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Abstract 
 
G. banksii R. Br. is a widespread species forming dense populations in the Eastern part of Madagascar. The aim of this 
study was to investigate the allelopathic effects of G. banksii on seeds germination and initial growth of three 
agricultural crops: rice (Oriza sativa L.), maize (Zea mays L.) and bean (Phaseolus vulgaris L.). The effects of leaf (leaf 
powder and aqueous leaf extracts obtained after shaking during 24 and 48 h) and rhizospheric soil (soil powder and 
aqueous soil extract shaken during 72 h) of G. banksii on seeds germination, seedling length of each tested plant were 
described in vitro. Results showed that the rhizospheric soil of G. banksii activates the germination of bean and maize 
seeds as well as the seedling length development of all crop species but inhibit rice seeds germination. However, all 
aqueous leaf extract inhibit seeds germination and the shoot and root length development of the three crops species 
tested, especially for rice and maize roots length development. This investigation therefore comparatively reveals that 
the leaves extract of G. banksii has more allelopathy than rhizospheric soil in seed germination and initial growth of 
agricultural crops tested. The results suggest some cautions when using the shoots of G. banksii as plant cover in 
farming systems. 
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INTRODUCTION 
 
G. banksii R. Br. (Proteaceae) is a plant species 
originated in Australia and introduced in the 
Eastern part of Madagascar in the 1950s in 
order to restore forest cover and to limit land 
degradation/erosion in this region (Tassin, 
1995). After a few years of establishment, this 
exotic species was identified as an invasive 
species in Eastern part of Madagascar 
(Binggeli, 2003).This species is known for its 

capacity to spread rapidly especially on 
disturbed areas previously occupied by forest 
ecosystems. Moreover, G. banksii may affect 
the regeneration of native plant species by 
inhibiting soil biota which may have significant 
roles in plant development (Andrianandrasana 
et al., 2014). In spite of this, the farmers in the 
region use its biomass in farming through slash 
and burn farming practices. But, the interaction 
involved between crop plant species and this 
invasive plant is not well understood yet

Many research results have suggested that 
exotic invasive plants release some allelopathic 
substances into the environment (Osvald, 1948; 
Fletcher and Renney, 1963; Abdul Wahab and 
Rice, 1967; Kanchan and Jayachandra, 1979; 

(El Ghareeb, 1991; Vaughn and Berhow, 1999; 
Ridenour and Callaway, 2001; Stan et al., 
2018) and exploit this phenomenon to attribute 
their dominance success and their 
competitiveness (Ridenour and Callaway, 
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2001; Stinson et al., 2006; Jarchow and Cook, 
2009). Thus, allelopathy is defined as any 
direct or indirect, positive or negative effect of 
a plant, including microorganisms, on 
neighbouring species through the release of 
biochemical compounds (Rice, 1984) that 
could be present in whole plant or only in some 
organs, like roots, rhizomes, stems, leaves, 
fruits and/or seeds (Zeng et al., 2008). Root 
exudates represent one of the largest direct 
inputs of plant chemical elements into the 
rhizosphere (Bertin et al., 2003).  
Many allelopathic compounds affect crops 
development. Most of them are described as the 
main actors in the inhibition of seeds 
germination, overall growth and plant 
nutrients’ uptake (Rizvi et al., 1999; 
Marwatand Khan, 2006). For example, Ejaz et 
al. (2004) found that allelopathic compounds 
produced by Eucalyptus decrease the cotton 
germination rate. Balicevic et al. (2015) have 
reported that the invasive plant, Solidago 
gigantea, decreased the germination of seeds 
and development of seedlings of carrot, 
coriander and barley.  
The aim of this study was to assess allelopathic 
effects of leaf and rhizospheric soil of              
G. banksii on seeds germination rate and initial 
growth of three crops species in vitro. 
 
