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Abstract 

This study was conducted to examine allelopathic actions of Spinach (Spinacia oleracea) and 

Pomegranate (Punica granatum) aqueous leaf extracts on germination of seeds and some 

growth parameters of wheat (Triticum aestivum) and rapeseed (Brassica napus). The 

experiment was performed in sterilized petri dishes for one week at 22 °C. The experiment was 

arranged for completely randomized design. The concentrations were chosen for this study as 

(0%, 3%, 6% and 9%). The results indicated that the higher concentrations (6% and 9%) of 

both extracts of Spinach (Spinacia oleracea) and Pomegranate (Punica granatum) caused 

significant reduction in seed germination whereas the lowest concentration caused the least 

negative impact on seed germination. Other growth parameters such as shoot and root length 

and shoot and root oven dry weight were significantly inhibited by the application of both 

extracts at concentrations (6% and 9%) in wheat T. aestivum and rapeseed B. napus. However, 

spinach leaf extracts at concentration (3%) caused more significant reduction of germination 

and seedling growth than pomegranate extracts. dicot B. napus turned out to be more effected 

than monocot T. aestivum. The findings of this study suggest that Spinach (Spinacia oleracea) 

and Pomegranate (Punica granatum) aqueous shoot extracts can be recommended to utilize as 

bio-herbicide to supress seed germination and growth of weeds.     

 

1. Introduction and Literature Review 

 

The definition of allelopathy is any direct or  indirect suffer or advantageous effect  of a plant 

or a the effect of a microorganism on other plants by  releasing allelochemicals to the 

environment [1-3].  The phenomenon of plants which have influence on other nearby plants 

through delivering  chemicals was originally addressed by Theophrastus in 370 BC [4]. Molisch 

[5] was the first who mentioned the term Allelopathy. According to the previous scientific 

research, there are significant numbers of secondary metabolite of plants that are considered to 

have allelopathic influences. For instance, some plant natural products, for example, phenolics 

and alkaloid compounds play crucial role in natural activities of plants for instance, seed 

germination development and plumule growth [2, 6-8].  

Plants, which are able to have phytochemical activities, must have ability to produce bio-

compounds called allelochemicals, that must be delivered into the neighbouring plants which 

must be reachable for the process of transportation in order to be taken by another plant [3]. 

Allelopathic compounds are delivered  into environment  through  various of mechanisms as 



they involve root exudation process, leaching, plant leaf volatile as well as decomposition of 

plants [3, 9]. 

Based on some recent scientific investigations, utilizing  chemical herbicides causes many risks 

to environment which negatively affect human health and reduces quality of water, as well as 

it has the negative influence on soil microorganisms [10]. In addition, there are about 470 

genotype weeds which application of synthetic herbicides to them are no longer effective. 

(Heap, 2017). Therefore , to escape from these expecting issues, plants which have capability 

of producing bio-active compounds  might be useful to utilize them as bioherbicides for 

terminating unwanted plants, to such an extent that allelopathy may be considered to be a 

possible implement to reduce weed existence and increase crop production [11-14].  

Shehata [15] examined the allelopathic activities of P. oleracea L. seed extracts on germination 

and growth of Cichorium endivia L., Lactua sativa L., Echinochloa crus-galli L., and Brassica 

tournefortii. The results illustrated that the extracts caused a significant reduction in 

germination and seedling growth with the increase of concentration. Another study by Rashidi, 

Reza Yousefi [16] indicated that seeds of P. oleracea L. has inhibitory allelopathic reduction 

in growth parameters of some  crop species such as common bean onion, sugar beet, broad 

bean, and pea.  

The germination tests of extracts of the fruit of pomegranate (Punica granatum), noni (Morinda 

citrifolia) and leaves of eucalyptus (Eucalyptus spp.), with commercial seeds of lettuce 

(Lactuca sativa), tomato (Solanum lycopersicum) and pepper (Capsicum baccatum) showed to 

have allelopathic inhibitory effects on germination and delayed its development [27] 

Materials and Methods  

2.1 Sample Collection 

Spinach and Pomegranate plants were collected in Akre in Spring- 2020. The plants were 

separated and cut into 5 cm pieces. The chopped plants then left air-dried for 14 days. The air-

dried samples were delivered to Agriculture Lab at Salahaddin University-Erbil, where they 

were ground into fine particles and were getting ready for the test. 

2.2 Aqueous extract preparation  

Leaf water extracts of dried plants were prepared via mixing 10 g of shoot with 100 ml 

deionised water separately and then put into a shaker then left overnight. The shoot and root 



extracts were centrifuged (1000 rpm) for 10 min after filtration using filter paper. The 

supernatant was filtered through a micropore filter (0.45 µm). The resultant extracts were 

stored at 4°C until required for the germination tests. 

