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Introduction,

- The investigations were started as a result of a meeting held at the prOV1n01al

headquarters in Kisumu on 20th Pebruary 1967,

The meeting had heen convened to discuss the urgent preoblems in the sugarcane
area of the Chemilil ocutgrowers, where cane was badly droughting following the -
failure of the short rains 1966,

During the meeting the Senior Sugar Officer, Mr C,.Hill, stressed that droughting

‘was most severe on the dark swelling clay soils of the Luo Land Unit, in which

. the soil-water relationships were notoriously poor, lLack of intern:l and external

drainage created waterlogged conditions under which the cane roots could not
develop, In addition, lack of water penetration limited effective water storage,
resulting in an insufficient moisture reserve to carry the crop through drought

periods such as the prevailing one,

" Based on the results of field experiments, carried out in the past on similar

soils of the NMiwani and Muhuroni estates, the Senior Sugar Officer recommended
the application of 2 tons of gypsum per acre which, he was sure, would improve
the internal water relationships in these soils, since part of the unfavourable

characteristics was due to soil dispersion, caused by high sodium levels,

A report of = preliminary investigation by Mr S ,N.Muturi and the author was
presented at the meeting, During the investigatioh several soil pits in contrast-
ing sites with respect to crop performance had been examined, and samples hagd
been taken for chemical analysis, The outcome Bf the analyses seemed to suggest
that droughting was associated with rel. higher levels of exchangeable sodium

in the soil. The levels as such howsver, did not appear particularly high in
view of the experience on sodium affected soils elsewhere in the world,

It was then decided to carry out more investigations on this matter, before

drawing any further conclusions,

An extensgive soil sampling of the outgrower.area was carried out by Mr W.wabakala
and the author in April/may 1967, Observations were made as far as the auger
pfocedure used allowed'for. The fileld observaiions agreed very well with those
df the Songhor report (1), The results of analysis showed that the exchangeable
sodium percentéges {(ESP) were generally in the order of 3 to 7.5 and only a

few exceeding 10, _ _ _

On these samples and on samples subseguently sent by the Senior Sugar Cfficer,
which were taken from outgrower's blocks to be planted in 1968, further
investigations described in this report, were carried out, '

The aim of these investigations was: &) to find in the laboratory a confirm-

ation of the beneficial effect of gypsum application and b) to work out
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‘The swelling and shrinking characteristics of the s0il are caused by thé
- Predominance of montmorillonite type minerals in the clay fraction, ' _
'_The exchangeable sodium level in the soil increases with depth, although levels

' bf'moré‘than 8 are rarely found,

In the‘Lub‘Iand Unit a pale yellowish-brown structureless layer is frequently
encountered at a depth of 4 feet or below, This layer with a thicknes of only
a few inches is of volcanice origin (X-ray amorphous) ang hardly differs
chemically from the over- and underlying clay, Physically there is a difference

.in that its water trangmitting properties are reasonable to good,

_; Thé'drainage measures as practiced in the Chemilil outgrower's zone is designed

to.lead the surface water off in order to prevent erosion,, The drains are

very wide and shallow_and surround the sugarcane cooperative bleceks,

 There are several examples to be given-to demenstrate that such s&%ace drainage

alone is not sufficient. One example is a part In the Anglogo block which unit
as awhole suffers from bad drainage as well, but the conditiom of the sugarcane
is particularly bad at the foot of the (faint) slope which runs roughly parallel
t6 the main road to Kisumu, Examination of the soil profile during the wet
season revealed that at about 2 feet, the soll was impervious and that water

had accuﬁulated'above this depth, causing waterlogging in the relatively free
draining topsoil, It coulad easlly be seen that most of this water had come

down laterally from the slope, This adverse condition can easily be prevented
by properly spaced draing, laid across the slope,

With low perﬁéability of the soil there is the problem of water penetration
necessary to build a sufficient water regserve to carry the crop through the
dry seasons of the prevailing climate, The recommendation. of the Senior
Sugar Officer to apply gypsum on the pocrly draining soils poinf;towards this

aspect of the soil~-water relationships,

Experimentatioh.

. The 014 permeability test,

The existing rermeability test at the N.A.L, had largely been adepted from

the Handbook 60, USDA Dep, Agriculture, _
The test measures the pPermeability or hydraulic conductivity under
constant head of a 50 grs ground soil gample (O~2mm), packed into
e brass cylinder ¢ 1,47, length 6", 7The packing is done by dropping

\ the loaded cylinder 20 times over a height of 1" onto a rubbet

stopper, Readings are taken at certain intervals as mm/24h, but
the figure given in appendix 2 represents the reading after ™, hours;



To-a limited number of samples 25 ml of 0.02N gypsum solution was
given and after standing for 1 hour, the usual water percolations were
carrled out, This gypsum treatment is equivalent to 1 me¥ Ca or roughly

2 tOns per ‘acre~foot of soil,

Comments, C . : :
The results, as presented on the bottom lines of the s0il data sheets of appen-

dix 2 show that a large proportion of the samples tested gave very low to zero_f'

" readings. No relationshlp at all was established with the permeability flgure'

and ESP, It was found that for those soils, pre-treated with gypsum the

_permeability was much higher at first, but upon further leaching with water

‘the permeability decreased to low levels or to zero readings, On some soils

a low permeability was maintained where without gypsum treatment, the per-

' meabi1ity would have fallen to zero,

The sbove test was further discarded because it was considered to be not
sen31tive enough to distinguish between the effects of normal swelling of
a montmorillonitlc g0il and any additonal adverse effect due to additional -

swelling and aggregate breakdown associated with high sodium levels,

" Constant Percolation Rate of 0,1-2mm ageregates,

~To overcdme the stated @isadvantages of the previous test the following modim

fied procedure was adopted, which owing to lack of enough sample material

was done on rather small amounts of“ébil sample,

15 grs of soil sample, fraction O;l-2mm aggregates were weighed into 4. 97¢7
glass filterfunnels with por, no 1 sintered glass bottoms. The soils were
packed in a standardised way, covered with a fllterpqner disc and sub-
jected to continuous water percolation under constant head unt11 a
conatant percolation rate vas attained, Demineralised water was used.

