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ABBTRACT

Samples were collected from the three sites: Sendafa, Debre
Berhan and Fiche to study changes induced by "Guie" practice., The
chemical and physical changes as well as the growth of barley in

these soils wae compared for the three sites.

The laboratory study involved the determinations for particle
size distribution, the ignition experiment, the determination fox
changes in organic carbon, total nitrogen, available phosphorous, pH,
eleotrical conductivity, carbOnateS, the exchangeable cations, the
cation exchange capacity properties of the soils. Plant analysis
for percent nitrogen and percent phosphorous was determined for

barley grown in the greenhouse experiment.

In the Greenhouse experiment the height of barley plants was
recorded as well as the counts on emergence, heading and fresh and
dry weights and weed score was done to evaluate the differences

" between the three sites,

The results from the laboratory and greenhouse studies showed
similar variations among the treatments of the three sites. The
interior heap layers exposéd to high temperatures both the negative
and positive effects from “Guie!" practice. The main positive effects
were found to be the increase in available phosphorous and the change
from find to sand sized particles. In contrast the main negative
effects were found to be the losses in organic carbon and total

nitrogen,



The growth study in the greenhouse experiment also showed varia-
tions only among the treatments. The best growth was found to be in
the mixed treatment where optimum condition was attained by wmixing

all the different Guie affected and unaffected soils.
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INTRODUCTION AND LITERATURE REVIEW

In most tropical and sub-tropical regions shifting cultivation
is a common practice and it often involves land clearing for cultivation

by burning the vegetation., This practice has a number, of local names

among which Tana Baker in Chinaj; Rab and Jhuming in Indiaj Chitemene

1
s e L i
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in Zimbabwe and Milps in Central America are terms ugéde, ::Unden.ine ...,

creased pressure the system leads to the disappearance of ;brggt‘orzl

T g ] ' N

woodland in favour of savanna grassland (Nye and Gréehland3=l9605;:l
In-the central highlands of Ethiopié,'a traditional soil management

practice similar to shifting cultivation is employed to improve ferri-
lity related soil problems., The practice is locally referred té as
"Guie" and it involves burning of so0il along with some organic substances.
The predominont crop on most "Guie' soils is barley which is growm
invariably following soil burning (hereafter referred to as "Gule') and
depending on local conditions the samne crop of barley or hbrse hean or
wéeat may be grown in the second year. The burnt soil results in high
yields of barley the first year up to 30 quintals per hectare but

yields are drastically reduced the second year and on the majority of
the "Guie" soils the land is not cropped the third year (Tesfaye and
Dagnatohew, 1973)., The high yield followiﬂg "Guie" could result from

a number of modifications in soil chemical and physical properties as
well as other indirect advantages. Some of the positive influences of

”Guie“_are'considered to bhe:

ie The mineralization of nutrients available for plant growth as

phosphorous, ammonium nitrogin, potassium, calcium, magnesium

etce




iis The improvemenf of soil physical properties as texture,

draincge, neration and water percolation.

iii. The sterilizing effect due to high temperaﬁures which i

beneficial in weed control.

The soils under "Guie" are naturally fertile (Mhrph% 1959)s These |

soils occur approxlmately between 2,000 and 3,500 meters, (Lebesse and

:1'111”,

|
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Whermann, 1975 recelving between 1,100 and 1,500 mm. annua] ralnfall

vith a yearly average temperature of 14.5 °c (Gouln, 1959 - 196?),‘ '
These soils are characterized by their hydromorphic horizons due to B
their high clay content of the 2:;1 type and the short rainy season

(June to August) during which 70 - 80% of the rainfall occurs conse-
guently unless subjected to "Guie', these soils are of low produc-
tivity since they have poor drainsge, poor aeration, poor infiltration
capacity which hamper good plant growth. The productiv;;y of these
soils is increased by "'Guie™ influence mainly due to the temperature

effect., According to Legesse and Whermann (1975) a maximum temperature

of 65000 is recorded for the interior of the "Guie! heap.

Land that has formed good sod through several years of fallow
(10 to 15 years) is required for the practice since the sod ensures
proper ignition. The fallow land is repeatedly ploughed (three to
four times) in criss - cross direétion to dislodge the turf and thereby
facilitatel the piling of loose soil into heaps of about 180 cms

diameter and 60 cms height on the aﬁerage (Vhermann and Legesse, 1965},

During the construction of the heaps the sod is placed towards
the center and loose soil is piled on the outside to enhance thorough

combustion of the organic substance by produclng a more air tight

=
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gondition in the interior of the heap. The heap is set afire by in-
troducing burning cow-~dung into the center of the heap and the soil is

left to burn up to fonrteen-duys_(whgrmann and Legesse, 1906%5)

A cross section of burnt heap displays distinct layers formed due

LI
LI

to increasing temperature gradient towards the center: of the heapy, "' -+ -,

Vhermann and Legesse (1965) have described four above' ground and one

Py, B
' v
el

below heap layers. A similar observation was made by the'present zuthor.,

Do
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Thée different layers include: : REERTEPE TN .
i, Cover layer | 7
ii. Heated layer
iii, Carkonised layer
ivs, Burnt layer

Ve Below heap layer

The following sketch and descriptions illustrate the different
layers produced by increasing temperature gradient towards the center

of the heap,

Cross -~ section of a heap after burning

burnt layer

carbonised layer

T heated layer
et COVEY layer
'.,.,_._..-_.!_é__.w ~ w..#‘% Pk W Kk ~ == helow heap

= o layer



-
i. Cover layer: There is no change in the colour of the soil which
indicates the absence of detectable heat effect
on this property. Dry soil colour is dark brown
7:5YR /4 and the wet soil colour is also derk

brown 755 YR 3/2t

ii. Heated léyer: A alight change in soil colour is observed due
to the effect of the heat that is conducted from
the burnt layer. The dry soil colour is reddish
brovm 5 YR 4/3, and the wmet soil colour is dark

reddish brown 5 YR 3%/2.

iii. Carboniged layer: A very distincl change in the s0il colour is
observed in this layer. The burning of organic
substance in the adjoining inner layer has result-
ed in the fumigation of this layer. The dry soil
colour is black 5 YR 2/2, and the wet soil colour

is also black 5 YR 2/2.

ive Burnt layer: In the burnt layer the organic substance is totally
ashed by the high temperature effegt, (65QOC ;e“
corded) A characterstic brick like colour is
observed, The dry soil colour is reddish yellow
5 YR 6/8 and the wet soil colour is yellowish

red 5 YR 4/6,

Ve Below heap: The colour in this layer is similar to the heated
layer. The temperature ffom the burnt layer abové
has slightly changed the colour. The dry soil
colour is dark brown 7.5 YR 4/4 and the wet soil

colour is also dark brown 7.5 YR %/2,

* Determined by Munsell Soil Colour Charts, 1954 edition.
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The effect of temperature due to soil heating and/or sSoil burning
on the chemical, phyéical and other soil properties as well as the re-
sponse of plant growth on temperature affected soils have been studied
by a number of investigators. (Bouyoucus, 1923; Sreenivasan and Aurang-
badkar, 1940; Mukerjee, 1954; Nishita and Haug, 1971; Tesfaye and

Dagnatchew, 1973; Sahlemedhin and Sanchez, 1978). .

