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ARSTRACT

Observation of yields of tef tested in national yield
trials (NYT) at different sites and at different times have
- given variable results. It was assumed that differences in

the tef vields were probably due to environmental factors,

Therefore, eleven cultivars (of 1980~81 in the NYT)
were seeded on six different soils, collected from different
places,'in plastic pots with a capacity of 2 kilograms in a
randomized complete design in two blocks and arown in a coreen
house where environmental conditions such as humidity, sun-
shine hours, temperature, were identical for all the treat-
ments. The pots containing the plants were watered as
required with distilled water until the mnlants achiéved

physiological maturity.

During the growth period, various parameters such as
height, tiller number, days to heading were recorded and
quantified. After harvest dry weilght and seed weight of
cultivars were measured. The data obtained were subjected

to various statistical analyses,

The results indicated that.the tested tef cultivars
adapted better in soils dominated by silt along with adasquate

quantities of available nitrogen and potassium,




1. INTRODUCTION

The farmers of Rthiopia have cultivated tef as far back
as recorded history and through the centuries they recognized
the various types of tef and have traditionally tried to grow

the better types as they existed naturally (Melakehail, 1964).

Tef is believed to be a crop adapted to a qreat diversity
of climatic conditions and soil types and it is generally
believed that it does well on well drained fairly previous
red or black sgoils performing best at altitudes of 1700 to
2400 meters (Tadesse, 196%). It was also indicated by
Endashaw (1978) that the seedling of tef could establish
under nutrient deficient soills by using the nutrients already

present in the seed,

The facts enumerated above are indicative of the ecologi-
cal adaptations of tef, though often, in srite of being
economically attractive, it is not a quantitatively rewarding

“crop in its yield when compared with other cereal crops.

Tef, being the staple food of most Ethiopians, has a
high market demand., Because of a high market demand, there
are those that produce tef exclusively as a cash crop, fore-
golng the luxury of home consumption (Mulugeta, 1978). The
preference to tef over other cereals is clearly demonstrable ¢

by the ever growing demand and this assures the cultivation




of tef for a long time to come. The Institute of Agricul-
tural PResearch's (IAR) report on cereal crons (1981)

reported that tef occupied 29,5% of the cultivated land. It
also sald that area under tef increased from 1,217,000
hectareg in 1974 to 1,392,000 hectares in the 1978/79 cropring
season - an increase of 14%. However, it is said that the
average vyield for farmers is only seven quintals per hectare
(IAR report, 1981), All these facts call for action to
improve the crop through research because the vield is low
and alarming when compared with the amount of land and labour

used to produce it,

The Debre Zelt Acgricultural Experiment Station, which
is the coordinating centre for tef research in Ethiopia, has
baen conductino trials on a number of parameters on tef since

1957 and had released a number of varieties to date.

Selection was believed to be the kest tool at hand for
yield improvement in tef (Mulugeta, 1973}, This belief arose
from the earlier assumption that tef would only self-ferti-
lize and breed true (Staten, 1954)}. But this was found not
to be true. Tarke Berhe (1969) was able to cross fertilize
tef and he thus has discovered an additional technigue for
improving tef varieties, though this has not yet been applied

in a wide scale.




The Debre Zeit Fxperiment Station has, therefore, been
engaged in improvinc tef varieties by selection and hybiridi-
zation that would give better yield than local varieties
traditionally used by farmers and the research trials have
enabled farmers of Ethiopia to receive varieties (Cultivars)
with better yields, The Debre Zeit Experiment Station
rasearch reports (1977 - 1979) confirm the above fact.
However, the effect of the different environmental factors,
particularly the effect of the soil environment that result
in a dramatic increase of yield have not been clearly

determined.

Therefore it was the aim of this project to examine the

effect the soil environment has on the yield of tef varieties.




2., LITERATURE REVIEW

Very few research reports are to be found in early
literature and some of these are either locked up in some
Italian archiwves or, if available, their usefulness have
been limited because of language barriers (Mulugeta, 1978),
Here below some of the literatures that is available on

tef will be considered;

In 1951, vavilov, recognized that the species was
among a number of éultivated plants found only in Ethiopia.
Collection and identification of cultivars were done by
Melakehail (1964) and Tadesse (1975). Studies of the
development of embryo sac and embryo of tef was done by
Melakehail (1966), Tadesse (1969) dealt with the uses of
tef in the Ethiopian society. Although Clayton et.al.
(1974) had described the morpholooy of tef, a more detailed
botanical characterization and morphclogical description
of tef was done by Tadesse (1975). Tareke (1974) dealt
with the breeding technigues, and ﬁuluqeté (1978) also
dealt with some biological aspects of the species,
Endashaw (1978) studies the biochemical and morphological

relationships of Eragrostis tef and some other Eragrostis

species, Tareke et, al. (1976) studied the sensitivity of
tef to removal of floral parts., Studies of Ethephon as a

possible selective gametocide on tef was done by Tareke




et, al. (19278). A preliminary study of aflatoxin content
of selected Ethiopian diets, one of which was tef, was dealt

by Abraham (1981).

The general ecology and geography of tef was described
by Clayton et, al. (1974). However, the relationship between
different varieties of tef and different types of soil and
other environmental conditions has not been clearly esta~

blished in the literature reviewed.

Murphy (1968), studied different soil in the accessible
parts of Ethiopia and, in some instance, their relationships
with cereals., As far as the effect of environmental factors
on the growth of tef was concerned, only broad generaliza-
tions were made which said that ﬁhe crop 1s adapted to a
great diversity of climatic conditions and soil types
Tadesse 1969). Recently, however, Mulugeta (1978) studies
temperature effect on growth and development of certain tef
cultivars. Apart from those mentioned above, the effect of
different environmental factors, (i.,e, temperature, rain-
fall, soil type) and the effect of soil nutrients on the

growth and development of tef cultivars have not been studied,




3. ORIGIN OF THF PROJECT

Tef National Yield Trials have been conducted in
different sites in EThiopia run by Debre Zeit Experiment
Station of the Addis Ababa University under the supervision
of the Institute of Agricultural Research {IAR), The sites
are given in Table 1. The data for the location of the
sites were obtained from a report of the Awash Valley Autho-

rity (1976).

The experiments conducted so far indicated that Debre
Zeit Agricultural Experiment Station has been able to obtain
yields of tef that are greater than those obtained by farmers.
However, the effect of the different environmental factors
responsible for increases of yield have not been clearly

determined,

In order to determine the effect of the environmental
factors, it was necessary to lock into the existing data on
yleld and compare the yield output of the different culti-

vars.,

Data on yield in quintals per hectazéof tef from NYT
of the sites (in TaBle.1) for 1977, 1978 and 1979 were collected.
The source of the data was the Debre Zelt Aogricultural Experi-
ment Station, NYT tef reports for the above indicated years

{Table 2).




Cultivars that were grown in as many different sites
were identified to make comparison of yield out-put. These

cultivars had the following codes (see Table 2},

1, DZ - 01 - 354

2., Dz - Oi - 787

3., (418 xT ~140) (186 xA=40) TB'75 - 31 ~ 8L8 -~ OBS

4, (T ~-140 x566) (T =140 x186) TB' 75 - 33 - 3LS - 0BS

5., (186 x566) 354 TB 75 - 82 — 14LS - OBS.

The data of yield of cultivars were of 1977, 1978 and
197%9. Cultivar with code DZ=01-354 had the highest yield
at Kulumsa in 1977, 1978 and 1979. The cultivar had the
lowest yield at Jimma in 1977, at Quiha in 1978 and at

Ginichi in 1979, (See underlined figures in Table 2),

Cultivar with code DZ-01-=787 had highest yield at
Rulumsa in 1977, 1978 and 1979. This cultivar had the
lowest yield at Jimma in 1977, at Quiha in 1978 and at

Tefki in 1979,

Cultivar with code {418 xT -140) (186 xA -~ 40) TB'75-
31-8LS-0BS had highest yield at Kulumsa in 1977, 1978 and
1979. The cultivar had the lowest yield at Soddo in 1977,

at Quiha in 1978 and at Chefe Donsa in 1979,

Cultivar with code (T=140 x566) (T-140 x186) TB'75~

33=3LS=0BS had hichest yield at Kulumsa in 1977, at Debre




Zeit in 1978 and in 1979, The cultivar had the lowest vield

at Jimma in 1977, at Quiha in 1978 and at Chefe Donsa in 1979,

Cultivar with code (186 x566) 354 TB'75~82-14LS-0BS.had
highest yield at Kulumsa in 1977, at Debre Zeit in 1978 and
at Kulums in 1979, The cultivar had lowest yield at Soddo

in 1977, at Quiha in 1978 and at Chefe Donsa in 1979,

Observation of the yield of the above cultivars indi-
cated that all had highest yield either at Kulumsa or Debre
Zeit while most of the cultivars had the lowest yield
either at Jimma or at Quiha., Lowest yield of cultivars
vere also recorded at other sites, however, they were not as

freguent as at Jimma and at Quiha,

The yield differwce of a cultivar, i.,e. between the
highest and the lowest, was very big. For example; the
yield difference of cultivar DZ-01-354 between the highest
at Kulumsa and the lowest at Jimma was 25.30 quintals per
hectare in 1977. The percentage difference being 281, The
biggest yield difference, in percentage, was about 400 for
cultivar (418 xT-140) (186 x2-40) TB'-75-31-8LS-0BS and the
lowest was 72 for cultivar (T4140>{566) {T-140 x 186) TB'75~

33-3LS-0BS,

These differences of yields of cultivars over the

different sites were presumed to have been brought about by




environmental factors rather than by differences of culti-

vars.

It was the aim of the project to examine the effect of
the edaphic factors of the environment on the unaccountable

yield differences of tef cultivars observed,

Therefore, an experiment was conducted on different tef
cultivars that were grown in different soils under a green
house condition where temperature and amount of water added

were identical for all the treatments.
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Table 1: Location of sltes where Tef National
¥i31d Trials are conducted,

SITHS LOCATION
I1lala (Firma) 08%23N, 37°36'E
Bddbir 08%7*N, 37°87'8
Sodo (Wadu) 06952+, 37°45'B
Jimma (Malko) 07°39tN, 36%49'R
Alemaya 09%22'N, 42%3'B
Maimokdsm 13°33tN, 20936'B
Quiha 13°28'N, 39936'B
Awassa 07%2'n, 38°29'B
Arsi Negelle 07°24'N, 33%4'8
Bsle (Sidamo) 07%0'N, 37°39'8
Ambo 09%0'N, 379528
Kabo 12%0N, 20%40'8
Hollota 09%N, 38930'B
Ginchi 09%a2'n, 38%12'R
Kulumsa 08%04N, 39°14'8
Akaki. Boseka 08%52*N, 38%47B
Chefe~Donsa 08%8N, 39°%6'B
Bolo Giorgls 089N, 39°21'R
Bjors 08°%45'N, 38%s8'R
Tefki 08%39'N, 38°30'H
Tulu-Bolo 08°z91N, 38%12'%
Debre Zoit 0895y, 38%58'H




Table 2: Yield of Quitivars from NYT in Quintals per Hectar.

Cultivar Code DZ~01-354 . DZ-01-787
a1 o1 g1 08 a5 62
| 1577 1573 1973 1877 1978 1878
S |
¥ ! /
A4B0 @ - 35,55 - - 32,87 1 -
FHASSA | - 21,26 24.92 - 2058 19,28 |
cmmﬂﬁmezs \ - | 23,37 - - | 27,78 - ;
CHETS TONSA - | 138 15,02 - 13,27 15,73 |
| ERRE ZDIT(ES) 22,06 | 30,10 22,20 26,08 27,70 28,95 |
DEBRE ZETT (IS) i 14.82 23,91 23,02 13,98 | 23,903 18,25 |
Reltact {1139 15.53 14,63 15,85 | 7.9 19,33 |
| HOLEETA- 12,42 18.43.. .68, .l 15.80.. 4 26,35 {2475 -
T 8.00 11.92 - 5,40 P 11,68 -
KOLUMEA 34,30 33.83 32.97 25.80 38,33 38.25 |
RETHA - 11.54 - - 3,22 -
SODRO 7.17 20,53 - 8,09 16,25 - %
TEFKT - - 18.30 - - 15,56 i
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Teble 2: (Cont'd)

]
(418xT~140) (186xA-40) T8® 75-31-81L3~08S

CULTIVER COIE (T=140x566) {T~140x3186) TR 75-33~3L5-0BS
wT COTE 0% 06 03 10 o7 04
YEAR
1977 1978 1973 1977 1978 197¢
SITE
BE0 ' - 31.83 - - 32,41 -
ANASSA - 28.46 17.38 - 25.08 15,43
BOLO GICRGIS - 23,30 - - 24.3% -
CEFE IONSA - - 16.03 14.63 - 14.96 15,32
| IEBRE ZBIT (HS) 18.32 34.42 26,84 16.83 35.22 22.83 |
| [EBRE ZEIT (18} 1830 28.51 27,77 17.65 © 30,01 26.43
GIHon 10.36 16.92 18.58 9.91 17,63 17.27 |
HOLLETA 16.54 21.73 22.53 18,38 .27 19.68 |
JTRE 8.25 16.24 - 6.51 17.03 -
KULIMSA 32.78 37,70 30,33 30,78 29,85 -
QL - 15,04 - - 10,34 -
SODBO 8,51 15,64 - 7.51 15,44 -
TEFKE - - 15.96 - - 15.85




4. MATERIALS AND METHQDS

Data were collected through soil analysils and pot experi-~
ments in the greenhouse. The materials and methods used were

the following:

4,1 Seed Collept}ons: Tef seeds were collected from the

Debre Zeit Experiment Station., There were eleven (11}
cultivars (varieties) of tef that had passed to the
National Yield Trial in 1980. The cultivars of tef had
codes that started from 01 and went up to 11 (Table 3).

These were the codes given to cultivars of NYT in 1980-81,

Table 3 - NYT Codes and Cultivar Codes of
o Tef used in the Experiment

- NYT

:No, | Code ‘ CultivaEVCode

1| 01 { pz-01-354 )

2 02 | pz-01-787

i 3] 03 | Dz-01-238

- 4| 04 | (418xT-140) (186xA-40) TB'75-318~LS-0BS
5 05 [ (418x7-140) (186xA-40) TB'75-31~ 9Lsmoas
6 06 | (566x186) 354~TB'76-44-3LS~OBS
7 07 | (186xT~4 508-TBR'76-44-3LS~OBS
8 08 | (T-140x566) (T-140x186) TB'76-26~7LS~O0BS
9 | 01 (48x566) 196~TB'76-79~ 7LS-OBS '

10 | 10 { (566x186) (418x186) Gond, Sel 196-2ILS=-OLS

11 | 11 | (418x566) 508 (086x566) 354




o ——

4,2

4,3

S0il Collection: Soils we¥e collected on different

occasions between October and December 1980, from six
different sites: Akaki, Chefe Donsa, Debre Zeit, Holleta,
gi%ma Gerima Guda and Jimma Melko. These sites were
each in the vicinity of a Tef National Yield Trial,

The particular sites from where soils were collected
were fields which have had no fertilizer applied. The
only site which did not have tef yield trial was that

of Jimma Gerima Guda. hbout 100 kg. of soil was taken
from the plough horizon (top 10-15 cm) from each of the
sites, The soils were removed from different corners

and from the centre of the field and thoroughly mixed.

Procedure Used in Soil Analyses

a) 2All mechanical and chemical scil analyses were made
in duplicate on an air dried fraction of the sample
passing through a standard 2 mm seive and the aver-

age values recorded,

b) Soil colour was determined by comparison with
Munsell soil color chart, model 1959, using both

alr dry and moist soils.

¢) Soil pH was determined by Devis gg.gi.'s {1970)
method. pH was determined in a 1l:1 soil to distilled

water mixture with a Pye, Unicam pH-meter model 78,




d)

e)

£}

Flectrical conductivity was determined using a
Harris conductivity meter on the same soil to
distilled water mixture as used for pH determina-

tion.,

Day's (1965) particle fractionation and paréicle
size analysis was followed to determine the texture
of the different soils., Soil textural analysis

was made by the hydrometer method (Bouyoucos method)
after pretreatment with 9% hydrogen peroxide and 5%

sodium hexametaphosphate.

Chapman's (1965) Cation Exchange Capacity (CEC)
determination by ammonium saturation method was
followed, This method was also used to determine

From each soil sample, 5 gm soil was weighed
with a Mettler balance and put on a filter paper.
Five ml of 1IN ammonium acetate was added to each

soil sample and all were left overnight. The

‘8oil solutions were each washed five times with 30

ml of 1IN ammonium acetate (with pH-7) each time and
the leachate was collected into a 250 ml volumetric
flask., Finally, the flask was topped upto the mark
with deionized (distilled) water. This leachate

was used to determine the exchangeable cations




g)

+2 2

(Ca °, Mg+ P Na+, k¥ and Mn+2) using Atomic absorp-

tion spectrophotometer series 2, unicam SP 90A,

Reading were taken at 589 nm for sodium; 766,5
nm for potassiumy 422,7 nm for calcium; 285,2 nm

for magnesium and 27%.5 nm for manganese,

The remaining soil on each filter paper was

washed with repeated portions of 30 ml of absolute

-alcohol {(ethanol) until the excess ammonium from

the ammonium (acetate) was totally removed, Complete
removal of excess ammonium ion was tested by Ness-—
ler's reagent which turns yellow in the presence

of ammonium ion and remains colourless when absent,
When all excess ammonium ions were removed, the
s0il was taken for distillation. The soil was
distilled with 30 ml of 40% NaOH. The distillate
was received into 25 ml of 2% Boric acid with mixed
indicator. After the distillation was over, the
distillate was titrated against 0,0lN HZSO4 to
determine the amount of ammonium ionlconcentration

that was in each soil.

