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ABSTRACT 
 
Tithonia. rotundifolia is an allelopathic weed that grows in association with cultivated crops in 
Nigeria. Allelopathy is a phenomenon of plant releasing allelochemicals into the environment that 
can inhibit or stimulate the growth of other plants and microorganisms. This study aimed to evaluate 
the effects of soil incorporated with the fresh shoots of T. rotundifolia on chlorophyll and protein 
accumulation of Vigna unguiculata L. Glycine max L., Zea mays L. and Sorghum bicolor L.  250 g of 
fresh shoots of T. rotundifolia were worked into each plot of 2 m2 dimension and the test crops were 
sown in the plots. Plots with no T. rotundifolia shoots were included as control plots. The experiment 
was performed in completely randomized block design (CRBD). The parameters measured were 
chlorophyll a, chlorophyll b total chlorophyll and protein content. The results showed a stimulation in 
chlorophyll contents in the test crops except inhibition in chl b and total chlorophyll in Zea mays L. 
Also, there was a stimulation of protein in Zea mays L. and Sorghum bicolor L. The study suggests 
that incorporation of shoots of Tithonia rotundifolia could imparts stimulatory allelopathic effects. 
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1. INTRODUCTION 
 
Tithonia rotundifolia (Miller) S.F. Blake is a 
members of the family Asteraceae. The plant 
associates with common crops like vegetables, 
cassava, yam, rice, sorghum, soyabean e.t.c. 
and becomes a dominant plant where it is 
present [1]. Ayeni et al. [2] stated that Tithonia 
species are aggressive weeds with high invasive 
capacity and the ability to compete successfully 
with agricultural crops.  
 
Cowpea (Vigna unguiculata (L.) Walpers) and 
Soybean (Glycine max (L.) Merr.) which belong 
to the family Fabaceae are economically 
significant legumes. Maize (Zea mays L.) and 
Sorghum (Sorghum bicolor (L.) Moench) are 
annual grasses belonging to the family Poacea. 
Z. mays L.  is one of the most important cereal 
crops.  S. bicolor (L.) Moench is a drought 
resistant cereal important for grain, forage and 
bioethanol production [3]. 
 
Allelopathy can be defined as the effects of one 
plant species on another plant species (mostly 
harmful effects) through the release of chemical 
compounds (allelochemicals) that escape into 
the environment [4]. Allelopathic interactions are 
mediated by secondary metabolites, released 
through leaching, root exudation, volatilization 
and residue decomposition into the environment 
and affect growth and development in natural 
environments and agro-ecosystems [5]. 
Chemical exudates from some plants to the 
environment have been reported as causative 
agents of allelopathy on growth of neighboring 
plants and thus affecting normal growth in their 
natural environment [6]. The allelopathic potential 
of some plants through the release of 
allelochemicals has either deleterious or 
beneficial effects on other plants associated in 
same locality [7].  Tithonia rotundifolia releases 
allelochemicals from the shoots and roots that 
have inhibitory or stimulatory effects on other 
plant species. The allelochemicals detected in 
the aqueous extracts of Tithonia sp were 
phenols, flavonoids, tannins, saponins and 
alkaloids. It is known that during decomposition 
of decaying plant residues, phytotoxic 
compounds can be produced, released, 
transformed and destroyed simultaneously by 
microbial activities [8], thus affecting both plants 
and microorganisms. According to Inderjit et al. 
[9], the bioactive concentration of the 
allelochemicals in soils is determined through 

