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The East and Southern African Sub-committes for Soil Correlation and  Land
Evaluation was set up by FAQ in 1574 following a recommendation of the Tth FAD Regional
Conference for Africa (Libreville 1973). The Bub~committes which comprises all member
counktries of the sub-region, meets once every two Years to discuss matters related to
Boil survey, classification, land evaluation and management. This Eighth session in
Harare falle within that context.

The meeting took place in the Conference Room of the Ambassador Hotel in Harare,
and was officially cpened by the Director of the Depactment of Research and Specialist
Bervices, Mr. Fenner. The FAD Representative in Zimbabwe, Mr. C.E. HMacCulloch, welcomed
the participants. In attendance were invited cfficialsg from the host country (Zimbabwe),
supporting agencies; seven participating countries and observers.

In his opening speech, Mr. Fenner called for a closer working relaticnship among
soil scientists of the Region, hence the need for a regular meesting every two years. He
also pointed cut that if the ultimate goal is to attain self-sufficiency in food supply,
parbicipating countries must be able to exchande reseacch experiences on the management
of varioue types of soils within the Region, as no country can do it all alome.

Mr. MacCullech, in his welcoming sddress said that lack of moisture affects land
productivity and ' that natural eclimatie changes resulking ‘in severs dr t hawe
threatened many African countries with seriocus food deficits affecting millions of
people and enimals. Bupport for increased food producktion can be given throwugh improving
s0il moisture storage capacity.

The delegate of Zimbabwe, Mc. C.W, Kanyanda, was elected Chairman of the meeting,
while Megsrs P, Bande of Malawi, 5. Wokabl of Kenva and H. Hakhooane of Lesotho wece
elected Vice-Chairman, and first and second rapportsurs cespectively.

The papecs presented by the participants dealt with the theme of the meeting,
which was "Rating of the land quality of molsture availability: a country appraisal”.

A thres day field trip took the participants to Chiredzi and Chisumbanji, whers 8
501l profiles were described and classified, and to the Rushandike lrrigation scheme,
situated 20 km south of Magvingo town.
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4. OFENING CERENCY

4.1  Welcome Address by Mr. C.R, MacTulloch, FAD Representative in Zimbabee

Mr. Chairman, Honourable Minister, Dear Participants, Ladies and Gentlemen,

It is 4indeed a pleasant duty and 2 great pleasure to be associated with the
opening ceremany of the Eighth meeting of the East and Southern African Sub-comittes for
Soil Correlation and lLand Evaluation.

On behalf of FAD and on =y own behalf, T would like to express our Sincers
gratitude to the Government and pecple of the Republic of Zimbabwe for kindly agreeing
to host this meeting. Particular thanks go to the Chemistcy and Socll Research Inetitukte
of the Department of Research and Specialiet Services which for soms time now has been
working to make the meeting & success and 1 am sure that, looking at your schedule, this
will pay off by the positive results we expect from your deliberations.

I would alego like to my sincers appreciation bo our rescurce persons who,
in spite of their commitments, gone beyond the normal call of duty to prepace
background papers for wour deliberations.

Metinguished participants, ladies and gentlemen, discussions on the land
guality of moisture availability will be the main preoccupation of your present
meeting ¢ and quite richtly so, when we considec that lack of molsture affects land
procductivity and that natural climatic changes resulting in severs drought have
threatened many African counkries with serious food deficit affecting millions of people
and animale. Therefore the most crucial area which reguires our attention and support
for increased food production i the development of methods for Improving the soil
moisture storage capacity. Other production inputs such as fertilizers and pesticides,
yielding varieties, etc., are also necessacy.

But when agpepsing the eoll moigture capacity, your investigation should not only
be limited to the =soilsland gualities, you should also consider the mansgement
practices. In fact, some of the management practices such as inter—cropping and minimmm
tillage influence soil moisture storage indirectly through their effect on water intaks
and reduoced evaporation. These practices also increase the efficiency of the stored
maisture for crop use in tainfed agriculture. Also of importance is the nil:mtnpuqra];h{
which can often lead to micro—climatic differences affecting significantly the ackua

evapotrandpiration by the crop.

Mr. Chairman, having saild this, T shall now tum to the problems of farming undec
rainfed conditiona, From expecience: we know that faoming under these conditlens has
become incieasingly risky and thus resorting to irrigation is an cbwious solution. It ie
my therefore that this meeting, while addressing itself to Jland qualities moleture
availabdlity, will alsc examine how best some problems associated with the supply of
soil moisture through irrigation, can be overcome.

Mr. Chairman, I am pleased to note that you have included in your programme &
field excurglion to Chiredsl and Chisumbanie, ﬂ'ﬂtr_:{-w will in marmy cases be treated to
the challanges of agriculture under rainfed conditions and the enormity of the task in
water harvesting.

Br. Chairman, Boncurable Minister, distinguished participents, without taking too

much of Twr time, I would like onoe bgain on behalf of PAD to wish you all the best in
your deliberations.

Thank you very much.


file:///inder

- =

4.2 ldi}rﬂua by Mr. Penner, Director of the Department of Research and Specialigt
Barvices

As the Director of the Depacrtment of Research and Speclalist Bervices, it also
gives me great pleasure to welcome you all to Zimbabwe. IE may be the hottest time of
the year, but being Jacacanda time this must be 8 compensation to those of you who In
the context of this meeting raise their heads to a more upright position.

But lat us get to the root of the matbter. Why do you mest reqularly every Ewo

are? On the broad $£ront, this is easy to answer. Your contimued activities lay the

lrr:mﬂntim for good working relationships between soil scientists in the Region. S0 do

many other meetings of agricultural sclentiste afford this opportunity, but what i
different about this meeting and you, the participants?

Boil classification and land evaluation are wvery specific and specialized
digeiplines, and many agricultural researchers believe you to be a very amall cog in the

vagt complicated machine of agricultural production.

Before I becams an  administrator and manager, I was a soll chemist and crop
mutritioniet. 1 therefore cannot, and do not, undecrate your importance. MNo country can
b= an island onto itself] To progroess we must be able to transfer agrotechmology betwsen
countries. We must be able to exchange research experiences on the management of various
goll types within the region, &% no one countey can do it all, If the ultimate goal is
to attain self-sufficiency in food supply. To do this we sust know what sach of us means
when we describe the basic wnit of agricultural productivity, the scll. A colleague of
mine, a vecy eminent soil scientist hece in Zimbabwe, classified our socils into sands
and red soils; and we may lawgh, but most of us who have worked here for many years know
sxactly the point being made. Would anyome from cutside ocur borders? The answer in  the
negative goes without saying! We must be able to correlate through the nomenclature the
soils of the Region.

But names are not enough. They must also describe  the properties inherent and
wvhat can be depe with them;, and we alsc must agree on these matters. And the speclfic
themes of past meetings have done just that. In 1983 in the Sudan, the properties,
management and classification of Vertisols were discussed in detall; in 1985 in Lesobho
“problem solle" were discussed. Mot as grand a theme as the previous cne, or even the
following meeting, but the English language btends to underestimate the impoctance of any
problem. In Botswana in 1987 wyou discussed land evaluation for rainfed agriculture and
during the discuzsione you found it diffcult to cate molsturs svailability through lack
of guidelines. In fact one was umable to describe precisely what is the ideal available

moiature regulirement for crop growth.

I note from the programme this meeting attempte to answer this guestiod; what a
difficult goal, pacticularly as your delibecstions ace ﬂﬁ specific, and when one
comaiders the wide range of climatie situations that occur within the region. To anyone
here it is ocbvious that, lower the available water capacity of a given soil, the shorter
the pericd over which any crop can stay alive in the absence of rainfall becomes less of
the rainfall itself becomes less reliable. I thecefore wish you well in your attempts to
define and measure thoge enll parametere that debsrmine the ability of a soll;, whether
you call it a Fine-grained sand, & Haplic Arenosol, or & coarse, siliceous, hypertharmic
Typic Tropopsameent, to hold and store moisture.

it is now my privilege, on bahalf of the Government of Timbalwse and the Ministry
of Lamnds, Agriculture and Fural Resettlement, to declare the 8th Seseion on Soil
Correlation and Land BEvaluation in Bast and Scuthern Africa officially open.
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5. ENPEESSION OF THANFES AND RECOMMENDNTIONS

Expression of Thanks

The participants of the eight session of the East and Socuthern African
Sub—Comnlttee for Soll Correlation and Land Evaluation,

fatisfied that the eight session of the Sub-Committee has provided a good forum  for
discusslng land guality with respect to moisture avallability towards increased crop
production,

Convinesd of the impact of such periodic mestings in enhancing exchange of experiences
on 501l survey, classification, evaluation and management,

Record their warm appreciation to FAD for its efforts aimed at promoting technical
cooperation among the national institutions of the sub-region towards continuous support
to the work of the Bub—Committee,

E‘E.’f" on behalf of FAD their deep sense of gratitude to the Government of Zimbabwe for
the meeting and for the facilities provided; to the Governments of Angola,
B-ntm; Ethiopia, Fenya, Lesotho, Malawi, scar, Mozambicgue, Budan, Swaziland,
Tanzania, Uganda un& Zanbia for their mnﬂdmm n the work of the sub-committee; to
the Winand Staring Centre (The Netherlands) for the continmeous interest and coopecation
accorded to the Sub-committee; to the Chemistry amd BSoll Research Institute of the
Department of Pessarch and Specisligt Services (ZTimbalsee| for Ehe preparation of the
lﬂe:sim and field tours, and to those who contributed in wvarious ways to the success of
mesting.

Fecompendations

The participants

Higgl aware that the natural climatic variations resulting in severe drought threatened
many Atrican countries with serious deficits in food production,

Comvinced that lack of molstiure is B major constraint on land productivity in the region
£ there is5 a need for development of methods for assessing and improving the

utilization of the =oll molisture storage capacity,

Eecommend that:

1. Governments of the sub-region

& Promote intemmal cooperation and exchange of information celevant to
moigture studies development betwean the differasnt goil and
egroclimatological agencies,

b. Facilitate reglonal and internaticnal cooperation in  agrotechnology
trangfer among countries of the sub-regicn and elsewhere.

- § Mational soll institucions:
a. Pay greater attention in their frﬂg:mn to the assessment of moisture
avallability year by year for optimum crop production.

b. Use a quantitative moisture balance model, incocporating precipitation,
evapotrangpiration and eoil modisture storage {(models should be crop and
so0il specific).
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Conduct further investigations to establish local walues for cectain
parameters {(for example effective rainfed groundwater contribukion and

itnitial moigture studies],
Test and verify the models in comparison with actual crop yields,

Develop soil moisture regime classification in collaboration with FAD  and
other agencies.

Assist member countries in thelr prograsmes for assessing and inproving the
utilization of the soll molature storage capacity,

Froduce guidelines on moisture belancs modelling for modstuce avallability
assassmant, specifically for rainfed conditions,

Mvigs on software for computerized systems and on interfacing with
programmes dealing with data bases, land evaluation and gecgraphical

information systess.

Haxt Meeting of the Bub—Committee

The Secretaciat should explore the possibdlicy of holding the ninth session of

the Sub-Committese in Malawi.

The theme of the meeting will be: Computer assisted systems for processing &oil

data and for guantified land evaluation.
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6. THECHNICAL PAPERS

6.1 ASSESSMENT OF AVATIARLE SOTT. MOISTURE IN ZIMAARME

C.W. Kamyanda, M. Moyo and B. Hyaswanis

INTRODOCTTON

One of the limiting Eackors to agricultural production in Zimbabwe i[5 the
availability of soil moisturs. This is particularly so in areas of low and unreliable
rainfall. Over the years, investigations have been conducted to assess the effect of
this land quality on crop production in the :nmtm most notable document on  this
subject ie the Agro-ecological Survey of Southern & (Vincent and Thomas) in which
the country was divided into five natural regions which constitute broad areas of
optimal land use capabilities based on climate. Matural Region I is where rainfall is
high (»1000 mm} and reliable. At the bottom end, Matural Reglon ¥V is where rainfall is
low (<450 mm) and erratic for the reliable production of crops.

The most cecent refinement of this document was by Mussein (1987) who used
rainfall and temperature data to calculate length of growing seasons in Matural Regions
ITII, IV and V. In & wvay this was an assessment of the avallable molsture.

Within each reglon potential use iz determined by soll characteristics. Such soil
parameters are, therefors, to be utilized to determine the ahiliti' and capacity of a
pacticular soll to hold and store moistuce. Thus the lower the avallable water capacity
of any given soll, the shocter the period over which aoy crop can be sustained in the
absence of rainfall.

CAARACTERIETICS AFFECTING AVAILARIE MOISTURE

The available water capacity of the soil depends on various soil parameters but
consideration will be given to scil depth, soll texture, whether sand fraction is fine
grained or coarse grained, and clay mineralogy.

Soil

Eoil depth with respect Eo molgture svallahility refers to the depth ina soil
profile within which rocts can essily penetrate in seacch of water for the development
of crops. Rooting conditions are controlled by soil effective depth and ease of root
penetration. The deeper the soil, the more water is retained and thus more of it is
available for plant growth.

Eix depth classes are recognized for general use. These are given in Table 1,

Table 1 DEPTH CLASSES
Depth Class Depth {cm)
Deep *150
Moderately deep 100 - 150
Moderately shallow 50 - 100
Shallow : 40 = 50
Very shallow 23 — 40

Extremaly shallow £25
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Sail Texbure/Mature of Sand Fraction

The water that a scdl can hold is influenced by s0il texture within the rooting
depth. Clayey goils hold more water than sandy soils. Figure 1 depickts molisture redease
curves for varlous textural classes of some Zimbabwean spils. This Filgure shows that at
any suction, clayey soils hold more water than sandier scils. Available data show that
ol content has a good itive correlation with retained waker; with iporeasing effect
ut&g!.qi'ur suctions. With regard to svailable water, the Ffime sand Fraction gives the
best correlation, but lower correlation with retained water, Table 2 below shows &
comparison of available moisture and retained moisture for various textural classea of
some Timbabwean scils.

Table 2 EVAILABLE AND RETAINED MOISTURE

Textural Class Available Water (%) Betained Water (%)
Clay 12.6 38.1
sandy clay 10.9 32.0
Sandy clay loam 13.3 28,5
Sandy loam 14.0 24.7
Loamy sand 12.3 18.1
Samnd 10.2 13.4

Tha effect of the nature of sand fraction iz shown in Table 3.

Table 3 HMATURE OF SAND FREACTION

Texbure Avallable Waker (%)
Fine sandy loam 17.0
Fedium sandy loam 14.8
Coarss nm'.d‘{ Lloam L5
Fine sandy loam 15.4
Medium sandy clay loam 14.7
Coarse sandy clay loam 10.3

The influence of the fine sand fraction on available moisture is more pronounced
on lighter textured soils than on heavy textured solle, Thue for lighter textured polls,
available moigture increases significently with increase in the amcunt of the Eine sand
fraction whilst for heavier textured soils the increase is wery gradual. This is shown

in Flgure 2,

Clay Nineralogy

Available moigture is aleo dependent on the type of olay. In Zimbabwe the
classification system i to some extent bassd on mineralogy and Ethis makes it sasier to
relate the available moisture to the classification.

In genecal, less weathered and leached soils heve & higher available moisture
content than those which #re more westhered and lsached. This is attributed mainly to
the 2:1 lattice clay minerals in the less weathered and leached soils, to the 1:1
laktice clay minerals and sssguioxides in the more weathered and leached soils.
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Table 4 below depicts thls phenomencn where siallitic, fecsiallltic and
ockhoferrallitic soils are compared: the degree of weathering and leaching increases
from the esiallitics to the orthoferralliticg, This is hewsver only wvalid in heavier
textured soils where there ls a significant amount of clay.

Table 4 FERCEWNTRAGE OF AVAILABLE WATER

AVAITLABLE WATER %

Texture Biallitic Fersiallitic orthoferrallitic

Sandy clay loam 12-18 11-14 10

Bandy clay 14 12-14 11

Clay 13 12 11-12
CONCTISION

The difference in the ability of scils to hold and store moisture has minimal
effects on crop pecformance and digstribotion In reglons receiving high and reliable
rainfall but becomes more evident as rainfall decreases. Thus in Matural Begion 1 and I
farming systems are specialised, diversified and intensive. The average length of the
growing season in thees regions i 150 and thiz is & messure of the time when the
goll is able to supply the plant with required moisture to sustain growth

on the other side of the scale, Matural Regions III to V, Earming systems range

from semi~intemnsive to extensive, respectively. HMean medium values of season len wWare

fﬁm to be 131, 121 and 96 dayes for Matural Regions III; IV and ¥V respectively (Husssin
c

In these reglons soll characteristics becoms increasingly moce: important. Sobls
are generally shallow dus to poor prevalent weathering and lu-ar:hlng conditions. Hence a
deapar so0il (more available molsbures) will mn-:ida“.hn?y ineraase the water availahle to
crops, i.e. length of the growing season.

In Matural Reglon III, IV and ¥, deep; fine grained soils of mpedium textures -are
more sultable for dl.'}.rluri :mi:pi.ng assuming that field capacity is attained at one time
or another during the season.
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6.2 RATING OF ANATLABILITY OF SDIL MOISTURE — A FENYAN APPRAIGAL

by
5.M. Wokabl, M.M. Gatahi and W.W. Aoce

INTROMOCTTON

& major constraint to agricultucral production in Kenya, like in many other
sub-Zaharan cotntries, is availability of wpolsture. Only 20% of the total land surface
in Femya is sulted for cainfed mrable production while cthe remaining 80% is arid teo
semi=arid. Population pressure has necessitated increased utilization of semi-arid areas
ﬂl;;;cn-imilnhuity of molsture becomes the sinagle crucisl factor limiting sustained
pr Eiviky.

The tating of availability of moisture in Kenya has evolved owver the yeacs in
accordance with our rowling capacity to compile s 1fic data on land resourcces;
including climate, soile, vegetation on ome hand a crop ylelds on  the other, The
cating of avallasbility of moistuce has thus evwolved from brosad gesneralization of
moisture availability involving water balance: calculations culminakting in fthe use of
crop medgkirs daficita ap the rating eriteria.

MTESTURE TG CES

Various moisture indices have been used in Ferya. Pratt and Geynne (19661 used
monthly rainfall and annual potential evaporation (Eo} to calculate the index of
humidiey and acidity, then pubsegquently a moisture index as shown ln the equation below:

Index of hmidity {Ih} = manthly cainfall excessed x 100
mrrissl Eo

Index of aridity (Ia) = momthly fainfall deficite x 100
anniaal Eo

Ehuis mrloture index = Th - 0.61a
Later this moisture index was modified to
Im = Ih - Ia or Im = 100 (P/PE = 1}
where Im = moisture incex
Po= aversgs armial precipitation and
PE = annual average potential evapotranspication

The resultant map of Ehe Pratt, GCreenwey and Geymne poigture index system
appeated o ba optimistic and was difficult to interpoet vegetation in tecms of the
average annual water balance, Woodhead [1970) calculated an annual index of available
water, through a water balance based on average monthly rainfall, average monthly
evaporation and incorporated soil moisture storages capacity.

The soil moisture storage chapacity was however estimated from a soil map of 1:3
million (Gethin Jones and Scott 1955). The soil moisture storage capacity estimate was
howevet too generalized since the poll wnita wera catenss. At that tims, the water
balance calculations were based on evaporation rather than potential svapotransploation.
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Eraun (1977 defined the moisture index in terms of agro=climatic zones based on
the ratio of crainfall (¢} ¢to potential evaporation (Eo) which appears to coincide with
the vegetaticn rones of HEenya. The agro-climatic  zones are presently used to  indicate
the general mojsture availability zones at the nationdl scale but fails te incorporate
goil moisture storage which is desmed difficult to estimate from the soil map of Eenya
at 1:1 000.000 (Sombroek et al. 1982). The agro-climatic zones map of Kenys and the

vy criteria ate presented in Figure 1.
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The r/Eo based moisture index of Braun (1977) is a simple but useful indicator of
agricultural productivity on a naticnal or regicnal level, however it falls short ‘when
the productivity of a specific area ls considered.

Jastzold et al. [1982) using the FAD hgro-ecological Zone Methodology (1978
delinsated the agro—ecological zones of Benya. The ecological zones ace based ofi  the
pfuﬁ?bility that the temperature énd water requirements of a crop will be fully met
wikthin an arca;

This methodology takee Into account the soll moisture storage, effective
cainfall; rooting volume of the crop and & progressively changing crop coefficient
through the several st of crop development. The yield expectations {suitability
ranking] of an area is aﬁm in ttm of a probability (60%) that & given percentage of
the optimm yisld can h! obtained, The ranking is as shown below:

¥ield i of optimum yield
Very good BO-100
Gng ai-80
Fair A0-£0
Foor 20-40
Very poor f=20

The agro—ecological zone methodalogy has served its intended purposes well in
terms of selection of the crope suitahle for particular zomes. The methed is however
based on the 1:1 000 000 Soil Map of Kenya (Sombroek et &l. 1982); consequently, for
lacrger scale of mapping, a methodology employing more specific data on soil molsture
storage is pecessary for evaluating the land quality availability of moisture.

A water balance approach using crop moisture deficits for rating availability of
moigture for specific crops ls presently being tested by the Eenya Soll Survey.

CRITERION FOR HATIRG AVAILABILITY OF MOLSTURE

Eince its inception, the Kenya Soil SBurvey has empl bokh  agro—climatic zones
and the soil moisture :tnrm capacity for rating availabllity of moisture. The
agro-climatic sones based ratio ©/Bo; has been used brosdily and qualitatively ko
indicate areas of differing moisture avallability. The higher the ratio, the higher the
available molgture. At the pecond level, soil mo :tuu storage capacity is used to rate
the availability of moisture per individual scil mapping unit. The total ceadily
available molsture (TRANM}, taken as moisture content at pF 2.3 ménus moisture content at
pF 3:7, is used as the criteria for rating soil available moisture storage capacity.

The total available molsture storage capacity integrated cver the rooting depth
of the s0il is rated according to Table 1 (Braun and Yan de Weg 1577).

Table 1 BATTNG OF TOTAL FEADILY AVAILABLE MOISTLIRE

Rating TRAM [ mm)
y I Very high 160-200
- High 120-160
. o Hoderats gQ-120
q. Tecwa 40
5. Very low 4D

Graphical correlations between total readily available moisture and clay content
ware used Eo estimate the  available moisture where actual determinations wers nok
available. These graphical correlations were tabulated for various bextuces and =oil
depths; as shown in Table 2.
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The use of aﬁin—climl:.!.u goned cand total ceadily available molsture storage
capagity has some limitatlons. First, quantification of availability moisture ig not
poasible since the actual moisture content is not taken into. account,. Secondly, the
graphical correlations used bto estimate available molsture storage capacity was based on
phe soil charackecistic (clay) within & limited geographicel extent, O©Civen these
limitations, the Kenya Soll Survey is  presently using = water balance approach which
takes into congideration rainfall, soil moisture storace :ﬁ:ity, rooting depth - and
crop watet requirements to calculate molsture deficits. moistuce deficits are
employed as criteria for rating the land gquality avallability of molsture.

Table 2 RATING OF RERDILY AVAILABLE MOISTURE {mm) FUR
VARIOUS TEXTURES AND DEFTHS

Sodl depth |(cm) Textural class
LE BL BCL &C c

25 ] 19 14 20 28
50 15 20 28 40 L
a2 24 E 73 a4 G4 EH
135 36 W ] 85 132
150 45 B B3 120 165
1B 54 T a9 144 198

8 = Loamy saned; BL = Sandy loam; 5CL = Sandy clay lcem; 350 - gandy clay; C© =-Clay
(Bourcer Braun and Van de Weg 1977).

Moisture Deficlt Approach

This method is both soll and crop specific. It iovolves the calculation of
moigture daficits experisnced a o¢rop during a selected period and subseguently uses
the deficite ko rate availability of moizture, Hainfall, rooting depth, soil molsturs
storage capacity and crop water reguirements ars all consideced in thess calculations.

A, Detormination of available moisture storage capacity

The readily available moisture storage capacity (ERM) viz, the difference between
moisture content atbt pF 2.3 and pF 3.7, ‘and total available molisture (TRM) wiz.
the difference between moigture content pF 2.3 and pf 4.2 'was determined for
approximately 300 sSoil samples from all parts of the coun . The determined
moisture Etoc cepacities were then regoessed bgainst the mtﬁ charatteristics
vide clay, silt, sand, carbon and bulk density. The rtesultant regression
equaticns (1} and [1i} were used to estimate RAM and TAM whetre actual data was
not available.