Total nitrogen was determined using the modified
Kjeldahl digestion method (Bremner, 1965) with
copper sulfate = selenium mixture as a catalyst.

The sample was digested with concentrated sulfuric




h)

acid to convert all forms of nitrogen to ammonium
nitrogen. The solution was made alkaline by the
addition of excess sodium hydroxide and distilled
in a Kjeldahl apparatus (flask} into 2% boric acid,
The ammonium ion was then titrated with 0,01N

sulfuric acid.

Olsen et..al's (1965) method was followed to deter-
mine the available phosphorus. Two grams of soil
from each sample was welaghed using a Melter balance
and was put in a 250 ml extracting bottles, A te.a
spoonful of phosphrus—free aotivated charcoalwas

added to each bottle to absorb colour due to orga-

.nic matter., TForty ml of 0.5M sodium bicarbonate

(NaHCo3) of pH 8.5 were added. The bottles were
then shaken on an orbital shaken for exactly 30
minutes. The -solutions thus madé were filtered
leaving the first two drops (which were not clear).
With a pipette, 10 ml of the aliquot -from each
filterate was put into a 50 ml volumetric flask.
Then 2.5 ml of 2N sulfuric acid was added separate-
ly to the flasks to remove Co, from excess sodium
bicarbonate (to avoid interference in the‘colori~
metric readings); When all the 002 gas was removed,

5 ml of 1% ammonium molybdate solution was added to




i)

3)

each flask and was mixed well, Each volumetric

flask was diluted with distilled water upto the neck.
Two ml of the reducing agent, stannous chloride, was
then added and the volume of each flask topped upto
the mark with distilled water. The flasks were

left for 10 minutes for the blue color to develop
fully. Finally, the absorbance was read with spectro-

photometer at 660 nm,

Mclean's (1965) Colorimetric method was followed to
determine the exchangeable Aluminium, Ten grams of
soil from each sample was leached -with 1IN potassium
chloride (KCl). Leaching was performed for no less
than two hours., The leachate was put in a 100 ml

volumetric flask and was made upto the mark with 1IN

~KCl., 2 ten ml. aliquot was taken and put in a 25

ml volumetric flask. To each flask 2 ml thyoglycolic

.acid was added and were shaken. Ten ml aluminion

- reagent was then added and the flasks were topped

upto the mark with distilled water, Finally, each
flask was put in a boiling water bath for exactly 16
minutes and cooled. The absorbance was read with

Bosch and Lomb Colorimeter at 530 nm,

Olson's (1965) ammonium acetate extraction method was

followed to determine the exchangeable irons. Ten




k)

gram of soil from each.sample was placed in 100 ml
beaker. Fifty ml of 1IN ammonium acetate was added
and shaken well., After 12 hours, the solution was
filtered and washed five times with 30 ml of 1N
ammonium acetate. The leachate was evaporated to
dryness. The residue was treated with 10 ml aqua
regia. Again, the solution was evaported to dry-
ness. A small amount of water was then added, The
solution was transferred into a fifty ml volumetric
flask. Five ml of 5N ammonium acetate, one ml of
10% hydroxylamine hydrochloride and one ml of ortho-
phenanthrolin reagent were added. The solution was
diluted with distilled water to the 50 ml mark, The

absorbance was read at 510 nm.

Piskel's (1965) Hydrochloric acid extraction method
was followed to determined the available copper.
Two gramé of soil from eaéh sample was placed in

50 ml glass centrifuge tube. Twenty ml of 0.IN HC1
was added to each tube and the tubes were shaken on
a horizontal mechanical shaken for 1 hour. The
solutions were filtered and the filterate was used
to determine the concentration of copper using
atomic absorption spectrophotometer, Perkin 270 at

a wavelength of 324,8 nm.
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1)

The same method was followed to determine the
amount of available zinc in the s¢ils, The zinc
was determined by the same instrument used for copper

determination but was read at a wavelength of 213,9nm,

Allison's (1965} organic carbon of soil analysis was
followed to determine the organic carbon content of
cach soil sample. One aram of soil from each sample
was placed in a 500 ml erlymeyer flask., Ten ml of
IN potassium dichromate (K20r207) was added to each
flask., Twenty ml of concentrated sulfuric acid was
then added, The contents in the flask was heated

at 150°C for one minute and cooled. Two hundred ml
of distilled water was added to each flask and
filtered, To each filterate four drops of ortho-
phenanthroline was added. Finally, each flask
containing the filterate was titrated with 0.5MN iron
sulfate. After having determined the organic carbon,
the organic matter of each soil was calculated by

multiplying the organic carbon by a factor, 1,724,

Procedure used in Pot Experiment: Solils that were

brought from the six sites were left for air dryina

from 2-3 months in the ecoloay laboratory at the science

building at Arat Kilo., Two kg. of air dried soil was

placed in transparent plastic bags (pots). Soils vere
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then put into twenty two pots from each of the six
different soils. The pots were grouped into two
identical groups so that there were 1l pots of each of
the soil on one side and another 11 on the other side,
The pots were thus placed in two blocks (Block I and
Block IY)., The position of the pots in the blocks
were determined according to different sets of random

numbers for each block.

Complete randomization of tef cultivars were made
using randém number tables. The assianing of tef
cultivars to the pots‘of the first block was different
from that of the second. Hence, the experiment was
se£'up in a complete randomized block design in two

replications,

In order to create a more or less similar micro-
climate and to eliminate edge effect, extra pots with ~

soil were put on the edges of each block,

Before sowing, the experimental pots were wetted
with distilled water and the edge pots with tap wateri
After four days, when the water had wetted the soil in
the bags, more distilled or tap water was added to the
respective experimental and edge effect pots until I
they were saturated, After a day, when the water had

drained dbwn the nots, the wetted soils were leveled




using glass rods, Separate glass rods were used to
avoid nutrient contamination from one soil to another.
The pots were then ready for sowing. 70 seeds were
placed in each pot of the two blocks. To ensure equal
treatment of seeds per pot, seeds werxe counted using

a hand lens. The seeds were broadcast on the soil of
the treatment pots as well as the pots for correcting

edge effect.

Procedure followed from Germination to Harvesting ?griodz
The pots'wéré %éguiéxly waterééuéo eﬂsﬁfe.that water

was not a limiting factor for germination. Because of
the fact that the germinating sceds in the different
pots weré variable in number,)the pot with the least
numbér of germinating seeds wés selected to standardize
the number of seedlings per pot.. The pot. with the least
number of germinating seeds had 15 seedlings. There- .
foré; tbe number of scedlings per pot were brought down
to lsiby thinning out and, at the same time,_equal spac=—
ing for the remaining seedlings, as far as visual
observation permitﬁed, was ensured by replanting the
seedlinqs.[ The procedure of thinning out enabled the
maintaiﬁing of uniform numbers of young plants in all
the pots right from the start, before competition set

in.




Throughout the experimental period, only distilled
water was provided to the treatment pots and weeds were

removed by hand whenevexr the wherever they appeared,

Starting fram 2 weeks after the period of germina=-
tion until the final day of harvest, various growth

parameters were recorded. They were:

a) Plant height at 10 day intervals
b) Number of tillers per pot at 10 day intervals

¢) Number of days to headling.

The plants were finally harvested at about S0 days
after sowing. Practically all the plants had matured

by then,

The harvested material from each pot was then
chopped up, put in a paper bag, sealed and oven-dried
(at 105°C for 2 hours). The paper bags were finally
transferred to a desiccator for cooling and weighed to
determine the total above ground dry matter production

per pot of 15 plants,

After having determined the drv matter, the seed
of the plants were separated from the chaff by hand,
Weilghing of seeds was carried out usina a Borch P 115

one pan balance,
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Recorded dataand soil analysis: During the experimental

period, the following data were recorded to compare per-

formances of cultivars:

a) Plant height: 1Individual plant heights were recorded
at 10 day intervals, The sum of the heights of the
‘15 tef plants per pot were added and then divided by
the number of plants to obtain the mean height per

pot.

b} The above ground dry matter of tef in each pot was
collected separately, and all the 15 tef plants were

weighed.

¢} Seeds from the tef plants harvested from each pot

were collected separately and weighed,

a) Numbér of days to heading for the different culti-
vars were recorded, A cultivar on different soils
took different numbers of days to heading, Differ-
ent cultivars on the same soil also took different
days to mature. Therefore the number of days to
heading of each of the 15 tef plants of a cultivar
in a pot was recorded and the sum of the days were
divided by the number of plants to obtain the

average number of days to heading for that cultivar.
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@) The number of tillers that were produced on each of
the treatment pots were counted until the tef plants
were harvested. The sum of the number of tillers of
each cultivar on the diffeeent soils in each block

were then recorded at 10 day intervals.

f} Results of color tests, soil mechanical and chemical

analysis were recorded for the different soils.

Growth Rate Rnalysis: To compare, the growth activities

of two systems their relative growth rates must be
measured (Street and Opik, 1976). Therefore, to compare
the growth activities of the eleven cultivars, their
mean relative growth rates were calculated by following
the formula in Hunt (1978)., It was

1

R ,_ log W, - log W

1 -2

TZ-Tl

where R = mean relative growth rate; W, = Welght at T

2 27
i.2, final weight; Wl = Weight at time Tl' i.e, initial
weight. T, = final time, T, = initial timej; e = the

base of natural logarithms.

The mean relative growth rate can be computed from
plant growth parameters e.g. height, width or weight of
plants recorded at any two times separated by a speci-

fied interval during the actively growing period of the




plant (Evans, 1972), Units that are more commonly use
to express mean relative growth rate are: [gg=l] Week

[gggl] day“l and {mggml} week (Hunt, 1978).

In addition, it may be mentioned that percent per
week, or per day have also been used where easy inter=
pretation is required across a large range of values

(Hunt, 1978).

a
1

L
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RESULTS

5.1 Growth Rate

The mean relative arowth rates of plant heicghts
were computed at 10 day intervals, starting from the
20th day after sowing for each cultivar in the sgix
different soils, Expression of mean relative growth
rate as percent per day was that had been followed

(sea Table 4).

The mean relative growth rate (RGR) indicated %
that between the 20th and 30th day after sowing,
cultivar 01, 02, 04, 05, 06, and 07 had the highest
mean RGR on Akaki scil., Within the above mentioned
range of time, cultivar 03 on Jimma Melko Soil, “
cultivar 08 and 02 on Debre Zeit soil had the highest
mean RGR, Cultivar 06 which had the highest on Akaki
had aiso the same result on Debre Zeit soil between

the 20th and 30th days after sowings

There were cultivars that had highest RGR between
the 40th and 50th day after sowing. Cultivar 10 on
Holleta soil and cultivar 11 on Akaki soil had

highest RGR in the above mentioned range of time,
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TABLE 4 - MEAN RELATIVE GROWTH RATE ' -GF PLANT “HETGHT AS PERCENT PER DAY

CULTIVAR 01
\Days after li
\sowing

Soil \ 20430 30=-40 40~50 |- 5060 60-70 70-80 80-90
X AKT 5.0 4.0 4.6 4.8 2.6 3.2 0.5
CHEFE DONSA 4.0 3.1 3.2 .1,6 3.9 1.9 0.1

| DEBRE ZEIT 4.4 2.8 2.7 3.2 1.1 1.5 0.2
HOLLETA - 3.5 3.6 2.9 4.0 2,2 0.1 0.0
JTHMA SARTHA 1.8 | 4.3 1.2 |36 5.0 jL1 0 {o0.2
JIMMA MELXO 4.9 2.2 2.9 3.4 3.6 4.6 0.9




Table 4 {Cont'd)

CULTIVAR 02
\\)ays after |
\fowing
Soil \ 20-30 | 30-40 § 40-50 | S0-60 | 60-70 | 70-80 | 80-90.
X AKT 5.8 4,2 4.9 4,3 2.5 2.4 2.3
CHEFE DONSA 4.2 2.9 3.6 | 3.6 2.7 1.8 0.2
DESRE ZEIT 4.8 4.5 3.2 2.7 1.4 0.5 0.1
| BOLLETA 4,5 3.1 3.0 3.5 1.8 2.1 0.0
| TTMA SIRTHA 49 | 47 4.3 |es5 s.2 |10 oo
| JIMMA MELKO 4.0 2.3 3.3 5.9 2.4 1.7 2,4
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Table 4 (Cont'd)

CULTIVAR 03
Days after
sowing
20-36 | 30-40 | hows0 { 50-60 1 60-70 1 90-80 § 80-50
Soil .
K AKT 6.0 5.0 4.6 . } 4.5 2.6 3.3 1.0
| cHEFE DONSA 4.9 3.6 2.9 3.5 3.7 1.2 0.1
DEBRE ZTIT 4.9 3.9 3.7 3.3 1.4 0.3 0.4
| HOLLETA 4.2 4.0 2.4 3.4 3.8 0.6 0.0
] JIMML GERIMA -
P 3.9 5.9 5.1 3.8 3.2 1.0 0.0
| JIMMA MELKO 17.0 0.9 3.1 3.8 1.7 4.5 2.5
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Table 4 (Cont'd)

CULTIVAR 04
\)ays after
sowing
Soil \ 20-30 30-40 Lo-50 5060 £0-70 73-80 80-50
O
MK AXT 5.1 4.7 4.3 3.5 2.7 2.1 0.1
CEEFE DONSA 3.7 3.6 2.8 2.9 5.5 0.8 0.0
DEBRE ZEIT 4,2 4,2 2.5 3.5 .9 0.1 0.0
HOLLETA 4.5 4.1 2.5 3.1 2.5 0.9 0.1
JIMM4 GERIMA
DA 3.9 4.4 4.0 6.1 1.1 0.1 0.0
JIMMA MELXKO 473 2f2 372 4,7 2.5 z.1 0.6
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Table 4 (Cont'd)

CULTIVAR 05
;\}ays after 7
[j sowing
Seil \ 20-30 3040 40=50 50«60 £0-70 73-80 80-90
AR AKT 4.9 4.0 4.4 4.9 2.7 2.5 1.1
CHEFE DONSA 3.5 3.6 3.1 3,2 3.4 0.1 1 0.0
| DEBRE ZEIT 4.4 3.2 § 3.9 2.9 1.0 0.3 0.0
{ HOLLETA 14,2 1.9 2.4 3.7 2.3 0.4 0.0
| JIMML GERIMA - o h
ey 4.8 4.4 3.8 3.1 2.7 0.3 0.1
JIMMA MELKD 4,5 2.8 3.6 3.8 2.3 2.7 1.0
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Table 4 (Cont'd)

st

CTULPIVAR 06
‘\\\\\;\?ays after
sowing
- 30~ 40~ - 50 60-70 0-80 80-90
e \\\\\\\\\\ 20-30 30-40 0-50 Se 7 7 ! S
AKX AKT 5.0 4.5 4.2 5.2 2.8 4.3 3.1
CHEFE DONSA 4.2 3.8 3.3 3.2 3.3 1.2 0.1
DEBRE ZEIT 6?0 4.1 i 2f8 2.9 1.4 0.1 0.0
1? T
HOLLETA 3.8 3.0 | 3.6 3.4 2.9 0.1 0.0
JIMMA GERIMA | , '
GUDA 4.5 5.8 3.6 4.3 272 G.6 0.1
JIMMA MELKO 4.8 3.2 2.8 3.4 3.5 5.1 0.6
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Table 4 (Cont'd) -

CULTIVAR Q7
“\\\\\\\Pays after
sowing .
\ 20-3C 30-40 40-50 50=60 60-70 70~80 80-50
Soil \

1 AKAXS 6.7 4.2 5.2 . 1.8 2.6 3.7 076
CHEFE DONSA STG 2,7 2.6 3.7 3.8 1.1 0.1
DEBEE EEIT 500 406 207 2¢9 1;2 000 0-0

¥ ’ ’ ' ’ l . . K
HOLLETJQ 3.7 20-8 248 4’91 243 0.1 :' 0.1
JIMM4 GERIMA '

GUDA 477 4?5 479 4?1 1f8 076 0:1
JIMMA MELXD 4.1 3,9 2.0 3.2 2.0 4.0 1.4
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Table 4 (Cont'd)

CULTIVAR 08
\Days after
sowing
2030 30-40 40-50 50-6C 60-70 7080 80-90
Soil i L
AKAKT 5.4 4.6 5.4 4,4 2f3 2.2 1.0
| CREFE DONSA 4,7 3.4 2.5 3.2 2.7 1.6 0.0
DEBRE ZEIT 5.8 3.8 2.7 1.6 2.2 0.0 0.2
HOLLETA 4?7 333 275 3.1 3.1 0.3 1 0.0
JIMMA GERIMA - Y
GUDA 5?4 4f4 4.8 3.7 ¢f5 Dfﬁ Gfﬂ
JIMMA MELKO 4.6 3.2 3.4 3.7 2.6 3.1 2.1
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Table 4 (Cont'd}