sorption, fixation, leaching, chemical and 
microbial degradation. Soil chemicals, physical 
and biological characteristics to a great extent 
are responsible for detoxification or further 
enhancement of the allelopathic activities of the 
plant diffusates [10]. The decrease in chlorophyll 
content due to allelopathic effects has been 
reported [4,11,12,13,14]. Rice [4] suggested that 
some allelopathic compounds might interfere 
with the synthesis of porphyrin which is a 
precursor of chlorophyll thereby leading to a 
reduction of chlorophyll accumulation. The author 
was of the opinion that a reduction in chlorophyll 
accumulation would result in impaired 
photosynthesis and finally diminished total plant 
growth. Masura et al. [15] observed that 
allelochemicals could inhibit the enzyme 
protoporphyrinogen oxidase and therefore lead 
to alteration in chlorophyll biosynthesis. They 
further stated that allelochemical effects on 
photosynthesis could also be the result of an 
alteration in chlorophyll degradation pathway and 
inhibition of carotenoid biosynthesis. Many 
studies have shown the effects of extract on 
protein contents of plants [16,17,18,19]. 
Therefore, the objective of this study was to 
determine the effects of soil incorporated with the 
fresh shoots of T. rotundifolia on chlorophyll and 
protein accumulation of   Vigna unguiculata L. 
Glycine max L., Zea mays L. and Sorghum 
bicolor L. 
   
2. MATERIALS AND METHODS 
 
The soil was tilled and divided into square plots 
.and 250 g of chopped fresh shoots of T. 
rotundifolia were worked into each plot. The test 
crops were sown in the plots. Plots with no T.  
rotundifolia shoots were included as control plots. 
The experiment was kept weed-free by hand 
weeding throughout the growing period. The 
plants were harvested two weeks after sowing on 
the treatment plots. Thereafter, harvesting of the 
plants was on a weekly interval until the end of 
the experiment.   
 

2.1 Determination of Chlorophyll and 
Protein Content  

 

Chlorophyll contents were determined using the 
method of Comb et al. [20]. Plants were 
separated into shoot and root and then 
chlorophyll was extracted from the shoot. The 
shoot was cut into small chips and placed in a 
mortar. A pinch of sodium bicarbonate was 
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added to the shoot in the mortar to prevent 
degradation of chlorophyll to phaeophytin and 
then the shoot was then ground in 80% (v/v) 
acetone. The brei was filtered through a 
Whaman No 1 filter paper and absorbance of the 
acetone filtrate was determined using a 
spectrophotometer at wavelength 647nm and 
664nm.  
 
Chlorophyll a, chlorophyll b and total chlorophyll 
were determined using the formulae below 
 

Chlorophyll a = 13.19A 664 – 2.57A 647 
(µg/g) Chlorophyll b = 22.10A 647 – 5.26A 
664 (µg/g) Total chlorophyll = 7.93A 644 + 
19.53 A 647 (µg/g) Where A 647 is 
absorbance at 647 nm wavelength, A 664 is 
absorbance at 664 nm wavelength Total 
protein concentration was determined using 
the technique of Lowry et al. [21].  

 

2.2 Statistical Analysis  
 
The results were analyzed statistically with the 
use of one-way analysis of variance (ANOVA) to 
determine significant (P< 0.05) effects. The 
means were compared using Duncan Multiple 
Range Test (DMRT).  
 

3. RESULTS 
 
The chlorophyll a content of V. unguiculata 
planted on soil with shoots of T. rotundifolia (SIS) 
was higher than that of the plants in the control 
up to the fourth week of harvest (Fig. 1). Results 
of the ANOVA showed that there was significant 
difference between the chlorophyll a content in 
the control plants and that of the plants in the SIS 
regime at P < 0.05. The level of chlorophyll b in 
the control V. unguiculata plants increased from 

the beginning to the end of the experiment while 
that of the plants in the SIS regime followed a zig 
zag pattern throughout the duration of the 
experiment. As a result of this, the chlorophyll b 
content of the plants in the SIS regime was 
higher than that of the plants in the control in 
weeks 2, 4 and 6 of the experiment (Fig. 1). The 
total chlorophyll content of the control V. 
unguiculata plants followed a zig zag pattern 
from the beginning to the end of the experiment 
but remained lower than that of the plants in the 
SIS regime from the first week to the fourth week 
of harvest (Fig. 1). 
 