MATERIALS AND METHODS 
 
Plants materials and soil collection 
Leaves and rhizospheric soil were collected 
from mature individuals of G. banksii growing 
in the Eastern part of Madagascar 
(18°57’48.0’’S, 048°45’51.3’’E). The collected 
samples were brought into the Laboratory of 
Environmental Microbiology of National 
Center of Environment Research (CNRE) 
Madagascar. 
Seeds of rice (Oriza sativa L.), maize (Zea 
mays L.) and bean (Phaseolus vulgaris L.) 
were used as test plants in all experiments to 
assess the allelopathic effects of G. banksii. 
Seeds of O. sativa (variety Botrafotsy) and Z. 
mays were taken from farmers’ stock in the 
eastern part of Madagascar.  
Seeds of P. vulgaris, variety Ranjonomby, 
were provided by the FOFIFA (National Center 
for Applied Research on Rural Development in 
Madagascar). 

Aqueous extract preparation 
Leaf of G. banksii was dried at room 
temperature and cut into 1-2 cm pieces. Leaf 
was pounded using electrical stainless material. 
Aqueous leaf extracts were prepared by 
soaking 10 g leaf powder of G. banksii with 
200 ml sterile distilled water. Each container 
was shaken separately for 24 and 48 hours at 
room temperature. The resulting aqueous 
extracts were filtered with Whatman No.1 filter 
paper. Rhizospheric soil extract was prepared 
by soaking 10 g of soil in 200 ml sterile 
distilled water at room temperature for 72 h and 
filtered. 
 
Seed germination and seedling growth 
Effect of aqueous extracts. Five millilitre (5 
ml) of each aqueous extracts types (two leaf 
extracts and one soil extract) were tested on the 
three test plant seeds (rice, maize and bean) 
which were respectively deposited on filter 
paper contained insterilized Petri dishes. Sterile 
distilled water was used as control. For each 
treatment, four replicates, each with 10 seeds, 
were made. The Petri dishes were incubated at 
25°C. After 5 to 10 days, seeds germination 
and initial growth (shoot and root length) of 
each plant were noted.  
 
Effect of leaf and soil powder. Five grams of 
leaf powder and 2 g of rhizosphere soil powder 
were placed separately in Petri dish and topped 
with a single sheet of filter paper. Ten seeds of 
crop species were placed on it. The dishes were 
moistened with 10 ml sterile distilled water. 
For the control, fine pieces of filter paper were 
used. The bioassay was run as mentioned 
above.  
 
Data analyses 
The results were quantified as germination 
capacity, root and shoot length development. 
Germination percentage G (%) was calculated 
using the following formula: 

 
Where: N is germinated seeds in each treatment 
and Nt - number of seeds used in bioassay. 
 
The relative inhibition (I) or stimulation (S) of 
seed germination and shoot and root length 
development affected by the allelopathic 

substance was calculated according to Chung 
et al. (2001) and Ladhari et al. (2013) as 
following: 

 
Where: E is extract (growth parameter 
measured in presence of G. banksii leaf or soil 
extract and powder) and C - control (growth 
parameter measured in presence of sterile 
distilled water). 
All statistical analyses were done using 
XLSTAT 2008 software. Differences among 
the treatment means were assessed according to 
ANOVA test.  
Significant differences among the means were 
found through Fisher (LSD) significant 
difference test at P < 0.05. 
 

RESULTS AND DISCUSSIONS 
 
1. Allelopathic effects of leaf of G. banksii 
on crop plants species 
1.1. Germination percentage 
The effects of G. banksii leaf extracts on the 
germination capacity of rice, maize and bean 
are shown in Table 1. The results showed that 
leaf affected seed germination of rice, maize 
and bean except for the 24 h leaf extract on rice 
and leaf powder on maize. Notable inhibition 
was found on rice germination with 48 h leaf 
extract (-24.88%) and leaf powder (-36.15%). 
However, rice seed germination stimulation 
was found with 24 h leaf extract (+23.94%) and 
a little stimulation on maize germination by 
both 48 h leaf extract and leaf powder was 
recorded (Figure 1). 

