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An approximatc mcthod for determining nitrogen productivity (biomass incrcase per unit nitrogen and day) in Pinus

svlvestris L. seedlings used in a previous cxperiment was compared with a more rigorous mcthod requiring a larger number of plants
and repeated destructive sampling. Scedlings of scven open-pollinated (OP) familics of contrasting nitrogen productivity calculated
by the approximate mcthod, were cultivated in a growth chamber for (wo growth periods (GPs) accomplished in 43 wecks. Heights
were recorded monthly during GP1 and weekly or twice a week during GP2. Five harvests were performed during GP2 in order to
estimatc N productivity in a phystologically more rigorous way. Dry weights of different scedling parts and N concentrations in the
necedles were determined after cach harvest and bascd on these characters, the N productivitics and N utilization were computed.
A poor agrecment between the chythm of height and biomass growth was found. The comparison of the same traits between the
cxperiments shows with few cxceptions higher values for the previous cxperiment. The approximate N productivity of the
previous cxperiment was only weakly corrclated with the N productivitics of the present experiment, indicating that the
approximatc cstimate of N productivity was nof good enough to substitutc for the physiologically morc rigorous cstimate.
However, a good corrclation between the N utilizations of the both cxperiments was found which suggests possible usc of this trait
for further studics.

Key words: Growth chamber, nitrogen productivity, nitrogen utilization, OP familics, Pinus sylvestris, plant dry weight,
Scots pinc.

Introduction

There are implications that nitrogen is one among
the most limiting factors of the growth in Swedish for-
ests (Tamm, 1991). Considering the large variation in
fertility of sites where Pinus svlvestris grows (Higglund
and Svesson, 1982) there might be genetic differences
in nutrient use (nitrogen) efficiency. In the literature
nutrient use efficiency and its components have been
used with different meanings. Our definitions of the
terms are given below,

Nutrient use efficiency = a plant’s ability to pro-
duce biomass in relation to available nutrients, wheth-
er it can be attributed to uptake of nutrients from a sub-
strate or to utilization of nutrients.
the amount of
nutrient taken up by a genetic entry under defined non-

Nutrient acquisition capacity =

optimal conditions in relation to uptake under condi-
tions of frce access to nutrients.

Nutrient productivity = total dry weight produced
per unit nutrient in the needles per unit time (cf. Inges-
tad, 1979).
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Nutrient recycling = the ability to transfer nutri-
ents from low-productive sites to high-productive sites
in a seedling/tree (cf. Millard, 1996).

Nutrient utilization = total dry weight produced
per untt nutrient in the needles. '

For each nutrient element a separate acquisition
capacity, productivity, recycling, and utilization may be
estimated.

Many reports on forest trces (Walker and Hatcher,
1965, Pritchett and Goddard, 1967, Jahromi et al., 1976,
Roberds et al., 1976, Waxler and van Buijtenen, 1981,
Sheppard and Cannell, 1985) indicate that genetic dif-
ferences exist in nutrient use efficiency. These obser-
vations in combination with the cxisting - ariation in
Pinus sylvestris stand site fertilities call {or genctic
studies of variation in N use efficiency in this species.
Of particular interest would be to identify genetic en-
tries that grow well under limiting availability of nitro-
gen, i.e. that have high N productivity or N utilization.

There are no studies known to us of genetic vari-
ation in N productivity in tree species using the origi-
nal concept of N productivity (Ingestad, 1979). In ac-
cordance with this concept plant materials are studied
during the exponential growth phase of the {irst growth
period and under conditions when the nitrogen status
and the relative growth rate of the scedlings do not
change over time. Their stability can be tested by re-
peated harvests and analyses (cf. Ingestad, 1979) as the
few genetic entries involved allow large number of
plants per entry to be examined.