The constant percolation rate (CPR), was evpressed as mm/24 hours,

"hen tried out on a rather 1arge batch of samples, the test seemed to bring

out a more dlfferentiated pattern of soil behaviour towards water percolation.,

H§~2 1 In table 1, samples from a field experiment which was conducted in Miwani by

the Senior Sugar Officer, were tested in the same way,
Only the top and second foot were investigated, For the sake of demSEtration;”'l
4 vercolation rate readings at intervals 15 min-1Th-24h-24h- are given; the '

reading of the 4th day reﬁresents constant percolation rate (CPR).

S e TR



Teble 1. Percolation Qateg {method IITI~2) of Soil Samples taken from a

Gypsum Rates Field Trial in Miwani.

"% Measurement | Gypsum_treatment in toms per acre

' taken : 0 - 1 2 : 3

:  Day Hour [0-12"  12-24" | 0-12"  12-24" | 0-12"  12-24" | Owliv  12-24"—
i 1st  15.45 | © 0 0 0 0 0 0 0
S 16,00 404 0 509 - 69 nm 117 nm 133

' 2na 09,00 [349 6.7 | 322 22 am 63 nm 63

i - ) .

©o3a’ 09,00 |182 0.6 ! 228 5.0 nm 40 nm 32

| 4tn 02,00 137 ___. R U2 5 S 2,7 1200 ______ 2128 28 ___.

. EEP of * |

| field sample 6,2 7.2 4.3 5.0 4.0 5.4 3.3 5.0

* mm/24h, nm= not measured because of too high percolation rate,

Comments: It should be borne in mind that the percolation rates as presented in
: . oyt
the table do not depict field rates, They only give a relative value e the

intrinsic behaviour of the soil sample towards water percolation,

The percolation rates decrease over the four days, until the constant percolation
rate (CPR) is attained, This decrease may be ascribed to a slow swelling of
the montmorillonitic soil and to a waghing out pf the free gypsum electrolyte,

The improvement in CPR of the 12-24" layer from O to 28 is higbly
significant, and may be considered as permanent,

The topsoil (0-12") is to start with in a much better aggregated condition,-
probably due to the effect of organic metter-, but the drop from very high
percolation rates to a level of 157 to 213 mm/h is due to both swelling and
electrolyte effect,

 §'"";"For the'12-24"'1ayer, the improvement in CPR i accompanied by a drop is -
. BSP level from 7.2 to 5.0 in the 3tons /acre treamtment, (3 tons/acre corresponds
. theoretically to approx, 1.8 me%), The additional removal of sodium inay be due

'fé tofieaphinguout during the percolation,

III;2.2 The effect.of gypsum treatment of the soil on its water transmitting proper-
. ties has been tried in the laboratory on a few selected samples from different
blocks in. the area which are known to be very poor in this respect. -
Follbwing the method as outlined in III~-2, the soil samples were first slowly
leached with‘incraasing quantities of gypsum solution (7.5ml of 0,02N gypsum
_solution for each m,e,/100grs of gsoil), Percolation under constant head was
continued with demineralised water until CPR was attained, To give an impression 5

of the time required to arrive at this state, the length of the continuous



percolation (LP) before reaching CPR was recorded in hours,

Two heavy textured strongly swelling vertisol samples from an entirely different
area (Mwea, near Embu) were included for the sake of comparison,

Table 2, Effect of Gypsum Treatment on the Constant Percolation Rate (CPR)
~ of some moils of the Chemilil Qutgrower's Area, 3 laboratory test,

2 Gypsum treatment
- Lab, no ‘Ro_gypsum 1 me/l00ar 2 me/100gr 2.0e/100zr " 10 me/100gr
' P CPR I CFR P CFR ILr CPFR LP
Kano P1, - . e ' o '
9862 7 0,05 13g 2,7 138 20 138
9980 0.0 138 45 138 75 138
#8622 0.0 142 0.0 142 3.8 142 7.3 142
10643 0.0 . 65 0,0 65 7.5 187
‘§Mwea.
-1 759 19.3 143 32 43
771 4,5 143 5.6 143 ) 82 142
CPR in mm/24h; LP= hours of continuous Percolation, '
b Physico Chemical Data of the same Soils,
! _
‘Lab, no Location Depth %Clay CEC EsP %Ca003
: (inch) (meg)
Kano P1, -
9862 Nyalenda T 12-24 71 60 5.4 0
9980 Wasweta 12-24 66 54 , 4.8 0
18522 Sanda 12-24 58 41 6,1 0
10643 Ang'ogo 12-24 65 58 7.5 0.8
ﬁwea - :
L1759 12-24 - 85 80 4.4 0
1771 24-36 79 70 15,0 4,0

