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Background information and informal

diagnostic survey were used to describe

the sorghum cropping practice of smallholders in Siabuwa Communal Area in
Zimbabwe in the 1984/85 season. Grain yleld for the local variety Balala was
monitored and found to be low and highly variable depending on rainfall and
management. Water deficit during grain filling, low yield potential of Balala, low
nitrogen and phosphorus in the soils, shortage of arable land and fow plant
population were identified as the major problems. Use of improved varieties,
construction of soil ridges, use ot nitrogen and phosphorus fertilizers and
intercropping were suggested as solutions to some of the problems. Experiments
were designed to test the solutions and details are given in part two of the article.

The methods of crop production in the
Sebungweregionare poorly understood and
the agro-ecological potential varies widely
(Weinrich, 1977; Scudder, 1982). Empirical
data on most production constraints are
lacking. Farmersrely on traditional ‘varieties’
of food crops while most exotic varicties
havebeenintroduced through drought-relief
schemes withoutadequate testing. There has
been little agronomic rescarch work in the
area.

To help improve the production of food
crops a problem-orientated agronomic
research programme aimed at small-scale
farmers was started in Siabuwa Communal
Area in the northern Sebungwe in 1984 The
aims of the research were: (i) to understand
farmer practices in Stabuwa in relation to
farmer circumstances of the major food crop
sorghum (Sorghom bicolor 1, Moench), (ii) to
identity and understand the most important
technical production problems faced by
farmers cultivating sorghum, and (i) to

develop and implement an experimental
programme to examine potential solutions
to the important production problems in
sorghum under current tocal farmer
conditions.

The approach was similar to the Farming
Systems Adaptive Research methodology
described by Collinson (1982 and 1987) and
Merrill-Dands (1986). The methods of
sorghum production, and problems and their
possible causes were used to develop an
appropriate experimental programme
described in this article. A second article
(Chiduza et al., 1995) presents results from
experiments that tested appropriate high-
priority solutions to some of the technical
problems identified.

Diagnostic methods
Three diagnostic techniques were used in

Siabuwa:(a) analvsisof existing background
information, (I an informal diagnostic
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survey (Collinson, 1987), and (c) monitoring
of sorghum grain yieldsin the farmers’ fields.

Background information

Little background information existed for
the Siabuwa valley. General information on
cropping palterns (Scudder, 1982; Blackie,
1983) and a study on soils (Hungwe and
Blackie, 1987) were available. An analysis of
daily rainfall data from Siabuwa primary
school, summarized into five-day totals
(pentads) for 34 years (1951/52 to 1986/87),
was done to obtain a preliminary estimate of
how rainfall constrains crop production in
Siabuwa. Probabilities of obtaining certain
levels of rainfall per month were calculated
for the 34 years of rainfall data (Fig. 1).
Analysis of rainfall per pentad was done to
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determine the beginning and end of the
growing season and the frequency of
occurrence of mid-season drought. A rainy
pentad was taken as the middle of any three
pentads which together had at least 4 mm of
rain, provided that not more than one of the
three had less than 8 mm (Lineham, 1978). A
mid-season drought was defined as a period
of arelatively low incidence of rain occurring
between 15 January and early February,
normally indicated by a marked drop in the
number of rainy pentads which may amount
to about 50 per cent of the peak value
(Zimbabwe, 1981).

Informal survey
An informal survey (Collinson, 1987) of
approximately sixty farmers was carried out
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Fig. 1: Probability of rainfall in Siabuwa, between the seasons 1951/52 and 1986/87
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in Siabuwa over two weeks in April 1984.
Emphasis was placed oninvolving farmers
in understanding the current farming
systems, the practices employed and in
diagnosing production problems. Little
quantitative data could be obtained directly
fromfarmersduring thissurvey; forexample,
they had little knowledge of cultivated arca
orvield. A formal survey wasnot carried out
because it was felt that it would providelittle
further usetul quantitative information.
The informal survey revealed that
sorghum was the most important food crop
for most farmers in terms of area planted,
resources allocation and food uses. In
addition, rescarch and extensionin northern
Sebungwe had neglected sorghum; therefore,
it was decided to concentrate on examining
sorghum productionpracticesand problems.

