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ANNEX 2

LABORATORY ANALYTICAL METHODS

An2.1 INTRODUCTION

A proportion of the soil physical and chemical analyses were carried out at
Silsoe and Shardlow in the U.K. by SSLRC following the methods described
by Avery and Bascomb (1982), except where stated below. The bulk of the
samples were analysed at Kericho in Kenya, the physical determinations by
the Tea Research Foundation of Kenya and the chemical ones by Brooke
Bond Kenya Ltd. Table An2.1 shows the source of the analytical data
quoted in this report.

It is important to know which analytical method is used to understand the
implications of any results. Analytical results can vary with field sampling
procedures, but also with analytical procedures. Reasons for variability can
be summarised (Landon 1991) under five headings:

1. Pretreatment effects, particularly time and temperature of drying,
changes in microbiological conditions, and clay dispersion;

2. Intrinsic errors in methods — random errors of * 2 to 15% can
occur depending on the property being analysed;

3. Operator errors, such as incorrect preparation of standard
solutions or incorrect calculations;
Contamination effects, most commonly by dust;

5 Variation between laboratories.

An2.2  ANALYTICAL METHODS
An2.2.1 Soil Physical Analyses
Particle-size distribution was determined on <2 mm peroxide-

treated soil using buffered (pH9.5) sodium hexametaphosphate as

a dispersing reagent. The suspension passing through a 63pm

Soil Survey and Land Research Centre Cranfield



Ngwazi Estate, Mufindi, Tanzania ANALYTICAL METHODS ANNEX 2.2

sieve was sampled by pipette to determine the <63pm (silt+clay)
and <2pm (clay) fractions. Sand fractions were collected on a
nest of sieves, 600, 212, 106 and 63um at Silsoe and 500, 250,
106 and 63pm at Kericho respectively.

Moisture retention

Undisturbed samples for bulk density and water-release
measurements were taken using a special coring device (Dagg and
Hosegood 1962) constructed to fit sampling tins 76 mm in
diameter and 51 mm high. Three replicate cores were taken from

each horizon sampled.

Bulk density of soil was calculated from the mass of oven-dry soil

and 1ts field volume.

Available water

The total available water of a soil has been calculated for
horizons and for profiles according to procedures given by Hall er
al. (1977). Itis the difference between the retained water capacity
at (.1 bar suction, taken as equivalent to field capacity, and the
water retained at 15 bar (1500 kPa or pF 4.2) suction, called the
permanent wilting point, expressed as a volumetric percentage.
It represents the amount of water in a soil available for plant
uptake after excess moisture has drained away under the influence
of gravity. A proportion of this water is considered to be more
easily available to plants and a value for easily available water
has been calculated using the water retained at 2 bar (200 kPa) as

the lower limit.

Total porosity is calculated from the water content of the soil at
saturation.

Air capacity can be calculated for each suction by subtracting the
moisture retained from the total porosity value. It is given here for
the field capacity state (0.1 bar).

Soil Survey and Land Research Centre Cranficld
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Table An2.1 Guide to the samples and analytical laboratories used.

Soil Type (phase) Symbol Profile Sample Code
Code 1/A 2/B 3c 4/D S/E 6/F 7/G 8/H 9J 10/K

Nzivi Nz PR3 S S S S S s S/K
Nzivi Nz PC1 K K K K K K
Nzivi Nz PC2 K K K K K K
Nzivi (motted) Nz (m) PR4 K K K K K K
Nzivi {gravelly) Nz (g) PC4 K K K K K K
Makabila {deep) MK (d) 2lex] K K K K K K K K K
Ngongwa (shaliow) No (s) PC7 K KIS
Longstaff (deep) Lg (d) PC5 K K K K K K
Longstaff (shallow) La (s) PC6 K/S K/S K/S K K
Hehe (deep) He (d) PR1 K K K K K
Kihanga (deep) Kg (d) PR2 K K K K K K K K K K
Ngwazi Ng RWP19390 S S S S S S
Ngwazi Ng PCs K K K K K K
KEY s analysed by SSLRC, UK.
K analysed in Kenya by BBK (chemical) and TRFK (physical)

S/KorK/S  duplicate samples analysed by both labs: the first letter refers
to the lab data presented below

An2.2.2 Soil Chemical Analyses

All soil chemical analyses were carried out on <2 mm air dried
soil.

Soil pH was measured with a combined glass electrode in a 1:2.5
suspension of soil and deionised water. The suspension was
stirred initially, allowed to equilibrate for one hour, stirred again,

and the pH measured just above the sediment-water interface.

Organic carbon was determined by the Walkley Black wet
combustion method using potassium dichromate in the presence of
concentrated sulphuric acid at 120°C and titration of residual
dichromate with ferrous sulphate (Hesse 1971) at Kericho. At
Silsoe the acid dichromate method of Kalembasa and Jenkinson

(1973) was used. This involved heating the mixture to its constant
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boiling point of 165°C for 20 minutes. It is preferred to the
Walkley-Black procedure because of its more precise control of
the digestion temperature and, according to Kalembasa and
Jenkinson, its more efficient di gestion of carbon as evidenced by
small coefficients of variation and near quantitative recovery of
sucrose-carbon. Figures for organic carbon % can be converted to

organic matter % by multiplying by 1.724.

Cation exchange capacity (CEC) was measured by leaching the
soil with ammonium acetate buffered at pH 7.0, the excess
ammonium ions being removed with ethanol, and the residual
ammonium ions determined by steam distillation (USDA 1984) to

give the cation exchange capacity.

Exchangeable cations (Ca Mg K Na) were extracted by IM
ammonium nitrate solution (MAFF 1986), and measured in the

extract by atomic absorption spectrometry.

Aluminium was determined as that extractable to 1M potassium
chloride solution (Hesse 1971) and was measured in the extract by
atomic absorption spectrometry. It is reported as mg/kg. This can
be converted to me/100g by dividing by 90.

Available phosphorus was extracted from soil by the Olsen
method with a sodium bicarbonate solution of pHS&.5 (Olsen et al.
1954) and determined in the extract colorimetrically as the blue
phosphomolybdate complex.
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Ngwazi Estate, Mufindi, Tanzania

SOIL PROFILES

Annex 3.1

ANNEX 3

SOIL PROFILES

DETAILED DESCRIPTIONS AND ANALYSES
Twelve profiles were described and sampled in 1993. In addition R. W. Payton of

SSLRC described and analysed the soil of the deep pit close to experiment N9 in

1990. The profiles are coded by surveyor and chronological order, but they are here

grouped by soil type, in the sequence:

Soil Type (phase)
Nzivi

Nzivi

Nzivi

Nzivi (mottled)
Nzivi (gravelly)
Makabila (deep)
Ngongwa (shallow)
Longstaff (deep)
Longstaff (shallow)
Hehe (deep)
Kihanga (deep)
Ngwazi

Ngwazi

Symbol

Profile Code

PR3
PCl
PC2
PR4
PC4
PC3
PC7
PC5
PC6
PR1
PR2

R W Payton 1990

PC8

Note: The texture given for each horizon is that allocated by hand texturing in the

field, and reflects the mechanical characteristics of the soil.

Soil Survey and Land Research Centre
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PROFILE PR3
Soil Type: Nzivi Nz
F.A.O.: Haplic Ferralsol
Described: 8 - 12 Feb 1993, R.G.O. Burton.
Location: Ngwazi Block (Auger bore R45, Square H3, Grid ref
39055622), Ngwazi Estate, Mufindi, Tanzania.
Topography: Flat, edge of broad interfluve, falling to the NW towards Lake
Ngwazi with average slope of 2°. Altitude 1880 m a.s.l.
Parent material: Deeply and strongly weathered Basement Complex.
Land use and vegetation: Fallow, being cultivated for tea planting.
Site drainage: Good.
Surface: Flaticned.
Summary of profile: Deep, friable, porous sandy clay loam, dominantly brown with

medium grade sand passing to reddish with fine grade sand
with depth.

PROFILE DESCRIPTION

Horizons:

0-20

20-40

40 - 74

74 -122

Dark greyish brown (10YR 4/2.5 moist); stoneless medium sandy loam (p.s.c. sandy
clay); moist; weak fine and medium subangular blocky structure, casily breaking to
fine and medium granular; medium packing density; very porous; very weak ped
strength; semi-deformable; slightly sticky; moderately plastic; many very fine fibrous
roots; moderately acid; abrupt smooth boundary to:

Brown (7.5YR 5/3 moist); stoneless medium sandy clay loam (p.s.c. sandy clay);
moist; very weak medium and coarse subangular blocky to massive structure; medium
packing density; very to moderately porous; 5% very fine macropores and fissures:
moderately weak; semi-deformable; non-sticky; moderately plastic; common very fine
fibrous roots; moderately acid; clear smooth boundary to:

Brown (7.5YR 5/4 moist): stoneless medium sandy clay loam (p.s.c. clay); moist;
weak coarse and medium subangular blocky structure, casily breaking to fine
subangular blocky; medium packing density; very porous; moderately weak: semi-
deformable; non-sticky; non-plastic; few very fine fibrous roots; infilling of root
channcls with material from above; moderately acid; clear smooth boundary to:

Brown to strong brown (8.5YR 5/5 moist); stoneless medium sandy clay loam (p.s.c.
clay); moist; weak very coarse and coarse subangular blocky structure; medium to low
packing density; very porous; 4% very fine and fine macropores; very weak ped
strength; semi-deformable; non-sticky; moderately plastic; few very fine fibrous and
medium woody roots; moderately acid; few very firm brittle concentrations of soil
material, especially concentrated along base of horizon; abrupt smooth boundary to:
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PROFILE PR3 — Nz Annex 3.3

122 -210  Reddish yellow (7.5YR 6/6 moist); stoneless medium to fine sandy clay loam (p.s.c.
clay); moist; weak coarse and medium, easily breaking to fine granular structure:
medium to low packing density; extremely porous; 5% very fine macropores; very
weak ped strength; semi-deformable; non-sticky; non-plastic; few f(ine and medium
woody roots; moderately acid; diffuse smooth boundary to:

210-249  Reddish yellow (6.5YR 6/6 moist); stoncless fine sandy clay loam (p.s.c. clay); moist;
weak coarse and very coarse subangular blocky structure easily breaking to fine
subangular blocky; medium packing density; modcrately porous; 1% fine macropores:
moderately weak; semi-deformable; non-sticky; moderately plastic; few very fine
fibrous and fine woody roots; slightly acid; diffuse smooth boundary to:

249 -302  Yellowish red to reddish yellow (5YR 5.5/6 moist); stoncless fing sandy clay loam
(p.s.c. clay); moist; apedal massive, easily breaking down to fine granular structure:
medium packing density; moderately porous: 1% very fine macropores and occasional
medium vertical channel; moderately weak: semi-deformable; slightly sticky; very
plastic; few fine woody roots; slightly acid; common amorphous nodules 5-10 mm
diameter,

ANALYSES

Sample PR3 PR3/2 PR3/3 PR3/4 PR3/5 PR3/6 PR3/7
depth (cm) 0-20 20-40 40-74 74122 122-210 210243 249-302
Physical analyses:
Sand coarse 600um - 2mm % 75 54 56 48 48 47 69
medium 212um - 600pm % 268 263 175 104 83 6.5 95
fine 106um-212um %  10.0 111 8.0 6.1 6.4 6.1 105
v.fine  63pm - 106pm % 2.2 2.2 24 3.0 31 46 7.0

Silt 2um - 83pm % 2.7 28 37 71 108 14.7 15.2

Clay <2pm % 50.7 525 62.9 68.6 66.5 63.4 509

Chemical analyses:

PH (1:2.5) in water 48 47 50 48 5.0 54 56

Organic Carbon % 1.5 1.1 09 0.9 05 0.2 03

P ailableMI’kg 56 1.2 <0.05 <0.05 1.5 <0.05 <0.05

Al o actabloMIKG 60.1 595 469 337 84 55 6.6

8 changsableMe/100g 05 0.1 0.1 0.2 02 <005 <0.05

M9, changeabis™e/100g 0.1 <0.05 <0.05 <0.05 0.1 <0.05 <0.05

Elxcharlg&,=‘,Dlem(-:‘."1009 <0.05 <0.05 <0.05 <0.05 <0.05 0.2 <0.05

K exchangeablsMe/100g 03 01 0.1 0.1 <0.05 0.4 0.1

CEC me/100g 11.7 88 95 9.1 g2 6.4 6.1
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PROFILE PC1
Soil Type: Nzivi Nz
F.A.O: Haplic Ferralsol
Described and sampled: 6 and 8 Feb 1993, 1.C. Baillic.
Location: SW comer of Nzivi block (Auger hore C4, Square C2, Grid ref
34175532), Ngwazi Estate, Mufindi, Tanzania.
Topography: Flat crest of broad, low interfluve.
Parent material: Deeply weathered Basement Complex, possibly colluvial.
Land use and vegetation: Plantation forestry. Young Pinus patula, ca 3-5 m in height,
Moderately dense grass cover (40-50 cm hi gh).
Site drainage: Good.
;‘iurface: Continuous grass litter; slight microrelief.
Summary of profile: Deep, uniform, very brightly coloured reddish yellow sandy

clay loam to clay loam.

PROFILE DESCRIPTION

Horizons:
cm
2-0

0-7

22 -44

Grass and wig litter, no needles.

