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Abstract. An investigation of development systems in apple foliar 
fertilization was performed by means of stationary research methods and fields. 
As study material of apple trees have served trees of three apple varieties Golden 
Delicious, Idared and Florina 8 years old grafted on rootstock M26. The planting 
system is 4x2 meters. In orchard was used foliar fertilization based on Urea46% 
N in different concentration of 0,4% to1,2% of deferent stages of fruit 
development, Polyfeed (N19P19K19) at a 0,1% concentration and CaCl2 (0,5%, 
0,7%). The Golden Delicious variety harvest increased from 25.5 t/ha in 2008 up 
to 31.1 t/ha in 2009, Idared is the variety who yields are from 18,3 t/ha in 2009 in 
control variant up to 29.1 t/ha in 2010 in variant 4. The Florina crop varieties 
ranged from 23.1 t/ha in 2008 up to 34.9 t/ha in 2010. 
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Rezumat. Investigaţiile cu privire la elaborarea sistemei de fertilizare 

foliară la măr s-au efectuat prin intermediul metodelor de cercetare staţionare şi 
câmp. Ca material de studiu au servit pomii de măr în vârstă de 8 ani din soiurile 
Golden Delicious, Idared şi Florina, altoite pe portaltoiul M 26. Distanţa de 
plantare 4x2 m. Ca fertilizant foliar s-a folosit uree 46% s.a.  în concetraţie de la 
0,4 % până la 1,2 %, în diferite faze de dezvoltare a fructelor, Polyfeed 
(N19P19K19) în concentraţie de 0,1% şi CaCl2 (0,5% 0,7%). La soiul Golden 
Delicious producţia a crescut de la 25,5 t/ha în anul 2008 până la 31,1t/ha în anul 
2009. La soiul Idared producţia a crescut de la 18,3 t/ha în anul 2009, în varianta 
martor, până la 29,1 t/ha în anul 2010 în varianta 4. La soiul Florina producţia a 
variat de la 23,1 t/ha în anul 2008 până la 34,9 t/ha în anul 2010. 

Cuvinte cheie: măr, concentraţie, soi, uree 

INTRODUCTION 

Along with the high productivity of the plantation a great attention should 
be given special attention to fruit quality because, it affects fruit production 
efficiency. Fruit quality depends on many factors, but primarily determined by the 
variety of biological features (Kudrjavec R. P., 1987, Sasnauskas A. et. al. 2006). 

By a proper diet, made by fertigation or foliar normalization of load bearing 
fruit after binding, and interventions in green shoots growing on creating a 
balance between enjoyment and trees bud differentiation that leads to consistent 
and high quality production (Roşca C., Diaconiuc V 2005). 
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MATERIAL AND METHOD 
The investigations were conducted during the years 2008- 2010 in the apple 

orchard business ‘Zubresti’ SA, district Sraseni planted with trees grafted 1 year of 
age. Plantations establishment was carried out in spring 2003 with fruit varieties 
Golden Delicious, Idared and Florina grafted on M26 rootstock. Distance 4x2 m 
planting trees. Trees are driven by narrow crown zone located from north to south. 

The investigations on the development of the foliar fertilization in apple are 
made stationary through research methods, field and laboratory. The variants are 
located in four repetitions each randomized trees in 32 variants. Agro-technical 
measures in the orchard is made in accordance with ago- technical guidance in force. 
Soil is maintained as field work by conducting an annual plowing in winter and as 
needed 3-5 cultivations. Urea 46% breast was in different concentrations on fruit 
development stages. Solutions consumption is 1.000 liters per hectare (table 1). 