CULTIVAR 09
\)ays after

‘ sowing -
Seil \ 20-30 30-40 40.50 50-60 60-70 70-80 80-90
AK AXT 5.1 4.2 4.8 5.8 Z.3 2.7 0.7
CHEFE DONSA 4.9 3.5 3.4 3.7 3.3 1.8 8.2
DEBRE ZEIT 5.9 4.4 3.9 3.0 i.5 0.8 0.0
EOQLLETA 3.8 3.4 1.5 5.1 2.8 0.7 0.0
JIMMA GERIMA a 0

gy 4.1 4.9 4.3 4.2 2.4 0.8 .0
JIMMA MELKO 5.0 3.5 4.0 3.8 2.5 3.9 0.7
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Table 4 (Cont'd)

CULTIVAR 10
ﬁ\\\\\\\?ays after §
sowing
, \\‘\N\\\\\“ 20-30 | 30-bo { 40-50 § s0-60! 6Go-7¢c 1 7o-Bo § 80-9¢
Seil : : -
AKX AKY 5.6 5.1 4,4 3.8 2.8 3.4 1.3
CHZIFE DONSA 4.0 3.2 2.9 4.2 2.3 3.3 0.4
DEBRE ZEIT 5.8 4.1 2.9 3.1 2.3 1 0.5 0.0
| ROLLETA 4.2 0.3 5.9 2.0 5.0 .5 1o
JIMMA GERIMA 5,4 4.1 4.1 4.0 2.3 1.7 0.2
GUDA ; . y . . . :
JIMMA MEIXC 4,1 4.6 3.5 3.6 2.9 3.7

2.5
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Teble 4 (Cont®d)

CULTIVAR 11
\Days after
‘ sowing :
Soil \ 20-30 3040 40.50 50-68 |  60-70 70-80 80~5¢
BX AT 5.9 6.1 7.1 1.9 2.4 1.9 0,1
; CHEFE DONSA 4.6 2.7 4.0 4.0 3..5 0.8 0.1
' DEBRE ZEIT 5.6 4.0 3.7 3.6 1.8 8,2 0.0
JIMM A GERIMA - - '
SUDA 5.4 4.5 4.3 4.7 2.3 t 2.7 0.1
JIMMA MELKO 4,1 2.7 3.4 4.1 2.7 3.1 3,9
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The mean RGR, starting from the 30th to the 70th day
of the growth period showed much irregularities which
implied that the amount of biomass that was assimilated
by the different cultivars, within the above specified

range of time, were variable,

From the 70th day onwards, the mean RGR progressively
decreased indicating the cultivars rate of assimilation
were slower and some of the cultivars had no growth at all.
Cultivar 01 & 02 on Holleta; 03 on Holleta and Jimma Gerima
Guday 04 on Chefe Doﬁsa, Debre Zeit and Jimma Gerima Guda;
05 on Chefe Donsa, Debre Zeit and Holleta; 06Aon Debre Zeit
and Holleta; 07 on Debre Zeit; 08 on Chefe Donsa and Holleta;

09 on Debre Zeit, Holleta and Jimma Gerima Guda; 10 on Debre

Zeit and Holleta; and 11 on Debre Zeit and Holleta had no
growth at all between the 80th and 90th days of the growth
period, Within the 80th to 90th days of growth all cultivars
had the lowest mean RGR on all the soils or no net growth

al alil,

Rank of overall seed weight, total dry weight, total
final average height of cultivars on all the soils and their

average rank of ranks was also computed (Table 5).
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Table 5§

RANY OF OVERALL SEEDR WEICHT, TOTAL DRY WEIGHT, TOTAL

FINAL AVERAGE HEIGHT OF CULTIVARS ON ALL THE SOILS

AND THEIR AVERAGE RANK OF RANKS:

1 TOTAL | TOTAL | FINAL  |AVERAGE
SEED | DRY  |AVEPAGE CF
HEICHT |HEIGHT [HEIGHT | RANKS
11 | 10 7 10
02 5 1 i 2
03 8 11 6 9
04 4 3 10 6
05 10 9 11 11
06 1 4 2 1
07 3 5 8 5
08 2 8 9 7
09 6 6 3 4
10 9 2 1 3
o 7 7 5 7




b)

Statistical Treatment of Data

Variance analyses following Sokal and Rohlf (1969);
was conducted on six growth characters. The procedure
with replications was strictly followed and levels
of significance at various percentages determined.
The results showing the sum of squares (ss), the mean

squares (Ms) and the variance ratio (F = Ms )
Ms error
are given in Table 6.

In order to determine the cultivars that performed
significan;ly higher or lower on each soil and the
soils that produced dry matter significantly higher

or lower for each cultivar type, Duncan's Multipler
Range Test for mean separation (Little and Hills, 1978)
was applied only to the dry weight data. These results

are given on Table 7 and 8.

Standard method correlations of dry weights and seed
weights of each cultivar separately, as dependent

variable and each edaphic factor, as independent

variable, were computed and levels of significance at
various levels were determined. These results are .

given on Table 9 and 10,
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Standard method (simple) correlations of dry weight of
tef as dependent variable and edaphic factors as

independent variable were made (Table 11).

Multiple correlations between some s0il analytical
results as independent variable and dry weight as
dependent variable were computed with the help of a
compufer model NCR-8455. The results are given on

Table 12,




TABLE 6 - ANALYSES OF VARIANCE

N e s EIGT (| ATEAE GATE I FIGT B
LIATY & 7T ; WoHahl FLANL B C"ih:..:‘: C:'I 50 DAYS A‘F’I‘EQ‘ SOT‘TDIG ' ; ' _'. o - y .
HRACTER 2 TAVS ATTER SOMNG 60TH DAY AFTER SOWING
TER A
S ¢ | ss Mg rS a8 | ss S s | af | ss | oMs | FS
'"' | 5 NS | NC
TVARS 101 26.58 | s.66 | 1.62| 10| 220.96| 22.98{ 0.93| 10 | 0.3426 | 0.03 | 0.§903

kdkkkx H kdodke ek de ke R

g 5 12673.28 | 534.66 | 104.00 | 5 |34755.38 [6951.08 | 282.35 | 5 |33.64 | 7.73 |22.36
RACTION e NS ne
T SoTL 50, 63.02|  1.26| 0,25 S0 | 741.76 | 14.84 | 0.60| 50| 1.92 | 0,04 1.01
.: - TTE
=0UP 65 | 339,22 5.14 66 | 1624.83 | 24,62 66 | 2.52 | 0.04
ATION)
L 151 | 3162.16 | 131 |37351.87 131 |43.4221
KOT SIGNIFICANT SS ~ S OF SOUADES %S - VARIANCE PATIO

';EEGREES OF FREEDOM MS ~ MEAN SOUARES *Hkkx = SICNIFICANT AT 0.5% LEVEL



Table 6 (Cont'd)

- L5 -
| TOTAL ABOVE GROUND DRY TOTAL SEED WEIGHT (Gm)/75
{CHARACTER AVERLGE FINAL HEIGHT. (cm) 3
. (WEIGHT (G 5 PLAN ANT
1 BEFORE HARVEST (WEIGHT (Gm) / 15 PLANTS PLANTS
1SOUQCB oF | | i ] g :

I e ! ) . [ "1 : q{ -
VARTATION | °F } S8 MS FS afj ss ;WS j FS as}  ss NS FS
CULTTVARS |10 | 2717.151 271.72 | 63.88 | 10| 20.52| 2.057{ o0.99 dg{  7.23 | 0.72 1§ 1.39

pe N
NS Xe
SOILS s | 51786.88 [10357.32 p434.85 | 5| 3102.42 | 602.42 |229.09 5| 24¢.26 | 89.85 W73.29
o s W ko AR RIS ]
INTERACTION PELE NE NS
. . . 5 5. 2,17 .03 5 3.87 | 0.20 | 0.54
Y eonr x sogr] 50 | 1657.79 | 33.16 7.79 | 50! 15,38 1 ol 13 0
ERROR. LI TTH :
I GROUP | 66 208.75 4425 66 | 43€.93 1 2.07 66| 34.22 | 0.52
VARIATION =
1 .
TOTAL 131 | 55442.58 131 | 3365.24 131 504.57

NS= NOT SIGNI®ICANT
df= DEGREES OF FREEDOM

FS= VARIANLE RATIO
= SIGNIFICANT AT ).5% LEVEL

35= SUM CF SQUARES
M5= MEAN SQUARES

LE R BB BN J




TABLE -~ 7 CULTIVARS' RANK BASED ON DRY MATTER PRODUCTICN ON EACH SOIL

16

. CHEFE DONSA | DEBRE ZEIT JIMMA JIMMA
RANK | AKAKI SOIL SOIL SOTL HOLLETA SOIL | Grpima gupa SOIL| MILKO SOIL
1 CULTIVAR (CV) 10 Cv.05 CV.06 Cv.09 Cv.04 V.02
a a a a a a
2 Cv.02 Cv.0z CV.07, Cv.02 Cv.02 V.02
a ' a ab a a a
z Cv.04 Ccv.1l1 Cv.08 Cv.05 Cv.10 V.06
a a ab a ab a .
4 Cv.03 Cv.06 CvV.04 cv,07 Cv.09,01 .0
! a a - ab a " ab a
5 Cv,906 Cv.03,10 cv,02 Cv.06 Cv.06 V.03
a a ~ab a ab a
6 Cv.08,05 cv.,04 Cv.10 Cv.11 Cv.08,11 2V.04
T oa a ab a ab a
7 Cv.01 Cv.01 Cv.11 cv.01 Cv.07 Cv.05,01
a a ab a ab T a
2 Cv.07 Cv.06 Cv.09 Cv.08 Cv.03 Jv.08
a a ' ab a ab . a
9 Ccv.11 Ccv,07 CV.05 CvV.10 CvV.15 [ CV.07,31
a a . ab a a T a
10 cv.09 Cv.08 Cv.01 Cv.03
a a b a
CV.03 CvV,04
11 b 2
{i) Cultivars assigned different letter or letters are significantly different in tef
dry matter production from each other at 5% probability level,
(i1) Cultivars assigned the same letter or letters below them are not significantly
o different at 5% probability level.
(iii) ¢V stands for cultivar,.




TABLE 8 - RANK OF SOILS BASED ON THEIR DRY MATTER PRODUCTION

FOR EACH OF THE CULTIVARS

CULTIVAR
RANK 01 Cv.02 CV.03 Cv.04 Cv.05 CV.006 Cv.07 CV.08 Cv.09 Cv.10| Cv.1il
(CV.01) A S ' S
DEBRE ZEIT
1 (DZ) Dz DZ DZ DZ DZ DZ DZ DZ D7 DZ
a a a a a a a a a a . a ;
SIMMA :
R R L Je6 | J6s | JGG 366 | J66 | JGG s66 | Jee | J66
a a a a’ k b b b b a a %
AKAKI _
3 (AX) AK AKX AKX CD HOL. HOL. AK HOL. AK Ch
b b B b c c c C c b b
HOLLETA
4 {HOL) HOL. CcD CD HOL. AX AK HOL. CD pD HCL.
b b b b c c c c c b b
CHEFE
. DONSA
~ {CD) CD HOL. HOL. AK Co.TM CD CD.JM JM JHM IM
b b b b c c c < < b b
J IMMA
6 MELKO
(gM) IM JM IM JM JM AK i0L. JM
b b b c c c b - t
(i) Soils assigned_different letter or letters are significantly different in t:f dry
N matter prgductlon from each other 5% probability level,
(ii) Soils assigned the same letter or let

dry matter production at 5%

preobabili

ters are not significantly different i1 te”

ty level,
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TABLE & - CORRELATICN CORFFICIENTS OF THE SEED WEIGHTS OF ERCH CULTIVAR WiITH VARIOUS ZDAPHIC FACTORS

? EDAPHIC
! TACTCR | aawp | sInmi CLAY PO | ¥ K! Na | OCa Mg Ma ] Zn | Fe a2 CEC | ORGANIC
i e
| CULTIVAR C4RBOR|
: i e . T
I 01 Oﬂll 0088 "0091 ‘0008 OQLE'B 0&97 Om59 "‘0010 ""0:1.6 0@2'5 0956 "'o‘ls 031’1’3 "‘0026 0@69

02 0.0k | 0,88 | ~0.86 | ~0403 | 0436 | 0.57] 0.65! 0,50 ~0.08] 0.18] 0.53 | ~0.09 [0.50 | -0.25 | 0.66
¥ : ™ ) ‘
[ 03 | 0.006{ 0,88 | 0,84 | 0,008! 0539 | 0.57] 0567 | ~0,08 | ~0,04] 0,13} 0,52 | ~0,11 10.55 | -0.18 | 0.65
i o " %
i ok 10,08 0082 | 0,82 | -0.06 10.27 | 0.95| 0,70 | ~0,08 | ~0.08] 0.13] 0,451 1 0,00 +0.59 | -0,25 | .0.58
: - f " 3
| o5 10,10 | 0476 | <0475 | 0,03 [0.19 | 0.91] 0.75] ~0.10] 0.01] 0.08] 0,34 { 0,05 L0.45 | -0.26 | 0,51
5 * ] XY .
i 06 0508 00%3 "O.BZ’ #0006 0031 0095 0&68 "‘"0011 ‘.0606 0916 00“‘5 "0002 r"0°!+8 ‘ "‘0526 Oagl
§ £ e Y ’ )
ﬁ 07 0&01}‘ O@Bﬁ 1 "0&82 "0006 0032 00‘95 Qm69 “'0«511 "'Oo06 Omlll' ' 0.46 "'0000‘%‘0051 “Oﬁ26 0062
; 5 %%
| 08 0.0% | 0u88 | ~0.85 { 0,06 {0039 | 0237 | 0,65 <0407 | ~0.08] 0.18] 0052 | ~0.08 L0.53 | ~0.21 | 0.67
i - s e
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1. Those with ome {*) asterick ars sigmificant at 10% level,
20 Those with two {*®) gaterick are significanmt at B% level,

%o Those with three {?**) pstericks are sgignificent at 1% level.
L, Toese without astericks mesn they are not significamt.



TABLE L0 CORRELATICN COBFICIENTS OF THE DRY WEIGHTS OF BACH CULTIVAR VWITE VARIOUS EDAPEIC FACTORS

49

EDAPHIC, {
TACTOR

o sad | stz onar |20, | X | X | W jCa | Mg |Na| Zn | Fe | & CEC | ORGANIC

SULTIVAR™N | o C ERECH
o1 L0,00k] 0,30 | ~0.85| 0,08 | 0,42 | 0298 1 0,63 | ~0.06 | 0,11 |0.17] 0055 | 0,08 | ~0.53 [=0.21] 0.70
oz {0.02 | .86 | -0.85 | ~0.0k | 0.36 o%%% 0088 | <0008 | =050 | 0013 ] 0okg | m0.05 | =0.5L 10,21 C.64
07 10,03 | 0.8% | -0.81 | 0.0% |0.37 '0233 1 0,68 | <0.0k | ~0,06 | 0,101 0,15 | ~0.05 | =0.58 [~0.17| 0.66
o 10,02 | 0oBB | =082 | 0007 |03 | 0297 | CoB6 | =000b | ~0,07 | 0.13] 051 | ~0.,05 | 0,56 moulgg 0,67
o5 0.08 | 0.75 | ~0.75 | 0.0k |0.20 | 0,53 | 0.78 | -0.32 | 0.07 | 050k 0.36 | 0.00% ~0.53 | ~6.21] ©.50
06 0408 | 0,77 | 0578 |=0,08 |0.21 | 0032 | 0,73 | -0.08 | =0,02 | 0,11] 0.35 | 0,07 | =0.49 {-0227] 0.5%
07 0,11 | 0.79 | -0.82 120,06 [0.25 | 092 | 0.7 | 0,08 | ~0.03 | 0.23] 0.38| 0,02 | -0.48 | -0.26/ 0.55
08 _ | 0.05 | 0.80 |-0.80 10,08 |0.26 | 035 | 0.71 | ~0.0 | w0203 | 0u11| 0.39 |, 0,03 | -0.52 -0.23]  0.58
o5 gowo7 0u85 | ~0.86 |-0.07 |0.37 | 0206 | 0063 | ~0.88 | 0,12 | 0.23| 0.51] ~0.03 | 0,44 -0934 0.63
10 0.03 | 0.8 |=0,78 }0007 0e32 | 0255 | 0,17 | «0.01 | «0.0% | 0.08] 0.b4{ 0.0L | ~0.58 -oolﬂ 0,63
13 .02 | 0.8% |-0.82 ,{o,oos 0.32 1 0.95 | 0,72 | =001k | ~0,008 0.13] 0,37] 0,04 | ~0.54 -o.a% 0,50

1. Those with one {®) asterick are significant at 10% level.

2 i - fwe (**) astericke are significant at 5% level,

3 " " three (***) astericks esre significant at 1% igvel.
fa ki without astericks mean they are not significant.



