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The main objective of the present study was to manage water as a natural 
resource in Hordeum vulgare agro-ecosystems depending on the 
allelopathic potential of Retama raetam shoots aqueous extract (RRSAE). 
germination percentage (GP), coleoptile (CL) and radicle lengths (RL) of the 
recipient species significantly increased under the allelopathic effect of 
RRSAE relate to control. The highest values (99%, 12.8 cm and 12.4 cm) 
were achieved at 3% concentrations level relative to the three parameters 
respectively compared to control. Furthermore, the effect of R. raetam 
shoots crude powder (RRSCP) on some growth parameters (number of 
tillers, spikes, grains spike

-1
 and grains plant

-1
) as well as shoot dry weight, 

grains yield and grain harvest index of H. vulgare was evaluated. Results 
showed that the highest values were achieved at 3% concentration levels of 
RRSCP and 25% field capacity (low water field capacity) compared to the 
control. Phenolic derivatives (mg/kg DW) (especially catechin) of H. vulgare 
seedling was increased under the lowest water field capacity (25%) at 3% 
concentration level of RRSCP. Such increase initiatives stimulation in all 
studied growth parameters with adequate amount of water that help in 
conservation and management of water as a natural resource in agro-
ecosystems. 
 
Keywords: Allelopathy, Sustainable development, Phenolic compounds, Retama 
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INTRODUCTION 
 
Shortage in water supply is the most significant challenge 
that meets agriculture worldwide, since most of the water 
resources (about 90%) of dry areas including many 
developing countries are consumed in irrigation (FAO, 
2011). In addition, global warming will make the problem 
of water shortage more sever and consequently will affect 
agriculture ecosystems and crop production. To meet the 
increase in crop productivity and sustainable water use, 
new strategies should be applied to solve and prevent the 
predicted negative consequences from water deficiency 
(WWDR, 2015). 

Li et al. (2010) highlight on the allelopathic potential of 
biomolecules extracted from plants to solve various 

ecological problems, especially in regard to the 
sustainable development of water, agriculture, forestry, 
nature resources and environment conservation. 
Allelopathy is a phenomenon involving either direct or 
indirect and either beneficial or adverse effects of a plant 
on another through the release of chemicals in the 
environment (Rice, 1984). It is a concentration dependent 
phenomenon in which their action may be reversed by 
increasing or decreasing extract concentration (El-Darier 
and Ahmed, 2015; El-Darier and Youssef, 2017). 

In recent times, few studies indicated the opportunity 
of using natural crude chemical compounds to reduce the 
adverse effect of drought  stress  on  plant. Makkar  and  
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Becker (1996) reported that Moringa oleifera leaves 
water extract was found to be a potential source to 
mitigate the deleterious effect of drought on maize. They 
further indicated that the water extract contains growth 
promoters which may reduce the adverse effect of 
drought by delaying the leaves senescence and 
scavenging the relative oxygen molecules. Others found 
that the lower concentrations of plant water extract have 
stimulatory effect on plant growth (Cheema et al., 2012). 
Maqbool (2010) found that foliar application of lower 
concentration of the water extract of sorghum significantly 
stimulated growth and productivity of maize. 

Retama raetam (Forssk) Webb and Berthel belong to 
family Fabaceae is a desert shrub that grows abundantly 
in North-African countries (Boulos, 1999). The main 
objective of the present study was to evaluate the 
biological activity of Retama raetam aqueous extracts 
and crude powders of its aerial shoots on germination 
efficiency, some growth parameters, yield traits and 
percentage of phenolic compounds in Hordeum vulgare 
seedlings under three levels (25, 50 and 75%) of water 
field capacity. 
 
