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CART 1 The Farms - Introduction, Setting 4DQ”“YXEJQE”“1E

INTRODUCTTON

This paper discusses the characteristics, distribution .nd M i (]
of soils ot the "Hanang Wheat Farm Complex' with particular reference (o
vertisols. The term "Hanang Wheat Farm Complex" is used to describe a
group ol indivually incorporated and managed farms operated under the
overall supervision of Nafco (the Tanzanian Nat ional Agriculture and Food
Corporation). These parastatal farms are linked as a result of their

geographical proximity and also by virtue of their inclusion in the

co—operative development project known as the "Tanzania Canada Wheat Projecrt'.
p proj ]

The project is funded jointly by Tanzania and Canada and has as its goal

the achievement of self sufficiency in wheat for Tanzania.

LOCATION AND EXTENT

.

The farm complex is located above and to (he west of the main Gregorian
rift wall escarpments in north central Tanzania (seo Figure 1). Most of the
farms are located in the long gentle incline which forms the backslope of
the rift wall escarpment. This area is referrod to locally as the Hanang

Plateau of its proximity to the imposing prescnce ol near by Mt. Hanang.

The complex is about 280 km south west of Arusha by road. Driving

times range from 5 hours to 9 hours depending upon the scason and the condition

of the roads. There are two airstrips on the complex and trips from Arusha
can be made by small plane in about 1.5 hours. A wheat rescarch station
staffed with Tanzanians and Canadians is located in Arusha and provides
rescarch and logistics support to the farms. Communications, supplies and
some administration for the farms are centered in Arusha so there is

considerable interaction and traffic between the two locations.

Generally, the farms average about 10,000 acres (4,032 ha) at maturity
(see Figure 2 and Table 1), Some of the newer farms are still expanding and
have not yet achieved their full acreage. Some ol the older {farms have
expanded beyond their initially planned size. Soveral are now making plans
to reduce acreage in order to concentrate management and machinery resources

on the most productive portions.
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FIG. 2 NAFCO WHEAT FARMS LOCATION AND SIZE
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TABLE 1 ~ PRESENT SIZE OF HANANG COMPLEX FARMS
. I |
], FARM f YEAR ESTABLISHED ACRES | HECTARES I
. | |
Il SETCHET f 1975 12,070 4,828 I
l BASOTU ' 1968 ; 11,820 4,728 [l
| MULBADOW 1979 | 11,500 4,600 l
i MURJANDA 1980 f 12,000 4,800 ,
| GAVAL 1982 | 8,187 3,275 |
| GIDAGAMOWD | 1983 I, [ & f 2,690 II
! WARET - 1983 ; CLEARING & I{..AYOUT UNDERWAY |
AR J




H1ISTORICAL BACKGROUND

The Hanang Platcau area presently tarmed falls entirely within
Che dMbula District of the Arusha Administrative Region. Prior to the
development ol large scale mechanized agriculture it formed o significant
portion of the area considered to be the territory of the Barbaig people.
These people are semi-nomadic herders with many similarities to the
more familiar Maasai. They very rarely become involved in stable farming
dctivities and consequently produce little evidence of physical occupation
or ownership of land. Land occupied by the Barbaig can appcar to be
under-utilized and only slightly populated. Expansion of mechanized
farms into this area has required political and community dialogue and
resettlement of numerous Barbaiy in surrounding areas unaffocted by

expansion.

q few: small private wheat farms operated in the Hanang Plateau area
prior ‘to 1967. I'hey averaged about 200 ha in size and utilized mechanized
equipment such as Ford 35-60 hp tractors. They reportedly produced

yields of about 5 bags/acre (1 bag = 90 kg approximately).

The Tanganian Government developed an interest in farming this area
as early as 1967 and approached Canada Lo assist in the development of a

Wheat complex at Basotu (Nielsen, 1982).

The Canadian Government responded with a study team sent to assess
the potential and the requirements for successful wheat cultivation in
Tanzania. The feasibility report (Beamish et al, 1968) recognized that
successful production was possible in Tanzania but recommended that
appropriate research be carried out before any committment was made to
production. The Tanzanian Government had faith in the future of the
Hanang Plateau area and was anxious to prove and develop its potential.
President Julius Nyerere intervened personally to obtain a comnittment
to station at least one Canadian farmer at Basotu from 1971 onwards

to assist with the initial production cfforrts.

The first Canadians arrived in June 1971 and most were involved
initially in obtaining a research station with apprpriate living quarters
and with developing a design for a research program. Producﬁive
research began by 1973 (Nielsen, 1982) and by 1975 had produced a series

of recommendations which resulted in the release of a preliminary



agronomic package judged suitable for successiul wheat production.

Meanwhile on the Hanang Plateau, considerable effort war o xponded
in trying to establish a viable infrastructure and farming operal ren al
the initial Basotu farm site. The production eflorts at Basotu ftom

1968 to 1976 are summarized in Table 2 (Nielsen, 1982).

TABLE 2 SUMMARY OF PRODUCTION AND DEVELOPMENT BASOTU FFARM 19G8-/6

Acres Yicld

Year (at Basotu) (Bu/acre) Comments

1968 300 29 A good start. 1lst ycar of
scheme under Ministry ol

| i ’ . Agriculture & Food.

1969 5560 3 A disaster - crop engulled
by weeds.

1970 8218 13 Encoutaging - 1st year of
management by Nafco.

1971 7499 9 Looked good but dried our -
low yield due to drought
and army worm.

1972 8987 16 Quite encouraging - good
weather during planting.

1973 6711 7 Disaster - low yield due to
excessive rain during planting,
weeds and rust.

1974 8149 3 Disaster — wrong time of
planting.

1975 2000 7 Disaster — serious consi-
deration given to elimi-
nating the growing of
wheat at Basotu.

1976 4500 20 The turning point - imple-

mentat ion of new tillage
techniques and time of
planting as per proposcd
agronomic package.
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The efforts of the initial research and the carly, variable, production
both contributed to the improved understanding required to guarant.cc
successful on-going production. The limitations of the arca, particularly
its low and erratic rainfall continue to be problems which restrict
yield and introduce yearly uncertainty. However, from 1976 until 1983
production has been sustained continuously and expansion in terms ol
number of farms and total acreage has been dramatic. This development

is summarized in Table 3.

CLIMATE

A comprehensive compilation and analysis of meteorological records
has been prepared for stations within and survounding the farm complox
area (Fenger, Hignett and Green, 1982). Salient aspects of this ailysis

are summayized below.