Very dark greyish brown (10YR 3/2 moist); humose loamy medium sand to sandy loam,
moderate to weak fine crumb structure; many medium interpedal pores; moist and
cxtremely friable, almost loose: non-sticky and non-plastic when wet; abundant fine and
medium roots; gradual smooth lower boundary to:

Faintly contrasting mixed dark brown (10YR 3/3 moist) and brown to dark brown (I0YR
4/3 to 7.5YR 4/3); medium sandy loam to loamy sand; moderate medium to fine crumb
structure; many medium interpedal pores; moist and friable: non-sticky and non-plastic
when wet; many fine and medium roots: clear smooth lower boundary to:

Brown to dark yellowish brown (OYR 4/4 moist), with common fine very faint yellowish
brown mottles; medium sandy loam: common medium and coarse faunal and many fine
pores; moist and firm, slightly compact; sticky and plastic when wet; common medium
and fine roots; rare fine angular Quartz grit; diffuse boundary to:

Yellowish brown (10YR 5/6 moist), with common medium district blotches of greyish
brown (10YR 5/2 ) and dark greyish brown (10YR 4/2) in old faunal voids and channels,
and few medium distinct strong brown (7.5YR 5/7) mottles: medium sandy loam to
sandy clay loam; weak medium subangular blocky structure breaking to moderate fine to
medium crumb; moist and slightly firm en masse, slightly compact, but friable when
disturbed; slightly sticky and slightly plastic when wet; common fine and few medium
roots; common angular quartlz coarse sand o grit; common very fine rounded black
ferrimanganiferous sand; diffuse boundary to;
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82-150

150 - 290+

Comment;

Reddish yellow (7.5YR 6/6 moist, strong brown 7.5YR 5/6 wet), with common medium
faint dark greyish brown organic stains, and common very fine and very faint yellowish
red mottles; medium sandy clay loam: extremely weak fine to medium subangular blocky
structure breaking readily to moderate fine to medium crumb: many fine and medium
pores; moist and friable in situ, very friable when disturbed; moderately sticky and
moderalcly plastic when wet; common to many fine (more than horizon above) and few
medium roots; rare medium (o fine slightly harder nodules of very porous amorphous soil,
colour very slightly browner than matrix; very rare fragments of yellow and yellowish red
slightly hard weathering rock (up to 3 cm diameter); very diffuse lower boundary to:

Reddish yellow (6YR 6/8 moist and wet), with common very fine very faint yellowish red
mottles; clay loam; extremely weak medium subangular blocky structure breaking to
weak fine to medium crumb, very patchy weak films (possibly moisture) especially
against occasional quartz grit; many to abundant fine and medium pores; moist and very
friable but with few nodules only slightly friable; sticky and plastic when wet: common
fine and few medium roots (no decline with depth); few medium round nodules of
slightly harder and browner (10YR 5/6, 7.5YR 5/6) soil, mostly amorphous but some with
very weak laminations; few angular quartz coarse sand and grit, common fine black
ferrimanganiferous sand.

Prominent features include the contrast in the firm and slightly compact consistence at 22-82 c¢m
(cspecially 22-44 ¢cm) compared with the friable horizons above and beneath,

ANALYSES
Sample PC1/A PC1/B PCi/C PC1/D PC1/E PC1/F PC1/G
depth (cm) 0-7 10-20 25-35 58-68 110-120 175199  255-275

Physical analyses:

Sand 500pm - 2mm % 251 254 18.0 12.0 98 84 11.3
250pm - 500um % 184 19.9 19.0 12.2 11.0 7.0 7.7
106um - 250pm % 9.2 97 103 8.2 81 88 94
63pm - 106um % 1.1 10 11 1.3 22 46 38
Silt 2um - 63pm % 382 31.1 368 494 441 30.0 254
Clay < 2um % 79 13.0 148 16.8 249 406 423

Chemical analyses:

PH (1:2.5) in water 5.09 514 432 423 4.45 5.05 547
Organic Carbon % 1.94 1.16 0.96 064 0.28 0.19 0.20
P ailableMa’kg 35 16 26 27 30 16 17

Al oxtractableM3’Kg 4 26 77 40 3 2 2

Ca,, hangeableMe/100g 245 101 0.39 0.32 0.05 0.01 0.02
Mg, . angeableMe/100g 1.07 0.62 0.33 0.31 0.18 0.01 0.01
Na_, 1 2ngeableMe/100g 0.04 0.04 0.03 0.04 0.04 0.04 0.04
KemhangeablameMOOg 0861 0.27 0.1 0.14 0.14 0.19 0.08
CEC me/100g 17.60 12.32 832 6.80 5.40 4.80 5.00
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Soil Type:
F.A.0O:
Described:

Location:

Topography:
Parent material:

Land use and vegetation:

Site drainage:

Surface:

Summary of profile:

PROFILE DESCRIPTION

Horizons
cm

2-0  Discontinuous grass litter

PROFILE PC2
Nzivi Nz
Haplic Ferralsol
9 Feb 1993, 1.C. Baillie.

Nzivi Block peninsula (Auger bore C6, Square E4, Grid ref
36635735), Ngwazi Estate, Mufindi, Tanzania.

Crest of very low broad spur, straight 2° slope to 340° (NNW).
Deeply weathered granite, possibly colluvial,

Plantation forestry; area of very patchy and poor growth of
young Pinus patula. Air photograph shows similar palchiness
and poor growth in previous rotation. Possibly due (o soil-
borne parasite, possibly to trace element deficiency. Pit site
has dense growth of shrubs and grass, with few volunteer
wattle (Acacia sp.).

Good.
Slight microrelief (<25 cm, at <I m intervals), probably from
forestry operations. Discontinuous grass litter 1-2 cm thick,

Discontinuous paiches of charcoal.

Decep, uniform, reddish yellow to strong brown sandy clay
loam.

0-11  Dark greyish brown (10YR 4/2 moist and wet): medium and fine sandy loam; weak fine
subangular blocky structure, breaking to weak fine crumb; common medium and fine
pores; moist and friable, non-sticky and very slightly plastic when wet; many medium
and fine roots; clear smooth boundary to;

11-23  Brown to dark brown (9YR 4/3 moist and wet), with common medium faint patches of
dark greyish brown (10YR 4/2); medium sandy clay loam (to sandy loam); weak to
moderate fine subangular blocky structure, breaking to moderate fine crumb; common

medium and fine pores;

moist and friable; very slightly sticky and slightly plastic when

Wwet; common medium and many fine roots; discontinuous thin charcoal layer at basc of
horizon; many ants; clear, slightly wavy boundary to:

23-61 Brown to dark brown (7.5YR 4/4 moist); medium sandy clay loam; moderate medium
subangular blocky structure, plus few rounded faunal nodules, breaking to moderate fine
crumb; common medium and fine pores; moist and moderately firm and slightly
compact; slightly sticky and slightly plastic when wet; few medium and common fine
roots; nodules up to 10 mm diameter slightly firmer than matrix: diffuse boundary to:
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Comments:

1 As in PCT and PR3, there is a distinctly harder consistence Jjust below the friable surface,

61 - 86

86 - 131

131-195

195 - 290

290-350

350-580

Faintly contrasting mixed brown to dark brown (7.5YR 4/4) and brown to strong brown
(7.5YR 5/5) with common very fin¢ very faint reddish brown and pale yellow mottles;
medium sandy clay loam; moderate medium subangular blocky structure; with slight
tendency to break to weak {ine crumb; abundant medium tubular ant and termite channel
pores; moist and slightly firm, with slight tendency to fragic to crisp; slightly plastic and
very slightly sticky when wet; few finc roots; few slightly hard fragments of yellowish
and brownish weathering granite (up to 1 cm diameter), many rounded nodules 1-10 mm
diameter the same colour but slightly harder than matrix; diffuse boundary to:

Strong brown (7/SYR 5/6 moist), with many very fine very faint mottles; medium sandy
clay loam (much of sand is fine, rounded black and ferruginous); weak medium to fine
subangular blocky structure breaking to weak fine crumb; patchy organic dark coatings
on walls of few coarse (termite and ant) pores; moist and moderately friable but common
nodules are slightly firm; very slightly sticky and slightly plastic when wet; few medium
and fine roots; weak discontinuous stone line of yellow, brown and orange, lairly soft,
highly weathered granite fragments, up to 8 cm diameter at base (125-131 cm); gradual
smooth boundary to:

Strong brown (7.5YR 5/8 moist); finc sandy clay loam; very weak medium and fine
subangular blocky structure breaking to weak fine crumb; many medium and fine pores;
moist and very friable matrix with few slightly hard and hard nodules (fewer in number
than above but hardness contrast is greater); rare coarse and medium roots; rare yellowish
fragment (up to 3 cm diameter) of slightly hard weatherin g granite; diffuse boundary to:

Reddish yellow (5YR 6/8 moist), with few nodules of reddish yellow (7.5YR 7/8); fine
sandy clay; weak medium subangular blocky structure breaking to moderate fine crumb;
common medium and fine faunal pores, with weak clay and organic coatings on walls of
coarser, matrix moist and friable, ycllower nodules slightly harder; few fine angular
quartz grit, rare [ragments of yellow and brown slightly hard weathering granite (up to
3 ¢m diameter)

continued by auger below 290 cm
As 195-290 cm

Similar to 195-290 but nodules and fragments of yellowish and reddish weathering
granite increase to common,

and above the deep friable subsoils. This may be a cultivation cffect from forestry
operations.

The weak stone line at 125-131 cm may mark a discontinuity between colluvia of different
ages. The material below appears to be more weathered, being brighter coloured, more
friable, and with fine rather than medium sand.
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ANALYSES
Sample PC2/A PC2/B PC2/C PC2/D PC2/E PC2/F PC2/G
depth (cm) 0-10 11-20 35-45 70-80 100-120 150-170 270-290
Physical analyses:
Sand 500pm - 2mm % 188 16.2 105 10.8 86 188 174
250pm - 500pm % 173 16.0 11.8 7.8 129 206 16.8
106pum - 250um % 150 105 100 114 245 16 113
63pum - 106um % 25 22 25 31 36 48 6.6
Silt 2um - 63pm % 201 20.7 264 18.0 278 359 30.7
Clay < 2pm % 26.2 344 388 49.35 224 18.3 17.3
Chemical analyses:
pH (1:2.5) in water 5.36 4.79 4.26 5.26 4.87 487 5.30
Organic Carbon % 267 1.30 197 0.78 0.33 0.35 0.14
P iabieMI’kg 40 19 30 13 8 2 33
Al otractabieM3’Kg 3 23 87 12 13 1 2
e me/100g 2.30 1.40 0.46 0.50 0.10 0.17 0.06
Mg, changeablsMe/ 1009 1.81 0.68 0.41 0.51 0.11 0.19 0.20
Na,_, 1 angeabl ,me/100g 0.05 0.06 0.06 0.04 0.02 0.03 0.02
exchangeabls™e/ 1009 0.79 0.73 023 0.18 0.08 0.09 0.15
CEC me/100g 12.20 10.60 9.80 9.20 19.00 1712 14.60
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PROFILE PR4

Soil Type: Nzivi (mottled subsoil phase) Nz(m)

F.A.O.: Haplic Ferralsol

Described: 11 Feb 1993, R.G.O. Burton.

Location: Nzivi Block (Auger bore C6, Square D4, Grid ref 35765711),
40 m S of cross-roads, Ngwazi Estatc, Mufindi, Tanzania.

Topography: Gentle straight mid-slope of broad, flat interfluve, 1° down to
N. Altitude about 1850 m as.1.

Parent material: Deeply and strongly weathered Basement Complex.

Land use and vegetation: Second rotation plantation of fast-growing exotic timber,
young Pinus patula. Dense grass ground vegetation,

Site drainage: Good.

Surface: Grass and pine needle litter.

Summary of profile: Deep, friable, porous sandy loam and sandy clay loam,

dominantly brown becoming more yellow with depth, with
reddish mottles and ferruginous nodules.

