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INTRODUCTION

The main purpose of the Conference was to discuse developments and requirements
in the field of soil fertility, fertilizer use and soil development in Africa and to
provide fresh ideas and lines of action for future work.

There were 58 participants at the Conference from most of the African countries
and from various countries and organizations from outside Africa.

The technical part of the Agenda included the following items:-—

1. Soils and Flants

2. Responses of Crops to Pertilizers on Farmers' Fields and Research Stations
3, PFertilizer Economica

4, FAO's Standard Guide to Soil Fertility Investigations

Se Fertilizer Materials

6, Fertiliszer Supply, Fertilizer Use Development Programmes and FPolicies

T« Stabilization of Soils and Agriculture in Areas of Shifting Cultivation
B, Plenning of Seil Fertility and Fertilizer Use Development Programmes

A large number of papers were presented on these items., From the papers and
the discussions, the following conclusions were drawni-—

Although it was recognized that research and experimentation work should
continue to form the basis for the rational use of fertilizers, under

African conditions, the Conference felt that more emphasis should be

placed on applied research, demonstration and extension work in close

contact with the farmers. It has become very clear that the lack of

adequate distribution facilities for fertilizers and other inputs is the

main bottleneck at present for their introduction into practical agriculture
on a large scale, In this comnection, the problems of fertilizer price poliey,
including the establishment of long-term fertilizer development plans and the
setting up of input unite in the Ministries of Agriculture was stressed. The
need to take action in transforming shifting cultivation into more stable and
more productive forms of lend use was strongly emphasized.

The papers included in this Seoil Pulletin are the ones presented at the Conference
which appear to be of immediate interest.



THE FERTILITY STATUS OF ETHIOPIAN SOILS
Dr, H.F., Birch* and Ato Desta Hamito**

INTRODUCTION

As recently as 1566 information on the fertility of Ethiopian soile was somewhat
sparse and scattered. They were frequently described as fertile but this was not
supported by yields of teff, wheat and barley which in our opinion, were low. These
important cereals are extensively grown on the Central Highlands and the average yields
fur 'thr;u years were approximately 800 kg/ha (teff), 950 kg/ha (wheat) and 1 200 kg/ha
'hsriey .

Reports of field trials carried out before 1966 were few. Such results as were
gvailable indiocated responses to nitrogen and phosphorus, especially the latter, at
widely spread sites but no attempt had been made to systematize the information,

In 1559 Murphy published a valuable report on the fertility status of some
Ethiopian soils. Altogether about 2 200 soils widely dietributed throughout Ethiopia
were oollected and comprehensively analysed. Acoording to Murphy 79 percent of the scils
were medium to high in total nitrogen, 60.5 percent medium high in available phosphorus and
over 90 percent high in aveilable potassium. For the Central Highlands his figures show
adequate amounts of nitrogen and potassium and low amounte of available phosphate.

From the foregoing information it appeared that phosphate deficiencies were widespread
and, to a lesser extent, nitgoren deficiencies. The latter were suspected from the
extensive erosion found throughout much of the country. It was decided to focus attention
on the NP status of the soils starting with the important ceresl-growing soils of the

Central Highlands.
Approach to the Problem

The erea under consideration is about 400 000 g km (arable and pasture). Hith
limited laboratory facilities and only two staff members, we had to be selective in our
methods to get the maximum information as readily as possible, Fortunately the Central
Highland scils consist predominantly of two groups only, namely vertisole and ferrisols both
derived from basalt. FResult from studies of these two groups could therefore be extre~
polated to cover a very large proportion of the Central Righlands.

Semples of these two groups were taken from widely spaced sites for soil analyses and
pot experiments. Soil enalyses revealed that common features of both groups were medium
total N contents, low available phosphate contents and high clay contents. [Nitrification
studies showed that at field capacity the soils produced moderate amounts of nitrate — N
(about 20 kg/ha/week). Under saturated conditions such as occur for long periods during
the growing season no nitrification occurred. When ammonium nitrate at the rate of
48 kg/ha each of NH;=N and NOy-N wae added to saturated soil clods etraight from the field
100 percent of the ammonium nitrate was denitrified after 12 days with the wvertiscl and
22 percent with the ferrisol. Pot experiments showed responses to N, slightly bigger
ones to P and marked responses to NF together.

From this work and the similarity of the red soils to each other and the black soils to
each other as regards chemical and physical characteristics it was conocluded that practically
the whole of the Centrel Highlend (or Platesu) area wes deficient in N and P and likely o
* PAD Scil Fertility Expert
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show marked responses to N plus P, Recognition of the high clay couilenis of both groups
was important as the water logged conditions associated with such soils bring about
anaerobic conditions which adversely affect nitrification and the ability of plants to take
up nutrients. Such conditions occur for a considerable proportion of the growing period
and adversely affect yields as shown by the dramatic increase in yields when soil drainage

is proctised.

Finally in these studies it was found that seil drying enhanced soil nitrification and
aggregation. These benefits are transient and limited to the early period of the rains
but are important in these clay soils as they help early sown plants to get off to a good

start.

Confirmation from FFHC Trials

In the three seasons between 19567 and 1970 the FAO Fertilizer Team with the Ministry
of Agriculture Extension Service laid down 2 600 field trials in 12 of the 14 provinces,
From these trials reliable results were obtained from 1 600. The trials were 5 = treat—
ment trials {C. N. P., NP and NFK) mainly with teff, wheat and barley, but also with sorghum,
maize and other crops. The results of the trials were kindly made available to us for
statistical analysis. Complete reports of each year's trials and statistical analyses are
available. A brief summary is given in relation to the preliminary work already desoribed.

Over the three seascns there were 672 trials with teff, 490 with wheat and 17} with
barley. The total trials for each crop revealed significant responses to N, P, NP and
NFK. HResponses to P were almost invariably greater than to N but not significantly so.
Responses to NF were always significantly greater than to N or P but did not differ sig-
nifecantly from NFK.

In the 1969/70 season there were 43 places where the number of trials at each was
sufficient for statistical analyses. Of these 45 percent showed significant responses
to N, 56 percent to P and 23 percent to NP and NPK, With NP (responses to which are al-
most invariably significant) aversge profits in Eth.iﬁha were 179 1eff}, 137 (wheni} and
95 (barley). There were 31 places with teff trials, 8 with wheat and 4 with barley so the
average profita for the latter two are only indicative (One U.S5. 3 = 2.5 Sth. 3).

The outstanding fact to emerge from the trials is the very extensive area over which
NF responses, usually profitable, occur, The results not only confirm the widespread N
and P deficiencies forecasted in our studies but also show that these are much more ex=
tensive than expected and that profits from NP are frequently high. Since these extensive
and profitable returns result from fertilizers alone (i.e. in the absence of improved
cultural practices, use of high rielding varieties, etc,) widespread and rapid benefits
from NP can be virtually guaranteed. Combined with improved cultural practices, drainage,
high—yielding varieties, etc.,, the benefits will be greater still., In brief the outlock
for fertilizer use in Ethiopia is extremely promising. The emphasis in future soil fer—
tility studies at the Institute will be on soil phosphate especially in those areas where
outstanding P = responses occur,

Yields and Soil Characteristics

These were confined to yield-clay relationships in view of what has already been said
about the adverse effect of the clay soils on yields., Further there was insufficient time
and inadequate facilities for nitrogen and phosphate tests on so many soils (over 300).

The clay-yield relationships proved to be very interesting. iiith teff very sig-
nificant inverse relationships were found between yields (without and with fertilizers)
and the percentage clay in the soil. The inverse relationship was particularly sig-
nificant with the phesphated plots, With wheat similar inverse relationships were found



but the only significant one was with the phosphated plots. The egquations are given
below:

Teff Yield (with Fg = 16.1 g/ha - 0.13% clay FLD.OOI;
Wheat Tield (with F = 16.8 g/ha - 0.14% clay (F40.001

The regressions of the above yields on percentage sand were positive and significant,
but less significant than with clay.

It cannot be said yet whether the significant inverse equations with teff are direcily
due to clay or whether high clay contents are associated with other conditions adverse to
teff e.g. high rainfall, It is highly probable however that clay has a direct effect on
applied phosphate, significantly reducing its effectiveness through fixation by ab-
gorption or through chemical interaction. The yield (with P) = clay relationships are
note-worthy as phosphate, singly and in combination is of prime importance to Ethiopian
soils. It ie evident that phosphatic fertilizers will be most effective on sandy soils.
This has been convincingly demonstirated in the FFHC triale where outstanding and wvery
profitable phosphate responses have occurred on sandy soils where in some places the soils
were abandoned as no longer worth cultivating. Special attention will be paid to such
P - responsive places as regards their extent, the optimal dressings required and soil
tests,



IED S0IL
([E obs)
Average % clay 4.9
(4.6 = 51.8)

T = =0.023X T.2
Y- = =0,052X + 11,0
WP = =0,055X + 12,1
YHP = -0,05TX + 12,8
YHIFK = =0,075X + 15.0

APFENDIX

THE FERTILITY STATUS OF ETHIOPIAN S0ILS
Desta Hamito and H.F. Birc

REGRESSION OF YIRLDS Y a) ON % CLAY (RED AND BLACK SOILS
TEFFP WHEAT
BLACK SOIL RED SOIL
(146 obs) (25 _obs)
Average % clay 47.9 Average % clay 30.5
(10.6 — T4.0 {10.6 - 57.8)
Y = -0.009% + 7.8 Y = 0,083 + 8.3
YH = =0.033X + 11,9 Y4N = 0.091X + 6.2
Y+P = =0,068X + 13.57" Y+P « 0.026X + 9.8
YHP = -0,066X + 16.T" Y4NP = 0.193X + 6.3
YANPK = —0,041X + 16.4 YANFK = 0.142X + 8,6

+ P = 0,05,

++

= 0,02 ++ P = 0,01

BLACK SOIL

(83 obs)

Average % clay 42.5
(6.4 = 70.6)

Y = -0,06X + 11,1
Y4 = —0.07X + 13.7
VP w a2 w261
YHIP = -0,11X + 18,97

Y+NPK = <0,13% +20,91F



THE FAO FERTILIZER PROGRAMME IN ETHIOFIA

by
Ato Gim B.lﬂinﬂh*. n- m and D. Sap“

Supmary

The FAO Fertilizer Programme was very suoceesful in creating a fast growing
demand for fertilizers among small scale farmers. In order to satisfy this demand
Pilot Credit Schemes were initiated im 3 places during the 1968/69 seasom.
Participating farmers have found extremely profitable respomses to applicatiem of
chamical fertilisers on important crops as teff and wheat, The expansion of the
Pilot Credit Schemes which is presented in the following table was limited by the
funds available,

Year Fumber of areas FNumber of ha fertilised®ss
1968 3 126
1569 9 573
1970 29 2 650

Besides the Pilot Credit Schemes, fertilizers were sold om ocash either through
the extension agents or direotly from the Fertiliser Programme Main Office. The
number of ha involved in this Cash Scheme increased from 27 ha im 1967 %o 3 358 ha
in 1970. The total number of ha fertilized with fertilizers distributed through
the Pertilizer Programme will amount to 6 000 ha im 1970, In addition many commercial
farmers purchased large quantities from the private fertiliser ocompanies after they
were oonvinced of the profitability of fertilizer use by meeing the Fertiliger
Programme fertilizer demonstrations.

Fertilizer oconsumption in Ethiopia increassd from 3 000 metric toms in 1967
to 11 000 m.t. in 1970, The increass of fertilizer oomsumption was hampered to a
great extent by the lack of an efficient fertilizer distribution system. The
follow-up of the FAO Fertilizer Programme by the Ethiopian Govermment will be
deocisive for the further expansion of the fertilizer consumption.

1. Basiground

During centuries of continuous farming with little attentiom being paid to
proper scoil management, the majority of Ethiopian soils had reached a state of
near complete depletion of basic plant nutrients resulting in poor average ylelds
of important erops in most parts of the country. Besides, little was known about
specific nutrient deficiencies of the socils.

The FAO Fertilizer Programme in Ethiopia started its activities in 1967,
following a request from the Imperial Ethiopian Govermment, Ministry of Agriculture.
The Pertilizer Programme has been attached to the Extension Department in the
Ministry of Agriculture. 100 extension agents and 50 assistants are working part-
time for the Programme which ie, however, by far their most important ocoupation.
These field level workers are supervised by 1l provincial extension supervisors.

As the use of fertiligers was unknown to Ethiopian farmeras, the first objective
of the Pertilizer Programme was to demonstrate the use of fertilisers on the farmers

Head, PFertiliger Office, Ministry of Agriculture, Ethiopia

FAO Associate Expert (Soil Fertility)

Maximum 2 ha per farmer during his first year of participation and maximum
5 ha per farmer during the following years.

£



own fielda. Besides, it was necessary to conduot trials to find cut which fertilizer
treatments would be most profitable in order to formulate aound recommendationa.

For typical Ethiopian crops like teff® and moog** there was even no knowledge available
in other countriea whioh fartilizer treatments could be tried cut,

2. The Pertiliger Demonstration Prograsme

The demonetration programme conaista of the following main activities:

= gonduoting of a large mumber of fertiliser demcnstraticna;
= training of the field level workers om how to ocarry out the fisld democnetrations

properly; ;
- demonstration of the oombined use of fertilisers and improved varisties,

The development of the fertiliser demcnstration programme is presented in the
following table @

Year Fo. of dems. Bo, of cropa Earvest data recovered
planned

1967 522 5 296

1968 987 15 626

1969 1,145 15 656

197C 1,230 19 =

Each extension agent lays down about 1C fertilizer demonstrations but the final
mizber is subjeot to hie own decision., Before the current agrioultural seascn
(197C/71), the extension agents were asked to conduct at least 6 demcnstrations on
the same crop (preferably the main orop of the ma] in order to allow a more reliable
etatistical analysis of the results.

3. Pertilizer Kinds Used

Although the Ethiopian fertilizer market is very limited, a large rmumber of
fertilizer kinds are imported and mold by the priwvate fertiliser companies. The
latter sold about 7,800 metric tons of fertilizer in 1969 divided among 25 different
fertiliser kinds,

From the beginning the Pertiliser Programme stuck t0 a limited mumber of high
grade fertilisers, namely urea (46% N), triple superphosphate (46% PoCc), and
sulphate of potash (50% E20). Before the current agricultural season ?t was deoided
to ritch over to Diammoniumphosphate (18% ¥ + 48% P2Cs) beocause:

= DAP is the cheapest scurce of plant mutrientas on the fertiliser market;

= transport and storage oosts are minimized dus to the high mutrient ocontent)

- fertilizer treatments based on the use of full bags of DAP and urea, e.g. 18-48-C
(100 kg of DAP) and 41-48<0 (100 kg of DAP + 5C kg of urea), have proved to be
very profitable when applied on Ethiopian scile.

s most of the Ethiopian soile oontain a sufficient amocunt of available potash,
& combined use of F and P20g will be the most prefitable fertilizer treatment in most
areas., Certain defioienoies, e.g. sulpbhur, may appear after a long pericd of using
the same treatment., As the use of sulphate of potash did not show significant
responsss in mpost areas, it may be acocepted that ne sulphur deficienoy has to be
ocorreoted for the time being,

- Teff: Eragrostis abyssinica L., is the most important gralin orop used for the
preparation of typieal Ethicpian food called "enjera”.

#%  Koogt Quizotia abyssinioa Case,., is the country's principal eoil erop.

#88 Tnknown at time of writing.



4. Demonstration designs

Turing the first l-year pericd of the Fertilizer Programme the demcnstration
design was mainly aimed at determining which major plant nutrients were lacking in
Ethiopian soils to an extent that would make the application of the relevant
fertiligers a profitable practios. A demonstration plot (2000 sq.m) consisted of 5
sub=plota (4C0 eq. m uohg with the following applications of W, P2C5, and K2U
in the forms of urea, triple superphosphate, and sulphate of potash respectively:

Plot Small grains,

o0il geeds Legumes Maize, sorghum Potatoes
cotton
a 4= C= 0 20=0=0 60=0-0 40-46-0
b 0 =46- C 0=gb6=0 0=69-0 40=g6=17.5
e 0 =0=0 O=0=0 0=0-0 C=0=C
4 4C=46= 0 20=46=0 6C-69=0 BO=92C
L 40-46-37.5 20-46-31.5 60-69-37.5 BO-g92-75

As the best respcnses were found to phosphate followed by nitrogen - with a
very high intermction of these nutrients - and profitable responaee to potash were
only found in a limited mumber of areas, the second phase of the Pertiliszer Programme
would be aimed at determining the most profitable combinations of N and Pa0ls,
Therafore, a new demonatration design was introduced for the ourrent ssason and will
be adopted through another }-year pericd. The new design was based on the nutrient
content of full 5C kg bags per ha of the fertilizer kinds providing the necessary
plant mutrients at the lowest cost per kg, Whenever potash is applied a split-ploet
design will be used, sc that EoC is applied on only half of each sub-plot., The
new design 1s presented in the following table :

Flot S=all grains, eoil Sorghun Cotton, onions, Maize
.'!d‘ 1“&!5'! peppar, Ehtﬂﬂ. {: !Hb—Elﬂtﬂ}

s 13—-¢B—E 5*33 1&-43—-E 50 18-48-50 41-48-50

b 41-48-( 50 41-48-(50 41-48-50 0=0-0

o 000 0-0-0 0-0-0 73=72-50

d 27.72-5 50; 50-72-(50 50-72-50

" 50-72-(50 73-T2-(50C T3=T2-50

5. Demonstration Results

Fertilizer prices paid by Ethicpian farmers are approximately twice as high as
those paid by most European farmers for comparative amounts of plant mutrients. In
apite of such high prices, caused by the abmnormally high transport occsts, profits
which ocan be derived from proper fertilisation of major Ethiopian orops under mosi
common conditions are very attractive and snoouraging for further investigations
and fertilizer promotionm,

There are, howsver, big variations in fertiliser responses, even within
relatively limited geographical areas. They are partly due to variations in climatic
conditions, altitudes, and soil types, and partly to the extension agents' ability
to get the demonstrations in the ground at the optimus planting time, a factor of
conaiderable importance in obtaining marimum yields. Because of these different
reasons, only average yields to various fertiliszer treatments are shown in the
following table whioh conoerns demonstrations on wheat during 3 years:



. Whe had
Jear No, of observations Lheck ! E 5P HFK

1967,/68 181 9.9 12.9 14.¢ 18,0  18.6
1968,/69 155 9.cC 12.1 12.9 16.8 17.4
1969 /1¢ 154 9.2 12,2 132 164 17.4

The demcnstration results for wheat, teff, and barley were very similar during
the first three years of fertiliser triale. This provea that the amount and
distribution of rainfall is fairly relisble which facilitates reccmmendation of
profitable fertilizer treatmants.

Eoonomio oaloulations based on orop prices at barvest time = Eth, §3C,/1C0 kg
of teff, Eth.$2C/10C kg of wheat, Eth, $15/1CC of barley (1) = and on a fertiliser
coast of $55/ba (including transport over 200 km) are presented in the following
table,

Economics of Pertilizer Use

Year Tield increase in Fet return (2) Value/Cost ratio (3)
the NP :Eh-ftvt E.§
tals /‘ha

TEFF

1967 6.34 135.2C 1.5
1968 8.12 188,60 4.4
1969 7.3 164.00 4.0
WHEAT

1967 8.14 107,80 3.0
1968 T.75 1C0,C0 2.8
1969 T. 2 89.C0 2.6
BARLEY

1967 6.96 49,40 1.9
1968 9.53 87.95 2.6
1963 9. T 9C.50 2.6

Although the number of cbservaticns on other orcps was too limited to be used
for statistical analyses, the available field demcnetration results show mostly
excellent responmes to fertilisation.

bl Cne gquintal- 100 kg
1) Eth.$ - U,.5.80.40

Het return : Value cof yield inorease = Pertiliser oocst.

Value/Comt raticr Value of yield inorease divided by the fertiliser occst
(cutput/input ratio),



6. gial R

(a) Split and non-split nitrogen applicaticns

During the 1963/7C seastn in a muaber of fertilizer demonatrations with teff
(65 observations), looal wheat (26 observations), and Kenya wheat (25 observations)
the sub-plots were split. To one half of the plot all nitrogen was applied at
sowing tize, and to the other bhalf one third of the nitrogen was applied at sowing

tize and the balance 4 weoks later,

Statistical analysis showed that the differences in yield between split and
nen=-split application of nitrogen were non-significant. There was little difference
betwesn the effecta of eplit and non=split applications regardless of the scil
types and yield levels,

(®) Comparison of lccal and Kenys hybrid maize yields

Tohe average Tesults of 22 fortiliszer demonstrations oconduoted during the 1965/7C
season where looal and Xenym bybrid saize (1} were oospared are presented in the
following table:

Sheck E 4 FE FEE

Difference between looal 12.9 11.C 14.C 17.4 16,3
and Kenya hybrid in 1C0 kg.

With and without fertilisers, the Kenya hybrid maise significantly outyields
the local varietiea by about 14 gquintals per ba average. The results alar prove
the profitablility of the cozbined use of fertilizers and improved varieties,

(1) The Kenya hybrids used were the HE11B above 2CC0 m and the HE}2B below 2C00 m,



FERTTLIZER USE ON MAIZE IN KENYA
by
A.Y. Allanw

Maize is well-known as a crop which is very responsive to fertilizers, and huge and
ever-inoreasing amounte of plant foods are applied to it in such countries as U.5.4.,
Yugoslavia and Mexico., Kenyn has about 2¥2 million acres of maize, of which over 95%
is grown by small-scale farmers for their own food requirements. The other 5% is grown
by large-scale farmers, commercially., In the small-scale areas, most of the maigze does
not receive fertilisers, although increasing numbers of small growers are beginning to
use them. In the large-scale areas the use of fertilizera on maize has increased greatly
since 1964-65, and some farmers are now using 100 Kg. P20s and 160 Kg. N per hectare on
commercial fields, and even more on sesed crops. Although the large-scsle growers could,
and undoubtedly will, use more fertilizer in future, it is obvious that the greatest
acope for expansion is in the small-scale areas,

What are the problems connected with using more fertilizers
on maize in the emall-scale areas?

Pertilizers have to be bought and paid for with cash, therefore the small farmers
have to be able to make money out of using them., Fertilizers applied to a food crop
may produce bigger orops, but if the amount surplus to family needs cannot be sold, thenm
the cash to pay for the fertilizer has to come from other scurces. Fortunately, in Kenya,
maize which is surplus to domestic requirsments can be sold for cash, and in fact the
Government, under the new Cereals Policy, is actively emcouraging small farmers to pro-
duce more and more maize so that a larger proportion of the total crop enters the money
economy. Therefore favourable economic conditions exist in this country for a great
expansion in both maize production and fertiliszer consumption in these areas.

Once the small-scale grower starts moving into the cash economy with regard to maize,
then he begins to think about costs, returns, and the difference between these, i.e.

profit or loes.
Information on costs and returna

Once farmers become interested in profits, costs and returns, then consciously or
unconsciously they begin to seek for more and more information on these subjects.
Felevant information comes from the farmers' own experiences and those of neighbours,
from demonstrations and field trials, and from other sources. In this paper I pro-
pose to desoribe some of the information on fertilizers which has been obtained from the
maize agronomy research programme which was started at Kitale in 1963,

The three main lines followed in the fartilizer part of the Programms werei-—

a) to find out the relative importances of fertilizers and
other factors affecting yields, at different levels of
these various factors.

b) to determine the fertilizer responses under conditions
when other factors were not limiting yields, i.s. the
conditions were favourable for obtaining good fertilizer
rasponsgea,

* Maize Agronomist, N.A.R.S5., Kitale



¢) to determine what factors affect fertilizer responses, i.e.
the interactions between fertiligers and other factora.

A, 'The relative importances of fertilizers and other factors

In order to find out the relative importances of six of the main sgronomic factors
which affect ylelds, a series of large nultifactoria.b triale was started in 1966 and
continued in 1967. These trials, which were of a 2° design, provided a great amount of
useful information, but only the most important conclusions can and need be mentioned here,

1. The average yield level in these trials was around 15 bags per acre (33 qfh.a},
which is 2}2 times the estimated Eenya national average yield.

2. At these average yield levels of 15 bags/acre, N. and P, fertilizers were
relatively mach less important than the other factors investigated, namely time of
planting, plant population, genotype of maize and standard of weeding.

3. When theee other factors were at their lower levels, fertilizers had even
less effect on yields.

4. When these other factors were at their higher levelse, then significant responees
to ¥ and P were cbtained, and fertilizers became relatively much more important.

From these trials it was easy to deduce that the low national average yields would
not be improved merely by using more fertilizers. Before fertilizers can have much
effect it will be necessary to greatly improve the simple bapic cultural practices.
(There is, of ocourse, every incentive to adopt the improved oultural practices and
fertiliser use simultanecusly.)

B. Determining fertilizer responses under good cultural
oonditions.

In 1968 and 1569 over 100 fertilizer triale were laid down in the Trans Nzoia and
Uasin Gishu distriots of Western Eenya, and smaller numbers have been oconducted by other
members of the maize research team at Embu and Eakamege. The objects of these trials
were firstly to obtain the physical yield responses to the fertilizers, and secondly to
use these physical responses in conjunction with fertilizer costs and maize prices, to
work out fertilizer recommendations for various sets of conditions.

Cutline of these fertilizer trials

Potash and phosphate were applied im the planting holes at rates which ranged from
0 - 150 Eg/ha of K20 and O - 140 Eg/ha of P05. N was applied as a topdressing at
rates from 0 - 280 Igfha of . The K was applied as sulphate of potash, the P as single
superphosphate, while the N was applied as CAN in 1968, and as ASN in 1969, The
statistiocal design was a modified 3 x 3 x 3 factorial in the form of a central composite
with 18 treatment combinations, from which the linear, quadratic, and linear x linear
responses oan be derived,

Results of these trials

To illustrate the type of information which has been obtained from these trials, the
results from 2 different areas of the Trans Nzoia will be presented here. In both areas
no significant yield responses to K were obtained, and K did not affect lodging. Hence
K will not be discussed further here. In the first area, which consists of the heavy
dark clays on Mount Elgon and at Endebess, there were very good N responses, but no P
effects. In the seocnd area, on the red sandy clays of the Trans Nzoia, there were good
responses t0 both N and P.



1. The N respomse curves obtained om the clay soils of Mt.Elgom and Endebess for 1968
and 1969 are shown in Figure 1, along with the curve for both years combined. Using this
combined response curve, and a maize price of 25/- per 200 1b bag (27/56 per quintal), it
is seen that the application of N is profitable up to 167 when N is 2/~ per Kg.

The fertiliser recocmmendations for these soils can be taken direotly from Pigure 1
geometrically, or can be worked out algebraically from the equation for the curve and the
relevant N cost and maise price. In Table 1 the recommendations for 3 different N prices
with varying amounts of available fertiliser money have been worked out, and the profita-
bilities of these are indioated. In these trials, under good ocultural oconditions, the
maise yielded 44 q/ha without N, but by using 167 Kg/ha N, yields could be increased by
29 g/ha, i.s. almost 66%.

2. On the sandy clay soils of the Trans Nzola distriot, derived from mocidic gneisses of
the Basement Complex, there were good responses to both N and P, with some interaction
between these fertiliszers. Hence both fertilisers should be considered together. In
Figure 2 the P and N responses are shown simultaneously on an isoquant diagram, from which
it oan be seen that a given yleld can be cbtained by using various different combinations
of N and P, However, for a specific price of N and P there is one combination of the

two which is cheaper than any other, and it will obviously be the most profitable ocom=
bination. The diagonal line in Fi 2 and in Figure 3} shows the combinations of K and
P which are cheapest when N costs 1 and P205 costs 1/30 per Kg., and thé maise prioce

is 25/~ per bag (27/56 per Q). Table 2 gives details of the N and P combinations which
should be used with different amounts of fertiliser momey available, and the profitabilities
of these rates. On these soils the yields were increased from 38 g¢/ha without fertiliser

to 71 q/ha by using 158 Eg. ¥ and 102 Xg. P05 per ha.

Putting these recommendations into practice

As soon as these recommendations were worked out, they were handed over to the local
extension team, and they are being put into practice by most of the farmers in the relevant
areas. In the soconomic survey of 109 growers carried out in those areas in 1967-68,
the average amount of money spent on fertilizers for maize was 1:'.'!1)"- per acre; the best
individual grower, who averaged 27.4 bags per acre over 300 acres, spent 98/= per acre on
maize fertilizers. Sinoe then, the rates being used have gone up on most farms,

Another important plant nuirient — Sulphur

K is usually regarded as the third of the three meost important plant foods, but as
already stated, no significant K responses werefound in these NFK irials in these areas.
However, ancther nutrient which may be in short supply in the soil under certain con—
ditions in Sulphur, and some research has been done on this problem.

Sulphur deficiency must have been affecting maige in various parts of Kenya for many
years, but to the best of my knowledge, the first case which was positively diagnosed,
treated and cured ocourred im my own garden in Eitale in April 1968, After this discovery
sulphur deficiency was diagnosed in several fields in Trans Nsoia and Uasin Gishu in
1968 and has been seen again since then, although most farmers in the area are now

"gulphur-conscious".

To investigate causes and effects of sulphur deficiency 9 Sulphur trials were laid
down in 1969 and are being repeated thie year. The aim of the triale was {o study the
aeffects of 5 on ylelds; S was applied in ordinary commercial fertiligers. The com-
positions of the fertilizers used are shown in Table 3, and the details of the amounts and
combinations applied, and the times of application are shown in Table 4. The yields
from each treatment in every trial are shown in Table 5 and these results are condensed in
Table & to show the effects of S more clearly., In some of the trials 5 had no effect, but
in others, particularly at Eiminini and Hulme, the S had a very large effect on yield. The
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Table 1. FERTILIZER RECOMMENDATIONS FOR CLAY SOILS, ON OR NWEAR MT.ELOON, TRAN3 NZOIA DISTRICT, W.KENTA

P_O_ where the expeoted yleld is below 40

c%nil are not included in the following table;

WHEN N COSTS 1{6(1, IZE or 2/- per Kd.

H.B, There were no significant phosphate responses on these soils and therefore it is recommended that phosphate
be applied at rates adequate to replace tha te removed in the crop.

, and up to 40

Suggested rates are 20
P205 at higher yield levels.
the phosphate coet is regarded as an "overhead" ocost here.

a) N ocosts 1/60 per Kg. (72 cents per 1b.)

Woney available |Kgs. N per ha |Predioted yield | Inorease in gross | Inoreased profit from| &% Profit from
for Nitrogen Shs.| recommended increase return — Shillings | nitrogen usage — Sha.| nitrogen usage
Per aore | Per ha Par acre Per ha | Per acre Per ha
50| 124 78 17 190 470 140 346 280
100 | 247 155 27 302 747 202 500 202
E.0. 116 | 286 179 29 325 802 | 209 516 180
b) Nitrogen ocosts 1/80 per Kg. (82 oents per 1b.)
50| 124 69 15 168 ns 118 291 236
100 | 247 138 26 291 719 191 472 191
E.0. 126 | 311 173 29 325 802 199 491 158
c) Nitrogen oosts 2/- per Kg. (91 cents per 1b.)
50| 124 62 14 157 387 107 263 214
100 | 247 124 24 269 664 169 417 169
E.0. 135 | 334 167 28 313 174 178 440 132

E.0. = Economio optimum, at which maximum total profit is cbtalned, and beyond which profits decrease.
Maise price is 27/56 per Quintal (100 Kge.) = 24/80 per 90 Kg. bag = 25/- per 200 lb. bag.

Phosphate
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Kgiy/ha FIGURE 3 . FERTILIZER RECOMMENDATIONS POR SANDY CLAYS, TRANS NZOIA, W. KENYA
Single Po0
Supers 3 These are derived fron the isoquant diagrarn for 35 NPK trials in 1968-69
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Table 2. FERTILIZER RECOMMENDATIONS FOR SANDY CLAYS, TRANS NZOIA, W, KENYA

These are derived from the results of 35 NFX trials in 1968-69
The economic results are based on the following:-

N costs 1/80 per Kg; P05 costs 1/30 per Kg; maisze prioce is 27/56 per Quintal

i.e. 82 cents per 1b; 59 cents per 1b; 25/= per 200 lba.
Money available Fertilizers Predicted yield Inorease in gross Inoreased profit % Profit from
for fertilizers recommended increase return - GShga. from fartilizers use of
Shgs. Kgma. per ha, qfha. Shes. fertilizers
Per asre Per ha N P205 Per more Per ha Per acre Per ha
25 62 13 34 8 89 221 64 159 256
50 124 38 45 14 156 387 106 263 212
75 185 63 57 19 213 526 138 341 184
100 247 a8 &9 24 269 664 169 417 169
125 309 113 81 28 113 174 188 465 150
150 mn 138 93 31 347 857 197 486 131
169 47 158 102 33 70 913 201 496 119




biggest effects ococurred on grassland which had been ploughed late, so that there was not
enough time before maize planting for the organic matter to rot down much. Such con—
ditions pertained at Kiminini, Hulme and Long. When N and F fertilizers without 3

were used at these sites, acute 5 deficiency sympioms were seen on the growing plants,
and at harvest the grain was a dull, creamy-white colour and was smaller in size with a
higher proportion of rottem pips.

