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Macroelement (N, P, K) Contents of Arum euxinum R. Mill
During Vegetative and Generative Growth Phases
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Abstract: Arum euxinwm R. Mill. 15 a geophytic plant belonging to Araceae. In this study mtrogen (N),
phosphorus (P) and potassium (K) analysis were carried out during vegetative and generative growth periods.
It has been found that above ground parts of plant usually have higher macroelement contents as compared
to below ground parts during vegetative growth period. However, below ground parts have higher
macroelement contents during generative growth phase due merely to top senescence.
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INTRODUCTION

Geophytes are the plants in which the perennating
bud 1s borme on a subterranean storage organ and their
annual growth cycle usually includes a dormant peried.
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’). The
redistribution of macroelements between above and below
ground parts at the beginning and at the end of their
growing season is highly important for the economical
using of nutrients. Geophytic plants evade stress
conditions such as shade, drought etc. by survival in
below ground organs and they exhibit, hereby, some
features of sun plants but also those of plants of
shaded habitats™. In addition to this they have also
mteresting phenological properties such as flowering time
(spring or autumn), the presence of protantherous and
hysteranthous taxa etc.™".

Spring ephemerals have a very short epigeous
(period during which shoots are present aboveground)
growth period of 40-60 days in spring. During the
epigeous growth period, spring ephemerals accumulate
mineral nutrients in their perenmal organ and develop the
buds for the next vear’s growth. Senescence of
aboveground tissues is followed by belowground
senescence and therefore the plant enters an apparent
dormancy period at the end of spring. Dormancy 1s broken
m autumn with bud and belowground growth that
continues throughout the winter at a very slow pace, due

to low soil temperatures and this growth period 1s called
hypogeous growth, as it occurs underground™.

A. ewxintm R. Mill. is an endemic species and a
spring ephemeral belonging to Araceae. It occurred on
Euxine phytogeographic region. It has a vertical tuber.
Petioles of leaves are often purplish. Lamina is oblong-
hastate. Scape is (10.5-) 18-45 cm and always longer than
petioles. Spathe purplish or greenish-purple outside,
darker towards base, whitish with purple border mside,
often cucullate. Tube is dark purple inside, lamina is
ovate-lanceolate, acute or shortly acuminate. Sterile
filaments reddish-purple or violet. Appendix i1s not
stipitate and very slender™. Arum L. species widely used
in medicine because they contain oxalic acid in whole
plant and starch, mucilage and alkaloids (mamly coniin) in
their fresh leaves and tubers” and they also contain
neolignans™.

Relative Somatic Costs (RSC) is a population measure
of the relative difference of somatic investment between
reproducing and non-reproducing individuals. RSC 1s
frequently used to examine differences in vegetative
growth rate associated with differences in reproductive
RSC can be calculated, as the relative
difference in somatic mvestment (I) between
nonreproductive (In) plants and naturally reproducing
plants (Ts).

RSC is closely related to the Reproductive Effort (RE)
because if the entire investment in reproduction (Ir)

investment™.

occurs at the expense of somatic growth (Is) then
IrtIs= In and in such a case RE= RSC. R3C may be
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estimated in different currencies such as nitrogen and
phosphorus. RE 1s often defined as the proportion of total
biomass allocated to seeds and other obvious
reproductive structures and interpreted as representing
the energy allocation of a plant to reproduction!'".

In this study the 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 were
examined. The contents of nitrogen, phosphorus and
potassium seem to be more closely controlled than other
nutrients, which could reflect the specific amounts needed

for biochemical function!*?.

MATERIALS AND METHODS

Study area: Plant samples were collected from Bafra
(Kiahrmak valley; 36°0° E, 41°22° N), Merzifon
(Tavsan Mountain; 40°53” E, 35°29” E) and Kastamonu
(Kire Mountain; 41°59” N, 33°47° E) from Black Sea
Region of Turkey (Fig. 1). The plants were collected from
Quercus cerris 1. var. cerris forest clearings. Bafia,
Merzifon and Kastamonu populations were collected at
330, 950 and 1200 m, respectively.

Mean annual temperature
precipitation in Bafra are 14.3° Cand 71 2 mm, respectively.
Mean annual temperature in Merzifon and Kastamonu is
10.43 and 8.4°C, respectively. Mean annual precipitation
m Merzifon and Kastamonu 1s 863 and 1666 mm,
respectively. A xeric period was not observed in the study
areal'.