PROFILE DESCRIPTION

Horizons:
cm
0-10

10-21

21-36

36 - 66

66 - 101

Dark brown (7.5YR 3/1 moist); stoneless medium sandy loam; moist; finc granular
structure; extremely porous; very weak soil strength; non-sticky; non-plastic; abundant
very fine 10 medium roots; moderately acid; sharp smooth boundary to:

Very dark grey to very dark greyish brown (2.5Y 3/1 moist); stoneless medium sandy
loam; moist; weak fine and medium subangular blocky casily breaking to fine and
medium granular structure; low packing density; very porous; very weak ped strength;
semi-deformable; non-sticky; slightly plastic; abundant very fine fibrous and medium
woody roots; strongly acid; abrupt smooth boundary to:

Brown (10YR to 2.5Y 5/3 moist) with diffuse patches of light yellowish brown (10YR
6/4); stoneless medium sandy clay loam; moist; weak fine subangular blocky casily
breaking to fine and medium granular structurc; medium packing density; moderately
porous; 1% medium ant channels and very [ine macropores; very weak ped strength;
slightly sticky; moderately plastic; many very fine fibrous roots, and many medium
woody roots; strongly acid; abrupt smooth boundary to:

As Bwl above, but compact, apedal massive structure; moderately firm soil strength;
common very fine fibrous roots, and many medium woody roots; clear smooth
boundary 1o:

Yellowish brown (10YR 5/4 moist); stoneless medium sandy loam; moist; weak coarse
and medium subangular blocky structure; medium packing density; very porous; 2%
very fine and medium pores with coatings of soil material from above; moderately
weak ped strength; slightly sticky; moderately plastic; few very fine fibrous and
medium woody roots; strongly acid; clear smooth boundary to:
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101 - 134  Yellowish brown (10YR 5/5 moist); stoneless medium sandy loam; moist; weak coarse
and medium subangular blocky structure; medium packing density; very porous; 1%
very fine and medium macropores and vertical channels; moderately weak ped
strength; semi-deformable; non-sticky; moderately plastic; few very fine fibrous and
common woody roots; strongly acid; clear smooth boundary to:

134 -228 Brownish yellow (10YR 6/6 moist) with few sharp distinct medium red (3YR 5/6)
mottles and nodules: stoncless medium sandy clay loam; moist; weak coarse and very
coarse subangular blocky structure (adherent); medium packing density; very porous;
1% very fine macropores and medium vertical channels; moderately weak ped strength;
semi-deformable; slightly sticky; moderately plastic; common fine and medium woody
roots; moderately acid; few, passing to common with depth, rounded and irregular
ferruginous nodules 3 to 7 mm diameter; gradual smooth boundary to:

228 -305 Yellow (10YR 7/6 moist) with common sharp distinct medium red (2.5YR 5/6)
nodules; stoncless medium sandy clay loam; moist; weak very coarse breaking o
medium and fine subangular blocky structure; medium packing density; very porous;
moderately weak ped strength; semi-deformable; slightly sticky; moderately plastic;
few medium woody roots; moderately acid; common rounded and irregular ferruginous
nodules 3 to 7 mm diameter.

ANALYSES
Sample PR4/1 PR4/2 PR4/3 PR4/4 PR4/5 PR4/6 PR4/7
depth (cm) 0-10 10-21 21-66 66-101 101-134  134-228  228-305

Physical analyses:

Sand 500um - 2mm % 535 473 365 245 19.9 230 274
250pum - 500Um % 185 225 20.0 16.1 156 134 122
106pm - 250pum % 56 7.7 90 96 10.2 82 76
63um - 106um % 07 0.7 08 15 18 1.4 15
Silt 2um - 63um % 79 96 18.7 13.7 82 136 146
Clay <2um % 137 114 14.9 a7 44.4 403 364

Chemical analyses:

pH (1:2.5) in water 4.25 4.19 414 464 443 494 5.02
Organic Carbon % 355 0.85 0.41 037 0.44 0.14 0.21
P aiabieMa’kg 28 12 26 22 19 2 4

Al rtractableMI’KD 40 40 26 30 111 100 65

Ca,, hangeablsMe/ 1009 0.96 0.25 0.01 0.02 0.02 0.02 0.04
Mg, angoanis™e/ 1009 52.08 20.83 0.02 0.04 0.01 0.05 0.03
Na,, \angeable™e/ 1009 0.01 0.02 0.01 0.03 0.07 0.03 0.03
K o changsabisMe/ 1009 0.22 0.06 0.05 013 0.10 0.03 0.01
CEC me/100g 68.20 66.30 63.40 57.90 7.00 7.00 7.00

Note the high CEC values for the upper metre of the profile as reported by BBTK; these may be in error.
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PROFILE PC4

Soil Type: Nzivi (gravel subsoil phase)  Nz(g)

F.A.O: Haplic Ferralsol

Described 10 Feb 1993, 1.C. Baillic.

Location: 80 m northeast of cross-roads on northeastern boundary (Auger
bore R1, Square G7, Grid ref 38346004), Ngwazi Estate,
Mufindi, Tanzania.

Parent material: Deeply weathered Basement Complex, possibly colluvial.

Topography: Crest of broad flat ridge.

Land use and vegetation: Fallow with mixed low (>3 m) shrubs and moderately tall grass
(50-100 cm).

Site drainage: Good.

Surface: 2cm grass litter; irregular microrelief of about 10cm
amplitude at about 2 m intervals, possible from old termitaria.

Summary of profile: Very deep, uniform, yellowish red sandy clay, with ferricrete-

derived ferruginous gravel only at almost 3 m depth.

PROFILE DESCRIPTION

Horizons:
cm
2-0

0-10/14

10/14 -
20/25

Grass litter.

Dark brown (10YR 3/3 moist and wet); medium sandy loam; moderate fine crumb
structure; many medium intercrumb pores; moist and [riable; non-sticky and non-plastic
when wet; abundant medium and fine roots; clear wavy boundary to:

Brown to dark brown (9YR 4/3 moist, brown to dark brown 7.5YR 4/3 wet); medium
sandy clay loam to sandy loam; moderate to weak fine subangular blocky structure
breaking to moderate medium and fine crumb; many medium interped and common fine
intraped pores; moist and slightly firm; very slightly sticky and slightly plastic when wet;
many fine and common medium roots; gradual slightly wavy boundary to:

20/25 - 56 Brown to strong brown (7.5YR 5/5 moist, brown 7.5YR 5/4 wet); medium sandy loam to

sandy clay loam; weak fine subangular blocky structure breaking to moderate medium
crumb; few coarse pores with dark greyish brown infill, and common medium and fine
pores; moist and friable; slightly sticky and slightly plastic when wet; common fine and
medium roots; gradual to diffuse smooth boundary to:
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56 - 135

135 -270

270 - 300

300 -320

320 - 400

400 - 440+

Yellowish red to strong brown (6YR 5/8 moist and wet); medium to fine sandy clay
loam; weak fine to medium subangular blocky structure breaking to weak fine crumb;
common coarse (up 0 10 mm) infilled termite channel with very dark greyish brown
(10YR 3/2) and brown to dark brown (7.5YR 4/4) colours; common medium and fin¢
pores; moist and very friable with few harder, rounded nodules of yellowish brown
(10YR 5/6 and 10YR 5/4) soil, sometimes coarser (sandy loam), also some cored by very
highly weathered rock; slightly sticky and plastic when wet; few fine and medium roots;
rare soft to slightly hard fragments (to 3 cm) yellowish weathered rock; diffuse boundary
to:

Yellowish red (YR 5/8 moist and wet), with few fine very faint reddish yellow (5YR
6/8) mottles and dark streaks in old termite channels; clay loam to fine to medium sandy
clay loam; moderate to weak medium angular to subangular blocky structure breaking to
moderate medium to fine crumb; weak clay coatings on walls of fresh termite channels;
common medium and fine pores and coarse termite channels; moist and slightly to
moderately firm; slightly sticky and moderately plastic when wet; rare fine roots; clear
smooth boundary to:

Yellowish red (5YR 5/8 moist and wet); very gravelly clay loam; structure affected by
gravel but matrix weak medium subangular blocky breaking to weak fine crumb; weak
shiny coatings against some gravel; common fine and few medium pores, few dark-
infilled coarse voids, probably on termite channels; matrix moist and friable; few to rare
hard subangular stones (to 5 cm) dark purplish hard ferricrete with embedded quartz
grains; many gravel (5-10 mm) round, red coated, soil cored moderately hard
concretions, also few angular fragments of very hard purplish ferricrete with embedded
quartz grains.

Continued by auger

As 270 - 300 cm

Yellowish red (3YR 5/8 moist and wet); soft, highly weathered rock (texturing as clay
loam), with many medium fragments of slightly harder reddish and yellowish weathered

rock, with many fine distinct pinkish and whitish flecks; common angular quartz grit.

Reddish yellow (7.5YR 6/8 moist); soft, highly weathered rock (lexturing as gritty clay),
with many coarse reddish, yellowish and orange patches.

ANALYSES

Sample PC4/A PC4/B PC4/C PC4/D PC4/E PC4/F
depth (cm) 0-10 14-20 30-40 90-100 195-205 270-290

Physical analyses:

Sand coarse 500um- 2mm % 75 68 4.8 4.1 56 74
medium  250pm - 500pm % 16.0 12.6 11.0 6.3 53 96
fine 106pm - 250pm % 13.3 17.7 177 9.1 10.6 121
v. fine 63pum - 106pum % 155 166 99 7.3 48 48
Silt 2pm - 63pum % 289 238 294 366 38.8 37.0
Clay < 2um % 183 220 269 366 348 290
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Sample PC4/A PC4/B PC4/C PC4/D PC4/E PC4/F
depth (cm) 0-10 14-20 30-40 90-100 195-205 270-290
Chemical analyses:
pH (1:2.5) in water 424 429 432 453 548 534
Organic Carbon % 2.07 1.24 1.06 0.51 0.35 023
P ailableMIkg 22 26 26 32 13 30
Alge 9ﬂractablemgkg 292 242 322 68 48 42
ta):changa;ablemeJlr1 009 0.28 0.1 003 0.03 0.01 0.02
M., changeableMe/ 1009 0.23 0.09 0.04 0.03 0.01 0.02
Na,, ;.angeanie™e’ 1009 0.03 0.02 0.03 0.03 0.03 0.04
Kﬁx cha ngaableme” mg 023 0.08 0.08 0.05 0.08 0.08
CEC me/100g 8.72 6.20 3.80 6.60 500 540
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Soil Type:
K.A.O:
Described:

Location:

Topography:

Parent material:

Land use and vegetation:
Site drainage:

Surface:

Summary of profile:

PROFILE PC3

Makabila (deep subsoil phase) Mk(d)
Plinthic Ferralsol
9 Feb 1993, 1 C. Baillie.

Makabila Hill (Auger borc R64, Square F6, Grid ref
37945916), Ngwazi Estate, Mufindi, Tanzania.

Straight 3° mid-slope, down to 165° (SSE) on ferricrete-fringed
hill.

Highly weathered Basement Complex, possibly colluvial.
Grassland fallow near wattle belt.

Good.

3 cm continuous grass litter. No microrelief,

Reddish yellow sandy clay to about one metre depth over

gravel derived from ferricrete, over strongly weathered rock.

PROFILE DESCRIPTION

Horizons:
cm
3-0

0-11

11-20

20-33

33-51

Grass litter.

Brown to dark brown (7.5YR 4/4 moist); medium sandy loam; moderate fine crumb
structure; abundant medium interped pores; moist and friable; non-sticky and non-
plastic when wet; abundant fine and medium roots; rare red rounded iron-coated
nodules (<2 cm diameter); clear smooth boundary to:

Brown (7.5YR 4.5/4 moist); medium sandy loam; very weak fine subangular blocky
structure breaking to moderate [ing crumb; abundant medium interped pores and
common coarse faunal channels with weak organic coatings; moist and [riable; non-
sticky and non-plastic when wet; many medium and fine roots; clear smooth boundary
to:

Brown (7.5YR 5/4 moist); medium sandy loam; moderate to weak medium subangular
blocky structure breaking o medium fine crumb; many medium and fine pores, and
common faunal channels with weak organic coatings; moist and slightly firm; non-
sticky and slightly plastic when wet; common medium and fine roots; common very
fine quartz grit and fine black iron concretions; clear smooth boundary to:

Faintly contrasting mixed brown and strong brown (7.5YR 5/4 and 5/8 moist); medium
sandy loam; moderatc medium subangular blocky structure with slight tendency to
break to moderate fine crumb; few coarse faunal channels with weak organic and lew
clay linings, and many fine and medium pores; moist and slightly firm; slightly sticky
and slightly plastic when wet; few coarse and medium and common fine roots; clear
smooth boundary Lo:
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51-78 Reddish yellow (7.5YR 6/8 moist); fine and medium sandy clay loam; weak fine and
medium subangular blocky structure breaking to moderate to weak fine crumb; common
coarse faunal pores with some organic linings, and many medium and fine pores; moist
and friable; slightly plastic and slightly sticky when wet; many fine and few medium
roots; common slightly harder and browner rounded nodules of soil up to 2cm
diameter; diffuse boundary to:

78 - Yellowish red to strong brown (6YR 5/8) moist; fine and medium sandy clay loam;
106/109  weak finc and medium subangular blocky breaking to moderate to weak fine crumb;
many medium and finc pores, some with dark organic linings; moist and [riable; slightly
sticky and slightly plastic when wet; few round brownish and yellowish ferruginous

gravel at >90 cm; clear slightly wavy boundary 10:

106/109 - Yellowish red to strong brown (6YR 5/8 moist); gravelly sandy clay loam; structure
138 mainly determined by gravel, but some interstitial weak very fine subangular blocky to
crumb: common coarse and medium pores, with dark organic linings on walls; weak,
discontinuous shiny films against some gravel; moist and moderately firm; non-sticky
and slightly plastic when wet; few fine roots; many to abundant moderately hard
rounded red and dark red ferruginous nodular gravel (up to 4 cm) with amorphous
yellowish interiors, also few to common angular and subangular quartz grit and gravel

and rare stones; diffuse boundary to:

138 - 177 Mixed distinct coarse blotches yellowish red and reddish yellow (SYR 5/8 and 7.5YR
6/6 moist): slightly gravelly sandy clay loam (possibly very highly weathered rock);
structure affected by gravel but mainly moderate coarse subangular blocky; many fine
and medium pores some with dark organic linings; weak discontinuous shiny films
against some gravel; moist and slightly firm; non-sticky and non-plastic when wet; few
fine roots; common gravel, some as in above horizon but increasing proportion of hard
to slightly hard angular and subangular fragments of ycllowish highly weathered rock
with reddish coatings; also many quartz grit; diffuse boundary to:

177 - 250 Mixed very distinct coarse blotches of yellowish red and yellow (SYR 5/8 and 10YR 7/8
moist) with many patches of intermediate reds and yellows; highly weathered rock
(yellowish patches texture as sandy loam to sandy clay loam, reddish as clay loam, but
mass is gravely due to harder fragments); gravel affects structure, but overall massive
breaking to weak fine o medium subangular blocky, with weak discontinuous shiny
films against some gravel; common fine pores; moist and moderately firm; rare line
roots; common harder fragmenis of weathered rock and many quartz grit.