The chlorophyll a content of the SIS G. max was 
higher than that of the plants in the control 
throughout the period of the experiment (Fig. 2). 
The chlorophyll b content of the SIS plants was 
higher than that of the plants in the control in 
most weeks of the experiment (Fig. 2). The total 
chlorophyll content of the SIS plants increased 
and was higher than that of the control plants 
from the beginning of the experiment up to week 
three. Thereafter, it decreased the following 
week and then finally increased until the end of 
the experiment (Fig. 2).  Fig. 3 shows the effect 
of the soil incorporated with the shoots of T. 
rotundifolia on the chlorophyll contents of Z. 
mays. The accumulation of chlorophyll a in the 
SIS plants was higher than that of the plants in 
the control plants as from the third week until the 
end of the experiment. The chlorophyll b and 
total chlorophyll contents in the control plants 
were higher than that of the plants in the SIS 
regime in most part of the experiment (Fig. 3). 
The level of chlorophyll a, b and total chlorophyll 
content of the S. bicolor treated plant was higher 
than that of the control plants in most part of the 
experiment and this was found to be statistically 
significant at p < 0.05 (Fig. 4). 

  

 
 

Fig. 1. Changes in chlorophyll a, b and total chlorophyll content of V. unguiculata raised in soil 
incorporated with the shoots of T. rotundifolia 

SIS = soil incorporated with shoots of T. rotundifolia 
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Fig. 2. Shows the effect of soil incorporated with the shoot of T. rotundifolia on the chlorophyll 
a, b and total chlorophyll content of G. max 

 

 
 
Fig. 3. Effect of the soil incorporated with the shoots of T. rotundifolia on the chlorophyll a, b 

and total chlorophyll content of Z. mays 
 

 
 

Fig. 4. Effect of the soil incorporated with the shoots of T. rotundifolia on the chlorophyll a, b, 
and total chlorophyll content of S. bicolor 

SIS = Soil incorporated with shoots of T. rotundifolia 
 

The protein content of the control V. unguiculata 
was higher than that of the SIS plants throughout 
the period of the experiment. Significant 
difference was observed between the protein 
content of the control plants and that of the SIS 
plants at p < 0.05 (Fig. 5). The protein content in 

the control G. max increased from the beginning 
of the experiment to week two and then 
decreased the following week. Thereafter, the 
protein content of these plants increased until the 
end of the experiment. In the case of the SIS 
plants, the protein content was initially higher 
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Fig. 5. Effect of soil incorporated with the shoots of T. rotundifolia on the protein content of V. 
unguiculata and G. max 
a. V. unguiculata  b. G. max 

 

 
 

Fig. 6. Effect of the soil incorporated with the shoots of T. rotundifolia on the protein content 
of Z. mays and S. bicolor 

a. Z. mays   b. S. bicolor 
 
than that of the control plants and then followed a 
zig zag pattern such that it became lower than 
that of the control plants in the last three weeks 
of the experiment. Significant difference was 
observed between the protein content of the 
control plants and that of the SIS plants at p < 
0.05 (Fig. 5). The protein level of the SIS Z. mays 
and S. bicolor was significantly (P < 0.05) higher 
than that of the control plants during most weeks 
of the experiment (Fig.  6). 
 

4. DISCUSSION AND CONCLUSION 
 

Unlike allelochemicals obtained directly by 
extraction from living organs or tree litter, 
allelochemicals released from decomposed leaf 
litter are influenced by soil; thus their 

