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Abstract

Norway spruce (Picea abies (L) Karst.) is a relatively demanding species (e.g. it does not
tolerate drought, is very sensitive to environmental pollution, diseases and pests) compared to
other conifers. It is therefore important to provide it with optimal growth conditions in the early
stages of development. The laboratory and pot experiments were carried out on seed material
of 10 different genotypes of Norway spruce bio-stimulated with semiconductor laser light.
The following variants were used: control without irradiation (C) and multiplied dose variants
(0.25 - 102 J/cm?2), three-fold (D3), six-fold (D6), and nine-fold (D9). Morphological features, fresh
and dry weight of seedlings and the content of photosynthetically active pigments were assessed.
Under the influence of the applied radiation, morphological features of seedlings were stimulated,
and dose D6 turned out to be the most effective. It caused the stimulation of the tested features
both in the experiment conducted in laboratory conditions and in a tunnel. The application of
doses D3 and D9 caused an increase in chlorophyll content.

Introduction

Norway spruce (Picea abies (L..) Karst.) is an evergreen, fast-growing,
erect tree species with many forms and varieties (MATEJKA et al. 2014).
It naturally grows in European forests from Scandinavia to Greece. In
Central and southern Europe, the species naturally occurs mostly only in
the mountains. Norway spruce moderately adapts to various climatic con-
ditions. A growing season of at least 60 days and a minimum of 120 days
of winter rest with freezing temperatures is necessary for it to develop
properly (SVYSTUNA et al. 2021).

It has moderate soil requirements; it grows well on brown, fresh, or
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loam soils which are deep, moderately rich, not too acidic, and have an
average depth of groundwater level (MURAT 2002, JAWORSKI 2011, MATE-
JKA et al. 2014).

In Polish forests, the share of stands with a predominance of spruce
1s 5.6%. Spruce acts as an ecological admixture or acts as a second floor in
stands in various habitats. Unfavorable changes occur in forests as a result
of negative abiotic and biotic factors. In Europe, these changes include
disturbances in the physiological processes of trees, such as flowering, fer-
tility and quality of seeds obtained from forest tree seeds. The occurring
changes in the genetic material result in a heritable mutation of some
genotypes in individuals. Thus, a reduction in the quality of seeds and
seedlings may be the effect of these changes (KORCZYK et al. 2010).

It seems that not only environmental contamination, but also long-
term storage of seed material, e.g. in gene banks, also causes a quality
drop associated with changes in their condition — aging — and therefore the
seeds are subjected to various forms of refinement (COPELAND and
Mc DONALD 2001, KUBALA et al. 2013). In pre-sowing conditioning of seed
materials, stratification is used (GRZESIK et al. 2012). Chemical methods
are also used, e.g. treating dry, hard seeds with concentrated sulfuric acid
(WOJCIECHOWSKA 1983).

In recent years, due to the global desire to reduce the excessive use of
chemical compounds in plant production and the increasing acreage of
plants cultivated using organic methods, in the improvement of seeds,
other factors are used that have a beneficial effect on physiological pro-
cesses (GRZESIK et al. 2012, HERNANDEZ-AGUILAR et al. 2016).

One of these factors is radiation, for example caused by a semiconduc-
tor laser (RYBINSKI AND GORCZYNSKI 2004, KLIMONT 2006, SOLIMAN and
HARITH 2010, GRZESIK et al. 2012). It is mainly used to stimulate culti-
vated plant growth (KLIMONT 2006). Seeds conditioning with laser rays
positively influences germination processes, plant growth and develop-
ment, as well as the size and quality of the obtained crop (DOBROWOLSKI
and ROZANOWSKI 1998, HERNANDEZ-AGUILAR et al. 2016, SZAJSNER et al.
2017, KOSZELNIK- LESZEK et al. 2019, SZAJSNER et al. 2019).