Continued by auger
250 - 330 As 177-250 cm

330 -430 Red (2.5YR and 5YR 5/8 moist) with common coarse distinct yellow patches; gritty
clay loam to weathered rock.

430 - 450+ Mixed reddish and yellowish weathered rock (gritty sandy clay loam).
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ANALYSES
Sample PC3/A PC3/B PC3/C PC3/D PC¥E PC3F PC3G PC3H PC3AN
depth (cm) 0-10 11-20 20-30 35-45 60-70 85-95 115-125 150-160 220-240
Physical analyses:
Sand coarse 500um - 2mm % 122 14.1 105 95 80 96 333 46.0 419
medium 250um - 500pm % 16.1 13.7 132 120 79 7.4 87 88 104
fine 106pm - 250pum % 175 11.1 184 17.7 166 158 116 g1 1.2
v. fine 63pm - 106um % 39 22 42 45 6.4 7.1 49 42 49
Silt 2um - 63um % 16.8 223 189 18.4 1741 204 20.1 139 16.1
Clay < 2pm % 332 363 347 378 441 393 213 17.8 155

Chemical analyses:

pH (1:2.5) in water 457 401 427 450 459 496 500 494 519
Organic Carbon % 132 18 109 082 056 078 063 008 091
P, ,aiaeMIkg 16 7 12 6 13 12 6 6 22

Alg, roctanMIka 28 171 72 40 20 2 6 14 14

€8, 41angeabie™Me/ 100G 037 041 041 006 006 002 001 001 <001
MG, hangeatie™e/ 1009 037 029 011 006 060 005 <001 <001 <001
N8, 1angeasieMe/ 1009 003 007 002 002 002 003 003 003 003
K exchangeable™e/ 1009 025 058 010 005 005 007 010 013  0.11
CEC me/100g 1600 1880 1040 1460 680 540 500 1280 680
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PROFILE PC7

Soil Type: Ngongwa (shallow subsoil phase) No(s)

F.A.O: Petroferric Dystric Ferralsol

Described 12 Feb 1992, I. C. Baillie.

Location: Murram pit on northwestern boundary (Square D7, Grid ref
35636067), Ngwazi Estate, Mufindi, Tanzania.

Parent material: Highly weathered Basement Complex, possibly colluvial,

Topography: Mid- to upper slope of ferricrete-capped hill, 2° rectilincar
down to 25°, tending to convex downslope. Altitude about
1855 m as.l.

Land use and vegetation: Second generation plantation of fast-growing Pinus patula, but
growth very poor and area mostly used as borrow pit for road
murram. Vegetation above profile is moderately thick grasses,
herbs and low shrubs with occasional volunteer wattle (Acacia
sp.).

Site drainage: Good.

Surface: Variable 2-5 cm litter of grass, twigs and few cones; [ew
ferricrete rounded gravel (up to 1 cmy); irregular interval micro-
relief up to 25 cm amplitude, possibly from forestry operations.

Summary of profile: Shallow brown loam abruptly overlying indurated, decp and

impenetrable continuous layer of ferricrete.

PROFILE DESCRIPTION

Horizons:
(W]
4-0

0-9

9 -44/52

Litter, mostly grass.

Brown to dark yellowish brown ((9YR 4/4) moist, light brown to light yellowish brown
(9YR 6/4) dry, brown to dark brown (10YR 4/3) wet); finc sandy clay loam; moderate
to weak fine 10 medium subangular blocky structure, breaking to weak fine crumb;
common medium and fine pores; moist slightly friable; moderately sticky and
moderately plastic when wet; abundant fine and medium and few coarse roots; common
fine to medium (<10 mm) subrounded and round red and reddish brown hard
ferruginous gravel, common angular quartz grit (up to 1 cm), few angular to subangular
quartz stones (up to 8 cm); gradual smooth (o slightly wavy boundary to:

Brown to yellowish brown ((YYR 4/4) moist, brown (7.5YR 5/4) dry, brown 1o
yellowish brown (9YR 4/4) wet); medium to fine sandy clay loam; weak fine subangular
blocky structure, breaking to moderate fine and medium crumb; many medium and fine
pores; moist and friable; slightly sticky and slightly plastic when wet; rare coarse and
common medium and fine roots; moderately acid; common rounded hard ferruginous
gravel (up to 20 mm) in lower 5 ¢m; abrupt wavy boundary to:
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44/52 - 80 Hard ferricrete of rounded to subrounded hard ferruginous gravel (up to 1cm) with
many red coatings and amorphous yellow to orange interiors and few coarser (up Lo
3 ¢m) angular red and yellow fragments of an earlier ferricrete, and few quartz gravel
and stones (3 mm to 3 cm) in a hard to moderately hard reddish yellow (7.5YR 6/8)
matrix: common fine and few medium and coarse roots; very diffuse boundary to:

80 - 210+ As above, but proportion of round red gravel decreases and that of dark red, purplish,
dark brown and black angular ferricrete fragments incrcases. The matrix (ends to
yellower colours, yellow (9YR and 10YR 7/8). There are [ine roots down the face of
this section but few appear to penetrate the ferricrete mass.

Comments:
This is a fairly extreme example of Ngongwa soil type. Elsewhere in the borrow pit it can be scen
that:-

1. The depth of solum above the ferricrete is generally grater than in PC7, reaching 2 m in
places.
2. In the deecper soils, the subsoil is more clearly distinguished, usually reddish ycllow

(7YR 6/R), fine sandy clay.

3 Under the deeper sola the ferricrete matrix tends to be softer, so that it may texture as a very
gravelly sandy clay.

4, The matrix is laterally quite variable, and is reddish clay in places.

5. The pattern of clasts in the ferricrete in Profile PC7 is general, with more rounded reddish
ferruginous gravel in the upper levels.

6. However, the clasts in the lower levels are variable with clusters of angular ferricrete
fragments (up to 15 cm) in some places, and nests of rounded and subrounded quartz stones
(up to 10 cm) in others.

ANALYSES
Sample PC7/A PC7/B
depth (cm) 0-9 20-35

Physical analyses:

Sand coarse 500um - 2mm % 146 195
medium 250um - 500um % 121 129
fine 106pm - 250um % 186 194
v. fine 63um - 106um % 46 52
Silt 2um - 63um % 19.0 120
Clay < 2um % 304 301
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Sample PC7/A PC7/B
depth (cm) 0-9 20-35

Chemical analyses:
pH (1:2.5) in water 451 4.35
Organic Carbon % 1.96 1.06
Pavailablemg"kg 20 13
A‘KCI exlfac‘l.ablsmgmg 7 105
caexd\angeabieme“ 00g 0.87 0.09
Mgexwangeableme”wg 0.89 013
Nae)(c::l'tau'\gElual:llearnellr‘l 0og 0.03 0.03
stchaﬂgaabigmeﬂ 00g 0.16 0.07
CEC me/100g 11.08 7.40
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Soil Type:
F.A.O:
Described

Location:

Parent material:

Topography:

Land use and vegetation:
Site drainage:

Surface:

Summary of profile:

PROFILE DESCRIPTION

Horizons:
cm
0-13

PROFILE PC5

Longstaff (deep subsoil phase) Lg(d)
Haplic Ferralsol (to Ferrallic Cambisol)
11 Feb 1993, 1.C. Baillie.

Adjacent to experiment N10 (Square G3, Grid ref 38635699),
Ngwazi Tea Rescarch Unit, Mufindi, Tanzania.

Strongly weathered Basement Complex, possibly colluvial.

Lower, 4° convex slope down to Lake Ngwazi; aspect 280°
(W). Altitude about 1845 m a.s.l.

Experimental plot (N10) in mature (ea.
Good.

Discontinuous layer of single dry leaves; microtopography duc
to paths and slight hummocks of tea cultivation.

Brown sandy clay loam topsoil over yellowish red subsoil over
very heterogeneous weathered rock at just over one metre
depth. Continues soft and rootable to 3 m+.

Dark brown to dark reddish brown (6YR 3/3 moist, 6YR 4/2 wet); coarsec and medium

sandy clay loam; weak to moderate fine subangular blocky to very fine subangular
blocky structure breaking to very fine subangular blocky, further breaking to moderate
fine crumb; common fine pores; moist and friable; slightly sticky and plastic when wet;
many fine and medium roots, abundant in pockets; clear smooth boundary to:

13-29

Yellowish red (5YR 4/8 moist and wet), with common fine very faint darker (reddish

brown) patches; coarse and medium sand clay loam; moderate to weak fine subangular
blocky structure tending to break to weak medium crumb; few medium and many fine
pores; moist and firm to slightly compact (possibly cultivation pan); slightly sticky and
plastic to very plastic when wet; common fine and few medium roots; rare fine (<5 mm)
subangular to subrounded fragments of reddish and yellowish highly weathered rock;
gradual smooth boundary to:

29 - 66

Yellowish red (5YR 4/8 moist and wet); coarse and medium sandy clay loam; moderate

to weak medium subangular blocky structure breaking to medium fine crumb; many
medium and fine pores, and few coarse pores with slight to moderate dark organic
coatings on walls; moist and friable to slightly firm; slightly sticky and plastic when wet;
common fin¢ and few medium roots; gradual slightly wavy boundary to:

66 - 104/132 Strong brown (7YR 5/8 moist, 5/6 wet); medium sandy clay loam; weak fine subangular
blocky structure breaking to moderate fine crumb; many medium and fine pores; moist
and friable; slightly sticky and plastic when wet; many medium and fine roots; few
increasing (o common fine and medium (<5 mm) subrounded and subangular fragments
of soft yellow, red and pale yellow strongly weathered rock; gradual wavy boundary to:
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104/132 - Red (2.5YR 4/8 moist and wet); with many medium faint linear yellow patches (10YR

180/220  7/8) up to 10 mm long and 3 mm wide, also some irregular fine to medium blotches;
soft strongly weathered rock (texturcs as gravelly medium and fine sandy clay loam);
massive breaking to weak medium subangular blocky structure, further breaking to
moderate fine crumb; few fine and medium pores; moist and slightly crisp in mass but
crumbles to friable in the hand; non-sticky and slightly plastic when wet; common
medium and fine roots; gravel is mostly slightly hard to hard fragments of less
weathered rock, also some with soft white, mauve and pale yellow colours; graduval
wavy boundary to:

180/220 - Faintly contrasting finc and medium sized patches of yellow and pink (10YR 7/6 and
270+ SYR 7/4) with many fine faint to distinct flecks of mauve, pale yellow and reddish
yellow; strongly weathered rock (textures as gravelly very fine sandy clay loam);
massive; rare very coarse void filled with strong brown (7.5YR 5/6) fine sandy clay
loam, probably old termite chamber; moist and firm, friable in patches; non-sticky and

slightly plastic when wet; common medium and fine roots.

Comment:

This profile shows that the solum can be quite shallow on convex lower slopes with saprolite at about
1 m depth. The saprolite is quite variable, and the red horizon at 104/132 to 180/220 does not extend
across the whole face and had a roundish shape, rather as if it resulted from the weathering of a
lithologically distinct boulder in the colluvial matrix.

In other parts of the pit the sequence of horizons in the saprolite is:

100 - 150 Reddish yellow (7.5YR 7/6 moist), with moderate medium distinct yellow, white,
yellowish red and red patches; strongly weathered rock (textures as fine sandy clay
loam); weak medium subangular blocky structure breaking to moderate fine crumb;
common fine and medium pores; moist and firm; non-sticky and non-plastic when wet;
common medium and fine roots; many slightly hard white, pale yellow, light grey
fragments of slightly hard weathering rock (without quartz grit or coarse sand - nol
granitic); diffuse boundary to:

150 -230 Reddish yellow (SYR 6/8 moist), with many medium distinct yellowish and reddish
patches; weathered rock; massive; common fine and medium pores; moist and firm to
slightly hard; common decreasing to few fine roots; many patches of harder material;
diffuse boundary to:

230 270+ White (2.5Y 8/2) with many coarse distinct patches of pink (5YR 7/4) and some pale
brown and pale yellow; weathered rock (textures as very fine sandy clay loam); massive;
common medium pores; moist to slightly wet and firm to slightly hard; rare fine roots,
common harder fragments.