The_l climate is characterized by a rainy season from November to May
and u;dry season from June to October. Average annual raintall (adjusted)
is 617 mm and has ranged from 408 mm to 820 mm. At Basotu, the rainy
season cannot be clearly divided into a short rains and a long rains as

is common e¢lsewhere in Tanzania.

Potential evapotranspiration is about 800-900 mm per year aund exceeds
rainfall in all months with exceptions in some years of December,
January or February. There is considerable, unpredictable, variation in
rainfall onset, distribution and total accumulation from ycar to year.
Rainfall intensity is also highly variable but several downpours have been
recorded with intensities greater than 50 mm/hr. Considerable surtace

runoff and soil erosion have been noted during these intense raintalls.

Only slight temperature changes occur from month to month. The
coolest months are June and July when average daily temperatures are
about 17°C - 21°C and minimum temperatures may reach 9°C. The warmest
temperatures occur in October and November just prior to and at the
start of the rainy season. They average about 20-25°C and daily
maximums may reach 29%¢, Throughout the year the daily temperature
fluctuations are greater than the month to month changes. Generally
temperatures fall to about 10-15°C at night and rise to about 21-28°¢

during the day.
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SUMMARY OF PRODUCTION & DEVELOPMENT

TABLE 3.
AN 5 WHEAT COMPLEX, 1976-1983

YEAR 1976 1977 1978 1974 1980 1981 192 [~i4] TUTAL
FARM
Basot u
Ac redge 4,5 10,851 13,959 Uoo/ds 10,000 10,000 10,003 {00 M,6ta
Yield bags/ac 7.0 7.0 5.0 8.8 1.7 7.6 8.0 0.0 Tl
Total Yield bags 31,500 75,957 69,759 85,122 77,000 70,000 80,744 70,384 966, )2
Setchet
Acreage 2,647 5,275 7,862 8,362 11,300 10,290 10,71 il,751 08,218
Yield bags/ac 4.3 B2 7.2 b.2 6.7 5.1 5.1 3.2 5.4
Total Yield bags 11,382 27,430 56,292 54,944 75.710 52,479 54,728 o, 104 369,192
Mulbadow
Acreage 5,000 5,000 10,174 10,112 16,574 40,8600
Yicld bags/fac 9.7 7.8 6.1 6.2 2.9 0.7
Total Yield bags 48,300 38,900 62,061 62,694 61,800 273,816
ﬂL_lijiir\da
Acreage 1,300 7,386 8,040 4,800 26,520
Yield bags/ac 3.3 5.0 6.0 5.6 5.4
Total Yield bags 4,303 36,930 48,240 54,390 143,803
Gawal
Acreage 5,265 8,408 13,673
Yield bags/ac 7.5 4.8 5.9
Total Yield bags 39,488 40,695 80,182
Gidagumowd
Acreage 2,500 2,50
Yield bags/ac 1.2 1.2
Total Yield bags 2,900 2,900
All Farms
Acreage 7,147 16,126 21,821 23,515 27,600 37,850 44,241 51,133 231,453
Yield bags/ac 6.0 6.4 5.8 8.0 Tl 6.0 6.5 3.0 6.2
Total Yield bags 42,882 103,387 126,087 188,307 195,913 227,470 285,894 206,457 1,436,455




Little data is available on wind velocities and directions but
experience indicates persistent hipgh winds from the cast and northeast

throughout the June to October dry scason.

GEOLOGICAL SETTLNG

The soils and farming potential of the area are strongly related to
the general pattern of geologic development. The sequence of geologic
events may be summarized simply as follows (Fenger, Hignett and Green,

1982) see Figure 3.

1. Developemnt of mature granitic peneplain  surtace during a long
period of geologic stability (some of the granitic rocks are up to

600 million years old)

2 Earth movement leading to the formation of major faults, the up-
Pifting'of large blocks ol terrain and the eruption and growth of

Mt. Hanang. (From 3 million years B.P. to about 25,000 ycars B.P.)

3 Deposition of wind blown calcarcous volcanic ash from Mr. Hanang
over a large area west and south of the mountain. This ash
consolidated to form calcareous volcanic tuff which is concentraced

"in depressions and on more level terrain. Granitic ridges and

monadnocks protrude through the tuff in areas of rougher topography.

4. Development of numerous small explosion craters during the final
stages of volcanism, cralers resulted from violent releasce of

gases but little new matcerial was deposited.

The effect of these geologic deposits on soil development and farming

potential may also be summarized quite simply.

1. Calcareous Volcanic Tuffs

The most fertile and useful soils occur where these deposits are

thickest and most continuous. The tuff produces soils which are fine

to moderately fine textured, are highly buffered with free lime accumulation

within 1-2 metres of the surface, have a large reserve of weatherable
minerals and plant nutrients and are generally underlain by a hard

petrocalcic horizon. The majority of well developed vertisols occur in
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FIGURE 3  GEOLOGIC S&iTING OF THE HANANG WHEAT COMPLYW
(from tenzer, Hignett & Green, 1982)

4
aSTOCid[iOﬂ with these calcarveous volcanic deposits. wencsis of vertisols
is:promoted by the calcium rich nature of the tuff. Some uynproductive
soils occur where hard bedroclk or petrocalcic horizon appears close to

the surface.

2. Granitic Peneplain

The soils developed from weathered granite are distincrly less fertile
and less suitable for mechanized ag rlculture. They are coarser textured
than the volcanic derived soils and always contain significant amounts
of sand sized material. Textures range from sandy clay loam to loamy
sand. The soils are, generally moderately to strongly leached and have
low pH values, low base status and low cation exchange capacities. Water
retention is limited due to the sandy textures. Colours are red to reddish

brown.