Farmers can easily avoid sulphur deficiency by:-
a) ploughing grassland early, well before planting, and

b) applying at leaat 25 Kgfha of 5 in their other fertilisers,
preferably at planting.

C. Factora which affect fertilizer responses

In the previous seotiom, the responses to fertilisers obtained under good oultural
conditions were described. However, farmers very often fail to provide the optimm
cultural conditions for their crops, and therefore it is important to have information om
how sub—optimal conditions affect fertilizer responses. In cther words, a knowledgs of
the importance and the magnitude of the interactions between fertiligers and other factors
affecting yields is essential for efficient fertilizer use. In our experimental programme,
several of the most important interactions have been studied, and some examples of these
will be desoribed.

1. Time of planting

It is fairly well known that late planting reduces maize yields drastically, but it
may be less well known that late planting aleo reduces feriilizer responses, particularly
responses to N. This effect is shown in Table 7, from which it is quite easy to see that
there are some conditions under which farmers should definitely not use NI

2. Plant Population

As the fertility level and nutrient supplying power of the scil is raised by the
application of fertilizers, the population level must also be raised to take full advantage
of the higher fertility. Figure 4 shows the yield isoquants for N end P reesponses in a
trial where there were 2 populations, the first being half the recommended number of plants,
and the second being correct. The figure clearly shows that about 50% more increase in
yield was obtained from the same amounts of fertiliser when the population was correct.

The extra cost of obtaining the correct population ie only a few shillings, and some extra
care and attention at planting; the extra return ie very considerable.

3e Improved typea of maize

The breeding programme has very successfully produced hybrids with much higher
yield potentials than the former farmers' varieties. Not only do they have a higher yield
potential, but they can alsowilise fertilizers more efficiently. For example, in 5
District Husbandry Trials in 1967, it was found that 80 Kg. N/ha increased the yields of
a local variety by 8.3 qfha. whereas the same amount of N increased the yields of hybrid
613B by 10.1 g/ha

e Complex interactions

A8 well as the simple interactions described above, there are complex interactions
between fertilizers and the other factors affecting yields. In the same 5 Diestrict



Table 3. Nitrogen oephate and sulphur contents of fertilizers used

Code Fertilizer LB 4 P05 s
D. 5. Double superrheosphate - 40 *
5. 5. Single superphosphate - 20 12
D.A.F. Diammonium phosphate 18 48 *
. Urea 46 - =
C.A.H. Calcium ammonium nitrate |26 - -
A.S.N. Ammonium sulphate .nitra‘te 26 - 12

Hotei— * = very small, negligible amount of sulphur



Table 4. Rates and Combinations of N, P, and 3 per Hectare

Egms. of pure Futrient applied per ha. Egms. per ha. of fertilizer
Treatment I
At planting Topdressed
Code No, Seedbed 3 | Topdressed S | Total S [P205 | N 13 s DAP I CAN ASN
ol 0 ] 0 0.0 0.0 1] o 4] 4] 4] 4]
oz 0 4] 0 TO.T | 141.4 | 177 0 0 07 4] 0
03 0 0 0 T0.7 | 141.4 | 177 0 0 0 | 544 0
04 1] 0 0 TO.T | 141.4 0 o | 147 251 0 0
05 o 0 0 T0.T | 141.4 0 0 | 147 0| 442 4]
06 42 0 42 70.7 {141.4| O | 354 0 07} 0 0
07 42 0 42 |70.7|141.4| O |354 | o o | 544 0
o8 0 42 42 T0.T | 141.4 | 177 o 0 0] 1% 354
09 0 42 42 TO.T | 141.4 o O | 147 o 88 354
10 21 21 42 |T0.7 |141.4 | B9 | 177 0 0| 367 | 177
11 42 42 84 |T70.7|141.4| O | 354 0 0190 | 354
Hoten D.S. = Double superphosphate

S5.8. = Single superphosphate
D.A.P. = Diammonium phosphate
U- - “ﬂl



Table 5. SULPHUR TRIALS - TRANS NZOIA 1969
Yields - Q/Ha. (2.24 g/ha = 1 bag of 200 lbs/acre)
All treatments, except control, received 70 kg. P205 + 141 kg. N per ha. (1.12 kg/ha = 1 1b/acre)
Treatments 2 - 5 received ne Sulphur
Treatments 6 - 10 received 42 kg. Sulphur/ha
Treatment 11 received 84 kg. Sulphur
LOCATIONS
SULPHUR TYPES OF
| TREATMENT FERTILIZER STRONG SABWANI | RUssELL | LoNo | HuiME | LEYs | pAvIDSON KN m I{cox |AvERAGE

1. Control 0 81.2 18.0 37.2 | 45.8 | 27.4 | 33.7T| 27.4 20.9 |38.6] 236.7

2. HNo 5 DS+ TB-B TE;'D m-a 5313 4119 581-4 41-5 38-2 E‘ﬂiﬁ 55;8

i, o DS+CAN 79.3 88.4 34.5 66.3 6.6 | 63.2 28.0 35.0 [49.1] 53.4

4 ® " DAP+U 87.8 T4.T 40.1 56.5 35.9 | 63.3 40.8 30.3 160.9] 54.5

Be M P DAP+CAN 89.8 78.8 1.6 573 4.1 | 59.8 il.0 23,2 |s1.4]| 51.9

6., 5in 55+U 80.0 76.7 42,2 66.7T 55.0 | 62.1 42.8 58.8 |64.2] 60.9

7. Seedbed SS4CAN B31.9 78.3 4.6 55, 48.0 | 63.5 46.4 54.3 [48.8] 57.1

B, S top- DS+CAN+ASN 79.3 77.2 38,2 T2.2 57.7 | 68.8 40,2 63.4 |57.4) 61.6

9, dressed DAP+CAN+ASN 86.7 T6.8 3.9 66.6 49.3 | 66.4 52.8 52.4 |49.9] 60.0

13, 5 in  bed | DS+35+CAN+ASN B6.6 85.7 42.4 6.3 51.9 | 59.7 43.0 63.8 |39.2] 61.6

& top-dr,

11, Double S S54CAN+ASN 83.9 87.0 40,6 68.3 52.0 | T4.6 51.0 57.0 [55.4] 63.3
Averages 83.4 T4.6 19,1 63,2 44.5 | 61.2 41.0 45.2 [52.3] 56.1
L.8.,D. 5% 6.7 12.2 11.4 24.0 13.9 | 13.0 19.2 14.8 [17.0 5.5
C.V.% 4.0 8.2 14.6 | 19.0 | 15.6 | 10.6 23.4 16.4 [16.3] 14.9
F - xx - - x xx - Ty - X




Table &.

SULPHUR TRIALS -

TRANS NZOIA 1969

YIELDS IN QUINTALS/HECTARE

LOCATIONS

Therafore the comparisons between 2 & 3} are moat acourate.
B The most severe S deficlency symptoms were seen at Kiminini, Nai Farm & Hulme.

OVERALL
TREATHENT STRONG | SABWANI |RUSSELL | NAT FARM | HULME | LEYS | DAVIDSON [KIMININI| COX | MEANS
1. RO FERTILIZER g1.2 18.0 7.2 45.8 27.4 ] 33.7 27.4 20,9 |38.6 16.7
2. NO SULFHUR ;
70 kg. Pp0s + 141 kg. N/ha 81.9 8o.2 39.1 60.9 37.1] 61.2 35.4 311.T 155.5 53.9
3. 42 XG0 SULPHUR +
70 kg P205 + 141 kg. N/ha 83.3 78.9 39.3 67.5 52.4 | 64.1 46,2 58.5 |51.9 60.8
4. 84 KO SULFHUR +
70 kg Pp0s + 141 kg. N/ha B3.9 B7.0 40,6 68.13 52,0 | 74.6 51.0 57.0 [55.4 63.3
SICNIFICANCE - X - - x xx - X - ITX
—
Notes. A Treatment 1 is averaged over 2 plots at each location
2 n " n B n n n "
3 " n L] ln n L] L "
4 L] n L] 2 n " LL] n




Table T. Time of Flanting Effect

Yield increase |Return (shs) from N

No. of Time of from 160 Kg/ha |N costs 1/80 per Kg
N topdressing |Maize price 27/56
Year Trialse Flanting Q/ha per &
Per acre per ha
1965 2 Start of rains 15.7 + 59 + 145
3 weeka later 8.3 - 24 - 59
6 weekse later - - 116 - 288
9 weeka later - - 116 - 288
1966 4 Start of rains 24.4 + 156 + 184
3 weeks later 13,3 + 32 + 719
6 weeks later 0.9 = 107 - 263
9 weeks later 1.3 - 102 - 252
1967 2 Start of rains 33.6 + 258 + 638
4 weeks later 22.4 + 133 + 329
1968 2 Start of rains 26,2 + 176 + 434
1 weeks later 17.0 + 713 + 181
6 weeks later 5.6 - 54 - 134
9 weeks later 2.0 - 94 - 233
1968 4 Start of rains il.8 + 238 + 588
3 weeks later 15.5 + 56 + 139
6 weeks later 4.5 - 66 = 164




Pipure No, 4. The Effect of different plant populations on responses to N and P fertllizers

DISTRICT CULTURAL TRIAL, FIELD 16, N.A.R.3., KITALE, KENYA. 1966

Kg/ha The isoquants show the yields in quintals per hectare. (1 g/ha = 2,242 bags/acre)
ngﬁ 23,900 plants per ha = 9,680 plants/acre 47,800 plants/ha = 19,360 plants/acre
90 90
Mﬂi/
72 L 721
75
54 54
36|- 76 36 |-
® 2 ‘_/ 18
1
5 \
o I 1 A 1 1 u\ﬁs i
0 23 46 69 92 115 o 115

N topdressing = Kga, per ha



Husbandry Triale in 1967, there is a good erample of such interactions, as shown in the
table below.

Complex Interactions between fertilizers and other faotors - Q/ha

|
Without fertilizeras |With fartilizers Differences
BH + LP 20.9 26.0 5.1
Eﬁ + Hy 3.7 5.8 8.1
ifferences 53.8 64.8

Hotea. OH = Early planting + good population + glean
weeding.

BH = Planting 4 weeks late + low populatiom +
poor weeding.

IF = Local farmers' maize.
Hy = Hybrid 613B.
Pertilizers = 56 Kg. P20g+ 80 Kg. N per ha.

In these trials the response to the fertilizers was three times greater when it was
used under good cultural conditions along with hybrid seed.

Conclusion

There are many reascns for believing that the next few years will see & major
revolution in maize growing in the small-scale farming areas of Kenya, and that fertilizers
will play a very important part in this development. Small-scale farmers have planted
50% more hybrid seed in 1970 than they did in 1969 - the mcreage in small farming areas is
now 250,000 acres., Enough hybrid seed ie being produced this year to plant 400 - 500,000
acres in 1971, and again the greater part of that will go to the small-scale areas. Ais
they see the high yields which can be obtained by combining fertilisers, hybrid seed and
good cultural practices, these small farmers will buy more and more fertilizers to go
along with these other inputs.

We on the research eide can give very good varietal recommendations and good advice
on many of the cultural aspects such as plant populatioms, time of planting, weeding
and insect control. [However, we are able to give detailed and accurate fertilizer
recomnendations for only a few of the main maize growing areas. It is imperative there-
fore that efforts are made to expand the maize fertilizer research work into those areas
which are not adequately covered at present.



RESPONSE OF CROFS TO FERTILIZERS ON FARMERS FIELDS AND
RESEARCH STATIONS

by
5.8, Muturi®

Of the major farming enterprises in Kenya, investigations into fertilizer use have
been carried out for a number of years. Those related to pyrethrum, wheat, pastures and
pineapples are reviewed in this paper. It is our experience in Kenya that the maximum
benefite from fertiliszer application can only be obtained if the other conditions such as
the genotype, ocultural husbandry and the weather are at their optimum.

FTRETHRUM

Pyrethrum, {Gh:_*zan.nthemw ginerariaefolium Vis.) is a daisy-like perennial producing
a quantity of white flowers. The commercial valuea of the crop lies in the insecticidal

properties of the pyrethrine contained in the achenes.

The firet experiments in Kenya included phosphates, lime and mulch. Owing to the
shortage of superphosphate during the second world war, the little superphosphate that was
available was mixed with Uganda Rock Fhoaphate at a ratio of 1:4Y2. Results were rather
disappointing and it became evident that only water soluble phosphate were beneficial to
the erop.

Later trials showed that phosphorus was almost a necessity especially since super—
phosphates were more available at the end of the second world war. Trialas at Einangop,
Kipkabus, Ainabkoi and Londiani lasting two seasons showed significant yield increase to
triple superphosphate (Table 1).

Table 1. Effect of superphosphate on pyrethrum flower yield
at 4 locations

Fertiliger Tield (Kg/ha.)
Control 649
330 Kg/ha Triple Supers. 890

Various types of fertilizers were later tried to find out whether basic fertiligers
of slower action such as basic slag produced a more pronounced lasting effect than super-
}::-hunphtt;s. There was no prolonged effect of basic fertilizers over the phosphates

Table 2).

In Kenya and other countries where pyrethrum has been grown at one time or another
(England, France, Japan and India) response to phosphate is only obtained in the first
year. This is generally attributed to phosphate fixation by the soil.

» Minietry of Agriculture, Nairobi.



Table 2. Effect of various phosphatic fertilizers om pyrethrum
flower yield (Kg/ha.)

Marindas (3 seasons)

Control [ 2120

220 Kg Triple Supers | 3108
495 Kg Basic slag 3024
495 Kg Eenaf 2860

01 Joro Orck (3 eeasons)

Control 789
220 KEg. Triple Supera 1460
550 Kg. Basic slag 1114

Further studies were undertaken to determine the effect of increasing the amount of
phosphate. Application was based on the quantity of P205, a linear comparison of 0,
165, 330 and 495 Eg/ha triple superphosphate.

Table 1. Effect of increasing amounts of triple superphosphate
on pyrethrum flower yields (Kg/ha)

Rate of Triple Supers Rate of P20g Yield
EINANGOP (2 Seasons)

0 0 711
165 67 810
330 134 1012
495 201 1124

MARINDAS (2 Seasons)

0 0 1161
165 &7 1529
330 134 1546
495 201 1476

The soil at Kinangop was poor, grey-orangey in colour, a transition from forest soil
to Vlei. In this case, & heavy dose of 495 Kg. triple supers proved superior. At
Marindas, however, with a good lcamy soil a dosage of 165 Kg triple supers proved adequate.

It is therefore advisable, unless soil conditions demand more, to resirict the dose to
165-220 Kg triple supers (67-95 Kg P205) per ha. On deep, well drained soils deficient
in P about 20=30% increase in flower yield could be expected. If the planting material



used has high yleld potential, and the standard of husbandry is high, then economic returns
are feasible.

Other Elements

Potash: At the rates of 55 and 165 Kg/ha Muriate of potash repeated every season,
K produced no response at Marindas for 1} years. At Molo and T/Falls there were de-
creases in yield (not significant) through K applications, though the soils showed

deficiency in K.

Nitrogen: Pyrethrum has never responded to F applicationa over numerous trials
carried out to date., In some cases decreases (not significant) have been Tecorded.
The tendency is that too much N causes too much vegetativenese and too little flower

production.

Calcium: Response has only been obtained at high doses (1000 Kgfha] lime on heavily
leached soils.

Minor elements: No response has ever been obtained 4o Mo, Zn, Mg or Cu even in soils
showing severe deficiencies in these elements.

WHEAT

An extensive fertilizer programme on wheat was ocarried out by Holme and Sherwood
between 1950 and 1954. They found that generally there was far greater reaponse to
phoasphate than to nitrogen fertilizer. A summary of their work is published in "The
Fertilizer requirement of the Kenya Highlands, Colonial Research Study Ne,12, H.M.3.0.

London™.

In 1967 investigatione were started on the influence of N, P, K and lime on yield
at 30 locatione evenly distributed over the wheat growing areas. The trial esites
covered varied rainfall patterns, altitudes and soil types. The levels of fertiliszer

used ranged as follows {Kgfhl»].
N : 0-80, Pp0Og : 0-125, K20 : 0-80 and CaCo3 : 0-1000.

In 1968 the trial was modified to 32 NxP factorial within the range N : 0-40 and
P20s : 0-80 Kg/ha. Thie trial was planted at 28 locationms.

In 1969 the basic 32 NxP factorial trial was retained but a tenth treatment which
included N, P and K at 40,80,80 Kg/ha respectively was added. The trial was planted
at 19 locationa. During the course of the trial information was collected on cropping
history, scil type, altitude and rainfall. Scil samples were also collected and analysed

at the National Agricultural Laboratories at Nairobi.
Prom these triale the following conclusions can be drawn:

FPotash:

Although paet experience of effect of potash has not been encouraging, potash was
inecluded in these trials to obtain a comprehensive foundation for future experimentation.
None of the 1967 trials showed a response to application of potash alome. Nonetheleas
there were five sites, all from young foreet socile under heavy rainfall regime, where
potash eignificantly increased yields. The increase was at high levels of K20 (80 Kg/ha)

and also at high levels of N and P.



Lime:

The effect of lime has been a subject of investigation by many workers in the past.
Their results generally suggested that beneficial effects may only be realised after
repeated heavy dressings. In the 1967 trials, rates of 1000 Kg/ha agricultural lime
did not produce any significant effect on either soil pHE or grain yield. Future trials
will therefore be conducted on long term basis, on areas where response is most likely.

Phquhntnl

As expected, phosphate has proved to be the only effective plant nuirient in wheat.
Significant yield increases due to the application of phosphate were obtained on nearly
half the number of sitee for three yeara, Highest effect of phosphate was common on
fields where wheat was planted on the first, second or third year afier grass. FHesponee
tended to fall off the more the land was repeatedly cultivated. With good management
standards economic yields could be obtained to phosphate dressings of up to 80-100 Kg/ha
Po05 with 100 Kg/ha more or less as the upper turning point. On land which is continuously
cropped, & maintenance of 40-60 Kgfhn is recommended.

In all cases attempts were made to correlate soil test data with response to F. Seil
data has been of little value in this aspeot except in extreme cases where it is poasible
to prediot response based on soil status., No other factor seemed to correlate with res-
ponse to P better than the crepping history during the 3 year trial period.

Nitrogen:

Response to N was also very closely correlated with the cropping history than any
other factor. In land which is ploughed in time after grass there is adequate supply of
nitrogen resulting from mineralisation of organic matter. Such effect may last into the
second year of cropping. In cases where land is hastily prepared, a starter dose of
10-20 Kg/ha is worth while.

Generally, there was economic respemse t¢ N on land which had been continuously cropped
for three or more years.

Trials on top—dressing with N have not been very encouraging. Trials invelving top-
dressing in the form of broadcasting and foliar eprays at the time of herbicide application
have not resulted in yield increases and in some cases there have been depression of yield.

Minor Elements

A limited amount of work has been done on the gquestion of minor elements. So far re—
warding results have been realised on aspects of copper deficlency. In the early fifties
it was realised that although Njoro soils were deficient in phosphate, the use of P
aggravated the deficiency of some other nutrient, the degree of severity increasing with
the amowmt of P applied. The deficient nutrient was later found to be copper.

During 1968 and 1969 triale were laid on farmers fields in the Cu-defficient areas to
determine the most effective methods and the optimum rates of copper application.

It was generally found that there was no significant response to Copper in fielde which
had been cropped to wheat with copper applicatiom in the previous 2 yeara. However, sig-
nificant response was cbtained in fields planted to wheat in the first year after grass.

In one particular site in the Menengai area, the application of Copper increased yields
ten-fold.



The current recommendation is to apply 1 Kg/ha 50% Copper oxychloride as seed-
dressing, followed by 1 Kgfh; foliar spray at the time of herbicide application. As
copper deficiency symptoms can occur at any time during the life-cycle of the crop, the
firet application as seed-dreseing ensures that the crop has adequate amounts of copper
to last up to the time the second dose is applied together with the herbicide.

Generally, it is obvious by the standards of other tropical or sub—tropical countries
which have had experience with wheat, that the sort of response obtained with wheat in
Eenya is extraordinmarily low. It is probable that when higher yielding varieties are
introduced, greater responses will be obtained.

PASTURES

The pasture research project in Kenya aims at, among other things, ways of obtaining
leya with high dry-matter yields of high nutritive value. A fertilizer programme to find
out whether fertilizer application can raise the two traite is currently under way and
some of the findings for the medium and high altitudea are summarised here.

Fhosphate:

Phosphate ie recognised as one of the most limiting soil nutrients in pasture plants
of Eenya. It is needed for the establishment of grasses in most areas and improves their
nutritive value and yields. The optimum rates depend on the locality, soil reaction and

rainfell following application. (Oenerally, the lower the pH, the greater the response to
P20s. Responses are therefore greater at higher altitudes than at medium altitudes.

For high altitudes a basal dressing of 130-195 EEﬂM| Pp05 followed by 65 ngha annual
top—dressing is recommended. For medium altitudes, the optimum rate does not exceed
60 Kg/ha P205 per annum.

Nitrogen:

Added nitrogenous fertilizer leads to a greater response to phosphatic fertilizer by
pasture plants., Sown grass as well as natural grasslands in the medium and high
altitudes respond to nitrogen in terms of dry matter yield. HNitrogen application, how-
ever, does not appreciately inorease the crude protein content (C.P.). The table below
indicates response to nitrogen obtained at Kitale with Nandi Setaria for & cuts in the
1968/69 season.

Treatment D.M. Kg/ha N Kg/ha % C.P,
0 Kg N/ha 6302 110.6 11.0
99 ® 8754 160.6 11.5
197 » 10577 158.8 11.8
296 13597 260.9 12.0

Owing to the high price of nitrogenous fertilizers, more interest is increasingly
being focused on the role of legumes. The table below shows the effect of various



Setaria/legume mixtures at Kitale during the 1968/69 season.

Setaria mixed with D.M. Kg/ha N Kg/ha % C.P.
Setaria alone 6302 110.6 11.0
Kenya white clover 10904 287.0 16.5
Desmodium uncinatum 11502 349.4 19.0
T. intortum 14708 465.4 19.8

It 18 evident from the above table that legumes increase both the yield and quality of
the herbage. The presence of the legumes also resulted in build up of the soil fertility
that benefitted the subsequent crop.

Other Elements:

No responses have been found for potash except for Pennisetum purpurem (Napier grass)
receiving high rates of N. Only transitory responses to lime and Molybdenum have been
found for lucerne (Medicago sativa) at high altitudes.

PINEAFPLES

Pineapples (Ananas comosus L,)hzve assumed great economic importance in Kenya as a
canned erop. Canned pineapples are grown between the altitudes of 1370 and 1740 metres.
Below thie range the fruit beccmes too sweet and above this altitude the fruit becomes too
aoid, both aspects being unsuitable for canning. The oycle from planting to replanting
lasts for about four years.

Investigations into fertilizer use in pineapples have been carried ocut for scmetime
and the major findings are summarised below:

Nitrogen:

The pineapple needs large amounts of nitrogen to increase fruit weight, size and
weight and its use has become standard practice with most large scale growers. It has
been shown that almost two tonms of Sulphate of Ammonia per hectare are needed during the
firsat 3 years of the oyole. The optimum rate for thie fertiliszer is sbout 460 Kg N
for the plant orop followed by 120 E’g,.l"'ha N for the ratoona, There is no difference
wvhether N is applied in the form of Sulphate of Ammonia, Ammonium Sulphate Nitrate or Cal-

olumz Ammonium Nitrate,

Studies on the use of foliar sprays of nitrogen in the form of Urea showed that it
was as efficient as soil applied Sulphate of ammonia. Urea concentrations higher than
5% are harmful when applied during the dry seasocn, Present recommendations for urea are
monthly applications of 86 Kg/ha in a convenient volume of water but the solution must be
below 5%, This should be done for 10 months beginning from the 4th month after planting.
The ratoon should receive 8 monthly applications at the rate of 50 Kg/ha, Foliar sprays
can cenveniently te applied with pestiocides.

Phoaphate and Potassium:

In triale conducted in Kenya there has seldom been any response to either P or K,
although most Kenya soils where these trials have been carried out have shown smevere
deficiencies in both elementa. No interaction between N, P and K have been deserved.



Minor Elements:

Minor elements, especially iron and sino, have been found to be necessary for pine-
apples in Kenya. Iron applied in chelated form and in oombination with N gave significant
increase in yield and individual fruit weight. Iron and Magnesium sprays did not produce

significant increase in yield but Mg spraye significantly increased the mean fruit weight.
Copper has been found to have a depressing effect on yield.



THE FAOQ MERTILIZER FROGRAMME IN EFNTA
by
A.J., Okalo* and K., Zechernitz**

Summary

The FAO Fertilizer Programme started working in Kenya in September 1668, Since then
500 demomstrations have been laid out in the planting season 1969 and 1200 demonstrations in
1970. Results of planting season 1969 were summarized and they are contained in this re-
port. Inspite of drought conditions in most parts of Kenya in 1969 very good fertiliser
response was reported, especially from maize and groundnut demonstrationa. NFEK trials con-
ducted on groundnut, beans and scya beans gave firat information on the fertilization of
this crop. They have been repeated in 1970 to confirm the information obtained in 1963.

To improve the distribution of fertilizers and seed a Filot Scheme for Fertilizer and
Seed Distribution wes started in Vihiga Division of Kakamega District. This is one of the
most denssly populated divieions in Kenya. Farma are very small so that the highest yield
has to be obtained from the small acreage. Good cultivation methods, seeds and fertilizers
can increase maize yields from 6 to § bags per amcre to 25-30 bags. The scheme became
operational in January 1970,

a. INTRODUCTION

The Republic of Kenya joined the FAO Fertilizer Programme in 1968 with the aim to in-
crease agricultural production in the small scale farming areas. Demonstrations carried out
in the Pertiliger Programme on farmers' fields are a package of good crop husbandry methods,
improved seeds, insecticides mand two different fertilizer treatmenis. By including all these
factors in one demonstration the effect on the farming population is very high., In small
gcale farming areas mverage maize yields are still between 5-6 bags of 200 1t per acre.
Marimum yield in some of the demonstrations carried out under the FAO Programme gave more
than 30 bage per acre, That shows the wide range of improvement that is poesible in Kenya's
agriculture. Many small scale farmers in Kenya have accepted already modern methode of far—
ming. Put in some areas inputs like fertilizers, improved eeed and insecticides are not easy
to buy. Depots of the large fertilizer firms can be found only im the bigger towns and mar-
ket places. The distribution of inputs has to be improved in many districte of Kenya if the
production targets in agriculture are to be reached.

Under the PAD Pertilizer Programme Pilot Schemes of Fertilizer Distribution have been
initiated to improve the supply of fertilizer. Another problem which hes to be solved is
the availability of production credits to small ecale farmers. Up to now all efforts in this
direction have failed for several ressons. In phase three of the Fertilizer Programme credit
gchemes for small scale farmers will be started.

b. ACTIVITIES OF THE FERTILIZER PROGRAMME IN KENTA

The PAO Soil Fertility Expert arrived in Kenya in September 1968, After getting
familiarized with the different parts of the country the expert started operations at the
beginning of October 1568. The official opening of the prograsmme tock place at a seminar
held at the Kitale National Research Station, Forty-six district agricultural officers and
agsistant agricultural officers participated in the cpening seminar.

Before and during the seminar treatments were fixed for the demonstiraticns on different
crops. Crops included were maize, groundnuts, potatoes, beans, soya beana and sorghum. The
treatments for them were as follows:

Maize: Plot 1 Flot 2 Plot 13
1. Weastern Kenya
control 0-50-0 E0—60-0
2. Central and Eastern Kenya
control O=40=0 AD=40-0

3. Katumani maize for dry areas

¥ Soil Fertility Olficer,Finistry o Toulture,Nairobi. ¥* FAO Soil Fertility Expert.




Plot 1 Flot 2 Flot 3
Potatoes & oontrol E0—50-0 605060

Groundrmute, beans
and Bcys beans i control Q) O 04040

Sorghum & eontrol O O3 40=40-=0

For muize different treatments were used according to the recommend-tions of the Kitale Research
Station. Fur potatoes recommendations of the Hortioultural Research Station at Thika were followed,
Little dnformation was available on the fertilization of legumes, Treatments used were based on expe-
riesoe pgoined in other eountries. Por sorghum the recommendation of the Serere Research Station in
Uponde. waas followed,

As there were almost no recommendations avallable on legumes, it was declded by the peminar to
corry out somo exact triale on theee erops, Hesulte can be seen in part d, of this paper.

The totnl number of demonstraticns to be lald out during the planting season 1969 was fixed at
500y 300 on maize, 100 on groundmuts, 50 on potatoes and 50 on beans, soya beans and morghum, The
resulis of ihis demonstration can be seen in part os of this paper. For the plantirg meason 1370,
1220 demonsirations wore laid out in Kenya. BResults of these demonsirations are etill outstanding
when this paper was compiled. According to crops there are TOO maize plote, 220 groundnut plots, 200
potato plots, 50 bean plots, 30 sorghum plots and 20 soya bean plots, These demonstrztions are
carriad out in & provinces including the Coast province, There are no demonstrations in the arid
liorth Eastern province.

At the beginning of each planting eeason training courses for the field etaff are conducted in
each of the 24 districts. Besides discuseions of the work carried out during the last planting season,
plans are made for the new planting season, and plots are practically laid out on the ground so that
each instructor in the field knows what he has to do. Besides this instruotion books and recording
sheets are explained and handed out to field staff,

With the planting season 1970 the FPertilizer Programme entered its second phase. Acoording to
the plan of operations a Pilot Scheme for Fertilizer Distribution was started in Vihigas Divieion of
Kakamega distriot, Western province. Details of the scheme oan be seen in part e, of this paper. The
pilot scheme is operational since the beginning of 1970. First maize fielde planted with 20-20-0
compound fertiliger gave very high yield.

e  FERTILIZER DEMONSTRATIONS
anting Season 1 Lo = Aver Tield Data

Below, results are summarized of fertiliszer demonstrations carried out during the planting sea-
son long rains 1969, Average yield data have been calculated for each district and the various crops
on which demonstirations have been lald cut. The ylelds are given in Il:-fmn as most of the recordings
wera done in the British system., Out of 500 demonstrations planned 417 reports were received at the
Hinistry of Agrioulture Headquarters in Nairobi. 336 reports had results that could be usmed for
calculations. In this respect 1t has to be recalled that 1969 was an extremely dry year in Kenya.
Especially potato and bean plots in Central and Eastern province suffered from drought and many of
them failed completely. Maise plots in Central, Esstern and parts of Rift Valley provinoe gave low
ylields because of lack of rein. Western Eenya wes somewhat more fortunate as there was more rein in
mopt parts of Nyanza and Western provinoe. This ie reflected in higher yields of the demonstration

plots.
Prices for Produce

Generally the priocss for produce paid hy the Maime and Produce Board were used to oaloulate the
valus of yleld increases over control., As it appears from the recording sheets, these prices are very
such on the conservative side. In many distriots prices betwesen 30 — 40 E. sha. per bag of maize
were reported. The same ocan be peid of other orope. FPrioes used for caleulations are as follows :



Crop E, shs, por unit _!_I.M_t_l_ag oenta/lb

Maize 25 200 12,5
Groundnute !

a) Homa Bay 125 180 £9.4

) Uganda Bunch 15 160 41.6
Beans 50 200 25.0
Soya Baans &0 200 30,0
Sorghum (white) 18 160 10.0
Potatoss 15 160 B.3

Frices for Fertilizera Treatmonts

For fertilizers prices were used as reported by the field staff in the reocording sheets for each
digtriet. Remote places ususlly have higher prices because of higher transport costs. Treatments are

given in lhfmn of pure nutrients. For example, O=40-0 means 40 lbs per acre of P whioh is the
squivalent of 100 1bs of double super or 200 lbs of single supers Fertilizers used double super—
phosphate 40 = 42 % P20s, Sulphate of ammonia 20 - 21 % N and muriate of potash 60 % Kp0Oa

Caleulations of #he Economios of Fertilizer Use @

By using the above listed prices of produce and fertilizers the walue of inorease over conirol
and tha ocost of fertilizer was ocalculated. Dividing the walus of increase by the coat of fertilizer
gives the walus/cost ratio. A fertilizer treatment im uwsually considered as economic if the value/
cogt ratio is 2 or higher. That means, in simple words, for each shilling the farmer spends on ferti-
lizar he will get btack two at harvest time. He will double his money inwested in fertilizers within
4 - 6 months according to the length of the vegetation period of warious orops. If the value/cost
ratio is below 24 yleld inoreases are usually too low to give a good egonomic return or produce
prices are too low and fertilizer cost too high, In more developed countries where enough capital is
available lower value/cost ratlos are umually accepted. The same is trus in countries with food
shortages. Thers s lower valus/cost ratio oan be expeoted, if the inorease over control is big

enoughs

In some oases results were affected by drought so the increase over control was too low to be
economic, In the case of Eatumani maize plots, ocertainly the NP plot was miesing. An NP plot was
added in 1970 to Eatumani maize demonsiratione.

