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S u m m a r y

WERTHER F. & HAVRANEK W. M. 2000. Effects of nutrient-deficient soil on gas-
exchange, chlorophyll fluorescence and C-allocation in young Picea abies (L.) Karst. - Phyton
(Horn, Austria) 40 (4): (179) - (184).

We measured gas exchange, chlorophyll fluorescence and dry weight of 4-year-old potted
spruce seedlings, half of which were fertilised, under field conditions. The soil was a nutrient defi-
cient calcareous soil of a natural stand in the Northern Alps of Tyrol. All unfertilised seedlings (U)
showed a strong N-deficiency leading to yellow-green needles while fertilised plants (F) were well
supplied with all nutrients.

In general, net photosynthetic rates were about twice as high in F, whereas leaf conduc-
tance was lower in F than in U, indicating that Pn difference was not caused by stomatal aperture.
Effective quantum yield was also higher in F than in U. Gas-exchange and quantum yield were
positively correlated to needle N content. It was mainly N deficiency which caused a biomass
reduction in U, and an increase in the root / shoot ratio.

I n t r o d u c t i o n

Severe forest decline in Austria has been reported from areas of the North-
ern Limestone Alps where several stress factors could act together in causing poor
forest conditions: nutrient-deficient soils, frequent soil drought and a high ozone
load. Such a location is, for example, the Loisach Valley in the Northern Tyrolean
Alps (HAUPOLTER 1997) where crown transparency is very high and nutrient defi-
ciency is evident in spruce. In a first step of stress analysis, we investigated the
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effects of nutrient deficiency on C-allocation, gas-exchange and chlorophyll fluo-
rescence.

M a t e r i a l s a n d M e t h o d s

Two-year-old spruce seedlings of a local provenance were potted into 8-liter pots using
the nutrient-deficient calcareous forest soil from Schöberle (Loisach - valley), a site with severe
forest damage, in spring 1996. We took the soil from the surface to a depth of 30 cm, sieved it to
eliminate stones (> 0,8 cm) and mixed it thoroughly. The soil had very little humus, a low water
holding capacity, a pH of 7-7.3 and low nitrogen content. Half of the seedlings were fertilised ( F )
with a commercial fertiliser while the rest were kept in unfertilised soil ( U ), and placed in a nurs-
ery. After the new flush was completed in the next year, seedlings were brought to the Klimahaus
nursery at Mt. Patscherkofel (1950m a.s.L). There, three twigs from each of 12 seedlings in both
treatments were marked and used for repeated comparative measurements of gas exchange (ADC-
porometer) and chlorophyll fluorescence (Mini-PAM, Walz) between 10 a.m. and 3 p.m. on sunny
days throughout the summer 1997 under field conditions. Gas exchange was measured at least once
per sampling day for each seedling, sometimes even several times, and averaged for treatment group
and day. Photosynthetic quantum yield was measured parallel to gas exchange on most of the sam-
pling dates and means per day were calculated as for gas exchange data. The plants received only
natural precipitation and were therefore exposed to some soil drought which, unfortunately, was not
recorded. Photosynthetic parameters were calculated after CAEMMERER & FARQUHAR 1981 and
related to total needle area. Chlorophyll fluorescence parameters were calculated after SCHREIBER &
al. 1994. At the end of the experiment nutrient contents of current year needles and biomass distri-
bution were analysed for each seedling .

Statistical treatment: The normally distributed (Kolmogorov - Smirnow test) daily means
of the gas-exchange and chlorophyll fluorescence data were tested for significant differences be-
tween (F) and (U) with the Student t-test. Stepwise multiple regression analysis was used to deter-
mine the correlation between nutrient contents on the one hand, and gas-exchange and quantum
yield on the other.

R e s u l t s a n d D i s c u s s i o n

Mean nutrient contents of U- and F- seedlings are shown in Table 1. N, P
and K, as well as the N/P ratio were significantly lower, but Mg and Ca contents
were higher in U than in F seedlings. All U plants were strongly N-deficient. A
weak P- deficiency occurred in some U and in a few F plants. All other macro- and
micro-nutrients (Fe, Zn, Mn) were sufficient in U and F by reference to GUSSONE

1964 and FÜRST 1996a, b. Compared to these seedlings the needles of mature trees
at Schöberle were less N, P, (Cu and Mn)-deficient.

