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Abstract

Pine seedlings were cultivated in the Ingestad mnutrient solution conta:n-
ing N as NH,Cl at concentrations of 0 and 500 ppm, under a 16-hr day, at
a light intensity of 1500 and 500 1x and temperature + 20°C. Measuremenis
of seedlings and determination of plant hormones were performed 8 weeks
after sowing. It was found that more intensive light stimulated initiation
of needles and lateral roots as well as elongation of needles and roots, and
increased the fresh weight and dry matter of these organs. Growth stimula-
tion of needles was correlated with an increase in free gibberellins, cyto-
kinins, an ABA-like inhibitor and with a decrease in auxins and water
content of tissues. A similar effect of light on plant hormones (except
ABA) was also observed in roots. The level of this inhibitor depended on N
nutrition. Nitrogen had a similar effect as light on the growth and initia-
tion of meedles and lateral roots. However, it strongly inhibited elongation
of roots and increased the water content of the tissues. In needles N
increased the level of GAs and auxins, under both light variants, as well as
the level of cytokinins, under more intensive light. It decreased the
amount of ABA-like inhibitor. In roots the effect of N nuirition on the
level of plant hormones depended upon the light intensity. Under light of
low intensity N decreased the level of GAs and ABA, increased the level
of auxins and had nonsignificant influence on the level of cytokinins.
Under more intensive light it had no effect on the GAs and auxin levels
and increased the level of cytokinins and the ABA-like inhibitor.

INTRODUCTION

The results of our earlier experiments indicate that nitrogen nutri-
tion significantly increases the growth of pine seedlings and the level
of endogenous hormones in these plants (Michniewicz et al., 1978).
It is also known that growth intensity of pines depends to a large extent
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on light conditions (Kramer, Kozlowski, 1960) and that low
light intensity arrests seedling development (Kozlowski, Borger,
1971). There are also some data showing that light increases uptake of
nitrogen in pine (Giertych, Farrar, 1961) and in other plants
(Felippe et al, 1975). It is also known that low light intensity makes
impossible a growth response to the N fertilizer. This was found eg. in
experiments with oak seedlings (Phares, 1971). :

On the other hand it was found that light influences the level of
plant hormones in pine (Kopcewicz 1971).

Taking these facts into consideration we decided to study the ef-
fect of nitrogen nutrition on the growth and the level of plant hormon-
es in Scots pine seedlings grown under light of different intensity.

MATERIAL AND METHODS

The pine seedlings (Pinus silvestris L.) were cultivated for two
weeks in sawdust soaked with distilled water, on a 16-hr day, at a lignt
intensity of about 4000 1x and temperature = 20°C. When the seedlings
acquired the stage “free from the seed coat” they were transferred to
the Ingestad (1962/63) nutrient solution containing N as NH,Cl at
concentrations of 0 and 50 ppm, on a 16-hr day, at a light intensity of
2500 1x and 500 Ix and at a temperature of * 20°C. The solution was
continuously aerated and renewed every 10 days.

The concentration of nitrogen (50 ppm) was chosen basing on the
results of our earlier experiments (Michniewicz et al., 1976). How-
ever, light intensity was based on the results of preliminary experim-
ants. From the data of these experiments it is clear that light intensity
of 500 Ix is sufficient for seedling development and that under these
light conditions seedlings respond to the N fertilizer. Very clear dif-
ferences in the growth and development as well as in the response to
the N fertilizer between the variants with 500 and 2500 1x were also
stated. The use of more light intensities and nutrient wvariants was
impossible for technical reasons.

The measurements of seedlings and determination of plant hormone
levels in needles (including the shoot apex) and roots were performeod
8 weeks after sowing. Auxins, gibberellins, cytokinins and the abs-
cisic acid-like inhibitor were extracted, fractionated and determined
by the methods described earlier (Michniewicz et al, 1976), with
the exception of auxin and ABA partitioning. At present auxins, cyto-
kinins and ABA were partitioned by paper chromatography (Whatman
No. 3) in the solvent system: isopropanol, ammonia, water (10:1:1).
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All analyses were replicated 3 times and the results were elaborated
statistically by analysis of variance using the t-test for significance and
LSD at P = 0.05.

RESULTS AND DISCUSSION

As seen from the data presented in Tables 1 and 2 light intensity
had significant effect on the growth of plants. Increased light intensity
stimulated the elongation of needles and main roots as well as the
initiation of needles and lateral roots and inhibited the elongation of
cotyledons and hypocotyls. This was found in both nutrient wariants
i.e. with and without N.