 

2.3 Experiment of seed germination  

For this experiment, seeds of wheat (Triticum aestivum) and rapeseed (Brassica napus) were 

utilized. The seeds were obtained from College of Agricultural and Engineering Sciences, 

Salahaddin University-Erbil. To avoid contamination, sodium hypochlorite (10%) was used 

for seed sterilization and washed for 15 min and then rinsed 3 times in deionized water. This 

process was performed to prevent contamination with pathogens during their germination.  

 

2.4 Bioassay 

Ten seeds of wheat and rapeseed were separately placed in 9 cm diameter petri dishes lined 

with filter paper. Five ml of three different Spinach and Pomegranate shoot extracts were 

applied to the petri dishes of both seed samples as these were the treatment petri dishes. The 

non- treatment petri dishes (control) received 5 ml distilled water only. There were 3 

replications of each seed species (wheat and rapeseed) including test and control treatments. 

Petri dishes were incubated in a growth chamber at 22°C. After one week, seed germination 

percentage, shoot length, root length, shoot dry weight and root dry weight of germinated 

seedlings were recorded. 

2.5 Statistical Analysis 

Results of experiments were analyzed using ANOVA general linear model (Minitab software, 

version 17) for a completely randomized design (CRD) with three replications. Tukey’s test (P 

≤ 0.05) was used to calculate significant differences between means.  

2. Results 

3.1 Effect of Spinach and Pomegranate on seed germination 

Figure 1 shows the effects of various concentrations of Spinach and Pomegranate aqueous 

extracts on germination of wheat (Triticum aestivum) and rapeseed (Brassica napus). Results 

indicate that shoot aqueous extracts of both plants significantly inhibited seed germination of 



both T. aestivum and B. napus (Figure 6 and 7). The highest reduction turned out to be at 

concentrations (6% and 9%).  

  

Figure 1 Effect of Spinach and Pomegranate aqueous extract on seed germination of Brassica napus and Triticum 

aestivum. The results are means of three replications. Error bars stand for standard errors. Tukey’s test (P ≤ 0.05) 

was used to calculate significant differences between means.  

3.2 Effect of Spinach and Pomegranate on shoot length 

The results from Figure 2 shows that Spinach and Pomegranate ground leaf aqueous extract at all concentrations 

(3%, 6% and 9%) significantly reduced shoot length of dicot B. napus and monocot T. aestivum except 

Pomegranate extracts did not significantly reduce shoot length of wheat.  

 

Figure 2 Effect of Spinach and Pomegranate aqueous extract on shoot lenght of Brassica napus and Triticum 

aestivum. The results are means of three replications. Error bars stand for standard errors. Tukey’s test (P ≤ 0.05) 

was used to calculate significant differences between means.  

 

 

3.3 Effect of Spinach and Pomegranate on root length 

Root length of B. napus and T. aestivum were significantly reduced by the application of Spinach and Pomegranate 

shoot aqueous extracts (Figure 3) at all concentrations (3%, 6%, 9%). In addition, shoot length of B. napus was 

more significantly reduced compared with T. aestivum.  



 

Figure 3 Effect of Spinach and Pomegranate aqueous extract on root length of Brassica napus and Triticum 

aestivum. The results are means of three replications. Error bars stand for standard errors. Tukey’s test (P ≤ 0.05) 

was used to calculate significant differences between means.  

 

 

 

3.4 Effect of Spinach and Pomegranate on shoot dry weight 

Figure 4 shows the effects of different concentrations of both Spinach and Pomegranate 

aqueous extracts on shoot dry weight of B. napus and T. aestivum. B. napus at concentrations 

(3%, 6% and 9%) completely affected by the application of aqueous shoot extracts (P < 0.001) 

in comparison with T. aestivum which had less significant reduction.  

 

Figure 4 Effect of Spinach and Pomegranate aqueous extract on shoot dry weight of Brassica napus and Triticum 

aestivum. The results are means of three replications. Error bars stand for standard errors. Tukey’s test (P ≤ 0.05) 

was used to calculate significant differences between means.  

 

 

 

 

 



3.5 Effect of Spinach and Pomegranate on root dry weight 

Root dry weights of B. napus and T. aestivum were significantly (P < 0.001) inhibited by 6% and 9% 

concentrations of aqueous leaf extracts of Spinach and Pomegranate. Also, the results indicate that root growth of 

B. napus dicot turned out to have more growth reduction than T. aestivum monocot plant (Figure 5).   

 

Figure 5 Effect of Spinach and Pomegranate aqueous extract on root dry weight of Brassica napus and Triticum 

aestivum. The results are means of three replications. Error bars stand for standard errors. Tukey’s test (P ≤ 0.05) 

was used to calculate significant differences between means.  
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Figure 6 Effect of Spinach aqueous extract on seed germination and growth of Brassica napus and Triticum 

aestivum.  
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Figure 7 Effect of Pomegranate aqueous  extract (3%, 6%, 9%) on seed germination and early growth of B. napus 

and T. aestivum. 

