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A NOTE ON THE BOTSWANA NATIONAL MIGRATION STUDY

The National Migration Study is a very ambitious, USAID-funded research
project designed to provide the government of Botswana with a better
understanding of the mechanisms of migration as it affects that nation,
together with information for use by perspective planners. A field survey was
completed in September 1979 which involved four separate interviews with some

over a twelve-month period. The information collected
related to

22,000 individuals
covers the whole span of socioceconomic and demographic data

migration in Botswana.

Furthermore, the project commissioned or coordinated the efforts of more
than twenty externally-funded private researchers investigating in depth
various aspects of the 1life and culture of the Batswana. This effort is
virtually unique in explicitly combining in-depth studies with a large-scale
survey so as to make these alternative research strategies complementary and

mutually reinforcing.
Since its inception in 1977, a number of scholars at the Boston University

African Studies Center have been involved directly with the Natiomal Migration
Study, or have worked in association with it. By publishing a number of
working papers growing out of the study and the related field work, the
African Studies Center hopes both to give visibility to some of the work that
has been going on in Botswana under Center auspices, and to bring together a

number of approaches and findings that are important inm developing research

approaches to development problems.




THE DISTRIBUTION AND EFFICIENCY OF CROP PRODUCTION
IN TRTBAL AREAS OF BOTSWANA

by Robert E. B. Lucas

In 1974-1975, the official estimate of gross domestic product in Botswana
was 205.7 million Rand.l In the same year, the Rural Income Distribution
Survey in Botswana (RIDS) reported gross crop production at 8.3 million Rand,
or some 4 percent of GDP.2a8 (rop farming is then not a very major source of
income in Botswana. Even of the crops grown, only 70 percent are grown
outside of the freehold farm and Barolong Farms areas, despite the fact some
97 percent of farming households dwell in this extensive remaining tribal area.

Nevertheless, crop farming may potentially be of considerable importance
to Botswana. An estimated ome third of all adult men in Botswana work in the
Republic of South Africa. 1If there is any substantial cut-back in employment
available to Batswana men from this source, a severe employment problem is
virtually certain to arise. One of the more labor intensive of current
activities, and hence a potentially large source of employment, is crop
farming. But the extent to which crop bhusbandry is an attractive employment
for adult men, and the extent to which men contribute to family income through
crop growing, remains unexamined.

In terms of income distribution, the RIDS estimates crop production to be
the third largest source of income (after employment and transfers} for
families in the 15-50 percentile range of household incomes, but one of the
least important for the lowest income families (1-10 percentile). Moreover,
crop production per crop farming household was reported in RIDS to vary
enormously by locality, as presented in Table 1.

Table 1; Mean Primary Income from Crops per
Household with Crops (Rands).

Small villages 76
Large villages 140
Barolong Farms 1,004
Freehold Farms 3,883

Thus, bousehold differences in crop production can play a potentially
significant role in determining overall income inequality.

The present paper, for these reasons, examines inter-family variations in
crop production within tribal (non-freehold) areas of Botswana. In
particular, four major lines of analysis are pursued. First, a study of the
distribution of inputs into crop farming across families, ineluding: (A) the
allocation of tribal arable lands areas to households of various types; (B)
purchases of current inputs such as ploughing services and fertilizer; (C)
ownership of crop farming equipment; and (D) the allocation of family labor
time to crop growing. The second section is a study of the relative
importance of particular types of crop according to household size,
composition, location, and other factors. The third section analyzes
productivity in this arable sector and some of its determinants. Finally,
some issues and estimates on the question of profitability are presented.



All results in this paper are based on data from the Rural Income
Distribution Survey in Botswana, 1974-1975. Owing to various Llimitarions
imposed on the sample, the results apply to households living in the tribal
areas of Botswana other than areas with an extremely sparse population.

The Distribution of Inputs

This section presents and examines some descriptive statistics on inputs
of land, purchased inputs, equipment and family labor to crop production. No
such estimates presently exist on a national basis for Botswana, and not only
are data of this kind important in their own right but they also provide a
necessary, preliminary background to subsequent estimates of production
functions such as those reported in section ITI.

A. Land

The seminal, though dated, work on land tenure in Botswana is clearly that
of I. Shapera, Native Land Tenure in the Bechuanaland Protectorate (1943).
All land in the former "Native Reserves" essentially belonged to the chief and
tribe occupying the areas. Fach married man was entitled to sufficient arable
lands to grow crops for his family. Thus, each household was given land
according to its size, men with bigger families receiving larger portions.
Such lands could be inherited by the man's children or givem or loaned to
others, but not sold or rented. Inheritance was not confined to the male
line, for a father was required to set aside a field for each of his daughters
on marriage. This field should then be cultivated by the woman and her
husband, but pass to one of their daughters upon the mother's death.
Additional land could not be cleared without permission from the chief or his
surrogate, so although extensive open land may exist it was not "“free" for the
taking. Indeed, in some areas, overcrowding of some arable land was already
reported by 1943. If a2 man left his land temporarily, he could reclaim the
land upon returning. But, land abandoned permanently automatically reverted
to the chief.

In a more recent study of land tenure in Kgatleng, Roberts reports two
very important shifts in this traditional system.2b First, the centralized
system of tribal land allotment caused such a backlog of claims that the
practice of self-allotment became prevalent. Self-allotment amounted to
individuals finding plots for themselves without resort to the tribal
authorities, and such self-allotments were generally condoned provided they
did not result in friction with other claimants to the land. In particular,
much of this self-allotment encroached upon former grazing lands. The second
important change reported by Roberts is in the transfer of lands.
Traditionally, transfers occured in the form of loans and inheritance within
the sub-ward of the tribe. But as self-allotment proceeded, lands were no
longer blocked together in subwards and transfers increased outside of the
extended family. Such transfers increasingly carried a price (often a beast
for ome field), at first illegally but progressively more openly. Thus, in
more recent times, purchases of arable lands seem to have become much more
common. Conversations with district officers and anthropologists working in
Botswana suggest, however, that overt purchase remains rare except for cleared
land, in which case payment is nominally for the work of clearing.

It is interesting to note that despite the very high land-to-population
ratio, at least cleared arable land is certainly not "free." To what extent
this is attributable to limited availability of (good or cleared) cultivable
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land, to limited administrative assignment of lands to arable purposes, or to
economic pressures for alternative land wuse in cattle grazing cannot be
resolved here.

Rather, this subsection proceeds to an examination of the net outcome of
these mechanisms of land allotment by 1974-1975. The RIDS asked each
household in the survey how much land they '"possessed," although these data
are not reported im the main data file. Lands assigned to all members of the
interviewed household were included, no matter whether these lands were
ploughed or not. The quantity of land was self-reported by the household,
giving rise to certain inherent problems in the units of measurement. Almost
all households reporting land in the RIDS did so in "acres," but these are
African acres which are not a fixed area of measurement but refer rather to
number of plough turns. As a measure of true area, the numbers reported
obviously then contain a certain degree of pure randomness or error. But it
also seems plausible that the reported "acres" correlate to some extent with
actual area. Since there seems no inherent reason to expect any particular
direction of biads in the random portion, on average errors should cancel out
in looking across households with different characteristics. Thus, in this
subsection factors found to correlate with reported "acres" will be taken to
be correlated with the underlying true area component.

Tables 2 through 4 present weighted averages of reported lands area by
several household and locational characteristics, as well as the percentage of
households reporting lands. Only households actually reporting lands area are
included in the average “acreage" figures since it is unclear whether the
remaining families have no land or simply failed to report lands. No lands
data were available for the samples from Kanye and Etsha.

Some 74 percent of rural households reported having lands, and the average
area was about 8 'acres." On the whole, female-headed households were
estimated to have 35 percent less lands than male-headed households, among
households with lands. This significant difference might be attributable to
at least two types of effect. On the one hand, families may tend to be
female-headed because they have less land: (1) there might be greater
tendency for men to go to the mines from households having relatively little
land, and (2) many female-headed households are the result of divorce or a
husband's death. Divorce might be more prevalent in households having less
land for the man to plough, and the pressure and even ability of widows and
divorcees to remarry may be reduced if lands are smaller. On the other hand,
a household may have less land because it is female-headed: (1) in the
traditional system, failure to plough could result in confiscation of land by
the tribe, though how commonly this is practiced today is not clear. (2) With
increased difficulty of ploughing for households lacking men, and generally
lower incomes pushing for liquidation of assets, female-headed housebolds may
be more willing to sell off any lands they initially acquire. Separation of
these two effects involves some tricky questions of timing, and cannot easily
be disentangled from a one-shot household survey.

Table 2 disaggregates these results by income class of the households.
Income class is defined by gross available household income (see RIDS for a
precise definition) in Rands per year, divided by household size measured in
adult equivalents -- number of adults age 15 or over plus half the number of
children present on average over the 12 monthly interviews of the survey.
Persons of unknown age are assumed to have an equal probability of being an
adult or child,



Table 2:

Lands Area by Income Class of Household and Sex of Head

Male headed § Female headed
All households households households
F A P F A P F A P
Household income
per adult equivalent!
(Rands per year)
<50 8.1 6.6 70.9 5.6 6.8 82.0 | 12.2 6.4  62.8
51-100 26.8 6.4 77.4 21.8 8.5  87.6 f 34,7 4.4 67.0
101-150 i 20.1 3.7 74,5 20.6 9.4 80.1 é 19.3 7.3 64.9
151-200 | 16.1 8.3  80.7 | 17.7 8.8 86.1 ; 13.6 7.0  69.2
201-250 . 2 8.5  83.3 9.4 12.3 81.7 6.4 3.7 87.0
251-350 i 0 9.7 72.1 - 11.4 10.0 69.9 .2 5.1 80.1
350+! 11.7 11.7 50.1 13.6 12.6 54.0 8.7 9.2 40.6
Overall t 100. 8.2 73.6 f 100. 9.6 78.4 100. 6.2 66.1
F = percentage of households in income class

average area in Macres"

o
It

percentage of households reporting lands area
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The lowest income households, those with below 50 Rands per adult
equivalent in Table 2, average only 6.6 "acres" among land-holders, and the
highest income group has the largest average holding. Moreover, the lowest
income group has the second lowest proportion of households reporting any
lands. On the other hand, the highest income category has much the lowest
fraction of households reporting any lands. Thus, the upper middle income
households (151-350 Rands) average less lands given they possess, but possess
at least some land so much more often than the highest income group as to
average more overall. It seems the very richest can afford or are assigned
more lands if they so choose, but more often elect to focus their attentions
on other forms of income earning.

In those panels of Table 2 differentiating by sex of household head, the
reason for so doing should be apparent. Whereas 27 percent of male-headed
households receive incomes below 100 Rands per adult egquivalent, the
corresponding proportion of female-headed households is 47 percent. The
greater incidence of poverty, the lack of male heads for ploughing, and the
sex difference in traditional land allotment procedures all warrant separate
examination of female-headed households. Not only do female-headed households
average smaller areas of land overall, 6.2 acres as opposed to 9.6, and have a
lower reporting rate of lands possession, but even within each income class
female heads average less land area and in most cases lower chances of
reported possession. The reason for lower land holdings among female-headed
households is apparently not merely because they have lower incomes to afford
possession and operation, but it is quite plausible they tend to be lower
income partly because they receive less land.

