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Abstract  
 
The objective of this research was to evaluate the influence of biodegradable carboxymethylcellulose-based composition 
on the growth characteristics of coated corn seeds during storage. The seeds of four corn hybrids (P280, P300, P398, 
P402) were coated with a carboxymethylcellulose-based composition containing an extract of phenolic compounds from 
Juniperus sabina and natural dye obtained from Phytolacca americana berries. Early growth characteristics 
(germination, root/shoot lengths, root/shoot biomass, root/seedling vigour, metabolic efficiency) of coated seeds were 
studied before storage and during four months of storage. During storage, the overall germination of seeds remained at 
the level of 94-98%, while the length of the roots and seedlings of the germinated seeds increased by 1.2-1.9 and 1.4-1.8 
times, respectively. After storage, the coated seeds also showed an increase in the vigour of roots and seedlings (by 1.5-
2.1 times). Thus, the developed composition contributes to the improvement of the growth characteristics of corn seeds 
and, due to the original dye, allows for easy identification of coated seeds. 
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INTRODUCTION  

 
Corn grain production, which in 2023 accounted 
for 41.9% of the total grain production, is an 
important component of the Republic of 
Moldova economy (Statistica RM, 2023). 
Increasing gross harvests of corn remains a 
priority task for agricultural production in 
republic. 
The use of high-quality seeds for sowing is the 
basis for increasing the productivity of corn, 
which is carried out using various types of 
highly productive varieties and pre-sowing 
treatments of corn seeds. However, by 
protecting seeds through coating with synthetic 
components (fungicides, pesticides, colorants), 
in most cases, could be provide an inhibitory 
effect on the seed germination and the plant 
growth as a whole. However, adverse 
environmental impacts caused by using non-
renewable and non-biodegradable polymers are 
driving the search for alternatives to overcome 
these effects, such as natural-based polymers.  
At present, much attention is paid to the search 
for new environmentally friendly methods of 
stimulating germination, growth and protection 
of plants from diseases, pests, abiotic stresses, 
based on increasing resistance by inducing 

internal reserves of the seed itself (Ivanova & 
Makarov, 2020; Dziwulska-Hunek et al., 2023).  
In addition, the natural substances and 
biological products are used to obtain 
environmentally friendly and healthy products 
as well as to maintain of soil fertility.  
It is relevant to use biologically active 
compounds, secondary metabolites of higher 
plants, in the composition of a complex cover 
mixture for seed protection, which in small 
quantities have the ability to influence many 
physiological processes of seed germination and 
plant growth. 
When using natural growth regulators, the 
degree and some nature of the metabolic pro-
cesses of seed germination change. Activation 
of metabolic processes and mobilization of 
reserves substances are key steps to maintain the 
growth of seedlings and roots before the 
mechanisms of photosynthesis are initiated 
(Zhang et al., 2018; Silva & Carvalho, 2023).  
Significant variability in emergence and plant 
vigour existed in field condition by influence of 
abiotic factors, namely cold temperatures and 
high soil moisture (Ali et al., 2018; Khaeim et 
al., 2022; Beegum et al., 2023). 
To protect corn seeds from unfavourable 
environmental factors and ensure uniform 
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emergence of seedlings, which leads to 
increased yields, pre-sowing seed treatment with 
natural plant growth regulators and coating with 
biodegradable polymers are studied.  
Biodegradable polymers, such as, starch, pectin, 
alginate, chitosan, gelatine gum arabic, 
polyethylene glycol, cellulose and its derivatives 
(hydroxyethylcellulose, carboxymetylcellulose) 
use as substitutes to synthetic materials owing to 
their environment friendly and nontoxic 
characteristics, as well as good adherence to the 
seeds (Pirzada et al., 2020; Rahman et al., 2021; 
Vinzant et al., 2023; Zacharias et al., 2024).  
Carboxymethylcellulose is one of the most 
promising biopolymers due to its characteristic 
of surface properties, mechanical strength, 
viscous properties, availability and low-cost 
(Rahman et al., 2021). Carboxymethylcellulose-
based seed coat has developed and tested for 
soybean (de Camargo et al., 2017), wheat (Ren 
et al., 2019) and sweet corn (Pallaoro et al., 
2016; Mahisanon et al., 2021) and parental form 
of corn (Borovskaia et al., 2022) seeds using 
various fungicides, plant growth regulators and 
additives; and showed the effect of seed coating 
on germination, root/shoot growth and vigour. 
The natural plant growth regulators with suitable 
concentrations incorporated in coating 
compositions improved seed early growth 
characteristics of sweet corn (Suo et al., 2017) 
and corn for grain and silage (Borovskaia et al., 
2023). The positive effect of presowing seed 
coating of corn parental form with composition 
on carboxymetylcellulose containing natural 
bioregulator (genistifolioside) was confirmed by 
experimental data obtained in the field, which 
was expressed in improving the development of 
the root system and increasing the mass of both 
the green aerial part of plants and 1000 grains 
(Borovskaia et al., 2022).   
This study is a continuation of the ongoing 
research concerning the influence of seed 
coating with composition containing 
bioregulator JS extracted from aboveground 
parts of Juniperus sabina L. plants and natural 
dye from berries of Phytolacca americana L. on 
the bio-morphological and physiological 
characters of coated corn seeds during storage. 
It is well known that extracts from J. sabina 
contains terpenoids, flavonoids, coumarins, 
lignans, reducing sugars, etc. and possess 
increased antioxidant activity, have the ability to 