¥ A separate subsample, treated with 2 me/100gr gypsum has been carried
through 4 weeks of uninterrupted percolation to leave no doubt as to the
bermanency of the improvement,

showed visible signs of dispersion,

Nete T1I, At CPR,the treateqd samples were Pfree of gypsum electrolyte as testeq

S with Bacy,,



ents,

'_Thfiresults_gre very interesting, All Kano Plain soils rcact stridngly upon
. ay?sum applicatibni the CPR.values attain satisfactory levels at 2 me/100gr
gyfsum treatment for fhe first three soilsg Angtogoe is of poorer structure
stlﬁility, but gypsum treatment at the ratc of 3 me/l00gr improves the CPR
from O to 7.5 mm/24h,
ThF lMwea soills behave somewhat differently., These soils showed more swelling
than the Kano Plain soils, Yet for Mwea 759 the CPR with no gypsum applied is
rel good., Addition of gypsum at the rate of 2 me/100gr improves the CFR somewhat
Th% soils discussed so far have low ESP values, in the range of 4-7,5,
Ywea 771 has in contrast an ESP of 15, at which level the soil is classified
asgsodic (or alkali), All the same the CPR at zero treatment is not zero as’
wi&h the Kano Plain soils, Increasing gypsum applications give strong increases
ih;the CPR. The general impression for this soil is that indthe range of
ES? 0-15, the CPR decreases more gradually than for the Kano Plain soils,
NO?E: It appeared that at CPR the soils were free of Sulphate as tested with
% Ballp. '
1-2,3.
Tﬁe soil with the poorest CPR values in the previous experiment, Ang'ogo, was
selected for an investigation of arfificially established ESP levels on the
tﬁe aggregate stability and water transmitting properties as expressed by the CPR,
| A bulk sample‘of 500 grams was slowly leached with GaCl2 (ld‘liter of
_ AN solution) and subseguently leached with water until the soil was free
of Chloride, as tested with AgCl, After removing most of the exceess

water by suction, the soil was dried for 2 weeks at 40°C and carefully

ground to pass a 2mm sieve; after removing the finest particles by
sieving through a 0,lmm sieve, 15 grams of the soil containing aggregates
of 0,1-2mm size were packed in filterfumnels in the usual way;

0 «5 =10 = 20 - 30 = 40 -~ 50 mls of 0,02N NaCl was slowly leached
through the subsamples (in duplicate) and followeé by the usual water
percolations, A similar set in duplicate was treated with the sodium =
chloride sblutions, but in stead of water percolations, exchangeable
sodium was determined by washihg out the sample with 70% ethanol until

Just pl-free and displacing the adsorbed cations by NH4-acetate, 1N, pH 7.0.

Na was measured on an EEL~flamephotometer,



’ F
‘fable 3, Effect of increasing ESP~Levels established on a poor Permeability

Keno Plain Soil on the Constant Percolation Rate,

Ang'ogo 12 ~ 24 inches depth A

‘Exch. Ne (me/100g) O 0,57 1,14  2.38 3,32 446 5,20

ESP 0 0,99 1,98 3.9 5.51 T.40  8.63
‘Const, Percolation :
. Rate (CPR) - 180 230 200 T4 1% 3.1 1,5

¥arter having previously saturated the exchénge cdmplex with Calcium,

Comments.' , .

The effect of the increasing ESP levels on the CPR is evident above ESP 2; the
CPR rapidly detériorates to a very low figure of 1,5 at ESP 8,6.

In the original soil the CPR was. already zero a8t ESP 7.5. The somewhat better
behaviour of the soil in thé#is respect in the sbove experiment is ascribed to

E the Ca~gaturation of the exchange compleX before imposing the ESP levels;

1.3 A modified percolation procedure on 0.1-2 mm agegregates,

The percblation procedure used in the previous chapter is time consuming
and restricts the number of samples that can be tested in one batch, since
the samples are continuously leached under constent head, for several days.
As the reduct?gn of percolation was ascribed to swellingland slow desintegrat-
ion of the soil aggregates upon contact with water of low electrolyte concentrat-
ion, rather than by the water passage (the concentration of the soil solution
being alremdy low), a procedure was adopted whereby the actual time of water
passage was limited and interrupted by long intervals during which the soil

was kept wet,

15 grs of soil sample were packed in the game way as before into
glaps filter funnels, The water :percblafipns. were carried out as

enceses  follows: After a’ free run of water under constant head, a measurement

\.‘
ol

of the percolation yate was taken over the next 10 minutes (I) and a

Second measurement after the subsequent 30 minutes (II), The water supply
was then interruped for 24 hours during which time the samples Were. kept R
wet, A percolation of 30 minutes was given and the samples wegﬁ aga1n

set aside for 24 hours, A final reading of percolation rate was“taken
over a period of 30 mlnutes.(III)

In this way 4 batches of 24 sémples could easily be handled within

50 hours,

Tt wes found that the last reading (I11) was virtually the same or only slightlyfig
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: highar than the Constant Percolation nate of thc previous chapter.

The ratio of the readings ITI/I gives & geasure of the reduced ~ percolation

rate due o swelling and aggregate preakdown of the soil.

The gbove "test" has been carried out on & large number of soil samples from

outgrower's blocks in the Chemilil area, not yet under sugarcane (1968).

{ The regults are presented in appendix 3.

A study of the results reveal considerable difference in behaviour for

the various soils, The initial percolation rate (I) varies considerably but

' ? also the magnitude of the drop in percolation rate over the subsequent 48 hours

is highly variable, Plotting the rate of reduced percolation rates (111/1)

against the g8P value of the s0il does not bring out any relationship, although
it can be said that at ESP values of 8 and higher, the last reading (I11)

" and therefore also TT1/I is likely to be 0, The failure to detect any

correlation between III/I end ESP is probably due to several factors whitch will
be discussed in chapter vI.

Taboratory stability Test.

