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Abstract

In this study nitrogen (N), phosphorus (P) and potassium (K) analysis were carried out during
vegetative and generative growth periods in some members of Amaryllidaceae family collected
from the Central and East Black Sea Regions, on the north of Turkey. The above ground parts of
plant were found to have gher macroelement concentrations as compared to below ground parts
during vegetative growth period. However, below ground parts have higher macroelement
concentrations during generative growth phase due to “top senescence”. In addition to this there
were significant and mostly negative correlations between plant and soil macroelement
concentrations.

Introduction

Geophytes are the plants in which the perennating bud is borne on a subterranean
storage organ and their annual growth cycle usually includes a dormant period. The
reserves in geophytic plants in their storage organ support leaf growth at the beginning of
the growing season and, to a varying degree, also reproduction (Méndez, 1999).
Geophytic plants have quite interesting ecophysiological properties in respect to
redistribution of macroelements between above and below ground parts at the beginning
and at the end of their growing season. This redistribution is highly iinportant for the
economical use of nutrients (Feller & Fischer, 1994). Geophytic plants evade stress
conditions such as shade, drought etc., by survivai in below ground organs and they
exhibit, some features of sun plants but also those of plants of shaded habitats
(Goryshina, 1972). Besides, they have also interesting phenological properties such as
flowering time (spring or autumn), the presence ol protantherous, hysterantherous and
synantherous taxa etc. (Rawat et al., 1991}.

Amaryllidaceae family is represented by eight genera in Turkey. Agave L., and
Polianthes L., are used as ornamental plants and they are found as alien species and not
natwralised in Turkey. Ixiolirion Fischer ex Herbert is not found in Central and East
Black Sea Regions and it has a very limited distribution on the southemn part of Turkey
(Davis, 1984; Ekim ¢/ al., 1989). Therefore the remaining five genera were examined in
this study which have a great economical importance since they contain important
alkaloids mainly galanthamine in their bulbs. In addition to this, Pancrativm maritimum
L., Sternbergia lutea (L.) Ker-Gawl. ex Sprengel and Narcissus tazeita L. subsp. tazetta
contain some different alkaloids other than galanthamine. For example P.maritimum
contains lycorine, hippeastrine, haemanthidine and vittatine and S./utea and N. tazetta
subsp. fazetta contain some vomitory alkaloids in their bulbs, most of them are not
clearly identified (Baytop, 1984; Tato ef al., 1988). The studied natural taxa can also be
used as ornamental plants and the bulbs of these taxa have been continuously exported
so that the population density of these taxa have since decreased day by day (Ekim er al.,
1989).
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In this study redistribution of some macroelements (N, P, K) between above and
below ground parts and the correlations between plant and soil during vegetative and
generative growth periods in some Amaryllidaceae members were investigated. The
concentrations of nitrogen, phosphorus and potassium seem to be more closely controlled
than other nutrients, which could reflect the specific amounts needed for biochemical
function (Canadell & Vila 1992). The main aim of the present study was to examine
whether top senescence occurs in Amaryllidaceae members or not.

Materials and Methods

Study area: Plant samples were collected from Central and East Black Sea Regions
which is situated in the northern part of Turkey. The study area is situated between A5
and A8 squares according to the grid systeme of Davis (1984). The studied taxa are
situated in different habitats. L. aestivum and N. fazetta subsp. tazetta occured in
lakesides and swamp and Fraxinus angustifolia Vahl. subsp. oxycarpa (Bieb. ex Willd.)
Franco & Rocha in Afonso forests. P. maritimum occured in sand dunes. G. rizehensis
and S. /utea occured in Quercus cerris L. var. cerris forest clearings. All of the taxa were
collected at sea level. L. aestivum and P. maritimum specimens were collected from 13
sites. However, G. rizehensis, S. lutea and N. tazetta subsp. tazelta specimens were
collected from 5 sites due to the narrower distribution of these species as compared to the
L. aestivum and P. maritimum (Fig. 1).