 
Table 1. Seeds germination capacity (%) of rice, maize and bean in presence of leaf of G. banksii 

Treatments Seeds germination capacity (%) 
Rice Maize Bean 

24 h leaf extract 82.50 ± 17.50 (a) 72.50 ± 17.50 (b) 85.00 ± 7.50 (b) 
48 h leaf extract 50.00 ± 5.00 (a) 95.00 ± 5.00 (a) 90.00 ± 5.00 (ab) 

Leaf powder 42.50 ± 4.20 (a) 97.50 ± 3.75 (a) 95.00 ± 5.00 (ab) 
Control 66.56 ± 5.31(a) 93.75 ± 9.39 (a) 98.00 ± 2.00 (a) 

Means with the same letter in a column are not significantly different at p < 0.05 according to Fisher’s LSD test. 
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Figure 1. Inhibition (-)/stimulation (+) of germination seeds of rice, maize and bean in presence of leaf of G. banksii 

 
1.2. Root and shoot length development 
Effects of leaf of G. banksii on root and shoot 
length development of rice, bean and maize are 
shown in Table 2. Root and shoot length 
development of rice, maize and bean were 
reduced by leaf of G. banksii except for the      
24 h leaf extract on rice root length 
development. The highest inhibition was found 

on maize root length development with 24 h 
leaf extract (-81.44%) and on maize shoot 
length development with 24 h and 48 h leaf 
extracts (-100%) (Figure 2). Generally, the leaf 
of G. banksii proved to be toxic to roots and 
shoots length development of the three tested 
plant species. 
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Figure 1. Inhibition (-)/stimulation (+) of germination seeds of rice, maize and bean in presence of leaf of G. banksii 

 
1.2. Root and shoot length development 
Effects of leaf of G. banksii on root and shoot 
length development of rice, bean and maize are 
shown in Table 2. Root and shoot length 
development of rice, maize and bean were 
reduced by leaf of G. banksii except for the      
24 h leaf extract on rice root length 
development. The highest inhibition was found 

on maize root length development with 24 h 
leaf extract (-81.44%) and on maize shoot 
length development with 24 h and 48 h leaf 
extracts (-100%) (Figure 2). Generally, the leaf 
of G. banksii proved to be toxic to roots and 
shoots length development of the three tested 
plant species. 
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Table 2. Root and shoot length development of rice, maize and bean in presence of leaf of G. banksii 

 Treatment 
 24 h leaf extract  48 h leaf extract  Leaf powder Control 

   Root length (cm) 
Rice 2.21 ± 1.46 (a) 1.66 ± 1.66 (a) 0.93 ± 0.90 (a) 1.78 ± 1.65 (a) 

Maize 1.06 ± 0.46 (c) 4.79 ± 0.48 (ab) 3.68 ± 0.56 (b) 5.73 ± 1.65 (a) 
Bean 3.48 ± 1.47 (b) 3.83 ± 0.97 (b) 4.55 ± 1.35 (ab) 6.55 ± 1.24 (a) 

       Shoot length (cm) 
Rice 0.78 ± 0.50 (a) 0.63 ± 0.62 (ab) 0.01 ± 0.02 (b) 0.78 ± 0.12 (a) 

Maize 0.00 ± 0.00 (b) 0.00 ± 0.00 (b) 0.13 ± 0.02 (b) 1.14 ± 0.72 (a) 
Bean 0.00 ± 0.00 (a) 0.00 ± 0.00 (a) 0.00 ± 0.00 (a) 0.00 ± 0.00 (a) 

Means with the same letter in a line are not significantly different at p < 0.05 according to Fisher’s LSD test.  
 

  
Figure 2. Inhibition (-)/stimulation (+) of root and shoot length development of rice, maize and bean 

in presence of leaf of G. banksii 
 
2. Allelopathic effect of the rhizospheric 

soil of G. banksii on crop plants species 
2.1. Germination percentage 
Compared to control treatment, soil powder 
and soil extract did not significantly (p < 0.05) 
reduced seeds germination percentage of rice, 
maize and bean (Table 3).  
Besides, inhibition/stimulation analyses 
revealed that maize seeds germination was 
stimulated by rhizospheric soil powder and 

rhizospheric soil extract respectively +6.66% 
and + 4%.  
But, rice seed germination was inhibited by 
rhizospheric soil powder and rhizospheric soil 
extract respectively -17.37% and -2.34%. 
However, bean seeds germination was stimu-
lated with rhizospheric soil powder (+2.04%) 
but inhibited by rhizospheric soil extract  
(-5.80%) (Figure 3).  