Discussion of remults

Weatern Provinge i

Maize, Kakamega distrioct returned the biggest number of valid resulis from all districts in Kenya.
Tielde in general and increase over control was very satlsfactory. Valus/cost ratics of 2.8 per plot
2 and 2.6 for plot 3 are very good. DBungoma had slightly lower ylelds and an economic value/oost ratio
was only reached in plet 31, In Pusia distriot, due to more severe drought conditions, yields were
lower, tat the valus/cost ratioce were good, because of s good increase over control.

Soya Beans, In Kakamega district ylelds of soya beans were highest but the economic return was not as
good as in Pungoma and Pusia beoause of emall differences between the treatments. BHoth in Bungoma and
Busia yields were lower tut economic returns on fertilizsrs better.

Groundnuts, Very good economic returns were obtained, as elsewhere in Eenya, from groundnuts. If the
FE treatoent is better than P alone rmuat be conflrmed in a second year's resulte and in the resultse
of the exact trials.

Sorghum, Demonstrations in Busia showed no economio return to fertilizers, however the percentage
increans of yleld wes guite good,



lyanza Proviroe i

Maize, Kisii distriot obtainad the overall highest yield from plot No 3 in Kenyra. This is dus to

the good management of the plote and the high rainfsll in this district. The eccnomic return wes aleo
romarkable in plot Me 3 with NP fertilizer. Homa Bay go* better yields than Kisumu and Siaya but the
value/coat ratio was not good because of high feriilizer cost in this remote area. Siaye district, in
spite of low yields due to drought, and Striga weed, atill got a reascnable wlm}'cant ratic. Kigum
diatrict had extremaly low yileldes and wery litile increame over conirol because of drought and Striga
weed in the Kano plaina, Hopefully deronstrations will be better im 1970.

Oroundnuta, In all districts of the province groundnut plets gave extremely good economic returns on
fartilizers. That is dus to high prices of the produce and good increases owver control. The ferti-
lization of groundnuts should be very ruch more prozoted by the Extersion staff than has been dore up

tT0 now.

fifft Valley Province 3

Maiza, DBecause of the vast area of the province and the climatic and moil differences, results in
thiz province show a considerable amount of wvariatiom, That is especially true for the results of
maize plots, Very high yields were obtained in Kericho and Nandi districts showing very good value/
cost ratios, Good manegement of the plote in addition to reasonable rainfall caused this axcellent
result, PFairly good yields were cbiained in West Folot, Keiyo Marakwet and Baringo tut the ecomomic
return was rather erratio in these districts. In most places of this area rainfall was wery low in
1969, The economic return could have been by far better, if local prices would have been used,
Prices of up %o Shs. 40/= per bag were reported by the field staff,

Marok district had rather high ylelds because of irrigation in some of the plota,

Knjiado had a good ecomomio return on plot No 3, In Eldoret, where plois had been laid out
bty Duteh Volunteers, most of the demonstrations were destroyed by drought. The few plots that gave
resulta showed a good return on the P plots and 12-31-0 plots.

FPotatoes, Very few resmlts wers obtained from potato plots in Keiyo—Marskwet, tut for thoase that got
through the drought gave reasonable ylolds and a good sconmomic return in plet Ne 3 with NFK fertilizer.

Central Pruvigﬂ 1

Maize, MAs could be expected, average maize ylelds were lower in Central Province as in Western
Kenya, tut in all dietricts the NP treatment in plot No 3} was by far superior %o the P treatcent in
plot 2, That confirme obmervations recorded during the growing periocd. Good differences in growth
were carried through to the harvest. This was socewhat contrary to former research findings.
However, the reason can be found in the complete exhaustion of scoe of the socils in Central Province,

Beans. Most bean plots failed due to drought in Central Province. Those recorded in Fort Hall
district showed low yields but a goocd econmomic return,

Fotatossy The same as has been said for bean plets is true for the potato plots. !lost were lost
becauss of drought. A few plote recorded showed low yields and low economic returns.

Eastarn Provinee 1@

Maize, With the excepiion of Eztu district no ecoromic returns wers obtained from Katumanl saize
plote in Zastern Province. Katuzani yielde were low in Machakos and Kitui districts, because of
drought, The lower parts of Zmbtm district however recorded reasonable yields on Katumani plots,
mainly becauss of somewhat higher rainfall. EHybrid maize in Embu and Meru distriot ahowed good
sconomic Teturns and fairly higk yields. Flote were sspecially well mansged in Meru district.

Beans and Sorghum,  Many plote of %iese two orope wera lost in East Province. From the few pletse
reccrded none showed an ecomomie roturs and yields were low,

Fotatoes. Plots in Meru district skewed fairly good yields and a very geod economie return to fertli-
lizere.



Neirobl IHetriot !

Temonetration plots on all three orops, maige, beans, potatoes, gave good yields and very good
so0seeis returns. That is mednly dus to the good attention the plots got in this distriot and the
interast the field ptaff ghowed in their work. The good results were obtuined in an extremely dry
Fenr and Loould e an incestlve to intensify the fertilizer work in Nairobi Idstrict even more.

P40 Pertilizer Programme, Eenya

Flanting 3eascn 1969 Long Rains
Mwrtilizor Democnetrations, Yields and Economy

Matries Cropa & Nozber of Troatments Yislds and Profit v/C ratio
Dezonptrations Increasen K, 8k,
]_.:bﬂi"rmrq
A, Heata [
‘e Kakamoge District  Malze (40) 0 0 0 3440
060 0 1021 83 2.8
60 60 © 1841 143 2.6
Soya Beans (7) 00 0 1
040 0 23 =23 0.2
0 40 40 82 =25 0.5
Groundnut (4) 00O 2&_4
040 0 180 45 2.5
0 40 40 403 118 3.4
2. DBungsoa Distriot Matze (14) 000 %
060 0 38 1.8
60 60 © 1447 9 2,0
Groundmut (5) 0 0 0 828
040 © 137 61 3.0
0 40 40 416 239 5.8
Seyebenns (7) 0 0 0 16
040 0 ';ﬁ 64 3.1
0 40 40 432 8o 2.6
3» DBupia Jotrict Maize (14) 0 00 2688
060 0 BT 63 2.4
60 60 0 1786 133 245
Groundnat (5) 0 0 0 927
040 0 393 133 Sed
0 40 40 M9 95 2.9
Soyateans (7) 0 00 ﬂg_
040 © 52 128 5.3
0 40 40 45 54 2.1
Sorghus (5) 00 0 1503
040 0 450 19 1.6
40 40 © 1053 46 1.8



Distriot Cropes & Bumber of Treatments Tields and Profit v/C ratio

Demonstrations Inocreanss E. Sh.
1bs/acre
B, Fyansa Province
1o Kieii District Maise (10) 000 4291
060 O 1043 16 2.4
60 60 O 2418 203 3.1
Groundnut (8) 0 0 0 ]
040 O -I'ﬁ% 16'." 5.5
0 40 40 545 318 6.3
2, Kisumm Distriot Maize (6) 00O gﬁ
060 O =40 0u1
60 60 O 773 T 1e1
Oroundnut (7) 0 00 1119
040 0 337 204 7.8
0 40 40 imn 207 Sal
3., Siaya Distriot Maize (B) 000 1516
060 0 To50 86 2.9
60 60 0O 1575 107 2,2
Groundmut (7) 0 00 [
040 © Ig'g 173 6.8
0 40 40 M2 187 4sT
4+ Boma Bay District Maize (7) 0 00 2
060 © 4;! 5 1o}
60 60 0 1227 54 1.5

E

1sa Kericho DMistried Maize (16) gﬁg g %%2 2 .
60 60 0 1619 112 2.2

2, Nandi Distriot Maize (10) 00 o0 %ﬁ'&
060 0 123 3.7
60 60 © 1714 124 244

3. Karyo Marakwet Maize (6) 0 00O ggﬁ
District 060 0 -12 0.7
60 60 0 289 =54 04

Potatoss (3) 0 00 Ba1
60 S0 © =) % =36 0.0
60 60 60 6008 379 4.2
4. West Pokot District Maize (B) gﬁg g 2%1 ” -
60 60 0 2267 193 3.3

5. Baringo Distriot Maize (6) 0O 0O

060 0 315 -5 0.9
60 60 O 910 24 163
6. Narok Distriot Maize (3) gﬁg g % " o
60 60 0 1128 54 1.6



Distriot Crope & Number of Treatments Tields and Profit

Demonetrations Inoreases K. She
lba/acre
Kajado District Maize (3) 0 00 2835
040 O 245 1
40 40 © 1330 106
Eldoret District Maize (4) 00 0 gg%
060 0 56
123 0 1804 156
10 30 0 } 1182 28
+ G-A-H.
Ds Central Provinoe
1y Kiamtu District Maize (7) Do O
040 © 239 0
40 40 © 920 55
Nyeri District Maize (8) 0 00 1
040 0 % 16
40 40 © 1090 76
Fort Hall Distriot Maize (7) 0 0 0 u%&
040 © T é1
40 40 0 1426 118
Beans (4) 0 00 %
040 0 66
0 40 40 503 76
4. Kirinyage District Maize (10) 000 2391
040 © i 19
40 40 0 1004 66
Potatoes (3) 000 6986
60 60 © 2102 84
60 60 60 2643 99
E. Eastern Frovince
1. Machakes District Eatufani Maize (8) 0 00 1113
040 © 320 10
Beans (6) 000 819
o040 0 2 =30
0 40 40 52 =37
Sorghum (8) c 00 2199
040 © EE}] 3
40 40 © 395 =20
2, Meru District Maize (18) 0o 00 B §
040 0O 59 T
40 40 © 895 52
Potatoes (3) 00O 6
60 60 © 52 33
60 60 60 5970 376



District Crops & Number of Treatments Tields and Profit /G ratio

Demonatrations Increases Es Sh,
1bs/acrse I
i. Embu Distriot Katumani Maize (6) 0 00 20
040 0 BO 1a 1,7
Hytrid Maize (6) 0 00 &
040 O T18 60 3.0
40 40 © 1648 14€ 3.4
Sorghum (2) 000 313
040 © 215 =8 0.7
40 40 0 Bss 26 1:4
A, Kitui Distriot Katumani Maize (14) 00 0 2527
040 © 253 2
5s Nairobi Distriot Maize (8) 000 2743
040 O gi2 87 3.9
40 40 © 1450 124 1,0
Beans (3) 0 00 a1
®40 0 292 43 2.4
0 40 40 467 8T 2.3
Potatoes (2) 00 0 0
60 60 0 60 219 3.7
60 60 60 4950 291 3.4

de EESULTS CF FERTILIZER TRIALS 1969

Treatments used in the FAQ Fertilisor Demonetration Programme are normally besed on research
work carried out before the start of the programme. However if there ie no information available
some exact triels have to be executed within the Fertilizer Programme.

In Kenye there was very good research information available on the fertilisation of maize,
gome on potatoes and pasture tut wery little on the most important legumes such as soya beans, beans
and groundruts, These orops were all included in the Pertilizer Programme and it is the policy of
the Ministry of Agrioulture to produce more of these cropsy To base the itreatments used on a better
foundation, trials on these crops were planned in the plamting eeason 1969, To hawe them under
complete control the triale wers laid out in Farmers' Training Centres; where they could also bte
used z8 demonstrations for farmers attending ococurses.

The NFE fertilizer trials were carried out under different soll and olimatic conditions in
Machakos, Eastern Province, Bukura in Eskamega District, Western Province, and in Pusia District
also in Wesiern Province. The scils were red loam, brown loam and tropical laterite acils in Busia,
Rainfall and length of the rainy ssason are different on all three stations.

The layout of the trials followed all recommendations of the Fertilizer Programme used all over
ths world, Onee a basic kmowledge of ocrop responses has been established the triale can be differen—
tiated to include for example diffarent levels of the same mutrient. A4ctually 4riasls planned for the
planting season 1970 will have three levels of the three main nutrients,

Beaides the trials on lagumes, a ralze trial using fertilizer and coffes pulp was carried out
in Machakos F.T.C. The initiative for this trial came from the Coffes Officer Machakos IHetrict, who
wanted to use the coffee pulp whioh was lying in huge quantities around ibe coffes faoctories. Further-
more two pasture trials were established at the Kambu F.T.C. in the Centrsl Province. They are based
on permanent pasture of Kiluyu and Star-—grass whare little information on feriilizer response is
available, Another grassland trial was laid out on a ranch near Embakasi in cooperation with the
Hange Management Division of tha Miniatry of Agrioculture, All the pasture trials have not bean
completed yet; they will be continued for at leaat three years to get the full effact of the farti-
lizera.



When reviewing the results of all the following trials, it should be noted that 1969 was an

extremely dry year in Kenya.

Relatively low ylelds and variation within the +rials has to be atiri-

tuied to the adverse weather conditions., In all the trials sulphate of ammonia, double superphosphate

and miriate of potash 60 percent were used in various mixtures.

in *he randomized block design with four replications.

411 trials on legumes were lald out

The other trials were latin squares 4 x 4.

Trials Long Rains 1969

Maghakos PoT.Cy
4) NEX Trial on Beans
Results of analysis @
Treatmant 1b yield 1b yield bags
— per plot per acre acre ?;‘{;ﬂ 1bs)
1 Control 4.04 1192 596
2 1:40 4453 1136 658
3 P40 404 1192 596
4 K 3,81 1124 562
5 N,oPa0 4470 1387 * (195) 6,93
+
6 N,Ko 4470 1387 © (195) :.93
T F4UK4D 4420 1239 . 19
8 NyoPadKso 4484 1428 7 (236) Te14
Least significant differences : 5% = 184.1
194 = 250.1
0.1 % = 338,1

Standard error 1 X 88.5 1b per aore

Fertilizer was applied before planting in a furrow along the planting rows.

Treatment No 5, 6,

8, were significantly better than the contrel plot at the 5 percent leval, The best treatment of the
trial was No 8 NPK at 40 1b/acre esch. This ireatment gave 236 1b/acre more than the oontrol plot.
During the vegetation period, the treatment No B looked the best and as the results ghow this has been

carried through to the yleld.

Trial should be repeated to confirm the results in a second growing

BEaARONs
B)  Phosphate plus Coffee Pulp Trial
Treatment No Average yield Yield per Buglfmra
per plot lbe acre lb (200 1ba)
grain £xain
1 Contrel 15.9 3848 19.24
2 Py 16,1 3896 19.48
3 F,. + one debbe of ocoffes pulp
40" for six yards 1843 3993 19495
4 P,.+ 2 debba of coffee pulp for e
40 7 Lig sarda 1649 4090 (242) 20.45
Least significant differences : 5% = T73.5
1% = 1113

0.1% = 178,0
Standard error i > 3049 1b per sore



The trial was badly damaged by birds and equirrels near harvest time, Therefore, to get any

results at all, 50 stems of each plot weres taken and the yleld measured. Uis seen from the resulis
the ylelds were rather high, But there was possibly no better maise plot in the whole Machakos area

than the trial.

Treatment 4 was highly significant better than the control plot in spite of the drought condi-

tions during part of the vegetation period, DBut the differences in general were rather small compared
to the control plot, which might be due to the fertility of land on which the trial was carried out.

C) Fertilizer plus Coffasse Pulp Trial
Short rains 1969/70

Treatment No Average yield Tield per acre Bags/acre
per plot im 1b 1b grain (200) 1v
1 Control 32 1485 17.4
e P 40 k1i 4029 20.1
3 Pao + ; :::‘be of coffes pulp per 3 3703 18,5
4 H4DP40 + é :.:‘:‘h- of ooffes pulp for 39 42”4-} 21,2

Loast significant differences 1 5% = 453
1% = 686
0.,1% = 1103

Standard error : ~ 185 lbe/acre

The trial was repeated in the short rainsj +this time 40 lbe § were inocluded in the treatment
No 4, During the vegetation pericd the plots of treatment No 4 were Yty far superior to all others.
This was ocarried through to the yleld., Treatment No 4 was highly significantly better than the

control.
Trials Long Raine 1262
Bubura F.T.C.
4) NFK Trial on Beans
Results of analyeis 3
Treatment No 1b yleld 1b yleld bags,/sore
per plot per_sore (200 1b)
1 Control B 1 906 4.5
2 nﬂ B.63 941 4.7
4 140 9.72 1059 Hel
5 NyoPa0 8,38 913 4.6
& H#DEAG 10,13 1104 5«5
T P#Otdlﬂ 10,13 1104++ 55
8 ’¢o"4o‘4u 12,50 1363 6.8

Standard error 1 = 143 1ts per acre
Least significant differences 1 5% = 299,1
14 - 406.9
0.1% = 540,7



As in the Machakos trial plot Neo B the NPK treatment wes significantly better at the 1 % level,
The increase over control was 457 lbe which ie 50.4 percent., IDuring the whole vegetation pericd
treatment No 8 was the best in all four replications. No other treatment was significantly better

than the control.

B) NPK Trial on Groundnuts
Regults of analysis 1

Treatmant 1t 7ield 1b yield baga,f acTa

_per plot per acre (180 1ba)
1 Control 10,0 1050 Gal
2 HdD 11,1 1210 6.T
3 Pﬂﬂ 1.7 1275 Tel
4 14‘3' 1.7 1275 Te1
5 Ndﬂr40 10.5 1145 6ed
] medn 13.0 1417 Ts9
T Pykio 1449 1624 (534) 9.0
8 H¢UP4UF4E 11.3 1232 6.8

Standard error 1 = 2T4.7 1b/acre
Least significant differences 1 5% = 571.4
1% = T17.4
0u1 % =~ 1049.3

The L.5.D. in this trial was very high due to wmeven germination, No treatment was signifi-
cantly better than the control., Treatment No T gave an average 534 lbe more than the control, which
was almost significant at the 5 percent level., Treatment No 8 which locked good during the vege-
tation period was not very good at the harvest time,

¢) NPE Trial on Soya Beans
Results of analysis

Treatment 1b yield 1b yleld bags,/acre

per plot per_aore (200 1ba)
1 Centrol 9.5 1036 S5e2
2 H4D 10.5 1145 5.7
3 Py 11.0 1199 6.0
4 Ky 10,7 1166 540
5 ¥yoPa0 107 1166 5.8
6 NyKio 10,0 109; 5¢5
T Pyks0 14,0 152 T«6
8 ¥yoPicKeo 12,0 1308 645

Standard error i — 199,5 1b/acre

Least significant differences : 5% - 415,0
1 %‘ o 564-5
0.1% = 762,1

During the whole vegatation pericd the soya beans looked wall in this trial. As in the
groundnut trial the FK treaiment No 7 was the best. It was significantly better at the 5 percent
lavel, Calculated per acre the K plote gave 450 lbe more than the control. The NFK plot again
did not oarry through to the yield its good appearance during the wvegetation period,



Busis P.T.0,
4) NPK Trials on Soya Beans
Results of analyeis 1

Treatment No 1b yield 1b yield bage/are
per plot per scre (200 1be)

1 Comtrol 8.4 9156 4.6

2 ¥y 8,5 927 4.6

3 1‘-“m Bed 916 4eb

4 Idu B.6 937 4.7

5 N40P4ﬂ 11.5 1254 6.3

6 ¥yKa0 8.8 959 4.8

T wadﬁ 9.8 1068 5e3

2] H40P40'I4U 10.1 110 5:5

Standard error : ~ 211,.5 1b/acre

Least significant differences t 5 % = 439.9
1% - gg?.j
0.1% = 807.9

The soya bean trisl at Busia F.T.C. showed during the whole wegetation period great differences
in growthy mainly due to lack of rain, This is reflected in the results of the anslysis. Yields per
acre were low, The best treatment was No 5 HP at 40 hfm each, giving 338 1lbe over the control,
Ho treatment was signifiocantly better than the control,

B) MNPK Trial on Groundmuts
Repulte of analyeis 3

Treatment 1b yleld 1b yield bags/acre
per plot per sore (180 1vs)
1 Control 1049 1188 646
2 ¥s0 1.2 1221 6.8
3 Py 14.6 1591 8,8
4 L 10.9 1188 646
5 NP0 12,0 1308 Te3
6 N,k 10,5 1145+ 6ol
T Pyckao 15.6 1700 94
8 NsoFacKao 15.3 1668 9.3

Standard error ! X 24T .4 lbﬂfmﬂ
Least significant differences 1 5% = 51446
1% = 70041
0.1 % = 945.1

The groundnut trial in Buria Distriot loocked very well during the whols vegetstion poriod and
it gave good yields at harvest time, As in Bukura the FK treatzent Ko 7 was the best, It gave 512 11
per acre more than the ocontrol, within 2 1b of being significant at the § percent level, The second
bast was the NPK treatment No é giving 480 1b per mcre more than the control, Treatment No & elwawys

locked the best during the wegetation period.



Concluaion

If regulcs of the firaet planiing sessen of exact trials can be confirmed in 1970 under normal
rainfall conditions, first conclusions oould bs drmm to make preliminary recommendations to farmers.
4 NP¥ troatment might be the best for beans, It is almost certain that the FK treatsent will in the
long run be the best treatment for groundnute and soya beans. However, before any final decisione are
pade one shoull await the results of yet another planting seascn.

B THE VIHIGA PILOT SCHEME Of PERTILIZER AND SEED DISTRIBUTION

1, Locations Vihiga IMrision, Eakamega Distriot. This district was selscted by the Hural Development
Frogranme as cne of the Pilot Scheme arean, Vibiga Divieion is ona of the monmt demsely populated areas
in ¥egve (1600 inhabitanta per square milej. Parms are generally very emall {2-5 mores) and soils are
of & granitic type which ie gemerally mot wvery fertile. This all foroes farmers in the division to get
the highest posaible yield from their small soreage. Howewver, input factors to reach the necessary
high yielde psr scre are difficult to get in many parts of the divieien, To overcome these problems,
FAD, in oooperation with the Minisiry of fgriculture, will initiate s pilot scheme of Fertilizer and
Seed Distribution in the divieion.

2, Contribution by FAD : FA0 hes made available 100 tone of 20w20-0 compound fertilizer free of
charge to the Kenya Government., This fertilizer is of a highly copcentrated type sultable for maize
production, wegetables and permanent treecrops. An FAD Expert, Mrs B. Joneen, hase bean posted to the
diviglon to organize the pllot scheme, Hs has been provided with a puitabls duty car by FAO.

3. Contritutions by the Minisiry of Agriculture : The Minletry of Agrioulture makes available, on a
parttime basis, field steff statlonsd in the divielon to help organize the pllot scheme, Looal
guthorities and elders will be asked to help in organizing meetinga in the pilot area and popularize
the pilot scheme. The Mininiry of Agriculture will arrange the necessary contacts for this purpose.
Specisl training ocurses in meize produstion for participants of the programme will be organized within
the division or in a P.T.C. to make sure the fertilizer is used in the right way.

4, Details of organization of the schezs 1

a) E.F.i. has sgreed to itske over the distribution of seed and fertilizer. Actually, the ferti-
lizers are already in K.F.A. stores in Eisumu,

t) E.F.A. is appointing s traneport firm to carry fertilizers from Eisum %o Vihiga Division and
daliver it at prearranged cantres.

o) Farmers will be organized by the fisld staff in groups to order fertilizers and seeds together,
minimum one lorry load of 3=5 tons. This groups syotem will ensure that the farmers in the division
pay & price for fertilizers comparable to the prioce peld by large scale farmers (13 tons lot prics).
Each group of farmers should select a leader who is responsible for setting up a list of partioipants,
thelr demand of fertilizers and sesde and the payments they have made. No cash should be handled by
the fleld astaff of the Miniletry of Agriculturse,.

d) Paymente ars made to the mobile bank vans touring the division. A copy of the receipt ie sent
4o K F.4. On receipt of the payment advice KFA delivers the fertilizer to the farmers. A&ll prooseds
of fertilizer are kept by E.F.4. in a specisl revolving fund to be used again for fertiliszer purchases.

-} 1t i anticipated that eanch member of thes group aksuld hewve st least one acre of hybrid maize.
Fertilizer is mold only in full 50 kg bage.

£f) To ensure the full sucocess of the Programme and high ylelds of maise, all modern metheds of
maize cultivation mmst be employed, Instructors of the Ministry of Agrioulture will have a training
course with sach group of farmers, Mr, Jensen will also participate in these activities.
S« Timetatls of scheme 1t

a) Beginning of cperations sacond week of November, The echeme will be started with bararas in
Chief Centres of svery location in the divieion.

%) Imring Hovember, December and baglonning of January, subssgquent mostings have to be organized
with the groupe to explain the details of the scheme to them.



o) Dalivery of fertilisers oan be started by the middle of Jamuary. If necessary payments ocan
be made earlier whan farmers have monsy available.

d) Demonstrations on modern methods of maise produotion will be conducted by the field staff
starting at the beginning of February and oarried through to Maroh,

e) During the growing period of the maise, field days are organized by the field staff and the
PAD Erpert,

£) At harvest time, fisld days are organised and sctual ylelds are measured and demonstrated to
farsere.



RESPONSE OF CROPS TO FERTILIZER IN BOTSWANA, LESOTHO & SWAZILAND

by
J.J. Doyle®

Summary

In an FAO/SIDA Fertiliser Programme, response of orops to fertiliser was studied
in & season in which yields were lower than normal due to drought.

(n sandy soils in Botswana, where the rainfall average was 1} inches, phosphorus at
45 Kg P205/ha was the only treatment which produced economic returns for maisze. Nitrogen,
by stimulating vegetative growth, seemed to aggravate the moisture deficienoy.

In Lesotho, on & wide range of soil tertures, maise and sorghum gave a statistically
significant response to all three major nutrients. With maise, all treatments which con—
tained phosphorus gave satisfactory financial returna. With sorghum it appears as if
phospherus alone would have been the most profitable.

In Swaziland, on & wide range of soil textures, maise responded to all three nutrients,
with evidence of & positive interaction between nitrogen and phosphorus. Response to
potassium was considerably lower than to the other two nutrients.

FPhosphorus and potassium gave rise to a substantial inorease in the yield of cottem.
Although nitrogen had much less effect, it seemed to have a positive effect on the res-
ponses to phosphorus and potassium.

It is felt that in all three countries the response pattern was affected by the drought.
It is realised, however, that in order to obtain a basis for sound fertiliszer recommendations,
fertiliser studies must be conducted over a wide range of moisture availabilities, and that
some pre-season measurement of moisture availability should be contemplated.

# PAD Soil Fertility Expert



INTRODUCTION

In late 1969, a Programme of Fertilizer Trials and Demonstrations was initiated in
Botewana, Lesotho and Swaziland. These Programmes, which will run for a five-year
period, are sponsored by the Government of Sweden through the Swedish Intermaticnal

Development Agenoy (SIDA).

BOTSHANA

In Botswana the soils represented in the Programme are for the most part very
ooarse, some 80 percent having s texture coarser than sandy loam,

Rainfall in the 1969 - 70 growing season was 13 inchea, about two—thirds of the
average 20 inches. Thie drought resulted not only in a drastic reduction from the
number of demonstirations and trials originally planned, but also in the number yielding
useful results. From a total of 25 trials and 100 demonstrations set out, only 4
trials with maize and 10 with sorghum provided resulta which might be comsidered useful
in assessing response to fertilizer. The yield of maize and sorghum are presented in
Tables 1 and 2 respectively.

Table 1.  Response of Maize to Fertilizer at Baralong (Mean of 4 trials)

Fertilizer Treatment (Kg/ha) Yield Inorease  B/C Net Return

¥ Pp0g K20 (Rg/na)  (Kg/ha) _/na
0 0 4] 687 -

45 0 0 1064 377 1.5 6.83
90 0 0 1120 433 0.9 - 3.63
0 45 0 1330 643 2.7 21.69
45 45 ¥ 1372 685 1.4 10.47
90 45 0 1247 560 0.8 - 9,76
0 90 0 1443 756 1.6 14.81
45 30 0 1484 797 1.1 3.54
90 90 0 1191 504 0.5 - 25,74
45 45 45 1176 489 0.8 - 4.73
45 45 90 1260 573 0.9 - 4.88
80 50 50 1232 545 0.5 - 12,83



Table 2. Response of Sorghum to Fertilizer at Ngvaketse and Baralong

(Mean of 10 trials)

Fertiliser Treatment _(_Rgm.] Tield Increase !@ Net Return
' x (Rg/s)  (Ka/na) /ha
o 0 o 638 -

45 0 0 762 94 0.5 - T.29
90 0 0 683 45 0.1 - 24.00
0 45 0 1036 348 2.0 13.30
45 45 0 924 286 0.7 = T.57
90 45 0 974 336 0.6 = 17.76
v} 20 0 1058 460 1.2 4.42
45 90 0 1249 611 1.0 0.91
90 90 0 974 336 0.4 - 30.73
45 45 45 980 142 0.7 = 8.52
45 45 90 963 325 0.6 =~ 4.31
90 50 90 1098 460 0.5 = 31.85

It appears from the results as if phosphorus was the only mutrient giving rise to any

substantial inorease, and in fact phosphorus at 45 Kg P205 per hectare was the only treat-
ment which provided an economic incentive.

l.

24

1

4.

There are however, several observations which should be made at this point.

There was a marked decrease in yield, dues to nitrogen at many locations. Thise
decrease is attributed to the stimulation of vegetative growth which increased the
demand for moisture, which was already limiting due to drought.

Even the response to phosphorus would be expected to be much more marked under
adequate moisture conditione.

The fact that an economic increase has been obtained even under thess unfavourable
oonditions suggeets that the potential inorease dus to fertiliser is quite promising.

There is ample evidence of defioclency of zinc and other trace elements in the soils of
Botswana. In the past season however, trials set out for the purpose of studying
these &ficiencies failed because of the drought.



LESOTHO

In Lesotho 257 demonstratione were set out in an area covering T of the 9 Districte.
Of these demonstrations 145 were with maize, 47 with sorghum and 65 with beans.

The texture of the soils on which the demonstrations were set out varies from sandy
loam to clay loam; with a pH range of about 5.0 to 7.5.

The growing season started with a reasonably good supply of moisture which continued
until about mid-season. At this point a drought occurred which resulted in failure of
most of the demonstrations. Of the 257 demonstrations, useful results were obtained from

only 29 with maize, and 15 with sorghum. The yields are presented for maize and sorghum
in Tables 3 and 4 respectively.

Table 3. Response of Maize to Fertilizer in Lesotho (Mean of 29 demonstrations)

Fertilizer Treatment (Kg/ha) Yield Increase B/C  Net Return

¥ P205 K20 (Kg/ha)  (Kg/ha) [ha

0 0 0 1031 -

0 51 27 1490 459 2.1 15,02

45 0 27 1369 338 1.5 T35

45 51 o 1650 619 1.8 16.85

45 51 27 1808 m 2.0 22,00
T.5.0. = 165 (P = 0.05) and 217 (P = 0.01)

From the data in Table 3 it is concluded that the maize crop responded to all three
major nutrients, with phosphorus having the greatest effeot, and potassium the least.
The full NPK treatment gave the best results both from the standpoint of physical res—

ponse and of return per hectare.

Of the 29 demonstrations with maize, 21 showed a response to nitrogen, 27 to
phosphorus and 14 to potassium. All but one showed a response to fertiliser treatment

generally.

There now remains the problem of determining with more accuracy the amounts of each
element required for the major crope on all important soils.

Table 4. Response of Sorghum to Fertilizer in Lesotho (Mean of 15 demonstrations)

Fertilizer Treatment a) Yield Increase MQ Net Return
il P K (Eg/ba) (Kg/ha) [ha
0 0 0 794 2
0 51 27 1058 264 1,2 3.01
45 0 27 812 18 0.1 =12,36
45 51 0 1144 350 1.0 0,28
45 51 27 1351 55T 1.4 10,31

L.S.D. = 118 (F = 0,05) and 234 (F = 0.01)



Statistically there was a highly significant response, over the Control, to all
fertilizer treatments containing phosphorus. The full "NPK" yield ie also significantly
higher than for all other treatments, indicating a response to all three major
nutrients. The economic returne nowever are not very attractive either from the stand-
point of Banefitfﬂout ratic or net return per hectare. In faot & cloee examination of
the results leads to the conclusion that phosphorus alone might have been the most
profitable treatment.

Of the 15 demonstrations with sorghum, 10 showed & response to nitrogem, 15 to
phosphorus, and 11 to potassium., A1l 15 responded to fertilizer generally.