concentration, composition, structure, and 
activity might be extremely different. The 
important circumstances in which allelopathic 
effects appear occur when allelochemicals reach 
the recipient plant in their active structure and at 
their effective concentration, thus extracts of litter 
and decomposed litter (or the decomposed 
medium) often show different allelopathic effects 
[22]. According to Inderjit [9], soil microorganisms 
have important modifying effects on 
allelochemicals, and are able to decompose 
some of these chemicals into inactive 
substances. Lankau [23] was of the opinion that 
low concentration of allelochemicals in the soil 
may be as a result of the allelochemicals being 
decomposed by soil microbes. 
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In this study, accumulation chlorophyll in Vigna 
unguiculata L. Glycine max L. and Sorghum 
bicolor L. grown in the soil into which the shoot of 
T. rotundifolia had earlier been incorporated were 
all enhanced significantly compared to the 
control plants. It was evident that the 
incorporated shoot materials contained 
allelochemicals which on interacting with some 
microbes and other soil factors became 
stimulatory to the growth of the test plants. The 
bioactive concentration of the allelochemicals in 
the incorporated shoots might have been 
decreased due to microbial degradation and 
decomposition in the soil. Hence the 
detoxification of the plant residue and the 
resultant stimulatory allelopathic effects observed 
in this study. This was consistent with the 
observation of Einhellig et al. [24] who stated that 
allelochemicals have to be present above a 
threshold concentration for impact. He was of the 
opinion that some plants processes might be 
stimulated below this threshold. This result was 
also consistent with the finding of Qasem [25] 
who reported that the incorporation of A. gracilis 
residues stimulated plant height and increased 
wheat yield. The protein level of the SIS Z. mays 
and S. bicolor was significantly (P < 0.05) higher 
than that of the control plants during most weeks 
of the experiment. Protein content of Rumex 
dentatus has been reported to be stimulated by 
lower concentration root extracts or 
allelochemicals [17]. This stimulation was 
correlated with stimulation in nucleic acid 
content. According to Baziramakenga et al. [26], 
allelochemical increased incorporation of 3S S 
methionine into protein.  The stimulation                    
of the chlorophyll and protein contents of                 
some of the test crops in this study indicated  
that T. diversifolia could be used as green 
manure.   
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES  
 
1. Tongma, S., Katsuichiro, K. and Kenji, U.  

Allelopathic activity of Mexican sunflower 
(Tithonia diversifolia) in soil. Weed 
Science. 1998;46(4):432–437. 

2. Ayeni AO, Lordbanjou DT, Majek BA. 
Tithonia diversifolia (Mexican sunflower) in 
South–Western Nigeria: Occurrence and 
growth habit. Weed Research. 
1997;37(6):443–449. 

3. Aishah S, Saberi HAR, Halim RA, Zaharah 
AR. Yield responses of forage sorghums to 
salinity and irrigation requency. Africa 
Journal of Biotechnology. 
2011;10(20):4114–4120. 

4. Rice EL. Allelopathy. 2
nd

 ed. Academic 
Press, Orlando, FL; 1984. 

5. Cheema ZA, Farooq M, Wahid A. 
Allelopathy: Current Trends and Future 
Applications Springer, Verlag; 2013. 

6. Makoi JH, Ndakidemi PA. Allelopathy as 
protectant, defence and growth stimulants 
in legume cereal mixed culture systems,” 
New Zealand Journal of Crop and 
Horticultural Science. 2012;40 (3):161-186.  

7. Yu JQ, Ye SF, Zhang MF, Hu WH. Effects 
of root exudates and aqueous root extracts 
of cucumber (Cucumis sativus) and 
allelochemicals, on Photosynthesis and 
Antioxidant Enzymes in Cucumber,” 
Biochemical Systematics and Ecology. 
2013;31(2):129-139.  

8. Blum U. Designing laboratory plant-debris 
soil bioassays: Some reflections, In: 
Principles and practices of plant ecology, 
Inderjit M, Dakshini KMM, Foy CL. (eds) 
CRC Press, Bocaration, Florida. 1999;17–
23. 

9. Inderjit I. Soil microorganisms: an 
important determinant of allelopathic 
activity. Plant Soil. 2005; 274:227–236. 

10. Cheng HH. Characterization of the 
mechanisms of allelopathy: Modelling and 
experimental approaches, In: Allelopathy, 
organisms, process and applications, 
Inderjit KMM, Dakshini and F.A Einhellig 
(eds). American Chemical Society, 
Washington. 1995;132-141. 

11. Peng SL, Wen J, Guo QF. Mechanism and 
Active Variety of Allelochemicals,” Acta 
Botanica Sinica. 2004;46(7):757-766. 

