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Abstract 
 
The study was conducted at the Fruit Growing Institute in Plovdiv to establish the influence of different fertilizer rates 
on the growth, nutritional and physiological status of apple plants of the Florina cultivar, grafted on M9 rootstock, 
grown in containers (10 l). Variants of the experiment are Variant I - Control (not fertilized), Variant II - 
N1.3P0.3K0.7Mg0.1, Variant III - N2.7P0.7K1.3Mg0.3 and Variant IV - N4.3P1.1K2.1Mg0.4. In fertilized variants, plants with a 
height of 144.11 to 152.14 cm and a stem diameter of 9.63 to 10.09 mm were obtained. The plants of the control variant 
reached average values for height of 92.38 cm and 6.95 mm for stem diameter. The plants of low fertilizer rate were 
distinguished by the largest volume of the root system (99.44 cm3). There is a pronounced tendency for a direct increase 
in nitrogen with increasing fertilizer rate. The experimental data obtained showed that the low fertilizer rate 
(N1.3P0.3K0.7Mg0.1) was optimal and led to the production of high-quality apple planting material suitable for 
establishing fruit orchards. 
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INTRODUCTION 
 
The production of the necessary quantities of 
planting material is a basic prerequisite for the 
development of fruit growing. Quality planting 
material must be produced as it determines the 
future development of fruit trees.  
One intriguing new approach in the production 
of fruit planting material is container 
production. This is a relatively new method of 
producing fruit plants and has many advantages 
(Haris & Gilman, 1993; Gilman & Beeson, 
1996; Mathers et al., 2007). In this way, 
different types of fruit crops can be 
successfully grown.  
This technology has the following two 
advantages: it allows almost 100% interception 
when planting in a permanent place, as planting 
does not cause stress to the newly planted 
plants and allows establishing orchards 
throughout the year (Akova, 2021). 
Fertilization is a major agrotechnical practice, 
and is mandatory for the container growing 
(Akova et al., 2019; 2020a; 2020b). 
Apple is a traditional fruit crop in Bulgaria. 
Florina is the most common apple cultivar in 
our country.  

In Bulgarian fruit growing, conventional tree 
production in a nursery is mainly applied, 
which creates the need to explore the 
possibilities for producing apple planting 
material in containers. 
The study aimed to determine the influence of 
fertilization on the growth, nutritional, and 
physiological status of apple planting material 
of the Florina cultivar produced in containers. 
 
MATERIALS AND METHODS 
 
In the period 2019-2021, a trial was held at the 
Fruit Growing Institute in Plovdiv to determine 
the influence of different fertilizer rates on the 
growth behavior, nutritional and physiological 
status of apple plants of the Florina cultivar 
grafted on M9 rootstock grown in containers. 
The fertilizer experiment was set in four 
variants with ten replications, each plant being 
a separate replication. 
The following variants were tested: Variant I - 
Control (not fertilized), Variant II - 
N1.3P0.3K0.7Mg0.1, Variant III - 
N2.7P0.7K1.3Mg0.3, and Variant IV - 
N4.3P1.1K2.1Mg0.4. The fertilization was applied 
several times with increasing rates of nutrients 
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with the combined fertilizer Kristalon N (20%) 
- P2O5 (5%) - K2O (10%) - MgO (2%). Optimal 
soil moisture was maintained in the containers, 
consistent with the requirements of the crop 
grown. 
The following biometric indicators were 
reported: stem diameter (mm), plant height 
(cm), leaf area (mm2), the volume of the root 
system (cm3), and fresh mass of leaves, stems, 
and roots (g). Chemical analyses of leaf 
samples for the content of leaf pigments and 
nutrients were carried out, and the content of 
nitrogen, phosphorus, potassium, calcium, and 
magnesium was determined. 
The leaf area was measured by scanning the 
leaves and analyzing the resulting images with 
specialized software (Gao et al., 2011). The 
volume of the root system was measured using 
Burdett's method (1979). The chlorophyll 
content (a, b, a+b) was determined 
spectrophotometrically in a 95% ethyl alcohol 
extract. 
 

Table 1. Definitions of measured and calculated 
chlorophyll fluorescence parameters used  

in the experiment, based on Strasser and Strasser (1995) 
and Goltsev (2016) 

Chlorophyll 
Fluorescence 
Parameters 

Description 

Measured parameters and basic JIP-test parameters derived from 
the OJIP transient 

FO ~ F20µs Minimum fluorescence, when all PSII 
reaction centres (RCs) are open; 
Fluorescence intensity at 20 µs 

FJ  Fluorescence at the J-step (2 ms) of the O-
J-I-P transient 

FI  Fluorescence at the I-step (30 ms) of the 
O-J-I-P transient 

FM = FP  Maximum fluorescence at the P-step when 
all RCs are closed 

VJ = (FJ –FO)/(FM – 
FO) 

