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ABSTRACT 
 
 A series of experiments was conducted to determine the effects of  water extracts of Tea (Camellia sinensis 
(L.) kuntze) leaves at different developmental stages(very young,middle aged and old) on seed germinationand 
seedlings growth of Viciasp..The water extracts were prepared at concentrations of 1%,3% and 5%. The seed 
germination in Vicia sp. was equall to the control group. Radicle growth was reduced in different concentrations 
of Tea leaf extracts. Leaf area and fresh (wet) weight of tested plant reduced after treatment with Tea leaf 
extracts. Dry weight ofVicia sp. treated with very young leaves at 3% and 5% was raised. The results of 
histological studies in Viciasp. showed that root hair only exists in control group and adventitious roots exist 
only in plants treated with the extracts of  very young Tea leaf at concentration of 1% and middle aged leaf at 
concentration of 1% and 3%.Diameter of cortical parenchymaincreased in treatments with very young and 
middle aged leaf extracts at 5% and old leaf at 1%,3% and 5%.Vascular tissuewas developed in treatments with 
very young leaves at concentrations of 3% and 5%. 
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Introduction 
 
 Allelopathy at first time was used by Molish, 
[14] for interpretation of biochemical interactions 
between plant species and microorganisims which 
were previously grouped into plants. Allelopathy is 
the direct or indirect effects of one plant on the other 
through releasing some compounds into environment 
that can be useful or harmful [21]. These compounds 
are allelochemicals which are usually the secondary 
or waste products of main plants methabolic 
pathways specially shikimic acid and acetate 
pathways [21].  
Many allelochemicals has been known in tea such as 
alkaloids (caffeine, teophiline, teobromin), tannins, 
polyphenols, catchins and phenolic 
compounds(benzoic acid,caffeic acid,chlorogenic 
acid,ferulic acid,p-cumaric acid,vanillic acid [15]. 
 The aim of this research is to examine the 
allelopathic effects of Tea plants growing naturaly at 
vast scalein north of Iran's tea gardens on Vivia sp. 
 
Materials and Methods 
 
Sampling process: 

 
 Leaves of Tea were collected in July2011 at 
three different developmental stages: very young 

(630 mm2), middle aged (1539mm2) and old 

(4169mm2) from north of Iran.Leaves were rinsed 
with tap water for about 2-3 hours then dried at room 
temperature for 2-3 weeks. These leaves were 
grinded with a willy miller and were kept in 4°C at 
dark. Seeds of Viciasp. were obtained from Karaj 
seed and sapling research institute. 
 
Sterilization of leaves powders: 
 
 Powders of Tea leaves were sterilized by 
combination of Tendalization method and using 0.2 
micron sterile filters. 
 
Preparation of leaves water extracts in Tea: 
 
 Water extracts at concentrations of 1%,3% to 
5% were prepared from Camelliasinensisleaf 
powders at different developmental stages (very 
young,middle aged and old). For extraction, a shaker 
with 150 rpm was used  about 48 hours. These 
extracts were first filtered through four layers of 
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cheesecloth and then one layer of sterile whatman 
(slow). These extracts were kept in refrigerator 4ºC 
till being used. 
 
Seed culture and treatments: 
  
 The sterilized seeds of Vicia sp. were cultured in 
10 Cm petri dishes containing sterile whatman (slow) 
filter papers, 10 seeds were cultured and each 
experiment was repeated 5 times.The control group 
treated with distilled water and each experimental 
group were treated with different extracts of Tea 
leaves at concentrations of 1%, 3% and 5%.The 
treatments were conducted every day by applying 3 
ml of  extracts into the petri dishes.Speciments were 
kept in petri dishes in incubator of 25±1°C and light-

darkness period of 16 h and 8 h at 52 µmol m-2s-1 of 
light intention. 
 
Study of germination and seedling growth: 
 
 The percentage of germination was recorded at 
different times after treatments and continued till 
germination of the last seed. The germination rate 
was the time for 50% of seeds germination. All 
treatments lasted for 10 days. 
 In vicia sp.  the growth factors like:leaf number 
and area,radicle growth, wet and dry weightof 10 
days old seedlings were studied. 
 
Histological studies: 
 
 Study of probable changes in root structures of 
experimental plants was done with cyto-histology 
technics and light microscopy. The root cross 
sections were made after fixation of root pices in 
mixture of ethanol-glycerin. Cross sectionswere 
stained by methilene blue-carmine.Finallythelight 
microscopy and photography was done. 
 
Statistical analysis: 
 
 For analyzing the data of our experiments first 
we used t-test (comparing the averages). Finally the 
analysis was done by software SPSS 18 and the 
graphs were drawn by softwareExcell.  
 
Results: 
 
Average germination percent: 
 
 In Vicia sp. seeds, the germination percent in all 
leaf treatmens was the same as control group andno 
significant differences exists (p>0.05) (Figure 1-1). 
 
Seed germination rate: 
 In Vicia sp. germination rate in all leaf 
treatments was lowered comparing to the control 

group (p≤0.05) (Figure 1-2) and reached from 9h in 
control group to a maximum of 22.5 hr in treatments 
with aqueous extracts of middle aged leaves at 5%. 
 