 E8 RAK = 44, 423-14.  385R,-0. 24%,-0. I.‘i’ll‘.']vlil+1:I5|".|'4-I:..\‘—'l:|.'I:IIEIE,_rll
maltiplea R = 0,657

ii. TAH = 1?.“5-—12..1351:1 + D.EFETH.E X ﬂ.ﬁﬁ?ﬂ; X D+1¢5}iq = EI.EE-E.HE
multiple R = 0.685

where = bulk density; X, = peccent clay; X; = percent sand; ¥y = percent g6ilt
ancl Xy percent carbon.

c.

d.
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Crop water requirements

Penman Eo and crop coefficients of selected periods were used to estimate coop
water requirsments. Por maige, Ko values uvsed were 0.3, 0.7, 1,05 and 0.8 for
initial, development, mid-season and late season respectively (Doorenbos and
Fasgam 1979). For coconut, Roc values tanging from 0.3 to 1.0 and cashew mut 0.5 -
0.85 (Gatahi 1983),

Molsture deficit caloulations
Moisture deficits were calrulated according to the eguation
Mo = F + BM8 - Etc

where
MO = moisture deficit over selected periods;
P = rainfall for sslected pericds
55 = Boil moisture storage
Etc = crop evapohtranspiration

Moisture deficits were calculated per decade during the various growth stages for
maize. For coconut and cashew nuts, monthly molsture deficits were calculated.
Cumulative moigture deficits of selected pericds were regressed against yields,
The regression seguation cbtained for maize was of the Eorm:

*= 5,64 — 0.25TX ic?* = 0.618)
where

¥ = yield | tons/ha)
X = cumlative modsture deficit

The regression equation relating to copra yield (Y} to moisture deficite during
49 and 24 months (X, and X.) preceding the year of harvest respectively are:

¥om IIE.H-D.[H'E'}LJ_ ic? = 0.562), and
¥ = 231 — 0L068X2T (r? = 0.581)

The regression egquation bebween cashew yield (¥} and Auqust-December molsture
deficit (X) is:

T= 261 +# 0,645 (£f = 0,.593)
Fating of availability of moisture using moisture deficit sethod
Moksture deficits experienced by cocomits 24 menths preceding harvest was Found

to be significantly correlated to copra yields and was therefore used to rate
avallability of molsture according to Table 3.

Table 3 RATING OF AVAILABILITY OF HOISTURE FOR COCORUT
Class Range of modstuce deficits (mm|

1 0 — 570

2 571 - 1140

| 1141 = 1704

| 1701 - 2200

5 »2200
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Moisture deficits experienced by cashew nuts during the August-December period
were also significantly correlated to yields. The rating criteria for
availability of moistute is given in Table 4.

Table 4 BETING OF AVAILARILITY OF MOLISTURE POR CASHEM NUTS
Class Range of awverage moisture deficits [mm)
X <160
Z 161 - 320
3 321 - 478
4 471 - B35
5 »h25

The study for maize 15 stlll in progress and no conclusive rtatings: Dot
availability of moisture have been established to date.

COCLAFS IO

Difficulties have been experienced in rating availability of molgture uming
simple moistuce indices. More elaborate approaches, for example, agro-ecological zones,
are suited for delimeating land use zones on regicnal and national scales. The moisture
deficit roach is both crop and soll specific, furthermore it can be used to predict
crop yields once significant relationships are established. It is therefore suitable for
lacge scale resgurce maps.
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6.3 RATING OF LAND QUALITIES: MOISTURE AVAILABILITY
A COUNTRY AFPFRALGAL — ETHICETA

by
Frikru abehe

SUPRAY

The moisture availability rating as part of a computerized Land Evaluation Systes
to prepare gemi-detailed land uge plans at a scale of 1:50 000 is presented with sgpecial
ﬂm;ﬁuﬁl‘.i on the highlands of Ethiopia with mimor reference to rainfed agricultura.

It is parct of a land evaluation methodology developed during Phase II of Ehe Land
Use Flanning Project of the: Land Uge Planning and Requlatory Department. The method of
asseseing wmoisture availability and diagnostic land chacracteristics of features
considered necessary for estimatimg and rating soil molsture availability wviz. climate
{decadal or monthly precipitation values (mm), decadal or monthly PET—values imm)], soil
idepth of topsoil and subsoll (cm), texture of topsoil and subsoll, bulk density of
topsoil and subseil (g/cc); organic matter content of topscil (%), permeability class of
least permeabhle horizon, ground waber table depth (cm), relative b raphic sitoation],
c [crop-specific rooting depth (cm), crop coefficient W®o, avallable soil modstore
etion fraction {(p) of crop] are outlined. Conclusions emanating from the discussicons

are alao presented.

With global and regional changs in climatic pattern and a trend of grading
towards drier conditlons molsture availability most often becomes the most critical
factor detemmining crop production. The mostly bimcdal rainfall pattern in the Ethiopian
highlands also shiws considerable wariation on the onset and duration of the rainy
seasons  thus causing substantial changes in cropping seasons and patterns ovet
relatively short distances. Droughts usually occur at alarming frequencies with
catagtrephic conssquences. Assesement and rating of moisture availability for land wuse
planning purposes, Etherefore, become extremely essential in Ethiocpia becavse soil
moisture is pechaps the most important factor which limits crop growth and development.

Crops are affected by moisture availability through the effectz of moisture
stress on growth, and the poseible death of the crop through drought.

Moisture steese cccurs when so0il water in  the rocting =zone falls substantially
=low field capacity. Either vegetative growth may suffer or fruiting may be affected.
The molsture level ~at which stress effects first become apparent varies wn:idurnbﬂ
bebtween crops, e.g9. vegetables need relatively continmeous wet scils, whersas cotton a
sorghum can deplete soil water much further before stress effects occur.

The severity of the effects of melsture stress varies according to the
development stage of the crop.

Moisture availability is affected by climate, soil, landforms- and mydrology. The
initial determinant is the ratic betwsen rainfall and potential evapotranspiration.
Climatically determined moisture defici is modifisd by soil moisture storage, heing

lower for zandy and/or ehallow sollg and h r for deep loams of well structursd clays.
Purther medifications ace ceused by wvalley-floor situations receiving run—oEE, by
soopage sites or by the presence of ground water within rooting range.

The purpose of this paper is to highlight the major features of the model for
agsessing of moigture availability which ipveolves cal tion of crop specific LGP's
bazed on available soil molsture and the rating of land quality: mofisture availability
for land use cequirements.



als ASSEREHMENT OF MOISTURE AVAILABILITY

11 Boil Moisture Balance Model

The prasent assasement model for molsture availability determines the pariod at
which moisture content in the soll is sufficlent to permit crop growth. It gives a
calculation of the moisture available to a specified crop (5,.)] wunder defi soll,
climatic and hydrological conditions for sach ten day peried (dsPade) of the year,

In its simplest form the soll moisture balance model reads:
510 = So + Peffl0 + gwll - ETalD (1)
L
available soll moisture at the end of the decade (mmm)

50 = available s0il modsture at the start of the decade = 510 ar Cthe
preceding decade (mm/n)

D = crop specific rooting depth or soil depth {effective rootimg depth) oc
depth of the ground water table during the growing season, whichever
ig shallewer (m|

Whege 510

Peifll affective precipitation during the decads {mm]
gwll = ground water contribution during the decads |mm)
ETald = actual evepotranspiration during the decade {mm)

Soll molsture avallabllity in & defined decade conssguently should Fulfill Ethe
following condition if the decade is to be considered part of the growing period for a

specific crop:
210 13 11-P) 3a Lz}
Whera 510 - availabie g0il mpigture at the end of decads (mm/m}

P = goil molstucre depletion fraction (readily available soil moisture
fraction)

1-p = pot readily available soil moisture fraction

Ba = total available soil moisture {mm/m) for a given soil

The principal equation (2) is applied to the crop specific rooting depth.
The scil moisture balance of equation (1) can be rewritten in detall as follows:
510 = 50 + Ci % Cp x PI0 + gwlD - Kw x Kc x Ko x PET (3]

]

where S10 = Available soi]l modsture at the end of the decade (mm/m)
8o. = Avallable soll molsture at the start of the decade (mm/m}
i = rainfall intensity coefficient

Cp Permeability and available soil moisture content coefficient

bt

.

|5
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PL0 = Precipitation during the decade (m=m)

gwlld = ground water contcibution churlng the decade [mm|

= regtricted goil moisture supply cosfficient

= Crop coefficlient

= PFokential evapotranspiration during the decade (mm).

°© 37 @

= & cific rooting depth or soil depth [effective rooting depth) or
depth ug ground  water table during the growing seasen, whichever is
shallowsr (m)

The determination of the various parascters of 50il moistuce balance model i3

briefly outlined below:

b.

Effective decadal precipitation, mm [PFLO} :

It ls derived from monthly svalues by lineat interpolation. In case of a delficient
data base for monthly precipitation values, this data can be generated using a
model developed Hil:h{n the Land Use Planning and Requlatory Department. Thus PIO0
is obtained either by measuring, generabing or intecpalation.

Ground water contribution during tho decade, mm [gwll) :

Very detailed experiments ate required to determine the ground water contribution
under field conditions. Therefore in the meisture balance model a standardized
contribution of 10 mm per decade is ‘asgumed, if the copditiens in Table | are
mEL.

Tahle 1 COMBIMATION OF GROUND WATER - LEVEL AND TEXIURE CLABEES EMABLING SUANLIHDLTED

GROUND WATER CONTRIBUTION (10 mm/decade) AT SPECIFIED ROOTING DEPTHS

| I
Crop—specific Ground Water Texturn clags |
cooking depth (om) Ievel {cm) |
|
|
<50 any |
%50 =0 — 100 finer than sand I
€50 100 = 150 pnly sandy Inam I
50 = 100 5 - 100 any I
50 — 100 100 - 150 Einer than sood |
50 = 100 | 150 - 300 anly sandy Ioam |
10 = 150 | 50 =100 | any |
o) = 150 I 100 = 150 | &y

100 = 150 i 150 — 3040 | fiper than sand

! 1 I

C.

In all other cases no ground water contribution is assumed.
Actual evapobtranspiration during the decade, mm (ETall)

The decadal potential evapotranspication data is decived by linear iInterpolation
Erom the monthly values, If the latter is scarce of delicient either ‘rough
estimates should be made or based on deficient data, more complete data aets
ghould ba generated using a model developed within LUPED.



d. Crop specific rooting depth, m {D)

The rooting depth f£rom which crops extract moisture is considered ag the soil
?Epiﬂ the depth of the ground water table ducing the growing season whichever
& CWEE .

[ hvallable soll moisture at the start of the decads, mm/m (S0)
For the calculation of 510 of the first decade (30) of the year, it has besn

arbitrarily defined as being egual to 0.2 om since So is assumed to be 203 of the
total awvailable soll moisture,

1.2 Length of Growing Period and Assessment of Molsture Availabilicy

The parameters calculated abowve allow the determination of the lengih of the
growing pericds. For each decade of the year it hag to be decided If the available eoil
moisture (510) does support crop growth [(humid decade) or does not permit crop: goowkth
{dey decade). In order to be considered humid the available soil molsture (SE0) has

to mest the conditions given in equation (2).
B> 173.1-P) Ba
with 510 and Sa expressed in mm/m rooting depth.

Equation (2] in principle cefers to the limiting depth (genecally the

l:mp-q::-ﬂ-«l:ifu: rooting depth). Bowewer, at the start of the rainy seasom, it 15 applied

{ zp:: 30cm of the soil. For this layer & standardized totel molsture

lability 20 mm has been assumed for all soile. A= long as the 510 for Ehis upper

3!] cm {5l0u) is <15 mm eguation (2) is -applied to this layer. When SI0u » 15 mm, it is

assumed that the entire rooting depth ie sufficiently moistened and equation (2) is
applied to the limiting depth.

After all decades are assessed in this way the length of the growing periods
pocuering in the year can be calculated, The calculaticn differs for annual crops and
perennial cropa.

The peremmial cr include coffee; tea, banana, citrus, sugarcane, pinsApples,

siszal, cassava, grapl: ensete. All the remaining crops ace annuals. In the case of
annual crops nce of humid decade is added up, however, wikthout considering &n
interruption of mug:;' decade,. Cenerally it will be found that several growing pericds

of varying duration occur. In the Ethiopian highlamnds a bimodal rainfall pattern is
predominant, but monomodal rainfall pattemns do occur as well. Moceover the two  rainy
seasons 'Belg’ and "Eremk' may merge to one long season, Therefore only the one or two
longest g-rm?ng periods are taken into consideration. Although not me: eoinciding
with the traditional rainy seasone Belg and Eremt, the two longest growing periods will
be characterized as Belg and Fremt to avold lengthy characterizations.

In the case of perennial crops, the length of the growing period is determined bns
adding up all humid decades throughout the whole year irrespective of the duration of
the dry spells in betwesn,

Both for the anrual and perennial crope the calculation of the period ic carried
out on a ]I'ﬂ!-l' by year bagie. From the mumber of years data available or generated, it is
possible to ate the mean value of the growing pericd together with its standacd
deviation.

The final assesssent of the moisture availability iz carcied cut by comparing the
calculated length of the growing periocd (LGP} at a cectain confidence limit with Ethe
requirements of the crop, L.e. with the growing cycle duration required by the specific

Crop.

CLD:
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The length of the growing period will wary according to the confidence limit
applied. The above degcribed asgegsment model will result in a mean value for the LGP,
i.e, confidence limit of 50%. For agricultural planning purposes this confidence limit
is inadeguate, The confidence limits of 75% (3 out of 4 years) or B0% (4 ocut of 5 ywars)
have & much higher predictive value.

Based on the calculated mean LGP - range for other confidence limits, assuming a
Gauss distribution can be detecmined using the following equation:

LGPn = LGFS0 + c 8D

wWhere LGPn = Length of growing period for confidence limit n [(days}
LGPS0 = mean length of growing period (days)

Coefficient determined by confidence limit {see below)

ED Standard deviation (days)

The values of ¢ for various confidence limits are as follows:

=

Confidence limit (n} Cosfficient (c)
505 i
BE% 0,43
5% 0.675
B0 0,642
90% 1.282

The abowe eguation will result in 8 range of the LGP values, which doss occur at
g8 certain confidence limit. The highest and the loweskt LGP values of this cange are
matched separately with the requirements of the crop. The lowest of the factor ratings
is selected ag the final one for the land quality moisture availability.

2. BURVEY OF DIAGROSTIC LAMD CHARMITERISTICS

Most of the climate and soil related diagnostic characteristics are coutinely
collected during fleld sucveys. Others, like bulk density, organic matter content and
permeability, can be estimated in the field but should be backed up by laboratory
analyses (bulk density, organic matter) or field tests (permeability) on representative
golls.

specific Information required 1s reasonably well documented for common
EEOpE OF ulmms be egtimated for less well known crope such as niger eeed, engere, etc.

3. LAND UISE FEQUIREMENTS MDD BATING OF MOISTURE AVAILABILITY

Each crop can only achieve optimum yield when its growth coycle (from germination
ke crop maturity) Eits comfortably within the growing period, i.e. the coop must be
allowed to proceed unimpeded through its wvarious development stages. Howsver, a
gituation in which the growing period becomes shorter than the growth cycle required by
a particular crop does not necessarily render the crop unsuitable for cultivaction but
may result in a reduction in yield or quality of the crop since the time available for
vield forming activities is curtailed.



Similarly yield losses or quality reducing effects can cccur when the LGP is much
longer than the LGP cycle.

For each crop an LGP range is defined in such & way as to pormit optimum growth
conditiong and consequently result In a fackor rating of 51 = highly suwitable. Shorter
a3 well as longer LGP values result in yvield decreases and thus in lower factor ratings.
in Tables 2 and 3 these LGP ratings are indicated for each crop. As  input-sanagement
levels influsnce the optimum LGP ranges, two sets of factor ratings have been defined. A
mattsr that complicates the determination of Ehe optimm length of the growing period
for a specific crop Is that lts growth cycle is temperatuce dependent. Under coldec
conditions, 8@ orop needs a longer period to reach Full matucity. For the Ethicpian
highlands this lmplies that the higher the altitude & crop is grown, the longer  the
optimum length of growing period.

For several broplcal crops this fact is not celevant, because they do not resist
the eplder towpertures of higher altitudes. However, for temperate crope of highland
varieties of originally tropical crops (e.g., maize and sorghum) altiticdes strongly
influences the growth cycle of the crops.

it haz been assumed that the optimal length of growing period remains constant
for all crops at altitudes below 1 B0 m (m#an annual cemperaturs >20°C). In Tables 2
and 3 the length of the growing period that corresponds to the E£lve factor tatings
tefers to this altituds.

The increase of the length of the growing period with an locresse ln-altitode of
100 meters that corresponds to each crop has been determined (a linear correlation was
asgumed) . Aa can bs zesn f£rom Tabhle 4, thie correlstion for the lowsr limdes of the LGP-
ranges (too short LGP differs from that for the upper limlts of the LGP {(too long IGE) .
ﬂpﬂri frum wheat and bacley, this coroelstion is oot influmced by  dnput-sansgement
lavels.

Doce the LGP is obtained for the appropriate land units £com the zonatlon of che
study area either by amalysis of rainfall and potential evapotransplration data; of from
the nap of Ethe growi period =zomes of Ethiopia, the pext step will be Fo match Ethe
dependable LGP [B0% relisbles LGP] with the crop requirements for minimm LGP in  Tables
2, 3 and 4, and assign a land suitability subrating. If the subrating for minime LGP 18
&4 or N, match the median LGP with the requirements. If the subrating for median LGP 1B
51 ¢f better, upgrade the 75% (or BO%) reliability subrating by one class (i.e. 84 to
53, or N to 54). Finally satch the median LGP against the crop requirements for maxisum
LGP in Tables 2, 3 and 4 and assign a subrating accordingly. The final rating of
moigture avallability is the most limiting (the worst) of the subratings for the minimum
LGP and the maximm L3P

CONCTATS TON

s Because the land quallity molsture avallabllity 1s assessed on the basis of cthe
length of the growing period for cating purposes; it conveniently allows the
gpsenment, at the game time, of constrainte dee not only to excessively long
growing periods but also moistuce availabllity dus to growing periods which are
too short.

k. Though complex, the moisture balance model wsed to assess poll mpoieture
availability and rating is more accurate than any other available methods and
models.

iti. The model used to assess scil moisture availabilibty must be continually verified
and validated in the field.
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Table 2 FACTOR RATING FOR LGP BEQUIREMENTS OF CROPS PREODUCED AT LOW BRND
INTERMEDIATE INPUT MAMAGEMENT [LEVEL
Factor Highly Hoderately Marginally Vary Hot
rating suitable  suitable suitabie marginally  suitahle
Crap gultable
51 52 =E ] 54 M
Sorghies 100 = 240 = 104 g0 = 50 T3 = 80 4 15 days
240 - 270 270 — 285 265 — 310 *»310 "
Haize 100 - 255 50 - 100 B0 = 90 T8 = HO LA = W
255 = 300 300 = 345 345 - 365
Rice (Upland) 200 - 385 170 - 200 150 - 170 100 - 150 <100 "
Wheat 115 — 240 100 — 115 a0 - 100 80 - 90 < B0 "
240 - 265 265 - 28BS 285 = 310 »3lq *
Barley 105 = 240 80 - 105 B0 = 90 75 = 80 < 15
240 - 265 260 = 285 285 = 310 310
Teff 95 - 230 BO a5 70 - B0 65 - 70 £ 65 "
230 = IE5 255 = 285 295 = 350 »350
dats 105 — 240 80 — 105 80 - 90 75— g0 T
240 - 265 265 - 285 285 - 310 ¥aig =
Fieldpeas 95 - 265 15 495 =15 8= 75 ¢80 "
265 — 305 305 - 340 340 - 365
Haricotbeans #5 — 285 15 95 - 75 B0 - 75 {%0 =
305 = 340 340 = 365
Horeebaans 96 — 265 75 95 - 75 60 - T0 ol
Chickpeas 95 = 265 75 95 = 75 & - 70 < BQ "
265 — 315 315 - 350 350 - 365
Lentils 95 - 268 75 35 T0 - 75 a0 - 7O £ 80 "
265 — 315 315 - 350 350 - 365
Vekch 95 - 265 5 95 - 75 &0 - 70 £ 60 "
265 - 315 315 - 350 350 = 3865
Soyabeans 100 — 245 85 - 100 63— 85 60 - 75 &5 "
245 295 295 - 330 330 - 365
Coffes 240 - 300 220 — 240 200 - 220 180 - 200 <lap "
0 - 345 345 - 365
Tea 240 - 365 210 - Z40 195 = 210 180 = 195 «1lsp "
Banana 355 - 385 340 — 355 310 — 340 285 — 310 <285 "
Citrus 240 = 365 210 = 24 195 - 210 180 — 195 <180 "
Sugarcans 3k - 385 265 = 315 230 - 265 185 - 230 <195 *
Pepper 150 - 270 130 = 150 110 = 130 80 - 110 <90 *
270 = 300 300 — 330 330 = 365
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Table 2 (Contd.)
Factor Highly Moderately — Marginally Very Mok
tatina  suitable suitable guitable marginally  suitable
Crop suitable
&l s 53 54 N

Shallok 160 - 385 145 - 160 130 - 145 108 — 130 <ion *

Tomato 130. - 270 10 - 130 10¢ - 110 80 - 100 <90 *
270 - 300 300 - 330 330 - 365

white potato 120 - 255 100 - 130 85 — 100 W= 385 X7 =
255 - 285 285 - 315 315 — 340 >340 "

Swest potato 120 - 315 105 - 120 95 - 105 gl - 95 < 8o "
315 = 345 345 - 365

Cabbage 140 - 365 120 - 140 100 - 120 90 - 100 <90 "

Pinsapple 360 = 365 330 = 3&0 315 = 330 300 = 3L5 <300 *

Sigal 270 - 365 240 - 270 225 - 240 210 - 225 <210 "¢

Niger seed 120 - 150 110 - 120 100 - 110 @0 - 100 <90 "
150 - 210 210 - 240 240 - 270 270 ¢

Sesane 135 - 185 120 - 135 50 — 120 -l GO Sy - T
195 - 210 210 - 240 240 - 270 270 ¢

Sunf Lower 140 - 210 120 - 140 90 - 120 o= A0 Y5 *
210 - 240 240 - 300 300 - 330  »3%0 "

Safflower 150 — 240 135 - 150 120 - 135 ap — 120 < 90 *

240 - 300 240 - 300

Flax (linseed) 130 - 240 110 - 130 90 - 110 80- 900 <BD "
_HEI = M 270 = 300 300 = 330 >3

Tobacco 180 - 240 140 - 160 104 - 140 90 - 100 <90 *
240 = 270 270 = 300 300 = 330 2330 =

Cassava 364 - 365 300 - 364 270 - 300 210 - 210 <210 *

Coktton 140 = 235 130 = 144 1200 = 130 L0 = 120 «lpo "
235 - 280 280 - 310 110 - 340 340 ¢

Groundrut 140 - 255 125 — 140 110 - 125 80 - 110 38k B
255 - 300 300 - 345 3145 - 365

Peacl millet 80 - 215 M- B0 6 - T 9 —-000 <355 *
215 - 235 235 = 70 270 - 290 290

Finger millet %0 - 100 Bl - 90 70 - 80 60 - 70 <60 *
100 - 120 120 = 365

Grape 180 - 270 150 - 180 120 - 150 100 - 120 <100 *
270 = 300 300 = 330 330 = 365
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Table 3 FACTOR RATING FOR LGP-FECULREMENT OF CROPS PRODUCED AT HIGH
INPUT-HANAGEMENT LEVEL
Factor Highl: Moderately — Marginally Vety Not
rating gl B suitabls guitabls marginally sl table
Crap sigltahle
82 53 54 H

Sorghum 100 = 240 80 - 100 80 - 80 75 =_ 80 ¢ 75 days
240 - 270 270 — 290 280 - 310 w310

Haize 100 = 285 90 = 100 80 = 90 75 — &0 s
265 = 310 310 - 355 355 - 365

Fice [upland} 200 = 385 170 = 200 I50 = 170 100 - 150 <log "

Wheat 115~ 230 10 - 115 90 — 100 80 — 30 80 "
230 = 265 265 = 290 290 = 308 X305 M

Barley 105 — 230 80 - 105 a0 — 90 75 — &0 £E T
230 = 285 265 - 290 290 — 305 =305 "

Teff 9% - 240 80 - 94 70— 80 65 = 70 < B
240 - 255 255 = 300 400 - 320 w320 "

Dats 105 = 230 90 = 105 8 = 9o 75 — &d 35
230 = 2565 265 - 290 250 - 305 »305 ¥

Fieldpeas 95 = 215 75 = . 0% 0= 75 el - 70 €60
215 - 270 270 - 315 355 - 365

Haricokbean i 95 =215 75 = 85 0= 15 60 = 70 €60 "
215 - 270 270 = 315 315 - 365

Horzebeana 9% —-215 75 = B% M= 75 B = T0 £ B ™
215 = 210 270 - 315 315 ~ 365

Chickenpeas g5 - 255 75 = 98 70 = 75 &Y = 70 £ B0 "
255 — 28 290 - 325 325 - 365

Lentils 95 - 255 75 — 85 M= 75 &0 - T0 £ 60 ™
255 - 290 280 — 325 25 ~ 365

Vetch 85 - 285 75 - 55 i = 75 &0 - T £ 6 T
255 =390 290 - 325 325 — 385

Soyabeans 100 235 85 — 100 [Tt = 65 - 75 < Eh ®
225 - 280 280 - 325 335 - 385

Coffee 240 = 300 220 = 240 200 = 230 160 - 200 €180 *~
apo - 345 345 - 365

Tea 240 = 365 210 = 244 195 = 1Ii0 180 = 195 <lAg ™

Banana 356 = 365 340 - 355 310 - 140 285 - 310 £|E ™

Citrus 240 = 385 210 = 240 195 = 210 180 — 1595 <l8g *

Sugarcane 315 = 385 286 = 315 230 - 265 185 - 230 £l9s *

Peppec 150 =270 130 = 150 110 = 130 80 - 110 [
270 = 300 e - 330 330 — 365
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Table 3 (Contd.)