Table 11 - SIMPLE CORRELATION COEFFICIENTS (r)
BETWEEN DRY WEIGHT OF TEF AND EDAPHIC
FACTORS TAKEN SINGLY,

No | P percontage Mean | r

1 | Nitrogen J0.22 { 0,32 NS

Z | Cation Exchange Capacity [28,17 -0.28 NS

3 | Organic Carbon 2,52 0,64%

4 {Sand 27.50 | 0.01 NS

5 18ilt 32,92 0.84%*

6 |Clay 39,58 [~0.81**

7 | Phosphorus 0.06 ~0,08

8 | Sodium 0,003 0.69*

9 |Magnesium , 0,16 -0,08 NS
10 |Potassium 0.19 0.27 NS
11 jCalcium 0.02 }-0.35 NS
12 |Manganse ¢.001 0.15 NS

1. One asterick (*) indicates that the coeffig¢ient
is significant at 10% level,

2, Two astericks (**]indicate that the value is
significant at 5% level,

3. NS means not significanf.



Table 12 - MULTIPLE CORRBLATIONS (R} BETWEEN TOTAL

WEIGHT OF TEF ON EACH SOIL AS DEPENDENT

VARIABLE AND VARIOUS COMBINATIONS OF

ERAPHIC FACTORS AS INDEPENDENT VARIABLES
TAKEN IN TWO'S

No Edaphic factors in Percentage R

1 Sand and nitrogen 0¢35.NS
2 " cation exchange capacity |0.30 NS
3 " " organic carbon 0,66 "
4 " " silt : 0.87 "
5 " 1" Clay : ) 0.86 1t
6 " " phosphorus o 0,08 ".
7 " " sodium . 0.69 "
8 M " magnesium o 0.08 "
9 " '"" potassium - 0.28 "
10 " " calcium : 0.37 "
11 " " manganese : 0.17 *-
12 Silt and nitrogen 0,99***
13 " " manganese 0.82 NS
14 " " cation exchange capac1tyj 0,85 "
15 " " organic carbon 0,91*
16 " "  phosphorus ... 10,84 NS
17 " " sodium . 10,94
18 " " magnesium . 10,86 NS
19 n " potassium o 0,99***
20 " " calcium ' 0.85 NS
21 " " clay 10,86 NS
22 Clay and organic carbon 0.81 NS
23 " " cation exchange capacity [0,81 NS
24 " " nitrogen . 0.82 NS
25 " - calcium : 0.81 NS
26 " "  manganese ' . 0,88*
27 " " sodium ) 0.95**
-1, One asterick (*) indicates significance at

10% level,

2. Two astericks (**) indicate " "

: 2.5% 1level.

3. Three astericks (***) indicate significance

at 0.5% ‘level,
4, NS means not significant,



5.3

The Growth of Plants in the Greenhouse:

The daily range of temperature (between maximum
and minium) varied from 6°C to 49°C. The average
daily range of variation was 28.19°C. The average
daily temnerature over the growing period was 24,91°C.
The average daily minimum temperature was 10.82°C
and the average daily maximum temperature 39.01°C.

The relative humidity as recorded by a hair hygronwtef,

varied, on average, from 59% to 100%.

An exact treatment of the problem of plant
ecophysiology is inconceivable without a methodology
which permits the use of high-sensitive measuring
and recording instruments, and the carrying out of
experiments under conditions which correspond very
nearly to the natural behaviour of the plant to be
studied as well as to the natural climate of their
normal habitat (Eckardt, 1965). The greenhouse,
where the tef cultivars were grown did not permit
the fulfilment of these conditions though one cannot
confidently say conditions similar to the greenhouse

do not exist in nature.



It is known that under controlled gnvironmental conditions,
for every species there is. an optimum tempverature for maximum
growth and development and that usually this effect varies
for seedling growth,flowering and fruit development (Downs,

1975).

Mulugeta (1978) while studying the effect of temperature
on growth and develovment of tef under controlled and pro-
grammed Biotron conditions indicated that the temperature

regime between 15 to 20°C was optimum for tef growth.

The experiment conducted in the greenhouse was not under
a fixed range of temperature regimes that allowed ovntimum
growth of the cultivars which would have made the comparison
of the growth parameters of the cultivars even more sound.
The aim of the experiment was however, to see how each cultivar
responded to the different soils when other environmental

conditions were idéntical for all the cultivars.

After sowing, emergence records were collected. The time
needed for the seeds to emerge was from 4 to 8 days. In the
different soils, the number of seeds that failed to emerge
were different in number. The soil that had the least number
of emergence was that of Jimma Melko and the soil that had

the hiphest number of emergence was that of Debre Zeit. It has



success of a species and its natural distribution., Variation
of germination in the different soils was not unexpected.

The number of emerged seedlings in the different soils decreased
inthe following order: Debre Zeit, Jimma Gerima Guda, Holleta,

Chefe Donsa, Akaki and Jimma Melko.

The weed populations in the different soils were also
different. The most weedy soil was Jimma Gerima Guda and the
least was Akaki. The weed population in the different soils
decreased in the following sequence: Jimma Gerima Guda, Jimma
Melko, Holleta, Debre Zeit, Chefe Donsa, and Akaki. However,
weeds were consfantly removed whenever and wherever they
appéared right after germination was completed and when the

distinction between tef and non-tef scedlings was clear.

5.4 The Performance of Culfivars In the Gieenhouse:

Cultivar 01

This cultivar attained its_maximum height on
Debre Zeit and minimum height on Jiﬁma Melko soils.
The éverage final height of this cultivar in the
different soils decreased in the following order:
Debre Zeit, Jimma Gerima Guda, Holleta, Akaki,

Chefe Donsa and Jimma Melko. The final average
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height achieved by this cultivar on Debre Zeit
soil was by more than two times greater than that

on Jimma Melko soil.

The highest above ground dry weipght of the cultivar
was obtained feom Debre Zeit and the lowest from Jimma Melko
sdil. The dry weight obtained on Debre Zeit was more than
five and a half times gfeater than that obtained on Jimma *
Melko soil, which was the lowest of all. The second highest
dry weight value was found on Jimma Gerima Guda which was
very slightly smaller than on Debre Zeit soil. The quantity
of the above ground dry weight of this cultivar on the difs
ferent soils, starting from the.highest, decreased in the
following order: Debre Zeit, Jimma Gerima Guda, Akaki, Holleta,

Chefe Donsa and Jimma Melko.

The highest seed weight for the cultivar was obtained from Debre
Zeit soil. The higest seed weight obtained was more than
12.5 times greater than the lowest. The second highest, from
Jimma Gerima Guda, was slightly smaller than the highest but
exceeded the third highest by more than 3 times. The fourth
highest was from Akaki and was follwed by that from Chefe 2
Donsa. The least quantity of seed yield was obtained from

Jimma Melko soil.



This cultivar had the least sum total seed weight of
all other cultivars when the seed weight of the cultivar in
the different soil was summed up together and commared with
the sum total seed weight of .other cultivars. However, it
stood 7th by rank when the overall average final height of
the cultivar was compared with those of others on all the
soils. The average rank of ranks of overall seed weight,
dry weight and average final height placed the cultivar in

the 1oth position.

The mean number of days to heading raneged from 58.37

days on Holleta soil to 71.06 days on Jimma Melko soil.

When the sum of the tiller numbers that were counted
over the growing period was average for the blocks, the cul

cultivar had the gth nd

position on Debre Zeit soil and the 2
position by rank on Jimma Gerima Guda. The rest of the soils

did not have tillers.

Cultivar 02

It had maximum height on Debre Zeit soil. The height
of this cultivar on Jimma Gerima Guda was very slightly ex-
ceeded by its height on Debre Zeit soil. The minimum final

mean height of the cultivar occurred on Jimma Melko soil.



This was two and a half times smaller than that found on the
Debre Zeit soil. The final mean height of the cultivar in
the different soils decreased in the following sequence:
Debre Zeit, Jimma Gerima Guda, Holleta, Chefe Donsa, Akaki

and Jimma Melko.

The lowest dry weight was obtained from Jimma Melko
soil and the highest value from Debre Zeit soil. The lowest
was five and a half times smaller than the highest. The
second highest dry weight was found on Jimma Gerima Guda
soil and was followed by Akaki, then Holleta which was in

turn followed by Chefe Donsa and finally by Jimma Melko soil.

. Quantitatively speaking, the highest seed vield for
this cultivar was obtained from Debre Zeit soil and was 38,5
times greater than the lowest seed yields from Jimma Melko
soil. The second highest seed weight, Tecorded from Jimma
Gerima Guda soil, was only 8.9% smaller than the highest.
Desnite the fact that the first and the second highest seed
yields were comparable, the second and third highest had
very wide difference. The second highest was 5.32 times

greater than the third highest.

The cultivar stood fifth by rank in overall seed weight

when compared with the others. However, it stood first by



rank in overall dry waight, and fourth in overall average
final height. The average rank of ranks of the three parameter,
i.e, average final height, dry weight and seed weipht, was

second.

The mean days to heading of the cultivar in the different
soils range from 56.9 days, on Debre Zeit soil, to 84.8 days,

on Jimma Melko soil.

In the number of tillers counted over the growing period
on Debre Zeit soil, this cultivar stood second and sixth on
Jimma Gerima Guda soil. It produced no tillers in the other

soils,

Cultivar 03

Unlike cultivar 01 and 02, this cultivar achieved its
maximum average final height on Jimma Gerima Guda soil. The
height on Jimma Gerima Guda exceeded only slightly the height
on Debre Zeit soil. The average final heights on both Jimmé
Gerima Guda and Debre Zeit soil were almost two and a half
times greater than the smallest height, which was on Jimma
Melko soil. This cultivar had the lowest height of all other
cultivars on Jimma Melko soil. 1Its heights in the different

soils, starting with the tallest, decreased in the following



order: Jimma Gerima Guda, Debre Zeit, Akaki, Holleta, Chefe

Donsa and Jimma Melko.

The highest dry weight was obtained on Debre Zeit soil
and the lowest on Jimma Melko soil as was the case with
cultivars Ol and 02. The highest dry weight was five times
greater than the lowest. The above ground dry weight values,
starting from the highest, decreased in the following order:
Debre Zeit, Jimma Gerima Guda, Akaki, Holleta, Chefe Donsa,

and Jimma Melko.

Seed yield weight of the cultivar on the six different
soils, starting from the highest, decreased in the following
order: Debre Zeit, Jimma Gerima Guda, Chefe Donsa, Akaki,
Holleta and Jimma Melko. Seed yield weight difference between
the highest on Debre Zeit, and the second highest on Jimma
Gerima Guda, was very small. But the difference was very
wide between the second and the third, obtained on Chefe
Donsa soil. The lowest yielder of seed, Jimma Melkolsoil,

was more than 17.3 times smaller than the highest.

In overall seed weight, the cultivar ranked ch but had
the lowest overall dry weight. On the other hand, the average
final height was 5th by rank. The average rank of ranks of

the overall seed weight, dry weight and average final height



indicated that it stood Oth among the 11 cultivars.

The mean number of days to heading for the cultivar
ranged from 57.27 days, on Debre Zeit soil, to 77.17 days,

on Jimma Melko soil.

h in the number of tillers counted

h

This cultivar ranked ot
over the growing period on Debre Zeit soil, and Bt on Jimma

Gerima Guda soil. It produced no tillers on the other soils.

Cultivar 04

The minimum height measurement of the cultivar was ob-
tained on Jimma Melko soil. The height on Jimma Melko soil
was smaller by half than that on Debre Zeit soil. The
cultivar had its maximum height on Debre Zeit soil. The next
highest height was on Jimma Gerima Guda soil, then on Akaki
soil, followed by Holleta, Chefe Donsa and finally, Jimma
Melko.

As far as above ground dry matter was concerned, this
cultivar, like the other three cultivars considered, had the
highest above ground dry weight on Debre Zeit soil and the
lowest on Jimma Melko soil. The lowest value was more than
8.5 times smaller than the highest value. Values of dry

weight on Debre Zeit soil or Jimma Gerima Guda soil exceeded



~

by more than 3 times the value obtained on anvy of Akaki, ¢

Chefe Donsa, Holleta, or Jimma Melko soils.

The highest seed weight was on Debre Zeit soil and the
lowest on Jimma Melko soil. The highest seed weight was
13.8 times the lowest. The second best yield of seed weight,
that of Jimma Gerima Guda, was 22.4% smaller than the highest.
The seed yield on Holleta soil, which was the third highest,
was much smaller than the second. Starting from the highest,
the sced yield weights on the different soils decreased in
the following sequence: Debre Zeit, Jimma Gerima Guda, Holleta,

Akaki, Chefe Donsa and finally Jimma Melko.

Out of the eléven cultivars considered, the total of
the seed weights of this cultivar stood fourth by rank. When
-the overall above ground dry weight was considered, 1t ranked
third but fhe average final height ranked 10th. The average
.rank of ranks of all of the above parameter, i.e., average

final height, dry matter weight, and seed weight, placed the

cultivar in the sixth position.

The mean number of days to heading for the cultivar ranged
from 55.7 days, on Debre Zeit soil, to 71.1 days on Jimma

Melko soil.



- 62 -

In the number of tillers this cultivar ranked 4th on
Debre Zeit soil and 15t on Jimma Gerima Guda soil, It pro-

duced no tillers on the other soils.

"Cultivar OS§

This cultivar had its minimum height on Jimma Melko
soil and its maximum on Debre Zeit soil, The height on Jimma
Melko soil was half of that on Debre Zeit soil. The second
highest height was on Jimma Gerima Guda soil, followed by that
on Akaki, Holleta, Chefe Donsa and Jimma Melko soils in that

order,

As far as the highest and the lowest above ground dry
weight values were concerned, this cultivar, like the other
four cultivars described above, had its hiphest value on
Debre Zeit soil. This was a little more than six times greater
than the lowest value which occured on Jimma Melko soil. The
second highest above ground dry weight was on Jimma Gerima
Guda soil and it was 27% less than the highest. Starting
from the highest dry weight yield, the weight of this cultivar
on the different soils, decreased in the following order:
Debre Zeit, Jimma Gerima Guda, Chefe Donsa, Holleta, Akaki,

Jimma Melko.



Like the cultivars already described, the highest seed
yield weight was obtained from Debre Zeit and the lowest from
Jimma Melko soils. The seed yield weight of this cultivar
on the different soils, starting from the highest decreased
in the order: Debre Zeit, Jimma Gerima Guda, Holleta, Akaki,
Chefe Donsa and Jimma Melko. The least seed yield, from Jimma
Melko, was smaller by 12.94 times than the highest. The
second highest seed yield was 31.78% smaller than the highest.r
The difference between the first and second highest seed yields
was smaller than between the second and the third. Differences

among the third, the fourth, fifth and the last were negligible.

Unlike the prévious cultivars, cultivars 05 showed less
variation in rank when the ranks of the total final mean
height, total seed weight and the total above ground dry

weight as well as the averapge rank of ranks were comnared.

oth

Its rank was 1 in overall final height. The average rank

h

of ranks indicated that the cultivar had an 11t nosition.

The mean number of days to heading for the cultivar
ranged from 56.7 days on Debre Zeit soil to 73.4 days on
Akaki soil. |

Cultivar OS5 had the Sth highest number of tillers on 2

h

Debre Zeit soil and the St highest on Jimma Gerima Guda soil



as compared with the number of tillers of other cultivars on

these soils. No tiller was fofﬁed on the other four soils.

Cultivar 06

Like the cultivars already considered, the highest height
measurement was found on Debre Zeit soil and the lowest on
Jimma Melko soil. The height of the cultivar on different
soils, starting from the highest and going to the lowest pro-
duced the following order: Debre Zeit, Jimma Gerima Guda,
Akaki, Holleta, Chefe Donsa and Jimma Melko. The Jimma Melko
"s0il value was smaller than those obtained on Debre Zeit soil

by half.

The lowest dry weight obtained was on both Jimma Melko
and Chefe Donsa soils and this was 8 times 1less than the highest
recorded, which was on Debre Zeitsoil. The second highest
dry weight obtained, from Jimma Gerima Guda soil, was 28% less
than the highest. The dry weight yield, starting from the
highest, decreased in the following order: Debre Zeit, Jimma

Gerima Guda, Holleta, Akaki and Chefe Donsa and Jimma Melko.

The highest seed yield weight of this cultivar, from
Debre Zeit soil, was the highest of all the cultivars. The
second highest seed yield for this cultivar was from Jimma

Gerima Guda soil, and the lowest yielder from Jimma Melko



soil. The seed yield weight of this cultivar in the six
different soils decreased in the following order: Debre Zeit,
Jimma Gerima Guda, Holleta, Akaki, Chefe Donsa and Jimma

Melko. The difference in seed yield between Jimma Gerima

Guda and Holleta was very large as comvared with the difference
between the two highest yields. Differences among the third,
fourth, fifthy, and sixth highest yields were comparatively small.
-The least seed weight, on Jimma Melko was smaller than the
best seed yield, on Debre Zeit soil, by more than 19.1 times.
The second best seed yield was only 18.9%smaller than the best

one.

The yield of this cultivar in overall seed weight was
the best of all. The cultivar stood second in overall average
final height and fourth in overall above ground dry matter,
Like cultivar 05, it also showed less variability in its ranks
of the total seed weight and final mean height. The average
rank of ranks of this cultivar indicated that its overall

performance exceeded that of any other cultivar.

The mean days to heading ranged from 55.1 days on Debre

Zeit soil, to 78.1 days on Akaki soil.

This cultivar had the Sth

h

highest number of tillers on

Debre Zeit soil and the 7° highest on Jimma Gerima Guda soil



compared with the number of tillers of the other cultivars.
Cultivar 06 did not produce tillers on Chefe Donsa, Akaki,

Holleta and Jimma Melko soils.