Various workers have demonstrated that changes in soil physical
properties such as texture, water-holding capacity, aggregate stability
etcs generally occur from igniting soils to high temperaturess, The changes
in heat of wetting, non-~free water and plasticity were studied in soils
ignited at 110; 230°,; 485° and 800°C (Bouyoucus, 1923). . The results
obtained from this. experiment show that these properties.began to be

affected, at about the same initinl temperature of 23000 were greatly
A 3 [£)

affected at 485°C and completely changed at 800°¢c,

'An apparent change in the particle size distribution was observed
from an experiment on the effect of oven and fire heating of black
cotton soils (Sreenivasan and Aurangabadkar, 1940). In general, a
marked decrease in the clay content and a corresponding increase in
the contents of silt énd fine sand was ob§9rvod after soil heating.
The results show that a change from a finer to coarser fraction is

positively correlated with increasing temperature,

The increase 1n permeability of heated soil is considered to be
due to the increase in the non-capilary pore volume brought about by
the aggregation of soilAparticles (Rae and Wadhawan, 1953). A similar
result was obtained from a study of the changes in porosity,'pore size
distribution and pF water relation in soils heated at various tempera-

ture levels (60°, 150°, 225°, 360°, 600°, 800° and 1000°C),  From this
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work permeability was found to Lear a linear relationship to non-

capillary porosity (Rao and Ramacharlu, 1955).

The variations in the rate of water evaporation from the above
heat treatments indicated that the evaporation time curve was in-
creased with increase in temperature, The higher rate of evaporation
from heated sorts is attributed fo the aggregation of sort particleg,
increase in non-capillary pores and a predominance of coarser particle

size (Ramacharlu, 1956).

Dry and wet sieve analyses were carried out for unheated soils and
soils heated at the above temperature levels to determine the changes
in the water stabilities éf s0il aggregates from the heat treatments
(Rao and Ramacharlu, 1957). The curves for heated and unheated soils
under dry sieving were similar while those for the wet sieve analysis
showed distinct deferences, the curve for the heated soil being higher
than the non-heated soil. This suggesfs that temperature promotes the
stability of aggregates already present in uhheated soil. (Rao and

Ramacharlu, 1957).

A study on soils heated at various temperatures(lOOo, 2000, 3000,

4o0°

, 600°, 800° and 1000°C) showed that the particle size distribution
remained unchanged until the heating temperature was in 300o to 400°¢
range (Nighita and Haug, 1971)., The sand fraction increased while the

silt and clay fractions de¢reased above this temperature range.

A similar result was obtained by Sahlemedhin and Sanchez (1978)
for solls heated at different temperatures (100°, 200°, 400° and
600°C), The particle size distribution was not affected up to 200°¢
where as at 400° and 60000 the sand content increased and the clay

content decreased sharply. These changes were found out to be more
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Pronounced in soils with higher initial clay content. The Vertisol
with 55% clay changed to sand; the Amorphous'soiliwith Lg% clay
changed to a loamy sand and the Ultisol with 32% clay changed to sandy

loam when heated to 60000.

On the basis of X-ray diffraction analysis, differential thermal
analysis and infra red absorption spectrometrid analysis the above in-
vestigators found an irreveréible conversion of mineral structure at
higher temperatures (400° to 600°C). Hédﬁing'sdil at 200°C does not
have a significant effect on clay ﬁineraiogy except for removal of
absorbed free water, but heating at 400° and 600°C results in refoval
of structural hydroxyls which is followed by collapse and disintegration

of crystalline minerals.,

There was a rise in pH values as the temperature rose to above
2QO°C on soil heating., At lower témperatures there were no change in
pH values as demonstrated by a study on the prolonged heating of some
soils at 50° and 100°C for six months (Rotini, Lotti and Baldacci,
1963)s From the work of Nishita and Haug, 1971; the pH for all soils
studied dropped to a minimum at 200°C but progressively ilncreased
above this temperature. The drop in pH at 200°C has been explained
by the authers fo be mainly due to the formation of oxides (Fe & Mg oxides).
Progressive increase in pH.above 200°C is said to be from dehydration
effect and mineralization of nutrients from organic and inorganic
sources by increasing the solubilities of mainly cations as calcium,

magnesium and potassium etc. (Steenkamp, 1978).

According to the works of many investigators a decrease in cation
exchange capacity is a consistent trend in heated scils. The work of

Rotini et al (1963) showed that the soils heated at 50°C and 100°C had
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a remarkable decrease in the‘cation exchange capacity. This change
was rapid for high clay soils but gradual for low clay soils (Nishita
and Haug, 1972). The main cause for decrease in the cation exchange
capacity seems to be the decomposition of humus and transformation of
clays as the lossin.organic matter and the fusion of clays to sand
sized particles to reduce surface area positively correlates with the

decline of the cation exchange capacity in heated soils.

One of the most important benefit of soil heating is reported to
be an increase in the availability of some nutrients such as phospho~
rous, ¢alcium, magnesium, ammonium etc. A étudy on the effect of light
and hot burning on nitrogen and phosphorous contents in soils indicate
a difference in the degree of chénge at lower and higher temperatures
(Vlawis, J. and K.,0. Gowans, 1961). ' An initial high increase in
phosphorous (10 fold) was obtained from the "light'" burning where as
nitrogen showed less increase (% fold) from the same treatment., From
the hot burning the ﬁitrogen increased by 8 fold while the phosphorous
showed no change and remsined 10 fold as in "light'" burning. This find-
ing is explained by the greater release of phosphorous at elevated
tenmperatures due to the‘decomposition of the less heat resistant organic
phosphorous compounds which is unlike nitrogen, Thus the high mineral-
ization of phosﬁhorous from organic sources is demonstrated from their

findingse.

The improvement of so0il fertility by the application of heat was
investigated by other workers, Among these Mukerjeel(l954) using pot
experiments compared the effect of pre-heating soil and latter addition
of organic matter with that of pre-heating of soil into which dung has
been incorporated, The results obtained show that the soil heated in
which dung is incorporated Had higher phosphate content. As the only

difference between the treatments was the addition of the dung, the
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higher phosphnte content was attributed to the minerdlization of

phosphate due t¢ heating the dung.

From an experiment on "Guie" Whermann and logesse - (1965) fowid
that the available phosphorous in the top soil (unaffected) was too
low (0,5.ppm.) to result in high yield. After Guie the center of the
heap (the burnt layer) had a relatively very high content (75 ppm)
which is the mineralization product of about 50% of the organic

phosphorous of the heap.