 

 

 

3. Discussion 

The allelopathic actions of Spinach and Pomegranate leaf extracts at different concentrations (0%, 3%, 6% and 

9%) on germination and early growth of B. napus and T. aestivum were examined. The reduction of seed 

germination and growth, shoot and root length, and shoot and root oven dry weight of the examined plant species 

may be due to the effect of biochemicals present in Spinach and Pomegranate extracts [18]. The response of 

germinating  seeds and early growth to phenolic compounds have been reported in previous studies which 

illustrates that phenolic compounds contribute with the plant growth system and could affect seedling growth of 

plants through affecting plant hormones[19]. The results are in agreement with  Çam et al [18]  who isolated some 

phenolic compounds from pomegranate  extracts which they play a crucial role in allelopathy [20, 21].  

The findings about the allelopathic activities of different concentrations (3%, 6% and 9%) of Spinach and 

Pomegranate extracts on seed germination and early growth of B. napus and T. aestivum showed that the negative 

impact increased with increasing concentration of the extract. 6% and 9% aqueous shoot and root extracts recorded 

the most allelopathic influence on seed germination and early growth of the plants. These results are similar to the 

Brassica napus Triticum aestivum 



findings obtained by Sharma and Satsangi [22], who indicated that higher concentrations (50-100%) of sunflower 

aqueous shoot extracts had more negative impacts than extracts with low concentrations on Amaranthus viridis 

and Parthenium hysterophorus. 

 

The reduction of seed germination and growth parameters of B. napus and T. aestivum may be because of 

allelochemicals present in Spinach and Pomegranate extracts which could have negative impacts on cell division 

and physiological activities. Additionally, during the seed germination process, biochemicals may be the reason 

for changing in cell membrane permeability of the examined plant and weed species [23]. They may change 

respiration and reduce the concentration of  RNA and ATP or disturb the secondary messengers functions that are 

required for germination of seeds and growth development [24]. 

 

The findings of this study has indicated that Spinach and Pomegranate extracts have more allelopathic influences 

on germination, shoot and root length and shoot and root oven dry weight than aqueous root extract [25, 26]. 

Moreover, our findings are similar with Turk and Tawaha [27], who showed that for black mustard the greater 

allelopathic effects can be released through leaf extracts. This might be because water soluble allelochemicals have 

greater inhibitory effect from shoot extracts than root extracts. It is concluded that both Spinach and Pomegranate 

leaf aqueous extracts have inhibitory allelopathic effects on seed germination and growth of both monocot and 

dicot studied species which could lead to be alternative to using of herbicides and it can be a production of natural 

herbicides in the future.  

 

4. Acknowledgment  

We are grateful to Field Crops Department, College of Agricultural Engineering Sciences, Salahaddin 

University-Erbil for providing facilities and support during the lab work. 

 

5. References  

1. Rice, E.L., Allelopathy. Academic press, New York, 1984. Ed 1. 
2. Dayan, F.E. and S.O. Duke, Biological activity of allelochemicals, in Plant-derived Natural Products. 2009, Springer. 

p. 361-384. 
3. Patterson, D. CHAPTER 13@  Research on Exotic Weeds. 1983. 
4. Zeng, R.S., A.U. Mallik, and S.M. Luo, Allelopathy in sustainable agriculture and forestry. 2008: Springer. 
5. Molisch, H., Der Einfluss einer Pflanze auf die andere-Allelopathie. Fischer, Jena, 1937. 
6. Inderjit, Plant phenolics in allelopathy. The Botanical Review, 1996: p. 186-202. 
7. Duke, S.O.B.R.G., Macias F.A., Molinillo J.M.G., Varela R.M. and Galindo J.C.G., Allelopathy in crop weed 

interactions. Pest man sci, 2007. 63: p. 308-348. 
8. Abbas, R., S. A. Safi, and W. Falhi, EVALUATION OF THE EFFECTIVENESS OF SORGHUM LEAF EXTRACT AND 

HERBICIDE IN CONTROLLING FLAX WEEDS. International Journal of Agricultural and Statistics Sciences, 2020. 16: p. 
1559-1563. 

9. Weston, L.A. and S.O. Duke, Weed and crop allelopathy. Critical Reviews in Plant Sciences, 2003. 22(3-4): p. 367-
389. 

10. Nikneshan, P., et al., Allelopathic potential of sunflower on weed management in safflower and wheat. Australian 
Journal of Crop Science, 2011. 5(11): p. 1434-1440. 