Five plant individuals were used for macroelement
analysis in each of vegetative and generative growth
phases. In other words, sampling was repeated twice
during vegetative and generative growth phases.
Phenological observations were also recorded.

and mean annual

Method of chemical analysis: Plant samples were
harvested during vegetative and generative growth
phases and separated into above and below ground parts.
After being washed in deiomzed water the plant parts
were dried at 70°C to the constant weight and grounded
in a Wiley mill and pass 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 HC1O, and P
was determined by using Jenway spectrophotometer and
K was determmed by Petracourt PFP-7 flame
photometer!'d.

RSC was calculated, as the relative difference in
somatic inwvestment (1) between nonreproductive (In)
plants and naturally reproducing plants (Is):
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RSC=(In- Is)/In.

(eneral linear models Procedure of SAS!! was used
to perform two-way analyses of variance. Statistical
analysis were performed using MINITAB software
package!"™.

RESULTS

Phenological observations: Leaves are appeared at the
end of February. The duration of vegetative growth
period 1 A. euxinwm 13 between at the end of
February and at the first half of May. Flowermg begins at
the first half of May and continues up to the end of May.
At the outset of June fruit ripening is occurred. The time
interval for seed dispersion is between at the end of June
to the middle of July. In Bafra (Kizlirmak valley) samples
leaves are appeared one month early as compared to the
other regions.

Plant analysis: Results shows that in vegetative growth
period above ground parts have higher nutrient contents
as compared to below ground parts (Table 1). However, P
contents of above ground parts are lower than that of
below ground parts during vegetative growth period on
the contrary to general pattern in the samples collected
from Bafra (Kizmlirmak valley) population (Table 2).
However, below ground parts have higher nutrient
contents  during generative growth phase inversely
(Table 1 and 2).

The effective factors on dependent variable
(N, P and K contents) were selected as plant parts
(P, above and below ground), growth period (G;
vegetative and generative) and location (L, Bafra,
Merzifon, Kastamonu). P factor, G factor and L. factors
were accepted as two levels, two levels and three
levels, respectively. In order to explain the dependent

variable the following linear model was derived:

Yl_]lk = “’+P1+G_|+Ll+(PXG)1]+(PXL)11+(GX'L) Jl+(PXGXL)1_|l+81_|lk
where, [=1,2;1=1,2,3; =1,2and k=1,2,3,4, 5

For N concentration P factor was significant at 0.01
level. G and 1. factors were not statistically significant.
However, there were a significant interaction between P
and G factors. There were no sigmficant interaction
between P and L factors and P and G factors. General
linear model for N concentration was significant at 0.01
significance level (Table 3).

For P concentration P, G and L factors were not
statistically sigmficant. However, there were a significant

interaction between P and G facters. There were no
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Table 1: Mean nutrient. contents+standard error in below ground parts of A. euxirtim

N P K
Locality Vegetative Generative Vegetative Generative Vegetative Generative
Rafra 1.458+0.04 1.796+0.32 0.216+0.11 0.234+0.19 0.132+0.10 0.152+0.09
Merzifon 1.142+0.22 1.232+0.46 0.19640.14 0.2224+0.10 0.09640.06 0.139+0.05
Kastamonu 1.344+0.10 1.291+0.11 0.251+0.11 0.224+0.11 0.115+0.05 0.139+0.06
Table 2: Mean nutrient contentsEstandard error in above ground parts of A. euxinum

N P K
Locality Vegetative Generative Vegetative Generative Vegetative Generative
Bafra 2.6604+0.03 2.665+0.80 0.18440.08 0.2654+0.12 0.31640.05 0.507+0.07
Merzifon 3.046+0.30 2.195+0.06 0.355+0.17 0.194+0.16 0.432+0.25 0.236+0.17
Kastamonu 3.0354+0.45 2.396+0.20 0.262+0.14 0.263+0.14 0.34240.17 0.323+0.17
Table 3: Three-way variance analysis for N concentration Table 4: Three-way variance analysis for P concentration