Pactor Highl Modecately Harginally Very Mot
cating sui g suitable suitable marginally guitable
Crop suitable
El ¥ 53 54 i
Shallot 160 = 385 145 = 160 130 = 145 100 - 130 €100 dayrs
Tomato 130 - 270 110 - 130 100 - 110 90 - 100 £ og "
270 = 300 300 — 330 330 - 385
White potato 120 = 255 100 = 120 B85 = 100 70 = B85 €
255 = 285 285 - 315 315 — 340 2340 "
Sweak potato 120 = 300 105 = 130 95 = 105 B) - 95 £HE "
300 - 350 50 = 365 )
Cabbage 140 - 365 120 - 140 100 — 120 90 — 100 £ 9g. ®
Fineapple 360 = 385 330 - 360 315 = 330 300 = 315 cjop "
Simal 270 - 365 240 - 270 235 — 240 210 - 225 £g n
Niger seed 120 = 150 110 = 120 100 = 110 50 = 100 o |l
150 — 210 210 — 240 240 — 270 sd7g "
Sesams 135 - 185 130 - 135 o0 — 120 75 - 80 o
195 = 210 210 = 240 240 = Z70 »270 "
sunflower 140 — 210 120 — 140 90 — 120 75 = 90 o
210 = 240 240 = 300 00 - 330 33 "
Bafflowec 150 — 240 135 - 150 120 - 135 90 - 120 £ 8 *
240 - 300 300 = 365
Flax |linseed) 130 - 240 110 - 130 90 = 110 40 = 50 <8 "
290 - 270 270 = 360 300 = 330 330 "
Tobaceo 160 - 240 140 - 160 100 = 140 90 = 100 £oag. o
240 = 270 270 — 300 300 - 330 »3ag- "
Cassava 300 = 3585 270 - 300 210 - 270 150 - 210 sg "
Cotton 140 = 235 130 = 140 120 = 130 100 = 120 <log
235 - 280 00 — 315 315 — 350 T
Groundmat 104 - 255 125 = 140 110 - 125 90 - 110 £o8g "
255 -~ 300 300 = 345 345 - 365
Pearl millet 80 — 220 w0 - 80 g — 70 s — 60 <55 "
i = 235 255 =275 270 = 300 300 "
Finger millet 50 = 100 Bl = 950 70 = B0 o0 = T0 < 60 "
100 - 120 120 = 3RS
Grape 180 = 270 150 - 180 120 = 150 100 - 120 <100 "

470 = 300 300 - 330 330 - 365
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A s -\ [ 1
: TTTUDE DEPENDENT INCREASE CF LGP REQUIREPEMT COF CROP
AR AF%H ALTTTUOE. ABCVE 9 BO0 m (APPLICATICN TO ALL THPUT
MAMACEMENT LEVELS) ™

Sershum e IEP 1 18 dmmntts Ixgls 0 3 dmedm
Maize Ert [ 3 13 el gl @ 8 ce/lln
Rice {paddyl o g e e O omsiotn o i : D =/ 100m
Rice (upland) S0t leasin logle r 0 capeslom
Whaat S i Tareldem Ilao @ 4 e 100m
Earley st L : T Sy lun D & e/
Tafs St [ 7 iy It @ 4G,
Cacs Short 10D : Tamlin logl= 4 S/ A00m
Fisld peas Shr- I8 = Téwmim  lro i 4 damee 100
Haricotbeans  greepzr @0 Sdaw/li0m log i @0 0 days/lm
Borsabeans Sere [P Semelim  lxgits r 0 demlm
Chiclrass 2 v el £ o2 Saaysdllim logl® x  0daweililm
Lentils Sort I @ Sdaw/lim  Ihgl@ ;0 deys/i0nm
Yetch Sext I8 ¢ ScEe/tm logUE @ 0 dey=A00m

iz : Ol Iogie ¢ Dol
Coffes St IE : 0casliin Ilogl= @ 0 dysddm
i - 2w o) i - S Ul dae/illm laxgi® : 0 daym/10n
Banana Sors I ; b daedilm  logl® G deys100m
Citrus Serr I & D&t lasi ¢ 0 des/llm
Suoarcans e I & Ddepelliim I1aglE @ 0 0oes’00m
Pepper a0 B T 0 damilm 1oy ¢ 0 Gave/100m
Challes Sxr @ : o liim dogr= @ 0 days100m
Tematn Scet T = om0 - loeg L2 ¢ Ddeye1lm
Wholte potato SEEnlE : Ddayerlon loglE @ 0 cevsd1lm
Sweat potate  ShxbIE 0&ye/10m lxgl®@ : D days/100m
Cabbage ol s OeepeeIlm loalE @0 0 dys10n
Pipmpople 2 ot - 0emslim Jog 2 & 0 ders/10n
Sigal Svet @ :  J&wmiltn  logiE : { deye/100m
Kiger sead St =2 2ol laglE @ 0 das/100m
Sesme S I= tiamitn laglz@ @ 0&msI00m
S lowes St ¢ ddmwaAlm  lralE O S
Safflomer St i Jeemdbin logi= @ 0 days1ln
Flax (linse=d) g1 LoEnm logliE o [ ‘s 1 00m
Tobacoo S lE : Jcmelfn logi® @ 0dEsn
Cassava Sertim @ Ofmidin logn® : 0 deel0m
Cottom Sorc @ @ 0depedim logi ¢ 04ms00n
Groandrait St iE @ fdsdinm laglE @ 0 dEEiim
pearl millet gy @ W0GyeA0m  lroI@ : 6 dws/A0m
Fingey mULET mepegs ;@ Wdwndle loAl® ;6 4y
LR St IFE 0 Ddeile loglFE @00 0 dy=Ain

* only for low and intermediate inpuit ranagesent levels: fer high 1npuT—
management level I days/100 m.
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G.4 BATING OF LAND (URLITIES: MOISTURE AVAILABILITY

A COUNTRY AFFRAIGAL - LESOTHO

by
Habofanca Makhooans

ABSTRACT

paﬁ{ briefly describeg land evaluation projects which have been executed in
t.asnrhn ly with respect Eo the rating of land quality as regards moisture
milﬂbilil.'.jr. It is to be noted that the initial effort at land evaluation was
indertékan in 1968 by Bewden & Carrol. This effort did wvery little in addressing
climatic effects on land use practices. Most of the projects concerned aspects dealing
with topography, soils and vegetatlon.

A pubsequent effort in 1979 by the Scil Conservation Division of the Ministry of
Agriculture (MOA) alsc dealt in wvery general terms with the effects of climate on land
utilization. This effort mainly imvolved the evaluation of such so0il characteristics as
internal drainage; nobtrient avallability, nutrient retention,  effective
u-l:u:m:lil:ni].i.l::,lr and eage of cultivation without gpecifically addressing the climatic effe-cts
on moisture availability.

F.R. Berding, in his assepsment of climatic zones of Lesotho in 1984, under the
Institute of Land Use Planning of MOA, produced a document -based on ssparate analysis of
climatic factors and geomorphological units, This asgessment addressed the length of thz
growing season which in Lesothe depends upon the pericd of available moisture and
the frost free period. The beginning of the growing season has been defined as the po i'lt
when rainfall exceeds 0.5 Potential Evapotranspiration, using the Penman methed. This
occurs in October in most agricultural areas in Lesotho. The growing season runs up RO
April. Although the crops reach maturity in Macch, the solsture availability up to April
iz mflprdedi as important since winter crops such as winter wheat and peas will make use

thie moisture.

The rainy season is used as an ximation of the start of the growing seasom.
Thig growing sesson iz taken as the first day of the first weeck of the ralny sesson
pros i that frost will not oocur after that day at the 793 and 90% probability levels,
and also the first week is close to the polnt when reinfall exceeds 0.5 PET (Pemnman}. If
Erost occurs at the probability levels indicated above after the ficst day of the first
week of the rainy season, the day after the last frosgt date is taken as the beginning of

the growing period.

The soll gseries listed in Table 1 were selected on the basie of their extent and
as the most used for crop production in Lesotho. Leribe, Khabo and Sephula soils ace
found mainly in the lowlands. Machache and Sefikeng ocour in the foothills, while
Thabana and Fusi occur sainly in the mountains.

The climatic assessment was not done for gpecific locationg of these soll series
but rather for gemecal areas where they occuc.
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Table 1 EIGHT MAIOR SOIL SERIES OF LESOTHO AND THEIR CLASSIFICATION

Soil Series 80il Taxcnoory FAO Clasaification
Leribe Fine, mixed, mesic, Ferric Lanvisol Lesal
Cumulic Hapludoll v
‘iﬂt
Rama Fine-loamy, £iliceous Perric Luvisol e
thermic, Ultic Paleustalf Plinthic Luviscl
; e . : naca
Thabana Very fine, montmorillonitic, Pellic Vertisol ElE"l.l':
megic, Typic Pelludert 1,
Khabo Fino-loamy, mixed thermic, Luvic Fhasozem
Pachic Argiustall Tabli
Machache Fine, mixed, nesic, Chromic Luvisol
Mollic Hapludalf ——
Sefikeng Fime, halloysitic, Humic /Fecric Acrisol
mesic, Mollic Paleudalf
; = stat
Fusi Fine, mixed, mesic, Haplic Phasozem
Cunulic Hapludoll —
Mass
Sephula Fine, mixed, thermic Soledic Plancsol Mohia
Albaguic Paleustalf '
Leril
Buth
Teya
Table 2 FHYSICAL CHARMRCTERISTICS OF MAJOR S0IL SERIES IN LESOTHO Quth
| pr— Thab
Soil Sucface Incermal HHC Mokt
Eeries Texture Drainage Permeability em/enm (b
Lacibe L Wall Modecate 0.16-0.18
Hama VFSL Mod. well Moderate 0.13-0,17
Thabana BiC Moderate Very slow 0.10-0.14
Khabo BCL Wall Mod. slow 0.15-0.16
Machache 3| Well Mod. slow 0.16-0.18 Ehicw
Sefikeng CL Wall Moderate 0.16-10_18 | PET
Pusi ™ Well Mod. slow 0.15=0.1B vy
Sephula VEFSL Mod. well than
too poorly SLove 0.16-0.18 Lol
of G
The physical propecties of the majer soil series which have bearing on soil water mour
are shown in Table 2. Although the agsessment was not meant to make a direct comparison
amcng different solls, these properties will mean that some solls have an advantege over
others in terms of crop moisture avallability £oc given moisture conditions. Two rega
characteristics have been determined for assessment of moisture availability. 151
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1. Length of growing period
2. Total rainfall during growing season (October—-March.

There are periocds when diy spells are expecienced during the growing season In
Lesotho, It is during these periods that soils with good moisture retention propertcies
give better crop protection againgt drought than thoge with not g6 good moisture
retention propercies.

To evaluate rainfall characterigtics of different areas For crops it became
pecessary Eo consider the decreace of Potential BEvapotranspiration with increasing
glevation. The October=March FET totals for the 9 available stations are shown in Table
3.

Table 3 POTENTIAL EVAPOTRANSPIRATION
pET : Average
{Pesinan ) infall
Station Elevaticn Ot =frh Ot . —March(mm) i PET
Kasaru 1510m B2 2mm 541 1
Kohale's Hoelk 1620m B2 0mm 553 67
Leribe 1670m 75 Lms 655 BG
Butha=Buthe 1680m 70 5mm 620 B
Teyateyaneng 1650m T3 5mm 638 ar
Quehing 1740m 790 584 L
Thaba-Tseka 2150m B5Bme 455 )
HMokhotlong 2250m T34mm 580 &5
Cochomw 2650m 55 3mm 511 155

In Figure 1 the October-March PET values are plotted against the evaluations as
shown in T 3. A drawn eye-fitted line indicates an average decrease of about 30 mm
(PET) for every 300 mm increase in elevation. This means that in any average lowland
area at 1 600 m tha total PET (Perman) during October-March will be roughly 50 sm higher
than an average foothill area at 1 500 w and roughly 100 m higher than an average
lowland area at 2 200 m. All this suggests thet if For a specific crop, the probabllity
of October-March rainfall exceeding 500 mm is considered in the lowlands it may be
necegsary to consider only 450 mm in the foothills and only 400 mm in  the T
mountains in order not to under-evaluate available rainfall at higher slevations.

The analysis made above shows the effect of climate at different locations as
regards the actual available moisture during the grwﬁ season on the major soil seriee
in Lesotho. This of course is influenced by the particular ability of the soil to retain
molsture as shown in Table 2.
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Fig. 1 Correlation of PET Perman with elevation [Ocrober-March)
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6.5 SUITARILITY FATING FOR MOISTURE AVAILABILITY
THE ROCEL USED BY THE LRND RESOORCE EVRLUATTON PROJECT TH MALAHI

bny
P. Banda

Cver the last two years, the Land Resources Bvaluation Prodect (RIW/B5/011) has
developed land evaluation quideélines for rainfed cropping (Eechweiler 19B8), forestry
and extenslve grazing In Malawl. The cuidelines arce primarily developed for land
evaluation at reconnaissance and semi-detailed levels. They are based "on the FAD
Framowork for Land Evaluatiss (1978) and designed eta £it the Automated Land Evaluation
System (ALES), designed by Cormell University (Rossiter et al. 1988). The mxlel for
rainfed arable famming includes submodels for ten land qualities. The submodel for
moisture availability is the most complicated of the ten.

HATURE AND EFFECTS OF MOLSTURE AVAILABILITY

Crops are affected by moisture availability through the effects of moisture
stress on growth and possible death of the crop through drought. Moisture stress occurs
when soll water in the rockting zone falls substantially below field ¢ ity. However,
crops vary considerably in their response to moisture skress and thecafore the moistiure
level at which strezs effecte firgt become apparent, varies between crops (FAD 1983).
¥hen soil moisture falls below wilting point for moce then a cecktain period: which
varles from crop to crop, Lk will eventually cause the death of the crop. The most
likely pariod  for mﬁnu crop failure through drought 18 during emecgence and
establishment, i.e. before a deep rooting system has besn establishead.

DIAGNOSTIC LAND CHARRMCTERISTICS

Moisture availability ls one of the most difficult land qualities bto assess as
mary land characteristics play reles;, wither directly or indirectly. From all  the
characterigtics imrolved, rainfall (B) and potential evapotranepiration (PET) are - the
mast important, although there are exceptional situations where other characteristics
take over (e.g. land with high groundwater tahle or flooding, wvery steep andsor rocky
lapd). Therefore, moigture avallability’ 1s Jdetermined Ficst from climatic
characteristics and then modified through the combined effects of physiographic and
edaphic characteristics. The selection of parameters is not only influenced their
relevance to the assessment of moisture availabiliby but also by the availability of
data. For ex g goil texture would not have been included as a diagnostic land
characteristic 1f data were available on available moisture holding capacity of relevant
types of soila.

The following land characteristicse asre used in the asgessment of moisture
availability:

CLIMATIC CHARMTTERISTICS

= Precipitation (P} cainfall at monthly intecvales

- Potential evapotranspiration (PET) [modified Penman): at monthly intervals
= Physiogr c characteristics

- Blope g [5 classes: O-2, 2-6, 6-13, 13-25, »25%)

- Pogltion in landscape (1 classes: water shedding and watec ceceliving)
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S0IL CHARAMCTERISTICS

= Soil classification {choice of 2: vertic/mopanic or other groups)
- Content of stones and gravel (2 classes: <40% or »404)

- Topecil tewbure (1 classes: coarse or medivm—fines)

- Mean texture soil profile wp to & depth of 150 om (2 classes: coAarse or
medium=£ine )

Effective depth (3 classes: <50, 50-100, >100 om}

Decurrance of surface crusting: (2 clagges: nope-slight and moderate-zevere)

Molstuce avallability can only be assessed for specific crops of groups of crops.
Important in this respect are the rooting characteristice of the various crops and their
ability to survive periods of moisture BLress.

CROPS CHARACTERISTICS,

- Optimal rooting depth (3 classes: <530, 50-150, >150 cm]

- Drought cesistance (3 classes: low, moderate, high)
AESESEMENT
b += For a certain land wnik, determine the Length of Growing Peried (LGP): i.e. the

period in deys when moisture supply exceeds half potential evapotranepiration (P 30.5
FET), including the time required to evapotranspire 100 mm moisture assumed to be stoced
in the scil.

b With the use of Table 1, match LGP with the requirements of a epecific crop and
determing LGP factor cating. The ratings are based on the agro-climatically attainable
yield of a specific crop.

For topo—locations which receive not only moisture directly £rom rainfall but
also  throuah seepage andsor from runcff (e.g. lower footslopes, bottomlands,
depressions, £loodplaing), the suitability rating for the LGP (Table 1} is taken as the
final suitability rating for moisture availability for shallow and moderately deep
rooting crope. For deep rooting crops (e.g. coffes, citrus, cashew, tea, and ootton),
evaluated for very deep so0il, this supitability rating is upgraded by ocne class.

For topo-locations which only receive molsture directly from rainfall, Further
adjustments are made for runoff, available waterholding capacity, molisture quality
during the growing period [(P/FET ratio) and crop drought resistance.

3 Estimate run-off as a function of slope, topsoil texture, soil classification and
crusting as shown in Table 2.
d. To estimate the Available Water Holding Capacity (8HC), the "actual rooting

depth” has to be known. The “"actual rooting depth"” not only depends on soil depth, but
also on the rooting characteristics of individual crops. Crops which do not root very
deeply are unable to extract moisture stored in the lower subsoil. Therefore, shallow
rooting crope (i.e. Irish potato, Fhaseoclus bean and cowpea), if evaluated for deep
solls, are given ratings as for shallow soils. Crops which roots are wvery deep,
extracting moisture from a depth of 150cm or mere (e.g. coffee, citrus, cashew, taa,
cotton), score very hi#:l{ if evaluated FEor very deep soils. Egtimate actual rooting
depth ag & function of soil depth and crop rooting characteristics as shown in Table 3.

5. Estimate AWHC as a function of actual rooting depth and particle size as shown in
Tahle 4.

6. The factor rating found for LGP (Table 1) is now adjusted for the combined effect
of nunoff and MMC of the soll as shown in Table 5. Adjustments are showm in whole (1.0)
or half (0.5) suitability classes, e.9. & soore of +1.0 means an adjustment from 52 to
sl; a score of =0.5 an adjustsent from 82 to £3./83.
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T A further adjustment is for the “guality of the moisture eupply” during the
growing pericd and for the abllity of crops to withstand moisture stress {i.e. drought),
The ratio P/PET is used to express the quality of moisture supply during the growing
period:

evapotranspiration and a t to soderate molsture strese is created for crope
throughout the growing pe::

- modecate quality of moisture supply. {(P/PET 1-1.3): short penc-:’s of slight ko
moderate moisture stress are likely to occur during the growl riﬂd. (Al thoush
this situation cocces g with & "normal™ type of gt:ru'lng pir che “humid”
peciod (i.e. P> PET) is likely to be of short duration and soil moistura storage
iz often not achieved to its full capacity)

= high mu.:l.l.l::f nf molsture supply (P/PET » 1.3): no moisture stress during the

- low quality of miﬂture ?.: {P/PET 41): rainfall does not fully meet potential

growing period
Law to moderate moisture mp?ly ducing the grﬂ-.uing period normally occurs in areas with
& short LGP (i.e. <165 daye ngl the shorter the LGP, the more pronounced Ehe

risk of having droughts. Table 6 gives tha combined effect of various P/PET ratice and
different classes of dJdrought resistance of crops. The mumber of classes are shown by
which the LGP factor rating Is Purther adjusted after the first adjustment Eor increased
run—off and limited AWHC. Adjustments in this case are only downwards, e.g. from 52 to
3.

(ANTIFICATTION OF MOTSTURE AVATTARILITY

The cesult of the assessment of modsture availability is expressed in the
suitability sub-ratinge (or sub-classes) sl, 32, 83 and n. Half, or intermediate classes
are also distinguished, expressed as gl/2, 8273 and 83/n respectively, These sub-ratings
can be quantified in two ways:

L. in mumbear of daye that moisture is actually available for the growth of a certain
crop. Table 1 gives the correlation between suitability sub—rating and lLength of
growing period

il in maximm attainable yield. Azsuming moisture availability Is the only limiti
land quality, the sub-rating for moisture availability is alsoc the £ipal overal
land suitability class (i.e. gl, =82, g3 and n correlake with 81, 82, B3 and W].
Dverall land suitability clasees (51, 52, 53 and M) for a cectain land use type
have besn correlated with maximum attainable yield for that land use type.
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Table 1 SUTTABILITY PATING FOR LGP REQUIREMENTS MMD DROUGHT RESISTANCE FOR VARIOUS CROPS

LENGTH® OF GROWING FERIOD (in days)

THEHRET
105= I120- 135- 150- 165 180- 105 210- 225 <40— 255 40— 28— J0U- 315 J30— J4%| RESISTANCE
CROE 130 135 1s0 185 180 195 210 235 240 285 270 2ES Ap0Q 315 330 35S 360
Il Tk
[highland) I B 83 82 B w2 BZ &1 8l &1 Bl 51 a2 He 52 B3 g3 1w
{1owland) 53 = 82 X' s a8l &8 &l gl 82 a2 g3 g3 83 83 =53 53 Lo
swrghum 83 82 8 51 s 81 =8 82 g2 83 gl I i I I h ncrlerate
wWhee:at 83 B 853 81 Bl B} @&l g2 a? g2 s} g3 a1 £ By n h 1oar
bulrush millek] =23 g2 =2 #1 &1l g1 =83 g2 2 i n T I I n I high
gunf lawer a3 ar &2 a8l 8l m1 @l 5f g2 82 2] =3 g3 83 =] g3 M moaderate
g bear: a3 =®r &1 =] 8 =1 =8 gl gl, ‘B2 52 83 a1 ki I 1 h e
graundnut
{highland) 1 1] g3 82 =Bl =81 8Bl Bl Bl 82 82 B3 &1 [y I § h maderate
{lowlagad) a3, &f s el gl 8l ‘Bl &' gl &% 81 83 i f I h maderate
phaseolus bean| =3 82 82 8l &8l a8l 8] s8¢ &2 83 83 83 &3 a3 n n n Vow
CoWpea g3 82 82 1Bl Bl =51 a8l =] al =82 =2 g3 a1 I h 1 I maderake
L opigean pea 53 g2 52 £l S Y K -} sl al &2 al 83 53 mn Ik Ti Li mxlerakbe
CasEava Ti ] Bl 53 B3 52 =¥ a8l sl 8l gl 51 £ 5l 51 &2 52 high
lrish potato g1 82 S22 81 sl =81 s8] =2 52 =82 51 53 I L Iy Ii n_| low
L=d o 52 61 81 al Bl F¥] %] 52 &3 53 53 %] H n I n n mxicrake
tobaces n__ 83 82 sl 81 51 ‘sl &2 83 a3 . n l I f i I 1wt
Eea " k' B B B nh 8y &3 pY 3+ B & &l Bl Bl a1 £l 1w
arabica coffes] o o] L [ ti 1] a8l g2 AL sl Bl &L 52 52 83 &3 | Lo
cltrus Ti Ti n a3 g3 52 22 g2 =4 sl gl el =l a2 a8 23 83 Yo
cashew Ti g3 8 =81 &g 8l 8Bl =8I g2 83 8 m I i I I I high
guar _bean g2 gd sl @8l 8l &5l Bl a2 - I n__n n 0 I Ii It high
2 & ©| &% [ =15
2 [agel 32| & 3 & = | 8% | 8§
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Table 2 RIN-0OFF AS A FIRICTION OF (TOP) SOIL CHARACTERISTICS AND SLOPE

Characteristics Slops (%)
Topsoil {(0-50cm)
42 26 613 13-25 ¥d5
Coarse texture 1low low low mod. mod.
Hedium or fine texture, moderate
or high permeablility (*) and low Low mod . high high
none=slight crusting
{a) medium or fine texture with
moderate-gsevers crusting
orF mod. mod . high high high
{b) medium or fine texture with
low or very low pereeabilityi#)
(™) the "mopanic" (high bulk density) and “wertic" soil groups of Malawdl.
Hote: upgrade one clase in case of good soilAwmater conservation sanagement.
Takle 3 SCTUAL BOOTING DEFTH AS A FURCTION OF S0IL DEPTH AND CROFP ROOTING
CHARACTERISTICS
Soll Depth (cm} (*}
Crop rooting charactecistics
<50 S0=-100 100=150 »150
Shallow rooting crops ghallow shallow shallow sghallow
{mederately) deep rooting crops shallow pxl. deep desp deep
Very deep rooting crops shallow oo, deep deep very deep

(") depth to impermeable layer of layer with 80% coarse mineral fragments
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Table 4 AVAILABRLE WATERHOLDING CAPARCITY AS A FUNCTION OF ACTUAL BOOTING
DEPTH AND PARTICLE SIZE SOIL FROFILE

rm

Particle gize (%)

Actual rooting depth

shal low mod. desp daep vary desp

coarse texture with
»30% coarge mineral fragmente Lo low Low meclf i
la) coprse Esxture wikth y

<40% coarse mineral Fragments

or Low low medium high

(b} medium of Eine texturs with

»40% coarse mineral fragments
medium or fine cexture with Lo medium high very high

<40% coarse minecal fcagments

[*) average over upper 150 om, or less if soil depth is less.

