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Abstract
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Kornickie, 36: 127-136.

One-year-old pine seedlings transferred from nursery were cultivated in unsterilized forest soil in
a greenhouse. Various forms and levels of nitrogen in nutrient solutions resulted after 10 months in
various growth and mycorrhizal development of the seedlings. Nitrogen fertilization stimulated
enzyme activity of acid phosphatase, a-galactosidase and ~-glucosidase of roots and the cell-free
acid phosphatase in soil. Ammonium nitrogen was more favourable for mycorrhizae development
and the acid phosphatase activity in roots than nitrate supply. The phosphorus content was
significantly higher in shoots of fertilized than of control seedlings.
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INTRODUCTION

Mycorrhizal symbiosis stimulates growth of mycorrhizal plants and
improves their mineral nutrition, particularly phosphate nutrition. Mycorrhizal
associations increase phosphatase activity of roots (Mousain and Salsac,
1984; Gianinazzi-Pearson and Gianinazzi, 1986) and phosphorus
content in plant shoots (Bledsoe and Zasoski, 1983).

Some soluble acid phosphatase isoenzymes were found located on the outer
face of plasmalemma making them readily accessible to substrate outside the
cell (Zink and Veliky, 1979). This surface-localized activity appears to play
an important role in utilization of soil phosphorus (Bowen, 1973).

* This study was supported by research fund C.P.B.P. 04. 04. coordinated by the Institute of
Dendrology, Kornik.
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Various nitrogen forms (ammonium, nitrate) and levels influence
mycorrhizal development of coniferous trees (Laiho, 1970; Bledsoe and
Zasoski, 1983; Rudawska, 1986). Relations between nitrogen nutrition and
activities of phosphatases in plant tissues have scarcely been investigated
(Hewitt and Tatham, 1960; O’'Connell and Grove, 1985; Kieli-
szewska-Rokicka, 1989).

In this paper the effects of various nitrogen sources and levels on the soluble
acid phosphatase activity and phosphorus content of mycorrhizal Scots pine
seedlings were studied.

MATERIAL AND METHODS

CULTIVATION OF PINE SEEDLINGS

One-year-old Scots pine seedlings with unidentified ectomycorrhizae were
transferred from a nursery into the greenhouse and potted in forest soil.
Seedlings were fertilized for 10 months twice a week with nutrient solutions in
which the nitrogen sources and concentrations varied but the concentrations of
other macro- and micronutrients were the same. The control seedlings received
no nitrogen. The nitrogen sources and levels used in the experiment were
presented in Table 1. Concentrations of nitrogen sources were chosen following
Rudawvska (unpublished data), who found that levels of nutrients higher than
1 mM in the case of urea and 2 mM in the case of ammonium tartrate caused
an inhibition of seedlings growth after some months of fertilization.

Table 1
Concentration of nitrogen in nutrient solutions

Nitrogen Nirtogen concentration Amount of nitrogen
source (mM) (mg seedling-1 week-1)
Control 0.00 0
Urea 0.36 2
Urea 0.90 5
Ammonium tartrate 0.36 2
Ammonium tartrate 1.79 10
Calcium nitrate 0.36 2
Caldum nitrate 1.79 10
Caldum nitrate 3.58 20

PREPARATION OF THE SOLUBLE ENZYME FRACTION
Pine roots were ground in liquid nitrogen and washed with 80% ice cold
acetone followed by anhydrous ice cold acetone to obtain acetone powder.
Soluble proteins were extracted with 100 mM acetate buffer pH 5.0 containing
0.01% Triton X100, 10 MM EDTA and 2.5% polyclar AT. After centrifugation
the supernatant was used as the soluble enzyme fraction.
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ENZYME ASSAYS

To assay accessible phosphatase activity, root tips were washed with
distilled water and weighed. Samples of 20 mg fresh weight were placed in
a medium consisting of 1.9 ml acetate buffer pH 4.8 and 100  of 40 mM
p-nitrophenyl phosphate. Incubation took place at 35°C for 30 minutes. The
reaction was stopped by adding 2.5 ml of 0.2 M Na2CO3 and the liberated
p-nitrophenol determined at 400 nm. Enzyme activity was expressed as nkatal
(1 g root tips)-1.

To assay total soluble phosphatase activity, 250 /d 0.1 M acetate buffer pH
4.8, 50 of 15 mM p-nitrophenyl phosphate and 50 /zI of the soluble enzyme
fraction were mixed and incubated for 30 minutes at 35°C. The reaction was
stopped by addition of 2.5 ml of 0.2 M Na2CO3 and liberated p-nitrophenol
determined at 400 nm. Total enzyme activity was expressed as nkatal (100 mg
acetone powder)-1.

To assay a-galactosidase and “~-glucosidase activities, 250 fii
phosphate/citrate buffer (pH5.0; 0.2/0.1M), 50/zI of 10mM p-nitro-
phenyl-a-D-galactopyranoside or p-nitrophenyl-~-D-glucopyranoside (Sigma
Chemical Co, USA), respectively, and 100 /d of enzyme preparation were mixed
and incubated for 1 hour at 35°C. The reaction was stopped by addition of 2.5
ml 0.2 M Na2CO3 and p-nitrophenol released was determined at 400 nm.
Enzyme activities were expressed as pkatal (100 mg acetone powder)-1.