In the traditional system, land assignment is partly according to family
size. To the extent arable land may today be bought and sold, one might also
expect family size to influence land holdings through availability of labor to
till the land and through pressures of demand for food. Table 3 preseants
three alternative measures of family size. The first is the number of adults
(age 15+) in the household each multiplied by the number of months present
within the household during the year of the RIDS survey.3 Both among
male-headed and female-headed households there is a general tendency for those
with greater adult presence to display larger areas of lands reported.
However, given number of adults present, the female-headed households average
considerably smaller amounts of land within each category. These effects are
readily seen in Figure 1.4

The second measure of family size in Table 3 is similar to the first, but
includes also the number of months children are present counting each child as
half of one adult. The half-adult equivalence is a very crude representation
of both lower usefulness in working land and diminished demands for food.
Again, one finds quite a systematic rise in land allotment by family size.
The two notable exceptions are somewhat larger reported areas in very tiny
households, (but the fraction of households reporting lands is much smaller in
this category),3 and the surprisingly small area reported among extremely
large female-headed households. Again, in each category of family size,
female~headed households report less land.

The final measure of household size in Table 3 is somewhat different. No
matter whether the traditional or a2 more market-oriented system rules, ability
to plough is likely to influence land allocation. For the most part ploughing
is a man's task, though not exclusively. Absence of men can be supplemented
by hiring of ploughing services, or by reliance on other members of the



Table 3:

Lands Area by Sex of Household Head, Aduit§_fre5§gp,

.Family Size, and Number of Males Present During Ploughing Season

Sex of household head
Male | , _Female
Adults by months present in year A P : A P

0=11 3.3 29.4 : 4.4 41,6

12-23 5.8 70.1 4,9  64.3

24-47 8.7 &.5 6.4  70.3

48-95 21.6 85,2 6.8 80.0

96+ 16.8 77,6 = 8.3 73.7
Family size in adult equivalents ;

by months present in year

0-11 10.0 20,7 - 8.2 30.0

12-23 4,2 41,6 . 3.0 55.2

24-47 6.5 84.6 | 5.2 63.5

48-95 11,0 84.0 7.0 77.5

96-143 12,3 83.9 ? 12,0 64,1

144+ 16.8 77.6 2.8  90.9
Number of adult males present %
during ploughing season i

0 7.8 67.4 4,9  55.9

1 7.3 72,5 | 5.7 69.8

2 9.8 84.8 7.0 73.4

3,4 14.0 83,7 7.8 81.5

S5+ 11.8 91.9 8.6 100.0

area in "acres"

o)
]

"y -
1]

percentage of households reporting lands area
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subward, but availability of adult men for ploughing within the family is
likely to prove cheaper and certainly more convenient. The latter 1is
particularly true given the importance of ploughing immediately after the
first rains. Taking the ploughing season as extending approximately from
November through February, Table 3 therefore looks at the number of men
actually present in the household during this time. Both within male-headed
and female-headed households, the area of land clearly rises with the number
of men present, as may readily be seen also from Figure 2.6

However, it is seen that it is not the absence of men in the female-headed
household which reduces the allocation of land, for given the number of men in
every instance female-headed households average less land. It is especially
noteworthy that female-headed households with no man present during ploughing
average some 5 "acres," but in male-headed households where the head and all
other adult males are absent the average is about 8 "acres," Thus, it seems
that it is not ploughing capacity which reduces land allocation to the
female-headed household.

One of the great factors in crop farming in Botswana is, of course,
water. Not a single family in this sample reported using irrigation, with the
implication that rainfall is likely to be a vital feature of crop production.
In terms of land area, it is not clear in whieh direction this will pull. In
areas with little rain, crop husbandry is presumably less worthwhile, so one
would bother less with preparing large areas; but on the other hand, with
lower yields one would need to sow larger areas to feed a family of given
size, TIn Table 4, it is seen that the former effect tends to dominate at
least for male-headed households amoung whom larger lands occur in the regions
with heavier rains, though this effect is less clear—cut across female-headed
households.?

With regard to village size in Table 4, it tends to be true that larger
villages have larger areas of lands per househoid.8 The exception here is
the category of smallest villages with less than 500 inbabitants, but this
category includes some of the larger Ffarms found in the Barolong Farms
region.9 Since the largest villages are the centers of authority of the
more powerful tribes, and land belongs to the tribes, it is not too surprising
to find a tendency to greater land allocation in these villages. However,
this is mitigated by the declining percentage of families reporting lands as
village size increases.

Table 4 and Figure 3 explore also the association between cattle ownership
and land allotment.l0 1In terms of technology, there is little reason to
expect any association between these variables beyond ownership of sufficient
cattle (about 8 oxen) to do one's own ploughing. But the association beyond
this level is clear: land assignment increases steadily with cattle owned.
In the traditional system, this could only reflect undue influence of the big
cattle owners in land allotment through the tribal system. But with the
emergence of a market for arable lands, as described by Roberts (1978), an
alternative explanation exists: obviously, the wealthy cattle owners are
better able to afford lands as a general part of their portfolio of assets.
In addition, crop farming in Botswana is a very risky business as rains vary
from year to year, and the wealthy would be better to undertake this type of
risk on a larger scale than necessary to feed their own family. It is
particularly interesting to note in Figure 3 that female-headed households
with larger numbers of cattle have at least as much arable land as male-headed
equivalent households. It seems the lesser possession of land by female-headed
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Table 4:
Lands Area by Sex of Household Head, Annual Rainfall,

Village Size, and Number of Cattle Owned.

Sex of Household Head

Male Female

A P AP
Mean annﬁal rainfall (mm.) 300f400 8.4 52.8 . 10.6 47.9
401-600 8.7 85.4 5.6 74.1
601+ f . 40,1 90.2 . 15.3 55.6
 Village size <500 | 13,4 8.0 10.0 78.9
501-1000 6.8  89.4 f 3.2 77.5

;

1001-5000 7.4 71.5 f 4,5 60.1
5000+ : 10.4  65.7 i 9.5 44.6
Number of cattle owned 0-4 7.7 72,1 | 5.2 57.4
5-8 14,2 91.2 ? 6.2 85.0
9-20 0.8 84,1 6.1 88.8
21-80 10:7 79.6 9.9 86.1
81-500 12,5 76.5  ° 13.2 100.0
s00. 16,0 100.0 40,0 100.0

area in "acres"

ja~]
n

percentage of households reporting lands area
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households is not so much a question of ploughing ability, but partly a
question of lower incomes and capacity for affording lands, partly a question
of whatever influence in the tribal system is correlated with cattle ownership.

So far, the analysis has been confined to examination of land-holdings
against variables each taken one at a time. However, Table 5 presents
regression estimates of the following equation:

1. 1n (LAND) = by +b]FEM + boCATL + b3MEN + b4RAIN + b5FAM.

Estimation is by means of "ordinary" least squares and standard errors of
coefficients are presented in parentheses directly beneath each parameter
estimate. Each observation is one household possessing land. The variables
included in the analysis are family size (including children as half) FAM,
number of men present during ploughing MEN, number of cattle owned CATL,
average rainfall RAIN, and whether this is a female-headed household FEM,
These included variables are defined more precisely inm the appendix.

Even given the variables held constant, it remains true that reported
lands increase with family size. On average, an increase in family size by 12
adult-month equivalents raises lands held by some 8 percent. But the
composition of the households also matters, since given family size and the
other variables held fixed, each extra adult male present during ploughing
season raises land allotment by 9 percent. It might be noted at this juncture
that the direction of causality is indeterminate from these results, of
course. In particular it may either be true that households with more menfolk
available acquire more land, or that men either remain or indeed join
households with more fields.

Given household size, men present, and the other factors held fixed,
ownership of cattle remains positively associated with arable lands holdings:
each 10 extra cattle are associated with a 2 percent increase in lands area on
average. Also, given the other elements, rainfall is positively associated
with "acreage." Indeed, the effect is very large —-- an increase in 100 mms.
of typical annual rain is associated with a 27 percent increase in reported
"acres" on average.

Finally, given these attributes of households and their locations, it is
estimated that female-headed households average 14 percent less land than
comparable male-headed households. This effect is so much less than the
simple differential reported earlier as to be statistically insignificantly
different from no effect at all. At least a good part of the observed lower
lands areas held by households headed by women is explicable in terms of their
cattle ownership, location and other factors entering this multivariate view.

B. Purchased Inputs

Next in this study of crop inputs, let us turn to items purchased over the
crop cycle. Table 6 presents an analysis of such expenditures by households
for four types of expenditure: fertilizer, chemicals, ploughing services and
petrol for tractors.ll 1In this table: P indicates (weighted) percentage of
households reporting some expenditure of each type among households reporting
crops grown and lands availsble. V indicates wvalue of the expenditure
measured in cents per reported "acre™ of land,



Table 5:
Multivariate Analysis of lLands Area

Dependent variable: Logarithm of lands ("acres')

Constant 0.577
(0.260)
Female headed household -0.153
(0.089)
Number of cattle owned 0.0017
(0,0008)
Number of men present during. 0,088
ploughing season (0.039)
Average annual rainfall 0.0024
{0.0005)
Family size (adult month : 0.0067
equivalents) {0.0016)
Number of observations E - 544

Standard Error g 0.95

R? 0,16




Table 6:

The Distribution of Expenditures on Crop Husbandry

Plougﬁing

Petrol for

10.8 8.1

Fertilizer Chemicals -Service tractor
P v P v P \' P \i
Cverall 1.4 0.7 0.8 0.0 17.3 45.8 4.0 14,0
Sex of household head. Male 1.7 0.9 0.6 . 0.0 13.5 18.3 -3,6 8.3
Female 0.8 G.2 1.1 c.1 24,9 101.0 4,7 25,2
Number of adults males 01 0. Q. 2.7 0,2° 25.6 81.5 7.0 52,7
present during i
ploughing season 1 0.7 c.4 0.5 0.0 18.8 63.6 3.1 7.2
2,3 2,2 0.5 0.3 0.0 15.3 19.4 3.6 6.5
4+{ 3,5 1.9 1,1 0.0 5,7 4.0 4,9 15,5
Number of cattle owned 0 {:0,3 0.4 0.3 0.0 17,7 60.5 0.7 5.3
1-8 0.4 0.4 0. 0. 18,5 31.0 4,9 28.6
9-20 | 1.7 1.1 a. 0. 17.7 55.5 4.4 12,3
21-80 E.8 1,2 3 6.2 6.5 7.4 9.3 17,3
81+ 0. 0. 8.8 0.4 61.0 72,5 | 12,1 6.7
YAcres"™ of lands i4§0. 0. . 0. 35,2 405,0 o, 0,
2-3 ] o. 0. . 0, 15,9 53,9 7.7 53.9
4-6 | 0. o, 0. . 13.9 13,7 1.0 1.8
7=-10 0.7 0.8 0. 0. 16.4 29,1 2.0 1.9
11-15 { 3.6 0.9 0. 0. 15,3 9.4 5.8 15.0
16-30 | 2,0 0,9 2.5 0.2 17.1 - 8,5 8.2 21,2
31~100 7.1 3.2 4.7 0.1 17.5 8.5 4,6 18,7
100+| 0, Q. 0. 0. . 29,3 0.5 6.1 0.2
Average annual rainfalll 300-400 G. . G. 14.7 37.5 5.6 S.4
{mas.) 401-600 | 1.2 0.7 0.9 0.1 16,5  49.1 4.3 1648
601+ [ 5.7 1.4 . o 17.4 5.1 0. 0.
unknown | 2.1 0.9 o. 0. 28.0 46.5 2.1 0.3
Village size 0-500 0,8 0,2 1.6 0.1 17.9 17.2 5,6 13,8
501-1000 0.7 0.3 0. 0. 21.5 130,89 1.1 0.8
1001-5000 | 1.8 G.8 0. ¢. 4.4 25,9 3.3 23,2
5001+ 0,5 0.2 0. 0, 14,2 35.0 4.0 5.6
Household income per <50 | 0. 0. o 0. 20.6 34.7 o 0.
" adult equivalent
(Rands per year) 51-100 0. 0. 0.4 0.0 21.0 82.0 0.5 0.1
101-150 0.9 0.9 0 0. 11.5 15.2 3.4 7.8
151-200 0.8 0.3 1.0 0.0 14.3 13.6 1.6 1.1
201-250 3.3 1.3 a. 0. 23.6 127.8 8.2 66,0
251-359 2.3 0.4 5.2 0.4 18.4 19.8 10.1 7.0
351+ 8.2 3.7 0 0. 15.4 14,7 16.5 38.0
Baroiong Farms 5.4 0.1 18.9 14.3 10.8 39.2

il

percentage of households reporting some expenditure
cents per "acre' spent, including nonspending heuseholds

u



15

Looking across the overall figures in Table 6, it is immediately obvious
that with the exception of ploughing services, purchased inputs are a rarity.
For example, only 4 percent of households report any expenditure on petrol for
a tractor, and even smaller proportions report expenditure on other items
except ploughing services. On the latter, the average household spends about
46 cents per "acre," this expenditure being made by some 17 percent of
crop-producing households.

