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ABSTRACT

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 was compared for the three sites.

The laboratory study involved the determinations for particle
size distribution, the ignition experiment, the determination for
changes in organic carbon, total nitrogen, available phosphorous, pH,
electrical 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 exposed 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 mixing

all the different Guie affected and unaffected soils.



« 44 =

Acknowledgements

Sincere and deep appreciation is expressed to Dr. Legesse W.
Yohannes for his continued guidance and encouragement during the

course of this work.

To Dr. Mesfin Abebe the aunthor expresses utmost and special pra-
titude for his keen intercst and follow up during the research

and preparation of the thesis.

The author is indebted to Ato Sahlemedhin Sertsu for his interest
and advise in this work, and also to Ato Taye Bekele for his assistence

especially in the laboratory techniques.

Financial support from the Swedish Agency for Research Coopera-
tion with the Developing Countries (SAREC) obtained through the
Ethiopian Science and Technology Commission and from the Addis Ababa
University which was used to cover the expenses incurred in the
research work undertaken and in the preparation of this thesis is
gratefully acknowledgede.

The author is also very grateful to Dr, Taye Bezuneh, Dean,
Debre Zeit Junior Agricultural College and Research Station,

Addis Ababa University, for his wvaluable release from my committments

at the College, during the course of this research,



e

5

D

- iii -

TABLE OF CONTENTS

List of Tables

List of Figures

Introduction and Literaturc Review

Material and Methods
2.1 Greenhouse Experiment

2.2 Soil and Plant Analysis

Results

3.1 Changes in Physical Properties
32 Changes in Chemical Properties
3«3 Plant Analysis

3,4 Plant Growth Measurements

Discussions and Conclusions
L,1 General Discussions

L,2 Conclusions

-

Literature Cited

Appendix

19
20

21 -

26
26 -
31 -

37

b6 - ¢

L6 -

18

25

31
37
38
45

48

49 = 50

5 -

55

B



Table

9.

10

L

- iV =

List of Tables

1l Relation in loss of total nitrogen

and organic carbon from soil burning

Some chemical Analysis of soil after '"Guie"

Particle size distribution as affected by "Guie"

Total Nitrogen, Organic carbon and Available

phosphorous as affected by "Guie"

Exchangeable cations in meq/100 g soil as

affected by "Guie"

Cation exchange capacity in meq/100 g soil

as affected by "Guie'"

pH, electrical conductivity and total carbonates

as affected by "Guie"

Percent phosphorous and percent nitrogen
contents for plants grown in greenhouse

experiment

Plant height measurements in cms for plant

grown in greenhouse experiment

Percent emergency grown in greenhouse

Heading percent of barley grown in the

greenhouse experiment

P-re

10

14

27

o

34

35

36

38

39

4o

A



Figure

1

10

1.1

12

List of Figures

Distribution of "Guie" in Ethiopia
Distribution of '"Guie" in Northern Shewa
Particle size distribution of Fiche as
affected by "Guie"

Particle size distribution of Sendafa

as affected by '"Guie"

Particle size distribution of Debre Berhan
as affected by '"Guie"

Percent loss in weight through ignition
for Sendafa

Percent loss in weight through ignition
for Debre Berhan

Percent loss in weight through ignition
for Fiche

Graph of average plant height in cms for
Sendafa, Debrc Berhan and Fiche

Bar Graph for visual weed score for Sendafa
Bar graph for visual weed score for

Debre Berhan

Bar graph for visual weed score for Fiche

28

28

29

30

30

30

Lo

45

45
k5



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 China; Rab and Jhuming in Indiaj; Chitemene
in Zimbabwe and Milpa in Central America are terms used., Under in-
creased pressure the system leads to the disappearance of forest or

woodland in favour of savanna grassland (Nye and Greenland, 1960),

In the central highlands of Ethiopia, a traditional soil management
practice similar to shifting cultivation is employed to improve ferri-
lity related soil problems, The practice is locally raferred to as

"Guie" and it involves burning of soil along with some organic substances»
The predominont crop on most "Guie'" soils is barley which 15 grewn .
invariably following soil burning (hereafter referred to as "G&ie“; and
depending on local conditions the same crop of barley or horse bean or
wheat 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
Dagnatchew, 1973). The high yield following "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 be:

is The mineralization of nutrients available for plant growth as

phosphorous, ammonium nitrogin, potassium, calcium, magnesium

etce
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ii. The improvement of soil physical properties as texture,

drainuge, aeration and water percolation,

iii, The sterilizing effect due to high temperatures which is

beneficial in weed control.

The soils under "Guie" are naturally fertile (Murphy, 1959). These
soils occur approximately between 2,000 and 3,500 meters, (Legesse and
Whermann, 1975 receiving between 1,100 and 1,500 mm annual rainfall
with a yearly average temperature of 14.5°C (Gouin, 1959 - 1967).
These soils are characterized by their hydromorphic horizons due to
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 drainage, poor aeration, poor infiltration
capacity which hamper good plant growth. The productivity of these
soils is increased by "Guie'" influence mainly due to the tempérQQLre

effects According to Legesse and Whermann (1975) a maximum temperature

of 650°C 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 direction to dislodge the turf and thereby
facilitater the piling of loose soil into heaps of about 180 cms

diameter and 60 cms height on the average (Whermann 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 producing a more air tight
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condition 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 fourtcen doye (Vhermann and Legesse, 1965)

A cross section of burnt heap displays distinct layers formed due
to increasing temperature gradient towards the center of the heap,
Whermann and Legesse (1965) have described four above ground and one
below heap layers. A similar observation was made by the present author.
The different layers include:
i, Cover layer
ii. Heated layer
iii. Carbonised layer

ive 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
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i,

ii.

iii¢ Carbonised layer:

ive

Ve

Cover layer:

Heated layer:

Burnt layer:

Below heap:

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 4/4 and the wet soil colour is also dark

brown 7.5 YR 3/2.