Table 5 AOJOSTMENTE TO LGP RATING FOR EFFECT OF BUN-OFF AND AVATTAHBLE

WATERHOLDING CAPACITY

Fn-off
' AHHC
| low moderate high
| low -0.5 0.5 -1.0
: mectium 0 -0.5 1.0
| high 0 0 -0.5
+0.5 0

| wvery high =1.0

Table & ADJUSTMENT OF LGP FACTOR RATING FOR COMBINED EFTECT OF P TET
RATIC AND DROUGHT RESTSTANCE OF CROPS

Crop drought B/PET ratio
reslsTance
{see Table 1) <1.0 1.0-1.3 »1.3
[
[ low ~1.0 =0.5 0
| moderate -0.5 o 0
high 1] 1} 0

Ecchs
1384

FAO.
1976
19483

Ross:
1584
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6.6 BATING OF LAND (UALITTES: MOISTURE AVATLABILITY
A CONTRY APFRAISAL — BOTSWAMA

by
T.D.Mafoke

INTRODUCTION

The development of a land evaluation system in Botswana started in 1981 in the
context of the Soll Mapping and Advisory Services Project (BOT/BOA003). These first
cather ad hoc approaches were formulated by Venema, Eldridge and Resmelzwasl., In 1084
Vvenema and Fhebergen published a first version of this system in which the land quality
"availability molsture” was besed on the agroecological zane approach (FAD 1878); in
which & gimple’ water balance based on the rainfall in a mean vear, lead to the
caleulation of length of available growing period. This approach prosed less: than
satisfactory on & country scale. In 1984, Rhebergen introduced a system of climatic
zones based on frequencies of efficiently long growing periods. This system was later
refined by Dambe (1987).

To  take into account soil characteristics o the evalwation of moistuce
avallability, Bhebergen (1588) g gystesm of correction factors that started from
& bagic flgure indicating the available water holding capacity of the soll and evaluated
mimeacous characteristics, we.g. texture, s0il depth, stoniness, ulk-density,
‘iénfilt:atim take, site characteristics amnd agroclimatic zone In which the spil was

Moigture Availability (m)

Moisture availability is; in gereral Eterms; determined by climate {rainfall and
‘potential evapotranspiration), modified by topography (water shedding sites versus water
receiving sites) and soil characteristice (infiltration, permsability, available water
holding capacity).

L. Climato

of ispoctance is the rainfall in relation to the potentisl evapotranspiraticn.
Agro—Climatic Zones:

The differentiation of Botswana into agro—climatic zones is based on  the
variation in growing seagon lengths, the length of kthe lumid period and on the number of
dey days within the season.

pata of about 60 weather stations were processed by the Meteorcleogical Department
in Gaborone following the methodology of the FAD Agro—ecological Iones Project (FRD
1978) . The resder 5 referred bto the report "Agro—climatic zones in Botswana® (Dambe
1987} for technical details. The following definitions apply:

ing Season: The length of the growing season is equal to the length of the

period if one growing pericd oecurs or squals the tokal length of the

geowing pericds, when two or more growing periods ocour plus the r of dry
days.
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Growing Period: The start of a growing period is assumed when precipitakion
exceads half the potential evapotranspication. The end of the period {s assumed
when precipitation falls below half potential evapotranspiration plus a mumber of
days r red to evaporabe as aasumesd 100em of snil modisture cegerve  when
available.

Bumid Period: The period during a growing period when precipitation excesds full
potential evapotranspiration.

bry days: Days during the growing seascn when no soil moisture is available and
rainfall is less than half the potential evapotranspiration,

It should ba noted that the potential evapotranspiration was calculated using the
perman method with constants ceflecting local conditions {(8.M.E.C, 1987},

The agro-climatic zones are the bagis for the determination &f the solsture
avallability cating for dryland farming.

. Water Fetention Characteristics

Water retention characteristics {total  available wabter, wilting point) of the
s0il determine how a crop will respond to rain., A crop on & dry sandy soil will respond
tooa 20 mm calnfall, while & crop om & dey clay soil will ot tespord to & 20 mm
rainfall.

3. Lateral Movement of Water in the Soil

Within the soil; water mav be lost or gained through latecal waker movenents.
Thig 1z mainly a function of slope, slope pogibion (site], infiltration Tate,
permeability and water holding capacity.

. Denveacd Movement of Water in the Sail

Water can sink by gravity below a depth whece Lt can be coached by nk  roats.
The amount of water lost through this process i8 very mich a funckbion of plank rooting
characteriscics (shallow rooting plants vs, deep rooting plants), &An important seil
charactecistic is the available water holding capacity.

5. Effective rooting depth

The affective rooting depth iz influenced to a large extent by the available
water holding capacity. The rooting depth i3 rcestricted not only by shallow rock but
also the presence of a (petra) calcic horizom, abrupt textural change and sedimentacy
stracification.

FROCEINIFE
i. determine the available water holding capacity (AWHC) according te Table L
i, correct AWBC for infiltration cate

114, read molasture availahility rating combining RWHC/infiltration rating and climatic
zone and corcect if necessary for site characteristics using Table 2

iv. give final rating after texture correction if applicable using Tabkle 3

| |E

(A
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Table 1 AVAILABELE WATER HOLDING CRPACITY RATING ESTIMATED FROM TEXTURE,
50IL DEPTH AND STONIMNESS

Texture Effective rmtuﬁ'_gﬂ_tﬂ Staniness (&)
{em)
{Avecage 0-100cm or less 1025 25-50 5075 7% {average 0-100cm less if
if soil depth is less) goll depth is less)
20 20-50 50-90
X 6 & ]
Cosree sand, sand X 3 3 &
X 5 & &
X ] 5 ]
X ] & ]
Very find sand, fine and X 5 5 &
fine medium sand [Tk X 4 5 5
clay), loamy coarse sand, x | q b
loamy sand
Loamy very find sand, luﬁ X 6 & fi
sand, coacse sandy loam X 5 - a5
sandy loam with 18% clay and - 4 | 5
»65% sand fine sand (>7% clay) X 3 4 4
Very fine sandy loam, fine
&8 loam, (coarse) sandy X 5 5—F f
loam with »18% clay or <65% X ] & 5
sand, zandy clay loam, sandy X 3 4 4
clay, loam, gilt loam, silkt,
mon—vertic clay, vertic clay X F 3 4
with »>80% clay
Fine sandy clay loam, fina X B 5 b
sandy clay, silty clay, clay X 3-4 4 5
loam, silty clay loam, werktic x 7 3 4
clay with <603 clay X i 2 34

Shove up texture column one step if high bulk density is found over a depth of
last &5 cm within 75 cm from the surface.

High bulk deneity i defined as follows:

texkure high bulk densi
COArLe »1. Bladm3
medium »1.75

Eine *»1.7
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MOISTURE AVAILABILITY PATINGS ESTIMATED FROM CLIMATIC IONES,
AVAILABILITY WATER HOLDING CAPACITY [AWHC) AND SITE CHARACTERISTICS

Tahle 2

poisture Bvailability rakting

normal site waker recelving site

climatic sone BTHE

water Bhedding 5ite

seasonal permanent
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Table 2 [contd.)

climatic zone HISHC moisture availability rating
permal site water receiving site wabter shedding site

Esazonal permanent

2-3
2=3
-3
3-9

4-5
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2d3 Gerowe

o5 Th O LN LN LR

b3 .:Pua::n&ng
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Site Characteristics

Permanent water receiving site: the permanent groundwater table is within 100om
from the surface.

Seasonal water receiving site: seasomal high groundwater table or gain of
moisture of more than 15% of annual rainfall,

water shedding site: loss of at least 15% of annual rainfall: this applies
mainly to upper slopes of more than 3%,

goile with a high volume peccentage of water at wilting point (fine textured
soils) can dry out bevond wilting point during the winter season or during a sumser dry
spell. ;

ation from the rootzone Etakes place from cracks in the soil (in monkt-
morillonitic clayey soils) or from the surface through capillary rise of soil water.
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The soll profile has to be cecharged with water to a point somewhece between
field cepacity and wilting point before & crop can respond to the moisture.

The actual growing season will therefore be considerably shorter as compared to
the calculated agro-climatic q:wm?ﬂnnm, The moisture availability cating may be
downgraded with one or bwo classes, following Table 3.

Table 3 ~ESTABRLISHMENT OF FINAL MOISTURE AVAILARILITY RATING AFPLYING A
TEXTURE DOEEECTTON

Texture (unless covered by Rating Final rating climatic zone
at least 30cm of sand to Ibl, Ib2, Ic2, 202 others
gandy loam)

montmorillonitic mﬂ{ucla.y

to clay; fine sandy C I'.

fine sandy clayloam, silt

loam, silt, silty clayloam, clay-
lomm, silty clay

L
O LN sl Lk B
o |

poloture svailabhility rating

high 1
moderately high 2
marginal 3
Lorw g
very low 5
extremely Llow B
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6.7 MOISTURE AVAILABILITY AS A LAND QUALITY
AN APPRATSAL. FOR LAMBIN

by
D.J. Banda

ABSTRACT

Moisture availability is pechaps. the single mogt 1mtt.unt factor influencing
agricultural activity in Zambia. Hot only are certain crop rticular parts of
r.l?l.: country  bub they can also only be grown  during m:iﬂ-c pufa of the year.
Although it is usually modified by such ntl’:-ur: factors as soil charactecistics, landforms
and hydrology, moisture availability is J: dependent on climatic parameters,
Inkernati claggifications divide Zambisz J.nte:f red 2oil molgturs regimeés. The major
pact (B5.1%) of the countcy has Typic Tropustic moisture cegime while the remaining 11.5
and 2.0% have Aquic and Aridic Tropustic moisture regimes, respectively. #Approzimately
1.4% of the country 1s oc ied by lakes, These regimes have different moisture
characteristics. A land aval mii:m gystem being developed for Zambia has showm  varying
moisture availability ratings of these regimes for crop production. The Typic Tropustic
regime is more sultable and has the widest range of suitable crops. The Arldic Tropuatic
malsture regime has gericus drought hasards and the range of crops is limited. On  the
other hand the Aguic moisture regime has excess moisture with the resultant depletiom of
oxygen and sultable crops are mostly limited to paddy rice.

THTROMICTION

To a greater extent Zambia agriculture is dependent on the natural moisture
availability. A careful study and aﬁﬂim of moigture avallability in the country is
obviously one of the major steps the national drcive Ffor increased agcicultural

ivity. However, to carry out this appraisal it is perhaps best, in the absence of
extensive data, to go by soil moisture regimes. Clasgifications by the Soll Survey sStaff
{1987) and proposals by van Wambeke [(1982) proposad three distinct sofl moisturs regimes
in Zambia: the Aguic, Typic Tropustic and Aridic Tropustic. These have diffecent
molsture characteristics, A semi-quantified lapd evaluaticn system for rainfed
agriculture in Zambia (Veldkamp 1587h) shows that suitability of these regimes for crop
producticn vacies widely. This paper iz, therefore, & brief cutline of the distributicn
and extent of the different so0ll moistuce cegimes. Molsture availability in these
regimes is also rated for scee selected common Zambia crops.

BOIL MOISTURE REGIMES OF ZAMBIA

Figuce 1 shows the distribution and extent of the different moisture regimes in
Zoambia. Three major soil moisture regimes: Aguic, Typic Tropustic and Arcidic Tropustic,
are identifiable.

Aquic 50il Moisture Regime

This constitutes about 11.58% (8.6 million hectares) of the kotal area of Zambhia.
it mostly ocours in major dambos and zones of subsidence, some of which have sihce been
filled with river alluvium to form the famous floodplains. Topography in these areas is
generally very flat, perhaps this is the reason why some of the areas are popularly
referred to ae "flats’. Geographically, these areas show a particular concentration
towards the northern pacte of the country, of annual rainfall totals excesding 1 000 =m.
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Boils are moskly young alluvial with wvariable textures, ranging from silts
through loams to coarse sands. Moigture conditions e Erom moigt to very wet in soms
parts within 1 m from the sutrface and the water table is entirely at the surface for the
most part of the rainy season. Colours are also variable but tend to range from  light
gray to reddish yellow (Munsell N-5Y-10¥R). The topsoil is often very rich inorganic
mm:tquard even bacomes peaty in some cases. Soil reaction is generally medivm to very
stromgly acid.

Longth of the growing seascon ranges from 90-200 dayes, Iincreasing northwards
(Veldkamp, 1987a}. Dry season frosts are characteristic, especially towards the scuth.

Typic Tropustic Modsture Regime

This is the most extensive moisture rtegime in the ocountoy. It occuples

a.gpmiuuly 85.1% {64.1 million hectares] of the total area of Zambia, covering much

the central and northern parts. In this molzture range, the molsture control sectiom

is partly or completely moist between 180 and 270 days when soil temperatuce at & depth
of 30 cm is more than B3*C (Van Wambeke 1358Z).

S0ils are very variable but are medium to highl galead'had often with very low pH
levels, Length of growing season varies from 100-200 Within the growing season
there may be up to ten=day dry (30 mm rainfall) EIEI':LI:dE- Mild wplare] frosts could be
expected for 1-2 days in July. The temperature regime ls mostly Ischyperthermic.

Aridic Tropustic Moisture Regime

The Aridic Tropustic moisture range ocours exclusively in the Guembe Valley in
the scuthern part of the count It occupies about 1.5 million hectares (2k). The
moisture control section is partly or completely soist for only up to 180 consecutlive
days when the scil temperature at 50 cm is more than 8°C (Van Wambeke 1982).
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Bolle are moskly dercived from calcaresous sandstones and mudestones of the Narroo
sadimentaries. Mot much i1s known about the nature of these soils but recent sucveys have
indicated  that a considerable mumber of them belorg to the highly sodic Typic
Matrustalfs (Banda 1988). This area is relatively drier and hes been more susceptible to
repeated crop failures due to moisture stress than the rest of the country. Length of
growing season ranges from BO-110 days and may contain as many as 5 or more ten-day dry
periods with rainfall less than 30 mm (Veldkamp 1987a). The scil temperatuce regime is
Hegathermic Teomegathermic with rare upland frost,

MOISTURE AVAILABILITY RATING IN ZAMRLA

The work of o et al. (1982) represents the first attempt to characterize
and cate moisture availability in Zambia. Other than the anmial rainfall, this worck
mostly considered fthe tobtal available molsture and hinderances to roock development.
Molgture svallability is largely dependent on - climatic factors; mostly the balance
between rainfall and the potential evapotranspiration. 'This is; howsver, most often
modified by local envircnmental factors including soil characteristics, landforms and
hydrology. A land evaluation system (Veldkamp 1987b) being developed £or Zambia
considers some of thege fackors in aggessing moisture availability. Although most of the
procedural detalls of 'I:hu.rgltm are outgide the scope of this paper, lts major
fematures are, however, outli .

The system is based an the FAD (1983 delines. It considers a total of 21 land
qualities among which is moisture avallability. These are sobdivided into some 79
sub-qualities, Furthermore, the system recognizes that moisture availability can either
be regtricted or excessive, in which case crop growth is limited dus to moleture stress
or oxygen depletion, respactively. Moisture svailability, therefore, rs in five
sub—gualities, viz excess rainfall, shortage in total minimmm rainfall, lemgth of
growing season, waterlogging problems and general drought hazard.

Excess Rainfall

This mainly concerns excess rainfall during the rainy sesson which largely
corresponcds with the main growing season. Some crops are more sensitive Eo excess
moisture than others. The northern parts of Zambia receive rainfall almost more than
doyble the amount in the South, Severlity of constraints formed by this ity,
therefore varies from Morth to Scuth. The total anmual rainfall data are directly used

in rating this sub-gquality.
Ehortsge in btotal minimom calnfall

This deals. mainly with the effective rainfall derived from  the anmual total
cainfall (70% probability). Corrections are made for the: available wabter helding
m&:ity ag well a= sodl ﬂraj.rrﬂa clags, It ig downgraded for Iower available ‘water

ding capacities on well drai saile.

Unfavourable length of growing season

The balance between precipitation and potential evapotranspiration is considered.
The growing season starts when precipitation excesds half potential evapotranspiration
and ends when the reverse 15 true plus the time taken to deplete the soil moisture
regerve. The length of growing ssason indicates the poggible shortness of a cultivation
season which may &ffect the later stages of crop growth as well as the final crop
performance. This period shortens from the northern to the southern parts of the countoy
whers annual variations become even higher.

In the rating, corrections are made for the available water holding capacity,
soil depth, gravel content and ground water influence within the wupper 1 m. Dewngradin
is wndertaken for low available water holding capacities, shallow soil depths, and hi
gravel content when there is no groundwater influence within the upper 1 m.




Genaral drouwght hazacds

This evaluates the genaral hazard of drought as well as comsistent occurrences af
drougnty pericds within the growing season. The number of dry (ralnfall 30 mm) ten—day
periods is usad in the rating. Corrections are made for available water holding capacity
of the soil, =oil depth, gravel content and groundbater influence.

: The hazard of droughts for most crops becomes pronocunced in the South with low
rainfall and shorter growing seasonms. This corresponds with areas with the Aridic
Tropustic scil soisture regime.

Wakerlogaing Problems

This sub—quality concerns the saturation of the topsoil with waker cduring a
period in which oxygen becomes depleted. Rating involves the actual physical observation
of the period during which the top 0-25¢cm of the scil becomes waterlogged. The period
may range from a few hours to more than a month. The longer the period the loser is the
grading. These conditions are common in swampy areas with Aqulc moisture regimes.

COMSTRAINT CLASSES

~In the svaluvation, each land quality forms @& censtraint, the severity of which
varies. Before arciving at a constraint class, the baslc rating is flrst detecmined
dur which various correction factors are considered (see Veldkasp 1987k for details).
In all, five E‘arrstraint classes are distinguished.

la - [yllr

ib - slight

Z - mocdarats

3 - EEVara

4 - VELY EEVEre

The most limiting constraint determines the final sultability elase Ffor a
particular crop at a particular input level, With this evaluation system the different
moisbture regimes have been cated for moisture availability and following are. the
conatraint classes for some selected common Zambian crops:

Tahls 1. CONSTRAINT CLASSES IN AQUIC MOISTURE REGIME
CROP CONSTRAINT CLASSES

8 il BM LG 4] MLE
Bulrugh millekt 2 4 1a 1a i3 YW/ BE
Haize 1b 4 la la iz WH
Sacghum 2 4 la 1a 1a Wi
Sunflower 1b 4 la lz ia W
Saybeans 1b 4 1a la la WA
Cakton 1b 4 Ia la la WY

8
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Tablae 3

Table 2: COMSTRAINT CLASSES INM TYPIC TROPUSTIC
CROP MOISTORE REGIME

BE W BM 1G ¥ MEC
Bulrash millet 2 la La la 1a BE
Matze 1z la la la la -
Sorghum it is la la ia BE
sunflawer 1a 1a la la la =
SGFHEIEE. 1a la 13 la lg =
Cotton 1a la la la 1& o

COMSTRAINT CLASSES [N ARIDIC TROFUSTIC HMOISTURE CLASSES

cCrde COMSTRAINT CLASSES

EE WY __BH LG o MLEC
Bulrush 1s l= ia la la -
Haize ls Ia v Ih 3 i< gl
Sarghum 1z la la la & -
Sunflower la la 3 la 2 BM/YD
Saybeans 12 1a 4 La 2 f
Cakton la la la la 2 0
Symbols:
BE - ¢ Excess Rainfall
BH - Shortage tn tocal minimum cainfall
LG - Oafavonrable lendgth of GroWing E2e8S4f
b 1 = Fenerdl drcought hazard
W - Waterlogging problems
MLC - Host limiting constraint (Sub-guality)l.



In the ratings, the following assumptions have been made:

Medium available wvater holding capacities (100-150 mm/m)

Goils are deap (1m or moce)

Mo gravel within lm dz-fth

Crop production iz sxclusively rainfed and at high input level [(Veldkamp 1987h).

It iz cheecved in the above cesults that different modsture regimes differ culte
widely in their suitabiliky for crop production. The Typic Tropustic moisture regime is
more suitable for production of a wider ramge of both traditiomal and commercial crops.
The high rainfall levels in the norcheon pacts of this moisture reglme ars however
somewhat limiting Eor production of sorghum and bulrush millet, The Aquic moisture
reqime has very severe waterlogging problems limiting production of most crops, except
pechaps wekl rice varieties. The Aridic Tropustic moisture regime expeciences severo
to very severe shorctages in total minimm cfainfall as well as drought hazards. Only the
drought resistant bulrush millet and sorghum are sultable for production in these areas.
The range of crops in this soisture regime can only be increased with the provision of

ircigation.

_-ﬂal'!i o

OONCLOETON

Three s0il molsture regimes [(Aouic, e Tropustic and Ardic Tropustic) oocour,
their boundaries approximately coincids with e of the country's rainfall belts. With
regard to molstore availability, these zomes have been shown to wvary in  their
suitability for production of different crops. Thus while the general drought hagacds
and ghoctages in total minimim rainfall severely limit the production of malze,
gunflower and soybeans in the drier South, these crops are highly suited for extensive
cultivation in the NKorth. In the Socuth, the most suitable crops are bulrush millet,
sorghus and cotbton. Wakerlogging problems in areas wikth Aquic esoil moisture cegime
constitute very severe oonstraints for the production of most crops except, perhaps,

paddy cice.
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6.8 RATING OF LAND (NIRLITIES: MOISTURE AVATLABRTLITY
A COUNTEY APPRATGAL - 'TRNEANTE

by
S.E. Mugogo

[NTROCUCTION

Tanzania is situated in the Eastern part of Africa, between 1° - 127 Scuth and
29" - 41° Eagt. It has an area of about 1 million km' of which roughly 30% is land and
the rest is water. Tanzanla has & population of 25 millicn people of which 90% are
engaged in subsistence rainfed agriculture. Water availability is the major limiting
Eactor to J:I'.'uil production since ml{ 20% of the country receives more than 750 mm of the
annual rainfall with a 950% probability. Even in many of the higher rainfall areas, the
variability of rainfall in space and time is so great that the assessment of water
availability for crop based on climate parameters forms an important part of land
suitability evaluation.

Land quality iz a complex attribute of the land with a distinct and individual
influence on the suitability of land for-a specific kind of use [(FAO 1978].

Moisture availability: this land quality cefers to the availability of molature
for plant growth as determired by water supply {rainfall), and water storage capacity of

the soll and water out-take by svapotranspiration.

CHARRCTERISTTCS AFFECTING MOISTURE AVATLARTLITY

Molsture avallability is a functicn of the climate, soil physical condition and
topography. Water, to be supplied by the soll to the plants is either stored in the root
zone or rises by upward flow from the water table or the unsaturated subsoil to the root
gone, Moisture availability is therefore defined ms the amount of water which can be
supplied Eo B crop in a well defined diy vear when the meisture supply capacity iz most
limiting.

"Available water" is defined as water held bebween pressing the potential of 1.3
bar {33 ¥Pa) {field capacity) and {1 500 K.Pa)} 15 bar (wilting point). Values (in mm

water) are accumilated for the depth of rooting.

Moleture availability: as indicated elsewhere, land lity id determined by
climate, soil and topographic factors. Climatic factors ich influence molsture
availability include rainfall and evapotranspiration, Water is a key factor in the
development of Tanzanis and clearly; therefore; rainfall together with svaporation are
the most important climatic elements.

Rainfall

Rainfall to a large extent determines the length of the growing period. The total
amamt of rainfall per vyear and itz distribution in time and space greatly influences
agriculture, In Tanzania there are 5 rainfall belts (<500 mm; S00-800 sm; 800=-1 000 mm,
1 000-1 500 mmy and >1 500 om mean annual rainfall per annim). The seaszonal rainfall
distribution in particular greatly influsnces agricultural practices.

There are three modes of rainfall distribution : Honomodal, bimodal and
trangitional, The mede of rainfall disgtribution destermines the type of growing period.
The distinction bebtween "monoscdal® and "bimodal" rainfall regimes iz made on the basis
of the occurrence of one or two rainfall peaks per year. Therefore in areas with a
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monomodal and transitional mode of rainfall there is cne growing period and in a bimodal
pattern of rainfall thers are usually two growing periods per vyear. Single growing
periods are usually suited for annual crops because the growing period is concentrated.
In contrast, double growing periods are usually betbter suited for perennial crops. The
geparation of single from double growing pericd areag 18 based on the following
criteriaz

- & geparation is only necegsary if the -secondary growing peason iz sufficiently
long and reliable to influsnce agriculture

- the dry pericd between the two growing pericds should be of such intepsity that
in most years eoil moisture storage cannmot compensate for inadeguake rainfall and
therafore cultivation of rainfed annuals is wvictuwally excludsd. In general it can
be pointed cut that rainfall is more reliable in areas with a monomodal  pattern
of rainfall than in areas with a bimodal pattern of rainfall.

Another very important aspect of climate to be considered in land evaluation s
rainfall wvariability. This factor affecks crop production in two ways:

- The bime and doration of the growing season may vary conslderablys

=5 short term dry spells may occur within the growing season. The firat situation
implies that in vears with timely and long growing pericds, crop growth
conditions in respect of moisture availability may be excellent and result in
bumper Barvests. Years with untimely and too short growing pericds,; drought and
crop fallures may occur even in areas with high average rainfall. This high
varinbility rainfall makes planning of agricultural operations, particularcly
planting of crops, extremsly difficult.