K Horneblende Schist

A few of the soils within the presently farmed area have developed
from weathered horneblende schist. They frequently include minor additions”
of volcanic tuff as well. these soils are usually midway between the two
extremes described above in terms of fertility and usefulness. They are
generally bright red in colour and have high contents of noa to slightly
sticky illite-type clays in contrast to the sticky montmorillonite type

clays which dominate the volcanic tuff soils.
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TABLF &,

GENERAL, CHARACTERLSTICS OF HANANG WHEAT CQOMPLEX SOILS (FROM FENGER & HIGNETT, 1979)

VERTISOLS INTERGRADES DEEP UPLAND SOILS SHALLOW UPLAND SOILS
DEPRESSIONS | SLOPES | MOLLISOLS | ALFISOLS | MOLLISOLS | ALFISOLS & INCEPTISOLS | ALFISOLS & INCEPTISOLS
ASSOCIATION A B G D&G C D G 17 (some I
G, L)
COLOR black black dark Very dark dark red to dark dark
grey dark grey reddish dark reddish grey to
reddish brown red brown black
brown
TEXTURE HC-C C c,CL G CCL C—CL C (,CL,L SCL~SL
CI4Y % 60-70% SO-0U | 45-55%, 45-55% | 30-55% 40-5(Y, 40-55 §5-45%, 15-257
PH 7.5-8.0 6.0-7.9 6.0-7.0 | 5.5-6.5 6.0-7.5 6.0-b.5 5.5-6.5 6.0-7.0 6.5-7.0
ORGANIC
CARBON 1-2% 1-2% 1-27% 1-2% 1-2% 1-27%, 1-2% 1-2% 1-2%,
CCE.CO
(meg/100g) 70-80 45-50 30-40 25-35 35-40 25-30 20-25 20-30 15-20
Ca
(meg/100g) 30-50 25-30 | 20-30 15-20 20-25 12-20 8-14 15-20 20-30
Mg
(meg/100g) 16-18 12-15 10-12 8-10 10-12 8-10 6-8 8-10 2-5
- i : o | ol _
oyl
% B.S. 85-100 80-95 85-95 70-90 70-95 80-90 65-85 85-95 95-100
P (ppm) 4-5 20-35 50-100 5-10 30-50 10-20 1-2 10-20 4-8
E.C. 1-5.0 0.5-1.0} 0.5-1.0 0.5 0.5 0.5 0.5 0.5 0.5-1.0




FICURE 5. VERTISOL SOlL PROFILE
SHOWING DEEP WELL-DEVELOPED
CRACKS.

Vertisols

Fully developed vertisols occur on two main landscape positions, namely:
a) depressions [Association A] and b) lower slopes (and some midslopes affected
by high concentrations of calcareous ground water) | Assciation B]. These two
main groups of vertisols have many common characteristics (sec Figure 5). They
are balck and show little or no colour change with depth. They are sticky and
slowly pervious when wet and extremely_hard when dry. They have uniformly high clay
contents (40-80%) throughout their profiles and the clay is dominantly montmorillonite.
They exhibit the characteristic tendency of montmorillonitic soils to shrink and
swell with changes in soil moisture. This activity produces well developed, deep,
wide cracks which open during the dry season and extend to depths of 100-150 cm.
Other characteristic signs of this shrink-swell phenomenon include well developed
hummocky microrelief (gilgae) and shiny slickensides on ped faces of sub surface

horizons.

Chemically, all the vertisols have high levels of surface organic carbon
(1.5-2%) which decrease loss rapidly with depth than in the non-vertic soils.
PH values are neutral to alkaline. Cation exchange capacitics are uniformly high
throughout the profile (45-80 meg/100g) and percent base saturation is consistently

greater than 80%.



The differing landscape positions give rise to several significant
differences between these two groups ol vertisols. The depressional
vertisols (Assoc. A) are almost always deep (2 meters or more) while the
vertisols on slopes are very often less deep and frequent ly have well
developed petrocalcic horizons within 150 and even 50 c¢m ot the surface.
Those less than 50 cm deep to petrocalcic usually display cxcessive
surface stoniness. The sloping vertisols (B) characteristically contain
significantly lower amounts of total clay (40-60%) than do the depressional
vertisols (60-80%). The Bs also have consistently lower values of pH,

CEC, %BS., Ca, Mg and Na than do the A's.

In terms of land use, the sloping vertisols (B) tend to exhibit
problem gully erosion and occassionally to cause difficulties arising
from stoniness or shallow depth to hard rock. The depressional vertisols
are subject to rainfall flooding and prolonged inundation. This wetness

can adversely affect timely cultivation, seeding and weed control.

Certain differences exist within the two main vertisols groups as well.
In the group of depressional soils (Assoc. A) Lhese differences are primarily
related to the degree and duration of wetness caused by rainfall flooding
and inundation. Thus Al suffers only short term flooding while A3 and A4
are increasingly limited by extent and duration of flooding. The sloping
vertisols arc¢ subdivided on tLhe basis ol depth to bedrock or hard
petrocalcic horizon. Bl contains a mixture of deep and shallow vertisols,

B2 is mostly shallow and lithic vertisols and B3 is uniformly deep vertisols.

Vertic Intergrades

Some lower and midslope positions have soils which are intergrades
between true vertisols and non-vertic upland soils (Figure 6). These
soils characteristically retain elements of the brighter colours, lower
clay contents, and higher permeability associated with the upland soils.
Simultaneously, they display some or all of the typical vertic characteristics
of deep wide surface cracks, uniformly high clay content, gilgae micro-
relief and slickensides. Generally, these attributes are less strongly

expressed than in the fully developed vertisols.
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. FIGURE 6. VERITC INTERGRADE S0O1L PROFLLE
SHOWING MODERATE DEVELOPMENT
{ OF CRACKS AND SOFT, GRANULAR
! SURFACE STRUCTHRE.
i

These intergrades have been mapped as separate association members (i.e. G4,
D4, G&) within their respective upland soil associations. The Association ©
intergrades (C4, €% are deep and shallow vesiio mollicols respectavelys They
have the thick, darie, triabic sartece horizon enriched with organic mat tey
which sets them apart as mollisols,  However o addition they have cnough
montmorillanitic cluy to exhibit some vertisolic propertics.  They develop
cracks during the dry cowson but oare ool oae siicky and ploaati 15 Lthe vertisols

and do not develep pilgac micvorelict.  The other intergrade soils lack the

deep triable savbace aebiic o ool e Associat ion U soilse They invariably
display brighter a1 Vo v b The A'48, B s or B s.  Thdy ard
classified as Verta iy Viepl g Inceptisols.  Associat ion mombers

D4 and E4 devleop From caf gt 1 and weathered hornblende sohiar o 1t

is usually bright red in o lour.

A different varicty of intergrade oogaug on some Lan and toe slope
positions subject tov ongoing alluvial &@%rclion. [ some cases, reoent
accumulat ions of slope wash appear to bdry previously discrete, well developed
vertisols. In this case, the overwash is typically quite sandy and forms o
distinctly seperate layer overlying the clavey, cracking subsoil Cmapped
as Association Member J3). A second toeslope vertic soil may represcnt more of
an cquilibrium between acoretion and vertiscel development  than o succession
of seperate processes as detailed above.  This soll (mapped a5 Association

Member N2) displays the cracking typical of vertiscls but has a very subdued



FIGURE 7. NON VERTLC UPLAND SOILI,
PROFILE.  NOTE THE ABSENCE
OF URACKS AND THE SOMEWHAT
DARKER COLOUR OF THE SOFT
TMOLL PO SERFACE HORTAON
OF ORCGANTC MATTER
VUCUMUTEAT L oN

eRprension ob oot edher vertic properties, bt owoald appe o Vhae e
Pondscape position ovours the Format ion ol vt asols bar ot e oo,
TR G G R | el e bay b s lope wash s e et and taltb b e fopment .