Stimulation of growth of needles and roots by more intensive light
conditions was correlated with the increase of fresh and dry matter of
these organs. In the case of hypocotyls the inhibition of growth was cor-
related with a small decrease of fresh weight and significant increase
of dry matter (Table 1 and 2). Under more intensive light a higher
percent of dry matter was found in fresh matter (Table 2).

Table 1

Effect of N nutrition on growth of pine seedlings under different light intensity after 8 weeks
(averages from 20 seedlings)

Light intensity i 500 | 2500
(Ix) | '
— ey 1
| Concentration (ppm) ‘ 0 50 | 0 | 50
' Length of cotyledons (cm) | 232 242 213b 2.20b
|
Length of hypocotyls (cm) ! 4.60 i 4.61 421 b | 4,14 b
Length of primary (juvenile) i
needles (cm) | 1.75 195a 2.37b 3.41 ab
Number of primary needles i 11.00 | 13.00a | 19.00b 28.00 ab
Length of roots (cm) | 800 | 687a | 17.60b 12.80 ab
Number of first order lateral roots i initiation 11.00 b i 18.00 ab
| |
a — significant diffe b nutrient combinations at P=0,05

b — significant differences between light intensities at P=0.05

Such correlations between light and growth processes are in ac-
cordance with the results obtained with white pine seedlings (Mitchel,
1936, cited by Kramer, Kozlowski, 1960). Nitrogen nutrition
had a significant effect on growth and development of pine seedlings.



Effect of N nutrition on fresh and dry weight of pine seedlings under different light intensity after

Table 2

8 weeks (average from 30 seedlings, in g/100 seedlings)

Light intensity 500 2500
| = (IX) e ——— — e —
; Concentration 0 50 50
[ (ppm) o i e =k . ot
[ Measurement fowt. d.wt. fowt. | dwt. fowt. d.wt. fwt. \ d.wt.
| Needles g 3.36 060 | 432a 0.74a 5.97b 126 b 872ab | [1.59ab
% 17.8 ‘ _ 17.1 21.1 183
: Hypocotyls g 1.31 0.21 1.37 0.22 1.09b 0.32b 1.28 ab [ 0.34 ab
i, % 162 | 159 29.7 26.5
| |
Roots g 0.89 011 | 08 | 008a 3.07b 0.40 b 2.87 ab 0.32ab
% 124 | | 101 13.0 111

a — significant differences between nutrient combinations at P=0.05
b — significant differences between light intensities at P=0.05
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Similarly as light it increased the number of needles and lateral roots
and stimulated the elongation of needles. However, in contrast to light,
nitrogen had no effect on elongation of cotyledons and hypocotyls and
inhibited elongation of roots. These relationships were found in both
light variants. Similarly as light nitrogen also increased fresh and dry
matter of needles. The stimulation of fresh and dry matter of hypoco-
tyls and inhibition of these parameters in roots was only observed at
more intensive light (Table 2). Thus, these results are in accordance
with earlier data obtained with 4-month-old pine seedlings in agar
cultures (Michniewicz et al., 1976).

It appears from the data presented in Figs. 1 and 2 that free gib-
berellins were localized in 3 zones corresponding to Ry 0.0-0.3, 0.4-0.7
and 0.8-1.0. From these data it is obvious that the needles and rools
of seedlings grown under more intensive light contained more free GAs
in the variant with and without N. Thus, these results are in accordance
with the data of Kopcewicz (1971) who also found that white light
increases the level of GAs in Scots pine seedlings.

However, according to the literature the problem of influence of
light conditions on the metabolism of GAs is not clear yet. This effect
depends on the light quality and photoperiod (Jones, 1973) as well
as the age of plants (LoZnikova, Cajlachjan, 1969). Light con-
ditions influence also the GAs turnover in plants, increasing one kind
of GAs and decreasing another (Zeevaart, 1971a). In our experim-
ents no clear relationship between the influence of light and the kind
of GAs was found (Fig. 1).