A slight 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
brown 5 YR 4/3, and the wet soil colour is dark

reddish brown 5 YR 3/2.

A very distinct change in the soil 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.

In the burnt layer the organic substance is totally
ashed by the high temperature effect. (650°C re-
corded) A characterstic brick like colour is
observeds The dry soil colour is reddish yellow

5 YR 6/8 and the wet soil colour is yellowish

red 5 YR 4/6,

The colour in this layer is similar to the heated
layer. The temperature from the burnt layer above
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 3/2,

* Determined by Munsell Soil Colour Charts, 1954 edition.
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The effect of temperature due to soil heating and/or soil burning
on the chemical, physical 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
etc. 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 initial temperature of 230°C, were groatly

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 and fine sand was observed after soil heating.
The results show that a change from a finer to coarser fraction is

positively correlated with increasing temperature.

The increase in permeability of heated soil is considered to be
due to the increase in the non-capilary pore volume brought about by
the aggregation of soil particles (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



work permeability was found to bear 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 ewaporation
from heated sorts is attributed to the aggregation of sort particles,
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 of soil 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 suggests 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,
400°, 600°, 800° and 1000°C) showed that the particle size distribution
remained unchanged until the heating temperature was in 300o to 400°C
range (Nishita and Haug, 1971). The sand fraction increased while the

silt and clay fractions decreased above this temperature range.

A similar result was obtained by Smhlemedhin and Sanchez (1978)
for soils heated at different temperatures (1000,.2000, 400° and
600°C) . The particle size distribution was not affected up to 200°C
where as at 400° and 600°C the sand content increased and the clay

content decreased sharply.: These changes were found out to be more



Pronounced in soils with higher initial clay content. The Vertisol
with 55% clay changed to sand; the Amorphous soil with 49% clay
changed to & loamy sand and the Ultisol with 32% clay changed to sandy

loam when heated to 600°C.

On the basis of X-ray diffraction analysis, differential thermal
analysis and infra red absorption spectrometric analysis the above in-
vestigators found an irreversible conversion of mineral structure at
higher temperatures (400° to 600°C). Heating soil at 200°C does not
have a significant effect on clay mineralogy except for removal of
absorbed free water, but heating at 400° and 600°C results in removal
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
200°C on soil heating. At lower temperatures there were no change in
pH values as demonstrated by a study on the prolonged heating of some
soils at 50o and 100°C for six months (Rotini, Lotti and Baldacci,
1963). From the work of Nishita and Haug, 1971; the pH for all soils
studied dropped to a minimum at 200°C but progressively increased
above this temperature. The drop in pH at 200°C has been explained
by the authers to be mainly due to the formation of oxides (Fe & Mg oxides
Progressive increase in pH above ZOOOC 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 soils. The work of

Rotini et al (1963) showed that the soils heated at 50°C and 100°C had



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, e¢alcium, magnesium, ammonium etc. A study on the effect of light
and hot burning on nitrogen and phosphorous contents in soils indicate
a difference in the degree of change at lower and higher temperatures
(Viamis, J. and K.O. Gowans, 1961). An initial high increase in
phosphorous (10 fold) was obtained from the "light" burning where as
nitrogen showed less increase (4 fold) from the same treatment, From
the hot burning the nitrogen increased by 8 fold while the phosphorous
showed no change and remained 10 fold as in "light" burning., This find-
ing is explained by the greater release of phosphorous at elevated
temperatures due to the decomposition of the less heat resistant organic
phosphorous compounds which is unlike nitrogen, Thus the high mineral-
ization of phosphorous from organic sources is demonstrated from their

findingse.

The improvement of soil fertility by the application of heat was
investigated by other workers. Among these Mukerjee (1954) 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 phosphate content wts attributed to the oineralization of

phosphate due t¢ heating the dung.

From an experiment on "Guie" Whermann and legesse (1965) found
that the available phosphorous in the top soil (unaffected) was too
low (045 ppm.) to result in high yield. After Guie the center of the
heap (the burnt layer) had a relatively very high content (75 ppn)
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 soil 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 200°c,
The amorphous soil with the lowest initial available phosphorous and
high organic matter showed the highest increase of all the three at
400°C. The Ultisol at 400°C. The peak in the phosphorous content of
the amorphous soil with high organic matter is explained to be due to
the transformation of organic phosphorous 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 occluded iron phosphate were reduced whereas
occluded aluminium phosphate was not affected by temperature effects
(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 values.