Ko Vol i lil] sk S b

The upper slope and crest landscape postiions withon i Haians farm
complex are almet always occuppicd by non-vertic word - tlhisare 7', From
d maagement peint ol o view these upland soils coan be divided int. o Lroup

of decp soils and o ogeoup ol shallow Lo,

The majority of the upland soils are deep o are derived from
wedathered caleareous voleanic tull. Association ¢ soils Gmol by el are
characterized by o thick, well developed, dark colourcd sutlace horizon
of organic matter accunnlat ion.  These mollisols provide rhe best combinat ion
of high fertility and casc ot management of any ol the |irw s0ils. They
can be worked over a wide range of moisture contents and permit cultivation
shorrly after heavy rains or even during ext ended dry periads.  Clhey are
well drained and have high natural f{oer ility. Where the dark coloured
‘moliic' horizon s thin or absent I.hc deep sonls on voleanic tutl are
mapped as Association Do This group of upland soils has shipht Iy less
favourable workability and slightly lower fortility than the mollisols
of Association C. It is distinguished by the dominant Iy reddish brown
colour of its protiles. D soils are none the less rated as highly saitable
for mechanized tarming. Soils of Association member G are similar to the
D group im most respects except that they develop from weat hered horneblende
schist, are bright red in colour and are loss fort ile bBecause ol i beidr

different clay mineralogy (illiier,
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Some very shallow and lithie soils are also mapped withim i he wheat
complex arca.  These soils are less than 50 deep to petrocaleic horizon
or hard rock. They are often sandicr than the associated deepes woils
and are always attecred by low meistuce holding capacity and veduced
Pevtilitye  Thewe sorla occur ab the cresta ol idees v Loy thie edpes
of the major taolt cacarpment s id explosion craterse They are mappredd
as Associal ion members E2, E3Y, Fre, F3, G35 12 and 13, They are constdered
unsuitable for sustained mechani-od agricultural production hovever some

of these soilg are carvently oo baded o cultrvared i | Y RS

DISTRIBUTION AND EXTENT OF VE&TELOLE ON CTHE HANANG FARM:

The dioat 1 vonl ion ansd oroport tons b the various mapped soil ansnocial ion
members wore obtained 1Tiom o onsualoa fon ol Che Basotu map sheetr noils map
(Fenger, Hignert and Geeen, 198100, he Tarm boundarics used 1o de vrmine
the extent of ¢ah Tarm are those presented oo the S1AG.  Foratel compiled
base map of the farm area (S1AG, 1981 ).  The actual boundaries may be

somewhat diflterent than those shown on the map used as they are subject o

rogul e alteration.  However, only small chanpes arve Likely so the relative

acreages of cach o soi b type should romain tonghly the ame vepardbes of

exdct boundary lTocat ion.

The computed acredges ol cach soil association member on cach tarm
are tabulated in Appendix 1. This raw data has been summarizod into

sinpler ¢lasses lor the purposcs of this discussion (see Table v The

classes used 1o the discussion are depressicnal and sloping vertisols,



TABLE 5.

sl T oo

SOTLS FOR THE HANANG WHEAT COMPLEX FARMS

R ———

SIMMARY OF SO11L. ACREAGE & PROPORTIONS OF VERTTSOLS AND NON-VERT1C

FARM VERMSUL S VERTLC UPLAND SO11S TOUTAL
NAME IN [N TERGRADES SHALL AR ARFA
DEPRESS TON N SLOPES DELP & LITHIC

SETCHET [ird 403 ac 400 g 7,768 ac 1,392 ae 12,070 ac
44 161 ha 160 ha 3,207 ha 1, 357 ha 4,82 8 ha

% BiA 3 657, 287 1OCH,
BASOT 3,636 .x 2,108 . 187 2,245 A 94 11,820
1,450 hy Ho 7 ha 79 ha 2,098 he 238 ha 4,728 ha

LS 187, 2% 4y a7 1O
MULBADOW 3,992 .« 1,675 ac 118 ac 5,292 ac 086 e 11,503 ac
1,57} 590 ha 47 ha 2,117 ha 274 ha 4,601 ha

34 137, 1% 467, 6. 10T,
MURJANDA 1,893 3, 156 e 210 ac 4,296 H10 12,004 a¢
1,557 ha 1,262 ha 84 ha 1,694 ha 200 ha 1,801 ha

325 267, 2l 357 D7, 1O,
CGAWAL, 3,666 ac 1,080 ac 907 ac 2,492 ac 44 ac 8,189 ac
1,467 ha 432 ha 363 ha 997 ha 17 ha 337 ha

457, 13%, 1A% 300, 1% 1007,
CIDACGAMOWL) 1,520 L1 1,631 ac 1,800 ac 1,737 ac LA 6,728 ac
OO8 Ha 692 ha 720 ha 6945 ha 16 L 7,691 ha

25 2487, 27 267, < I'Z 10X,
TOTAL 16,744 ac 9,912 ac 3,622 ac 26,77C ac 5,266 ac 62,314 ac
6,098 ha 3,964 ha 1,449 ha 10,708 ha 2,106 ha 25,025 ha

267, 167, T 437, 87, TOOR,

g
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F16.8 NAFCO WHEAT FARMS GENERAL SOILS DISTRIBUTION
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- Depressional Vertisols
Sloping Vertisols

D Deep Upland Soils (Mollisols & Alfisols)

ﬂ Shallow Upland Sails {Inceptisols & Alfisols )
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N Steep Lithic Escorpment Soils (Entisols ) o
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Scale 1:250.000

distribution of
It was not possible to illustrate the distribution of vertic intergrades

areas dominated by other soils.

and Gidagamowd they arce insignificant

’w-‘_h“
/

/
!

