds, fertilizers, dr'af‘t_'power). If new
s0il conservation technologies are to be introduced they have to take these differences into
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consrderatlon A number of factors have becn 1dentlf1cd that account for d1fferences in agrl-
cultural performance and household income. '

- Slze of the agrrcultural enterpnse L S :
“Farm size, “household size and cattle ownershrp are posrtrvely correlated fo household
~ ifcome (Stack & Chopak. 1990) The ownershlp of sufficient draft power allows farm-
ers. to reduce. labour requrrcments in peak periods, especlally land preparation and
, ) _weedmcT and to expand crop land. Households with draft power plant early, need less
- time for weedlng, use more manure and have hlgher vrelds (Rukum 1985). -
- Ownershlp of farm 1mplements R o : :
- Lack of suffluent farm implements "is a major factor affectmg agrtcultural perfor- :
. mance of the communal farmer" (MLARR 1989). Non—owners of farm 1mplements are
forced to hlre atrates whrch are found to be prohlbmve

- DIVCI' srﬁed 1ncome ﬁOUI’ ces

Households whose mcomes are based solely on agriculture have lower incomes.
Household income is posltlvely related to the number of farming and non-farm activi-

-, ties household members are engagcd in (Jackson & Collier 1988) Other income .
sources cspecnal]y urban employment support the farming actrvrtres by often flnancmg
~ the purchase of external mputs or 1mproved technologles '

- Educatlon :

'The ]evcl of schoohng and partlcrpatlon in master farmer COUrses or other farifi groups
‘might also explam the difference i in performance though this has not been srgmfrcantly
proved so far (Rohrbach 1989) '

The followmg factors are ana]yzcd for the study farrners to measure the lnﬂuence of these fac-
tors on: adoptlon or non-adoptlon of rrdgmg '

—~
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:Table .;6 L | Factors mfluencmg the adopt1on or non-adopt1on of rrdglngx

o Izconomzcs of annual ndges o » . : :
- In Grder to calculate thé economic ben>fits of udgmg, gross margm calculauons for maize and
. cotton are computed The mformatron needed on varrable cosis and labour requrrcment were
e collected through 1nterv1ews with the farmers for one plot per farm. Yleld data were obtained
o through: farmers estimates arid mlght be overestlmated The yleld differential betwcen RG .

" and NR farmers (RG 3.7 t/ha maizs, NR 2.5 3 t/ha fnalzc) can not be explamed alone through '

‘ -'Factor-influenci[ng‘- - e " RG ... NR-
~adoption’ .o ol - farmers. |
farmsizeha) 0 o 340 w250 e
ﬂ-no;'_ofr'esidents,"_- ISR e T 55 560 3

R ¢ percentage of farmers ownmg ' . } oL
LT ;:‘suff1c1ent draft power ~,j L '_"’0%_ 60%.
e 'cultlvator Lo 830 L60%
R rldger L 3/_“ ' P - 2% .5%':’ T
= .scotchcart o o 80%  55%
, _-.;grafs_siin'c"ome from crops @9 C 1996 241 |
v‘alue_‘of_-fertillzer.us'e'd:(Z$/ha Maize) -~~~ 303 - 171 | ,
“'v:'at least 1/4 oftotal income . R PR .

fr()m non-farmmg actmtles e 570_%-‘ . 60% _ s

HHhead completed prlmary R "4 7% 409 |
- ‘:Perce11tdge of master furmers o L 50% 20% SR

R . N L . ; : R =

_ Al of the above menuoned factors show that RG farmers have a s1gn1f1cantly better resource v
N endowment thev can rely on. They operate more cropland have more¢ draft ammals at therr

' ~d1sposal own more 1mp1ements use more external inpuits, have a hlgher off-farm income,are .