Sahlemedhin and Sanchez (1978) compared available phosphorous
content of three soils (a Vertisol, an Amorphous s0il and an Ultisol)
at different temperature levels (100°, 200°, 400° and 600°C), In all
three soils, the increase was significant at and greater than ZQOOC.
The amorphous soil witﬁ the lowest initinl évailable phoesphorous and
high organic matter showed the highest increase oflall the three at
400°C, The Ultisol at 400°C. The peak in the phosphorous content of
the amorpﬁous s0il with high organic matter is explained té be due to
the transformation of organic phoesphorous into inorganic form at tem-

peratures equal to or greater than 400°C as explained by Mehta (1965).

From the study on the changes in phesphorous availability by
phosphorous fractionation analysis,; aluminium phosphate, iron phosphate,
calcium phosphate and ocecluded iron phosphate were reduced whereas
occluded aluminium phosphate was not affected by temperature offects
(Legesse and Whermann, 1975), The reduction in the above forms might
be due to the increase in solubility mainly by the adjustment in pH to

more favourable higher wvalues,

Loss in organic matter and total nitrogen from soil burning is
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reported by many investigators., There is a close correlétion'betweeﬁ
the loss in organic carbon and total nitrogen since most of the nitro-
gen in the soil is in organic form. Table I illustrates the values of
organic carbon and total nitrogen as affected by soil burning. The loss
of total nitrogen due to burning ranged from a low value of about 50%
(exceptional to a high value of 93% while that of organic carbon was
close to 90%. Thus in both cases, one can say -that close to 90% of

both total nitrogen and organic cgrbon are destroyed. The caloulated
C/N ratio shows a slight increase which is indicative of the greater

loss of nitrogen than of carbon.

Table 1. Relation in loss of total nitrogen and

organic carbon from soil burning

comar, B

Unburnt

p c/n¥ B“;nt O/N* Sourea
... R
Total nitrogen 0.10 14,21 0.02 15.0 ¥herman and
Organic carbon 2.70 0.30 Legesse, 1965
Total nitrogen - - -
Organic carbon 2.85 0.31 Donahug, 1972

Total nitrogen 0.2667 | 11.21 .0186 (13,28 Schimidt,

Organic carbon 2.9885 0.2471 1975
Total nitrogen 0. 74 2.54 1 0.37 0.46 Sahlemedhin and
Organic carbon 1.88 0.17 Sanehy, 1978,

Calculated by the present author.
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According to Nishita and Haug (1972), the decomposition of organic
matter starts at lOOOC, the lowest temperature where efféct 6f=heating
is observed. The nitrate level decreases above 100°¢ and-ié becones
undetectable in the 200 - 25000 range which is c¢laimed to be the tempe-
rature level for the complete ‘decomposition of organic matter., Unlike
the above results, Sahlemedhin and Sanchesz (1978) found that orpganic

matter was almost eliminated at the elevated temperature'of 400°¢,

Ammonium nitrogen howeVer,‘tends to accumulate after exposure to
high temperatures which probably is aue to the slow dowm éf the conver~
sion of &mmonium to nitrate after the destruction of nitrifying organisms
(Mukirjee, 1954), In the case of "Guie" where the decomposition of
organic matter occurs at the interior of soil heaps, the ammonia gas

B8O released would be adsorbed at the exchange sites of the less heat
affected outer layers as plant available exchangeable ammonium ions,
In the burnt 1ayér of the heap the organic matter should he destroyed
650°C and thus the lowest ammonium nitrogen (30 p.p.m) is reported
(Whermann and Legesse, 1965). The high ammonium in the heated second
layer (540 pepem) implies the adsorption effect as explained above.,
From an incubation experiment which showed high ammonium requirements
the same investigators reasoned that the high need for ammonium could
not be satisfied by the mineralizatisn of nitrogen alone and thus the

- adsorbed ammonium nitrogen must have been used.

The nutrients held on structural edges and surfaces in exchangeable
form are released -as a result of soil heating. rThe availability of
these nutrients mighﬁ even be increased and the decrease in the
exthangeable cations does not reflect loss by itself. From a study
on the effect of heating black cotton soils a decrease in calcium and

magnesium and an inerease in sodium and potassium was reported
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(Sreenivasan and Aurangabadkar, 1940),

The effect of temperature and moisture on exchangeable potassium
was investipgated by Burns and Barber (1965). Their results showed that
an increase in temperature caused a higher level of exchangeable potas-
sium, HMukerjee (1954), however reported a reduction in total potassium

and an increase in available potassium from soll heating.

Much of research on "Guie' has focused on the laboratory study of
the chewical and physical changes arising from the practice. Donahue
(1972) compared burnt and unburnt fallow near Sagure (Arssi), =Soil
burning increased theipH from 5.85 to 7.16; available phosphorous
from 38.1 to 184.5pgtts-per million;tétal carbonate from 0 to 205 and

it decreased organic carbon from 2.85't0 0.,3%1%.

’

Schimidt (1975) studied the surface 5 cms soil under PGuie' heap
and unburnt soil and reported that the pH increased from 6.0 to 6.5
the organic matter was reduced from 5.2 to 0.43%; the total nitrogen
decreased from 0.2667 to 0,0186; where as the available phosphorous
increased from 35 to 347 p.p.m. and available potassium rose from

high to very high,

The works by Sahlemedhin and Sanchez refered above previously
studied chemical, physical and mineralogical changes by heating
different soils at various oven temperatures to simulate the fGuie”

condition.,.

801l fertility studies and the search for proper cultural practice
to renlace "Guie" are limited. The major work in this aspect which
includes both the fertility and drainage problems, is being tackled by

the Department of Soil Science of the institute of Agriculbtural Rescarch.

t
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4

(The trials have started at Sheno in 1968). Their study at Sheno sub-
station includes yield trials with various level of fetilizers and
different.methods of land preparation like cambered beds, mold hoard
and disc plough to observe effeots in facilitating drninage. Results
so far indicate that pésitive response in grain yield from the appli-
cation of 60 - 60 keg/ha (NHPZOS). Such high yield were made possible
with the proviaion of adequate drainage through deeper ploughing or.
planting on cambered beds (Mesfin Abebe, 1979)..

L Y

Tesfaye and Dagnatchew (1973) conducted pot experiment'éﬂi figld:

trials on "Guie" soil of Debre Berhan area. i preliminary study in-

' v
1 LI
f Y '

dicated that poor internal drainage and deficiency:of'méiﬂij-ﬁiﬁfégbﬂf

0
‘ fat

and phosphorous were the major problems of these sé%%s;“TLiﬁéféﬁﬁiféaff
tion showed no significant response. From the field fertilgzérl££iaié'
the highest yield was produced by the 60 ~ 60 ~ ON - P205 - KEO kg/Ha
treatment followed by 40 ~ 60 -~ O kg/Ha. When the response of barley
to individual fertilizer was considered, the yield from phosphorous

application was more than nitrogen (Tesfaye and Dagnatchew, 1973).