The data of our experiments show that nitrogen nutrition increased
also the level of free GAs in the needles of pine seedlings grown at both
light intensities. However, in roots N decreased the level of GAs at light
intensity of 500 Ix and had only a slight stimulative effect under more
intensive light conditions. Thus, it was established that the stimulation
of initiation and elongation of needles as an effect of N nutrition was
correlated with the increase of the level of GAs. This statement is in
accordance with the general opinion concerning the role of gibberellins
in plant growth processes (see Michniewicz et al, 1976).

The decreasing effect of N on the level of GAs in roots of seedlings
grown at 500 Ix is correlated with the inhibition of elongation of these
plant organs under the above light conditions. Nitrogen inhihited also
elongation of roots under more intensive light, but under these condi-
tions it stimulated simultaneously the initiation of lateral roots which
could be the sites of gibberellin biosynthesis.

The results obtained in our experiments show that the level of cyto-
kinins was higher in seedlings grown under more intensive light (Fig. 3).
Information concerning the influence of light conditions on the level of



Needles

150 600Lx 2600 Lx
140}~ %
B0 é
8 120}~ % 7V . Z
G %& % / % el et/ %
fg 10} _ _ O L—d
:% 1001 L_ - 1 ,
E’m - Roots
%139 -
8 120} %
5 Z % %_ 7 / - %
* 110} L; e L] I
100t 5 _
= Ry L ) ! Re L § IRe 1 ! {
V) 05 10 00 05 10 V) 05 10 ' G0 05 10
- Control N=80ppm Control N=50ppm
significant differences

Fig. 1. Chromatographic analysis of free gibberellins in needles and roots of pine seedlings.
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Fig. 2. Total amount of free gibberellins in needles and roots of pine seedlings.

endogenous cytokinins is still very limited. We know however, that red
light increases the cytokinin content in poplar leaves (Hewett, Wa-
reing, 1973). In Xanthium strumarium short day treatment provokes
a rapid decrease of cytokinins (Henson, Wareing, 1974).

Nitrogen influenced the level of cytokinins in pine seedlings grown
under light of higher intensity (Fig. 3). These results concerning the ne-
edles are in accordance with the data of Wareing (1974) who found
that addition of N increased the level of cytokinins in the leaves of Be-
tule and Helianthus. Also Goring and Mardanov (1976) mention
similar results obtained in their not yet published experiments.

The increase of cytokinins in roots in the variant with higher light
intensity as an effect of N nutrition may be explained by assuming
that under these light conditions nitrogen increases the number ‘of
lateral roots. According to the general opinion roots are the sites of
cytokinins biosynthesis. It should be underlined that Wagner and
Michael (1971) also found that N increased the level of cytokinins
in the roots of sunflower.

Under light of low intensity the effect of N on the amount of cyto-
kinins was not clear, probably because of the low level of these plant
hormones in this light variant.

The needles and roots of seedlings grown under more intensive light
contained less auxins in both variants of N nutrition (Figs 4 and 5).
Probably a high level of auxins in the roots of seedlings grown under
light of lower intensity is needed for lateral root initiation which took
place in this period. On the other hand, the low level of auxins in roots
of seedlings grown under more intensive light favours the elongatmn
of both main and lateral roots.

The higher level of auxins in needles from plants grown under
weak light correlated with the intensive elongation of hypocotyls and
with the inhibition of initiation of needles and their elongation. Pro-
bably concentration of auxins under these light conditions is optimal
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Fig. 3. Chromatographic analysis of cytokinins in needles and roots of pine seedlings.
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Fig. 5. Total amount of auxins in needles and roots of pine seedlings.

for elongation of hypocotyls and overoptimal for growth and develop-
ment of needles.

The effect of N on the level of auxins in the needles was opposite
to that of light. Thus, stimulation of initiation and elongation of need-
les as an effect of N treatment was correlated with the increase of
auxins. The latter observation agrees with the point of view of many
authors (see Michniewicz et al., 1976),

The effect of nitrogen on the level of auxins in roots also depended
on the light conditions. Thus, inhibition of growth, fresh weight and dry
matter of roots under light of 500 Ix was correlated with an increase
of the level of auxins. However, under light of 2500 1x N also inhibited
growth, fresh weight and dry matter of roots, but had no significant
effect on the level of auxins. The more intensive light increased the
level of the ABA-like inhibitor in needles in both nutrient variants
(Figs 6 and 7). Thus, the stimulation of growth and development of
needles as an effect of light was correlated with the increase of the
level of growth inhibitors.