In our genetic studies, both duration of experi-
ments and the number of genetic entries and individu-
als within entries increase considerably. The volume of
material studied in genetic tests carrted out with a phys-
iologically correct approach would be too large to han-
dle. Instead, a two-step strategy may be used in which
an approximate N productivity for many families is es-
timated by means of simplified methods in the first step.
The physiologically correct approach with destructive
sampling on several occasions and assessment of
“true” N productivity in representatively selected fam-
ilies is then carried out in the second step and the agree-
ment between the two estimates is tested.

In a previous study (Jonsson et al., 1997) and in
accordance with this two-step strategy the N produc-
tivity of 21 open pollinated families of P sy/vestris was
estimated by an approximate method. This was done by
using height growth measurements, instead of repeat-
ed harvests (during the phase of the most rapid
growth), as an indirect means to determine the daily

weight increment. Iarvest and tissuc nitrogen analysis
were carried out at the end of the second growth peri-
od. We preferred to include the second growth period
in our study since the first period is different from the
second and all consecutive growth periods in not hav-
ing predetermined growth.

The aim of this study was to test whether the ap-
proximate estimates of nitrogen productivity calculated
per day (Jonsson et al., 1997), which arc feasible for ge-
netic studies, agree with physiologically more rigorous
estimates of nitrogen productivity. Similarly, estimates
of N utilization from the previous and the present study
will be compared.

Abbreviations

DURGP2 — period of most intensive height growth
(from 10% to 90% of the increment during GP2 only).

GP - first growth period.

GP2 - sccond growth period.

N - nitrogen

OP — open-pollinated.

Materials and methods

Cultivation technique

Seven open-pollinated families of Pinus svilvestris
representing the range of approximately estimated N
productivity (Jonsson et al. 1997) were included in this
growth chamber experiment. Seced sowing was carried
out in pots with a mixture of sand, perlite, and vermicu-
lite and covered with plastic bags. After two weeks the
seedlings were transplanted into pots with mineral wool
and cultivated for two growth periods {(GPs). On top of
the mineral wool a thin layer of gravel was used to
avoid algal growth. The seven mother trees originate
from central Sweden, therefore, photo- and thermoperi-
odic conditions characteristic of that area were used in
our experiment (Jonsson et al., 1992) except for winter
which was shortened (cf. Tahle 1).

There were five main replications (blocks) of the
experiment. Harvests took place at the week numbers
indicated in Table 1. Within each replication, each fam-
ily was represented by 18 totally randomized seedlings.

At least one hour before applying nutrients, satu-
ration of the substrate with distilled water was carried
out. An amount of 2 ml of nutrient solution per plant
was applied on every occasion with varying nitrogen
amount according to a dose curve calculated in ad-
vance (cf. Jonsson et al., 1997). During GP1 the nutri-
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Stages Week N, after Night length (h) Tempetatie, °C Table 1. Cultivation conditions in a
- — —_— S o g
sowing Day | Night growth chamber for two growth periods
Grt Gr2
{ Sowing 1-2 [ 28 15
11 Growth 310 28-30% 8 25 is
11 Growth retardation PR JI* 32%.3R gradual increase of 20 1
one bourrweek until 14
TV Resting stage 19-21 3041+ 16 20 10
22 16 15 5
V Breaking of dommancy 23 16 [ s
| 21 16 10 s
| 25 16 s 5
|
26 24 2 2
27+ 16 10 S

* indicates week numbers when harvests had been carried out

ent solution was applied every second day except for
the period of weeks 22-27 after sowing (end of resting
stage — breaking of dormancy stage). At that time,
owing to limited growth, watering was done only twice
a week. Watering and nutrient addition were done in
the same way during the early part of GP2 as well. At
week 31, 17 days from the beginning of the GP2, the
daily nutrient additions were started. Totally, 10 mg of
nitrogen were applied to each seedling during GP1 and
42 mg during GP2 (cf. Jonsson et al., 1997). Osram HQIE-
250 W/D lamps were used as a light source with an ir-
radiance of about 320 mExm?xs"' (400-700 nm) at plant
level. During weeks 25-26 after sowing (breaking of dor-
mancy stage) it was reduced to about 90 mExm2xg!,
The relative air humidity was 75%.