Sampling design: Plant samples were harvested during vegetative and generative growth
phases and separated into above and below ground parts. Sampling was repeated twice
during vegetative and generative growth phases.

Vegetative growth phase samples of L. aestivum were taken in the second half of
February. Vegetative growth phase samples of G. rizehensis and P. maritimum were
taken during the first half of December and at the beginning of June, respectively.
Vegetative growth phase samples of S. Jutea and N. tazetta subsp. tazetta were taken in
the first half of September and in the second half of October, respectively.

Generative growth phase samples of L. aestivum were taken at the beginning of
April. Generative growth phase samples of G. rizehensis and P. maritimum were taken in
the middle of January and during the second half of July, respectively. Generative growth
phase samples of S. lutea and N. tazetta subsp. tazetta were taken in the second half of
October and during the first half of December, respectively.

Method of chemical analysis: Plant samples after washing in deionized water were dried
at 70°C to the constant weight and after grinding in a Wiley mill passed through a 20
mesh sieve. Nitrogen (%) was determined by the micro Kjeldahl method with a Kjeltec
1030 Analyser (Tecator, Sweden) after digesting the samples in concentrated H,SO, with
a selenium catalyst. For P (%) and K (%) analysis plant specimens were wet ashed in
concentrated HNO; and HCIO, and P was determined by using Jenway spectrophotometer
and K was determined by Petracourt PFP-7 flame photometer (Allen et al., 1986).

Soil samples were collected during vegetative and generative growth phases
separately and soil and plant samples were taken simultaneously during vegetative and
generative growth phases. Soil samples were taken using a 7 cm diameter auger to a
depth of 30 cm. Five to thirteen soil cores were taken according to a fixed spatial
arrangement after the plant samples were removed. Soil samples were air-dried and
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sieved to pass through a 2 mm mesh prior to analysis. Soil texture was determined by
Bouyoucus hydrometer method. Soil nitrogen (%) was determined by micro Kjeldahl
method. Soil phosphorus (%) was determined spectrophotometrically following the
extraction by ammonium acetate. Soil potassium (%) was determined by using a
Petracourt PFP-7 flame photometer after nitric acid wet digestion. Organic matter (%)
concentration was determined by Walkley-Black method (Bayrakli, 1987). The results of
soil analysis were explained according to Chapmann & Pratt (1973) and Bayrakh (1987).
Phenological observations were also carried out.

The differences were assessed by one-way ANOVA tests. Pearson correlation
coeflicients were also calculated. Statistical analysis were performed using MINITAB
software package (Schaefer & Anderson, 1989).

Results

Phenological observations: All the taxa used in the study are protantherous. [n other
words, leaves appeared before the flowers (Rawal ef al., 1991). L. aestivum, G. rizehensis
and P. maritimum are spring geophytes. However, S. lutea and N. tazetta subsp. fuzetiu
are autumn geophytes.

Vegetative growth stage in L. aestivum begins during the second half of February.
The tlowering time is the second half of March. The appearance of fruits takes place at
the end of April and by the end of May the seeds are dispersed.

The vegetative growth period in G.rizehensis begins during the first and second half
of December. The vegetative growth stage is quite short and this species sharply switches
from vegetative to reproductive growth. Flowering occured in the middle of January and
continued up to the end of February. Fruit maturation begins at the end of March and
seeds are dispersed during the second half of April.

In P maritimum, vegetative growth stage occured at the beginning of June and July.
During the second half of July first flowers appeared. At the end of August or at the
beginning of September fruits begin to grow. Seed dispersion occured during the first half
of October.

Vegetative growth stage in S, /urea begins during the first half of September. This
species bears its flowers during the second hatf of October. Fruit maturation begins at the
beginning of November. Seed dispersion occured during the second half of November.