Setchet

Mulbadow

idagamcwd

~vertic intergrades and deep or shallow upland soils.

these various broad classes

in Figure 8 as these soils frequently arc mapped

The approximate

is shown in Figure 8.

as inclusions in

In addition on all farms but Gawal

in extent.
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Vertisols make up about 42% of the total area on all farms and are
divided into vertisols of depressions (26%) and vertisols on slopes (16%).
They form a significant portion of the soils everywhere except on Setchet
where they occupy less than 5% of the total farm. Basotu and Mulbadow have
very similar distributions of all soils. They have a good mix of about
50% vertisols and 50% upland soils. More of the vertisols on these farms
occur in depressions (31-34%) than occur on slopes (13-18%). Murjanda has
a slightly higher percentage of vertisols on slopes (26%) than Basotu and
Mulbadow but otherwise is more similar to these two farms than to any of
the others. Gawal and Gidagamowd have the highest proportions of vertisols
and vertic intergrades. They arc also the only farms to have significant
distributions of intergrade soils. Gawal has a total proportion of 69%
vertisols and vertic intergrades of which the most dominant are vertisols
of depressions (45%). Gidigamowd has a twtal proportion of 74% but in
contrast to Gawal is dominated by vertisols and vertic intergrades which

occur on slopes (51%).

Upland soils make up just over 50% of all soils in the combined farm
complex. Of this total about 43% of the soils are deep and about 8% are
shallow or lithic. These figures are somewhat deceptive due to the
disproportionate amount of upland soils on Setchet farm (95%). This farm
lacks any significant component of vertisol soils. It also t§ the only
farm with a significant proportion of shallow and lithic soils under
cultivation. The other farms all have less than 50% upland soils and none
has more than 5% shallow soils. Farm by farm discussion of the proportions
of upland soils is unnecessary but one interesting observation is warranted.
When viewed in chronological order of development each succeeding farm has
tended to incorporate fewer upland soils and more vertisols than the ones
preceeding it. This may not have been doen intentionally but it does

reveal an increasing reliance on vertisol soils.

POSSIBLE SIGNIFICANCE OF DISTRIBUTION PATTERNS

A few general comments and conclusions can be extracted from an
investigation of the soil distribution figures (Table 4) in conjunction
with average yield data (Table 3). The most immediately obvious comment
is that the long term poorer performance by Setchet farm (5.4 bags/acre)

must be at least in part due to its very different soil assemblage.
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Reports cirveulate rhat Setchet recicws less rainlall than the ot heg
tarms and lower yields are generally ascribed 1o this cause.  However
the dominant distrvibution of upland soils particularly the large
component of shallow and lithic soils must also be considered as a factor.
In years of low rainfall the lighter textured upland soils, especially the
shallow ones, have a lower capacity to store moisture tor supply (o the
crop throughout the growing season than do the vertisols.  Consequent ly,
it is to be expected that yields on Setchet tarm would not mateh 1 haose
on the other tarms in dry years. Fie vears of plentital and timely
rainlall, moisture storage capacity ol the soils s less important and

crop viclds on Sctcher could matoh those elsewhere.

Lt is of interest to note that a large arca ob depressional voriisals
exists just north west of the Setchet Tarmstead but was not included in
the orviginal Farm becausce it was politically unavailable (it had been
allocated as village pasture).  The inclusion of this mbuga arca along
with the exclusion ol marginally productive shallow soils would have
resulted in a better mix of soil types for Setchet and perhaps have permitted

greater success.

A sccond comment is that the mix of vertisols and deep uplund soils
characteristic of most of the other farms seems to favour more consistent
yields with less extreme variation. Presumeably the vertisaols hold
yields up in the dry years and the upland soils perform well in years

of higher rainfall.

Several remarks about potential land use problems may also be
deduced from the data. The significant acreage of sloping vertisols on
Murjanda and Gidagamowd suggests that these two farms may be the most
subject to deterioration through c¢rosion (particularly gully erosion).
Conservation medsures Lo minimize this problem have already been started
on Gidagamowd. They should likely be completed and extended to Murjanda
next in order of priority. Gawal has a much high proportion of depressional

vertisols than any other farm. 1t is therefore most strongly affected by



The need to be able to complete timely cultivarion and sceding ol
these soils during the short periods during which conditions are
tavourable ftor these activities.  This tarm will have (o Tearn to ke
the most elticiont use ol its power capability in order to achieve
maximum Limeliness ol operation.  wanagement at Gawal shoald concent roace
on establishing the most tavourable methods of weed control and scodbaed
preparation on depressional vertisols.

In summary, the soil assemblage varics considevably foom Tarm (o
Farm with Sctchet being the mgg, diomo lous . The various coil topes ol
have different characteri=stics and capabilities but the most sienil ve ol
seperations are those of depressional and sloping vertisols versus deop
or shallow upland soils. 1t would be advisable tor both Favim mana. e
and wheat rescarch personnel to retain an awareness of the diftoerences in
distribution, characteristics and capabilitics of these major «oil varicties

when planning their production or rescarch operations.



ﬁﬁT III ra The Hanagemeat ~ productiocn techniques and
Ay vrahlemg_on vertiselic soils.

5$ha following discussion sunmariges in very geueral
nop~teghnical terms, the sequence of activities followed
by the Hanang Wheat Complex farms during a typicsl crop
yvear, The discussion concentrates on how each operstion
lﬂ‘oarried out en the vertisol soils aund highli _hts any
SLQnificant contrasts between Operatiuna on vertiscls
and these on upland soils. Problems specific to the

vc:tisols are mertioned for each operation ag 2re Lhe
“solutions which have been found to be most effcctive

for theée'problcns. A list of muchiner; and Zurlencuts

cubreatly used on each farm (Talle 6) ieg pusvided to

cormliment the discussicng of euch oneration.

@ e L. ZD11G

v ‘Presegding; operationg are couducted yrinuril, for

3 W°ed @pnt ol Bocondaiy copsiderations are secdled

fgp“efarat+0n, enhanceiient of infiltratiou,and imbrove-

Mcnt of surface structure. Some seedbed prepuration
may take place im-medintely after horvest.(July nnd
AugvaXt is usually confined o the uplasd zeils in

<order tc contrul wecds in vears in which there 'uve

been late rains. In dry years little post horvast
d

tidlege  is done smd it is rarely if ever anclied %o
vertisols. Vertisols are generally not os weedy and
the deen eracks which form each dry seasom peruit rapid
in ¢1ltration of the 1ext aea&hn rain. Ths rouh, cracked
urfeee of the verticols Pustler discourices oot harvest

sSur
tillage as it ie very her@& on machinery.

i i
-'..n\’.(n_._
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AL LEX FARMS.

