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ABSTRACT8
The phenomenon of allelopathy, whereby a plant species chemically interferes with the germination, growth or9
development of other plant species has been known and documented for over 2000 years. Allelochemicals are10
secondary metabolites of plants, released into environment through volatilization, leaching, root exudation and11
decomposition of residues. This study was aimed to examine the allelopathic effect of Eucalyptus globulus on12
seed germination and early growth of highland teff (Eragrostis tef) and barely (Hordeum vulgare L.) conducted13
at Kulumsa Agricultural Research Center. Fresh leaf, juvenile stems, root and mixtures of these aqueous14
extracts at 0%, 5%, 10%, 15%, 25% and 50% concentrations respectively were used to run the experiment15
under Laboratory condition. The employed research design was Complete Randomized Design with three16
replications and two factorials as: plant parts and concentrations. The quantitative data was collected, coded17
and then subjected to SAS Version 9.1 procedure following two ways ANOVA. The means were compared by18
using least significance difference test (LSD) at P<0.05 probability level. It was noted that aqueous extracts at a19
concentration of 10%, 15%, 25% and 50% had inhibitory effect on both crops seed germination and seedling20
growth. The effect was found in much higher than the control treatment. The inhibitory effects were increased as21
the extract concentration increased and more pronounced in fresh leaf aqueous extract compared to the rest22
extract sources. These finding indicates allelochemials in the Eucalyptus globulus plant parts adversely affect23
seed germination and early seedling growth of teff and barely. The Phytotoxicity of Eucalyptus globulus fresh24
leaf aqueous extract showed the highest impact affecting early root growth of barely and shoot growth of teff25
under the highest level of concentration (50%) of the extracts.26
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29
NTRODUCTION30

31

The term allelopathy is derived from the Greek-compound words allelo and pathy (meaning “mutual harm” or32
“suffering”) and was first used in 1937 by Austrian scientist Hans Molisch [1-2]. Allelopathy is defined as the33
beneficial or harmful influence of chemical substances released by plants that can alter the growth and34
development of nearby plants or microorganisms [3]. The phenomenon of allelopathy, whereby a plant species35
chemically interferes with the germination, early growth or development of other plant species has been known36
and documented for over 2000 years [4]. Allelochemicals or phytochemicals are plant secondary metabolites37
normally released into the environment through Volatilization, leaching root exudation and decomposition of38
plant residues in the soil [5]. The action of allelochemicals can affect the respiration, photosynthesis, enzyme39
activity, water relations, stomatal opening, hormone levels, mineral availability, cell division and elongation,40
and structure and permeability of cell membranes and walls [6-9].41

42
Discharge of allelochemicals into the environment occurs by exudation of volatile chemicals from living plant43
parts, by leaching of water soluble toxins from aboveground parts in response of action of rain, by exudation of44
water soluble toxins from below ground parts, by release of toxins from non-living plant parts through leaching45
of litter decomposition. Many invasive plant species alter natural ecosystems and reduce plant diversity causing46
plant displacement by the allelopathic inhibition of germination or growth via phytotoxic chemical release [9-47
10]. Eucalyptus globules is one of such invasive plant species posing greater challenges to the economic, food48
security and sustainable development of many developing countries whose livelihood is of totally or partially49
depend on agriculture [11].50

51
Germination and seedling growth are the screening criteria which are widely used to investigate the effects of52
allelopathy. Morphological changes, in response to allelochemicals, could be due to effects on cellular or53
molecular level [12]. Allelochemicals may be present in the leaves, barks, roots, flowers and fruits. Therefore,54
leaves, juvenile stem, root and mixture of all these parts were selected to accomplish the extract bioassays in this55
research. Allelochemicals restrict plant growth through negative interactions with some physiological processes56
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such as suppression of cell division, changes in cell wall structure and activity of some enzymes. The effect of57
allelochemicals action was detected at molecular, structural, physiological, biochemical and ecological levels of58
plant organization [9].59

60
Many studies have evaluated the allelopathic activity of Eucalyptus species and reported strong inhibitory61
effects of eucalyptus extracts on germination and growth of various plant crops such as cucumber, sorghum,62
rice, tomato, eggplant and black gram [13-16]. However, there is no research finding indication on allelopathic63
effect of Eucalyptus globules on highland teff and barely. Therefore, this study is aimed to examine the64
allelopathic effect of Eucalyptus globulus extracts from fresh leaves, juvenile stem, root exudates and mixture65
extracts of these plant parts on seed germination as well as seedling growth of barely and highland teff.66