On average, a higher proportion of female-headed households purchase
inputs and also spend more per acre on these inputs, with the exception of
fertilizer. ©Particularly interesting is the great difference in purchases of
ploughing services by female-headed households as compared to male-headed. 25
percent of households headed by women growing crops report expenditures on
ploughing services at an average rate among purchasing and non-purchasing
households of 1 Rand per "acre." It seems that lack of men in the female-
headed households 1is compensated by purchasing ploughing services. This
argument would be supported by the observed decline, in Table 6, both in
proportion of households hiring ploughing services and in expenditure per
"acre" as the number of men present during ploughing season rises. 26
percent of crop-growing households with no males present hire ploughing
services, but only 6 percent of households with 4 or more men. WNotiece also,
that although fertilizer inputs are rare, they increase in frequency and
amount with the number of men present. This feature may be either because
households with more men can afford fertilizer (out of savings of men returned
from the mines) or because fertilizer is more effective in combination with
male labor inputs.

The modern farming inputs -- fertilizer, chemicals and petrol for tractors
—— all tend to increase in frequency of use as number of cattle owned rises,
presumably partly reflecting ease of financing. However, since lands area
also tends to rise with numbers of cattle, it is less clearly true that
expenditure on these items per acre rises with number of cattle, Purchases of
ploughing services show no clear patterns with regard to cattle ownership.
Note though, that 61 percent of households owning more than 80 cattle report
hiring ploughing services: presumably their own cattle are too far removed
from the lands for use in ploughing or else larger scale cattle breeders would
rather hire tractor ploughing than depreciate their cattle as draft power.

Fertilizers and chemicals are found not to be used at all among farmers
with small holdings. On the whole, these expenditures tend to rise with
holdings, though surprisingly those households with more that 100 "acres"
report no such purchases.

Frequency of purchases of ploughing sservices, show no distinect pattern
among smaller compared to larger lands. Largely because of this, one finds
expenditure on ploughing services per "acre" being much the highest for those
with only 1 acre, and declining fairly steadily from there. Households with
just 1 acre spend on average 4 Rands 5 cents on ploughing services, but those
with more than 100 "acres™ spend less than 1 cent per "acre." Either there
are very rapidly declining costs per acre charged for ploughing services, or
those with large holdings are better equipped to do their own ploughing —— a
point to which we shall return.

The use of fertilizer tends to be greater in areas with more rain in a
typical year. On the other hand, expenditures on petrol for a tractor are
higher in the dry areas which seems rather surprising. The other purchased
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inputs display no particular pattern with regard to amount of rainfall. It is
also true that expenditures display no obvious pattern across the various
sizes of village.

The lowest income-households report no purchases of any of the modern crop
inputs. Indeed, from Table 6 the consequences of a positive income elasticity
of demand or of higher income households' access to fertilizer, tractor use
and even chemicals is apparent. As in most LDCs, this immediately raises
questions as to the distributional consequences of programs to subsidize and
promote further use of such inputs under current consideration in Botswana,
unless some mechanism is found to enhance use also by lower income households.
On the other hand, all strata hire ploughing services with mno clear pattern of
variability in extent or expenditure per "acre" across income classes.

Finally, in the last horizontal panel of Table 6 separate figures are
reported for the Barolong Farms region. The exceptionally high usage of
fertilizer, chemicals and petrol for tractors is immediately obvious. Quite
why this region behaves so differently with respect to inputs is beyond the
scope of this study, though we may note at least the geographical location of
Barolong on the South African border and the long history of permanent crop
farms in this area as opposed to seasonal lands dwelling in other tribal areas.

C. TFarm Equipment

The stock of equipment held by each household was evaluated in the RIDS by
taking an inventory of each type of eguipment separately and evaluating this
list at given prices in the office after the survey. Although this method has
the obvious disadvantage of ignoring the age structure of the equipment, in a
subsistence economy where records of purchase date and price are simply not
kept it probably provides a reasonable approximation.

Adding together the items of equipment associated with crop husbandry,12
Table 7 shows the distribution of this equipment by wvalue. The overall
average value of equipment is 176 Rands, but it 1s apparent that male-headed
households are better equipped for crop farming, averaging about 71 percent
more equipment by value per crop producing househeld as compared to female-
headed households. Also, the amount of equipment rises sharply, though
slightly less tham in proportion, as the number of men present during the
ploughing season increases. This observation may generally be attributed to
three plausible types of effect: (1) The savings necessary for equipment
accumulation may largely be funded out of earnings of men from the mines, the
amount of funds increasing with the number of men returned. (2) Men may tend
to join or not to leave those households which are better equipped. (3) If
equipment = closely complements typical male crop activities -— such as
ploughing -- households with more men would have more incentive to invest in
crop-related equipment.

Amount of crop equipment is also positively associated with cattle owned,
presumably reflecting a general wealth effect. Although households with only
1 "acre" of land are least well-equipped, as one would expect, there is no
clear—-cut tendency for increase in endowment until lands area exceeds 15
acres. Amongst the households with larger areas of land, there is an obvious
tendency to be better equipped for working this land,



The Distribution of Farm Equipment by Value (Rands)

Table 7:.

Qverall 176.06
Sex of household head Male 204,45
Female 118.97
Number of adult males present 0 51.10
during ploughing season 1 144,40
. 2=3 209,24
4+ 377,70
Number of cattle owned a 160.72
1-8 118.30
9-20 214,05
21-80 355,55
81+ 511.30
YAcres'" of lands 1 89,36
2-3 128,38
4-6 118,08
_7-10 153,22
11-15 116,61
16-30 273,08
31-100 390,78
© 101+ 388,52
Average annual rainfall (mms.) 360-400 105.10
401-600 179,82
601+ 271,27
unknown 117.18
Village size <500 144.13
S01-1000 132,28
POOI«SUOO 168.93
5001+ 235.50
Household income per adult <50 79.39
equivalent. (Rands per vear) S1-100 71.75
101-1590 143.04
151-200 222.71
201-250 197.21
251-350 277.96
351+ 511.60
Barolong 640,54

S



Table 8:
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Frequency of Possession of Equipment Types

Ploﬁgh: single-row

double-row
~ Sledge

Grénary

Wagon or cart
Planter

Cultivator

Handmill

Harrow

Tractor

Irrigation

Percentage of crop-growing

~ households possessing at least one

59.2
10.0
28.8
25.9
10.7
5.6
4.1
3.4
2.9
0.9
0.0
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It is also estimated that crop equipment available 1is greater in areas
with heavier '"normal" rains. Households in areas with more than 600 mms.
report more than 2-1/2 times the value of crop equipment possessed by those in
the 300-400 mms. belt. Whether this is a consequence of greater wealth in the
rainier areas or of higher contribution to production of equipment in such
areas is not discernible from this simple univariate analysis.

The larger villages are better equipped, per crop-producing household, for
crop farming. The value of equipment for a typical crop-growing household in
the largest villages is about 63 percent higher than in the smallest
villages, And again in the last panel of Table 7, the outstanding degree of
capital intensity of farming in Barolong is obvious. 1Indeed, the average
value of equipment per crop farming household in Barolong exceeds even that
among the highest-income group of households, despite a fairly sharp and quite
steady rise in equipment per household across income classes.

The distribution of individual items of crop equipment is essentially the
same as for overall equipment value and will not be discussed separately except
for one case —- that of granaries. The essence of this difference is brought
out most clearly by considering the association with facres" of land,.
Granaries are more common among households having less land: households with
1 Macre" report 0.7 granaries per crop-producing households, but not a single
granary is found among households with more than 100 acres. A plausible
explanation is that large farms are producing crops for sale, and in doing so
do mnot store the produce themselves, Small farms, according to this
speculation, tend to produce for their own consumption and comsequently require
facilities for storage between harvest and eating. Yet, if this is the reason,
it is not obvious why granaries are so much more common among the bigger
cattle owners. Certainly, the marketed crop story is comnsistent with the fact
that Barolong households report nc granaries. Indeed, according to RIDS the
regional distribution of granaries is highly skewed, with a very high fraction
being concentrated in the Northwest, Kalanga North, and Tswapong sample areas
in the survey. Note that many of the observations for the Northwest and
Kalanga North lie in a geographical belt quite close to the Zimbabwe border,
and the prevalence of granaries may simply reflect different cropping
practices,

Table 8 displays the percentage of crop~growing households possessing at
least one of each of the crop equipment types distinguished. Quite obviously,
ploughs are most commonly owned, though double-row ploughs are comparatively
rare. The equipment types associated with more modern farming techniques -—-
planters, cultivators, harrows, tractors -- were also not common as of
1974-1975, though they were certainly increasing. We have seen, however, that
access to tractors may be far more common through hiring of ploughing services.

D. Family Labor

The RIDS asked each individual in the survey their bourly activities on
the day prior to interview for five of the twelve visits to every household.
The classification scheme adopted for activities in the RIDS includes "working
for others —-- for wage, salary or goods,"” and "crop husbandry -~ all
activities connected with growing crops.” Given the inclusion of wage work as
an activity, one might expect the crop husbandry activity to refer to working
on one's own land. But Table 9 shows the fraction of time reported working on
crops occuring among persons in households with no reported crop output. This
ranges from 11 percent for female adults to 19 percent for male adults.
Several potential explanations might be postulated:



Table 9:

Percentage of Time Spent on Crops by Non-producing Households

Children Male 15.6
- Female 16.2
Adult Male 18.9

Female 10.6
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(1) The survey might, of course, have misreported outputs, activities or
both, but the scale involved removes this as the major cause.

(2) Crop failure is not uncommon in Botswana, and the observed time inputs
with zero output may be such instances, but the harvest in the year of the
survey was not bad.

(3) The phasing of the RIDS was very unfortunate from the perspective of
crop studies. Most of the crops reported are those from the 1973-1974 season,
harvested in March through June of 1974 —— the first four wvisits of the
survey. Thus, only time inputs in this early period refer to the actual
harvest recorded, the remainder going towards the 1974-~1975 harvest, only the
early part of which is included. Any study of crop farming from this survey
must therefore assume some consistency of inputs by households across the crop
years, but time inputs could have been observed in 1974-1975 even though no
crop was grown in 1973-1974.

