
Romanian Biotechnological Letters        Copyright © 2016 University of Bucharest         Vol. 21, No. 1, 2016  Printed in Romania. All rights reserved 
ORIGINAL PAPER 

11238 Romanian Biotechnological Letters, Vol. 21, No. 1, 2016  

Histo-Anatomic Aspects on Zea Mays L. Influenced 
by Spruce Bark Polyphenolic Extract 

Received for publication, June 13, 2015 
Accepted, October 18, 2015 

CORNELIU TANASE1,*, IRINA BOZ 2, VALENTIN I. POPA3 

1University of Medicine and Pharmacy of Tirgu Mureș, Faculty of Pharmacy, Botanical 
Farmaceutic Department, Gheorghe Marinescu, 38, 540139, Tirgu Mures, Mures, 
Romania; 

2“Institute of Biological Research, Lascăr Catargi Street, nr. 47, 700107, Iasi, Romania; 
3“Gheorghe Asachi” Technical University of Iasi, Faculty of Chemical Engineering and 

Environmental Protection, 73 Prof. Dr. Doc. Dimitrie Mangeron Street, 700050 Iasi, 
Romania; 

*Corresponding author: E-mail: tanase.corneliu@yahoo.com, phone: +00400744215543

Abstract  
The paper present histo-anatomic aspects, recorded in seedlings of maize (Zea mays L.) grown 

under the influence of spruce bark polyphenolic extract (SBPE). Spruce barck polyphenolic extract was 
characterized in terms of the total content of polyphenols, tannins, flavonols, flavonoids and 
anthocyanins in a previous paper. It is known that, natural polyphenols are essential compounds in 
stimulating plant growth and development. The aim of this study was to identify the internal structure 
changes in maize seedlings, under the influence of SBPE, applied in two concentrations (SB1 - 190 mg 
GAE / L and SB2 - 130 mg GAE / L). It was observed, compared with the control, that SBPE determines 
a better development of the absorbents bristle and increase leading bundles number and central vessels 
metaxylem. SBPE in lower concentrations has positive effects that can be attributed to antioxidant 
properties. The results recorded in this study open new pathways of research in the field. 
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1. Introduction
Polyphenols are natural compounds that could be found in almost all plants. Fruits, 

vegetables, tea, coffee, wine, are just some of the richest sources of polyphenolic compounds 
(E. SIKORA & al. [1]). The plant kingdom is an inexhaustible source of bioactive compounds 
with antioxidant character. The polyphenols wide range of benefits and the desire of replacing 
synthetic antioxidants with the natural ones have intensified the researcher’s efforts to 
discover and use bioactive compounds from natural sources (F.A. TOMAS-BARBERAN & 
al. [2], V.I POPA & al. [3], Z. Zhang & al. [4]).  In addition to fruits, vegetables and more 
other plants containing polyphenolic compounds, industrial and agricultural wastes are 
important sources of bioactive compounds. Waste remaining after fruit and/or vegetables 
processing is a cheap and accessible source of natural compounds that can be separated and 
recovered. Vegetable wastes contain a considerable amount of polyphenolic compounds. The 
literature approached a series of aspects concerning the separation and recovery of 
polyphenolic compounds from waste and agricultural waste utilization (A. MOURE & al. [5], 
I. VOLF & V.I POPA, [6], I. VOLF & al. [7]).  Research studies conducted by BALAS & al. 
[8], A. STINGU & al. [9], A. STINGU & al. [10]) have shown that vegetable waste raw 
material resulting from woodworking processes such as spruce bark and knots, as well as 
grapes (A. STINGU & al. [11], C. SAVIN & al. [12], C. TANASE & al. [13]) contain 
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significant quantities of natural polyphenolic compounds. Bioregulators are natural or 
synthetic organic substances that exerts on plant growth and development similar effect to the 
action of phytohormones. Applied to the plants in very small amounts at certain stages of 
development, even after a single administration in vegetative period, polyphenols modified 
the growth, nutrition, or organism’s resistance to various stress conditions by inducing some 
changes in vital processes (A. STINGU & al. [11]). Thus, appears to improve quality and 
quantity of crops, to increase production at a more convenient and rapid mechanical 
harvesting (I. GERGEN, [14]). The researches undertaken in the recent years, which were 
aimed at finding new biostimulating products compatible with the environment, drew the 
attention on the possible involvement of aromatic natural products, isolated from biomass to 
reagent chemicals, in metabolic processes of plant. It was established that spruce bark 
aqueous extract, rich in polyphenolic compounds, has a stimulating effect in the processes of 
germination, growth and development of seedlings of rape and soybean (C. TANASE & al. 
[15], A. STINGU 7 al. [10], I. IGNAT & al. [16]). Maize plants treated with spruce bark 
polyphenolic extract have accumulated the highest amount of biomass. Photosynthesis 
activity and transpiration process were considerably intensified. At a higher concentration of 
the spruce bark extract the stimulating effect on maize plant biomass accumulation is reduced 
or inhibited (C. TANASE & al., [17]). It was found that the addition of spruce bark aqueous 
extract with concentration of 130 mg GAE / L, in the growth of explants of Lavandula 
angustifolia Mill, induce an increase in the elongation of the main stem, number of leaves 
formed, and the amount of photo assimilating pigments and causes the phenomenon of shoots. 
At a higher concentration of the extract (190 mg GAE/L) the values registered for the same 
parameters were lower (C. TANASE & al. [18]). It was found that the callus tissue developed 
in culture medium containing aqueous extract from spruce bark accumulated a higher 
biomass, compared with the control sample. All solutions used in the culture medium led to 
an increase in the number of adventitious roots directly proportionally to time. It suggests that 
these solutions can play an important role in the root development of maize callus. It was also 
found that spruce bark polyphenolic extract have an important role in the callusogenesis (C. 
TANASE & al. [18]). Due to the character of their biological activity, natural polyphenols are 
essential compounds in stimulating plant growth and development (C. TANASE & al., [19, 
20]). The ability to stimulate or inhibit the development of plants is closely correlated with 
the concentrations of polyphenolic compounds applied to the growth medium. Thus, in some 
cases, the presence of natural bioactive compounds in low concentrations may have beneficial 
effects on the development of microorganisms; in cases when concentrations are higher, a 
phenomenon of inhibition was observed (C. TANASE & al. [20], V. I. POPA & al. [3]). 
Given these results, this paper has the main propose to trace the SBPE impact in the internal 
structure of seedlings of maize (the main root, adventitious roots, mesocotyl, epicotyl and 
leaves). SBPE was applied in two concentrations (SB1 - 190 mg GAE / L and SB2 - 130 mg 
GAE / L). 