Cultivar 07

‘Like most of the cultivars described above, the highest
height measurement value was obtained on Debre Zeit soil and
the lowest value on Jimma Melko soil. Height on Jimma Gerima
Guda soil was slipghtly smaller than that on Debre Zeit soil.
The height on Jimma Melko soil was slightly below half that
on Debre Zeit soil. The height of the cultivar in the six
different soils examined, decreased in the following order:
Debre Zeit, Jimma Gerima Guda, Hoileta, Chefe Donsa, Akaki

and Jimma Melko.

As far as the dry weight of the cultivar was concerned,
the lowest dry weight yield was obtained on Chefe Donsa soil,
unlike all of the other éultivar described before. The next
lowest was that on Akaki. Jimma Melko, which had produced
the lowest weights of the cultivars already considered, pro-
duced the third lowest dry weight of this cultivar. The
highest dry weight yield, obtained from Debre Zeit, was more
than 8.5 times greater than the lowest. The second highest

yield, obtained from Jimma Gerima Gﬁda soil, was 28.2% smaller



L 67 -

than the highest. The third highest dry weight yield, recorded
on Holleta, was 4 times less than the yield obtained on Debre

Zeit.

The highest seed weight yield was from Debre Zeit soil
and the lowest from Jimma Melko. The highest seed weight
was greater than the lowest by more than 15 times. The
second best seed yield, from Jimma Gerima Guda, was 19%
smaller than the highest. There was a big difference between
the second and third highest seed yield weights. The differences
among the third, fourth, fifth and sixth were not as big as
between the second and the third. Starting from the highest,
the seed weight of the cultivar on different soils decreased
in the following order: Debre Zeif, Jimma Gerima Guda, Holleta,

Akaki, Chefe Donsa and Jimma Melko.

The average rank of ranks placed the cultivar in the
fifth position. It stood third in overall seed weight, fifth
in total above grodnd dry weight and eighth in the total average

final height.

The mean number of days to heading ranged from 55.8 days

on Debre Zeit soil to 74.8 days on Jimma Melko soil.

Cultivar 07, unlike any other cultivar, tillered on three

soils, viz: Debre Zeit, Jimma Gerima Guda and Jimma Melkosoils.
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The number of tillers counted on Debre Zeit soil was the highest of all
the cultivars while tillers counted on Jimma Gerima Guda were

the Sth highest in number.

Cultivar 08

The maximum height measurement was obtained from Debre
Zeit soil and, the second highest from Jimma Gerima Guda soil.
This was the case with most of the cultivars already described.
Then came Akaki which gave the third highest height measurement
followed by Holleta which in turn was followed by Chefe Donsa.
The least height measurement occured on Jimma Melko soil as
was the case with all other cultivars so far described. The
highest height measurement value was almost twice as large

as the lowest.

This cultivar had its lowest dry weight both at Jimma
Melko and Chefe Donsa soils. This was 7.5 times smaller than
the highest dry weight yield, which was obtained from Debre
Zeit soil. The next lowest dry weight yield was from Holleta
soil. Jimma Gerima Guda soil gave the second best dry weight
yield and this was 23.3% less than that of Debre Zeit soil.
The third highest dry weight yield was that from Akaki soil

and it was four and a half times smaller than that from Debre

Zeit soil.
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The cultivar had the highest seed yield weight on Debre
Zgit s0il and the lowest on Jimma Melko soil. The second
highest seed yield was from Jimma Gerima Guda soil. There
was only 7% difference between the first and the second highest
yields. However, the difference between the second yield
and the third highest yields was comparatively large. Differences
among the third, fourth, fifth and sixth yields were less

nd ,ng 379, Starting from the highest,

than that between the 2
the seed yield weight of the cultivar in the six different
soils decreased in the following order: Debre Zeit, Jimma
Gerima Guda, Akaki, Holleta, Chefe Donsa, and Jimma Melko.
The highest yield, from Debre Zeit soil, was 16.5 times

greater than the lowest, from Jimma Melko and Chefe Donsa

soils.,

In total seed weight, the cultivar ranked second. On
the other hand, the overall above ground dry weight and final

th and ch respectively. The fact that

mean height:ranked 8
the above two parameters, dry weight and final mean height,
had lower ranks than fhose of most cultivars and the fact
that the total seed yield weight was the second highest of
all the cultivars suggest that the seed yield of the cultivar
per unit  dry weight is greater than those of most other
cgitivars examined. The average rank of ranks of all the >

h

parameters considered places the cultivar in the 7t position.



The mean days to heading for the cultivar ranced from

55.9 days on Debre Zeit soil to 75.3 days on Jimma Melko soil,

Cultivar 08 had tillers on 2 soils - Debre Zeit and
Jimma Gerima Guda. The number of tillers counted over the
growing period was the third hipghest in both Debre Zeit and
Jimma Gerima Guda soils. The other soils did not produce
tillers,

Cultivar 09

This cultivar had the third highest height measurement
of all the cultivars, being exceeded only by cultivars 11
and 10. The maximum heipht was achieved on Debre Zeit soil.
The lowest height measurement for the cultivar was obtained
on Jimma Melko soil, which had a value that was slightly
-smaller than half of that found on Debre Zeit soil. The
height of the cultivar in the six different soils, starting
from the highest, decreased in the following secuence: Debre

Zeit, Jimma Gerima Guda, Holleta, Chefe Donsa, Akaki, Jimma

Melko.

Unlike most of the cultivars already described, the
lowest above ground dry weight was obtained from Akaki soil.
The highest was obtained from Debre Zeit soil and it was 8.5

times greater than that obtained from Akaki soil. The second



highest dry weight vield, obtained from Jimma Gerima Guda soil,
was 3 times smaller than the highest. Jimma Melko dry weight
vield was the second to the lowest and was exceeded by Chefe

Donsa.

The seed weight of this cultivar on the six different
soils starting with the hichest, decreased in the following
order: Debre Zeit, Jimma Gerima Guda, Holleta, Akaki, Chefe
Donsa and Jimma Melko. Therefore, the hiphest seed yield =
weight was obtained on Debre Zeit soil and the lowest on Jimma
Melko s0il. The lowest seed yield weight was 14 times smaller
than the highest., The second best yield, from Jimma Gerima
Guda soil, was 4,6% smaller than the highest. The difference
between the second and the third best yields of seed weight
was comparatively greater than that between the first and the
second, but the third, fourth,fifth and sixth seed yields had

negligible differences among them.

The ranks of overall sced weight and overall above ground
dry weight of this cultivar match perfectly, standing Gth
among those of the eleven cultivars. The overall average final
height of this cultivar had thetthird hichest vosition by rank.
This was indicative of the fact that the tef plants of this

particular cultivar were among the tallest. The average ranks

of this cultivar showed that it was fourth by rank for the three
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parameters quantified, i.e, averape final heinht, dry weight and seed

weieht.

The mean number of days to heading for the cultivar ranged from

57.3 days, on Jimma Gerima Guda soil, to 70.9, on Jimma Melko soil.

Cultivar 09, like most of the other cultivars, tillered on Debre
Zeit and Jimma Gerima Guda soils. The number counted over the growing

period was the 7th

highest on Debre Zeit soil and the 4th highest on
Jimma Gerima Guda soil. The cultivar did not nroduce tillers on Akaki,

Chefe Donsa, Holleta and Jimma Melko soils.

Cultivar 10

This cultivar had the hiphest height measurement of all the cultivars.
Like most of the cultivars described above, the highest height measurement
occurred on Debre Zeit soil and the lowest on Jimma Melko soil. The lowest
height measurement was half of that obtained from Debre Zeit soil. The
heightof this cultivar in the different soils, starting from the highest,
decreased in the following sequence: Debre Zeit, Jimma Gerima Guda, Akaki,

Holleta, Chefe Donsa and Jimma Melko.

The highest dry weight yield was recorded from Debre Zeit soil and
the lowest from Holleta soil. The above ground dry weight yield obtained
from the six different soils, starting from the highest, had the following

order: Debre Zeit, Jimma Gerima Guda, Akaki, Chefe Donsa, Jinma Melko and
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Holleta. The lowest dry weight yield was more than 5 times
smaller than the highest. The second highest yield, from
Jimma Gerima Guda soil, was only 15.0% smaller than the
highest. However, the third highest from Akaki soils was -

more than three times smaller than the highest,

Debre Zeit soil nroduced the best seed vield for this
cultivar. The lowest seed weight was from Jimma Melkosoil.
The weight of the lowest seed yield was 11.5 times smaller
than the highest. The second highest from Jimma Gerima Guda,
was 24.9% smaller than the highest. The difference between
the second highest and the third highest was larger than the
difference between the highest and the second highest. The
rest of the seed weirhts, obtained from Holleta, Chefe Donsa,
Akaki and Jimma Melko, had small differences among them.
Starting from the hipghest, the seed weipghts decreased in the
following order: Debre Zeit, Jimma Gerima Guda, Holleta,

Chefe Donsa, Akaki and finally, Jimma Melko.

This cultivar had the highest overall final height and
the second highest overall above ground dry weight of all the

th  qhis

cultivars. However, in total seed yield it ranked 9
cultivar thus produced far less seeds per unit body weight

than most of the other cultivars.



The average ranks indicated that it had the third position
when all the parameter auantified, i.e., averare final height,

dry weight and seed weight, were considered.

The mean number of days to heading for the cultivar ranged

from 83 days on Debre Zeit soil to 77.8 days on Jimma Melko

soil.

This cultivar had the Bth highest number of tillers on
Debre Zeit soil and the ch highest on Jimma Gerima Guda soil.
Tillers were not nroduced on Akaki, Chefe Donsa, Holleta and

Jimma Melko soils.

Cultivar 11

It had the second highest mean heicht of all the cultivars,
its highest, on Debre Zeit soil, being exceeded only by that of
cyltivar 10. JIts lowest mean height on Jimma Melko soil was
two and a half times smaller than that on Debre Zeit soil.

The sequence of mean height measurements of the cultivar on
the six differentsoils, starting from the highest, decreased
in the following manner: Debre Zeit, Jimma Gerima Guda, .Holleta

Chefe Donsa, Akaki and Jimma Melko.

Like all the other 10 cultivars, the highest seed weight

yield was obtained from Debre Zeit soil and the lowest from



Jimma Melko. The highest seed '.yield weight was about 30 -
times greater than the lowest. The second highest, from
Jimma Gerima Guda, was 11.3% smaller than the hipghest. The
difference between the second and the third highest seed
weights were large; but small among the third, fourth, fifth
and sixth highest. Starting from the highest, the seed weight
of the cultivar on the different soils decreased in the
following sequence: Debre Zeit, Jimma Gerima Guda, Chefe

Donsa, Akaki,Jimma Melko.

In average rank of ranks, this cultivar had the same

position as cultivar 08. The overall seed weight was Vth

th

by rank, the overall above ground dry weight was 7, and

the total final mean height was fifth by rank.

The mean number of days to heading for this cultivar
ranged from 59.1 days, on Debre Zeit soil, to 80,6 days, on

Jimma Melko soil.

This cultivar had tillers on Debre Zeit and Jimma Gerima
Guda soils. It had the least number of tillers on Debre Zeit
soil and the Sth highest on Jimma Gerima Guda soil. On the
other soils: Akaki, Chefe Donsa, Holleta and Jimma Melko

tillers were not produced.



5.5 THE RESULTS OF SOIL ANALYSIES:«

From the description of the nerformances of
cultivars, it was apnarent that they nperformed
best either on Debre Zeit or Jimma CGerima Guda soils.

On the other hand, most cultivars had their poorest

(worst) performances on Jimma Melko soil. The ner-

formances in the otber soils, i.e., in Holleta,

Chefe Donsa and Akaki soils, were intermediate

excent for 2 cultivars.

before tryinc to account for the
it is

Therefore,
differential performances of the cultivars,

wvorthwhile to discuss the different soils on which
they were grown in the greenhouse.

As indicated in section 4.3 the soills on vhich
the cultivars were orown have heen analyzed as to
their mechanical composition and chemical content.

Results are shown in Arnendix 6.

The colour of the soils were varxiable, throuch

3 (50%) of them had dark reddish brown colour when

moist. In half the soils, the clay content exceeded

55%.



The pH ranged from 5.43, which was acidic, to
7.8, which was weakly alkaline. The exchanaeable
cations, Ca, Mg, and K showed wide variations, but

variation in sodium content was not as wide,

Phosphorus and Percent nitrogen also had
much variation among the soils analyzed. The
lowest value of exchangeable phosphorus {(for
Jimma Melko soil) was by 130 times smaller than
the highest value {(for Chefe Donsa Soil). The
lowest value of nitrogen (for Akaki soil) was
five times smaller than the highest value (for

Jimma Gerima Soil).

AKAKI SOIL

The percent clay of Akaki so0il exceaeded that of
Holleta, Debre Zeit, and Jimma Gerima Guda, The percent
silt of this soil was the second smallest and the percent
sand ranked third. The percentages of clay, silt and sand
were 56.25, 18.75 and 25.00 respectively., The textural class
of this soil was thus clayey. It had a poor internal drainage

and upon watering the soil, swelling always occurred.



The pH was slightly alkaline with a value of 7.8, It
was the only soil that had a pH value above neutral. The
rest of the soils had values below 7 which made them fall

into acidic soils.

Akaki soil had the highest electrical conductivity of

all the soils. The bulk density was only exceeded by Jimma

Melko soil,

Determination of cation exchange capacity (CEC)
revealed the fact that the s0il had the highest CEC, and

the percent base saturation was fifth by rank: .

T+ was the second best in the amount of phosphorus
present and was exceeded only by Chefe Donsa soil. Unlike

phosphorus, the percent nitrocen was the secondsmallest.

Akaki soil ranked third in the amount of aluminium
present. The amount of copper (Cu++) was equal in amount to
that present in Debre Zeit soil. Both soils had the second

smallest amount of the ion.

The amount of zinc and manganese were the smallest for
this soil., It ranked first in the amount of calcium present,

fourth in potassium, third in magnesium and third in sodium.



CHEFE DONSA SOIL

Chefe Donsa soil had the second higﬁest percent clay
next to Jimma Melko soil. It ranked third in the percent
silt present. The sand content in the soil was the smallest
of all, The proportion of clay, silt and sand were 60%

23.7% and 16.2% respectively. The soil was thus clayey.

Like Debre Zeit 'nci1l. Chefe Donsa soil was slightly
acid to neutral with a pH value of 6.92. The electrical
cénductivity of this scil ranked third and was exceeded only
by Akaki and Debre Z2eit soils. It ranked third in bulk
density. The percent pore space of this soil was the highest
of all. This might well be due to the clayey nature of the
soil. Clayey soils are more fine textured soils than éandy
soils and as such have higher percentage of pore space

{Buckman and Brady, 1969)

The percent organic carbon as well as the percent

organic matter of this soil were the smallest of all of the

goils amounting to 1.4% and 2.4% respectively.

It was the second best in cation exchange capacity and
was exceeded only by Akaki soil. Chefe Donsa soil had the

highest amount of exchangeable phosphorus. Like Jimma Melko



soil, the percent nitrogen was the second highest and was

exceeded by that of Jimma Gerima Guda only,

The amount of aluminium present in Chefe Donsa soil
was equal to that of Jimma Gerima Guda and both raked second
to last, exceeding only by Holleta soil, Like Holleta soil,
it ranked fourth in the amount of exchangeable iron (Fe+3)

and fifth in the amount of manganese ion,

Chefe Donsa scil was second in the amount of clacium,
potassium as well as sodium and first in magnesium. The

percent base saturation was fourth.

DEBRE ZEIT SOIL

The percent clay of this soll was the second smallest,
exceeding that of Jimma Garima Guda soil only. The percent
silt was also the second smallest and the % sand is the
second highest. The percent clay, silt and sand of this
soll were 22,5%, 45.0% and 32.5% respectively. The class of
the soil was thus loamy.

The pH of the soil was slightly acid to neutral and had
a value of 6.98, This value is exceeded by the pH value of

Akaki soil only.



Blectrical conductivity of the soil was the second best

and, again was exceeded only by that of Akaki soil.

The bulk density was the smallest, being
exceeded by the other soils. The percent pore space was
third and was exceeded by those Chefe Donsa and Holleta soil

only.

The percent Organic carbon as well as the percent

organic matter were third in rank.

The CEC (cation exchange capacity) was fourth in rank
The amount of phosphorus was third, being exceeded by Chefe
Donsa and Akaki soils. Oh the other hand, the percent

nitrogen present was the smallest of all.

Aluminium ion concentration was the smallest of all
the soils. It had copper ion (Cu++) concentration that was
equal to that of Akaki soil? ranking fourth. Debre Zeit
soil had the second smallest amount of zinc concentration
and the third smallest amount of manganese ion concentration

of the six soils examined.

As far as the exchangeable bases (cations) were concerned,
it had calcium which was the third smallest in amount. It
ranked first in the amount of potassium and sodiumé and

percentage of base saturation.



HOLLETA SOIL

The percent clay of this soil exceeded that of Debre
Zeit and Jimma Gerima Guda. Therefore, it ranked fourth in
percent clay content. The percent silt was the smallest of
all the soils while the percent sand was the highest of all.
The amounts of clay, silt and sand in percentages were 31.25,
17.50 and 51,25 respectively. The texture of Holleta soil

was thus sandy clay loam.

It had a pH of 5.5., which indicated that it was an
acidic soil., The electrical éonductivity ranked fourth,
exceeding €hat of Jimma Melko and Jimma Gerima Guda, The
bulk density was the second smallest, The total percent
pore space was the second highest of all and was exceedad by

that of Chefe bonsa soil only.