Relative variable fluorescence at the J-step 

FV = FM – FO Variable fluorescence 
Quantum yields and probabilities  
FV/ FM Maximum quantum efficiency of PS II 

photochemistry 
ψEO = 1 - VJ Probability (at t=0) that a trapped exciton 

moves an electron into the electron 
transport chain beyond QA- 

φEO = (1- FJ/FM) Quantum yield (at t=0) for electron 
transport from QA- to plastoquinone 

δRO = (1 - VI)/(1 - VJ) Efficiency/probability (at t = 0) with 
which an electron from the intersystem 
carriers moves to reduce end electron 
acceptors at the PSI acceptor side 

Performance indexes 
PIABS Performance index of PSII based on 

absorption 
PItotal = PIABS x 
δRo/(1 - δRo) 

Performance index of electron flux to the 
final PSI electron acceptors, i.e., of both 
PSII and PSI 

Analysis of chlorophyll fluorescence was 
performed on the youngest fully developed 
leaves from the top of three representative 
plants of each variant. The main parameters of 
the rapid fluorescence of chlorophyll a were 
measured with a portable Handy PEA 
fluorimeter (Hansatech Instruments, UK). The 
analyzed sections of the leaves were darkened 
for 40 minutes with special clips. The induction 
curves of rapid chlorophyll fluorescence (OJIP 
test) were recorded for 1 s after illumination 
with a light pulse (3000 μmol m-2 s-1 PPFD). 
Primary data processing was carried out using a 
PEA Plus program (V1.10, Hansatech 
Instruments Ltd., UK). 
Measured and calculated parameters using this 
OJIP test (Table 1) were interpreted and 
normalized according to Strasser and Strasser 
(1995) and Goltsev (2016). 
The results obtained were processed 
statistically using the method developed by 
David B. Duncan (Duncan, 1955; Harter, 
1960). Software "R3.1.3", in combination with 
"RStudio-0.98" and installed package 
"agricolae 1.2-2" (Mendiburu, 2015). 
 
RESULTS AND DISCUSSIONS 
 
The mineral nutrition performed affects the 
growth manifestations of apple plants (Table 
2). All fertilized variants (Var. II, Var. III, and 
Var. IV) had higher values at all measured 
characteristics compared to the control (Var. I). 
The differences were statistically proven. 
 

Table 2. Effect of fertilization on the growth 
characteristics of apple planting material grown in 

containers 

Variants 
Stem 

diameter 
(mm) 

Plant 
height 
(cm) 

Root system 
volume 
(cm3) 

Leaf area 
(mm2) 

I 6.95 b 92.38 b 46.67 b 13,685.76 b 
II 10.09 a 152.14 a 99.44 a 257,249.52 a 
III 9.76 a 148.96 a 66.11 ab 190,959.12 a 
IV 9.63 a 144.11 a 55.55 b 155,461.68 ab 

 
The results obtained show that there were no 
significant differences in the main growth 
indicators between the fertilized variants (Var. 
II, Var. III, and Var. IV). The nourished plants 
(Var. II, Var. III, and Var. IV) had a height of 
144.11 to 152.14 cm, and those of the control 
were characterized by lower average height 
values (92.38 cm) (Table 2, Figure 1). 
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The mean stem diameter in control plants was 
6.95 mm. Fertilized plants (Var. II, Var. III, 
and Var. IV) had higher stem diameter values - 
from 9.63 to 10.09 mm. The differences to the 
non-fertilized control were statistically proven. 
 

 
Figure 1. Growth habits of the experimental plants in the 

different variants at the end of the vegetation 

 

 
Figure 2. Root system in the different variants 

 
The tree root system volume was measured 
because, according to Jacobs and Seifert, 2004, 
this method does not lead to its violation and is 
relatively fast. Fertilization affects both the 
above-ground part of the plants and the root 
system (Akova et al., 2019, 2020a, 2020b, 
2022). A significant increase was observed in 
the root system volume was observed (Table 2, 
Figure 2). The plants of the fertilizer variants 
(Var. II, Var. III, and Var. IV) had values from 
55.55 to 99.44 cm2, and those of the control 
variant were characterized by lower average 
values (46.67 cm2). There were proven 
differences between the variants tested. The 
fertilizer rate is one of the factors that affects 
the quality of planting material. Excessively 
high fertilizer rates can cause growth 
depression. Variant II (99.44 cm3) had the 
highest value for the volume of the root system. 
The medium and high rates (Var. III and Var. 

IV) inhibit root growth. The values for the 
volume of the root system in fertilized plants 
with the high rate were comparable with those 
in unnourished plants. A number of authors 
emphasize a positive correlation between root 
system volume and subsequent plant 
development under field conditions, with plants 
having larger root system volume showing 
higher survival (Rose et al., 1991a; 1991b; 
1992; 1997; Jacobs et al., 2005). 
A significant increase in leaf area has also been 
reported. The plants of the fertilized variants 
(Variant II, Variant III, and Variant IV) had 
leaf area ranging from 155461.68 to 257249.52 
mm2, and those of the control variant were 
characterized by lower mean values (13685.76 
mm2). The high fertilization dose (Variant IV) 
increased leaf area, but compared to the low 
and medium doses (Variant II and Variant III), 
the effect of fertilization was weaker. 
The influence of different fertilizer rates on the 
content of the essential nutrients in the leaves is 
presented in Table 3. 
 