Ehort term diy spells within the growing season are short rainless periods up ko
a few weeks in duration, which may interrupt crop growth and reduce yields. Their
impact in yields depends on their timing and the drouwght tolecance of the
porkicular crop.

In aceas with pronounced rainfall variabllity, a growing perlccd that is based on
average rainfall data has little practical meaning, because the growing period
may vary greatly Erom year t©o year. In euch areag the use of average data tends
to magk extremez of wmolgture deficiencies and lepds  in general ko an
overestimation of the growing period and moisture availability. It bacomes
essential to analyse the variation of the growing periods by means of the total
rainfall record rather than the average data and to derive likely conditiona of
moistuce availability.

Rainfall intensity, duration and frequency

The foregoing rainfall characteristics are of great importance in assessing both
so0il erosion and effective rainfall. The latter refers to the rainfall that enters the
scil and remains within the roct zone. High rainfall intensity results in thunderstocms
with an intenaity that axcesds the threshold level at which rainfall becomes ercaive.
Moceover lacge storms of high intensity will result in considerable water losses by
surface tuncff and by deep percolation beyond the rooting zome, thus reducing the
effective rainfall.

The soil factors which should be taken into account include particle=gize
distribution, bulk density, moisture retention and effective depth. These factors affect
the inherent capacity of s6ils to store molsture within a given depth (the available
waterholding capacity or AWC, expressed in mm/m).

There have been many studies carried out in Tanzania to determine moisture
availability, However, two such gtudiez warrant digcussion since the results emanating
from them are widely used at the moment at the national Ievel.
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The £irst such stucdy was wundertaken in the eacly seventies, when an atbempt was
made to establigh agro-ecologlcal zones in Tanzenia. The first map had 19 agro-
pcological zones based on parent material, total anmual rainfall, rainfall pattern  and
total rainy days. The first revision in 1577 Lncreased the mumber of zones to 30 and was
based on temperature (as an Indicator of evapotranspication), total anmual rainfall and
goil parent materials. During the life of the NS5 Project, a good deal of information on
these paremetars was collected and processed. Bssed on that inforsation, a third
ievision was undectaken and inm that edition a total of 20 agro-ecologlcal =ones based on
parameters given In Table 1 were identified.

The Ecological zone map and the “Pectilizer recommendations related to ecological
zones in Tanzania" {Samki et al, 1982} have been published as a technical document of
the National Soll Service.

Another more recent study on saro-ecological pones was cacrcied out in the late
gseventies and eacly eighties. Elements taken into consideration in this study include
climate, physiography, soils, vegetationsland use and tsetse occurrence. These are the
main ical factors that influence the porential and constrainte Eo crop and livestock
production. The maln climatic factors specified by the agro-ecologlical romes mop Aale
temperature regime and the growing pericd. Molsture avallability has been assessed by
means of the growing pericd concept. In thiz stedy a concept of the "dependable growing
period” was establighed. A "dependable growing period” iz defined as the minimum period
with sufficlent moisture £or crop production in 4 years out of 5. For 1mrpi:. a
dependable growing period of 5 months implies that 4 wyears out of 5 the growing
pariod can be expected to be equal or longer than § months, and in 1 year out of 5 to be
shorter. The working definition for dependable growing period adopted is "a pericd in
which the actual evapotranspiration equals or exceeds half the potential
evapotranspiration and whose duration is likely to be equalled or exceeded in four years
cut of five". A mmber of growing period key characteristics, parcticulacly the duration
and the onset date of the dependable growing perlod and their varlability were estimated
and mapped in "thirty meoisture zones" that are fairly homogencus in their agrowing
characteristics. The land quality "moisture availabiliey" on the basis of the
limitatioms ls rated as follows:

Probability of crop failure Dagree of limitation Rating
0-10% probability of crop failure Mo or slight limitaticn 1
11-20% o " ' Modsrate limivabion 2
21=40% o = T Severe limtation 3
»40% e . = Very severs limitation 4
CORCLIISTION

In areas with pronounced rainfall wvariability e growing period concept based on
average data 1s likely to overestimate moisture availability and, thecefore, to
undersgtimate the risk of drought and erop failure. It is therefore necessary to make a
more detailed analysis of the climatic data, e.g. on & pentad or decade approsch over a
period of more than 20 years from a demal network of rainfall stations.

Owing ko the complexity of soil patberns within land wnits and the scarcity of
actual laboratory determinations of AWC in Tanzania, most of the previous works are
based on  estimates only. It is important to carry out further studies  on the sail
properties that affect rainfall acceptance, moisture retention and modsture
availability, studies that at present are very scanty in Tanzania.
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TABLE 1  PARANETERS FOB THE DELINERTION OF AGRO=ECOLOGICAL ZONES IN TANGZANLA
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6.9 ERATING OF LAMD QUALITY: MOISTURE AVAILABILITY
A OONNTHY APPRATSAI, - SUmay

by
Abxiulla Hassan Hag

1. INTRODUCTION

The capacity of soils to absorb-and retain water say provide valuable information
as to the amount that can be stored at a given time as a repervolr from which plants may
deaw theic’ wakter needs. An  initial determinant bto moisture availability is the 20il
water balance. This balance is an interplay between amount of water - rainfall or
irrigation - infiltration, run-off, drainage and evapotranspiration. These attributes of
the physical enviconment have been studied and varicus soil water constants have been
defined and used as indices for soll water holding capacity and plant available water.

Moisture availability as a land quality is am expression of the way in which the
relevant land characteristics of the physical enviromnment interact to meet the water
requiromenit of & specific kind of land use.

Rating of land quality is determined by the degree or severity of the limitations
that land characteristice may impose on land use.

2. AVATLARLE WATER CRPACTTY

Available water capacity {AWC) is determined by soil physical charackeristics,
such as texturs, structurs and soll depth. MNWC is usually an estimate f£rom the
difference batween water content at field capacity (FC), and water conktent at pecmanent
wilting point (PWP). The accuracy of the estimation of BWC 1s therefore dependent wpobh
thie relishility of estimates made for PC and PRP.

5 | Field Capacity Concept

Field capacity is defined as the amourit of water held by the soil after excess
gravitational water has drained zway -and the rate of downward movement of waker has
materially decreased - two to thoee dayes after icrligation. However, the moisture held by
the soil at 0.33 bar has been found to be closely corpelated with field capacity for
many so0ils. In soils with extresely low permeability and under humid climate, it 1is
difficult to evaluate the upper limit of awailable water according Eo the procedure
defined by field capacity. Under such conditions the upper limit of ARC i5 specified by
the true equilibrium water content {Peters 1965). For irrigated Gezira Vectisols, it has
besn demonstrated by Farbrother (1972-86), that calculation of AWC is only of practical
value when the saturatlon capacity is used to define the upper limit of AWC.

2.2 Permanent Wilting Point Concept (PHP)

The permanent wilting point is defined as the water content of the spil when
plants growing on that soll are teduced to & permanent wilt condition from which plants
cannot recover in an approwimately saturated atmosphere. The 15-bar moisture content has
been found to be clossly correlated with permanent wilting point (Richards and Weaver
194%).
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2.3 Determination of ANC

AC is wsually estimated by the difference in molsture held by a soil sampls when
subjected to a pressure of 0.33 bar and 15 bar.

Pemf-w

Pw = BAWC in weight percent
E = percent moisture at 0.33 bar
w = percent moisture at 15 bar

Bulk density at 0.33 bar is vsed to convert moisture percent from weight basis to volume
-basis. Total amount of AWC in a soil profile is estimated by introducing a depth Eactor.

NI em =P x B xd =@
100

b3 = bulk density at 0.3 bar

d = depth in cm

Since NAC ig determined on fine soil leszc than 2mm, correcticn for the présence
of coarse fractions greater than 2 mm may be necessary.

F = 1= L
1008

F = correction factor for fractions greater than 2 mm diameter
b= bulk dengity of dry soil

¢ = waight percent of coares fractions

B = bulk density of coarse fractions

In soils with a high shrink swell ratio, the bulk density changes with & change
in moisture content. To mrreit this uncertainty, Arlidge (1975}, introduced the tarm
"mean moigture bulk density [(b7)°.

9.3

B = 12 b+ b +H

A
The corrected formula will be:

!

AC = 100em = Puxb xd .F em
10

2.4  Fating of AAC

Raking of AWC aims at expressing the anticipated influence of the various Eactors
in the physical environment. However, it is generally assumed that for optimm plant
growth, AWC of Class I land should be moce than 150 mm in the 120 cm soil depth, whereas
AeC For Class IT should be more than 100 =m and more than 75 mm for Class III soils.

Fating of ANC may be based on one or more of the relevant elemsnts in ‘the
physical enviconment.
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Agro-climatic rating of AWC

Under rainfall conditions, ANC is determined by cainfall fevepotranspication
ratio. The intensity and frequency of rainfall as well as the Jduration of the rainy
Eeasan are lmportant factors to consider.

Climaticslly defined A may be modified by other elements in the physical
aviromment, i.e. texture or shallpwmess of che soil.,

Hoisture availability under a specific agro-climatic zone is assessed by the
moisture surplus attained n precipitation exceeds poténtial evapotranspication, i.e.
humid pericd (P PET). The duration of the humid period, defined by specific confidence
limit = 75 or 90%, probability, magnitude of the moisture surplus, determines the
appropriate rating of an agro-climatic zone. Table 1 gives an appropriate AWC rating in
the different agro—climatic zomes in BSudan (Van der Kevie 1976). The legend for the
agro—climatic zones 18 given in Table I, '

Table 1 MDISTURE AVAILARILITY IN AGCRO-CLIMATIC ZONES
Rating Climakic Moisture Regime Soeame AWMC [om]
Top-Sail SuD-So011
0=30 cm 30=170 cm
1 My, M2, M3, Mg, ana H3 >4 »12
2 Hi, Mg, M3, M4, ané H2 >3 > 12
H1, and 51 > 4 »:12
3 My, Mz, M3 M4, and H2 w2 P
Hi, and 51, >3 w 0
Al, and AZ =i >1i2
4 Mi, M2, M3, M4 and EZ »1 73
Hy, and 51 L N > 6
Al, and AZ >3 >
AZ, and D 714 »12

The monsoon climate in Sudan stands a better chance of being potentially
qualified as Class I agro—climatic environment, This agro—climatic zone is charactecized
by an anmual rainfall that exceeds 14% of the potential kransplration more than two
tumid months, a growing sesson of 5-11 months when rainfall exc half the potential
evapotranspiration.

However, climate rating of AWC i subject to modifications imposed by elements in
the physical environment, i.e. texture, infiltration and topography. For exa.?:i; in
very dry climates (Arid and semi—desert), the AWC rating is to be upgraded cne 1 in

?BB Dfet;mivinq eites. In humid climates, water shedding sites are dmmgraded one
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Table 2 LEGEND OF AGRO-CLIMATIC ZOWE IN SUDAN n“‘"
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R = gverags annual rainfall in mm, |
iw = aversage potential evspotranspiration in wet test (Penman) in mm.
£ = average anmual potential evapobranspicration (Perman) in mm,
Ln = leaching rainfall (surplus of infal i i |
A mg Pl {surp af ra I over potential evapotranspication iy sig
Ta = mean maximm temperature of coldest senth in *C Pis
Tw = mean maximm tempecature of hottest month in °C
humid meath = month in which rainfall >potential evapotranspiration
dey month = month in which rainfall >1/2 potential evapotransplration she

growing season = 13 mimis mumber of dry menths.
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In rating land qualities, limitations associated with AMC are identified by a
subclass symbol. Soils having low AWC get a climatie limitaticn C at subclass lewel; if
it is due to low rainfall, a wooisture limitation (m) at the subclass level; (f it is a

;n}gdr soil, & subclass depth (d} limitstlon and if it is a shallow soil, e.g. 53VC, Sim,

2.5 Predietion of ANC

AAC may be predicted from bextural classes as shown in Table 3.

It can be seen in Table 3 that the loams and the clays stand & better chance of
being qualified 55 & potential Clasz I land. Buk solls in Ehe same texture class may
have diffecent asounts of water, depending on the presence of fractions greater than Im
diameter. Gravelly claye are inferior to find sand. -

Table 3 ESTINATION OF AVAILARLE WATER CAPACITY
IWC in on, Max.Vol, ¥ coarse|Min, 5oxl oepth all-
lE:ni]. GeDtn Textaral fracticen allowed |owed ff there are Ro
{cm) clazs if sofl 15 desp |Coarse Eragmentcs
3 = 30]|30=-120 {weighited aversdge| (Far AFC of Subasil
B Har i £
Sandy clay loam anc 1o&m - by
Clay lsam, sandy clay, 15 105 85
=4 | =12 |ci 0 90 y-
aAncy loam, Sancy clay
Llsam 2 120 100
3 -4 |9 =12 |Lasm 20 105 B5
Clay lsam and sandy clay a5 g0 70
Clay =0 15 53
Loamy sand 8 120 100
Sandy loam . 20 105 B3
2= 3| & = 9{Candy clay Isam and lsam 40 80 il
Clay Icem and sendy clay 50 T3 53
Clay g3 60 . 40
Fine sand )1 120 100
Loamy sand 20 108 BS
1= 3| 3 - 6|sandy loam 40 80 70
Sandy clay ilsam and 1oam 50 r= 55
Clay loam and sandy clay 65 B0 45
Clay 75 50 40

__ MWC of soil may be predicted £rom other parametars. Abedine (1968) reported a
significant correlation between ESP and AWC in Gezira Vertisaols,
rig. 1 The cocrrelation is expressed by the equation
ANC % = 16.7 + ESP x 0.3233

Similar cocrelations were establizhed for some of the Australian Vertisols, e.q.
Shaw and ‘Yule 1978, Mullins 1981"and Williams ot al. 1983.
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ol Measuremants of AWC

Z.6.1 Laboratory Measurements

The upper and
moisturs potential of =0.33 and

south of the Gezirca.

- T =

Tabhle 4a FEASURED VALUE OF MWD — CES
Bazl Depeh Water retentilion(wch) ANC BN
TArE [eml —0.33 Bari =15 hHar Wt % _em
|Typic - 20 35 20 1% .74
Cheam— 20 = &O 38 21 1T 6,38
ustert 50 = HS a6 Zi z4 11.34
s - 120 14 2d a2 16.85
9 - 10 ] Z3 I 7,28
Enkie 0 = 3% 45 23 22 ;838
Chrom= 35 - 65 45 23 22 R
UgEEer 65 = &5 47 26 2l B0
95 = 124" 48 28 22 T.43
!!|EE
Tahle db MEASURED VALUE OF AWC — DINDER-FENRMA FLATH

Saxl DepEh |WAL&r C&EGNEISn|WER) AWC BT
Tvoe vem) =0,331 Bar] =15 bar WE § ch
TEF:‘: = §h ﬂg_la IE.E ElE'q'
Pell- 15 - 30 46,1 k. 1 | 15,4 2,084
Ustarkt 3¢ = B&Q 44,2 31,5 | B 4,74
60 - 80 4E.5 e 15,4 E .51
80 - 120 488 33,5 155 f.B1
¥ 23.56

EnEzrc b =135 40 .4 b B S0 | 17:10 3,00 '
Pelli= 15 = 30 43,2 0,2 13.480 4 ,BH
usterk 30 = B0 4,9 e I BT 13,80 5,08
&0 = 90 &85 .8 32.0 13,80 5430
FE

lewer limiks of pNC as measured on s0il samples subjected to: a
=15 bar are shown in Table d4a for samples from Gezica
Research Station (GRS), and in Table db for samples from the Dindec—Eenana area to

the
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Gezira s0ils have higher RWC compared with Dinder/Kenana soils. Posgibly this may
be due to the high ESF levels in Gezira soils. This is in conformity with what has been
suggested by ine (1968). The ANC in both soils increases progressively with depth.
Vertisols are usually rated high in AWC and particularly so because the high storage
capacity in the subscll is more than 200 mm in the 50-120 zone in a Typic Chromustert
from Gezira Research Station Farm. The distrilution pattern is seen in Fig. 2.

2.6.2 Field Measurement of BWC

Available water holding capacity is an important soll propecty that needs to be
determined in the field wnder conditions appropriste to its application. Field
measurements are met with meny problems. Apart from these, the concept of fisld capacity
as is generally conceived does not hold true for Gezira Vertisols. Permeability at
saturation in Gegira clay is so low that the FC concept based on free drainage is
positively misleading. Calculations of AWC in Gezira clay can anly be of practical value
when saturation capacity is used to define the upper limits of AWC (Parbrothar 1972).

The degree of the physical compaction due to the stresses created by the weight
of over burden depressed hydraulic conductivity is virtually zerc in the suhsnil layer
below 50 om Lln the Gezica clay profile (Abedine 1971).

Initial water recherge wvia cracks in these high shrink/swell clays is an
importent contributing factor in the moisture distribution pattern of the Gezira clay.

2.6.2.1 Measurement of AWC under raing

The soil molsture distribution pattern in a fallow plot in the Gezira Research
Farm (GHF) immediately after rains amounting to 100 mm during mid-August (1971] when
total rainfall received during that peried amounted to about 260 mm |Farbrother
1972=73); is shown in Table 5 and Fig. 3.

Tabhle 5 SO0IL MOISTURE DISTRIBUTION PATTERN UNDER RAINS

TE=l [Alk | Fasowe W boeie Fin

Depth H?E tefore [efker [saber | BWP [ AC  [rechar=| AT
{cm)  |rairs  |mairs  |mechance Elm) | o
=2k | 114 51| 474 3| D0 4| JA Bid
2040 | 1.6 | 185 £26| A1) 05| 21| 56 | 5l
050 (L3 | 179 ) Ma| 165 | 09| 3.2 | 42 | 34
B0-80 | 1.2 4.9 | &5 7.6 | 2.6 75| 2.0 2.1
Bl=100] 1.46 4.9 | .8 2.8 | A5 33| 0.3 1.0

Rain water recharge was very high in the 0-60 cm zone, amounting to 172 mm, and
sharply decreased with depth tudgranu.mll nill in the @80-100 cm zone and below. The
moistures distribution Eﬂttﬂ-m splayed In Fig. 3 was opposite to that given by
estimating AWC from goil samples (Fig. 2). Obwviously asgessment of MNC from soil samples
is practically misleading when used in Gezira Vertiscls.

£:6.2.2 Measurement of BRRC under irrigation

Under irrigation, with the physical behaviour of the Gezira clay per s, the
field capacity concept is being replaced by what can be described as post irrigation
Etate, where the upper limit of available water is defined by the static equilibrium
water content of saturated scil in the presence of such an amount of free standing water
in the furrow after completion of watering (Farbrother 1872-78), This is to say,
sampling to commence one day after completion of watering.
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In the Vertisols in general, with high shrink-swell ratio, initial water research
depends on the wvolume of ‘cracks, i.&. drier goil is expected to have & higher initial

water lntake; with the physical constraints recognized in the Gezira Vertisols, three

options in irrigation water management systems may be cited.

a. Irrigation on slightly dry sail: long irrigation intervals, i.e. 14-21 daye
intervals practised in Gezira. PAWC to be assessed three days after completion of
watering.

b. Irrigation on slightly moist soil: drrigation intervals 10-7 days. PAMC ko be
assessed three days after completion of watering.

. Start with system (a) above. PAWC assessed at the post irrigation state, i.e. ane
day after completion of watering.

The distribution pattern of PAWC iz the same Ffor the three systems of water
management, i.e. surface maximum and sharp fall with depth, The total amount of PAWC in

highest in system (¢}, moderate in system {a) and relatively low in system (b) (Tables
6a, b and cj.
Table Sa S0TE MOTSTURE CONTENT AFTER IGRIGATION OF INITIALLY ORY S0IL
i e % moisture wk bastis b
Depth TP WE before 3 days arter R WL A WC
[ cm) trrigatisn irrigation cw |
".'I- b, lﬂ 2':'.':' .'I.E*U 33-5 1215 4|E
20 - 40 20,6 24,0 35,5 14,9 3.5
40 - 60 21.4 25.0 29,5 8.1 2.0 |
60 - BO 22 .4 23.5 28,5 6.1 s 199G )
80 - 100 22, 23.0 2745 L | 1,3
12,9
Table Gb SOIL MOISTURE CONTENT AFTER IRRIGATION OF INITIALLY MOIST SOIL
| % motsture wkt basis
Depth PUHDP before ays after AWC AWC
(cm] irrigation frrigatian &m
0 = 20 20.0 28,5 42.0 22.0 5.0
-'Iﬂ — E{I 1243 ET.Q 13-5 E.E 1#5
60 - BO 21.0 25.0 24,6 1,8 0.4
80 - 100 23.0 3.9 24,5 15 0.4
10.6 |
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Table b6c POST IRRIGATION STATE OF S0OIL MOISTURE

|| % molsture wt basis -
pepth AW
Lem) P WD Pase irrigation A WEC =i}
D - 20 0.0 47.5 275 A
20 = 40 20 .6 38,0 154 3;6
at = &0 Zla.% 30.0 B.& E;%
EU - Eﬂ E:lq EE-E E‘ll l|
g0 - 100 rir | 27.0 {.6 1.3

15.0
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However, Vertiscls
because of the general belisf that they

ars generally

rated as wery good and good
are desp and have high water holding capacity in
the subscil. The Gezira vertisols under ircigation do not have more than 3.0 cm of PRAC
in the subsoll below 60 com. The soisture status in  the subsoil layers below 100 o is
permanently at the wilting point. It is to ba noted Ehak Gezira Verklssals with less than
3.0 cm of plant available water in the subsoil can hardly be rated better than a Class
111 or Class IV land. PAWC in a 60 cm desp Vertisal from Gezira can reascnably satisfy
the requirements of evapotranspiration at the average rate of 5 mosday for 14 to 21 days

without subjecting the plants to any mcisture stress.
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PAHC in subgoil layers of Vertisols needs critical resvaluation. The stress of
the weight of the over burden reduces the hypdraulic conductivity in the subscil layers
to practically zero.

Measurements of PEWC in the laboratory gave misleading results.
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6.10 A METHODOLOGY FOR THE CALOULATION OF ANTICIPATED RATNFED CROF YIELDS

by
F.0. Machtergasle and P.V. Do Wit

1. INTROCUCTION

1.1 Cohjectlive

The cbjective of this paper ig to propoge a methodology for caleulabing
anticipated yvields of rainfed crops on the basizs of climatic and soil factors and to
indicate areas for further cesearch in order to improve the basis of the socio—ecanomic
analysis and in the end gerve as an aid ko land use plannipg.

The approach is gquantitatiwve, which is a must since the results ars to b= used in
economic analysis and  land use planning. It is also computecized, which is necessary
when dealing with a huge amount of data and rather complex formulae simulating crop
growth and yield responses to soil and water sktress conditions.

The methodology has  been introduced recently in Botswana although it has  been
tested in other parte of Africa and Asis and calibration of khe results obtained is  an
ongoing exercise. Previocus land evaluation approaches in  the country were cgualitative
{Eldrcidge 1578, Rhebergen 1%88) and aimed at the evaluation of reconnaissance scale soil
and climatic maps for rainfed agriculture. The present methed is scale indeperddent and
iz able to identify physical constraints to arable farming and hence contributes to the
finding of appropriate remedies which will result in increased agricultural production
in the country.

1.4 Me thodol ogy

The methodology employed is explained in gemeral terms in Section 2 amd
schematically presented in Figure 1.

The approach takes as a starting point the radiation limited wield which in fact
is the crop - time - and site-specific maximam obtainable yield under ideal conditions
of temperature, water, mutrient availability and optimew management and input lewvels.
Thics maximmm yield is reduced in a multiplicative function, taking imto acoount specific
2 rature conditions, water stress and non-corcecteble soil propecties, to cbtaln an
anticipated optimum rainfed yield of the crop [variety) studied. Input levels and their
effect on corcectable soil characteristics are considered in the calculation of the
enticipated land-decermined yield.

Emphazis has been put on crop yield reduction as a cesult of water stress. In a
gemi-arid coumtcy like Botswana, the wvariability of traditional crop yield and planted
area is more than 80%, accounted for by the ree to which the water requirements of
ctops has been satisfied by rainfall (Vossen 1983).

2. AETHODOLOGY
- il Radiation Limited Yield

The maximum yield (¥m) i1z defin=d b:lr FAD (1979) as the harvested yield of a high
producing variety, well adapted to the given growing enviromment, including the time
available to reach maturity under conditions where water, nutrients, pests and disesases
do not limit yield., Climatic factors which determine Ym are mainly radiation and crop
specific characteristics.