 
MATERIALS AND METHODS 
 
Collectionand Preparation of Samples 
 
Shoots of R. raetam have been collected from Dabaa 
region (about 180 km west of Alexandria) during the 
vegetative and flowering growth stage. Samples were 
dried in shade then ground in a Wiley Mill to coarse 
uniform texture then stored in glass jars until use.  H. 
vulgare grains were purchased from private seed store 
(SHAMA), Alexandria, Egypt. One, 2, 3, 4 and 5 g of R. 
raetam was transferred to labeled bottles with 100 mL of 
sterile distilled water. The mixture was shaken and left for 
48 h in a refrigerator. Thereafter, the mixture was filtered 
to get extracts of 1, 2, 3, 4 and 5% and the distilled water 
was considered as a control. The procedures were 
performed according to El-Rokiek et al. (2010) and 
Algandaby et al. (2014). 
 
 
Germination Bioassay 
 
Petri-dish experiment was applied to investigate the 
potential allelopathic effects of R. raetam shoots aqueous 
extracts (RRSAE) on germination percentage (GP), seed 
germination index (SGI), seedling vigour index (SVI), 
coleoptile (CL) and radicle (RL) lengths of H. vulgare 
grains. To achieve this experiment, 20 seeds of H. 
vulgare were arranged in 9-cm diameter Petri-dishes on 
two discs of Whatman No.1 filter paper under normal 
laboratory conditions. Ten ml of RRSAE (1, 2, 3, 4 and 
5%) or distilled water as control were added daily to five 
replicates in a randomized complete  block design. Petri- 

 
 
 
 
dishes were placed at room temperature, with day and 
night temperatures ranged from 25-30 °C and 19-23°C 
respectively. Before sowing, grains were immersed in 2% 
CHLOREX for 2 minutes then rinsed four times with 
distilled water. Finally, grains were soaked in aerated 
distilled water for 24 hours. GP, CL and RL were 
recorded daily for successive seven days according to 
AOSA (1990).  
 
 
Calculations and Data Analysis 
 
Seed Germination Index (SGI) 
 
Seed germination index (SGI) was calculated according 
to the equation of Scott et al. (1984). 
SGI= Σ Ti Ni/S 
Where,  
Ti= is the number of days after sowing, Ni= is the number 
of seeds germinated on day I, S= is the total number of 
seeds planted 
 
 
Seedling Vigour Index (SVI) 
 
Seedling vigour index (SVI) was calculated according to 
the equation of Elouaer and Hannachi (2012). 
SVI = [Seedling length (cm) x germination 
percentage]/100 
 
 
Growth Bioassay 
 
Growth experiment was performed to test the allelopathic 
effect of R. raetam shoots crude powder (RRSCP) mixed 
(w/w) with loamy soil on some growth parameters 
(number of tillers, spikes, grains spike-1 and grains plant1) 
as well as grains yield, shoot dry weight and grain 
harvest index) of H. vulgare seedlings under 25, 50 and 
75% water field capacities. 

To achieve this experiment, twenty grains from the 
recipient species were sown in plastic pots (15 cm in 
diameter and 14 cm height) with 500 g soil thoroughly 
mixed (w/w) with 1, 2, 3, 4 and 5% R. raetam crude 
powder. The experiment was performed under normal 
laboratory conditions with day and night temperatures 
ranged from 25-30 °C and 19-23°C respectively. One 
treatment was run as a control with zero percent of crude 
powder. The water stresses were applied by irrigating the 
pots to known field capacity until reaches 25, 50 and 75% 
besides the control. Field soil water capacity was 
determined by weight basis method (Nachabe et al., 
2003). Before sowing, the grains of H. vulgare were 
immersed in 2% CHLOREX for 2 minutes then rinsed 
four times with distilled water. After 21 days, the 
homogenous seedlings were carefully taken from each 
treatment, washed with tap water to remove the  adhered  
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Figure 1. Logarithmic regression of germination percentage (GP) of Hordeum 

vulgare grains (seven days after sowing) as affected by different concentration 
levels (%) of Retama raetam shoots aqueous extracts (RRSAE). 

 
 
 
soil particles then by distilled water and gently blotted 
with filter paper. 
 