 
Table 3. Germination capacity (%) of seeds of rice, maize and bean in presence of rhizospheric soil of G. banksii 

Treatment Seeds germination capacity (%) 

Rice Maize Bean 
Soil powder 55.00 ± 4.50 (a) 100.00 ± 0.00 (a) 100.00 ± 0.00 (a) 
Soil extract 65.00 ± 10.00 (a) 97.50 ± 3.70 (a) 92.31 ± 7.70 (a) 
Control 66.56 ± 5.30 (a) 93.75 ± 9.30 (a) 98.00 ± 2.00 (a) 

Means with the same letter in a column are not significantly different at p < 0.05 according to Fisher’s LSD test.  

 
Figure 3. Inhibition (-)/stimulation (+) of germination seeds of rice, maize and bean in presence  

of rhizospheric soil of G. banksii 
 
2.2. Root and shoot length development 
Root length development of rice, maize and 
bean was significantly (p < 0.05) stimulated by 
both rhizospheric soil powder and extract. 
Shoot length development of maize was also 
stimulated by these two treatments (Table 4). 

The highest stimulation was found on bean root 
length development with rhizospheric soil 
powder (+80.03%) and on maize shoot length 
development with the same treatment 
(+228.94%) (Figure 4).  

 
Table 4. Root and shoot length development of rice, maize and bean in presence  

of rhizospheric soil of G. banksia 
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 Rhizospheric Soil extract Rhizospheric Soil powder Control 
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Rice 2.73 ± 0.62 (a) 2.38 ± 0.70 (a) 1.78 ± 0.18 (a) 

Maize 9.91 ± 0.98 (a) 8.53 ± 0.81 (a) 5.73 ± 1.65 (b) 
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Bean 0.00 ± 0.00 (a) 0.00 ± 0.00 (a) 0.00 ± 0.00 (a) 

Means with the same letter in a line are not significantly different at p < 0.05 according to Fisher’s LSD test. 
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In this study, leaf of G. banksii and its 
rhizospheric soil were used to evaluate their 
effect on seeds germination and growth of both 
roots and shoots of rice, maize and bean in 
vitro. Our results showed that, the allelopathic 
effect of this exotic plant was varied according 
to the aqueous extract type (leaf extract and 
rhizospheric soil extract) and tested plant 
species. Thus, the response of germination, 
seedling growth of test plant species towards 
the same extract (Hisashi et al., 2009) and the 
toxicity of allelochemical in different part of 
same plant (Hussain et al., 2010) are variables.  
Firstly, all aqueous leaf extracts of G. banksii 
were negatively affected the percentage of seed 
germination and root and shoot length 
development of all tested agricultural species. 
Lara-Núñez et al. (2006; 2009; 2015) explain 
this phenomenon that allelochemical can alter 
enzymatic activities during seed germination 
and radicle growth. Indeed, the high inhibition 
of seed germination was found on rice with 48h 
leaf extract. 
The results indicate that by increasing the 
shaken duration, the efficiency of extracts is 
also increased, especially on rice seed 
germination. These findings agree with those of 
Barkat et al. (2010), Hussain et al. (2010) and 
Ehsan et al. (2012). Contrary for bean, shaken 
leaf extract during 24 h was more inhibitory 
than 48 h leaf extract. This might be due to 
denaturation of phytotoxic substances capable 
to inhibit particularly bean seed germination. 
Samreen et al. (2009) and Batlang and Shushu, 
(2007) suggested that allelopathic stress 
depends upon concentration of allelopathic 
material.  
Generally, plant litter is known to increase soil 
fertility during decay. However, our results 
showed that leaf of G. banksii reduce 
remarkably the seed germination of rice. 
Similar results were also reported in other 
studies. For example: Ageratina adenphora 
litter reduced growth of Lantana camara (Kaul 
and Bansal, 2002). Moreover, leaf extracts of 
G. banksii inhibit shoot elongation of maize 
and rice, respectively -100% and -98.3%. Many 
studies explained that decrease in root and 
shoot length development may be attributed to 
inhibiting or reducing rate of cell division and 
elongation due to the presence of 
allelochemicals compound which inhibit 