Total seedling dry weight of U was only about 50 % ofthat of F. Root dry
weight, however, was less reduced in U which resulted in higher root/needle and
root/shoot ratios than in F, indicating a significant relative increase in C-allocation
to roots in U.
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Fig. 1. Comparison of gas-exchange parameters of U- and F-seedlings for various dates
during the vegetation period. Gas exchange was measured synchronously in U and F between 10
a.m. and 3 p.m. in the field. All measurements per day and treatment (12<n>36) were averaged and
the significance of difference between both treatments is shown as: *** p = 0.001, ** p = 0.01, * p
= 0.5, n.s. = not significant. Note that the x-axes in figures 1 and 2 are not time scales but indicate
the sequence of measuring dates.
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Table 1. (a): Nutrient content of current year needles and (b): biomass distribution of un-
fertilised (U) and fertilised (F) spruce seedlings after two years of treatment, dw = dry weight, n =
number of seedlings; significance of difference between U and F: *** p = 0.001, ** p = 0,01, * p =
0.05, n.s. = not significant.
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Fig. 2. Mean quantum yield (AF/Fm1) of U- and F- seedlings for various dates during the
vegetation period. Photosynthetic quantum yield was measured synchronously in U and F between
10 a.m. and 3 p.m. in the field. Means of PAR and temperature during the measurements are de-
picted in the upper part of fig. 2.

Net photosynthesis (Fig. 1, Pn) was significantly higher in F during moist
periods in July and September but was even slightly lower than in U during dry
periods at the end of July and in August. Nitrogen deficiency is reported to limit
sink activity of growing meristems which may lead to the down-regulation of pho-
tosynthetic source activity (LOGAN & al. 1999). The stronger reduction of Pn with
decreasing soil moisture in F compared to U was mainly due to a more effective
stomatal closure indicated by lower leaf conductance in F (Fig.l, g). Except for
periods with soil water stress, WUE was always higher and Q lower in F than in U
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(Fig. 1, WUE, C;), due to a distinctively higher photosynthetic capacity in F seed-
lings. Measurement of chlorophyll fluorescence, which allows insight into the state
of photosystem II, confirmed this result. Quantum yield, the photochemical effi-
ciency of photosystem II, was also always significantly lower in U compared to F
(cf. LOGAN & al. 1999). However, the generally low yield values obtained on
sunny days during midday (see temperature and PAR means), as well as the low
rates of Pn, indicate considerable stress in the potted seedlings. This may be ex-
plained by the rather low light saturation of Pn in spruce seedlings which at this
high altitude nursery were exposed to excess light conditions and occasional
drought.
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Fig. 3. Correlation between nitrogen content and net photosynthesis (left), and quantum
yield (right) in current year needles of unfertilised (filled symbols) and fertilised seedlings (open
symbols). Points represent mean values for each seedling, which were calculated from data meas-
ured during midday on 18 summer days.

Both Pn and quantum yield were positively correlated to the N content of
the needles (Fig. 3). Although other nutrients (P,K) were also slightly deficient in a
few seedlings, only N was accepted by multiple regression analysis as a significant
correlation factor. Higher transpiration rates (cf. g in Fig.l) may have passively
increased Ca and Mg contents in needles of U compared to F, while sufficient up-
take of N, (P and K) was impossible.

C o n c l u s i o n s

These first results demonstrate that addition of a fertiliser to a nutrient-
deficient calcareous forest soil substrate had a strong positive effect on growth, gas
exchange rates and quantum yield. Unfertilised spruce seedlings invested relatively
more carbon into their root system than fertilised seedlings, which may have led to
a better exploitation of the nutrient and water resources of the soil. Strong N defi-
ciency led to yellow-green needles and to a reduced photosynthetic performance.
Further implications on pigment and antioxidant contents are expected but analysis
is not yet complete.
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