Assessments

The measurements of seedling height to the top of
the Jeader were made monthly during GP1 and weekly
during the GP2, except for the period of the most inten-
sive growth when they were performed twice a week.

Five harvests were carried out according to the
seedling height growth curve drawn up in an earlier ex-
periment (Jonsson et al. 1997), threc during the stage
of the most intensive height growth during GP2, and
one at the end of each GP. In order to calculate nitro-
gen productivities at different stages of seedling
growth, nitrogen in needles was analyzed after each
harvest.
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The above-ground plant parts were put in paper
bag and dried for 40 hours at 70°C. Afterwards, the
needles were separated from the branches and were
dricd under the same temperature regime for another
hour. Then needles as well as stems with branches were
weighed in order to determine the dry weights. Dry
welght of roots was estimated indirectly by weighing
dricd pots (64 hours at 70°C) with the substrate before
planting and after harvesting the above ground plant
part. After grinding the needles, the nitrogen content
was determined by an Elemental Analyzer NA 1500,
Rodano, Italy.

In order to avoid possible errors caused by outly-
ers, plants with a total dry weight less than 2 standard
deviations of the mean value at each harvest were ex-
cluded from the calculations. Thirty seedlings out of 640
were eliminated in this way. The traits studied are pre-
sented in Table 2.

Calculations

The following equation was used to calculate the
N productivity:

Ry

N prod = =

N cone

()

where: N prod is nitrogen productivity (g DWxmg N
'xday™"), Rn 1s relative growth rate between the harvests
concerned (gxg DW-'xday"), N conc is nitrogen con-
centration in ncedles estimated after each harvest (mg
Nxg DW -1y,

needles
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Table 2. Growth chamber traits of
the present cxperiment used for
analyscs.

Growth chamber

trails

DURGP2

days

DW g

DW,,

7

D Wi

eight

mm

N conc

N prod

N prod g

N utiliz

Fvaluation unit

mg N-g DW, e 1

g DW-mg N Lday

mg DW-mg N 'day

mg DWemg N

Annolation

Period of the most active height growth (from 10% (o

Q0% of the increment during GP2 only).
Plant total dry weight at a certain harvest

Initial plant total dry weight (for estimation cf.

Malerials and methods)
Needle dry weight at a certain harvest

Seedling height 1o the top of the Icader assessed monthly

during GPT and weckly or twice a week during GP2.

N concentration. (Nitrogen concentration in ncedles
evaluated afier each harvest)

: Nitrogen productivity. (Described in Materials and

methods).

! Approximate nitrogen productivity. (Described in

Maierials and methods).

Nitrogen utilization. (Described in Materials and

methods).

We chose to express the nitrogen productivity on
a needle-N Dbasis instead of plant-N basis because of
convenience and because of the strong relationship
between leaf nitrogen and plant growth demonstrated
by Ingestad and McDonald (1989) and Agren (1983).

Relative growth rate (Rg) was calculated by use of
equation 2:
In Rpw n
Rpw m (2)
R =—"—
13 t

where: R n is relative total dry weight at harvest “n”
(g), R, m is relative total dry weight at some earlier
harvest “m™ (g), t is number of days between harvests
“m™ and “n™.

The relative dry weight, R
using equation 3:

pye Was calculated by

where: DWm is total dry weight at the harvest “m” (g),
DW_ is initial total dry weight (g).

Initial dry weight was regarded as 20% of the fresh
weight at the time of transplanting, i.e. two weeks after
sowing (Ingestad and Kiihr, 1985). Since different plants
were harvested on the different occasions the calcula-
tions of N productivity had to rely on family mean val-
ues. The original intention was to calculate N produc-
tivities for the period of the most active height growth
(harvests 2 and 4). However, the dry weight increment
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between these two harvests was minute (cf, Figure ).
Therefore, we calculated N productivities based on har-
vests 2, 4, and 5 as well as two extra N productivities
using extrapolated N concentration values (Table 3).

e Height, mm

1A - - e o — ‘ 7
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2627 28 29 30 31 32 23 34 35 36 37 IR 39 40 41 42 A3

No. of wecks after sowing
Figure 1. Secedling height growth and total dry weight pro-
duction for the family with the highest N utilization during
the sccond growth period. The arrows indicate start, maxi-
mum and cnd of N addition, the cross marks the point of
assumed end of an increase in dry weight.