Table 1 
Scheme of experience 

Foliar fertilization performance period 
Nutrient concentration % 

V1 (control) V2 V3 V4 
Urea 46% active substance 

After flowering (75% of flowers have fallen) Water 0.4 0.5 0.6 

When fruits have the size of a peanut (fruit diameter 
reached 10-12 mm) 

Water 0.7 0.8 0.9 

When fruits have the size of a walnut (the fruit had 
reached 25-30 mmin diameter) 

Water 1.0 1.1 1.2 

Polyfeed (N19:P19:K19) 
When fruits are ripe state (20-30 July) Water 0.1 0.1 0.1 

Calcium chloride (CaCl2) 
With 20-30 days before harvesting the fruit Water 0.5 0,6 0,7 

RESULT AND DISCUSSIONS 
In 2008 the fruit number of Golden Delicious variety per tree was from 109 

to 192 in control variant until the variant 4, average fruit weigh from 98 g up to 
136 g. The number and weight of fruit in variant 2 and 3 is between 116 and 150 
fruit and 116 g and 127 g per fruit in variant 3. Fruit crop in 2008 was biggest 
high in variant 3 (23.8 t/ha) followed by variant 4 (23.5 t/ha) and variant 2 (19.9 
t/ha). The lowest recorded harvest in control variant to 15.9 t/ha. In 2009 the fruit 
number of the Golden Delicious variety was higher than in 2008 year but the 
difference between the variant were also high. Thus, the lowest number of fruit 
was recorded in control variant (173 fruit) that took on average 109 grams, and 
the largest number of fruit was recorded in variant 4 with 230 fruits per tree with 
an average weight of 136 g. In variant 2 were 180 fruits with weighing 119 g and 
198 fruit in variant 3 weight129 g. In the 2009 yield per hectare Golden Delicious 
variety is in strict accordance with the number of fruit per tree and their average 
weight. Thus, in control variant was 23.6 t/ha, and in fourth variant to 31.1 t. In 
2010 the Golden Delicious variety fruit harvest was quantify less than in 2009 
year but higher than in 2008 year. In control variant was obtained the lowest 
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number of fruits (100) and the largest amount in variant 4 (1721). The average 
weight of fruit in 2010 year was with small difference between the variant 2 
where the average weight was 114 grams. The fruit crop per hectare in 2010 year 
where with great difference, between the variants average. Thus, in control variant 
the yield was 17.0 tons. The biggest harvest was recorded in variant 4 to 28.6 t/ha. 

Table 2 
Fruit production by variety and concentration of foliar applied fertilizers (Urea 46%) 

(Rootstock M26, Distance of panting 4x2, S.A. „Zubreşti“, 2008 - 2010) 

va
ria

nt
 Number of fruit per 

tree 
weight average 1 fruit  

g 
t/ha 

year 
2008 

year 
2009 

year 
2010 year 

2008 
year 
2009 

year 
2010 

year 
2008 

year 
2009 

year 
2010 

Golden Delicious 
V1 109 173 100 98 109 134 15,9 23,6 17,0 
V2 116 180 152 127 119 114 19,9 26,8 21,8 
V3 150 198 169 116 129 133 23,8 29,4 25,8 
V4 192 230 171 136 136 134 23,5 31,1 28,6 

DL,5% - - - - - - 0,25 0,24 0,28 
Florina 

V1 162 168 178 104 124 125 23,1 26,7 27,8 
V2 172 170 184 113 134 142 24,0 28,2 32,6 
V3 183 173 190 137 125 141 29,7 26,8 33,5 
V4 197 178 205 141 135 117 29,9 30,2 34,9 

DL, 5% - - - - - - 2,14 1,95 3,71 
Idared 

V1 170 110 155 100 133 99,3 21,9 18,3 19,3 
V2 173 117 170 121 143 113 25,9 20,9 24,1 
V3 175 130 186 120 144 108 27,2 23,4 25,2 
V4 180 148 195 132 136 119 28,1 25,1 29,1 

