Analele Universititii din Oradea, Fascicula Protectia Mediului Vol. XXVII, 2016

THE IMPACT OF THE VANADATE IONS ON THE
GERMINATION OF THE WHEAT SEEDS AND THE GROWTH OF
THE SEEDLINGS IN THE FIRST DAYS OF LIFE

Petrehele Anda Ioana*, Morgovan Claudia*, Fodor Alexandrina*, Muresan Ioana*

*University of Oradea, Faculty of Science, 1 University St., 410048,
Oradea, Romania, e-mail: andapetrehele @ yahoo.com

Abstract

The influence of vanadate ions in both germination of wheat seeds and growth of seedlings in
first sixth days of life were studied. Vanadate solution by concentration from 0.01 to 100 mg% were
prepared and used to watering of wheat seeds in comparison with distilled water as blank. The
germination yield, length of embryonic roots, adventitious roots, coleoptile and leaflet and the
quantitative percentage of biomass were determined for each wheat seedling. The germination took
place in vitro at 25 °C, in the dim light. The germination yield of wheat seeds not appeared to be
influenced by the presence of vanadate ions in solutions and not presented a clear dependence but
their concentration, but touched the maximum value at 0.01 mg%. The length of roots was inhibited
by the presence of vanadate ions in whole range of concentration, especially at 10-100 mg%. The
growth of both coleoptile and leaflet was negative influenced at the highest concentration too. The
biomass accumulation was stopped and inhibited significantly at all values of concentration, but more
at 0.1 mg%. This behavior of wheat seedlings in the presence of vanadate ions not recommended
using of this as essential trace elements in development of wheat plants in the first days of life in the
light absence.
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INTRODUCTION

Evidences that Vanadium is essential for the growth of higher plants
are not conclusive (Dieter, 2008, Panichev et al., 2006, Serra et al., 1989).
Its essential role in the development of micro-organisms (Jakobs et al.,
1980, Kao., 1996), seems also to be questioned only possible exception
being its involvement in the growth of green algae, Scenedesmus obliquus
(Chung-Yi et al, 2014, Terasaka et al., 2003). However, the growth rates of
the various micro-organisms higher plants (Haiou et al, 2013, Welch et al.,
1973), and animals (Huang C et al, 2013) were increased even by small
additions of Vanadium (Gondek, 2003, Maity et al., 2010). The experiments
reported here were performed to see whether Vanadium is involved in
germination and growth of seedlings of wheat in the first days of life
(Amodeo et al., 1992, Prasad, 2003, Zhang et al., 2004).

In this paper, we intend to follow the influence of Vanadium salts by
seed germination and growth of wheat seedlings in the first six days of life
in vitro. The concentrations of Vanadium solutions used were ranged in
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0.01-100 mg%. The seeds were germinated in germinators under laboratory
conditions with constant value of the temperature, humidity and light
(Bowden , 2008). Degree of seed germination in the fourth and sixth day
were determined during the experiments and for seedlings were measured
the length of roots, coleoptile and first leaflets were measured and the
biomass was determined quantitatively (Bilteanu et al., 1991). Interpretation
of results was accomplished using data from processing statistical of
analyzes (Marusteri, 2006).

MATERIAL AND METHOD

Five solutions of different sodium vanadate concentration
(NaVOs;-3H,0) were prepared: 0.01mg%; 0.1 mg%; 1.0 mg%; 10 mg% and
100 mg%. Distilled water was used as a reference solution (blank). Healthy
wheat seeds organic and environmentally friendly, from 2015 production,
kept in optimal conditions were taken in our study (Bowden, 2008). The
seeds were hand-selected by size, integrity, color and appearance, were
washed twice with distilled water and then were placed on a filter paper for
drying. It has prepared six germinators, five for each vanadate solution and
one for control. The counted seeds were placed in first germinator on two
filter paper socked with control solution. In the same manner, the next
germinators were prepared, each with seeds watering with another vanadate
solution. Germinators were closed and kept for four days at room
temperature (25 °C) in the dim light. In the fourth day, each germinator was
opened and germinating seeds were counted. On the sixth day, germinators
were reopened, seedlings were counted again and then, the length of
embryonic root, the adventitious roots, coleoptile and first leaflet were
determined for each plant (Petcu et al. 2007). For biomass determination,
seedlings were dried in oven at 105°C until reaching a constant weight.