Maximim yields can ba calculated for different climatic conditions. During the
last decade, several computer programmes have been developed to calculate Ym for a wide
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cange of crops. Nearly all of these models are based on the concepts of De Wit (1985).
Two of the most well known methods are the WOFOET model (Van Feulen and Wolf 1986)
developed at the University of Wageningen, and the Agro-ecological zones approach
developed by Kassam [1977). '

The latter approach can be sumarised for standard conditions (when the maximum
leaf gross doy matter production rate equals 20 kg CH.0 per hectare, per hour} by the
following equation: =

Y= HL x K x (0:36x (F x bo#+ {1=F) & bc)) £ (1M + 0.25 x ¢e) (1}
wheraing

m = the maximm yi=sld

H = the harvest index and equals the fraction of the biomass production that
hat economic impoartance

K = a correction factor related to the maximm leaf area Index (LAT} reached
during growth

r = the fraction of the time of day when the sky is overcast (detived from
radiation or sunshine or cloudiness data)

bo =  the maximim gross biomass production shen the sky is completely overcast
(which in turn s a function of the latitude and the time of the yeac)

bc = as bo but when the sky is clear. Note that bo and bc can be derived from
publighed tables [Goudrisan 1977)

M - the number of days the crops need to reach maturity

ET. = A correction factor for tempecature based on the mean day temperatuce of
the growing pericd and the Lype of crop

Note that the foregoing equaticn has only been developed for annual cropsy for
perennials, maximiom yield dath are to be obtained from the literature.

2.2 Tesperabture Index

In the calculation of the maximm wield, temperature is only considered In its
effect on the gross dry matter production. However, its direct effect on yvield Ehoough
specific temperature conditions En the different groeth stages of the crop s not taken
into account, while the general temperature enviromnment for the crop is considered ideal
(or near ideal).

Hence an additional evalustion of the temperature factor is 2 cequired,
spacifically with regard to frost and night temperatures. The temperature index is of
particular importance in mon-tropical climates where its influence can be greater than
the influence of the wster availability (Machtergasle 198%5a). To evaluate the
I:Ttatu.re conskraints, mean. (normal) wvalues  are uvsed, as generally, tesmperatice
variations from year to yesr are small when compared Go vaciations in rainfall. A
probabili ty approach is suggested, however, in tropical highlands and non-tropical
climates. The methodology is based on the parasetric approach wherein Ehe most limiting
temperature factor is given a rating on a scals of 0 to 100.

Basic information on specific crop requirements with regard to temperature can be
obtained from exis literature for a ‘total of about 100 crops: e.g9. Sye (19B5),
Machtergaele (1985a, 1988) and De Wit (1989).
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2.3 The Moisture Limited Yield

2.3.1 Introduction

Water deficite in crops and the resulting water strees on the plant have an
effect on crop evaporation and crop yield.

Water stress in the plant can be quantified by the rate of  actual
evapotranspiration (ETa} in relation to the rate of maximm evapobranspiration |(ETm).

When crop water reguirements are  fully met from available water supply then ETa
equals ETm; when water supply is insufficient, ETa ETm.

When the full crop water requirements are not met, water deficit in the plant can
develop to & point where crop growth and yield are affected. The manner in which water
deficit affecte crop growth and yield wvaries with the crop species and ccop growth
pociod.

The effect of plant water stress on yield decrease can be quantified by comparing
the relative evapotranspiration (ETa ETm) and the relative yield lossee [Yas¥m) through
the squation :

1-¥a=ky(l-En (2)
m ETm

where Ya = actusl harvested yvield
TTm = maximum harvested yleld
ky = wyield regponse factor
ETa = actual evapotranspiration
ETm = maximm evapotranspiration

Water deficit of a given magnitude may occur during any one of the individual
grewth periods or mey occur continuously over the total growing period. For the
individual growth perciod, the decrease in yvields due to waber deficit is relatively
small for the vegetation and ripening perlod and relatively large for the flowering and
yvield formation period.

The yield response factors for most crops are derived on the assumptlon that the
relationship between relative yield and relative evapotranspiration deficit is linear
and ig valid For water deficits up to 50%. The values of ky were baged on an analysis of
experimental field data covering a wide range of growing conditions.

The proposed methodelogy of assessing moisture in direct relation te yield/pleld
reduction immlves calculations with respect to: maximom yield (Ym) [see Sectiom 2.1),
maximm crop evapotranspication and actual crop evapotranspication.

2.3.2 Maximm Crop Evapotranspiration

The ETo is considered to be the evapotranspiraktion of a standard or refecence
crop, and is calculated with the Pemnman formula adapted to Botswana conditions (SMEC
1989; Vossen 1989). Empirically determined crop coefficients (ke) are used to relate ETo
to the maximum evapotransplration of the crop (ETal. l:mg cosfficients are specific of
the crop and the crop developed stage. The crop coefficient at the initial crop
development stage (keo), is determined as a function of the frequency of rain within the
decade and the value of ETo at the time of planting {(FAQ 1977).
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For each ten day period during the crop growing cyele, ke and ETc velues are
calculated by a computer programse. Mote that Efm = Efc = ko x ETo.

2.3.3 Actual Crop Evapotransplration

The next stage in the programme is the calculation of the actual crop
evapotranspication by means of a simple water balance.

Taking into account the mawimm soil solsture gtorage (which can be seb at the
beginning of the programme), +the input (rainfall) and the outpuk (ccop
evapotranspiration) of water and the incrcease of the total avallable water as the
rooting depth increages, the soll wvater balance for each bten day period is caleulated
based on equations worked out by FAD (19789} and Joshua (19858,

The reserve built up in the previcus decade (5T(L-l)} is5 set at the starct of the
growing period ak the full amount of fain fallen in the decade before planting. The
programme only funs growing coycles after an amount of 30 mm of rainfall has been
aobtainsed in a given decade. The purpose 5 to stimilate the requirement of

sowing/planting in a molst soil,

The soll moisture ressrve can never excesd the masimum soil moisture storage
capacity and excess rain is assumed to drain freely by gravity.

The model does not take into account contributions of groundwater or fleoding; as
such it is only applicable to free drained spils, not subject to flooding. Mokte that the
WOFOST model (Van Keulen and Wolf 1986) provides an alternmative evaluation procedure
when the groundwater table is considered important (not discussed herej.

When the soil moisture sktorage decreases, the crop svapotranspiration will remain
at ite maximm level as long as a fractiom of p of the total available soll water {(5a.0)

is not depleted. The actual crop evapotranspiration (ETal then equals the maximum crop
evapokranspiration (ETc). The fraction p is determined as a function of the crop type

and ETe.

When the soil molsture storage falls below the critlcal walee (l-pl x Ga.h; then
the actual crop evapotranspication ETa will become less than ETe. The depletion of the
available soil water, once a fraction p is consumed, is proporticmal to the actual

avallable soil moisture content relative to the fraction (l1-F) of the total available
moisture.

Fractically the ETa for a ten day pericd ocan be calculated as the difference
Etwemn the initial moisture reserve (MRi} and the final molsture resecve (MRE) of that
coade,

MRl equals the available water storage of the previous decade and the effective
rainfall of the considered decade.

The calculation of MRE is based on the equation of Rijtema and Aboukhsled (1975].
d {5t.0) = 5t.0 x ETc (3] {3)
g {E} (1-piBa.Db
where 5t.0 = available soil water at time t over the root depth.
P = grop depletion factor
fa.0 = total available s0il water over the root dapth
The poszible golutions of thie equation &are presented in Appendix 1. For each

considered planting date the programme calculates ETa and ETc data throughout the
growing cycle of the crop. An example is given In Table 1.
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2.3.4 Determinaticn of the Moisture Stress Index

When ETa is less than ETc, waterstress will adversely affect crop growth and will
ultimately reduce crop yield. The effect of waterstress on the development of the crop

on the crop speclies and variety, the inkensity of the moisture stress and on the
developnent stage in which the stress occurs. The yield respanse factor (ky) .expressec
the sensitivity of the crop to moisture stress in esch specific development stage.

ky = {(1-yaSMm)/{1-ETa /ETn) (4]

Table 1 WATERBALANCE FOR A S50IL WITH AWHC OF 60 mm UNDER SORGHUM IN SELEBI PHIFWE

| decade Elc | kc | Elc | F D[ R | BE | PRI | MAL | =ta |
| {mm) | {mm) | fem) { mm (mmp | {mm) fmon) | (e |
| L
| Mow 2 64 | 0.58 | 37 | o.M 23 | 58 | 24 65 | 28 | 3IF |
| How 3 59 | 0.58 4 0.74 43 43 | 43 4l Tl 3 |
Dec 1 60 | 0.&5 39 0,89 &7 16 5 42 B ) 31
Dec 2 64 0.8d 51 0,60 a7 13 10 15 1 | 14 |
Dec 3 &0 0.53 56 0.57 a7 35 26 27 e B T
Jan 1 E2 1.0 62 0.54 | 100 41 31 | 33 3o ag:]
Jan 2 65 1.0 65 | 0.52 | 100 65 a7 | 50 6 | a4 |
Jan 3 o T [ 59 0.56 100 g1 58 64 I° I | )
Feb 1 53 .4 53 .59 100 41 289 4l B: | 36 |
Feb 2 55 | 0.91 50 | 0.61 | 100 | 102 149 54 10 | 44 |
| Peb 3 51 0.76 3% 070 (100 | 26 | 1A | B | 3 | 25 |
Mar 1 | 54 0.3 | 32 | 0.5 |00 | 16 | 1 | M4 | 1 | 13 |
| i I | I I I I I I
ETo  : Penman evapotranspiration R i cainfall
ko i crop coefficient RE : effective rainfall
ETm : maximum crop evapotranspication MEL ¢ inltial molgture resefve
P 1 depletion factor MRE @ final molsture resarve
D rooting depth ETa 31 actual crop evapotranspiration

ky values for a wide range of crope are presented by FAD (1379). From the
equation the relative yield reduction due to moisture stress can be calculated in  each

development stage as follows:
Yavm = 1 -  kyll-ETa/Eim} (5]

Finally a relative yield reduction (Ya/¥m) or moisture stress index (Iw) for the
whole crop cycle can be obthined by the multiplication of the relevant reduction
factors.,

An example of the output is given in Table 1.

[
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Table 2 DETERMINATION OF THE YIELD REDUCTION OF SCORGHUM DUE TO MOISTURE STRESS ON A
SOIL WITH ANMC OF 60 mm IN SELEBI PHIKWE

] i 3 [ [
duration ind. | 1-ETa/ ky | ¥a/"m | ¥m | Ya

Individual |growth periods | ETm | 1%} {kg/hal [kg/ha) |
growth periods | days | i I |
1 I |
I |
Establishment 20 i | - | 100 | |
Vegetative | EL g.48 | 0.20 | 90 | |
Flowering | 20 | 0,39 | 0.55 | " |
Yield formation 40 0,22 | D0.45 @ | |
Ripening 10 0.59 | 0.20 B8 I

; | | |

Total growth period| 120 | I 56 | 6233 | 490 |

[ [ [ I [ [

Flanting decade : 2 November 13574

2.3.5 Remarks

Several remarks can be made about this methodology, some of them are directly

related to a wider use of the proposed approach.

-

Water stress, although ir:ernllf related to water deflclt; should also take into
account excessive rain ing sensitive stages of crop development which directly
affects harvest and/or post harvest Iogses, The present model does not reflact
this effect, but it is suggested that the parsmetric approach should be utilised
for this purpose. For instance, for cotton the ideal condition should be less
than 5 rainy days &uri;g the ripening month (average index : 100), while mare
than 10 raimy days be conpidersed marginal in the rcipening menth {average
index 1 32).

Doorenbos et al. (FAO 197%) discuss the ke and ky factors for 26 crops. ko
factors are however known for pany more crops. On. the other hand no ky factors
have been given for this expanded list. Two Ways to widan the application of the
approach are suggested hece:

— When the ke wvalues are known, but ki values are unpublished, one can replace
the moisture stress index by Effective Rain/ETc ower the whole growing pecicd.
The latter factor showsed a highly slgnificant corcelation wlith the ETa/ETc
tatio in Botewans.

— When o ko or ky values are known, which iz the case of many perennials, it is
sted that the parametric approach should be used {(Bioct et al. 1984;
ergasle 1988).

Kote that the programme runs th each suitable planting date for the whole
period where rainfall data are available (see Table 3). & final evaluation of the
average yield reduction should be based on a probabiii analysis. BSeveral
assumptione can be made, by considering that at thfu: stage high management levels
are assumed, the avecrage of the maximm yield obtainable esach year can be
calculated. Other possibilities are:

= To take a fixed planting month {(e.g. December in Botswana) and saverage the
highest decade potential within this month only.

= To take the actual planting date if data are available.
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Table 3 ANTICIPRTED YIELD (% OF RADLATION LIMITED YIELD) OF SORGHUM UNDER
FAINFED CULTIVATION AT SELEBI PHIFWE (BOTSHANA)

Toecade [OcE [Oct [Oot [Mov|Nov | Nov [Dec [Dec [Dec [Jan |Jan] Jan | Feb | Feh[ Feh[Mar [Mar

Growing {1 2 |3 11 j2 |3 [ |2 (3 |11 1213 1 12 13 11 |12

= s f

I

LST4 /75 - - | = - |56 |B& |= 8 |= 31 |26 |29 |21 |37 |15 |- -
Tﬁﬁﬁ - : - I - t - = J= |= |- |27 |26 |- |- |- |18 |- |- | -
6T | = | =)= | =80 = |= |= [= |32 [= |= [= (20| 9% |- |7
TR 8L | =1=l= = - |- {3 RAT & = 1=1= |-
it =l El=asE E == 1= EilERE =
980 | = | =|=-|=1=- |- |- |27 |= |- (14 |- [0 |- [T |9 |=
sl 1= 1l=1=1l=1- |- 3T |- |39 |- 45 |~- IED 19 ] = = 11
: - l=l=1l=F 4= F =1 I=1= 1= 1=I- 1-
EI,L’;:% S 111 1 ~f= = 19 |2 [= |~ = [2L= = J10 |= [ =

P Bl e (== == e e s e |= =
BeAS | - | = |=-1=I3L |- |19 |- |- |- || B |8 |- |=-1- |-
8586 | - | - |- |42} |- |- |- |- 2T |- |- |- = Ey =

| 86/87 | = | =|=|- 1= 1= 1= |- |- |~ |- [2|- |- 1-|- |-

| i e e S0 e I I I

hvailable water holding capacity of the considered soil - 60 mm

d, kc factors are established for aptimlrﬁnnting densities under high management,

In reality the leaf area index of crops cultivated under a traditianal

cultivation system is less than the optimal value, so that ETc values are rather
overestimated. A correction of kc factors can be congiderad.

e, Actual evapotranspiration is calculated for each decade. If there is a severs
water strees period, ETa can very low values near to serc. If such an event
ooours during several consecutive decades, thers i & possibility that the croop
moy die although the programme will still indicate a low corcesponding  ackisal
yield. A threshold value for the maximum acceptable length of such dryspell
periode {in function of ETa} ghould be proposed for each crop development stage.

Z.4 The So0il Capability Index

A fixed mmber of scil characteristice are matched with specific crop

requicements in a pacametric approach in which sach characteristic receives a raking on
a srals of zers to one hundred.

Ihe considered soil characteristics are the following: depth, organic cachen
content, base saturation percentage, calcium carbonate content, ealinity, sodicity,
structure, the drainage class, the slope percentage, the flood risk and the CEC.

ALl these characteristics are generally determined during routine soil surveys.
In Botswana such data are stored In & computerized soil data bank that at the moment
contains more than 2000 soil profiles with analytical data and site characteristics.

Depending on the crop, the depth to which soil. characteristics acte taken into
account varies in order to simulate the c?r.iu- rooting depth of each crop. For
ingtance, for groundnutz only the top 75 om is considered; for cocomut, soil
characteristics up to 150 cm have to be determined.

The final soll index is obtained by miltiplying the individual ratings (divided
by 100) which is in the range between 0 to 100,

2.6
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Z.5 Correctable and Uncorrectable Soil Factors

Theoretically every soil factor can be Influenced in such a way that it
approaches the iddeal conditions for the gspecific lamd utilization type  under
consideration. The gensral land use thet is discussed in this paper is rainfed
agriculture, hence scil properties that regquire water management medsures are considered
to be wncorcectable for  this type of agriculture. This concerns, in packiculac,
drainage, when the soil s too permeable and has high salinity cantent. The effect of
water harvesting technigues is not considered at this stage as their design normally

goes beyond. farm level.

The correction of the other soil  propecties through adequate soll management
would theorstically result in a parametric rating of one hundred for each of these
characteristics. To similate more realistically the input sffect, three levels of sail
inputs are rcecognized and arbitrary improvements of the soil propercty rating can be
given.

Taking into account the present rules, three sgoil indices can npow be calculated,
one for each input level.

2.6 The Anticipated Land-detsrmined Yield

: As explaiped in the general introduction the snticipated land-deteérmined yield
caleulated by the present model is bazsed on & multiplicikty approach and assumes thabt the
parametric index is equivalent to a percentage potentiality of each factor |temperabture,
soil), while the water stress model calculates the wyield ceduction due to molsture
deficiencies. The starting point of the caleulation is the radiation limived yield which
ig in fact the maximmm obtainable ywield for the site and crop under study.

This reasoning can be expressed in the following eguation:
MO(T = ¥o x It x Iw x I8 (I) (6)
whereirns:

YA(1) = the anticipated land determined yield at & given input level

¥m = the radiation limited yield (section 21.1)

it = the temperature factor

Iw = the moisture strese factor (section 2.3

15(1) = the soll index as & function of the input level I

{secticns 2.4 and 2.5}
1 = can be low, moderate or high

The validity of equation 6 has been tested as 2 whole or in parts by several
authors for specific crops in A variety of countries and production situaticns. Biot et
al. (1584) and De Baveye (1986) found statistically significant linear correlations with
the actual yield of sugarcane in Malaysia; Cools and Bruggeman (1984) reported highly
significant correlations with paddy rice yields in on-farm studies in Laos; Embrechts
(1978) reported significant correlations between the soil index and cacao production in
Camecoon; Nachtergaesle (1985a) cocrelated soil and climate indices with  actual
production of winter wheat, olives and white Entataa—a in Northern Algeria; Bruggeman and
Hachtergaele (1386) found statistically ighly significant correlations betwsen
anticipated and actual production of sugarcane, maize and paddy rice in Laos, Thailand
and Vietnam; Nachtergaele (1988) and Gibbs (1988) reported good correlation between this
methodology and anticipated yields based on agrleultural experience in Tanzania for a

wide range of crops.
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2 Preliminary Resulte in Botewana

This methodology was introduced in Bobswana early in 1989 and some time had to be
epant to install and refine the methods of the authors cited in the introduction. In
addition to the soil databank which existed, a climatic databank bhad to be set up and
links had to be made between these databases and the computerized programmes in ocder to
be able to calculate the soil and moisture strese indioces.

The collection of actual yield figures has only recently besn started with

is on farm research 'obtained yields both for reliability and for consistency of
information. Agricultural statistics are notocicualy pather unrelipble and difficult to
link with specific soil and climatic conditions as they are generally presented for
adminisErative wnits. The approach of Bruggesan and Machtecgaele (1986) which deals with
this kind of matching has not been tested yot in Botswann.
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Calculation of actual evapotranspiration (Ela)

In calculating actual evapotranspiraticn (ETal, it ls eassumed that actual
evapotrangpiration is egqual bo Baximum evapotrangpication until the fraction (p} of the
tatal availaple soil water (Sa) over the root depth (D) has been depleted. For a given
crop. ETa Is determined by the evaporative demand of the alr when avallable so0ll wacer
dogs not DEELTicCEt evapotranepiration. Beyond the depletion of the fraction (p) oFf tobal
available soil water ([5a.0), ETa will £all below Etm and ETa will depesnd oo Ehe
cemaining soll water and on Etm (3ee Fig. A.l). Under these assumpticons the following
relaticnships hold (Bijtesa and Abcukhaled 1375}

ETa = ETc - d 5t.D where 5t. {l-pi3a.D (1)

dt
ETa = ot.0 x ET¢ = =d =5L.D whaere 5t.Dxil-pisa. 0 (1)
{1-pisa.p dc
whera 5A.D = total available soil water gver the root depth
St.D = available sgil water at time t ewer the root depth
p = gdepletion factor of the crop
ETa

|
|
| ETa = ETao
1
1

ETa<ETC

P e e o ok e o G

F 5a.D TI-p] Sa.0  Available saiT
marscdre [Sk)

Fig. &.1 The assumed evolution of the actual crop evapotrenspiration with a changing
available soil moisture reserve

The ETa value for a decade equals the difference between the initial aveilable
so1l water of that decade (5tl.D or MR1) and the final available goil wacer [5t10.D or
MRE) .

The svailable sScil water at the beginming of the decade is the sum of the
effeactive rainfall of that decads and the availabls egail wacer at the end of the
previous decade.

The calculation of the available =soil water at the end of the considersd decads
ig obtained by integration of differential eguations.

For practical reasons three differsnt situations have to be considered:

& Btl.Dx(l=pj5a.0 and 5t1.0 = (l=p)Sa.0> 1
Etcidecads )
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or in other words Sel.D is high enough to allow maximmm crop evaporranspiration during
the entire decade,

Under these conditions :

5t10.D = Bt1.0 - Efc(decade) 13}

b, Stl.Dx1l.p)Sa.D and Etl.n—!lmE;Ea,_L:u:l

These conditions imply that during & cectain mmber of dave (10-t) ETs equals ETo, ‘buot
that after (10=t) days ETa is smalier than ETc, and this For a peciod of £ days.

Thus ¢

5t10.D » {1-p}Sa.D.e Efcidecade) .t 10 1=-p)5a.D {4}
©, Stl. B|l-plEa.D

or the initial available moisture reserve never allows maximum Crop evapotranspiration.

Under these conditions, integration of equation 2 gives i

GELG Dim Gkl D = PRGtORCHlR.C{1pIBR.D (5

The computer programme used in project BOT/85/011 calculates. 5t10.0 and conssquently
Etaldecade | according to latter equations.




e.11 FAOISRIC BOIL DATA BASE

by

Erik Van Waveran

INTEODOCTION

The FAQ/ISRIC Eoll Database (808} is & user—friesndly micro-computer Program  Eo
gtore, organize and manipolate 30611 data of diffecent l:lim.ut‘f: regions and geographical
environments., S08 is developed for the S50il Fesources, Managemesnt and Consecvabion
Eervice of the Land and Water Development Division of FRD.

5DB 15 a mxiification of the Botswana 50il Database {Van Wavecen 1988). A lacge
part of 808 is, conceptually, based on the ISRIC Soil Information gystem (I8IS), which
accomadates tha s0il momolith collection of the Inkernabtional Ssil Refarsnce and
Information Centra (Van Waveren and Gos 1988 .

50E ls developed to handle soil profile information, inclwding field information
and chemical and physical analytical data. The main features of the system age:

A memi-based Interactive user Interfece. On-screen Instructlions and help
screens assist the user in running 5DB. Options: are selecked and stacted

by simply preseing single keye.
Data entry amnd update facility includes a valldity control on coded data.

Extensive selection facilities: Results may be gent to a printer [(tebles,
profile descriptions) or to diskfiles, thos creating datasets for furkher

computerized analyses.

& teadwrite facility to commmicate with other 5DB databases. This

facility allows the user, for instance, to enter difectly Lo the £ield
wingbn portable computer and subsecuently add the data to the main
tabase.

A Elexible coding system module, which can be adapted to local conditions.
The databages are protected againet operaticnal strore and power failures.

6DB is a stand-alone program and does not need a supporting database
mansgement sysktem. The program cofde i written in the dBRSE preogramming
language and later compiled with Clipper (Mantucket 1967). The datafiles
have a dBASE format and consecguently can be used directly In dBASE, as
well as in any other application programme that reads dBASE files, such
a5, statistical packages, word processore, expert esystems  [ALES],
geograpghical information systems.

Algo, the datafiles can be bransformed inko ASCTT (text) Files with a
E_iqln AEASE command.




= 3 -

SD8 CODTNG SYSTEM

To facilitate sffective databaze managemant the descriptive fisld data need to be
stored in a coded format. GStocage of coded data reduces the size of the databases and,
equally impartant, it standardizes the descriptive data and thus allows for selectiom,
comparison and validity contrel.

& coding system gives the classification and class codes of all the wvariable
{ptbributes) that are for the soil description. For example:

Variable (attributs) Classification (code and related term
Lardform PL plain
YA valley

(] - S
Cutansg [abundance ) Fofrw

C COmmo
M many
The coding system module Eorms an integral packt of 508 and comprises & number of
comersion tables. A conversion table contains the classification of a single variable,
For instance the comnversion table for Cutans—-abundance may look Llike:
2 nil
F fow

L Common

A Many

Obviously, it 1B extremely difficult to design & ooding system that (s
universally applicable and meets the requirements of all potential users. Therefore, 508
eontaing a Elexible coding system module which allews the user to make the necessary
nnﬂ.i.fic.;tkm:- in order to describe specific goll characteristics effectively. More
precisaly:

a8 The classification of variables and the related class codes can be changed.

b, The standard sets of site, horizem and anelytical variables can be extended by
defining an additional rumber of *blank’ site and analytical variables,

These operations are cone intsractively and do not require any modifications to
be made in the software.

S0B comes with & default coding syetem which ls intended to serve as a basis for
further development. It Efollows the FAO Goidelines for Soil Profile Description [FAQ
1977} and has been updated acccrding to the first draft of the Revised FAD Guidelines
{Macch 1989),

-
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CUTHITS AND APPLICKTITONS (A FER EXAMPLES)

. S0il Surveys:

Qutput: 508 generates ceports din standard foomats, such as so0il profile
descriptions and tables with analytical data.

BOB creates pets of systematically and uniformly described scil profiles which
enable proper quality contrel and compariscon.