FASHLELY

2AE0TU BETCHET

CHNERS

.7 . DAL, 1'ULBADOW
G AT, CIDAGALIOWD '
PRAGICRS :
VERSATIIL 875 (2C0HL) - 2 4
THC 1486 (148HP 8 3 - :
IHC 986 (98 HP) - - 17 f
TMPLEIENTS '
CHISEL FEOWS
16 T MORRIS ~ - 1 1
2@ T THC 8 8 L
45 PP MORRIS - 3 3 .
TISCALS THC 300 1GET 10 10 5 0T K(12PTR1GET).
PALDEM DISC HARROWS. N
12 PT THC 1 - -
16 FT THC - 1 — / §
24 PT IHC 2 -t 1 r

- ROME TIOW
55 T

DPIHE TOOTH HARROWS

VERSATILES ULiD

SHARED AMONG ALT 7
PO INTTAS

R WITH

i3

COELEING ONIY
R

FLEXCOIL GOFT 1 ;| 1 ;
a

FIZLD SPRAYERS |
a0 - 4 4 i
100 FT RITEMNAY 5 ~ - :
T JWATIERS 2
16 FT IHC 75 5 n n i
21 IPT INC 75 %
f

SEZD DRIILS IHC 620 10 10 10 ‘
(}BILES 2
IHC 914 6 8 o .E
JOHI DEER 6601 40 FT -t - & ;
RCDWEEDER (42 FT) 1 1 HONE .
!

2 8 = e e ./2";' 1



8 -
Post seedbed prejarvation and weed control beapins
iy Iohe Lo o v Teocnbar after the arvivael of the

firat rzing. The spret of the rains ie unually eharac—

terized Ly & serize oy heavy showers, interrwblod Ly

gaort dry periods., The vertisols require some rain to
csoften the surfice, tc close the wide crucks, and to

.

initiste weed gerninaticn and grewth., It is ervitical

&£

to begin cultivation for wecd contrel on thes. solls
arter the weods exceedﬁin.heidht but hefora tha early
short dry periods are gucceedecd by henvy, coutliruous
rain. “If cultivriicn beginsg too soon the ground ic
to hard and dry. The result is breakoge of equinneut,
porticularly shauls, o rugged cloddy surface which
forms a poor seedLbed snd poor weed control.

If cultivation is delayed too long, the heuvy rains
set in, some ~rens are covered by steading vater, and
nost of the vertiscls become too wet. linchiuery compacts
this wet soil, creates ruts and produces soil compaction.
1f heavy rains delay operations for long periods, the
situation can beconme oven more serious. ‘leeds can et
very well estalblished and can no longe:r e conitrolled
by 4 or 2 operations. Several supplimentary operctions
are then required for weed control on the vertisols.

Mme and equipment resources moy nob allow for conpletiaon
of all necessery operetions with the result that crop
growth is adversely affected by wecd conpelition. '

In sumary, the vertisols require more critical
timiug that the uplond soils in order to cnsure good
seedbed preparation and weed control. They cuu only be
worked effectively duvring the short dry periods charac-
teristic of the early rains. However they do offer

cy
« 7 r 8 @ E B




gcrie advantages over the upland soils. Doat iaporiant
.of these is that effective weed control can be ertuaulished

o

wilii one or two pasces if they are timed correctly. The
uplund sgoils require Tive (5) or wore passes at 7 - 3
weel: intervals in order io keep contrel of the woeeds,
The urland soile are 2lso congidered to be more severely
infested by weeds that the vertisols “his 1s »rimerily
because one of the worst weeds, 10vegr:ss, does not

=

aoveer to favor wvertisol soils.

Secdinge.

Beeding tak%c: place gometime from o .vrly Feh to mid
Mearch., The tire ig not fixed but depends uron the arrival
of the first rains aud the Fotal accumuluted rainfell,

A rectical rule of thunmdb is thet seeding zliould e jsin
once the soil is wet to 1 meter (A:; iLzoma, personal
comavnieation, 1983) 4t »resent, all farms seed all
goils using ILC G20 press drills anud clout 2 inch cuet=-
rztion. The avercre rate of geeding is 90 1b/acre ead
the recomuended ronge is 80 = 10C 1lb/acre. Lo diale, no
fertilizer is aprlied to the vertisols at time of seeding
Some response to P may be expected from the urlind soils
but so far no »roducticn scale fertilization hic Toen
uscda

There ar: deiinite differences in seeding teclniques
betwsen the vertisols and the upland scils. The verctisols
aprear to be lLest cuited to late seeding for ceveral
reasong. Seedin;; theoe foils too early can recult in
si;nificant crop kill from water logging or fro lous
or burial of seed due to erosion. It is betic to wait
until the heavy raing are nearly over and the surface has

o~
Tt e s e i



begun to dry. The soils is then at its best in terms

©, of trafficability and the danpgers arising from flooding

‘uzed on the upland seils. Thesne

and erosion ave mart., In addition, since these soils
hold and store water so effectively, they are alle to
supply the erop well into the dry season. It therefore
makes sense to concentrate early seedin; efforts on the
lighter textured, upland soils which are less able to
supply needed moisture during the dry secason.

There is also a difference in the wheat varieties
recommended for vertisols and for upland soils. The
better yieldin: varieties (Trophy-lbuni) have generally
been sown om the verbtisols. (A, ligoma, versonal communi-
cation, 1983) Hgona states that the good moisture storage
capacity and high natural fertility of the vertisols
guarantees a good crop if seeding takes place after a
minimum acceptable amount of rain has been recieved, If
subsequent rains fail the vertisols have the capacity to
carry the crop through to harvest while the upland soils
do note. ;

In contrast to the vertisols, different seediné
techniques aro required for the upland soils. They are
seeded earlier than the vertisols in order to take ;
advantage of the early rainfall and to enable the crop to_'
mature before the really dry weather in May and June. At
the same time, there are several reasons not to seed too
early. Crops can be severély set back by the early growth
period droughts which oceur during the early rains. Crops
seededftoo soon may have to be reseeded if subsequent
heavy rains produce severe crusting as can happen on the
upland soils. 4also, effective weed control on the upland
soils requires several passes thereby setting back the _
earliest date at which seeding is possible. These congide=
rations lead to the reocommendation (A. Npoma, 198% 3ersnui

-

compunication) that chorter periocd (90 days) varieties be

aoa.n./&?

e e
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varieties can avoid seriocius woisture stress by natursing
befere it gebts too dry iu Pay and June.

Foou Seeding.