To estimate the N concentration in the plants at the
end of their growth period, we assumed no dry weight
increase after the night length reached 12 hours and the
nutrient additions were finished (cf. Figures | and 2).
On this day, 259 from sowing, we extrapolated the N
concentration in Figure 2.

In order to compare the present results with data
obtained by lonsson et al (1997), the approximate ni-
trogen productivity was calculated in the following way:

ISSN'1392-1355
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Table 3. List of nitrogen productivitics used for analyses

Character Period concerned/(No. of Inter family Comments
days) mean
(g DW-ng

N 'day ")

Present experiment

N prod, oo Period of mos( aclive 10.6%* Caleulated according to the
height growth/(26+) simplified requirements

N prod 2-5 harvest 2 - harvest S/(89) 1.2

N prod 4-5 harvest 4 - harvest 5/(71) 1.1

N prod 2-4 harvest 2 - harvest 4/(18) 09

N prod 4-extrap harvest 4 - day 259/(35) 1.7 Extrapolated values of N
concentration af the day
259 were used

N prod 3-extrap harvest 3 - day 259%/(45) 1.8 Fixtrapolated values of N

concenlration af the day

259 were used

Previous experiment

N prodapa Period of most active R.Qu# Calculated according to the

height growth/(34*) simplificd requireiments.

* indicates mean valuc of the scven familics.
** shows the values cstimated in mg DWxmg N-'»day!

O Nconc., mg N-(g DW__ " e DW total, g

18 — —— —

16 e

14 / O e
12 3 T

]
, 1

- 7‘(»{ g ¥ o =Y .

oF L E e 4

] ; e 4 5

d

& U TR 5

4 {

) start max end l 1
'3 Py i AN

0 My o Vosiai, .v%_v..h i PV FPPTVIN IYPTTRY CPOTIN | AR OO i 19
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4l 42 M3

No. of weeks after sowing

Figure 2. Ncedle N con-centration and total dry weight pro-
duction for the family with the highest N utilization during
the second growth period. The arrows indicate start, maximum
and end of N addition, the cross marks the point of assumed
end of an increase in dry weight.

0.766- DW

| DWeedle * N conc (4)
N prodapprox = —0RGer

where: 0.766 is the average fractions of biomass pro-
duced during GP2 estimated in the previous experiment
(cf. Jonsson et al., 1997), DW is total plant dry weight
at the end of the experiment (g), DW is needle dry
weight at the end of the experiment (g), N conc is ni-
trogen concentration in needles at the end of the ex-
periment (mg Nxg DW__ 1) DURGP2 is the period of
most intensive height growth (cf. Table 2).

Besides N productivity, the nitrogen utilization
(dry weight production per unit of nitrogen taken up)
was calculated as well. The following equation was used
for computing N utilization:

needle

N utiliz= —————— (
DWicedte - N cone

i
~

S

where: DW is total plant dry weight (g), DW__
needle dry weight (g), N conc is nitrogen concentra-
tion in needles (mg Nxg DW___ ).

In order to compare present and previous esti-
mates, the N utilization was calculated in this experi-
ment for the last harvest only. Before calculating N pro-
ductivities and N utilizations, correction of N concen-
tration in the needles for the minimum internal concen-
tration of 4 mg Nxg DW ' required for growth’s
occurrence and corresponding to structural N, was
performed (cf. Ingestad and Kihr 1985).

Procedure CORR of the SAS software was used for
estimating strength and significance of Pearson’s rank
correlations between the characters of the present and
the previous experiment (SAS, 1988).

needle

Results

A pairwise comparison of the same traits in the two
experiments (Tables 4, 5) shows that their values in the
previous experiment were consistently higher than in
the present experiment with the exceptions of N con-
centration (Table 4) and approximate N productivity
(Table 5). Family ranking for different traits differed both
within and between the experiments. Except for the
duration of the most active growth (DURGP2), family
18 was fairly consistent with respect to ranking.