~ better tralned and educated and supposedly, though | not measured, ‘have a hrgher total house--.:'

. hold i 1ncome than the NR farmers. Nevertheless, even if farmers w1th an above average I re-

.. source endowment ridge more frequently farmers with less resourceq could also use rrdglng 1f o

itis economlcally bcneflcml ie. an mvestment 1n rrdgmg produces a het 1ncremental benef1t

T

rldgmg buta variety. of detOl‘S contrlbute to the better perfornance of the RG farmers i. e..

; better management practrccs and lugher use of external 1nputs (compare also Machllan et’
- al. 1991) ~ : b o , l .
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A multiple lmear regressxon analysis (OLS) was used to identify the 1mpact of a number of
factors inﬂuencing yields The model chosen of the form .

N

' Y —a+ b*(Xl) H c"‘(Xo) ") + =*(x4) +15(X5)

-~

‘where Y, the yield of maize (T/ ha) is a function of the use of chemicals (Xl) a discrete vari-'

able, the planting date (Xz) annual ridges (X3) expressed in labour hours per hectare, fertil-
izer use (X4) expressed in Z$/ha, and ownership of tools (Xs), expressed as:the number of
ploughs, cultivators and scotchcarts owned gave the following results (t-statistics in parenthe-
515) o L

Y15+ C214(X) + ooz(xz) + 00%(x3)+ 0004(x4) + ’:0\,61(5(5)

SB35 (14) (2:41) (281) . (464
2= 047 DW =239 F =865 : '

—_— s '

All the coefficients 'are»'highly signiﬁcant at the 0,05 level except the influence of planting -

*_dates that was only significant at the 0,15 level and also indicates that-waiting a day would re- -

sult in an.increase of yields. This result is contrary to most other studies, but in line with the

results of a recent sti'i-vey by MacMillan et al. (1991). The correlation matrix did not indicate
any correlations between independent variables higher than 0,36 as between ndgmg and use
of fertilizer. The use.of chemicals has the highest i impact on yields followed by the ownership

~ of tools. These ;esults are in line with findings of the MLARR study (MLARR 1989). Annual ~
ridges significantly influence yields and an additional hour spend on ridging is asscciated with -

a yield increase of 30 kg/ha On average farmers were spending 30 hrs on-ridging so that
ridging would contribute to an addiuonal 900 kg of ma1ze per hectare, a 36% yield increase.
The effects of annua] rid‘ges onciop yields have otherwise only once been quantified in Zim-
babwe for sorghum and showed a 9% yield increase compared to. plantmg on the flat
(Mackanie 1987). In general soil conservation practices have improved yields in'dry and-av-
erage seasons, but have shown little advantage in- g,ood rainfall years. The marginal value ofa
unit of water. saved is likely to'be highcl in. d1y years when ramfall is lower.

The main econoinic benefits aSsociated"'with annual' ridges are:
: 4 S . ' ' T TN
- Increased ylelds of maize and cotton due to conservation of topsoﬂ and watci
- Reduction ot 1he ]oss of topsoil, fertilizei and seeds

Grogs margins were calculated for all farm types based on yields, market prices and mforma—

- tion nrov:ded by the fdrmcrs The results are shown in table 7. Four economic factors were

analyzed to evaluate the economic per formance of the different tillage practices; gross mar-
gins, return to own laboux lotal labour houis and labour hours needed for .veeding



Farming ‘seasonﬂ ‘1990 /91

-

R 'NR‘Ma‘ize; RG Maize RG Cott‘on TR Maize ' TR thton .