Wwhere the previous teste showed the effect of both swelling and any possible
aggregate preakdown, another test was employed to characterize the aggregate
breakdown only, &8 8n increase of the aggregate fyaction < 50 microns (p) over
that of & cafcium treated soil, A pipette method was employed, but with more
gample material available, the use of a hydrometexr is advisable, Also 2
soaking period of 72 hours in stead of 24 hours would probably be more realistic,
The. choice of the jnerease in fraction < 504 is arbitrary, and possibly a
maller size graction might even be more indicative, However the test as

ployed may be considered to be useful,

Ao 10 grams of air dried soil congisting of particles in the range of 0, 1~2mm

were . soaked for 24 hours in 400 ml dem, water, contained in wide neck cylindrical

: bottles, & cm in diameter end 12 cm in height, After 24 hours of standing

| the bottles were ‘shaken gently in an end over end fashion, 40 times in 60 seconds

Immedlately afterwards, a 25 ml pipette was 1owered into thre suspen51on
and a sample was taken after 30 geconds at a depth determined by the '
temperature of the suspension, derived from & monograph S0 as to pipette-i”

the fraction < 50 W. For the actual pipetting, 15 secondswere taken,

whe suspension sample was dried at 105°¢ and weighed, The weight was 'if}fil
expressed as a percentage of the air dry goil;: : A

% fraction= 400 « weight fraction X 100

I
vol,pipette weight of air dry soil
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E;f " After the pipette sampling, 25 ml of 45, Na-hexametaphosphate was
‘ added to the suspension .+ The bottle was shaken for 30 minutes at 80

movements per minute in a shaking machine, left standing for 16 hours

51 and shaken again for 30 mhutes. The same pipette sampling as desribed
" under A was thercarried out, A blank was carried along in duplicate
consisting of 375 ml demineralised water to which 25 ml of Na-hexameta-
phosphate was added,
_ The calculation is the same as before w1th the only difference that
the weight of the Blank has to be substracted from the weight of fraction,

duﬁ A 10 gram subsample of ‘the same soil as used for A and B was weighed into &
: 3.5cm diemeter filter funnel with sinterd glass bottom, por.no 1, and
carefully leached with 100 ml 0,5N CaCls, The sample ‘was then leached

with dem,water until Cl-free and transferred to the ‘wide neck dispersion

bottles in which it was left soaking for 24 hours, The same pipetting

method as under A was finally carried ocut,

Tﬂe three meagurements reprevent.respectively: A) the soil sample in its original
state, of which the aggregate stability is being tested; B) the soil sample
brought to full dispersion which yields the maxmmum in the fraction { 50 ps

c) the soil sample of which any instability =~ dipe to exchangeable sodium

has been removed by the C-treatment, The stability .state of the soil may then

be worked into an index, ‘uging the three results:

Index = %—ﬂ—% x 100 , or in words: The 1nstab111ty which can be

prevented by Ca treatment, projected on é linear scale with the result of
A as 100 and that of C as 0.
Another way of expressing could be : Ratio = A/C x 100; however the Index

is prefered,

=4, 1The above test has been carried -out on 4 soil samples from different parts
of the Chemilil area, which were treated with low 1evels of gypsum, of 0 - 1 - 3
me/lOOgr soil respectively, (The soils were treated as for C, but leaching was
done with 0 - 10 ml O,1N - 10 ml O, 3N gypsum solution, and washing with water

was continued until the soil was S04-free).
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Tgble 4, Results of the Aggregate Stability Test of four Soil Samples of the
; Chemilil Area, as influenced by low Levels of Gypsum Treatment,

B A C
Sample  Depth ESP —EXEEE:@%E@E’E 2 me/100grs_ T
e (inch) N S
a a b a b a b a
Angtogo 0-12 4.2 64 13 6 10 0.5 0.9
g7 08 . 130 100 10 . 10
: I 100
. _ 33 8 4
N;alendad,"12-24 5.2 .81 36 057 - 19 136 16———114 14
e . N 5 0,2
%herol 0-4 8,6 81 33 1714 22 11 19 400 19
- 77 48 22

+ B and C are the procedures of the test; a = the fract10n< 50 measured;
b-top = Tndex; b-bottom = Ratio

Cimments:

flfﬁFroﬁ the table it appears that the Ang'ogo topsoil sample has a good agéregate
sfability, aé it shows little or no aggregate breakdown when compered with

tﬁé reading of ¢, This is'reflected in the measurement of the fracion < 504 of A
ag compared with that of C and in the TndeX and Ratio of the O-Gypsum treatment,
The gypsun treatments of 1 and 3 me/100gr therefore show hardly any improvement,
With the other three scoils, gypsum treatment does 1o“er the fraction < 50p

fgund in A andpherefore also the Index and the Ratio, Nyalenda and Ahero O-4%
a%e practically.completely “reclaimed" but Ahero 12-24" gtill shows & considerw
agle Index value at the 3 me/100 gr treatment, This soil may be termed alkali,
with an ESP of 17,5, The 3 me/l100gr gypsum treatment brings the ESP theoretic-
aily down to a level of approx, 12,5, which apparently still causes smgniflcant
instability.

f-4,2 ? Two soils of the previous experiment, Ahero, 0-4" and’ Ang'ogo 0-12" were
selected to investigate the effect of imposed ESP levels on the aggregate stabili~
ty of the =oil

Bulk samples were leached with excess 0.5N Caclz, washed with water until

the samples were Cl-free, air dried for 10 days and carefully ground again,

A range of ESP levels was then established on a series of subsamples of the

treated soil, ﬁsing the same procedure as outlined iniII-2,3, and the

stability test was carried out in duplicate,



PR w0 s et e s e

-12 -

Table Se Effect of increasing }SP Tevels on the Aggregeite Stability of
two Kano Plain 50113 *

. ..$oil -~ ESP  __Praction ¢ 50 u Index Ratio

CTTETTTTTTRTTTTTT ¢ ' (A/Cx100) -

Ahero  0~4" 0,96 81 19 19 0 100
P 2,88 L . 20 19 1.6 105
L . 3,87 81 27 19 12,9 142
6,50 81 30 19 17.7 158

! 810 8l 31 19 19.4 163

,,;l‘ ' .