Since most of the original demonsirations failed because of lack of moisture, it
is reasonable to assume that moisture was less than adequate for the fraction which
survived. It is expected therefore that under conditions of adequate moisture the
response pattern may have been considerably different.

SHAZTLAND

In Swaziland a Programme of District Fertiliszer Triale is conducted by the
Research Branch of the Ministry of Agriculture.

This Programme is designed to study not only the response of crops to fertiliger,
but also to study this response in relation to a number of environmental factors in-
cluding rainfall, temperature, and scme physical and chemical properties of the soil.
The experimental design is a 4 x 4 x 3 factorial in a systematic arrangement.

In Swaziland as well as in Botswana and Lesotho many of the triale were lost
because of drought.

The report presented here represents but a brief summary of the resulis obtained
in 68 maire trials and 31 cotton trials. No attempt has been made to relate these
results to envircnmental factors, as this entails an involved regression analysis

requiring a computer.

Results for maize are presented in Pigs. 1 to §, and for cotton in Figs. 10 to
18.

1. Fig. 1 shows & marked response to nitrogen, corresponding to a quadratic curve.
This response was greater where phosphorus was applied (Fig. 4).

2. The response to phosphorus (Fig. 2) levelled off at the first increment,
suggesting that lower rates should have been applied. The response was
enhanced when nitrogen was applied (Fig. 6).

3. FResponse to potassium (Fig. 3) was lower than to the other major elements.
As with phosphorus the first increment probably should have been lower.
Examination of Figs. 8 and 9 shows no noticeable interaction of potassium
with nitrogen and phosphorus.

For cotton it is concluded that:
1. In general the response to niirogen was not very important (Fig. 10).

Application of phoephorus and potaseium however, seemed to increase the
need for this element (Pigs. 13 and 14).



2., 'The response of cotton to phosphorus was quite marked and at the rates
applied, fits a quadratio ourve (Fig. 11). This response was higher

where nitrogen was applied (Fig. 15).

i. The respomse to potassium (Fig. 12) was quite substantial, but levelled
off at the first inorement. Information on response to lower rates would
be of interest. This response was higher where nitrogen was applied
(Pige. 17) but did not seem to be affected by phosphorus (Fig. 13?-

No attempt has been made in this report to study the esconomio returns, because:-
(1) Analysis of the whole project remains to be done, and

(2) Prices of fertilizer and produce were not kmown at the time
of writing.

fm the basis of the response ourves however, some pertinent information is presented
in Table 5.

Table 5. rease in Tield r of applied nutrient
LR
Maige 11.0 7.0 5.0
Cotton (seed) 1.4 3.0 4.0

QENERAL OBSERVATIONS

It is olear that deficiency of moisture has limited ylelds in the trials and demon~
strations conducted in all three countries, and there is no doubt that this deficiency
has had its effect on the response pattern. The experimenter might dream of an ideal
season in which there would be no limiting factors and & "true" response would be ob-
tained. It must be accepted however, that in these countries moisture deficiency is
a faot of life and that "ideal" years do not ocour with sufficient frequency to justify

application of the results obtained in one good year.

In the Distriot of Mafeteng for example, rainfall records show that a favourable
season for maize coours only once in 1] years.

There are,however, certain meassures which can be taken to inorease the efficiency
of fertilizer use under conditions of limited rainfall.

1. MNake marimum use of all available rainfall through proper tillage, and timely
planting.
2, Study the relationship of soil moisture content before planting, to yields, and

also between pre-season rainfall and yields. On this basis some countries are already
able to predict ylelds of certain orope, and to advise farmers socordingly as to crop,

variety, and quantity of fertiliser.



3. Make use of split applications, particularly of nitrogen, net so¢ much to prevent
loss dus to leaching as to avold excessive rates of application in a season where
moisture is insufficient for utilisation of the full rate of application, and
excessive vegetative growth dus to excess nitrogem increases the demand for moisture.

4, Plant a number of oreps with somewhat different moisture requirements so that
drought does not necessarily result in a total loss,.
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SOME UP-TO-DATE RESULTS OF THE FAO/FFHC FERTILIZER
FROGHAMME IN WESTERN STATE,
REFUBLIC OF NIGERIA
by
L.A. Ayorinde* and S.H.H. Lampe®**

Yield increase and economios of fertiliser nse with upland rice, maize, yam and
cassava are presented and discussed. Fertiliser recommendations are given where
appropriate. All together 544 23 factorial trials and 1376 plot demonstrations have been
analysed covering the period 1963 to 1969. Trials and demonstrations were grouped to-
gether for the high rainfall forest zone and the southern guinea savanna sone of Western
Nigeria.

A1l fertiliger triale and demonstrations were conduoted on farmer's fields under
local farming practices and carried out by the field staff of the Extension Services
Division of the Ministry of Agriculture and Natural Resources as part of the FFHC
Fertiliger Programme in Western Figeria.

Fertilizer use was highly economical for rice and yam, and increased fertilizer use
for these crops is highly recommended. TYield increases of maize in most cases were not
high enough to give more than marginal profits. As long as the price for maisze is low
or improved varieties with & higher yield potential are not more commonly used fertiliser
use for this orop will increase only slowly. Present price for cassava tubers is aleo
very low and the market so insecure that only under optimum conditions fertilizer ume
for cassava is to be recommended.

INTRODUCTION

The FAO Freedom from Hunger Campaign Fertiliser Programme started in Nigeria in
1961/72 and still continues but only with non-residential assistance by a FAO Seil
Pertility Specislist since early 1965. By the end of the 1970 cropping season, all
together more than 17,000 fertiligzer demonstrations and simple trials will have been laid
out in Western Nigeria. Most of the demonstrations have been of the 2 or 3 plot type
and are not reported in this paper.

A number of fertilizer experiments had been conducted by various Federal and Regiocnal
research organizations already so that the programme when initiated ocould be to-
wards bridging the wide gap between Research and Farmers practice. The FAD
Fertilizer Programme in Nigeria was built up as a purely fertiliser extension programme,
using the best proven and recommended fertilizer types and rates in order to teach the
farmers on their own fields and conditions ite most economical use. Only a very limited
nuzber of 23 factorial trials and comparative 6 plot demonstrations have been carried out
on part time basis by the field staff of the Ministry of Agriculture and Natural Resources
Extension Services Divisiom.

* Higher Agricultural Superintendent
#+ PAD Soil Fertility Expert



Summaries oi all together 681 triale and demonstrations are presented in this
paper for upland rice, maize, yam and cassava. The total number ie made up:i=

Upland Rice 127 2° Faotorial trials + 16 & Plot demonstrations

Maisze 128 " " + 82 n "
Yam 126 " " + 19 " "
Cassava 4 " " * = " "
Tetal 544 n " +137 " "

Description of Triale and Demonstrations

The 23 factorial trials consist of eight 1/40 acre randomised plots and one extra
plot. The demonstrations have six 1/40 aore randomised plots. All plots are un-
replicated. All triale and demonstratione have been laid out on farmer's field with
crops grown under local farming practices and not under conditions normally applied at
research stations. Only a small number of experimente was carried out using improved
varieties such as N.S.l and V.1 for maize and 0.S5.6 for rice, the vast majority was
planted with local varieties. All experiments have been conducted by the field staff

of the Extension Services Divieion working on part time basis.

Fertilizer Rates and Application

Sulphate of Ammonia, single superphosphate and muriate of potash were applied ree-
pectively at 201bs N, 201bs P205 per acre, singly and in all possible combinations in
respect of the plots in the factorial trial pattern. The extra plot received 401lbs N,
401bs Pp05 and 401be Ko0. The demonstrations tested N alone and in combination with
P205 at the 20 1bs and 401bs per acre level and allow comparison with a fully balanced
NP fertilizer treatment at the 201bs nutrient level, All fertilizers were mixed where
applicable and applied in one dose following present recommendation. Time of applicaticn
was for Maize 1-2 weeks after germination by placement method 1-2 "deep 4=-6" away from
the plant and covered. All fertilizer to rice was broadcast 2-3 weeks after germination
and hoed under with the following weeding. 7Yams were fertilized by placement into a
shallow trench or ledge }-4" deep arcund the upper half of the mound and coversd with seil
again, Time was after full germination at time of staking, generally not before second
half of May. Fertilizer for cassava was applied as for maize but at a later date, 46

weeks after planting.

Economics of Fertilizer Use

The fertilizer prices used for the calculations are CIF, IBADAN plus average
NE2:=:=d for transport charges and NL2:=1=d for sales agenis commiseion., Storage
costs, handling and profit margin are not included, being part and parcel of the

Government fertiliszer subsidy.

Fertilizer Parmgate Prices Used
Sulphate of Ammonia (21% N) NE2T:mt=d per tom,.

Single Superphosphate (18% P205) NL26:w:wd

Muriate of Potash (607 K20 ) NE32:wied noom



Crop Prices Used
Rice (Paddy) NES50:=:=d per ton

Maize NE2Dimi=d ™ "
Yam HElOtwimd ™ w
Cagsava NE Jie:imd " "

These prices represent the average for the period covered.
Tield Resulis

The yield data in Tables 1 to B are presented in terms of average and weighted
average yield lbs. per acre and 1lbs increase over control. The value of increase in
shillings less cost of fertilizer gives the profit or loss in shillings.

NOTE:For various reasons cost of epplying fertilizer has not been considered.

Acknowledgements: Thanks go to the field staff of the Extension Services Division who
actually carried out all the field work.

DISCUSSION

UPLAND RICE, (rainfed and grown mostly on freshly cleared forest land under high rainfall
cnnditiom:}.

127-22 triale conducted successfully in the high forest zone of Western Nigeria
during 1963 and 1967 have been grouped together and analysed. The yield increase due to
any fertilizer application tested ranged between 2601bs paddy per acre for muriate of
potash alone and 4401bs. paddy with a full NFK treatment at the 201be pure nutrient lavel.
The NPK treatment at the 401bs nutrient level was not better than N or P alone or KF
combined. This is to be explained by the use of the present cultivation of long straw
varieties which are greatly affected by lodging after heavy fertilizer doses. Sixteen
Fertilizer Demonstrations carried out in the forest in 1968 and 1969 show similar trends
in spite of the wider use of the recently introduced upland rice variety 0S.6 N-alone at
201be per acre was equal to 40lbs per acre and therefore more economical as a net return
of about £6twi=d could be realised on £lim:=d spent for fertilizer NP at the 20lbs level
was better and more economical than 20lbe N alone,NP at 40-20 yielded about the same at
20-20 but was less economic. The highest yield inorease over control however was
achieved with a fully balenced 20-20-20 NFK application which also gave the highest
profit of all treatments tested but was only insignificantly higher than the 20-20-0 NF
treatment. With the presently used long straw varieties susceptable to premature
lodging resulting in reduced yields farmers are advised to use either NP or NFK
fertilizer st the lower application rate. The fertilizer rate might be increased after
better short straw varieties with higher yield potential and more resistant to lodging
become available. At present 20=20-0 and 15-15-15 compound fertilizers are available
for purchase and recommended for use by the farmers.

EARLY MAIZE: or Major Season Maize grown under high rainfall tropical forest conditions.

Tn Table 2 80 23 factorial trial results recorded between 1963 and 1967 are grouped
together and analysed. The yield increase due to any fertilizer treatment tested was
relatively emall with no significant differences between any given treastmenta. The

wield increases ranged from 230lba with the K application to 3101ba with the P application.
It is surprieing to note that NP and NPK did not perform better than P alone and that



NFK at the 401bs nutrient level was less effective than P alcne, Use of N, P and X and
NK at the 201be level were just sconomical with a net return of about 2:1. Application
of NPK at the 201bs and 401bs nutrient level was uneconomioc. With 28 demonstraticns
carried out 1968 and 1569 only the 20-0-0 sulphate of ammonia application gave a yield
increase big enough to allow a clear profit. The late maise in the second season
showed equally unsatiefactory performances with only the N, P, K and NK treatments at

the lowest level giving small profits. Reasons for the very disappointing yield
increases of the maize in above triale and demonstrationes should be seen in the light

of sxtensive use of local varieties of a very superior grain and flour quality adopted
to the environmental conditions but of a low yield potential, Fertilizer use for maize
in this forest region will only become & worthwhile economic operation if the maize price
goes up substantially or the fertilizer price goes down drastically. Fortunately for the
farmeras both trends are noticeable as the maize price has risen more than 50f: recently
and the government approved a 50% fertiliszer subsidy as well.

EARLY MAIZE or, Major Season Maize in the Savanna woodlands (Southern Cuinea Savanna)
with 90 23 factorial trials recorded between 1963 and 1967 in this zone, the control
yields were comparitively lower than in the forest zone but the overall fertiliszer res—
ponse was substantially higher., Yield increases between 4201lbs and 4901bs of dry grain
have been recorded for P, N, K, PK, NP and KK in this order. KFK at the 201lbs level
gave yield increamse of 510lbs and NFX at 40-40-401bs of 570lbs. All fertiliszer treat-
ments weres economic except the higher NFE 40-40-40 application which in spite of giving
the physically highest yleld increase was uneconomic. The beet net return over the
fertilizer investment was achieved with K alone with a Value Cost ratio of 6:1. 16
demonstrations in the Southern Guinea Savanna zone in 1968 and 1969 showed considerable
yield increases to N and NFK application. The most profitable treatment tested was

N 20-0-0 followed by NFK 20-20-20 and double the rate of sulphate of azmonia alone.
20-20-0 was not better than 20-0-0 and 40-20-0 was less profitable than 20-20-0.

54 trials with late maize in the second planting season confirm the results of the
major season. K, H and P at the 201bs level giving low yield increases and only
marginal profits. Considering the econcmic performance of all fertilizer treatments
tested on application of a NP = 2:1 or a NPK = 1:1:1 compound fertilizer at l-2Zowt per
acre seems to be recommendable in the savanna woodland areas of Western Nigeria for the

time being.
I - Forest Zone:

Summary of 23 factorial trials conducted between 1963 and 1967 in the forest zone
gave good to very good yield inereases in tuber weight ranging from 11001bs with the N-
20-20-0 to 22201be with the NPK 20-20-20 applicafion, Noteworthy is the good performance
of P and K alone and in combination.

As with any other crop tested also the yam did not respond favourably to a higher
NFE 40-40-40 dose. 16 demonstrations in 1968 and 1969 showed that 40-40-0 was out-
yielding 20-0-0 and 40-20-0 was out-yielding 20-20-0 with 20-20-20 showing the highest
yield increase of 4,2501bs tubers, Generally the most economic fertilizer rate was NFK
applied at the 201bs nutrient level and in spite of all other treatments also being
economical 1l:1:1 balanced compound fertilizer seems to be the best reccmmendation to be

made to farmers.

JYAM, Southern Cuinea Savanna (Savanna Woodland). This is the zone where yams are of
considerable economic importance. In 82 23 factorial trials over 5 years high yield
increases have been recorded to all fertilizers tested single or in combination. [lote—
worthy ie the good performance of P and K alone and in combination with each other and
with N. Moat remarkable is the fact that of all crops tested only in this zome the



yam gave substantially higher yield increases with the NFK 40-40-40 application and was
as profitable as NP 20-20-20. 23 demonstrations in thie zone confirm above results
that higher application rates can be used economically. A NFK 1l:1l:1 compound
fertilizer up to 40-40-40 seems to be recommendable.

CASSAVA: Porest Zone:

Only a few 23 factorial triale have been recorded with thie crop. The results
have been too few and inconsistant so that no conclusions can be drawn. Cenerally
however it seems that as long as the price for cassava remains as low as 4 shillings
per owt. no fertiliger is to be recommended.

With high yielding varieties presently being released and large scale commercial
cassava plantings for industrial starch production under consideratiom, more fertilizer
work is urgently required.



Table 1. Upland Rice — Forest 2 3 Factorial Triale - Economics of Fertilizer Use
Yields given in lba. d T acre, value in shilli

Year No. of Control N P205 K20 NP NK P NPK NPK
Trials 0-0-0 20-0-0 0-20-0 | 0-0-20 20-20-0 |20=0-20 |0-20-20 | 20-20-204 40-40-40

1563 39 1250 1514 1536 1422 1543 1515 1533 1592 1587

1964 17 753 1115 964 1019 1107 1112 1039 1126 1050

1965 27 955 1279 1347 1208 1285 1168 1247 1369 1287

1966 28 1307 1773 1765 1745 1663 1615 1637 1906 1694

1967 16 1327 1684 1660 1610 1687 1707 1671 1959 1725

TOTAL 127

Weighted Average 1155 1489 1485 1417 1474 1434 1446 1598 1484

Increase over Cont. - 334 330 262 319 279 291 443 329

Value of Inorease - 149 147 117 142 125 130 198 147

Cost of Fertiliser - 23 26 10 49 33 36 59 118

Profit - 126 121 107 93 92 94 138 29
Forest: Upland Rice: 6 Plot Demonstrations

Year No. of Dem. Control .| .| KNP NP NPK

1968 5 0-0-0 20-0-0 40-0-0 20-20-0 40-20-0 20-20-20

1968 9 1163 1485 1546 1583 1653 1555

1969 7 1227 1647 1581 1728 1695 18135

Weighted Average 16 1191 1556 1561 1646 1671 1678

Increase over Cont. - 365 370 455 480 ABT

Value of Pertilizer - 163 165 20} 214 217

Cost of Pertilizer - 23 46 49 12 59

Profit - 140 119 154 142 158



Table 2.

Maize 2 3 Faotorial Trials — Economica of Fertilizer Use

Yielda given in lbs. dry grain per acre, values in

Foreat

R shillings

Year NHo. of Control N P205 K20 NP 1.4 PK NPE NFPE
Trials 0-0-0 20-0-0 | 0-20-0 | 0-0-20 |20-20-0|20-0-20 | 0-20-20 | 20-20-20| 40-40-40

1963 16 1091 1408 1479 1352 1477 | 1489 1436 1441 1346

1964 15 1187 1308 1401 1321 1333 1280 1286 1338 1261

1965 16 1721 2012 1961 1908| 1879 2119 1996 2055 2011

1966 15 1362 1546 1641 1623 1645 1630 1542 1608 1638

1967 18 1282 1540 1675 1578 1677 1585 1771 1682 1624

80

Weighted Average 1323 1566 1615 1559 | 1607 1624 1614 1630 1571

Increase over Cont. - 243 312 236 284 301 291 307 248

Value of Increase - 43 56 42 51 54 52 55 44

Cost of Pertiliser - 23 26 10 49 33 36 59 118

Profit - 20 30 32 2 21 16 [(=) 4]|(=) 14

Forest Elrf: Maize: % Plot onstrationa:

Year Ho of Dem. Control. .| N NP RP NFK

1568 e . IR 000 = 2000 40-0-0  20-20-0 40-20-0  20-20-20

1968 18 933 1247 1202 1272 1300 1276

1969 10 1198 1437 1293 1388 1561 1598

Weighted Aver. 28 1028 1315 1235 1313 1393 1391

Inorease over Control - 2B7 207 285 165 163

Value of Increase - 51 a7 51 65 165

Cost of Pertiliser - 23 46 49 T2 59

Profit - 21 (=) 9 2 (=) 1 6



Table 3,

Late Maize 2

Factorial Trials

Economices of Fertilizer Use

Forest
Yaar NHo.of Control N Pp0s K20 NP NE FE NFK NPK
Triale 0-0-0 20-0-0 0-20-0 |0=0-20| 20-20-0|20-0-20|0-20-20 | 20-20-20 | 40-40-40

1963 15 1025 1115 1350 1293| 1224 1383 1168 1214 1151

1964 11 968 1381 1209 1182| 1532 1322 1352 1426 1535

1965 27 887 1120 1059 1182 1075 1145 1139 1154 1259

1966 [ 10 1063 1202 1244 1170 | 1327 1269 1310 1278 1336

Weighted Av, 63 062 1186 1193 1206 | 1230 1251 1210 1215 1294

Increase over Cont. - 224 211 244 | 268 289 248 273 332

Value of Increase - 40 41 44 48 52 44 49 59

Cost of Fertiliser - 23 26 10 49 33 6 59 118

Profit - 17 15 M ((-)1 19 8 (=)0 (=) 59
Foreat Late Maisge 6 Plot Demonstrations

Year Fo of Dem. Control N N NP NP NFK

- B P 000 20-0-0  40-0-0 20-20-0 40-20-0 20-20-20

1967 15 993 1222 1222 1220 1255 1275

Inorease over Cont. - 229 229 227 262 282

Value of Increase - 41 41 41 47 50

Cost of Fertilizer - 23 46 49 72 59

Frofit - 18 (=) 5 (=)8 (-)2s (<) 9



Table 4. Maize 2 Factorial Triale - Economice of Pertiliser Use

Yields given in lbs, dry grain per acre, value in
Early Maize =
mmfm— shillings
Tear Nos of Control N P20 K20 NP MK X NFX | NP
Triale 0-0=0 20-0-0 0-20-0 | 0=0-20 20-20-0 | 20-0-20 | 0-20-20| 20-20-20 40-40-4N
1963 23 1223 1597 1569 1492 1568 1681 1595 1640 1711
1964 10 1126 1524 1561 | 1726 1590 1619 | 1668 1751 1673
1965 28 1272 1768 1735 1731 1781 1722 1750 1771 1793
1966 21 924 1313 1282 1420 1446 1483 1400 1484 1604
1967 8 1249 1296 | 1120 1399 1105 | 1188 1244 1364
Weighted Av. 90 1108 1545 1529 | 1542 1593 1596 | 1571 1621 1678
Increase over Cont - 437 421 434 485 488 463 563 370
Value of Increase - 78 75 78 87 87 83 100 102
Coat of Fertilizer - 23 26 10 49 13 36 59 118
Profit - 55 49 68 38 54 47 41 (-6
Sevanna Early Maige & Plot Demonstrations

Year No of Dem. Control N K NP NP NPK

0=0-0 20-0-0 40-0-0 20-20-0 40-20-0 20-20-20
1968 22 1127 1500 1470 1420 1413 1540
1969 14 1214 1607 1768 1597 1797 1857
Weighted Av, 16 1161 1542 1586 1489 1575 1675
Increase over Cont, - 381 425 328 414 514
Value of Increase. - 68 16 59 T4 g2
Cost of Fertilizer - 23 46 49 T2 59

Profit 45 i0 10 2 i3



Table 5, Maize 2

Factorial Triala -

Economics of Pertilizer Use

Late Maize Yield given in lbs dry in per acre, valus in shilli
Savanna
Year ¥o, of Control N E‘E X20 NP NK X NFK NP
Triale 0=0-0 20-0-0 |0- 0=0-20 20=-20-0 |20-0=20 | 0-20=20 | 20-20-20| 40-40-40
1963 6 970 780 1038 1138 1056 1156 867 996 1038
1964 13 940 1210 1159 1254 1185 1201 1210 1143 1258
1965 25 824 1146 1042 1112 1173 1072 1051 1180 1262
1966 10 766 1119 1104 1045 1080 1128 1158 1266 1173
Weighted Av. 54 858 1116 1082 1137 1146 1123 1089 1167 1220
Inorease over Cont. - 258 224 279 288 265 231 309 362
Valus of Increase - 46 40 50 51 47 41 55 58
Coat of Fertilizer - 23 26 10 49 33 16 59 118
Profit - 23 14 40 | 2 14 5 {(=) 4 (-)60
. |
Savanna Late Maize 6 Plot Demonatirations
Year Ho. of Dem. Control N N KNP NP NPX
0=0-0 20-0-0 40-0-0 20-20-0 40-20-0  20-20-20
1967 k] 591 977 1087 798 1074 1005
Iner.over Cont. - 186 496 207 483 414
Value of Inorease, - 69 89 37 86 T4
Cost of Fertilizer - 23 46 49 T2 59
Profit - 46 23 (=) 12 14 15




Table 6. Yam 2 3 Factorial Trials - Economics of Pertiliser Use
Forest Yields given in 1be tubers per acre, value given in
sghillings
Year No.of Control N P205 NP NE NP NFK NFPE
Triale 0-0-0 20-0-0 0-20-0 | 0—0-20 | 20-20-0 | 20-0-20| 20-20-20 | 20-20-20 |[40-40-40
1963 8 6958 9057 5051 9029 9869 9385 9959 9069 9650
1964 14 9492 11447 11985 | 12427 11731 10944 11925 12530 11767
1965 11 10330 9964 10640 | 10516 10902 10360 10805 10970 11305
1966 T 10016 11958 12908 | 12420 12564 12844 12628 12290 12783
1967 4 5052 5868 5596 5947 8410 7363 6552 8875 6232
Weighted Av. 44 Bgz2 - 10226 10681 | 10741 11016 10491 10911 11140 10925
Inorease over Cont - 1304 1759 1819 2094 1569 1989 2218 2003
Value of Inorease - 116 157 162 187 140 178 198 179
Cost of Fertilizer - 23 26 10 49 33 6 59 118
Profit - 93 1311 152 138 107 142 139 61
Forest Yom 6 Plot Demonstrations
Year No. of Dem, Control N N NP NP NPK
0=0-0 20-0-0 40-0-0  20-20-0 40-20-0  20-20-20
1968 12 7386 8843 10048 8573 11344 10507
1969 4 Bo8g 10963 14127 15046 11719 15742
Weighted Av. 16 1562 9373 11008 10191 11438 11816
Increase Over Cont. - 1811 3506 2629 3876 4259
Value of Inorease - 162 313 235 146 379
Cost of Fertilizer - 23 46 49 T2 59
Profit - 139 267 186 274 320



Table T. Yam 2 Factorial Trials - Economics of Fertilizer Use
Savanna Yields given in lbs tubers per acre, value given in
shillings
Year To. of Control ] F205 | K20 ) A NP NPK WK
Trials 0-0-0 20-0-0 | 0-20~0 | 0-0-20 |20-20-0 |20-20~20 | 0~20-20 | 20~20-20 |40-40-40

1963 24 8447 10486 10888 9656 11165 11107 9959 10552 11495
1964 21 1629 10206 10273 10394 10569 10376 10176 10660 11416
1965 19 9897 11667 12156 12200 12652 13213 12866 12876 12986
1966 15 BT24 10948 11608 11294 10628 11875 11693 11973 12198
1967 3 9922 12947 13128 13612 12402 13189 13794 15185 16758
Weighted Av. B2 - 10862 11238 10879 11304 11624 | 111146 11548 12141
Increase over Cont. - 2184 2560 2201 2626 2946 2468 2870 3463
Value of Increase - 195 228 196 234 262 220 256 309
Cost of Fertilizer - 23 26 10 49 13 6 59 118
Profit - 172 202 186 185 229 184 197 151
Forest Savanna Yam 6 Plot Demonstrations
Year No. of Dem. Control | .| KP NP NFK

0-0-0 20-0-0 40-0-0 20-20-0 40-20-0 20-20-20
1968 13 6375 9720 9298 8935 9638 9610
1969 10 8143 11023 11392 11029 13879 13419
Weighted Av. 23 T143 10287 10208 9845 11482 11379
Inorease over Cont. - 3144 3065 2702 4339 4236
Value of Inorease - 280 274 241 387 163
Coat of Fertiliger - 23 46 49 T2 59
Profit - 157 228 194 il5 304



Table 8, Cassava

2 3 Faotorial Triala -

Economica of Fertilizer Use

P Yields given in 1bs tubers per acre, value given in

orest —

peaa s shillings

Year No. of Control N P205 K20 NP NK X NFX NFK
Trials 0-0-0 20-0-0 |0-20=0 | 0~0~20 |20-20-0 | 20-0-20| 0=20-20 |20-20-20 | 40-40-40

1966 3 6716 8398 8825 9589 8164 8417| 9444 7857 8975

1967 1 12886. 12705 9438{ 6715 13370 10164 | 16577 9196 12886

Weighted Av, 4 8259 9475 8978 8871 9466 8854 | 11227 8192 9953

Increase over Cont. - 1216 718 612 1207 595 2968 (=) 67 1694

Value of Increase - 32 19 16 32 16 79 (-) 45

Cost of Fertiliser = 23 26 10 49 13 16 59 118

Profit - 91 (=)1 6 (-)17 (=)a7 43 | (<) 59 | (=) 73




FERTILIZER RESPONSE OF MAIZE OBTAINED ON
FARMERS FIELDS IN THE CENTRAL AND VOLTA REGIONS
OF GHANA

by
F. Donkoh* and G.T. van Renterghem®*
INTRODUCTION

Experiments on fertiliger use with annual crops, especially maize were started
systematically since 1948.

Prior to the FFHC - Fertilizer Programme, only N and P were tested on farmers fields
and recommendations were formulated for cereals, yame and groundnuts.

The trial and demonstration programme established by the FFHC in 1962 used the 3
major nutrients with eventual higher applicationa.

Under this programme, numerous simple trials and demonstrations were carried out all
over the country., While in the early stage only 2 levels of nutrients were tested from
1965 on more complex designs with 3 levels of N, P, K were laid out.

In the table below, some summarized data obtained through the FFHC trials carried
out since 1962 are given. (Only those trials of the actual project areas are included).

TABLE I

SIMMARIZED RESULTS OF FFHC - TRIALS
ON MATZE IN HO-KPANDU AND SWEDRU AREAS

A. _VOLTA REGION (Lbs/acre)

LDC&TIDH YEAR | No. | O=0=0 20=20=0 20=-20=20 40=40=0 40=-40=-40
[EPANDU 1964 M*{ 4 | T10 1010 1010 - -
[HOHOE 1264 M 6 |1260 2420 1840 - -
ZIOPE 1964 M | 6 | 680 820 1080 - -
7 10FE 1964 m#| 8 | 500 700 850 - -
VOLTA** 1965 M | 56 | 920 1340 1410 1370 1580
rmm - - Bg0 1300 1120 1370 1580
# M: Major season B minor season #% Average Over different locations

* Crop production Division, WMinisiry of Agriculture, Acora, *# FAO Soil Fertility Expert.
! ' '



B, CENTRAL REGION (Lbs/acre)

LOCATION| YEAR |No. 0=0=0 20=20=0 20=20=-20

SWEDRU 1962 H| 4 1130 1330 1490
19631 M| 18 T20 1120 1570
1963 m| 2 540 1240 1870
1964 M| 10 900 1740 1820

AVERAGE - - 810 1340 1650

Based on these results, an application of 20-20-20 1bs/acre was generally recommended
for maize.

This recommendation has been altered, however, using the results of a further
extensive trial and demonstration programme of the Ministry of Agriculture.

At the present time, 40-40-0/acre (2 bags of 20-20=0) or 50-30-30/acre (2 bags
15-15=15 and 1 bag of 315 ares recommended for maize to be planted in the major or minor
BeABON.

A follow-up of the previous FFIC - Fertiliser Programme, & UNDP SBpecial Fund Project,
has been under discussion since 1967.

A respective project titled "Increased Farm Production through Fertilizer Use™ became
then operational in February 1965,

The purpose of this project was to raise agricultural yields in selected areas through
the proper use of fertilizers in combination with other improved agromomic practices.

As a supplementary but equally important function this project will help with the
organization of operable fertilizer procurement and distribution system and the establish-
ment of credit, supply and marketing facilities for farmers on a co—operative basis.
Trials and demonstrations are forming the background for further improvement of fertiliser
recommendations and the field correlation of the soil analytical methods under test.

The field programme of triale and demonetratione continues on an intensified scale the
work previcusly done by FFHC with the purpose to either reconfirm former recommendations or
to modify them on the besis of the newly cbtained results.

In the early stage of the project, due to limited allocatiom of counterpart personnel,
field operations were restricted to one particular area (Volta Region)* where all available
staff was concentrated.

- Volta Region: Ho=Kpandu
Central RegiontSwedru-Ajumako



It was only since the beginning of 1970 that field activities in relation with the
"Experimental and Demonstration Programme" could be extended also to Swedru—Adjumako
(Central Region). Actually, the field programme is now operating in both regions, although
on a different ascale.

The field programme involves studies of various and numerous factors. It has to deal
with different levels of fertilizers, formes of nutrients, time and method of fertilizer
application, cultural practices, interaction of fertiliszers with organic manuring, varietiea
and plant protection measurea. Also relationships between soil type, socil conditione and

fertilizer response should be established.

After 15 = 16 months of field work, however, some of the above mentiocned studies on
special subjects have not yet been started. This is not because they were considered as
of minor importance, but that for immediate practical meaning and for organizational and
training reasons, those presently conducted deserved higher priority.

The selection was made in such a way that it could be in harmony with the overall
objective of the Project: "Motivate the farmer to increase ylelds by proper use of

fertilizeras aas part of a good farm practice."

At least during the past period the main emphasis in the "Experimental and Demon-
stration Programme" was laid on "levels of fertilizers N P K" in combination with variety
and spacing.

In how far these variables were considered in the establishment of the trial design,
will be seen further.

