
37 

CONCENTATION OF MINERAL ELEMENTS IN CALLUS TISSUE CULTURE  
OF SOME SUNFLOWER INBRED LINES 

 
 

M. Saric1, Dragana Vasic, Lj. Vasiljevic, D. Skoric, Snezana Mezei and Slobodanka Pajevic2 
 

                                              
  Institute of Field and Vegetable Crops, M.Gorkog 30, 21000 Novi Sad, Yugoslavia  
1 Serbian Academy of Sciences and Arts, Knez Mihajlova 35, 11000 Belgrade, Yugoslavia 
2 Faculty of Natural Sciences, Trg Dositeja Obradovica 7, 21000 Novi Sad, Yugoslavia 
 

ABSTRACT 
Concentration of mineral elements in calli of six sunflower 
inbred lines have been determined. Calli were induced from 
cotyledons of seven days old seedlings grown under ster-
ile conditions. The differences between inbred lines in con-
centration of N, P, K, Mg, Fe and Mn were significant, 
whereas differences in the concentration of Ca, Na, Cu and 
Zn were insignificant. Average concentrations of mineral 
elements in calli were lower than average concentrations of 
mineral elements in leaves of plants grown in vivo. 
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INTRODUCTION 

umerous criteria have been used to evalu-
ate the obtained effects of genetic speci-
ficity of the mineral nutrition in plants. It 

should be emphasized that in previous investi-
gations the concentartion and content of min-
eral elements in plants have been most fre-
quently used as criterion for the occurrence of 
genetic specificity. Cultivar specificity of min-
eral nutritions is manifested through the dif-
ferences in ion uptake, their transport, distri-
bution and accumulation in individual organs, 
as well as in their reutilization, efflux, meta-
bolic role and biomass production. The differ-
ences mentioned are found in plant organs of 
different age of both cultivated plants and 
those inhabiting natural phytocenoses. All dif-
ferences are found under both artificial and 
natural conditions. Numerous results, cited in 
reviews (Epstein, 1972; Saric, 1981, 1983; 
Clark, 1983), show that there is a difference 
between genotypes of different plant species 
concerning concentration of some elements of 
mineral nutrition of plants grown in vivo. A 
review of results concerning sunflower        
(Helianthus annuus L.) is given the paper of 
Saric et al. (1991). 

Problems of genetic specificity of mineral 
nutrition of plants grown in vitro were investi-

gated to a lesser extent. One must keep in 
mind the fact that physiology and biochemis-
try of plants grown in vitro differ from those 
grown in vivo. Here is one example. The in-
tensity of growth and development of plants 
grown in vivo is a function of net photosynthe-
sis which, most often, correlates with the in-
tensity of photosynthesis and the leaf area. In 
vitro, the growth is a function of mineral ele-
ments and organic components of the medium, 
because the intensity of photosynthesis and 
leaf area are negligible. 

Physiological and biochemical differences 
are fully expressed in callus cultures. The 
growth and morphogenesis of plants grown in 
vitro could be effectively influenced by optimal 
concentration of the elements of mineral nutri-
tion and other organic components. The success 
of growing plants in vitro is related primarily to 
the composition of the medium. 

Still, the number of papers dealing with 
problems of genetic specificity of mineral nutri-
tion of plants grown in vitro is considerably 
sparse. The review of papers dealing with ge-
netical aspect of mineral nutrition of plants 
grown  in vitro is given in paper of Saric et al. 
(1995). 

We believe that the results referring to 
mineral nutrition of plants grown in vitro will 
contribute not only to improving this method, 
but also to the further progress in solving the 
problems of genetic specificity of mineral nu-
trition of plants and even the ion uptake 
mechanism. 

 
 
 

MATERIALS AND METHODS 

Six sunflower inbred lines, Ha-74A, PH-
BC2-152A, Ha-26A, L-1A, OCMS-48 and 
RHA-SNRF were used in the experiment. 
Each inbred line was represented by ten 

N 
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plants, which were donors of the initial  ex-
plants. 

Calli were induced from cotyledons, taken 
from seven days old sunflower seedlings grown 
in a sterile environment (Vasiljevic and Vasic, 
1994). The explants were cultured on the MS 
medium (Murashige and Skoog, 1962), supple-
mented with 1 mll-1 benzylaminopurine and 2 
mll-1 naphtaleneacetic acid. 

After three weeks of culture calli were cut 
in two parts. Mass of fresh and dry matter of 
one part of each callus was measured. The 
other part of each callus was placed on fresh 
medium and grown under fully controlled 
temperature (250C), photoperiod (16:8; 
light:dark) and humidity (85%). The same 
procedure has been repeated for five times. 
After that, calli were rinsed with distilled wa-
ter, dried to constant air-dry mass, macerated 
and prepared for chemical analyses. 

Calli were analysed for nitrogen content by 
the Kjeldal method, phosphorus content by mo-
lybdate-vanadate spectrophotometry, potassium 
content by flame photometry, calcium, manganese, 
sodium, iron, zinc, magnesium and copper content 
by atomic absorption spectroscopy. 