Loss in organic matter and total nitrogen from soil burning is
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reported by many investigators. There is a close correlation between
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 calculated
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

——— . —

Unbgrnt 1 /N B“;nt c/N* Sourse |
S—
Total nitrogen 0.10 14,21} 0,02 15.0 Wherman and
Organic carbon 2.70 0.30 Legesse, 1965
Total nitrogen - - =
Organic carbon 2.85 0431 Donahue, 1972

Total nitrogen 02667 Yle2l .0186 (13.28 Schimidt,

Organic carbon 2.9885 0.2471 1975
| Total nitrogen 0.74 2,54 |. 0.37 0.46 Sahlemedhin and
Organic carbon 1.88 0.17 Sanehy, 1978,

s Calculated by the present author.



According to Nishita and Haug (1972), the decomposition of organic
matter starts at 100°C. the lowest temperature where effect of heating
is observed. The nitrate level decreases above 100°C and it becomes
undetectable in the 200 - 250°C range which is claimed to be the tempe-
rature level for the complete decomposition of organic matter., Unlike
the above results, Sahlemedhin and Sanchez (1978) found that organic

matter was almost eliminated at the elevated temperature of 400°c.,

Ammonium nitrogen however, tends to accumulate after exposure to
high temperatures which probably is due to the slow down of the conver-
sion of 8mmonium to nitrate after the destruction of nitrifying organiems
(Mukirjee, 1954). In the case of "Guie" where the decomposition of
organic matter occurs at the interior of soil heaps, the ammonia gas
so released would be adsorbed at the exchange sités of the less heat
affected outer layers as plant available exchangeable ammonium ions.

In the burnt layer of the heap the organic matter should be 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 p.p.m) implies the adsorption effect as explained above.
From an incubation experiment which showed high ammonium requireﬁents
the same investigators reasoned that the high need for ammonium could
not be satisfied by the mineralization 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. The availability of
these nutrients might even be increased and the decrease in the
exchangeable 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 increase in sodium and potassium was reported



(Sreenivasan and Aurangebadkar, 1940).

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

and an increase in available potassium from soil heating.

Much of research on "Guie'" has focused on the laboratory study of
the chemical and physical changes arising from the practice. Donahue
(1972) compared burnt and unburnt fallow near Sagure (Arssi). Soil
burning increased the pH from 5.85 to 7.10; available phosphorous
from 38.1 to 184.5patts per million;total carbonate from O to 20% and

it decreased organic carbon from 2.85 to 0.31%..

Schmidt (1975) studied the surface 5 cms soil under "Guie' 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 phosphorcus
increased from 35 to 347 p.p.m. and available potassium rose froum

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 "Guie"

condition.

Soil 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 Agricultural Research.:
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(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 board
and disc plough to observe effects in facilitating drainage. ‘esulis
so far indicate that positive response in grain yield frow the appli-
cation of 60 - 60 kg/ha (N-PZOS)' Such high yield were made possible
with the provision of adequate drainage through deeper ploughing or

planting on cambered beds (Mesfin Abebe, 1979).

Tesfaye and Dagnatchew (1973) conducted pot experiment and field
trials on "Guie" soil of Debre Berhan area. A preliminacy study la-
dicated that poor internal drainage and deficiency of mainly nitrogen
and phosphorous were the major problems of these soils. Lime applica-
tion showed no significant response. From the field fertilizer triels

the highest yield was produced by the 60 - 60 - ON - P K.0 kg/Ha

2% - %;
treatment followed by 40 - 60 - O kg/Ha. Vhen 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)s The results showed that 90 - 80 - 60 kg/Ha of N-paos- K0
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 I =

N - PZOS - K,0 and 9.2 quintal /hectar for Guie)

Possible variations among '"Guie" soils in their inherent properties
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

burning.

The results from earlier experiments on the influence of "CGuie”

on soil chemical properties show that there are marked differences

between soils of different areas.

The changes in pH, organic uatter,

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

ments conducted by independent workers is illustrated in Table 2.

Some Chemical Analysis of soils

;
|
1]
|
!
|
|
|
f

Dagnatchew,1973

|

Sahlemedlin andi

Table 2,
after "Guie"
Place pH % organic % Total |Phospho=- SouFae
(H20) matter [litrogen rous ppm

Legebri 6.3 - 0.02 75 Whermann and
Legesse, 1965

Sagure 7ol 0.54 - 184,5 Donahue, 1972

Debre 5.8 - - low Tesfaye and

Berhan

- 6.3 0.43 0,02 347 Schmidt, 1975

Sheno | 6.3 0,07 - 570

Sanchz, 1978

: : o}

+
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Such variations in chemical properties might arise from many pos-
sible sourcess This study was aimed at finding any possible changes
which may be induced by "Guie" in three separate localities., Laboratory
and greenhouse experiments were carried out in order to investigate
whether there are variations in the effect of "Guie" in these different

localities. TheBe are some of the questions which this study attempts

to answer,

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

variations in the "Guie' changes in these localities?

ii, If there are any variations do they show any influence on

crop growth under the same green house conditions?

iiis, 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 every 1¢ years. Figure 1 shows the distri-
bution of "Guie" in Ethiopia and Figure 2 shows the major "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 properties as well as the nutritional potentials
of these soils in greenhouse studiess The study involved chemical and
physical analysis of soil samples from the three localities and a
green house experiment to éssess if local "Guie" variations show dif=-

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

»
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and green house studies are expected either to verify or nullify the
hypothesis on the possible variations in "Guie" soils from different
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 uses