Due to the lack of reports on the effects of laser radiation on seeds of
forest trees (e.g. germination parameters and morphological characteris-
tics of seedlings), an attempt was made to study the response of seed mate-
rial of ten different genotypes of Norway spruce using semiconductor laser
light under laboratory conditions and in a pot experiment.
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The characteristics and origin of particular
Norway spruce genotypes

Norway spruce seeds were obtained from Forest Gene Bank in
Kostrzyca (Forest Reproductive Material 50°81'70"N 15°77'71"E) and were
used for both the foil tunnel experiment (pot experiment) and the labora-
tory experiment. 10 spruce genotypes were selected (including A-11/ZP/12;
B-106/ZP00; C-251/ZP04; D-251/ZP/04; E-262/ZP/07, F-470/ZP/04;
G-514/ZP/03; H-567/ZP/03; J-986/ZP/06; K-1514ZP/00). Batches of seeds
were collected during multiple years (genotypes: A — 2011, B — 2000,
C — 2004, D — 2006, E — 1992, F — 2009, G — 2003, H — 2003, J — 2006,
K -2000).

The selected genotypes came from the following sites:

— Forest District Borki (A, D), 54°08'97"N — 21°91'22"E;

— Forest District Rokita (B, C), 53°76'76"N — 14°83'76"E;

— Forest District Nowy Targ (F, J), (49°69'95"N — 20°06'24"E;

— Forest District Sniezka in Kowary (E), 50°79'06"N — 15°83'81"E;

— Forest District Watbrzych (G), 50°73'57"N — 16°21'25"E,;

— Forest District Ujsoly (K, H), 49°47'35"N — 19°11'78"E.

The propagating material used in the experiment belongs to the
selected or qualified category (1999/105EC EU directive seed categories)
and was of indigenous origin. The purity of the seed material used in the
experiment varies as follows: 96% — H, 96.2% — J, 97% B, 97.2% —
G, 97.4% — C, 98% — D, 98.3% — E, 99% — K, 99.9% — A, 100% — G; the aver-
age moisture content of all seeds was 5,3% (KORCZYK et al. 2010).

Laboratory experiment. The laboratory experiment was carried out
in a SANYO environmental chamber, type MLR-351H. Norway spruce
seeds were treated with semiconductor laser irradiation, type CTL 1106MX
(with a power of 200 mW and a wavelength of 670 nm), working with
a CTL-1202 S scanner. Three-(D3), six-(D6) and nine-fold (D9) doses were
applied, with the basic dosage of 0.25 - 102 J/cm?. The duration of individ-
ual exposure was 4.1 min. The control group C(DO0) consisted of seeds with-
out any dosages.

Control and treated seeds laser light were placed in cuvettes lined
with filter paper soaked in water distilled. The experiment was set up in
three repetitions, 30 seeds per repetition. Energy and germination capac-
ity was tested respectively 7 and 14 days after sowing (accordance with
the methodology proposed by ISTA (2008). Moreover, the length of the
radicle, hypocotyl and aboveground part of seedlings (stem) were mea-
sured. The content of fresh and dry weight of seedlings was also assessed.
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Pot experiment. The experiment with sowing material of Norway
spruce treated with laser radiation (see laboratory experiment) was also
conducted also in pots grown under a cover (foil tunnel). The substrate in
pots was peatmoss with NPK fertilizer. After four weeks, the following
seedling parameters were assessed: the number and length of roots, the
height of seedlings and the content of fresh weight of roots and above-
ground parts of plants. Moreover, photosynthetically active pigments were
tested in plant material obtained after eight weeks — chlorophyll a, b, and
total. Chlorophyll was tested using spectrophotometry by measuring the
absorbance of the prepared filtrates at a wavelength of 663 (chlorophyll A),
645 (chlorophyll B), 652 (chlorophyll A + B) and 765 for polyphenols
(LICHTENTHALER 1987).

Statistics. The results of the research were statistically evaluated
using variance analysis for a two-factor experiment, with the use STA-
TISTICA 13.1 by Stat Soft Polska. The significance of differences was cal-
culated at the level of a = 0.05 using the Duncan test.

Results and Discussion

Laboratory experiment

The statistical analysis of data on energy and germination capacity for
all tested ganotypes showed no significant influence of laser radiation on
these features.