A similar field fertilizer trial was conducted to compare yield
from soil burning and fertilizer applications (Legesse and Whermann,
1975), The results showed that 90 - 80 - 60 kg/Ha of H-P 0 K,0
application increased the yield by about 2,7 fold above that of the
"Guie' yield (33%.3 quintal/hectar for 90 - 80 - 60 kg/Ha of N

N - on5 - KEO and 9.2 quintal /hectar for Guie)

Possible variations among ""Guie" soils in their inherent properties
1 .
as well as the changes that occur due to burning have not so far been
considered in works done on '"Guie". The release and loss of nutrients,

and the improvement of the physical condition of the soils under "Guie"
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practice in different localities must be understood to provide a wider

knowledge of the mechanisms that are taking place as a result of soil

burninge

The results from earlier experiments on the influence of "Guie

on soil chemical properties show that there are marked differences

between solls of different areas.

The changes in pl, organic matter,

phosphorous, nitrogen due to '"Guie" application from different experi-

ments conducted by independent workers is illustrated.in Table Z.

Table 2. Some Chemical Analysis of soiléf{ﬁ??;-?

after ""Guie"

T
-

oy
T P A s

of PR of -
Place pH % organic % Total Phospho Source
I(HEO) matter iitrogen jrous ppm
| I i e el e e erin
TLegebri 6.3 - 0.02 75 Whermann and
Legesse, 1965
Sagure 7.1 054 - 184.5 Donahue, 1972
Debre 5.8 - - low Tesfaye and
Berhan
- 6.3 0.43 0.02 34y Schmidt, 1975
i
Sheno 6.3 0,07 - 570
Sanchz, 1978

Dagnatchew,l9?3§
!
|
i
I

Sahlemediiin and

|
|

4



Such variations in chemical properties might arise from wany pos-
sible sources. This study was aimed at finding.any possible changes
which may be induced by “Guie™ in three separate localities, Iaboratory
and greenhouse experiments were carried out in order to investigate
whether there are variations in the effect of "Guie!" in these differgnt
localities. TheSe.are some of the questions which this study attempts

to answer.

i. The major "Guie' areas in northern Shoa have almost similar
¢limatic conditions and cultural practices. Are there any

variations in the "Guie¥ changes in these localities?

ils If there are any variations do they show any influence on

crop growth under the same green house conditions?

iii, Do these variations manifest a threat to land deterioration

as a result of "Guie"?

Legesse and Whermann (1975) estimated that about 540,000 hectares
are under "Guie" practice everybiQ yeéré. Figure 1 shows the distri-
butlon of "Guie" in Ethiopia and Figure 2 shows the major M"Guie' area
in Northern Shoa where the three sites for the present experiment were

identified.

A comparative study on the effect of "Guie'" in the different
localities was carried out to evaluate the changes that occur in the
physical and chemical proﬁerties as well as the nutritional potentials
of these soils in greerhouse studies. The study involved chemical and
physical analysis of soil samples from the three localifies and a
green house experiment tb-éssess if local "Guie"™ variations show dif-

fergnces in growth response as well. The results from the laboratory

»
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Die Verbreitung des, GUIE"in Athiopien

Wiz Guie-Gebiete

Sudan

Somalia

s
AddisAb 7 i
™ gt " ARUSSI

NKEFFA’

) 200 400
KM

FIGURE 1i: Distribution of''Guie" in Fthiopia (from Legesse and Whermaan, 1978)
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Verbreitung def'Guie-Standorte im Hochland der
Shewa-Provinz in Athiopien
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and grecen house studies are expected either to verify or nullify the
hypothesis on the possible variations in "Guie" soils from diiferent
areas, It is also believed that more integrated research will be

initiated either to strengthen the practice with necessary modifica-

tion or to abandon it and seek on alternative method for land usee.
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Material and Methods

A preliminary survey was done along the main highway from Addis
Ababa to Debre Sina and from Addis Ababa to Fiiche, The relative
frequency and abundance of the '"Guie' heaps were compared and the
three sites were selected to be representative and also resonably
for apart for the objective of this study. The three selected loca-
lities were: 1) near Sendafa (about 30 kms north east of Addis dbaba),
2) near Debre Berhgn (about 123 kms north east of Addis Ababa), and near

Fiche (about 134 kms north of Addis Ababa).

From each site soils from different layers of a "Guie" heap and
non~heap soils were sampled. All in all seven different samples were
collected from six "Guie"fields in the three selected sites, The
samples from adjoining fields were mixed which gave one representative
sample per area. Thus, a total of twenty one samples seven per site

were collected. These included samples from

le The cover layer

2. The heated layer

3+ The carbonised layer
4, The burnt layer

5. The below heap

6. The between heap

7« The ploughed (fallow)

The soil preparation for the physical and chemical analysis was
made according to Jackson.(l9?3). It involved air drying at room
temperature, grinding by mortar and pestle, and sieving through 2 wm
sieve (10 to 20 meshes per inch) by a mechanical shalker, The propared

samples were stored in plastic cans. As needed, sub~samples were
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finaly ground (35 mesh) for the various determinations.

The analytical study on the chemical and physical properties was
done at the Institute of Agricultural Research (TAR) laboratory at
Holetta and the gfeenhouse_experiment was conducted at the Instilute

of Pathobiology of Addis Ababa University.

2,1 Greenhouse Experiment

The pot arrangement for the greenksusze experiment was according
to the completely randomized design whicih is most efficient in situations
of little variability among the experimental units associabed wilh posi-
tion in the experimental area (Little and Hills, 1978). The only
source of variation for this experiment was the séil variation due to

locations and heating temperatures of the "Guie',

In each pot 700 gm of air dry soil was used to grow the test
crop, a Sheno local barley. The seeds were obtained from the barley
breeding unit of Institute of Agricultural Research station at

Holatta,

The treatments per site were elght and the experiment was done in
three replicates. The eight treatments per site include 1) cover soil
2) heated soil 3) carbonimed soil %) burnt soil 5) under heap soil
6) between heap soil 7) ploughed soil and 8) a 1:1 mixture by weight

of the above seven.

Fifteen barley secds were planted on the same date and a number
of growth parameters were measured at different intervals during the
experiment. These included emergency percent; stem height, tillering,

heading (time and number), and weight (fresh and dry).
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The emergency count was done at four different dates; four, five,
six, and fourteen days after planting beyond which these was no further
emergences The percent emergency was calculated out of the fifteen s
seeds originally planted lor each date., Likewise the tillering and
heading percent was compared for the various treatments by finding

the percentage from the total planted per pot.

The stem height measurement was done on three randomly selected
plants at nine different intervals up to the ceasation of heigher in-

crease; i.e. 20, 24, 30, 58, 63, Y2, 76, 81 and 92 days after planting.

The plants were harvested at three different stages of growth,
The first group 6f randomly selected three plants at tillering stage;
the next group of randomly selected three plants at heading staée and
the remaining plants at the end of the experiment when they werc dry.
Their fresh weight was recorded and after oven drying at 10500 for 24

hours the dry weight was measured.