Material and Methods

A preliminary survey was done along the main highway from Addis
Ababa to Debre Sina and from Addis Ababa to Fitche. 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 thie study. The three selected loca=-
lities were: 1) near Sendafa (about 30 kms north east of Addis Ababa),
2) near Debre Berhan (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 collecteds These included samples from

l., The cover layer

2+ The heated layer

3., The carbonised layer
4, The burnt layer

5. The below heap

6o The between heap

7« The ploughed (fallow)

The soil preparation for the physical and chemical analysis was
made according to Jackson (1973). It involved air drying at room
temperature, grinding by mortar and pestle, and sieving through 2 um
sieve (10 to 20 meshes per inch) by a mechanical shaker. The prepared

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 (IAR) laboratory at
Holetta and the greenhouse experiment was conducted at the Institute

of Pathobiology of Addis Ababa University.
2,1 Greenhouse Experiment

The pot arrangement for the greeak.uzec experiment was according
to the completely randomized design whicia is most efficient in situations
of little variability among the experimental units associated with posi-
tion in the experimental area (Little and Hills, 1978). The only
source of variation for this experiment was the soil 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, & Sheno local barley. The seeds were obtained from the barley
breeding unit of Institute of Agricultural Research station at

Holettas

The treatments per site were eight and the experiment was done in
three replicates. The eight treatments per site include 1) cover soil
2) heated soil 3) carboniged soil 4) burnt soil 5) under heap soil
6) between heap soil 7) ploughed soil and 8) a 1l:1 mixture by weight

of the above seven.

Fifteen barley seeds 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, [ive,
six, gnd fourteen days after planting beyond which these was no further
emergences. The percent emergency was calculated out of the fiftecen s
seeds originally planted for 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, 72, 76, 81 and 92 days after plenting.

The plants were harvested at three different stages of growth,
The first group of randomly selected three plants at tillering stage;
the next group of randomly selected three plants at heading stage and
the remaining plants at the end of the experiment when they werc dry.
Their fresh weight was recorded and after oven drying at 105°C 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
avoid the side effects of competition which might bias the growth of

barley in pots with high weed population.

2.2 530il and Plant Analyeis

Soil analysis: The soil physical and chemical analysis were made
in duplicates along with a standard sample per ten analysis to clieck

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 si%e distribution was determined by the hydrometer
method (Bouyoucus, 1927) for silt and clay using calgon as a dispersing
agent (FAO 8oils Bulletin 10, 1970). 40 gms soil was soaked over-
night with 50 ml of 10% calgor solution (mixture of 8 gm of 0,35 I
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 ml
graduated cylinder and the volume made to a liter with distilled water,
After a thorough mixing with a plunger the demnsity 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
86r the room temperature was added to or subtracted from the particuler

readings and the percent sand, silt and clay was calculated from weight

taken,

The total loss from ignition was determined by treating 20 gm of
soil at 100°, 300°, 500°, and 800°C for b Wotes in & noffls Susases
The soils after the treatment were immediately placed in dessicator
and were weighed after coolinge From the difference in weight

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

Soil pH was determined on a direct reading pH meter using a glass
electrode with a saturated potassium chloride colimel reference elect-
rode (FAO 80ils Bulletin 10, 1970). Twenty five gm of soil was shaken
in a 1:1 ratio of water and also 25 gm of soil was shaken in a 1l:1
ratio of 1N potassiuﬁ chloride solution. Soil pH in water and potas-

sium chloride was read as described above.
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Soil organic carbon was determined by the Walkely Black procedure
(Jackson, 1973)s To one gm soil 10 ml of the oxidizing agent 1l potas-
sium dichromate and 20 ml of concentrated sulfuric acid were added to
supply heat of dilution. The suspension was heated at 150°C for one
minute, cooled and then about 20 ml distilled water was added. It
was then filtered and ferroin indicator was added in the filterate
which was titrated against 0.5 N ferreus ammonium sulphate to detcrmine
excess dichromate. The soil organic matter was calculated by multiply-
ing the percent organic carbon with the factor 1.74, i.e. % organic mat-

ter = 1,74 x % organic carbon.

Total nitrogen in soil was determined by the Macro Kjeldahl pro-
cedure for both digestion and distillation (Jackson, 1973). About a
spoonful of the copper sulphate - selenium catalyst mixture was added
to 1 gm soil 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 peint. The
volume of the blank titration was subtracted from the soil titration

volume and the percent total nitrogen was calculated.

Available phoséherous was determined by the Olsen procedure, the
chlorostanneous reduced molybdo-phospheric blue 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 0.5 M sodium bicarbonate,
pH 8.5. After shaking with a mechanical shaker for 30 minutes, the
soil suspension was fltered through a phosphorous free filtered papere

From the filtrate an aliquot (usually 10 ml) was pipetted, diluted to
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50 ml with water and 2.5 ml of 1N sulfuric acid was added to decrease
pH of the solution which reduces interference in color development,
To this solution 5 ml of ammonium molybdate and 0.2 ml stanneous
chloride (reducing agent) was added and intimately mixed. With 10=20
minutes the absorbance was read against a reagent blank at 720 nm on
a sphectrophotometer Series 2, Unicum SP 600. The concentration was

read from a standard curve, i.e. a graph of absorbance versus concent-

ration.