increase plant immunity and resistance to 
pathogens and unfavorable environmental 
factors (Orhana et al., 2017; Elisovetcaia et al., 
2019; Zazharskyi et al., 2020; Pan et al., 2024). 
Early it was showed that extract from J. sabina 
exhibit biological activity on beech seed by 
increasing the mean daily germination (1.33) in 
comparison with control by 1.4 times 
(Elisovetcaia et al., 2024). 
Natural dye from the berries of the American 
pokeweed (Phytolacca americana L.) contains 
red betacyanins, which are betalain compounds 
and also have biological activity, such as 
antimicrobial, antioxidant, and immuno-
modulatory effects (Mchedlishvili et al., 2014; 
Rahimi et al., 2019; Sadowska-Bartosz & 
Bartosz, 2021; Martínez-Rodríguez et al., 2022).  
Betacyanins were extracted and analyzed from 
different plant, namely Opuntia spp. (Castellar 
et al., 2003; Sanchez-Gonzalez et al, 2013); 
cactus pear (Ruiz-Gutierrez et al., 2015), red 
pitaya (Low Pinn Yee et al., 2017), Amaranthus 
spp. (Chong et al., 2014; Das et al., 2019), red 
dragon fruits (Woo et al., 2011), red beetroot 
(Lazar et al., 2021). The results of research 
concerning to application of betacyanins as dye 
in food and textile industries wide reported 
(Baaka et al., 2019; Singh et al., 2020; Khan, 
2022; Rocha et al., 2022; Roriz et al, 2023). 
However, no information was found on the use 
of betacyanins in seed coatings and their 
biological effect on seed germination and plant 
growth. 
The objective of this study was to evaluate the 
effect of coating composition based on biode-
gradable carboxymethylcellulose and containning 
a natural plant growth regulator from J. sabina 
and natural dye betacyanins on the early growth 
characteristics of coated corn seeds. 
 