Acid phosphatase activity in soil was determined by using of p-nitrophenyl
phosphate as a substrate as described by Tabatabai and Bremner (1969).

PHOSPHORUS ANALYSIS

Phosphorus content in pine needles was measured with the method of
Kuttner and Lichtenstein (1932) as modified by Humphries (1956).

RESULTS

Table 2
Effect of various nitrogen sources and concentrations on growth of Scots pine seedlings and
mycorrhizal development

Nitrogen

Nitrogen CONCENTY. Fresh weight [g] Mycorrhizal

source [mM] shootl root! development?
Control 0.00 18.8a 17.1b +++
Urea 0.36 24.5ab 14.7a +++
Urea 0.90 32.3b 17.4b +
Ammonium tartrate 0.36 30.4b 19.3be ++
Ammonium tartrate 1.79 45.8d 19.9¢ +
Calcium nitrate 0.36 28.8b 14.1a -
Calcium nitrate 1.79 27.0b 17.4b -
Calcium nitrate 3.58 35.4bc 17.1b -

1 Values in each row followed by the same letter do not differ significantly (p=0.01).
2 + + + strong mycorrhizal infection, + + moderate mycorrhizal infection, + slight mycorrhizal infection, - no infection.

http://rcin.org.pl



130 B. KIELISZEWSKA-ROKICKA

ACCESSIBLE ACID PHOSPHATASE ACTIVITY
Acid phosphatase activity of excised root tips was stimulated by urea 0.36
mM, ammonium tartrate 1.79 mM and calcium nitrate 1.79 mM as compared
to the non-fertilized control (Fig. 1). Low concentration of nitrogen (0.36 mM)
both in ammonium and nitrate forms and the highest level of calcium nitrate
(3.58 mM) did not increase the accessible acid phosphatase.

Accessible acid phosphatase

Fig. 1. Activity of accessible acid phosphatase of excised roots of Scots pine seedlings supplied with
various forms and levels of nitrogen. Error bars indicate standard deviations

TOTAL SOLUBLE ENZYME ACTIVITY OF PINE ROOTS

Acid phosphatase activity was stimulated by all nitrogen treatments except
of urea at higher concentration (0.90 mM) and calcium nitrate at the highest
concentration (3.58 mM) (Fig. 2). The stimulation was most pronounced in
roots of seedlings fertilized with higher level of ammonium tartrate (1.79 mM).

a-galactosidase activity was stimulated by the lower concentration of urea
(0.36 mM), both concentrations of ammonium tartrate (0.36 mM and 1.79 mM)
and higher concentrations of calcium nitrate (1.79 mM and 3.58 mM). At the
higher level of urea (0.90 mM) and the lowest concentration of calcium nitrate
no stimulation of soluble a-galactosidase was found (Fig. 3).

[7-glucosidase activity was stimulated markedly by lower urea level (0.36
mM), higher concentration of ammonium tartrate (1.79 mM) and higher levels
of calcium nitrate (1.79 mM and 3.58 mM). Stimulation by 3.58 mM calcium
nitrate was most pronounced (Fig. 4). In roots treated with 0.90 mM urea and
0.36 mM calcium nitrate the activity of ~-glucosidase was at the same level as
in the control.

ACID PHOSPHATASE ACTIVITY IN SOIL

Figure 5 shows that nitrogen sources and levels influenced activity of
cell-free acid phosphatase. Lower concentration of urea (0.36 mM) did not
influence significantly this activity but higher level (0.90 mM) decreased it.
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Fig. 2. Activity of total soluble acid phosphatase of roots of Scots pine seedlings supplied with
various forms and levels of nitrogen
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Fig. 3. Activity of total soluble a-galactosidase of roots of Scots pine seedlings supplied with
various forms and levels of nitrogen

Enzyme activity [pkatdOO mg acetone powder )“1 1

Fig. 4. Activity of total soluble /~-glucosidase of roots of Scots pine seedlings supplied with various
forms and levels of nitrogen

Ammonium tartrate at lower concentration (0.36 mM) stimulated the activity
but at a higher level (1.79 mM) decreased it very markedly. Calcium nitrate
stimulated acid phosphatase in the soil at all three concentrations used in the
experiment (0.36 mM, 1.79 mM, 3.58 mM).
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Acid phosphatase of soil

Fig. 5. Activity of acid phosphatase of soil after 10 months of fertilization with various forms and
levels of nitrogen

PHOSPHORUS CONTENT IN PINE NEEDLES

Phosphorus concentration (% dry weight) and phosphorus content (mg
shoot-1) were higher in needles of N fertilized seedlings than in control
seedlings (Fig. 6A, B).

