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Abstract
This study aims to evaluate the possible allelopathic effects of young and mature leaf extract from of two eucalyptus genetic materials on the physiological
performance of millet seeds. The experiment was carried out in a completely
randomized design, in a 5 × 2 × 2 factorial arrangement [five concentrations
of the extract (0, 25%, 50%, 75%, and 100%) × two genetic materials (1 - Eucalyptus grandis × Eucalyptus urophylla and 2 - Eucalyptus grandis × Eucalyptus camaldulensis) × two maturation stages of leaves (young and mature
leaves)] with four replicates, each one with 25 seeds. Seeding was performed
on the germitest paper substrate distributed in Petri dishes, moistened with
the extract according to the treatments, being allocated in biochemical oxygen
demand (B.O.D) adjusted at 25˚C and 12 h photoperiod. Percentage, speed
index, mean germination time, aerial part and primary root length, and dry
matter weight of aerial part and root system of seedlings were evaluated. The
leaf extracts of the two eucalyptus clones had all the analyzed variables
changed with effect more evident on young leaf extract of the genetic material
1. It can be concluded that the tested genetic materials have a detrimental effect on the physiological performance of millet seeds.
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1. Introduction
Allelopathy is known as mechanism of chemical interaction among plants that
plays important roles in the ecosystem [1]. Effects of this mechanism can be verified on all organisms; however, its manifestation becomes more evident in
plants [2], influencing plant dominance, succession, formation of plant communities, and climax vegetation, just as productivity and crop management [3].
Among the allelopathic compounds, short chain acids, essential oils, phenolic
compounds, alkaloids, steroids, terpenes, unsaturated lactones, and coumarin
derivatives are highlighted and can be released in many ways in the air, excreted
by the root, or carried to the ground by rainwater [4], which may interfere with
the growth and vigor of plants, and inhibit seed germination of many species [2].
In recent years, many efforts have been made to combine production, conservation, and preservation; in this context, integration systems of agricultural, forestry, and pastoral activities stand out as a viable alternative. There are many
tree species that present the potential or composing systems of crop-livestock-forest
integration (CLFI) and silvipastoral systems (tree + pasture/animal) (SPSs). In
Brazil, eucalyptus mainly has been distinguished with large numbers of species
and many interspecific hybrids, enabling to select the most suitable genetic material, according to each purpose and climatic and soils conditions.

Eucalyptus genus has some species considered potentially allelopathic. It can
also be used as important component of CLFI and SPS systems [5]. Thus, it is
important to gather efforts to identify allelopathic properties in species with potential to compose the CLFI and SPS systems such as eucalyptus, since there is
considerable number of species and hybrids with such useful potential for these
systems.
Millet (Pennisetum glaucum) is looked like an alternative of straw production
for soil cover in no-tillage areas, due to its drought-resistant agronomic characteristics, wide adaptation, and good mass production, combined with fast
growth, low deployment cost, and good nutritional quality [6]. It is also widely
cultivated in a consortium with leguminous vegetables, with great importance in
Brazil, particularly in the cerrado (Brazilian savannah) region, and it is an excellent alternative for integrating systems.
Effects of aqueous extracts and essential oils on seed germination and initial
seedling growth have been shown for some species, such as Eucalyptus globulus
L. and Eucalyptus grandis [5] [7]; Achillea millefolium L. [8]; Corymbia citri-

odora (Hook.) K. D. Hill & L. A. S. Johnson [9]; Baccharis dracunculifolia [10],
among others; however, there is no information for the genetic materials of Eucalyptus grandis × Eucalyptus urophylla and Eucalyptus grandis × Eucalyptus
camaldulensis. These genetic materials are among the most commercially cultivated in the State of Piauí, Brazil.
Considering the importance that many species and hybrids of eucalyptus
represent for restoration, preservation, supply of raw material, and mainly as
potential for the CLFI and SPSs systems, together with the information lack reDOI: 10.4236/ajps.2018.91004
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garding the allelopathy process, this work was carried out with the objective to
evaluate the allelopathic potential of young and mature leaves extract from two
eucalyptus genetic materials [(1) Eucalyptus grandis × Eucalyptus urophylla; and
(2) Eucalyptus grandis × Eucalyptus camaldulensis] on the physiological performance of millet (Pennisetum glaucum) seeds.