MATERIALS AND METHODS  
 
The studies were carried out in 2024 year in the 
Institute of Genetics, Physiology and Plant 
Protection (IGPPP), Moldova State University 
(MSU), Republic of Moldova.   
Corn seeds. The National Center of Research 
and Seed Production, Institute of Crop Science 
„Porumbeni” generously contributed the seeds 
of food corn hybrids, which have different 
ripening periods and differ according to the 
structure of the endosperm: 
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Porumbeni 280su (P280) is mid-season sweet 
corn hybrid, FAO 280. In the technical ripening 
phase, the grains contain 14.0% total sugar and 
31.5% starch. Light yellow grain with fine pericarp. 
Porumbeni 300 sh-2 (P300) is a mid-season 
synthetic population, super-sweet corn, FAO 
300. At the technical maturity stage, the grains 
contain 14.0-16.0% total sugar and 31.4% 
starch, dextrin does not contain. A distinctive 
feature is the large, angular, wrinkled pericarp 
grain, consisting of floury endosperm. 
Porumbeni 398 (P398) is a mid-early maturing 
corn hybrid that belongs to the popcorn group, 
FAO 400. The grains have a glassy consistency 
and are characterized by a high specific gravity 
of the endosperm. The floury part of the 
endosperm is present only near the embryo.  The 
grains have a high protein content (16%). 
Porumbeni 402 (P402) is mid-late-ripening corn 
hybrid with toothed-glassy, orange grain, semi-
flint corn, FAO 400. The grains contain 70–75% 
starch, up to 15% protein and 3–6% fat. 
Coating composition. The water solution of 
sodium salt of carboxymethylcellulose (CMC) 
in concentration 1.0-1.2% was used as a film 
former support. Natural plant growth regulator 
as concentrated extract from aboveground parts 
of Juniperus sabina (bioregulator JS), was 
obtained in laboratory Natural Bioregulators, 
IGPPP.  Extract contents the total polyphenolic 
substances 38.89±1.67 mgGAE*/g; flavonoids 
8.55±0.09 mgQE**/g; and phenolic acids 
13.25±0.25 mgCAE***/g. (Note: *GAE - gallic 
acid equivalent; **QE - quercetin equivalent; 
***CAE- caffeic acid equivalent). Antioxidant 
activity of extract is equal IC50=59.19±9.77 
µg/ml was evaluated by potentiometric 
procedure (Ivanova, 2016; Elisovetcaia et al., 
2018). Bioregulator JS diluted to a concentration 
of 0.001% was used to coat the corn seeds. 
Natural dye of red color containing betacyanins 
was extracted from berries of Phytolacca 
americana. Procedure for obtaining of this 
natural dye in powder form was patented (Patent 
MD-1817). Antioxidant activity of obtained na-
tural dye evaluated by potentiometric procedure 
and expressed in gallic acid equivalent is 
129.72±2.59µMGAE/g. In coating composition, 
the natural dye was used in concentration of 0.3%.  
Germination testing. Germination of control 
seeds and coated seeds was carried out in 
accordance with the provisions of international 

rules (ISTA, 2017). After germination, the 
overall seed germination, root and seedling 
length, root and seedling biomass, root and 
seedling vigor were assessed (Kerecki et al., 
2021). The biomass of reserve substances that 
was spent for energetic support of physiological 
processes and respiration during seed 
germination as well as metabolic efficiency 
were calculated (Sikder et al., 2009; Dascaliuc 
et al., 2020; Borovskaia et al., 2023). 
Statistical analysis. The obtained experimental 
data were processed by the statistical methods 
using the software package Statgraphics Plus 
5.0. The ANOVA test was applied for variance 
analysis of characters, Student test in assessment 
of statistically significant differences between 
plots (Raudonius, 2017). 
 
RESULTS AND DISCUSSIONS 
  
The overall germination of corn seeds of the 
studied hybrids before coating and storage was 
92-97%, which is within the error limits of the 
method. However, the lengths of roots and 
seedlings differed significantly (Figure 1). 
Hybrids were divided into two homogeneous 
groups by root length: 1) P280 and P398 with an 
average root length of 5.78-5.95 cm; and 2) 
P300 and P402 (4.24-4.48 cm). The root lengths 
of these groups of hybrids had statistically 
significant differences at p≤0.001. The length of 
the embryonic roots in corn affects the 
development and growth of the aboveground 
organs of the plant, as well as its overall 
productivity. During germination of the corn 
seeds, the embryonic root quickly goes deep into 
the soil by 30-40 cm and, together with the 
lateral hypocotyl roots, forms a system of 
primary roots that provide the plant with 
nutrients and water for about 2-3 weeks. 
The length of the seedlings is also important, 
since due to the elongation of the epicotyl, corn 
seeds can germinate from a great depth, bringing 
the first stem node to the soil surface. The 
distribution of hybrids by seedling length was as 
follows: one group P280, P300, P398 and the 
other P402. The differences in seedling length 
between these two groups were at p≤0.01. 
Nevertheless, the P402 hybrid had statistically 
significantly lower seedling lengths (p≤0.001) 
than the P280 and P398 hybrids. Thus, the 
studied hybrids had the various early growth 
characteristics.  
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The early growth characteristics of coated seeds 
of studied corn hybrids before storage were not 
affected by the coating procedure. 
 