Measirement of sorghum yiclds
Because quantitative data gathered during
the informal diagnostic survey was
insufficient for understanding the technical
constraints in the sorghum crop,
measurements of grain  yield and
observations of agronomic practices for
sorghum were carried out and recorded
during the 1985/86 and 1986/87 scasons.
Grain yield was obtained from harvests
at crop maturity on ten farms in each year.
Ten sampling points of one square metre
were randomly selected within each field,
and information on plant populationdensity,
weight of panicles, variety and soil type was
recorded and grain yield calculated at 12,5
per cent moisture. Farmers were also
questioned about inputs and practices
employed on the fields sampled.

Planning the experimental progranime

The planning process described by Byerlee
and Collinson (1980) and Collinson (1987)
was used to develop a programme of on-
farm experiments that addressed the more
important technical production constraints
of sorghum. Emphasis was placed on
identifying solutions that could result in
increased productionof sorghum inSiabuwa
over the shortterm, that is, two to five years,

Potential solutions involving policy
matters were not considered during
planning. Priority was given to solutions of
a technical nature. Selection of experimental
treatments for the on-farm experiments was
based on the identified solutions to the
priority problems.

Circumstances and the cropping system

Circumstances
Important circumstances for cropping in
Siabuwa are given in Table 1.

Cropping system
The major food crops grown in Siabuwa are
sorghum, maize (Zeamavs 1) and pearl millet
(Penunisetion typhoides). Cotton (Gassypium
Iirsulion) is the most important cash crop.
Sorghum occupies about 90 per cent of
the cropped area for houschold heads and
about 50 per cent for other farmers. Several
varieties of sorghum are planted by each
farmer.

Current production practices in sorghum

Varietics

The Tonga use two generic names, “Maila’
and “Lusili’ to describe the main divisions
among the numerous sorghum ‘varieties’
they grow in the area. The characteristics of
these varieties and grain yields achieved are
given in Table 2.

The Maila sorghum is grown mostly on
the vertisols as pure stand ratoon crops. This
is a strategy to reduce difficultics in the
establishment of sorghum plants on the
vertisols and to conserve seeds at the same
time.

Current management practices for
sorghum are shown in Table 3.

Production problems and solutions for
sorghum

This section presents the major technical
problemsrelating tosorghum production in
Siabuwa, theircauses, and relevant solutions
subsequently  developed  into an
experimental programme.
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Elevation * 660-700 m above sea level

Soils . i

25 % of arable ares gg:f, :,ee? vertust:l clays and siallitic (non-cracking) clays
. o tum textured aluvi i i

gg;;gwe and Bractie, o5 of good acmer potem‘i,;?’ soils and similar upland sandstone derived

) * 4% sandy and 12% sogic

Climate i-arid wif
* Semi-arid with highi vari i i
produenon ghly variable raintall, an important constraint on crop

;a’;:‘:/r/ moant * Mean annual; 676 mm

- ean . :

1950721 1o 100 (;78"; ; fs?ange, ”.5—1. 188 mm (coefficient of variation = 33%)

comey tart of rain (first fainy pentad); 28 November (range 7 N
Jamuary) g ovember—10

* End of rain (last rainy pentad); 10 M:

: A A ; arch (range 9 February —1 i

: '[))urano_n. of rain Season; Mean 102 days (range 55-144 d;yys) > e
robability of a mid-season drought; 38% in 34 years of rainfall analysed

(Tr:fmperature ) * Mean daily max: 31°C
ovember-Aprif) * Mean daily min; 22°C
Trypanosomiasis o i iasi

Bovine trypanosomiasis means cattle not kept for draft or other purposes

Input availability Fentiti ici |

* Fertilizer, pesticides, seeds: i i
o . Seeds; Available through Agricultural Finance
—_—

Table 2: ‘ '
2: Current sorghum ‘varieties’ used and grain ylelds? obtained by farmers |
Slabuwa Communai Area, Zimbabwe "

l/anety Group Characteristics

T e———
———

‘Maila’ Group of up to six‘l on
up . X jong-season (> 130 days to physiologic i
;ane!ce; wﬂt} varying seed colour. Common nameys ingluzlem'al\'llu:i?;)
C::sgu,m p(t)ir;g agg mMsthenge", lo:g stemmed (2-3 m). Grain stored forfamity
sum R used for housing, and animal fodder in
Grain yield = 1 178 kg per ha (number of fields = 37). "ty season.