(4) Tribal affiliations 1in Botswana are characterized by understood
commitments to help one another ~-- especially within the sub-ward -—- without
payment of anything likely to be deemed a wage. Thus, time spent on crops,
even though not for wages or goods, may nonetheless actually be work performed
on lands and crops of other households.

With these reservations in mind, Table 10 preceeds to examine time
reported spent on crop husbandry but only among households actually reporting
some output. The figures inm Table 10 are estimates of the total numbers of
hours spent in 12 months by all individuals in the household falling within a
child/adult, male/female class.l3 Essentially, the idea is to gain some
sense of the total time input by family members of a particular type.

It is clear that adult women provide most of the labor time on crops. For
a typical crop-producing family, the adult female members contribute some 610
hours a year working on crops. In fact, the women put in many more hours in
total than the children and menfolk combined. The girls are estimated to
provide the next largest input of time at 176 hours a year, followed by men
and then boys.

In female-headed households, total time input into crop husbandry by boys
and by girls exceeds that in male-headed households, as is time input by
women. To some extent this is presumably compensating for the lower time
provided by men within the female-headed households, but to what degree it is
a result of children and women taking up tasks dome by men in the male-headed
households, (where male input is seen in Table 10 to be higher), cannot be
discerned from these data. That women and children are to some extent
substituting for wmen seems, however, likely since their generally higher
contributions are on smaller areas of land on average. But it is also true
they are working with less equipment which would tend to require a greater
input to achieve a given performance.

Increases in family size, as measured by adults multiplied by months
present, are accompanied by greater inputs of time to crop husbandry by all
four family member groups. Of course, it was also observed in Table 3 that
larger families have more land. Together, these suggest either that people
attach themselves to households having more lands, or that households of
greater size tend to acquire more land, such that extra crop work is performed
by each group as the household is bigger.l4 At least in this sense, extra
household members are not redundant to crop production.l5



Table 10:

family Labour Inputs (Hours per year)

Child Adult
. Male *: Female| Male  Female
QOverall 67 176 70 . 610
Sex of household head Male 60 154 83 586
' Female 82 220 43 658
Adults by months present 0-11 16 84" 25 355
’ 12-23 71 107 30 375
24-47 57 192 48 528
48-95 75 182 106 812
96+ 183 260 319 83¢
Number of adult males present 0 96 201 9 . 628
during ploughing season 1- 46 155 37 539
2,3 74 186 104 689
4+ 85 188 170 569
Number of cattle owned - o | 62 167 s5 653
1-8 87 171 58 557
$-20 69 177 70 549
21-80 | 73 193 | 136 631
81+ 65 242 36 1017
"Acres" of lands 1 55 256 20 815
' 2-3. 41 79 52 464
4=6 67 167 75 525
7-10 64 132 76 637
11-15 34 145 35 485
, 1630 88" 197 70 810
31-100 91 217 154 564
100+ 243 426 33 744
Average annual rainfall (mms.} 300-400 37 141 19 567
401-500 73 1as 79 644
601+ 62 206 8¢ 624
unknown 25 74 5 245
V¥illage size <500 66 224 38 746
501-1000 43 151 60 485
-11001-3000 63 140 35 552
5000+ | 136 176 111 615
Household income per, <50 ios 297 109 734
?g:izseggiv;izig 51-100 65 181 44 643
101-150 80 150 48 571
151-200 47 164 129 582
201-250 59 126 76 631
251-350 82 265 37 633
351+ 40 100 - 83 492
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Total input by adult males is found, in Table 10, to increase as the
number of men present during the ploughing season increases. Indeed, it 1is
estimated that each additional man contributes a greater number of hours over
the year. Yet the reported hours per man per year are very low, even if they
are only approximately correct. It is then difficult to imagine that other
demands on men's time, in the rural area, are so pressing the fourth man's
time in crop farming could not easily be made up by the other three if the
fourth went to the mines. This would only be true if the work of all men were
of necessity concentrated in a very short spell, for example, with all of them
working full days at ploughing immediately after the rains. But the RIDS
actually shows the time of men spent on crop husbandry surprisingly widely
spread over the crop cycle. WNote alsc there seems to be no simple correlation
between number of men present and time spent by other groups on crop care. If
correct, this would tend to indicate one of two things: (1) Either there is
not a strict division of tasks with children, for example, performing
bird-scaring, women harvesting and men ploughing so that extra time spent by
men may not be in ploughing; (2) or there is not a fixed relationship between
tasks —-- twice as much ploughing does not imply twice as much bird-scaring.
No doubt the truth is some combination of these. Combined with the results
comparing male and female-headed households, however, it would seem, within
the confines of this univariate framework that male adult time input is
unlikely to be a complement rather than a substitute for inputs by other
household members.

That time spent in crop husbandry does not decline with number of cattle
owned is somewhat unexpected, though of course this may be misleading in being
a univariate view. With more cattle, one might have anticipated the time of
boys to be drawn out of crops and substituted into cattle herding, but perhaps
the absolute time comittment to the former is so small as to obviate
substitution. Also, bigger cattle owners have larger areas of lands, On the
other hand, the bigger cattle owners were also found to be better equipped for
crop farming, and perhaps the larger lands areas are simply farmed using more
equipment with no more labor.

More surprising is the discovery of no correlation between reported time
in crop activity and area of lands. Other things equal this would lead us to
anticipate lower yields on the larger holdings. But larger lands areas are
asociated with more equipment and fertilizer, and the net outcome in terms of
yields must await investigatiom in a later section of this paper.

Family labor time spent on crops is less for each of the groups in the
more arid areas. This is consistent with the findings of smaller lands, less
equipment and less fertilizer. The disincentives to farming in arid zones
obviously dominate the need for greater contributions to achieve a given
output for feeding one's family.

Finally, within each sex/maturity category in Table 10, the greatest
amount of time spent on crop activities tends to be in the lowest income
class. This finding suggests that if marginal changes reflect the average, a
policy to stimulate crop production would, other things being equal, tend to
absorb more labor from the lower income classes.



Table 11:

Crops Grown Overall and by Rainfall (Percent)

300-400

Average annual rainfall

Overall 401-600 601+ unknown
Miilefs 9.2 leO 9.5 2.8 | 7.6
Sorghum 44.7 31.4 45.1 65.9 34.4
Maize‘ 20,2 27.3 18.9 14.9 33.4
Beans 10.9 9.1 11.3 10.1 7.8
Cowpeas 0.9 1.2 1.0 0.0 0.0
‘Melons 4.1 - 16.6 3.5 1.0 3.3
Sunflower 0.2 0.0 0.3 0.0 0.2
Groundnut 2.7 0.3 3.3 6.0 0.4
Pumpkin 2.0 0.0 1.8 0.6 6.8
Sweet reeds 2.7 1.0 3.0 2.0 1.5
Makgomane 0.8 0.2 0.8 1.9 0.5
Tobacco 0.7 0.0 0.9 0.0 0.0
Other 0.2 0.0 0.0 0.0 2.1
Unknown 0.8 0.0 0.8 0.9 2.i

100. 100. 100. 100. 100.
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Table 12:

Crops_Grown by Sex of Head and

Males Present during Ploughing (Percent)

25 ¢

-Adult males present
Sex of head during ploughing season

Male Female 70 | 1 2,3 4+
Millet 9.4 8.9 8.4 10.7 8.7 6.0
Sorghum 45.8 42,5 33.3 43.4 48,0 54.3
Maize 20.0 20.6 25.1 20.2 18.8 18.1
Beans 10.2 12.3 . 14.6 10.6 10.1 9.9
Cowpeas 1.0 0.7 0.7 0.5 1.4 1.0
Melons 3.6 5.1 4.8 4.3 4.0 2.5
Sunflower 0.3 | 0.1 0.3 0.0 0.4 0.1
Groundnut 2.4 3.4 5.3 3.2 1.6 0.8
Pumpkin 2.3 1.3 2.5 2.7 1.1 1.2
Sweet reeds 3.2 1.7 2.2 2.5 2.7 4.0
Makgomane 0.6 1.2 1.6 0.3 1.1 0.7
Tobacco g.1 1.9 1.3 0.4 1.0 0.0
Other 0.2 0.0 0.0 0.4 0.0 0.0
Uniknown 1.0 0.4 0.0 0.7 1.1 1.7

100. 100. 100. 100. 100. 100.
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The Crops Grown

This section investigates the relative importance of individual crop types
and the manner in which this wvaries with certain household and locatiocnal
characteristics. Relative importance is defined here in terms of market value
rather than sheer weight, though crops were recorded in the initial RIDS
survey by weight and evaluated in the office at uniform producers' prices.
The adoption of identical prices in evaluating crops for all households means,
of course, that indices of crop value are of the comstant price type. Output
of crops in the RIDS includes crops harvested and sold, crops harvested and
kept for own consumption, and crops eaten green from the field before
harvesting.

Tables 11 through 14 show the (weighted) percentage of total crop value
arising from each individual crop category. Two crops included in the initial
classification scheme ~- pumpkin leaves and calabash or gourd —- are not found
in the RIDS sample.

Quite obviously from Table 11, sorghum is the main crop in tribal areas of
Botswana constituting some 45 percent of crop output by value. Sorghum is
followed by maize, beans and millet in that order, no other crop amounting to
more than 5 percent of output and together all other crops comprise only 15
percent of crop value.

Table 11 shows, however, that there exists fairly substantial variation in
relative outputs according to the normal rainfall of the region. Sorghum is
relatively less important in the arid areas (31 percent of crop value)
compared to =zones with more than 600 mms. of rain (66 percent).
Correspondingly, one perceives millet, maize and melons declining in relative
importance in the less arid zones. Melons comprise about 17 percent of crop
value in the 300~400 mm. region.

Table 12 illustrates that between male-~headed and female-headed households
there is almost no difference in the distribution of crops grown. But this is
not true comparing households differing in numbers of adult males present
during the ploughing season. In particular, the relative importance of
sorghum rises steadily as the number of mem in the household increases —— from
33 percent by value if no men are present to 54 percent by value when 4 or
more men are found. If there were no difference between buying and selling
prices of crops, it would clearly pay each household to grow the crops they
could produce more cheaply compared to other households. But given
substantial difficulties and costs of marketing this is not the case. Thus,
the dominance of sorghum in households with more men may reflect either
relative ease in producing sorghum when men are readily available, or a
preference for sorghum among men -~ partly in producing beer. As sorghum's
relative value increases, the households with more men produce comparatively
less millet, maize, beans, melons, groundnuts and pumpkins. Though none of
the individual crop substitutions is very large, the decline in relative
importance of maize is greatest, going from 25 percent of value for 0 men
present to 18 percent for 4 or more men. Besides sorghum, the only other crop
to increase in relative importance with number of men is sweet reeds, but the
absolute change is small.

