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INTRODUCTION

Genetic specificity of plant mineral nutrition
has been studied from various aspects (Sari¢
and Loughman, 1983; Gabelman and
Loughman, 1987). Most investigations were
aimed at establishing differences between indivi-
dual genotypes in demands for certain elements
of mineral nutrition. Evidence was provided by
investigating a great number of plant species,
in particular different wheat varieties, maize and
sugar beet inbreds and hybrids, whereas for e-
xample sunflower was among those species which
were studied to a far lesser extent (Modhok
and Walker, 1969; Foy et al., 1974; Bl a-
mey et al, 1980; Diaz de la Guar-
dia, et al., 1980).

It may be assumed that plant species which
have a noticeably larger number of varieties will
also show larger differences among them regar-
ding the specific requirements for mineral nutri-
tion. Considering the fact that sunflower genoty-
pes are much fewer than maize or wheat geno-
types, as well as that papers on genotypic speci-
ficity of sunflower for mineral nutrition are
scarce, we decided to study this problem with
sunflower plant model.

MATERIAL AND METHODS

Genotypic specificity for mineral nutrition
was studied on 20 sunflower inbreds which
virtually did not differ in vegetation period
(OCM 2, 4, 6, 10, 12, 16, 20, 24, 26, 28, 36,
38, 40, 44, 46, 48, 50, 52, 54 and 56). The inbreds
were grown by the method of water cultures for
25 days. The plants were examined for the content
of N, P, K, Ca and Mg- Nitrogen content was
determined according to the method by Kjeldhal,
phosphorus by the vanadate — molybdate method

(Gericke and Kurmies, 1952), potassium

flamephotometrically, and calcium and magne-
sium by an atomic absorption spectrophoto-
metric method. Also, dry mass of root, stem,
and leaf, as well as leaf area (using a portable
areameter Li—3 000) were measured.
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All experiments were performed in five re-
plications. The obtained results were statistically
{th)tcessed by the wvariance analysis (LSD
est).

RESULTS AND DISCUSSION

Dry mass. The sunflower inbreds varied
largely in the mass of dry matter (Table ). Dry
mass of roots ranged from 0.66 to 1.03, that of
stem from 1.40 to 2.61 while of leaf from
1.69 to 2.83 mg per plant. It is characteristic that
the inbreds OCMS 36 had the largest dry matter
mass of root but not of the stem and leaf. The
ratio stem/leaf differed also. It was al-

Table 1

Dry matter mass and leaf area of different sunflower inbreds*

Inbreds Dry matter weight (mg/plant) Leai area

Root Stem Leafl | (em?/plant)
0.96 2.15 1.83 9.09
0.83 1.84 1.71 8.57
0.91 2.10 1.91 1 7.72
10 0.80 1.86 2.96 11.55
12 0.85 2.52 2.04 9.94
16 0.78 2.11 2.40 10.84
20 0.97 2.12 2.63 11.34
24 0.88 2.32 257 12.30
26 0.81 1.55 2.21 8.61
28 0.77 1.40 1.83 7.97
36 - 1.03 1.95 2.75 11.93
38 0.66 1.45 1.69 7.57
40 0.71 " 1.94 1.92 7.83
44 081 | 1.79 2.33 10.89
46 0.68 1.83 2.07 8.71
48 0.98 2.61 2.60 11.20
50 0.92 2.43 2.83 11.11
52 . 073 1.73 2.01 8.97
54 091 |« 246 2.79 12.61
56 0.72 1.94 297 12.13
LSD 5% 0.10 0.24 0.28 1.43
1% 0.13 0.32 0.88 1.92
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Fig. 1. — Concentration of nitrogen in different plant organs of sunflower inbred lines (mg/100 g dry matter)

most 1:1 with the inbreds 40 and 48 ; some in-
breds (2.6 and 12) had larger mass of the stem
and some other (20,44 etc.) of the leaves.

Leaf area. The examined inbreds differed in
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leaf area (Table 1). The inbred 54 had the largest
leaf area of 12.61 cm,, whereas the inbred 38
the smallest, 7.57 cm® per plant.

Nitrogen content. The highest average content
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Fig 2. — Concentration of phosphorus in different plant organs of sunflower inbred lines (mg/100 g dry matter)
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(Fig. 1) was found in the leaf, then in the root
and the lowest in the stem (6765, 3829 and
3 462 mg/100 g of dry matter, respectively). All
inbreds examined had the highest nitrogen con-
tent in the leaves which ranged from 6 342 to
7255 mg/100 g dry matter. However, some in-
breds had more nitrogen in the root than in the
stem (4, 12, 16, 26, 28, 36) while the others
(48, 52) had the opposite situation. The average
nitrogen contents for the whole plant ranged from
4 388 to 4 937 mg/100 g of dry matter. Differen-
ces in nitrogen content were significant in many
cases, i.e. at LSD 1 %.