Cation exchange capacity was determined by the ammonium saturation
procedure (F.A.O. Soils Bulletin, 1970). It consisted of soaking 5 gm
soil in 50 ml of 1N ammonium acetate solution, pH7. The soil suspension
was filtered and 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-
tions The soil was then washed with 30 ml ethanol 4 - 6 times to remove
excess ammonium. The soil was soaked over night with 50 ml of 10%
potassium chloride, pH 2.5 and then if B times with 30 ml of the same
solution to displace ammonium from the exchange site by potassium,

From the leachate 10 ml aliquot was distilled by adding 5 ml of 40%
sodium hydroxide and ammonia was trapped with 2% Boric acid mixed in-
dicator. The distilate was titrated against O.1N ammonium ferous sul-

fate solution.

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

766.5 nm for potassiumyg 22,7 nm for calcium and 285.2 nm for magnesium.
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Calcium carbonate was determined By the calcimeter method vhich
involved treating 10 gm. of soil with 15 ml dilute hydrochloride acid
and measuring the volume of carbon dioxide which is evolved by tiec

rcaction 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. lNitrogen analysis involved the weighing of
0.14 gm of oven dry plant sample and employing the same digesting,
distilling and titrating procedures described for the soil nitrogen
determination. Phosphorous determination, however, involved wet ashing
for one hour in magnesium nitrate to prevent the loss of phosphorous
during the ashing at 500°C. Then 0.5 gm of the ashed sample was

analysed for phosphorous by the molybdenum blue method.
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RESULTS

34} Changes in Physical Properties

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 propertions of sand, silt and clay. For Sendafa the
percent sand increased from 15 in the cover to 87 in the burnt layer
whereas the silt and clay percents decreased from 50 in the cover to
11 in the burnt and from 35 in the cover to 2 in the burnt respectively.
For Debre Berhan the percent sand increased from 20 in the cover to
85 in the burnt while the percent silt and clay decreased from 47 in
the cover to 13 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 whereas the percent silt and clay decreased from 50 in cover
to 20 in the burnt 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 is observed for all

three 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 temperature difference.

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

weight of the below heap is 20. For Debre Berhan at 800°C level the



Sendafa Debre-Berhan Fitche
Treatment Sand % | Silt % IClay % | Textural Sand 7% |[5ilt % | Clay % Textural Sand % [8ilt%|Clay % [Textural
2-0.05 50-2u 2u class 2-05 mm {50-2u 2u ‘class 2-.05 50-2u 2u class
mm ) mm
A-Cover 15 50 35 Silty 20 4o 35 Silty 15 50 35 Silty
clay clay clay
loam loam loam
B-Heated 15 48 37 Silty 12 L3 45 silty 15 48 37 Silty
clay clay clay '
leam loem
. |
C-Carbonised 58 34 8 sandy 48 41.0 e | Sandvy 50 35 15 Loam
Loam Loam :
D-wsurnt 87 11 2 S3and 85 13 2 Loaumy 77 20 % Loamy
. sandy Sand !
i
E-Below Heap| 16 bl 40 5ilty 18 45 37 Silty 25 43 32 Clay
Clay Clay Loam
loam
F-Between 18 37 Ls Clay 18 L7 35 3ilty 29 37 54 Clay
Heap Clay loam
loan I
G-Ploghed 14 by 37 Silty 15 L 41 5ilty 28 4o 3¢ lay |
Clay Clay loam \
| loam
| o B 1
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FIGURE: 3: Particle size distribution of Fiche as affected by "Guie"
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percent loss in weight of the below heap is 16. For Sendafa the per-

cent loss in weight at 800°C for the ploughed is 21. and 20 for the

below heap soil.

The difference in the percent loss in weight between below and
the plloughed soil was at its maximum at 300°C level for all three sites.
This might be from the decomposition reactions of organic matter and
dehydration occuring at this temperature level. The sequence for the
differences in weight loss of the below heap and ploughed soils except
the 800°C 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 6, 7 and 8 illustrate the per-
cent loss in weight of the ploughed and below heap soils of the three
siteses 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 Properties

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. In 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

emmonium nitrogen which escapes from the burnt layer and becomes

adsorped in the carbonised layer.



Table L. Total Nitrogen, Grganic Carbon and Available Phosphorous as affected by "Guie'

SENDAFA DEBRE BERHAN FICHs

() ] or = =i

R 3 R 3 R ® 3
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(3] [} ~ & (3] = | — M~ -~ o o ~ X
251 4% 553 25| 9% | 523 581 3% %83
'Z?o'z I o C/N —~ 2 oa Lua {7 G/AN — 22 80 $4 +£ 0 C/N —~ Ry
Rl 0y [ o B 0y 5@ o & -~ 0 ooy
o ® O + M O — 4 @ H 2 i © O~ D H o O~
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A -Cover 2.95 0.35 9.83 24 3.09 0.30 10.30 25 5+0% 0.42 193 L2
B -Heated 3.84 0.38 10.11 34 L,37 0.44 : 9.93 68 4,03 0.49 8.23 &7

i
) L - | ;

C .Carbonised 2.62 0.38 10.38| 184 2.09 0.32 6 .53 69 2.78 0.40{ 6.95 53
D- Burnt 0.69 | 0.06 11.50| 168 0.14 | o.o1 ! 14.0 b2 0.39 0.03 13.0 136
L~Below Heap 3.38° ] 0.35 . .66 25 2.38 | 0.19 12253 19 2.82 0.37 7.62 37
: Baa : :