probably the hormones such as gibberellin and 
indoleacetic acid function in the plant species 
(Tomaszewski and Thimann, 1966). 
Secondary, allelopathic effect of rhizospheric 
soil of G. banksii was evaluated using an 
aqueous extract and powder of soil on 
germination and shoot length development of 
three crops plants. Samedani et al. (2013) 
explain that allelochemicals activities in soil 
are depend on complex interactions betwen soil 
and plant factors. In this way, soil properties 
are the dominant factors determining the 
activity of allelochemicals in soil (Inderjit, 
2002). As other species of Proteaceae family, 
G. banksii has proteoid roots (Purnell, 1960; 
Andrianandrasana et al., 2014). This root type 
is known for its ability to produce acids, such 
as malates and citrates (Dinkelaker et al., 1995; 
Shane and Lambers, 2005) and enzymes such 
as phosphatases (Miller et al., 2001; Gilbert et 
al., 2000) into the rhizosphere. This root type 
may affect rhizospheric soil properties of G. 
banksii and subsequently affects germination 
and growth of other plant species. Our results 
showed that rhizospheric soil of G. banksii 
inhibited rice and bean seeds germinations but 
stimulated maize seed germination. Besides, all 
rhizospheric soil generally activated shoot 
elongation on the three agricultural crops 
tested. Therefore, the stimulation growth of 
crop species by rhizospheric soil could 
probably be due to the induction of growth 
promoting hormones that were described by 
Tomaszewski and Thimann (1966). 
 
CONCLUSIONS 
 
In summary, our results demonstrated that 
allelopathic effect of G. banksii as inhibitory or 
stimulatory was depending on the extract and 
on the/or crop species. Indeed, the degree of 
seeds germination and plant initial growth 
inhibition were higher in aqueous leaf extract 
of G. banksii than rhizospheric soil on the three 
crops species tested. Also, rice seed 
germination was more affected than maize and 
bean. Remarkable stimulation was observed in 
maize development with rhizospheric soil. 
However, this study needs further evaluation at 
field level. Also, allelopathic potential of         
G. banksii will be tested to it herbicidal activity 
on weeds species associated with crop plant. 

ACKNOWLEDGEMENTS 
 
The authors acknowledge The World Academy 
of Sciences (TWAS, n°18-181 
RG/BIO/AF/AC_G) which supported 
financially this work through research grant 
accorded to Martial Doret 
ANDRIANANDRASANA. 
 
REFERENCES 
 
Abdul-Wahab, A.S. and Rice, E.L. (1967). Plant 

inhibition by Johnson Grass and its possible 
significance in old field succession. Bulletin of the 
Torrey Botanical Club, 94, 485‒497.  

Al-Taisan, W.A. (2014). Allelopathic effects of 
Heliotropium bacciferum leaf and roots on Oryza 
sativa and Teucrium polium. Life Science Journal, 
11(8), 41–50.  

Andrianandrasana, M.D., Baohanta, R.H., 
Randriambanona, H., Raherimandimby, M., Damase, 
K., Duponnois, R. and Ramanankierana, H. (2014). 
Propagation of Grevillea banksii affects the dynamic 
of mycorrhizal fungi communities association with 
native tree species of Madagascar. Journal of Life 
Sciences, 8(6), 511‒516. 

Balicevic, R., Ravlic, M. and Zivkovic, T. (2015). 
Allelopathic effect of invasive species giant 
goldenrod (Solidago gigantea AIT.) on crops and 
weeds. Herbologia, 15(1), 19‒29.  

Barkat, U., Hussain,F., and Ibrar, M. (2010). 
Allelopathic potential of Dodonaea viscosa (L.) Jacq. 
Pakistan Journal of Botany, 42(4), 2383‒2390.  

Batlang, U. and Shushu, D. (2007). Allelopathic activity 
of sunflower (Helianthus annuus L.) on growth and 
nodulation of Bambara groundnut (Vigna 
subterranea L.). Journal of Agronomy, 6, 541-547. 

Bertin, C., Yang, X. and Weston, L. (2003). The role of 
root exudates and allelochemicals in the rhizosphere. 
Plant Soil, 256, 67‒83. 

Binggeli, P. (2003). Introduced and invasive plants. In 
Goodman, S.M. and Benstead, J.P. (ed.). The natural 
history of Madagascar. Chicago, Londres: The 
University of Chicago Press, 257‒268. 