This is most likely due to the fact that the seed material used in the
experiment was of high quality — they belonged to the selected or qualified
categories (KALINIEWICZ et al. 2011).

The studied morphological features of the seedlings: the length of rad-
icle and hypocotyl, the length of the stem and the fresh weight of the seed-
lings showed a significant stimulating effect of the applied semiconductor
laser radiation. The length of the embryonic root increased by 14.79% in
relation to the roots of control plants after six- and nine-fold seed irradia-
tion (Table 1). The length of hypocotyl showed stimulation under the influ-
ence of any applied doses of laser radiation — by 7.8% for dose D6; respec-
tively 5.4% for D3 and 5% for nine-fold exposure (Table 1). In the case of
stem length, the value of this feature was increased only through dose D6 —
over 7.5%. The fresh weight of the seedlings grown from the irradiated
seeds, in relation to the control seedlings, was higher by 16.5% and by
15%, respectively, after the application of the D6 and D9 doses. For the dry
matter of seedlings, no effect of pre-sowing treatment of seeds with laser
radiation was found (Table 1).
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Table 1

Laboratory experiment: Average values and homogenous groups for tested features

of Norway spruce

Length Length Length .
Dose of the radicle of the hypocotyl of the stem Fresh[ v]velght
[mm] [mm] [mm] g
C(DOo) 25.15° 29.76° 39.230 0.206°
D3 26.460 31.38¢ 40.90%b 0.229%b
D6 28.874 32.08¢ 42.19¢ 0.240%
D9 28.874 31.26¢ 40.69%0 0.237¢

459

The performed statistical analysis showed an interaction of the stud-
ied genotypes with the applied doses of laser radiation for all examined
morphological features and for both the fresh and dry weight of seedlings.
The length of the embryonic root increased after all doses in genotypes
D, J and K. Doses D3 and D9 induced stimulation in genotypes C. Six-fold
seed exposure stimulated the root length in four out of ten tested geno-
types: A, E, F and G.

The reduction in length was observed twice: in B under the influence
of doses D3 and D6, and in H for doses D3 and D9. Very diverse reactions
to pre-sowing laser irradiation were observed for the length of hypocotyl.
Under the influence of all applied doses, genotype F showed stimulation,
while genotype B showed a reduction in the value of this feature. Stimula-
tion was also observed in form A (dose D6), form C (doses D3 and D9), and
form E — D9. In genotype H there was a reduction after application of
doses D3 and D9.

Four of the studied genotypes (D, G, J and K) showed no significant
response to the treatment of seeds with semiconductor laser radiation.
The interaction obtained for the length of the stem with the needles showed
a significant stimulation in genotype F under the influence of all applied
doses, in genotypes C and G under the influence of three-fold irradiation,
in genotypes E — dose D9, K — dose D6. Three of the tested forms (genotype
A, D, J) did not respond to pre-sowing seed irradiation. Stem length reduc-
tion occurred in form B after all doses, and in form H after doses D3 and
D9 (Table 2). The results obtained in the studies conducted by SZAJSNER
et al. (2017) on sugar beet (Beta vulgaris) showed that a magnetic field and
laser radiation modify the process of cluster germination. Moreover, they
extend the germinal root and stimulate pigment condensation in seedlings

For fresh weight of seedlings, a response to irradiation was observed
in six out of ten tested genotypes. Three of them — form C, F and G — were
characterized by an increase in the content of fresh weight of seedlings
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after applying three irradiation dosages, in relation to the control plants.
Genotype E reacted to dose D9; genotype K to dose D6. No reaction was
observed in forms A, B, D and J. Reduction in fresh weight of seedlings
occurred only in genotype H under the influence of three-fold irradiation.
The dry matter content of seedlings obtained from irradiated seeds was
reduced only in the F genotype under the influence of D3 and D9 doses.
The remaining forms did not show any reaction to the applied laser ra-
diation.