The duration of vegetative growth period in 2 fazefta subsp. tazetta is at the second
half of October and during the first half of November. Flowering begins during the first
half of December and continues up to the end of December. At the outset of January fruit
ripening occured. The time interval for seed dispersion is between the second half of
January to the middle of February.

The results of plant and soil analysis: L. aestivum occurs on sandy-loamy and clay-
loamy soils. P. maritimum grows on sand dunes. G. rizehensis and N. tazetta subsp.
tazetta prefer clay-loamy soils. S. lutea occurs on sandy-loamy soils. All of the species
occur on the soils that have high nitrogen (%) concentrations. K (%) concentrations were
also high for almost all species. However, P (%) concentrations were usually at medium
levels (Chapmann & Pratt, 1973; Bayrakli, 1987). P. maritimum occur on the soils that
have very low P(%) concentrations. This species also occur on the soils that have low
organic matter (%) concentrations (Fig. 8). Although S. Jutea also occur on the soils that
have low organic matter (%) concentrations, it also occur on the soils that have high
organic matter (%) concentrations (Fig. 11; Chapmann & Pratt, 1973; Bayrakli, 1987).
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Mean above ground N (%) concentration varied from 1.03 (S, furew)-2.83 (/L.
aestivum) and 0.61 (S. futea)-2.16 (P. maritimum) in vegetative and generative growth
phases, respectively. However, mean below ground N (%) concentration varied {rom 0.50
(S. Iutea)-1.34 (N. tazetta subsp. tazetta) and 1.06 (S. lutea)-2.23 (N. tazetta subsp.
tuzeria) in vegetative and generative growth phases, respectively (Fig. 3-16).

The highest mean above ground and below ground P (%) concentration was
obscrved in 7. waritimum (0.41) and S, {utea (0.18), respectively during vegetative
erowth phase. However, the lowest above ground and below ground P (%) concentration
was observed in N. tazetia subsp. razetra (0.06-0.05) during vegetative growth phasce. The
highest mean above ground and below ground PP (%) concentration was observed in S.
lutea (0.21) and P. maritimum (0.37), respectively during generative growth phase.
However, the lowest above ground and below ground P (%) concentration was observed
in N razetta subsp. tazetta (0.04) and S. lurea (0.03), respectively, during generative
growth phase (Fig. 3-16).

Mean above ground K (%) concentration varied from 0.28 (N. tazeria subsp. tazetia)-
6.80 (S. furea) and 0.21 (N. tazetta subsp. tazeita)-2.79 (L. aestivum) in vegetative and
generative  growth  phases, respectively. However, mean below ground K (%)
concentration varied from 0.10 (V. tazetta subsp. tazetta)-0.99 (L. aestivum) and 0.18 (/1.
uraritiniun)-5.41 (S. lutea) in vegetative and generative growth phases, respectively (Fig.
3-16).

N. tazetta subsp. tazetta had the lowest above ground and below ground P and K (%)
concentrations as compared to the other species. 2. maritinium had considerably lowest KK
(%) concentrations followed by N. tazerta subsp. fazetta in both growth periods. S. /nreu
had the lowest above and below ground N (%) concentration in both growth periods (Fig.
3-16).

In vegetative growth period, the above ground parts have higher nutrient
concentrations as compared to below ground parts and below ground parts have higher
nutrient concentrations during generative growth phase inversely in most of the studied
taxa (Figs. 3-10). However, some differences were observed as for example N and K
concentration in above ground parts of L. aestivum (Fig. 3), K concentration in above
ground parts of P. maritimum (Fig. 9), P concentration in above ground parts of G.
rizehensis (Fig. 6) are higher during generative growth phase in contrast to the general
pattern. In addition to this, K concentration in above and below ground parts of G.
rizehensis is very similar to each other during generative growth phase (Figs. 3-7).

