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Abstract: The greatest part of yield of cultivated plants is known to result from 

work of the photosynthetic apparatus, in which the chlorophyll molecule occupies a key 
place. In this paper, photosynthetic pigments content, leaf surface and dry matter weight 
were investigated in the terminal leaf of wheat cultivars. Investigations were included five 
wheat cultivars which grew on the unfertilized and four fertilization variants of soil. All 
measurement were performed in wheat flowering phase. Results of investigation showed 
that fertilization had a great influence on examination parameters. The greatest amounts 
of chlorophyll and carotenoids content were measured at plants cultured on the soil 
fertilized with nitrogen and phosphorus as well as dry matter weight. Leaf surface extent 
was the biggest on the variant fertilized with nitrogen and potassium. Nitrogen 
fertilization variant was next favourable variant.  

Key words: chlorophyll, carotenoids, flag leaf, leaf surface, dry matter weight, 
wheat, fertilization.  

 

 
IIIIntroductionntroductionntroductionntroduction    

  
Winter wheat consumes relatively large amounts of mineral elements of 

its vegetation. Of all macro metabolic elements, wheat consumes nitrogen in the 
greatest quantites, potassium in somewhat smaller amounts and phosphorus in 
smallest amounts. In dependence of type, weather conditions and other factors, 
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soils generally lack nitrogen and phosphorus in greater measure and potassium to 
a lesser extent. An especially small share of the main nutritive elements is in 
forms readily accessible to the plant. For this reason, wheat responds very 
positively to application of mineral fertilizers. So, deficiency mineral elements is 
virtually nonexistent today. In the last years, an enormous body of experimental 
date has been accumulated on the mineral nutrition of wheat. 

Many authors have established that chlorophyll synthesis is dependent 
upon mineral nutrition. Nitrogen is structural element of chlorophyll and protein 
molecules and it thereby affects formation of chloroplasts and accumulation of 
chlorophyll in them (Tucker, 2004; Daughtry et al., 2000). The concentration of 
this element in green leaves is related to chlorophyll content, and therefore 
indirectly to one of the basic plant physiological process, photosynthesis 
(Haboudane et al., 2002; Amaliotis et al., 2004; Lelyveld et al., 2004; Cabrera, 
2004). Phosphorus has influence on stability of molecule chlorophyll in plants, 
especially with advent of unfavourable weather conditions in fall.  

Mineral nutrition significantly affects on the dynamics of leaf surface 
formation and extent leaf area, which is reflected in the sum total of leaf surface, 
the photosynthetic potential and net of photosynthesis. Of all macro metabolic 
elements, the greatest influence on development of plants in general and their 
leaf surface is exerted by nitrogen, whose enhanced by phosphorus and to lesser 
extent by potassium.  

Leaf surface is the basic photosynthetic area. On its extent the water and 
nutrients supplying have a great influence (Bhagsari & Brown, 1986). Nitrogen is one 
of the most effective factor during the whole period leaf growth. Phosphorus and 
potassium have smaller significance. 

Dry matter weight is very important factor for determination mineral 
elements amounts needs for the photosynthesis. Nitrogen and phosphorus increased 
synthesis so the plants have a larger dry matter weight. 

Chlorophyll concentration, leaf surface and dry matter weight can be use as a 
potential indicator for nutrients deficiency in the soil (Tejada-Zarco  et al., 2004).  

During grain formation and plumping wheat is supplied with carbohydrates 
of current photosynthesis created for the most part by activity in organs uppermost 
internodes. The leading role in these processes is ascribed to the terminal leaf or flag 
leaf (ðokić et al., 1999). From this reason we investigated some photosynthetic 
characteristics terminal leaf as pigments content, leaf surface and dry matter weight 
in dependence of fertilization 

 
Material and Methods 

        
Complex physiological investigations were carried out on material taken 

from a test plot of the Small Grains Research Center of Kragujevac. Used as 
material in the present study were terminal leaves of five wheat cultivars 
(Lazarica, Studenica. Matica, KG 56 and KG 100). The material was collected 
during 2002., in mid-May, at the outset flowering phase.  
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Experimental conditions 
 
For analysis pigments content, leaf surface and dry matter weight, 

samples were taken from five basic variants of soil fertilization (Table 1). 
Each parcel was given same amounts of potassium ammonium nitrate (27 % 

N), superphosphate (45 % P2O5) and potassium chloride (60 % KCl). Unfertilized 
soil belongs of the smonitza type in the process of degradation with following 
characteristics: weak acid reaction with pH value in water from 6.03 to 6.10 and from 
4.76 to 4.84 in KCl. Contents of total nitrogen is from 0.11 to 0.15 %, accessible P2O5 

less than 1. 00 and accessible K2O from 10.3 to 11.1 mg / 100 g of soil (Jelić, 1990). 
 

Tab. 1.  Treatments of  fertilization in long-term experiment established in 1970. 
    