Sum of Mean Sum of Mean

Source df Squares Squares F P Source df Squares Squares F P
Model 15 28400 1.90 12.646 0.00% Model 15 0314 0.0209 1.437 0.173
P 1 24.011 24.01 159.822 0.00% P 1 0.0099 0.0099 0.685 0.412
G 1 0.414 0.414 2.756 0.104 G 1 0.0026 0.0026 0.185 0.669
L 2 0.539 0.270 1.794 0178 L 2 0.0048 0.0024 0.168 0.846
PG 1 1.499 1.499 9.978 0.003% P*G 1 0.0053 0.0053 0.364 0.549
P 2 0467 0.234 1.556 0.222 PHL 2 0.0116 0.0058 0.399 0.673
G*L, 2 0.849 0.424 2.825 0.070% G*L 2 0.0353 0.0176 1.214 0.307
P*G*L, 2 0,302 0151 1.004 0.375 P*G*L 2 0.0425 0.0212 1.459 0.244
Error 44 6610 0150 Error 44 0.641 0.0145
Total 59 35109 Total 59 0.955
#p<0.01, ** p<0.10, df Degrees of freedom, Ri=0812, F: Fvalue, *p<0,01, **p<0.10, df: Degrees of freedom, R*=0.329, F: F-value,

P: Probability, P: Plant part as above and below ground. G: Growth period
as vegetative and generative, 1.: Location (Batra, Merziton, Kastamonu)

significant mteraction between P, G and L factors. General
linear model for P concentration was not significant at 0.01
significance level (Table 4 ).

For K concentration P factor was sigmificant at 0.01
level. In other words, there were a significant difference
between above and below ground K concentration. There
were no significant difference between vegetative and
generative growth period K contents. With respect to
localities there were a significant difference at 0.10
significance level. The interaction between P and G
factors was not significant. In addition to this, the
mteraction between three factors were also mnot
significant. General linear model for N concentration was
significant at 0.01 significance level (Table 3).

There were significant differences between above and
below ground macroelement contents on the basis of N
and K contents both vegetative and generative growth
phases (Table 3 and 5).

The highest RSC values were found for Merzifon and
Kastamonu populations in above ground parts of
A. euximm in terms of N contents. However, the highest
RSC values were found for Kastamonu populations in
below ground parts of 4. ewrinum in terms of N contents.
The lowest RSC values were obtained for Bafra
populations m above and below ground parts of
A. euxinum 1n terms of P contents similar to N contents

P: Probability

Table 5: Three-way variance anatysis for K concentration

Sum of Mean
Source df Squares Squares F P
Model 15 0.930 0.061 4.880 0.00%
P 1 0.631 0.631 49.700 0.00%
G 1 0.018 0.018 1.455 0.234
L 2 0.078 0.039 3.090 0.056%*
P*G 1 0.0005 0.0005 0.46 0.831
P 2 0.040 0.020 1.584 0.217
G*L 2 0.036 0.018 1.456 0.244
PHGHL 2 0.048 0.024 1.908 0.161
Error 44 0.559 0.012
Total 50 1.499

#p<0.01, **p<0.10, df Degrees of freedom, R?= 0.625, F: F-value,
P: Probability

Table 6: The comparison of RSC values in A euximan by two-way

ANOVA
Sum of Mean

Nutrient Source df  squares squares  F-value Probability
N Locality 2 0.066 0.033 6.38 0.267 NS
N Plant part 1 0.1093 01093 2097 0.040 *
N Error 2 0.0104 0.0052 - --

P Locality 2 0.214 0.107 0.92 0.522 N8
P Plant part 1 0.005 0.005 0.04 0.854 NS
P Error 2 0.234 0.117 - --

dft Degrees of freedom, ** p<0.05, NS: Non-significant

(Fig. 1 and 2). Only one significant difference was found
between above and below ground parts of 4. ewximm
in terms of RSC (nitrogen). There were no significant
differences between above and below ground parts of
A. euxinum and localities n terms of nitrogen and
phosphorus (Table 6).
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DISCUSSION

There were sigmificant differences between above
and below ground N and K contents. However, there were
no significant differences between above and below
ground P contents (Table 3-5). This is related to the
phloem mobility of the mutrients. N, P and K can be ranked
as K>N>P m respect to phloem mobility. In other words,
P is a phloem-immobile nutrient as compared to K and N'"”
There were no significant differences between localities in
respect to N and P contents except for K contents. Mean
annual ramnfall was different 1n studied localities
(750.2, 378.8 and 4497 mm in Bafra, Merzifon and
Kastamonu, respectively) and K is readily alleviated due
to annual rainfall'® and annual rainfall in Merzifon is
comparatively lower than the other localities and
alleviation in Merzifon should be rather low.

High N contents were found in above and
belowground parts of A. ewximwm. Above and
belowground tissues of spring ephemerals are rich in
nutrients especially nitrogen, compared with other forest
herbs. Such high nutrient contents are required to sustain
their high photosynthetic rates™.