67
MATERIALS AND METHODS68
Description of the Study Site69
The study was conducted at Kulumsa Agricultural Research Center (KARC), central Ethiopia. It is relatively70
located to the North of Assela twon (167 km from Addis Ababa), to the left side of main road from Addis Ababa71
to Assela. Kulumsa Agricultural Research Center was established in 1966 by government of Ethiopia and the72
Swedish International Development Agency (SIDA). The research Center is mandated to wheat, malt barley and73
highland pulse crops research nationally and serves as Wheat Center of Excellence for East Africa (Ethiopia,74
Kenya, Uganda, Tanzania), regionally. KARC is situated at latitude 08˚01'10'' N and longitude 39˚09'11'' E, with75
annual average maximum and minimum temperature of 23.2C˚and 10.5C˚ respectively, altitude of 2200m.a.s.l.76
and an average annual rain fall of 823mm. Soil type clay soil (Luvisols) and soil pH 6.0.The Research Center77
carries out research on crop production, animal breeding, on soil and nutritional issues [17].78

79
Experimental Materials80
Eucalyptus globulus plant parts such as fresh leaves; juvenile stem and root were collected from the farmers’81
farm land around KARC and rinsed thoroughly with sterile distilled water [18]. Seeds of most popular highland82
teff of variety Felagot (Dz. Cr.442) collected from Bishoftu Agricultural Research Center and seeds of barely83
variety called Holker were collected from KARC. Bare land local top soil was collected from depth of 0-30cm84
as of [19] from KARC.85

86
Research Procedure87
Fresh leaves and juvenile stem collected by cutting and root collected through digging and cutting from a tree of88
10years old, purposively the mid age of harvesting [20] of Eucalyptus globulus and chopped in to pieces, open89
air dried under shade for fifteen days; the samples then put in oven with a temperature of 50˚C for 48 hours [21].90
All the samples collected prepared powder to fine particles using electric grinder separately. The grinded plant91
materials were mixed in distilled water at (5%, 10%, 15%, 25%, and 50%) w/v ratio separately [22]. The92
mixtures then soaked for about 12 hours at room temperature and blended with blender for 24 hours. Then after,93
the mixtures were centrifuged at 100 × 100 rpm for twenty minutes and the aqueous solutions of each plant part94
was filtered using What man filter paper Number 1 poured into flat bottomed 250 ml volumetric flasks, well95
covered and preserved in refrigerator set to -5°C until it was used in a test experiment [10]. For the preparation96
of mixture extract of the three plant parts, 30ml of each of plant parts with the respective concentrations (5%,97
10%, 15%, 25%, 50%) were shared equally mixed well and poured into flat bottomed 250 ml volumetric flasks.98

99
Bare land local top soil from depth of 0 - 30cm as of [19] collected from three different quadrant of (2x2) meter100
square from KARC, then mixed well and then equal amount filled to every plastic pot having 3.5 inch depth, 3.5101
inch top and 3 inch bottom diameters provided with drainage holes; moisten with 80 ml of tap water and left for102
one day. Seeds of both crops with germination percentage of 85% and purity of 99% were thoroughly washed103
with distilled water and surface sterilized with 90% ethanol for 2 minutes, followed by soaking for 5 minutes in104
a solution of 5.25% sodium hypochlorite, then rinsed four times with distilled water [10].105
Research Design106
The research has two laboratory based experimental parts. Experiment I: For seed germination of teff and107
barely. Experiment II: For seed germination and early seedling growth of both crops. Both experiments were108
laid down in factorial Randomized Complete Design (RCD), with three replications. The research has also two109
factors namely plant parts as sources of extract as Factor A: at four levels; juvenile stem (A1), root(A2), fresh110
leaf (A3) and mixtures of (juvenile stem, root &fresh leaf) (A4) and extract concentration levels as Factor B: at111
six levels; 0%w/v (B1), 5%w/v (B2), 10% w/v (B3), 15% w/v (B4) 25% w/v (B5) and 50% w/v (B6) were used112
as of [10].113

114
Experiment I: for clearly monitoring seed germination of both crops, nine seeds of both crops were sown115
sparsely in a filter paper covered glass Petri dish having 9 cm diameter [23] and 5 ml aqueous extract of116
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eucalyptus plant parts at 5%, 10%, 15%, 25%, and 50%) ratio were applied to each glass Petri dish separately117
and 5 ml distilled water applied in the case of control treatment [18]. The seed planted Petri dishes were placed118
in green house and arranged in rows for both crops independently and fairly labeled. Seed germination data for119
both crops collected on daily basis after planting [22].The experiment was continued for ten days for seed120
germination test and 21 days for seedling growth.121