Data were processed by the analysis of 
variance. 

RESULTS AND DISCUSSIONS 

The differences in the concentration of 
mineral elements in the calli obtained from 
different inbred lines varied from highly sig-
nificant to insignificant (Tables 1 and 2). 
Avrage concentration of mineral elements in 
calli were compared to average concentrations 
of mineral elements in root, stem and leaves of 
intact plants (Saric et al., 1991) (Figures 1, 2 
and 3). 

 

 
Figure 1. Average concentrations of some mineral ele-

ments in calli and root of sunflower inbreds 
 
 

 
Table 1. Concentration of some macroelemts in calli of six sunflower inbreds (mg/100 g dry matter) 

 

Genotype N*** P** K* Cans Nans Mg*** 
Ha-74A 
PH-BC2-152A 
Ha-26A 
L-1A 
OCMS-48 
RHA-SNRF 

3197 
4669 
5222 
5534 
5282 
4828 

c 
b 
a 
a 
a 
b 

281 
331 
350 
362 
315 
332 

b 
ab 
a 
a 

ab 
ab 

2833 
2417 
1917 
2783 
2583 
2833 

a 
a 
a 
a 
a 
a 

825 
808 
841 
725 
816 
733 

a 
a 
a 
a 
a 
a 

700 
767 
750 
767 
767 
650 

a 
a 
a 
a 
a 
a 

96 
89 
90 
87 
91 
99 

a 
bc 
bc 
c 
b 
bc 

Average 4789  328  2561  792  733  90  
 
LSD  5% 

1% 

 
218 
306 

  
31 
44 

  
511 
716 

  
180 
282 

  
89 

125 

  
1.7 
2.4 

 

 
 

Table 2. Concentration of some microelemnts in calli of six sunflower inbreds (ppm) 
 

Genotype Fe***  Mn***  Znns  Cuns  
Ha-74A 
PH-BC2-152A 
Ha-26A 
L-1A 
OCMS-48 
RHA-SNRF 

225 
252 
278 
252 
285 
315 

b 
b 
ab 
b 
ab 
a 

212 
160 
178 
160 
180 
193 

a 
c 

bc 
c 

bc 
b 

167 
148 
165 
190 
198 
192 

a 
a 
a 
a 
a 
a 

18 
17 
20 
13 
17 
15 

a 
a 
a 
a 
a 
a 

Average 268  180  177  17  
 
LSD     5% 

1% 

 
32 
45 

  
12 
17 

  
36 
51 

  
5.5 
7.8 

 

 



M.SARIC ET AL.: CONCENTRATION OF MINERAL ELEMENTS IN CALLUS TISSUE CULTURE OF SOME  
SUNFLOWER INBRED LINES 

 

39

 
Figure 2. Average concentrations of some mineral ele-

ments in calli and stem of sunflower inbreds 
 
 

 
 

Figure 3. Average concentrations of some mineral ele-
ments in calli and leaves of sunflower inbreds 
 
Nitrogen 
Nitrogen concentration in calli ranged 

from 5534 (L-1A) to 3197 mg/100 g of dry 
matter (Ha-74A). Average nitrogen concentra-
tion of all six inbred lines was 4789 mg/100 g 
of dry matter. Average nitrogen content of 
twenty sunflower inbreds grown in vivo de-
pending of plant organ was 6765 (leaves), 
3462 (stem) and 3829 (root) mg/100 g of dry 
matter. On the basis of the obtained results it 
could be concluded that nitrogen concentration 
in calli of inbred lines was within the limits of 
plants grown in vivo. 

Phosphorus 
Phosphorus content varied as well, and 

the order of minimal and maximal concentra-
tions was the same as for nitrogen, i.e. Ha-74A 
had the lowest (281 mg/100 g of dry matter) 
and L-1A the highest phosphorus concentra-
tion (362 mg/100 g of dry matter). In compari-
son to phosphorus concentration in intact 
plants, the average phosphorus concentration 
was significantly lower in calli (328 mg/100 g 
of dry matter), because it ranged from 730 to 

1687 mg/100 g of dry matter in leaves of in-
tact plants. 

Potassium 
Potassium concentration was the highest 

in Ha-74A(2833 mg/100g of dry matter), op-
posite to nitragen and phosphorus concentra-
tion. The lowest concentration was 1917 
mg/100 g of dry matter in Ha-26A. In com-
parison to intact plants where concentration 
varied from 3900 to 6300 mg/100 g of dry 
matter it could be said that potassium concen-
tration was more than three times higher in 
intact plants than in calli. 

Calcium 
The differences in calcium concentration 

in calli of tested inbred lines were insignifi-
cant. If we compare calcium concentration in  
in vitro and in vivo grown plants, calcium con-
centration in calli was significantly lower than 
in intact plants. 

Sodium 
The differences in sodium concentration 

in different inbreds were insignificant. 
Magnesium 
The inbred lines tested differ significantly 

in magnesium concentration. Inbred line L-1A 
had the highest (96 mg/100 g of dry matter) 
and PH-BC2-152A the lowest magnesium con-
centration (87 mg/100 g dry matter). Magne-
sium concentration in plants grown in vivo 
ranged from 563 to 822 mg/100 g dry matter 
while it was  five times lower in calli. 