There were significant differences between above and below ground macroelement
concentrations in both vegetative and generative growth phases (Table 1). There were
also significant differences in respect to soil factors in both vegetative and generative
growth phases except soil organic matter concentration in L. aestivum and G. rizehensis
(Table 2, Fig. 2 and 5), soil K concentration in P. maritimum (Fig. 8) and G. rizehensis
(Fig. 5) and soil P concentration in G. rizehensis (Fig. 5) and N. tazetta subsp. tuzetta
(Fig. 14). There were also significant and mostly negative correlations between plant and
soil macroelement concentrations in above and below ground parts in both growth
periods (Table 3).
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Table 1. Comparison of N, P and K (%) concentrations in above and below ground
parts in studied Amaryllidaceae members by one-way ANOVA test during
vegetative and generative growth phases.

Species Growth Phasce E F-value P S
L.aestivum Vegetative N 41.164 .000 **
L.aestivum Generative N 3.821 062 NS
L.aestivum Vegetative P 1.828 .189 NS
L.aestivum Generative P 5.420 029 *
L.aestivum Vegetative K 24.146 .000 **
L.aestivum Generative K 18.935 .000 *x
P.maritimuim Vegetative N 113.110 .000 **
P.maritimum Generative N 97.829 .000 *x
P.maritimum Vegetative P 5.098 .033 *
P.maritimum Generative p 4.380 .047
P.maritimum Vegetative K 22.646 .000 *x
P.maritimum Generative K 3.583 .070 NS
G.rizehensis Vegetative N 11.933 .009 *x
Gorizehensis Gengerative N 1.131 319 NS
G.rizehensis Vegetative P 4.134 .076 NS
G.rizehensis Generative P 191 .674 NS
G.rizehensis Vegetative K 63.367 .000 *x
G.rizehensis Generative K .000 994 **
S.lutea Vegetative N 4.063 .079 NS
S lutea Generative N 16.129 .004 *x
S.lutea Vegetative P 2.805 133 NS
S lutea Generative p 3.160 113 NS
S.lutea Vegetative K 14.350 .005 o
S.lutea Generative K 8.215 .021 *
N.tazetta subsp.tazetta Vegetative N 8.816 018 *
N.tazetta subsp. tazetta Generative N 13.546 .006 wx
N.tazetta subsp.fazetta Vegetative p 3.883 .084 NS
N.tazetta subsp.tazetia Generative P 3.359 .104 NS
N.tazetia subsp. tazetta Vegelative K 583 467 NS
N.tazetta subsp. tuzetta Generative K 745 413 NS
E: Element P: Probability S: Significance
*P<.05 **p<01 NS: Not significant
Discussion

P maritimum and S Jufea had considerably lowest K (%) concentrations as
compared to the other species (Fig. 3-16). Both species usually prefer the soils that have
high sand content as indicated early and such soils usually have low macroelement
concentrations especially K (%) concentrations mainly due to elluviation (Bayrakls,
1987). N. tazetta subsp. tazetta had the lowest P (%) concentrations. However, the soils
under N. tazetia subsp. tazetia had the higher organic matter (%) concentrations (Fig. 14)
and in such soils most of the phosphorus compounds are bound to the organic matter
(Bayrakli, 1987).
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Table 2. Comparison between vegetative and generative growth
periods in respect to soil factors.

_Species Soil factor  F-value Probability Significance
L.aestivum N 4,922 0.036 *
L.aestivum P 12.539 0.002 **
L.aestiviem K 6.309 0.019 *
L.aestivum OM 0.510 0.482 NS
P.maritimum N 4.878 0.037 *
P.maritimum P 4.914 0.036 *
P.maritimum K 0.617 0.440 NS
P.maritimum OM 7.848 0.010 *
G.rizehensis N 77.4472 0.000 *x
G.rizehensis P 0.347 0.572 NS
G.rizehensis K 0.082 0.782 NS
G.rizehensis OM 0.976 0.352 NS
S lutea N 25.653 0.001 **
S.lutea p 11.673 0.009 **
S lutea K 12.788 0.007 *ok
S lutea OM 35.126 0.000 **
N.tazelta subsp.tazelta N 18.325 0.003 *x
N.tazetta subsp.tazelta P 3.374 0.104 NS
N.tazetta subsp.tazetta K 12.340 0.008 *ox
N.tazetta subsp.tazelta OM 6.483 0.034 *

N: Nitrogen P: Phosphorus K: Potassium OM: Organic Matter
*P<.05 **p< 01 NS: Not significant
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Table 3. Correlation between plant and soil N, P and K (%) concentrations during
vegetative and generative growth phases in above and below ground

parts in studied Amaryllidaceae members.