The visual weed score was determined 58 days after planting. This
was followed by continuous weeding until the final harvest in order to
avold the side effects of competition which mipght bias the growth of

barley in pots with high weed population.

2.2 30il and Plant Ananlysis

S0il analysis: The soil physical and chemical analysis weve made
in duplicates along with a standard sample per ten analysis to check

the quality of the determinations.

The dry and moist soil colour was determined with a Munsell soil

colour chart, The appropriate hue, value and chroma were included,
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Particle sige distribution was determined by the hydrometer
rmethod (Bouyoucus, 1927) for silt and clay using calgon as a dispersing
agent (FAOQ 8Boils Bulletin 10, 1970). 40 gms soil was soaked oveIws
night with 50 ml‘of 10% calgor. solution (mixture of 8 gm of 0,35 il
sodium hexametaphosphate and 20 gms of 0.15 N sodium carbonate) to
enhance dispersion. About 500 ml distilled water was added to the
soaked soil and was sthrred at high speed for 5 minutes with a mecha-
nical stirrer, The dispersed solution was transferred to a 100 nl
graduated cylinder and the volume made to a liter with distilled water,
After a thoroughlmixing with a plunger the density of the soil sus-~
pension was read at 40 seconds (settling time for sand) and at 6%
hours (settling time for silt) derived from Stoke's Law. The correction
36r the room temperature was added to or subtracted from the particular
readings and the percent sand, silt and clay was calculated from weight

taken.

The total loss from ignition was determined by treating 20 pgm of
soil at 100°, 300°, 500°, and 800°C for 48 hours in a muffle Fumacc.
The soils after the treatment were immediately placed in dessicator
" and were weighed after cooling. From the difference in weight

(initial weight - final weight) the percent loss was calculated,

Soil pll was determined on a direct reading pH meter using a glass
electrode with a saturated potassium chloride colymel reference elect-
rode (FAQ Boils Bulletin 10, 1970). Tﬁenty five gm of soil was shaken
in a 1:1 ratio of water and also 25 gm of soil was shaken in a 1:1
ratio of 1N potassium chloride solutions Soil pH in water and poltas-

sium chloride was read as described above,



Soil organic carbon was determined by the VWalkely Black procedure
(Jackson, 1973}, To one gm soil 10 ml of the oxidizing apgent 11 potas-
sium dichromate and 20 ml of concentrated sulfuric acid were added to
supnly heat of dilution. The suspension was heated at lSOOC for one
minute, cooled and then about 20 ml distilled water was added, It
was then filtered and ferroin indicator was added in the filtewate
which was titrated against O,B'N ferreus ammonium sulphate to detersmine
excess dichromate. The soil organic matter was calculated by multiply-
ing the percent organic carbon with the factor 1.7k, i.e. % organic mat~

ter = 1,7% x % organic carbon.

Total nitrogen in sQil was determined by the Macro Kjeldahl prow-
cedure for both digestion and distillation (Jackson, 1973). About a
spoonful of the copper sulphate ~ selenium catalysl mixture was added
to 1 gm so0il to which 6 ml distilled water and 8 ml concentrated sul-
furic acid were added. This was digested for 30 minutes in 20, 1005
Tectator heating unit and distilled by adding 25 ml of 40% sodium hydrox-
ide into 25 ml 2% Boric acid mixed ferroin indicator. The distillate
was titrated against 0,01N sulfuric acid to a pink end point, The
volume of the blank titration was subtracted from the soil titration

volume and the percent total nitrogen was calculated.

Available phospherous was determined by the Olsen procedure, the
chlorostanneous reduced molybdo-phospheric blué colour method in a
sulfuric acid system (Jackson, 1973). It consisted of adding a spoon-
ful of phosphate~free activated charcoal to 2 gm soil and extracting
the available phosphorous with 40 ml of 045 M sodium blcdrbonate,
pH 8.). After shaking with a mechanical shaker for 30 minutes, the
8011 suspension was fltered through a phosphorous free filtered paper,

From the filttate an aliquot (u sually 10 ml) was pipetted, diluted to
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50 ml with water and 215 ml of 1N suifuric acid was added to decrease
pH of the solution which reduces interferende in color development,

To this solution 5 ml of ammonium molybdate and Ol2 ml. stanneous
chloride (reducing agent) was added and intimately mixed. With 1020
minutes the absorbance was read against a reagent blank at 720 nm on
a sphectrophotometer Series 2, Unicum SP 600, The concentration was
read frém a standard curve, i.e. a graph of absorbance versus concent-

*

ration.,

Cation exchange capacity was determined by the ammonium saturation
procedure (F.A.0. Soils Bulletin, 1970)- Tt consisted of soaking 5 gm
soil in 50 ml of 1N ammonium acetate solution, pH?. The soil suspension
was Tiltered aﬁd the resedue was wahed 5 times by 30 ml of the same
solution to ensure maximum replacement of the exchangeable cations by
ammoniume The filtrate was reserved for exchangeable cation determina-
tion, The soil was then washed with 30 ml ethanol‘h ~ 6 times to remove
excess ammonium, The soil wae soaked over night with 50 ml of 10%
potassium chloride, pH 2.5 and then if & times with 30 ml of the same
solution to displace émmonium from the exchange site by potassziuu,.

From the leachate 10 ml aligquot was distilled by adding 5 ml of L0%
godium hydroxide and ammonia was trapped with 2% Boric acid mixed in-
dicator, The distilate was titrated against 0,1N ammonium ferous sul-

fate solution.

Exchangeable cations were determined by the ammonium acetate ex-
traction procédure (FAO 8oils Bulletin 10, 1970). The filterate
reserved from the cation exchange capacity determination was aspirated
into an atomic absorﬁtion spectrophotometer Series 2, Unicam Sp 90,
and the intgnsity of the absorption was measured at 589 nm for sodium,

766,5 nm for potassium, 4227 nm for calcium and 285.2 nm for magnesium.
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Calcium carbonate was determined Xy the calcimeter method which
involved treating 10 gm. of soil with 15 w1l dilute hydrochloride acid
and measuring the volume of carbon dioxide which is evolved by the

reaction between the soil carbonates and the acid (F.A.0, Soil

Bulletin, 1970).

Plant analysis for nitrogen and phosphorous generally followed the
same procedures as soils, HNitrogen analysis involved the weighing of
O0.1% gw of oven dry plant sample and employing the same digesting,
distilling and titrating procedures describéd for the soil nitrogen
determination, Phosphorous determination, hoﬁever, involved vet ashing
for oné hour in magnesium nitrate to prevenf the loss of phosphorous
during the ashing at 50000. Then 0.5 gm of the ashed sample was

analysed for phosphorous by the molybdenum blue method.




e 26 -

RESULTS

3.1 Changes in Physical Properiins

-

The results of the particles size distribution as a result of
different heat treatment on soils from the three sites showed a similar
influence in the properfions of sand, silt and clay. For Sendafa the
percent sand incfeased from 15 in the cover to 87 in the burnt layer
whereas the silt and clay peréents decreased from 50 in the cover to
11 in the burnt and froﬁ 35 in the cqver to 2 in the burnt respectively.
For Debre Berhan thé percent sand Iincreased ffom 20 in the cover to
85 in the burnt while the percent silt and ciay decreased from 47 in
the cover to 1% in burnt and from 33 in cover to 2 in burnt respec-
tively., For Fiche the percent sand increased from 15 in cover to 77
in burnt whéreas the Qercent silt and clay decreased from 50 in cofer
to 20 in the bqrnt and from 35 in cover to 3 in burnt respectively.
Thus.a similar tendency of increase in sand and decrease in silt and
clay from the outer towards the inner heap layers 1s observed for all

th#ee sites.