‘Lusili’ i
g;?:,?, of eight short- to medium-season varieties (90120 days to maturity)
0N names include ‘Njamba’ ‘Nchenta' and ‘Chj ' -
‘ ba’, venda’. Stem length.
range from 1—2 m, Variable grain colour and panicle shape (most have gpesn

panicle). Grain yield=17 14 kg perha (nur ber of fields =17 } (mixture of local
and introduced matenals). (

1 L
Grain yield date from harvests in farmers’ fields, 1985/86 and 1986/87
YO cate from harvests in .

) .
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Table 3: Current management practices for sorghum in Siabuwa Communal Area,
Zimbabwe

Practice Observalions

Land preparation = Collect and bum crop residues on field September/October
* Planting hills only dug with hand hoe on fiat {may be combine with planting)

* 60% of sorghum fields dry planted in hills October/earty November

* Exception is Maila Tonga planted just after start of rains

« Commonly 20-30 seeds per hill, hills scattered 70--120 cm aparnt. Seeds piaced in
holes approx. 5§ cm deep and covered with soil

¢ Thinned to 2-6 plants per hill

« Practice of planting in rows 100 cm apart, 15-45 cm between plants within row
becoming popular

« Often replant several times on vertisols, in same hills, to achieve good stand

* Tendency 1o ratoon long season sorghums on vertisols

Planting

Soil fertility * Rotation — None
management « Inorganic fertilizer — None on sorghum
* Manure — Little organic manure because no rattle

* Once with hand hoe after first weeding of maize and cotton

* Additional weeding can occur if weed burden severe

* Local short season varieties weeded 23 weeks after crop emergence

* Maila Tonga often not weeded until 5-6 weeks after emergence (lolerant of
competition from weeds)

* Shortage of labour for timely weeding

Weeding

Crop residue * Residues left on field after grain harvest and grazed by goats. Remainder burned just

management before planting

Pests * Birds, especially Quelea (Quelea quelea)
* Crickets (Acheta bimacuiala)
¢ Elephants

* Bird scaring takes large amount of women's and children's time after soft dough

stage of sorghum development
* Maila Tonga more vulnerable to bird damage (is last sorghum lomature — May and

June)
Harvesting * Lusili: Cut panicles after physiological maturity and sun dry

* Maita: Lodge plants at hatd dough stage, then cui panicles up to one week later
Grain storage * Most shorter season varieties store poorly (less than six months)

« Maila Tonga stores well
« No control measures taken against storage pests or diseases

Source: Information from an informal survey of 60 farmers, 1984

Problem 1: Current long-season sorghum probability increases towards maturity (Fig.
regularly experiences a water deficit, especially 1), Farmers reported drought to be common
during grain filling on their sorghum crops after panicle
For existing long-season sorghum planted  emergencein some years. Field observations
towards the end of November there is a  in 1986/87 showed symptoms of water deficit.
greater than 50 per cent probability of water  Gravimetric measurement of soil moisture
deficit by the middle of grain tilling and the  showed soilsin Siabuwa to be below wilting
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point for most of February and carly March
(Hungwe. 1987). Analysis of rainfall data
indicated a 38 per cent probabilitv of a mid-
season drought. Thus, current long-season
varieties routinely suffer increasingly severe
and frequent water deficit from panicle
emergence to grain maturity.

Better conservation of soil moisture was
a possiblesolution to this problem. Thiscould
be obtained by better weed control to reduce
water loss from the soil profile during the
season or by constructing soil ridges before
planting (¢ ombined with planting in the
furrow) to concentrate infiltration of water
near plants. Weed control using herbicides
was felt to be impracticable for the farmers
while increased hand hoeing wasnot possible
because no extra labour was available.

Construction of ridges using hoes would
also require labour and would probably
conflict with other cultural practices in
demand for labour. Use of a donkey-drawn
ridger may be appropriate for some farmers.
It was decided to work on ridging systems,
but as a low priority.