F-Between 3.09 | 0.33 Y36 25 | 2.02 0.24 8.42 21 4.23 | 0.40 10.58 78

Heap i
G-Ploughed L.,08 | 0.1 .95 Lo § 297 10.29 10.24 37 | L4k 0.42 10.57 41
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The results for the available phosphorous analysis showed 2 ¥e-
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 S8endafa soils which increased from
2k to 188 ppm and Debre Berhan soils which increased from 25 to 02
ppiie  In the carbonised layer Sendafa has the highest (184ppm) followed

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

The changes in the exchangeable cations (Na, K, Ca and mg) as a
result of "Guie" is not consistent for the three areas. For soils
from Sendafa sodium seems to be unaffected whereas potassium, calcium
and magnesium have increased through burning. This is evident from
the steady incfease 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 Berhan is clearly scen in
that Na 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 same 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 top of them.



Table 5. sxchangeable Cations in meq/100 g soil as affected by "Guie!

SLNDAFA DEBRE BifHAN
Na K Ca Mg Sum| Rel.%| Na K Ca Mg Sum | Rel.% | Na

A;Cover 0.06 | 1.01| 13.65| 2.34 [17.06 100 | 0.05| 0.92! 18.60| 4.18 p3.75| 100 | 0.1.
B-Heated | 0.04 | 0.85| 18.45| 3.08 [22.42 131 {0.10| 0.92f 24,00 4.80 p9.82| 126 |0.1]
c-c;zggn 0.08 | 0.93| 23.15| 3.47 |27.67 162 |0.11| 2.34] 18.00} 2.15 p2.6 95 | 0.1]
D-Burnt 0.05 3.12|] 20.55 | 2.95 |26.67 156 {0.271{ 3.30| 9.60 1.84 }5.01 63 0.04§
E’Siiﬁ" - 1.06| 16.20 | 2.91 [20.17 118 10.15| 0.66| 16.20| 3.30 p0.31| 86 0.1§

rF-getween 0.04% 0.95] 16.80 | 3.28 21,07 124 |0.05| 0.85] 18.00] 3.85 FZ.?ﬁ 96 0.11
ieap ! i !

|6-Ploughed 0.04 | 0.94| 18.60 | 3.47 [23.05| 135 [0.07) 0.95! 19.20| 4.35 p4.57| 103 |o0.1¢
L | L ‘

Y
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The cation exchange capacity of the cover is almost equal for
all the three sites. An increase in cation exchonge capacity over the
cover is found in the heated layer which might be due to the slight
increase of clay sized particles in this layer. In contrast the
lowest C.E,C. values for all three sites was found to be in the burnt
layers A high drop in the cation exchange capacity is observed for
Debre Berhan from 37.5 to 13 meq/100 gm soil (milli equivalent per
hundred gram) where the drops for Fiche was 36 to 8 meq/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 reclative

percent values,

Table 6. Cation exchanges capacity in meq/l00g soil as affected by "Guie"

Sendafa Debre Berhan Fitche
i RO A AR A R R TSR LA .Jr
meq/100g Rel. % |meq/100g Rel., % |meq/l00g8 RNel.¥%
——e——t
A-Cover 37.5 100,0 37.5 100,0 36,25 100,0
B-heated L6.5 120.4 472.5 127.0 k2.5 117.0
C-Carbonised | 26.0 7040 17.5 46,6 22.5 62,0
D=-Burnt 2125 570 125 30.6 175 48,0
E-Below Heap 33,5 89.4 35.0 93.6 38.75 107,0
F-Between Heap 325 86,6 37.5 100,0 33,75 93,0
G-Ploughed 37,5 100,.0 30.0 80.0 35.0 96 b
it i

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




Table 7. pH, Electrical conductivity and total carbonates as affected by "Guie"
SENDAFA DEBRE BERHAN FICHE
pH Conduct Carbonates pH Conduct Carbonates pH Conduct Carbonates
HEC kcl wmmhos/cm % HZO Kcl mzhos/sm % HZO kcl mmhos/cm %
A-Cover 5.58 L.43  0.30 9.04  55.80 4.63  0.30 0.06 4.90 4.00 0.37 0.09
B-Heated 5.93 L.74 0.49 0.06 5.85 4.8 0.62 0.09 5.98 4.77 .42 .06
C-Carbonised 625 S.20 0.93% 0333 635 533 0.76 0.07 5.88 4.60 0.83 0.10
D-Burnt 6.45 5.30 o.A76 0.19 6.05 4.95 0.47 Q.27 6.08 5.0 0.5 0.13
E-Below 6.08 4.90 0.43 0.06 5.65 4,45 0.59 0.07 6.18 5,05« 0,51 0.96
Heap - '
F-Between 5.03 4.55 0.38 0.04 5.90 4.65 0.37 0.48 5.83 4.55 0.35 0.04
Heap
G-Ploughed 5.80 4,60 0.57 0.07 6.05 4.95 0.49 0.05 4,98 4,13 0,32 0.0k

ot T
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lowest initial pH have attained about the same values in the burat

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, The

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 (0493 mmhos/cm) Fiche (0.83 mmhos/cm) Debre Berhan

(0,76 mmhos/cm). The total carbonates are low values and show a

slight increase with temperature their highest being in the burnt
layers, The percent' carbonate in the burnt layer are higher for Dobre

Berhan (0.27.%) as compared to Sendafa (0.19%) and Fiche (0¢13%).