=08 allows for grooping oc differentiation of soil profilessunits on soil
charactecistics other than thosse used in soll classification. This mey be very ussiul
for legend construction, walidation and inventory of soil units.

b. in Land Evaluatcion

Teaditienally, the interpretation of a soil unit is based on a representative
goil profile which more or less characterizes the unit. The soil datebage snables the
evaluator to use a different approach: First the soil profiles are evaluated and  the
Eaneralizatinn (grouping of point data into wnits) 1z done afterwvacds. Inm other words

Calculate First, generalize later" instead of "Ceneralize firet, calculate later" ({zee
Bouma 1389). The main advantboes are @

- The land evaluation procedures become more precise and basically scale
independent

- Validation of the evaluation procedures will be easier,

Both factors arfe extremely dimportant for the -development of a {semi=]
guantitative and computecize land evaluation system.

Figurs 1 is added inm order to illustrabe the position of S0B in a computerized
land evaluation syscem. The flow disgram visualizes the data Lnput strocture of the
system, which is presently developed in the Yemen Arab Republic. B5oil data derived from
various sources are transferred intoc the standard format (according o the coding
system) and stored in the soll database.

Bagic Daca | Data Preparaktiaon Evaluoaktion
(B8 | SOMMSOIL

Egﬂbge L ESZ‘?L??’"?EEE —"1 gnpn

CLIKDAT SOUMMCLIN

e T
[TOFXT | [SORMULT DT ogranme

e I Y miu i |7

databage data

Fig. 1 pata input/preparation for land evalypation in the Yemen Acab Fepublic.
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A computer program extracts celevant field amd analytical information from the
Ecil database, recalculates the profile information for  standard depth intsrvals, and
etoces the daks into a file.

This dacaflle provides the Information on land characteristics for a computerized
land evaluation system, which iz developed with ALES (Bossiter and Van Wanbeke 1989},

e information an climate and land use types Ls stored In separate databases.

S08 runs on IBM (compabible) X7, AT and PS/2 micro computer with at leaat  5l2kb
of BAM and & hacddisk. Por small amounks of daca, a hacddisk is not essential. K 720 kb
digkette is sufficient tb ‘store the 508 systea files and Information 'on -approximately
30-40 profiles.

A complete description of 5DB is given in the 508 User Manual. To obtain the SbHA
package please write to: Chisf, AGLS, FAD, Vis delle Tecms di Caracalla, (0100, Pome,
Italy.

Bouma 3,  Land qualities in space and time. (In: Land gualities in space and Eime:
1989 Proceedings of a & fum organized by the International Society of So6il
Er:J.Enr:e. Wageningen, £2-28 August 1956,

FAD. Guldelines for soil profile description, Ind. sdition, Foss.
18977

PO, FAD-15RIC 5o0il Database (SDB). World Soll Eesources Report No. 64, Rome.
1985

kantucket. Clipper. A Dbase I1I compliler. Los Angeles, USA.
1877

Eossiter D., and A R. Van WwWambske. Ales version I. Ussr's manual. Cornell Umiversity,
1989 Ithaca, MY, USA.

Van Wawveren E. and A.B. Bos. ISRIC So0il Informstion System, User Manual and Techmical
1968 Manoal. Revised wedition. ISRIC Technical peper 15, Wageningen,; The
Wetherlands.

Yan Waveren, [E. Botswanid Soil Database Mamial. Field document Project BOT/B5/T01,
i98a, FROAMDPGove. of Botswana, Gaborome.
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Avallability of molsture is one of e most Impoctant land gualities affecting
crop production in  Eastern and Bouthesn Africa. 1t was observed, however, during the
meeting that less attention ‘was paid to this crucial area by mopt menbear countriss in
theic progoammes,  honce the need to develop efficient and  sulitable sethodology for
pssessing and rating it. Definition of this ouality is essential both as a part of
ogverall land evaluvation and alen to prediet the fmpertancs of intespaprual Flockdation in
polsture avallability on crop peoducEian.

Az a regult of the prezent mesting Lt was suggested that:
1. The year by year variation in molsture availability should be taken into acoount

This i of particular importance in predicting the incidence of drought = and
mluattﬁ its potential ispacc an producticn. Neither of these assessmenbs  can
be carcied out esing average data. Year by year analysis should be presented in
terms of probablliey, and  the pumber of years analysed - ghould preferably be
sufficient to thak required for amalysis of confidence limits.

= A modsture halance model shiuld be used, incorporating precipitation, evapo-
Etorage

ration goil moieture stocage

Soll moisture balance should prefersbly be carried out for 10 day or 5 day
periode; ueing actual precipitation data and PET walues interpolated Ecom mﬁm
figures, If daily rainfall figures are pot available monthly valoes can be
alchough aesesement will be lsss accurate.

3 Modsls ghomld be orop and ooil apecifie
Moisture balance 'model should take account of the: specific moisture uptohe
abilities and” yield responses of individoz]l crope and  the modsture retention
characteristice of particular soile.

4. Purther investigation of various parsmeters wused in the model should be carried
ok

In particulat, soce Information iz nepded on such Fackors as:

- correctien Eor  effective rainfall, taking inta account intensity,
run=off nin-on charactecistics of site and soil infiltration;

- assesging contribution of grodndwster to modsture balance, particularly under
rasidual moistucs cropping;

- eebimating Ehe initial goil wmoiskure content at the stack of the crop. growimdg
B2XE0ON]

- what additional s0il physical detecsiiation needs to be carcied out in  the
field or the laboratory, to asaure reas.oshle acocuracy of the modal.

5. Testing and verification of the model should be carcied out by comparison  with
actual crop ylelds

The outpot of the moisture balance modelling be expressed either
guantitatively; as a yield relative to that which could achisved when molsturs
ig not limiting, or qualitatively as a land sultability rating. In both cases
cesults should be verified with actual ylelds, preferably those cbtained under
controlled conditions on research stations. If agreement is poor, modlfication of
acme of the paramsters osed in the model may be necessary.
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Spatial variation in moigture availability should be imeestigated
Actual field measurements have often reveéaled large variations in soil molsture

contant within short distances. Attempts should be made to assess the level of
variation within mapping units or on imdividual farms,

Clagsification of soil moisture regimes should be further developed

Soil molsture tegimes are parcicularly wvalusble for classification -and

correlation purposes and existing classifications need to be expanded to  improve
definitions for tropical and subtropical conditions,
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8. FIELD TRIP GUIDE

GENERML

The field excursion was from Harare to Chiredzi, via Masvingo, a distance of
about 500 km. Two days were allocated for thiz trip. On the ficst day, 4 profiles were
visited between Harare ard Masvingo. Participants spent the night in Chiredszi. On  the
second day, another 4 profiles were wisited in the Chiredzi area. 0On the third day,
participants travelled k to Barare and en route visited Mushandike Irrigation Scheme
in Masvinga.

FROFILE 1

Profile 1 ie located in Beaktrice, about 55 km south of Harare. Beatrice is a
commercial famming area in Matural Region II; which is suitable for intensive crop
production suppocted by livestock.
Climate

The table below depicts climate data for the Beatrice site,

Manth Rainfall [atuce FET
TR SR M.0. Max. .D. Min. of Tmm)
Jul 1} 23.0 4.9 75
Aug 1.5 25.6 BT 100
Gept 5.d 28,9 10.2 129
ook 3.1 0.8 13.8 159
Fow 106.7 28.9 15.% 134
Dec 1e9.1 27.59 16.8 127
Jar 173.5 7.9 16.9 125
Feh 1571 1.6 16.8 106
Har 83.5 27.8 15.0 114
Apr 44.5 27.1 12.9 g1
May 5.3 25.1 g.4 TH
Jun 3.1 22.8 5.3 59
Year 275.9 25.5 11.%9 108

Beatrice is at an elevation of about 1 300 m above sea level with a mean annual
rainfall of 776 mm (V% of 32) and a mean anmual temperature of 19.4°C. Since HNatural
Region Il is defined by climatic conditions that favour crop and animal production, it
is the region in which soil characteristics find their fullest agricultural expression,
The cange of crops, the level of productivity and the degree of intensification of
animal production made possible by the favourable climate, provide scope for choosing
systoms of farming that utilize in the Fullest measure the wvarying potential and
peculiarities of the soils.

Soils in the area are derived from basaltic metavolcanics which give rise to dark
reddish brown clay loams to clays. '

5cils are inherently fartile and are suitable for large scale crop production
which can be maintained at high yield levels by suitable systems of rotation and
management. In the area, farming systeme are dictated chiefly by the necessity for
maintaining soil organic matter. The soils respond to a restoration period under



fertilized grass. Pastures are playing an impoctant park in the farming systems of the
area resulting in matecial cash veturns through the integration of animals,

Crop Production in the Area

while maize iz the main croop, mmerous side crops  (winter wheat, beans,

ans, eunflower] also play important roles in the cropping programoes. Apatck
from their value as potential cash crops, can provide valuable residues for feeding
livestock as an addition to crops growm specifically for this purpose.

Daicy Production

Intensive dalcy production of whole ag well as Industrial milk is also Importankt
in the area. Production is based on yield in susmer and fesding on pastures in winter
together with complete supplementation with concentrates throughout the year. In
addition to these main lines of animal prodoction, thece are associated profitable
supplementary enterprises of sheep and plg production,

FROFILE 2

Profile 2 is in the Featherstone area. Climatic data for Chivie, about 35 km to
the south, have been used to repregent this area.

Monkh Bainfall cature PET
T TOlmm) M.D. Max. M.D. Min. of Tmm)
Jul 1 0.3 5.9 a0
Aug 3 23.0 7.4 111
Sept 7 26.5 1d.0 161
oot 8 28.3 13.0 184
Mo 99 2.8 14,4 144
Dec 181 261 15.1 133
Jan 172 6.2 15.4 133
Feb 113 5.9 15.0 111
Mar T 25.9 13.8 1ia
Apr 27 4.8 12.0 21
May [ 22.8 8.8 Bl
Jury 5 20.4 6.5 E5
Year 710 2.7 11.4 119

Featherstone lies at an elevation of 1 410 m in Matural Fegionm III, with an
anmual rainfell of about 710 mm, and & mean annual tempecatuce of 18.1°C.

Much of the rainfall is: accounted for by infrequent heavy falle and the region is
also subject to falirly severe mid season dry spells. The liability of the region to
these drought spells, together with the lower effective rainfall, reduce the reliability
of crop production and intensive pystems of farming based on cash cropping alone, are
therefore impracticable. In addition, crops with long growing periods are excluded; this
is 11lustrated in the table below which shows the safety of growing crops with different
requitements, Mumber of seasons out of btwenty in which crops of various growing-season
requirements can be produced satisfactorily |(calculated from rainfall Figures).

Growing-season reqguiremsnts
150 days 130 days 110 days S0 days 20 days
Chivu 3 T 12 17 20
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Crop varieties grown in this region must therefore be early maturing and drought
resistant,

In Waktural Region III, the reduced efficiency and the unreliability of rainfall
limit crop production both in range and potential yield. Bmphasis shifts more towards
gemi-intensive systems based on livestock assisted by crop production, pacticulacly aon
goils of high available moisture potential. Thus soil characteristics thak affect the

water holding cepacity assume greater importance than in Matural Region IT where soil
fertility is more pacamount.

Although there is a fairly wide range of gsoile in the ares, the profile depicte
fine grained Eands on Triassic sandstones with imperfectly drained subsoils, The acea is
virtually treeless and gently undulating, On thess scils, cropping potential is limited
due b0 low fertility wetness. Cropping potential is best directed bo the production
of fodder crops bo support semi-intengive livestock production with sideline cash crop
productian,

Livestock tion should be based on the highegt possible E:::dmti-:m trom the
veld in sumer production should continue into winter on a semi-intensive plan by
supplementary feeding., Small flocks of sheep are a useful sideline.

The atea has a high peccentage of ploughable land but little gopd land. Thus
large areas can be cultivated to supply the orop requirements: of the system. Millet

gerves well for silage purposes.
The poor sandy nature of the =olls cequices that they should not be subjected to
contineous cropping and rotations should include periods of rest under grass  leys,

fertilized at moderate levels. The planted pastures in addition to assisting soil
stabillzation will provide suitable grazing acea for livestock development.

FROFILES 3 AND 4
Climaric data for HMakaholil

Month Rainfall Temperature FET

' Tmmy M.D. Max. of M.D., Min, oC {mm
Jul 1 21.1 6.2 &8
Aug 2 23.9 B, 4 102
Sept 5 27.2 10.9 139
Oct 3 28,6 14,2 164
Bov BA 27.9 LELS 138
Dec 154 27.6 16,6 138
Jan 144 27.9 16.8 140
Feb 124 .0 16.1 113
Mar 68 6.4 15,0 111
Apc 26 25.1 12.8 53
My £ 23.2 9.3 73
Jun 5 20.8 6.6 &0
Year 650 75.6 12:4 112

Makaholi Experimental Station lies about 30 km north of Hasvingo town at an
elevation of 1 200 m. The area (s subject to periodic seasonal droughts and severe dry
spells during the rainy season. Thus, al mean ' ammaal rainfall is &00-700 mm, ino
nopmal years, 331 mm wvas recorded in 197273, The risk of drought makes cash cropping
uneconamical on soils of low water holding capacity that require appreciable expenditure
on soll improvement. Farming tems on @ limited scale for drought resistant crops and
foddec crops in support of —axtensive beef production are best suited to this area.
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Soils in the area are derived from granite which is mainly of the sheet or dwala
type. Because of this type of parent material, wertical drainage to depth does not ocour
and surplus water moves laterally through the solum to drainage lines. Due to impeded
drainage the soils becoms waterlogoed during the raimy seazon; conssquently the products
released by chemical weathering remain within the sclum for considecable pericds. At the
sam= time, due to anasrcblc conditions, dron in the soll s reduced by bacterial action
to soluble fercous forms. These two factors lead to destabilization of the clay fraction
which is then remosed from the solum by drainage. The result is a leached wery sandy
soll (Profile 3). On higher grouml cosstal positions, the solls &are brosm  (7,5YR
coloucs] and analysis shows that these soils contain more free iron. These factors
suggest that the soils have developed under conditions of relatively good dralnage.
However . the presence of lateritic gravel in the lower portion of the solum may indicate
that these soils have suffered from hydromorphy (Profile 4.

The area is in Matural PRegion IV which is suited to a eemi-intensive farming
eystem. The suitable farming systes should nob enly be in accord with patural factors as

wall as based on livestock production but also should be intensified to some extent by
the growing of drought resistant fodder crops.

FROFILES 5 1O 7
Climatic dakta for Buffalo Range

Monch Rainfall Temperatore FET

{ o) M.D, Max. oC N.D. Min. oC Tmm}
Jul 3 5.5 B.7 T
Aug 8 2717 10.8 115
Sepk 16 0.7 1.5 16y
Oct 34 31.6 16,8 182
Mo 78 32.2 18.9 184
Dec ad 32.7 19, % 173
Jan i1s 3859 2.3 171
Feb 129 1.2 187 131
Mar 81 30.5 18.5 127
hpr 29 9.0 15.3 85
May 15 274 11,7 77
Juan 3 25.0 8.2 &6
Year -1ELT 29.7 15.3 1249

Profiles 5 to 7 are represented by climatic data for Buffalo Range. This iz the
major sugac producing acea in Zimbabwe. The low veld is typified as a region where the
soil-moisture seasori, although variable, L8 generally very limdted. The scils are,
therefore, much shallower and less weathered with high base saturabtion and reserves el
weatherable minerals.

Profiles 5 and 6 at Hippo Valley Estates are under irrigated sugaccane. The soils
are mainly derived from gneiss and these generally give rise to a range of contact soils
with those derived from basalt. A feature to note 15 the development of perched water
tables in saome of the profiles capsed by almost 24 years of icrigatiom.

Profile 7, Chiredzi Research Station, is also derived from mafic paragneiss. The
solls are reddish brown sandy clay loams over redder sandy cl and sometimes over
clays. These in turnm overlie weathering gneiss and there is generally a horizon of mixed
soil-like material and weathering rock of variable thickness. This intermediate horizon
often contributes very materially both to the svailable water capacity of the soil and
to its inherent fertility.

[

e EmLERETEOnR> o =

=

——



BEm DI MA@

W T LT

=107 -

Climatic data for Chisumbanje

Month Rainfall rature PET

Tmm} M.D, Max. oC .. Nin. oC Tom)
Jul 2.6 25.4 8.0 11%
Aug 4.3 27.6 10.3 160
Sept 4.3 30.7 13.1 219
oct 24.6 32.0 16.8 256
oy 3.0 2.0 18.7 234
e e L | 32.0 16,4 an
Jan 104.1 12.0 19.8 213
Feb 2.4 i0.9 19.3 163
Mar 52.0 0.6 18.0 1717
ADr 17.0 29.3 15.3 143
Kay 7.9 21.5 11.2 122
Jun 5.9 25.2 B.& 0
Year 463.4 29.6 14.9 177

This data is for the period 1960-1576.

The area secved h{ igumbanje is the largest single tract of relatively deep
basalt-derived soils in Z . The soils, in the main, consist of grey to hlack self
churning clays characterised by loose granular surface horizoms of varying thickness
which fﬂh& up wabter very rceadily. This surface horizon overlies a lesa permeable
subsoil.

Profiles 5 to & lie within Natural FBRegion IV where climatic factors completely
dominate the naktural land use. Rainfall is low and erratic and farming has to be based
on the utiligation of the veld alone. Extensive cattle farming and game ranching is Ehe
only sound Earming system. However, irrigated agriculture hes completely transformed
this natural disadvantage of the area. Large scale irrigation development has expanded
and is served by a number of research gtations in the area,




Grid Reference:

TO-T31-785 Map Mo: 1830-84

Profile Bo: 102 /D089 Pedon Mo ¢ 1
Author Hoyo, M. Date: 11.9.89
Location: Iryondo A Farm Beatrice
Elsvation: 1300 m
Rainfall: 776 mm
Landscape: Form Pediment
Shape Flat or almost flat
Slope: Posktion Hiddleslope
Peccent 2

Aspact 270 degrees
Erosion: Severity Milsslight

Type Eheet

Capoing: Mil
Burface features: Gtones Mil

uteorops Oocasional

Cracks Fine (0=5 mm)
Physiognomic clags: Clesred land
bDisturbance class: old fallow
Effeactive depth: 105 cm
Matural region: 1IB
Clasgification: Zimbabwe group: 4 - Biallitic

family: E = Igneous & Mebamorphic - excloding basalts
FAO Unesco: Chromic Luvisol

Description
0 = 18 em

16 - 42 om

4z — 105 o=

Comments

FS0A 20il Taxonomy: WYery Eine clay mixed igothermic Lithie Rhodustalf

Haize (7 t/ha}, potatoes (1.5 t/ha) and Eikuyu grass as pasture
{40 t of dry matter per year). Dairy farm.

Dark reddicsh brown (2.5¥R 374d} dark reddish brown {2.5¥R 34dm); clay
loam; dry, hard, moigt, firm, plasktic, sticky consiztence; mpoderate
medium subangular blocky structure; good permeability; well droained;
few Eine Fe/Mn staine; numerous fine rootsr few ar small stones
{guartz); gradual smcoth boundary; 1Bos thick; pH 6.2.

Dack reddish brown (2.5¥R 3.4d) datk reddizh browm (2.5%R 374a) clay
loam; moist Eriable, plastic, sticky consistence; modetate Eine

ar blocky structure; good permeability; well drained; few
medivm Fe/Mn stains; faicly numerous fine roots; many angular ooarss
gravel |(quartz); clear wavy boundarcy, 24cm thick; pH 6.5,

Hard and soft weathering rock. Good permeability; well drained; few
fine roots.

Exotic syrimga trees provide shelter for grazing cattle. Horizon 3 has
goil=like matecial (s.1.m), hacd and soft weathering rock. There are
inclusions of weathering rock in horizon 2. Horizon 3 was not sampled.
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Analysis:
Depthi{cm)

Lab Mo

DM

Texture

Clay &

5ilt %

Fine sand %
Medium sand %
Coacse sand %
Gravel %

pH (CaclZ)
Carbonates %
Bl Ca (m= %)
EX Na (me %)
EX K (me )

Profile 1020089

b= 1H
Y1171
84.8
L
63
16
21

5
4
2
B.2

10.8
7.9
0.17
1B.4
22.7
B3
42.6
35.5
0.4
0.8

Mot sampled

- 103 -

Pedon Musber 1

1B = 42

Y1173

4.5
c
65
16
13

13
6.5

14,0
10.8
0.14
£3.1
26.6
34
40.7
8.4
b2
0.7

L]
q2 = 105
Yiivs

e —
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Grid Reference: m-775.311 Map Ho: 1830-oD2
Frofile HNo: 99,1089 Pedon Moz i
Author : Move, M. Date: 16.8,85
Location: Donkerhoek Farm Featherstone
Elevation: 1410 m
Rainfall: 750 mm
Landscape: Form Pediplain

Shape Flat or almost flat
Blope: Position Upperslope

Percent 2

hapect 240 degrees
Erosion: Severity Hil/slight

Type Sheet

i Hil
Burface featurss: Stones Mil
Dutcrops Hil
Cracks Wil

Phyvsiognomic clags: Cleared land
Mean tree height: &6 m
Mean grass height: 25-75 om
Pisturbance class: 0ld fallow
Principal species: Paricuca
Effective depth: 161 om
Hatural region: g 1

Classification: Zimbabwe group:

b - Persiallitic

family: W - Sandstones
Eeries: Featherstone 58.3
FAC Unesco: Butric Regoscl

Land use:

Description

0 - 25 cm

25 = T4 em

SDA So0il Taxonomy: Sandy miwed isothermic Typic Cuartzipsamment.

Daicy farm, The farm produces 1 425 litres of milk pec day.
Gragses are grown for cattle feed,

PFale brosmt (10YR 6/3d) browm 110&! 5/3m) fine grained sand; dcy loosa,
moisk loose, mon plastie, Ms consigtence; apedal structure;
rapid permeability; wery 'H:l.l dn.i § very numérous very fine roots;
no stones; clear smoocth boundacy; 25 cm thick; pH 4.9

Very pale brown (10WR 73 4}, light yellowish brown [(10¥R 6&/4 m); fine
grained sand; Eew very fine faint boownish yellow (10¥R 6760 mottles;
dry leose, moist, lecose, non plastic, non sticky consistence; apedal
structure; rapid ptmubilityr moderately well drained; mmerous very
fine roots; no stones: abrupt smooth boundacy; 49 cm thick; pH 4.7




™ = 96 cm

95 — 161 &m

Analysis:

Depth (cm)
Lab Mo

e, B

Texture
Grawvel ®
Coarse sand %
Medium sand %
Pine sand %
silt 3

Clay %

pH {(CaCl12}
Carbonated %
EX Ca (me &)
EX Mg (me %)
EX Ma [me 1)
EX K (me %)
TEE (me i)
CEC (me %)
Bage Bat %
E/C

5T

ESP

EKP

~ 106 -

Light yellowish browm (5.5Y 6/4), fine grained sandy loam; common  very
fine distincht red (2.5YR 4/9) mottles; wmodst Eiim; slightly plastic,
slightly sticky consistence; massive structure; good permeability;
poorly drained; common medivm Fe  staing; few wvery fine roots; no
stones; gradual smooth boundary; Z2cm thick; pH 4.6

Bed {2.5¥R 4/8 m}, fine grainsd sandy loam; sany medium prominent light
grey (5¥ 6710 and brownish yellow (10YR 66) mottles; moisk, friable;
slightly plastic, slightly sticky consistence; massive structure; good
permesbdlity; poorly dralped; common medium Pe  skalne; few very fine
roots} no stones; pH 4.5

Profile 99-0089% Fedon tumber 2

0= 20 3 R 76 = 94 g8 - 160
Y1031 Y1032 Y1033 Y1034
ga.7 S8 F9.8 897
£5 it EsacL f5alCL
L& (5] o £
1 1 4
11 10 | 7
BE B7 &7 &H
2 1 F; 2
1 21 41
4.9 & 4.6 4.5
0.6 1 1.id 1.1
0.1 o 2.2 1.9
a.ou .02 .04 a.04q
0.18 0.08 0.28 0.18
.8 1.5 = 3.2
1.6 1.2 B, 5.9
51 1040 59 56
1E0.0 240.0 29.5 1.6
82.0 240.0 17.5 15.4
.0 1.7 0.6 0.7
1123 6.7 1.5 31
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Grid Reference: TO-6TA_ 046 Moz 1630-Da
Profile Mo: 101 /on B9 P Mor 3
Author: Moyo, M. Date: 17.8.85
Location: Makoholi Experimental Stationm CPU
Elevation: 1180 m
Rainfall: 50 m
Landecape: Form Pediplain

Shapa Gantly undulating
Elope: Positlon Uppecrslope

Percent 4

Aspect 2ol degrees
Eroeion:  Saverity Ril slight

Type Sheeat
Capping Hil

Surface festures: Stones Nil

Fhysiognomic class:

futcrops Wil
Cracks Hil

Cleared land

Mean grags height: 25 em

Disturbance class:

Cultivatedsrecent fallow

Effective region: 168 cm

Hatural reglion:
Clasgification:

Land use:

v

Timhabwe gr 5 - Fersiallitic
family G = Goanites
EEries Makoholi 5G.3

FAC Unesco: Haplic Arencscl
USDA Soil Taxonomy: Sandy mixed thermic Ustic Quartzipsasment.