Drought-tolerantlonger-season varicties
would potentiatly be useful but are not
currently available. In contrast, earlier
maturing varieties offer a way of avoiding
water deficit, especially during grain filling.
Shorter-season pearly-white open-pol-
linated sorghum varieties suchas321CR and
SV-2, suitable for making locally preferred
food products, have been developed recently
in Zimbabwe (Mushonga, 1983 and 1988)
and were available for testing.

There waslittle doubt that early-maturing
sorghum varieties are suitable for the
growing season in the area. Scudder (1982)
noted that carly-maturing sorghum per-
formed better than later-maturing types
during the unfavourable 1981/82 season.
However, Reid (1982) reported that previous
attempts to introduce modern higher-
yielding sorghum into the Siabuwa area had
failed, with unsuitable taste of porridge and
poorer storage abilities probably playing a
major part in the rejection of the sorghum,
Use of earlier-maturing varieties may help
bring carlier relief from a period of {ood
shortage commondy experienced from

October to early March.,

Problem 2: Low yield potential of current long-
season sorghum

Long-season sorghum is 3 m tall and has a
low grain vield potential (around 2 000 kg
per ha for Maila under good management in
Siabuwa). In 1985/86 there was little water
deficit during grain filling of the longer-
season sorghum. The yield of longer-season
types (130 days) such as Balala averaged
only 1418 kg per ha(n = 24) compared with
an average of 2 439 kg per ha (n = 16) for
introduced shorter-season sorghum grown
without fertilizer by some farmers. The use
ofimproved shorter-season open-pollinated
varieties of sorghum such as 321CR and SV-
2 with a higher yield potential of around 5
000 kg per ha (under adequate soil fertility
and moisture) offered a solution to this
problem (Mushonga and Appa Rao, 1986;
Mushonga, 1988).

Problem 3: Lot nitrogen and phospliorus stalus
of the soils

Fallowing to regenerate soil fertility is
becoming impossible in Siabuwa because of
increasing human population pressure on
the land. Sorghum was the crop previously
cultivated in 90 per cent of the fields planted
to sorghumin 1984/85 scason. Table 4 shows
that clay soils have marginal levels of
phosphorus while levels of nitrogen in the
upper 20 ¢cm of soil were medium and levels
at 40 cm in the profile were very low
(Hungwe, 1985)

It was not clear whether low soil fertility
was a problem or not for an environment
such as Siabuwa where shortage of rainfall
limited production of sorghum and
prevented uptake of mineral nutrients. It
was decided to test response to fertilizer ina
simple experiment involving no application
of fertilizer and an application of some
nitrogen and phosphorus fertilizer against
different varieties. If a large response to
fertilizer was obiained, then an experiment
with several fertilizer levels coutd be
designed to determine the biological and
economic optimum for the area.
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Table 4: Chemical characteristics of clay, clay loam and sandy loam soils taken at a depth of '
20--40 cm from farmers' fields in Siabuwa Communal Area

Clay Loam Sandy Loam

Mean (Range) Mean (Range) Mean (Range)
pH {CaCly extraction) 7.50 (7.3-7.6) 6.8 (6.3-7,6) 6.1 (5.4-7.5)
N{ppm). after incubation 32,00 (4-71) 1 (33-46) 38 (26-58)
Available P20s (ppm) 23.00 (10-44) 30 (8-49) 23 (7--63)
(Resin method)
Total exchangeable cations 83.90 (41,4-178,7) 156 (14.7-16.2) 102 (4.0-41.1)
(meq 100 g'! soif) ‘ ' '
Ex K {Meq °/c;) 2.02 (1,07-4,50) 0.83 (0.55-1,27) 0.69 (0,371, 15)
Ex Na (Meq O/.,) 0,52 (0.01-3,34) 0,04 (0,01-0,12) 0.12  (0,003-0.26)
Ex Ca (Meq /c 7405  {354-173,0) 11,7 (10,9-12,7) 7.8 (2,8-32.2)
Ex Mg (Meq %) 6,98 (2.25-18,14) 299 (2,45-3,57) 1.67 (0.04-6,72)

n=7 n=6 n=10

Source: Hungwe (1985)

Problent 4: Shortage of arable land for sorghum
The Tonga people have one of the highest
rates of population increase in the world, in
excess of three per cent per annum (Scudder,
1982). People are now compelled to use sodic
soils and deep Kalahari sands for growing
sorghum. Use of sodic soils poses the danger
of high levels of erosion and environmental
degradation, while Kalahari sands have a
very low mineral nutrient content and water-
holding capacity.