Table 13 addresses the variation in output composition by size of lands.
If certain crops are essentially cash crops, one would expect them to be
produced in relative abundance on the larger farms. On average, sorghum is



Table 13:

.Cidbs Grown by Size of Lands (Percent)

"Acres"

1 2,3 4-6  7-10 11-15 = 16-30  31-100 101+
Millet 8.4 10.0 11.2 7.5 15.7 8.5 4.2 0.0
Sorghum 43.1 28.3 36.0  50.6 44.9  54.1  53.5 64.1
Maize 15.3 33.4 24.5  14.5 18.7  16.8  17.7 24.5
Beans | 6.3 4.0 9.2 16.9  12.1  10.0  11.3 7.3
Cowpeas 0.4 0.8 - 0.6 1.5 0.4 1.3 0.5 0.2
Melons 12.3 4.7 4.0 3.4 3.2 2.6 3.3 3.7
Sunflower -| 0.0 0.0 0.0 0.2 0.0 0.6 1.0 0.0
Groundnut 3.5 9.2 4.8 0.7 0.4 | 0.4 0.5 0.0
Pumpkin 1.7 3.6 3.4 1.7 1.6 0.7 0.1 0.0
‘Sweet reeds | 5.9 5.0 3.8 1.2 1.1 2.3 1.8 0.1
Makgomane 2.3 0.6 0.8 0.5 0.1 1.8 0.1 0.2
Tobacco 0.0 0.0 1.8 0.6 1.8 0.0 0.0 0.0
Other 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
Unknown | 1.0 0.5 0.0 0.2 0.0 1.0 6.1 0.0

100. 100. 100. 100. 100. 100. 100, 100.




Table 14:

Crops Grown by Income Class. {Percent)

Household income per adult equivalent

(Rands per year)

<50 51-100 101-150 151-200 201-250 251-350 = 351+

Millet 5.8 12.4 8.2 7.1 9.0 10.5 7.3

. Sorghum 54.0 44.6 48.7 40.5  44.3 42.6  37.7

Maize 21.3 20.8 15.1 20.9 20.1 19.2  32.1

Beans 14.7 9.5 13.6 11.4 9.7 8.4 7.5
~ Cowpeas ;0.3 1.5 0.4 0.5 1.8 0.9 0.7'E
Melons 2.5 2.4 5.9 5.1 4.6 4.3 5.5 |
Sunflower | 0.0 0.0 0.3 0.1 0.0 1.0 0.9 g
Groundnut | 0.0 1.5 2.1 3.1 3.9 7.5 3.0 |
Pumpkin § 0.9 2.0 1.3 2.6 2.6 1.9 2.5 %
Sweet reeds | 0.0 1.6 1.4 7.3 2.5 3.0 1.4 |
Makgomane f 0.7 0.8 0.8 0.2 0.1 0.8 3.5 E
Tobacco ; 0.0 2.5 0.0 0.0 0.0 0.0 0.0 g
Other i 0.0 0.0 0.0 0.8 0.0 0.0 0.0
Unknown { 0.0 0.4 2.3 0.3 1.6 0.0 0.0 |
100. 100. 100. 100. 100, 100.  100. %
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found to be relatively more important on the larger lands. 64 percent of all
output by wvalue on lands of more than 100 "acres"™ is sorghum in these tribal
areas, compared to 43 percent among possessors of 1 "acre."™ But the
trangition is not quite smooth, at first declining to only 28 percent on lands
of two to three acres then tending to rise fairly steadily., WNeither maize nor
beans exhibit any strong trends, though beans at first increase in relative
importance with size of boldings then again decline. Millet, however, is
found not to be grown at all by households with more than 100 "acres" and is
quite unimportant beyond 30 "acres." Melons are much the most common on
holdings of only 1 "acre." Groundnuts, pumpkins and sweet reeds are also more
common on smaller lands and hardly exist among households reporting more than
100 "acres.,"

Finally, Table 14 looks at crops grown by income class of households, but
no strong patterns emerge. There is apparently no poor man's crop. If
anything, sorghum is more common among lower income households, standing in
seeming contrast to the results of Table 13, but presumably resulting from an
imperfect correlation between "acres" of lands and household income per adult
equivalent.

Productivity and Some Determinants of Production

A. Output and Land Productivity

The total value of crops produced over 12 months per crop-producing
household is broken down in Table 15 by type of household. On average,
crop—producing households generate 134 Rands worth of ecrops in the tribal
areas. Dividing by reported "acres," this amounts to a yield of 17.61 Rands
per "acre" overall.

Among crop-producing households, male-headed households average more than
twice the output of female-headed households. But it is also true that the
former report greater lands areas, and the estimated yields per '"acre" are
essentially the same -- female-headed households actually showing a slightly
bhigher vield. This does not mean that male-headed and female-~headed
households are approximately equally "efficient" in producing crops: vield
per acre considers one input only -~- land -- and ignores questions of labor,
fertilizer and equipment use in generating this yield. To the general
question of "efficiency" we shall return later.

Output rises consistently both with adult presence and number of men
present during ploughing. Thus, households with 4 or more men produce about 6
times as much crops by value as households with no men. Yet neither measure
of family size demonstrates any obvious association with yield per acre.

Crop income per crop-producing household is positively associated with
ownership of cattle, consequently magnifying income inequality from
agriculture generally. Also, despite higher land areas alloted to bigger
cattle owners there does seem a weak upward trend in yield per acre with
greater cattle ownerhship up to 80 head, followed by a sharp decline among the
biggest cattle owners. This sharp decline may reflect more extensive farming
techniques among the bigger cattle owners as would seem to be reflected in the
correlation with lands size to be seen shortly. The general upward trend will
be discussed in the context of the multivariate analysis to follow.



Table i5:

Distribution of Qutput and Land Productivity -

Rands Rands/"acre"

Qverall 134,36 17.61

Sex of household head Male 162,87 17.43

Female 77.02 17.98

Adults by months present 0-11 35.04 9,10

12-23 58.56 19.59

24-47 113.11 17.56

48-95 183,23 17.60

96+ 211.94 13,39

Number of adult males present 0 57.06 15.92

during ploughing season 1 103.13 19.10

2,3 149,68 15.52

4+ 334,84 22.40

Number of cattle owned 0 109,59 16.17

1-8 - 92.70 15.17

9-20 151,28 18.45

21-80 222,66 24,73

81+ 246.97 13.78

icres” of lands 1 86.03 86,03

2,3 59.438 27,08

4-6 75.28 15,58

7-10 88.47 10,37

11-15 111,36 8,63

16-30 175.33 8,20

31-100 517.71 9,38

101+ . 256,60 1.56

Average annual rainfall (mms.)} 200-400 73.77 8.03

401-600 143,15 18.59

601+ 147,36 4.8%

unknown 74.60 24,31

Village size <500 111.46 9,78

501-1000 70.81 24.20

1001-5000 93.88 22,94

5001+ 123.03 11,57

Household income per <50 57,51 10.13
adult equivalent

{Rands per year) 51-100 £7.45 14,13

101-150 56.95 18.28

151-200 131.21 21.57

201-250 135.16 18.88

251-350 181.14 20.45

351+ 544.10 21.05

Barcolong Farms 1096.17 27.44

-30
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OQutput, as might be expected, generally rises with reported number of
"acres." To this rule,there are, however, two exceptions: Output is
disproportionately high for 1 "acre" households, and low for those with more
than 100 '"acres." At least three main types of explanations suggest
themselves: (i) The level of other inputs -- such as labor, equipment,
fertilizer and rain ~- may be such as to reflect a very different use of these
lands in the extreme size categories, one "acre" lands being farmed very
intensively even compared to 2-3 acre lands; 100 acre lands being operated
very extensively. (ii) This may be a reflection of lands area reporting.
Families having one field may have tended to report this as ome "acre" even
though bigger than the lands of some families reporting more "acres." At the
other end of the scale it is conceivable the big land owners know the true
area of their land in European acres and have reported this rather than
African acres. Perhaps then, some households in the 30-100 "acre" category
really have more lands than the comparative figures would show. (iii) Only a
small number of households report more than 100 "acres," so estimates in this
range are presented with relatively less confidence.

It is striking though that even im the ranges of 2 through 100 acres,
where output indeed rises with area reported, vield per acre at the same time
declines quite steadily. Errors in "acreage" reporting not withstanding, this
finding is highly suggestive of declining crop vyields as lands size
increases. The potential reasons are, of course, manifold.

Crop production is higher per crop-producing household in zones with more
rain, but yield per acre displays no systematic pattern. Income from crops
per crop-producing household is highest in the largest villages but does not
increase at all systematically with village size, and yield per acre displays
an exact converse pattern to output across village sizes.

In one sense the observed result, that the higher the income of households
per adult equivalent the higher the output of crops among crop~producing
households, should be anticipated. Yet in a society like Botswana, where as
we have seen crop production is a relatively unimportant source of income, it
is not so obvious this should be the case. A part, but not all, of this
difference is attributable to size of lands, for we see output per "acre"
rising at least across the three lowest income categories, though it is
relatively steady thereafter. (It should be remembered in comparing Tables 15
and 2, that average output per acre is mot, of course, equal to average output
divided by average acres. Table 15 reports the former.) The rise in output
per "acre" across lower income classes presumably reflects to some degree the
lower levels of equipment and modern inputs observed earlier. This would also
be true for Barolong, where output is obviously outstanding and even output
per '"acre" comparatively vwvery high. (The figure reported for Barolong 1is
slightly higher than the original figure in the RIDS report, reproduced in
Table 1, owing to differences in sample as described in Lucas "The
Distribution of Employment and Wages in Botswana.')
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B. ©Some Determinants of Production

This section reports estimates of a crop production function specified as

follows:

(2) 1n[Q) = by + b1 1n[tAWD] + b2 In[K] + b3 ln[CHLD]

+ by In[MALES] + b5 Ln[FEMALES] + bg Ln[MALES] - 1n[FEMALES]

+ b7 1n[MALES] + bg 1n[FEMALES] - ln [K]

+ bg 1n[FERT] + b10 1n[PETROL] + b1] 1n[OTHER]

+b1o BARO + b13 In CATL

Where:

Q

1N

K

CHLD

MALES

FEMALES
FERT

PETROL

OTHER

BARO

CATL

Is total value of crops reported grown (sold, harvested and eaten,
or estimated eaten from the field -- evaluated at producer's prices)
in Rands. The value of own or purchased seeds is subtracted from

output.
Predicted area of land in "acres."

Value of crop-producing equipment possessed by the household, in
Rands. Equipment includes: tractor, plough, harrow, planter,
sledge, handmill, wagon or cart, cultivator and water tank.

Number of children (age 14 or less) multiplied by months present in
year (as defined above)., Persons of unknown age are counted as half
child, half adult.

Number of adult men multiplied by months present in year. (Persons
of unknown sex are counted as half male, half female.)

Identical measure for adult womem.

Rands spent on fertilizer in 12 months,

Rands spent on petrol for a tractor, specifically for work onmn
crops. (It is not altogether clear whether this refers to own or
others' tractors.)

Expenditure on other items specifically related to crop husbandry
(chemicals, service on equipment, tools, spare parts, wage labor,
"other" costs, petrol other than tractor) and miscellaneous
expenditures (vehicle licenses, etc.) directly attributed to crop
farming.

Equals one if the household is in Barolong, zero otherwise.

Number of cattle, excluding calves, owned by the household.

Before discussing the estimates of (2) a few words on specification and
estimation are in order. The state of the arts on estimation of production
functions would advocate estimation of a profit or cost function in preference
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to a production function, assuming competitive markets. But prices paid for
inputs by individual households are not available in RIDS. Nor indeed are
many of the markets -- such as that for land -~ well developed. Nonetheless
one might wish to consider the production function a part of a wider system of
equations including factor demand functions. But attempts to estimate (2) by
two stage least squares with land, capital and purchased inputs as endogenous
variables failed to identify appropriate instruments.

Thus, (2) is estimated by “ordinary" least squares. However, for reasons
discussed in secton I.A we may anticipate that land in particular is measured
with error. To correct for this errors-in-variables problem an instrumental
variables approach is taken, using estimates of equation (1) reported in Table
5 to predict values of LAND.