Negative RSC values were observed for Bafra and
Merzifon populations. A greater investment of resources
in reproduction at low nufrients may be possible if
allocation to supporting structures 1s lower n unfertilized
wild plants and they show a reduced allocation to
stems!". Significant differences between above and below
ground parts of A. etwcimem in terms of RSC (nitrogen)
which used for the explanation of RE 1n a different way
were observed. The proportion of nitrogen allocated to
reproductive structures is often higher than the
proportion of other nutrients!"!,

In vegetative growth period macroelement contents
m above ground parts of A. euximwm were higher as
compared to below ground parts. However, P contents of
above ground parts are lower than that of below ground
parts during vegetative growth period on the contrary to
general pattern in the samples collected from Bafra
(Kizalhirmak valley) population (Table 3 and 4). The main
reason of the high nutrient contents in above ground
parts during vegetative growth period was due to the fast
division of meristematic cells i above ground parts. High
nitrogen contents in meristematic tissues were depend on
the high protein content of that tissues™*
generative growth period below ground parts have higher
nutrient contents as compared to above ground parts.
Anderson and Eickmeier™ stated according to vernal dam
hypothesis forest herbs or herbs occur on forest clearings
mcluding geophytes temporarily sequester nutrients in

1. However, in

deciduous forests prior to canopy closure and return them
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to the below ground tissues following senescence of
above ground tissues. The studied taxa occur on usually
forest clearings. The slow growth rate of aboveground
parts of spring ephemerals during the hypogeous growth
period could influence nutrient absorption rates, as
nutrient needs are low. Low soil temperatures could also
restrict nutrient uptake, although some uptake occurs
very early on™*4.

Similar results were also obtained in several other
studies on geophytic plants™®’
11 Tn such plants the above ground
parts senesce completely and new shoots appear at the
beginning of the next season. The reserves in the

1. This situation is known
as top senescence

vegetative storage organs allow a rapid growth during
initial phase™ ™. 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™. Senescence is allowed to the
optimum usage of macroelements for a plant™.

In addition to the top senescence monocotyledonous
herbs have also adaptive advantages as compared to
dicotyledonous herbs. For example, above ground parts
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
tissues are at ground level in
monocotyledonous herbs. This means that the benefit of
a basal meristem at ground level, m terms of effective
using of macroelements especially nitrogen, rapid transfer

meristematic

of nutrients between above and below ground parts,
providing protection agamst damage through grazing, fire
ete. ",

Top senescence is an important strategy to the
adaptation of geophytic plants
conditions and main aim of this strategy 1s effective using
of nutrients. The results of the present study can be
evaluated in cultivation of 4. ewrimem. Future research

to environmental

should focus on top senescence in geophytic plants to a
more precise explanation the nutrient patterns during
vegetative and generative growth phases.

REFERENCES

1. Meéndez, M., 1999. Effects of sexual reproduction on
growth and vegetative propagation in the perennial

geophyte Arum italicum (Araceae). Plant Bio,
1: 115-120.
2. Goryshina, TK., 1972, Recherches

écophysiclogiques sur les plantes éphéméroides
printaniéres dans les chénanies de la zone forét-
steppe de la Russie centrale. Oecologia Plant,
7. 241-258.

271

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Rawal, R.S., N.S. Bankoti, S5.8. Samant and Y.P.S.
Pangtey, 1991. Phenology of tree layer species from
the timber line around Kumaun in Central Himalaya,
India. Vegetatio, 93: 109-118.

Feller, U. and A. Fischer, 1994. Nitrogen metabolism
in senescing leaves. Critical Rev. Plant Sci.,
13: 241-273,

Lapomte, L., 2001. How phenology mfluences
physiology in deciduous forest spring ephemerals.
Physiologia Plantarum, 113: 151-157.

Davis, PH., 1984. Flora of Turkey and the East
Aegean Islands. Vol. VIIT Edinburgh University Pres,
Edinburgh.

Alpinar, K., 1985. Some Arum L. species n Western
Turkey and starch and protein contents of tubers.
Doga Turk. J. Bot., 9: 473-482.

Gellerstend, G., K. Lundowst, A.F.A. Wallis and
L. Zhang, 1995. Revised structures for neolignans
from Arum italicum. Phytochemistry, 40: 263-265.
Hemborg, A M. and P.5. Karlssor, 1998. Somatic
costs of reproduction in eight subarctic plant
species. Oikos, 82: 149-157.