Phosphorus content. The highest average
phosphorus content (Fig. 2) was found in the
root then in the leaf and the lowest in the stem
(1067, 975 and 795 mg/100 g of dry matter,
respectively). Phosphorus content in-leaves ran-
ged from 730 to 1387, in stems from 655 to
I 010, and in roots from 715 to | 687 mg/100 g
of dry matter. Phosphorus contents were excep-
tionally high in the root and very low in the
aboveground plant parts (leaves and stems) with
some inbreds (56, 52, 46, 38, 28) ; some other
inbreds had much higher phosphorus contents in
the leaves and lower contents in the roots (the
inbreds 50, 24, 12 and 10). The third group of
inbreds had similar contents in all three plant
parts (48, 44, 26, 6, 4, 2). The average phosphorus
contents for the whole plant ranged from 760
to 1185 mg/100 g of dry matter. In the case
ol phosphorus content too, there were significant
differences in many cases at LSD 1%.

Potassium content. Highly significant diffe-
rences were found in the average potassium con-
tents of the stem, leaf, and root (6 356, 4 797,
and 4 482 mg/100 g of dry matter, respectively)
(Fig. 3). Potassium contents in leaves ranged
from 3 900 to 6 300 mg, in stems from 4 950 to
7900 mg and in roots from 2652 to 5800
mg/100 g of dry matter. All inbreds except |
and 2 had the highest potassium contents in
stems ; inbreds 1 and 2 had the highest contents
in leaves. However, some inbreds had more po-
tassium in roots (56, 52, 38, 28, 6) and some
in leaves (10, 16, 24, 26, 44). Th average po-
tassium content for the whole plant ranged from
4 366 to 6 000 mg/ 100 g of dry matter. Significant
differences in potassium content were found in
a large number of cases for LSD 1 % (Fig. 3).

Calcium content. Outstandingly high calcium
contents (Fig. 4) were found in leaves, then in
stems, and the lowest in roots (1011, 824, and
176 mg/100 g of dry matter, respectively). This
order in calcium content was found in all inbreds.
The contents in leaves ranged from ~71 to
1 898 mf, in stems from 640 to 1294 my, and
in roots irom 152 to 199 mg/100 g of dry matter.
The average contents for the whole plant ranged
from 569 to 1 964 mg/100 g of dry matter. Highly
significant differences in calcium contents were
found among the examined inbreds.

Magnesium content. The highest average
magnesium content (Fig. 5) was found in
stems, then leaves, and finally in roots (675.
397, and 178 mg/100 g of dry matter, respecti-
vely). This order in magnesium content was
found in all inbreds. The contents in leaves
ranged from 285 to 582, in stems ranged from
963 to 822 mg, and in roots from 139 to
231 mg/100 g of dry matter. The average con-
tents for the whole plant ranged from 353 to
530 mg/100 g of dry matter. Highly significant
differences were also found for ~magnesium
contents.

The results indicate the existence of high ge-
notype specificity for the content of individual
ions with the examined inbreds.-There is a specific
relationship between roots, stems, and leaves re-
garding the contents of N, P, and K. All inbreds
had the highest calcium contents in leaves, then
in stems and roots as well as the highest mag-
nesium contents in stems, then in leaves and
roots. However, the inbreds had specific con-
tents, i.e., distribution of nitrogen and especially
phosphorus and potassium. Certain inbreds
varied highly in the distribution of these
elements. :

As we have already emphasized, the problem
of .genetic aspects of sunflower mineral nutrition
has been less studied than that of other plant
species. Madhok and Walker (1969) were
the first to report on this problem. These authors,
investigating Mg nutrition with two sunflower
species (H. annuus L. and H. bolanderi Gray
ssp. exilis Heiser), found that these two species
showed different tolerance to Mg and that they
had different content of this element. Foy et
al. (1974) found differences among 13 sunfiower
genotypes both in organic matter synthesis and
content of certain macro — and micro ele-
ments. Blamey et al. (1980) also reported a
relationship between the element concentration
in leal tissue and sunflower variety and in-
bred. Investigating the genotypic differences a-
mong inbreds, hybrids, and two varieties, Diaz
de la Guardia etal. (1980) and Alcan-
tro and Diaz de la Guardia (1982)
found various ability of genotypes to grow in dif-
ferent Ca concentrations and also differences in
organic matter synthesis and Mg and Ca con-
tents. Sari¢and Skoric¢ (1981), working on
content of N, P, K. Ca and Mg of 20 sunflower
inbreds, reported variation of both element con-
tent and element distribution into root, stem, and
leaf which depended upon genotype. Kannan
(1984) suggested the occurrence of varietal spe-
cificity of sunflower when Fe deficiency was stu-
died while Kastori and Stankovié
(1985) also observed differences in root excretion
and ability of Fe utilization between 3 sunflower
hybrids. The evidence presented by Sfredo et
al. (1985) on phosphorus content of the two va-
rieties showed considerable differences in phos-
phorus accumulation and dependence of variation
range upon the ontogenetic differences while
Luizzi etal. (1985) suggested that variations
between hybrids in phosphorus content depended
upon plant organ examined. Investigating the va-
riability of concentration of N, P, and K in
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Fig. 3. — Concentration of potassium in different plant organs of sunflower inbred lines (mg/100 g dry matter)

12 wild species and 20 sunflower .inbreds,
Krsti¢ and Sari¢ (1987) found great dif-
ferences in concentration of these elements both
in wild species and inbreds. These authors also

reported a considerable greater variation range
of N4+P-+K in wild species than in inbreds.