Table 2

Laboratory experiment: Average values and homogenous groups for tested features
of Norway spruce — interaction between genotype and does

Length I'(‘)efriitjl Length Fresh Dry weight
Genotype | Dose | of the radicle hypocotyl of the stem weight (2]
[mm] (mm] [mm] [g]
1 2 3 4 5 6 7
C(DO) 25,530 34.30° 47.20¢ 0.25¢ 0.037¢
D3 25.70b 38.17a:b 51.24 0.224 0.041¢@
A D6 31.97¢ 41.60¢ 52.93¢ 0.289 0.041¢@
D9 25.870 38.70%:0 49.37% 0.25% 0.043¢
C(DO) 28.40¢ 32.53¢ 42.979 0.239 0.040@
D3 21.130 21.2b 28.20b 0.194 0.050¢
b D6 21.370 25.170 34.17% 0.219 0.040¢
D9 24.30%0 23.470 33.800 0.22¢ 0.050¢
C(D0) 23.27¢ 29.200 33.570 0.19% 0.040% b
D3 27.93b 37.77% 41.779 0.289 0.050¢
¢ D6 25.73b.c 31.20° 33.570 0.24b 0.030°
D9 34.90¢ 38.00¢ 39.500- b 0.2690 0.0300
C(D0) 19.030 30.93¢ 41.93¢ 0.20@ 0.030%
D3 25.47¢ 33.10¢ 44.109 0.21¢ 0.030¢
D D6 24.09 32.63¢ 44.700 0.219 0.040@
D9 25.77¢ 33.37¢ 44.43¢ 0.22¢ 0.040¢
C(DO) 26.63¢ 26.27° 36.230 0.17° 0.040¢
D3 24.23¢ 27.57b.a 35.630 0.20%:b 0.040¢
= D6 31.730 29.3b.a 40.93% b 0.19%:b 0.040¢
D9 36.37¢ 31.63¢ 43.430 0.229 0.040@
C(DO) 21.500 17.83¢ 24.07¢ 0.16° 0.050¢
. D3 28.630 30.47% 41.779 0.239 0.0300
D6 33.13¢ 32.2¢ 42.479 0.14b 0.040%
D9 24.53b 25.27b 33.270 0.20% b 0.0300
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cont. Table 2

1 2 4 5 6 7
C(DOo) 27.07° 36.47%b 47.50b 0.280 0.040%
a D3 30.77%b 40.20¢ 55.73% 0.33¢ 0.040@
D6 32.59 35.23b 47.00b 0.28P 0.040@
D9 26.93b 33.100 44.83b 0.28b 0.050%
C(DO) 28.43¢ 30.43¢ 38.77¢ 0.28¢ 0.040@
D3 18.83¢ 20.930 26.67¢ 0.180 0.050%
H D6 26.00%° 28.979 39.50¢ 0.26¢ 0.040@
D9 22.830:c 23.230 32.17° 0.24¢ 0.050%
C(DO) 22.13¢ 29.979 40.60% b 0.22¢ 0.050%
D3 27.475 30.80¢ 0.21¢ 0.040¢
J D6 28.17% b 30.70% 41.13% 0 0.25% 0.040
D9 32.60¢ 34.40¢ 45,779 0.24¢ 0.050¢
C(DOo) 29.530 29.70¢ 39.410 0.220 0.050¢
D3 34.479 33.53¢ 44.10% b 0.25% b 0.050%
K D6 34.10@ 33.70¢ 45.379 0.27¢ 0.050%
D9 34.63% 31.43¢ 40.33% 0 0.26% b 0.050%

Pot experiment

In the experiment conducted in foil tunnels, like in the laboratory
experiment, the D6 dose turned out to be the most effective. It stimulated
four out of five examined morphological features of spruce seedlings. The
length of the root increased by 15.9%, the height of the seedling by 29.3%,
the weight of the above-ground part of the seedling by 26.7%, and the
weight of the roots by 28.6%. The stimulation of seedling height was caused
by the D9 dose and the increase in seedling weight by the D3 dose. The
only feature reduced under the influence of laser radiation was the num-

ber of roots — on average from 3.84 PCs to 2.54 PCs (Table 3).

