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1. Introduction
Maize accounts for seventy per cent of Zimbabwe's cereal growing
area.
Its productivity, particularly in the communal areas,
is limited by both soil and rainfall characteristics. Most soils
in communal areas are coarse-textured sands derived from granite
and are inherently deficient in nitrogen and phosphorus (Grant
1981 and Mashiringwani 1983). These soils also have a poor water
retention capacity. The majority of these areas do not have
irrigation facilities and are situated in marginal rainfall areas,
making the application of large quantities of fertilizer risky and
uneconomical.
A maize fertilizer x population on-farm trial conducted by
Agronomy institute in 19 sites showed that applying more than
fifty per cent of the recommended fertilizer, which in most cases
was 350kg Compound Z/ha and 400kg AN/ha based on soil analysis was
uneconomical (Whingwiri et a1 1987, Mataruka et al 1987).
However, maize response to nitrogen and phosphorus separately
would not be assessed by using compound fertilizers.
If
economically optimum levels of both nitrogen and phosphorus have
to be established, straight fertilizers should be used.
The
second part of this paper discusses results from two seasons of a
Maize Nitrogen x Phosphorus on-farm trial currently being
conducted by the Agronomy Institute.
2. Trial Description
The trial was conducted at eight sites in natural regions II, III
and IV during 1986/87, a poor rainfall season, and 1987/88 which
had relatively good rains.
Four of the sites during 1986/87 were
written off due to drought.
TotaL rainfall received from planting
to harvest, one week before and two weeks after topdressing are
shown in Figures 1 and 2. The average soil pH, nitrogen after
incubation and P205 status of the sites are given in Table 1.
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Rainfall by Site (mm)

FIGURE 1
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Rainfall by Site (mm)
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Table 1
Soil Nutrient Status
1986/87
Resin

P2°f

(ppm

1987/88
N after
pH
incubtn
(ppm)
CaC~

Resin

N after
pH
incubtn
(ppm)
CaC1

P2~i
(ppm

2

---------------------------------------------------SITE
Ntabazinduna *
Esigodini *
Mutoko
Chiwundura
Zvimba *
Zaka
Marange North
Rushinga *

*

40
05
15
12
21
30
36

41
06
06
20
11
41
40

6.1
4.8
5.5
4.7
6.5
5.7
5.0

44
53
12
21
20
41
02
08

19
33
27
21
05
30
33
09

5.6
5.1
6.0
6.7
4.5
5.7
4.5
6.9

Sites written off due to drought in 1986/87
A maize cultivar R201 was planted at a spacing of 30' by 90 em. The
treatment and design of the trial are given on Table 2. A blanket
application of 60-kg K20 per hectare was applied as murate of
potash to all the plots at planting.

Table 2
Trial Design & Treatments
DESIGN:

Factorial - Randomised Block - 3 Replicates

TREATMENTS:
A

Nitrogen
(kg /ha)

Basal

o

30
30
30
30
'B

Top
0
0
30
60
90

Total

o

30
60
90
120

Phosphorous P2 0 as SSP at planting
S

o
20
40
60
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3. Results and Discussion
In 19~6/87 a dry season, only four sites could be analysed while
all the eight sites were analysed in 1987/88.
In the latter
season, the distribution of rain was favourable except at two
sites.
From the statistical analysis, differential responses were
apparent for different sites. Where the rainfall was high and
well distributed particulary during the period around topdressing
there was response to topdressing. Where the distribution was
poor (figures 1 and 2), there was little response. The sites
were then grouped into two categories, high and low rainfall
domains, depending on rainfall received around topdressing.
Subsequent analysis is based on the resulting grouping of 6 sites
into the high rainfall situation and 6 into the low rainfall
situation.
The high rainfall sites can be taken to be
representative of the levels and distribution of rainfall that
farmers in regions II and III might expect in the majority of
seasons.
The low rainfall sites will be more representative of
what farmers in region IV might expect most years.