Ang ogo 0-12¢ O 59 7% 6.5 6.8 -0.4 96
; 2,54 75 7.6 6.8 1.2 112 -
3.89 75 7.5 6.8 1.0 110

- 4,91 75 9.1 6.8 3.4 134

5.93 75 8.6 6.8 2,6 127

6.77 75 9.4 6.8 3.8 138

?%ESP-levels established after saturating the exchange complex with Ca,

Commente:

J In the ESP range of 0-8 a marked decrease in aggregate stability is observed
?in the Ahero soil, which is rather abrupt from ESP 2,88 to 3,87, This is
reflected in the increases in Index and Ratio,
The Angtogo sample clearly shows more inherent stabillty as the Index levels
hardly go up with increasing BESP, This stability showed also in percolation
tests and in the ogouUrrence of stable crumbs in the field,
‘From the table it is also clear that Index is more suitable to charscterize
:stability than Ratio: For Ahero, a Ratio value of 142 corresponds with an
Index value of 12,5, whereas for Ang'ogo, almost the same ratio value (128)
corresﬁonds with an Indei of 3,8, Yet it is apparent from the corresponding
fraction { 50p~values oflA.and ¢ of both soils that the Ahero soil is much less
~ stable than the Ang'ogo soil, |
I/4.2 ‘
. 4, IM® stability test applied to outgrowers blocks,
f In Appendix 3, the aggregate stability test has been applied on a large
%number of soil éamples which were also tested by the percolation method of
gchapter IV, The results are shown on the right hand part of the tables, with
Ethe < 504 fractions of the B,A and C treatments and the calculated Index and Ratio.
- A linear regression andysis between ESP and Index yilelds & correlation : SRR
coBfficient of 0,71 which is highly significent, Because of the uniformity of -~ .
- the soil textures, a good correlation is also found between ESP and A-C. ,

Pl Lo )
Index and ITI/I (the ne&nction/in percolation rate) show a weak relationship

of the type . Y = _é%ﬂ
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Discussion.i'

From the results of the laboratory experlments with the Chemilil soils it 1is
cOncluded that-exchangeable sodium in the rel, low ESP range of 0-8 has in
principle an adverse influence on these s0ils, It has been demometrated that both
water percolations and aggregate stability are decreased by increasing ESP levels,
which negative effect can be counteracted by treatments with also small doses

of gypsum, However there is a difference between soils with respect to their
~gengitivity towards ESP level, Some soils remain rel, unaffected within the

above range of ESP values, whereas others show appreciable aggregate breakdownx

and very low to zero water percolation rates {(upon prolonged percolation) et

ESP levels as low as 4-6,

.Notwithstandlng these variations a firm correlation {r=0, 71 %* s n= 87) has been
:found between the ESP and the aggregate breakdown as expregsed by the "Index" for
g wide range of soils, gampled from the outgrower's blocks, ' -
mhe reduced percolation rate (111/1) for the same soils, show when plotted against
ESP, & scatter of points without apparent relationship., A closer inspection allows
‘the conclusion that at ESP values greater than 8 the reading for III ( = APPIOX.
¢onstant percolation rate) and therefore also of III/I are always zero, Within
; he intervals ESP 0-10 and III/I 0-15 e gignificant negative correlation
' :ru 0,64; n=47) is found.'One could infer from these observations, that on solls

ith low percolation rates the adverse effect of ESP is already apparent at lower

levels ‘than on 50113 with high water percolation rates,
Between Index and III/I a relationship i1s found of the type:

Constant Constant
Index = YT /T 5 ( r=0,68;n=86) or III/I: Todex (r=0,63;n=86),

A curve of this type could be interpreted as follows: with Tndex values greater
- ithan 7, the chance is small that ITI/I values are greater then 15 (mm/24h); and
with TII/I values from 20 and more, the chence is small thet Index values of

6 or more are found, '

i If the Index, which is a mghure for aggregate breakdown, iz regarded as the

i‘causative factor for reduced water percolation rates, the situation could be

J

7l described ag: Wlth increas1ng Index levels up to 7, the III/I values rapidly fall
back to a level of less. than 15, after which they deerease more gradually with

'further increases of the Lnaex values,

-|The regression analyses were done on many samplss- Due to the appreciable scatter

1‘it is not feasible to make use of the regression lines,

N L.
“Twith in some cases visble digpersion,
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:_The problem solls of the Chemilil Outgrower aref are high in clay content and

?are of the swelling type, which characteristics are known to result in poor

water transmitting properties, especially when the soil is in the wet state.
Application of gypsum on such goils is usually considered only if it has been

established that exchangeable sodium is responsible for the deterkration of

the soil structure and for a swelling behaviour which is excessive compared with

the normal swelling of such (montmorlllonitic) soils,

"\ "The "optimum rates- of gypsum to be applied es found in field experiments by ths

“} Senior Sugar Officer are in the magnitude of 2 tons per acre, Not only were

' higher rates uneconomici further responses often failed to show at all,

% A dressing of'2 tons per acre-foot of gypsum amounts to approx. 1.3.me/100grs

S of soilf If the improvement is brought about by the replacement of exchangeable

i Bodium by Calcium, the chenges in ESP are hardly spectacular and may even

', escape routine laboratory investigation.