DL, 5% - - - - - - 1,87 2,7 2,85 

The Florina variety in 2008 year, the fruit number in control variant was (162) 
and highest in variant 4 with 197 fruits that have registered an average weight of 141 
g. The smaller fruits were in control variant with 104 g. In the remaining variants had 
a ranging number from 172 fruits of tree, average fruit weight of 113 g in variant 2, 
and 183 fruit per tree with an average weight of 137 g in variant three. In 2009 year 
the number of fruit in control variant was 168 fruits per tree and their average 
weight of 124 g. Under variant two the number of fruit was 170 pieces per tree 
with a weight of 125 g. In 2010 year the number of fruits was lowest in control 
variant 178 fruits with an average weight of 125 g. The highest number of fruits 
was recorded in variant 4 with 205 fruit and an average weight of 117 g/ fruit. The 
highest index of fruit number and weight was observed in variant 3 with a 190 
fruit number and an average  weight of 141 g where the dose applied was 0.5%; 
0.8%;1.1% of Urea 46%N. The average weight of fruit was higher in variant 2 
with 142 g of fruit where the number was 184 pieces/ tree. The quantities fruit of 
the Florina variety in 2008 years was the smallest amount in control variant (162 
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fruit) with a total harvest of 23.1 t/ha and the largest amount of fruit per hectare was 
recording in variant 4 with 29.9 t/ha. In 2010 year the amount of fruit of Florina variety 
was a tree growing in comparison with those previous years of study was in growing 
(2008- 2009) and recorded the largest amount of fruit per tree and per hectare in variant 
4 where concentration of foliar applied fertilizers (Urea 46%N) were 0.6%; 0.9%; 1.2% 
and amounted to 34.9 t/ha.  

In 2008 year t5o the Idared variety the fruit number is between values of 170 in 
control variant and 180 in variant 4. The fruit mass was 100 g in control variant which 
has not been applied foliar fertilization based of nitrogen on Urea 46% higher breast and 
fruit were obtained in variant 4 with 132 g. In third year (2010) were recorded 155 fruit 
in control variant with an average weight of 99.3 g of fruit. Under variant two the 
number of fruit was 170 with an average weight of 108 g. The largest number of fruit 
was in variant 4 where was 195 fruits with an average weight of 119 g. The yields per 
hectare are in sequence with the number of fruits as well as their average weight. 
Following foliar fertilization the harvest applied per hectare yield is higher than the 
control variant and recorded a harvest of over 20 tons per hectare where the largest 
quantities of fruits were recorded in variant 4 where the concentrations o fertilizer was 
0.6%; 0.9%; and 1.2%. 

CONCLUSIONS 
1. Following foliar fertilization the harvest applied per hectare yield is higher 

than the control variant and recorded a harvest of over 20 tons per hectare where the 
largest quantities of fruits were recorded in variant 4 where the concentrations o 
fertilizer was 0.6%; 0.9%; and 1.2%. 

2. In 2010 year the amount of fruit of Florina variety was a tree growing in 
comparison with those previous years of study was in growing (2008- 2009) and 
recorded the largest amount of fruit per tree and per hectare in variant 4 where 
concentration of foliar applied fertilizers (Urea 46%N) were 0.6%; 0.9%; 1.2% and 
amounted to 34.9 t/ha. 

3. In the 2009 yield per hectare Golden Delicious variety is in strict accordance 
with the number of fruit per tree and their average weight. Thus, in control variant was 
23.6 t/ha, and in fourth variant to 31.1 t. 
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Abstract. The aim of this paper is to study diurnal variations of 
photosynthetic process at two strawberry cultivars (Magic and Real). 
Monitoring reaction of those two genotypes in different light conditions was 
made by determination of photosynthesis rate, stomatale conductivity, 
transpiration rate and intracellular CO2 amount, using portable photosynthesis 
system LCi. The results showed modification of photosynthesis rate, during one 
day, as a bimodal curve with two peaks. Diurnal variation of stomatale 
conductivity was proportional with transpiration rate, respecting the same 
model as photosynthetic rate.  

Key words: diurnal variation, photosynthesis, transpiration rate, 
stomatal conductivity, Fragaria vesca. 