The percent organic carbon (as well as the organic
matter) ranked fourth. It had greater organic matter than

Akaki and Chefe Donsa solls.

The cation exchange capacity of the soil ranked fifth,
exceeding that of Jimma Melko soil only,

The concentration of phosphorus was equal to that of
Jimma Gerima Guda, both sbtils ranking second from last, It
ranked third in percent nitrogen, being greater than Akaki

and Debre Zeit soils.



Of all the soils that were examined the highest
amount of aluminium was recorded for Holleta soil. The same
was true for the amount of cooper present. Exchangeable
iron (ferric ion) was second to last and was equal to that
in Chefe Donsa soil. It ranked third in zine, being
exceeded by that of Chefe Donsa and Jimma Gerima Guda soils.
It had the highest concentration of manganese of all the

solls.

Holleta soil ranked last in calcium, third in
potassium, fourth in magnesium and fifth in sodium. Its rank
based on the percent base saturation, as determined from
the CEC and exchangeable bases, was second and was exceeded

only by that of Debre Zeit soil.

JIMMA GERIMA GUDA SOIL

The percent clay was the smallest, the percentage silt
was the highest and percent sand the fourth highest, exceeding
those of Jimma Melko and Chefe Dansa soils. The percentage
values of the clay, silt and sand were 6.25, 72.50 and 21.2§5

respectively. The soil was therefore silty loam.

Like Debre Zeit so0il, it had one of the least bulk

densities and it ranked fifth in total percent pore space.



The percent organic carbon as well as the percent
organic matter of this particular soil was the highest of all.
It had aléo the highest percent nitrogen., The amount of
phosphorus, however, put it in the fourth position. It had

phosphorus that was equal in amount to Holleta soil.

Aluminium content of the soil was the second smallest,
the least was that of Debre Zeit. Copper (Cu++) and iron
ions were the smallest of all the soils. It has the highest

zinc content and ranked second in the amount of manganese,

Among the exchangeable bases (cations): potassium and
magnesium were the lowest of all, while calcium was third
and sodium fourth by rank, The percent base saturation of

this soil was the lowest of all.

JIMMA MELKO SOIL

It had the highest percentage of clay of all the soil,
it was fourth in percent silt and it had the‘second smallest
percent sand, exceeding only that of Chefe Donsa soil. The
pexrcent clay , silt and sand of this soil were 61.2, 20.0

and 18.7 respectively. The soil was thus clayey.

pH for this soil was the smallest of all, having a

value of 5.4 ., It was, therefore, a strongly acidic soil

like that of Holleta. The electrical conductivity of this



soil was the second lowest, exceeding only that of Jimma
Gerima Guda. It had the highest bulk density, and it had

the lowest percent pore space.

The percent organic carbon and organic matter were
the second highest and were exceeded only those of Jimma

Garima Guda soll.

Jimma Melko soil had the lowest catidn exchange

capacity (CEC),

It had the smallest phosphorus content. The percent
nitrogen was the second highest next to Jimma Gerima Guda
soil. It was second in the amount of alumiﬁium present in
it and was exceeded by Holleta scil. It ranked third in the
amount of copper and was first in the amount of iron persent.
Zinc in Jimma Melko soils occupied a fourth position exceeding
that of Debre Zeit and Akaki soils, The amount of manganese

was third, being next to Holleta and Jimma Gerima Guda soils,

Calcium was second from the last, so were potassium
and manganese, Sodium was last. The percent base saturation

was the third highest.



GENERAL DISCUSSION:

Computation of the mean relative growth rate
(RGR) of plant height indicated (Table 4) that the
figures obtained were high for all the cultivars
during the early stage of development (between

the 20t} and 3oth

days after sowing) of the plants
and progressively decreased as the cultivars
approached physiological maturity (from the 7oth

days after sowing).

During the initial growth stage, the amount
of soil nutrients in the different soils would
be greater than in the final stages of development
of plants and this would enable faster growth of

plants, hence higher mean RGR was obtained.

The availability of nutrients would progressively
decrease as the age of plants increased. This would
~31low down the rate of growth of the cultivars. In
the final stage of development (maturity stage) the
‘cultivars had accumulated enough biomass and had

become senescent that the net gain of biomass



was comparatively very small and the mean RGR was

small as well,

Leaf and tiller sensecence would partially
explain for the irregular rate of mean relative

th to the

growth that was observed from the 30
70th days., Rate of apparent photosynthesis would
decrease as leaves, tillers or stem senesce and

this would sharply decrease the amount of biomass
added to the plant body. However, other environmental
factors might have equally affected the mean RGR as

did senscence during the above mentioned range of

days of cultivar growth.

Studies of growth of a whole plant or a whole
life cycle of a ﬁlant'indicate that the different
growth phases result in a sigmoid curve or simply
a growth curve, Any growth curve has three phases:
Phase of cell formation, when growth rate increased
slowly; phase of éell eldﬁgafion, when'growth
re%e increased rapidly; and phase of cell |
maturation, when again, the rate slows down.
Computation of the mean RGR of a plant height

should reflect the phases of the growth



curve, i.e. it had to be slow in the initial stage followed
by being fast in the grand period of growth and, again, slow
during the maturity stage. This, however, was not fully
realized in this experiment when mean RGR were computed from

plant heights of the cultivars, This was particularly true

Oth 0th

of the mean RGR of the cultivars from the 3 to the 7

days of growth of the cultivars,

The fact that the experiment was dbne in 4 greénﬁouse
where controlled environmental conditions were absent would
be a possible explanation for the deviation of results of
the mean RGR between the SOth and the 7Dth days of growth,
Temperature could be another environmental factor that:
might have affected the growth rates., For example, the
daily range of temperature of the green house varied from
6% to 49%., At temperatures above 45°% enzymes are denatured
or inactivated, Therefore temperature as high as 49% could
retard growth of cultivars and could introduce unexpected
results to the mean RGR, In addition to this)growth was

not measured during the first 20 days after sowing.

Therefore; it would be necessary to study the rate of

change of the mean relative growth under a controlled
environmental conditions in order to get a better understand-

ing of the growth activities of the different cultivars.



The performance of cultivars as well as the results
of the analysis of the soils showed wide variétions, The
variations of cultivars performance and that of soil
analytical results dictated the application of statistical
methods to analyze the sources of variations of cultivars'®
performance; to exanmine if differences of performances of
cultivars, depending on some of the parameters quantified,
were significantly different from each other ; and to
determine how the different soil analytical results affect
the performance of cultivars in particular and of tef in

general,

To analyze the source of variations, analysis of

variance were computed on six growth character$ (Table 6).

They were:

Average plant height (cm) 20 days after sowingj

Average plant height (cm) 50 days after sowing;

Averapge final height (cm) before harvest,

Average change in height per day between the 40th
and 60°h day after sowing.

Total seed weight (gm) per 15 plants,

Total dry weight (gm) pexr 15 plants

The results indicated that the variance due to cultivar

type was not significant (even at 10% level) for the characters



with the exception of the average final height before
harvest, WNeither was the variance due to the interactions
of soils and cultivars significant, Hdwever, the variance

due to soils was significant at 0.5% level or less.

To identify the cultivars that had significantly
higher tef dry matter on a given soil and the soils that
produced significantly higher tef dry matter for a given
cultivar , analyseé were made with Duncan's multiple-range
tests (Table 7 and 8). The results indicated that all
cultivars had comparable yielding abilities of tef dry
matter on Akaki, Chefe Donsa, Holleta or Jimma Melko Soil,
Ih the other two soils, i.e., Debre Zeit or Jimma Gerima
Guda some cultivars had significant dry matter weight
differences, On Debre Zeit, cultivar 06 had significantly
higher (at 5% level) dry matter than cultivar 01 or
cultivar 03; and on Jimma Gerima Guda soils cultivar 04
or 02 had significantly higher (at 5% level) dry matter
than cultivar 05, The: rest of the cultivars, i.e., cultivar
07, 08, 04, 02, 10, 11, 09 or 05 on Debre Zeit soil, and
cultivar 10, 09, 01, 06, 08, 11, 07 or 03 on Jimma Gerima
Guda so0il, had comparable dry matter production with
differences that were not significantly higher or lower

among them, .



The soils that produced significantly higher dry
matter for each cultivar were analyzed, Jimma Gerima Gudé
produced dry matter of cultivar 01, 02, 03, 04, 10 or 11
that was comparable with that produced on Debre Zeit soil,
The differences in dry matter yield of each cultivar
mentioned above in the two soils were not significantly
differenf. However, the dry matter production of the two
soils for the cultivars - 01, 02, 03, 04, 10 or 11 - were
signficantly higher (at 5% level) than that produced by
Akaki, Chefe .Donsa, Holleta or Jimma Melko separately.
The other cultivars, i.e. cultivar 05, 06, 07, 08 or 09
each had dry matter on Debre Zeit soil that was Significanéiy
higher (at 5% level) than that produced on Jimma Gerima
Guda soil and yet, that produced on Jimma Gerima Guda for
each cultivar mentioned above was significantly higher (at
5% level) than thaf obtained on Akaki, Chefe Donsa, Holleta,
or Jimma Melko separately. 'However, dry matter production
of Akaki, Chefe Donsa, Holleta or Jimma Melko for each
cultivar mentioned above (05, G6, 07, 08 and 09) were

comparable,

Analyses of variance as well as Duncan's multiple-
range test indicated that the soils were mostly responsible

for the difference of performance of cultivars.



To examine if variations of performance of cultivars
corresponded to similar variations in soil analytical results
and to determine how the different soil analytical results
affect the performance of cultivars in particular and of
tef in general, simple correlation coefficients were

computed between:

A) Seed weights of each cultivaf and each edaphic factor
of so0il analytical results (Table 9).

B) Dry weights of each cultivar and each edaphic factor
(Table 10} and

C) Total dry ﬁeights of tef on each soil and each edaphic

factor (Table 11).

Correlations of seed weight of each cultivar with
each factor of soils indicated that all the cultivars had
significant and positive correlation coefficients (r) with
potassiyp at 5% level or less, Each cultivar had also
significant and positive coefficient with the silt content
of the soil at 10% level, Clay was significantly correlated
with the seed weights of each cultivar at 10% level but
the correlation cofficients were all negative, The other
edaphic factors - sand, nitrogen, sodium, calcium, magnesium,
manganese, zinc, iron, aluminium, cation exchange capacity

and organic carbon - were not significantly correlated with



seed weights of the cultivars,

The dry weight of each cultivar on the different
soils was also correlated with edaphic factors. ‘Again,
each cultivar had significant and positive céefficients with
potassium at 1% level and with silt at 10% level, The clay
contents of the soil had also significant and nega ve
correlation coefficients with the dry weights of each
cultivar at 10% level, The other edaphic factors were
not significantly correlated with the dry weights of the

cultivars,

Since the soils were implicated for the differences
of performances of cultivars (Table 6) and since eaéh
cultivar showed significanf correlation coefficients wifh
particular edaphic factors, i,e.,, potassium, siit and clay,
correlations were also made between total dry weights of
tef on each soil, which was achieved by adding the dry
weights of the cultivars on a soil, and each edaphic factor
to examine if similar relationships were maintained by the
dry weights of tef in general., The results indicated that
dry weights of tef had significant and positive coefficients
with silt of the soil at 10% level; and significant but
negative coefficients with clay contents of the soil at 10%

level, The other edaphic factors were not significantly

+ -
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correlated with the dry weights of tef at 10% level of

significance,

In simple correlations, edaphic factors were taken
singly to be correlated with the dry weights or seed weights
of tef cultivars and with the dry weights of tef. In all
the correlations, each cultivar had positive and significant
coefficient with potassium or silt., Potassium is a
hacronutrient needed in relatively large amounts by all
plants and is important in metabolism in the formation of
cafbohydrates and proteins; it also aids in the uptake of
other nutrients and in their movement within the plant
(Thompson gi.gl.. 1978). Soil containing too much clay
may have high water - holding capacity but inadequate
aeration and the decreased aeration resulting from soil
compaction caused a decrease in the uptake of potassium
(Thompson et. al., 1978). The fact that the dry weights
and seed weights of each cultivar in particular and dry
weights of tef in general had high and positive correlation
with potassium and silt were closely linked with the adequate
aeration that silt-dominated soils would have which would
facilitate rapid absorption of potassium for optimal plant
growth, On the other hand, the fact that the dry weight

and seed weight of cultivars had significant but negative



performance of the cultivars. Moreover, plant growth depends
not on single factors (as in single correlatiphs explained
above) but on a multitude of factors that usually interact
strongly (Kelley , 1948). As such the absence of significant
correlations between several edaphic factors and dry weights

of cultivars was not unexpected.

The combined effects of edaphic factors on yield of
tef were examined using multiple correlation analysis
(R) (Table 12). The dependent variable was the total dry
weights of tef on each soil and the independent variables,
taken in two's were the edaphic factors determined by soil
analysis. Two dependent variables were taken at a time to.
.be correlated with the dry weights because the number of
soil samples w{r; only six and as such did not,leave_enough
degrees of freedom for more independent variables to be

used at a time.

The results of the multiple correlation analyses

indicated that

(a} Percent clay and percent sodium together were
significant at 2,5% level;
{b) Percent silt and percent organic carbon together were

signficant at 10% level;
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{c}) Percent silt and percent nitrogen together were
significant at 0.5% level or less;

(d) Percent silt and percent sodium together were
significant at 10% level;

(e)‘ Percent silt and percent potassium together were

significant at 0.5% level or less;
(£f) Percent clay and percent manganese together were

significant at 10% level,

The highest multiple correlation coefficients were
thus obtained when dry weightwas correlated with silt and
potassium. Variations in total dry weights of tef were
accompanied by similar variations of silt and nitrogen or
silt ahd potassium of the soils. It seems, therefore, that
the silt content, the nitrogen and potassium of the soils
have been the edaphic factors that were partly responsible
for the differences in dry weight of tef on the different

soils,

The good vegetative growth of cultivars on Jimma Gerima
Guda soil could Be best explained on the basis df'fﬁe results-
of the multiple correlation., Jimma Gerima Guda soil, though
it had only the second rank by dry weights of the tef produced
on it, had plants (in many instances) that were. comparable

in height to those on Debre Zeit soil., Over the growing
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period of the cultivars, Jimma Gerima Guda soil had dark
green thin films on top of its soil., Microscopic examinat-
ion of the thin green films revealed that they were blue
green algae, These blue green algae had heterocysts, It
is a known fact that nitrogen fixing in the blue green
algae is by species which form the thick-walled, colorless
heterocyst cells (smith, 1955; Fogg, 1973; Etherington,
1974), 1In addition, the soil was silty loam and was
characterized by the highest percentage of silt (72.5%)

of the soils examined.

Debre Zeit soil was the best soil for it had loamy
texture, Loamy textured soils are best for most agricultural
purposes (Brade~-Bricks, 1962)., Loam and silﬁfloam soils
are highly desirable for most uses because they have enough
clay to store adequate amount of water and plant nutrients
for optimum plant growth but not so much clay as to cause-
poor aeration or to make working with them difficult
(Thompson et.al 1978). Both Jiwma Gerima Guda and Debre

Zeit soils were silty loam and loam in texture respectively..

The relatively poorer performance of cultivars on the

other soils could be explained from the point of textural

composition of the soils, Akaki, Chefe Donsa and Jimma



Melko soils were clayey. In simple correlations, the.clay
contents of the soil were negatively and significantly
correlated with the dry weights of tef, i.e;; an increase
in the clay content of soils is accompanied by a decrease
in dry weight yields of tef and vice versa, The fact that
the textural composition of Akaki, Chefe Donsa and Jimma
Melko soils were dominated by the clay fraction might.have
result;d in the poorer performance of cultivars on these
soils. Holleta soils was sandy clay loam in texture though
acidic. On Holleta soils, the performance of cultivars |
were not comparable to those of Debre Zeit and Jimma Gerima
Guda. In many instances, the dry weights of tef on Holleta
soil were greater than those-on Akaki, Chefe Donsa and Jimma
Melko, The acidic nature of the soil is belived to have
interfered wiﬁh the proper performance of cultivars on

Holleta soil,

The total dry weight of tef produced on a given soil
in the greenhouse experiments was divided by the total number
of cultivars (11) that produced it. The resulting average
values of production in the different soils were used to
place the different soils according to their relative levels
of fertility on the horizontal axis of a graph. The dry

weights produced by a specific cultivar on the different
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s0ils were placéd along the verfical axis: The position

of ecach soil was marked oh the graph based on these two
axes. The cultivar whose production of dry weight on a
given soil was exactly the average for all the cultivars
wolild place the positions of the soils on the diagonal

line drawn at 45° from the origin. The reason why this
diagonal line should show the average production of a
cultivar on the different soils is that since the horizontal
axis shows average production of cultivars on the different
soils, any cultivar prbducing the same dry matter as the
average for a soil joins ﬁith this line at a point
equidistant from both axes, The diagonal line passes
_through this point. If the cultivar has produced more than
average on a given soil, its value on the vertical axis will
be greater than that on the horizontal axis; the point then
lies to the left of the diagonal line. 1If, on the other
hand, it produces less than avefage; the horizontal value
will be greater, shifting the point to the right or (below)
‘the diagonal line. The further away from the diagonal the
ﬁoint lies, the more it deviates from the average for that
level of so0il fertility, The graphs made in this way are

shown in figures (figure 1 to 11).
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FOLLOWING FIGURES (FIGURE 1 ~ 11)

DRY WEIGHT OF THE CULTIVAR
GROWN ON AKA&I SO1IL .