The following table indicates the number of tiriasle and demonstrations carried out
during 1969/70 in both project areas:

TABLE IT
Number of trials and demonstraticns .
1363 5T
REGION TRIALS TRIALS DENONSTRATIONS |
hﬂhjor season|Minor season ajor season® | Major season®*
VOLTA 20 (15) 20 (13) 71 (59)+* 60 (46)
CENTRAL - 12 (10) 44 (34)%e &

# Became only available a few weeks ago.
## Some more resulte can still be expected.

Numberas between brackets represent trials
with reliable results.

B, THE FROJECT'S EXFERIMENTAL AND

DerONSTRATION PROGRAMME

Up to now all agronomic technical field work was conducted in the form of the Experimental
and Demonstration Programme. The extension activities needed to supplement those triale
and demonstrations with the necessary promoticnal impaoct were performed on a rather limited

acale,.




The project, through mutual consultation between project etaff, came to a somewhat
different approach to the problem "triales — demonstirations" by studying the matier from

various angles.

It was agreed upon that although "trials" and "demonstrations” are related to each
other, demonstrations by nature had to be based on the resulis of trials. Each form
should therefore keep its specific character and should serve its individual prupose.

It was further understood that this policy should apply to all trials, whether laid
out on farmer's fields or not.

I. TRIALS

!u! FERTILIZER TRIALS:

During the first major season (1969) only "fertilizer" trials were established. In
the following minor seascn aleo some "spacing" and "variety" trials were added.

The fertilizer trial design commonly used during the major and minor seasons 1969
was as follows (14 treatments):

000 - 200 -
- 110 210 310
ozo 120 e 20 320
- - 230 130

+ 221, 222, 223
(Levele 0,1,2,3 = 0, 40, 80, 1201bs. nutrients/acre)

During the major season 1970, 3 additional K treatments and 1 supplementary check
plot were included. Thus the total number of plots (treatments) per block (replication)
amounted to 18 with a revieed design as given below:

000 - 200 -
- 110 210 310
020 120 220 20
& - 230 3310
+ +
221 295 2213 0=0=0
321 22 323

(Levels same as before)
The first design allows to establish the subsequent nutrient response curves:

(a) N in presence of Py (HfFl} = 3 points of curve
(b) ¥ in presence of P, {HXFE} = 4 points of curve
(e¢) P in presence of K, {Pfﬂe] = 4 pointe of curve

(d) P in presence of Hj. I:Pﬁll] = 1 points of curve



(e) K in presence of NP, {Iﬁzl’zi - 4 points of curve
(r) wp
(g) response surface.
The amended design allowst
a. same as before

+ K curve in presence of N.P, {K,i"n'}l’z) -
4 points of ourve,

LAY OUT

Replicationst 3 per site
Planting distance: 2'6" x 2' (2 plants per hole)

Size of plot (excluding borderline): 10' x 20' (4 lines) -
Plots separated by borderline.

Fertilizer application: 50% N + 100% P,K at planting time.
50% N at plant height of 1'6".

Variety: Diacel 153
Harvest: Weighing of cobs (4 lines)

welghing of grains
sampling for moisture teating.

PRACTICAL OBSERVATIONS

Per season, each supervisor with a team of labourers had to establish 5 trials,

although some of them laid out 6§ to 7. The supervisor was fully responeible for the
overall execution of the field experiment; its regular observation and all cultivation and

maintenance required.

The contribution of the farmer on whose field the trial was conducted, wes limited
to the land clearing and timely weeding.

Fertilizers were given free of charge, the harvest after weighing and recording of
results was handed over to the farmer.

In general, there were only minor difficulties in finding farmers willing to provide
land for trials.

Also, with the lay out of this quite complex deasign, no particular difficulties
occourred.



The first crew of supervisers recruited for the project, had already worked for the
FFHC - Fertilizer Programme in the area., They were quite experienced, understood the
importance of their work and were capable to train "candidate supervisors" in most/all
phases of their operations. It was also an advantage that those “candidate—supervisors"
were mostly literate labourers who had acquired some field trial discipline.

ORGANIZATIONAL OBSERVATIONS

Trial policy was defined after technical discussions between project officera with
the following major points aa basis:

1, 4 field experiment by nature and objective is
mainly explanatory and not demonsirative,

2. At lesst two, and preferably threes to four
replications should be laid out per treatment
or variable.

31, The number of trials should correspond with
the available capacity for proper supervision.

4. To obtain reliable and informative resultse
all field operations have to be executed with
the biggest possible degree of accuracy.

5. Appropriate medifications of trial policy should
be made in consideration of the above menticned
pointe.

COMMENTS ON FERTILIZER TRIAL RESULTS (see TABLE III,p.78)

As the major season harvest 1970 only began a few weeks ago, it has not been possible
to prepare detailed statistical analysis.

However, even without such details, it is possible to make some important obaervationa.

A. VOLTA REGION

A cleer distinetion must first be made between trials conducted during the major
geason and those undertaken during the minor season,

The number of the first trials in the major season 1969 was restricted, as the
supervisors allocated to the project (5 in total) were necessarily given intensive training.
In general, the results obtained during that season were quite encouraging and in most cases
the yield responses to 40-40-0, 80-40-0 and B0-80-0 were excellent.

In a few locations (Hohoe and Peki) a positive effect was also registered through an
addition of K.

A major observation, valuable for all seasons concerned, are the high yields of the
check plots (other than for Logba and Ziope). This again proves the positive effect of
the introduction of the improved maize variety and the proper cultural practices.

During the major season 1570, the number of trials {always 3 replications per location)
have been incressed from 15 to 67.



Again, the positive effect of fertiliszers is clear. In many cases, the highest
increases were obtained through the use of 40-40-0, 80-40-0 or 80-80-0.

Regarding the response to K, the Hohoe results 1970 appear to confirm those from 1969,
Also Logba, Kpetoe, Tsiteo, and Kponvi give high K response.

I think it is interesting to mention, here, that soil analysis of Tsito and Kponvi
triale have indicated a K deficiency.

The results obtained for 80=80-40 in the Peki area during the major season 1970
barely confirm those of 1969,

The Miner season results are available only from 1969. The responses to fertilizers
were less impressive, but thie ie mainly due to the extremely dry period during the last 2
monthe of the vegetation period., Indeed, practically no rainfall was recorded.

However, responses to 40-40-0 still seem to be quite appreciable, while for Hohoe, in
particular, the high yields obtained using combinatiocns with higher N level is quite

remarkable.

B, CENTRAL REGION

Although, in general, an appreciable yield increase is cbtained through the use of
fertilizers as compared with the check plots for the minor season trials, no further
difference can be seen between the various treatments tested.

In the first major season results (1970) it can be cbserved that very high yields were
registered for the check plots.

There is an overall positive effect from the use of fertilizers but yleld increases
are less spectacular than in the Volta Region.

In some cases, 80-40-0 gave better results than 40-40-0, but the differences are
generally too mmall to permit more definite conclusions.

In Abodom, Awutu and Ochiso, there seems to be a small but positive K effect.

TABLE III
VOLTA REGION
MAJOR SEASON 69 (Lbs/acre)

Hou | O=O= | OwB0=0 | 80=0=l |40=40=0 | BO=40=0 | BO=H0=0 | 120=80=0 | B0-B0-40

FEKI 3 | 1175 | 2450 | 1200 | 2800 3000 2475 2650 3100
VAKPO 2 | 1900| 2225 | 3250 | 3250 3850 3600 3700 3600
LOGBA 2 550 | 1250 | 1850 | 2650 2250 2050 2650 2750

ZIOFE 4 950 | 1500 1425 1850 1975 2000 1950

1550
HOHOE 4 1450 | 2800 3400 3500 3400 3850 4225 3950




MINOR SEASON 69 (Lbs/acre)

No.| 0-0-0| 0-80-0| 80-0-0| 40-40-0f 80-40-0| 80-80-0| 120-80-0 | 80-80-40
PEKI 2 1050| 1500 1375 | 1800 1400 1300 1600 1800
VAKPO 1| 1600{ 1000 | 1600 | 2800 2600 2400 3100 2200
LOGBA 2 300| 800 650 | 1600 1425 1625 1725 2000
2 IOPE 2 900| 1000 950 | 2000 1725 1825 2225 2000
HOHOE 3| 1400| 1550 | 3325| 2375 2325 2825 2750 2225

"MAJOR SEASON 70 (Lbs/acre)

LOCATION Noo.| 0=0=0| 0=80=0 80-0-0' 40=40 80=40 80-30 120-80 80=40=40
ABUTIA 4 1500| 2000 3200 3500 4450 3600 3625 3675
ADAKLU 4 1000| 1300 2325 2600 3100 3300 3600 3200
ALAVANYO 3 1500| 2300 2500 3750 3300 3800 4100 3800
BAME 3 1200| 1800 2300 2250 2250 2375 2200 2400
GOLOKWATI*| 1 1150( 1800 3350 2650 3615 3750 3900 3700
HAVE 5 1000| 1350 21350 2100 3100 2850 2450 2500
HO 3 1300| 1900 2325 2900 2900 3100 2900 2675
HOHOE 3 1225| 1850 2125 2500 2625 3050 3300 3579
KPALTME 4 1800| 2300 2300 3650 3500 3200 3600 3050
KPANDO 8 1600| 1925 3150 2900 3100 3125 3150 2750
KPETOE 3 1800| 2100 2650 2700 3400 3500 3150 4025
KPONVI 4 1850 1775 2350 2600 2500 2600 2650 2500
LOGBA 3 975| 1575 2550 2625 2700 2850 3300 4000
PEKI 4 1550 2000 2325 3000 3300 2800 2300 3050
TSITO 4 2000 | 1800 2800 2700 3300 3100 3750 3750
VAKPO 2 2500 | 3050 3100 4600 4700 4100 4200 3800
ZIOFE* 1 1150 1450 2650 2350 2300 2650 3200 2700

* Complete resulis not yet received,



CENTRAL REGION

MAJOR SEASON 70 (Lbs/acre)

ILochIcm No. | 0-0-0| 0-80-0| 80-0-0 | 40-40-0| 80—40-0| 80-80=0 | 120-80-0| B0-80-40
LBODOM 1 1850 2850 | 2400 | 1500 2650 2050 3050 2850
AJUMAKO 3 1200 1920 1656 | 1520 2250 2175 1950 2000
ﬂﬁg& 4 1100| 1950 1800 2100 1750 2400 2800 2550
AWUTU 4 1950| 2700 3500 3050 3600 3725 4500 3500
HWSIASE 4 1900 | 2100 2300 2450 2550 2500 2150 2650
ARU-
pisscal 3 1850 | 2050 | 2375 | 2550 2750 2575 2475 2600
GOMOA B
lassv 4 2500 2 2900 3400 3700 1850 4400 3500
OCHISO 2 1950 | 2100 1800 2000 2350 2100 2575 25800
SWEDRU 8 | 1550 | 2350 | 2600 | 2775 3200 3300 3300 3300
MINOR SEASON 69 (Lbs/acre)
Noe | 0=0=0 | 0=80=0 |80<0<0 |40=40=0 | B0=40=0 | 80=80=0 |120=80=0 | 80=80=40
ISWEDRU 8 1350 | 1425 2025 | 2275 2300 2250 2475 2475

!h! VARIETY AND SPACING TRIALS:

"Variety — fertilizer" trials etarted with the minor season 1969, while the
first "spacing" triale were established during the major season 1970.

Summary information is given below:

l, Variety trials:

-~ Randomized Block design, 3 replications

16 plots per block,

Varieties:

Fertilizer levela:

4 (Diacol 153, Mexican 17, Composite 1

2. Spacing iriale:

= Split plot design, 3 replications,
18 plote per replication.

3 (2 x2v, 2v x 26", 34 x 2')
2 (Diacol + Mexican 17 or Composite 1,2)

SEa.c.'i ngat

Varieties:

Fertilizer levela:

Composite 2)

4 (80-40, B80-40-40, B0-80-40

120-80-40)

3 (40-40-0, 80-40-40, 120-80-40)




TABLE IV

NUMEER OF VARIETY AND SPACING TRIALS

STABLISED
VIREEY 'IRIEE PAC ™R
AREA ¥INOR MAJOR MAJOR SEASON
SEASON 69 SEASON 70 1970
VOLTA REGION 3 (3} 3 (2) 4 (3)
CENTRAL REGION - 3 (1) -

# Number in brackets represent the number of
triale with reliable results.

Although it is too early for reliable results as only few trials of this kind were
oonducted, the tendency seems to be in favour of Diacol 153, 2' x 2'6" and 40-40-0 or
80-40-0.

I1. CORRELATION STUDIES
"S0IL TYPE - FERTILIZER RESPONSE"

The trial design has also been found suitable for correlation studies who have
gtarted in Ho-Kpandu area since the early stage of the project. A soll survey has been
performed by technical officere from the Soil Research Institute in Kumasi to identify and
classify major soil types in the project areas, It is still too premature to enter into
details,

III, DEMONSTRATIONS

Based on the trials results, it became clear that in the Ho-Pkandu area, 3 successful
fertilizer levels (40-40-0; B80-40-0; 80-80-0) were now to be compared under demonstrations

conditions.

The risk of not obtaining considerable agroncmic and economic effects through the use
of those 3 treatments was the lowest possible,

In view of the high fertilizer response as recorded in iriale by means of a combined
application of better cultural practices (including improved seed) and the recommended
fertilizer sales, yields of about 2000 lbs/acre could be expected.

In comparison, the average yield of unfertilized farmers fields is about 600-800
1bs/acre.

It is common knowledge that farmers are most reluctant to readily accept trial
results, due to the fact that they are carried out by more or less experienced teams on

very small fields.

However, by laying out the demonstrations on plots over experimental size, farmers
generally became aware of the production potential of their lands.



LAYOUT:

A8 already mentioned 3 levels were selected for demonstration purposes.

TABLE ¥
LEVELS USED IN DEMONSTRATIONS -

COST OF FERTILIZERS TO FARMERS

For certain demcnstrations
This waas due to the fact that either soil analyses
indicated a need for K or that simply the 20-20-0 grade for the formulation of 80-40-0 and

40=-40-0 was not available.

Lbs/acre 1st application 2nd application Cost/acre*
80-40-0 2 x 20-20-0 2 x SA N¢ 9.60
T0-30-30 2 x 151515 2 x SA N¢ 9.60
40-40-0 1 x 20-20-0 1 x SA

1 x S8 ¢ é.70
15-315-15 1 x 15-15-15

1 =88 1 xSA Ng 6.70

* Based on following subsidized prices:
1 Bag (112 1b,) of 15-15-15 or 20-20-20 = Ng2.80 (¥ uss2.80)

1 Bag (112 1b.) of Sulphate of Ammonium (SA) = Ng2.00

1 Bag (112 1b.) of Single Super Phosphate = N§1.90
TABLE VI

RESULTS OF 46 DEMONSTRATIONS
-"?E;Ia;'?E'TTEE?EEFET""

TOCATION B0-40-0 70-30-30 40-40-0 35-35-15
ABUTIA (H)* 2750 (4) - 1800 (1) -
TSITO (H) 2200 (3) - 1700 (2) -
ABUADI (H) 2600 (1) - 2100 (2) -
KFETCE (H) 2300 (1) 3100 (1) - 2000 (1)
COLOKWATI (X)* 2200 (2) 2050 (2) - 2000 (2)
KPANDU (K) 1850 (3) 1300 (1) - -
PEKI (K) 2050 (2) - - 1900 (5)
HOHOE (K) = 2200 (3) ~ 1750 (2)
VAXPO (K) - 2000 (3) - -
ALAVANTD (E) - - - 2050 (4)
SANTROKOFI (X). - 2100 (1) - -

Total 15550 13350 5600 S700

Average I * 2280 2225 + 1850 11550

Average 11 2250 1900
*# (H): Ho ; (K): Kpandu. Numbers between brackeis indicate number of

successful demonstrations.

In the long
run, however, due to some financial problems formulated by farmers willing to participate

in the scheme, only 40-40-0 and 80-40-0 seem acceptable,
T0-30=30 and 315-315-15 were used also.




Each farmer willing to participate in the demonetration programme had to agree to the
following conditions:

l. A field of at least 2 acres

2. Use of improved seed (Diacol 153)
at the rate of 20 lbs/acre -
Cash contribution : N¢ 0.20

3« Planting distance: 3' x 2'6", iwo seeds per hole
4+ Planting in rows
S5« First fertilizer application at planting time

6. Second fertilizer application when maize was
about 1'6" high (45 em) = After weeding.

7. 50% cash payment at reception of fertilizers
8. Balance to be paid after harvest.

There was no specific check plot included in the demonstration, since unfertilized
ad jacent farmers fieldscould easily be used for comparison,

Each farmer was assisted by a project field supervisor of the area who had to
demonstrate to the farmer the practices of row planting and proper fertilizer application.
The supervisor alsc had to inepect all his demonstration plote regularly and to advise
the farmer on necessary and supplementary measures of cultivation,

Harvest was carried out at the rate of 5 samples of Y100 acre each per field of
1 aore. An identical sampling method was applied to determine ylelds of unfertilized
farmers field for which an average of 850 lbs/acre was recorded,

One of the obstacles was that demonstrations had normally to be established on lands
of individual sometimes isolated farmers which resulted in a rather small promotiomal and

educational impact.

Furthermore, & fertilizer demonstration on a 2 acre field with the conditien to
pay 50% cash at the reception of the fertilizers was somewhat unusual for most farmers.
It took & considerable time to convince prospective co—-operatore through continucus con—
tacts and discussions., Coneiderable support was cbiamined, however, through the "Maize
Loan Scheme™ launched by the Agricultural Development Bank in the project area.

Quite a number of farmers participating in the Fertilizer Demonsiration Programme
aleo took part in the above mentioned scheme.

The big shortcoming of all these efforts was that smzll farmers owning less than 2
acres and umable to clear or provide & acres as requested by the loan scheme had to be

disregarded,

For this reason, during the minor sesson 1970 already the project Demomstiration
Programme had dropped the previous minimum acresge as conditiem for participation.



MAJOR COMMENTS ON THE RESULTS OF
THE DENONSTRATION PROGRANIG

Apart from the modest impact of the Demonstration Programme, the individual results
are very encouraging and it can be coneidered as a first step towards real intensification
of maize farming in the project areas of Ghana. Indeed, those farmers who had successfully
participated in the programme, became now conscious that with an economic supplementary
fertilizer input a considerable improvement in income can te cbtained from their fields.

The following tables show the monetary benefit participating farmers got with the
demonstration plota on their farma,

The economic returns are calculated onm the basis of a minimum Government guaranteed
price of N¢ 6,00 per bag (or 3 Np per 1b.) for maize and of the subsidized fertilizer

price levels (given in Table No.VII, pages 54-85).

Congidering the remarkable fluctuatione of the maize price during the year however,
it can be stated that in most cases the use of 40-40-0 and even B80-40-0 can be definitely
recommended to farmers, With this practice under "normal" conditions of rainfall a

profit of at least N¢ 20.00 per acre can be expected,

Although the benefits of 80—40-0 versus 40=40-0 are not always 100%, the apparent
tendency is in favour of 80-=40-0 as probasbly the best recommendation for the time being.

TABLE VIIA
ABUTIA TSIT0 [ ABUADT
B0-40-0] 40-40—0 | BO—40-0]40-40-0 B0=40-0] 40-40—-0
" Yield increase*
1bs/acre 1900 950 1350 850 1750 | 1250
Value incresse
Ng/acre 57.00{ 28,50 40.50| 22.50 52.50| 17.50
Cost fert + seed
NE/acre** ¢.80| &.%0 9.80| 6.90 I 5.80] 6.90
Wet Profit f
N§/acre 47.20/ 21.60 30.70| 18.60 42,70 30.60
FJ'FG 5-5 | d4el | del 316 Sel Sed




TABLE VIIB

KPETOE GOLOKWATI
N0—40-0 | 70=30=10 | 35-15=15 B0=40=0 | TO=30=-30 | 35=35~15
Yield increase 1450 2250 1150 1350 1200 1150
Value increase 33.50 | 87.50 34,50 40.50 36.00 34450
Cost fert + seed 9,80 9,80 6.50 9,80 T, B0 6,90
Benefit 33,70 57.70 27.60 30.70 26,20 27.60°
v/C 4.4 6.8 5.0 4.1 1.6 540
TABLE VIIC
KPANDU PEK L HOHCE
B0—40-0 [ 70=30=30 | B0-40-0] 35=35-15 | J0=30=30[35=35~15
Yield increase 1000 1050 1200 | 1050 1350 500
 Value increase 30,00 31.50 | 38.00] 31.50 40.50 27.00
Cl:lﬂ‘t fﬂr‘t + ﬂ'ﬂﬂd B-E‘G 9.5’[] 918’9 6.90 9-&’0 6!90
Benefit 20.20 21.70 | 26.20] 24.60 30.70 20.10
7 3.0 e T R Y 3.1 3.9
TABLE VIID
VAKFO ALAVANYO SANTROKOFT
70=30=30 35-15-15 70=30=30
Yield increase 1150 1200 1250
Value increase 34.50 16,00 317.50
| cost fert + seed 9.80 6.90 5.80
BENEFIT 24,70 29,10 27.70
v/c 3.5 542 3.8

(#) Note: See Annex I where economic returns are caleulated on
the assumption that farmers should receive still the
minimus prica of Hﬁ 6.00 per bag and pay for the fer—
tilizers:
CIF + inland transportation and handling charges.




CONCLUSIONS

Maize as the major food crop in Ghana enjoys the priority in government production
planning. Therefore, with all trials and demonstration work conducted during the first
period of the project emphasie was put on this erop.

Mthough by now on a small scale rice, cassava and cotton have been included in the
triale and demonstration programme, it can be expected that as long ss the project is
operating in Ho-Kpandu and Swedru-Ajumako areas, maize will continue to remain the number
one crop.*

In how far the triale (and eventually the demonstrations) thus far conducted, will
lead to & confirmation or modification of the existing fertilizer recommendations ie still
too early to decide. There seems to be, however, an apparent trend in favour of
80-40-0/acre which under most conditions showed a very positive yield and ecocnomic response
(particularly in the Volta Region).

On the whole, the overall judgement on trial values depend mainly from which angle
their results are examined.

From a sirict scientifical point of view, they are rarely fully eatisfactory. For
formulation of realistic and dependable fertilizer recommendations, however, trial
results represent the soundest information base.

An experimental and demonstration programme has been included in the project.

In the promotion of progress in the use of fertilizers it has been considered as
necegsary to implement in practice (although with suitable reservations) the mest
successful treatmente even if from the scientific point of view they may be 100% secure.
The gain in time eeems well worth the calculated risk of this approach especially where
resultes have to be produced within a certain period of time.

Spirit and cooperation of the Ghanaian farmers participating in the project activities
has contributed considerably to the continuation of the project trial and demonstiration
programme based upon the above mentioned policy.

A8 e final conclusion, a comparison is made between the overall averages of
identical treatments from FFHC and Project trials.

TABLE IX
[ FFHC PROJECT GHA 393
REGION 0-0-0 | 20=-20-0 | 40-40-0 0=0=0 | 40-40=0 | B0~40-0
VOLTA 850 1300 1370 1450 2800 3050
CENTRAL 810 1340 - 1700 | 2570 2850

This shows cbviously in how far Project trial results may influence the present
recommendations particularly for the Volta Region where quite s substantial number of
trials have been carried out.

(*) In certain areas of Hohoe, farmers nonetheless show & considerable interest in
rice growing. Provided that improved varieties could be made available a slight
expansion of our rice trial work would be justified,




ANNEX I
TABLE X

Comparison between subaidized prices, CIF prices and "CIP + Tpt" prices
of some important fertilizers in Chana (in Ng)

Subsidized CIF at lema CIF + Tpt
15=15=15 2.80 3.17 3.1
20=20-0 2.80 3,17 3.70
SA 2400 2,33 2.90
55 1.90 2.38 2.90

The prices indicated in the "CIF +Tpt" column are based on:

(a) 6 NP/Ton/Mile. for the demonstrations
established in Ho-Kpandu area, an average
of 120 miles is taken into account (or

N¢ 7.20 per ton).

(b) & limited amount of Nf 0.20 is added per bag
for handling and other charges.

In the light of the sbove mentioned prices the economic returna
as presented in Table No.VII will be amended as follows.

TABLE X1I

LOCATION TREATMENT BENEFIT [ v/c
N

ABUTIA 80-40-0 43?50 4.2

40=40-0 18.80 2.9

TSITO B0=40=0 27.10 3.0

A0=80-0 15.80 2.6

ABUADI B0-40-0 15,10 1.9

40-40-0 27.80 3.8

¥PSTOE ~ G0-40-0 30.10 T2

70=30=30 54,10 5.0

15=15=15 24,00 1,6

GOLOKWATI B0 D) 27.10 3.0

T0=30=30 23.40 2.7

15-35=15 24.80 1.6

KPANDU B0=40=0 16,60 2.2

T0=30-10 18,10 2.3

FEKI B0—40-0 22,60 2.7

35=35-15 21,80 302

HORCE 70=30=30 27.10 3.0

o 35=15=15 18.30 2,8

VAKFO 70=10=10 21,10 2.5

ALAVANTO 35m 15=15 26,30 3.8

AN TROKOFT 70=130=10 24,10 2.8

* Cost of treatment 80-40-0 = N¢ 13,20
Cost of treatmont 40—40=0 = Hf 9,50
Price of 200 lb. of Maize = Nf 6.00



SIERRA LEQONE, RICE PRODUCTION AND FERTILIZER
by
A.I.7, Sese " and H. Braun o

CHAPTER I

INTRODUCTION

Riece ism the most important staple food crop in Sierra Leone. Due to increase of populat-
ion, changes in nutritional hahite and increased purchasing power the economy on rice has
changed from a slight surplus to guite substantial imports,.

Efforts are being undertaken to increase rice production. Three years ago the Ministry
of Agriculture & Natural Resources initiated an Inland Valley Swamp Development Scheme which
finds increasing response among farmers. Improved agricultural practices are introduced to
farmers. A demonstration programme shows to farmers the effective use of fertilizers and
the benefits deriving from their application.

Agricultural research is now investigating into improved wvarieities giving high response
to fertilizer and better crop husbandry under the prevailing ecological conditions. This
paper tries to underline the necessity of exchanging experiences in this regard, and last but
not least, the common interest in the former West African Rice Research Institute at Hokupr,

Sierra Leone.

To make it easier to understand problems and to exchange experience part I of this paper
gives some information on the ecological end agricultural conditions of Sierra Leone.

* Fertilizer Officer, Ministry of Agriculture and HNatural Resources, Freetown
#%* FAQO Spil Pertility Expert



CHAFTER II

THE COUNTRY

1., Population
Total populationt 2,500,000 (mid-year proiection, 1969)
Average density: 90/sq.mile (35/8g.km)

Annual increaser 1,57

2, Geography

Area of Sierra Leone: 27,925 sg.miles (about 72,350 sg.¥m). The relief is character—
ized by low land (0-250 feet or about 75 m of altitude) which covers about the Western half
of the country, interrupted by relatively important creeks and rivers and isplated hill

stretches,

The eastern half of the country is & plateau of 1000 to 2000 feet of altitude (about
300-600m) with some mountains in the Norih-East. .

Natural Regions:

Swamp 2,337 sq.miles (6,200 sq.km) 8t

Cloaed forest

(mainly secondary) 17,741 sq.miles (46,000 sq.km) 64%

Open Savannah-Woodlands 7,847 sq. miles (20,150 sg.km) 284
Total 27,925 sq.miles (72,350 sq.km) 1007

3, Climate I

Generally Sierra Leone has a tropical elimate with one rainy season {Hny to October) and
one dry season (November to April) per year, Illean annual rainfall is 125 to 150 inches
(3.175 to 3.810 mm) in the coastal zone, below 100 inches (2,540 mm) in the north-eastern
part, the largest proportion of the country receiving 100 to 125 (2.540 to 3.175 mm) inches
per year,

Mean annual temperature is around 80°F (about 27°C) with slight variations in the course
of the year (rainy season lower, dry season higher). These variations are more accentuated
in the interior (mean minima about 70°F/21°C, mean maxima about 90°F/32°).

4. 5011
Considerable soil survey work has been carried out in the country so far but still more
is required in many parts ‘o obtain sound bases for agricultural development.

Generally, it can be said that soil conditions in Sierra Lecne are greatly varying.
Hardly any cultivated soil is of class one. The map showing the Soil Provinces should give
some basic information on these conditions, ( Fig. I). In the following table an attempt is
made to characterize some soils according to their parent material, relative productivity and

adaptation for various crops (Fig. I and Table I).

Rice is cultivated in the country on verious soil types and generally the following
classification is used:
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SOIL PROVIN:E MNAP OF SITCRRA LIONC

Soils of the Peninsula lioun-
taina from Noeriteand Gabbro

Soils of the Sandy DJeach Rid-
ges and lagocons

Soils of the Constzl Swanps

Soils of the Alluvisl Grass-
land Floodplaines

Soils of the raised Beachea
and Coastal Terraces

8o0ila of the Interior Plaines
from Acid Igneous ~nd Meta-
porphic focks

Soils from the Rokel River
Series under 3econdary Bush

Soils from the Rokel Niver
Series under Savanna

Soila of the Belilands

i Soils of the =

J Soils of thz Dscarpment Region

from Granite and Acid Gnelss
under Secondary Bush and Forest

¥ Soils of the Escarpment Region

from Sranite and Acid Gneisas
under Savanna

Soils of the Upper Moo Basin

ateaus from
Oranite and Acid Gneiss under
Secondary Bush and Torest

Soils of the Pleteaus from
Granite and ‘cid Cneiss under
Savanna
Soils of th2 Hilla ~nd Mountali:-
from Granite and Acid CGneiss

Soile of tho Hills and lisuntcin-
from the Enmbui Schizts

Fig.1 = 50il province m=2p of Sierra Leone

Source: J.C. Dijkerman, Njcla University College,
University of Sierra lecne, May 1967.



4.1 TInland Valley Swamp Rice (Inland Swamp Development Scheme)

The total acreage available is about 738,000 and the acreage cultivated is 95,000 which
is comparatively very low in terms of percentage (about 13%) and production has not been
satisfactory.

However, with the traditional system of cultivation giving way to a better technical
method of water control, stumping, efficient fertilizer use, improved or high yielding
varieties coupled with good management, the Inland Valley Swamp Rice will reveal its true
value in terms of increased production and higher yield,

Inland Swamp Rice is either transplanted or sown in inland depressions which are
generally watered by small streams forming swamps., These are of varying fertility, and
generally less poor than upland rice soils. Deep flooding rarely occurs and yielde are
higher than on uplands. Previously, a certain fertility level had been maintained by shift-
ing cultivation, but the tendency is now towards permanent cultivaetion which embodies the
factors enumerated before.

4.2 Inland Riverain CGrassland Rice or "Boli" — Rice

Important areas of the central plain are covered with flat grasslands. They retain water
from rain and become shallowly flooded due to the rise of rivers during rainy season.
Fertility is relatively low but fertilizers and adopted varieties bring satisfactory yields.
4 Mechanical Cultivation Scheme for soil preparation and seed harrowing is operating in these
areas, Rice is sown directly, firstly rainfed and then shallowly flooded.

4.3 Deep Flooding Grasslanda

In the south some rivers are prevented by an ancient sand dune to enter the sea directly
and flood deeply wide areas, Advantageous silt deposits exist. Floating varieties of rice
are used,

4.4 Tidal Mangrove Swamps

Swamps bordering rivers and creeks still reached by tidal sea water., During rainy season
snough fresh water is supplied to allow rice growing. Here again silt deposition appears.
Yields may be somewhat lower than on deep flooding grasslands.

4.5 UDpland Rice

The most important area is under this type of rice cultivation. Originally already
relatively low soil fertility is maintained by shifting cultivation. With increasing pressure
on the land fallow periods are diminishing and consequently, erosion becomes a problem.
Comparatively, these soils have the lowest production capacity but represent for many farmers
the only possibility to produce their subsistence rice as they do not dispose of other soils.
Also under these conditions fertilizar and selected varieties give economical yield increases
and higher returns especially for the considerable input of labour to clear the secondary
bush every year,
. Land Use

About one million acres (405.000 hectares) out of a total area of nearly 18 million
acres (7,3 million hectares) are cultivated, The average size of agricultural holdings is

-

about 4 acres (1.6 hectares).



