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Abstract. The study analyzed the variation of some physiological indexes of maize leaves,
the Lovrin 400 hybrid, under the influence of silicon treatments (0, 0.1 ml I, 1.0 ml I, 1.5
ml I'* 2.5 ml I™"). Silicon has favorably influenced the dimensional parameters of the leaves
(L, w, LA, Chl, TI,Sw). There were very high and high correlations between Si and L
(r=0.935), Si and TI (r=0.856),and low correlations between Si and Sw (r=0.687), Si and
LA (r=0.675), Si and Chl (r=0.528), respectively Si and L (r=0.500). Linear and
polynomial equations of order 2 and 3 facilitated the estimation of the physiological
indexes studied on the basis of Si concentration, under statistical safety.The LA variation
according to L and w was described by grade 3 polynomial models (LA according to L:
R’=0.897, p<<0.001, F=76.089; LA according to w: R?= 0.812, p<<0.001, F=37.384).
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INTRODUCTION
Silicon is a nutrient that plays an important role in plant nutrition, especially
plant health and increased stress tolerance, as well as the quantity and quality of the yields
[48, 13, 44, 6]. The literature has highlighted the importance of silicon in plant nutrition,
the contribution and benefits of Si for crop plants, or spontaneous flora.

It has been observed the favorable influence of silicon on plant growth and
development [1], increasing salinity tolerance [2, 45], thermal stress tolerance [21], water
and osmotic stress[15, 50, 24],increasing plant tolerance to aluminum[7, 12, 10, 11],
increasing the resistance of plants to certain pathogens[22, 31], increasing the availability
of nutrients for plants [25]s.a.

Liu et al. (2009) [23] have reported the silica intake in enzymatic activity with
antioxidant role in the cucumber.An important role of Si in the photosynthesis and in gene
expression of rice in high stress conditions of Zn was recorded and reported by Song et al.
(2014) [46].

In corn, the favorable contribution of Si was found to the photosynthesis process, in
the content of chlorophyll, stomatal conductance, intercellular CO, concentration,
transpiration rate and photosynthetic rate [49]. Sacata (2017) [39] recorded the favorable
influence of Si on the content of chlorophyll and some physiological and biochemical
indices on maize plants under saline stress conditions. Amin et al. (2018) [5] reported
favorable results of Si treatment on plant physiological indices, and productivity elements
in corn cob, under moisture stress conditions.

The present study evaluated the influence of silicon on some physiological indexes
in maize leaves, under field conditions.

MATERIALS AND METHODS
The biological material was represented by the Lovrin 400 hybrid, which was
fertilized with N at 40 kg a.s. ha™’. Silicon was applied as silicic acid in concentrations of:
0, 0.5, 1.0, 1.5 and 2.0 ml I". Three treatments were applied at 4 leaves, 6-8 leaves and 10
leaves, Principal growth stage I: Leaf development BBCH Code [27].
Dimensional parameters of the leaves were evaluated (length - L, widt - w) by
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measuring with precision of £0.5 mm. The leaf area (LA) was determined based on the
model proposed by Sala et al. (2015) [42], relation (1).

where: LA — leaf area; L — leaf length; w — leaf width; Ka — constant of the surface
or correction factor (0.77).

Chlorophyll content (Chl) was determined with a Chlorophyll Meter, SPAD 502
Plus (Konica Minolta), with a precision of £0.2 SPAD units. The thickness of the leaf (TI)
was determined by measuring by electronic caliper, with an accuracy of = 0.001 mm.The
specific weight (Sw) was determined by calculation based on the weight of a known area,
determined with an Axis balance (ATS 60), with a working accuracy of + 0.001g.

The experimental data were analyzed by the ANOVA test, correlation analysis, and
regression analysis.Mathematical models represented by linear and polynomial equations
of order 2 and 3 were obtained to describe the change in physiological indices according to
the concentration of Si. The safety of the results was confirmed by the statistic parameters
r, R?, p, F. For the data processing the PAST software was used [16].

RESEARCH RESULTS

Silicon, applied in gradually increasing concentrations, within the limit of 0 - 2 ml
17, determined the specific variation of some physiological indices in maize.

The variation in leaf sizes parameters (L, w), leaf area (LA), leaf thickness (T1),
chlorophyll content (Chl) and specific leaf weight (Sw), were evaluated.The results
obtained are presented in Table 1.