2. Material and Methods
This experiment was carried out at the Ecophysiology Laboratory of the Federal
University of Piauí (UFPI), Professora Cinobelina Elvas Campus (CPCE) in Bom
Jesus municipality, Piauí State (PI), Brazil.
The experimental design was completely randomized, in 5 × 2 × 2 factorial
arrangement (five concentrations of the extract (0, 25%, 50%, 75%, and 100%) ×
two genetic materials (clones) [(1) Eucalyptus grandis × Eucalyptus urophylla;
and (2) Eucalyptus grandis × Eucalyptus camaldulensis] × two maturation stages
of leaves (young and mature leaves).
Leaf collection was carried out in four clonal trees of Eucalyptus grandis ×

Eucalyptus urophylla (EC 02) and Eucalyptus grandis × Eucalyptus camaldulensis (EC 01) hybrids, in different positions of the canopy, aiming to separate
young leaves (collected in the apical regions) and mature leaves (collected at the
canopy base).
The trees of the two clones above mentioned are part of a clonal test, implemented in March 2014, in a multiclonal scheme with 3 m × 2 m spacing (three
meters among rows and two meters among plants), so that each planting line
contains a genetic material, being 35 plants per clone. The clonal test is located
at Escola Alvorada Farm, belonging to the Federal University of Piauí (UFPI),
Professora Cinobelina Elvas Campus (CPCE), located in the municipality of Alvorada do Gurguéia, southwest region of the State of Piauí, Brazil.
In the preparation, the extracts were considered at 10 g ratio vegetal material
to 200 mL distilled water, milled in blender at the maximum speed (3) for approximately two minutes, producing the crude aqueous extract (100%). Dilutions with distilled water were made from the crude extract (100%), producing
25%, 50%, and 75% extract concentrations and distilled water was used as control treatment.
After preparing the extract, a sample of the crude extract (100%) was taken for
pH measurement. Only the crude extract was measured, since, in accordance
with [2], the dilutions of the extracts carried out in distilled water do not affect
the change of pH values. Millet seeds (ADR-300 cultivar) were obtained commercially in the city of Bom Jesus, Piauí State, Brazil.
The germination test was carried out on 90 × 15 mm sterilized petri dishes,
and sowing was performed between the germitest substrate, moistened with the
extracts according to the treatments in the amount of 2.5 times the dry paper
weight [11]. After sowing, the Petri dishes were kept in a germinating Biochemical Oxygen Demand (B.O.D) type chamber, regulated at 25˚C constant temperDOI: 10.4236/ajps.2018.91004
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ature and 12 hours photoperiod for seven days. For each treatment, four replicates were used and each replicate containing 25 seeds.
The germination count was made daily, with radicle emission (2 mm radicular
protrusion) as germination criterion.
The following variables were evaluated: 1) germination (G%)—the germination percentage corresponded to the total number of seeds germinated in the last
evaluation (seven days after sowing); 2) germination speed index (GSI) was performed together with the germination test, and the germinated seed count was
performed daily at the same time from the first count until the value became
constant. GSI was obtained using the formula proposed by [12],which is presented following: GSI = G1/N1 + G2/N2 + ··· + Gn/Nn, where: G1, G2, ··· Gn =
number of germinated seeds in each day and N1, N2, ··· Nn = number of days
elapsed since the day of sowing; 3) length of the primary root and aerial part—at
the end of the experiment, using a graduated ruler, the length of the primary
root and of the aerial part of the normal seedlings of each replicate was measured. The mean length was obtained with the sum of the measurements of each
part of the seedling (root and aerial part) of each replicate, divided by the number of measured normal seedlings; results were expressed in cm plântula−1 [13];
and 4) dry mass of the root system and aerial part—the normal seedlings previously measured in each replicate were conditioned in Kraft paper bags, previously identified, weighed, and taken to the forced ventilation oven, regulated at
80˚C, for 24 hours. After this period, the samples were removed from the
greenhouse and weighed using analytical balance with 0.001 g accuracy, and the
mean results were expressed in mg plântula−1 [13].
Data were submitted to the normality test (Lilliefors) and to the homogeneity
of variances (Cochran) to verify the need for data transformation and, afterwards, submitted to analysis of variance (ANOVA); when significant effect of
the treatments was verified, the means were compared by the Scott-Knott test at
5% probability. Statistical analyzes were made using the SISVAR (DEX/UFLA)
software, version 5.6 [14].