It is known that biosynthesis of ABA takes place in the leaves
(Milborrow, 1970). According to Dorffling (1971) light of high
intensity increases the amount of ABA in plant tissues. Thus, our results
are in accordance with the data from the literature.

The effect of N on the level of growth inhibitors in the needles was
opposite to the effect of light. Thus, the stimulation of initiation and
elongation of needles as an effect of N treatment was correlated with
the decrease of the amount of ABA. A similar effect of N treament was
stated by Michael and coworkers (1974) who experimented with
sunflower leaves.

The influence of nitrogen on the level of growth inhibitors in the
roots also depended on the light conditions. Thus inhibition of growth,
of fresh and dry matter accumulation in roots under light of 500 Ix
was correlated with a decrease of growth inhibitors. However, under
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Fig. 7. Total amount of ABA-like inhibitor in needles and roots of pine seedlings.

light of 2500 1x, N also inhibited root growth and fresh and dry matter
accumulation in them but significantly increased the level of the ABA
inhibitor. These dependences on the light conditions are probably caus-
ed by the strong influence of light on the development of roots (Ta-
ble 1).

From data presented in Tables 1 and 2 it is also evident that nitro-
gen, in contrast to light, increases the water content in needles and
roots. These results are in accordance with data from the literature
(Etter, 1969; Morizet, 1975). Except for roots of seedlings grown
under more intensive light, this increase of water content in plant tis-
sues was clearly correlated with the increase of auxins and the de-
crease of the ABA-like inhibitor.

This statement is in accordance with data from the literature. It is
known that auxins influence the water content in plant tissues (D a-
vies, 1973). It is also known that plants being under water stress
conditions are characterized by a high level of ABA (Zeevaart, 1971b;
Doérffling et al, 1974).

No clear correlation between the water content and the level of
gibberellins and cytokinins in plant tissues could be established.

Research supported in part by grant from the United States Department of Agri-
culture, Agricultural Research Service (FG, Po-327).
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Wplyw odzywiania azotowego ma wzrost siewek sosny zwyczanej
(Pinus silvestris L.) rosngcych przy rdéznej intensywnosdci Swiatta
i zawarto$¢ w nich hormondéw roslinnych

Streszczenie

Siewki sosny hodowano na poiywce Ingestada zawierajacej N (jako NH,CI)
w stezeniu 0 i 50 ppm, przy 16-godzinnym dniu, intensywnos$ci Swiatla 2500 i 500
1x i temperaturze * 20° C. Pomiaréw wzrostu i okre$lenia zawarto$ci hormonow
rosélinnych dokonano po 8 tygodniach po wysiewie. Wyniki do$wiadczen wskazuja,
ze zarOwno $wiatlo jak i N istotnie wplywajg na wzrost i na poziom hormonéw
w tkankach ro$lin. Swiatlo stymulowalo inicjacje igiel i korzeni bocznych, oraz
elongacje igiet i korzeni a takie zwiekszalo suchg i $wieza mase tych organow.
Stymulacja wzrostu igiel byla skorelowana ze zwiekszeniem poziomu wolnych
giberelin, . cytokinin i inhibitora o wlasciwosciach ABA oraz ze zmniejszeniem
poziomu auksyn i zawarto$ci wody w tkankach. Podobny wplyw wywieralo tak-
ze $wiatlo na poziom hormonéw w korzeniach za wyjatkiem ABA ktérego po-
ziom zalezal od obecnosci N w pozywce. Azot wywieral podobny wplyw jak
$wiatlo na wzrost igiel oraz na inicjacje igiel i korzeni. bocznych, jednakie w
przeciwienstwie do $wiatla silnie hamowal elongacje korzeni i zwigkszal zawar-
tos¢ wody w tkankach. W iglach N zwiekszal poziom giberelin i auksyn w obu
wariantach $wietlnych a na $wietle o wyzszej intenswnosci takze poziom cylo-
kinin. Zmniejszal natomiast poziom ABA. W korzeniach wplyw N na poziom
hormonéw zalezal od warunkéw s$wietlnych. Na swietle o mnizszej intensywnosci
zmniejszal poziom giberelin i ABA, zwiekszal poziom auksyn i nie wywieral
istotnego wplywu na poziom cytokinin. Na $wietle o wyzszej intensywnosci nie
mial wplywu na poziom giberelin i auksyn oraz zwiekszal zawarto$¢ cytokinin
1 inhibitora o wlasciwosciach ABA.
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