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ABSTRACT: Graphene-based nanomaterials have great potential to
improve cut flower production, including the production of high-
quality corms of gladiolus locally to compensate for the shortage in
imported corms mostly from the Netherlands due to the recent
unprecedented global spread of COVID-19. In this study, we 
investigated the response of the cultivar ‘White Prosperity’ to various 
doses of nano-carbon as graphene oxide nanomaterials (0, 3, 5 and 7
g/l) in combination with BA (0, 50, 75 and 100 mg/l). The results
demonstrated that the combination of the medium or the high BA 
concentrations (50 and 75 mg/l), with these of nano-carbon (5 and 7 
g/l) promoted good vegetative and flowering growth. Pearson’s
product correlation showed positive relationships between all the
tested parameters except for the number of days to flowering, which 
negatively correlated with all the traits. These results were further
confirmed by PCA results. Our findings provide evidence that nano-
carbon can render positive effects on flowering and corm production
of gladiolus that may be applicable for other important flower bulb
species. 
 

Key words: Gladiolus grandiflorus, nano-carbon, nanotechnology,
flower bulbs, sword lily. 

INTRODUCTION 

Flowering bulbs have high importance to 
the worldwide cut flower production. They 
have gained their importance from their 
utilization as fresh cut flowers, pot plants or 
as garden landscaping elements. Gladiolus is 
one of seven flower bulb genera dominating 
the industry of cut flower production 
(Benschop et al., 2010). It is one of 106 
genera belonging to the family Iridaceae and 
native to South Africa, which is known as 
sword lily referring to its sword-like shape 
leaves. In addition to its importance as a 
famous cut flower for floral arrangements, it 
is grown in flower beds (Lepcha et al., 
2007). Due to the noticeable increase in the 

global demand for gladiolus and other flower 
bulbs, new flower production centers have 
been developed such as Latin America, 
Africa, and Asia and much effort is needed 
in the field of production (Benschop et al., 
2010).  In many countries, high-quality 
gladiolus corms are annually imported from 
abroad, mostly from the Netherlands. With 
the recent unprecedented global spread of 
COVID-19, questions regarding the 
pandemic's impact on exports and imports 
have become hot topics in the world. This 
led to raising the prices of corms or the 
unavailability of the imported corms, which 
encouraged us to study some innovative 
factors that may help in producing the corms 
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locally including the application of 
graphene-based nanomaterials and BA.  

The effectiveness of chemicals such as 
cytokinins in the cultivation and production 
of gladiolus has been studied extensively 
mainly to accelerate the flowering, increase 
the flower yield and improve flower quality 
(Ram et al., 2002). Benzyl adenine is a 
cytokinin reported to be useful for enhancing 
sprouting, increasing sprouts per plant and 
thereby yield of corms, yet the treatment 
efficacy varies with chemical type, cultivar, 
and other factors (Roy et al., 2017). 
Engineered nanomaterials including carbon-
based nanomaterials are promising 
candidates for use in the agricultural field. 
Most of the studies conducted on the 
application of nanomaterials in the 
agricultural field have dealt with their 
toxicity to plants, mammalians and the 
ecosystem (Park et al., 2020). There are 
several types of carbon-based nanomaterials 
including graphene, graphene oxide 
nanosheets, reduced graphene oxide and 
chemically modified graphene (Shareena et 
al., 2018). Graphene oxide nanosheets 
(GNS) are widely investigated in many fields 
such as medicine, chemistry and 
environmental protection Meanwhile there 
are few published studies discussing the 
effect of GNS on plants (Novoselov et al., 
2012 and Yin et al., 2018). Fortunately, 
biosafety of graphene nanosheets has been 
reported by several authors such as Hu et al. 
(2010). To emphasize biosafety, there is a 
need as well to realize the interactions 
between GNS and plants. In this regard, 
Serag et al. (2015) revealed favorable results 
of GNS on plants. Likewise, Younes et al. 
(2019) proved with great evidence the safety 
of GNS in boosting the growth and 
productivity of peppers and eggplants. 
Stimulation of plant growth has been 
achieved by other types of carbon-based 
nanomaterials involving carbon nanotubes 
(Khodakovskaya et al., 2012) and graphene 
quantum dots on coriander and garlic 
offering improved biological properties 
(Chakravarty et al., 2015). Another benefit 
of GNS is their use as a new carrier platform 

to organize nutrients absorption in the plant 
with controllable slow release. By the 
effective absorption of NPK and calcium, the 
nutrients loss rate is significantly reduced, 
leading to increasing total chlorophyll, a and 
b and thus promoting root growth and plant 
morphology (Kabiri et al., 2017 and Taha, 
2016). Incorporation of nano-carbon with 
fertilizers could improve soil physical and 
chemical properties as proved by Wang et al. 
(2018) when urea was applied with nano-
carbon.  