 
2. Materials and methods 

2.1. Extraction method 
Spruce bark (Picea abies L.) was purchased from the Alpine LTD Timber Company, 

Vatra Dornei, Romania. The bark was dried at room temperature under normal aeration 
conditions, grounded and subjected again to a drying process. 10 g (SB1) or 5 g (SB2) of 
ground dried spruce bark (Picea abies L.) with 0.5-1 mm particle size were extracted using 
125 mL distilled water in a water bath, for 45 min at 80°C for three times running and the 
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extracts were cumulated to a final volume of 500 mL using distilled water (G. ROZMARIN 
& al., [21], C. TANASE & al. [20]). The spruce bark aqueous extracts were characterized 
from the point of view of dry matter content, total polyphenolic content, total content of 
tannins, flavonoids, flavonols and antocyanins using selected samples with about the same 
content in total polyphenols. These results as well as the extraction method were published in 
our previous work (C. TANASE & al. [17, 20]). 

 
2.2. Germination tests 
Maize seeds were purchased from Unisem Company, Romania. Germination tests were 

carried out going through a standard procedure, using increments of 10 Petri dishes for each 
solution studied. On a filter paper were placed every five maize seeds, carefully selected 
without present any major damage. For starters, the vegetal material has undergone a pre-
sterilization process, which consisted of submerged seed in absolute ethanol for 10 seconds, 
following the sterilization in the presence of sodium hypochlorite 10% for 20-30 minutes (D. 
CACHITA & al. [22]). The volume of SBPE solution added was 10 mL / dishes meanwhile 
for the reference samples distilled water was used. Petri dishes thus prepared were incubated 
in the dark in a thermostat set at 28 º C. After a period of seven days Petri dishes were taken 
out and the roots, stems and leaves separated for histo-anatomic analysis. 

 
2.3. Working protocol for histo-anatomical analysis  
In order to perform the histo-anatomical characterization, the vegetal material was fixed 

and preserved in alcohol 70%, following to be cut by hand microtome with botanical razor (C. 
TANASE & al. [23]). First, were performed cross sections, using botanical razor, hand 
microtome and marrow elderberry through the vegetative organs of plants and seedlings? 
Obtained sections were collected on a watch glass with water. The sections obtained were 
stained using double staining reagents: green - iodine and ruthenium red. After removing 
water from the glass plate, the sections were stained for several tens of seconds (with a few 
drops of methylene blue) or 1 minute (with a few drops of iodine green). After removing the 
dye, the sections were washed with 70% ethanol and then once with tap water and were then 
stained for several tens of seconds ruthenium red and subsequently washed twice with tap 
water. Subsequently stained sections were mounted between slide and slide in a few drops of 
water and analyzed with a microscope Novex (Holland) and photographed with Nikon 
Coolpix L22 (C. TANASE & al. [23]). 