Leaf length varied in relation to the Si concentration applied between 69.36 + 1.51
cm in the control variant and 77.42 £ 1.61 cm in variant V3.

The leaf width had values between 9.26 + 0.14 cm for variant VO and 10 + 0.13 cm
for variants V3 and V4.Based on the leaf sizes and the correction factor of 0.77, leaf area
(LA) was calculated according to the model proposed by Sala et al. (2015).

Foliar surface values ranged from 495.15 + 15.96 cm? in the control variant and
596.79 + 16.91 cm? at V3.1t was found that although the average width was equal to
variants V3 and V4, the leaf length was the foliar parameter that differentiated the foliar
surface.

Foliar thickness (TI) had values between 0.204 + 0.007 mm for control variant (\V0)
and 0.228 = 0.003 mm for variant VV3.The chlorophyll content oscillated between 28.18 +
0.53 SPAD units at control variant (V0) and 32.60 £+ 1.33 SPAD units at V2 variant.

The specific weight on the foliar surface unit (Sw) ranged between 0.0058 + 0.0002
g in control variant (V0) and 0.0064 + 0.0001 g in variant V2.

Table 1.

Experimental data for foliar physiological indices in maize, in relation to silicon

Si L w LA Tl Chl Sw

Varianta | (ml/l) (cm) (cm) (cm?) (mm) (SPAD units)|  (glem?)
VO(Control) | 0.00 |69.36+1.51 | 9.26+0.14 | 495.15+15.96 | 0.204+0.007 | 28.18+0.53 |0.0058+0.0002
V1 0.50 | 73.10+£1.77 | 9.60+0.14 | 562.67+21.23 | 0.206+0.002 | 30.42+0.85 |0.0061+0.0002
V2 1.00 | 76.88+1.94 | 9.88+0.17 | 569.45+22.59 | 0.208+0.002 | 32.60+1.33 |0.0064+0.0001
V3 1.50 | 77.42+1.61 |10.02+0.13| 596.79+£16.91 | 0.228+0.003 | 32.06+1.12 |0.0063+0.0001
V4 2.00 |72.48+1.56 |10.00+0.13 | 557.88+12.52 | 0.222+0.002 | 30.26+1.64 |0.0062:+0.0001
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The ANOVA single factor test revealed the presence of variance in the
experimental data set (Ntotal = 179), based on the experimentally controlled factor, silicon
doses, F>Fcrit, p << 0.001, for Alpha = 0.001, Table 2.

The statistical correlation analysis highlighted the existence of positive correlations
of variable level, between silicon (Si) as a control factor and physiology indexes studied,
Table 3.

Table 2.
ANOVA Single factor
Source of Variation SS df MS F P-value Fcrit
Between Groups 6745158 5| 1349032 1678.825| 3.5E-145| 3.959003
Within Groups 139818.9 174| 803.5571
Total 6884977 179
Alpha =0.001

Very high correlations are observed between Si and w (r=0.935), high correlations
between Si and T1 (r=0.856),and lower level correlations between Si and LA, L, Chl,ans
respectively Sw. Very high correlations between L and LA (r = 0.906), L and Chl (r =
0.980), L and Sw (r = 0.922) and respectively between Sw and Chl (r = 0.904) have been
identified at the level of physiological indices.

High correlations were recorded between LA and w (r = 0.867), between LA and
Chl (r 0.891), Sw and w (r 0.893) and between Sw and LA (r 0.886)
respectively.Mean level correlations were found between L and w (r = 0.767), T1 and w (r
= 0.794) and respectively Chl and w (r = 0.793), and low level correlations were found
between LA and TI (r = 0.662) as well as among the other physiological indices studied.

Table 3.
Matrix correlation table
Si L w LA Chl Tl Sw

Si 0.39051 | 0.019798 | 0.21155 | 0.36078 | 0.064221 | 0.20023

L 0.500 0.1299 | 0.034286 | 0.003277 | 0.38914 | 0.0257

W 0.935 0.767 0.057153 | 0.10919 | 0.10899 | 0.041135

LA 0.675 0.906 0.867 0.042444 | 0.22339 | 0.045301

Chl 0.528 0.980 0.793 0.891 0.477 | 0.006135

Tl 0.856 0.502 0.794 0.662 0.424 0.39249

Sw 0.687 0.922 0.893 0.886 0.970 0.499

Starting from the high correlation between Si treatments and the physiological
indexes at the foliar level studied, mathematical models for assessing the behavior of
physiological indices according to the Si concentration applied were searched for.