The results available and also our investiga-
tions show that also in sunflower plants there
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Fig. 4. — Concentration of. calcium in different plant organs of sunfldwer inbred lines (mg/100 g dry matter)
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Fig. 5. — Concentration of magnesium in different plant organs of sunflower inbred lines

are great differences in requirements of indivi-
dual genotypes for certain elements of mineral
nutrition.

CONCLUSION

We concluded that there was a remarkable
specificity of concentration of individual jons in
sunflower inbreds under investigation. Concen-
tration of the elements also depended upon plant
organ analyzed (root, stem, leaf). In all inbreds
examined the highest concentration of N and Ca
was found in leaf, then in stem and root, and
the highest Mg concentration was recorded in
stem, then in leaf and root. In a great number
of lines, the highest P concentration was found
in root. The highest chemical heterogeneity in dif-
ferent plant organs was recorded with K. All the
results showed that the genetic specificity of mi-
neral nutrition was manifested not only through
different content of mineral elements but also
in their distribution into individual plant organs.
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LA DIVERSITE DES ELEMENTS MINERAUX CHEZ
LES LIGNEES AUTOFECONDEES DE TOURNESOL

Résumé

Compte tenu de I'importance théorique et pratique de
la diversité génétique de la teneur en éléments mineraux,
les auteurs ont étudié cette diversité chez les plantes de
tournesol.

Les concentrations spécifiques de N, P, K, Ca et Mg
ont été étudiées chez 20 lignées autofécondées de tourne-
sol. La collection de lignées appartient a I'Institut pour Cul-
tures de Champ et Légumes de Novi Sad.

Les lignées ont été cultivées en solution nutritive d’aprés
la méthode des cultures aquatiques en serre, durant 25
jours. La teneur des plantes en N, P, K. Ca et Mg a été
déterminée ainsi que la masse séche des racines, des tiges
et des feuilles. La surface foliaire a également été cal-
culée. Le résultat des recherches a établi que chez toutes
les lignées la plus haute concentration en N et Ca se trouve

dans les feuilles, suivie par les tiges et les racines ; la plus
haute concentration en Mg se trouve dans les tiges, suivie
par les feuilles et les racines. Chez un grand nombre de li-
gnées, le P atteint la plus haute concentration dans la racine.
La plus importante héterogénéité chimique dans les différents
organes des plantes a été établie pour le K. Les résultats
révélent que la spécificité génétique de la nutrition minérale
ne se manifeste pas seulement par les variations de la teneur
en éléments minéraux, mais aussi par leur distribution dans
les différents organes de la plante.

DIVERSIDAD EN CONTENIDO DE ELEMENTOS
MINERALES EN LINEAS PURAS DE GIRASOL

Resimen

Teniendo en cuenta el hecho de la importancia que la
base genética tiene en la. diversidad de concentracién de ele-
mentos nutritivos minerales, se llevé a cabo la presente in-
vestigacion.

La especificidad del girasol para las concentraciones de
N, P, K, Ca y Mg fué examinada en 20 lineas puras de girasol,
perteneciendo éstas al Instituto de Cultivos Extensivos y Hor-
ticolas de Novi-Sad.

Las lineas puras se cultivaron en soluciones nutritivas
por el método de cultivo en agua, en invernaredo y durante
25 dias. Las planias fueron examinadas para el contenido
en N, P, K, Ca y Mg, midiéndose también la materia seca de
raices, tallos y hojas, asi como el drea foliar.

Las siguientes conclusiones se destacan de los resulta-
dos : La concentracién en elementos minerales depende del
organo analizado (raiz, tallo hoja). En todas las lineas puras
examinadas las mayores concentraciones de N y Ca se en-
contraron en las hojas, bajando en el tallo y las raices. La
mas alta concentracién de Magnesio se encontré en el tallo,
bajando en la hoja y la raiz. En una gran mayoria de lineas,
la mas alta concentracién de P, se encontré para el K. Los
resultados obtenidos demuestran que la especificidad genética
en la nutricién mineral no solo se manifiesta por los diferentes
contenidos de los elementos, sino también por su distribucién
dentro de los 6rganos individuales de la planta.