Nutritiens [kg/ha] Fertilization  
variant N P2O5 K2O 

0 0 0 0 
N 150 0 0 

NPK 150 80 100 
NP 150 80 0 
NK 150 0 100 

    
0-unfertilized soil; N-soil fertilized with nitrogen only; 
NPK- soil fertilized with nitrogen, phosphorus and potassium; 
NP-soil fertilized with nitrogen and phosphorus; 
NK- soil fertilized with nitrogen and potassium  

 
Processing materials 

 

The material was processed in the fresh state immediately after 
collection. After fine chopping, portions weighing 0.5 g were measured of on an 
analytical balance. The measured of material was then homogenized with the 
addition of 10 ml 80 % acetone. A primary acetone extract containing all 
chloroplast pigments. The extract was then centrifuged and the obtained 
supernatant was diluted by adding 9 ml 80 % acetone per ml of extract. The 
extract produced in this way subjected to reading on a  spectrophotometer. 
Pigments content was calculated according to W e l l b u r n (1994). The leaf 
surface was ruled by copy leaf on the paper method.  
 

Results and Discussion 
 

Pigments content 
 
The results of measuring chlorophyll and carotenoids content in the 

terminal leaf in five wheat cultivars presents in Fig. 1.  
The lowest chlorophyll content in all cultivars was recorded on 

unfertilized soil (values not exceed of 1.5 mg/g). The greatest chlorophyll 
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content was measured in leaf of plants that grew on the soil fertilized with 
nitrogen and phosphorus (NP variant). On this variant, Lazarica, Studenica and 
Matica cultivars had maximal values for chlorophyll concentration (from 2.4 to 
3.0 mg/g). Among the remaing fertilization variants, N variant was the most 
favourable. On this variant, KG 56 sort had a maximal chlorophyll content (3.2 
mg/g). The KG 100 sort, except on unfertilized soil, had approximately equal 
chlorophyll concentration on the all variants of soil fertilization (2.2 – 2.3 mg/g). 
 

  

  

 
Fig. 1. Chlorophyll (Chl) and carotenoid (C) content in flag leaf  

in dependence of fertilization 

 
The lowest carotenoid content in all examined cultivars of wheat was 

measured on unfertilized soil, too. On the fertilization variants, carotenoid content 
showed a little variations in dependence of mineral nutrition. So, Lazarica, Studenica 
and especially KG 100 cultivars had approximately equal carotenoid content on all 
fertilization variants (with values between 0.4 and 0.5 mg/g). Matica cultivar had 
higher value for carotenoids content on NK variant of fertilization (above 0.6 mg/g), 
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while in KG 56 cultivar the greatest carotenoid content was measured on NPK and N 
variants. Carotenoids content more depended upon sorts of wheat than fertilization. 

The NP fertilization variant (soil to which nitrogen and phosphorus was 
added) was the most favourable variant for leaf chlorophyll content. This is in 
keeping with published data indicating that nitrogen and phosphorus exert the 
greatest influence on chlorophyll content. Nitrogen is a structural element of 
chlorophyll and protein molecules, and it thereby affects formation of chloroplasts 
and accumulation of chlorophyll in them (Tucker, 2004; Daughtry et al., 2000). The 
influence of phosphorus on formation of green pigments in the leaf depends on its 
concentration. Phosphorus affects the stability of chlorophyll in plants, especially 
with advent of unfavourable weather conditions in fall.  

In some cultivars, the greatest chlorophyll content was measured in 
leaves of plants that grew on soil fertilized with nitrogen only. Even though 
nitrogen is the most important mineral element in the process of chlorophyll 
biosynthesis, adding nitrogen to the soil can have negative as well as positive 
effects, since an excess of nitrogen shorten the life of leaves, increase their 
sensitivity, and lower their resistance to plant diseases, which leads to decrease 
of leaf chlorophyll content. NK variant was unfavourable, because chlorophyll 
content is known to increase in the presence of a phosphorus deficit. Phosphorus 
deficiency inhibits plant growth and chlorophyll synthesis, which give plants 
experiencing it a dark green colour. It is interesting that on NPK variant no one 
cultivars did not have great chlorophyll concentration. This may be explain, so 
Cl from KCl (which added in soil) can has negative effects on photosynthetic 
apparatus in plants (Jelić et al., 1994). 

 
Leaf surface 

 
Leaf surface depended upon of mineral nutrition very much. The 

terminal leaf had not the largest surface at all examined cultivars. So, at KG 100 
and Matica cultivars second leaf had the largest leaf area (Fig. 2.).  

For the some wheat cultivars (KG 100 and Studenica), N fertilization 
variant showed the greatest influence on leaf surface. Matica and Lazarica 
cultivars had the greatest leaf surface on the soil fertilized with nitrogen and 
potassium and KG 56 cultivar on the NPK variant (32 cm2).  