Table 3

Pot experiment: Average values and homogenous groups for tested features of Norway spruce

Weight of the
Dose | oy | et | Hoo o | shovesrovnd. | oot weighe
seedlings [g]
C(DOo) 21.26° 3.84¢ 74.020 0.15° 0.05%
D3 21.18% b 2.780. ¢ 71.36° 0.19¢ 0.040
D6 27.48% 3.120 85.8¢ 0.199 0.07¢
D9 26.12¢ 2.54¢ 72.640 0.15% 0.04%
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The performed statistical analysis showed a diversified reaction of the
studied spruce genotypes to the applied doses of laser radiation (Table 4).
Only dose D6 stimulated the height of the seedling in 4 out of 10 tested
spruce genotypes. They were as follows: genotype C, F, H and K (by 38.90%;
53.79%; 115.38% and 53.33%, respectively). Genotype H deserves special
attention — its elongation was over 115%. In genotype G, a reduction in the
value of this feature was observed after the use of any of the three doses of
laser radiation, and in genotype B under the influence of the strongest
dose — nine-fold irradiation. The remaining genotypes (A, D, J) did not
show any reaction to the applied doses of radiation.

The other applied doses of laser radiation did not produce any effect.
Genotype G again turned out to be a form sensitive to any dose of laser
radiation used in the experiment. This time, the number of roots was stim-
ulated. The greatest effect was obtained with the dose D9 (from 2.0 to 4.0).
The number of roots also increased in genotype A after irradiation with
the D6 dose (from 3.6 to 7.0); while in genotype F, under the influence of
six- and nine-fold irradiation, from 1.8 to 3.6 for D6 and 2.6 for D9. Geno-
type B responded by reducing the number of roots to irradiation with any
dose. The lowest dose (D3) reduced the number of roots in forms E and F
while the highest dose (D9) — in forms A, D and K. The remaining geno-
types — C and J — did not show any reaction to pre-sowing irradiation.

The increase in the fresh weight of the above-ground part of the seed-
lings was achieved in the C form — by 35.30%, the F form — by 42.9%. and
the H form — by 50%; in all cases after the D6 dose. The G and K genotypes
responded with a reduction in seedling fresh weight to the application of
any of the three doses of laser light. The other genotypes showed no signif-
icant effect of seed irradiation. An increase in root weight by 57% was
obtained with the D6 dose only in genotype A. Genotypes B, D and K
showed a reduction in root mass. while genotypes C, E, G, H and J did not
respond to pre-sowing irradiation.

Table 4
Pot experiment: Average values and homogenous groups for tested features
of Norway spruce — interactions

Weight of the
Genotype Dose sI_elsiﬁi}:gO[fntllrle] Root [r;)l;lbers a];(:::_f;(:ﬁzd Root weight [g]
seedlings [g]
1 2 3 4 5 6

C(DO) 24.0¢ 3.6b 0.20%0 0.07 ®

D3 16.0¢ 2.8b 0.110 0.050¢

A D6 23.0¢ 7.0¢ 0.21¢ 0.11¢

D9 21.0¢ 3.00 0.15% 0.03¢
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cont. Table 4