122
Experiment II: For seed germination and early seedling growth of both crops uniform pots filled with local top123
soil from the depth of 0-30 ml prepared were arranged in rows for both crops independently. Nine seeds for both124
crops were planted separately in each of the plastic pots and 5 ml aqueous extract of eucalyptus plant parts at125
5%, 10%, 15%, 25%, and 50%) ratio were applied to each pot separately and 5 ml distilled water applied in the126
case of control treatment [10, 23]. The seed planted pots were placed in green house and fairly labeled.127
Moistening seeds with equal amount of tap water and data on seed germination for both crops were collected on128
daily basis after planting. After emergence, seedlings thinned to six plants per pot for both crops and the129
experiment continued for 21 days in which the final measurement was recorded.130

131
Data Collection132
Seed germination was considered when radicle emergence (≥ 1 mm) and daily counted for 5 days or until the133
last seed germinated [24]. Final data collection for early seedling growth was effective after 21 days of seed134
plantation and the data from three randomly selected seedlings of both crop species root and shoot length for135
each replicate measured and recorded as of [19]. Shoot length (S.L) measured in cm taken from the stem joint to136
the tip of the terminal leaf and Root length (R.L) measured in cm taken from the root joint to the tip of the137
tap/main root and data recorded and registered clearly.138

139
Statistical data analysis140
The quantitative data was collected, recorded clearly, coded and then subjected to two way ANOVA analysis of141
variance procedure with SAS Version 9.2 and the means compared by using least Significance difference (LSD)142
test at the P < 0.05 level of probability. The seed germination data recorded and seed germination percentage143
(%) was determined using: the formula as of [10, 19, 24-25].144

145 Germination % = Number of germinated seedsTotal number of seeds sown × 100
146

Percentage phytotoxicity produced by E.globulus was by the following formula as used in the research done by147
[10].148

149 phytotoxicity % = radicle length of control − radicle lenght of treated sampleRadicle length of control × 100
150

RESULTS AND DISCUSSION151
Seed germination152
The present study provides the evidence that aqueous extracts of Eucalyptus globulus plant parts such as153
juvenile stem, root, fresh leaf or mixtures of them showed the inhibitory response towards germination154
percentage and early seedling growth (shoot length and root length) of teff and barely seeds. Interaction in all155
conditions showed that allelopathic effect becomes more pronounced with increasing doses of Eucalyptus156
aqueous extracts. The same result was reported by the study of [10] on seed germination and growth of tomato157
plant. Even if seed germination count continued for ten days, there was no seed germination, observed starting158
from the seventh day to the last tenth date for both crop species and both on Petri dish and in pot conditions.159

There was direct relationship between allelopathic effect and extract levels of Eucalyptus globulus plant parts.160
The seed germination of both crops was delayed for aqueous extract treatments at increasing concentration. At161
25% and  50% Eucalyptus globulus aqueous extracts of all plant parts, seed germination of both crop species162
(Teff & Barely) were inhibited under both condition of germinations (germination on Petri dish & in pot).163
However, inhibition of germination becomes more pronounced on Petri dish of both crop species. At 50% level164
of all aqueous extracts of Eucalyptus globulus plant parts of both crop species resulted in a significant reduction165
of germination counts when compared with control. In comparison to all conditions of germination aqueous166
extract sources of Eucalyptus globulus plant parts, fresh leaf aqueous extract exhibited more germination167
inhibition at 25% and 50% level of concentration compared to other extract sources. For example: comparing168
Eucalyptus globulus plant parts aqueous extracts, it was fresh leaf extract at 50% that highly reduced the169
germination percentage of Teff in which only 14.4% of seeds were germinated followed by root extract in which170
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only 18.5% of the same seed germination took place. The highest percentage value of teff seed germination171
(36.6%) was obtained by the juvenile stem part of the tree at 50%, Table 1.172

173
Table 1: Percentage of teff seeds germination after treated with E. globulus plant part extracts under Petri dish174

Source of extract Treatment level in (%)
0% (Control) 5% 10% 15% 25% 50%

Juvenile stem 100 96.3 88.8 66.6 44.4 36.6
Root 96.3 92.2 81.1 58.8 40.7 18.5
Fresh leaf 100 85.2 66.6 51.8 36.4 14.4
Mixtures* 92.2 88.8 85.2 58.5 40.7 22.2

*= mixture of juvenile stem, root &fresh leaf each 33%175
176

The result of analysis of variance, ANOVA is also presented in Table 2. Significant differences among the mean177
values were found based on least significance difference, LSD, test. Seed germination of teff was significantly178
(at p< 0.05) responded to the increasing aqueous extracts concentrations for all Eucalyptus globules plant parts179
both in petri dish and on pot conditions, Table2&3.180

181
Table 2: Mean comparison of teff seeds germinated per Petri dish after treated by Eucalyptus globulus extract.182

Treatment concentration
level in (%)