Table I = Characteristica of some soils according to their parent material, relative productivity

and adaptation for wvariocus crops
Soil Province
D,G,L

Parent material
Clayey pravel-free
alluvium or colluvium

Rel .Productivi

Nutrient Sunpl

ir

Adapted Cro
tree crops, grains,
local food cropa

Fine loamy residuum
from granite or

olayey residuum from
quartz-rich granite

Fair

as above

Elnyn;r gravel-
free alluvium or oolluvium

e,L

Fair

oswamp rice, possibly
dry season vegetables

Clayey or loamy gravel-
free alluvium or colluvium

D,G

Poor

coffes, grains, oil
palm, rubber, local
food crops

Loamy gravel-free
colluvium 24-24 inches

thiock over olayey gravelly
material

Poor

coffee, oil palm,
local food cropa

Clayey gravel-free
alluvium or colluvium
24-24 inchea thick over
clayey gravelly material

Poor

owamp rice, dry
season vegetablea

Loamy pravel-free colluvium
10-24 inches thick over
clayey gravelly material

Poor

upland rice and other
food crops after long
bush fallow, groundnuta

Coarse pandy alluvium

Yery poor

swamp rice

Loamy gravel-free
colluvium 10 inches thick

over olayey gravelly material

Very poor

upland rice and other
food crope after long
bush fallow,groundnuts

Sourcet Odell, R.T. and Dijkerman, J.C, = Properties, classification, and use of tropical

soils, with special reference to those in 3ierra Lecne,

University of Sierra Leone, 1967

Njiala University Collexe,



TABLE II =~ Approximate areas under principal crops

Crop: Area in
1,000 acres: (in 1,000 ha): Remarks:

Upland Rice 480 194.4

Inland Swamp Rice 95 38.4

Boliland Hioce 27 11.0

Mangrove Sw. Rice 18 Tad

Deep Fl. Orassl, Rice 10 4.0

(Total Rice) (630) (255.1)

Pigeon Feas 56 22.7

Coffee 55 22.3 28,000 acrea in
bearing age

Cassava 50 20.2

Maize 50 20,2

Groundnute 47 19.0

Cocoa 46 18,6 17,000 acres pure stands,
27,000 acres still stands

Tama 30 12.2

Millet = Sorghum 20 B8.1

Sweet Potatoes 7 2.9

Cil Palms 6 2.5 pure improved plantatiena
only

Ginger 3 .25

Total 1,000 405.0

Sourcea: - Ministry of Agriculture & Natural Rescurces

= Agricultural Statistical Survey of Sierra Leone
1365/66



TABLE IIT = Average annual production of principal crops (61-70)
{in 1,000 metric tons

I, Foodcrops 61/63 M 66/68 65 /69 69/70
Paddy (husk rice) 380 390 400 407 380
Cassava 61 €0 60 60 60
Millet 12 12 12 12 12
Maize 9 10 10 10 10
Groundnuts 8 9 9 9 9
Sweet Potatoes/Yams 9 9 9 9 9
II, Cash Crops 63 64 65 66 671 68 65
Palm Kernels 51,6 43.0 46.5 50.3 15.8 52.8 50.8
Coffee 3.9 6.4 3.5 G.6 2.8 4.1 4.9
Cocoa 3.3 3.2 2.4 3.3 3.5 3.4 3]
Piassava 5.6 7.0 0.8 1.5 0.6 2.5 2.4
Benniseed 0.2 0.3 0.1 0,2 0.2 0.2 0.1
Ginger 0.6 0.3 0.5 1ldl 1.6 see 0.7

Source: = Ministry of Agriculture & Natural Resources.



CEAPTER III

RESPONSE TO NITROGEN OF RICE
EXPER IMENTAL RESULTS

The following should give some information how rice growing under various seil and erop
conditions responds generally to fertilizer without considering varietal differences.

1. Inland Swamp Rice (Das Gupta, 1966)

Yield increase on rice due to the application of N was found out.

Fertilizer treatment:

Basic treatment of all plots = 100 lbs/acre of P205 as double superphosphate
(44.5% P20s) Nitrogen. O and 141 1bs/acre N as Sulphate of Ammonia.

Result on grain yield:

Treatment grain yield (1b/acre)
Nitrogen 3653.8
No nitrogen 2028,0
Difference 1855.8

L.S.Ds (P = 0.,05) = 163.9
Productivity of Nt One 1b of N produced 13.13 lbs of grain (husk rice)

2. Mangrove Swamp Rice (Das Gupta, 1568)

The effects of levels of Phosphorus and Nitrogen on grain yield were found out in a
split plot experiment (4 x 6) with four replications,

Fertilizer treatment:

N - & levels (0,30,45,60,75,90 1bs N/acre as Sulphate of Ammonia,
V2 each at 15.37 and 59 days after transplanting;

P = 4 levels (0,30,60,50 1lbs ?205;'&::& as single superphoaphate
at transplanting)

K - Basic dressing of all plots, including control, by 30 lbs K20 /acre
as potassium sulphate.



Results on grain yield:

Effect of phosphorus and nitrogen on grain yield (1bv/acre)
under mangrove swamp cultivation.

Levele of Levels of
nitrogen P20s 0 30 60 S0 Mean
(1b/acre) (1b/acre)
o 2656.5 1161.2 2048,2 2897.1  2%15.7
30 3057.2 1361.2 31367.3 1261.3  32T4.2
45 1434.6 3635.9 3674.2 3710.0  3614.7
60 3417.4 3709.5 3729.0 3783.7  3655.9
75 1360.0 3650.0 3864.4 3875.0  1687.3
G0 3322.3 3550.8 36595 3962.6  3633.5
Mean 3208.0 3512,1 355045 3586.6

L.5.D0. of phosphorus at 5 percent = 10.6
L.3.D. of nitrogen at 5 percent = 54.4
L.S.D. of phosphorus x nitrogen at 5 percent = 108.8

Productivity of N: Nitrogen, applied alone was most productive at the rate of
45 1lbs/acre

One 1b of N produced 17.29 1bs of grain (husk rice)

Productivity of P: Fhosphate, applied alone was most productive at the
rate of 30 lbe/acre.

One 1b of P05 produced 16.86 1lbs of grain (husk rice)

Both nutrients applied together at the same rate (N45,P30) gave the following
productivity figures:

N - 1 1b = 10.60 1bs of grain (husk rice)
Po05 = 11b = 16.86 1be of grain (husk rice)
3. Boli — Rice (Das Gupta, 1968)

Thig experiment was carried out with the object to find out the best method of nitrogen
application on Boli land rice. A8 the control plet received no nitrogen this experiment
ghould alsc give some information on the effect of nitrogen on grain yields under Boli
land conditions., The trial was designed as randomised block with three replicatlions.

Fertilizer treatment:

¥ - 0 and 50 1bs/ecre of N as Sulphate of Ammonia applied in three
different ways:
(i) Whole quantity broadcasted at time of sowing

(ii) Whole guantity placed at depth of 6 inches (15cm) &t
time of sowing



(1i1) ¥2 of total quantity broadcasted 4,10 and 17 weeks after sowing

P - All plots, including oontrol, received a basal dressing of 40 lbs F205/acre
as single superphosphate at time of sowing.

Repults on grain yield:

Grain yield in different methods of nitrogen application under boli land
rice cultivation

¥No. Methods of nitrogen application Orain yields
(1bv/acre)
1 Whole quantity broadcasted at the
time of sowing of seeds. 1416.7
2 Whole quantity placed at 6 inches below
the soil surface at the time of sowing
of seeds 16873,7
3 Three split dressings 1676.4
4 Ko nitrogen (1154.6)

LeS.D. at 1 percent = 55.4
L.5.D. at 5 percent = 36,6

Productivity of N:

Method of application One 1t of N produced lbe of
grain (Husk rice)
(1) 2,91 1bs
(41) 5.88 1bs
(11i) 5.80 lbs

4. DUpland - Rice (Will, 1568)

A series of experiments had been carried out mainly to compare the effect on ylelds of
two different nitrogen carriers on various rice soils. The design was & 3 N x 2 P aplit
plot factorial with 4 replications.

Fertilizer treatment:
N - 0,40 and 83 1bs K/acre as Sulphate of Ammonia and another N carrier

respectively applied Y2 three weeks after planting and Y2 seven weeks after
planting.



Regults on ylelds:

Jife] N40

Am. Sulphate 1426 1554

1665

Productivity of N:

At a rate of 40 1bs/acre one 1b of N
produced 10,70 lbs of grains (husk rice).



TABLE IV - Productivity of Nitrogen (as Sulphate of Ammonia), summary of results from fertilizer

axperimenta.

Yield inorease in 1bs husk rice per 1b Nitrogen and valuai

coat ratios

1966 1968 MEANS
Inland & Mangrove Swamp Rioce
Fertiligzer treatment per acre N14,P10,KO H45 N45, P30 -
Productivity (yield increase in 1bs Husk rice per 1b Nitrogen) 13,13 17.29 10,60 | 13.54
Value of yield inorease (cents of Leone) 43.3 57.0 15.0 44.7
Valuet Cost Hatio 4.9 6.4 3.9 5.0
Epliland Rice
Fertilizer treatment per acre NoO PAD
Productivity (yield increase in lbs husk rioe per 1b Nitrogen) 5.88 5.588
Value of yield inerease (cents of Leone) 19,4 19,4
Valuet Cost Hatio 2.2 2.2
Upland Rice
f‘_ertilizer treatment per acre NAD
Productivity (yield inoreanse in 1bs husk rice per 1b Nitrogen) 10.70 10.70
Value of yield inorease (cents of Leone) 3543 15,3
Value: Cost Ratie 4.0 4.0
Mean per year of rice on all soil types (1ba., husk rice/1b Nitrogen) 13.13 10,17 10,92
Fertilizer cost, cents of Leone per 1lb pure Nitrogen 8.9 8.9 B.9
Crop price cents of Leone per 1b husk rice 3.3 3.3 3.3




CEAPTERIV

RESPONSE TO PHOSFHATE
EXPERIMENTAL RESULTS

A series of experiments have been carried out on different rice scils and with varieties
supposed to be well adapted to each soil type to find out the effects of levels of phos-
phorus on grain yield. Design randomised blocks with } to 4 replications.

1, UEIM rigea
Fertilizer treatment:

N - All plots, including control, received on equal treatment of 60 lbs
N/acre as Sulphate of Ammonia, broadcasted 50% at 43, and 25% each
70 and 85 days after sowing.

P - 0, 15, 30, 45, 60, 75, 90 and 105 1bs P20s5/acre as single
superphosphate applied at the time of sowing.

Resulte on grain yieldsi

Grain yield at various levels of phosphorus

Levels of P O Orain yield
(1b/acre) (1b/acre)
0 1569,2
15 1606.4
io 1617.8
45 1625,0
60 1768.0
15 1736.3
90 1664.2
105 1678.4
L.S.Ds at 1 percent - 556
L- S.D. at 5 Pﬂrcent - 4_0'-9

Productivity of Py0s5:
At 15 lbs/acre ome 1b of P205 produced 2.48 1lbs of grain
(husk rice)

At 60 1bs/acre one 1b of Pp05 produced 3.32 1bs of grain
(husk rice)

2. Mangrove Swamp Rice

Fertilizer treatment:

N - All plots, including control, received an equal treatment of 50 1bs N/ acre
as Sulphate of Ammonia, applied Y2 emch at 14.45 and 77 days after transplaniing



P = As in the before mentioned experiment (on upland)

K - All plots, including control, received 30 lbs K20/acre
as potassium sulphate 62 days after transplanting.

Reeults on grain yieldst

Levels of P20 Orain yield
(1b/acre) 7205 (1b/acre)
0 1887.4
15 2450.0
0 - 2770.2
45 2856.1
60 2953.1
75 2018.4
20 2895.7
105 2517.2

L.5.D. at 1 percent = 271.3
L-SQB. at 5 pﬂ‘l‘ﬂﬂl‘l‘t - 19944

Productivity of PEQEI

At a rate of 15 1b:fanrn cne 1b of P205 produced 40.17 lbe of grains
(husk rice), at the rate of 30 lbs/acre ome 1b of P205 produced
29.43 1bs of grains (husk rice).

" Boli Rice

Fertilizer treatment:
Entire treatment as in the experiment on Upland rice.

Results on grain yields:

evels o Grain yield
1b/acre ’ {l'hfacrr:}

0 7514
15 835.5
30 923.4
45 528.0
60 1038,1
75 835.3
S0 818.1

105 888.3

L.5.D. at 1. W“ﬂnt - 34-9

L.5.D. at 5 percent = 651,00

Productivity of P205:
At a rate of 15 lbs/acre one lb of P205 produced 5.66 lbs of
grains (husk rice). At 301hu{£ora one 1b of Pp05 produced
5.73 lbe of graine (husk rice).



TABLE V - Productivity of P205 (as single Superphosphate), summary of results from fertilizer experiments,
Yield increase in 1bs husk rice per 1b P05 and Value:Cost Ratios

1969 MEAN
Mangrove Swamp Rice
Fertilizer treatment per mcre N90,P15,K30 | N50,P10,K0
Productivity (yield increase in 1bs husk rice per lb P205 40,17 29.43 34.80
Value of yield incremse (cents of Leone) 132.6 97.1 114.8
Valuer Cost Hatio ~17.92 13.12 15.51
Boliland Rice
Fertilizer treatment per acre N60, P15 W60,P30 .
Productivity (yield increase in lbs husk rice per 1b P205) 5.66 5.73 5.T0
Value of yield increase (cents of Leone) 18.7 18.9 168.8
Valuet Cost Hatio 2.52 2.56 2.54
Upland Rice
Fertilizer treatment per acre N60,P15 N60, P60
Produotivity (yield inorease in lbs husk rice per 1b P20s) 2.48 3.32 2.90
Value of yield increase (cents of Leone) 8.2 11,0 9.6
Valuet Cost Ratio 1l.11 1.48 1.29
Mean per year, rice on all soil types (1bs husk rioce per 1b P20s) - - 14.47
Fertilizer Cost, cents of Leone per 1b P20s Te4 T4 Ted
Crop Price, cents of Leone per 1b husk rice 3.3 3.3 3.3




CHAPTERY

RESPONSE TO N AND P205 OF RICE GROWN ON VARIOUS
S0IL TYFES

RESULTS FROM FERTILIZER DEMONSTRATIONS

From 1966 to 1965 a totel of 862 simple 3-plot fertilizer demonstrations on farmers'
rice fields all over the country have been laid out, harvested and reported. The
distribution of these demonstrations on the various soil types was as follows:

TABLE VI = No. and distribution on scil types of fertilizer
demonstrations on rice, 1966 - 1569

Upland Rice 487 demonstrations
Inland Swamp & Mangrove Rice 291 L
Boli Rice 84 n
Total 862 demonstrations

The results of these demonstrations should also give an indication on the productivity
of fertilizer under the ecological conditions of Sierra Leone.

Since in the case of Boli-Rice only fertilizer treatment did not vary throughout the
years, effects of fertilizer on ylelds are also expressed in terms of productivity of one
1b Nitrogen and Phoaphate respectively.

It is quite obvious that results of demonsirations carried out under normal farming
conditions by sgricultural extension workers show & greater variation than data of
experiments carried out by research stations.

The real value of fertilizer demonstration results derives from the following
facte:

- Data are obtained straight from cultivators' fields. They are the results
of a fertilizer application in the frame of various farm practices.

- The average results represent a relatively large number of samples, i.e.
results of individual demonstrations, which tends to compensate for the
inherent errors in singular sampling.

When evaluating the results all data coming from demonstratione which “ave not
been carried out properly or where variable plot damage appeared are omitted.

A comparison between the average yield of a given arez and the yield of the control
plots in the demonstrations normally shows a difference in favour of the demonstration
plots. That difference is explained by the superior care generally spent on
demonstration fields.



TABLE VII - Produotivity of Nitrogen (as Sulphate of Ammonia), summary of results from
fertilizer demonstrations, 1966 - 1969,

Yield increase in 1bs husk rice per 1b P205 and ValuetCost Ratiocs

1966 1567 1968 1969 Mean Total
(M) (1)
Inland & Mangrove Swamp Rice
Number of demonstrations 14 106 83 a8 291 (T)
Fertilizer treatment per amcre N20,P20,X0} N30, P30,K0| N30,P30,K0| N40,P40,KO |
Productivity (Tield increase in 1bes husk rice per 1b
pure Nitrogen) 3.60 B.57 8.70 12,133 E.g,o{n)
Value of yield increase (cents of Leone) 11.9 28.3 28.7 40.7 27.4 (M)
Value: Cost Ratio 1.3 3.2 3.2 4.6 3.1 (M)
Boliland Rice
Number of demonstrations 3 Y 24 20 84 (1)
Fertiliger treatment per acre N20,P40,K0{ N20,P40,¥0 N20, P40, KO|N20,P40, KO -
Productivity (Yield increase in lbs husk rice per 1b
pure Nitrogen) 21.25 3.15 11,80 31.15 16.84(M)
Value of yield increase (cents of Leone) 70.1 10.4 38.9 102.8 55.5 (M)
Value: Cost Ratio 7.9 1.2 4.4 11,5 6.2 (M)
1
Upland Rice
Number of demonstrations 42 183 191 7 A87 (1)
Fertilizer treatment per nore N20,P20,K0] H10,P30,KO|N20,P20,KO [N10,P40,KQ -
Productivity (Yield increase in 1bs husk rice per 1b
wiivd: M Araiken) 20.80 4.83 14.45 16.40 14.12(n)
Value of yield increase (cents of Leona) 68,6 15,9 47.7 54.1 46.6 (M)
Valuet Cost Ratio y O 1.8 5.3 6.1 5.2 (M)
Mean per year of rice on all :gli)tmn (1bs husk rice/ 15.22(x) 5.52(M) 11.65(x) 19.96(n) | 13.09(x)
Fertilizer cost, cents of Leone per 1b pure Ritrogen 8.9 8.9 8.9 8.9 8.9
Crop price, cents of Leone per 1b husk rice 3.3 3.3 | 3.3 Je3 33




TABLE VIII - Productivity of Pp0s (as Single Superphosphate), results from fertilizer demonstration,

1966 = 1969,

Yield increase in lbes husk rice per 1b P 0 and ValueXCost Ratios
Inland & Mangrove Swamp Rice 1966 1967 1964 1969 ?:3" T'E;?]
Mumber of demonstrations 14 106 81 a8 291 (1)
Fertilizer treatment per acre N0, P20, KOl RO, P30,KO NO,P10,KO |NO,P40,KO -
Productivity (yield inorease in lbs husk rioe per 1b P205:l' 14,00 6,13 14.80 131.70 12,21(M)
Value of yield inorease (cents of Leone) 16.2 20.9 48.8 45.2 40.3 (M)
Value: Cost Ratio 6.2 2.8 6.6 6.1 5.4 (M)
Boliland Rice
Number of demonstrations 3 a7 24 20 84 (1)
Fertilizer treamtment per acre | RO, P40, KO INQ, P40, KO =
Productivity (yield increase in lbs husk rice per 1b P205) 4.93 B.15 9,00 11.73 8.45(m)
Value of yield increass (cents of Leone) 16,3 26.9 29.7 8.7 27.9 (M)
Value: Cost Ratio 2,2 1.6 4.0 5.2 1.8 (M)
Upland Rice
Number of demonstrations 42 183 101 71 487 (1)
Pertilizer treatment per acre NO, P20,KD|NO, P30, KO KO P20,KO |NO,PAOQ,KO -
Productivity (yield increase in 1bs husk rice per 1b P20s)| 14.80 4.30 14.85 7.88 10.46(M)
Value of yield increase (cents of Leone) 48.8 14.2 43.0 26.0 34.5 (M)
Value: Cost Ratio 6.6 1.9 6.6 3.5 4.6 ()
Mean per year of rice on ﬁlp;g;; types(lbs,husk rioaf 11.24(0] 6.26(M) 12.38{!: 11.10() 10.37(x)
Fertilizer cost, cents of Leone per 1b P205 T4 | T.4 1.4 744 7.4 (M)
Crop price, cents of Leone per 1b husk rice | 3.3 3.3 343 3.3 3.3




CHAPTERUVI
THE ROLE OF POTASSIUM

Reports of experiments with this nutrient are scanty, the main reason being that earlier
work showed no yield responses to K especially under traditional cultivation with varieties
test adapted to these conditions.

With increasing use of Nitrogen and Phosphate this nutrient will gain importance in the
near future. New experiments are under way in thie regard.

The Chinese Agricultural Mission to Sierra Leone uses on its rice fields the formula
N100, P40, K50 with varieties of Taiwan origin and on soils well responding to Nitrogen.
In an experiment laid out in 1970 this formula serves as control.

In other cases potassium is included in the basal dressing as an empiric measure.

In the fram of the fertilizer demonstration programme an additional treatment of
Potassium as Muriate of Potash (40 lbs K20/ acre) has been added to the standard treatment
(N40, P40) in four locations of sandy soil where poor response to the usual fertilizer
treatment had been observed in previous years.

The averages of the results from the four sites show on the K40, F40, K40 plot yield
increase of 721 lbs of husk rice (27.8%) over control, and an increase of 368 lbs
(12.5%) as compared to the plot with the N40, P40 ireatment.



CHAPTER VII

FERTILIZER AND RICE VARIETIES

Following the generally prevailing conditione agricultural research concerning rice
varieties formerly dealt mainly with those giving best yields under traditional

methods of cultivatiom.

In many casas it was only during recent years that research turned to varieties well
reaponding to fertilizer and other improved agricultural practices.

With inecreased applications of nitrogen lodging and blast problems appeared with some
improved local varietiea. This may alec explain to a certain extent the phenomenon that
during the 1969 fertiligzer demonstration campaign local varieties have seemingly better
respondad to fertilizer than improved varieties.

l. Response to fertilizer of improved varieties, summary
of resulte from recent experimental work.

The following tablee are extracts and summaries of receni research work of the Rice
Research Station Rokupr, Sierra Loene. They should provide mome information on the
production capacities of rice varieties. Some of theee varietiss are recommended in the
country since sometime, others have been included into research more recently.

Figure 2 is based on results from an experiment carried ocut by the Chinese Agricultural
Mission comparing the response to fertilizer of some varieties of Taiwan origin and other
established varieties in use in the country.

2. Response to fertilizer of improved varietiea and
unidentified local varieties, results from fertilizer
demonstrations on Inland Swamp Hice, 1933.
Table IX shows the average yield increases of 48 fertilizer demonstrations on Inland

Swamp Rice with unidentified varieties as compared to those of 40 demonstrations on im-
proved varieties.

On the plot treated with 40 lus P?Gﬁfunre the unidentified local varieties showed an
average yield increase of 603 1bs of husk rice/acre (27%£) over control whereas the average
increase in yield of improved varieties was 451 1hﬂfmru for the same treatment,

An application of 40 lbs PpOg/acre together with 40 lbs N/acre brought about an average
increase in yield of 1207 lbe/acre (55%) over control with unidentified local varieties and
161 1bs/mere (14%) with improved varieties.

The additional dressing with 40 lbs K/acre gave 604 1bs/acre (22%) more for unidentified
local varieties as compared to 361 lbs/acre (14%) for the improved varieties.



TABLE IX -

different loocations, in lbs husk rice/acre.

Inland Swamp Rice, response to fertilizer of various varieties, results from four

Ny s, |t X6 (1] Teoailon Mo, 8] Lasetion Ko, 3 eosiiie Koo 4 Averages

Variety: Origim Nean E:;tu;me Koot Rfﬁ;tm;u Kean Reff:-;;a i R:‘;;to;ua Mean(*) Rax:;a[*)
IR 5-198-1-1 Philippines(IRRI)| 4284 | + 456 - - - - - - 4284(1)| + 456 (1)
Ecombouce  Senegal 3612 | + 216 2065 | + 235 | 1854 | + 183 - - 2510(3)| + 278 (3)
Faya Malawi 2844 | + 120 2273 | +847 1299 | + 95 - - 2139(3)| + 354 (3)
B 13 Rokupr (S.L.) 2748 | + 792 2556 | + 732 - - - - 2652(2) | + 1571 (2)
IR 5-114-3-1 Philippines(IRRI)|2016 | +1296 - - = - - - 2016(1) | #1296 (1)
R.H, 2 Malaysia 4188 | +1176 2184 | + 266 - - 1646 + 863 2673(3)| + 768 (3)
Nachin 11 " - - 2099 | + 593 736 | + 192 1487 | + 736 1441(3) | + 501 (3)
R.C. 4 " - - 2296 | +1174 - - - - 2296(1) | +1174 (1)
Hadin China " - - - - - - 1296 + 422 1296(1) | + 422 (1)
It 8 Philippines(IRRI)| - - - - 1375 | + 705 - - 1375(1) |+ 705 (1)

(1) = No. of results, of which averages had been established,



TABLE X — Upland Rice, response to fertilizer of various varieties, results from three
different locationse, in lbs husk rioce/acre.

Location No. 1

Location No.

2] Location No. 3

ﬁvernguﬁm 3 locations

Variety Origin MeanpFertilizer | Mean Fertilizer] Mean|[Pertilizer| Mean(C) |Fertilizer (C)
! Rosponae Reaponse Reaponse Response

Tikiri Samba India (via Nigeria) | 2061 +727 1680 +422 1920] 44992 1887 (1) | +714  (2)
Bogutui Sierra Leone 1061| +126 1920 12 1189 [ +330 1657 (2 +323 (11)
Niduaboi " " 1660] 45711 1512 %Eﬂ 1068 | +272 1416 (B) | +516_ (6
Anethoda India (via Nigeria) | 1645] +402 1632 +352 18081 +832 1596 (3 +555 (8
V. 2806 = D5 Coylon 1503]  +390 1936 +576 1085 | +698 1538 (4 +555 (8)
Baanyalojopoilum| Sierra Leone 1480 +418 1792 T 1017 | +461 1430 (7) | +584 (%)
Filiwa g " 1425] +508 1768 +786 1259 | +797 1484 (5) | +727 (1)
Ot 143 B Philippines{ IRRI) 1698 +564 - - B18 | +695 1258 *L”Jr +£29  (4)
R 140 A (12) " 1607] +236 1568 | 896 1117 | +150 1431 (6) [ w27 (9)
IR 127 C (7) " 1502 +501 1560 +688 1008 | +480 1387 (9) | +557 (1)
IR 140 A (3) " 1262] -195 1320 +432 - - 1301 (10)] +118 (13
IR 140 A (1) " 1228 +304 1195 +240 1384 | +240 1269 (12)] +261 (12]
™ 142 A (11) g 1008 + 86 1176 | +1040 | 1372 | 4951 1212 (14)] +659 (3
IR 193 A (2) i 1082 | +551 1450 +272 - - 1281 (11)] +11 (10)

Fertiligzer troatment:

N - 60 1bs/acre as Sulphate

of Ammonia, VY2 each broadcasted 30 and 50 days after sowing.

P - 60 1bs/acre as single Superphosphate, total guantity broadcasted 30 days after sowing.

(g) =

Classification according to performance.



TABLE XI - Upland Rice - Response to fertilizer of various varieties (the seven best IRRI varieties
ve. Anethoda) results from two different locations in 1bs husk rice/acrs.

Location No. 1 Location No. 2 et
Variety Mean/(C) ;::;zi::;Eu) !uanf{c}F ;::::;::ch) Mean/(C) :::::;::ﬁfcl
IR 8-188-1 2033 (1) | 41079 (3) 885 (7)| + 408 (7) 1459 (6) + 743 (6)
IR B-172-3-1-2 1891 (2) | +1620 (1) 544 (B)] + 545 (5) 1217 (8) +1082 (3)
IR 3-140-3-1-2 1709 (4) | + 985 (4) 1933 (3)] +1144 (3) 1821 (1) +1064 (4)
IR 4- 90-2 1418 (5) | + 675 (6) 2382 (1)] +1770 (1) 1800 (2) +1222 (1)
IR11-288-3-1-2 1369 (6) | +1188 (2) 1473 (6)| + 490 (6) 1421 (7) + 839 (5)
IR13-66-14-1 1314 (7) | + 466 (8) 1943 (2)| + 953 (4) 1628 (4) | + 709 (7)
IR 4~ 93-2 1309 (8) |+ 952 (5) 1783 (4)| #1225 (2) 1546 (5) | +1088 (2)
Anethoda 1844 (3) |+ 595 (1) 1634 (5)| w1 (8) 17139 (3} | + 297 (8)

Fertilizer treatment: N — 60 lbs/acre as Sulphate of Ammonia, Y2 each broadcasted 30 and 50 days after sowing.

P - 50 1bs/acre as single Superphosphate, the total quantity broadcasted 10 days
after sowing.

() = Classification according to performance



Reaponae of different Rice Varieties to Fertilizer
S.L.G..I..I., Manga, 15‘69’ Inland Swamp.

[ L] A
- W (h]

[~
et

(%]
(™
Yield, Kg/Ha(®lbs/acre) fusk Rice

;mi”’/
9.

a Lo} =

. ™ . n
e

a5 Fertilizer Treatments Kg/Ha(»1bs/acre) N-P205-Kp0
- O=0=0 28-22-25 B ="
VARIETY.
Taichung Ho.l - i s v e
Taiohung Ho.2
Pai Ki Fon PN S . TN . B

1
f
Rifl. 2 PP BV ]

S.N. 26 L L I
¥azhin 11 - - T ~
Palin China § —w——%—— #—- - .-

laothoda 0 0 .
Sgurce: Sierra Leone Chincse Snriewdiurc) [dasion

=
e
i3
S |

:Mean L _T __7

—_—




TAELE Comparison of response of unidentified local
varieties and improved varieties from
fertilizer demonstrations on Inland Swamp
Rice, 1969.
f’ Average yields,; lbs Average yield
husk rice per acre increase in lbs
No.of : husk rice per acre
Variety | Dem Fertilizer treatment & %
Y Plot Plot Flot Plot » Flot Flot
0=0-0 | 0-40-0 | 40=40-0 2vel [ 3vsl Ive2
1.Local 48 2205 | 2808 3412 603(27)|1207(55)| 604(22)
2 RH2 28 1887 | 2430 2801 543(29)| 914(48) 371(13)
3.RC4 12 2383 | 2719 3057 136(14)| 674(28) 338(12)
M. Average
2813 | 40 2035 | 2516 2877 | 481(24)] B42(41) 361(14)

3

Response to fertilizer of imggoved and local varieties

results from an Upland Rice extension site of the

ment o

ic ura COnomlce

xtension,

Fijala University Eollega, 1560,

It is interesting to note that forementioned Department gained similar experience on

a 130 acres (about 53 hectares) extension site where local varieties under Upland rice
conditions gave better yields than improved varieties.

Fertilizer treatment:

N = 26 1bs/acre as Sulphate of Ammonia, broadcasted
5-6 weeks after sowing.

P =26 lbsfanra as Basic Slag incorporated before sowing.

Variety No.of Average yleld lbs Yield as compared
Samples husk rice/acre to Anethoda lbs
husk rice/acre
1. Teteki 2 1936 +113 + 6,2
2. Jumulkui 2 2016 +193 +10,6
3. Bojutui 1 1774 - 49 - 2,7
4., Falagui 2 1980 +157 + 8,6
S5« Fillie 1 2017 +124 +10.6
6. Jowanjei 1 2119 +496 +27.2
7. Gbongoi 1 1331 92 =26,0
8. Anethoda 5 1823 - -
3 =1
3“:1};&?;“1101;1 varieties(1=] ‘hg 13% %&}E'_ + a:—g
Vean of improved var.i8 + 9)| & 1407 =416 =-21.0

TABLE XIII - HRHesponses to
samples of Upland Rice on an extension site, 1568

ertilizer of improved and local variatien& {ield

(N, U,
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ngHART OF ECONOMIC RETURNS
OF FERTILIZER IN AFRICAN COUNTRIES
“(In the FAO Fertilizer Programme)

by

J.W, Couston*

Knowledge cn the part of farmers of the methods of using fertilizers and their effect
on yield is, of course a precondition for using fertilizers. However, the question of
whether or not to use fertiliger om & crop is an economio one. That is will their use
be profitable? This depends on the physical reaponse obtained, the relatiomship bet—
ween the price of the crop and the cost of the fertiligzer including traneport, application,
interest on credit, etc. the additional coet of harvesting and marketing the larger crop
and the residual value in later years of the fertilizer applied. Generally in ex-
perimental, field trial or demonstratiom work the extra harvesting and marketing costs
and residual values are not known precisely. It is common prectice to assume that theege
extra costs are covered by the value of the residual yield to simplify the calculation of
economic return to fertilizer use,

That crop response to fertilizers follows a curve which after a certain point
increases at a diminishing rate and eventually declines is of greatest economic
importance. The most profitable level of fertilizer may be well below the amount
required to produce the highest possible yleld., This is shown in Table 1, where
the largest yield is cobtained with eix unite of fertilizer but the maximm profit is
attained at four unite. If a fifth it of fertilizer is applied the additional unit
costs more than the value of the additional yield: $17 ve $12. Maxipum profits are
thus obtained when the cost of the mdditional unit of fertilizer equals the value of
additional output: $17 ve $17. That is when the input/output price ratio ie equal
to the marginal physical product (i.e. Px/Py =Ay/Ax or Piix = Pyfyy: the valus of
the change in input is equal to the value of the change in output). Therefore, to
determine maxrioum profit, information in the form of marginal yield and price
relationships must be available. As price ratios change, the level of fertiligzer
must also change, to maintain mwaximum profita.