3. Results and Discussion
It is known that medium with extremely acidic or alkaline pH can affect germination performance and seedling growth, observed generally under conditions of
pH below 4 and above 10 [15]. Therefore, the pH determination of the extracts
used for the determination of allelopathic effects is fundamental when its constitution in organic acids and other molecules is not known, because extreme pH
values of the extracts can act on the seeds and/or seedlings, and mask the allelopathic effect [5].
The pH values of the crude aqueous extracts (100%) of young and mature
leaves of E. grandis × E. urophylla and E. grandis × E. camaldulensis were 5.45
and 5.55; and 5.29 and 5.22, respectively. Thus, the pH of the extracts used in
this study was found within an acceptable values range, so, non-interfering on
DOI: 10.4236/ajps.2018.91004
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seed germinability and seedling growth.
The analysis of variance of the interaction among the tested factors was significant for all analyzed variables (p ≤ 0.05).
Regardless of the genetic material and the maturation stage of the leaves, significant reduction in the germination percentage and in the Germination Speed
Index (GSI) was observed, considering 25% extract concentration (Table 1).
This result may be related to the effect of allelochemicals released by the leaves
of the genetic materials of the eucalyptus used in this study. Reports indicate that
the Eucalyptus genus has many species with allelopathic potential [5].
Table 1. Average values of germination (%) and Germination Speed Index (GSI) (%) of
millet seeds submitted to the action of different concentrations of young and mature leaf
extracts from different genetic materials of eucalyptus.
Germination
Genetic Material
Extract Concentrations

E. grandis × E. urophylla

E. grandis × E. camaldulensis
Leaf

Young

Mature

Young

Mature

0%

84 Aaα

84 Aaα

84 Aaα

84 Aaα

25%

56 Caβ

71 Baα

64 Baα

72 Baα

50%

73 Baα

60 Caβ

54 Cbβ

66 Baα

75%

43 Dbβ

71 Baα

52 Caα

45 Cbα

100%

56 Caβ

70 Baα

47 Cbα

50 Cbα

GSI
Genetic Material
Extract Concentrations

E. grandis × E. urophylla

E. grandis × E. camaldulensis
Leaf

Young

Mature

Young

Mature

0%

8.74 Aaα

8.74 Aaα

8.74 Aaα

8.74 Aaα

25%

5.32 Caβ

6.67 Baα

6.21 Baα

6.36 Baα

50%

7.52 Baα

4.92 Cbβ

5.18 Cbα

6.13 Baα

75%

3.79 Daβ

5.93 Baα

4.01 Daα

3.99 Cbα

100%

5.20 Caα

5.71 Baα

3.82 Daα

4.18 Cbα

F Values
Germination

GSI

GM

14.591**

11.833**

LMS

21.012**

3.589ns

EC

69.782**

102.785**

Interaction
(GM × LMS × EC)

13.593**

10.287**

CV (%)

9.10

11.22

Means followed by the same capital letter in the column [extract concentrations (EC)], lowercase in the line
(different genetic material (GM) and the same leaf maturation stage (LMS)) and means followed by the same
Greek letter in the line [different Leaf Maturation Stages (LMS)] and the same genetic material) do not differ
from each other by the Scott-Knott test at 5% level. **Significant at 1% of probability by the F test,
*Significant at 5% of probability by the F test and nsNot significant.
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[1] evaluating the allelopathic effect of aqueous extracts of Eucalyptus globu-

lusLabill. and Casearia sylvestris Sw., on germination and initial growth of mustard (Brassica campestris L.), cabbage (Brassica oleracea L. capitata), broccoli
(Brassica oleracea L. cv. Italica), cole - Chinese cabbage - (Brassica pekinensis L.)
lettuce (Lactuca sativa L. cv. grand rapids), tomato (Lycopersicum esculentum
Miller), turnip (Brassica rapa L.), arugula (Eruca sativa L.), and radish (Raphanus sativus L.) found that these species are potentially allelopathic for reducing
and/or inhibiting germination, GSI, and initial growth of the root system and
aerial part, and the eucalyptus is the species with the greatest inhibitory potentialities on the tested vegetables.
In most cases, the allelopathic effect is more evident when leaf extracts are
used [9] [16]. [17], evaluating the allelopathic potential of the aqueous extract of
leaves of Corymbia citriodora (Hook.) K. D. Hill & L. A. S, verified that the
onion culture had its percentage and germination speed reduced with the increase of the extract concentrations (0, 20%, 40%, 60%, 80%, and 100%) in the
germination medium.
In another work, [7] evaluated the concentration effect of 0, 25, 50, 75, and
100% aqueous extract of Eucalyptus grandis leaves on germination of lettuce
seeds (Lactuca sativa L.) and carioca beans (beans with khaki stripes on a beige
background) (Phaseolus vulgaris L.), and they found germination inhibition
from 50% extract concentration for lettuce seeds, but the bean seeds germination
was not affected, suggesting that the allelochemicals effect depends on the target
species and that some of them are more sensitive than others. [9] pointed out
that in addition to the studied species, these effects may also vary according to
the preparation way, application form, concentration, and exposure time of the
seeds to the extract.
The tested leaf extracts also influenced the initial growth of millet seedlings
when compared to control treatment. When the average values of seedling
length were verified, it was observed that the primary root length was more sensitive to the increase of the extract concentrations than the aerial part. When
analyzing the mean values of the primary root length of millet seedlings, decrease from 25% concentration was observed for most of the evaluated treatments, independently of the leaves maturation stage (Table 2). For this variable,
it is verified that the E. grandis × E. camaldulensis genetic material affected negatively the primary root length.
Similarly to study, [18] when studying the allelopathic effect of Eucalyptus