Source of extract
Juvenile stem Root Fresh leaf Mixtures*

0% (Control) 9.00a 8.67a 9 .00a 8.33 a

5% 8.67a 8.33a 7.67ab 8.00 a

10% 8.00a 7.31ab 6.00b 7.67 ab

15% 6.00b 5.33b 4.67bc 5.3 1b

25% 4.00bc 3.67c 3.33c 3.67 c

50% 3.33c 1.67c 1.32c 2.00 c

Mean 6.51 5.82 5.32 5.82
CV% 37.53 54.44 58.03 39.31
LSD 4.32 3.86 4.56 3.86

183
Note: means with the same letter in the same column are not statistically significant different at alpha level of184
0.05 as evaluated by ANOVA. Significant at p< 0.05, *= mixture of juvenile stem, root &fresh leaf each 33%,185
CV%= coefficient variation in percentage, LSD= least significant difference186

187
The lowest mean value of teff seeds germination (1.32) in the petri dish, was observed under 50% concentration188
of fresh leaf extracts (Table 2), whereas on the pot it was stem juvenile extract the least mean value of189
germination, 3.33, (Table 3) obtained for the maximum concentration. There was direct relationship between190
seed germination of both crop species and allelopathic effects of extract level. The seed germination of both191
crops was delayed for aqueous extract treatments at increasing concentration. Inhibition of teff seed germination192
more pronounced under fresh leaf extract at 50% level of concentration, followed by root aqueous extract under193
the same level of concentration .Where about 1.3 and 1.67 teff seeds germinated per Petri dish for fresh leaf and194
root aqueous extract respectively (Table 2).195

196
From Table 3, it can be understood that the most allelopathic effect was exhibited at highest level of197
concentration (50%) of Eucalyptus globulus on teff seed germination under pot condition. Comparing the198
extract sources under pot condition, juvenile stem aqueous extract at 50% treatment showed the ultimate199
allelopathic effect on teff seed germination where only 3.33 germinated seeds were obtained as least mean value200
of the three replications.201

202
203

Table 3: Mean comparison of teff seeds germinated per pot after treated by Eucalyptus globulus extract204
Source of extract

Juvenile stem root Fresh leaf Mixtures)
0%(control) 8.67 a 9.00 a 9 .00a 8.67 a

5% 8.67 a 8.67 a 8.32 ab 8.67 a

10% 8.00 a 7.67 ab 7.31 ab 8.00 a

15% 6.67 b 6.67 b 6.3 b 6.67 b
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25% 6.01 b 5.31 b 5.00 b 5.67 b

50% 3.33 c 4.33 bc 4.00 c 4.31 c

Mean 6.89 6.94 6.65 6.99
CV% 66.64 27.72 33.50 61.32
LSD 3.47 5.06 9.03 11.21

Note: means with the same letter in the same column are not statistically significant different at alpha level of205
0.05 as evaluated by ANOVA test. Significant at p< 0.05, *= mixture of juvenile stem, root &fresh leaf each206
33%, CV%= coefficient variation in percentage, LSD= least significant difference207

208
Table 4: Mean comparison of barely seeds germinated per Petri dish after treated by Eucalyptus globulus extract209

Treatment
concentration
level in (%)

Source of extract

Juvenile stem root Fresh leaf Mixtures

0% 8.67 a 9.00 a 8.67 a 8.67 a

5% 8.33 a 8.33 a 8.10 a 8.33 a

10% 7.67 ab 7.33 ab 7.00 ab 8.33 a

15% 7 ab 7 b 6 b 7.3 ab

25% 5.67 b 5.67 bc 5 b 5.3 b

50% 3.33 c 4.67 b 2.67 c 3.3 c

Mean 6.76 6.99 6.22 6.86
CV% 66.26 52.07 61.06 59.86
LSD 4.01 6.13 4.81 4.37

210
Note: means with the same letter in the same column are not statistically significant different at alpha level of211
0.05 and 0.01 as evaluated by ANOVA test. Significant at p< 0.05*= mixture of juvenile stem, root &fresh leaf212
each 33%, CV%= coefficient variation in percentage, LSD= least significant difference213

214
Table 4, indicated that inhibition of barely seed germination under petri dish was more pronounced under 50%215
of all aqueous extract of Eucalyptus globulus plant parts, however more barely seed germination inhibition216
noticed under fresh leaf aqueous extract at 50% level of extract treatment. Where only about 2.67 seeds of217
barely germinated per Petri dish, but the highest barely seed germination recorded under control treatment that218
accounts nine barely seeds germination under the same condition.219