Farmerspldntmg(no) '»19 725 3 v 4

INPUTS (Z$/ ha)

|, Seeds . 4188 4704 474 8429
.~ Chemicals .~ 2. . .. 760 = 890 - 875! - 56.59-

CFert AN T U984 145120 (13350 13449

)

HTRE“) LABOUR (Z$ /ha)

WinPlow - 2629 . 4378 - 1603 ' 2470
"Plant -

| Harvest. - .. 155.88.- 19117 . 20530 . 95.10

- et ) h

| ,'IOTVAR COS1S(L$) o 38299 56772" ©'536.84 - 656.80
GROSS INCOMx_, (Z$) L 669.60 100980.‘ £ 145600 - 1198.80°

—

; , R
yields.(t/hd). " S0 248 374 - 112 0 444

Fert D~ ' . 7237 15766 - 2852 - 21843
D FertL - s T r0 T 00 14348 0 0 0
| Totalt . 21999 35872 - 273847 | 493.80°
| DRAFT POWER (Z$/ha).- .0 . s . )
Field Prep. . 1’11 00  : 14000 130.00° 13000~_
‘Cultivator =+~ 5200 . 69.00. . 77.00- 33 00 - .-

‘ Harvest 0 S '\.‘56._00_: - i,):-‘ 0
OWN LABOUR (hrs/lm) S ‘ B

vy 8694 < 8030 0 2860 - 58.66

" ChemApp.. . . . 4402 . 47.68 2250 . 6175
o Weed SO 7.281'.'19'. CU136.90 . 14842 L . 276020 .
. Ridge . . o0, 2957 ’_16.91_ ' 89545

Torl 'L sea3e s940 52176 60577

3
1082,

T 982
" 19645

-16.29 -

46,07
- 26228
53061

L 98.00

23.00

4100

3952
| 39.48.

- 88.18°
244.15

2533

-GROSS MARGIN (Z$) 286, 61 o M208 91916 54200 . -

363.39

| 33636

70261
-~ 1066.00 -

047

| .JRETURNS TO OWN LABOUR(Z$\O48 084," CTLTA 089

-

I\olcs NR Non no;,m;, RG = ndgmg TR Tied- ndgmg farmers

All costs arc valued at the site ¢ average forf bought or hired ilews.

: hm,d labour [or cotion harvest is assumed (o amount up ‘to half of total labour requircments [or hawcst
" . Costs for fertiljzer mcludc tramsporl.” - : .

., Prices-used: pricc maizé = 0,275/kg, cotion = 13.n/lq, hired lxboux 0. 1$/l\g colton pl ]ung S

, Price for hmng cumvalor 33$/h1 p(ow 78$/ha ’

Draft power for field preparation and wccdmg are valued with the avg costs for hiting * avg no. of opcratlons._

" Table7 .‘Groés'margin calgdlati(_)ns for five different tillage 'préctices_ B



Gross margins were considerably higher on ridged than on no'n?ridged fields. The highest -

gross margin was achieved with ridged cotton ($91)/ ha). Return to famﬂy labour was twice as
Jarge on the’ ridged compared to the non~r1dged variant, Total labour reqturernents aswell as®
N labour requirements for weedmg were noticeably lower on the rldged variant. All four eco-
nomic factors showed the)supel 1orlty of the rtdgmg variants compa1 ed to the non-rrd;,mg varl-’
ant. - . T T '. R

Labour calculatlons for marze and cotton show that only 6% (29. 57 hrs/ ha) of total labour re-
quirements are used for. rrdglng in malze and only 2% (16.91 hrs/ha) of total labour requlre- A
" ments are used for rrdgmg in cotton (table 7). At the same time ridging is onie of the on aver-
age two to three cultxvator operdtrons against, weeds. The effect of reduced labour réquire-
ments for weedmg have to-be added to the benefits of ridging. The annual costs of wear and
© tear of ox-drawn farm equlpment are very low dIld have been neglected for gross margin cal-
culations. Rldgmg seems to be a profrtable method for owners of the necessary equlpment

and opporturity costs of farmly labour for rtdgmg are lower than the average rate for hiring -
(labour hours x return per hour f01 mutze = $25 / ha, cotton = $29/ha) - o