 
Rezumat: Scopul acestei lucrări este studierea variaţiilor diurne ale 

procesului de fotosinteză la două soiuri de căpşun (Magic si Real). 
Monitorizarea reacţiei celor două genotipuri în condiţii diferite de lumină s-a 
realizat prin determinarea ratei fotosintezei, a conductivităţii stomatale, a ratei 
transpiraţiei şi a cantităţii de CO2 intercelular cu ajutorul sistemului de 
fotosinteză portabil LCi. Rezultatele au arătat modificări ale ratei fotosintezei, 
pe parcursul unei zile, sub forma unei curbe bimodale cu 2 pic-uri. Variaţiile 
diurne ale conductivităţii stomatale au fost direct proporţionale cu rata 
transpiraţiei, respectând acelaşi model detectat în cazul ratei fotosintezei. 

Cuvinte cheie: variație diurnă, rata fotosintezei, rata transpirației, 
conductivitatea stomatala, Fragaria vesca 

INTRODUCTION 

One aspect of optimizing crop productivity in the greenhouse is to find 
optimal conditions for whole-plant photosynthesis. Individual leaf photosynthesis 
measurements are generally not good estimates for whole-plant photosynthesis. 
(Berry J.A.,1982). Leaf photosynthesis can be highly variable due to such factors as 
leaf age, chlorophyll content (Mohua Yang, 2008), leaf shading, or biotic and 
abiotic stresses whereas whole-plant productivity is influenced greatly by canopy 
complexity and growth (Miller et al., 1996). For this reason we studied diurnal 
variations of photosynthetic process at two strawberry cultivars (Magic and Real). 
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MATERIAL AND METHOD 
Biological material was represent by two strawberry varieties Real and 

Magic, planted in pots and maintained in greenhouse for 3 months.  
Determinations were made in April for 3 consecutive days with a similar 
environment conditions with photosynthetic system measure LCi (product by ADC 
Bioscientific Ltd UK), at every hour between 7-16 and photosynthetic rate, 
evapotranspiration rate and stomatal conductivity were measured. 

Photosynthetic regulation mechanisms were studied by measuring 
chlorophyll fluorescence with portable fluorometer Handy PEA by excitation of 
leaves reaction centres with a red light flash at 3000 µmol m-2 s-1; values were 
record at every 10 microseconds during the first 2 milisecond and after that, at 
every millisecond until 1 second. Samples were dark adapted for 30 minutes.   

Fluorescence at 50 microseconds was considered Fo, values from 2 ms 
represents fluorescence at J step and those from 30 ms represents fluorescence 
at I step. Maximal fluorescence Fm (P) represents values at witch all the reaction 
centres are closed. Based on Fo and Fm maximal efficiency of PS II (Fv/Fm) was 
calculated.  

JIP-test: was used for determination of some parameters as: absorbance 
per reaction centre (ABS/RC), trapped energy per reaction centre (TRo/RC), 
electron transfer per reaction centre (ETo/RC), dissipation per reaction centre 
(Di/RC) and density of active centre per RC. 

In the same time, a protocol with preillumination of the reaction centres was 
applied. Light intensity before excitation was 250 µmol m-2 s-1 and after that 15 
saturated pulse were applied at each 10 seconds; before the last pulse 
preillumination was turned off. Based on the fluorescence values efficiency of PS 
II was calculated, quantity of energy light used in photochemistry (qP) and 
quantity of dissipated energy.  

RESULTS AND DISCUSSIONS 
Determinations evidenced similar modifications for both varieties and 

particular modifications too, for each cultivar. The first category included 
intensification of electron transport accompanied by an increasing of 
photosynthesis transpiration and stomatal conductivity in parallel with increasing 
of light intensity. For both of the cultivars maximal values of photosynthetic rate 
were obtained at 11 o’clock (fig.1-5). 