2.4. Statistical analysis  
All the results are expressed as mean ± standard error where n = 3. Comparison of the 

means was performed by the Fisher least significant difference (LSD) test (p ≤ 0.05) after 
ANOVA analysis using program PAST 2.14. Sampling and chemical analyses were examined 
in triplicate, in order to decrease the experimental errors and to increase the experimental 
reproducibility. 

 
3. Results and Discussions 

Spruce bark extracts contain considerable quantities of bioactive aromatic compounds, 
especially catechine and vanillic acid (C. TANASE & al. [20]). To highlight the effect of 
SBPE, some histo-anatomical aspects of the internal structure of maize seedlings were 
analysed. Thus, in this paper, histo-anatomical aspects, regarding the internal structure of 
primary roots, adventitious roots, mesocotyl, epicotyl and leaves will be presented. 
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At the root level (SB2 version - 130 mg / L, Fig. 1. b and c), the root hairs are larger and 
shorter compared to the control (Fig. 1. a). Exoderma is already outlined, consisting of biger 
cells than the rizodermis, with the walls being under suberisation process. Aeriferous cavities 
from the cortical parenchyma often missing or are in the process of edification. Endodermis 
cells present the primary stage (thickening Caspary) and few of them show the inner wall 
thickened (Fig. 1. b). The number of conductive vascular bundles is higher, compared to the 
control (17 of xylem and 17 of phloem), as well as the number of metaxylem vessels (6). 
Parenchyma around the central vessels of metaxylem is moderate lignified and sclerified. 

At a higher concentration of the extract (SB1 version - 195 mg / L) the root hairs become 
very rare, exoderma has suberified cell walls and cortical parenchyma present some aeriferous 
cavities. The endodermis is tertiary type; the cells present both radial walls. Internal walls are 
thicker and lignified. The number of xylem bundles, as well as  the phloem bundles is 15,  the 
same as in the case of the control. The number of central vessels of metaxylem is equal to that 
observed in version SB2. Lignification process was noticed to be more intense, both in xylem 
vessels and in the central vessels metaxylem parenchyma. On some sections was observed the 
formation of lateral roots endogenously. 

 

Figure 1. – The internal structure of the main root, a – general aspect (control), b – general aspect  
(SB2), c - detail-SB2 (pith, central cylinder, cortex, rizodermis) 

Figure 2 – The internal structure of adventious roots, a – general aspect (control), b – general aspect  
(SB2),  c – central cylinder and cortex with aeriferous cavity (SB2) 

Figure 3 – The internal structure of mesocotyl, a –general aspect (control), b- general aspect (SB2), c – 
central cylinder (SB2) 



 CORNELIU TANASE, IRINA BOZ, VALENTIN I. POPA  

Romanian Biotechnological Letters, Vol. 21, No. 1, 2016  11242

Adventitious roots (Fig. 2. b and c) present very rare root hairs. Aeriferous cavities in the 
cortical parenchyma are large and often many times next to each other separated only by a series 
of radial parenchyma cells. The number of vascular bundles is less (10), compared to the control 
(Fig. 2. a.). The endodermis is in primary stage and pericycle cells walls is slightly thickened 
(Fig. 2. b and c). At a higher concentration of the extract (190 mg / L) root hairs are very rare or 
absent. Exoderma is moderately suberified and aeriferous cavities in the cortical parenchyma are 
rare, smaller and with different orientation. The number of vascular bundles is constant. 

At the level of mesocotyl (Fig. 3. b, and c) the cortical parenchyma lacks in aerifers 
cavities, which are present in the control sample (Fig. 3. a). The characteristic root xylem 
vessels have a very irregular disposition and the number of vascular bundles is less comparing 
with control. At a higher concentration of the extract (190 mg / L), in the cortical parenchyma 
it outlines some aeriferous cavities, and the vascular bundles have a more regular disposition, 
being present in different sizes. 

The lateral sides of the coleoptile (Fig. 4. b and c) are much thinner compared with the 
control (Fig. 4. A.), sometimes the lateral sides are reduced to 2 epidermises and a 
clorenchimatic cell layer. The two vascular bundles are typically collateral closed (the phloem 
being partially surrounded by xylem vessels). Aeriferous cavities in the mesophyll are 
emerging. For a concentration of SBPE of 190 mg / L, the thickness of coleoptyle at the two 
poles of the section is slightly greater than the sides. Aeriferous cavities of mesophyll are 
missing and the two driving vascular bundles are structurally similar to those of SB2 version, 
always the phoem is more abundant than xylem. 