Comments:

The pit was dug adjacent to Experiment N10 to monitor rooting in tea. The zone of moderate
compaction at 13-66 cm is less friable and less rooted, but does not prevent root penctration, The
rooting is also not inhibited by the relatively shallow solum, and roots were found down to the base
of the pitat 2.7 m.,
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ANALYSES
Sample PCS5/A PCS5/B PC5/C PC5/D PCS5/E PCS/F
depth (cm) 0-10 15-25 35-45 80-90 140-160  220-240

Physical analyses:

Sand coarse 500pm - 2mm % 16.6 10.3 9.8 10.0 6.2 6.2
medium 250pm - 500pum % 174 18.9 131 120 55 52
fine 106pm - 250um % 125 224 119 113 85 78
v. fine 63pm - 106pm % 25 38 20 28 4.3 33
Silt 2um - 63pm % 15.7 7.5 324 380 349 198
Clay < 2um % 354 362 284 259 40.5 576

Chemical analyses:

pH (1:2.5) in water 493 469 432 4.71 545 584
Organic Carbon % 1.93 117 1.15 0.78 0.25 0.25
P Makg 22 2 30 22 25 13

Alyct extractablsMIKI 28 46 82 B 2 4l

€8, crangoatis™e/1009 206 0.16 0.25 0.10 0.30 0.10
MG, changoatie™e 1000 0,66 0.13 020 006 0.40 017
N8, pangeasio™e/ 1009 0.09 0.02 0.08 0.09 0.03 0.12

me/100g 0.80 0.16 0.24 0.07 0.09 0.09

st changeable

CEC me/100g 13.00 6.80 13.60 712 380 340
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PROFILE PCo6

Soil Type: Longstaff (shallow subsoil phasc) Lg(s)

F.A.O: Ferralic Cambisol

Described 12 Feb 1993, 1. C. Baillie.

Location: Northwestern boundary road (Auger bore C113, Square C6,
Grid ref 34955968), Ngwazi Estate, Mufindi, Tanzania.

Parent material: Deeply weathered Basement Complex, probably colluvial.

Topography: Straight mid-slope, 4° down to bearing 295° (WNW), in
undulating-rolling plateau.

Land use and vegetation: Mature fast growing plantation, second generation, of Pinus
elliottii. Sparse undergrowth of grasses, broadleaf shrubs,
herbs and bracken (Pteridium aquilinum).

Site drainage: Good.

Surface: 2-6 cm needle litter; regular cross-slope furrows of 15 cm
amplitude at 2 m spacing, probably from forestry cultivations.

Summary of profile: Shallow brown sandy loam to sandy clay solum over strongly
weathered rock, with moderate quartz stone layer at junction.
Weathered rock penctrable and rootable to 2.5 m+,

PROFILE DESCRIPTION

Horizons:

cm

3-0  Needle litter.

0-6/10 Brown to dark brown (10YR 4/3 moist), with common fin¢ very faint dark greyish
brown and brown (10YR 4/2 and 5/3) patches; medium sandy loam; weak medium
subangular blocky structure, breaking to weak fine crumb: many fine and medium
intercrumb pores; moist and very friable; non-sticky and slightly plastic when wet;
common coarse and many fine and medium roots; moderately acid; gradual wavy
boundary to:

6/10 - 20 Weakly contrasting fine patches of brown to yellowish brown to strong brown (9YR and
10YR 5/4 and 9YR 5/6 moist); medium sandy loam to sandy clay loam; modcratc to
weak fine subangular blocky structure breaking to moderate medium crumb; many to
common medium and fine pores; moist and slightly firm in situ but friable in the hand;
slightly sticky and moderately plastic when wet; common coarse and many medium and
finc roots; moderately acid; diffuse boundary to:

20 - 47/55 Strong brown (7.5YR 5/6 moist), with common faint fine to medium darker linear

streaks down old channels; medium sandy clay loam; weak medium angular blocky
structure, breaking to fine subangular blocky, further breaking to moderate medium
crumb; few coarse pores with weak and discontinuous shiny films on walls, and common
medium and fine pores, tending to be grouped in clusters; moist and friable; moderately
to slightly sticky and plastic when wet; few coarse and medium and common fine roots;
moderately acid; clear slightly wavy boundary to:
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47/55 - Weak stone layer of rounded (possibly rolled) moderately hard reddish coated gravel (up

56/65 to 1 cm) with reddish and yellowish amorphous interiors, with few subangular fragments
of hard ferricrete up to 2 cm, and common subrounded and angular hard quartz gravel,
set in a strong brown matrix (7.5YR 5/6); gravelly coarse sandy clay loam; structure
determined by gravel interstices; weak shiny films against some gravel; common
medium and fine pores; consistence en masse determined by gravel, with interstitial
matrix moist and friable; slightly sticky and plastic when wet; few coarsc, medium and
fine roots; clear wavy boundary to:

56/65 - 106 Distinctly contrasting mixture of yellow and reddish yellow (10YR7/8, 7.5YR and
5YR 6/8 moist, reddish yellow 6YR 7/6 wet and rubbed) with common medium
prominent patches of red (2.5YR 5/8); strongly weathered rock (textures as gritty finc
sandy clay loam); massive breaking to weak fine angular blocky structure; discontinuous
weak films against some grit; common coarse and medium pores; moist and firm to hard;
slightly sticky and slightly plastic when wet; rare coarse and few medium and fine roots;
much angular quartz grit (up to 5mm) and few patches of harder weakened rock;
common coarse (up to 6 cm wide) vertical and subvertical voids filled with strong to
yellowish brown (9YR 5/6 moist), fine sandy clay loam to sandy clay; moderate to weak
fine subangular blocky structure breaking (o moderate coarse crumb; many medium and
fine pores; moist and friable; sticky and plastic when wet; common medium and fine
roots; very diffuse boundary to:

106 - 240 Similar to above but includes redder roundish coarse patches, possibly highly weathered
corestones of mixed distinct red (10R 4/8) and white (10YR 8/1); weathered rock

(textures as very gritty clay loam); few coarsc and many finc roots; coarse yellowish
brown voids continue but decrease in frequency to rare at base.

continued by auger
240 -330 As 106 - 240 cm.

330 - 360+ Yellow, orange and white fairly hard weathered rock (textures at gritty coarse sandy clay
loam); hard and compact on auger but dry and crumbly in hand.
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ANALYSES
Sample PC6/a PC6/b PCé/c PC6/D PC6/E PC6&/F
depth (cm) 0-6 10-20 25-35 75-85 150-160  330-360
Physical analyses:
Sand coarse 500pm - 2mm % 16.49 11.15 17.16 18.73 23.04 27.38
medium 250pm - 500um % 19.06 17.59 14.36 8.88 6.35 727
fine 106pm - 250pm % 27.49 27.26 2479 15.03 9.34 9.30
v. fine 63pm - 106pm % 521 3.38 4.88 6.27 4.36 4.87
Silt 2pm - 63um % 19.11 15.74 17.23 19.95 2345 36.99
Clay < 2um % 12.63 22.50 20.87 30.72 3347 1365
Chemical analyses:
pH (1:2.5) in water 46 51 5.0 455 4.88 453
Organic Carbon % 15 08 08 0.45 0.11 0.09
P aiableMI’kg 39 7.3 309 15 13 8
Alyc) oxtractableMIK 64.8 496 36.8 67 33 30
Ca,, 4angoableMe/ 1009 05 0.1 <0.05 <0.01 0.03 0.03
M, angoabieMe/ 1009 0.4 0.1 <0.05 0.03 0.04 0.20
Na,, 1 angoable™e/ 100g <0.05 <0.05 <0.05 0.04 0.03 0.03
K oxchangaable™e/ 1009 0.1 0.1 0.2 0.22 0.05 0.10
CEC me/100g 9.0 8.2 6.4 7.32 6.12 580
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PROFILE PR1

Soil Type: Hehe (deep subsoil phasc) He(d)

F.A.O: Haplic Ferralsol

Described: 28 Jan 1993, R.G.O. Burton and 1.C. Baillie.

Location: Borrow pit 100 m NE of main dam (Square G6. Grid ref
38535901), Ngwazi Estatc, Mufindi, Tanzania.

Parent material: Granitic colluvium, with few erratics of bluish-green grey
argillite.

Topography: 6° straight lower slope (aspect 120°) down from undulating
plateau/broad spur.

Land use and vegetation: Abandoned maize land between contour belts of wattle. Now
borrow pil for inert rooting material for Ngwazi Tea Nursery.
Fallow with bracken (Pleridium aguilinum), mixed low
grasses, herbs and shrub sprouts.

Site drainage: Good.

Surface: Slightly disturbed by mechanical scraping. No cracks. Rare
fine angular quartz. gravel.

Summary of profile: Deep, exceptionally uniform red clay loam.

PROFILE DESCRIPTION

Horizons:

cm

0-8

22-65

65 -125

Brown 1o dark brown (7.5YR 4/2 moist), with common medium faint dark brown to
black patches; (medium sandy) clay loam; weak fine subangular blocky to granular
structure; common medium pores; moist, friable; many medium and fine roots; dark
patches appear to be infilled termite channels; clear smooth boundary to:

Reddish brown (3YR 4/3); medium to coarse sandy clay loam; weak fine to medium
subangular blocky structure, breaking to moderate medium granular with very weak
discontinuous shiny coatings against quartz grains; common medium pores; moist and
friable; common medium and fine roots; few very fine rounded slightly hard black
ferrimanganiferous gravel; gradual smooth boundary to:

Reddish brown to yellowish red (4YR 4/5 moist); medium to fine sandy clay loam; very
weak medium subangular blocky structure, breaking to moderate medium granular;
many medium and fine pores, often with brown to dark brown lining; moist and friable;
common fine and medium and few coarse roots; rarc finc black ferrimanganiferous
concretions; diffuse boundary to:

Red (2.5YR 5/8 moist); (medium and fine sandy) clay loam; massive to weak coarse
subangular blocky to prismatic structure, breaking to moderate medium and fine
granular; common to many medium and fine pores; moist and friable to firm; common
medium and fine roots decreasing to few; rare finc to medium fragments of soft
yellowish brown weathered granite; few faint and slightly darker and brown vertical
infilled termite/root channels; very diffuse boundary to:
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125 -230 Red (2.5YR 4/7 moist); clay loam; massive to weak coarse subangular blocky to
prismatic structure, breaking to moderate medium granular; common fine and few
medium vertical pores; moist and slightly firm; rare medium and few fine roots; rare
fragments of soft yellowish brown weathered granite; rare faint darker and browner
relict termite channels; very diffuse boundary to;

Continued by auger below 230 cm.

230-320 Red (2.5YR5.5/6 moist), with many fine to medium distinct yellowish brown
(10YR 5/7) mottles; clay loam; moderate medium to fine subangular blocky structure
breaking to moderate medium granular; common fine and few medium vertical pores;
moist and slightly firm.

320 - 380 Red (2.5YR 4/6 moist), with common fine to medium distinct pale yellow to yellow
(2.5Y 8/5) mottles; sandy clay loam; moist and slightly firm:

380 -440 Red (10R 4/6 moist), with common coarse distinct bright yellow mottles; fine sandy
clay loam; moist and firm:

440 - 480+ Brownish yellow weathered granite with many distinct red, white and pale yellow

patches
Comments:
1. Material from this pit is currently used an inert rooting medium in the Ngwazi tea nursery.
2. About 10 m away there is a floater of bluish-green grey weathered metargillite — poorly

laminated. Indicates great depth of colluvium on these lower slopes.

ANALYSES
Sample PR1/A PR1/B PR1/C PR1/D PR1/E
depth (cm) 0-8 8-22 22-65 65-125  125-230

Physical analyses:

Sand coarse 500pum - 2mm % 146 16.8 9.8 148 125
medium 250pm - 500pm % 108 81 7.3 57 48
fine 106um - 250pm % 125 10.2 114 105 86
v. fine 63pum - 106pm % 33 30 47 43 4.0
silt 2um - 63um % 94 111 209 19.1 234
Clay < 2Um % 494 50.7 459 454 466
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Sample PR1/A PR1/B PR1/C PR1/D PR1/E

depth (cm) 0-8 8-22 22-65 65-125 125-230
Chemical analyses:
pH (1:2.5) in water 473 439 463 497 515
Organic Carbon % 222 1.43 0.61 0.42 0.44
lz,a\r.e\iI:-xhlcnmg‘f kg 2 4 1 7 2
AIKCI exlrac’tablamgmg 6 49 " £ 8
Ca,, hangsabl me/100g 1.79 0.35 0.33 0.28 0.1
Mg, angith ,me/100g 1.25 0.34 0.20 0.29 0.25
Na, cha |l1ga:ablerm:"‘|r1 00g 0.04 0.09 0.08 0.04 0.04
K gxchangeablsMe/ 1009 044 042 0.16 0.05 0.04
CEC me/100g 13.52 28.00 57.60 65.50 19.52

Note the high CEC values as reported by BBTK; these may be in error.
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Soil Type:
F.A.O.:
Described:

Location:

Topography:

Parent material:

Land use and vegetation:

Site drainage:

Surface:

Summary of profile:

PROFILE DESCRIPTION

Horizons:
cm
0-3

PROFILE PR2
Kihanga (deep subsoil phase) Kg(d)
Haplic Ferralsol

6 - 11 Feb 1993, R.G.O. Burton.

Nzivi Block (Auger bore R6, Square D4, Grid ref 35545753),
Ngwazi Estate, Mufindi, Tanzania.

Very gentle straight lower slope of broad, flat interfluve, <1°
down to E-SE. Altitude about 1850 m a.s.L.

Decply and strongly weathercd Basement Complex, possibly
colluvial.

Second rotation plantation of fast-growing exotic timber.
Young Pinus patula about 5-8 m tall. Moderately thick grass
ground vegetation.

Good, possibly seasonal waterlogging below 1m depth
occurred formerly.

Very thin grass litter.