Figure 3
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In both the low and high rainfall environments, there was a
positive response to 30kg Nlha applied as basal-dressing. Further
increase in applied nitrogen upto 90kg/ha (topdressing up to 60kg
N/ha) significantly increased grain yield in the higher rainfall
grouping. No advantage beyond the basal application was achieved
in the drier areas (Fig 3). From figures 1 and 2, it would appear
responses to topdressing were influenced by the total rainfall
received from planting to harvest as well as the rainfall
distribution just before and after topdressing.
The response to phosphorus was low in both environments (Fig 4).
Under the present communal area production levels, a response to
phosphorous where the P205 level is more than 18ppm is not
expected.
There was a significant increase in grain yield between
o and 60kg P205 per hectare in the high rainfall area only, but
this was not economic. The poor response to phosphorus was
probably due to the generally high inherent phosphate levels in
the soils were the sites were situated (Table 2).
No significant interactions between treatments were detected in
the trial.
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4. Economic Analysis
Figures 5 and 6 summarise the results of the economic analysis of
the maize nitrogen by phosphorus trial data for the high and the
low rainfall situations respectively. The analysis is presented
for nitrogen only since P gave no technical and/or economic
response in either situation site and there was no significant
interation between Nand P. In each figure two assumptions are
made about the form in which the basal n{trogen is applied.
The
first assumption (basal N in the form of AN) reflects what
happened in the trial.
The second (basal N in the form of
Compound D) reflects what farmers do and the current
recommendations.
The data used to calculate these budgets is given below:
i)
ii)
iii)
i v)
v)

Field price of maize
= Z$157.26
Field price of nitrogen from AN
Z$1.26/kg
Field price of nitrogen from compound D
Z$4.82/kg
Opportunity cost of labour
= Z$2.00/day
Minimum acceptable rate of return
60%