Chung, I.M., Ahn, J.K. and Yun, S.J. (2001). Assessment 
of allelopathic potential of barnyard grass 
(Echinochloa crus-galli) on rice (Oryza sativa L.) 
cultivars. Crop Protection, 20, 921‒928. 

Dinkelaker, B., Hengeler, C. and Marschner, H. (1995). 
Distribution and function of proteoid roots and other 
root clusters. Botanica Acta, 108, 183–200.  

Ehsan, M., Hussain, F. and Mubarak, S.S. (2012). 
Allelopathic potential of Anagalis arvensis L. African 
journal of Biotechnology, 11(46), 10527–10533. 

Ejaz, A.K., Khan, M.A, Ahmad, H.K. and Khan, F.U. 
(2004). Allelopathic effects of Eucalyptus leaf extract 
on germination and growth of cotton (Gossypium 
hirsutum L.). Pakistan Journal of Weed Science 
Research, 10, 145–150. 

El-Ghareeb, R.M. (1991). Suppression of annuals by 
Tribulus terrestris in an abandoned field in the sandy 

desert of Kuwait. Journal of Vegetation Science, 2, 
147‒154. 

Fletcher, R.A., and Renney, A.J. (1963). A growth 
inhibitor found in Centaurea spp. Canadian Journal 
of Plant Science, 43, 475–481.  

Gilbert, G., Knight, J.D., Vance, C.P., and Allan, D.L. 
(2000). Proteoid root development of phosphorus 
deficient lupin is mimicked by auxin and 
phosphonate. Annals of Botany, 85, 921–928. 

Hisashi, K-Noguchi, Salam, M.A. and Kobayasi, T. 
(2009). A quick seedling test for allelopathic 
potential of Bangladesh rice cultiver. Plant 
Production Science, 12(1), 47–49. 

Hussain, F., Ahmad, B. and Ilahi, I. (2010). Allelopathic 
effects of Cenchrus ciliaris L. and Bothriochlo 
apertusa (L.) A. Camus. Pakistan Journal of Botany, 
42(5), 3587–3604.  

Inderjit, K. (2002). Allelopathic effect of Pluchea 
lanceolata on growth and yield components of 
mustard (Brassica juncea) and its influence on 
selected soil properties. Weed Biolology and 
Management, 2, 200–204. 

Jarchow, M.E. and Cook, B.J. (2009). Allelopathy as a 
mechanism for the invasion of Typha angustifolia. 
Plant Ecology, 204, 113–124. 

Kanchan, S.D. and Jayachandra (1979). Allelopathic 
effects of Parthenium hysterophorus L. I. Exudation 
of inhibitors through roots. Plant Soil, 53, 27–35. 

Kaul, S. and Bansal, G.L. (2002). Allelopathic effect of 
Ageratina adenophora on growth and development 
of Lantana camara. Indian Journal of Plant 
Physiology, 7(2), 195–197.  

Ladhari, A., Omezzine, F., DellaGreca, M., Zarrelli A., 
Zuppolini, S. and Haouala, R. (2013). Phytotoxic 
activity of Cleome arabica L. and its principal 
discovered active compounds. South African Journal 
of Botany, 88(2013), 341–351. 

Lara-Núñez, A., Lentura-Gallegos, J.L., Anaya, A.L. and 
Cruz-Ortega, R. (2015). Phytotoxicity of Sicyos 
deppei during tomato germination and its effects on 
the role of ABA and cell wall enzymes. Botanical 
Sciences, 93(4), 771-781. 

Lara-Núñez, A., Romero-Romero, T., Ventura, J.L., 
Blancas, V., Anaya, A.L., and Cruz-Ortega, R. 
(2006). Allelochemical stress causes inhibition of 
growth and oxidative damage in Lycopersicon 
esculentum Mill. Plant Cell and Environment, 29, 
2009‒2016. 

Lara-Núñez, A., Sanchez-Nieto, S., Anaya, A.L., and 
Cruz-Ortega, R. (2009). Phytotoxic effects of Sicyos 
deppei (Cucurbitaceae) in germinating tomato seeds. 
Physiologia Plantarum, 136, 180–92. 

Marwat,K.B., and Khan, M.A. (2006). Allelopathic 
proclivities of tree leaf extracts on seed germination 
and growth of wheat and wild oats. Pakistan Journal 
of Weed Science Research, 12(4), 265–269. 