Dark sandy clay loam friable topsoil grades through moltled
brown intermediate horizons to deep, very pale mottled sandy
clay loam subsoil, with some bands of brown and reddish
ferruginous nodules,

Very dark grey (10YR 3/1 moist, 2.5Y 5/1 dry); stoneless humose medium sandy

loam; moist; weak finc and medium granular structure; low packing density;
extremely porous; loose; non-sticky; non-plastic; many fine fibrous roots; dead grass
stems and semi-decomposed plant remains; moderately acid; sharp smooth boundary

1o:

3-19

Very dark grey (10YR 3/1 moist, 10YR 4/2 dry); stoneless medium sandy clay loam;

moist: weak medium and coarse subangular blocky structure breaking to fine granular;
medium packing density; very porous; very fine fissures and macropores; very weak
ped strength, moderately weak soil strength; semi-deformable; slightly sticky;
moderately plastic; many medium and coarse woody roots and very fine fibrous roots;
moderately acid; clear smooth boundary to:

19 -35

Dark greyish brown (10YR 4/2 moist); stoneless medium sandy clay loam; moist;

weak coarse subangular blocky structure; medium packing density; very porous; 1%
very fine macropores and fissures; moderately firm ped and soil strength; brittle;
slightly sticky; moderately plastic; many very fine fibrous roots; strongly acid; clear

smooth boundary to:
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35 -69

69 - 102

102 - 121

121 - 150

150 - 166

166 -199

199 - 230

Dark brown (8YR 4/2 moist) with slight varicgations; stoneless medium sandy clay
loam; moist; very weakly developed very coarse subangular blocky to massive
structure; medium to high packing density; modcrately porous; 1% very fine
macropores; moderately firm soil strength; brittle; slightly sticky; moderately plastic;
common very fine fibrous roots; strongly acid; clear smooth boundary to:

Slightly variegated brown, yellowish brown and pale brown (10YR 5/3, 5/4, 6/3
moist); stoncless medium sandy clay loam; moist; weak medium and coarse
subangular blocky structure; medium packing density; very porous; 2% very fine
macropores and (issures; moderately weak ped strength; semi-deformable; non-sticky;
moderately plastic; many very fine fibrous roots; moderately acid; few rounded 5-
10 mm nodules; clear smooth boundary to:

Varicgated brownish yellow (10YR 6/5 moist) with 5 mm patches of yellow and
yellowish brown (10YR 7/6 and 5/6), rubbed colour light yellowish brown (10YR
6/4): stoneless medium sandy clay loam; moist; weak medium and coarse subangular
blocky structure; very porous; 3% very fine macropores; moderately weak ped
strength; semi-deformable; non-sticky; modcrately plastic; few very tine fibrous roots;
moderately acid; common (5%) 7 mm vertically aligned strong brown (7.5YR 5/8)
ferruginous nodules; clear smooth boundary to:

Light yellowish brown (10YR 6/4 moist) with finc 5 mm patches of very pale brown
(10YR 7/4), rubbed colour pale brown (10YR 6/3); stoneless medium sandy loam;
moist: weak medium subangular blocky structure; very porous; 5% very fine and
medium macropores; moderately weak ped strength; semi-deformable; non-sticky;
slightly plastic; few very fine (ibrous roots; moderately acid; common (10%) nodules
10 30 mm long and 15 mm wide, with red (2.5YR 5/8) centres and strong brown
(7.5YR 5/8) edges, often vertically aligned; clear smooth boundary to:

Very pale brown to yellow (I0YR 7/5 moist) with common medium and coarse
prominent sharp yellowish brown (10YR 5/8) nodules with dark red (2.5YR 4/8 and
10R 3/6) centres, and a few fine patches of very pale brown (10YR 7/3), rubbed
colour light yellowish brown (10YR 6/4); stoneless medium sandy clay loam; moist;
weak medium and coarse subangular blocky structure easily breaking to fine granular;
very porous; 7% very fine macropores; moderatcly weak ped strength semi-
deformable: slightly sticky; moderately plastic; few very fine fibrous roots;
moderately acid; common (15%) vertically aligned nodules to 30 mm long by 20 mm
wide; clear smooth boundary to:

Pale yellow (2.5Y - 10YR 7/4 moist) with many coarsc prominent sharp strong brown
(7.5YR 5/8) nodules with red (10R 4/8) centres, rubbed colour very pale brown (10YR
7/4); stoneless medium sandy clay loam; moist; medium packing density; weak coarse
and very coarse subangular blocky structure, strongly adherent; moderately porous;
49% very finc macropores; moderately firm soil strength; semi-dcformable; slightly
sticky; moderately plastic; few very fine fibrous roots; moderately acid; many (20%)
vertically aligned irregular very firm nodules to 50 mm long by 20 mm wide

Pale yellow (2.5Y 8/4 moist) with medium streaks of white (5Y 8/2) and many coarse
prominent sharp strong brown (7.5YR 5/8) and red to light red (10R 4/6 (o 6/6)
nodules, rubbed colour white to pale yellow (2.5Y 8/3); stoncless medium sandy clay
loam; moist medium packing density; apedal massive with structurc dominated by
nodules, breaking to fine and medium granular; moderately porous; modcerately strong
soil strength, brittle (nodules); moderately weak ped strength, semi-deformable (soil
matrix); slightly sticky; moderately plastic; few very fine fibrous roots; moderately
acid; many (25%) irregular vertically aligned ferruginous nodules to 50 mm long by
20 mm wide.

Two vertical woody (pine) roots 30 mm diameter extend the full depth of the pit.
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ANALYSES
Sample PR2/1 PR22 PR23 PR24 PR25 PR26 PR27 PR28 PR29 PR210
depth (cm) 0-3 319 19-35 35-69 69-102 102-121  121-150 150-166 166-199 199-230

Physical analyses:

Sand 500pm - 2mm % 286 290 247 16.8 18.3 19.8 184 141 23.2 244
250pm - 500um % 200 205 213 141 16.8 13.8 121 97 10.0 9.0
106um - 250pm % 138 135 14.7 120 14.0 118 1.8 10.0 10.5 10.3
63pm - 106um % 23 24 21 24 22 27 32 a6 3.7 4.1

Silt 2um - 63pm % 20.2 280 54 14.5 218 228 17.9 14.2 122 130

Clay <2ym% 145 53 317 40.2 26.9 29.1 366 485 398 39.1

Chemical analyses:

pH (1:2.5) in water 553 456 431 4.45 454 474 465 5.33 490 5.10

Organic Carbon % 2.04 1.26 0.69 0.74 0.43 0.24 0.20 0.27 022 0.14

P iabisMa’kg 4 28 17 22 22 1 22 17 7 22

Al ctractableMIKG 9 13 22 15 4 4 5 4 3 4

Ca_, an geabiameﬂ{x}g 2.90 1.34 0.66 0.86 0.53 0.40 037 0.24 017 0.10

Mg, changeabl ,me/100g 208 5208 3333 41.67 3958 3542 3958 4167 49.99 52.08

N, pang SabloMe/100g 0.07 0.04 0.04 0.04 0.04 0.02 0.03 0.03 0.02 0.03

Kem]anggablamefw()g 0.40 0.22 0.20 0.20 0.10 0.12 0.10 0.12 0.0 0.04

CEC me/100g 24.40 54 .40 6240 6720  €9.20 64.00 7140  66.90 66.60 62.90

Note the high CEC and exchangeable Mg values reported by BBTK.

Soil Survey and Land Research Centre

Cranficld



Ngwazi Estate, Mufindi, Tanzania PROFILE RWP 1990 — Ng Annex 3.32

PROFILE RWP 1990
Soil Type: Ngwazi Ng
F.A.O: Xanthic Ferralsol
Described 16 Jun 1990, R W Payton.
Location: Adjacent to experiment N9, (Square G3, Grid ref 38505671),
Ngwazi Tea Research Unit, Ngwazi, Mufindi, Tanzania.
Parent material: Deeply weathered Basement Complex, possibly colluvial.
Topography: NW-facing slightly convex lower slope (<3%) about 200m
from shore of Lake Ngwazi. Altitude about 1845 m a.s.L
Land use and vegetation: Mature tea planted in 1971.
Site drainage: Well drained.
Surface:
Summary of profile: Brown medium to fine textured topsoil over deep, very light

coloured, unmottled, clay subsoil, moist but not wet, over
mixed brightly coloured red and yellow weathered rock at
3 m+.

PROFILE DESCRIPTION

Horizons:
cm
0-15

15-70

70 - 160

160 - 200

200 - 260

Dark greyish brown (10YR 4/2) slightly moist, stoneless sandy clay (p.s.c.); very weakly
developed fine granular structure; very friable; very porous; low packing density; slightly
sticky and moderately plastic when wet; abundant fine fibrous roots; gradual wavy
boundary to:

Brown (10YR 5/3) moist stoneless clay (p.s.c.); massive breaking easily to a very fine
granular structure; very porous; low packing density; moderately weak soil strength; very
friable; slightly sticky and moderately plastic when wet; many fine fibrous roots,
common fine and coarse woody roots; diffuse smooth boundary to:

Pale brown (10YR 6/3) moist clay (p.s.c.); massive breaking easily to very fine granular
structure; extremely porous; low packing density; very weak soil strength; very friable;
slightly sticky and slightly plastic when wet; many finc fibrous roots, common fine and
coarse woody roots.

Pale olive (5Y 6/3) with many prominent white (3Y 7/1) mottles: moist stoncless clay
(p.s.c.); moderately developed medium blocky structure; very porous; medium packing
density; firm when moist; slightly sticky and moderately plastic when wet; common fine
fibrous roots, few coarse woody roots; gradual smooth boundary to:

Light grey (7.5GY 7/1) with common pale olive mottles; slightly moist stoneless clay
(p.s.c.); weakly developed coarse angular blocky structure; moderately porous; medium
packing density; very firm when moist; common fine fibrous roots; clear smooth
boundary to:
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320 - 500 Plinthite horizon consisting of reddish yellow (7.5YR 6/6) slightly moist friable clay
(p.s.c.) with a cellular network of very firm, brittle red (2.5YR 4/8) weakly cemented by
iron oxides.

Comments:

The soil is a friable clay classified as a Xanthic Ferralsol, i.c. dominated by low activity clays with
low effective cation exchange capacity (ECEC) (<16 mmol 100 g'! of clay). The profile has been
affected in the past by a fluctuating watertable at 160 cm depth, but is now freely drained.

ANALYSES
Sample Ah AB Bw Bg1 Bg2 BC(g)
depth (cm) 0-15 15-70 70-160 160-200  200-260  260-400

Physical analyses:

Sand coarse 600um - 2mm % 1 8 2 6 5 5
medium 212um - 600pm % 4 26 12 6 8 7
fine 106um - 212um % 13 ] 10 4 8 5
v. fine 63pm - 106um % 2 3 2 5 3 6
Silt 2um - 63pm % 2 2 4 10 10 23
Clay < 2um % 38 52 70 69 66 54

Chemical analyses:

pH (H50) 455 418 490 582 545 604
pH (KCI) 383 3.90 418 4.76 4.84 4.72
Organic carbon % 1.46 0.76

Exchangeable cations mmol 100 g'1

Ca 117 0.82 1.09 0.79 077 0.81
Mg 0.30 0.21 0.40 0.21 0.19 0.20
K 0.55 0.15 0.01 0.02 0.06 0.01
Al (1M KCI) 1.66 1.3 0.71 0.15 0.10 0.15
Exchangeable acidity mmol 100 g'1 0.30 0.21 0.40 0.21 0.19 0.20

CEC mmol 100 g™

ECEC (0.1M BaCl,) 4.08 279 241 1.27 117 1.32
CEC (NH40Ac) 12.46 3.98
Avail P mg kg'1 (Bray 1) 6.51 352 1.44 1.26 1.09 0.56
Dithionite ext. Fe % 0.20 0.26 0.21 0.12 0.10 169
Base saturation at soil pH % 495 423 62.2 80.3 87.2 773
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PROFILE PC8

Soil Type: Ngwazi Ng

F.A.O: Xanthic Ferralsol

Described 13 Feb 1993, 1.C. Baillie.

Location: North western boundary (Bore C112, Square C6, Grid ref
34965947), Ngwari Estate, Mufindi, Tanzania.

Parent material: Strongly weathered Basement Complex, probably colluvial.

Topography: Mid-slope of ferricrete-capped hill on undulating plateau, 47
straight, bearing 260°.

Land use and vegetation: Second rotation of plantation of fast-growing Pinus elliottil.
Moderately thick ground vegetation of grasses, broad-leaved
shrubs and bracken (Pleridium aquilinum).

Site drainage: Good, (possibly formerly impeded).

Surface: 5 cm needle litter; 20 cm amplitude microrclief at regular 3 m
intervals, probably from forestry operations,

Summary of profile: Brown loamy topsoil and upper subsoil over grey to white
lower subsoil, with no evidence of current wetness, over
brightly coloured red and yellow, well drained highly
weathercd rock.

PROFILE DESCRIPTION

Horizons:

cm
5-0  Litter of little decomposed pine needles.