The increase in the sand sized particles in the interior layers
is due to the high temperature effect and the relatively lower sand
percent for Fiche as compared to Debre Berhan and Sendafa might be an

indication of slight tewmperature difference.

The. results from the ignition experiment on the below heap and
ploughed soils indicate higher loss in weight for Fich soils as 9o
pared to Debre Berhan and Sendafa. For Fiche at 800°C lével the per—-
cent loss in weight of the ploughed soil is 24 and the percent loss in

veight of the below heap is 20. TFor Debre Berhan at 800°C level the
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percent loss in weight of the bhelow heap is 16. For Sendafa the per-
cent loss in weight at 800°C for the ploughed is Pl. and 20 for tihe

below heap soil.

The difference in the percent loss in weight between below and
the plioughed so0il was at its maximum at BOOOC level for all three sites,
This might be from the decomposition reactions'éf organic matter and
dehydration occuring at this temperature level. The seguence for the
differences in weight loss of the below heap and ploughed soils except
the SOOOC level is Fiche *» Debre Berhan = Sendafa. The duration of
the "Guie™ and the organic matter content of the soils'might have con-
tributed to these differences. Figures &, 7 and 8 illustrate the per-
cent loss in weight of the ploughed and below heap soils of the three
sites, For Fitche the curves of the percent loss of the below heap
and ploughed soils are distinctly far apart as compared to Sendafa and

Debre Berhan.

3.2 Changes in Chemical Propertie§

The percent organic carbon and percent total nitrogen also follow
the same trend as both are highly reduced in the burnt layers of the
three sites. 1In this layer a high carbon to nitrogen ratio is observed
which implies that the nitrogen has been greatly reduced. In the
carbonised layers of the three sites the carbon to nitrogen ratio is
relatively low which similarly indicates that the nitrogen is at a
higher level than the cover, This mainly from the accumulation of
ammonium nitrogen which escapes from the burnt layer and becomes |

adsorped in the carbonised layer,
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The results for the available phosphorous analysis showed & re-
markable increase in the burnt and carbonised layers. Fiche soils with
an initial available phosphorous content of 42 changed to 136 ppn
(parts per million) as compared to Sendafa soils which dncreased from |
2k to 188 ppm and Debre Berhan soils which increased from 25 to 82
ppits  In the carbonised layer Sendafa has the highest (184ppn) Followed

by Debre Berhan (69'ppm) and Fiche (53 ppm).

The changes in the exchangeable cations (Na, K, Ce and ng) as a
result of '"Guie" is not consistent for the three areas. TFor soils
from Sendafa sodium seems to be unaffected whereas potassium, calcium
and maghesium have increased through burning. This is evident from
thé steady incFfease in the relative percent of the sum of exchangeable
cations from the outer towards the center of the heap. The change in
the exchangeable cations for soils from Debre Barhan is c¢learly scen .dn
that Ha and K show a marked increase where as Ca and mg show a marked
decrease., mg and Ca showd an initial increase in heated layer and
then declining in the carbonised and burnt layers. A lower relative
percent of 63 for the sum of exchangeable cations in the burnt layer
of the game site indicates'the decrease in the diavalent (Ca and ug)
cations which out weigh the increase of the monovalent cations (Na
and K), For Fiche a decrease in Na, Ca and mg is observed while K
shows an increase from the "Guie! effect (Table 5). The burnt layer

of Fiche soil showed the lowest percentage exchangeable cations,

It is also observed that the below heap layer especially for
Fiche (Rel % of cover 86) are low values following the Rel% value
for burnt layer in both sites.. The implication being that they are

affected from the "Guie' on {op of them,
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The cation exchange capacity of the cover is almost equal for
all the three sites. An 3ncrease in cation oxchange capacity over the
cover is found in the hecated layer which might be due to the slight
iﬁorease of clay sized particles in th{s layer. In contrast the
lowest CsE.C, values for all three sites was found to be in thé burnt
layer. A high drop in the cation exchange capacity is observed for
Debre Berhan from 37.5 to 13 meq/100 gm soil (wi1li equivalent per
hundred gram) where the drops for Fiche was 36 to 8 neq/100 gm soil
and for Sendafa from 38 to 21 meq/100 gm soil. These comparative changes

in the cation exchange capacity are more illustrated from the relative

percent values,

Table 6. Cation exchanges capacity in meq/100g soil as affected by MGuie!
) -Séndafa- Debre Berhan Figche- ]
| meq/100g qﬁgi; % Imeq/100g Rel, % | meq/lédg" Rél;%
A-~Cover 37.5 1000 37.5 100,.0 36,25 100,0
B-heated hé6.5 120.h h7.5 127.0 h2.5 117.0
C~Carbonised 26,0 700 1745 L& 6 - 22.5 6240
D-Burnt 21.25 57.0 12.5 3046 17.5 48,0
E-Below Heap 33.5 89,4 35.0 93,6 38.75 107.0
F~Between Heap | "32.5 86,6 37.5 100.0 3345 9340
G-Ploughed 37.5 100.0 30.0 80.0 35,0 96,
—— .|

The changes in pH, conductivity and carbonates values showed an

increase with increasing temperature gradient similarly for all three

sites,

Considering the change in pH the soils from Fiche with the



pH, Electrical conductivity and total carbonates as affected by "Gule"

G-Ploughed

4.95

Table 7.
SENDAFA DEBRE BERHAK FICHE
pH Conduct Carbonates vH Conduct Carbonates pH Conduct Carbonates
HZO kcl mmhos/cm % HZO Xel thos/gm % H2O hel mmhos/cm %
A-Cover 5.58 L4.43 0.30 2.04  5%:80 k.62 0.30 0.06 4.50 .00 0.37 0.09
B-Heated 5.93 4,74 0.49 0.06  5.85 4.8 0.62 C.0C9 5.98 ,%-?7 b2 06
C-Carbonised  6.25 5.20  0.93 0.13  6.35 5.33  0.76 0.07 5.88 4.60 0.83 0.10
D-Burnt 6.45 5.30  0.76 0.1¢9 6.05 4.95 0. %7 0.27 5.08 5.0 ©.51 0.13
E-Below 6.08 L.90 0.43 0.06 5.65 k.45 C.59 0.07 6.18 5.05 0.61 0.06
Heap ' .
F-Between 5.0% 4.55 0.%8 0.0k 5.90 4.65 0.37 0.48 5.83 4.55 0.35 0.0
Heap _ ' '
5.80 4,60 0.57 0.07 6.05 0.49 C.C5 .98 4.13 0,32 0.04
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lowest initial pH have attained about the same values in the burnt
layer as the other two sites. The pH in water of the burnt layers of
Sendafa is 6.45 as compared to Debre Berhan 6.05 and Fiche 6,08, e
electrical conductivity unlike the pH has reached high value in the
carbonised layer for all‘the-three sites;_ The sequence in decreasing
order of the electrical conductivity of the carbonised layer.is
Sendafa (0.93 mmhos/cm) Fiche (0.83% mmhos/cm)  Debre Berhan
(0.76 mmhos)cm). The total carbonatesar@loﬁlvalues and show 2
slight increase with temperature their highest being in the burnt
layers. The percent’' carbonate in the burnt laytr are higher for Debre -