2 3 4 5 6
C(DO) 23.49 7.49 0.209 0.12¢
D3 21.0%b 3.8b 0.15%b 0.040
D6 28.09 2.8bc 0.209 0.040
D9 13.0b 1.6¢ 0.100 0.03%
C(DO) 26.20 3.0¢ 0.17° 0.04¢
D3 26.8b 2.2¢ 0.16% 0.04¢
D6 36.4¢ 2.2¢ 0.23¢ 0.049
D9 20.60 2.69 0.120 0.03¢
C(DO) 20.04 3.8¢ 0.13¢ 0.10¢
D3 19.0@ 4.2¢ 0.164 0.040
D6 19.0@ 3.49 0.139 0.05%
D9 25.2¢ 1.4b 0.13¢ 0.03%
C(DO) 18.6¢ 2.8¢ 0.149 0.04¢
D3 24.69 1.6b 0.15¢ 0.04¢
D6 23.0¢ 2.8¢ 0.149 0.03¢
D9 21.89 3.69 0.149 0.049
C(DO) 26.40 1.80 0.140 0.05%
D3 17.6° 2.00 0.18ab 0.020
D6 40.6% 3.6% 0.20¢ 0.03%b
D9 20.80 2.6¢ 0.16%0 0.03%b
C(DO) 44.89 2.0° 0.311@ 0.07¢
D3 30.0 3.2¢ 0.200 0.05¢
D6 22.2b 3.0¢ 0.20b 0.07¢
D9 25.00 4.0% 0.19% 0.06¢
C(DO) 15.60 3.2ab 0.16° 0.05
D3 22.0b 3.8¢ 0.17° 0.06%
D6 33.6¢ 2.6%b 0.249 0.05¢
D9 24,80 2.0b 0.17% 0.04¢
C(DO) 30.0¢ 2.8¢ 0.18¢ 0.05¢
D3 20.8¢ 2.6¢ 0.159 0.03¢
D6 28.00 3.4¢ 0.194 0.03¢
D9 24.49 3.2¢ 0.18¢ 0.06¢
C(DOo) 21.00 3.0¢ 0.25¢ 0.07¢
D3 14.0b 1.6%:b 0.13b:c 0.040
D6 32.2¢ 2.4¢ 0.17° 0.03%
D9 16.0b 1.4b 0.11¢ 0.020
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Chlorophyll A and chlorophyll B are the main photosynthetic pig-
ments. Both absorb light, but chlorophyll A plays a unique and key role in
the conversion of light energy into chemical energy (BICZAK et al. 2016).
When examining the effect of the applied doses of laser radiation on spruce
seeds, a significant stimulating effect on the content of chlorophyll in the
obtained seedlings was found. Both three- and nine-fold irradiation
increased the content of chlorophyll A, B and total (dose D3 by 26.7%.
13.33% and 22.80%, respectively; and dose D9 by 24.47%. 15.86% and
21.94%, respectively). Six-fold irradiation caused an increase only in the
content of chlorophyll A (by 10.13%) see Table 5. Statistical analysis of the
obtained results showed the interaction of genotype x applied laser light
dose for chlorophyll A, B, and total. Under the influence of pre-sowing irra-
diation. five of the studied spruce genotypes produced seedlings with sig-
nificantly increased chlorophyll content and under the influence of any of
the three applied doses. These were genotypes B, C, G, H and K. Forms B
and C showed the highest content under the influence of dose D9 (by 40.5%
and 44.80%, respectively), while the lowest dose (D3) increased the content
of chlorophyll A in genotypes G (by 33.40%), H (by 20.60%), and K (by 45%).

Table 5
Pot experiment: Contents of chlorophyll A, chlorophyll B and total chlorophyll in Norway
spruce seedlings [mg g1 F.W.]

Dose Chlorophyll A Chlorophyll B Total chlorophyll
C(DOo) 1.046¢ 0.4350 1.481%

D3 1.326¢ 0.493% 1.819¢

D6 1.1520 0.440° 1.592b

D9 1.302¢ 0.504¢ 1.806¢

Genotypes A, F reacted to doses D3 and D9 with stimulation, while
dose D6 caused a reduction in chlorophyll A content in three tested geno-
types — A, D, and E. The content of chlorophyll B was stimulated in geno-
types A, C, H after three- and nine-fold irradiation. dose D3 caused an
increase in the content of this pigment in forms D and K, while D9 —in F,
G and J. Genotype B turned out to be the most sensitive and reacted to all
applied doses of laser light with a significant stimulation of chlorophyll B
content. The reduction was observed in genotype E (doses D6 and D9). For
total chlorophyll, the best effects were achieved in genotypes B, C, G, H —
stimulation after all applied doses. D3 increased the content of this pig-
ment in forms A, D, E and K, while dose D9 in forms A, F and J. The
reduction occurred only in two cases — in forms A and E under the influ-
ence of dose D6 (Table 6). In studies conducted on other species. it was
found that short-term exposure to pre-sowing electromagnetic radiation of