 
Calculations and Data Analysis 
 
i. Harvest index (HI) 
 
Grain harvest index (HI) was calculated according to the 
equation of Kemanian et al. (2007). 
Grain harvest index (%) = Grain yield/Total biomass x100 
 
 
ii. Grain yield 
 
Yield of grains were calculated according to the equation 
of Wnuk et al. (2013). 
Grain yield = biomass yield x HI 
 
 
Estimation of phenolic derivatives in H. vulgare 
seedlings 
 
Percentage of some phenolic compounds (mg/kg DW) in 
H. vulgare seedling as affected by R. raetam shoots 
crude powder (RRSCP) under different water field 
capacities (25, 50 and 75%) were estimated. H.vulgare 
seedlings were analyzed to determine the gallic acid 
(Sultana et al., 2012), protocatechuic acid (khan et al., 
2015), catechin (Cheong et al., 2005), vanillic acid 
(Griemanet al., 2015),caffeic acid (ŞarerandGökbulut, 
2008), epicatechin(Saito et al. 2006), p-coumaric acid, 
ferulic acid (Kováčová and Malinová, 2007), sinapinic 

acid, tocopherol (Hrádková et al., 2013), syringic acid and 
salicylic acid (Zhang et al., 2013).  
 
 
Data analysis and Computer Programs 
 
Data were subjected to standard analysis of variance 
(ANOVA) using CoStat6.303 (1998-2004) statistical 
analysis software manufactured by CoHort Software 
Company. 
 
 
RESULTS 
 
Germination Bioassay Experiment 
 
Germination efficiency 
 
Logarithmic regression was obtained in the present study 
by plotting seed germination percentage (GP) of the 
recipient H.vulgare versus the different concentrations 
RRSAE (Figure1). Obviously, at the end of the 
experiment (seven days from sowing) GP attained a 
value of about 95 % at control then increased to96, 98 
and 99% upon applying 1, 2 and 3% concentrations of 
RRSAE comparable to a decrease to 90 and 70% at 4 
and 5% concentrations respectively.SGI attained a value 
of about 6.2 at control level while values of 6.7, 6.8 and 
6.9 were attained at 1, 2 and 3% RRSAE concentration 
levels respectively. A significant reduction was attained at 
the highest extract concentration (4 and 5%); where 
values of 5.9 and 4.9 correspondingly were achieved 
(Figure 2). 
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Figure 2. Variation in seed germination index (SGI) of Hordeum vulgare 
grains (seven days after sowing) as affected by different concentration levels 
of Retama raetam shoots aqueous extracts (RRSAE). Different letters on top 
of each column indicate a significant difference at p< 0.05 according to one 
way ANOVA test.  Error bars indicate standard error of means. 

 
 

 
 

 
 

 

Figure 3. Variation in Coleoptile (CL), radicle (RL) lengths and seedling vigour index 
(SVI) of Hordeum vulgare grains (seven days after sowing) as affected by different 
concentration levels (%) of Retama raetam shoots aqueous extracts (RRSAE). 
Different letters within each column indicate a significant difference at p< 0.05 
according to one way ANOVA test.  Error bars indicate standard error of means. 
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Figure 4. Effect of Retama raetam shoots crude powder (RRSCP) under different water field 
capacities on some growth parameters of Hordeum vulgare. Data are the mean ± SD. Different 
letters for each water field capacity level indicate significance at probability level 0.05. 

 
 
Seedling growth parameters  
 
The allelopathic potential of RRSAE on coleoptile (CL) 
and radicle (RL) lengths as well as seedling vigour index 
(SVI) of H. vulgare are illustrated in Figure 3. Data 
confirmed that CL, RL and SVI attained significant (P ≤ 
0.05) increase at 1, 2 and 3% extract concentration levels 
with specific maximum at 3% level. Thereafter, the values 
related to the three parameters exhibited a significant 
decrease at 4 and 5% concentration levels to reach the 
minimum at the highest concentration level of RRSAE 
(5%). 

