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Allelopathic Effects of Spurge (Euphorbia hierosolymitana) on Wheat (Triticum durum)
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Abstract: This study was conducted to investigate the allelopathic potential effect of Euphorbia
hierosolymitana  in  wheat  (Triticum  durum  local  var.  Hourani  27),  in  both  laboratory  and  glasshouse.
Since E. hierosolymitana is a common weed in filed crops and orchards in Jordan. The effects aqueous leachate
of E. hierosolymitana on germination, seedling growth, total chlorophyll and protein contents of wheat were
examined.  Higher  c oncentration  of  aqueous leachate of E. hierosolymitana reduced the germination rate.
On the other hand, the radicle and coleoptile length of the germinated seeds of wheat were significantly
inhibited by the leachate. Also, the aqueous leaf leachate of E. hierosolymitana was found to inhibit
significantly the growth of wheat seedlings. Allelochemicals caused significant reduction in decreased root and
shoot length, fresh, dry weights and decreased the amount of total chlorophyll and protein contents.
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INTRODUCTION into the environment to suppress the growth of other

Wheat (Triticum durum) is the most grown crop in Allelochemicals are toxic (e.g. phenolics, terpenoids
the world and has an economical significance for the and alkaloids and their derivatives) and may inhibit
humankind [1]. Residues and leachate of several crops shoot/root growth, nutrient uptake, or may attack a
and weeds have been shown to possess negative impacts naturally occurring symbiotic relationship thereby
on wheat growth and yield. Ben- Hammouda et al., [2] destroying the plant's usable source of a nutrient. The
reported that some barley cultivars are phytotoxic to consequent effects may inhibited or retarded germination
durum wheat (T. durum) and  bread  wheat (T. aestivum). rate, reduced root or radicle and shoot or coleoptile
In comparison of numerous species of genus Brassica, extension, lack of root hairs, swelling or necrosis of root
Mason-Sedum et al., [3] reported that water extracts from tips, curling of the root axis, increased number of seminal
residues of the genus Brassica significantly reduced root roots, discolouration, reduced dry weight accumulation
and coleoptile length of wheat with little effect on and lowered reproductive capacity [8]. Allelochemicals are
germination. In bioassay experiments, Bialy et al., [4] considered to be secondary metabolites or waste
showed that inhibition of wheat seed germination products of the main metabolic pathways in plants and
occurred upon treatment with 2-phenetyl ITC, a known they do not appear to play a role in the primary
allelochemical derived from species of the genus Sinapsis. metabolism essential for plant survival [9, 10]. 
Roth et al., [5] found that prompt tillage of sorghumstalks Allelopathy effects have been noted for several
delayed development and reduced grain yields of wheat. Euphorbiacae. Aqueous extracts of stems and leaves leafy

In allelopathy, the chemical inhibition of one plant spurge (Euphorbia esula) inhibited radicle elongation and
species by another, represents a form of chemical warfare germination of several test species [11]. On the other
between neighbouring plants competing for limited light, hand, Hussain [12] reported the allelopathic effect of
water and nutrient resources. Allelopathy is believed to Euphorbia granulata on different plant species (both
be involved in many natural and manipulated ecosystems weeds and cultivated plants). Therefore, the present
and plays a role in the evolution of plant communities, study was conducted to investigate the allelopathic
exotic plant invasion and replant failure [6, 7]. Most plant effects of E. hierosolymitana on wheat in terms of
species, including crops, are capable of producing and germination, seedling growth, chlorophyll and protein
releasing biologically active compounds (allelochemicals) content.

plants.
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MATERIALS AND METHODS of Danilov and Ekelund [13]. Protein content was

Allelopathic    Plant    and  Preparation     of   Leachate: amount of protein was calculated with reference to
E. hierosolymitana plants were planted in the greenhouse standard curve obtained from bovine serum albumin.
obtained from seed, 100 g leaves of E. hierosolymitana
plants,  harvested  at  the  vegetative stage, were soaked Statistical Analysis: Data were subjected to one-way
in  100  ml  of  distilled water  with   stirring   for   24  h. ANOVA; differences between individual means were
The collected leachate was filtered through cheese cloth determined by the least significant difference (LSD) test
to  remove  debris  and  finally  filtered  using  Whatman at the 0.05 level of probability. Experimental design was
No. 1 filter paper to have 100% concentration. The performed as a randomized complete block design; each
leachates of 25, 50 and 75% concentrations were made by experiment was consisting of five treatments. Data were
diluting the parent leachate with distilled water. analyzed using SAS program [15].