\

The annual yr“ld mcrement necessary tor a NR farmer to cover the costs of hmng a tool for |
ridging v s would equal 121 kg of maize-(or $33) Thls is a relative i increase of 5% for maize given
the average on 51te ylelds NR farmers’ averagcd in-this survey Cotton yields would only have * ~ -
todncrease by 25kg or 2% of total harvest of this survey to bredk even with' the; addltlonal
“costs. The results of the regression ana1y51s indicate that a a y1e1d mcrease of at lzast 10% _
seems to be possrble tln ough ridging because of the high benefits of morsture consefvatlon
The survey only rehes on, data collccted in one'season and sttll has to be vertfred in good and
bad rainfall years. ' L ) R
Rld;,mg is generally proﬂtable for all firmers in the study area. because of the Jomt effects of
moisture conservation and’ | saving labour for weedmg Non—owners of ridging tools. have to .
 hire the eqmpment and- the: ‘necessary ‘draft powe1 Shortage of moriey is a major problem on
NR farms and cash or "redlt constrarnts niay prevent a large number of farmers fro>m hlrmg a
ridging tool. - -~ .- . N

- R . s

LT NOTILL TIFD-RIDGING _

THE SUSTAINABLE TILLAGE LCHN I(Un FOR COMMUNAL I«ARMERS‘?
Smce 1966 tnals to test trcd nd;,uw h.rve been conaueted at the Instrtute of Agrrcu]tural Ln- *
gineering (IAE). The avaﬂab]e results of the trials have: demonstrated that erosion is reduced
to sustainable rates of about 2 t/ha (Vogel 1991). Hopes are hlgh that thls systcm would al]ow
farmiers all over the country to sustainably produce-crops and zeduce soil erosron At the same
time the 0011 and water conservatlon btanch of AGRI’IEX has launched a campawn to msta]l



- Gross margins for TR maize ai‘e higher than the ridged and non-ridged variant (table 7). The

15

trial farms in each administrative boundary. The rresults of the about 80 trial farms all over the -
country have never-been evaluated fully, because the information was mcomplete (Stevens

1989).

In this survey 7 trial farms using tied-ridging in Zwimba, Chirau and Zowa (an adjacent
Small-Scale purchase area) have been interviewed. The trial plots never exceed one hectare,
the majority only using a one acre trial plot to gain experience. Most farmers are using this

 method in their second year. Mdlze was planted on four and cotton on three plots. The fol~

lowing analyms can only be- mterpreted cautiously because of the small number of farmels the
short experience and the small size of the plots B
The most ifnpofta"nt benefit are higher yields co'mp'ared to conventional pldughin‘g. All farm-
ers reported much higher maize yields also.compaied 10 plots with annual ridges. The only
two farmers who measured yields, harvested 75% more maize from the tied-ridged plot than

-from neighboring plots. Yields for cotton are lower on TR farms than on RG farms but the-

very small pamber of farmers planting cotton might influence the results. Six farmers named -

‘improved mmstule COI]oCI’V&thIl as a benefit. Four farmers appreciated the reduced soil ero-

sion and the minimized loss of fcrnlwcrs and seeds. On the other hand farmers named a - ‘
number of disadvantages of lhe system. Three farmers named no disadvantages. Contrary to
annual ridging, four farmers said tied- rldgmg is more labour consuming especially for the
planting and weedmg operations if the right tools or herbicides are not available. Late plant-
ing was named by two farmers as another disadvantage. The I'ldgf‘S have to be moist before
planting which can in some years result in later plantmg than on the flat thus losmg the bene-

. fits of capturing early rains.