Berhan (0.27.%) hs compared to Sendafa (0.:19%) nnd Fiche (0.13%).

333 Plant Analysis

Plant analysis for the percent phoéphorbus ;bntent shows that the
highest level is for plants grown in the burﬁt goils for all the three
sitese The burnt layer of Debre Berhan had plants with highest phos-
phorous content (1,1 %) compared to Sendafé (0.97 %) and Fiche (0,77 %)..
On the other hand plants grown in below heap soil show a relatively low
phosphorous content than all the other treatments (Sendafa 0,15 %, Debre
Borhan 0,13 %, and Fiche 0.15 %). The phosphorous content of the plants
in the mixed layer was lower than fhe phosphorous content of all other
soils except the below heap soils. The percent nitrogen content fron
fhe results of plant analysis shows a consistent increase from less
affected to more affeoted interior portions of tﬁe heaf so0il. The
most heat affected burnf layer however; has the least percent nitrogen
of ally while the peak in the percent nitrogen for each site is attained
in the carbonised layer. The plant nitrogen contents in the carbonised

layer is 2.3 perceht; 2+25 percent and 2.0 percent for Debre Bexhan,
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Fiche and Sendafa respectively.

Table 8, Percent phosphorous and percent nitrogen contents for

plants grown in greenhouse experiment

e v e - = sy
Sendafa Debre Berhan Fiche
% P % N % P % N % P % M
A-Cover 0.38 1.35 0,76 1.10 0.55 1.25
B-Heated o4 1,75 | 0.57  1.90 |0.54 1,40
C~Carbonised 0.45 2,00 0,37 2.30 0.55 2025
D-Burnt 0497 1,00 "} 1,10 1.10 0.77 1.05
E-Below Heap 0,15 145 0.13 2.05 0.15 1.30
F-Between Heap | 0.64 245 0,09 1.85 0,002 1,65
G-Ploughed 0.27 1.40 0.17 1.50 0.37 1.40
H-Mixed 0,003 1,15 0.37 1.50 0.26 1,20
L S ,

3,4 Plant Growth lieasurements

Plant height measurement data showed no
the three sites, The mean height at 92 days
for Sendafa, 55.7 cms for Fiche and 53.5 cms
tion among the treatments however, is marked

trend for all sites. The maximum height for

significant variation among
after planting was 58 cns
for Debre Berhan, Varia-
and shows the same peneral

all sites was attained by

plants grown in the mixed soils. The plant height of the burant and

carbonised soils follow the plants of the mixed soil and a marked re-

tarded growth is observed in the burnt layer

growth period.

especially at the early




39

Table: § -Height -measurements cof Barley in cms

SENDAFA DEBxE BERHAN
DAYS AFTER PLANTING DAYS AFTER PLaNTING DAYS AFTER PLANTING
Ao 29 30 53 &3 Fr Fo X[ 121do ¢ Jo §% 63 F3 FE B N J4 30 58 63 F2 F6 X Y2
| B R | |
A~ Cover " H S -
128812491785 |388.13 74 148G 5641089006 10.01 218 | 35413021327 1 54 3 48 0140.21 442106.0.99. 2 130,634 1F 0.5\ 54 3 | 5Y B SUR S99 |
o | | |
e 3145833403 355 51315 |50 20.2 28| R 5304 BE£5EI2.2 492 57,9 19513136. 41983 204 545! So3l6 041643152
p {
C-Carbo- E : . i
PSS l2421318133913¢1 95015 5509 T8l 575103 133 (29,1302 o Y4155 31530\ 583 39| 260104934, o0 51 54,5 S5+ 559|555
D-Burnt |y 3l 993196.11323136.51%0.6/ 522 548158 D1 |33 lok [5-9100.2 |1 9.2 33052.5 130 3 £ 2] £ 10,61 312001375 1%051#4.9 55,4
i !
E-Below g E ; ]
B : ; ] H — - 2 - - - # a - o
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A relatively lower emérgency percent was observed for Scndafa as
compared to the other sites. The burnt layer again had the least number
of plants per pot than other treatments.. The hindrance was suspected
to be the hard compact surface layer which was only observed in the
burnt pots as the germination test before the experimcnt'had shovm

100 percent germination for the seeds.

The fact that plants grown in the burnt layer had the lowest nitro-
gen content whereas ﬁlants of the carbonised layer had highest nitrogen
clearly results from the very reduced amount of organic matter in the
former whereas in the carbonised soils the organic matter is only
partially destructed and was available for microbial metaholism.,

The microorganisms utilize the organic matter and release decomposi-
tion waste, which becomes available to plants.. Thus the plants growm

in the carbonised samples had the highest nitrogen content.

The suspected differences in growth of plants between soils taken
from different localities was not supported by the results of the green~
house experiment,. The expected differences might have not been expres-
sed due to the controlled conditions of the greenhouse A some conditionsa
were not the same for all the breatment inm the experimont. . The re-
sults from other observations during the greenhouse experiment shoved
no appreciable difference among the sites in the emergency percent,
heading percent and visual weed score. . The emergency percent was low
for all plants grown in the burnt soils and this could only be explained
from the faiiure of young barley seedlings in breaking through the
hardened surface which was observed mainly in the burnt soils. A
similar difficulty of barley seedlings im reported when seed beds are

over viorked and heavy shower follows during warm dry weather due to




Tablie 10, ZIZmergency percent of barley grown in the &reenhouse expt.

SENDATA ' DEBRE BERHLK . FICES
, { :
DiYs AFTER PLANTING !
s s 16 ST A 5 6 14 4 5 6 14
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. i
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hardened crust formed by the loose surface soil (Deloirt and fAhlgrem,

(1967).

The percent heading in the heated carbonised and burnt is general~
ly low than the other treatments for all three sites. The below heap
percent heding value is strikingly lower (26.4). for Fiche than
Sendafa (97.6) and Debre Berhan 79.1 on the ninety second day after
plonting., The percent heading of heated of Debre Berhan is nill

probably due to the relatively high plant nitrogen content (2.3 %).