A possible technical solution to this

* problem would be to intensify current

production of sorghum on the better soil
types.

The intercropping of long-season sor-
ghum varieties with acceptable short-season
sorghum varieties was a way of increasing
yield for the large area of vertisols where
long-season sorghum are grown, mostly as
ratoon crops. This was thought of as a way of
stabilizing production on the vertisols
withoutamajorchangein currentagronomic
practices. However, it was felt necessary first
to identify appropriate new shorter-season
sorghum varieties.

Problem 5: Low plant population densities for
sorghum .
Low plant population densitics were
observed during the 1984 survey. Plant
densities measured in 198586 and 1986/87
seasons ranged from 22 000 to 160 000 plants
per ha with a mean of 58 700 plants per ha.
Yet farmers plant 1 200000 to 1800 000 seeds
per ha. Landsberg (1964) recommended a
plantdensity of around 100000 plants perha
for parts of Zimbabwe with rainfall similar
to Siabuwa. Causes of low plant densities
were seed and scedling death owing to
inadequate soil moisture, the result of poor
infiltration into hard (non-tilled) topsoil. Also
guinea fowls (Numide melcagris) cat seeds
justafteremergence, if planted very shallow.

Poor moisture infiltration at the start of
the scasonresults fromlocalized and shallow
land preparation using a hand hoe. Only
planting stations are tilled and weeds are
often present.

Possible solutions would be to improve
the seedbed tilth either by animal tillage or
additional hoeing on the hills just before
planting. Weeds could be removed by hoe or
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Table 5 : Experimental factors for the research programme in Siabuwa

7 ificati iori Year Trial
ental Factors Justification Priority
Experim ot
1. Improved early-maturing Appropriate solution to the current long- High 1984/85
pearly-white grain sorghum  season sorghum experiencing water
deficit during grain filling and having low
yield potential.
2. Nitrogen (N) and Test response to N and P fertilizer as High 1984/85
Phosphorus (P) fertitizer solution to low soil fertility. Not certain of
level of fertilizer to apply if response is
positive.
3. Interciopping short-season  Strategy to stabilize production of sorghum  Low 1985/86
sorghum with existing on the vertisols. Need to test performance
long-season sorghum of short-season sorghums in an intercrop.
4. Soil ridging systems to Possible solution to water deficit during Low 1987/88
concentrate rainfall sorghum growing season. May not be
appropriate since farmers have labour
shortage for ridging and do not have oxen.
5. Plant population To verity that achieved plant densities are Low 1987/88

densities low and to determine optimal densities for

improved short-season sorghum

pre-emergence herbicide application,

It was not possible to introduce draught
animals because of tsetse fly. Additional
hoeing was impracticable because labour is
inshortsupply atthe time and farmers prefer
to plant a larger area before the rains start
rather than improve tilth on a small area.
Any other forms of tillage were found to be
beyond the means of most farmers inSiabuwa
at the time of the study.

Although no appropriate solutions to the
low plant population stand wereidentified it
was felt necessary todevelop a trial to verify
that current plant densities are sub optimal
and to establish the optimum.

Thesolutions proposed (and confirmation
of the low stand problem) led to tive basic
experimentalfactors forinvestigation (Table
5). Of these, two (nitrogen and phosphorus
fertilizer and early-mataring sorghumdwere
given high priarity for experimentation and

were placed inexperiments for the 1984 /85
season. The remaining factors were of lower
priority and it was decided that experi-
mentation on these should wait until the
potential benefits from new shorter-season
sorghum were confirmed with farmers.

Because the uptake of improved, short-
season pearly-white sorghum by farmers
(and thus the success of the other experi-
mental factors) would depend on how
farmers viewed the cooking and taste
properties of the grain from those sorghum
varieties, a formal evaluation of food value
by farmers  was  needed before
v;pcrimonmtiun progressed further. The
evaluation took place during the 1985/86
season.

Details of how the high priority
experimental factors were developed into
on-farm experiments for the 1984/85 and
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subsequent seasons and the results from
those experiments are given in Chiduza of al.
(1995).
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