Seed Germination and Seedling Growth: Ten uniform RESULTS
seeds (2% sodium hypochlorite for 15 min and then
washing in doubled distilled water thoroughly) of wheat Seed Germination and Seedling Growth: Germination,
(T. durum local var. Hourani 27) were germinated in length of radicle and coleoptile were recorded after three
sterilized petri-dishes lined with two layers of Whatman days of culture. Leachte of E. hierosolymitana leaves
No. 1 filter paper and moistened with 5 mL of respective showed inhibitory effects on seed germination and
leaf leachate concentration in treatment and distilled water seedling growth of wheat grown in petri dishes. Leachate
in control. Each treatment had eight replicates and each of E. hierosolymitana inhibited wheat seed germination
experiment was repeated twice. The petri-dishes were compared with the control (Table 1). The control treatment
incubated at 25±2°C in growth chamber. After three days produces the highest germination rate (96.3%). Using
of culture, germination percentages were recorded and, 100% leachate, germination reduced to 30%. Higher
the radicle and coleoptile length were measured. concentration of leachate exhibited inhibitory effect on

Soil Culture: In another set of experiment, seeds were and coleoptile length were reduced to nearly (31%) and
surface sterilized as mentioned above. Five seeds were (34%), respectively (Table 1). Length of radicle and
sown at equal distance in experimental pots (15 cm in coleoptile length was inhibiting at 100% concentration
diameter, 25 cm in height) filled with homogenous soil. (Table 1), where radicle and coleoptile length dropped to
The experiment was conducted in the glasshouse. Eight reach 1.05 cm and 0.47 cm, respectively. 
replicates were assigned for each treatment and the
experiment was repeated twice. The pots were irrigated Soil Culture: Leachates of E. hierosolymitana caused
every two days with 100 ml of graded concentration of significant   alteration   in   growth   of   wheat  seedlings.
leachate according to the treatments. The control pots At higher concentrations of leachate, allelochemicals
were irrigated with distilled water. After three weeks, data gradually  decreased in root  length  as  well   as  root
were recorded for root and shoot length, fresh and dry fresh and   dry    weights. The   shortest   roots   and  the
weights. For dry weight determination, tissues were dried lowest  root  fresh  and  dry  weights  were  recorded  at
at 70°C for 24 h. Chlorophyll from leaves were extracted the  100%  concentration  (Table  2).  Wheat  shoot
with 80% acetone and quantified following the procedure growth  were  significantly affected by the allelochemicals.

determined following the method of Bradford [14]. The

radicle and coleoptile length. At 25% leachate, the radicle

Table 1: Effect of aqueous leaf leachate of E. hierosolymitana on germination and seedling growth of T. durum

Treatments Germination % Radicle Length (cm) Coleoptile Length (cm)

0  96.3 a  2.55 a  1.22 a

25  85.5 b  1.75 b  0.81 b

50  82.4 bc  1.54 bc  0.73 bc

75  74.5 cd  1.12 cd  0.51 c

100  67.5 d  1.05 d  0.47 c

Mean values followed by the same letters within each column are not significantly different according to LSD (P =0.05) n = 8. C, control; 25, 50, 75 and 100

denote the concentration of Euphorbia leachate
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Table 2: Effect of aqueous leaf leachate of E. hierosolymitana on root growth of T. durum seedlings grown under glasshouse conditions for three weeks
Treatments Root length (cm) Root fresh weight (g) Root dry weight (g)
0  9.34 a  0.302 a  0.0237 a
25  8.79 a  0.280 b  0.0222 b
50  8.56 b  0.216 c  0.0178 c
75  7.74 c  0.206 d  0.0168 c
100  4.90 d  0.170 e  0.0145 d
Mean values followed by the same letters within each column are not significantly different according to LSD (P =0.05) n = 8. C, control; 25, 50, 75 and 100
denote the concentration of Euphorbia leachate

Table 3: Effect of aqueous leaf leachate of E. hierosolymitana on shoot growth of T. durum seedlings grown under glasshouse conditions for three weeks
Treatments Shoot length (cm) Shoot fresh weight (g) Shoot dry weight (g)
0  16.52 a  3.31 a  0.290 a
25  15.24 a  3.24 a  0.278 b
50  11.16 b  3.05 b  0.260 c
75  7.35 c  2.87 c  0.242 d
100  5.15 c  2.65 d  0.215 e
Mean values followed by the same letters within each column are not significantly different according to LSD (P =0.05) n = 8. C, control; 25, 50, 75 and 100
denote the concentration of Euphorbia leachate