A. High Rainfall situation (figure 5)
Figure 5 shqws the profitability of using nitrogen on maize
assuming that farmers require a rate of return of at least 60%
on cash investment.
Figure 5
Economics of N in the High Rainfall Situation
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Under this situation, if 30kg of nitrogen are applied as a
basal from AN and additional nitrogen levels are applied as a
single application topdress, it is economic to apply nitrogen
up to 60kg/ha or 174 kg/ha AN. Current recommendations are
that farmers should apply 300kg/ha compound D and 200kg/ha AN,
the equivalent of 93kg/ha nitrogen (Agritex) The economic
level as indicated by this trial data is around 65% of current
recommendations.
But this holds only if AN is used as the
nitrogen source for both initial and topdressing.
Figure 1 shows that applying nitrogen pre-emergence as
compound D is not economic. The initial loss resulting from
compound D even outweighs the benefits from the nitrogen
subsequently applied as top dressing.
B. Low Rainfall situation (figure 6)
In the low rainfall situation, the same assumption is made
about the minimum acceptable rate of return.
However because
of the risking nature of crop production in low rainfall areas,
the required rate of return maybe higher than the 60% used in
the budgets.
Figure 6
Economics of N in the Low Rainfall Situation
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InIna alow
lowrainfall
rainfallsituation,
situation,ififthe
thesource
sourceofofnitrogen
nitrogenisisAN,
AN,
ititis iseconomic
economictotoapply
apply30kg
30kgnitrogen
nitrogenasasa abasal.
basal. Additional
Additional
applications
applicationsofofnitrogen
nitrogenresult
resultininlosses
lossesasasshown
shownininfigure
figure6. 6.
The
Theeconomic
economiclevel
levelofofnitrogen
nitrogen(30kg/ha)
(30kg/ha)isisequivalent
equivalenttoto
87kg/ha
87kg/haAN.
AN. Current
Currentrecommendations
recommendationsare
arethat
thatfarmers
farmersshould
should
apply
apply200kg/ha
200kg/hacompound
compoundD D
and
and100kg/ha
100kg/haAN,
AN,the
theequivalent
equivalentofof
5lkg
5lkgnitrogen
nitrogen(Agritex).
(Agritex). The
Theeconomic
economiclevel
levelasasindicated
indicatedinin
Fig.
Fig.6 6isisabout
about60%
60%ofofthe
thecurrent
currentrecommendation.
recommendation. Figure
Figure6 6
also
alsoshows
showsthat
thatusing
usingcompound
compoundD D
asasasasthe
thebasal
basalN N
source,
source,isis
considerably
considerablyless
lessattractive
attractivethan
thanusing
usingANANorornot
notusing
using
fertiliser
fertiliseratatall,
all,assuming
assumingfarmers
farmersrequires
requiresa a60%
60%return
returnonon
thier
thiercash
cashoutlay
outlayfor
forfertiliser.
fertiliser.
5. 5.Discussion
Discussion
InInthe
thehigh
highrainfall
rainfallsituations
situationsalthough
althoughthere
therewas
wasagronomic
agronomic
response
responsetoto90kg
90kgN/ha,
N/ha,ititwas
waseconomic
economiconly
onlyupuptoto60kg
60kgkgkgN/ha,
N/ha,
while
whileininthe
thelow
lowrainfall
rainfallsituation
situation30kg
30kgN/ha
N/hawas
wasboth
boththe
the
agronomic
agronomicand
andeconomic
economicoptimum.
optimum. InInsoils
soilswith
withmarginal
marginaltoto
adequate
adequatephosphorus
phosphoruslevel
levelititmay
mayalso
alsobebeuneconomical
uneconomicaltotoapply
apply
phosphate
phosphatefertilizer.
fertilizer. Thus
Thusififprofitability
profitabilityisisthe
thefarmers
farmersonly
only
concern,
concern,ititis isnot
noteconomic
economictotoapply
applycompound
compoundD. D.This
Thishowever
howevermay
may
have
haveserious
seriousconsequences
consequencesininthe
thelong
longterm
termsoil
soilfertility
fertilitystatus.
status.
A Along
longterm
termstudy
studydesigned
designedspecifically
specificallytotolook
lookatatphosphorus
phosphorus
requirements
requirementsfor
forthe
thecrop
cropmay
maybebeworthwhile
worthwhiletotoensure
ensureour
oursoils
soils
are
arenot
notmined.
mined.
Although
Althoughthis
thisanalysis
analysiscannot
cannotbebeused
usedtotogive
giverecommendations
recommendationstoto
farmers,
farmers,ititmay
maybebeuseful
usefulininmodifying
modifyingthe
theexperimental
experimental
treatments.
treatments. Since
Sincethere
therewere
werenonointeraction
interactionbetween
betweennitrogen
nitrogenand
and
phosphorus
phosphorusititseems
seemsjustifiable
justifiabletotolook
lookatatthe
theefficeincy
efficeincyofofthe
the
use
useofofthese
thesetwo
twoelements
elementsindependently.
independently.
Low
Lowresponses
responsestotoP Punder
underresearcher
researchermanaged
managedconditions
conditionswill
willlikely
likely
bebereflected
reflectedinineven
evenlower
lowerresponses
responsestotoP Punder
underfarmer
farmerconditions.
conditions.
This
Thisis isespecially
especiallysosobecause
becausefarmers
farmersgenerally
generallyapply
applytheir
their
compound
compoundbasal
basaldressings
dressingsPOST
POSTemergence
emergenceasasopposed
opposedtotoPRE
PRE
emergence
emergenceasasininmost
mostresearcher
researchermanaged
managedtrials.
trials. Recommendations
Recommendations
totofarmers
farmerstotoapply
applybasal
basalcompounds
compoundspre
preororatatplanting
plantinghave
havetotododo
with
withthe
theassumption
assumptionofofpositive
positiveresponses
responsestotoP Pfrom
fromthese
theseearly
early
applications.
applications. IfIfthese
theseearly
earlyapplications
applicationsdodonot
notgive
givesuch
such
responses
responsesand
andfarmers
farmersdodonot
notapply
applybasal
basaldressings
dressingspre
preororatat
planting
plantingfor
forvalid
validreasons
reasonsofofrisk,
risk,labour
labourconstraints
constraintsororlack
lackofof
response,
response,the
thecurrent
currentrecommendations
recommendationsshould
shouldperhaps
perhapsbebe
reconsidered
reconsideredininrelation
relationtotothe
themost
mostefficient
efficientmethods
methodsofofapplying
applying
both
bothP Pand
andinitial
initialN..
N..
For
Forsustainability
sustainabilityreasons
reasonsthere
theremay
maybebea aneed
needtotoapply
applyP, P,but
but
this
thismight
mightbebedone
donemore
morecheaply
cheaplyand
andconveniently
convenientlyatata atime
timeother
other
than
thanaround
aroundplanting,
planting,which
whichisisa alabour
labourpressure
pressuretime
timefor
forsmall
small
farmers.
farmers.
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Given the increasing scarcity and expense of fertilisers, there is
a need to investigate ways of improving the efficiency of their
use. From these preliminary results there would seem to be some
potential to substantially improve the economic efficiency of N
applica~ion in maize on communal farms by:
a) reducing recommended application levels
b) changing the form of initial N application from compounds
to AN
There is also a need to thin~ in terms of different trial designs
in respect of N depending on the rainfall characteristics of our
different natural regions.
In high rainfll areas work needs to be
done on levels and timing of topdressing as well as the form of
Rasal N applications. While in the low rainfall areas, the
optimum timing, form and levels of initial nitrogen should be
emphasised.
In both areas the question of the best form, timing
and levels of P application as a maintenance dressing needs
investigation.
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