0-6/8 Very dark greyish brown (I0YR 3/2 moist and wet), with common medium faint dark
greyish brown (10YR 4/2) and common fine very faint dark brown and dark reddish
brown mottles; slightly humose medium and fine sandy clay loam; modcrate fine
subangular blocky structure, breaking to moderate fine crumb; common medium and
fine pores; moist and slightly friable; very slightly sticky and slightly plastic when wet;
common medium and coarse and many fine roots; clear slightly wavy boundary to:

6/8 -27 Brown to dark brown (10YR 4/3 moist and wet) with common medium faint dark
greyish brown (10YR 4/2) mottles; medium sandy loam to sandy clay loam; moderate
fine subangular blocky structure breaking to moderate fine crumb; common medium
pores; moist and slightly firm; very slightly sticky and slightly plastic when wet; few
medium and common fine roots; gradual slightly wavy boundary to:

27 -57 Faintly contrasting coarse paiches yellowish brown (10YR 5/6) and dark brown to dark

yellowish brown (9YR 4/4 moist); medium sandy loam to sandy clay loam; moderate
medium subangular blocky structure breaking to moderate o weak fine subangular
blocky; many medium and fing, and few coarse dark-filled pores; moist and very slightly
firm; very slightly sticky and slightly plastic when wet; few coarse and medium and
common [ine roots; gradual wavy boundary to:
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57-102 Yellowish brown (9-10YR 5/8 moist), with common fine faint reddish yellow
(7.5YR 6/8) mottles; fine sandy clay loam; weak medium subangular blocky structure;
many medium and fine, and few dark-filled coarsc pores; moist and friable to firm;
slightly sticky and slightly plastic when wet; common medium and fine and few coarse
pores; clusters of slightly hard fragments (up to 3 cm) white and very pale brown
(10YR 8/2 and 8/3) weathered non-quartzose rock (possibly metargillite); gradual
smooth boundary to:

102 - 142 Reddish to brownish yellow (9YR 6/6 moist); medium and fine sandy clay loam; weak
medium subangular blocky structure, breaking to weak o moderate fine crumb; many
medium and fine, and few dark-filled coarse pores; moist and friable; slightly sticky and
moderately plastic when wet; few coarse, medium and fine roots; white and very pale
brown fragments of weathered rock increase to common, but still clustered, also slightly
larger (up to 5 cm) and harder than in 57 - 102 cm; diffuse boundary to:

142 - 150 Discontinuous stone layer of subrounded to subangular hard quartz (up to 5 cm).

150 - White (10YR 8/2 moist), with common coarse to medium faint light grey (o pale yellow
170/180 (2.5Y 7/3) and many fine distinct lincar yellowish brown (10YR 5/6) mottles; slightly
hard weathered rock with interstitial reddish yellow and brown (7.5YR 6/6 and 5/4)
softer patches; mainly rock structure but interstitial pockets are weak fine crumb; coarse
dark voids and common medium and fine pores in weathered rock; moist and moderately
hard; few coarse and medium roots, mainly in dark-filled vertical coarse voids; clear

cusped boundary with appearance of relict columnar caps 1o:

170/180 - Reddish cores of red (10R 5/8 and 2.5YR 5/8) with many distinct flecks of pink and
210 white, harder coatings of yellow (10YR 7/6 and 7/8) and reddish yellow (7.5YR7/8)
with orange and yellowish brown patches, in a matrix of reddish yellow (7.5YR 6/8);
plinthitic cores of slightly hard weathered rock in matrix of stony to gritty very fine
sandy clay loam; structure dominated by stones, matrix weak (o moderate fine angular
blocky; weak shiny films against some stones; common medium and fine pores and
coarse pores filled with light yellowish brown and brown (10YR 6/4 and 7.5YR 3/4);
moist and firm and compact; moderately sticky and plastic when wet; few coarse and
medium vertical pinc roots;

continued by auger:

210 -250 Reddish yellow (6YR 7/6), with many fine distinct yellow, pink and orange patches; dry
crumbly, weathered rock.

250 - 270+ Reddish yellow to yellow (7.5YR to 9YR 7/6) weathered rock, varicoloured as above,
also with patches of distinct red and white flecking; harder and more compact than
above.
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ANALYSES
Sample PCB/A PC8/B PC8/C PC8/D PCB/E PCB/F PC8/G
depth (cm) 0-6 12-22 3r-ar 75-85 120-130 155-165 190-200
Physical analyses:
Sand 500um - 2mm % 95 106 {7 54 58 10.2 14.8
250um - 500pm % 16.3 175 94 59 6.1 75 55
106um - 250pm % 231 23.1 17.9 151 1586 16.4 11.1
63pum - 106um % 54 45 6.1 73 7.2 93 65
Silt 2um - 63pm % 17.2 126 109 13.2 15.1 146 60.8
Clay <2um% 274 308 48.0 526 499 413 454
Chemical analyses:
pH (1:2.5} in water 448 456 5.16 533 547 500 552
Organic Carbon % 1.63 0.66 0.45 0.51 0.20 0.18 0.16
P ailableMa’kg 13 22 16 12 20 25 22
Al o) oxtractableM3’kg 59 43 32 18 13 11 6
€2, chang sabloMe/100g 0.16 0.23 0.31 0.31 0.37 0.32 0.44
Mg, changeable™®’ 100g 0.92 0.38 033 0.41 0.48 042 0.41
Naﬁlmhang cableMe/100g 0.05 0.04 0.04 0.04 0.04 0.04 0.07
Kaxcha“geableme!w{)g 0.23 0.14 0.14 0.14 0.17 0.18 0.18
CEC me/100g 8.00 5.00 10.46 860 10.00 8.52 460
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WATER RELEASE CHARACTERISTICS
Water release characteristics were obtained by sampling at selected depths in the main
soil types. Additionally, data obtained by R.W. Payton of SSLRC from the pit close

to experiment N9 in 1990 are available.

Soil Type (phase) Profile Code Location (square)
Nzivi PR3 H3
Nzivi PCl C2
Nzivi (mottled) PR4 D4
Nzivi (gravelly) PC4 G7
Makabila (deep) PC3 F6
Kihanga (deep) PR2 D4
Ngwazi RWP 1990 G3

As explained in Annex 2, water retained by undisturbed triplicate core samples was
measured in the laboratory at suctions of 0.05, 0.1 and 0.4 bar on sand and kaolin
tension tables, and at 2 and 15 bar in pressure membrane cells. Mean values for the
water content at each suction are expressed as a volumetric water content (per cent)
on the basis of total soil volume. Calculations can be made of available and easily

available water, total pore space, air capacity and bulk density.

DATA INTERPRETATION
The data for each of the six pits sampled in 1993 are presented in full to allow users

to make their own interpretations if required.

The analysis of profile PR3 was performed at the SSLRC laboratory at Shardlow,
U.K.: the remainder by the Tea Research Foundation of Kenya at Kericho. The latter
received their undisturbed core samples in mid-May 1993, 214 months after collection

and without refrigeration in the intervening period.

The raw data are accompanied by a calculation for the water holding capacity for
each soil, both for Total Available Water (TAW) and Easily Available Water (EAW).
The figures are summed for each horizon over its total thickness (Hor), and an
accumulated total (Acc) is given down the soil profile to full sampling depth. A
projected set of figures is given to a depth of 500 cm using the water release data for
the lowest sampled horizon. This aids the calculation of water holding capacities for
any crop, at whatever growth stage and rooting depth.
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Nzivi soil type and its mottled and gravelly subsoil phases appear to have a wide
range of available water capacities, as projected to 500 cm depth, from 472 mm TAW
(SSLRC) to 185 mm TAW (TRFK) for the mottled subsoil phase.

Makabila soil type, with restrictions due to soil nodules, has a projected TAW

calculated at only 129 mm.

Kihanga and Ngwazi soil types, both on lower slopes, have unexplained contrasting
TAW projected values of 217 mm (TRFK) and 523 mm (SSLRC) respectively
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Ngwazi Estate, Mufindi, Tanzania

AVAILABLE WATER

Profile PR3 — Nzivi soil type, cultivated land

Soil moisture release data

[(0.05% to 15 bar)

Bulk

Total

Available water

0.1-15 0.1-2

Dept h Sample % moisture retention at (bar) densily Porosity bar har Alr capacity %
om No. 0.05% 0.1 0.4 2.0 15.0 g..-'l“.m3 T wvol TAW FawW O_1harn
5-10 PR3 W/1 a 30.51 2710 22083 15.%6 b B 63.72
5-10 PRI W/l b 30.15 27.38 22.59 18.88 18.87 1513 FE.b66
-0 PR3 W/l « 31.14 28.19 23.3%5 19.97 15.94 1.1%8 53.79

Mean 30.60 27.76 22.92 19.42 16.92 1.16 54.39 10.84 8.34 26.63
50-55 PR} W/2 a i5.07 29.98 22.99 20.21 18.07 1.14 5h.36
B0-55 PRI W/2 b 34.431 30.91 26.48 19.95 19.45 1.14 £5.286
H0-55 PRI W/2 o 33.91 28.72 23.37 19.%5 19.40 1.12 55.97

Mean 34.47 25.87 24.28 20.03 18,87 1.13 55.53 10.5%0 9.84 25.66
115-120 PR3 W/3 a 16,09 31.79 27.07 22.71 20.67 1.06 58.54
115-120 PRI W/3 b %3.73 20050 23,58 21.03 19:97 0.98 61.62
115-120 PR3 W/3 c© 35.090 29%.43  24.08 22.0% 19.34 1.01 6. 49

Mean 35.24 30.24 24.50 21.94 19.5% 1.01 60.21 10.25 8.30 29.97
165-170 PR3 W/4 a 37.33 32.32 25.75 22.96 21.53 1.4a0 60.76
165-170 PR3 W/4 b 3g.15 31.38 25.65 23.13 20.18 0.99 61.17
165-1%0 PR3 W/4 © 3g.99 32.30 26.38 22.46 21.57 .01 60.21

Mean 38.16 32.00 25.93 22.85 21.09 1.00 60.71 10.91 9.15 28.71
252-257 PR3 W/Gh a 38,20 35.12 31.49 28.88 25.06 ¢ s | 56.54
252-257 PR3 W/GH b 39.76  35.50 31.46 27.63 27.29 1.16 54.41
252-257 PRI W/h o 37.61 313.27 28.97 26.48 25.85 L ED 56.77

MHean 38.52 34.63 30.84 27.67 26.07 1.12 55.91 8.56 6.96 21.28

Total and Easily available water calculations by Horizon (Her) and Accumulated (Ace)

by horizon down the seoil profile - Nzivi soil type, Profile PR3

Depth Thickness TAW TAW EAW EAW

om cm mm i nm mm

Hor Acc Hir Acc
n-20 20 20.50 20.50 16.68 16.648
20-40 20 21.80 42 30 19.68 36.36
A0-T74 34 37.06 Ta.36 33.46 69.82
T4-122 48 49,20 128.56 39 84 109 .66
122-210 88 96,00 224.57 20.52 190.18
210-249 EL] 33.38 ZETCEh 27.14 21132
249-302 53 45.37 303.32 36,89 254,21

[302-5040 198 169.49 472.81 137.81 392

.02] projected
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Profile PC1 — Nzivi soil type, forested land

S0il moisture release data Available water %
{0.05 to 1% bar) Bulk Total .1-15 0.1-2

Depth Sample % moisture retention at (bar) density Porosity bar bar Air capacity %
om Ho. 0.05% 0.1 0.4 2.0 15.0 g,-f’{.:mj i vol ThW Efiw 0. 1bar
5-10 BCla 28.97  27.53 26.72 24.57 24.08 1.:33 46.15 .45
5-10 PC1b 30.29 24.20 23.09 21.70 21.28 1.33 45.93 13.78
-1n PClc 25.12. 23.01 22.20 21.70 21.4% 131 46.96 711

Mean 28.13 24.91 24.00 22.66 22.27 1.32 46.35 2.64 2.25 13.45
60-65 pcla 32.99  24.39 21.49 20.55 20.05 1.3 47.14 15.03
60-65 FClh 35.85 26.16 23.79 22.19 21.28 1:26 50.00 17.01
6{1-65 PCle 40.94 28.05 25.57 23.15 22.1% 19 53.33 19.71

Mean 36.59 26.20 23.62 21.96 21.16 1.25 50.17 5.04 4.24 17.25
110-11% PCla 42.33  31.29 29.71 29.02 28.43 1.16 53.97 17.89
118-115% 'PClb 42.03  31.00 30.46 29.71 29.1% 1.18 52.80 16.16
110-115 PClc 40.25 31.92 29.16 28.01 26.93 101 52.02 14.29

Mean 41.54 31.40 29.78 28.91 28.17 1.18 52.93 3.23 2.49 16.11
210-215% PCla 41.91 36.15 32,77 30.79 29.82 1.13 hd.62 {3.599
210-215 PClb 43.70° 35.67 33.0% 31.47 30.59 1.20 3 | 8.6%9
210-215% PpClc 28.23  25.49 22.32 21.04 20.31 127 49.00 16.63

Mean 37.95 32.44 29.38 27.77 26.91 1.20 51.74 5.53 4.67 12.90

Total and Easily available water calculations by Horizon (Hor) and Accumulated (Acc)
by horizon down the soil profile - Nzivi soil type, Profile PC1

Depth Thickness TAW TAW EARW EAW

i cm mm mm mim mm

Hor Aco Hor Ao
0-7 7 1.85 1.85 1.58 1.58
7-22 15 3.96 5.81 6.36 T.94
22-44 22 11.09 16.90 933 F 2T
44-82 3B 19.15 36.05 16.11 33.38
82-150 68 21 .96 58.01 16.93 50.31
150-290 140 T7.42 135,43 GE.38 115.69