In practice, however, such precise marginal yleld data are not usually available,
or if so are not representative applying only to a discrete set of conditions.
However, from research, field trial and demonstration data there is & predictable
rangs of fertilizer rates which are economic under given cost and price relationships.
It is within this range that fertiliser reccmmendations are made and in which farmers
apply fertilizars. In many cases farmers use less than the recommended ratea. Thie

- Economist, FAD Pertiliszer Programme
Chief, Agricultural Requisits Unit.



is beocause the amcunt of fertiliser that a farmer will use will depend on the antiocipated yield
response orop prices expeoted, fertiliser availability and ocst, level of farmers incomes and
oredit availability, tenure oonsiderations, the degree of risk and unoeriainty that the farmer
pust take and his ability to absorb these risks.

Of sourse the unoertainty of some of these faotors may be amsliorated by subsidies, price
supporta, oredit and tenure regulations depanding upon the polioy and sconemio rescurces of
the country. The uncertainty of weather, pests and diseanes, eto, as they may affect ylald,

however, remain,

In the Pertilizer Programme the rates and ratios of mutrients used in the triales and demon-
atrations with different orops are thosms that are generslly known %o give responses within the
sconomic range under the given conditions, Vhen fixed treatments (raten and ratios of mutrienta)
are used, the determination of the eccncmic returns is & simple caloulatiion, Ths ‘w0 measures
used in the Pertilizer Programme are the net return and value/ocst ratic (VCOR), The net return
ia the value of the axtra orop produced after dednoting the ocost of the fertiliser treatment,
and the VOR the ratic of the value of the extra orcp to the cost of the fertilizer, TFor
example, a VOR of 2 represents & return above the ocst of the fertiliser treatment af 100 peroent
This measure is of particular intereat tc small-scale farmers who having limited reascuross are
sonosrnad with the return they get on the money they spend on fertllisers.

In Tables 1 this would be at the first unit of fertilizer which gives the largest yield
inoreass and largest valus of added orop and VCE. The orop and fertiliser prices used in
saloulating these economio measures are those received and pald by farmers.

From Table 2 it oan be seen that the trials and demcnetrations gave good eocnomio returna
in sountriss where the Pertiliser Programme operated in Africa. The VCE'e ranged from 2.5 in
Moroooo to 6.0 in Figeria for all erope. The socnomlo returns naturally waried by orop in eaoch
sountry (Tables 3 and 4). This was owing to yield response and particularly the price relation-
ship between the ocst of the fertiliser and the price of the crop. Jenerally speaking maise,
millet, sorghum, wheat and barley, the lower priced oereal orops, showed the smallest refturns
while rice, groundmut and tubers showed the highest.

Thass sconcmio returns show that it is profitable for small-scale peasant farmers apploying
traditional farming methods to use fertilisers if thers is an asgured market, Purthermore the
crop yield per kilogramne of mutrients whioch ranged from about 8 to over 20 depending on the
crop indicates that it is more ecomomic im terme of saving forelgm axchange to use fertilizera
whether imported or looally produced, to provide meeded food orop supplies, rather than to
import them. Even if food grains can be lmported onm ccncessional terme, the scoial and economio
benefits, of local producticn rather than importaticn should not be overlocked. Cf acurse

axport of ocash and other orops sarms foreign axrchange,



Table 1 - Cptimum Level of Fertilizer

¥o. of units Total erop Marginal product Value of Talue of
of fertilizer cutput (1/X) for each added added
applied lb/me. (T unit of fertiliser fertilizer orep
per ag, (X} at $17 /unit at §$ €,05/1b
1 1030 1030 17.00 51.50
2 1740 710 17.00 35.50
3 22aC 490 17.00 24.50
4 2570 340 17.00 17.00C
5 2810 240 17.00 12.00
6 2900 90 17.00 4.50
T 2820 -80 17.00 -4.00
8 2670 -150 17.00 =7.50

px/\x = PrDys  ($17) (1) = (30.05) (340)
17 = 117

Table 2 - Eocnomisc Summary of Trial and Demonstration Besults, all orops
1961762 ~ 1966/67 (a)

Country Bunber Average of Beat
S VCR (b)
Morccoo 2571 2.5
Figeria 8124 6.0
Senegal 2019 4.9
Togo 288 2.9
Sierra Lecne 511 4.0
Ghana 6269 5.3
Camesrcone 2311 1.0
Ivory Coast 164 2.8

(o) Hesults are for 1 or more seascns

(b) Average VCE of the best treatment weighted by the number of trials and demonstrations.



Table 3 - E io of an onstration Results, by Selected Crops

1961 a
Country and Fumber dverage of Best
7CR (b)
Moroooo
Wheat: bard, dryland 1,030 1.9
irrigated 146 1.3
Barley, dryland 188 2.1
Broadbeans 120 3.7
Chickpeas 108 2.5
Cotton 97 2.6
Clive 157 2.0
groundnut 45 1C.4
Eigeria
Maize 3,635 2.2
Rice 1,399 6.1
Yam 1,882 10,6
Cassava 254 4.5
Cotton 104 4.7
Oroundrut 126 6.9
Senegal
Millet 988 4.1
Rice 528 6.5
Oroundnut 445 4.2
Tego
Maize 56 1.8
Rioe 40 3.6
Tam 64 3.9
Oroundmu t 70 2.}
Sierra Leons
Orcundnut 118 4.3
Ohana
Maize 3,20 3.7
Rioce 874 5.0
Millet 126 1.8
Tam ars 11.0
Jroundmut T19 T.2
Capercons
Sorghum 25 1.8
Oreundmat 104 1.9
Ivory Coanst
Maize 20 2.7
Riowe 91 2.6
Tan 49 3.1
Ethiopia
Tefft &0 3.5
Wheat 181 3,0
Barley 5T 1.9

Etg Results are for 1 or more ssasons

T2Fage uﬂ‘! Efmt&;tgn ) tﬂuh-nt weighted by the mumber of



Table 4 - Econopig Summary of Tria monstration Results
1961/62 = ;965?%1 E;}

Lrop Fusber Ave of Best
B WO
Maize 6,929 1,0
Rice 3,839 6.0
Millet 1,114 4.0
Yaz 2,882 10.5
Orcundmat 1,586 5.6

(a) Results are for 1 or more seasons

() Average VCE of the best treatment weighted by the muamber of trials
and demcnstrations.



FERTILIZER CREDIT AND CASH PILOT SCHEMES

by
M. Mathieu*

Definition
L PRI

A fertilizer pilot scheme offers farmers enlarged posaibilities to
obtain the fertilizer used in demonstrations, for selsoted orops, on a limited
surface per farser on & Revolving Fund Dbasis,

This is the third step in a Fertilizer Programme, the first being
the assessment of the treatment to be recommended by trials, and the second
showing the profit from this treatment fo the farmers through demonstrations
in their own fields.

Conditions of Success

1. Fo pilot scheme should be initiated unless a firm demand has been
previously created through demonstration work, When farmers desire the
fertilizer they have been using or seen used in demonstration fields, and
are persuaded that its use leaves & olear net profit, then it is time to
offer them this fertilizer through a pilot scheme, Demand is triggered when
the value/cost ratio or ratio between crop inorement output and fertilizer
input goes beyond 2,

2. In order to have deep and durable mass impaot on the whole selected
area, a minimum percentage of farmers should preferably participate in the
soheme, If partioipants are too soattered, they oould provoke ostracism from
others. For the first year, fifty percent of farmers in the area partioipating
in the soheme is ideal, Ten percent is a minimum, In this respect, there is
no real minimum nusber of partioipants in the soheme, It depsnds on the size
of the seleoted area, whioh may only be a few neighbouring villages and as
fow as 20 farmers. :

3. On the other hand, in order to keep oontrol of operations, the number
of farmers should not be too big if the educational process is to be thoroughly
oarried out on & personal contact basis by extenmsion, banking and supply agents,

From experience, over 200 participants per area start being difficult
to handle., Also, it is preferable that all partioipating villages be neigh-

bouring for mass impact purpose. However, to foster a mutual nwu.ri% feeling,
large groups should be brokem down into groups based on Kinship, Tes dential

or etanic ties, and lists should be small enough to enable members to aogquire
confidence in, and a knowledge of, one another, The target is to achieve a
sense of personal participation in the group.

4o A pilot scheme firot concentrates on the predominant crop in the
area, Wheat = cotton — pearut = potato — tobacco = lentil = sugar-best =
citrus tree — olive tree — maize — have already been used, Later, a second
orop can be added, e.g. potate after cotton.

Se A stg&é% market mist exist for the selected crop, so that the output/
input ratio remains above 2 for years, in order to sustain demand for fertilizer.

6. How, if any, should selection among applicants be made is a debatable
problen,

Manager, FAO Fertilizer Programme
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For the firat year, at least, experience shows that & selection should
be based on an advanced appralsal of capacity and willingness of repayment,
Hare ares threse examples of how 1t can be donet

(a) Seleotion acosrding to a sertain level of income tax, where it has been
established that the really progressive farmers oan be seleoted that way.
In Morecco the chosen level correspondes to farmers with full ownership

of at least one pair of draft—oxen,

(o) Selection by the village-mayor, assisted by village council members and
extension and bank agents,

(o) Auto-selection through a down-payment at ordering time, 15% for an order
on oredit [Hurancc} and 25% for a cash order (Ethiupinﬁ.

The first=year selection is intended to eliminate known defaultera
or heavily indebted farmera. Omce & new mentality toward repayment 1a
established in the said comrunity, conditions of admission can be made sasier,

A pilot soheme is based on & group approach, a group order and
preferably a group guarantee (zutual anuurzty;.

Since hopefully +ihe demonstration work has been a village affair,
then fertilizer ordering also becomes a village affair,

A village-list is established after careful soreening of applicants
whereby sc much fertilizer is ordered for the village.

4t the time of ordering and on an average of twoc months before
delivery, the first soheme meeting takes place in the village with the assist-
ance of extension, bank and supplier representatives who explain the new terms
of oredit, supply and application of fertilizer, each one for his own subjeot
matter.

The group—order is established and in the oase of & oredit scheme
all efforts are made to foster a mutusl security mentality. Bowever, it has
been impossible to have non-defaulter partiocipants pay for defaulters, so far,
with the exception of the down-payment system. In this case, when the down-
payment is deposited, participants know that the money is especially there to
compensate defaul ta.

However,even if mutual security can be enforoed in this ocase, its
enforcezent has a disrupting effect on the pllot scheme., Consequently, to
have the scheme revolving fund maintained at 100% of its walue, it is
necessary to take other measures. An sxample of measure followsil

In a pilot ascheme

{n] the group order corresaponds to a large quantity order whioch normally
carries & discounted price compared to & price that ocould be obtained by an
isolated farmery

(b) the transport orzanized at a village level and for the minimum of a truck
load nmormally carries a sizeable discount in the tranaport coast of the
fertilizer;
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(o) the considerable deorease in the oredit risk for the supplier lowers the
margin to be inocluded in the cost prioce to cover such risk.

Consequently, in & pilot scheme, even when selling the fertilizer
5 to 10% above its aotual oost price at farm site, the prioe offered to
partioipating farmers remains appreciably below that which they would have
to pay if outside the pilot scheme.

Erperience shows that this 5 to 10% margin is usually enmough to ocover
bad debts and to maintain the revolving fund at its initial value.

Incidentally, working through purely oredit co-operatives, supposedly
based on mutual security, shows that it does not improve the repayment rate
above self-help or voluntary group oreated for such & speoifioc target as a
better fertilizer supply. BHowever, the scheme partioipants, either with
ethnic, residential or kinship ties, may form the best basis for future co-
operative aotion, But, too often, farmers do not see official co-operatives
as their soociety.

In any case, the training of farmers first in team-work is helpful
to oreate formal co-operatives in a second stage.

So far, the best way to achieve better recordsof payment is to work

out payment through a orop-lien, With this system, the farmer pays his loan
in kind by delivering his orop a4 a state controlled marketing agenoy

(e.g. Bast Africa's marketing board and co-operatives). Needless to say,
the state oontrolled marketing agenocy establishes beforehand the proper
administrative channels with the state controlled lending agenoy when they

are not the sanme.

However, the system has its limits and only works properly im the
following instances:

Either there is a state marketing monopoly for the given orop
(e.g. cotton in Syria), or the price offered by the state marketing
agency can compare with competing private interests (e.g. cotton in

Turkey ).

If there is a ohanos that the state marketing agenoy cannot ocompete
at harvest time with private trade (e.g. wheat in Turkey and Lebanon,
and cotton in Kenya), then the orop will go to private trade, and the
loan will not be recovered that way.

The presence of bank and supply agenoy representatives in the
villages during the initi atage of a pilot scheze, is part of the buillding-
up of a new mentality toward a more personal oredit., The first role of these
repressntatives is to teach participants what the new terms are for fertilizer
loans, The move of these representatives to the villages, instead of waiting
in town feor the villagers, is bound to induce farmers into a new, more

favourable attitude at repayment time.

The presence of these representatives in the villages is essential
during the first year, at least, when & group—order is signed and at harvest
time,
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In a pilot scheme all loans are in kind, and the fertilizer is to be
used according to the recommended practice, i.e. given rate and method of
application.

In a pilot scheme, oredit facilities are only extended to a given
limited surface. It is based on the intensity of the cropping [a.g. 0.5 ha.
for tobacco or 2 ha. for wheat or maize). The individual area covered by
loan faoilities may grow from the first to the third year as & reward if the
repayment rate is satisfactory (e.g. Morcoco—wheat schemer first year 2 ha.,
second year 5 ha,, third year up to 10 ha.).

For cash sales understandably there is no limit.

It is questionable whether or not a nermal bank intereat should be
included in a oredit pilot acheme loan term.

Indeed, to focus farmers' attention and induce them into realization
of a recommended but new practiocs, it is often easier to offer locans without
interest., HoweveP, this has the disadvantage of raising discontent when, the
pilot scheme being nicely operational, the time comes for normal banking
practioe whioh includes interest. Consequently, it is suggested to raise a
minimum 5% oharge on the loan from the start. This oharge may be disposed of
by splitting it into 1-2% to cover local secretarial expenditures and 3-4% to
improve loocal distribution, e.g. improvement of the willage storage place.
After a few years of pilot cperations, when the scheme turns to "routine"
practice, this 5% or more may be used to cover normal bank interest.

It is essential for the smooth diatribution of fertilizer inm a
rilot scheme that all fertilizer be scld in advance, e.g. 2=31 months before
delivery time. This group-ordsr in advance 18 & relief for the supply agenoy
which, in addition, will appreciate knowing a rougher figure of global needs
for the schemes, even earlier, to make sure that imports are geared to real
needs and delivered in time.

Pertilizer delivery to the village centres is essential, and, from
experience, a village temporary storage place iz necessary. When the
supplier's truck comes to the village, 1t has been found impossible for all
partioipants to be present at the same time to take hold of their share.
Consequently, a temporary storage place must be found in the village itself,
or in its immediats neighbourhood, through the village mayor or the group's
represantative. lLater one of them insures the retail distribution againat a
signature for receipt of the fertilizer. When the scheme is making use of
local traders, they can provide a store—room and do the retail distribution,
e.g. against a 2% minimun commission.

Timely delivery of the pilot scheme fertilizer to the villages should
rnot be overlooked, Delays in delivery are a curse that should be avoided at
all costs, The usual complaint of farmers at the time of their interviews
prior to the selection of a scheme's area is that fertilizer does not come to
their village or when it comes, it is toco late (e.g, after sowing time).

Juast after delivery of fertilizer to the village, a field-day takes
place to explain once mors, and viauwally, to participants how ouoh and how
fertilizer should be applied, Indeed, fertilizer is not magic and gives no
return if wrongly used.
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Then, just before harvest, & gecond field-day 1n_ur5nninni to show
the farmers the differences between fertilized and unfertilizad flelds, and
prove to them visually that their loan is already _repaid by the
differences they can see, Consequently, defaulte will not be sccepted.
However, if individual cases of damage by flood, or wandering animala, eto.,
are mentioned, they can be dealt with by postponing repayment.

It is one of the elementary lessons of experience that credit cannot
be developed on & sound basis, unless, from the beginning, there is a striot

inasistenoe on repayment,

In many cases, farmers obviously could have paid but were not doing
so, because experience had led them to believe that defaults would be
tolerated.

Outside the FAO pilot schemes, poor repayment has also been due to
the lack of clearly defined responsibility and institutional organization for

tiye collection of payments.

In this reaspect, the extension service should be left to its duty;
that is, farmers' educatiorn and the agricultural bank (or the agency that
stands for it, like the Development Bank in Ethiopia, or the "Bancos de
Fomento" in South America) should be involved in administering and super—
vieing the finances of the scheme.

It is often necessary to exert strong pressure, sc that the agri-
cultural bank's agents move to the villages and eatablish a personal contact
with the participants in the scheme.

When, due to past laissez-faire, government loans are bound to
default, it is advisable to work through a commercial bank nominated for
the pilot soheme by the government and no longer through a state controlled

lending agency,

The setting up of new rules and stricter conirol of funds may
favourably impress pilot scheme participants towards proper repayment,

During the second and third year of the pilot scheme, the extension
workera should concentrate on helping the emerging local leaders im the
different stages of opsrations, so that at the end of the third ¥oar of the
scheme, the scheme's operations have become routine work for these local

leaders, i.e,

= eatablishment of the group-order and the group guaranteej
= maintenance of the intermediate storage place;

= retail distributionj

= oash payment or loan repayment meeting.

The introduction of cther improved practices in a pilot scheme is a
debatable question. Experience proves itbat introducticn of improved seed
with fertilizer does not cause problems that cannot be overcome fairly easily,
This favourable aspect meets nicely with the present FAO concern for high
¥ielding seed warieties. The same facility in cases may apply for pest
contrel chemicales, but insurmountable probleme arise when it has been
attempted toc generalize mechanized application of seed andfor fertilizer in
a pllot schema,

4 pilot scheme &area ie & specially and iemporarily supervised area
where the fertilizer bag ie followed up from harbour to farm, ard its money
eguivalent from fare to bank, The pupervisery personrel must be above average,




and the relative success of the soheme depends on the standard of this personnel,
Ideally, an officer with a secondary level of aschooling is made responaible

for the schemo, and he can supervise up to 1 pilot schemes in different, but

not too far apert, areas, He is the brain and ocordinatis extension, banking
and supply activities with the local help of one fertilizer level worker (FL¥)
per scheze, Then, one FAO officer can normally deal with 5 supserviecrs,

making an average total of 15 scheze areas per FAO officer.

Coneluslon

Fertilizer pilet schemee involve more services from the government
againet increased self help and better record of payment from farmers.

Additional services from the governzent entailse:

Extenaion More field oontacts and direct explanations

Distribution Delivery of right fertilizer, in time, to village-centres

Credit Less forzalities for loans which should take place in the
rillages

Self dedication from farmers entaile:
= Early group orders
= Improved record of payment,
These goals can only be achieved through a tean—work among govern-

pent agencies co-ordinated by a Pertilizer Frogramme subject matter speoialist
attached to the Minietry of Agriculture.



AECENT DEVELOPMENTS IN FERTILIZER MATERIALS

by
Donald L. McCune®*

The Tennessee Valley Authority was initiated in 1933 during Franklin D. Roosevelt's
administration primarily to work with a very depressed region of the U.S5.A. — The
Tennessee Valley Region. The area makea up parts of seven states and is about one-half
the size of Spain.

At the same time within this region, in Alabama, were some old nitrate plants that
were constructed during World War I to make nitrate for explosivea. Being government-
owned these too were turned over to TVA to make fertilizers in time of peace and to make
manitions in time of war.

Thus, was the beginning of what today has been known as the Wational Fertilizer
Development Center. This is the only part of TVA that has more than regional reaponsibility.
It has nation-wide responsibility and in fact is fast becoming an international centre for

fertilizer information.

It was early decided that TVA's role in fertilizers would be one of research and
development. We would research out new fertilizers and ideas, which would be
patented, help develop these new processes and products and then licence them to industry
for further development and production. The licensing of TVAs processes is free to U.3.
industry and since we only hold patents in the U.5., it is also freely available to
industry world-wide.

Although we hold the patents for many of the fertilizers produced in the U.3. today,
we do not sell a single product that is normally found on the U.5. markets. We do not sell
urea, ammonium nitrate, triple superphosphate, diammonium phosphate or normal NPK grades that
are readily available to the American farmer. He must buy these from industry. We
manufacture, but still only in small quantities, such products as ammonium polyphosphates,
urea ammonium phosphates, various base solutions for liquide and suspension fertilizers
and numerous high analysis fertilizera that contain significant levels of secondary and
micronutrients. We are also beginning to manufacture various conirolled release
fertilizers where we are trying to make fertilizers that fit the needs of the crop to cut
down on losses through wolatilization runoff or leaching so that a higher percentage of
the applied fertilizer can be used by the crop. I will speak mors about these new
fertilizers later.

Our goal has been primarily one of working through research and development to make
fertilizers that are of better quality and cheaper to the American farmer. In the past
we have done this principally by increasing the plant nutrient content of the fertilizers -
making them of higher analysis and improving on fertilizer processes to make them more
efficient.

Fertilizers analyses in the U,.S.A. have actually been increased in plant nutrient
content from an average of 20% plant nutrients in 1940 to over 407 plant nutrient today.
Fertilizers have alsc actually decreased in price to the American farmer - being the only
major input that has decreased.

* Tennessee Valley Authority: Director, International Fertilizer Development Staff.



At the National Fertilizer Development Center we are organized with a Division of
Agriculture, a Division of Chemical Development, and an International Staff. We have a
total employment of about 1,100 people and a professional staff of scientistis and engineers
that numbers almost 300. In this we have many disciplines including chemists, chemical
engineers, agronomists, economists, marketing specialists, transportation specialists,
communication specialists, etc., just to name a few. As Director of the International
Staff, I can call on people from all of these disciplines to help solve problems and to
advise those in the developing countries on problems related to fertilizers. This we do
at the request of our Agency for International Development, various UN organizations,
ineluding FAD, the World Bank, Regional Development Banks as well as the government of the

developing countries.

Since 1964 we have responded to requests from some 25 countries and have sent some
50 teams utilizing over 60 different people as team members.

In addition we offer training courses at TVA and will assist in organizing or
conducting training courses in the developing countries., We have also tried during the
past five years to upgrade our library to make it the most complete working library that
is possible on matters pertaining to fertilizers. We also encourage the use of this
facility either by direct visits or through correspondence.

As you can see from the slide we are rapidly increasing the visitors and trainees
from other countries.

We also make numerous studies that are of world wide importance and interest. As one
example we try to keep an uptodate record of fertilizer production capacities, in operation,
under construction and being planned. Then by working with FAD statistics on fertilizer
production and use we can have available a better picture of fertilizer production in
relation to demand. We keep all of this information available by computer methods and
can easily make this information available to anyone who wants it.

We also publish, at least every two years, a summary of the world situation in a
publication "Estimated World Fertilizer Production Capacity as Related to Future Needs."
Here we show present and projected fertilizer capacities as well as present and projected
usage. We do this worldwide as well as by regions and subregions and even for some of the
larger countries. We make our own estimates of future needs as well as considering the
estimates of others. From this we can give guidance on the planning of future production
facilities to help meet anticipated needs. We also do this on a product basis.

Also included are individual country statisticas on use of individual nutrients, per
capita use, per hectare use as well as imports and exports. This information is also
available on request for others to use.

Our projections show that by 1975 the world will be using about 89 million metric
tone of plant nutrients and by 1980 upwards to 115 million tons of plant nuirients as
compared to a little over 60 million tons used today.

The so called developing countries are increasing their fertilizer rapidly but are
8till using less than one-fifth of the total fertilizer. This is & rapid gain as in
1960 they used only one—tenth of the total plant nutrients that were used. We are
projecting that by 1975 the developing countries will be using about 24 million tons of
plant nutrients as compared to the 11 million they are using today and by 1980 that they will
be using 34 million metric tons about 30% of the world-wide use of 115 million metric tons.

Our data also permit us to follow trends in the types of fertilizer that are being
used and that will be produced in the future. .

In nitrogen there is a definite percentage-wise shift towards increased use of urea
end & decrease in the use of ammonium sulfate. Thie is due primarily to the costs of



shipping and handling. There is also an increasing quantity of nitrogen being used in
ammoniated phosphates as well as complex fertilizers.

In phosphate fertilizers there is a rapid shift toward greater use of the ammo:nium
phosphates at the expense of single superphosphate. Triple superphoaphate is only
gaining slightly when expressed on a percentage basis.

We expect these trends to continue. At least the fertilizer plants that are now
planned to begin production over the next five years would indicate this to be the case.

In potash there is little or no indication of any major change in the types of
material that will be awvailable. Potaseium chloride now makea up about 90% of the
potassium consumed and will continue. Other products such as potassium sulfate and
potassium nitrate will still continue to be available for use under special
situations but will remain more expensive on a per unit of plant nutrient basis.

Fertilizers Currently or Soon to be Available

We feel that the shift toward high analysis will continue. At least tWwo new
products bear mentioning that definitely fall in the high analysis category.

The first is ammonium polyphosphate. Ammonium polyphosphate is made from
guperphosphoric acid instead of normal phosphoric acid. Typical analyses include
15-62-0 or 12-57-0 depending on whether they are made from electric furnace or wet

process super acid.

Advantages of this product other than its extremely high analyses are that it is
100% water soluble and under certain conditions appears to have agronomic advantages over
the orthophosphates that are found in the present phosphatioc fertilisers. It is also
easy to ship and mixes well with other products to make extremely high analysis complete
fertilizerse either in dry or liquid forms.

Another new category of fertilizers recently produced by TVA that are causing much
interest in the industry are the urea—ammonium phosphates or the urea—ammonium polyphosphates.
Normal grades of these products would include 30-30-0, 34-17-0 and 39-13-0. Complete 1-1-1
ratios as high as 19-19-19 or 20-20-20 can also be made. We feel that these products
are especially well suited for paddy rice since all of the nitrogen is in the urea or
ammonia forms, thus eliminating some of the problema of nitrogen loss that are encountered
with the nitrate forms of nitrogen. Again the phosphorous is 100 percent water soluble.

Another group of products, not a step toward high analysis, in which there is much
interest are controlled release fartilizers. Here the attempt is to tailor fertilizers
80 that their release patterns will coincide with the uptake rate of the plant. As you
know, uptake rates vary greatly between speciea so you are actually attempting to tailoer
a fertilizer for a specific crop.

The basic concepts and the objective behind this approach are:
1. To save labour - through eliminating the necessity of multiple applications.

2. To reduce fertilizer burn when nitrogen naturals are applied directly with the
seed or to the growing crop.

3., To reduce nutrient losses through metered release,

The overall objective is to improve nutrient use efficlency by metering release in line
with plant needs thus reducing losses through leaching and volatilization and ocutting down

on luxury consumption.



Although many materials and approaches have been tried, TVA's approach is through
sulfur coating. This is due to the fact that it so far makes the most economic sense.
By adding a 10% to 20% sulfur coating to granular products such as urea we feel confident
that ve can materially increase the efficiency of nitrogen wse to more than pay for the

increased cost of production.

Pertilizers for the Distant Future

We do not feel that we have yet reached the ultimate in high analysis fertilizers.
For example, we have made a number of fertilizers that produce excellent plant response
and have extremely high analyses, Among these materials are involved such analysis as:

11-58-0-30 S 55-92-0 27-60-0 37-62-0-29 S

Although these have been made only on & small scale and are good materials agronomically,
mich work still neads to be done on methods of producing them economically. Their future
depends on the economics of scale up in production.

Posaible Effects of New Products on Future Plant Nutrient Problems

Most present dry fertilizers have been tailored to fit the conditions of the crops, the
soils, the distribution systems and labour situations. Whether we should assume that these
same fertilizers best fit the needs of other countries that have different crops, soils,
climates, etc., may be questionable. For example, we assume in the developed countries
that if secondary nutrients or micronutrients are needed we can add these by other means
or on a prescription basis where they are needed. Your conditions may not be the same.
Thus, we should take a look at your real needs before we adopt present day fertilizers
and technology directly.

For example, there is evidence that sulfur deficiencies may be more widespread in the
tropics than in temperate climates, Maybe you should consider sulfur as a major plant
nutrient and reconsider such products as ammonium sulfate and single superphosphates.
Under these conditions ammonium sulfate would contain about 43 plant nutrient as
compared to the 20-21% nitrogen and single superphosphate would have an analysis of 30%
rather than the 18% when only the phosphate ocontent is considered. Also such secondary
nutrients as calcium and magnesium may have considerably more value under your conditions
than ours. Thus, before we go overboard in accepting the present technology I feel we
need to evaluate your situation sothat we know more what we are doing in tailoring
fertilizers for your specific need.

The Shift to Chemically or Physically Combined High Analysis Fertilizers

Throughout the world there is a definite trend toward greater use of high
analysis complete fertilizera. The question then becomes do they need to be chemically
combined or will physical mixing be satisfactory? Our feeling is that either can be
satiafactory if well made and well controlled.

Physical mixing which we term "bulk blending” has oaught on at a rapid rate in the
U.3. and is widespread throughout the countiry. It is also ocatching on in other countries.

Although it is almost synonomous with bulk spreading and application in the U.3., it
is being succesafully bagged in many areas. Products that are widely used in bulk

blending are:
Ammonium Sulfate; Urea; Ammonium NWitrate Triple Superphosphate;

Ammonium Phosphate; Potassium Chloride and Potassium Sulfate.



Not all of these materials are chemically compatible with each other. One advantage
of bulk blending, however, is that & minimum number of products need be produced or imported
in order to make most all of the analyses that a country would need. For example, by having
available urea, diammonium phosphate and potassium chloride practically any analysis can be
madie. All three of these materials are compatible.

Another advantage is that multiple nutrient fertilizers can be made with a minimum of
investment in production facilities., Also if properly spaced geographically, blending
plants that receive the basic materials in bulk can provide prescription fertilizers to
its local clientel at minimum cost where secondary or micronutrients are needed these too
can be added efficiently and at & minimum of cost. Micronutrients, for example, can be
added to blends as powdered materials in measured amounts by sticking them on the granule
either by using small quantities of water (1-2% by weight) or such things as diesel fuel

(1.5-3% by weight).

To properly blend fertilizers, however, precautions must be taken and I would strongly
suggest that a thorough study be made to assure success.

Probably the greatest hazard to overcome is proper mixing and the prevention of
segregation after mixing. This however is primarily & problem of matching particle sizes
although bulk density and particle shape do have some effect.

To minimize segregation there are four basic things to consider:
1. Selection of similar Bized materials; 2. Aveid coning of piles;

3. Minimize handling, and 4. TUse multinutrient materials
where possible.

Thus, in conclusion many developing countries are seriously looking into bulk
blending as a means of initiating their evolving fertilizer industries. I feel that it
has potential for this part of the world as well, and I would encourage you to consider
this as a means of providing the fertilizer needs of the farmers as far as complete
fertilizeras are concerned. Thie can be & minimum coet operation and can be a first
step in an evolving fertilizer industry.



SO0TL FERTILITY AND SHIFTING CULTIVATION

by
F.W. Hauck*
Summary

About 35 million sguare kilometres of land or over 30 perocent of the world's exploitable soils
ars under shifting cultiwvation. They produce the tulk of the food for mearly 10 percent of the world
population, Shifting cultiwation is uniwverssl tut 1t has more lmportance in Africa than in other
parts of tha world.

Shifting oultivation is dafined as "a vory extensive syeies of food orepe produstiion whereby
the productivity faotor is almost exolusively human labour, the capital expensss being exiTemely
low and the land having a practioally negligible waluas,”

The quastion, if shifting cultivation in its present form is still adequate, is related to
yiald levels, population pressurs, sconcmic aspects, inputs and gensral agricultural development.
Possibilities for improvezents irclude oultivatlon mathods, genmetlo improvesents of crops and live-
stoak, pasturs and fodder cultivation, ssasures to proteot crope and livestook; problens of mechani-
sation, problems congerning rocessing and marketing of produce, Experiences with the use of minaral
fertilisers for ohanges in shifting cultivation are presented, which could lead to more static forms
of land use.

The possibilities of PAO's assletance in the field of shifting cultivation are sontioned,

1s Scops of blam

About 35 million equare iilometres of land or over 30 percent of the world's exploitable soils
ars at present under shifting culiiwvation, Thay produce the bulk of the food for more than 250
million pecple or cearly 10 percent of the world pepulation. Shifting cultivation is usmed in Afrioca,
Bouth Americs, Oceanis and South East Asia, by pecple of widely varying origin and culturs, on a very
wide range of solls end many different types of vegeiation. There are great wariations in the types
of crops grown, the length of oropping and fallow pericds, and the methods of cultivation (4).
Although precise figures are not available, it can be sstimated that in Africa the percentage of the
ares under shifting cultiwvation of the total exploitable area is considerably higher than the world
figure of 10 peroent, it is probably more than 50 percent.