Species Growth Element Correlation Significance Correlation Sigaificance
Phase Cocefficient Coefficient
Above ground parts Below ground parts

L.as tivum Vegetative N -.847 ** -.644 **
L.as tivum Generative N -.733 ** -.727 ok
L.as rivum Vegetative P -.190 NS 752 *k
L.as tivum Generative P .071 NS -.428 *
L.as tivum Vegetative K -.753 ** -.348 NS
L.as tivum Generative K =712 *x* -.693 **
P.maritimum  Vegetative N -.955 *k -.840 wox
P maritimun  Generative N -979 ok -.950 *x
P.omaritimmm  Vegetalive p -.693 Hx -.453 *
P.maritimum  Generative P -.522 ** -577 HE
P.maritimum  Vegetative K -.746 ** -337 NS
P.maritimum Generative K -716 ** -.613 ok
G.rizshsn i Vegetative N -830 ** -748 **
G.rizshsn i Generative N -813 Hk -599 NS
G.rizshsn i Vegetative p -.963 ** -.807 *x
G.rizshsn i Generative P -.939 *ox -.921 *E
G.rizshsn i Vegetative K -.959 *x -.258 NS
G.rizshsu i Generative K -.680 ** -.754 **
S lutsa Vegetative N -.561 NS 520 NS
S lutsa Generative N -.444 NS -.885 *E
S lmsa Vegetative P -.699 * 152 NS
Slmsa Gencrative P -.925 ** -.890 **
S Intsa Vegetative K -.807 ** 769 NS
S lsa Generative K -.404 NS =725 ok
N tazstia Vegetative N -.924 ** -.657 *
subsp.razstia

N tazsira Generative N -.855 HE -.887 *x
subsp.razsita

N razsta Vegelative P 518 NS 855 o
subsp.razsita

Nirazsua Generative p 57 ** 228 NS
subsp.razsira

N razsna Vegetative K 465 NS 759 ok
subsp.razstta

Naazstia Generative K 459 NS 013 NS

* P<.03, **P<.01. NS: Not significant

Macroelement concentrations in above ground parts are higher than below ground
parts during vegetative growth phase in most ol the studied taxa (Fig. 3-16). Similar
results were obtained by Pirdal (1989) and Méndez (1999) in some members of geophytic
plants. Anderson & Lickmeier (2000) stated according to vernal dam hypothesis that
forest herbs or herbs occur on forest clearings including geophytes temporarily sequester
nutrients in deciduous forests prior 1o canopy closure and return them to the below
ground tissucs following senescence ol above ground tissues. Most of the studied taxa
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occur on forest clearings except for P. maritimum and the findings were mostly in
accordance with vernal dam hypothesis. However, some exceptional features were
observed as indicated early. The differences in P. maritimum could be explained in
respect to the different habitat of P. maritimum. This species occured on sand dunes. The
differences in other taxa could be explained in two different ways. Firstly, there were
some differences in respect to the phloem mobility of each macroelement (Panvini &
Eickmeier, 1993). For example, phloem mobility of phosphorus is quite low and the lack
of differences between above and below ground parts during generative growth phase
may be explained due to this. Secondly, most of the studied taxa sharply switches from
vegetative to reproductive growth.