DRY WEIGHT d% THE QBLTIVAR
GROWN ON CHEFE DONSA SOIL

DRY WEIGHT OF THE CULTIVAR
GROWN ON DEBRE ZEIT SOIL
DRY WEIGHT OF THE CULTIVAR
GROWN ON HOLLETA SOIL

DRY WEIGHT OF THE CULTIVAR
GROWN ON JIMMA GERIMA GUDA SOIL

DRY WEIGHT OF THE CULTIVAR
GROWN ON JIMMA MELKO SOIL
AKAKI SOIL

CHEFE DONSA SOIL

DEBRE ZEIT SOIL

HOLLETA SOIL |

JIMMA GERIMA GUDA SOIL

JIMMA MELKO SOIL
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Bige 1. AVERAGE DRY WEIGhT OF TEF

AGAINST DRY WEIGHT OF CULTIVAR 01

H

AveRage DRY WEIGHT OF TeF IN GRAMS
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Fig. 3¢  AVERAGE DRY WEIGHT OF TEF
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From these graphs it became possible to see those
cultivars that performed higher or lower than gverége'for

the given level of soil fertility.

The performance of cultivar 01 on Akaki, chefe Donsa,
Debre Zeit, Holleta and Jimma Melko soils was below average.
On Jimma Gerima Guda soil the cultivar performed slightly

above average.

The soils on which it performed below'avérége had
higher clay content than the soil on which it performed above
average, Alsco, Jimma Gerima Guda soil had the highest
percent silt of all the soil. In percent sand, Jimﬁa Gerima
Guda had values similar to the rest of the soils. Tﬁerefore,
it seems likely that cultivar Ol has better performance on

soils that have low clay content and high silt content.

Cultivar 02 performed abéye’average on all the soils
- According to soil chemical and mechanical aﬁalyses results,
it was clear that the six different soils had different
contents of 'sand, silt and dld&. Moreover, the nutrient
availability of the solls were also variabléT The fact that
the cultivar had performed above average on all the soils |
could only mean that it had great adaptation to a wide range

of soils.
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Cultivar 03 performed slightly above average on Akaki
and Jimma Melko soils. On Chefe Donsa, Debre Zeit , Holleta
and Jimma Gerima Guda soils, it performed below average.
Both Akakil and Jimma Melko soils had clayey type of soils.
The one other soil which had clayey soil and on which the
cultivar's performance was below average was that of Chefe
bonsa. The rest of the soils, i.e. Debre Zeit, Holleta
and Jimma Gerima Guda had textures that were loamy; sandy
clay loam and silty' loam respectively. Therefore, as far
as this cultivar was considered, it seemed to have better

growth response on clayey soills than on the other soils.

Cultivar 04 performed above average on Akaki, Chefe
Donsa, Debre Zeit and Jimma Gerima Guds soils. The
cultivar performed below average on Holleta ahd Jimma Melko
Soils. The below average performance of the cultivar could
ba better explained by conéidering the nutrients and pH than
with the textural content of the soils. Both soils, Jimma
Melko and Holleta, on which the cultivar had below average
performance, had the lowest and the second lowest pH values-
5.4 and 5.6 respectively. On the other hand, these two soils

had the highest aluminium content of all other soils. At pH
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values below 5.0 to 5.5., aluminium, iron , and manganese

are often soluble in sufficient quantities to be toxic to

the growth of some plants (Buckman and Brady, 1969}, In

acid soils, aliminium may also be involved. in the immobiliz-
ation of phesphorus by production of very insoluble phosphates

{(Ftherington, 1964).

Cereals suffering from phosphate starvation are ratarted
at every stage of their life-history, from the emergénce of
the second leaf to the time of ripening (Russel, 1973).
Therefore, this cultivar might have been affected by the
strongly acidic conditions of the soils and might have become
sensitive to the concentration of aluminium in the solls which

could retard its corowth,

Cultivar 05 performed above averace on Akaki, Chefe
Donsa and Holleta soils. Ite performance was below avérage
on Debre Zeit, Jimma Gerima Guda, and Jimma Melko soils.
Akaki, Chefe Donsa and Holleté had lower percent organic
carbon as well as percent organic matter than the other
three soils. Thus, the cultivar seemed to favour the
soils that had relatively low organic matter for better

performance.



Cultivar 06 performed above average on Akaki, Debre
Zeit Holleta and Jimma Melko Soils. Its performace was
below average on Chefe Donsa and Jimma Gerima Guda soils.
Both soils had relatively lowers and content than most of
the soils considered. It was likely that this cultivar

did not favour soils that had low sand content,

Cultivar 07 performed above average on Debre Zeit and
Holleta soils. Its performace on Akaki, Chefe Donsa, Jimma
Gerima Guda and Jimma Melko soils was below average. Of the
six soils, Debre Zeit and Holleta soils were among those
that had low clay-22.5% and 31.3% respectively. Debre Zeit
and Holleta soils had the highest and the second highest
percent sand of all, i.e.., 51% and 32.5% respectively. The
facts enumerated above strongly suggest that the cultivar
performed better on soils that had high sand content and
low clay content. The cultivar was one of those that had
poor performance because it succeeded in performing above

average in two of the gix soils.

Cultivar 08 performed above average on Akaki and Debre
Zeit soils. It performed below average on Chefe Donsa, H
Holleta, Jimma Gerima- uwda and Jimma Melko soils. Akaki and
Debre Zeit soils had pH values that were greater than those

of other soils and approached neutral. Akaki with pH value of
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7.8 was weakly alkaline while Debre Zeit was neutral, with
a pH of 6.98. But both had the lowest and the second lovest
nitrogen contents. Therefore, the cultivar seemed to
favour those soils with near neutral pH (which are neither
acidic nor alkaline) and relatively lower nitrogen contents,
It was one of the cultivars that had poor performance and
adaptive capacity because it performed above average in only

two of the soils out of the six,

Cultivar 09 performed above average on Chefe Donsa
Holleta, Jimma Melko, and Jimma Gerima Guda goils, It

performed below average on Akaki and Debre Zeit soils.

This was in contrast with cultivar 08 which had above
average performance on Akaki and Debre Zeilt soils. The
concentration of the edaphic factores that were needed for
the proper development of cultivar 08 seemed to have an
antagonizing effect on the proper development of cultivar
09. This -cultivar, therefore , grew properly on those
solls where cultivar 08 could not properly grow and seemed
to favour soils with léw . sand content, low phosphory$~

content and high nitrogen content,.

Cultivar 10, unlike most of t*e cultivar considered
before, performed above average cn all soils except on

Holleta. Among the soils considered, Holleta was the only
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one that had sandy clay loam texture. Other features that
characterized this =o0il were that it had highest cuprous

ion content, the highest aluminium ion content, the lowest
percent silt, The highest percent sand, the lowest calcium

ion content, and a low pH.

From the point of view of texture, the cultivar seemed
to like those soils that had high percent silt with low
percent gsand. The relatively high amount of aluminium
together with low pH could very well retard and interfere
with the proper development of this cultivar on the particu-

lar soil.

Although its performance was below average on Holleta
soll, it was one of the cultivars that had one of the high-
est adaptive capacity since it was able to perform above

average in the 5 out of the 6 soils.

Cultivar 11 pexrformed below average on all the solls
except on Chefe Donsa. Chefe Donsa soil had the lowest
percent sand and was clayey in texture. It had the lowest
organic carbon content, highest phosphorus and magnesium

contents of all other soilsor since the cultivar had
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performed above average only on Chefe Donsa soil, it seemed
more likely than not, thkat proper development for the-
cultivar could probably be attainedon soils that had high
phosphorus content along with high magnesium content on

clayey soils.

From the graph it was evident that cultivar 11 and 01
performed above average on only one of the six soils
(Fig,l and 11). It was therefore, highly probable that these
two cultivars had the poorest adaptive capacity of all

the soils they were grown on.

The cultivar that performed best was identified for
each of the soils. The cultivars were the following:
Cultivar 06 on Debre Zeit soil; cultivar 04 on Jimma Gerima
Guda soil; cultivar 05 on Chefe Donsa soil; Cultivar 10 on
Akaki soil; cultivar 09 on Holleta soil: and cultivar 10

on Jimma Melko soil.

Also, & soil on which a cultivar performed its best
was identified. Hexe all of the eleven cultivars performed
best on only one soil = Debre Zeit. This is not unexpected
Debre Zeit soil was loamy soil, Loam is neither heavy nor

light,
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Hzre, it was possible to identify the only case where
the soil on which the cultivar performed best of all was also
the so0il on which the performance was the best for the culti-
var. Cultivar 06 performed the best of all other cultivars
on Debre Zeit soil and, again, it was on Debre Zeit soil

that cultivar 06 performed its best.

The cultivar that performed the poorest for each soil
was also identified. The cultivar that performed least for
each soil were the following : Cultivar 03 on Debre Zeit
s0il; cultivar 05 on Jimma Gerima Guda soil: Cultivar 08
on Chefe Donsa soil and cultivar 07 as well as 11 on Jimma

Melko soil.

The soll on which a cultivar performed its poorest
was also identified, Cultivars 01, 02, 03, 04, 05, 06, 07,
08 and 11 had the poorest performance on only cne soil,
Jimma Melko. However, there were cases where a cultivar
had its pocrest performance on two soils simultaneously.
This was true of cultivar 08 and 06 that had poorest
performances on Chefe Donsa s_dimma Melko soils. The other
soll on which cultivar 09, héd its poorest nerformance was

that of akaki.
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Therefore, the soils“on which all the cultivars had
their poorest performance were: Akaki, Chefe Donsa and
Jimma Melko.. These soils had one common characteristic
that identified them from the other soills studied. They

were all clayey in texture.

Again it was possible to identify the few cases where
the soil or soils on which thecultivar performed least of
all was also the soil or soils on which the performance was
the poorest for the cultivar. This was true of cultivar
0% on Akaki soil, cultivar 08 on Chefe Donsa soil and

cultivar 07 as well as cultivar 11 on Jimma Melko soil.
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CONCLUSION

Among the soils studied, the soil texture
seemed to have the careatest influence on the growth
and yield of tef cultivars, Clayey textured soiig
of Akaki, Chefe Donsa and Jimma Melko were respon-

sible for the moorest nerformance of the cultivars.,

The sandy clay loam of Holleta soil shares a
similar fate with the clayev textured soils conside-
red above, excent that it was not a soil where a
cultivar performed its worst. Murohy(l268) while
describing the goils of Addis Ababa = Dukem = Debre
Zeit - Modjo sald that the youna tef on this wet
clayey textured soil often had a yellow cast indicat-
ing lack of aeration and available nitrogen. " He
went on to say that the physical nroperties of the
entire profile of the blackland clay soils limited
the best usage of these scils to the growinag of

shallow rooted crops such as tef or vheat.

The other soils, the loam textured Debre Zeit
s0il and the eilty loam textured Jimma Gerira Guda
solls were the best for the optimum growth of culti-
vars from among the soils considered under green-

house conditions.



- 123 -

The fact that soil texture scemed to have the greatest
influence on the growth and perfomance of tef cultivars is
to be expected. Alexander (1962) pointed out that textural'.
designation servesfar Qreater purpose than simple ncmenclatural
subdivisions because the ease with which a soil is worked,
its aeration, and moisture relation - hence its bioloagical

activity - are aoverned to a great extent by texture.

The cultivars did not show much variation amona them-
selves when the seed weights or dry wéiachts on a given soil
were compared ( Table 7). Thus they had, in most cases,

comparable werformances.

The factors that were responsible for yield differences

wvere differences in soils.

There are thousands of different kinds of soils. The
physical and chemical properties, the various uses and the
response to management of the different soils vary. There
are solls that are suitable for particular crops. There are
also scils that do not give satisfactory yield output for
particular crops. For example, the clayey'soils of nkaki,
Chefe Donsa and Jimma Melko soils were responsible for the

poorest performance of the tef cultivars under a greenhouse
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condition. The performance of cultivars under field
conditions would be as similar as under axeenhouse condition
since condition similar to the greenhouse would exist in

“nature.

Though the soil samples examined were few it was
possible to conclude that tef cultivars from NYT were
better adanted to scil types that were not clayey and per-
form better on soil dominated by silt along adequate cuanti-

ties of nitrogen and notassium,
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Average Plant Height In Centimeters
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“Appendix 1: {Cont'd)

CULTIVAR

Days after sowinsg 20 30 40 60 70 90

, 1 i
\Block 2 11 2 1 2 2 21 1 2 1 2
Soil . :
| AKAKT 5.9 10.0 | 6.7 | 16.5 !10.,9 17.7 50,2 148.4 40,1 68.5
' CEEFE DONSA .1} 11.5 {13.9 | 17.1 {19.6 27.3 57.3 144.2 55,6 61,6
| DEBRE ZEIT 13.01 28.7 | 26.4 | 38.3 42.8 64.7 87.1 187.2 5016 02,5
HOLLETA 9.6} 14.2 113.4 | 21.8 19.1 25.0 55,7 150.9 | 56,5 61.3
T S RA 9.1} 16.6 [ 14.1 | 30.7 |24.7 38.0 6.2 1005 | 84.6 01.2
JIMMA MELKO 3.51 4.5} 6,2 9.9 8.8 | 8.9 11.7 16.5 123.4 |18.4 37,9

1




ippendix 1 (Comt'd)

CULTIVAR

s after sowing 30 ko 60 70 8o Y
L - ] ‘ t :
l\alock 1 5 1 > >
)11 e
LAKT 12.5 {8.0 11.5 $0.8 44,1 63.3
[EFE DONSL 12,3 113,1 18.7 46,3 44,3 55,0
IBRE ZEIT 36.6 [26.1 | 41.8 93.6 94,7
”«'ﬂt‘, o . [f;:;*ki-fztuﬁ W,\M - g ;‘\ ij SR s
LLETA 10.3 {17.5 28.3 52.1 62.3 62,5
MMA GERIMA

GUDA 1770 19._.4'L 29¢_.1 905,8 84—73
MMA MELKC 10.9 8.2 1.3 28,8 46,56

4]
sas0?




Zpvendix 1: {Cont'a)

CULTIVAR ) 05
Dayé after sowing 20 30 kg 50 &0 20 &0 90
' * 7 ‘ ;
: Brock 1 2 |1 2 1 2 1 2 1 21 1 2 1~ 2 1 2
Seil '“~~\ ;
- 4 ‘
SK AKT 4.5 15.5 17.2 {9.1 [10.9 153 | 15.8 |21.6 26,7 B4.3 [38.2 [42.0 8.4 [354.1]57.7 [57.5
CEEFE DONSA 10.2 9.5 83,3 14.7 119.8 (20,5 { 26,1 |28.436.8 BS.5 [49.7 [55.8 50.2  }56.5 510 56,5
DEBRE ZEIT 20.0 119.5 135.9 7.4 144.9 [39.5 §61.0 162.8 |84.6 k2.4 (92,0 J91.7 P2.8 |92.3 |92é4 1950
HOLLETA 13.2 12,2 9.6 9.0 123,5 [23.1 |29.9 |29.5|45.4 $0.3 {53.1 |[55.0 (54,0 |58.154.1 58.1
' =
Jméggimm-“ 12.9 1 9.6 R1.1 5.3 |30.4 [26.3 | 48,9 {42.7}70,2 $3.9 [86.0 [78.2 §7.2 {8L.2 87.4  (81.6
JIMMA MELKGC 6.1 | 5.7 19.8 8.8 12,8 JIL.5 | 18,5 [16.1{27.0 pa.1 |35,3 [29.2 47,6 }57.2[48.0 [45.5
|




Appendix 1: (Cont'd)

CULTIVAR 06
Days after &SOWiag 30 Lo 50 60 70 80
1
Block -
1 2 1 2 1 2 1 23 1 2 1 2 1 2 .
Soil T
i AX AT 5,0 3.1 9?8 4.8 14.9 Sfl 2.4 {13.4 35,4 23f5 40,7 37,0 [62.9 {56.0 |68,
CEEFE DONSA 10.1 | 7.5114.6 112.0 | 21.5 |17.6 [ 29.4 {25.3!42.4 }32.8| 51.6 {52.0 |ss.8 |61.5 56.
DEBRE ZEIT 22.5 14?4 3871 28._9 53,6 48,2 69?2 65?a0 93._9 84f0 103,2 1102,3 {03.5 }03.0 205
HOLLETA 11.8 {12.2{17.6 [17.4 { 25.2 {22.4 | 35.2 [33.0{50.8 [6.7] 63.0 {65.9 |65.2 l65.9 |
N i . ; b
JIMMA GERIMA 12.3 -
GUDA . 11.4 .-0._-) 16.78 39..,7 27?7 49f2 474.'0 69.5 73f0 39,?6 93.9 95.:1 100,5 | 55
JIMMA MELKO 4.4 5.7% 7.2 9.2 9.9 112.5 | 15.0 115.0116.6 i25.6) 24.4 }34,9 |49.5 la9.61%2
i - | ' ' )
- ¥ !