There has always bsen some confusion in the use of the term Mehifting oultiwvation” partioularly
in relation to the point "whethar it is only the fislds of the cultivators or their homes as well s
their fislds which shift.” (4). The Unsmoo Commission on World Land Use Survey (1952) suggests to
restriot the term "shifting cultiwvation™ to the cases whers the farmers are shifting their fields and
ssttlements, whersas it oalls "land rotaticn®” the shifting of the fields only. The large pumber of
modifications of both typss bowsver do no%, in many cases, allow a clear distizotion. Hagrels (oited
in 1) defines shifticg cultivation as follows: "It im & very ertensive systes of food orop preduction
on well drainsd land whereby the produstiviiy faotor is almost exclusively Imman labour, the capital
axpenses being extresely low (a few tools and sesds) and the land having a practically negligitle

valoe,"™

In this paper the term "shifting oultivation™ is used for the oultivation aspects of the
probles,

The types of shifting cultivation mhow considerable differences between forest (with rainfall
above 1250 =m p.s.) and savamna (up to 1250 == pus.)s The desoription of Hys and Greenland (4) of
types of shifting cultivation in West Afrioa is summarized as follows o

Forest 1 In tha forest the farser cuts the wvegetaiion during the dry season, leaving some irees for
shades, The mass of vegetation, whan dry, im turned, the ash is left on ths surface. After the first
rains maise is planted, followed by cassavan, cocoyam and plantedin often already during the growing
period of maiss, Peppers, okras, splnach plants and other vegetabls orops are usually added. In the
following ysar the plantains and soms of the cassava and coooyam are harvested. The remainder is left
for the third or fourth year and tha field is abandoned to the regrowth of forest, which is rapid.
Secondary forest =ay well be 6 to T metres high after 5 yoars and about 17 metwes high afier 10 years.
A thres years oropping period altermating with eight years of fallow iw oconsidered as adequats for

Senior Officer (Soil Development and Conservation) FAO



maintaining the fertility in the semi—decidusus forest (1150 to 1750 mm rain p.a.). In the evergreen
forest (above 1750 mm rain p.s.} 1¥2 to 2 years of oropping should ba followed by about 10 yoars of

fallow.

Savanna t The pokst savanna which adjoins the forest consists of tall grasees (up %o 4 metres high)
and a widely varying denaity of soattered, fire resisting tress, rarely over 17 metres high,

Por olearing the land moat of the trees are out and bturned together with the grass. In a
typical cropping gegquencs yamp are planted in mounde and some side orops like bemns, squash, malse
are ndded, The next year the yam mounds are destroyed and sorghum and maize planted on narrow ridges,
which may run up and down the slope end lesd %o conslderabls soil wash, The third year groundouts,

interplanted thinly with millet, complete the oropping pericd.

Uping this eystez the land is, in contrast $o the forest, without cover during the dry season
and ie expomed to the serly rains for at least 4 weeks before a cover has developad. The labour of
woaeding io more urgent than in the forest, partioularly if the rhizomatous grans {Izmpara oylinilioa)
im pressnt, Unlike the forest fallow the grasses do not continua to inorease their store of nutrients
yoear by year, and the improvement in the physical conditlons of the top soll is less marked than in

the foresot.

In eavanna areas with less rainfall and longer dry seascns the vegetatlon coneisto mainly of

tall bunch—grass and the main orops sro groundouts and beans, cotton and sweet potatoes. In tho mhort
tunch—grass savanna the limit of dry-land ocultivation is reached with millet an the main crop.

The table on the following page sormarizss tho pituation of shifting eultivation in a nusber
of countriom (4),

There is a large number of modifications of the basie sysiem and the relatlon betwsen shifting
cultivation and mettlement can only be mentioned. As a whole, shifiting oultlvation is part of the
aocial, eooconomic and religlous life of msny edlllons of people in Africe. In shifting cultivation
no minerals or other chemicals ere used. Ths orop rotation is eilmple or non—existent, mived oropping
is @ very common practice, Usually no provision is made for ercsion control, After the eropping
pariod, when the soil fertility has declined sharply, the moil im left to recover its original level
of fertility under its natural vegetation, sither grass or forest (1).

In the countriss concerned it is recognised more and more that shifting cultivation represents
a moat extravagant use of land., Howsver, "when not pashed to sxcsss shifiing cultivation has for
centuries given man him livelihood in the humid troplos” and it was not poseible up %o now to intro-
duce a method of food production superior to natural fallowing used in shifting cultivation (4).

The general mroblem of shifting cultivation includes many fielde of knowledge and "an assese—
ment of the value of the system must be bassd on m thorough survey of the problems of egricultural
development among which questions of soll fertility form only a part, Nevertheless, the interaction
of the system with the moil ism supremely important.™ (4) Otbar problems are botanicsl and agrono-
pieal in naturs followsd by sccio—economio and ethnological,

2 In ghifting eultivation still adeguats 7

as JTield levals

Although shifting oultivation is considered in many pountries me the only available form,
under the oiroumstanoes, to maintain the productivity of the soll, it ie alsc realized that the
maximum level of productivity which oan be resched Yy this eyatem ip well below the ylelde of more
modern types of cultivation, Maire ylelds in Ohana, for instence, are influsnced by shifting

oultivation in the following way (2}

Tield of grain in the last year bafors fallow 1 T00 kg/ha

Firat year after fallow 1 1 100 kg/ha
Second ™ n n 1 B00/900 kg/ha
Third n n 1 700 kg/ha



Table 1
The length of the Crop and Pallow Perieds undor Shifting Cultivation

Bain Periods in Tears
No Flaoe Petle in Cropa Fallow NHormal Excessive Remarks
inches
[ P c ¥
| | |
Moimt r?mn forant
1 Sarawak 0. 150 Hill rics Foresat 1 »2 2 12 | EBarly abandomment of land” neceossary
to prevent invesion of Imporata
Ouatemals 135 Maize Forest 1 >4 ‘Ando" type soil
Liberia B0-180 | Rice, cansava Foreat 1=2 |8=15
Jierra Leons 90=-130 Rios, cassava Forest b 8 H 5 |Orasses (esp. Chasmopodiom sp.)
iovade with axoessive cultivation
5 Asmam os 100 Bioe/millet, Porest 2 10-12| 2 =T
maise, rioe
6 Bumatra 0. 90 Rioe, root orope |Forest 2 10=16 Isperata invades, but may giwve place
to forest
T Philippines > 100 Rioce, Toot orope,|Forest 2= 8-10
malze
8 VNigeria 0. 90 YToams, maize Aoloa #H | 4T | & |2-2%k |Loam derived from tertiary sands and
(a) Usuahia cassava barteri olaym, stuzps of fallow oarefully
preperved
(b) Alayi 0. 90 Yams, maise, Macrolobium | W T Very loose sandy soil
oAUBAVA BPe
9 Central Congo 2 T0 Bice, oaisze, Forest 2=3  |10=15
oasEBVE
¥olot oemi—deoiduous and dry forest zone
lﬂ_ﬂ.ﬂ_fﬁs}ﬂ.ﬁ.ﬂﬂ&)
10 West Afrioa 60-80 Maiss, cassava int semi 24 | 612
sold, foreat
11 N, Burma 50-T0 Hill rioe aonland & 5 10 |Eoohin Hille area at o, 6 000 ft.
pine forest
12 Weat Nile ] Eleusine ;sorghus |Qrass,mainly| 2-3 8-15] 3 1 [Refers to "outeide' fields
Simaim, maize Sotaria sp.
13} Abeokuta, Nigeria 0. 50 Thicket 2 4=5 |30il dorived from tertiary sand; evi-
denoe of nitrogen defiolenocy
14 Hesha, Nigeria oy 50 Thiocket 2 =T Soll derived from granite




Table 1 (oom¥'d)

Haln P Ta
Ha Place Pelis in Cropa Fallow Normal Exnessive Eemarkn
inohes
[+ F [+ ¥
15  Central Uganda 0. 50 Elophant 3 8 i 2
grass
16  Iwvory Coast 0. 50 Elaphant 3 3 9 [
grans
17 N, Bhodenia o. 50 Thicket 6=12 | 6=12 "Chipya™ foreamt soil
Savanna Zone
18 Ivery Const 47 Imperata |2-3 | 6=10] 2-3 | 46
19 .Ugande o. 45 Andropo— 1 2% 1 2
gonean
20 N, Ohana 0. 40 Andropo= |34 | T=10
Fonaae
21 French Sudan 040 Short 3 12-15
anoh up to|
gErnan
22 N, Hhodenina os 45 "Hiombe ' 2 25 Pallid sandy solls
wood Land




The whole affect of 7 te 10 years fallow, plus the high labour input of olearing 1 heotare of
land, are an additicnal 00 %z of maize in 2 yearam. The effect of fallow is improved, to a limited
artent, by mixed ecropping, Tut the improvement of the soill fertility by shifting cultivation is short-
lived, It is apparent that this type of land use cannct be the answer for the future requiremsnts of

agrioulture,

b, Population preswmurs (1)

If the population pressure becomes too great, the oropplng pericds are usually extended and the
fallow periode are shortened, This leads to irreversible soll degradation. Under normal conditions
of shifting cultivation degradation of the socil and wegetation in bound to occur, when the population
density exceeds 25 per sguars kilomseire. This figure may vary from one reglen to the other, tut it
can probably help to identify areas in which the critical stage has already been reached. The
inoreasing populaticn pressure in a couniry as a whole will make it necessary %o rely =ore and more

on the areas of shifting cultivation,

0. Economic aspects

The increasing need of the oountry for mors food and the improving infrastructure (marketing of
produce) encourage the subeistence farmers io produce partly for sale, The possibllity of a higher
profit leads %o an extension of the ocropping pariocds.

d. IﬂEt;

The technical and sconomio knowledge about the effects and efficient ume of agrieultural inpute
like fortilizers, pesticides, weedkillers, seeds, i@ growing rapidly. In particular the rational use
of fertilizers has been inwvestizated recently under practical conditions in sany African countries.
The improving availability of injuta to the individual farmers at economic prices introduces changes

in the shifting cultivation syotem.
o, GCene develo t

The general improvesent of agricultural production, including mechanisation (5) of different
types, irrigation, use of high yielding varieties, crop diversification, the inorsasing use of inputs,
call for changes in the system of production. In view of the apparent need for such changes and the
possibilities available for improvements in the interest of the econcay of the countries and the
individual farmers, it would appesar that the time has come for tackling the problem systematically.

3. Possibilities for changes

Concerning the shert and long term improvezents of scil fertility, the following findings of
He Laudelout (1) are of intersst : if ihe type of fallow used aime only at the rebulilding of the
organic matter content, it is possible to limit ita duration to a very few years. On the other hand ,
4t im well Joown that the effects of the fallow ars not limited only te a reconetitution of the
organic matter content., Ths plant nuirients, if they cannot be provided by commercial fartilizers,
have to be manufactured on the spot by the natural process of amineral immobilization by the fallow,
which is then out and turmed, It 18 likely that the minioum duration of the forest fallow, which has
besn estimated to be batween 10 and 20 years, is largely determined by the rate of mineral Limmobili-

zation,

Again acoosding to Laudelecut (1), als:raatives teo tha forest fallow which are satisfactory from
the point of view »f eiiher tha Lmmediate cispn returns or the long range sell conmservation, should
fulfill the followirg conditions &

(a) The content of easily Jecomposabls organic matter ahould be restossd %o 1 valus corresponding
to that of the foreat fallos; and conditions for speedy dacomposition of *ils supply should be
provided in order %o ensurs the niftrogen and phosphorus outrition of the culiivated plant,

{(t) The content of tulk organioc maiter, to ensurs a gocd #ilth, ashould “e retuilt after each
oropping oyole. If no fallow Lo ussd, the rotation ahould contain legumes to provide the necessary
pitrogen for conversion of orop residues into soil organioc zatter.

{e¢) The mizmeral potential of the fallow should be approximated, either by the mineral immobi-
lization of the fallow or a corrasponding mineral fertilization,



Jurior and Herry (3) meke the following proposels on how and how far %o intensify shifting
eultivation : riarting from the conditions in which eubeistence agriculture is practised, attozpte
at rationalisetion gl pt making ecultivation systema sore and cores independent of pature by continually
increacing the nusber of production factors and the imtersity of their epplication., How far the
research resultn aveilable ean be pat into practioe dopende on looal economic conditions and the

professional okill of the formore.

The anpectis with which experiments and practical applieaticon in the Tiald have besn concernod
can be ¢claneified as followe
- cultivation methods : fallows, farming calendar, date and density of eowing, weedinp, fertilizers,
rotationg;

1

genetic improvezent of crope;
genatic improvement of livestock;
research into pasture and fodder cmltivation in connexion witk lspreverants to herbacecus fallows;

- pesgures to protect crops anmd livestock froz pests and diseases;
protlems of mechanigaiion and of rationslieing tools and eguipment;
problems concernirg procopoing and marketing of preoduce.

Jurior mnd Hemrl eome to the conclusion that obwiowsaly intensification of agriculture leads
ultimately %o the peint where fallow is mo longer roquired.

da The role of minerpol fertilizers

Ao otated by Landelout (1) it is 1likely that tho minimur durstion ef the fallow is largely
determined by the rate of mineral immobilization, For inoreasing the plant mutrient content more
rapidly, the use of organic manurs, particularly farmyard sanure, could belp and would even allow
for continmeous eultivation, However, farsyard mamure io not available in oost oases.

Incressingly, minercl fertilicers are used also in mreas of shifting cultivation for replacing
mireral lesoes. JIn Kalangs (3) the use of minsral fertilizers = with or without crganic manures =
has made 4%t poroible to obtain beavy and profitable yielde. In each of these cases the possibility
of contimnous cultivation has beon proved or at least very stroogly indicated.

Most of ihe trials of the PAC Fertilizer Progra=w in West Afriocs have been laid out oz farsers
fields under ghifting cultivation, including the first, second and third year after clearing the lend.
The yield insrcesec by mineral fertilizers alone have been at the oame level in all thres sotages,
e.gs On maize in Ghana, with s yleld of JOC kg/ha before the fallow started (the figures give the

order of magnitude, based on T15 fertilizer triale (2) :

18t yoar : yield inorease by fallow 1 400 kg/ha

n " v Tertilizer i 400 kg/ha
Zotal 1500 ka/is

2nd yenr ! yield incronce by fxllow = 200 kg/ha

n " " Tertillizer 1 400 kg/ba
Total 1300 ka/he

ird yoar : yield {ncroase &y fallow 1@ 0 ¥z'ta

n " W femiilispn g 400 kg/ha

Thus, in the firei year, by = codest fertilizer spplication (22.5 kg nae of 1P, in so=¢ cases
NPK) the effect of & T ¢ 10 yeorc fallow can easily be doubled, Io the ibiri yeer, by the use of
fertilizere the yield is o0till eoc high os it ie normally inm the first year of the cropping peried
bat withoud using fertilizere (700 + 400 kg/ha), it is worthwhile %o exteni it. The regulac- use of
a modect quantity (at the lewvel of 22,5 kg/ha per plant mutrient) bas eves bad an socumulasive effect
and congpoquently & yleld ineroane above 430 k&a"rhl.. In moct cooss the woe of cineral fertilizers
has proved to be econordc, provided the types end quantities have beon adjusied to the prevailing
conditions : in Weet Africe in 1951 to 1964, cut of 5 650 fertilizer demonstrations 79 percent showed
pooitive coomomic returmo to of least one fertiliger treatment and an average Value: Cost Hatlo {ver)



of the bont treatments of 3.5 Cut of 1 334 O9-plot triale, 99 percent ohowed positive economlc
returns and the aversge VCE of the best treatment was 7.5, The results obtained up to now from

pavarel thousands of fortilizer trianle indiocate @ after the effect of the fallow on the plant nmutrient
content of the poll hes gone, it is possible and economic to incremse by relatiwvely orall quantities
of fortilizers, not only the iomediate yields tut also, gradually, the fertility leval of the soil.
Although more investigetions are ptill needed in this field, it can boe soen that the rational ume of
fortilizers ocan become the main factor for the intensifioation of the oropping poried and eventunlly
for o complete abolishment of the shifting cultivaticn.

S Pospibilities of PAQ's ansiptance

FAQ is aware of the extraordinaery task ahesd in the ereas of shifting cultivation to more
gtatic forms of land use, The problem has been presentsd in more detail in the Indicative Werld Plan.
The urgonoy for appropriate acstion was scphanized by a mumber of delegates during the lant FAQ
Confersnce [1959) and on other occcasiona,

For supporting the efforts in the countries to improve shifting oultivation, FAQ, in principle,
onn provide tho following spsipimnce @
= sorve as foonl point for ell information aveilable and recuested on the subject;

= provide experts usder the varicus types of projects (UNDP/Special Pund or Technical issistance,
Trust Punda, FFAC) on the reguest of the countrieng

= organize mootinge and spexinarsj
= give individusl advice to the countrien,
The Land and Water Developrent Dlvision of FAC has adjusted its Programme of Work to the

inoreasing roquirements for improving the agricultural productivity in arean of shifting cultivation
and ip ready to joln the efforts in the countrios concerned %o deal with thio problem.
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QGUIDE FOR PLANNING SOIL FERTILITY
FERT ER USE DEVELOPMENT

by
Fi W. Hauck#*
IATRCIUCTION
1. According to I'F the fertilizer consumption in the developing countries (Zone C)

which wes 3.7 million tons (in terms of N, Ppls, K20) in 1966 should increase to 15.6
million tons in 1975 and 33 million tons in 1935. The total value of this will represent
approximately 45 percent of the total value of pll current inputs into agricultural pro-
duction. An extraordinary effort will be necessary by the countries concerned to achieve
these goals in order to produce enough food for the rapidly growing population.

2. The urgent need to increase the productivity of soile and the use of fertilizerr wes
recornized by the 15th Session of the FAQ Conference in Hovember 1¢6%. The problem was
much discussed by delegates to the Conference.

3. Al-hough there is an increasing concern about the low productivity of soils in
developing countries and a strong desire by the countries to improve the situation, in many
cases the necessary and possible activities need clearer specification.

& On the following pages the whole range of possible activities for the improvement of
poil fertility and the introduction of mineral fertilizers into practical agriculture is
presented. In the first part, called "Purposes", the results which can be achieved are
mentioned briefly under the following subheadings:-

General

Field Programme to promote fertilizer use

Applied Research Programmes on specific soil
fertility and fertilizer use problems

Infrastructure for long term fertiliszer use
development

Training in soll fertility and fertilizer work

The second part called "Description of Activities", gives detailed information under the
same subheadings on what can be done in order to achieve the purposes. The Cuide is based
on FAO's experience in many countries. A timetable is attached which gives an indication
on the seruence of the mctivities and the periode of time which are required under average
conditions.

Senior Officer (Seil Development and Conservation) FAO, Rome



5a FAC has included the purposes and activities given in the Guide in its field projects in moil
fertility and fertilizer uss. Normally, not all purposes or activities will need to be included in &
project. They are required, however, to ensure that long term fertilizer use is muccessfully establiash=
ed, and the Guide can therefore be used by Goverrments as a checklist of specifications for this

PUrpose.

B The number of purposes and activities to be included in any new project depends not only on the
requirements of the country but aleo upon the type of project. UKDP (Special Fund) projects are the
largest projects of FAQ and usually include a team of five or more experts and & considerable amount
for fellowships, equipment and mupplies. The UNIP (Technical Aseistance) projects usually consist of
ona expert and limited funde for fellewships, equipment and supplies. The FFHC Fartilizer Programme
of FAQ has similar projects to those of Technical Assistance but im financed by a trust fund. Besides
this there is an increasing mumber of projects under govermment trust funds.

T The basis for UNDF's and FAC's assistance is a request from the country concermad. The Cuide
shows FAO's possibilities and can help in requesting assletence. This is usually done by m Letter of
Intent as a first step. The Letter of Intent should be directed to UFIP (through the UNDP Representa~
tive in the country) for Special Fund and Technical Aealstance Projects and to FAD Headquarters (Land
and Water Development Divimion) for FFHC and Trust Fund projectm. It should contain: & brief SummATY
of the agricultural situation, information on the specific problems, the reasons for the request for
nosistance, a summary of the type of assistance requested (usizg information from the Guide), and the
posgibilities of the country to contribute to the project.

For additional information please approach the FAD soil fertility experts in the country,
regional officers, the Senior Agricultural Advieer and staff from FAO Headguarters.

PLANNING SOIL FERTILITY AND FERTILIZER USE DEVELOPHERT

A. Purpomes

I. Geperal

The overall purpose is to increase economic development in sgriculture through fertilizer use.
This may include:

- Field programmes to promote fertilizer use.

- Approved research programmes on specific ecil fertility and fertilizer use problems.
- Fartilizer distritution to farmers.

- Infrastructure for long term fertilizer use development.

- Training in soil fertility and fertilizer work.

Zach activity may have several discrete purposas.

II. Field programmes to promote fertilizer use

1. Obtain more detmiled information regarding fertilizer responses under different
conditione and their economic effect by an intenmive trial programme on the
fialda of farmers.

2. Combine the fertilizer use with the use of high yielding and improved varieties.

3. Combine fertilizer use with better cultural practices, water contrel, plant
protection measures.

4. Combine fertilizer use with improved soil management and conservation practices.

5. Lay out a large number of fertilizer demonstrations to show farmers the use of,
and the benefits to be obtained from, fertilizer use in combination with related
improvements, and arrange contests for highest yields batwesn farmers.

6. Egptablish an efficient and raticnal soil testing eervice to provide recommendations
on fertilizer use to the farmers.

7. Identify soils of trials and demonstration sites and relate scil characteristics
te experimental resulte.



8.

10.

Eetablish & correlation between soil anelysis and response of crope to fertilizer on
different soil types and under different climatic conditiens.

Carry out hnnafitfcnut gtudies on the improvemenis to be introduced into ihe agri-
cultural practice.

Frerare from the reeults available a series of recommendatione to farmers and
cultivators on the optimum economic use of fertilizers.

I11. hEEIied remearch prorrammes on specific seil Tertiliiy and fertilizer use problems

Iv.

V.

11.

12.

13.

14.

i5+

16.

17.

Egtablish cloee working reletionshipe Detween smgricultural research institutions and
extension eervice for the producticn and anelysis of technicel and economic datm re-
lating to increased crop production through fertilizer use under various conditions.

Provide information on specific probleme like micro nutrients, efficiency of nutrient
carriers, use af isctones.

Establish long=term [ertilizer trials and experimenis on interactions beiween fertilizer
use and other agricultural practices.

Where necegeary aim at the gradual replacement of bush fallow by more permanent forms of
agriculture, through the efficient use of fertilizer combined with other improved manage-
ment and sell conservation practices.

Develor a reclamation programme for saline and alkaline soils to improve the efficiency
of fertilizer use.

Establish a m0il microbviology programme in relation to nitrogen fixstion and the problems
of nutrient utilization,

Setablish mtudies on the lertility and chemistry of problem soile like volcanic ash roiles,
organic soile, etc.

Assist in establishing or sirencthening the infrestructure for the distribution of
fertilizer and other mgriculiural raterials. (For a Tertilizer dismtribution mcheme within
the project, UWTF might make available & substantive quantity of fertilizers).

Eptablish or strengihen, in connection with the fertilizer dietribution, farmers co-
operatives for suprly of inputs and for markeiing, storage and processing of egricultural
Improve storape ilechnimies on farms for graina and cther crops.

Goordinate the roles of govermment, fooperatives and private commercial enterprise in the

Aogist in establishing credit on easy terme toc the farmers for the purchese of fertilizers
and other inputs and to acdvise on fertilizer gubeidy and taxaiion.

Eeteblish a fully effective fertilizer office nmormally in the Yinistry of Agriculture,
which will be responsible for all aspects of long-term fertilizer use development.

Provide the Government with realistic figures on the possibilities of increasing oro-

duction in agriculture in view of earning and saving foreim exchanse through the rational
use of fertilizers and addi‘ional improved farm opractices, and advies on Tertilizer pricees,

hemist the government in formulating long-tern fertilizer policy and projectiens.

Fertilizer distributien to farmers
13.
15.
produce.
20.
2l.
digtribution of fertilizeres.
22.
Infragtructure for long-term fe-:ilizer uge develorment
23,
24.
gubgidy and texation.
25.
2E.

Provide informetion needed on the types end quantities of fertilizere me a2 basis {or the
plannins of local fertilizer production.



Vi.

I.

II.

£7. Assist in the formulation of fertilizer legislaticn.

Training in meil fertility and fertilizer work

28, Train local perscmnel in the various fields of the project:
experimental and demonstration work, extension, distribution of fertilizera to farmers
and long-term planning of fertilizer use development.

Description of Activities

General

1. Tha project will have a duration of five years. It will be carried out with the
appropriate Ministry and with the participation of cther dlvisione and organi zations,
B

Spile Department

Cropa Hemsearch Inetitute

Fpeultiea of Agriculture

Extension Service

Tepartment of Cocperatives

Arricultural Development Bank

Food Marketing Beoard

Multilateral and bilateral development aid projectas.

2. Froject operations will be either netionwide or will be concentrated in the selected
aTeas.

3. TData on the response of crops to fertilizer and various agricultural practices that are
of impertance to project activities will be assembled and analyzed if poseible according
to soil groups and geological conditions, to form a basis for the planning of the ex-
perimental work.

Field programmes to promote fertilizer use

4. Fertilizer trialm will be carried out on the fields of the farmera. The responses to
nitrogen, phosphorus and potash will be recorded in terms of yield increases and esconomic
effects. The efficiency of different forms of fertilizer materisls will be compared.

The bast time and method of fertilizer application, interaction of fertilizer with orgamic
manuring improved with high yielding varieties, cultursl practices and plant protection
measures will be investigated. HRelaticnship between soil type, soil conditions, drainare,
assration and fertilizer responses will be established.

5. Fartilizer demonstrations will be carried out on the fields of the farmers in order to
show to the farmers the sffects of fertilizers and to teach them how to apply fertilizers
correctly. Contests for highest ylelds between farmers (on a village, province and
country basis) mhould be held to draw the attention of farmers to the uae of fartilizers.
These activities will be carried out in cooperation with the extension service after
special training on fertilizer use extension work hae been given to the extension staff.

6. For establishing a soil testing service the moet appropriate methods for routine analysis
will ba tested mnd selected. A central and several regional laboratories will be re-
aquipped and the routine analytical work will be standardized and rationalized. The
analytical results will be calibrated in relation to the resulta of the field sxpariments.

7. 1In order to facilitats coordination of countrywide rasults, the scil types of all experi-
mental and demonstration sites are identified and yield results grouped in accordance with
these findinge or, if available, with existing moil maps.

8, The correlations batwasn eoil types, soil analysis, and fertilizer responses will be
established in cooperation betwean the project and the appropriate Hesearch Institute in-

volved in soils work.

9. Benufitfcout atudies sghould be undertaken on fertilizer use and improved scil management
and cultivation practices based on data of previocus experiments and thoae collected by the

project.



I1I.

10.

11.

12.

A
13.

14.

15.

16.

17.

18.

A moil date bank should be built up gradually. The sveilsble information on field experi-
ments and soil types can be stored for use with computer based methods of evaluation.

Fertilizer recommendations for farmers will be worked out, based on Tield experiments,
greenhouse and laboratory work. The recommendations for the various crops will be re-
viewed yearly in the light of experimental results.

Cooperation with the ertension service with regard to fertilizer demonstrations will be
intensified by joint meetings, lectures, eeminare and publications. This will enable the
extansion service (a) to show to the farmers the phymical and economic effects of fertil-
igers, (b) to help the farmers to buy fertilizers, (c) to teach the farmers how to apply
the fertilizeras effectively.

lied regearch programmens on srecific soil fertility end fertilizer problems

Remearch and experimental work on more specific soil fertility problems will be carried
out in n?upsrntinn with the Soil Research Institute (or other appropriaste research
stationa):

Expct field experiments:

(a) residual and cumulative effects of ¥, P and K and their interaction on the
quantity and guality of the produce;

(b) compariscn of the relative efficiency of different nitrogen and phosphorue
carriers and of compound fertilizers;

{e) experiments on time and methods of fertilizer application;
{d) effects of organic manures in combination with fertilizers;
(a) mtudy on low phosphate availability;

(f}) ume of imotopen.

Greenhoune studien:

{g) effects of secondary and micronutrient elements;
(k) calibration of moil tests.

A programme of research and demonsiration on scil management and related cultural
practices will be established covering the following topice: high yielding varietien,
row planting versus broadcasting, incressed plant population, weeding, plant protection.
Soil management and conmervation, as appropriate, will be introduced into practical agri-
culture |crop rotations, contour cropping, strip cropping, terracing, water conservation
techniques, etc.).

Experimental work on the improvemeni of the productivity in areas with shifting cultive-
tion and on the gradual replacemsnt of shifting cultivation by more intensive and
economic methods of cultivation will be carried out.

A research and mction programme for the reclamation of saline and alkaline soile should
be developed especially to improve the efficiency of fertilizers, regarding the quality
of irrigation water and its effects on the soils, and including leaching and drainage,
with and without soil mmendments.

4 ®oil microbiology programme ashould include the establimhing of a laboratory and studies
about the two main lines of applied soil microbioclogy: () nitrogen firing organisme
guch as Rhizobia aiming smong others at the establishment of a legume inoculation service,

(v) humification and compomting.

Froblem soils in relation to fertilizer use, particularly in rice cultivation will be the
mubject of an intenmive research programme which should lead to practical results in the
shortenst possible way.



Fertilizer distributicon to farmers

15.

21.

224

Pilet schemes for fertilizer distribution will be organized in the project areas for
{a) making fertilizers available to farmers at easy terms and (b) guiding and aseisting
the development of a distribution organization for fertilizers and other inputs. For
thias UNTP is requested to provide an adequate quantity of fertilizers (e.;. 1,000 '.:mn}
and the goverrment will contribute the same quantity.

Emphasis will be placed on establishing or strengthening the agricultural supply and
marketing ayetem by the introduction of fertilizers. Other inpute should be included
into the sales programme as soon as poseible am well am an efficient marketing of egri-

cultural produce.

Simple and inexpensive improved storage technicgues on the farm level for agricultural
produce will be tried out under the conditions of the farms before they will be intro-
duced on a large scale.

Arrangements for selling inputs on credit on easy terme to the farmers should also be
made. Thie could be done [cintly by the Rural Development Bank, ite agenciem and the
cooperatives of the village level.

Infrastructure for long-term fertilizer use development

23.

2d4.

2s.

26.

27

A compact and efficient fertilizer (or input) office should be built up =t an early stage
of the project and staffed by well trained counterpart perscrnnel. It should be responsible
for directing the research on fertilizer use; arranging for dissemination of fertilizer
recommendations; improving the fertiliszer distribution aystem; making proposale for

credit facilities, price policy, submidies; compiling data for planning of fertilizer
consumption, import and local production, fertilizer legislation.

The evaluation of the results from the experiments and soil analysis will provide the
Coverrment with realistic figures on the posmibilities of earning foreign exchange by the
aconomic use of fertiligers on export crops and saving foreign exchange by (if epplicable]
importing fertilizers instead of food and producing more food leocally.

Bamed on the technical and economic information gained by the field experimental work ad-
vice mhould be given to the Goverrment on fertilizer price policy, mubeidy and taxation.

The project should provide the government with realistic technical and economic data for
the formulation of ite long-term fertilizer policy. In due time a study should be pre-
pared on the quantities and typee of fertilizere and the economic aspects as a basis for
the planning of locael fertilizer production. Depending on the conclusions s technological
feasibility study on fertilizer mamufacturing should be carried out.

Fertilizer legislation should cover the following points: (a) licensing reguirements
regarding manufacture, import and sale of fertilizers; (b) declaration to be made as to
plant mutrient content; mfﬂ} analytical methods to be used for determining the various
mutriente; (d) officisl inspection and control measures; (e) the penalties for non-
compliance with the provieionae of legislation.

Training in eoil fertility and fertilizer work

28.

The training of local personnel should coneist oft on the job training, training courses
in the country, fellowship and study trips outeide the country. It should cover all
activities of a project. In the first instance the counterpart staff at different lavels
should take part in the training. The extension service should be trained in fartilizer
use practices and the suitable means for publicieing theme recormendations and supervising
their application. High level officers, responesible for the planning of long-term fertil-
izer use development in the country, abould have the possibility of making themselves
acquainted with the most efficient and up=-to=date methods in this field.
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10.

11.

12.

13.

14.

15.

16.

Fertilizer triale

S0il Management and Conpervation iriale
including shifting cultivation)

Apronocmic triale (including hyv)
S0il reclesmation
Domonstrations and extension on 1. 10. 4

So0il clasmification in relation W experimental
work

Soil testing

Benafit/cost studies

S0il Data Bank
Applied research on specific probleams

Improving infrastructure for fertiliszer
distribution and produce marketling

Fertilizer distribution
Establisghing fertilizer office
Formulation of fertilizer uee development plan

Feasibility etudy on local fertilizer
manufacturing

Fertilizer manufacturing
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