The second category includes differences regarding capacity of water 
utilisation. Magic cultivar recorded a similar but oscillatory evolution of 
photosynthetic rate, evapotranspiration rate and stomatal conductivity, whereas at 
Real cultivar photosynthetic rate and stomatal conductivity have a similar 
variation with a stabile kinetic, which determine a better regulation of 
evapotranspiration. Furthermore, analysing A/E ratio, it can be observed that at 
Real cultivar efficiency of water using was better than Magic (values of A/E at 
Real are higher than Magic). Similar results were obtained by Xu K., Guo Y.P., 
(2005) in their experiences with strawberries. 
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Fig. 1 - Photosinthetic active radiation 

Fig. 2 - Photosinthetic rate Fig. 3 - Transpiration rate 
 

Fig. 4 - Stomatal conductivity Fig. 5 - Ratio between photosynthetic rate 
and transpiration rate  
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Light-driven photosynthetic electron transport provides reducing power for 
photosynthetic carbon reduction and photorespiratory carbon oxidation. Both 
these processes are associated with the activity of ribulose 1,5 bisphosphate 
carboxylase/oxygenase (Rubisco). 

Electron transport may also provide a source for alternative electron sinks, 
such as nitrate reduction and direct reduction of O2 in the Mehler reaction. Genty 
et al. first found a linear relationship between quantum yield for CO2 assimilation 
and the product of photochemical quenching (qP) and the efficiency of excitation 
capture (F′v/F′m) by open photosystem II (PSII) centres under non-
photorespiratory conditions (Genty et al., 1989). This provides the basis for using 
qP×F′v/F′m (PSII quantum efficiency) to monitor changes in quantum yield of 
non-cyclic electron transport in vivo. The quantitative relationship between PSII 
quantum efficiency and quantum yield for CO2 assimilation, developed under 
non-photorespiratory conditions, has subsequently been used as a calibration 
curve to estimate the rate of noncyclic electron transport associated with Rubisco 
and partitioning of electron flow between CO2 assimilation and photorespiration 
under photorespiratory conditions (Cornic and Briantais, 1991; Cornic and Ghashghaie, 
1991; Ghashghaie and Cornic, 1994; Habash et al., 1995). 

PS II efficiency was similar in both cultivars (fig.6) with some differences 
regarding capacity of using energy for photochemical reactions. This process is 
named photochemical quenching (qP) and is a measure of open reaction centres.  

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
The opposite process is named non-photochemical quenching (NPQ) 

which represents dissipated energy as heat. qP at Real recorded an increasing at 
11 o’clock as a consequence of increasing the number of reactive centres open at 
this moment (fig.7).  

However values of NPQ decreased relatively constant between 7 and 16 
o’clock, at both of the cultivars (fig.8). This thing may suggest that Real cultivar 
adapts at light energy excess by increasing of number of active centres and not by 
increasing of light dissipation rate. 

Fig. 6 - Photosystem II efficiency 
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Fluorescence transitions studies made at 11 and 16 o’clock made in 
evidence genotipical differences in response at diurnal variations of light intensity, 
Real cultivar recording higher values of Fm than Magic (fig. 9 și 10) which 
demonstrates that OJIP analysis can reveal genotipical differences in those cases 
when other parameters are not sensitive enought to detect it. 

 
 
 

 
 
 
 
 
 
 
 
 

Fig. 7 - Photochemical quenching 

Fig. 8 - Non-Photochemical quenching 

Fig. 9 - Δ F at 11 o `clock 
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Fig. 10 - Δ F at 16 o` clock 

CONCLUSIONS 
1. At Magic cultivar photosynthetic rate, stomatal conductivity presents a 

similar but oscillatory evolution, but, at Real cultivar photosynthetic rate and 
stomatal conductivity have a similar evolution with a stabile kinetic. 

2. Real adapts at light energy excess by increasing of number of active 
centres and not by increasing of light dissipation rate. 

3. OJIP analysis can reveal genotipical differences in those cases when 
other parameters are not sensitive enought to detect it. 
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