Households reporting less than 1 Rand's worth of crop output are
excluded. These low output households could be a consequence of misreporting,
coding, or punching errors or of crop failure. Inclusion of these cases,
however, introduces considerable extraneocus noise into the estimated
equations, sharply reducing explanatory power and causing standard errors to
increase.

Equation (2) embraces terms such as 1n[K] . 1n[MALES]. Other log.log
multiplicative terms were also explored, between land and labor, capital and
land, etc. However, the data proved insufficiently rich to discern
significant coefficients on such terms, so that a general translog
specification could not be supported by these data.

A number of other contributing elements were also explored but not
included in the analysis presented here. (i) It is found that even given the
differences in amounts of land, capital, £family composition and other
contributing factors included, female-headed households still tend to display
a lower level of crop production than male-headed households {(about 15 percent
lower), but this effect is statistically indistinguishable from =zero.l6
(ii) Also the quantity of rain in the region, whether on average over the
previous five years or in the year of the survey's harvest, has no effect
separate from that of the included elements.l7 (iii) Surprisingly, the most
prevalent of purchased inputs, ploughing services, also is found to have no
separate effect. Certainly, one should not conclude from this that ploughing
services contribute nothing to output, but rather that the data are not
sufficiently rich to discern a separate effect given the extensive list of
contributing elements already included. (iv) Finally, it is often found in
other contexts that education, at least of decision makers, contributes to
output.l8 This may be true owing to more "efficient" decisions being made
by better educated persons, because the better educated are more productive
workers, or because education 1is associated with easier access to markets,
bigher quality of land or other bhidden contributing elements.l9 1In this
study, it is found that output indeed tends to be correlated with education of
the most highly educated adult present in the household -- output being
slightly higher if Standard 4 is reached, higher still if Form 3 is achieved,
and highest for higher education. But statistically there 1is 1little
confidence in this finding.

The estimates of three variants of equation (2) are presented in Table 16,
with standard errors of coefficients in parentheses.



Table 16:

Crop Production Functions

Dependent variable: Logarithm of output,

1 2 3
Constant 749 «955 1.160
’ {.707) {.695) (.715)
Log. of land 722 - L621 .593
(.189) (.187) {.189)
Log. of equipment . - .083 -.028
(.019) {.083)
Family composition:
Log, of child months - .079 .098 100
{.039) (.039) (.039)
Log. of man-months 434 347 »351
(.236) (.233) (-235)
Log of woman-months 449 «359 .352
' (.214) {.211) (.220)
Log man-months. Log woman-months | -.158 ~.127 -.145
(.074) (.073) (.074)
Labour-equipment interaction
Log man-months. Log equipment -— -—— .019
{.016)
Log woman-months. Log equipment --= -——- .020
(.024)
Purchased inputs
Log fertilizer 381 +331 . 320
(.135) (.133}) (.133)
Log petrol for tractor .158 157 .150
(.060) (.059) (.059}
Log other purchases .198 197 .196
(.074) (.073) (.073)
Control variables
Barolong 1,050 952 942
(.201) (.199) (.199)
Log cattle .210 .156 .153
{.030) (.032) {.032)
Number of observations L 490 490 490
Standard error 0.92 0,90 0.90
r? 0.42 0.44 0.44
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In the earlier tables it was seen that area of land is positively
associated with output. But it was also shown in Section I that lands area is
positively correlated with family size and with equipment. Nonetheless it is
found that, even given the composition of household, equipment and other
included variables, land does contribute positively to production. On average
it is estimated that a 1 percent increase in lands area, even given no change
in other inputs, increases output by about .62 percent.20 Stated otherwise,
an expansion in lands area by one acre for the typical household would
increase the value of crop production by 10 Rands, given no change in average
inputs of other factors.2l

Equipment is also found to play a significant role in output
determination, such that a doubling of equipment investment is estimated to
produce a 6 percent rise in output. On average, crop output is estimated to
be 1.90 Rands per Rand’'s worth of equipment,22 implying that an investment
of 1 Rand in crop equipment would contribute about 16 cents worth of extra
output for a typical household. The RIDS postulates a 10 percent rate of
depreciation on agricultural equipment. Thus the accounting rate of return on
an incremental Rand of investment is about 16 percent gross of depreciation or
6 percent, net. The more meaningful figure, however, is the economic rate of
return which recognizes the initial 1 Rand cost with increased output spread
over the life of the equipment, and this figure is calculated to be 7 1/2
percent.23

On the whole, the role of family labor inputs into crop production proved
the least satisfactory part of this analysis. 1Initial experimentation with
reported activity time spent on crop work revealed little relatiomship with
output. One might suggest at least four reasons for this:24 (i) it seems
probable there 1is substantial error in reporting this activity time; (ii)
perhaps even among families with positive crop output some of the reported
crop work is actually on others' lands; (iii)} conversely, own household time
may be quite an incomplete measure of labor input despite unegligible amounts
of wage labor, as other households may contribute to work activities on the
observed lands without formal or even any wage payment; {(iv) finally, there is
the problem mentioned earlier that part of the reported crop time does not
refer to the year of the recorded harvest. Having rejected this approach, an
alternative examination of the role of family size 1is reported here. In
particular, the household members are divided into three -~ children (14 years
old and less), adult males, and adult females —— and the number of months over
the year in which members are present in the household counted. The emergent
results prove interesting.

If crop equipment is excluded from the items held fixed in examining the
effect of family composition on output, then output is found to increase with
the presence of children, of men, and of women, though in the case of men
there is little statistical confidence in this positive contribution. (See
regression 1 in Table 16.} An additional effect is also studied. If there is
a fairly strict division of tasks in crop husbandry, then for example the more
men who work at ploughing the more onme would expect output to rise with extra
weeding done by women: men and women would tend to complement each other's
work. On the other hand, if absence of men results in women taking up male
tasks, then the contribution of women to output would increase as the
availability of men declines: men and women are substitutes for each other in
crop work. This study finds that men and women are indeed substitutes. Thus,
departure of men to the mines tends (other things equal) to enhance rather
than limit the contribution of women to crop farming.
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But clearly equipment should be given a separate role in examining crop
production determinants. The insertion of capital into the study (in
regression 2, Table 16) does not change the direction of observed positive
roles of family members or the substitutability of men and women, but reduces
the estimated size of the effects such that only the role of children is
statistically distinguishable from zero with much confidence.25 Tt would
seem that the role of adults of both sexes is strongly associated with
equipment availability. An extension of the analysis to allow for the
incremental contribution of adults in production to depend upon equipment
possessed (regression 3 in Table 16), finds an association in this particular
form of a positive type, but carrying minimal statistical significance.

With the strong warning that not too much confidence should be placed in
the estimates for adults, let us briefly consider the family input findings.
for the typical housebold, it is estimated that an increase in family size in
the form of an extra month in which one child is present would increase crop
output by about 26 cents.26 The effect of an increase in male and female
adult presence depends on presence of the opposite sex as shown in Table 17.

Table 17: Incremental Effect of Adult Availability

Man-months of Increase in output Woman-months Increase in output
adult male per woman-month of adult per man-month
presence (Rands) female presence (Rands)
1 2.10 1 1.25
6 .72 6 46
12 .19 12 .15
15 0 17 0

These estimated contributions are both generally low,27 and display a very
rapid decline with availability of the opposite sex.28 It is not then
surprising on this account that men find mine work extremely attractive. If
even approximately correct, it would follow that the ability of crop farming
in the tribal areas, as presently organized, to meaningfully absorb extra
labor of either sex is mnegligible. Only if other inputs are simultaneously
increased can such absorption be seriously contemplated.29

Fertilizer, petrol for a tractor and "other" purchased inputs each are
found to contribute significantly to household crop production. A one percent
increase in fertilizer is estimated to be associated with a .38 percent
increase in output, .16 percent for petrol, and .20 percent for "other"
inputs. These results are unreasonably high, given the low average level of
their use.30 Being measures associated with more progressive techniques, it
is plausible these measures are reflecting other causes also, such as higher
quality land or better decision making and management techniques (though the
estimated effects are reduced hardly at all if education of the most highly
educated adult is imserted into the regression).

The Barclong Farms generally use more progressive techniques of farming.
But even comparing households with the same amounts of land, equipment,
bousehold composition and purchased inputs, a typical Barolong household still
produces about 160 percent more in crops per year than households

elsewhere.3l Indeed, given the quite different levels of inputs observed
for Barolong Farms throughout this paper, one might suspect this region really
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possesses a quite distinct production function. Separate regressions were
therefore estimated for Barolong and for the rest of the country, but no major
differences in estimated coefficients emerged.

Finally, it is also found that bigger cattle owning bhouseholds produce
more crops by value., This fact remains true, according to our estimates, even
after removing the expanded output attributable to larger amounts of
equipment, fertilizer, etc. associated with cattle owning. Quite what this
estimated effect reflects is unclear, It seems unlikely to represent merely
the ability to plough for oneself using cattle power, if only because
purchased ploughing services were found not to affect output significantly.
Additional possibilities would certainly ineclude the likelihood of higher
quality land allotted to bigger cattle owners, and perhaps better farming
techniques.

Profits and Profitability

This closing section of the paper addresses the level of profits obtained from
farming and some measures of profitabiltiy. The work is divided into two
parts, the first considering the measurement of profit and presenting a
breakdown of profit by household and locational attributes. The second part
considers the question of profitability and scale of operation.

A. Profits: Measurement and Values

Profits are generally defined as value of output minus costs of inputs.
It is c¢lear, then, that from output ought to be deducted purchases such as
ploughing services, wage labor, seeds, etc, But in tribal areas of Botswana
at least family labor is not purchased. Yet zero price does not imply
"free." If family workers were not to work on crops, they might be able to
earn wages instead or at least spend time generating household income through
some other activity. To ignore these costs would overstate the profitability
of crop farming —-- especially for those households applying greater amounts of
family labor.

This raises the difficult question of how to evaluate family labor costs.
The method adopted here is to price labor at the wage the worker could receive
if working for wages. In "The Distribution of Wages and Employment in
Botswana," I undertook a multivariate analysis of the effects of schooling,
age, and village size on wage earnings among rural men and women. That
analysis finds even for persons with comparable schooling and age, work as a
farm laborer pays far less than other types of work of average. On the
presumption that persons working upon crops on their own land are more likely
to face farm work as a wage alternative, this lower wage finding is adopted
here. Thus, given the sex, age, schooling and village population for each
adult, their monthly wage as a farm laborer is predicted.32 Not too many
children work for wages even in the rural area. A very simple, but somewhat
extreme assumption is consequently made —— assigning a zero wage to all child
family labor. Using these predicted wages, value of time reported spent on
crops by all family members over the year is then deducted from crop value
together with other purchases.33

On the whole, it is not clear whether this estimate of family labor cost
tends to over— or under-estimate true costs. On the one hand, even farm
laborers' wages may be felt to be too high an opportunity price, partly
because this wage is estimated only for months in which wage work is done and
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does not allow for periods in which no wage work cam be found. On the other
side, the assumed zero cost of children's time is obviously an exaggerationm,
and the reduction of farm laborers' monthly wages to an hourly equivalent
assuming 8 hours of work per day probably wunderstates true hourly pay.
Moreover, it may well be argued that even if one only workd 2 hours in a day
on own crops, this effectively prevents simultaneous performance of an 8 hour
wage job, thus again tending to understate the costs. Hopefully, these
effects tend to balance out and certainly there seems no strong reason for
presumption of bias in a particular direction.