Iron 
Iron concentration was significantly dif-

ferent in different inbreds and Ha-74A had the 
lowest (225 ppm) and RHA-SNRF the highest 
iron concentration (315 ppm) 

Manganese 
The differences in manganese concentra-

tion in tested inbred lines were significant    
Ha-74A had the highest (212 ppm) and        
PH-BC2-152A the lowest manganese concen-
tration (160 ppm). 

The differences in the concentration of 
zinc as well as copper were insignificant. 

Calli could be considered convenient for 
studying the genetic specificity of mineral nu-
trition because many factors that cause signifi-
cant variability of results in vivo are negligible 
in vitro. 
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A callus is generally more homogenous 
than an intact plant, although it is not ideally 
homogeneous. Its diversity is manifested in 
the total number of cells, number of meris-
tematic cells, cell size, differentiation of so-
matic cells, and vacuole size. Division activity 
of cells is not uniformly arranged throughout 
callus tissue. It is well known that in in vitro 
culture a new variability can appear in signifi-
cantly higher percentage than spontaneous 
mutations. This variability is called 
somaclonal variability and can be observed on 
morphological, cytological and molecular 
level. In our experiment, we wanted to achieve 
the highest possible genetic uniformity within 
each tested genotype and to avoid differences 
in nutrient concentrations which could occur 
due to genetic divergence within the tested 
genotypes, so we have used different inbred 
lines as donors of explants. Differences in 
concentration of mineral elements were ob-
tained between different sugarbeet cultivars 
(Mezei et al., 1995). 

Average concentration of mineral ele-
ments in calli was lower than in intact plants 
although they were grown on medium sup-
plemented with higher concentrations of nutri-
ents than intact plants. It could be explained 
by the fact that relative to their total fresh or 
dry weight, rooted plants in vivo have, through 
root hairs and mycorrizal fungi, a very large 
surface area involved in nutrient uptake (Men-
gel, 1984) compared with calli. Also, in  in 
vivo nutrient concentrations in medium are 
kept constat whereas in in vitro medium the 
initial concentrations of nutrients are very 
high, but then decrease rapidly (Leifert et al., 
1995). 

Average concentrations of mineral ele-
ments in calli have been compared to average 
concentrations of mineral elements in root, 

stem and leaves of intact plants. Generally, if 
we compare concentrations of tested mineral 
elements in intact plants and in calli, we can 
conclude that concentration of all mineral ele-
ments was lower in calli than in intact plants 
(Saric et al., 1991), although calli were grown 
on medium supplemented with higher concen-
trations of mineral elements than intact plants 
(Saric et al., 1995). It would be interesting to 
investigate the reactions of plants of the same 
genotype but of different origin to individual 
mineral elements. 
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Table 1. Concentration of some macroelemts in calli of six sunflower inbreds (mg/100 g dry matter) 
Genotype N***  P***  K*  Cans  Nans  Mg***  

Ha-74A 
PH-BC2-152A 
Ha-26A 
L-1A 
OCMS-48 
RHA-SNRF 

3197 
4669 
5222 
5534 
5282 
4828 

c 
b 
a 
a 
a 
b 

281 
331 
350 
362 
315 
332 

b 
ab 
a 
a 

ab 
ab 

2833 
2417 
1917 
2783 
2583 
2833 

a 
a 
a 
a 
a 
a 

825 
808 
841 
725 
816 
733 

a 
a 
a 
a 
a 
a 

700 
767 
750 
767 
767 
650 

a 
a 
a 
a 
a 
a 

96 
89 
90 
87 
91 
99 

a 
bc 
bc 
c 
b 
bc 

Average 4789  328  2561  792  733  90  
5% 

LSD 
1% 

218 
 

306 

 31 
 

44 

 511 
 

716 

 180 
 

282 

 89 
 

125 

 1.7 
 

2.4 

 

 

 

Table 2. Concentration of some microelemnts in calli of six sunflower inbreds (ppm) 
Genotype Fe***  Mn***  Znns  Cuns  

Ha-74A 
PH-BC2-152A 
Ha-26A 
L-1A 
OCMS-48 
RHA-SNRF 

225 
252 
278 
252 
285 
315 

b 
b 
ab 
b 
ab 
a 

212 
160 
178 
160 
180 
193 

a 
c 

bc 
c 

bc 
b 

167 
148 
165 
190 
198 
192 

a 
a 
a 
a 
a 
a 

18 
17 
20 
13 
17 
15 

a 
a 
a 
a 
a 
a 

Average 268  180  177  17  
5% 

LSD 
1% 

32 
 

45 

 12 
 

17 

 36 
 

51 

 5.5 
 

7.8 

 

 

 
Figure 1. Average concentrations of some mineral elements in calli and root of sunflower inbreds 
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Figure 2. Average concentrations of some mineral elements in calli and stem of sunflower inbreds 

 
 

Figure 3. Average concentrations of some mineral elements in calli and leaves of sunflower inbreds 