220
Table 5: Mean comparison of barely seeds germinated per pot after treated by Eucalyptus globulus extract221

Treatment concentration level
in (%)

Source of extract
Juvenile stem root Fresh leaf Mixture

0% 9.00 a 8.67 a 8.67 a 9.00 a

5% 8.67 a 7.67 ab 8.67 a 8.68 a

10% 8.00 ab 7.30 ab 8.00 ab 7.32 b

15% 7.00 b 7.31 ab 6.31 b 6.30 bc

25% 6.33 bc 5.30 b 4.67 bc 5.00 b

50% 4.31 c 4.00 3.30 c 3.67 c

Mean 7.21 6.70 6.60 6.66
CV% 24.17 29.41 33.04 37.46
LSD 1.86 3.40 3.87 4.33

Note: means with the same letter in the same column are not statistically significant different at alpha level of222
0.05 as evaluated by ANOVA test. Significant at p< 0.05, *= mixture of juvenile stem, root &fresh leaf each223
33%, CV%= coefficient variation in percentage, LSD= least significant difference.224
Shoot length and Root length225
The allelopathic potential of eucalyptus plant part aqueous extracts on the inhibition of both shoot and root226
lengths of the target crop species increased gradually with the increase of the different extracts concentration.227
The intensity of root length reduction increases with the increasing concentrations of aqueous extracts of all228
extract sources as that of shoot length. Significant reduction in root length was recorded at all concentrations229
compared to control. The length of root values varied from 1.6cm to 5.2cm for Teff and 2cm to 10.1cm for230
Barely. The minimum values 1.6 cm and 2cm were observed for 50% treatment of fresh leaf for teff and barely231
respectively (Figure 2&4).232

233
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Teff seedling root length inhibition was more pronounced under 50% of all aqueous extract of Eucalyptus234
globulus plant parts; however more teff seedling root length inhibition noticed under fresh leaf aqueous extract235
at 50% level of extract treatment. Where only about 1.6cm teff root length recorded compared to control236
treatment that accounts 5.3cm in length, Figure 2. Several studies of [10, 15] on (sorghum, rice, and black237
gram), tomato and eggplant had evaluated the allelopathic activity of Eucalyptus species and reported strong238
inhibitory effects of its extracts on germination and growth of various crop plants.239

240

241
242
243

Figure 1: Effect of Eucalyptus globulus plant parts aqueous extract on shoot length of Teff244
245

Shoot length of both crops significantly responded to aqueous extracts of Eucalyptus globulus fresh leaf,246
juvenile stem, root and mixtures of them (fresh leaf, juvenile stem &root). However, the response depends on247
the concentrations and plant parts considered in this particular study. For instance, teff seedling shoot length248
inhibition is directly proportional to the increase in concentration of all Eucalyptus globulus plant parts juvenile249
stem, root, fresh leaf and Mixtures of aqueous extract. As it can be observed on Figure 1, shoot length of teff250
seedling inhibition was more pronounced under the treatment mixtures (juvenile stem, root &fresh leaf) of251
extract at 50% level of treatment exhibited, which accounts 8.5 cm (the lowest mean value) compared to control252
teff seedling shoot length of 18.5 cm long.253

254
255

256
257

Figure 2: Effect of Eucalyptus globulus plant parts aqueous extract on root length of Teff258
259

The intensity of seedling shoot length reduction increases with the increasing concentration of aqueous extracts260
of all extract sources. The study indicated that the concentration of all plant parts fresh leaf, juvenile stem, root261
and mixtures of (fresh leaf, juvenile stem &root) starting from the lowest level of concentration inhibited shoot262
length of both target crop species (Figure 1 &3). This finding is in agreement with findings of [26-27]263
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264
265

Figure 3: Effect of Eucalyptus globulus plant parts aqueous extract on shoot length of Barely266
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Figure 4: Effect of Eucalyptus globulus plant parts aqueous extract on root length of Barely285
Phytotoxicity286
The study shows that the phytotoxicity potential of eucalyptus plant parts aqueous extract increases with the287
increasing concentrations of aqueous extracts of all extract sources.288

289

290
291

Figure 5:  Inhibitory effect of eucalyptus extract on shoot length of teff.292
More phytotoxicity effect pronounced under the highest concentration level at 50% of all Eucalyptus globulus293
plant parts aqueous extract compared to the lower level and control treatment. Compared to both crops plant294

0

5

10

15

20

25

30

35

0% 5% 10%

B
ar

el
y 

sh
oo

t l
en

gt
h 

in
 (c

m
)

Concentration of extract in (%)

0

10

20

30

40

50

60

0% 5% 10% 15%

Te
ff 

sh
oo

t i
nh

ib
iti

on
 in

 (%
)