Growth Bioassay 
 
A corresponding allelopathic effect of the different 
concentrations of RRSCP on number of tillers, spikes, 
grains spike-1 and grains plant-1 as well as grains yield, 
shoot dry weight and grain harvest index of H. vulgare 
grains under different water field capacities (25%, 50% 
and 75%) was recorded (Figure 4). The values of all the 
previous parameters attained the highest level at 3% 
concentration level of RRSCP and the lowest soil water 
field capacity (25%) compared to control. On contrary,        
at the maximum extract concentration level (5%) and  soil  
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Table 1. Percentage of phenolic derivatives (mg/kg DW) in Hordeum vulgare grains as affected by 
Retama raetam shoots crude powder (RRSCP) under different water field capacities. Data are the 
mean ± SD. Different letters for each water field capacity level indicate significance at probability 
level 0.05. 
 

 
 

ND= Not Detected 

 
 
 
water field capacity (75%) the data recorded the 
minimum values related to the above mentioned growth 
criteria. 
 
 
Phenolic derivatives in Hordeum vulgare Seedling 
 
Data listed in Table 1 demonstrate the absence of gallic 
acid, protocatechuic acid, epicatechin and sinapinic acid 
from H.vulgare seedling under all applied water field 
capacities. It was obvious that the other                      
derivatives attained their highest percentages at the 
lowest field capacities (25%) and the lowest                   
percentages were achieved at the maximum field 
capacity (75%). 
 
 
DISCUSSION  
 
Sustainable water management is a critical component of 
sustainable development, and accounts for similar issues 
as sustainability (Mays, 2006). In Egypt, increasing crop 
productivity and equitable water allocation is critical. 
However, increasing productivity at the expense of water 
as a natural resource is not a sustainable or management 
solution according to Russo et al. (2014). Improving crop 
yield and productivity should include supplemental 
visualization for water sustainability in relation to the 
ecological implication of the allelopathic phenomenon as 
an alternative solution for crucial problems in 
agroecosystems (Li et al., 2010). Allelopathy is a safe 

alternative used to endure development in sustainable 
agriculture and to leave a clean environment for future 
generations. It has a great potential to increase the 
productivity of field crops, vegetables, fruits trees, etc. 
(Bhadoria, 2011). 

Based on several studies (Maqbool, 2010; Cheema et 
al., 2012; Al-Hussaini, 2013; Ahmed et al., 2014; El-
Darier and Ahmed, 2015) the lower concentrations of the 
allelopathic species have stimulants that may affect on 
the recipient species. Therefore, the main goal of the 
current work is to analyze the allelopathic effect different 
concentrations of Retama raetam shoots aqueous 
extracts (RRSAE) and crude powder (RRSCP) under 
different soil water field capacities (25%, 50% and 75%) 
on some growth parameters of Hordeum vulgare as one 
of the most common economic crop in Egypt. 

In the present study, the allelopathic potential of 
(RRSAE) on bioassay experiment exhibited stimulation 
effect on all studied growth parameters as well as, 
germination percentage (GP), seed germination index 
(SGI), seedling vigour index (SVI), coleoptile (CL) and 
radicle (RL) lengths of H. vulgare grains at low 
concentrations levels. These results are in agreement 
with El-Darier and Ahmed (2015); Elhag et al. (2015) and 
Hegab et al. (2016). The lowest level of R. raetam 
residue induced an accumulation of some phenolic 
derivatives such as (+)-catechin, tocopherol and ferulic 
acid throughout experimental periods where the 
maximum value achieved at 3% concentration level. 
Similarly, Hegab et al. (2016) indicated that the                  
lower concentrations of Eucalyptus  rostrata  leaf  residue 

Phenolic compound (mg/kg 
DW) 