urograndis by testing aqueous concentrations of leaves (0, 12.5%, 25%, 50%, and
100%) on germination and initial seedling growth of Urochloa decumbens and
Panicum maximum, found that the germination speed index and primary root
length were the parameters most affected by the potentially allelopathic substances present in leaf extracts. [10], studying the allelopathy of Joanesia prin-

ceps V ell. and Casearia sylvestris Sw. on cultivated species, also verified that the
primary root was the plant structure most affected by the used extracts.
DOI: 10.4236/ajps.2018.91004
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Table 2. Mean values of the main root length (RL) and aerial part length (APL) of seedlings (cm plantula−1) of millet submitted to the action of extract different concentrations of
young and mature leaves of different genetic materials of eucalyptus.
RL
Genetic Material

E. grandis × E. urophylla
Extract
Concentrations

E. grandis × E. camaldulensis
Leaf

Young

Mature

Young

Mature

0%

3.55 Aaα

3.55 Aaα

3.55 Aaα

3.55 Aaα

25%

2.77 Abβ

4.52 Aaα

4.79 Aaα

2.66 Abβ

50%

4.20 Aaα

2.81 Baα

1.65 Bbα

2.82 Aaα

75%

2.65 Aaα

4.14 Aaα

1.34 Baα

1.73 Abα

100%

2.72 Aaα

2.04 Baα

1.52 Baα

2.06 Aaα

APL
Genetic Material

E. grandis × E. urophylla
Extract Concentrations

E. grandis × E. camaldulensis
Leaf

Young

Mature

Young

Mature

0%

2.31 Baα

2.31 Baα

2.31 Aaα

2.31 Aaα

25%

1.95 Baβ

3.45 Aaα

2.67 Aaα

2.36 Abα

50%

3.07 Aaα

2.42 Baα

1.47 Bbα

2.31 Aaα

75%

1.82 Baβ

3.23 Aaα

0.86 Bbα

1.75 Abα

100%

2.68 Aaα

2.26 Baα

1.47 Bbα

2.35 Aaα

F Values
RL

APL

GM

8.388**

16.476**

LMS

0.202ns

8.771**

EC

5.965**

2.595*

Interaction
(GM × LMS × EC)

4.774**

4.774**

CV (%)

38.32

27.38

Means followed by the same capital letter in the column [extract concentrations (EC)], lowercase in the line
[different genetic material (GM)] and even maturation stage of leaf (EMF)) and averages followed by the
same Greek letter in the line [different Leaf maturation stages (LMS) and the same genetic material)] do not
differ from each other by the Scott-Knott test at 5% level. **Significant at 1% of probability by the F test,
*Significant at 5% of probability by the F test and nsNot significant.

It was verified that the increase of the concentrations did not negatively affect
the growth of the seedlings aerial part length, unlike other variables (Table 2),
and larger values were verified in some treatments, when compared to the control treatment. Contrary results were presented by [19] for Lactuca sativa L.,
DOI: 10.4236/ajps.2018.91004
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when found relationship inversely proportional with the increased concentrations of the tested extracts.
In accordance with [5], the initial seedlings growth is more affected by the
aqueous extracts than the germination. For [20], allelopathic substances can either promote or inhibit the initial plant growth, which would explain the distinct
responses on the root and aerial part growth of millet seedlings.
The chemical compounds responsible for the allelopathy phenomenon can be
found in distinct parts of the plants and distributed into them under different
concentrations during their life cycle [21]. Generally, allelochemicals have selective actions, just as plants may also have selectivity in their responses [22]. Such
information confirms the observations of this study, when analyzing under isolated way the factor of maturation stages of the leaves, in which, the young leaves
were responsible for promoting greater inhibition of the aerial part growth of the
millet seedlings.
As for germination percentage and germination speed index, the extracts
concentrations from 25% also affected negatively the mean values of dry mass of
the root system and aerial part of the millet seedlings (Table 3).
The allelopathic effect presented by the two used genetic materials may be related to one of their components (Eucalytus urophylla and Eucalytus grandis),
because allochemical substances have been found in the E. urophylla [23] and E.