  
 

Figure 1. Roots and seedlings length  
of control corn seeds 

 
The mean values of root/seedling length of 
coated seeds during germination changed, but 
not statistically significantly, for hybrids P280, 
P300 and P398 (Figures 2-4). 
However, for hybrid P402 the root length of 
coated seeds before storage increased 
significantly (p≤0.001) to 5.92±2.28 cm from 
4.24±1.54 cm in control seeds (Figure 5). The 
seedlings length of coated seeds also changed 
significantly (p≤0.001), but their growth was 
suppressed by an average of 0.88 cm after 
coating procedure. 
 

 
Figure 2. Roots and seedlings length of coated corn seeds 

of P280 hybrid: P280 R - root control; COM P280 R - 
root of coated seeds before storage; ST P280 R - root of 

coated seeds after 4 months of storage coated seeds; 
P280 - seedlings control; COM P280 - seedlings of 
coated seeds before storage; ST P280 - seedlings of 

coated seeds after 4 months of storage  
 

 
Figure 3. Roots and seedlings length of coated corn seeds 

of P300 hybrid: P300 R - root control; COM P300 R - 
root of coated seeds before storage; ST P300 R - root of 

coated seeds after 4 months of storage coated seeds; 
P300 - seedlings control; COM P300 - seedlings of 
coated seeds before storage; ST P300 - seedlings of 

coated seeds after 4 months of storage 
 

 
Figure 4. Roots and seedlings length of coated corn seeds 

of P398 hybrid: P398 R - root control; COM P398 R - 
root of coated seeds before storage; ST P398 R - root of 

coated seeds after 4 months of storage coated seeds; 
P398 - seedlings control; COM P398 - seedlings of 
coated seeds before storage; ST P398 - seedlings of 

coated seeds after 4 months of storage 

 

 
Figure 5. Roots and seedlings length of coated corn seeds 

of P402 hybrid: P402 R - root control; COM P402 R - 
root of coated seeds before storage; ST P402 R - root of 

coated seeds after 4 months of storage coated seeds; 
P402 - seedlings control; COM P402 - seedlings of 
coated seeds before storage; ST P402 - seedlings of 

coated seeds after 4 months of storage 
 

After 4 months of storage, the coated seeds were 
germinated under optimal conditions. During 
storage, the overall germination rate of seeds did 
not change significantly, remaining at the level 
of 94-98%. The effect of the bioregulator from 
J. sabina and natural dye with antioxidant 
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activity during storage period was positive and 
significant (p≤0.001) on the growth of roots and 
seedlings for all the studied hybrids (Figures 2-
5). Storage of coated seeds contributed to an 
increase in the root length an average of 1.2-1.9 
times, and seedlings - 1.4-1.8 times compared to 
these indexes before storage. On average, the 
root length increased by 1.79cm for seeds of the 
P398 hybrid, by 2.14 cm for P300, by 2.77 cm 
for P402, and by 5.94 cm for the P280 hybrid. 
The length of seedlings elongated by 1.64cm for 
P300, by 1.85 cm for P402, by 2.22 cm for P280, 
and by 3.42 cm for P398. Considering the fact 
that the root/seedling length may indicate corn 
tolerance to abiotic factors, the investigated 
coating composition can contribute to seed 
resistance to adverse environmental conditions.  
The procedure of coating corn seeds and storing 
them for four months had a positive effect not 
only on the length of roots and seedlings, but 
also on their vigour (Figures 6-9).  
It should be noted that before storage, the coated 
seeds changed the root/seedling vigour com-
pared to control seeds according to the above-
described pattern relative to the length of the 
roots/seedlings. Namely, the corn of the P280, 
P300, and P398 hybrids showed root/seedling 
vigour that was not significantly different from 
control seeds (Figures 6-8). However, the root 
vigour of coated seeds of the P402 hybrid before 
storage fortified significantly (p≤0.001), while the 
seedling vigour decreased significantly (p≤0.001) 
compared with control seeds (Figure 9).  
 

 
Figure 6. Vigour of roots and seedlings of P280 hybrid:  

V P280 R - root control; COM V P280 R - root of coated 
seeds before storage; ST V P280 R - root of coated seeds 

after 4 months of storage; V P280 - seedlings control; 
COM V P280 - seedlings of coated seeds before storage; 
ST V P280 - seedlings of coated seeds after 4 months of 

storage 

 
Figure 7. Vigour of roots and seedlings of P300 hybrid:  

V P300 R - root control; COM V P300 R - root of coated 
seeds before storage; ST V P300 R - root of coated seeds 

after 4 months of storage; V P300 - seedlings control; 
COM V P300 - seedlings of coated seeds before storage; 
ST V P300 - seedlings of coated seeds after 4 months of 

storage 

 