The two muin post seeding operstiocns are surfuce
cultivation usin - the harrow or rod w=aader and cheumical
spraying to conbtrol weeds. The harrow nnd rod weoder are
used if heavy roiunsg following seedin: have resulted in the
forwration of a surfece crust which prevents secedli.ys
energence. This problem is confined %Yo the lijhter textured
uzlond soils 'uﬂ"-\:l"':’) the crust needs to Le bro¥en up. The
vertisels do not crust badly anl even if they did it would
py diffieult bto work chen 1'_2':2'2\'_-‘:34,1’:1'1_".-!‘,. after secding

2

Weed contrel techni ioe definitely zr: inllucne-d Ly
s0il type. Aboub 500 of spraying; is donc Ly air» nd SO
by ground. Grouud errayving is ehesncr but there is not
suflicient time Ho get it 2ll deoane at the nroper asture
L Phe gronmd egipoent rvailabls, In =dditicon the nbugs
20ils are often still wet snd sticky at this tine aad prevent
efficient use of ground nachiimery. Conseque tly oir epraying
i¢ concentrated on the wveriisols and ground s,>a,3in,; on the
uplind soils. Oovreying ie done at thae thrae leef sturze s0
tizing is deternined by scidiap date nwd gsuleequent rainfall
pattern, The main chepiecsl used is 2-D-4 2t o rnte of 1 pint
per acre. Ground gproyiug utilizes CC or 100 £t Ritevay

sproyers with 0082 nozzels.

Between seeding and hiopevest the major problems viiceh
can harm the crop are heavy rains, drousht awd hot windy
wzather. The lie~vy raing occur Jjust after seeding. They
hari. crops sown on vertisols througl. floocdiup or unter-

1

logsing. The urland seils “re armed by surface crusting.
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Dropght can affect the crop at uny time but usually

P (I SRRy L, W fe i i 2 i g w e o A Y - L "
strikes right after ceading or at the end of Lo growing
gonaon. Droucht affects erone sows on the wuplaid soils
“© : e oo T 0 % A = i o o PR R
ore sevorely thon it dees these ou wverticcols, which

heve superior moigburs storage. The strong winds whieh
besin with tone dry rouson arcund liay, can cause lodping
and soumetines denosits Adust which buries small plonts.
Botl: of these problenc are wore severe on the upland

goils than cr the verticols.

Harvest.

Js

Harvesting commences about 96-125 duys nlter seeding
wien the crov lias naturced. The actual lendtis if time to
noturity is roverned Ly the whent varicty snd by wmoilsture
streoe as controlled by rainfall pattern. In nost years,
harvest is exvectad %o begin about the l:ast week in Hay.
e preferred method of harvesting all scils involves
swatning followed by combining. Swathing is used to
force the crcp to maturity and to pernit earlier combi-
ning. JIf left st;nding too long yields can be reduced

by ehabtlterving or U

Li,

»d infestabion. Thin crops may be
harvested by straight coubining. This is done because
for tlese poer crope it doesn't puy to have two operations
and in addition the thin swath iz often difficult to pick
uie Combining is done with pull type ILC 914's on the

two older farms (lasctu, Letchet) and with John leer

5601's on the other farus.

The vertisol soils present some specicl muancgement
prohlems at harvest. It is best to try to harvest the
crop from the vertisols as scon as possible. [ left
too long, the cracks hcecome wide and deep and crucking
can actually knock plents down., COther problens include
having the swath fall inte tle cracks, tires bursting

fromu being wedged iu cracks, - anpd machinery breakdown

> = - St - .. L Tmrum———



due to roush terroine Yiold niy (lso to retuced vien some
areas carnot be Burvested due to gevera erosnion pullics

viicn developn on sore elo ing vertisole.

The wiland soile ;e ent few of the [ roblemse fowd on
the vertisols. They ret:.n good trafficability mnd exeont
for Shnnl:zee the bird prol len nud the need fur efficient
opeirnlion cin be harveste’ at leirure.

Post Harvest.

after Lorvest, the w.cat is transferred Ly truc: to
the famnsteads where it i Lagsed for transrort to merkeb.
Bags averuge sboubt 90 kilos and most are tw_*;l;..f:-_'.ot'tk;-d te

Arusha by road for use by the Hational 'illine Cornoration.
n J L.

-
Stubble and trosh ore lel' on the fielde to help contbtrol wind
and wabter erosicon but con Llerable renoval may oceur duc o
unsutherised grasing by rbaiz herds. Cullins of She

elds zud bLagping areas by the loeal inhabitapts is slso
a frequent activity.

Vo luation.

Yicld and Cost Imruts.

The yields in total Lugs e;;‘*‘;d begs per sere (1 ag=
aritoX 3.2 bushicls) were given eg‘i;_-li(::f for all the [ iorig,
Te':le %) Published yields range. from a low of (0.9 hass/acre

to @ high of 9.7 bags rer iere..” The averace yield for all foomg

fallsin the range O.f 5 o { bags per aecre dependin,.: astls

) = LA Ern 1 = G o

»

upoir reinfall levels and tining and effectiveness of weod
contrels Ho systematic ev: luation hog yobt been carvicd oub
to document any differences in yicld by soil type. U(pinions
of 1unegers cun differ sharply en the perfern.iuce of the
vertiscls versus the uplund soils. 4t pagotn, the wmnaacor
beiicves thut yields sre consis Lmul hivher on bie vertisols

thear on the upland soils (ubout & ba - a/acre ve O bo- /agre)
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ot Satehet, urbtinels uead ¢ ntrol haee allowed o severs ue

roehlon (thornanple) o lowvolon on reversl field: of vertiscols,
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~uZ [ L2ldg 11 thesge fielda are disapreintinely lovr.(4=7 Lo feere).
Ny [T T WS g e i o il 1 1 3 ]
Ubwviously then, the vertisol soils do noy Ly theico artbnre
ou.rartee pood rield o, o srueant pong anw mA Monaament

Prosiens which must bLe overcome id desirectle yields in the

red e of 8 bags/acre are to Le obtuined,

“Le costs of operatiag on vertisclic spils are

ginilsr to thosze applieakle to the foarms in genercsl, (see

Tavie 7 ) Lut certain differences are w riny of note. County

s

-

¢t b less then on uplaud goils if cultivarion =20d oo

[

i

ope-utions are timely. Houever a e.cll nmistuie or unorgeen

devolonnent can lead to great expence such as mecessiboted Ly
receedins or by ¢ major weod centrol effert. Hicher cerin
nay e caused by a hicher lovel of muachinery damagce il
vertisels are worked at inappropriate times or by increascd
down tine if velhicles becore stuck while workia,: vet soils,
s snad DY
\
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LAY

initial eclenring costs, the verticeoley have

T Al

In terms of
g0 far been the cheapest soils az (witiin the nresent
farm arez) they cont:incd no trees.