Root growth: 
 
 In Vicia sp. the root length was very reduced if 
compared to the control group (p≤0.05) (Figure 1-5) 
and reached from 12 cm in control group to a 
minimum of 0.24 in treatments with aqueous extracts 
of very young leaves at 5%. 
 
Leaf number: 
 
 In Vicia sp.  leaf number increased at all 
treatments except in treatments with very young and 
middle aged leaf extract at 5% (p>0.05) (Figure 1-3) 
and reached from 4 leaves in control group to 2 
leaves in treatments with the queous extract of 5%  in 
middle aged leaves. 
 
Leaf area: 
 
 In Vicia sp. leaf area was decreased in all 
treatments comparing to the control group (p≤0.05) 

(Figure 1-4) and reached from 4200m2 in control 

group to a minimum of 600 m2in treatments with 
very young leaves at 5%. 
 
Wet and dry weight of seedling: 
 
 In Vicia sp., wet weight of treated seedlings has 
decreased comparing to the control group in all 
treatments (p≤0.05, except for treatments of very 
young leaf extract at 1% and middle aged leaf extract 
at 3%) (Figure 1-8) and reached from 0.276 gr to a 
minimum of 0.0875. Dry weight of Vicia sp.  in 
treatments with very young leaf extract at 3% and 
5% and old leaf extract at 1% was increased and in 
other treatments has reduced in compare to control 
(p>0.05) (Figure 1-9). 
 
Results of histological studies: 
 
 Root structures changed by applying different 
treatments inVicia sp. The root structure from outside 
to inside consists of root hairs,epidermis,cortical 
parenchyma,endodermis, peripheral circle, vascular 
tissue and parenchymal pith in both control groups 
and treatments but the root hair only exists in the 
control group (figure 2A). Adventitious roots are 
only present in treatments with very young leaf 
extracts at 1% (figure 2B) and middle aged leaf 
extracts at 1% and 3% (figure 2E and 2F). In 
treatments with very young leaf and middle aged leaf 
extracts at 5% (figures 2D and 2G) and old leaf 
extracts at 1%,3% and 5% (figures 2H,2I and 2J) the 
volume of cortical parenchyma is developed 
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comparing to the control group. Only in treatments 
with very young leaf extract at 3% and 5% (figures 

2C and 2D) the vascular tissue is developing to some 
extent.

 

 
 
Fig. 1-1: Effect of Tea leaves extracts on germination percent of Vicia sp. Seeds. 

 

  
 
Fig. 1-2: Effect of Tea leaves extract on germination rate of Vicia sp. Seeds. 
 

 
 
Fig. 1-3: Effect of Tea leaves extract on leaves number of Vicia sp. 10 days old seedlings. 
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Fig. 1-4: Effect of Tea leaves extract on leaves area of Vicia sp.  10 days old seedings. 
 

 
 
Fig. 1-5: Effect of Tea leaves extract on root length of Vicia sp. 10 days old seedlings. 
 

 
 
Fig. 1-6: Effect of Tea leaves extract on wet weight of Vicia sp. 10 days old  seedlings. 
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Fig. 1-7: Effect of Tea leaves extract on dry weight of Vicia sp. 10 days old seedlings. 
 
  
 
 
 
 
 
 
 
 
 
                           Figure 2 A   Figure 2 B 
 
 
 
 
 
 
 
 
 
 
 
                        Figure 2 C Figure 2 D 
 
 Cross sections of Vicia sp. root in control 
group(2A) and after treatment of seeds with aqueous 
extracts of very young leaves at concentrations of 

1%, 3% and 5%(2B, 2C, 2D) Rh: Root hair, Ep: 
Epidermis, P: Parenchyma, En: Endodermis, Pc: 
Peripheral cycle, Xy: Xylem, Ph: Phloem, Pi: Pith. 

 
 
 
 
 
 
 
 
 
 
 
 
                      Figure 2 E       Figure 2 F 
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               Figure 2 G Figure 2 H 
 
 
 
 
 
 
 
 
 
 
 
 
              Figure 2 I Figure 2 J 
 
 Cross sections of Vicia sp. root after treatment of 
seeds with aqueous extracts of middle aged leaves at 
concentrations of 1%, 3%, 5%( 2E,  2F, 2G) and old 
leaves at concentrations of 1%, 3%and 5% (2H, 2I, 
2J) (×100). Ep: Epidermis, P: Parenchyma, En: 
Endodermis, Pc: Peripheral cycle, Xy: Xylem, Ph: 
Phloem, Pi: Pith, A.dr: adventitious root. 
 