grandis [7] species.
In general, results indicate allelopathic potential of the studied genetic materials, since the substances present in the extracts could reduce the percentage of
seed germination and the millet seedlings performance. The present study and
other works related to allelopathy among species also show inhibitory effects of
aqueous extracts of Pinustaeda [24]; Joanesia princeps Vell., and Casearia sylve-

stris Sw. [25]; Eucalyptus urophylla S. T. Blake [23]; Eucalyptus grandis Hill ex
Maiden [7]; Eucalyptus urograndis [18]; Avenastrigosa Schreb. and Loliummultiflorium Lam. [21].
Considering the above mentioned, the effects of leaf extracts of the two Eucalyptus genetic materials observed in this study on the germination and initial
development of millet seedlings are important aspects in areas of Agroforestry
Systems (AFSs) implantation using these genetic materials in consortium with
millet, because the substances resulting from their leaves decomposition can affect the germination performance of millet seeds and favor the seedling emergence imbalance and consequent harvesting imbalance, fact that may lead to
losses on the crop quality and productivity. However, [1] emphasized the importance to consider that, under field conditions, the actions of the allelochemical compounds may be different from those observed in vitro. In this sense, [2]
and [3] stated that many processes used to identify certain extracts that have allelopathic effects do not allow to conclude under which field conditions such effects will be shown, only prove the existence of allelochemicals in the plant material.
DOI: 10.4236/ajps.2018.91004
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Table 3. Mean values of dry mass of the root system (DMR) and aerial part (DMAP) of
seedlings (mg plantula−1) of millet submitted to the action of extract different concentrations of young and mature leaves of different genetic materials of eucalyptus.
DMR
Genetic Material

E. grandis × E. urophylla
Extract
Concentrations

E. grandis × E. camaldulensis
Leaf

Young

Mature

Young

Mature

0%

3.81 Aaα

3.81 Aaα

3.81 Aaα

3.81 Aaα

25%

2.23 Bbβ

2.73 Baα

3.17 Baα

2.17 Bbβ

50%

2.55 Baβ

3.00 Baα

2.44 Caα

2.49 Bbα

75%

1.93 Baα

2.30 Caα

2.09 Daα

1.60 Cbβ

100%

2.32 Baα

2.35 Caα

1.87 Dbα

1.16 Dbβ

DMAP
Genetic Material

E. grandis × E. urophylla
Extract Concentrations

E. grandis × E. camaldulensis
Leaf

Young

Mature

Young

Mature

0%

2.97 Aaα

2.97 Aaα

2.97 Aaα

2.97 Aaα

25%

1.71 Bbβ

2.16 Baα

2.57 Baα

1.62 Bbβ

50%

1.87 Baβ

2.30 Baα

2.00 Caα

1.79 Bbα

75%

1.08 Cbβ

2.30 Baα

1.65 Daα

0.94 Cbβ

100%

1.74 Baα

1.75 Caα

1.30 Ebα

1.07 Cbα

F Values
DMR

DMAP

GM

12.950**

15.343**

LMS

1.445

0.004ns

EC

102.388**

117.444**

Interaction
(GM × LMS × EC)

3.487*

12.802**

CV (%)

11.60

11.31

ns

Means followed by the same capital letter in the column [extract concentrations (CE)], lowercase in the line
(different genetic material (GM) and the same leaf maturation stage (LMS)] and means followed by the same
Greek letter in the line [different leaf maturation stages (LMS) and the same genetic material] do not differ
from each other by the Scott-Knott test at 5% level. **Significant at 1% and *at 5% of probability by the F test
and nsNot significant.

4. Conclusion
The aqueous extracts of young and mature leaves of the tested genetic material
present allelopathic potential on the millet seedlings, because they interfered in
the germination and in its initial growth, and the pH is disconnected from possible interferences.
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