Tled rldgmg is still seen controver51ally by the trlal farmers A minority was very sausﬁed with
the syqtem and want to increase the area under tied-ridges. T hese farmers-had more farm im-
plements to overcome labour constraints, They use a tine ripper to break the top of the ridges
for planting and herbicides instead of hand weeding, Weeding especially is seen as a signifi-

. cant problem because farmers complain they can not use a cultivator and using a plough as

recommended does not reduce weeds sufficiently. Usmg a hand hoe instead of a cultivator not '
only increases but dl”O impedes work. : '

\

return to family iabour is twice as lafge than the NR variant and marginally higher compared
to the RG variant, Results of the labour requirement analysis show a contradictory picture. -
Total labour requirements are higher on tied-ridged than on ridged fields although they seem

- to be comparable with the non- udgca flelds More labour has to be used for weeding and

ridging in maize on the tied-ridged fields thuﬂ on the ud;,ed fields and even'slightly more than

- on the not ridged fields. Compared to the NR vatiant twd-udgmb y would have overall eco-
nomic advantages. When compared to the RG vcm'mt even though the gross margin as well
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as returns to famlly labour are hlgher mcreased total labour and labour requlrements for
weeding might prevent | farmers of adoptmc the new tillage techmque ’
Tred-rrdg,mg might be an adequate technology for resource poor below average farmers, be-
cause it reduces draft power requlrements for field preparation and increases yields consider-’
ably. Following the adoptlon process, first adopters are generally better educated farmers
with sufficient 're's().}rrces; land, finance, draft power and farm'implements._ These farmers are
particularly interested in new technologies that are labour saving or at least labour neutral. °
Mudimu et al: (1989) mention that labour shortages at peak periods, particularly for Jand’
preparation, weeding and harvestmg hamper production. The most frequently cited new tech
nologies introduced in Zimbabwe in the Communal farming sector are either mecharical or
biological technologies and generdlly'do not require higher labour inputs. New mechanical
technologies like the use of draft power and improyed farm implements (cultivator, harrow or’
planter) are clearly labour saving technologies. The biological technologies (improved hybrld
- maize varieties, mineral fertilizers and plant chemicals) are at least labour neutral

'

These preliminary results are ohly valid for the higher rainfail areas in Natural Region 1L
Even in these regions no till tied- rldgmg still has to prove that it could be used as a sustam—
able tillage method on a whole farm and not only on one or two plots. The yield increase
,seerps to be very high but at the same time labour constraints hinder farmers to convert their
farm totally to tied ridging. The system is being tested on trial farms managed mostly by mas-
ter farmers or master farmers trainees. They have comparably highly mechanized farms use
more nnplementq and own sufficient draft power to reduce labour requxrements at the peak
~ times for field Ppreparation-and weeding. Every system that increases labour requirements at -
these peaks can only be adopted when the size of the total croplaud is reduced or additional
labour is hired. Even astonishingly high yield i iacreases of 75 % could then not persuade farm—
ers to adopt the systens completely

'SUMMARY AND CONCLUSIONS -

*~There is need for conservatio‘ri tillage systems and farmers in the study site are estirnated to
lose on average more than twice as much soil than would be sustainable. Erosion not only

: poses & long-term threat to farmers but immediate losses of fertilizer seeds and nutrients re-

sult in lower production. Farmers are aware of soil erosion but do not consider it a major

- farming problem. Soil conservation measures generally combine the effects of soil and water
conservation wad have mrpmved yields in dry and average seasons. Annual rrdges had a statis

*tically significant impact on'yields in this survey. New technologies also have to improve pro-

ductivity of the productlon factors capnal and labour and outper[orm ex1stmg tillage pracuces

. to be adopted by Tarmers. The empirical results of the study support the 1mportance of so-

cioeconomic analysis for successtul adoptions of ne\/y conservatlon tillage systems.

e

\ .



. New technologies arc first adopted by better trained and better equipped farmers with above
average croplond. The performance of a new techno‘ogy'therefore has to be compared with
existing farming practrces used by above average farmers. Three different tillage practlces '
‘were compared consrdermg socioeconomic surroundmg of the fa.rmers and the econormc
profltabxhty of each tulage practlce P ‘