Concentration of extract in (%)

Key

0

2

4

6

8

10

12

0% 5% 10% 15%

B
ar

el
y 

ro
ot

 le
ng

th
 in

(c
m

)

Concentration of extract in (%)

265
266

Figure 3: Effect of Eucalyptus globulus plant parts aqueous extract on shoot length of Barely267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

Figure 4: Effect of Eucalyptus globulus plant parts aqueous extract on root length of Barely286
Phytotoxicity287
The study shows that the phytotoxicity potential of eucalyptus plant parts aqueous extract increases with the289
increasing concentrations of aqueous extracts of all extract sources.290

290

291
292

Figure 5:  Inhibitory effect of eucalyptus extract on shoot length of teff.293
More phytotoxicity effect pronounced under the highest concentration level at 50% of all Eucalyptus globulus295
plant parts aqueous extract compared to the lower level and control treatment. Compared to both crops plant296

15% 25% 50%
Concentration of extract in (%)

Juvenile stem

Root

Fresh leaf

Mixtures of(juvenile
stem, root &fresh leaf)

15% 25% 50%

Concentration of extract in (%)

Key

Juvenile stem

Root

Fresh leaf

Mixtures of(Juvenile
stem,root &fresh leaf

Key

15% 25% 50%
Concentration of extract in (%)

Juvenile stem

Root

Fresh leaf

Mixtures of(juvenile
stem, root &fresh leaf)

Key

266
267

Figure 3: Effect of Eucalyptus globulus plant parts aqueous extract on shoot length of Barely268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286

Figure 4: Effect of Eucalyptus globulus plant parts aqueous extract on root length of Barely287
Phytotoxicity288
The study shows that the phytotoxicity potential of eucalyptus plant parts aqueous extract increases with the291
increasing concentrations of aqueous extracts of all extract sources.292

291

292
293

Figure 5:  Inhibitory effect of eucalyptus extract on shoot length of teff.294
More phytotoxicity effect pronounced under the highest concentration level at 50% of all Eucalyptus globulus297
plant parts aqueous extract compared to the lower level and control treatment. Compared to both crops plant298

Mixtures of(juvenile
stem, root &fresh leaf)

Key

UNDER PEER REVIEW



parts, phytotoxicity effect was more pronounced in root length of both crops. Eucalyptus globulus fresh leaf295
aqueous extract was recognized as the highest impact affecting early root growth of teff and barely at about296
69.20% (which is almost the same effect) under the highest level of concentration (50%) of the extract (Figures297
6 & 8), however the highest inhibition of teff shoot length at about 54% and shoot length of barely at about298
34.5% pronounced under the treatment of mixed extract and fresh leaf extract respectively (Figures 5 & 7) under299
the highest level of concentration (50%).300

301
There was direct relationship between teff shoot length and inhibitory effects of Eucalyptus globulus plant parts302
aqueous extract. As the level of Eucalyptus globulus plant parts aqueous extract increases, teff shoot inhibition303
percentage also increases. Teff shoot length inhibition more pronounced under the treatment of mixed extract304
which accounts about 54% compared to control treatment, where there was no teff shoot length inhibition305
exhibited. Similar result was obtained by the authors [15, 27]. The intensity of teff root inhibition increases as306
the level of Eucalyptus globulus plant parts aqueous extract increases, almost all plant parts aqueous extract307
inhibited teff root length in similar manner under the same level of concentration.308

309
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325
Figure 6: Inhibitory effect of eucalyptus extract on root length of teff.326

327
It was fresh leaf aqueous extract that pronounced the highest  inhibitory (phytototxicity) effect  on early root328
growth of teff at about 69.20% under the highest level of concentration (50%) of the extract, compared to329
control treatment  which almost do not show teff root inhibition.330

331
332

Figure 7: Inhibitory effect of eucalyptus extract on shoot length of barley.333
334
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The study of [26] also explained that, aqueous leaf extract of Eucalyptus globulus at various levels (doses)335
inhibited seed germination and early growth of wheat seeds.336

There was direct relationship between barely shoot length and phytotoxicity (inhibitory) effects of aqueous337
extract level of Eucalyptus globulus plant parts. Barely shoot length inhibition increases as aqueous extract338
treatments level increase sunder all treatment level, however barely shoot length inhibition more pronounced339
under fresh leaf extract at 50% level of concentration. Compared to control which accounts barely root length340
inhibition at about 34.5% of fresh leaf aqueous extract at 50% level of concentration was exhibited. The study341
carried out by [27] stated that phytotoxic substances can suppress the growth of many plants by inhibiting seed342
germination and seedling growth. Barely root length inhibition showed direct proportionality to Eucalyptus343
globulus all plant parts aqueous extract level of concentration, Figure 8. More barely seedling shoot length344
inhibition pronounced under 50% of all aqueous extract of Eucalyptus globulus plant parts; however compared345
to all other extract sources more seedling root length inhibition noticed under fresh leaf aqueous extract at 50%346
level of extract treatment, that exhibited 69.2% root length inhibition (which is almost the same effect root347
length inhibition to that of teff root length) compared to control treatment that accounts no barely root length348
inhibition.349