As seen from Figure 1 (data from the family with the
highest nitrogen utilization), only a limited part of dry
weight production during GP2 was produced at the time
for height growth completion which was as low as ap-
proximately 18.6% as compared to an overall family mean.

The nitrogen concentration (Figure 2) reached the
highest levels at harvests 3 and 4 (15.2 and 16.4 mg Nxg
DW ... respectively). At the end of the present ex-
periment, nitrogen concentration was slightly higher
than the N concentration at the end of the previous
experiment (cf. Tablc 4).

From Table 6 it is evident that the approximate N
productivity of the previous experiment did not corre-
late well with any of the N productivities in the present
experiment.

Figure 3 illustrates that four of the seven relation-
ships including N utilization as one component, were
significant. All the relationships were positive.

Of the correlations among the six different N pro-
ductivities in the present experiment, only the correla-
tion between N productivities 4-5 and 4-extrap was sig-
nificant (Table 6). Most of the other correlations did not
exceed +0.60. The N concentration was negatively cor-
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Family Present experiment l Previous
for the present growth chamber experiment and N ey experiment
for the end of the previous growth chamber .

. . Harvest | Harvest 2 Tlarvest 3 Harvest 4 Harvest S | Final harvest
experiment (from Jonsson et al. 1997). Family ; 93 3 N9 @ 158 @) 61 (7 07 @ | 94 @
ranking presented in parcntheses. - 04 (1 120 @3 156 (3 168 () 03 & | 92 (6

B 9.8 (2 126 (1) 166 (1) 169 (1) 07 3 | 103 (D
9 9.2 (5 125 () 155 (4 166 (4) 103 (6) | 97 (B
0 87 (1) 1.1 (m 149 (6) 162 (6) 1o (M | 99 (@
17 93 (@) 114 (6) 146 (T 169 (1) 105 @ | 92 ™M
18 9% (6) 1.5 (%) 152 () 164 (%) 102 (0 | 23 4
Mean 9.4 1.9 15.5 16.6 18.5 9.6
Table 5. Values of various traits of the present and the previous experiment. Family ranking presented in parentheses. Units
arc presented in Table 2.
N productivily N ufilization DWW Height DURGP2
Family Present experiment Previous Present Previous Present Previous | Present Previous Present Previous
No. experiment experi- experi- experi- cxperi- experi- cxperi- experi- experi-
mend ment ment menl ment ment ment ment
N prod 4- N prod,ox N prod,eme
cxtrap
] (K] @ 95 (6 0.0 (1) |39 @ 405 (3 |59 (3 68 (3) | 140 (1) 153 2) | 292 @) 321 ()
7 |16 6 1.7 () 87 @) |37 (5) 373 (@) (49 () 65 (5) | 14 (6) 49 @) |25 (6 342 (%
8 1.6 (7 102 @ 77 (N 307 (6) 322 (M |53 (8 6.1 () [ 135 (2) 144 (4) 246 (%) 344 (4)
9 |19 @ 103 @ 82 (6} (326 3 3067 (5 [60 @ 6.6 (4 | 123 @ 136 (6) [ 296 (1) 355 ()
0 |7 & 85 (N 85 (5) [205 () 356 (6) | S5 (%) 6.2 (6) | 115 (5) 131 () | 282 ) 339 (6)
17 |10 My 10 (® 94 3y (317 @ 408 @) |57 @ 72 @) |14 136 (5) [27.4 4 353 (2
1|18 3 134 (D) 9% @) [3%6 () 414 (1) |61 (1) 75 () |15 ¥ 158 () 215 (1) 347 @)
|
Mean | 1.7 10.6 8.9 316.7 378.7 5.6 6.7 123.7 143.9 26.1 34.3

Table 6, Pearson's rank correlation coefficicnts and their significances (* - significant at 5% level, *** . at 0.1% level,
respectively) for relationships between N productivities, N utilizations and DWs from the two growth chamber experiments
and N concentration and height for the present experiment. Note that there may be autocorrelations within an experiment
between plant dry weight on one hand and N productivity and N utilization on the other hand.