For a soil with a cation exchange capacity of 50 me/100gr or more, the
removal of 1 me/l00gr of exchangeable 8odium would lower the ES? with
2 units or less, If e depth of 2 feet is taken, the reduction in ESP would

be 1 unit or_less.

:; In the above calculations, ideal mixing of the gypsum with the soll was

| aseumed, In the field this condition is never fulfilled; locally higher concen-
trations of gypsum occur against lower concentr;tions elsewhere, It may then

" be remsoned t¥at the effectiveness of the rather low application rate of 2 tons
per acre lies in these locally higher concentrations, whereby a situation can-
be visualized comparable to a slowly permeable membrane which hae been punctured
in several plesces, Although the gypsum is usually worked into the top foot of
the soil, its effective working depth can be considerably greater, based on the
above principle and due to its being washed into the many cracks, which may

extend as deep as 3 feet in a dry soil,

Application of gypsum also means ralsing the electrolyte soncentration of the soil
.solutlon, with as a temporary effect, the reduction of swelling, aggregate break-
down and dispefsion.

This electrolyte effect is also apparent in the field trial in Miwani (table 1.),
which was laid down more than two years before the soil samples for the test

were taken,
The initial percolation rates (1st reazding) increxse with increasing

gypsum rates, At constant percolation rate (last reading), these differences

“assuming That 1 acre~foot contains 4,000,000 1be of soil,
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have prgctically disappeared for the 0-12" sample; for the 12-24" sample

Bome differences remain, which are permanent improvements after the cluctro=-
A 1yfe'effeét has disappeared, '

khus, even in solls which are not negatively influenced by exchangeable Sodium,

Eypsum'treatment_haa an enhancing effect on the water percolation rate, which
!in the field means a better water penetration and therefofe an increased moisture
' %storage.g.Whether the improvementé by gypsum application will be shown in crop °
iyields depends on: g) for the better drained soils, whether the the previous

} icqnd;t;ogrhgﬁwlimited crop production; b) for the poorly drainud soils, whether

' the improvements have surpassed the treshold Jevel above which they become . ... ..

gignificant in relation to an improved cxrop performance,
‘ Considering the generally low water percolation rates and the far from
. excessive total rainfall in the area, the electrolyte effect may be a rather
long lasting one,
Tn the meantime, &8s & result of the improved soil-water conditions, root
development ig enhanced, which in its tum may‘have a favourable effect on the
structure stabilty of the soil, It may therefore be appreciated, that the
distinction between a temporary and a permanent gypsum effect is difficult to

make in the field. This is particularly the case if enhanced root activity

succeeds in teking over the role of improving s0il structure and 1ts stability

from the temporary electrolyte effect., It ig however believed that for those

Al

goils with a high Index value as determined by ‘the method in chapter fﬁﬁ coupled
to a low constent percolatioh rate or III/I valle, enhanced root sctivity alone
will never bemable to establisgh stable structures SO as to improve crop prod-

uction in a pemanent way.

The benéficial effects of gypsum observed do not exclude the validity of
such measgures of cembered beds, deep goil cultivation and properly spaced open
drains ete, The most effective anh economical combination is likely to
yield the best results, If the soil is intrinsically unstable, measures to
loosen the soil to effect better water penetration, may f8il due to collapse

. of strudture. On the other hand, once & go0il has indurated or compacted
horizonse, & possible'effect of gypsum can only be optimal in combination with

soﬁeiméchanical operation 1o break up the compacted soil,

' The”mostllikely explanation for the adverse Sodium effect at 1lov ESP levels on
the éggregate stability of a large part of the soils of the ares:, ig that the
aggregating bonds between soil particles are plready weak, Tn these dark,
swelling, heavy cley soils, the main aggregating effect must come from organic
‘matter, since iron coatings and -bridges, and positive charges which give rise

to cardhouse structures are here relatively unimportant, inder rrolonged wet

-



condition of the scil, the organic molecule c¢hains, which hold the particles
together and which ere coiled in the dry state, become stretched whereby

the oggregating bonds are weakened,

Conclusions ané Recommendations,

Tn the report it has been established that on soils from the Chemilil | %
Qutgrower's area, the aggregate breakdown and reduction in percolation rateg

can be caused by‘exdhangeable Sodium at ESP levels below 8,

The results support for certain soilé the conclusion drawn by the Senior

Sugar Officer from his field experiments, that gypsum application at relati&e-
ly low doses can be beneficial for the soil-water relationships of those sgils.

A simple test kas been adopted and succesfully applied on & large number oi
soils from verious parts of the area, by which the rate of~aggregate break*
down is appraised, The test also distinguishes between those cases in which-
aggregate breskdown can ﬁe prevented by treatment with Calcium (gypsum)}, and

where Calcium treatment will have no effect,

Further field experimentation involving gypsum and .mechanicael dlsruptlon of
deeper soil layers is recommended on selected soils, ) ,_h_;
The choice of the experimental sites should be guided by the Index value off
the above test and the water percolation rates of the soils, so as to include
a range of soils with a varied reaction towards the treatments, ,
ROTE, A s0il with an Index value > 10 and a constant water percolation rate .
(CPR) < 5 mm/24h is likely to respond to gypsum treatment,

Acknowledgement is due to Mesars S,N.Muturi and W,V Wapakala who took part in
* i

the preliminary stages of the investigations and the first soilg samplings.?
To Mr C.Hill for his kcen cooperation, To the staff of the N,A,I's Chemistry