Conditioning of Norway spruce (Picea abies (L.) Karst.) Sowing Material 465

amaranth seeds affects the germination energy, but not the content of pho-
tosynthetic pigment (DZIWULSKA-HUNEK et al. 2013). Higher chlorophyll
content and leaf surface area under the influence of a magnetic field were
observed by ESITKEN and TURAN (2004), whereas SZAJSNER et al. (2017).
in their research on sugar beet pre-sowing stimulation, found that a mag-
netic field and laser radiation modify the sprouting process and stimulate
pigment condensation in seedlings. SACALA et al. (2012) also observed
a significant stimulating effect of laser radiation on the content of chloro-
phyll and carotenoids in the study on sugar beet as a result of five- and
seven-fold irradiation of the clusters with semiconductor laser rays.

Table 6
Pot experiment: Contents of chlorophyll A, chlorophyll B and total chlorophyll in Norway spruce

seedlings for interaction genotype x dose — average values and homogenous group

Genotype Dose Chlorophyll A Chlorophyll B Total chlorophyll

1 2 3 4 5

C(DO) 0.879¢ 0.324b 1.203°

D3 1.015° 0.406% 1.4219

A D6 0.721¢ 0.284b 1.005¢

D9 1.0469 0.407¢ 1.453¢

C(DO) 0.9454 0.351¢ 1.296¢

B D3 1.094¢ 0.455%b 1.5490

D6 1.1440 0.436b 1.5800

D9 1.328¢9 0.501¢ 1.829¢

C(DO) 0.872¢ 0.327¢ 1.199¢

o D3 1.117° 0.416° 1.533b

D6 1.0430 0.384b:c 1.4270

D9 1.263¢ 0.503¢ 1.7669

C(DO) 1.365%0 0.491b 1.856°

b D3 1.427¢ 0.581¢ 2.008¢

D6 1.254¢ 0.508° 1.7620

D9 1.344b 0.526%b 1.870°

C(DO) 1.2460 0.494@ 1.7400

D3 1.363¢ 0.532¢ 1.895¢

£ D6 1.098¢ 0.407b 1.505¢

D9 1.2120 0.4620 1.6740

C(DO) 1.122¢ 0.4340 1.556°

. D3 1.207° 0.447%0 1.654%

D6 1.145b:¢ 0.432b 1.5770

D9 1.316¢ 0.502¢ 1.818¢9
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cont. Table 6

1 2 3 4 5
C(DO) 1.1124 0.441% 1.553¢
D3 1.483¢ 0.441b 1.9249
a D6 1.225¢ 0.497¢ 1.7220
D9 1.3700 0.529¢ 1.8999
C(DO) 1.114¢ 0.456b 1.570¢
- D3 1.3449 0.519¢ 1.8639
D6 1.2130 0.493%b 1.706°
D9 1.313¢ 0.494@ 1.807%b
C(DOo) 1.331% 0.504° 1.8350
D3 1.3730 0.531%b 1.904°
J D6 1.3200 0.538%b 1.8580
D9 1.4779 0.581¢ 2.0587
C(DO) 1.267¢ 0.5316 1.7980
D3 1.837¢ 0.603¢ 2.4400
K D6 1.354b 0.421¢ 1.775°
D9 1.3530 0.5300 1.8830

Conclusions

1. The response of the studied genotypes of Norway spruce to pre-sow-

ing seed irradiation was varied and depended on both the genotype and
the applied doses of laser radiation.

2. In laboratory conditions, all examined morphological features of
the seedlings showed a positive effect of stimulation.

3. The genotypes C, E and F turned out to be the most susceptible to
laser irradiation in laboratory conditions and showed stimulation of all
examined characteristics.

4. In the pot experiment, the examined features such as seedling
height, root length or seedling and root weight showed a significant stim-
ulation effect of laser radiation. Only the number of roots was reduced.

5. The D6 dose turned out to be the most effective, inducing the stim-
ulation of the examined features both in the laboratory and in a pot exper-
iment.

6. The application of doses D3 and D9 of laser radiation for pre-sowing
spruce seed bio-stimulation increased the content of chlorophyll in seed-
lings, which may increase the intensity of photosynthesis and thus plant
biomass.
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