Variables Present experiment Previous experiment
N N prod 4-5 Noprod 2-5 Noprod 2-4 N prod 4- N prod 3- Nconc  Height | Nprod,py  Nutil DW
prod,, extrap extrap
| 1 2 3 4 5 6 7 8 10 H 12
Present experi
ment
N prod, oo -0.70 -0.06 0.28 0.37 0.58
N prod 4-5 0.28 -0.60 -0.35 0.28 0.58 0.68
N prod 2-5 0.37 0.56 -0.74 0.06 -0.30 -0.06 0.10
N prod 2-4 0.18 -0.14 0.75 -0.37 0.39 -0.57 -0.54 -0.43
N prod 4-extrap | 0.08 0.97+* 0.38 -0.32 -0.39 -0.37 0.34 0.60 0.64
N prod 3-extrap | .17 -0.21 0.41 0.69 -0.30 -0.22 0.84* -0.05 -0.16 -0.12
N utilization 0.60 0.58 0.46 0.10 0.50 0.50 -0.69 0.42 0.59 0.70 0.78*
DW 0.14 0.56 0.18 -0.21 0.62 0.36 -0.25 0.32 0.50 0.58 (.63

related with N productivities (Table 6), N utilization, and
plant dry weight (Figure 4). Noteworthy is that both dry
weight and N utilization correlated poorly with final plant

height.

Discussion and conclusions

We limited this study to seven families selected in a
representative way to evaluate if the approximate meth-

B 1999, VOL 5,NO. | I (5o 1392-1355
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Previous

cxperiment Present  experiment
S “orcelations
of the 6 N pro-
N produc- ductivities with the
liVilY 5 traits in this graph
are given in
Tatle 6
—_ ‘ ‘\\\' S

e \“ \

o,
\7/
r\\luli(ilalion

3
A S .
~

Plant DW

N % SHIRN

o

> + 0.60 non-significant

+ (0.60 — 0.30)

Figure 3. The relationships among various characters studied
in the present and previous cxperiments

od for determination of N productivity used by Jonsson
et al. (1997) gives a good estimate of the N productivity
as defined by Ingestad (1979). For cost and space rea-
sons seven families constitute an upper limit that could
be dealt with. Seven families is also a minimum for esti-
mates of family mean correlations between two traits.
However, a selection that is representative as regards N
productivity does not necessarily give a selection rep-
resentative as regards other traits. Therefore, not only
significance of correlations, but also trends in relation-
ships among all the traits will be discussed.

It should be noted that, within an experiment, there
may be autocorrelations between N utilization and plant
dry weight since the latter is numerator in the deriva-
tion of N utilization. Similarly, part of the dry weight is
the numerator in the derivation of the N productivities.

N productivity

The main objective of this investigation was to
study if the approximate N productivity per day accord-
ing to Jonsson et al. (1997) was a good estimate of a
physiologically more appropriately estimated N produc-
tivity. As is evident from column 10 of Table 6 there
was a poor agreement between the approximate N pro-
ductivity of the previous experiment and all the N pro-

N concen-
tration

o ‘}7 l NN
Plant OW  INaaaaswwaaAasasasaaef N utilization

AN

wmmspmmen > () 6()

F(0.60  0.30)