1290-500 214 116.13 251.56 98.07 213.76] projected
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Profile PR4 — Nzivi (mottled subsoil phase) soil type, forested land

Soil moisture release data Available water %
{03.05 ta 15 bar} Bulk Total ¢.1-15 0:.1-2

Depth Sample % molsture retention at {bar} densilty Porosily bar bar Alr capacity %
in Mo . 0.05 2.1 0.4 2 15.0 _(_lx’(:l'n'J T vol T EAW 0. 1har
10-15 P4 Wila % 70 S . [ U i e G o A U o S Bl 1.40 44 .84 25.07
10-15% PR4 W/1b 24.73 14.88 12.75 11.97 11.46 1.37 44 .53 24.25
10-15 P4 W/ilc 23.5% 14.44 12.85 12.81 1Z.31 1.43 43 .70 22.84

Mean 24.00 14.54 12.64 12.12 11.64 1.40 44.37 2.50 2.42 24.05
50-55 PRA W/ 2a 2653 18.02 13.68 13.45 13.02 1.42 41 .80 L6 .40
50-55 FR4 W/2b 25.53 17.68 15.47 13.21 12.42 1.44 43,08 17.41
S0-55 PR4 W/2c 27.91 16.32 15.18 14.11 13.46 1.41 4471 24 .8

Hean 26.66 17.34 14.78 13.59 12.97 1.42 43.20 4.37 3.75 18.54
135%-140 PR4 W/3a 43.72 21.79% 19.16 18.01 17.22 Tl 57T 34.43
135-140 PR4 W/3b 47.41 22.45 18.36 17.60 16.81 1.00 60.00 .43
135-140 ER4 W/3c 45.97 22.45 19.88 18.93 15.9% 1.05 58.82 15,43

Hean 45.70 22.23 19.13 18.18 16.66 1.04 58.84 5.57 4.05 35.76
230-235 PR4 wida iy.66 24.85 22.90 21.9%6 21.09 1.20 49.01 T 73
230-235 PR4 wW/db 31.91 23.36 22.51 21.71 21.44 1.32 47.83 17.04
230-215% PP4 W/d4c 31.9% 23.93 22.76 21.89 20.96 1.31 48.22 T B

Hean 32.51 24.05 22.72 21.85 21.16 1.28 48.35 2.89 2.20 16.78

Total and Easily available water calculations by Horizon (Hor) and Accumulated (Acc)
by horizon down the soil profile - Nzivi (mottled phase) socil type, Profile PR4

Depth Thicknessa TAW TAW EAW EAW
m cm nm mm Hen mm
Hor Acc Har Acc
0-10 10 2.90 2.90 2.42 2.42
10-21 11 3.19 6.09 2.66 .08
21-36 15 6.56 12.65 S.61 10.71
36-66 30 131 25.76 11025 21.9%6
66-101 35 15.30 41.06 13213 35.09
101-134 24 1337 54.43 9.72 44.81
134-228 94 52.386 106.79 38.07 82.88
228-305 B 22.25 129.04 16.94 99.82
[305-500 195 56.36 185.40 42.90 142.72] projected

Soil Survey and Land Research Centre Cranficld



Ngwazi Estate, Mufindi, Tanzania AVAILABLE WATER Annex 3.42

Profile PC4 — Nzivi (gravelly subsoil phase) soil type, fallow land with shrubs

Soil meisture release data Available water 4
(0.05 to 15 bar) Bulk Total Fulods Bl=2

Depth Sample T moisture retention at {bar) density Porosity bar brar Al capacity %
cm No. 0.05 0.1 0.4 2.0 15.0 a/em’ 3 val T Edw O.lhar
0n-5 Pda 36.25  27.43 25.18 24.16 23.22 1.24 49 .39 15.20
-5 PCak 39.45  30.74  28.27 27.47 26.67 1.14 L3.09 18.11

Mean 37.85 29.09 26.73 25.82 24.95 1.1% 51.24 4.14 3.27 16.66
3I5-40 PCda 3%.9% 30.13 27.33 26.3% 325.7% 127 hZ_44 16.93
$4-40 PCdb 34.49 27.23 24.34 22.74 19.95 1.36 45.38 8.25
35-40 FC4c 36.74  26.99 23.51 21.97 20.25 1.27 49 .40 Z i

Hean 37.07 28.12 25.06 23.6% 21.98 1.27 49.07 6.14 4.43 13.42
AF=05 Plda 44.42 36.09 27.24 2%.97 24.95 b i 55.24 1528
PSR PC4b 46.06  37.96 30.25 28.61 27.57 1..30 55.10 A,

Mean 45.24 37.03 28.75 27.29 26.26 1.11 55,17 10.77 9.74 14.50
195-200 PC4a 38.75% 32.51 30.01 29.4% 28.13 o oA 485.78 8.10
195-200 PC4b 44.78 35,72 32,48 31.21 30.11 bt BEE 52.63 10.69
195-200 PC4C 41.26  33.26 30.08 29.01 28.26 1.11 G4 .88 17 .68

Mean 41.60 33.83 30.86 29.89 28.92 1.18 52.10 4.91 3.94 12.16

Total and Easily available water calculations by Horizon (Hor) and Accumulated (Acc)
by horizon down the soil profile - Nzivi (gravelly phase) soil type, Profile FC4

Depth Thickness TAW TAW EAW EAW
cm cm mm mm mm mm
Hor Acc Har Ao
0-12 12 4.%7 4.97 3.92 3.92
12-22 10 4.14 9.11 3.27 719
22-56 i4 20.88 29.99 15.06 24:25
56-135 79 85.08 115507 T6.95 9920
135-270 135 66.29 181.34 53.19 15238
270-300 30 14.73 196.09 11.82 164.21
[300-500 200 98.20 294.29 78.80 243.01) projected
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Profile PC3 — Makabila (deep subsoil phase) soil type, grassland fallow

Z0il moisture release data Avallable water %
{0.05 to 15 bar) Bulk Tatal B.1=-15 8.1-2

DepLh Sample % moisture retention at (bar) densily Porasity bar bar Alr capacity %
cm Mes . 0.05 a.1 0.4 2.0 15.0 gh‘:m"' 2 wol TAW EAW 0.1bar
0-5 PCda 31.46 23.01 22.08 21.40 20.46 135 46.00 1505
0-5 PC3k 34.20  24.30 23.62 22.84 22.32 o i 46.96 1582
0-5 PC3c 29.38 26.53 25.83 25.04 24.58 1.26 418.99 Egeld

Mean 31.68 24.61 23.84 23.09 22.49 1.31 47.32 2. 12 1.52 15.23
65-70 PC3a 43.58 33.49 28.81 26.78 25.29 Bl ST 11,57
65-70 PC3h 42.05 31.44 29.02 27.80 25.37 1.15 54,00 17.8%
65-70 O3 44.04 30.07 27,12 25.9%4 23.33 1.11 55.06 21.82

Mean 43.22 31.67 28.32 26.84 24.66 1.16 53.62 7.01 4.83 17.09
110-115 PC3a 27.55 21.61 21.16 20.83 20.36 1.46 42 .06 10.54
110-115 PC3b 28.91 21.45 21.02 20.53 19.73 1.42 44.09 13.:43
110-115% PC3c 29,33 22.28 22.07 21.60 21.34 1.38 45 .67 14.65%

Mean 28.60 21.77 21.42 20.99 20.48 1.42 43.94 1.29 0.78 12.87
220-240 PCia 24.90 19.89 19.36 19.03 18.67 L.55 39.22 8.22
220-240  PC3b 24.79 19.07 18.02 17.46 16.76 | .58 37.55 7.60
220-240  PCic 26.76  20.72 19.99 19.35 1B.57 1.46 42.06 12.08

Mean 25.48 19.89% 19.12 18.61 18.00 1.53 39.61 1.89 1.28 9.3

Total and Easily available water calculations by Horizon (Hor) and Accumulated (Acc)
by horizon down the soil profile - Makabila (deep phase) soil type, Profile PC3

Depth Thickness TAW TAW EAW ERW

om om mm um mm wm
Hor Ao Hor Ace
0-11 11 2033 2.33 .67 1.67
11-20 o EiSl 4.24 1.37 1.04
20-33 13 2.76 7.00 1.98 5.02
33-51 18 12.62 19.62 8.69 13.71
51-78 27 18.93 38.55 13.04 26.75
78-108 kL)) 21.03 59.58 14.49 41.24
108-138 30 3.87 63.45 23 43.58
138-177 39 5.03 68.48 3.04 46.62
177-250 73 13.80 82.28 9.34 n5.96

1250-500 250 47 .25 129.53 32.00 87.96] projected
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Profile PR2 - Kihanga (deep subsoil phase) soil type, forested land

Soil meisture release data Available water %
(0.05 to 15 bar) Bulk Total 21=-15 f4.1-2

Depth Sample % moisture retention at (bar) density Porosity bar bar Alr capacity %
cm No. 0.05 0.1 0.4 2.0 15.0 g..-’cm3 % vol TAW AW Q. 1bar
4% PRZ W/la 37.21 28.90 25.44 24.24 23.26 .18 51.44 17.19
4-9 PR2 W/1h 30,13 23.03 19.43 18.27 17.25 Lyl 48 .16 18.94
4-49 FR2 W/lc 31.80 23.11 19.40 18.31 17.58 T2 4918 20.96

Mean 33.05 25.01 21.42 20.27 19.36 1.23 49.866 5.65 4.74 19.03
B-h5 PRZ W/2a 19.07 28.80 23.41 22.49 21.53 Eslep B1.2% I7.83
50-55 PRZ W/2b 34.23 25.14 20.68 19.98 19.27 $:.25 A8.1% 17 .14
H0-55 PRZ W/2c 3810 29.50 25.11 23.98 22.98 g 52.48 18.58

MHean 37.13 27.81 23.07 22.15 21.286 1.19 50.63 6.55 5.66 17.85
110-115% PR2 W/3a 36.25 26.03 22.39 21.7% 21.05 1.23 A9 1T A
114-11% PRZ W/3b 34.49 24.04 21.14 20.72 19.9% 1.33 46.15 14.25%
110-115 PRZ W/3c 37.06 26.43 22.90 21.66 20.35 1.23 50,40 18.20

Mean 35.93 25.50 22.14 21.38 20.45 1.26 48.57 5.05 4.12 16.59
200-205% PR2 W/da 32.06 26.88 25,62 24.89 24.19 T A 1476 7.7
200-205 PRZ W/4b 33.98 26.55 24.44 23.95 23.53 129 47 3% 13.10
200-205  PRZ W/dc 34.06 27.52 24.21 23.45 22.46 1.30 47.37 b Soter

Mean 33.37 26.98 24.76 24.10 23,39 1.32 46.49 3.59 2.88 10.69

Total and Easily available water calculaticns by Horizon (Hor)} and Accumulated (Acc)
by horizon down the secil profile — Kihanga (deep phase) soil type, Profile PR2

Depth Thickness TAW TAW EAW EAW

cm <m e {11111 mm mir

Hor Ace Hor Acc
-3 3 1.70 1.70 1.42 Lol
i-19 16 9.04 10.74 7.58 9.00
19-35 16 10.48 21.22 9.06 18.06
35-69 34 2227 43.49 19.24 A0
69-102 i3 21.62 65.11 18.68 55.948
102-121 19 9.60 74.71 7.83 63.481
121-154 29 1465 #9356 11.95 Th.d6
150-166 16 &.08 97 .44 6.59 §2.35
166-199 33 11.85 109,29 9.50 91 .85
199-230 ¥l 11.13 120.42 8.93 104 .78

[230-500 270 96.93 217.35 17.76 178.54] projected
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Profile RWP1990 — Ngwazi soil type, tea plantation

Soil moisture release data Available water %
{0.05 Lo 15 bar) Bulk Total @l =15 0.1-2
Dept h Sample % moisture retention at (bar) density Porosity bar bar Alr capacity %
om Ner. 0.05 0.1 0.4 2.0 15.0 asem’ 2 vol AW EAW 0.1bar
L5=-20 1 26.00 24.71 22.37 12.87 12.93 1.24 51 11.78 ]',".’,04# 26
55-60 2 29.52 26.8% 23.89 16.48 14.865 1.21 53 1212 10.35 26
180-185 3 35.88 32.54 28,64 23.02 22.03 Lo kil 61 10057 952 29
270-275 4 36.53 34.88 32,67 27.36 25.59 LT 55 9.29 7.52 20
Total and Easily available water calculaticns by Horizon (Hor) and Accumulated ({Acc)
by horizon down the soil profile — Ngwazi soil type, Profile RWP1990
Dapth Thickness TAW TAW EAW EAW
cm cm mm mm i mn
Haor Aoc Hor Ao
D-1% LR 17.67 17.67 13.05# 18.06
15-70 55 64.79 842 .46 66.22 L4.28
T0-160 a0 109.62 192 .08 L R B 177.43
160-200 40 42 .04 234012 i8 .08 i el |
200-2e0 60 66.48 300.60 L8.T76 284.27
2e0-320 640 55.74 356.34 45.12 329,39
320-500 180 167.22 523.56 13536 464.24
# Possible error, as EAWSTAW
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