Given the little information available 
about the influence of carbon-based 
nanomaterials on the productivity of cut 
flowers, it is important to determine the 
proper concentration of nanomaterials that 
induce the best growth and flowering of 
specific cultivars, which will certainly be of 
great benefit to the florists and commercial 
growers. Accordingly, an attempt is intended 
by the current study to incorporate BA and 
GNS at various concentrations and 
investigate their effect on the growth, 
flowering and corm production of gladiolus 
‘White Prosperity’. The anticipated results 
will provide a basis for utilizing carbon 
nanomaterials in the production of other 
important flower bulb species.  

MATERIALS AND METHODS 

The present study involved a field trial 
conducted at the nursery of Faculty of 
Agriculture, Al-Azhar University Assiut 
branch, Assiut, Egypt during the two 
successive seasons of 2018/2019 and 
2019/2020 on the cultivar ‘White Prosperity’ 
of Gladiolus grandiflorus Andrews. 

This experiment was arranged in a 4×4 
two-way factorial experiment in a split-plot 
design with three replicates, each 
experimental unit comprised 10 plants with a 
total of 480 plants for the whole experiment. 
Two substances were employed including 6-
benzylaminopurine (BA) brought from S.D. 
Fine-Chem Limited, India and graphene 
nanosheets (nano-carbon), which was 
prepared as previously described by Ali et al. 
(2015). Treatments of BA, (0, 25, 50 and 75 
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mg/l) were randomly assigned to the main 
plots, whereas the 4 treatments of nano-
carbon, (0, 3, 5 and 7 g/l) were assigned to 
the sub-plots. Untreated plants (control) were 
sprayed with distilled water. Imported Pre-
cooled uniform corms of gladiolus ‘White 
Prosperity’ (8-10 cm circumference) were 
used in the two experimental seasons. The 
corms were planted under open field 
conditions on November 25th of both 
seasons. Physical and chemical properties of 
the used soil were done according to the 
methods described by Black et al. (1965) and 
Jackson (1973) and listed in Table (1). The 
soil was prepared and divided into 100 × 50 
cm beds oriented from East to West, each 
bed contained one furrow and represented an 
experimental unit. The corms were planted 
on one side of the furrow at a depth of about 
7-8 cm and spaced 10 cm apart. Thus, every 
experimental unit contained 10 corms and 
every treatment contained 30 corms divided 
into 3 replicates. Treatments of both BA and 
nano-carbon were applied as foliar spray 
three times starting from 45 days after 
planting the corms and then applied two 
more times at 15-day intervals. One-day 
period was allowed between the application 
of BA and nano-carbon to avoid any 
leaching effect. 

 The plants were irrigated every 14 days 
until the beginning of March and then at 10-
day intervals until April 25th. Thereafter, the 
plants were kept till the digging date without 
irrigation to allow drying of the leaves and 

maturity of new corms and cormels. Every 
plant was fertilized as recommended with 8 
g of ammonium sulfate (20.6% N), 8 g 
calcium superphosphate (15.5% P2O5) and 4 
g potassium sulfate (48% K2O) per plant. 
These quantities were applied as dressing 
beside each plant in four equal portions. The 
first was applied when the plants reached 
about 10-20 cm height (3 leaves stage), the 
second at mid of vegetative growth period, 
the third at the beginning of the appearance 
of inflorescence, while the fourth was 
immediately applied after picking the 
flowers in order to encourage the growth of 
corms and cormels. 

At the end of each season, the data were 
recorded on plant height (cm), number of 
days to flowering (number of days from 
planting to the first flower bud opening), 
flowering duration (days), spike length (cm), 
rachis length (cm), number of florets/spike, 
fresh weight of cut spike (estimated in grams 
as the fresh weight of cut stem bearing 
flowers), dry weight of cut spike (g), spike 
diameter (measured in cm at the base of stem 
after picking spikes). The basal part bearing 
four leaves was left to permit the growth of 
corms and cormels. The productivity of 
corms and cormels was evaluated by 
recording the fresh and dry weights of the 
produced corm (g), corm diameter (cm) and 
cormels yield (number of the produced 
cormels/plant). 