 

Figure 4 – The internal structure of coleoptile, a –general aspect (control), b- general aspect (SB2), c – 
vascular bundle (SB2), d - the internal structure of  foliar blade - general aspect (control), e- the internal 

structure of  foliar blade - general aspect (SB2), f – the internal structure of  foliar blade - vascular bundles 
(SB2) 

 
In case of leaf (Fig. 4. e. and f) the number of vascular bundles is significantly higher 

compared to the control (Fig. 4. d.), the thicker bundles leaning of  the epidermis by means of 
sclerenchyma pillars, formed by cell with moderately thickened walls, but still unlignified 
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(Fig. 4. e and f). In this version it is clear that the median ribs is more evident on the lower 
epidermis and has more colorless mesophyll parenchyma on the adaxial part and sclerified 
parenchyma on adaxial part. The vascular bundler from median ribs is higher (thicker), but 
without a perifascicular sheath; in his structure the xylem vessels present visibly thickened 
and lignified walls. Compared to control, in these variant groups of buliphorm cells on upper 
epidermis can be observed. At a higher concentration of the extract, they are not significant 
differences. Regarding the phenomenon of intense thickening of cell walls, by lignin 
deposition, the results of several studies suggest that prooxidation of polyphenols from cell 
wall and the accumulation and deposition in / on the cell walls, is usually considered as an 
increase in resistance of the hydrolytic enzymes and is therefore a physical barrier against 
infection (M. CHÉRIF, [24], M. CHÉRIF, [25]). From previous studies (M.R. FERNANDEZ, 
[26], M. CHÉRIF, [27]) it is known that this plant’s response appears as a way of defense 
against pests. Thus, in these cases, the concentration of secondary metabolites in the cell 
increases, the response of the plant being the thickening of cell wall and / or the occlusion of 
vascular bundles. Such reactions are accompanied by the synthesis and deposition of lignin, a 
polymer derived from polyphenolic aromatic intermediates (M. CHÉRIF, [27]).  

Based on the results achieved so far, two assumptions can be issued:  
1. In the cell enters a large amount of secondary metabolites from polyphenolic extracts. 

Thus, in their presence the cell responds as far as a pest. Thus, there is an intensification of 
the process of lignification induced by polyphenols prooxidation. This effect triggers the 
locking vascular bundles, which will ultimately lead to difficulty in the movement of sap in 
the plant, and thus to the inhibition of its growth and development. 

2. The polyphenolic extracts, with high concentrations, that reached the first layer of 
cells, will trigger in the cell a signal similar to that of a pest. Thus, the plant will respond by 
increasing the amount of secondary metabolites that will prooxidate in cells. The effect will 
be the thickening of the cell walls (decreases its plasticity) and occlusion of the vessels. 
Finally, the plant growth and development will be influenced. We suppose that in this 
mechanism of action are involved some enzymatic systems, catalyzing reactions that occur in 
the cell. Thus, in a previous study an increase of peroxidase activity, and superoxide 
dismutase in the maize seedlings was observed in case of plants grown in a medium enriched 
with concentrated polyphenol extracts (C. TANASE & al. [18]). High activity of these 
enzymes stresses alertness in with enters the plant, due to the presence of stressors, 
represented in our case polyphenolic compounds in high concentrations (C. TANASE & V.I. 
POPA, [28]). 

 
4. Conclusions 

Analyzing the obtained results we can appreciate that the aqueous extract obtained from 
the spruce bark determines a good development of root hair, vascular bundles and metaxylem 
vessels. At a higher concentration of the extract root hairs are more reduced and the process 
of lignification is more intense compared to the control. For the leaves it was found that the 
number of vascular bundles is much higher than the control. In the median rib it could be 
clearly distinguish the buliphorm cells, cells that were not found in control seedlings. 

SBPE in lower concentrations has positive effects that can be attributed to their 
antioxidant properties. When the extracts with high concentrations of polyphenols were used, 
it was found inhibitory effect on the growth and development of plant systems. Despite the 
results obtained in this research work, the mechanism of polyphenolic compounds action in 
the cell still remains to be elucidated. The results recorded in this study confirm just some of 
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the hypotheses that were previously mentioned and open new pathways of research in the 
field. The first investigation of cellular and molecular biology demonstrate that they are 
absolutely necessary for an overall understanding of the polyphenolic compounds action 
mode in plants. This work open the way to systematic use of natural compounds in plant 
growth with economic and environmental effects. 
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