0 S EOR TR TRt O Ay SOAEVIT LAY e
PROBLEL S AKD DROGPEOHS WO DPROVER AL .
b 2L

——

Of the possible problems forscen for Lie fur soils,
the vexrtisols are 1lilkel tu be nost sevarely auffected by
erosion, Gully erosion on slopin: associction i vertisols
has alreuwdy forced some fields on  Setchet to be talen

1

out of production. Bubjective usuesswentes sucraosi that

the peculiar stunting of growth in & circular patiorn
known ns Basotu Soil Froblem (DBSP) is more extemsive on
the wvertisols than on the upland zoils. his obusesvabion
has yet to be validated by resecrch bul ney indicate that
he potential exists for either further deterioration or
improvement of yields on these coils. Sulinity hoas beon
identified a potential problem con the vertisols (Fenger,
liignett & Green, 1982) but to date has not bLecen noticed to
be extemsive or spreading. Loss of organic matter and
accempanying lose of fertility is just bheginning to Le
studied at the farms. (L. Llowen Rudpgers, 198%, pergonal
communication).” However it is likely that this probles will
affectfthe_upland soils sooner znud to apreater dosves Sihva
it willlefiect the vertisols. The vertisole have ihe
hi;hest levels bfsnaturul ferti1lity wud have distributed

their crgenic matter and fertility throuphout the thiclress

of the profile not juat at the gurface.

Ipprovencnt of yields and reduction of costs ssen o
O salile. Wi S et o e z 2 3 %
1ggdr -challenge: on both the uplund =o0ils and the vernti-

sols.: Pertilizsation is not expected to .vovide any cost

foeos
4 a8 e a W,




¢etbive benefit on the vertisols for viulbe sonie time,

l?
Isnpoved weed control via chemicals is uline unli¥vely %o

produce economicul improvements., It dic thowht thist cone
beuelits could be realized by adjustin: ficld luyonts and

ingtalling couservation wmeasures such as resned usLerways
aind contoured strips. This would help to reduce erosion
and control runoff thereby limiting flooding: (nid improving
infiltration 2ad moisture conservation. Perhi,s the best
hore fer sipnificant in;rovements lien in more intensive
and ¥nouledpesble on the spot management. Pinslinens of
cultivition, wecd control and seedine are the eritical
fretere in reslizing ton yields. Coreful nanangremcnt of
evory fi-ld, according to the most suitslle wuy ronch for

thot seil tyne will prorhably result in tle nost sirni-
4 b i o ta

ficart inprovements which can be expucted.

subjective Assessgment of Vertisols.

In generul, the consenses anonyg faru Manusers appears

e

to e that the vertisols are now their lLest soils for hish,
devend:ble yields., If the farmers had sufficient nower %o
aciileve all the required operations during the short pericds
dictated by moisture conditions they would be hanuy to form
on vertisol soilg exclusively. The approximate time required
to complete each major cperation on a farm of 1C,000 acres
uzing the currently available machinery complerment is
indicated in Table 8. The limitations im;osed by current
pover cu;-bilities pressntly prevent efficient use of
exclusively vertisol soils.

In the alcence of sufficient power cupability it is
Thought thet a mixture of vertisols wud ujland soils makes
the best use of current egquipment.

.--a—-r/?’“"t'
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Wagsle 8 fime deguired Tor Yerimis opuePuiio o b
conpleted on 10,000 acres with tyviie d current
prciiinery complemenl.
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CPERATDTON HUT.BLR EQUIN.L6T WIDTH DAYSE PO
UshD Bl Oy B PLETE
*
i
i
i
i

Cultivation 2 Versitile e 13
% b THC 1406
peedins drill ) IRC 1466 gt 15

discall 2 IHG 146 200"
2} TG 844 0" gi & |
5 HC Ll o0 21

O I585C G488 23

The diixferent churucteristics of vertisols and upluud rolls allow

soast equiprent tou be used over a longer tine period anl a bmorder

ranje of conditions in any | iven cro vear. The subjoctive
evalustion of vertisols by the variocus farm mencgers is tobulsted
in Taile 9.

“able § subjective Rating of verticols by lianang vheot Conpplex

rurm lianapgers.

P - — e

Fern Ilanager Best .atpd Sell Ireferred Situation

e

Setchet

Bagotu
ilnlbadow Verti sols Mixture of Vertisule
Murjsnda ! & Up

Gaval

s 8

Diowd. I_ e -
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It 3= dntecresting to eaatract the prescnt subjeghive

.

eviluation of the verticol edapabilitic: Urned on u Lo 710

renrs of faming oxperience Mith the esrlier tochnlconl
o T R - b ol

Fogiiey dod v TP o ; g P i s iy T . o L “ N
eviluntions node by eoile personcl. The inidicd @ Yk B
i W R PN iy T . . " o T o .
reconaisssuece reporst (Beaunish 16 iy .-._,1“. red ded

aiainst the used of depressgigaal vertiszsle. It o o ndtad

£
that they were sublect o extensive flocding & d s Loo
hard when dry and sticky when wet to be farscod succonsfully.
Bonewhit laler, senidefuiled soil meyps were nwenwcod Iop
the areas occuppied by Lasotu sud Beichet Pares~ (Frumunt
17/%, Btonehousa and Lall, 19783}, In boeb: Theae wy arts
tre wvertiscle (narticul rly these in depronsaious) ooe pobed
8 having very rnoor sgricalX¥ural capebilit, (4 en » seale
hich lcwcla of

of 5). They weis acknoulodoed to di
ral fertility but recervations alout poor droiansge,
flnoding, hich salt contentg, adverse phycical strocbure
aul consequent managenont difficulties convinced theze
authers to rete the goils as’unﬂuitabla. This ratiug wag
adjusted upwards by thaenuéﬁt soil surveyors (Fencer, iignetﬁ
aud Creen, 1932) in liglht of the increasced level o successful
exrerience with thesc soils. rhe new rating ic ei’ll waly
moderutely suituble (2 on a _scale of 4) and reservobions
are still exm: reased regarding managensnt congtraiate
induced by adverse soil consistence wuud otructurce o
succeptibility to flooding or to erocicr (denger ol al,
1932).

In the future, once pfcper nanagerent teclu:i uog
have been confirmed to bte effective and hish, sucit~innble,

viclds have Leen documented the rating may be raiced te

g

ilghly suitalle for mechinized wheat proeduction cantinved
experience and lmprovements appear lilely to achieve thie
re Sult ®
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verticels and the upland soils 1L io
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rocorntticon of ve important differencoes Letweon

these main seil types. This has led to the bliokct (and
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