Data obtained were statistically analyzed 
as ANOVA in split-plot design and the 

Table 1. Some physical and chemical properties of the used soil (average of both 
seasons). 
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means of the different treatments were 
compared using LSD test (the least 
significant difference) based on Gomez and 
Gomez (1984) using Statistix 8.1 (Analytical 
Software, 2008). Pearson's correlation 
coefficient and principal components 
analysis (PCA) were performed using 
Analyse-it Software (v. 5.6 for excel). 

RESULTS 

Vegetative and flowering growth: 

To investigate the opportunities for 
enhancing vegetative and flowering growth 
of gladiolus ‘White Prosperity’, this 
experiment considered the application of BA 
and nano-carbon (graphene nanosheets) with 
the possible combinations of various 
concentrations. The results showed that 
vegetative and flowering growth parameters 
(except spike diameter, data not presented) 
had a significant variation in response to the 
applied treatments in both growing seasons 
as proved by two-way ANOVA at p<0.05 
(Figs., 1 and 2). Plant height showed a 
tendency to increase with increasing the 
concentration of BA and nano-carbon. The 
tallest plants appeared in response to the 
combination of the medium or the high 
concentrations of BA (50 and 75 mg/l), and 
those of nano-carbon (5 and 7 g/l), 
respectively. The earliest flowering plants 
were those receiving the highest 
concentrations of both materials (75 mg/l BA 
and 7 g/l nano-carbon) and the time elapsed 
from planting to the first flower bud opening 
under this treatment was 123.8, 123.2 days in 
both seasons which was about 4 to 6 days 
earlier than the untreated plants or those 
treated with either of the two materials alone. 
The duration of the flowering season 
extended from 3 days in untreated plants to 
as long as 7.3 or 7.7 days, in both seasons, in 
those treated with the combination of BA at 
50 mg/l and nano-carbon at 7 g/l.  

Characteristics of the flowering spike 
varied in their response to the different 
treatments (Figs., 1 and 2), while no 
significant differences were detected in spike 
diameter. The lengths of both spike and 

rachis recorded the highest values when the 
treatment of BA at 50 mg/l was combined 
with nano-carbon at either 5 or 7 g/l. 
Application of nano-carbon at 3 g/l alone or 
in combination with BA at 50 mg/l gave the 
highest number of florets per spike. Fresh 
and dry weights of the spike exhibited a 
similar trend during both growing seasons, 
where the plants treated with BA at either 50 
or 70 mg/l combined with nano-carbon at 
either 5 or 7 g/l produced the heaviest spikes.  

Corm and cormels production: 

All gladiolus ‘White Prosperity’ plants 
under study produced one new corm per 
plant, and therefore the data are not 
presented. However, the characteristics of 
the produced corm varied significantly 
among the treatments, mainly in terms of 
fresh and dry weights of corms (Fig., 3). The 
produced corms tended to be heavier with 
the increase in the concentration of BA 
reaching its heaviest fresh and dry weights at 
50 mg/l BA in combination with nano-
carbon at 3 g/l followed by 75 mg/l BA with 
7 g/l nano-carbon in descending order in 
both seasons. The increment in corm weight 
induced by these treatments was more than 
150% of that produced in the untreated 
plants. Corm diameter, on the other hand, 
was not a determining factor as no 
significant differences were detected. 
Another important factor in the production of 
gladiolus is the number of cormels/corm, 
which showed significant differences among 
treatments. The number of cormels/corm 
significantly increased with the increase in 
the concentration of both BA and nano-
carbon, recording the highest number of 
cormels/corm when the highest 
concentrations of both materials (75 mg/l BA 
and 7 g/l nano-carbon) were applied in a 
combined treatment. These values exceeded 
150 cormels per corm comparing to about 
100 cormels in the untreated plants, which 
accounts for 150%. 

Pearson’s correlation coefficient:  