------- < 0.30

Figure 4. The relationships among N concentration, N
utilization, plant height, and total dry weight at the end of
the present experiment. + and - indicate positive and negative
corrclation coefficients

ductivities of this experiment. Moreover, the two N pro-
ductivities estimated in the same way 1n the two exper-
iments had a correlation coefficient as low as 0.28. The
most probable reason for this weak relationship is the
poor agreement between the family DURGP2s in the two
experiments, the latter relationship having an estimat-
ed family mean correlation coefficient of -0.10 (not
shown). This must partly be attributed to the low var-
tation of this trait — the largest difference between the
family means was 3.4 days in the previous experiment
as compared to 8.1 days in the present experiment. Since
DURGP?2 is the denominator in the formula for deriva-
tion of approximate N productivity this difference be-
tween the two experiments has a great impact on the
estimate of this trait. The reduced growth in the present
experiment might also have contributed to the discrep-
ancy hetween two N productivities estimated in the
same way in the two experiments.
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The difference in DURGP2 of the two experiments
was unexpected since growth rhythm traits are shown
to keep the family ranking from growth season to
growth season (Mikola 1980). It is also unexpected in
view of our finding of fairly strong and non-significant
relationships between plant dry weights (r = 0.63) and
N utilizations (r = 0.70) of the two experiments (see also
Figure 3).

Since the planned harvests were based on height
growth and height growth did not reflect the dry weight
growth (cf. Figure 1) there was a problem of estimating
N productivity during the exponential phasc of dry
weight growth under steady state nutrient conditions
as done by e.g. Ingestad (1979). Thercfore, we made
several estimates of the N productivity in our investi-
gation. With three exceptions the correlation coeffi-
cients among all N productivities of the present exper-
iment were weak, not exceeding 0.60 (Table 6 columns
2-6). It is worth mentioning that the extrapolated N pro-
ductivity "N prod 4-extrap™ (cf. Table 3), that might
come closest to the requirement of including the expo-
nential phase of dry weight growth, had the strongest,
however, non-significant, relationship with plant dry
weight (r = 0.62). It also had the strongest relationship
with the approximate N productivity of the previous
experiment, although still weak (r = 0.34).

In spite of the possibility of autocorrelation be-
tween N productivities and plant dry weight, the corre-
lations between these two traits in each of the experi-
ments were never really strong,

Other traits

Since the seven families were selected in order to
cover the range of approximate N productivity in the
previous experiment this means that the seven families
did not cover the full range as regards the other traits.
In spite of this we noted strong and significant corre-
lations between N utilization in the present experiment
and the plant dry weights in both experiments (Figure
3). The correlation of N utilization of the previous ex-
periment with plant dry weight in the present experiment
was estimated at 0.58. The N utilizations of the two
experiments were strongly correlated with each other
(0.70). These data suggest that N utilization can be
assessed with repeatability and that it is a fairly good
predictor of dry weight production even in other exper-
iments. Moreover, it was shown to be one of the best

juvenile traits to predict field performance (Abraitis et
al. 1998).

The weak relationship between final height and
other traits in the present experiment is striking (Figure
4, Table 6). Thus plant height does not reflect the plant
dry weight. We are not aware of any genetic studies in
which the growth rhythms of height growth and dry
weight production were studied simultaneously. There-
fore, we do not know if our results are unique or gen-
eral. It is desirable for studies of nutrient productivi-
ties to have knowledge about the growth rhythm of dry
weight production. However, for genetic studies such
experiments would be hard to carry out for space and
cost reasons.

The plant N status did not remain constant during
the growing season in this investigation. The needle
nitrogen concentration peaked at harvests 3 and 4
(mean values 15.5 and 16.6 mg Nxg DW__ ', respec-
tively), i.e. during the period of most active height
growth and largest nutrient additions. Since the peak
in nutrient addition preceded the peak in biomass pro-
duction it is possible that part of the nitrogen was tak-
en up in excess of growth requirements, thus lowering
the N productivity at this stage of plant development.

As expected, the N concentration was strongly neg-
atively correlated with N utilization (Figure 4). The more
biomass produced per nitrogen unit in the plant, the larg-
cr the N utilization will be. It is somewhat surprising that
the negative relationship between N concentration and
plant dry weight was not stronger (Figure 4).