350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368

369
Figure 8: Inhibitory effect of eucalyptus extract on root length of barely.370

371
Conclusion372
The result of this study indicates that, higher the concentration of Eucalyptus globulus plant extracts, the higher373
the influences on the germination of barely and teff plant species under laboratory condition. Based on the result374
of this study, the interaction among various levels of Eucalyptus globulus extract treatment depicted that all375
extracts at lower level (5%) has lower inhibitory effect as compared to higher level (50%) on both crop species.376
This gradual decrease in germination (%), shoot and root length was due to allelopathic effects of Eucalyptus377
globulus aqueous extract from lower level (5%) to higher level (50%) as compared to control. Compared to all378
aqueous extracts of Eucalyptus globulus plant parts of juvenile stem, root, fresh leaf and mixtures of (juvenile379
stem, root & fresh leaf), fresh leaf aqueous extract pronounced more inhibitory effect on germination percentage380
(%), shoot length and root length of target crops species. This suggested that there is a variation in phytotoxicity381
effect or allelocheimical concentration in different plant parts. On the overall findings it can also be concluded382
that allelopathy is a concentration-dependent phenomenon whereby its effect increases as the concentration of383
the extracts increases. Compared with the control (0%), higher concentrations reduced the germination384
percentage, shoot length and root length in the given average time.385

386
REFERENCES387
[1]. Reigosa M.J.,Pedrol N&González L. Allelopathy A Physiological Process with Ecological Implications.388

2006; 1-637389
[2]. Ferguson J, J, Rathinasabapathi B., and Chase C.A. Allelopathy: How Plants Suppress Other Plants.390

Horticultural Sciences Department, UF/IFAS Extension, Gainesville, FL 32611. 2016; 1-5391

0
10
20
30
40
50
60
70
80

0% 5% 10% 15% 25% 50%

B
ar

el
y 

 ro
ot

 le
ng

th
 in

hi
bi

tio
n 

in
 (%

)

Concentration of extract in (%)

Key

Juvenile stem

Root

Fresh leaf

Mixtures of(Juvenile
stem,root &fresh leaf

UNDER PEER REVIEW

usuario
Nota adhesiva
allelochemical



[3]. Gatti A., Ferreira A., Arduin M.,Gualtieri S.,& Perez. A. Allelopathic effect of aqueous extract of392
Artistolochiaesperanzae O.Kuntze on development of Sesamumindicum L. seedlings Acta bot. bras. 2010;393
24(2): 454-461.394

[4]. Sodaeizadeh H.and Hosseini Z. Allelopathy an Environmentally Friendly Method for Weed Control,395
International Conference on Applied Life Sciences. 2012; 387-392.396

[5]. Zhang, Xiaoxi; Liu, Zengwen; Tian, Nan; Luc, Nhu Trung; Zhu, Bochao; Bing, yuanhao. Allelopathic397
effects of decomposed leaf litter from intercropped trees on rape. Turkish Journal of Agriculture and398
Forestry. 2015; 39(6): 898-908·399

[6]. Lisanework N. and Michelsen A. Allelopathy in agroforestry systems: the effects of leaf extracts of400
Cupressuslustanica and three Eucalyptus spps. on four Ethiopian crops. Agroforestry Systems. 1993; 21:401
63–74.402

[7]. Chou, C.H. Roles of allelopathy in plant biodiversity and sustainable agriculture. Critical Reviews in Plant403
Science. 1999; 18: 609-636.404

[8]. Getachew Admassu. The impact of eucalyptus plantation expansion on food security in Bambasi Woreda,405
Benishangul Gumuz Regional State, Western Ethiopia, Master’s Thesis. 2016; 1-45406

[9]. Morsi M. and Abdelmigid, H. M. Allelopathic activity of Eucalyptus globulus leaf aqueous extract on407
Hordeum vulgare growth and cytogenetic behavior. AJCS. 2016; 10(11): 1551-1556408

[10]. Sorecha E.M.and Bayissa B. Allelopathic Effect of Partheniumhysterophorus L. on Germination and409
Growth of Peanut and Soybean in Ethiopia; School of Natural Resources Management and Environmental410
SciencesAdvances in Crop Science and Technology an open access journal . 2017; 5 (3): 1-4411