Section,
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Simbi 14
1

Lila :
Migeres
Nyatno:
Pawt on g
" 1
Orago. 11

Olasis
Omanyi:
Nubian:
Kanjuro:
Knmwala

Kamwgyla s
Waséieta: In the north-west Kac, in the south Vel: Proportion 2:1,

Kirungu
Kirungu:
Hawoz
Geyos
Nikw: e

ADPLENDIY T,

Soil Sorfes distributed over the Various-ﬂutgrownrs Goupurative
Blocks (Son;rhor Repert,) . ' P

3

. [

West und south,.Kbe; kgt Bac, proportion 211 : 0
: Kbo and A plug a small strip Cx¢ '
¢+ Kbe and AC, '

Kbe and A,

Kbe and AC, PO :
- Kbe and ¢ plus a small patch Asi in South - st ,
i3 North-lhgt Kbe, centre ang west, Bist, o '
1: In the north a sma1i Strip € x C; in the centre a strip Asil) in

the west and eagt Kbe, . L TTDRD R SHA L
¢ Very mixed: Cx C, AC, e,

Kbe,

Kbe

Cx G, '

In the north-west Kbe, in the south ang south~east hac,
(near railway); Llargely Pel, : S

In the north-west liac, in the south Vels: Proportion (2:1),

i

(railway) pei. :
In the narth Racs centre (el: South vel, -
‘/; Cel in the north 1/2 Bel and in the south 1/& Kac,
In the north Cel; in the south Rac, ‘Proportion 111
In the north~east Kbes in the scuth—west,.verv mixed,

Openda (railwny): Prom west to east, 1/, Koe, 8y, Cel, 1 5 Kbe and 1/ .mixia

Wngare, 2 blocks: A¢ ang Kbe,
Block Openda, Okwach, Nikwa, Onyanges

Mikwn -

Openda = Okwachs: Ebe plus Ac -iny seme Rac,

Leigend ang internal drid nagre class,

AC and Gel,

Onwlnge: “fainly Rac, In south~west cdge O x C,

Ac -
Asi -
Bel -
Bigt
Ccl -
Oxe -
Kbe -
Pel -
Rac -
Vel -

Aristos clay loam, extremely poor drainage,
Awasi loum, poor drainage, ;

Bibu clay loam, gonod drainage,

Bhanji stony loam, poor drainage,

Chemilili clay loam, mederate,

Complex of arable clsy s8o0ils, moderate drainage,
Kibigori clay, very poor drainage,

Patel clay loam, ponr to very poor drainage,
Rams olay loam, moderate drainage,

Volo clay loam, ponr drainage,




APVILLIX 3,
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Results of g bPercolation test {(para TIT,
test (para TiI.4) for soil samples from

»
depth pgp

Percolation readings

— fraction(BQL
& B A C

3) and an aggregate stability
the Chemilil outgrower!'g blocks,

Field ref. I Il 11T 11177 Ind, R
Simbi w2 O-12" 3,0 75 33 25 33 - 80 17 13 6,0 131
12-24 3,4 40 25 20 5.3 8 =2 2 1,6 - 10%
24-36 4.3 90 56 3.6 4,0 90 21 25 1.4 105
Simbi 3 0~12 3.5 22 5.6 5,2 22 83 14 12 2,8 119
12-24. 4,2 1sm 94 29 2 80 17 13 6.0 131
, 24-36 4.6 39 26 0 0 89 22 13 9.5 147
Lela w6 0-12 4.9 117 © 78 59 g 65 15 12 5,7 125
12-24 6.8 102 2.0 4,0 3,9 75 35 13 3,2 115
24-36 7.3 159 g7 500 3.1 89 18 13 6,6 138
Genya w8 0-12 3.9 96 63 41 43 63 14 13 2.0 108
12-24 .2 129 8l 25 . 3g 7% 13 312 1.6 108
24-36 5.1 99 53 5.8 5.9 83 17 16 1.5 106
Orago w13 o102 2,8 315 282 72 23 8l .13 10 4.2 130
12-24 4.0 129 63 317 13 89 17 14 4,0 im
24-36 7.9 51 19 4.2 8,2 88 28 1g 13 : 156
Orago % 14 (O35 2.3 228 260 62 oy 69 12 12 o 300
24-36 9.1 60 14 19 33 64 25 20 11 325
Rawo W 20 Qw12 1.2 339 369 44 117 23 6 5 - -
12-24 5.6 231 176 o 9 63 17 7 18 . 143
24-36 8.5 57 6 0 © T 4 22 37 s
Rawo w21 (1o 2.2 300 178 g7 9 78 1 13 100
1224 2.8 132 120 46 35 8119 18 1,6 106
24-36 3.8 87 67 35 40 79 32 33 100
Kamwala % 23  Q.1p 3.3 51 34 2.0 9.8 76 17 17 | 100
12-24 3.6 81 53 6.4 7,9 82 17 15 3,00 113
24-36" 3,9 72 48 6.0 8,3 84 27 26 1.7/ 104
Kamwala W 24 Q.3 2,2 516 561 139 27 84 ¢ 6 0 "Iioo
12-24 3.1 324 321 3 12 g6 7 8 0 |100
24-36 4.2 168 100 %8 5,8 8 10 7 3.8}143
Geyo 1w 25 0~12 0.8 924 861 63g 69 82 7 5 1.3} 117
12-24 1.0 207 200 159 77T 8 9 g 0.
Geyo W 26 0-12 o5 qge 176 187 101 74 319 g 3.01l125
S 12-24 3.1 159 133 g 38 80 12 9 4.2 1133
N 24-36 3.9 69 46 9 13 85 20 16 5.8 1125
Simbi T STI2 3.5 468 420 300 gy 9213 12 1,3 l108
R4 12-24 5.6 708 558 259 37 89 12 10 2,5 1120
24-36 7.4 228 140 13 5.7 8 18 11 10. 163
Simbi T 0-12 3.6 75 49 30 40 92 11 10 3.5 110
RS 12-24 3.4 110 59 8.6 7.8 8 12 10 2.5 120
2426 47 75 111 4 9.9 89 2 17 5.6 124
Nyatao R7 0-12 3.6 81 40 51 63 81 10 11 o 100
12-24 3.6 90 69 7. 35 - - . -
24-36 5,2 93 61 29 2174 27 19 15 142

* depth in inches ;

TTT= 48 hours aft

C= Ca-treated.