In conclusion, an answer to the question whether
the approximate N productivity is a good estimate of
true N productivity in the scnse of Ingestad (1979) can-
not be definitely given based on the data from this in-
vestigation. It remains to cultivate the families in so
called Ingestad boxes and estimate the N productivity
from such an experiment. However, N utilization could
be estimated with a satisfactory repeatability and was
fairly strongly correlated with dry weight and thus may
be utilized in future experiments.
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YCBOEHME A30TA CAXKEHIAMH COCHbI OBBIKHOBEHHOM (PINUS SYLVESTRIS
L) CEMH CEMEN CBOBGOJIHOTO ONBLUIEHUA

P. A6paittnc, A. Houcon, I'. Dpukcon, M. Kaxp, T. Dpukcon

Pe3zione

NMpubmmsurenninii Metos sthekTHRIOCTH ocRoenns azoTa (ypenuyenns GHOMACCH 1 #30Ta 34 OPNCACICHIIOE BPCMS) Yy
caxcenuen cocnul oGuKuoReHON (Pinns sylvestris 1.), KOTOPuIfi npUMCHSIICA B IIpEAnyIieM onnite, OnuT cparnent ¢ Gonee
CTAPLIM MCTOJOM, TPCOYIOIHIM GOJBUICTO WICHA CAXEINICR ¥ HCCIERORANNTT AeCTPYKTHRIOIT BhpyOKi. Juig onwrta oto6parist
CakeHikl 7 ceMeii cBofOOr0 ONLIEHNS, KOTophle uMen nanfonce KonTpacTiioc ocsoenne azota (N), pummicnuoe 1o
HPHOAMINTENLIIOMY MCTOIY, TIPH BRIPAULBATIHIL CAKCHIICE B KIHMATHYCCKAX KAMCPaX B TEUCIHE JIRYX BEICTATHRIILIX
NEPHOAAX, cocTarmAoux 43 ey, B Tercnie 1epporo BCICTAURHONHOTO Ce301a BLICOTa CUKCHIER H3MEPSITACH CKEMECSMITO,
a RO BTOPOM CE30Me — CXENSACIBIO TUIH IRAXJIR B neacmo. Yuer ocsoeninst N BO BTOPOM ce3olie pocTa TPOROMHICS
TATHKPATHO 1yreM hranonorteckoro Metona. Cyxas Macca pammMubRX vacTeil caxeruen i xonuentpamns N B xnoe
YCTARARITHBAIACH TTOCIC KAXKJOTO yHeTa.

Ha s7oit ocnore onpeniesictio ocroetiiie 11 norpeGnenne N. Brina yeranomiciia cna®Gas KOppenstinonias cuazh MeXIy
YREITHUCITHEM BLICOTH caxenues 1 ux Gromaccn. Conocrapienie offux 1 TeX XKe MPH3IAKOB B 000HX OBBITX 110KA3ano,
q4TO, 34 MCKMIOMEITHCM TECKONLKHX CNIYyYacs, HOKA3aTTCHAW, HOJIYHENsie B HPCAMIYIICM OTHITE, OLUTH RLIMIE,
MpuGnuanrenniioe ocsocriie N B MCpBoM ofIbITe HMETO Ciafyio KOPPENSIHIO CO BTOPBIM, TIOKA3RIBAA, UTO NIPHOTUIHTCILITLIT
nofictteT ocpoeriis N ARISICTCst HCROCTATOMNLIM, UTOBL 3aMenuTh dirmonorntucck it moxcuct. Heemorps na 3710, Gnuta
YCTAHOBNEHA JOCTATOMIIO BRICOKAT KOPPCHSUM MCXKIY THOTPEIICHIICM a30Ta B 06CHX ONBITAX, 4T0 JIICT HOROJ NONAraTh, Y4TO
onpeaciciinie ocrocnig N, Kak JOCTORCPAOTO CROCTRA, BOIMOKIO B MATHHCHIIIX HCCTCIOBAIX,

Kntouerwie cnona: cociia O()MKHOHCHHRH. KJMaTiJeckas KaMepa, OCrocHuc aiora, IIOTPC()JICHHC a30Ta, CEMbH
CRODOATOND OTILUICHA, CYXad Macca.
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