From published data is known that nitrogen has the greatest influence on leaf 
extent. This effect is increased by the phosphorus and potassium insignificant. The 
fertilized variants differenced by growth rapidity and decreased leaf surface 
especially by the maximum extent. Leaf surface increased by the phosphorus average 
26 – 27 % than by the applied nitrogen. Combination with three elements (N, P and 
K) had not any larger influence on the leaf area by the reason competition of plants 
toward the light. So, if NPK variant was placed on the edge of experimental parcel, in 
the favourable light conditions, it is given smaller leaf surface than the rest variants of 
fertilization. There were differences in dynamic growth and extent leaf surface 
between the fertilization variants of soil. These differences appeared as consequences 
different operation by the mineral nutrition on plants growth . 
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                     Fig. 2. Leaf surface in dependence of fertilization 
   1-Lazarica; 2-Studenica; 3-Matica; 4-KG 56; 5-KG 100 
   

 
Dry matter weight 

 
Terminal leaf at all the sorts had the largest dry matter weight then 

second and third leaf. Dry weight of leaf was depended upon the variants of 
mineral nutrition. Matica and Lazarica cultivars had the greatest dry matter 
weight on the soil fertilized with nitrogen and potassium (NP variant). At KG 
100 and Studenica sorts, the largest dry matter weight was measured on the 
variant fertilized with nitrogen only (N variant), while KG 56 cultivar had 
maximal leaf weight on the complete fertilized soil (NPK variant). Measured dry 
matter was at all the sorts between 0.04 and 0.15 g (Fig. 3.). On the unfertilized 
soil dry matter weight of leaf was the smallest at all the sorts. 
 

 
    Fig. 3. Dry matter weight of leaves in dependence of fertilization 
   Cultivar designation as in Fig. 2.  
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Many investigations showed that there were specific sorts toward dry matter 
weight. It is confirmed in present experiment. On the same fertilization variant, 
different sorts had a different dry matter weight. Dry matter weight was increased 
with applied nitrogen fertilizers because nitrogen uptake is better with by adding 
nitrogen in the soil (Delden, 2001). Besides the fertilization, a great influence on dry 
matter weight could have environment conditions (Fritschi  et al., 2003).  
 

Grain yield 
 
Grain yield was calculated at five wheat cultivars on unfertilized soil and 

on the soil fertilized with nitrogen, phosphorus and potassium. It was increased 
very much on fertilized siol (Tab. 2). In comparasion with examination wheat 
cultivars, Studenica had the greatest yield on unfertilized plot (2800 kg/ha), 
while KG 100 sort had the smallest zield on the same soil (1957 kg/ha). On the 
fertilized soil, Lazarica cultivar had the greatest grain yield, and KG 56 sort had 
the smallest. Matica cultivar had the positively reaction on the fertilization. 
Grain yield at this sort was increased from 1995 kg/ha on unfertilized soil to 
7256 kg/ha on the NPK fertilization variant.  
 

Tab. 2. Effect of fertilization on the grain yield (kg/ha) 
 

 Lazarica Studenica Matica KG 56 KG 100 

O 2317 2800 1995 2176 1957 

NPK 7447 7364 7256 6218 6268 

 

Conclusion 
 
Results of examination showed that wheat responds very positively to 

application of mineral fertilizers. The smallest values for all the cultivars were 
measured on unfertilized soil, and the greatest, for different cultivars on the different 
fertilization variants. 

For the chlorophyll content, the most favourable were NP and N fertilization 
variants. Carotenoids content showed little variations in dependence of fertilization. 
The greatest influence on the leaf surface had NK and N ferilization variants. On the 
dry matter weight leaves; NP and N variants were the most effective. Grain yield was 
increased a many times on fertilized soil in comparasion with unfertilized.  
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Rezime 
 
Za vreme formiranja i nalivanja zrna, pšenica se snabdeva ugljenim 

hidratima iz tekuće fotosinteze koja se najvećim delom obavlja aktivnošću organa 
vršne internodije. Vodeća uloga u ovom procesu se pripisuje vršnom listu. Iz tog 
razloga u ovom radu su istraživani neki fotosintetički parametri vršnog lista kao što 
su sadržaj pigmenata, površina lista i masa suve materije lista. Istraživanjem je bilo 
obuhvaćeno pet sorti pšenice (Lazarica, Studenica, Matica, KG 56 i KG 100), koje su 
rasle na neñubrenom zemljištu i na četiri varijante ñubrenog zemljišta: N, NPK, NP i 
NK. Sva merenja su obavljena u fazi cvetanja pšenice. 

Rezultati istraživanja su pokazali da pšenica veoma pozitivno reaguje na 
primenu mineralnih ñubriva. Najmanje vrednosti za sve ispitivane parametre 
izmerene su na neñubrenom zemljištu, a najveće na različitim varijantama ñubrenja 
za različite sorte. Najveća količina hlorofila i karotenoida je izmerena na zemljištu 
ñubrenim azotom i fosforom. Površina vršnog lista bila je najveća na varijanti 
ñubrenja azotom i kalijumom. Na ovoj varijanti ñubrenja je izmerena i najveća masa 
suve materije listova Varijanta ñubrenja samo azotom bila je sledeća najpovoljnija 
varijanta za istraživane parametre. Na osnovu toga može se zaključiti da pšenica 
reguje različitim vrednostima ispitivanih parametara na različitim varijantama 
ñubrenja. Dobijene visoke vrednosti za  sadržaj pigmenata kao i ostale morfofizio-
loške osobine lista mogu biti upotrebljene kao indikator za odabir najpovoljnije 
varijante ñubrenja prilikom gajena odreñene sorte pšenice. 
 

 