Pearson’s product correlation between 
all  the  tested   parameters   showed  positive  
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Fig. 1. Effect of BA and nano- carbon material (NCM) at certain concentrations on growth 
of gladiolus plants in terms of plant height (cm), number of days to flowering, 
duration of flowering season and number of florets/ flower during two growing 
seasons. All experiments were performed in triplicate, and the error bars represent 
LSD values at p≥ 0.05, *NS denotes non-significant differences using ANOVA. 
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Fig. 2. Effect of BA and nano- carbon material (NCM) at certain concentrations on growth 
of gladiolus plants in terms of spike length (cm), rachis length (cm) and spike fresh 
and dry weights (g) during two growing seasons. All experiments were performed in 
triplicate, and the error bars represent LSD values at p≥ 0.05, *NS denotes non-
significant differences using ANOVA. 
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Fig. 3. Effect of BA and nano- carbon material (NCM) at certain concentrations on growth 
of gladiolus plants in terms of crom fresh and dry weights (g), corm diameter and 
number of cormels/ corm during two growing seasons. All experiments were 
performed in triplicate, and the error bars represent LSD values at p≥ 0.05, *NS 
denotes non-significant differences using ANOVA. 
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relationships in all cases except for the 
number of days to flowering, which was 
negatively correlated with all the traits 
(Table, 2). This relationship was very high (r 
≥ 0.90) between plant height and each of 
spike length and florets number/spike as well 
as spike length and florets number/spike. 
The correlation was medium to high between 
plant height and all flowering traits in 
addition to corm FW and the number of 
cormels/ corm. All flowering traits correlated 
with each other in a medium (r= 5.0 to 7.0) 
to a high (r= 7.0 to 9.0) relationship. 
Flowering duration, spike length, spike FW 
and the number of florets/spike showed 
medium to high correlation with corm FW 
and number of cormels. Both spike diameter 
and corm diameter were excluded from the 
correlation matrix since they showed non-
significant variation using ANOVA.   

Principal component analysis (PCA) of 
the measured traits: 

Out of the 11 components calculated by 
the PCA analysis, the first three components 
had eigenvalues ≥ 1. The cumulative 
variance explained by the first two principal 
components, PC1 and PC2, accounts for 
73.3% of the total variance of the data as 
illustrated in the PCA monoplot (Fig., 4). 

PC1 shows high loading of plant height, 
spike length, florets number/spike, spike DW 
and corm FW Table, 3). It indicates that 
these traits have significant contributions to 
the first PC. Either these elements have a 
common ground of variance or they are 
inter-correlated. The high loadings of spike 
length, florets number/spike, spike DW are 
attributed to the fact that these are the main 
characteristics of high-quality gladiolus 
flowers. High loading of plant height 
indicates the importance of vegetative 
growth as a determinative factor for 
flowering traits in gladiolus. The fresh 
weight of the produced corm has a strong 
positive relationship with the previously 
mentioned traits as evident by the high 
loading of corm FW.  

PCA results confirmed those obtained by 
Pearson’s correlation coefficient, as all traits 
showed a positive correlation with each other 
except for the number of days to flowering, 
which had a negative correlation with the 
other traits. The arrows of six variables are 
clustered together, i.e. corm FW, plant 
height, florets number/ spike, spike DW, 
spike length and corm DW, indicating a 
strong correlation among them. 

Table 2. Pearson’s correlation coefficients among all traits across two growing seasons.  
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All variables except the number of days 
to flowering point towards high values of 
PC1 (explaining 63.9% of the variance) 
denoting a positive correlation between these 
variables and PC1. Therefore, PC1 at high 
values is expected to entail a better 
performance of gladiolus in terms of these 

traits. However, we expect gladiolus plants 
with high PC2 (explaining only 11.5 of the 
variance) to have high values of plant height, 
flowering duration, florets number/ spike, 
corm FW and number of cormels/ corm, but 
lower values of the other traits since they are 
negatively correlated with PC2.  

Fig. 4. Monoplot of principal component analysis (PCA) for all traits across two growing 
seasons. The circle has a perfect correlation value (1.0), and arrow lengths are 
proportional to the correlation coefficient for each variable. 

Table 3. Loadings of gladiolus traits in PCA components with eigenvalue more than 
one. 
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DISCUSSION 

Like many other flowering bulbs 
cultivated in Egypt, high-quality gladiolus 
corms are annually imported from abroad, 
mostly from the Netherlands. With the recent 
unprecedented global spread of COVID-19, 
questions regarding the pandemic's impact 
on exports and imports have become hot 
topics. This led to raising the prices of corms 
or the unavailability of the imported corms, 
which encouraged us to study some 
innovative factors that may help produce the 
corms locally including the application of 
graphene-based nanomaterials and 6-
Benzylaminopurine.  