3.3 Plant Analysis

Plant analysis for the percent phosphorous eontent shows that the
highest level is for plants grown in the burnt soils for all the three
sitese The burnt layer of Debre Berhan had plants with highest phos-
phorous content (1.1 %) compared to Sendafa (0.97 %) and Fiche (0,77 %).
On the other hand plants grown in below heap soil show a relatively low
phosphorogs content than all the other treatments (Sendafa 0,15 ¥, Debre
Berhan 0,13 %, and Fiche 0.15 %). The phosphorous content of the plants
in the mixed layer was lower than the phosphorous content of all other
soils except the below heap soils. The percent nitrogen content from
the results of plant analysis shows a consistent increase from less
affected to more affected interior portions of the heap soils The

most heat affected burnt layer however, has the least percent nitrogen

of all, 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 percent; 2.25 percent and 2.0 percent for Debre Berhan,
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Fiche and Sendafa respectively,

Table 8, Percent phosphorous and percent nitrogen contents for
plants grown in greenhouse experiment
- B M e |
Sendafa Debre Berhan Fiche
i 2
% P % N % P % N % P 3
A-Cover 0.38 1.35 0,76 1.10 0.55 1.25
B-Heated O. bk 1.75 0.57 1.90 0.54 1,40
C;Carbonised 0.45 2,00 0,37 2.30 0.55 2¢25
D-Burnt 0+97 1.00 1.10 1.10 0.77 1.05
E-Below Heap 0.15 1.45 0.13 2.05 0.15 1,30
F-Between Heap | 0.6k 1.45 0.09 1.05 0.002 1.65
G-Ploughed 0e27 1.40 0.17 1.50 0.37 1,40
H-Mixed 0.003 1,15 0.37 1.50 0.26 1,20
Tt R v o =

3.4 Plant Growth Measurements

Plant height measurement data showed no significant variation among
the three sites. The mean height at 92 days after planting was 50 cms
for Sendafa, 55.7 cms for Fiche and 53.5 cms for Debre Berhan. Varia-
tion amoﬁg the treatments however, is marked and shows the sane general
trend for all sites. The maximum height for all sites was attained by
plants grown in the mixed soilse The plant height of the burnt and
carbonised soils follow the plants of the mixed s0oil and a marked re~

tarded growth is observed in the burnt layer especially at the early

growth period.



Tawle: 9 Height measurements of Barley in cme
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A relatively lower emergency percent was observed for Sondafa as

compared to the other sites, The burnt layer again had the least nuober

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 experiment had showm

100 percent germination for the seeds.

The fact that plants grown in the burnt layer had the lowest nitro-

gen content whereas plants of the carbonised layer had highest nitrog

-
ren

clearly results from the very reduced amount of organic matter in the
former whereas in the carbonised soils the organic matter is onlj
partially destructed and was available for microbial metabolism.

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

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 as some conditions
wert not the same for all the treatment in the experiment. The re-

sults from other observations during the greenhouse experiment showed

no appreciable difference among the gites in the emergency percent,

heading percent and visual weed score. The emcrgency percent was low

for all plants grown in the burnt soils and this could only be explained

from the failure of young barley seedlings in breaking through tle

hardened surface which was observed mainly in the burnt soils. A

similar difficulty of barley seedlings is reported when seed beds are

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



Table 10. ©rmergericy percent of barley grown in the Greenhouse expt.
SENDAFA DEBRE BaRHAN FICHE
DAYo AFTER PLANTING
Ly 5 6 1k b 5 6 1k 4 5 6 14
A-Cover 15.60 .51.% 127.80 | 95.31 91.1s1 97 & F100 100 55.6-191.135 | 80.0.] 88.9
B-Heated b 51.1 §80.1 1200 | 55.6.19% 3 §935.3 93.3 60.0 [82.2 |82.2 | 84.4
C-Carbonised L, 26,7 |51.1]82.2] 6.7 42 2 |57.8] 75.6 | 26.7 66.7 |91.1 | 86.7
D-Burnt 2.2} 33.3 |44.4]173.3] 2.2 ]11.1 |28.9 | 44.4 - L.t | 4.4117.8
£-Below Heap >.2] 5.6 |88.2 |93.3| 26.7 | 86.7 |93.3| 97.8 | 17.8 |75.6 |93.3 | 97.8
F-Between L.4l 53.3 |75.6 | 82.2] 31.1 |97.8 |97.8 100 2050 P3.3 195.5 195.6
Heap
G-Ploughed 13.3| 88.9 [93.3 5.61 40,0 }188.9 |91.1 93.3 4L6.7 P5.6 |86.6 | 932.1
M-Mixed 11.1| 73.3 |77.8 | 91,1| 16.7 |68.9 |91.1 | 93.3 | 20.0 k‘.~ 82.2 | 95.¢
|
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hardened crust formed by the loose surface soil (Deloirt and Ahl

grem,
(1967) .
The percent heading in the heated carbonised and burnt is genecral-
ly low than the other treatments for all three sites. The beclow 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
planting. The percent heading of heated of Debre Berhan is nill

probably due to the relatively high plant nitrogen content (2.% ),

From the observation on weed population the burnt and carbonised
treatments were completely free of weeds where as the cover ploughed
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 slight effect from the temperature.