Miller, S.S., Liu, J., Allan, D.L., Menzhuber, C.J., 
Fedorova, M., and Vance, C.P. (2001). Molecular 
control of acid phosphatase secretion into the 
rhizosphere of proteoid roots from phosphorus-
stressed white lupin. Plant Physiology, 127, 594–606.  

Osvald, H. (1948). Toxic exudates from the roots of 
Agropyron repens. Journal of Ecology,39, 192–193.  



29

In this study, leaf of G. banksii and its 
rhizospheric soil were used to evaluate their 
effect on seeds germination and growth of both 
roots and shoots of rice, maize and bean in 
vitro. Our results showed that, the allelopathic 
effect of this exotic plant was varied according 
to the aqueous extract type (leaf extract and 
rhizospheric soil extract) and tested plant 
species. Thus, the response of germination, 
seedling growth of test plant species towards 
the same extract (Hisashi et al., 2009) and the 
toxicity of allelochemical in different part of 
same plant (Hussain et al., 2010) are variables.  
Firstly, all aqueous leaf extracts of G. banksii 
were negatively affected the percentage of seed 
germination and root and shoot length 
development of all tested agricultural species. 
Lara-Núñez et al. (2006; 2009; 2015) explain 
this phenomenon that allelochemical can alter 
enzymatic activities during seed germination 
and radicle growth. Indeed, the high inhibition 
of seed germination was found on rice with 48h 
leaf extract. 
The results indicate that by increasing the 
shaken duration, the efficiency of extracts is 
also increased, especially on rice seed 
germination. These findings agree with those of 
Barkat et al. (2010), Hussain et al. (2010) and 
Ehsan et al. (2012). Contrary for bean, shaken 
leaf extract during 24 h was more inhibitory 
than 48 h leaf extract. This might be due to 
denaturation of phytotoxic substances capable 
to inhibit particularly bean seed germination. 
Samreen et al. (2009) and Batlang and Shushu, 
(2007) suggested that allelopathic stress 
depends upon concentration of allelopathic 
material.  
Generally, plant litter is known to increase soil 
fertility during decay. However, our results 
showed that leaf of G. banksii reduce 
remarkably the seed germination of rice. 
Similar results were also reported in other 
studies. For example: Ageratina adenphora 
litter reduced growth of Lantana camara (Kaul 
and Bansal, 2002). Moreover, leaf extracts of 
G. banksii inhibit shoot elongation of maize 
and rice, respectively -100% and -98.3%. Many 
studies explained that decrease in root and 
shoot length development may be attributed to 
inhibiting or reducing rate of cell division and 
elongation due to the presence of 
allelochemicals compound which inhibit 

probably the hormones such as gibberellin and 
indoleacetic acid function in the plant species 
(Tomaszewski and Thimann, 1966). 
Secondary, allelopathic effect of rhizospheric 
soil of G. banksii was evaluated using an 
aqueous extract and powder of soil on 
germination and shoot length development of 
three crops plants. Samedani et al. (2013) 
explain that allelochemicals activities in soil 
are depend on complex interactions betwen soil 
and plant factors. In this way, soil properties 
are the dominant factors determining the 
activity of allelochemicals in soil (Inderjit, 
2002). As other species of Proteaceae family, 
G. banksii has proteoid roots (Purnell, 1960; 
Andrianandrasana et al., 2014). This root type 
is known for its ability to produce acids, such 
as malates and citrates (Dinkelaker et al., 1995; 
Shane and Lambers, 2005) and enzymes such 
as phosphatases (Miller et al., 2001; Gilbert et 
al., 2000) into the rhizosphere. This root type 
may affect rhizospheric soil properties of G. 
banksii and subsequently affects germination 
and growth of other plant species. Our results 
showed that rhizospheric soil of G. banksii 
inhibited rice and bean seeds germinations but 
stimulated maize seed germination. Besides, all 
rhizospheric soil generally activated shoot 
elongation on the three agricultural crops 
tested. Therefore, the stimulation growth of 
crop species by rhizospheric soil could 
probably be due to the induction of growth 
promoting hormones that were described by 
Tomaszewski and Thimann (1966). 
 