. Farmers who dld not use any conservatlon tlllage practlce had a lower overall grain produc-
fion because of resource constraints: less cropland draft animals, farm implements:and non-
farm income to finance external mputs as well as less trarmng through extension workers. An-
nual ridging i isa tillage practrce that reduces erosion but not necessarlly to sustamable levels
Rldgmg has been widely adopted by nearly half of the farmers in the study area. The benefits
resulted in ‘both higher yields and reduced labour: requrrements for weeding seem to explain |
the high rate of adoption. Tred-rrdges reduces crasion to sustainable levels’ and has beén pro-
~moted by the JIAE and AGRITEX. So-far only few farmers i in the study area have at least ,
partly adopted tled-rldgmg The small group of farmers usmg tred-rrdues consrsted only of

‘master farmers with a good basis of farm, resources. Not more than one hectare of lano has ‘
been converted to tled rldvmg on mdmdual farms

The ¢ economrc analysxs of the tlllage pracuccs concentrated on four major economic 1nd1ca—
~ tors: gross margin, return to family labour, total labour requirements and labour requn ements
for weeding. Tied- rldj,mg outpertormed the n()n rrdgmg variant; higher gross margin, Chigher
returns to family labour with equal labour requ1rements Tied-ridged maize also had a lngher
gross margin than | maize with annual ridges. ‘On the other hand labour requrrcments for tied-.
ridging were con51derably higher than for annual rldges especrally for weeding. The majorlty _
of the TR farmers named addltlonal labour requrrements as the major disadvantage. This dis-
ddv_dntage might prevent better mechanized farmers from ad.optmg tied-ridges completely.

It is crucial to the success of conservation’ tillage ‘tec‘lmologies with ‘ong term benefits to en- -
'sure that incremental short term benefits outweigh additional short term costs. They’ have to
outperform existing tillage systems in respect of labour. effrcxency and yields. chhnologres L
that increase labour requirements in peak periods, especrally for field preparation, planting - -
and weedmg are not attractive for. Communal Land farmers. Especially the better mechamzed ,
- Communal Land farmers in hi gher rarmall areas who ]ead the aaoptron Drocess are mtereste\l. :
in labour savm;, technologles a L

Labour requrrements for weeding in tled rrdgec hds 10 be reduced erther through the devel- .
opment of a ﬂexrble cultivator or through the mtroductmn of herbicides. Future problems due
to the resistance. of some weeds to herbicides have to be monitored carefully. Experience
tromi large scale commercial farins. suggests thiat chemical weed control is extremely difficult
to manage in all no-till and conservatrou tillage systems (Oldrreve 1989) More labour savmg
conservation tillage based on reduced tlllagc like raulch ripping or zero tillage could be used
by households wrth hetfcr resouice. endowments in the better natulal regions. '1hcy orten are
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ina posmon to fence thelr croplands agamst grazmg ammals and could keep mulch cover '
on theu' flelds AW 4 - : - :
Sorl eros1on on grazmg lands has not been addressed in th1s paper even though the _
degradanon process is more advanced The tmplrcatxons for grazing lands from this study
- would be that investments in soil conservation on grazing areas also have to benefit md1v1du-
als 1mmed1ately to ensure wrdespread partlcrpatlon of the users of the resourcé. The eco- o
, nomic data used to calculate the. v1ab1hty of different tillage variants pertamed on]y on a lim-
1ted study ofa small number of farmers and orly to the 1990/91 cropping season. Especially -
the group of farmers: usmg tred-ndges was small and had only a limited expenence with the -
new practice. Further research on conservation tillage systems muist be accompamed by. s0-
~ cioeconomic research to assure immediate producnvrty increases for famters. The payoff of :
reducmg eroslon in terms of i mcreasmg yields seems to be higher in the high. ramfall areas.- .
Developmg 1mproved technologres for arable lands i in seml-and agrlculture that on the one B
~ hand conserve the soil and on the other hand i 1mprove the productlvnty of farm resources is
even more dcmandmg ' : R

~

N
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APPERDIX I

Estimating Annual Sheetwash Erosion from Cropland with
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* APPENDIX 2

Variables used in the
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regression ana
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