‘Aopendix 1: (Cont'd)}

CULTIVAR 07
Days after sowing 20 30 40 50 60 70 8o g0
) | ' 1 1
Block
1 2 1 2 1 2 1 2 b 2 1 2 1 2 1 2
Soil \\ 1
AK AKT 4.6 1 4.8 }7.5 {11.0 | 11,3 |16.7 | 18,5 |{28.8128.2 [263F} 36.7 | 36o% | 53.0 |82,7 | 50,1 3642
CHEFE DOKS4 10.0 § 7.8 {6.3 {13.1 | 20.2 {18.3 | 26.0 |24.1]40.5 |31.8} 56.5 | 48.9) 61,1 {57.7 {61.1 158.0
DEBRE ZEIT 21.6 [15.1 {36.0 [24.6 | 52.7 |42.8 | 69.2 |55.9[92.6 }75.8] 99.0 | 89.7/99.9 }{90.0 100.0 {90.0
HOLLETA 15.9 |11.5 21,1 [15.7 | 27.7 {20.9 | 35.3 [29.0|55.6 [40.8] 61.7 ] 60.0}62.0 |61.1[62.6 [61.6
JLML CERINA 12.9 {10.4 [21.3 |16.0 | 33.0 {26.0 | 52,2 {43.4|76.8 {67.8 88,0 | 84.6 96.5 }88.096.5 {88.1
JIMMA MELKO 5.4 | 4.8 {9.4 | 6.0 | 14.8 | 7.9 | 20,4 [10.3}26.3 116.1] 29.7 | 22.0{ 42.0 }34.850.1 |38.9
i

o
00.06




Appendim 1: (Pont’d)

CULTIVAR 08
ays after sowing 20 30 &0 50 60 70 80 90
: — ) } ] i

Block ‘ ‘

\ 1 2 111§ 2 1 2 1 2 1 21 1 2 1 2 1 2
Soil ~
AT 6.7 1 4.9 [ 8.5 17,9 139 112.4 | 23.1 | 203|341 B5.0 {42.1 145,01 | 45,5 |63.1}56.4 |63.3
CEEFE DONSA 6.3 | 9.5 [11.7 [3.4 116.9 118.3 [ 22.0 {25.0(30.4 B&.5 {37.5 [47.4 | 47.3 [52.447.5 |53.4
DEBRE ZETT 23.4 |11.0 {38.4 9.2 I51.1 [47.3 § 64.0 {65.1}74.9 6.9 [89.3 |99.4 | 90.6 }99.8[99.0 R00.7
HOLLETA 10.8 110.1 {17.5 [6.3 23,8 (22,8 | 5L.5 | 28.3| 44.5 B7.4 |57.4 |54.2 | 58.9 |56.058.9 |56.6
IS SERINA 12,5 {11.0 [20.8 [9.5 [33.0 [20.3 | S3.5 {47.8| 75.1 0.2 [83.2 [86.2 | 91.1 [87.2{ 91,3 [87.2
JIMMA MELKO 5.6 1 5.3 1 7.9 {7.8 10.7 [10.9| 16.0 | 14.4] 23.6 [20.5129.1 [27.9 | 36.8 | 40.9] 44.7 }51.5

COee




Appendix 1: (Cont'd)

CULTIVAR (1Y
ays after sowing 20 30 4o 50 6C 70 80 : 9C
. * : '5 ¥
Bleck
1 1 2 |1 2 1 2 1 2 1 211 2 1 2 1 2
SOil -\\\j
AK KT 3.8 | 5.5 | 6.4 [9.2 | 10.0 }13.6 { 16.3 | 22.0{28.6 [B3.4 {38.4 [41.2 {53.7 |57.0}58.9 |59.9
CHEFE DONSA | 9.6 1 6.1 {16.0 |9.8 | 21.6 {14.9 | 50.8 {20.2]45.2 £S.2 {62.1 |40.5 | 66.4 |56.5] 66.4 |59.0 |
- i
DEBRE ZEIT 17.6 112.9 30.6 P4.6 | 44,6 [40.9 | 61.2 | 64.7)85.5 D6.3 |97.1 Q019 |104.7 [108.4 |104,8 108.4
" “ * ‘ - " . . * . . . . . . . . \i
HOLLETA 12,1 |11.5 [17.9 16.5 | 25.1 {25.2 | 23.8 | 32.3] 48.8 R4.4 [62.1 161.5 | 63.0 |69.0) 63.0 69.6 |
- - ;
THDIA SHRINA 11.5 §10.8 1190 [5.7 | 30.7 125.7 | 47.7 | 4419{ 7177 9.0 190.0 87,9 {100.4 |92.7[100.8 |92.9 |
JTMMA MELKO 5,21 4.8 | 8.9 7.7 | 12.2 [11.2 } 18.4 | 16,5} 27.0 4.0 |34.6 |51.3 | 4.8 }46.90 52,7 [51.3 !
)i \
L 1




‘Appendix 11 (Contfd)

CULTIVAR | 10
Days after sowing. 20 20 40 50 60 70 80 S0 _
S - &
- ) 1 - 1 1
Brock 1 {211 § 2 i BRI T N N AN B! 2t 1| 21} 1 2
Soil M |
AKAKT 5.6 | 4.6 }9.6 [8.4 |15.2 {146 {233 [22.9 |37.1 150.5 [48.1 |4L.8 |66.4 [59.5 |73.9 |e9.1 §
CHEFE DONSA 8.0 | 9.6 {12.4 113.7 |18.0 |18.0 |24.4 24.0 | 30.6 [55.8 [48.6 [43.8 [67.9 l61.0 {69.8 |63.5 §
DEBRE ZEIT . |18 |17,2 |55.2 [9.8 [47.1 |50.7 [52.6 [68.2 |86.6 Ba.4 15.3 09,5 1213 his.1f121.5 fis,e
HOLLETA 11.3 | 9.5 {17.3 [4.2 {12.4 {20.4 [30.6 [28.1 {43.2 8.8 |57.1 153.0 | 72.5 |65.0] 72.5 les.2 §
;g
J IR .
A 1.7 1.9 415 [9.2 1350 {28.2 {49.9 [42.4 | 72.6 4.6 {90.4 [83.1 [112.5 |95.5[115.1 |95.8
JDMAMELKC | 6,0 44.7 8.9 )72 [13.1 [10.3 {207 f15.3 | 20.8 $1.9.139.3 129.8 1 55.4 44,8} 69.7 158.6 %




Appendix 1: {Cont*d)

‘CULTIVAR 11 :

Days after sowing 20 30 4o - 50 60 70 80 %

T 1

Block : ¥ "

1 | 2 (1 ]2 1 2 1 p 2 1] 21 21 11 24 1 2

Secil ""“\ ! :
. L

| ARAKT 3.2 14.6 | 5.9 | 8.2 [10.0 [15.9 {17.6 [35.2 | 28.6 [35.3136.3 | 44,3 [44,3 |53.7 | 39.1 |57.%

CEEFE DONSA 7.5 18.8 |11.7 |14.3 {16.6 [17.5 |23.7 {26.9 | 34,5 141.3[47.4 |59.5 {49.6 [66.5 [ 50.7 |66.8

DEBRE ZEIT 17.3 §4.8 |51.6 {24.2 {45.4 |38.0 {62.5 159.0 | 90.5 {82.6 05,7 101.7 ¥06.2 }103.5109.2 [103.6

HOLLETA 9.1 {6.1 {14.5 1.2 [21.2 [19.8 }30.3 |31.4 | 43.8 [40.3]57.2 |54.0 {60.0 | 69.8[ 60.0 |69.3
.

JIMA CERIMA 0.1 |0.0 |16.8 f14.2 [27.2 [21.4]40.5 [34.6 | 66.2 [55.4]92.0 |58.3 J00.1 | 97.4{100.5 |98.2

JIMMA MELKO 4,3 [3.4 | 6.7 [ 5.0 | 8.9 | 6.1112.4 | 9.0 19.8 {12.5} 25,6 |16.8 {35.6 | 22.3| 49.9 [353

I
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Appendix 2: DRY WEIGHT IN @M, PER POT OF 15 PLANIS

: SOIL | - R —— S | yoan
CULTIVAR AKAKT | povop | gprr | HOLLETA | GBRIMA | 0
BIOCK
01 1 5.3 2.3 10.9 2.7 10,1 2.8
2 5.2 |50 139 |30 10,1 | 1.5
02 1 4.6 13,8 116.6 3.5 11.9 3.8
2 3.5 |3.7 1134 |42 14,8 1.6
. 1 2.9 141 |14.6 [ 4.0 9.9 3.0
> 2 4,5 2.2 9.7 1.4 12.3 | 1.7
04 1 3.6 12,8 ]16.2 | 2.2 15.4 | 2,6
| 2 3.9 12,6 [13.9 | 2.9 12,5 | 1.8
- 1 3.7 {45 16,6 | 3.8 9.9 | 2.3
” 2 3.0 135 | 9.7 |37 .3 | 2.0
1 3.6 12.9 20,2 3.5 14.5 2.3
" ' 3.2 2.3 xzfs‘ 3,7 9.0 | 209
) 1 55 |24 |16 |29 |1z | 1.8
A 2.7 {23 [14.4 |45 L1 | 2.2
B 4.1 118 ]16.9 | 3,0 12,6 | 1.9
” 2 2.6 2.2 |13,6 |2.6 10.8 | za
" 1 2.3 127 (16,1 f40’ 139 | 2,9
2 0.9 14,0 |11,4 [4.0 10,3 | 1.9
1 6,0 3.0 [15.9 |1.8 13,5 | 3.9
10 2 30 |33 1.7 57 |17 | 2.3
" 1 3,0 146|146 |38 13.2 | 2.2
2 2.4 2.6 |13.6 2.6 10,2 | 1.5




B i

Appeéndix 3: SEED WEIGHT IN GM, PER POT OF 15 PLANTS

; SOIL |} - ? i i JINA |
CULTIVAR axaxr | SIEFE{CPEBRE ) yovigra R ey
BLOCK

01 1 0,35 (0,68 {4.85 |0.93 2,95 ] 0.30

2 1,02 6?45 1.95 | 1.25 3.85 | 0.23

02 1 0,54 10,62 4,81 0.90 4,62 0.11

2 0.35 10,94 5,25 | 0.81 4,54 | 0.15

1 1.05 10,65 2,91 {o0.75 5.05 | 0.28

el 2 0.61 [1.,04 [5.63 {0.74 2.82 | 0.21

P 0.69 |o.45 la4s  o.92 | 405 | 0.3

2 1.05 {0.75 |6.25 | 1,05 4.25 | 0.43

i 1 0.63 [0.60 |3.35 | 0.85 2.75 | 0.35

" 2 0.70 |0.62 |5.75 |0.83 | 3.45 | 0.35

y 1 0.91 |0.60 14.80 1.0 3.3 | 0.31

2 0.60 (0,85 [7.65 |1.30 6,80 | 0.35

N 1 0.74 10,62 |5.04 |0.65 | 449 f 0,53

7 2 0.55 10,65 6,55 0,94 | 895 | 0,23

1 0.69 |0.54 [4.39 | o0.82 5,00 | 0,28

‘ " 2 113 J0.91 [6,50 [0.83 | 5.03 | 0.40

0 1 0.65 0.99 [3.75 | 0.9 3.82 | 0.23

_ 2 0.9 |o.55 {5.27  |1.02 4,79 | 0,40

) 1 0.42 }0.62 [4.25 | 0,89 3.13 | 0445

10 0.60 [0.55 |4.89 |0.81 | 372 | 0.3

I 1 0.35 10,59 [4,20 | 0.81 3,85 | 0,18

2 0.75 11,31 {4,935 105 | 4.25 | 0,12




Appendix 4: AVERAGE 'DAYS 'TO HEADING PER POT OF 15 DLANTS

- 147 -

_ S01L | - R - JIHNA ’Jm
CULTIVAR ARAKT | Socee | Zptp | HOLLETA gg%iMA VELKO
BLOCK
oL 1 68.6 [58.3 [53.2 | 56.1 60,1 -} 69,7
2 7.3 j66.2 |72.3 {607 | 623 | 72.4
02 1 80.7 |64.8 [54.7 | 61.5 63,4 | 84.8
2 80,1 68,4 63.2 [67.3 66.9 | 85.6
1 68.9 163.1 [57.9 60.1 55,9 74.7
= 2 74.8 [63.3 {56.7 | 62.5 63.4 | 79.7
Y 63.7 [61.9 [53.6 |s8.3 [ 60,9 | 68.8
2 72.5 |70.4  |57.8 60,7 61,6 73.5
I os 1 75.2 |60,4 54,5 | 59,1 58.7 | 67.6
2 71,5 |63.3 1591 62,3 | 63.6 | 77.1
] 1 69.8 |58.7 53.3 56.4 57,7 68.3 ‘
" 2 87.2 [65.4 56,8 | 59,6 60.4 | 69.6
1 73,7 159.7 53,9 | 55,0 56,7 | 72.7
v 2 71,1 167.0  [57.3 | 61.3 61.4 | 77.0
1 73,9 164,0 (54,1 60.5 57.8 75.4
o 2 70,5 [66,1 |S7.7 | 63,2 59,7 | 75.2
1 70,1 [61.3 57,1 57,6 | 52,7 69.8
. o 2 715 168,8 [60.5 [ 65.5 61,9 | 72.1
1 74.4 70,7 |63.6 |65.4 66,9 | 76,0
10 2 76,3 (69,2 (624 |66, | 69.9 | 79.2
0 1 73.5 62,5 |57.3 1se.9 | 615 | 75,8
2 68,0 64,7 {60,9 |67.8 71.0 | 85.8
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Appendix'5: “TILLER NUMBERS - COUNTED OVER THE GROWING PERIOL;.

SOIL : 1 . JIMA :
(HEFE { 'DEBRE - JIMA
qﬂ,TIVAR oonsa | zerp | FOLLETA | GERIMA ) o0 vr
BIOCK
- 8 - 27 -
01 1 _
2 - 11 - 23 -
02 1 - 15 - 9 -
2 - 19 - 6 -
1 - 2 - 8 -
3 .
: 2 - ‘14 - 3 -
04 1 it 12 - 26 bl
2 - 16 - 31 -
- 4
1 = o5 - - -
05
4 - 20 - 11 -
1 - 110 - 1 -
06  j -
2 - -15 - 11 -
1 - -16 - 5 6
07  jo ,
2 - 20 - 14 -
1 - 11 - 14 -
08 : _
2 - 21 - - 27 -
1 - 9 - - -
09
2 - 12 - - 21 ~
1 - 8 - - -
10 2 - 6 | - 9 -
1 - 7 - 2 -
11 -
2 ~ 7 ~ 17 -




Appendix & - RESULTS OF SOIL COLOUR TEST, MECHANICAL AND CHEMICAL ANALYSES
F - 1
SOIL COLOUR BULK PERCENT ELECTRICAL |  MECHANICAL ANALYSIS ‘
| DENSITY | TOTAL H CONDUCT- — TEXTURRL,
sorp e CIN | PORE- - IVITY PERCENT | PERCENT | PERCENT | 9
- SAND STIT CLAY
DRY WET Gm/mi | SPACE m mhos/cm
| SOIL SOIL
|
AKAKT 10 Yr 2/1 | 2.5 Yr 3/0 7.8
BLACK DARK REDDISH | 0.94 56,86 | Weakly 42,12 25,00 | 18,75 | 56.25 CLAY
GRAY ‘ ' alkaline ' ' ‘ ‘
H
- 10 Yr 3/1 6.92 '
CHEFE 10 vr 3/1 : _ |
e DR Gy | VERY DARK 0.92 59.18 | Slightly | 25.74 16.25° | 23.75 | 60.00 LAY
} acid
?
|
10 Yr 2/2 6.98 |
e égA\’{ngé%N | VERY DARK 8.82 57.45 | Slightly | 35.10 32.50 | 45,00 | 22.50 LORM
BROWN ' ‘ acid ‘ ' ‘ ‘
S5 ve s | 32 3/3 5.46 SANDY
HOLLETA | Je2 "5 M7% | ZXARK REDDISH| 0.88 58.82 | Strengly | 10.53 51,25 | 17.50 | 31.25 CLAY
BROWN ' acid ' | ' LOAM
TTMMA s 5 Yr 2/2 5.76
GERIMA ;ﬁsggﬁéz DARK REDDISH | 0.85 52.13 | Moderately! 6,20 21.25 | 72,50 | 6.25 ST
GUDA : BROWN ' ' acidic ' ' ' '
— 5.0 Yr 4/4 | 5 Yr 3/2 5.43
e | REDDISH DARK REDDISH | 1.0 50.94 | Stromgly | 9.83 18,75 | 20,00 | 61.25 CLAY
BROWN BROWN acidic S ' ' ‘ ‘

2
o




CONCENTRATION IN PPM

SOIL . CATION ! .

w lw | m e o | SRR o |ve

AXART | 0,:575 0.22 2,72 | 2,25 0.02 570 14400 2488

.

CHEFE DONSA 0.190 | 1,23 | 2.50 | 1,15 0.06 230 24000 24206

DEBRE ZEIT 0,655 | 0.54 5,00 Trace | 0.02 196 24200 41842

HOLLETA 1.828 | 0.72 2.50 14.15' 0.10 130 16000 27664
JIMA

GERIMA 1,710 | 3.64 - | 1.50 1,15 Trace 244 57600 58590

JIMMA MELKO im?szs o_.fsls 6.00 7.25 0,04 120 25000 43225

i A