[11]. Gessesse Dessie&Teklu Erkossa. Eucalyptus in East Africa Socio-economic and environmental issues.412
Forestry Department Planted Forests and Trees Working Papers. Food and Agriculture Organization of the413
United Nations FAO, Rome, Italy. 2011; 1-30414

[12]. Dragoeva AP, Koleva VP, Nanova ZD, Georgiev BP. Allelopathic effect of Adonis vernalis L.: Root415
growth inhibition and cytogenetic alterations. J Agri Chem Environ. 2015; 4: 48-55.416

[13]. DjanaguiramanM, Vaidyanathan R,Annie sheebaJ, Durgadevi D, Bangarusamy U. Physiological responses417
of Eucalyptus globulus leaf leachate on seedling physiology of rice, sorghum and blackgram. Intl J Agri418
Biol. 2005; 7(1):35-38.419

[14]. Fikreyesus S,Kebebew Z,Nebiyu A, Zeleke N, Bogale S. Allelopathic  effects of Eucalyptus camaldulensis420
Dehnh on germination and growth of tomato. Am-Eurasian JAgri Environ Sci. 2011; 11 (5): 600-608.421

[15]. Dejam M, Khaleghi SS, AtaollahiR. Allelopathic effect of Eucalyptus globulus Labill. on seed422
germination and seedling growth of eggplant (Solanum melongenaL.). Intl J Farm Alli Sci. 2014; 3 (1):423
81-86.424

[16]. Gliessman SR. Allelopathic Effects of Crops. Technology & Engineering, Santa Cruz. 2007; 384.425
[17]. Basazen fantahun and Getachew Belay. Correlation and Path Coefficient Analyses of Some Breeding426

Lines of the Man-Made Crop, Triticale (X.Triticosecale Wittmak). JAD. 2014; 4(2) 2014.427
[18]. Ameer M, and Rekaby L.S.A. Allelopathic effects of aqueous leaf leachates and root exudations of428

Conocarpus erectus L.trees against the germination and early growth of some ornamental plants. Research429
Journal of Pharmaceutical, Biological and Chemical Sciences. 2017; 8(4): 741-749.430

[19]. Gurmu.W.R. Effects of Aqueous Eucalyptus Extracts on Seed Germination and Seedling Growth of431
Phaseolus vulgaris L. and Zea mays L. Open Access Library Journal. 2015; (2): 1-8432

[20]. Meaza Kidane. Exrtaction and characterization of essential oil from Eucalyptus leaves using steam433
distillation. Master’s Thesis. 2016; 1-64434

[21]. El-Khawas S.A. & Shehata M.M. The allelopathic potentialities of Acacia nilotica and Eucalyptus rostrata435
on monocot Zea mays L and Dicot Phaseolus vulgnaris L. J. Plant. Biotechnology.2005; 4(1): 23-34.436

[22]. Shikha R and JhaA. Evaluation of effect of leaf extract of Partheniumhysterophorus L. on seed437
germination, seedling growth and fresh weight of Phaseolusmungo.American Journal of Research438
Communication Volume 4(2). Department of Botany J. P. University, Bihar, India. 2016; 86-103439

[23]. Mujawar I., Kanade M. and MurumkarC. Investigation of allelopathic effect of Pascaliaglaucaortega on440
seed germination and seedling Growth of wheat.Indian Journal of Fundamental and Applied Life. 2016; 6441
(3):50-55.442

[24]. Mohammed. M. Hassan, Hussien M. Daffalla, Samia O. Yagoub, Magdoleen G. Osman, Migdam E. Abdel443
Gani and Abdel El Gabar E.Babiker. Allelopathic effects of some botanical extracts on germination and444
seedling growth of Sorghum bicolor L. Journal of Agricultural Technology. 2012; 8(4): 1423-1469.445

[25]. Mona. H. SolimanAhlam, H. Hamad ,Hamdah, Al-Gohny and Shroug, S. Al-gohny. Allelopathic Effect of446
Moringa oleifera Leaves Extract on Seed Germination and Early Seedling Growth of Faba Bean447
(Viciafaba L.). International Journal of Agricultural Technology. 2017; 13(1): 105-117448

[26]. Solomon W. Senbet. Effects of eucalyptus globulus leat extract on Germination response and seedling449
growth of five Wheat species, Msc Thesis. Adis Ababa, Ethiopia, 2016.450

UNDER PEER REVIEW



[27]. Yu DG, Liu GD, Bai CJ. A study on evaluation of Graminaceous grass adaptability under Eucalyptus.451
Chinese Agricultural Science Bulletin. 2008; 24(10): 521-527452

UNDER PEER REVIEW