Cleared not planted.

Trial plots for the Institute of the Departmerit of Ressarch
and specialist Bervices. & land has been under cultivation since
1965 and is used mainly for experiments on maize, pearl millet and
sorghum. Lime is applied every 3 to 4 years, Mamure ig alse applied bo
improve the structure of the soil. Thw soll is inhecently infertile and
therefore nitcogen, phosphorus and sulphur fertilizers have to be
applied. With proper management, the following ylelds can be easily
attained: 5 bt/ha of maize, 2.5 t/ha of pearl millet amd 1 t-ha of
sorghum. Soya beans are grown under irrigation and a yield of 3 t/ha is
expected. New crops like cassava and bambara gooundnut have recently
been introduced,

|
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Description
0 - 35 om

35 - 74 em

74 = 168 cm

Analysis:

pepth {cm)
Lab Mo

oM %
Texture
Gravel W

Coarse sand %
Medivm sand %

Fimne sand 3
Silt %
Clay %

pH (Cacl2)
Carbonates %
EX Ca (me %)
EX Na (me 4}
EX K (ma %]
TEE {me %)
CEC (me %]
Bage Gat %

SEASR

= 07 =

Yellowish brown (10YR 5/4m) coarse ograined sand; moist, looss; nom
plastic, nmon sticky consistence; apedal structure; rapid peomeability;
very well drained; fairly mumerous Fine roots; no stones; clear smooth
boundary; 35cm thick; pH 5.0

Brownish yellow (10¥R &6/%m), coarse grained sand; moist, loose; non
plastic, non sticky coneistence; a structure; rapid permeability;
very wall drained; fairly mmerous fine roots; no stones) abrupt wawy
boundary; 39 cm thick; pH 4.5

Excessively rapid permeability; moderately well draiped; fairly
mumerous fine coots; loosely packed angular small stones and andgularc
cobcse gravel (cquartz);

Horizon 3° has lateritic quarts stones which ‘start at 105 com at the
other face.

Frofile 101-DD-A5 Pedon umber 3

3 = 30 a7 = 72
Y1035 Y1040
959.9 99.8
=] =5

1 ¥
i5 9
34 ¥
ED il

3 1

a 4
9.0 4.5
0.7 L.0
0.2 ¢.0
1.101 0.02

1.1 1.0
1.4 1.0

76 100
0.0 25.10
55.0 25,0
4.3 2.0
Tl 2.0



Grid Reference:

Profile Mo
Muthor:
Locakisn
Elevation:
HEainfall:
Lancdscape: Porm
Shape
Slopa: Fosition
Aspact
Ercsiconi Hﬂfit?
Type
Chpping:
Surface features: Stones
Cutcrops
Ceacks

Fhysiognomic clases

Mean grass height:
Disturbance clase:

Effecbive depths

Matural reglon:
Clagsification: Zimbabwe gr

family
s2ries

FAO Unesco:

= 108 =

TP- 657 - 114 Hap Mo: 1930-D4
1000088 Pedon Mor 4
Moyo, H. Date; 17.8.89

Makoholl Experimental Station, Drewton Farm
1240 m
650 mm

Pediplain
Gently undulating

Scarp
Eﬂl

Mii elight
Sheet

Ml

Nil

nil

Nil

Cleared land
25 em

Qld fallow
176 em

v

& — Paraferrallitic
G = Granites
Makohli 6G.2

Haplic Lixisol

USDR Soil Taxonomy: Fine loamy mixed Thermic Typic Kandiustalf.

Land pge: Flua cured tobacco has been grown on this lapd till mid 196075, after
which it became & ranching area until 197%. From 1979 to date maize
teials are being conduckted and wield averages of 6.5 t-/ha have been

pbtained.

Description

0 - 25 cm Dark brown {10YR 3.3m) coarse grained loamy, sand; moist wvery friable,
nan  plastic, sticky consistence; apedal structure; rapid
permeability; wvery well drained; mmercus fine roots; mo stones, clesar
smooth boundacy, 35 cm thick; pH 5.3,

35 - #0 em Btr beown  (7.5¥YR 578m) medium grained  sandy clay loamy moist
Eri ; slightly plastic, sticky consistence; weak wvery fine
subangular bBlocky structure; good permeability; well drained few fine

EDoOLkE] DCCAR
thick, pH 5.6

angular fine gravel (quartg); diffuse boundary; 55 cm

o TN o - o IR = SO o < B, [~ S w O [N - [~ O~
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B0 - 127 o=

127 - 176 cm

Cammente

Analyeis:

Depth (em)
Lab Ko

B %
Texture
Geevel &
Coarse zand %
Medium sand §
Fine sand &
Silt %

Clay %

pH (CaCll)
Carbonates %
EX Ca(me %)
EX Mglme %)
EX Baime %)
EE [(me%)
TED {ma %)
CEC {m= k)
Basa gat %
EC

B0

ESP

EKP

= e

Strong brown  (7.59¥R 5/4m) medium grained sandy clay loam; molst
friable, slightly plastic, sticky consistence; weak wvery fine

ar blocky structure; good permeability; well drained; few Eins
Fe stains; few fine roote; occasional angular fine gravel (quackz);
clear smooth boundary; 47om thick; pH 5.9.

Moist, locse consistence; apedal structure; excessively rapid
r:u.ahilit{: very well drainedy common fine Fe staing; few fine roots;
oosely packed anqular coarse gravel and ancqular Eioe oravel (quartz).

Horizon 4 has lateriblie quartz gravels and few stones. Horizem 3 & 4
have inactive clay.

Profile 100-pD—-8%9% Pedon Sumber i

0 =20 25 = B0 B0 - 127
¥103s Y1036 Y1037
2g.7 29:5% 89.4
mLs m5acL mAacL
2 Z 3
14 14 14
32 30 20
43 29 33
L] 5
21 22
5.3 5.6 5.9
1.1 1.8 1.8
0.3 0.4 0.4
0.02 0.10 0.08
0.24 0.4 0.18
1.6 2.5 2.4
1.8 2.8 2.4
100 90 100
6.7 13.2 10.7
26.7 11.9 10.7
1.4 3.5 3.4
15.0 8.7 Tl
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Grid Referance: LE=000=-000 Kap bos: 2131 Bl

Profile No: 1/%R./89 Pedan Mo: 5

Buthor Garikayl, A.0.D. Date: 13.9.689

Location: Hippo Valley Estate Section 1 Field 9C

Elevation: 450 m

Rainfall: 590 mm

Landscape: Interfluve

Slope: Poslition Crast

Aspact i

Effective depth; il om

Matural region: ¥

Clagsification: 2imbabwe rm:g: i — 8lallitie

gami yi PE - Intermediate paragneiss
suties: Chiredzi 4PE.1
FAD/Unsscn The exigtence of a Mollic A horlzon was debated ak
this site in the absence of % C  analysis.
Tentatively the Casbic 8 bhorizon was used as a
criteria for classification: Chromic Cambisol.
USDA Soil Taxcnomy Fine loamy mixed rthermic typic. In  the
absence of mollic epipedon; it I8 clessified as
fine loamy mixed hyperthermic Reptic Lithic
Haplustall’

Lad use: The lanpd has been under ircigated sugar cane for the past 16 yaars.
Fotaggium and nitcogen fertilizers are applied buk leaching of the
latter is a major problem. FPhosphoous Fertilizers are not used as  the
nutrient is not deficient in these soils. Sugar cane yield is 153 t/ha
112.8 t/ha per month).

Description

0-11 em Yellowish red [SYR 1/6d) dark reddish brown (4YR 274 m); coarse grained
loam: dey, slightly hard cenmgistence; moderate medivm  subangular
blocky structure; good permeability; well draimed; numsrous rooks; few
m?l.ﬂ.m: coarse gravel (parent material}; gradual smooth boundary; Llcm

thick; pH 5.0
11 = 27 om Reddish brosm (5YR 474 d) dark reddish brown (578 2/ m) ooarse graioed
loam; dry, slightly hard consistence; weak asedium subangqular
blocky structure; good permeability; well drained; fairly mmerous
roots; common {parant matercial )y clear wavy boundacy; 16 cm thick: pH

5.2

2T — B85 om Decasional rootsy Horizen of hard and scft weathering oneies. 751 of

metrix consistes of weatharing gravels and gneiss.

W8, Profile fnmgi,; altered by ridge and furrow topography hence effective depth varies

from 27 to &

1%
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Analyeis

Depth (cm)
Lab Ma

5 !
ToxEurs
Clay %
Bilk

Fine sand %

Medium samd ®
Coarse sand

Gravel %
pH (Cacll)

Carbonates 4
Ex Ca (me. %)
EX mg (me %)
EX Ha (me R}

EX K |(me %)
TES (me %)
CEC (me %)
Bass sat i
E/C
BAC
EsF
ERD

Profile

1/FF/B9

0 - 11
Y1ie3
g97.3
mEal
17
4
37
22
17
17
5.0

4.9
2.0
#.12
3.31
7.4
8.1
LES
54.0
43.6
1.3
3.4

=111 =

Padon No. 5

-7
Y1194
BE.T

19

30
a2
23
a4
5.3

4.2
2.8
Q.19
216
123
g.8
a3
45.3
1.5
2.2
L



Grid Feference:
Profile Mo

Author ¢
Location:
Elevation:
Rainfall:

Physiognomic class:

tisturbance class:

= b

SI-000-000 Map Ro: 2131-81
2,/RKB3 Pedon Mo: 6
Garikayi, A.0.0. Date: 13.3.49

Hippo Valley Estates Secticn 7 Field 7B
450 m

5590 mm

Cleared land

Cultivated/tecent Enllow

1%

Depth to watertable: &8 om
Hater clarity: Clear
Effective depth: BE om
HMatural region: v
Classification: Zimbabwe gr 4 - Biallitic
Family PE = Mafic Paragneiss intecgroade
Eecies Chiredzi 4PE.2 integrade {integrade refercing to
influence of other parent materials possilbly
sandstone |
FAOAnesco Gleyi-Chromic Luvisol
USDR Soil Taxonoomy Fine loamy mixed hyperthermic Aquic Palustalf.
Land Use: Irrigacted sugar cane with yield of I0 t/ha per month and about 13%

sugsr content. SurBace ltrigaticn is used and is about to be 70 - 304
gfficient. There is little response to potash. 40 kg P and 150 N are

ied for bectare. The scheme lies within Natural Refjion V where the
tainfall is low (about 350 mm effective cainfall}.

l:la-ﬂl:.'r:LEl'.im

Q=17 cm Dark zeddish brown (5YR 3/3m), coarse grained Ssarcdy loam; moist Eciable
consistence; moderate  medivm subangular  blocky structure;
Exmmuiwl well drained; mumsrous  Eine rocts; no stemes; diffuge

ry; 17 cm thick; pH 6.4

17 - 3 om Dark reddish brown (5¥R 3/3m}; cosrse grained sandy clay loam; molst
friable consistence; moderate medium subangular blocky struckture; good
permeabllity; well drained; nusercus E£ine roots; no  stones;  clear
smooth boundatry; 14cm thick; pH 7.1

31 -4l cm Dark brown: [7.5¥R 474m), coarse grained sgandy clayy few, wery fine
faint yellowish brown (10¥YR 5741 mottles; modet Eirm consistence; woak
fine subangular blocky structure; good permeabdlibty; moderately well
drained; Eairly numercus medium roots; no stones; diffuse boundacy;
12em thick: pH 7.2

43 - 68 cm back boown (7.5¥R 444m); coarse grained sancdy clay; fow wvery fine faint

vellowish brosn [10YR 5/4) mottles; moist firm consistence; weak fine

ar blocky structure; good permeabiliby; msoderately well
drained; fairly mumecogs medium roots; no stones; diffuse boundary; 12
om thick; pH 7.2

68 - 130 em Water table

I T < T I < I e O R IO R i L TR oy T e T I B o R I v B = = - - |




Comments:

Analysis 3

Refecence
Depth {oml
Lab Ho.

oM %
Texturce
clay %

Silt %

Fine sand %
Medium sand %
Course sand %
Grawvel &

pH {(CaCl2)
Carbonates 3
EX Ca [med)
EX Mg (me %}
EX Ma [me %}
EXE ([me %)
TEE (ma %)
CEC (me %)
Base sat i
E/C

8/C

ESF

EEP

b

Horizan 4 has poor drainage (approximately 2dyrs of irrigation). Water
table at 68 is a limitation for effective depth. Horizon 3 has
slight drainage problems due to fluctuating water table.

Profile 2/HE/H9; Pedon Humber &
0~ 15 17 - 31 31 - 43 45 — &0
Y1185 Yi195 YI1%7 ¥l198
97.5 57.4 96.1 95.1
c5aCL c5aCL cSACL c5aC
20 26 M 3a

7 6 3 A
22 22 16 15
1 28 23 22
20 13 22 19

3 2
6.4 7.1 7.2 6.5
T 7.5 8.2 5.5
2.6 3.8 5.4 4.0
0.76 0. &5 0.BS 0.50
0.19 0.09 0.12 3,58
10.6 11.3 13.6 13.8
11.6 11.3 13.6 14.7

91 100 100 92
58.4 43.8 39.6 38.3 |
53.1 43.8 39.6 35.2
6.6 5.8 6.3 3.4 |

1.6 0.8 0.9 24.3
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Profile Mo.i LE-51B-755 Pedon Bo.: 7

bate: 13/6°87

Location: Chiredzl Research Station Trial Plots

Elevation: 430 m

Mean Anmal Rainfall: 600 mm

Bite: Middle slope position (2% slope}

Parent material: Pacagneiss

Erosian: Wil slight

Land capabillity Classificatiaon: class II

Classification: Zimbabwe group: 4 (Siallitic)

family: PE (mafic paragneiss]
ERCing: Triangle 4 PE.2
FADUnesco: Chromic Larvisol
USDA Boll Taxonomy: At this site the presence of a Mollic A horizon
was debated in the absence of 3 C results. As &
result two classifications were given as follows:
a) with HMollic, A horizon - fine loamy mixed
isothermic Placic igtoll, The presence of a
mollic is possible from local experience.
b) without Mollic A horizon - £ine loamy  mixed
ispthermic Typic Bhodustalf.

Land uses: Experimental glte for wabter harvesting in Matural Begien V., Crops  Are
grown in the furcows which can hold up te 30t of t precipitation.
Increases in yiesld average 25 - 30% and can be up o 1008 in doy years.
An oxen-drasm ridoer hag been designed and will soon be available o
commanal facmars. The crops grown include sorghum, maize and cotrton.
Fidging has proven to be a big *hint' to farmers in the area and with
the newly designed ox—drawn implement it {e expacted that more farmers
will go for the cidgesfurrow farming system.

Description

¢-30 om Dark reddish brown (mixed 5YR 374 @, 3/ m and 5SYR 373 d, 372 m due to
cultivation); medium sandy clay loam; dry, slightly hard congistenca;
weak medium subangular blocky structure breaking to fine crumbs; good
permeability and well drained; few roots; clear wavy boundarcy; 30 cm
ehick: pH 7.1.

30 - 60 om Dack reddish brown (5%R  374d, 3.3 m), medium sancdy clay; dry  hacd
consistence; strong medium subangular blocky structure; few ménganese
etains; soil mass fizzes with HCl; good permeability and well drained;
fow roote; diffugse boundary; 30 om thick; pH B.1.

Bl - BE om Dark reddigh brewm (5YR 344 d, 373 'm); medium sandy clayj dry, wvery

hacd consistence; strong coarse subangular blocky stouckure; Cew
manganese stains; so0il mass: fizees with HCl; slightly restrickted

. | — — e Fa T = iy - - g P ] ey '™ | ] - —
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permesblility and well drained; occasional roots; clear smooth boundacy;
26 cm thick; pH 6.2,

B& = 110 cm Saprolithic material with occasional coots which fizzes vigorously with
HCl; 24 cm thick; pH 6.5

Analysis: Profile M-518~-755 Pedon Humber 7

Depth {cm) 0 - 20 45 ~ 55 70 - BO 95 - 105
Lab. Ho. voazl VoE2d Voazs NO826
Mm% 7.8 96.8 9.6 95.%
Texture msacL nSac cEac cEal
Gravel % & o L& L+
Concse sand % 14 12 2 45
Bedium sand 3 25 19 13 15
Fine samd § an 4 28 17
Silt % 9 8 8 ’y
Clay & 22 -] 41 p i
pH (CaCl2) T+ 6.1 B.2 6.5
Org. carb. % 0,59 0:84 D.44 0,18
EX Ca(me %) 10.4 10.2 16.2 18.5
EX Mg (me %) 2.5 3.7 4.4 4.1
EX Ma (ME %) 0.0B 0.1 0.3l 0.25
EX K {me %) 0.592 0,31 0.2 L1 e
TER (me %) 14.0 14.4 21.1 23.0
CEC (me %) 1B 16.8 21.5 25.9
Base Sat 73 &6 98 a9
B/C 87.4 44.7 49.6 215.7
5/C 631.6 38.2 48.7 191.7
ESP 0.4 1.2 1:5 1.0

FER 4.8 1.8 .o 0.8



Grid Feference:

Profile MNo.:
Ruthor:
Location:
Elevation:
Rainfall:
Landscape:

Natural regicn:

Clasaification:

Land usa:

Description:
0 -10 em

10 - 29 cm

29 = 49 &m

49 - 87 cm

87 - 128 em

Comments:

- 116 =

2Z-000-000 Map Mo: 2832 93
3 KK /RS Pedon Mo.: B8
Garikayi, A.0.D. Date: 20.11L.87
Chisumbanije

400 m

400 om

Pediplain; flat or almost flat

v
Zimbalwe group 3 (Vertisol)
family B (derived from Basalt)
ERCiEs Chisumbanje 3 B.%
FAO Unesco Butric Vertisol
USDR/Soil Taxonanmy Hyperthermic montmorillonitic Typlic Palustalf

Trials on irrigaced and rainfed early maturing varieties of maize and
cotten. Under rainfed conditions the crops are groewm in furrows  and
this increases vwield by 25=-50%. Response to potash fertillzers is
pegative but there ls response to. pho s, Zinc deficiency is a
problem in these soils. This applies mainly under rainfed conditions,

Dark (10¥R 471 d), very dark grey (10¥R 371 m}, clay; dcy very
hard, n:!:t very Eirm, wvery plastic, very sticky consistence; moderate,
medium, angular blocky structuce; slightly restricted pecmeability;
well drained; faircly mumerous, fine roots; clear smooth boundary; 10 cm
thick; pa 7.5.

Dark grey (10YR 471 d), very dark grey (10WR 3/1 m), clay; d very
hard, moist very firm, very plastic, very sticky consistence; cate,
medivm angular blocky structure; moderately restricted permeability;
moderately well drained; feirly numercus  medium roots;  few
slickensides; gradual smooth boundacy; 19 om thick; pHE 7.6.

"."ar]r dack grey (10YR 371 m),; clay; doy very hard; moist vecy Elem, very

plastic, conslstence; moderate cooparse angular blocky
structuce; mge:al:-ly restricted pecmeability; moderately well drained;
common medium | Cal0d concentrations; falrly numecous fine roots: few
pressure Eaces; diffuce boundery; 20 om thicky pH 7.7,

Very dack -Erﬂjr (10¥R 3/1 ml, clay; dry extremely hard, moist very Cipm,
very plast very sticky consistence; strong medium angular blocky
structure; moderately restricted permeability; moderately well drained;
common madivm Cal03 concentrations; few fine rooks; common
slickensides; gradual smooth boundary; 38 om thick; pH 7.8

Very dark grey (10YR 371 wm), clay; moist very Eirm, plastic, wvery
sticky consistence; moderate medium t blocky structure;
modecately restricted permeabllity; well drained; Eew very Line coots;
common slickensides; 41 cm thick; pH 7.8.

Horizoa 1 is Ap and has sutface mulch poorly developed. Horizon I has
some pressure faces. Horlzon 3 has few small slickensides. Cracks are
about 1 cm wide throughout the solum.



NATURAL REGIONS OF ZIMBABWE AND FROFILE SITES ;1 - EI!

-1

o 100 200 Rm.

Prief Cutline of Heglonm

g 1 i

I. Intepsive livestook and crop
production

II. Inteneive grain crop productlon supported
by livastook.

{TB. Intenaiwe crop produoction supported by
livestock

111, Semi- Intensive mized farming; some drought
resistant erops or amall scall ranching.

IV, Seni = extsnsive livestock productloh and seme drought
ragistant ocash crops.

¥. Extenslve beef productlen i ranching.



WORLD SOIL RESOURCES REFORTS
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Repaort of the First Mecting of the Advisory Pancl on the Soil Maop of the World, Rome, 19-23 Junc 1961 ,**
Report of the First Mesting on Soil Survey, Correlation and Intespretation for Lutin Arerica, Rio de Janciro, Brazil,
28-31 May 1962

Keport of the Firs Sl Correlation Seminar for Eorope, Moscow, USSR, 16-28 July 1962

Report of the First Soil Cosrelation Scmingr for Sosth and Ceniral Asds, Tashkent, Urbekistan, USSR, 14
Seplember-2 October 1962,

Report of the Foorth Session of the Working Party on Sail Classification and Survey {Subcommission on Land and
Water Llse of the European Commission on Agriculiuns], Lishon, Poriugal, 610 March 1963,%*

prlﬂﬂ't of the Seeadd thiug ol the Alﬂ'ri:l.nr_l,' Paniel on the Sol Ma.p of the Waorld, Rome, 9-11 Jul}' 1003, ="
Report of the Second Ssil Correlstion Seminar for Eum;p-r_, Huchareit, Romania, 29 Jnl::.'-l'- Aupust 1963.%#
Repart of the Third Megting of the Advisory Fanel on the Soil Map of the World, Paris % Tanuary 1964
Adequacy of Sodl Stucdies in Paraguary, Bolivia ind Pery, November-December 1963.*

Repuat of the Soil of Bolivin, Jonpary 1964,%*

Report of the Soils of Paragusy, Jaouary 1964.%*

Prelimipary Diefinition, Legend and Correlathon Table foe the Soll Mag of the Wiorkd, Roms, Aagual 1964,
Repiart of the Fowrth Micting of the Advisory Pinel on the S0l Map of the World, Romie, 16-21 My 10964 %
Report of the Meeting oo the Clasification and Correlotion of Soils from Volcanic Ash, Tokvo, Fapan, 11-27 June
Iﬂ L1

Report of the First Scssion of the Working Party on Soil Classification, Survey and Soil Resources (European
Commission on Agriculiure), Floreacs, taly, 1-3 Oolober 1964.%*

Dietalisd L-l:gt:rﬁ fiwr the Third Draly ¢n the Soil M.ap tif Spath Amenca, Tung 1965, **

Report of the First Meeting on Soil Correlation for Morth Amenca, Mexico, 1-8 Fehruary 19655

The Soil Resourees of Latin America, Dciober 1965.%*

Repaort of the Third Correlation Scminnr for Enrope: Bulgaria, Grecee, Romania, Turkey, Yugoslavin, 29 Aogust-22
Seplember 1905

Report of the Meeting of Rapporteurs, Soil Map of Ewrope (Scale 1:1 000 000 (Working Party on Soil Classficstion
and Survey, Ewropesn Commission on Aprieuliure), Bonn, Federal Republic of Germany, 20 November-3 December
1055 =*

Report of the Second Mﬂ:l'iug an sl Survey, Carrelation and Interpretation for Latin America, B de Janeion,
Beazl, [3-16 July 1965.*"

Report of the Soil Resources Expedition in Western and Central Braal, 24 June-9 July 1965,%*

Bibliography on Soily and Related Scicnees for Latin America (1t edition), Deccmber 196544

Report on the Soils of Paraguay (2nd edilion}, August 1964°*

Report of the Sail Correlation Siudy Tour in Uregaay, Bradl and Argentima, June-August 1964 %*

Report of the Meeting on 5ol Correlation and Soil Resouress Appraisol in India, New Dethi, Indis, 5-15 April
1945, =+

Report of the Siath Session of the Working Party on Soil Classification and Survey of the European Commission
on Agriculture, Montpellier, France, 7-11 March 19677

Report of the Sccond Mecting on Sol Correlation for Morth America, Winnipeg-Vancouver, Cannda, 25 July-5
Angual 1066+

Report of the Fiflth Moeting of the Advisory Pancl on the Sail Map of the World, Moscow, LISSR, 20-24 Augusi
lmjﬁl'ﬂl

Repart of the Meeting of the Soil Correlition Commitice for Soath America, Buenod Aires, Arpesting, 12-19
December 19606,

Trace Element Problems in Relation o 50d Units in Burope (Working Parly on Sl Classification and Survey of
the European Commission on Agriculturg), Rome, 1967.%*

Approaches 1o Soil Classification, 1968."™

Défindthons of Soil Units for the Soil Map of the Workd, Apnl 1965 **

Soil Map of South Americs 1:5 000 000, Dieaft Test, November 1768

Report of a Soil Correlation Study Tour in Sweden and Poland, 27 September-14- October 1968.**

Mecting of Rapporears, Soil Map of Europe (Scale 1:1 000 000) {(Working Party on Soil Classification and Survey,
Europcas Commission on Agricubure), Pousers, France 21-23 Jupe 1067.%*
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