The current study revealed that the 
vegetative and flowering growth and corm 
production parameters (except spike 
diameter and corm diameter) showed a 
significant variation in response to the 
applied treatments. The PCA and correlation 
analyses between the tested parameters help 
explain the relationship between parameters 
and predict the performance of gladiolus in 
terms of flowering and corm production. The 
correlation analysis showed that the quality 
of flowering traits could be efficiently 
predicted by other plant characters. Plant 
height is a very good predictor for the 
behavior of flowering traits including spike 
length and the number of florets/spike (with 
a highly statistically significant correlation). 
Likewise, the correlation results facilitate the 
prediction of corm productivity performance 
through its positive correlation with plant 
height and some flowering characteristics 
such as spike length and florets 
number/spike. Calculation of PCA could also 
help entail a better performance of gladiolus 
by the high values of both PC1 and PC2.  

Enhancement of vegetative and 
flowering growth and corm production 
parameters was feasible in response to the 
application of nano-carbon. Both the 
medium and the high concentrations (5 and 7 
g/l), respectively, were the most effective 
treatments inducing the best results. The 
promoting effect of nano-carbon on plant 
height and fresh and dry matter was reported 

by Younes et al. (2019) on eggplant and 
pepper. In our study, the same concentrations 
of nano-carbon also accelerated flowering 
significantly, which is consistent with the 
findings of other investigators such as 
Lahiani et al. (2015), Mohamed et al. (2018) 
and Wang et al. (2018). They found that the 
application of nano-carbon promoted the 
growth of the root system, the net 
photosynthetic rate and chlorophyll content. 
In the same context, Ruiz et al. (2011) 
attributed the effect of nano-carbon to its role 
in activating plant growth and productivity 
through triggering cell division and 
proliferation, which is accompanied by an 
activation of photosynthetic activities. The 
reason may lie in the localization of nano-
carbon materials inside the chloroplast, 
which facilitates carbon fixation and thus 
induces the sugar metabolism in addition to 
allowing the plants to harvest more light 
energy (Siddiqui et al., 2015). The increase 
in the rate of photosynthesis leads to the 
accumulation of carbohydrates in the form of 
giant starch grains in the chloroplast, and 
therefore the plants respond to that by 
increasing the number of mitochondria 
(Giraldo et al., 2014 and Chichiricco and 
Poma, 2015). Moreover, Akhavan et al. 
(2011) proposed an explanation relying on 
the adsorption of nano-carbon around cell 
walls due to the interaction between the 
amino groups on biological cells and the 
nano-carbon particles.  

Increment in some gladiolus growth 
characters by increasing nano-carbon 
concentration noticed in the current study 
contradicts the findings of some authors on 
other plant species such as maize, which 
showed inhibition in growth by increasing 
nano-carbon. Treatment with graphene oxide 
modulates the root growth and affects ABA 
and IAA biosynthesis and concentration (Yin 
et al., 2018). However, some other studies, 
for example, Zhao et al. (2015), revealed 
non-significant effects for graphene oxide at 
concentrations ranging from 10-1000 mg/l 
on vegetative and flowering growth of 
Arabidopsis. In another study, also the lower 
concentration (0.1-10 mg/l) had no 
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significant effects on wheat growth (Hu et 
al., 2014). A different effect was reported by 
Anjum et al. (2014), where plant growth was 
inhibited by both the lowest (100 and 200 
mg/l) and the highest concentrations (1600 
mg/l) while improved by the other 
concentrations in between (400 and 800 
mg/l). All these studies and others confirm 
the fact that the effect of graphene oxide 
depends mainly on the concentration applied 
and the plant species (Begum et al., 2011).  

The influence of BA on the growth of 
gladiolus has been studied for a long time, 
yet its interaction effect with nano-carbon 
investigated in the current study is a new 
idea. The application of BA in the current 
experiment positively affected the growth 
and corm productivity of gladiolus. This 
effect significantly increased as the 
concentration of BA was raised to 50 mg/l 
attaining the highest values of plant height, 
duration of the flowering season, spike and 
rachis lengths, number of florets per spike, 
spike FW and DW, and corm FW and DW. 
Moreover, the earliest flowering and the 
highest number of cormels/corm were 
induced by the highest concentration of BA 
(75 mg/l).  