Fig. 6. Phosphorus concentration (A) and phosphorus content (B) in shoots of Scots pine seedlings
supplied with various forms and levels of nitrogen. Columns with the same letters do not differ
significantly (p=0.05)
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DISCUSSION

Concentration range 20 to 50 mg of nitrogen per liter (about 1.5 to 3.5 mM)
was considered to be appropriate for non-mycorrhizal Scots pine seedlings in
nutrient solution experiments (Ingestad, 1979). In this range optimum uptake
of nutrients by seedlings was observed.

In experiments presented here Scots pine seedlings were treated with
nutrient solutions which contained nitrogen at optimal or lower than optimal
concentrations (0.36 up to 3.58 mM). Various forms and levels of nitrogen in
nutrient solutions resulted after 10 months of treatment in various growth and
mycorrhizal development of seedlings. Total biomass of seedlings treated with
ammonium tartrate was significantly higher than biomass of seedlings supplied
with urea or nitrate. Mycorrhizal development was reduced by the higher
concentration of urea and ammonium and arrested by nitrate (Table 2).

Conifers have often been reported to react positively to ammonium
nitrogen (Evers, 1963; Christersson, 1972; Nelson and Selby, 1974).
According to Ingestad (1979) ammonium nitrogen should be preferred in
conifer cultivation beause of the effective uptake of ammonium. This concerns
optimal concentrations of nitrogen. Too high concentrations could exert
unfavourable physiological effects.

In this paper concentration of phosphorus was higher in shoots of fertilized
than of control seedlings (Fig. 6A). At the highest NHj level (1.79 mM) in the
nutrient solution the phosphorus concentration in pine shoots was lower than
in shoots of seedlings treated with nitrate (Fig. 6A), however the phosphorus
content of ammonium in supplied seedlings was higher because of high
biomass of the shoots (Fig. 6B).

It was reported (Bledsoe and Zasoski, 1983; Bhat, 1983) that nitrogen
in nitrate form stimulated higher uptake of phosphorus than nitrogen
in ammonium form. In the present paper phosphorus uptake by roots
and transport to shoot could be supported by ectomycorrhizae which
developed in seddlings supplied with ammonium and was arrested in those
supplied with nitrate.

Soluble phosphatases of root (Bowen, 1973) and cell-free phosphatase
localized in the root zone of soil appear to play an important role in the
utilization of soil phosphorus by plant roots. Data presented in this paper (Fig.
1, Fig. 2, Fig. 5) showed that nitrogen fertilization stimulated the activity of
acid phosphatases which when released by pine roots and microorganisms to
the soil could increase the pool of available phosphorus and enhance its
content in pine shoots. However ammonium was more favourable for acid
phosphatase activity of root than nitrate. Simultaneously higher levels of
nitrate stimulated enzyme activities of other hydrolytic enzymes of pine root
(Fig. 3, Fig. 4). Stimulation by ammonium nitrogen of soluble acid phosphatase
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activity of Scots pine seedlings grown under axenic conditions was presented
elsewhere (Kieliszewska-Rokicka, in the press).

Phosphorus uptake and transport from root to shoot appears to be an
active process which is controlled by a negative feedback signal between shoot
and root (Cram, 1976; Pitman and Cram, 1977). Schj”rring and Jensen
(1987) showed that the amount of phosphorus utilized from reserves was
strongly reduced or almost eliminated in the presence of inhibitors of protein
synthesis. It is thus possible that nitrogen supply and nitrogen status of plants
could be important factors influencing biosynthesis of proteins involved in the
processes of phosphorus release and transport.
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Wplyw nawozenia amonowego i azotanowego na aktywno$¢ enzymow hydrolitycznych korzeni i na
zawarto$¢ fosforu w pedach sosny zwyczajnej (Pinus sylvestris L.).

Streszczenie

Jednoroczne siewki sosny przeniesiono ze szkoiki lesnej do szklarni, posadzono w nie-
sterylizowanej glebie lesnej i podlewano pozywkami zawierajgcymi azot w réznych formach
chemicznych (mocznik, winian amonowy, azotan wapniowy) i stezeniach (w zakresie od 0.36 mM
do 3.58 mM).

Mocznik i winian amonowy w nizszych stezeniach wptywaty korzystnie na rozwéj mikoryz.
Wyzsze stezenia azotu w formie mocznika (0.9 mM) i w formie winianu amonowego (1.79 mM)
ograniczyly znacznie, a azotan (we wszystkich stezeniach) zahamowat powstawanie mikoryz.

Zawartos¢ fosforu w pedach siewek nawozonych byia istotnie wyzsza niz w pedach siewek
kontrolnych. Nawozenie silnie stymulowato aktywno$¢ enzymatyczng kwasnej fosfatazy,
a-galaktozydazy i /i-glukozydazy w korzeniach siewek oraz kwasnej fosfatazy zawartej w glebie.
Aktywnos¢ kwasnej fosfatazy korzeni byta wyzsza w siewkach hodowanych w obecnosci azotu
amonowego, natomiast aktywno$¢ kwasnej fosfatazy gleby byia silnie stymulowana w obecnosci
azotu w formie azotanu.
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