CONCLUSIONS 
 
In summary, our results demonstrated that 
allelopathic effect of G. banksii as inhibitory or 
stimulatory was depending on the extract and 
on the/or crop species. Indeed, the degree of 
seeds germination and plant initial growth 
inhibition were higher in aqueous leaf extract 
of G. banksii than rhizospheric soil on the three 
crops species tested. Also, rice seed 
germination was more affected than maize and 
bean. Remarkable stimulation was observed in 
maize development with rhizospheric soil. 
However, this study needs further evaluation at 
field level. Also, allelopathic potential of         
G. banksii will be tested to it herbicidal activity 
on weeds species associated with crop plant. 
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Abstract  
 
The article presents experimental data on yield, yield structure and quality of seed potatoes of the varieties Skarbnitsa, 
Levada and Yavіr, depending on fertilizer and treatment with growth regulators Emistim S, Regoplant and Stimpo. On 
average, over three years of research, the enrichment of N45P45K45 and N90P90K90 increased the yield on 5.45 and 7.09 t 
ha-1 (37 and 48%). With background nutrition N45P45K45, growth regulators increased yields from 3.6% to 21.7%, 
depending on the variety and regulator. Fertilizers and growth regulators increased the dry matter content in tubers on 
0.8 and 1.1%, starch - on 0.4 and 0.9%. Due to the use of fertilizers, the content of vitamin C decreased on 3.9 and 
7.4%, nitrates increased on 30.1 and 60.4%. The maximum productivity of the early variety Skarbnitsa and medium 
early Levada was formed with the combined use of mineral fertilizers in a dose of N45P45K45 with the Regoplant growth 
regulator treatment - 21.85 and 22.12 t ha-1. When growing a mid-season variety Yavir, there was a need to use a dose 
of N90P90K90 fertilizers without growth regulator treatment, the yield was 22,65 t ha-1. 
 
Key words: fertilizers, growth regulators, potato, seed productivity, varietal qualities. 
 
INTRODUCTION 
 
The best way to obtain seed potatoes in 
southern Ukraine that are less susceptible to 
degeneration due to high air temperatures is to 
plant summer freshly harvested tubers in a two-
crop culture (Vozhegova et al., 2014a). 
Insufficient frost free period and the absence of 
irrigation in the north and center of the country 
do not allow the use of the two-crop method for 
the production of seed potatoes. Therefore, in 
these regions and in the South of Ukraine, in 
most households, seed potatoes are grown 
according to the traditional scheme of seed 
production - only during spring planting and 
harvesting under biological maturity of tubers. 
The development of a complex of measures to 
improve the productivity of seed potatoes in 
this scheme is relevant. 
For seed potato technology to be considered 
expedient, it must ensure high yields, seed 
productivity and quality of the harvest. It is 
possible to solve this aim while providing all 
the needs of the plant, for which many factors 
need to be taken into account, as well as the use 
of complex growth regulators as an additional 

source to increase productivity and crop 
quality. 
The use of multicomponent growth regulators 
can increase field germination, survival, 
increase plant resistance, allow them to 
accumulate more tops and roots (Calvo et al., 
2014; Jardin, 2015; Usha et al., 2009). 
Chemical and biological growth regulators are 
also used in potato production to accelerate 
germination, reduce incidence of scabies 
(Actinomyces scabies), rhizoctonia 
(Rhizoctonia solani), alternaria (Alternaria 
solani) and fusarium (Fusarium radici), 
increase seed output, decrease seed output 
losses during long-term storage, etc. (Pavlista, 
2011; Cheremisin and Kumpan, 2018; Araujo 
et al., 2019; Awati et al., 2016; Bhattarai, 2017; 
Bomok, 2019; Chekmarev et al., 2015; Głosek-
Sobieraj et al., 2018; Gugała et al., 2019; 
Kumar at al., 2015; Lei, 2019; Naraghi et al., 
2012; Otroshy and Struik, 2008; Pashkova and 
Kuz'minykh, 2018; Rex, 1992; Sekhon and 
Singh, 1985; Weiyan, 2015; Wierzbowska et 
al., 2015; Zamalieva et al., 2019). 
There is currently no data on the effect of 
growth regulators Emistim C, Regoplant and 