The resulting profit figures are presented in Table 18. Average profit
per crop-producing household is estimated to be 102.10 Rands or 11.42 Rands
per "acre." (Comparing the figures in Table 15, it is seen that profits amount
to 76 percent of output value.34 Equipment depreciation accounts for some
17 percent of profits, and profits net of depreciation are 63 percent of
output.35

To some extent profit (or net profit) per acre might be considered an
efficiency criterion. Certainly, if differrences in profits are a result of
wiser decisions with regard to the use and timing of inputs in crop production
this would tend to be true.36 But profit differences may also arise for
other reasons such as variations inm quality of land, rainfall, or lucky
pay-off in good years having planted a relatively risky crop. Moreover,
profits as measured here reflect at best private profitability: by measuring
pay-off in observed market prices ome is ignoring the possibility that such
prices may not be good indications of true worth to society.

With this in mind, Table 18 compares profits and profits per "acre" for
different types and locations of household. Variations in output per "acre"
in Table 15 might be explicable via correlation of equipment, family labor,
and material inputs with some of the measures in Table 15. But it is striking
how similar are the patterns of net profit per "acre" in Table 18, after
subtracting the costs of these additional elements. For example, it remains
true that net profit per reported "acre" declines quite steadily with the size
of lands. Only one pattern in Table 18 is really changed compared to Table 15
and hence worthy of separate mention. It was stated that output per "acre" is
just slightly higher in female-headed households compared to male-headed.
But, after subtraction of purchased inputs, (and particularly the greater
expenditure on ploughing services) and imputed family labor costs, proft per
"acre" is higher among male-headed households, as is net profit per "acre"
despite the larger value of equipment possessed by male-headed households.

B. Profits and Scale of Operation

In an unpublished note on "Profitability vs. Income in Rural Botswana,"
Derek Hudson offers evidence from the RIDS that small scale, low income
farmers operate their farms far more profitably than do their large scale
counterparts. If one could presume that such private profitability were at
all indicative of social profitability, then this evidence would tend to argue
in favor of encouraging small-scale farming. Since Botswana is currently
undergoing establishment of private property rights over tribal lands, this is
clearly an important issue at the moment.

This section therefore re-examines Derek Hudson's findings. In
particular, it appears the earlier study in calculating costs of production
does not include the cost of family labor time used. Being plausible that



Table 18:
"Distribution of Profit and Profitability

Profit per Net Net
. Profit  "acre- Profit Profit per
" (Rands)  (Rands)} -{Rands) "acre" Rands
Overall 102.10- = 11.42  84.49 8.84 |
Sex of household head Male 129.64 12.60  109.18 5.90
Female 46.72 - 9.04 34.82 6.71
Adults by months present 0-11 17.07 3.16 14.67 2.82
12-23 42:46 14.35 33.14 11.96
24-47 86,55 12.12 71.09 8.54°
48-95 148.08 10.03 125.62 7.5
96+ | 143.76 6.95 79.24 -1.27
Number of adult males present ] 27.05. 5.26 21.94 3.98
during ploughing season 1 76.44 13.35 62.00 10.55
2,3 115,62 10.28 94.70 7.54
4+ 281.04 17.04 243.27 14.18
Number of cattle owned 0 _ 80.56 8.96 70.49 7.17
1-8 67.57 11.32  55.74 9.71
9-20 117.88 11.68 96.47° 8.44
21-80 175.64 18.26 140.09 13.46
81+ 189,71 8.64 138.58 4,27
"Acres' of lands 1 51.95  51.95 43.01. 43.01
' 2,3 34,48 15.40 21.64 9.71
4-5 49,14 10.20 37.33 7.84
7=-10 58.77 7.00 44 .44 5.26
11-15 86,12 6.64 74.46 5.73
16-30 132,50 §.20 105,19 4.95
31-100 459,46 8.29 420.38 7.54
101+ | 223,76 ° 1,57 184.90 1.11
Average annual rainfall (mms.) 300-400 42,79 4.42 32.28 2.41
401-600 109,18 , 12.29 91.19 9.51
601+ 123,23 3.80 96.11 3.03
unknown 54.24 13.16 42.52 11.11
Village size <500 80.88 6.91 66.46 5,78
S01~-100C 50,57 15.61 37.34 11.83
1001-3000 61.74 13.54 44 .85 10.02
5001+ 83.95 7.00 60.40 4.52
Household income per < 50 26.22 3.89 18.28 2.37
adult equivalent 51-100 41.34 6.44 34.17 5.15
{Rands per year). ’ 101-150 70.67 13.21 56.37 10.66
151-200 98.71 15.38 76.44 11.67
201-250 100.82 12.68 81.10 10.03
251-350 135.10 15.98 107.31 11.26
351+ | 488.62 15.19 437.46 12.25
Barolong Farms 994.47 24.97 930.41 23.05
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lower income families achieve greater "profitability" precisely by a more
intensive use of their own labors per unit of output, this may be a serious
omission. This re-examination consequently adopts the measure of profit
discussed in the previous sub-sectiom.

Two approaches are taken to the question of scale. First, it is asked
whether profit per unit of output rises with the level of output, estimating
equation (3) by "ordinary " least squares.

PROF
(3) In Q@ =bg + b1 1n[Q] + b2 1n[RAIN]
Where:
PROF Is Q minus FERT minus PETROL minus OTHER minus cost of ploughing

services and impluted family labor costs. If estimated profit is
less than 1 Rand 1n[PROF] is set equal to zero.

Estimates of two variants of (3), including and excluding In{RAIN], are
presented in Table 19, It is estimated that indeed larger output is
positively (and "significantly") associated with greater profit per unit of
output. On average, a 1l percent increase in output is associated with a .4
percent increase in preofit per unit of output. As noted above, one reason for
differences in profitability might be amounts of rainfall. But inclusion of
the effect of rainfall in the analysis (regression 2 in Table 19) neither
shows any effect of rainfall on profitability distinguishable from zero, mnor
reduces the scale effect.

The second form of =2nalysis considers the factors underlying profit
receipt. Since the costs of all contributing elements are subtracted from
output value in our definition of profits, except costs of land and of capital
equipment, profits may be seen essentially as the rewards to these "fixed"
factors. The relationship of profits to these two fixed factors is therefore
examined by estimation of equation (4).

(4) 1n[PROF] =by + by lu[LAND] + by In[K] + b3 1n[RAIN] + bs BARO

"Ordinary" least squares estimates of (4) in three variants (excluding
in{RAIN] and [BARO] are presented in Table 20.

The estimated effects (in regression 1, Table 20) are such that a one
percent increase in both land and capital possessed by a household results in
more than a one percent increase in the level of profits, though statistical
confidence in this positive scale effect is not strong.37 Even after the
effect of rainfall is included in the analysis (regression 3), it remains true
that a tendency towards a positive scale effect is seen though smaller in
magnitude, Without the rain effect given a one percent increase in land and
capital is estimated to increase profit by 1.3l percent; holding rain constant
in comparing, profits increase by 1.11 percent. In part, this scale effect is
attributable to higher profits correlated with higher fixed inputs in
Barolong, though this finding is itself a part of the scale effect story.
Thus, it is found that after inserting separate control effects for both rain
and a regional effect for Barolong (regression 2) the elasticity of profits
with respect to fixed inputs is almost exactly unitary.

Certainly, none of these results lend support to the hypothesis of greater
profitability on a smaller scale operation, once family labor costs are
imputed and deducted from profits, rather the reverse though confidence in the
latter is not strong.



Table 19:

Profit Per Unit of Output

Dependent variable: Logarithm of profit per unit of output.

1 2

Constant -2,468 -4.86
(0.149) (1.87)
Log. output 0.401 0,393
(0.033) (0.034)
Log. average annual rainfall - 0.397
: {0.310)

Number of observations 490 " 490
Standard error 0.87 0.87
G 0.23 0.24

41 ... .



Table 20:

Profit as a Function of Fixed Assets

Dependent variable: Logarithm of profits

1 -2 3
Constant - 0.592 -2.164 -4,936
(0.467) {3.732} (3.853)
" Log. land 0.974 0.785 0.850
(0,212) (0.221) (0.229)
Log. equipment value 0.233 0,196 0.229
(0.032) (0.031) (0.032)
Log. average annual rainfall -—- 0.520 0,953
{0.638) (0.659)
Barolong ——— 1.839 -
| (0,290)
Number of observations 490 490 490
Standard error 1.71 1.64 1.71
R 0.17 0.24 0.18




43

Concluding Remarks

The results in this paper represent the first economics study of crop
production in Botswana on a national scale. But certain features of Botswana
also render this a rare opportunity to examine in some detail crop husbandry
in a society: (a) which is extremely sparsely populated and consequently
resembles a model of the economy with apparently free land; (b) where land is
traditionally assigned through tribal dispensation and more recently through
a comparable Land Board mechanism; (c¢) from which adult men have migrated in
large numbers to the South African mines for a century and to urban Botswana
since independence; (d) that generates a high degree of income inequality
according to Government statistics.

Given this setting analysis has focussed on the role of crop production
within this inegalitarian economy and the ability of farming to absorb more
labor —- particularly adult male labor as demand for workers in South Africa
declines. Conversly, attention has been directed to the consequences of male
withdrawal from rural rares, and especially the common outcome of very low
income, female-headed households.

Three quarters of the rural households have lands, the average holding
being about 8 African acres —- a holding often thought in Botswana to be just
suffficient for subsistence for an average household. Land is certainly
unevenly dispersed -- female-headed, low income, smaller, less wealthy
bouseholds are assigned less land -- though differences are not enormous.
Perhaps most important we find area of lands available 1is correlated
positively with number of men present during the ploughing season, though this
seems mnot to be the only reason female-headed households have less lands.
Moreover, section IIT estimates quite a high marginal product of land for the
average household and Simon Roberts presents evidence of at least occasional
settlement for lands at a price of one beast per field. Together these
suggest land -- or more definitely good, cleared land -- 1is not freely
available. Whether the infusion of more adult men into the rural areas would
result in a greater aggregate deployment of lands for crop growing must remain
an open but important question. From our results we may anticipate that
demand for lands would increase if more men returned from the mines and towns,
so total cropped land should increase provided there is some elasticity in the
institutionally determined supply. But the chief competitor for land is
cattle grazing, an activity dominated by men powerful in the tribal and
political processes.

Although most households have lands, crop production remains comparatively
unimportant to the total economy. Our estimate of gross value of crop output
per crop producing household is 134 1975 Rands with a net profit of 84 Rands
in the tribal, non-freehold areas. 1In part, this is explicable by a very low
adoption rate of improved cropping practices as witnessed by the negligible
uses of fertilizers and chemicals, and total absence of irrigation, noted in
section I. This despite a very high estimated contribution of fertilizers to
productivity from the production functions in section III. Only hiring of
ploughing services is found as a common purchase for crop production, and this
seems to be necessitated by the lack of men.

The average household has some 176 Rands tied up in crop equipment:
mostly in the form of single-row ploughs, for modern items such as tractors
and cultivators remained rare up until 1975. Again male-headed households and
those with more men are substantially better egquipped for crop husbandry, at
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least in part because they are generally wealthier. Our estimate of the
private internal rate of return on such investments is some 7.5 percent,
derived from the positive contribution of equipment to production as estimated
in the production functionms.

The quality of data on household labor inputs and of wage labor hired is
unfortunately not high. WNonetheless, I believe we can be reasonably confident
in asserting that women do most of the family crop work and that more work
time on crops is performed by lower income households' members. There are
also pieces of evidence to suggest that men and women are substitutes rather
than complements in cropping, both in the production function sense and in the
sense of de facto time inputs. Thus, any large scale return of miners to crop
farming may serve in part to displace employment of women.