Fig. 1: Effect of aqueous leaf leachate of E. hierosolymitana on total chlorophyll content of T. durum seedlings grown
under glasshouse conditions for three weeks. Values with the same letters are not significantly different according
to LSD (P =0.05) n = 8 C, control; 25, 50, 75 and 100 denote the concentration of Euphorbia leachate

Fig. 2: Effect of aqueous leaf leachate of E. hierosolymitana on protein content of T. durum seedlings. grown under
glasshouse conditions for three weeks. Values with the same letters are not significantly different according to
LSD (P =0.05) n = 8. C, control; 25, 50, 75 and 100 denote the concentration of Euphorbia leachate
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The shortest shoots were noticed at 75 or 100%. Leachate when treated with Eucalyptus leaf extract. However, the
concentration above 25%, resulted in significant
reduction in shoot fresh weight. Treated wheat with 100%
leachate concentration resulted in  a  significant
reduction  in  shoot  fresh  weight. Shoot dry weight
decreased significantly when leachest concentration
increased, the lowest shot dry weight (0.215 g) was
recorded at 100% leacheat concentration (Table 3). A
decrease in total chlorophyll content of wheat seedlings
under allelochemical stress was occurred. The control
treatment gave significantly the highest total chlorophyll
content (7.8 mg/g FW). The chlorophyll content was
reduced by 41% and 48%, when wheat seedlings were
treated with 75 and 100% leachate, respectively (Fig. 1).
Leachate decreased protein content of wheat seedlings.
The control gave significantly the highest protein content
(19.4 mg/g FW) as compared to other treatments. Protein
content of wheat seedling dropped to reach 15.3 mg/g FW
at 100% leachate (Fig. 2).

DISCUSSION

The results of the present study indicated that the
allelopathic of E. hierosolymitana reduced germination
percentages, radicle and coleoptile growth of wheat
seedlings. This result is similar to previous finding on
wheat by Bhatt et al., [16] were the bark, leaf and leaf
extract of Quercus glauca and Q. leucotricophora
significantly reduced germination, plumule and radicle
length of wheat (Triticum sp.).

An indirect relation between lower germination rate
and allelopathic inhibition may be the consequence of
inhibition of water uptake [17] and alteration in the
synthesis or activity of gibberellic acid (GA ) [18]. This3

may be due to the presence of phenolic compounds
inhibit the activity of GA  [19] or  inhibit the synthesis of3

GA which regulate de novo amylase production during3

seed germination [20]. Impaired metabolic activities
caused by allelochemicals decreased root and shoot
length.

Allelochemicals  decreased  elongation,  expansion
and  division  of  cells  which  are  growth  prerequisite
[19].  Also,  allelochemicals  inhibit  absorption  of ions
[21]  and  therefore,  resulted  in  arrested  growth  [22].
Thus the reduction  in  total  chlorophyll content under
allelopathins was recorded. This is similar to previous
findings obtained by Venkateshwarlu et al., [23] in radish
seedlings under mango leaf leachate treatment. Bagavathy
and Xavier [24] also reported the reduction in chlorophyll
a, chlorophyll b and total chlorophyll in  sorghum  plants

reduction of chlorophyll under leachate treatments could
be attributed to the inhibition of chlorophyll biosynthesis
and/or the stimulation of chlorophyll degradation [25].
Rice [26] has suggested that allelopathic compounds
impede the synthesis of porphyrin precursors of
chlorophyll biosynthesis. Romagni et al., [27] reported
that  lichen  metabolite,  usnic  acid;  irreversibly  inhibit
the activity of protoporphyrinogen IX, the enzyme
involved in the chlorophyll biosynthesis pathway.
Moreover, Latakowska et al., [28] found that usnic acid
can accelerate the degradation of chlorophyll. Higher
degradation  rate of chlorophyll b or controlled
conversion of chlorophyll a to chlorophyll b in leaves of
maize seedlings treated with higher concentration of
Nicotiana  leachate  resulted  in increase of chlorophyll
a/b ratio [29]. This can be explained by the fact that the
first step in chlorophyll b degradation involves its
conversion to chlorophyll a [30]. 

Allelochemicals  decreased  the  amount   of  protein
in wheat seedlings. Impairment of various metabolic
activities under the influence of leachate inhibited the
protein synthesis and/or stimulated the degradation [31].
Normal ways of protein synthesis is inhibited in lettuce
seedlings  (Lactua  sativa)  when  treated  with  cinnamic
acid [19]. In conclusion, the present study showed that
aqueous leachate of E. hierosolymitana delayed the
germination, reduced the seedling growth, total
chlorophyll and protein content.
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