From the observation on weed population the burnt and carhbonised
treatments were completely free of weeds where as the cover plouglhed
and between heap treatments were full of weeds. The below heap and
heated with about equal weed population had lower weeds than the above

three which indicates a glight effect from the temperature.




I‘_a:ble II.

Heading percent of barley grown in.She greenhouse experiment
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FIGURE 10: Visual Weed Score for Sendafa
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Discussions and Conclusions

L.,1 General Discussions

The effect of "Guie!" in changing the texture of the two inner-
most layers resulte from the high temperature which causes the d;sf
integration of clay particles. Similar observations have been made
for soils heated to high temperatures as well as from analysis of
Guie soiis. (Nishita and Haug, 1972; Legesse and Whermann, 19753
Sehlemedhin and Sanchez, 1978; Mesfin Abebe! 1979), The marked
change of fine soil -particles into sand-sized particles in this
largest heap layer promotes drainage thereby enhancing water and
air movement in the_soil. The workability of the soil, the mohility
of nutrients and the growth of roots are improved among other pro-
perties which create favourable conditions to enable maximum utili-
zation of the mineralized nutrient th?ough burningt

An initial slight increase in clay content for all three sites
in the heated layer is probably due to the dehydratipn of free water
which binds soil particles. Thus the proportion of finer particles
inorease from heating at lower temperatures and then declines at
higher temperatures,

The study on percent loss in weight at various temperature levels
might be indlicative of a similar proportion of loss in field conditions
during burning. For all sites the high loss in weight observed at
300o when compared to the 100°¢ is from.the partimal decomposition
of organic.matter and dehydration of 30000 while anly relatively 1little
dehydration occurs at 100°C. The weight loss for Fiche ploughed soil
is markedly higher than‘in the two other sites, This might be partly
explained by the relatively higher organic matter content in the former Site§

The colour change for all sites follows a uniform gradient from
the original gray colour in the outer layers to reddish brown in the

innermost layer. The reddish brown colour which develops in the
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The colour change for all sites follows a uniform gradient from
the original gray colour in the outer layers to reddish brown in the
innermost layer. . The reddish brown colour which develops in the
burnt layer is sald to be iron oxides wainly which provail in osici~
zed conditions. It is also possible that manganese oxides with a simi-

lar reddish colour might have contributed to the colour of burnt layer.

The pH change due to soil burning is primarly from the oxidation reactions
and the relecase of ions from the organic matter complex and the soil.
The pH inewease from burning influences the availability of nutrients,

mainly of phosphorous, which is low in "Guie" soils.

The decrease in the exchangeable cations from‘exposure to higher
temperature is directly related to the proportion of organic matter
and the clay content. The heated layer with higher clay content has
an increased cation exchange capacity and the burnt with lowest clay
has the least.cation exchange capacity. The cations wmineralised from
the breakdown of ¢lay structures might be converted to available forms.
At higher temperatures calcium and magnesium wefe decreased but pota5~.
sium which might have been part of the clay structure. Thus the des-
truction of organic matter and breakdown of clay structure decreasé

both cation exchange oapacity and exchangeable cations,

When we look at the results of total nitrogen and organic carbon
both have been greatly reduced. This is evident as the organic matter
is what burns during “Guie" leading to the disintegration of clay
particles. The calculated loss of totél nitrogen and organic carbon
previously cited is ovorwhelming and it is the major disadvantage of
the practice. The carbon to nitrogen ratio fluctuation at the diffeF

rent layers reflects the losses mainly of organic matter from varying

temperature effects,
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The most important benefit from Guie is the increase in the
amount of available phosphorous. This inerecase results from the
mineralization of organic and inorganic phosphorous as well as the
rise in pH which reduces fixation of inorganic phosphorous, thereby
increasing the solubility and also increasing phosphorous availabi-
lity. The decrease in clay fraction might also reduce phosphorous
fixation depending on.the type of clay mineral, The phosphorous
mineralization is the predominant influence_which is responseble for
the high yield after "Guie' along with the improvement of the

physical conditions.

The nitrogen and phosphorous contents from the plant analysis
showed hipgh phosphorous contents in plants grown in the burnt sauples
and high nitrogen in plants grown in carbonised.samples. The.phoapho-
rous content for the plants varies concurrently with the phosphorous

percentage in the soil analysis.




- Y .

4,2 Conclusions

The results indicate that, depending on the temperature, "Guie"
markedly affected the physical and chemical properties of soil, which
was reflected in better growth of the tést crop in mixed soil during
the grecnhouse experiment. The innermost layer, the burnt scil,
experienced a drastic change in its properties, and the soil in

this layer is the most significantly affected,

The increase in available phosphorous seems to come mainly from
organic sources, and sufficient amounts might be attained at lower
temperatures than the temperature levels in the burnt layer (65060).
The nitrogen mineralisation again is at its peak in the carbonised
layer and burning at lower temperatures will produce high nitrogen

probably by increasing microbial activity.

The tremendous loss of organic carbon and total nitrogen is the
results of the complete destruction of organic matter through the very
high temperature in the core of the Guie., Thus reduction of the tem—
perature of the "Guie' practice should be considered, and field ex-
periments in soil burning should focus at such changes which may
help minimizing the losses and still improve the physical and chemical

properties conducive for plant growth,

The comparative study of the suspected variations of "Guie!
benefits and losses in different areas has shown that "Guie' more
or less has the same influence in the areas investigated. The
greenhouse study has also supported the soil chemical and physical
results, and thus the same temperature level should have caused this

marked uniformity in the changes in the soil property due to burning.

The slight differences in the results may be partly explained by
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The slight differences in the results may be partly explained by
differences between the local soils. The very significant diffcrences
between the results of some carlier workers may be due to diffewrences
in sampling, preparation,.awnalysis procedures etc. or some other
artificial differcnces but are definitely not caused by differences

in the "Guie" practice of the localities.
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Appendix Tadle L.

Dry weight of barley from the greenhouse eXperiment

Sendafa

Debre Berhan

Fitche

(Days After Planting

Days After Planting

Days ifter Flanting

S0 85 115 S0 . 85 115 S0 85 115
4-Cover 5 o.6? 1.7 0.80 1.2 0;70 .90 0.77 2.3 1.68
| BHeated !'0.58 241 0.06} 1.5 1.10  1.30 0.84 2.k 1.60
_ CiCaroniséd 112 1.2 1.20 3.2 1370 -1.90 1.0 4.7 2.1
D-Burnt 0.39 1.7 G.76 1.k ©.70 0.50 - 0.95 0.53
zn-Below Heap .97 1.6 0.60-: 1:r 0.00 0.93 0977 2,2 1.50
FiBetween Heap 0.05 1.7 0.74 1.0 0.74  0.90 0.58 1.2 1.10
J~Floughed 0.63 1.5 0.62‘ c.96 0.90 1.0 0.4 1.1 1.l10
H-Mixed .97 1.8 0.83 1.90 1.20 1.50C 0.72 2,1 1.k
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