Ta¥le II. Heading percent of barley grown in %he greenhouse experinment

SENDAFA DEBRE BLRHAN g FITCHE
DAYS AFTER  PLANTING | '
22 76 8L 92 | W 76 - 8- op o 72 b O R
i
A-Co¥er - 6.7 | 42.0 | 61,1 | 46¢5 | 80.8 | 97.5| 97.55] #4.0 g o !90.6 90.6
B-Heated - = 13.8 | 45.8 - - - - - | #az| 8.3 | 21.6
C-Carbonised 1726 | 31v2 | 55.2 | 55.2} 11.1 4 21.4 | 47.9 | 65,7 3.9 | 35.4 ; 49.1 | 49.1
U-Burnt 5.0 | 2946 | 51.1 | 63.7 - 18.1 | 56.1 | 66.5 | - - ; - (1.1
E-Below Heap - 10s2:1 7103 [579:1 § 1254 7846 | 92,9 | 97.6 I | 13.9 | 26.4
F-Between Heap | 23.6 | 36.1 | 45.9 | 45.9 | 41.9 | 63.0 | 90.0 | 96.7 ‘ 45,1 ‘ 724 .4 86.5 | 86.5
G-Ploughed 3.0 12.4 | 43.9 ! 63.3 | 80.2 | 93.0 | 93.0 | 93.0 i 46.7 | 74.4 1 91.7 | 51.7
i M-mixed 14,2 | 619 | 85.7 | 8547 4,2 | 50.9 | 85.4 | 65.0 ! 3.0 | 12.8 | 55.4 | 61.5
! | l
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Discussions and Conclusions

4,1 General Discussions

The effectof “GudeYitn changing the texture of the two inner-

most layers results from the high temperature which causes the dis-

integration of clay particles. Similar observations have been made

for soils heated to high temperatures as well as from analysis of

Guie soils. (Nishita and Haug, 1972; Legesse and Whermann, 1975;
Sehlemedhin and Sanchgz, 19785 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 soils The workability of the soil, the mobility
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 through burniné.

An initial slight increase in clay content for all three sites
in the heated layer is probably due to the dehydration of free water
which binds soil particles. Thus the propertion of finer particles

increase from heating at lower temperatures and then declines at

higher temperatures.

The study on percent loss in weight at various temperature levels
might be indicative of a similar proportion of loss in field conditions
during burning. For all sites the high loss in weight observed at

300° when compared to the 100°C is from the partial decomposition

o »
of organic matter and dehydration of 300 C while only relatively little

dehydration occurs at 1oo°c. The weight loss for Fiche ploughed soil

is markedly higher thaﬁ 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 & uniform gradient from

the original gray colour in the outer layers to reddish brown in the

t
inhermoat Tawar.  Mis seddssh brown colour which develops in the
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Th g
¢ colour change for all sites follows a uniform gradient from

the original gray colour in the outer layers to reddish brown

An the

innermost layer. The reddish brown colour which develops in the

burnt layer is said to be iron oxides mainly which prevail 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

and the release of ions from the organic matter complex and the soil.

The pH imerease 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 mineralised from
the breakdown of clay structures might be converted to available forms.
At higher temperatures calcium and magnesium were decreased but potas-
sium which might have been part of the clay structure. Thus the des-
truction of organic matter and breakdown of clay structure decrease

both cation exchange capacity 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 total nitrogen and organic carbon

previously cited is overwhelming and it is the major disadvantage of

the practice. The carbon to nitrogen ratio fluctuation at the diffe-

rent layers reflects the losses mainly of organic matter from varying

temperature effectse

pH change due to soil burning is primarly from the oxidation reactions

RN Sm_—————
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The most important benefit from Guie is the increase in the

amount of available phosphorous. This increase results from th

mineralization,of; oyganis 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,

m

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

percentage in the soil analysis.



L,2 Conclusions

The results indicate that, depending on the

" "

temperature, "Guie

markedly affected the physical ang chemical properties of soil, which

was reflected in better growth of the test crop in mized soil during

the greenhouse experiment. The innermost layer, the burnt soil,

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 (650°C).
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 Guies, 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 growthe

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 expluined

differences between the local soils. The very significant diffcrences

between the results of some carlier workers may be due to differcnces
in sampling, preparation, awalysis procedures etc. or some other
artificial differences but are definitely not caused by differences

in the "Guie'" practice of the localities.
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Appendix Table 1. Dry weight of Barley from the greenhouse experiment

Sendafa Debre Berhan Fitche
Days i4fter Planting | Days After Planting | Days After Flanting
50 85 x5 50 85 15 50 85 15
A-Cover: 067 X7 0.80 1.2 .70 5 D90 Q.F7 383 - 1.68
B-Heated Q58 2ok Q.00 LD 1,10 a0 0.84 2.h X .60
C-Caronised l1.12 R 120 Be 1.70 1.90 3.0 4.7 2.1
D-Burnt 0+39 = 1.7 .76 1.4 0.70 0.00 - 0895 .55
n-3elow Heap 0.97 S 0.80 i 1B, 0.80 0.93 07?7 22 1550
F-Between Heap Q.65 < B 0.7 1«0 0.74 0.90 0.58 152 110
J-Floughed 0,03 1.5 0.62 0.96 0.90 1.0 O.6 151 1310
H-Mixed 0.97 1.0 0.83 1.90 1.20 1.50 I: 0.72 2el 1.4
l
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