However, in generative growth period, below ground parts have higher nutrient
concentrations as compared to above ground parts and this situation is known as “top
senescence as stated by Leopold (1980). In such plants the above ground parts senesce
completely and new shoots appear at the beginning of the next season. Anderson &
Eickmeier (2000) suggested that geophytes resorb nutrients from their leaves back to
below ground tissues during senescence. The reserves in the vegetative storage organs
allow a rapid growth during initial phase (Steinmann & Brandle 1984; Nooden, 1984;
Berchtold ef al., 1993; Sahin, 1998). Senescence is an important process in the adaptation
of higher plants to environmental conditions. This is a well controlled process and it is
not a passive decay of a plant (Feller & Fischer, 1994). Senescence is allowed to the
optimum usage of macroelements for a plant (Jayasekera 1993).

In addition to the “top senescence”, monocotyledonous herbs have also adaptive
advantages as compared to dicotyledonous herbs. For example, above ground patts of
monocotyledonous herbs develop their leaves from a basal meristem. However,
dicotyledonous herbs develop their leaves from an apical meristem. As a result of this
meristematic tissues are at ground level in monocotyledonous herbs. This means that
there is benefit of a basal meristem at ground level, in terins of effective usage of
macroelements especially nitrogen, rapid transfer of nutrients between above and below
ground parts and providing protection against damage through grazing, fire etc. (Werger
& Hirose, 1991).

Canadell & Vila (1992) found significant and negative correlation coefficients
between plant and soil nutrients. Knops & Koenig (1997) found positive significant
correlations between soil nitrogen and phosphorus and foliar nitrogen and phosphorus.
Powers (1984) and Johnson et al., (1987) also found positive correlation coefficients
between soil and plant nutrient levels. Mostly negative correlation coefficients were
obtained between plant and soil macroelement concentrations in above and below ground
parts of the studied Amaryllidaceae members (Table 3).

These results suggest that soil nitrogen, phosphorus and potassium may influence
plant nutrient levels in most plants. However, there was species-specific differences in
this respect. Anderson & Eickmeier (2000) stated that plant macronutrients were often
associated with soil nutrient availability. Ecosystems dominated by short or long-lived
species develop soil over a multi-generational influencing soil to a small but eventually
important degree (Knops & Koenig, 1997).
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ig. 5. Soil N, P, and K organic matter (%) concentrations during vegetative and
gencrative growth phase in G. rizehensis.
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Fig. 6. N, P and K (%) concentrations in above ground parts of (. rizefiensis.
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Iig. 7. N, P and K (%) concentrations in below ground parts of (7. rizehiensis.
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Fig. 8. Soil N, P. and K organic matter (%) concentrations during vegetative and
generative growth phase in P. maritinim.
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Fig. 10. N, P and K (%) concentrations in below ground parts of 2. maritimum.
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Fig. 11. Soil N, P, and K organic matter (%) concentrations during vegetative and
generative growth phase in S. /utea.
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Fig. 12. N, P and K (%) concentrations in above ground parts of S. lutea.
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oNVe. gNGen oPVej. oPGen. gKVej. gKGen.

Fig. 13. N, P and K (%) concentrations in below ground parts of S. lutea.
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Fig. 14. Soil N, P, and K organic matter (%) concentrations drng vegetative and
generative growth phase in N. tazetta subsp. (azelia.



188 H.G. KUTBAY & M. KILINC

pNVe, gNGen oPVel gPGen gKVe. gKGen.

Fig. 15. N, P and K (%) concentrations in above ground parts of N. fazettu subsp. (azetta.
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Fig. 16. N, P and K (%) concentrations in below ground parts of N. razetta subsp. razetta.
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“Top senescence” is an important strategy to the adaptation of geophyltic plants to
environmental conditions and the main aim of this strategy is effective usage of nutrients.
More research is needed on “top senescence” in geophytic plants for effective solution of
that phenomenon. In addition to this the studied taxa have a great economical importance
and the results of the present study can be evaluated in cultivation of Amaryllidaccac
members.
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