The positive variation of the values of the physiological indices under the influence
of the Si treatments highlights the contribution of the silicon, as a nutritional element with
specific role, to metabolic processes, highlighted at the level of some physiological indexes
studied [43].

The favorable intake of microelements administered to seeds or foliage was
highlighted in different cultures in terms of physiological indices [33, 34, 35], productivity
elements and production quality [18].

The variation of the physiological indexes studied, depending on the treatments
applied within the limits of 0-2 ml I, was described by the linear and polynomial
equations of orders 2 and 3, in safe conditions, Table 4.Particular distributions of values
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for the variance of LA and Chl indices according to Si concentration are shown in Figures
land 2.
Relationships of interdependence have also been identified in the physiological

indexes

studied.

Table 4.

Equations and statistical safety parameters for the change of physiological indices
under Si influence

Factor of |Physiologic Equation Eq | Statistically safe parameters
influence | index no. p R® F

L L =—3.68x° +5.154x” +5.971x + 69.35 (2) | 0.02371| 0.998 | 960.21

w w =—0.24x* + 0.856x +9.252 (3) | 0.00158 | 0.998 | 631.00

si LA LA =-54.95x* +141.8x + 497 (4) | 0.07273 | 0.927 | 12.754

Chl Chl = —3.086x> + 7.331x + 28 (5) | 0.03195 | 0.968 | 30.261

T T=0.0116x +0.202 (6) | 0.06421 | 0.733 | 8.2182

Sw Sw =-0.0003429x” +0.0008857x +0.005789 | (7) | 0.04313 | 0.957 | 22.188

X — Si concentration in solution
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Figure 2.Graphical distribution of Chl
values according to Si concentration

described, in a safe statistical
interdependence between LA and L (R? = 0.897, p << 0.001, F = 76.089) relation (8),
respectively between LA and w (R? = 0.812, <0.001, F = 37.384) the relationship (9).The
graphical distributions of LA values according to L and w respectively are presented in

LA =0.0168x°% —3.75x? + 288.9x — 7089
where: x - leaf length (L)

LA = —31.28x3 +874.7x? —8017x + 2.458E04
where: x - leaf width (w)

way, the

(8)

(9)

Maize is a crop that responds well to fertilization, and in this sense, a number of
studies have communicated models of response and prediction on the variation of some
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biometric parameters, physiological indices, productivity elements, quantity and quality in
production [9, 17]. Models using polynomial functions can be used to determine the local
or global optimal values of the studied phenomenon [38, 41].
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Figure 3.The graphical distribution of LA Figure 4.The graphical distribution of LA
values, according to L values, depending on w

The differential contribution of foliar parameters L and w to leaf area (LA) was
also highlighted in other studies [42, 40].Also, mathematical models of foliar surface
estimation based on parameters L and w were obtained and in other research, in statistical
and safety conditions[8, 28, 37].

The positive influence of Si on some physiological indices (foliar surface,
chlorophyll content), on increasing the tolerance to thermal stress, hydric and saline of
plants, on metabolic processes, as well as on the elements of productivity was found in
wheat [4, 30, 26], sunflower [47], rice [19], maize [29, 14, 20, 5, 32], sorghum [3],
tomatoes [36].

The results obtained in the present study are in line with the tendency of the results
communicated by other authors, and confirm the favorable influence of Si within the limits
of the tested concentrations on the physiological indexes studied in maize.

CONCLUSIONS

Silicon, foliar application as silicic acid, to the Lovrin 400 maize hybrid has
favorably influenced leaf physiological indices such as leaf area (LA), chlorophyll content
(Chl), leaf thickness (TI), and respectively the specific weight (Sw).

Models represented by linear and polynomial equations were obtained to describe
the varia}ion of physiological indices in relation to the Si concentration in the tested range
(0-2 ml ™).

The foliar surface variation was described by grade 3 polynomial models in relation
to biometric leaf parameters, L and w, under the influence of Si treatments.
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