Discussion: 
 
 Results of this research about effect of water 
extracts of Camellia sinensis L. leaves on 
germination rate of Vicia sp. seeds is in accordance 
with Romang et al, [22] and Tworkoski et al, [27] 
they found that some compounds in extracts and 
essence of the most pharmaceutical plants have 
strong inhibitory characters and in concentrations 
above 1% can stop the germination. Ismail and 
Chong [10] believed that allelochemicals at low 
concentrations can have positive or negative effects 
on other plants but at higher concentrations are 
always inhibitors.In general the high concentration of 
allelochemicals in extracts can cause the osmotic 
stress during germination and change the 
germination rate an percent in plants seeds. 
 The results of this research are also in 
accordance with findings of Rezaiinodehi et al, [19] 
about allelopathic effects of aquatic extracts of 
Camellia sinensis leaves on germination and growth 
of Amaranthus retrofletus L. which showed that in 

all extracts the allelopathic activity raises by increase 
in extract concentration. 
 The results about seed germination percent of 
the test plant,have conformity with Ebrahimikia et al, 
[6], they showed the essence of twoEucalyptus 
species can restrict germination and growth of 
Phaseolus aurens seedlings. 
 Reducing mechanism of seed germination  is 
probably related to reduction in enzymes activity like 
α-amylas which has a role in seed 
germination.Results also show that tolerance of 
plants is different to allelochemicals [15,5]. 
 In general, treatments with many phenolic 
compounds have multiple physiological effects like 
decrease of plant growth,plantwater,plantminerals 
and ions absorbtion,water potential of leaf,turgor 
pressure of stem and osmotic potential [16,7]. 
 Results of the experiments about radicle length 
arethe same as Rezaiinodehi et al, [20], they found 
that by rising of extract concentration,there will be a 
decrease in all growth parameters like radicle length 
which is related to increase in allelochemicals and 
toxicity.A factor that can enhance the allelochemicals 
effects is osmotic potential of extracts but since the 
used concentrations(1%,3% and 5%) in our studies 
are low,it's probability is very weak. 
 The findings in this experiment are also in 
accordance with Chung et al, [4] and Turk et al, [26] 
that said, the radicle length  is more sensitive than 
shoot,which is the results of roots being the first 
place of direct encounter to allelochemicals [4]. 
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 The results are also in accordance with 
Rezaiinodehi et al, [19], they showed Camellia 
sinensis leaves can cause reduction of leaves area in 
golden foxtail especially at high concentration of 
extracts. Other conformity with results is finding of 
Jayakumar et al, [11] who showed,water extracts of 
fresh leaves in Partenium hysterophorus can reduce 
the leaf area in Caesalpinia coriaria. Sinkkonen et 
al, [24] and Peng et al, [17] believed that the 
allelopathic activity raises and growth decreases at 
the rising concentrations of extracts. Also Govahi 
and shaji [8], showed that by rising of water extract 
concentration in arial parts of Chenopodium, 
allelopathic activity raised and growth of Phaseolous 
stem restricted. 
 In general weight and length of root is more 
sensitive than stem,because roots are the first organs 
taking the allelochemicals directly from environment 
[4]. 
 Results of the experiments about arial organs 
growth showed that in Vicia sp.,the root length is 
more reduced than shoot length and this is not in 
accordance with Labafihoseinabadi et al, [13]. but is 
in accordance to the Guenzi et al, [9], 
Yaghubiashrafi et al, [29] and Asghari et al, [1] who 
found that different agronomic cultivars have the 
restrictory ability on stem growth. 
 Results of the studies on leaf number are the 
same as Wu et al, [28], they said,allelochemicals can 
effect directly on growth of different organs of plants 
like leaves and bush height. 
 The results about wet weight showed that effect 
of water extracts of Tea leaves on wet weight of 
Vicia sp. is reduction,which have conformity with 
Chaichi, edalatifard and Javanshir [2]. 
 Results of the studies about dry weight are the 
same as Soltanipoor et al, [25], that showed different 
concentrations of Zhumeria majdae essence cause 
the loss of dry weight in tomato and wheat.Also 
some risings in dry weight are due to the increase in 
some proteins in stress conditions. 
 Results of the histological studies for Vicia sp. 
shows the absence of root hair after all treatments 
that can be due to the stress and soon oldness.This 
result is in accordance with Romero-Romero [23] 
that reported the allelochemical stress triggered by 
S.deppi can raise the roots in tomato.Results showed 
that the diameter of cortical parenchyma raises in 
treatments with very young and middle aged leaf 
extract at 5% and old leaf extract at 1%,3% and 5% 
which is in accordance to Chon et al, [3] that 
reported the root width of Medicago sativa develops 
due to treatments by Medicago extracts and cumarine 
which led to the development of vascular tissue and 
diameter of cortical parenchyma,that is also in 
conformity with our results for treatments with very 
young leaf extracts at 3% and 5% that showed 
development of vascular tissue in compare to 

control.In our experiments extracts of very young 
and middle aged leaves were more effective in root 
changes which is in accordance with Kazemi and 
Majd [12]. 
 The mentioned results above are about 
allelopathic effects of Camellia sinensis leaves at 
different developmental stages on germination and 
growth of Vicia sp..Results showed that treatments 
with Tea very young leaves, specially at 
concentrations of 3% and 5% were the most effective 
with the highest allelopathic potential.Despite of 
many reports about other plants in this field,no 
reports exists aboutCamellia sinensis, speciallyby 
mentioning different developmental stages of leaves, 
so more researches in this field seems to be useful. 
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