Reekie, E.G. and F.A. Bazzaz, 1987. Reproductive
effort in plants 1. Carbon allocation to reproduction.
The Am. Natl.,, 129: 876-896.

Obeso, TR., 2002. The costs of reproduction in
plants. New Phyt., 155: 321-348.

Canadell, J. and M. Vila, 1992. Variation in tissue
element concentration in Quercus ilex L. over a range
of different soils. Vegetatio, 99: 273-282.

Ministry of Agriculture, 1994. Mean and Extreme
Temperature and Rainfall Values General Directorate
of Meteorology, Ankara.

Allen, SE., HM. Grimshaw, J.A. Parkinson, C.
Quarmby and J.D. Roberts, 1986. Chemical Analysis.
In: Chapman, S.B. (Eds): Methods in Plant Ecology.
Blackwell Scientific Publications, Oxford, pp: 411-466.
Anonymous, 1988. SAS Procedures Guide: Release
6.03. SAS Institute, Cary, NC.

Schaefer, R.L. and R.B. Anderson, 1989. The Student
Edition of MINITAB, User’s Manual Addison
Wesley Publishing Company Inc., New York.
Panvim, A.D. and W.G. Eickmeier, 1993, Nutrient and
water relations of the mistletoe Phoradendron
leucarpum (Viscaceae) how tightly they integrated?
Am. J. Bot., 80: 872-878.

Bayrakh, F., 1987. Plant and Soil Analysis. University
of Ondoluz Mayis, Faculty of Agriculture
Publications, Samsur, pp: 199.

Cheplick, G.P., 2001. Quantitive genetics of mass
allocation and the allometry of reproduction in
Amaranthus albus: Relation to soil nutrients. Intl. T.
Plant Sci., 162: 804-816.



20.

21.

22.

23

24

25.

26.

Pak. J. Biol. Sci., 8 (2): 267-272, 2005

Werger, M.J.A. and T. Hirose, 1991. Leaf nitrogen
distribution and whole canopy photosynthetic
carbon gain m herbaceous stands. Vegetatio,
87:11-20.

Moorby, T. and R.T. Beresford, 1983: Mineral
Nutrition and Growth. In: Lauchl, A., R.1. Bieleski,
(Eds.), Encylopedia of Plant Physiology. Springer
Publications, Berlin, pp: 481-527.

Anderson, W. and W.G. Eickmeier, 2000. Nutrient
resorption in Claytonia virginica 1..: Tmplications for

deciduous forest nutrient cycling. Can. J. Bot,
78: 832-8309,
Pirdal, M., 1985 An autecological study on

Asphodelus aestivus Brot. Turk. 1. Bot., 13: 89-101.
Kutbay, H.G. and M. Kiling, 1993. An autecological
study on Leucojum aestivum L. Turk. J. Bot., 17: 1-4.
Kutbay, H.G. and M. Kiling, 1995. An autecological
study on Galanthus rizehensis
(Amaryllidaceae). Turk. J. Bot., 19: 235-240.
Kutbay, H.G., 1999. Top senescence in Sternbergia
lutea (1) Ker-Gawl ex Sprengel and Narcissus tazetta
L. subsp. tazetta. Turk. J. Bot., 23: 127-131.

Stern

272

27.

28.

29.

30.

31.

32.

Sahin, N.F., 1998. Moarphological, anatomical and
physiological studies on Galanthus ikariae Baker
and Galanthus rizehensis Stermn (Amaryllidaceae)
grown around NE Turkey. Pak. J. Bot., 30: 117-131.
Leopold, A.C., 1980. Ageing and Senescence in Plant
Development. In: Thimann, K.V. (Ed.) Senescence in
Plants. CRC Pres, California.

Steimmanr, F. and R. Brandle, 1984. Carbohydrate and
protein metabolism in the rhizomes of bulrush
(Schoenoplectus lacustris (1..) Palla) in relation to
natural development of the whole plant. Aquatic Bot.,
19: 53-63.

Nooden, L.D., 1984. Integration of soybean pod
development  and  monocarpic
Physiologica Plantarum, 62: 273-284.
Berchtold, A., I M. Besson and U. Feller, 1993.
Effects of fertilization levels in two farming systems
on senescence and nutrient contents in potato
leaves. Plant and Soil, 78:; 779-783.

Jayasekera, R., 1993. Interelement relationships
i leaves of tropical montane trees. Vegetatio,
109: 145-151.

senescence.



	PJBS.pdf
	Page 1