Field Capacity (%) 
25% 50% 75% 

Gallic acid ND ND ND 

Protocatechuic acid ND ND ND 

(+)-catechin 74.4a±3.5 68.8b±4.9 39.4c±5.2 

Vanillic acid 1.6a±1.9 0.97a±2.3 0.68b±1.2 

Caffeic acid 4.2a±2.2 2.7b±1.8 1.6b±1.1 

(−)-epicatechin ND ND ND 

p-coumaric acid 2.1a±1.1 1.7b±0.9 1.4c±0.8 

Ferulic acid 4.6a±2.2 3.00b±1.9 2.2c±1.4 

Sinapinic acid ND ND ND 

Tocopherol 10.22a±4.5 7.96b±3.4 3.2c±2.5 

Syringic acid 5.37a±3.5 5.28ab±4.5 4.9b±2.8 

Salicylic acid 2.38a±1.8 1.5b±1.3 1.0b±0.7 



 
 
 
 
have a stimulatory  effect  on  the  nitrogen  uptake and 
have the potential to enhance the enzyme system 
involved in the incorporation of amino acids into the 
insoluble form for Zea mays plant. On contrary the 
highest concentration level of (RRSAE) at 5% revealed 
inhibition effect on all growth parameters of H. vulgare 
grains, these assessments are in a harmony with 
Algandaby et al. (2014); Elhag et al. (2015) and Negi et 
al. (2016). However, increasing R. raetam shoot residue 
level was accompanied by a marked decrease in growth 
parameters. The obvious reduction in total phenolics at 
the higher levels of R. raetam allelochemicals could be 
due to their depressive effects on the enzyme systems 
involved in phenol biosynthesis. In this regard, Sato et al. 
(1982) early demonstrated that the activity of 
phenylalanine ammonia-lyase decreased markedly upon 
treatment with cinnamic acid derivatives. This enzyme 
catalyzes the first step reactions in phenolic pathway 
(Hegab et al., 2016). 

Depending on growth bioassay experiment, 3%, 5% 
concentrations levels of R. raetam shoots crude powder 
(RRSCP) related to stimulation and inhibition effect on H. 
vulgare grains respectively compare to control were 
choice to execute  growth experiment. The experiment 
accomplished under water stress as well as, different 
water field capacities to study some growth parameters 
(number of tillers, spikes, grains spike-1 and grains plant1) 
as well as grains yield, shoot dry weight and grain 
harvest index). It was obvious that the lowest 
concentrations level of RRSCP (3%) and water field 
capacity (25%) the value of H. vulgare productivity 
increase, also sustainability and management of water 
resources achieved these results agree with Al-              
Hussaini (2013) and El-Darier and Ahmed (2015). 
Conforti et al. (2004) and Djeddi et al. (2013) reported 
that R. raetam contain a lot of phenolic compounds, 
alkaloids and flavonoids such as naringenin, apigenin, 
kaempferol, quercetin and kaempferol which may be 
solve various ecological problems, especially in regard to 
the sustainable development of water, agriculture, 
forestry, nature resources and environment conservation 
by increase the percentage of many phenolic  
compounds in cultivated species, so increase in phenolic 
compounds in H. vulgare seedling at 3%               
concentrations levels of RRSCP and at low water field 
capacity (25%) which may led to more resistance ability 
to drought to continue water conservation and 
management (Li et al., 2010). It was noticeable that the 
percentage of (+)-catechin in H. vulgare seedling 
achieved the maximum value of about (74.4 mg/kg DW), 
the stimulation of H. vulgare seedling growth              
parameters and their resistance to drought may be 
ascribed to the maximum value of (+)-catechin in 
concordance with Li et al. (2010). This may boost the 
ability of the plant to increase productivity and 
sustainability of water asa great important natural 
resource. 
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CONCLUSION 
 
The current study concluded that allelochemicals 
liberated from 3% concentration levels of Retama raetam 
shoots  aqueous (RRSAE) and crude powder (RRSCP) 
extracts consider a suitable strategy for sustainable 
development and management of water resources in 
Hordeum vulgare agro-ecosystems under low water field 
capacity and also obtain incredible productivity compare 
to control levels and high water field capacity. 
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