The promoting effect of BA has been 
reported in several previous studies in a 
concentration ranging from 25-150 mg/l, 
which is quite similar to that employed in the 
current study. This effect was recorded on 
the sprouting percentage of corms using BA 
at 25 mg/l (Ram et al., 2002). Application of 
cytokinins including BA affects the 
vegetative growth of plants in terms of 
inducing multiple shooting and decreasing 
plant height. This has been proved in 
gladiolus by several authors such as Khan et 
al. (2013), Richards and Wilkinson (1984), 
Khan et al. (2011), Roy et al. (2017),  
Maurya and Nagda (2002) since BA, like 
other cytokinins, characteristically causes 
more splitting and cell division (Baskaran et 
al., 2009). Induction of multiple sprouting by 
BA leads to the formation and the 
acceleration of multiple corms or cormels 
production (Tawar et al., 2007; Richards and 

Wilkinson, 1984; Khan et al., 2011; Roy et 
al., 2017; Khan et al., 2013), which is 
consistent to our results. A similar trend was 
reported by Singh et al. (2020), Mahesh and 
Misra (1993). Some authors such as Ram et 
al. (2002) stated that the promoting effect of 
BA on developing corm and cormels at the 
expense of flower spike is probably the 
reason for the increase in the number of 
corms and cormels and poor quality flower 
spikes. Ragini et al. (2019) reported that 
tuberization is indirectly affected by the 
enhancement in starch deposition due to the 
activation of starch synthesizing enzymes. 
Additionally, cytokinins are thought to be 
involved in the initial creation of the strong 
tuber sink and promoting the mobilization of 
carbohydrates. 

CONCLUSION 

The current study proved the potential of 
graphene-based nanomaterials to enhance the 
growth and corm production of gladiolus 
‘White Prosperity’. The results demonstrated 
that the combination of the medium or the 
high concentrations of BA (50 and 75 mg/l), 
with those of nano-carbon (5 and 7 g/l) 
promoted good vegetative and flowering 
growth of gladiolus. The lowest 
concentration of nano-carbon (3 g/l) alone or 
in combination with BA at 50 mg/l induced 
the highest number of florets per spike and 
the heaviest new corm. Various relationships 
between growth parameters of gladiolus 
were investigated using Pearson’s product 
correlation and PCA analysis. Our findings 
provide evidence that nano-carbon positively 
affected the flowering and corm production 
of gladiolus that may be applicable for other 
important flower bulb species. 
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د النانوية الكربونية والبنزيل أدينين لتحسين الإزهار وإنتاج الكورمات  استخدام معاملة مبتكرة من الموا
 ’White Prosperity‘في الجلاديولس صنف 

  

  *** ،**، عمر حسني محمد إبراهيم*أسامة حشمت توفيق
  ، مصرفرع أسيوط  ،جامعة الأزهر  ،كلية الزراعة ،قسم البساتين *

والبيئة وزراعة المناطق الجافة، جامعة الملك عبد العزيز، المملكة العربية قسم زراعة المناطق الجافة، كلية الأرصاد  **
  السعودية 

  قسم نباتات الزينة وتنسيق الحدائق، كلية الزراعة، جامعة أسيوط، مصر ***
  

لكربونية قدرة على تحسين إنتاج أزهار القطف بما في ذلك إمكانية إنتاج كورمات جلاديولس عالية للمواد النانوية ا
مؤخرا   المسبوق  غير  الانتشار  بسبب  هولندا  من  غالباً  المستوردة  الكورمات  في  الحادث  النقص  لتعويض  محلياً  الجودة 

درا إلى  الحالي  البحث  في  ونهدف  كورونا.  صنف  لجائحة  استجابة  المواد    White Prosperityسة  من  مختلفة  لجرعات 
(صفر،   الجرافين  لأكسيد  (صفر،    ٧،  ٥،  ٣النانوية  أدينين  بالبنزيل  المعاملة  مع  بالاشتراك    ١٠٠،  ٧٥،  ٥٠جم/لتر) 

أدي البنزيل  من  كل  من  والمرتفع  المتوسط  التركيزين  بين  المشتركة  المعاملة  أن  النتائج  وأثبتت    ٧٥و  ٥٠( نينمجم/لتر). 
جم/لتر) أعطت نتائج جيدة للنمو الخضري والزهري. كما أظهرت نتائج تحليل الارتباط أن   ٧و  ٥) والنانوكربون (مجم/لتر 

الإزهار والتي ارتبطت سلبياً   حتىهناك علاقات موجبة بين جميع الصفات المدروسة فيما عدا صفة عدد الأيام من الزراعة  
بار تحليل المكون الرئيسي. وتقدم النتائج المتحصل عليها من هذه الدراسة  خت إيد تلك النتائج بمع جميع الصفات. كما تم تأك

دليلاً على التأثيرات الإيجابية الممكنة للنانوكربون على الإزهار وإنتاج الكورمات في الجلاديولس والتي يمكن تطبيقها على  
 .أنواع أخرى هامة من أزهار القطف

 