As to types of crop grown, sorghum is the dominant crop by value,
amounting to almost half of total crops. Sorghum is even more important to
the lowest income households, higher income households growing a somewhat
wider variety of crops. However, we have also seen this does not necessarily
imply that sorghum is grown more commonly by small scale cultivators, rather
the reverse, and some of the smaller scale operators are not low income.

Nor do our results support the suggestion from earlier work on the same
data within Government of Botswana that smaller scale operators are more
profitable., If anything, the results in this paper indicate the opposite.
This counter evidence may be of some importance in Botswana, where land
enclosure is in process, but it must be remembered this refers to private, not
social profitability.

The declared development strategy of the Govermment of Botswana is one of
using rents from mining as a source for investment in the agricultural sector
to generate employment and diffuse the benefits. As of 1975 there is not much
evidence that this has been successful, at least in crop agriculture. Indeed,
the results of this paper are quite pessimistic on the potential for promoting
employment in crop farming, and indeed we find no support for an argument that
further investment along existing patterns would help. Without a spread of
irrigation, without wider use of fertilizers, without greater assigmment of
good lands to crop husbandry, farming is unlikely to offer much potential for
employment. Yet subsidies on fertilizer are likely to benefit higher income
groups more, for we have seen they have a greater usage rate, If employment
of men in South Africa declines, households are likely to be more able and
more willing to plough greater lands areas as suggested above. But more could
be done to encourage such intake and hence expand employment through price
support and some form of insurance mechanism, for the high year~to-year
uncertainty in rainfall acts as a major deterrent. How much liberty Botswana
retains to manipulate crop prices within the Southern African customs union
remains however untested.

Evidence on the Barolong Farms region in this paper reveals just how
successful crop farming can be in Botswana. It is not that Barolong possesses
an entirely different production technology, but rather that it is operating
in a different part of the production function with much greater inputs and
yields., Quite why this is the case is beyond the realms of the limited data
on that region available to this study, but would make a fascinating separate
study.
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Appendix: Regressions on Lands Areas

Regressions in Tables A.l1 to A.3 are of the following form:

A.l 1a[LAND] =b, + L bj ADj
j

A.2 In[LAND] = b, +Z bj MEN;
j

A.3 1n[LAND] =b, +Z bj CATLj
i

Each of these is a piece-wise linear regression, interpolating
intermediate values to the break-points. The break-points are:

AD 0,12,24,48,96,192 (12 is omitted).
MEN 0,1,2,4,7 (1 is omitted).
CATL 0,8,20,80,1000 (0 is omitted).

The variables in these regressions and equation (1) in the text are
defined as follows:

LAND Reported area of land in '"acres," rounded to the nearest-acre, with
1/2 being rounded up. Only households reporting land are included,
and only those with 1/2 Macre" or more.

AD Number of adults (age 15+) multiplied by number of months in which
present (i.e., not "elsewhere," "died," or "location unknown'") during
the 12 months of the survey. A correction is made for households with
less than 12 visits. Houses in which an entire shift in inhabitants
occurred are omitted. Persons of wunknown age are included as
half-adults,

MEN Number of adults known to be male and present between November and
February.

CATL Number of cattle, excluding calves, owned by the household.

FEM Set equal to one if household head is female, zero otherwise.

RAIN Average annual rain during five years prior to the survey (in mms.)

FAM Measured in the same way as AD, but includes children multiplied by

one half.



Table A.1:

Regressions of Lands Against Adults

by Months Present During Year

Dependent variable: Logarithm of lands ("acres')}

Overall Male Female
: headed headed
Constant (12 adult-months) 1.70 1.42 1.76
i (0.18) (0.42) (0.20)
Adult-months of presence
0 -9.62 - -9,99
(5.37) - (5.22)
.24 0.20 0.55 0.06
(0.21) (0.45) {0.27)
48 0.76 1.11 0.51
(0.19) (0.43) {(0.24)
.96 0,97 1.32 0.77
(0.26) (0.47) {0.39)
192 1.04 1.79 -0.05
(0.65) (0.86) {1.14)
Number of Observations 588 381 207
Standard Error 0.98 0.99 0.94
R? 0.09 0.08 0.08
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Table A,2:

Depéndent variable: Logarithm of lands ("acres")

H

i

Overall Male Female
headed headed
Constant (I man) 2.04 2.07 1,99
(0.07) (0.08) (0.12)
Number of men 0 -0.15 0.20 -0.11
(0.14) (0.50) (0.17)
.2 0.28 0.34 0,13
(0.10) - (0.12) (0.18)
4 0.72 0.81 0.39
(0.14) (0.16) (0.28) ‘
|
7 0.66 0.58 1.29 !
(0.35) (0.37) (1.40)
1.
Number of Observations 588 : 381 207 "
Standard Error 0.99 0.99 0.97
2 0.07 0.08 0.03

R




Table A.3:

Regressions of Lands Against Cattle Owned

Dependent variable: Logarithm of lands ("acres')

i

Qverall Male Female
headed headed
Constant (0 cattle) 1.98 2,12 1.82
(0.06) {0.09) (0.09)
Number of cattle 8 0.38 0.27 0.46
(0.13) (0.17) (0.22)
20 0.55 0.48 0.50
(0.12) (0.15) 0.22)
80 0.78 0.64 1.07
(0.21), (0.25) (0.43)
1000 1.41 0.23 1.96
(0.97) (1.91) (1.08)
Number of Observatiomns § 588 381 207
Standard Error | 0.99 1.01 0.94
R 0.07 0.04 0.09
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Footnotes

L  National Income Accounts of Botswana, 1974-1975: Government of
Botswana.

22 Rural Income Distribution Survey in Botswana, 1974-1975: Government
of Botswana.

2b 3. Roberts, "Arable Land Disputes and Administrative Change in the
Kgatleng," S.S.R.C. Confereance on Land Tenure in Botswana, University of
Manchester, England, March 1978.

3 Persons reported "elsewhere," "died," or "location unknown," are not
included. Individuals of unknown age are counted as 50 percent in the adult
category, 50 percent in the child category.

4 Figure 1 1is constructed from regression estimates reported in the
appendix, Table A.l.

5 1f those mnot reporting were assumed to have no land, the smallest
families still report slightly higher areas on average than families in the
12-23 adult-months group, though this difference is obviously reduced. The
number of observations in the lowest category is however very small.

6 Figure 2 is drawn from regression number A.2 in the appendix.
7 1 am grateful to the Meteorological Office in the Government of
Botswana for providing these data on rainfall. The figures in Table 4 refer

to average rainfall in the 5 years prior to the survey.

8 Data on village populations are taken from A Guide to Villages,
Govermment of Botswana, 1973.

9 The Barolong Farms is a tribal area, but one exhibiting a very
different role for crop production as will be apparent from later results in
this paper.

10 Figure 3 is drawn from regression A.3 in the appendix.

11 fThe examination of household expenditures on wage labor for crop
production is omitted from this discussion. The quality of data collected on
this does not appear to warrant close examination, showing high variability
across interview teams in an unreasonable fashion.

12 The items of equipemnt included are: tractor, plough, harrow,
planter, sledge, handmill, wagon or cart, granary and cultivator.

13 The estimate is actually obtained by multiplying the average number
of hours reported worked yesterday on crops per visit in which activities are
recorded for the household, by 30 days per month and 12 months per year. Note
that it is not unreasonable to count 30 days a month since observations
include activities on all seven days at random.

14 Some care must be taken, for an increase in hours performed by each
group may result in a total fall in hours worked as the composition of the
household can also shift.
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15> Even so, it 1is in principle feasible that people could be removed
from the rural sector and even from crop production without loss of crop
output.

16 That is, the null-hypothesis of zero difference cannot be rejected
with 95 percent confidence on a one-tailed test.

17 1f land area is excluded, rain plays a positive and “significant"
role. TIf both are included, land is "significant" but not rain. This is true
no matter whether the reported area or the instrumental variables approach is
adopted.

18 For a survey of much of this material, see D. Jamison and L. Lau,
"Farmer Education and Farm Efficiency," mimeo, World Bank, November, 1978.

19 Reverse causality is also possible -- that households who are better
off and produce more crops are in a more advantageous position to educate
their members. This direction of causality is generally ignored in the
literature.

20 ynless otherwise indicated, results refer to regression 2 in Table 16.

2l This estimate is based on the weighted mean output and lands area as
reported in Table 15 and Table 2.

22 This figure is actually an unweighted geometric mean based on the
regression data,

23 This is the internal rate of return on a 1 Rand investment generating
16 cents per year for 10 years.

24 To this list must be added the likelihood of specification error.

25 Note this is not a problem of collinearity since standard errors do
not blow up nor signs reverse, but is a simple question of excluded variable
bias.

26 0f course, it would probably matter whether this month 1is May
(harvest) or August (off-season). The statements in the text refer though to
increase in availability following the pattern of household presence observed
in the avearge crop-producing household.

27 The mean monthly wage of rural adults is found to be for males, 49
Rands, for females 28 Rands. However, it is true that farm workers working
for wages earn substantially less, as do the uneducated. See Lucas, '"The
Distribution of Wages and Employment in Botswana."

28 yUnweighted geometric means of average household presence of adults
are 23 months for women and 13 months for men. This implies only an 11 cent
per month contribution for an extra woman-month and no positive contribution
for men in an average household.

29 1Indeed according to present estimates not even increased inputs of
other elements would boost the contribution of men, but one suspects this may
be attributable to a lack of significant interaction effects of capital in the
present specification and at the observed levels of capital,
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30 Given average use of these inputs, the implied increase in output per
incremental Rand's worth of each purchased input is well in excess of 1 Rand
for the average household.

31 This estimate is obtained from ePl2 - 1 in regression 2 of Table
16.

32 Persons of unknown schooling are assumed to have none. 1If sex is
unknown, a weighted average of male and female wages is taken. If no age is
reported, the person is given a 50-50 chance of being a child and the wage
computed according to mean adult and child wage.

33 In fact, the RIDS collected hourly activities during the day prior to
interview on five interview vwvisits for each household {though occasionally
less), during the 12 months of the survey. Yesterday's activities are
converted here to hours per month by multiplying by 30 noting that vyesterday
could include a week-end, and —- adjusting for the number of visits in which
activities are recorded -- then transformed to a yearly basis. Monthly wages
are converted to an hourly equivalent by assuming 24 working days a month
(approximately the average found) and 8 hours work a day.

34 1t should be noted that profit here includes implicit rental to
land. DLacking data on land prices, (partly because in the traditional system
sale or rental is not condoned though, as noted in section I.A., apparently,
increasingly practised), no attempt has been made to impute a rental price to
land.

35 The depreciation data included in the RIDS file bear little
resemblance to equipment wvalue even though supposedly computed from reported
equipment. I have therefore recalculated depreciation here very simply as 10
percent of crop equipment value.

36 An alternative source of profits often studied in this context is
differences in prices and responses of farmers to these price differemtials.
See, for example Lau and Yotopoulos, "A Test for Relative Efficiency and
Application to Indian Agriculture," American Economic Review, March, 1971.
But the RIDS rules out the possibility of tis type of analysis by its adoption
of uyniform price reporting.

37 i.e., the sum of the exponent coefficients on land and capital sum to
more than 1. However, the computed Student's t value for the null hypothesis
that the sum equals 1 is only 1.006 in regression 1 and 0.353 in regression
3. Obviously, the null hypothesis of no scale effect cannot be rejected.