After the measurements, the results were statistically analyzed and
interpreted using 2016 Excel program. We determined the following values
for each parameter studied: minimum (MIN), maximum (MAX), median,
average and standard deviation (STDEV) of values. It was applied Student
test (TTEST) and the percentage differences were calculated using the
mathematical relationship (1):

percentage differences (%) = (Xsampte — Xviank) 100/ Xpiank (1)

where Xgmple Was average of values for one of studied parameters after
using someone of vanadate solution, while Xy average of values of the
same parameter after using of distilled water (blank).
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RESULTS AND DISCUSSION

In Table 1, germination yields for wheat seeds obtained after the
fourth day, respectively the sixth day were recorded. On the fourth day of
germination the highest yield was touched for seeds soaked with 0.01 mg%
vanadate (yield 100%). In the sixth day, germination yields were
unmodified and were up to 95% in all vanadate (0.01-100 mg%).

Table 1
Germination yields of wheat seeds after watering with vanadate solutions by different
concentration
Germination Yields (%)
Sample
4th day 6th day
Vanadate 0.01 mg % 100 100
Vanadate 0.1 mg % 98 98
Vanadate 1 mg % 96 96
Vanadate 10 mg% 95 95
Vanadate 100 mg % 97 97
Blank (distilled water) 97 97
Table 2
Statistical parameters of wheat seedlings after watering with 0.01mg% vanadate solution
. s . Coleoptile | Leatflet Biomass
0.01 mg% Embryonic root (mm) | Adventitious roots (mm) (mm) (mm) %)
Average 45.73+£22.35 33.72+12.53 33.6+6.19 50.83x13.08 | 30.40+2.4
STDEV 22.3546167 12.5357378 | 6.1892379 13.0845541 | 2.3977513
MAX 80 66 42 70 33.98
MIN 2 2 15 15 25.76
Median 50 32.75 35 55 30.07
TTEST 0.00010061 0.00518079 | 0.2454254 0.37427699 | 0.0004880
Table 3
Statistical parameters of wheat seedlings after watering with 0.1mg% vanadate solution
. e . Coleoptile Leaflet Biomass
0.1 mg% Embryonic root (mm) | Adventitious roots (mm) (mm) (mm) (%)
Average 58.48+22.45 41£16.22 34.79+6.42 50.86+13.25 25.24+4.52
STDEV 22.4493617 16.2236524 6.41861146 13.2553805 4.51645832
MAX 91 80 54 69 40.77
MIN 12 10 18 5 21.95
Median 60 375 35 54 24.19
TTEST 0.02052728 0.15485845 0.48528137 0.37874327 2.8213E-06

The whole experimental lot of seedlings treated with 0.01 mg%

vanadate proved to be representative and results were translatable because
the standard deviation values were found under 15% for the most
parameters and it was between 15-30% only for embryonic roots (Table 2).
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So how resulted from TTEST, p parameter found under 0.05 only for

embryonic and adventitious

roots

and biomass

significantly different between 0.01 mg% vanadate and blank.

A very high homogeneity resulted from standard deviation for
seedlings watering with 0.1 mg% vanadate solutions (Table 3). Average
values remain very close to the median like in 0.01 mg% vanadate.
Following TTEST (p < 0.05), the significant variations from blank were
obtained for biomass and embryonic roots.

corresponding  to

Table 4

Statistical parameters of wheat seedlings after watering with 1.0 mg% vanadate solution

Embryonic root | Adventitious Coleoptile Leaflet Biomass

1.0 mg% (mm) roots (mm (mm) (mm) (%)

Average 67.6+19.63 40.4+12.56 34.79+5.51 49.1+10.03 31.5242.51

STDEV 19.6330237 12.5597738 5.51098784 10.028734 2.50575599

MAX 97 68 45 65 36.27

MIN 17 6 18 18 28.54

Median 70 42.5 425 50 31.54

TTEST 0.07511694 0.11090352 0.48438798 0.19673906 0.00146444
Table 5

Statistical parameters of wheat seedlings after watering with 10 mg% vanadate solution

Embryonic root | Adventitious Coleoptile Leaflet Biomass
10 mg % (mm) roots (mm (mm) (mm) (%)