 
Figure 8. Vigour of roots and seedlings of P398 hybrid:  

V P398 R - root control; COM V P398 R - root of coated 
seeds before storage; ST V P398 R - root of coated seeds 

after 4 months of storage; V P398 - seedlings control; 
COM V P398 - seedlings of coated seeds before storage; 
ST V P398 - seedlings of coated seeds after 4 months of 

storage 

 

 
Figure 9. Vigour of roots and seedlings of P402 hybrid:  

V P402 R - root control; COM V P402 R - root of coated 
seeds before storage; ST V P402 R - root of coated seeds 

after 4 months of storage; V P402 - seedlings control; 
COM V P402 - seedlings of coated seeds before storage; 
ST V P402 - seedlings of coated seeds after 4 months of 

storage 
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The seedling vigour of coated seeds after storage 
was higher than vigour of coated seed before 
storage by 183.34 (P402); 208.67 (P280); 
353.50 (P300) and 387.11 (P398). Compared 
with control seeds, the seedlings vigour of 
coated and stored seeds increased 1.33 (P402) - 
1.71 (P398) times. 
Application of coating procedure on corn seeds 
and storing them during 4 months led to a 
significant increasing of early growth 
characteristic such as root/seedling length and 
vigour. In addition, the biomass of roots and 
seedlings of coated and stored corn seeds was 
more 1.5-2.0 times than root/seedling biomass 
of control seeds. However, the proportion of 
reserve substances used for the growth of roots 
and seedlings from the total amount of reserve 
substances spent on germination was different 
(Figures10-11). 

 
Figure 10. Proportion of reserve substances  
eliminated for growth of root and seedlings,  

and spent for respiration, metabolic efficiency  
of hybrids P280 and P398 

 

Figure 11. Proportion of reserve substances  
eliminated for growth of root and seedlings,  

and spent for respiration, metabolic efficiency  
of hybrids P300 and P402 

This is explained by the fact that the proportion 
of reserve substances spent on energy support of 
the physiological processes of germination and 
respiration varied also, which naturally affected 
the values of metabolic efficiency in the studied 
variants (Figures 10-11). Early it was showed 
the high negative correlation between the 
biomass of reserve substances eliminated for 
respiration and the metabolic efficiency of the 
P427 and P458 hybrids, Pearson correlation 
coefficients were equal to -0.9557 and -0.9457, 
respectively (Borovskaia et al, 2023).  
The studied hybrids showed a characteristic 
feature of changes in the metabolic efficiency of 
germination of coated seeds (Figures 10-11): 
before storage, it increased compared to the 
control, and after 4 months of storage, it 
practically returned to the values of the control 
seeds. 
It can be assumed that coated corn seeds during 
storage occur balancing of the initial early 
growth characteristics concerning distribution of 
eliminated reserve substances, but at the same 
time the coating composition contributes to 
increase the root/seedling length, biomass and 
vigour. 
Similar results were obtained on coated seeds of 
hybrids P427 and P458, which were coated with 
a composition containing biologically active 
substances of natural origin, genistifoliosides, 
and a biodegradable polymer, sodium salt of 
carboxymethylcellulose. However, long-term 
storage of coated corn seeds from four to 12 
months did not lead to a further increase in 
root/seedling vigour (Borovskaia et al, 2023). 
Thus, the coating composition based on 
carboxymethylcellulose containing an extract of 
phenolic compounds from J. sabina and a 
natural dye obtained from P. americana berries 
with antioxidant activity contributed to improve 
the early growth characteristics of coated corn 
seeds of different hybrids after four months of 
storage. Storage during four months is the most 
practicable period for pre-sowing treatment of 
corn seeds by coating procedure. 
 
CONCLUSIONS 
 
The obtained results of experimental studies 
provide grounds to assert that pre-sowing 
coating of corn seeds with a biodegradable 
composition containing phenolic compounds 
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from J. sabina and a natural dye obtained from 
P. americana berries contributes to preserve the 
sowing qualities of seeds and improve the 
growth characteristics of corn seeds over a 
storage period. Due to the original dye, this 
composition allows for easy identification of 
coated seeds. Studied coating composition 
showed promising results in terms of physical 
aspects of corn seeds and their physiological 
potential. 
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