Is firgt reading
Bafractio

er II;

after 5 min; Il=-
50 fully disp

ersed;

100 -

30 min after I; o
=not treated; :



(APPENDIX 3,...,continued-1),
: Percolation readings fractiond 50 j
Field ref, depth  BSP I I III iII/I% B A C Ind), R
Nyatao R 9  0O~12" 4,4 123 120 63 51 81 19 19 © . 100
12-24 5,8 178 43 5.6 7.2 88 17 14 4,11 121
_ _ 24-36 7.1 60 40 3.6 6,0 87 32 18 20 | 178.
Migere R 11 0-12 3.3 129 75 50 39 87 .16 17 0 | 100
12-24 3,9 78 43 5.0 6.4 89 16 12 5,20 133
24-36 5,3 40 29 1.0 21 88 24 14 14 2Tl
Pawteng I 0-12 ,..4,2 -~ 36 19 9 25 70 12 10 3.3].120
R 12 12-18 . 6.7 £ 760 210 - 8 4 3 2.2/13
Pawteng II  0-12 ~ 3.4 210 66 31 15 - - - - -
R 14 12-24 5,6 36 22 2,0 5,6 86 16 11 6,7 145
. ' 24-36 7,1 | 33 18 1.0 3.0 83 30 24 10 5‘125
~Pawteng II~ - 0&12 3.4 =54 35 1T 31 I S
“R15 ., . 12-24 .- 4,2 45 . 26 13 29 89 23 - 13 .13 177
24~36 ' 5,3 39 17 2,4 6,27 92 20 18 | 2,7] 111
Anglogo . . 0-12 i 4,1 25 12 1.6 6.4 78 19 13 9,2! 146
R 17 12-24 5.7 120 69 5.4 4,5 84 17 9 11 189
o 24-36 6,3 60 36 13 22 87 28 24 6,3} 117
Ang'ogo R 18 _ 24-36 7.2 57 35 0 0 87 _41 19 32 | 216
~ Abuogo 0-12 6,3 72 - 35 1.0 1,4 90 22 12 13 {183
R 19 12-24 10,5 198 43 0 0 91 38 - 12 33 | 317
24-36 10,9-'33 12 0 0 91 60 21 56 |.286
Abuogo 0-12 2,5 900 591 120 13 74 12 12 0 | 100
R 21 12-24 5.5 147" 89 7.0 4.8 84 14 14 0 .| 100
. 24-36 9,5 93 61 0 0 88 32 16 22 | 200
Nyalenda 0-12 4,2 249 159 92 37 88 25 9. .20 | 278
R22 24-36 5.3 144 77 3.4 3.0 9 22 16 8,1|138
Openda R 23  12-24 15,1 14 - 4.4 o' 0 68 31 9 37 | 344
Openda R 25  0-12 5,5 14 37 1.0 7.1 B2 23 21 3,31 110
A | 12-24 7,0 186 114 11 5,9 83 17T 11 8,3 155
© 24-36 10.8 . 6.6 7.0 0 0 88 35 20 22 175
Okwach = 0-12 5,2 25 27 1.0 4,0 72 20 13 12 | 154
R27 12-24 7,2 171 87 0 0 83 19 11 11 {173
24-36 9,2 33 16 0 o 8 28 16 17 |175
Okwach ' 0-12 3,9 480 413 97 20 77 9 9 0 100
R 28 12-24 5,0 84 72 27 32 89 11 g  2,5|122
: 24-36 6,0 51 17 1.4 2,7 87 20 20 0O |100
Mayogu 12-24 5,6 183 180 31 17 82 9 8 - 1.,4:113
1R 32 24-36 6.8 90 85 21 23 83 18 15 4,4 120
Kirungu ©0-12 3,5 960 477 41 4.3 - - - - =
"R 33 . -12-24 27,9 -0 0 o .0 84 44 15 42 293
o 24-36 24,2 198 157 0 0 82 80 19 97 420
- Kirungu ° . 12-24 5.4 177 79 0,4 0,2 89 112 8 4,9 150
" R 34 . 24-36 6,9 28 14 1.4 5,0 8 32 19 19 168
Kenjuro B 12-24 4.6 114 68 26 23 8 14 12 2.7 117
K -3 24-36 4,8 36 29 7.4 21 88 18 19 0 100
‘Kanjuro B 0-12 1.9 240 129 113 47. 74 10 9  .1,5:111
T 3 12-24 3,3 372 201 180 29 84 11 10 1.4 110
, 24-36 3,7 53 33 6.4 12 87 15 14 1,4 107
Yasweta 0-12 3,0 285 189 79 28 . 57 16 15 2,4 107
5.1 26 19 1,0 3,8 80 .22 13 13 169

™3 12-—21}
| Ty fg,‘tér than 1000 mls/24hour
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