11. Cheema, Z.A. and A. Khaliq, Use of sorghum allelopathic properties to control weeds in irrigated wheat in a semi 
arid region of Punjab. Agriculture, ecosystems & environment, 2000. 79(2): p. 105-112. 



12. Thahir, I.M. and A.O. Ghafoor, The allelopathic potential of Johnsongrass Sorghum halepense (L.) Pers. to control 
some weed species Mesopotamia Journal of Agriculture, 2011. 40(2): p. 16-23.                       

13. Rasul, S.A. and K.A. Ali, Effect of Radish Aqueous Extract on Germination and Seedling Growth of Wheat, Wild Oat 
and Wild barley. Journal of Advanced Pharmacy Education & Research, 2020. 10(S2): p. 183-189. 

14. Muhammad, M., R. Abbas, and A. Mohmed, TESTING OF THE EFFICACY OF SOME CHEMICAL AND BIOLOGICAL 
HERBICIDES TO CONTROL DARNEL WEED. International Journal of Agricultural and Statistics Sciences, 2021. 16: p. 
1149-1052. 

15. Shehata, H.F., ALLELOPATHIC POTENTIAL OF Portulaca oleracea L. SEED EXTRACTS ON GERMINATION AND 
SEEDLING GROWTH OF Cichorium endivia L., Lactua sativa 

               L., Echinochloa crus-galli L., AND Brassica tournefortii Gouan. Journal of Experimental Biology and Agricultural 
Sciences, 2014: p. 388-39. 

16. Rashidi, S., et al., Allelopathic Interactions between Seeds of Portulaca oleracea L. and Crop Species. Applied 
Sciences, 2021. 11(8): p. 3539. 

17. Mohamed, A.I. and A.S. Hussein, Chemical composition of purslane (Portulaca oleracea). Plant Foods Hum Nutr, 
1994. 45(1): p. 1-9. 

18. Wang, H., L. Zhang, and Y. Wang, Isolating and Identifying Organic Acids from <i>Portulaca oleracea</i> and 
Determining Their Anti-cyanobacterial Activity. Polish Journal of Environmental Studies, 2017. 26(1): p. 441-445. 

19. Callaway, R.C., Allelopathy: Organisms, processes, and applications. Ecology, 1996. 77(4): p. 1313-1315. 
20. Einhellig, F.A. and G.R. Leather, Potentials for exploiting allelopathy to enhance crop production. J Chem Ecol, 1988. 

14(10): p. 1829-44. 
21. Kruse, M., M. Strandberg, and B. Strandberg. Ecological Effects of Allelopathic Plants@  a Review. 2000. 
22. Sharma, M. and G.P. Satsangi. Potential Allelopathic Influence of Sunflower ( Helianthus Annuus L . ) on Germination 

and Growth behavior of Two Weeds in-vitro Condition. 2013. 
23. Rizvi, S. and V. Rizvi, Exploitation of allelochemicals in improving crop productivity, in Allelopathy. 1992, Springer. 

p. 443-472. 
24. Gatti, A.B., et al., Allelopathic effects of aqueous extracts of Artistolochia esperanzae O. Kuntze on development of 

Sesamum indicum L. seedlings. Acta Botanica Brasilica, 2010. 24(2): p. 454-461. 
25. Kaya, M., Allelopathic Role of Essential Oils in Sunflower Stubble on Germination and Seedling Growth of the 

Subsequent Crop. International Journal of Agriculture and Biology, 2013. 15: p. 337-341. 
26. Elisante, F., M.T. Tarimo, and P.A. Ndakidemi, Allelopathic effect of seed and leaf aqueous extracts of Datura 

stramonium on leaf chlorophyll content, shoot and root elongation of Cenchrus ciliaris and Neonotonia wightii. 
American Journal of Plant Sciences, 2013. 2013. 

27. Turk, M.A. and M. Tawaha, Inhibitory effects of aqueous extracts of black mustard on germination and growth of 
lentil. Journal of Agronomy, 2002. 

28.            Brumati, T., et al. "Allelopathic Effect of Extracts of Pomegranate (Punica granatum), Eucalyptus 

(Eucalyptus spp.) and Noni (Morinda citrifolia) on Germination and Development of Lettuce 
Seeds (Lactuca sativa), Tomato (Solanum lycopersicum) and Pepper (Capsicum baccatum)." J 
Plant Pathol Microbiol 9.467 (2018): 2. 

29       Çam, Mustafa, and Necattin Cihat İçyer. "Phenolics of pomegranate peels: extraction optimization 
by central composite design and alpha glucosidase inhibition potentials." Journal of food 
science and technology 52.3 (2015): 1489-1497. 

 