12. Wang X, Wang J, Zhang R, Huang Y, 
Feng S, Ma X, Yuyu Zhang Y, Ashim 
Sikdar A, Roy R. Allelopathic effects of 
aqueous leaf extracts from four shrub 
species on seed germination and initial 
growth of Amygdalus pedunculata Pall. 
Forests. 2018;9:711–725. 

13. Kapoor D, Rinzim Tiwari A, Amit Sehgal A, 
Landi M, Brestic M, Anket Sharma A. 
Exploiting the allelopathic potential of 
aqueous leaf extracts of Artemisia 
absinthium and Psidium guajava against 
Parthenium hysterophorus, a Widespread 
Weed in India. Plants. 2019;8:552–565.  

14. Ma H, Yu Chen Y, Chen J, Zhang Y, 
Zhang T, He H. Comparison of allelopathic 



 
 
 
 

Ilori and Otusanya; JABB, 23(5): 33-39, 2020; Article no.JABB.59280 
 
 

 
39 

 

effects of two typical invasive plants: 
Mikania micrantha and Ipomoea cairica               
in Hainan island. Sci Rep. 2020;10:        
11332.  

15. Masura T, Polle JEW, Melis A. 
Biosynthesis and distribution of chlorophyll 
among the photosystem during recovery of 
the green algae (Dunaliella salina) from 
irradiance stress. Plant Physiology. 
2002;128:603–614. 

16. Gulzar A, Siddiqui MB. Evaluation of 
allelopathic effect of Eclipta alba (L.) Hassk 
on biochemical activity of Amaranthus 
spinosus L., Cassia tora L. and Cassia 
sophera L. Afr. J. Environ. Sci. Technol. 
2014;8(1):1-5. 

17. Hamed M. El-Shora and Ahmed M. Abd El-
Gawad. Evaluation of allelopathic potential 
of Rumex dentatus root extract and 
allelochemicals on Cicer arietinum Journal 
of Stress Physiology & Biochemistry. 
2014;10(1):167. 

18. Hanan MA. Physiological allelopathic effect 
of aqueous extracts ofcucumber, carrot, 
onion and garlic seeds on germination and 
growth ofpea. J Pharm Chem Biol Sci. 
2016;4(1):13–19. 

19. Jash A, Halder S, Bhattacharjee A. 
Assessment of allelopathic potential of 
Chromolaena odorata (L.) King and 
Robinson by physiobiochemical approach 
Research Journal of Life Sciences 

Bioinformatics Pharmaceutical and 
Chemical Sciences. 2019;5(1):21-30. 

20. Comb JH, Long SI, Scurlock J. Techniques 
in bioproductivity and photosynthesis. 
Pergamon press. Oxford, New York, 
Toronto, Sydney Frankfurt. 1985;225–233. 

21. Lowry OH, Rosebrough AL, Ranall RJ. 
Protein measurement with the phenol 
reagent. Journal of Biological Chemistry. 
1951;193:265–275. 

22. Zhang X, Liu Z, Tian N, Luc NT, Zhu B, 
Bing Y. Allelopathic effects of decomposed 
leaf litter from intercropped trees on rape 
Turkish Journal of Agriculture and 
Forestry. 2015;39:898-908. 

23. Lankau R. Soil microbial communities alter 
allelopathic competition between Alliaria 
petiolata and a native species. Biological 
Invasions. 2010;12:2059–2068. 

24. Einhellig FA, Schon MK, Rasmussen JA. 
Factors affecting effectiveness of 
allelochemicals. Journal of Plant Growth 
Regulation. 1982;1:251–58.  

25. Qasem JR. The allelopathic effect of three 
Amaranthus spp. (pigweeds) on wheat 
(Triticum durum). Weed Research. 
1995;35(1):41–49. 

26. Baziramakenga R, Leroux GD, Simard RR, 
Nadeau P. Allelopathic effects of phenolic 
acids on nucleic acid and protein levels in 
soybean seedlings. Canadian Journal of 
Botany. 1997;75:445 –450.     

_________________________________________________________________________________ 
© 2020 Ilori and Otusanya; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/59280 