Average 28.68+8.14 21.09+5.23 22.86+7.01 23.04+7.15 37.47+3.33
STDEV 8.14183891 5.22537349 7.0087409 7.14883678 3.32995587
MAX 50 32 37 37 443
MIN 10 7 7 7 30.63
Median 28 21 22.5 22.5 37.62
TTEST 2.5229E-09 5.3962E-07 4.5891E-08 8.5083E-12 0.15505983

Table 6

Statistical parameters of wheat seedlings after watering with

100 mg% vanadate solution

Embryonic root | Adventitious roots | Coleoptile Leaflet Biomass

100 mg % (mm) (mm (mm) (mm) (%)

Average 13,32+5,29 13,9+5,34 12,93+4,37 13,62+4,63 39,245,92
STDEV 5,29482048 5,34228416 4,37020503 4,63430829 59196127
MAX 22 26 23 23 47,6
MIN 2 2 7 7 29,15
Median 14,5 14 13 13 37,84
TTEST 3,5959E-12 4,2935E-09 1,1415E-17 7,0178E-15 0,35386852
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The standard deviations of all studied parameters of wheat seedlings
were under 15% after using of 1 mg% vanadate (Table 4). On the other
hand, parameters from TTEST had values under 0.05 only for biomass.

In both Table 5 and 6, values of standard deviation were under 15%
for all parameters, corresponding to a high homogeneity of seedlings at
using of 10 mg% and 100 mg% vanadate solutions. TTEST analysis
confirmed significant differences for length of roots, coleoptile and leaflets
of seedlings after soaking with both 10 mg% and 100 mg% vanadate.

The percentage differences for embryonic roots determined in
vanadate solutions were negative values in whole concentration range (0.01-
100 mg%) (Fig. 1). The shortest embryonic roots were found in the highest
vanadate concentrations (10-100 mg%), corresponding to a significant
inhibitory action of this in growing of embryonic roots. Only 1 mg%
vanadate solution was not aggressive with embryonic roots, its inhibitory
action was insignificantly, so could see in Fig. 1.
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Fig. 1. Percentage differences between embryonic roots of wheat seedlings at different
vanadate concentrations

The growth of adventitious roots was inhibited by the presence of
vanadate solutions, especially in high concentration from 10 to 100 mg%
(Fig. 2). In both Fig. 1 and Fig. 2 the behavior of embryonic and
adventitious roots was very similar.

In Fig. 3, the influence of vanadate solutions in growth of coleoptile
was significantly at high concentration (10-100 mg%) when the length of
coleoptile was shorter than in blank. This difference was striking at soaking
of seeds with 100 mg% vanadate.
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Fig..4. Percentage differences between leaflets of wheat seedlings at different

vanadate concentration
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Solutions with vanadate concentration between 0.01-1.0 mg% had an
insignificantly negative influence in the growth of leaflet. Instead, solution
with higher vanadate concentrations, 10-100 mg% expressed a very
aggressive inhibitory action in develop of the leaflets, so can saw in Fig. 4.



Leaflets from seedlings watering with 10-100 mg% vanadate solution were
stunted, shorter, than those from distilled water.

The variation of biomass with vanadate concentration had a very
interesting evolution. In Fig. 5, the increasing of biomass was inhibited
significantly at low concentration (0.1-1.0 mg%), especially at watering
with 0.1 mg% vanadate solution when biomass touched at minimum values
of percentage differences by 37.37%.
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Fig. 5. Percentage differences between biomass of wheat seedlings at different
vanadate concentration

CONCLUSIONS

The study relieved an inhibitory action of vanadate solutions, with a
characteristic evolution for each studied parameter. The growth of
embryonic and adventitious roots from wheat seedlings was inhibited
especially by the presence of vanadate in higher concentrations, 10-100
mg%, but also the inhibitory action proved to be high enough at 0.01 mg%.

The situation became more clear for growth of coleoptile and leaflet
from wheat seedlings. A negative influence in growth of coleoptile and
leaflet of wheat seedlings became significantly to the highest concentration,
10-100 mg%. Despite, the biomass increasing in wheat seedlings showed to
be seriously inhibited at little concentration, mainly at 0.1 mg%. A water
retention at lower concentration of vanadate was observed.

This behavior of wheat seedlings after treatment with vanadate
solutions exposed an unfriendly character of this ion in the first days of
seedlings development. Vanadate ions had not recommended as essential
trace element in the first day of life of wheat plants, at the dim light.
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