Table 3. Content of essential nutrients in the leaves 

Variants N (%) K (%) P (%) Ca (%) Mg (%) 

I 1.77 2.29 0.25 2.28 0.72 

II 2.27 2.24 0.30 1.29 0.55 

III 2.33 2.25 0.31 1.35 0.50 

IV 2.35 2.35 0.33 1.23 0.50 

 
During the 2019-2021 study, the applied 
fertilization had a beneficial effect on the 
macronutrient content in the leaves of the 
observed fruit species. 
There was a pronounced tendency for a directly 
proportional increase in nitrogen with 
increasing fertilizer rate. In control plants, the 
nitrogen content was in the low supply range. 
The N content of fertilized plants was in the 
range of 2.27-2.35%, which corresponded to 
adequate supply, and was about 50% higher 
than that of the control plants (1.77%). The K 
content was in a range of high reserve, with the 
values of this nutrient being optimal in all 
variants. 
The results regarding the P content showed a 
clear trend of increase with increasing fertilizer 
rate, and in all variants, the values for this 
nutrient were optimal. 
The values for Mg content in leaves were 
higher in the control plants. The same trend 
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was observed with regard to the concentration 
of Ca. This was probably due to the 
antagonism between the elements potassium 
and calcium. The application of increasing 
fertilizer rates of the element potassium leads 
to a lower absorbtion of Ca from plants. 
Despite this, the values for Ca in the leaves of 
fertilized plants were within optimal limits. 
 

Table 4. Effect of fertilization on the chlorophyll content 
in the leaves 

Variants 
Chl. a    
mg/g 
(DW) 

Chl. b        
mg/g 
(DW) 

Chl. a+b                                   
mg/g (DW) 

Сarotenoides 
mg/g 
(DW) 

I 1.50 b 0.54 b 2.05 b 0.54 b  
II 3.54 a 1.10 a 4.64 a 1.18 a 
III 4.17 a 1.40 a 5.57 a 1.49 a 
IV 4.15 a 1.27 a 5.42 a 1.55 a 

 
It has been found that the introduction of 
increasing concentrations of K and P leads to 
an increase in the rate of photosynthesis but 
does not significantly affect the chlorophyll 
content of the leaves (Wang et al., 2022). We 
observe such a trend in our study. From the 
experimental data obtained, it can be seen that 
statistically proven differences between the 
individual fertilization variants have not been 
found (Table 4). A higher content of 
chlorophyll a distinguishes plants of fertilizer 
variants. The chlorophyll b content was lower 
than that obtained for chlorophyll a, but a 
positive effect of feeding was observed in all 
fertilized variants. The results in the total 
chlorophyll a+b showed an increase in the 
values of the fertilization variants, suggesting a 
good adaptation of the plants to the growing 
conditions. The highest values for chlorophyll 
a+b were recorded when the medium fertilizer 
rate was applied (var. III) (N2.7P0.7K1.3Mg0.3). 
With an increase in the fertilizer norm, there 
was a gradual increase in the content of 
carotenoids. From the results obtained, we can 
conclude that the applied fertilization favors the 
accumulation and maintenance of chlorophyll 
in the leaves during the growing season, which 
leads to an improvement of the photosynthetic 
activity of the plants and their good 
adaptability to the growing conditions. 
Although the content of photosynthetic 
pigments is not the only indicator of plant 
photosynthesis, their increase can be 
considered as an expression of a better 

structuring of the photosynthetic apparatus 
under conditions of improved nutrition. 
Another indicator of the functional activity of 
plants' photosynthetic apparatus is chlorophyll 
fluorescence. The analysis of rapid 
fluorescence induction curves of chlorophyll a 
(OJIP test) links the structure and functionality 
of the photosynthetic apparatus. It allows a 
rapid assessment of plant viability, especially 
under stress (Strasser et al., 2000; 2004). 
 

Table 5. Effect of fertilization on the biomass of leaves, 
stems, and roots of plants 

Variants 
FW 

Leaves (g) Stems (g) Roots (g) 

I 11.52 b 60.67 c 32.33 b 
II 108.13 a 135.77 a 236.13 a 
III 110.31 a 99.67 b 212.13 a 
IV 98.76 a 89.52 b 206.58 a 

 

 
Figure 3. Induction curves of rapid chlorophyll 
fluorescence (OJIP test); (----) Control without 

fertilization; (----) variant II; (----) variant III; (----) 
variant IV 

 
Table 6. Basic chlorophyll fluorescence parameters (JIP 
test) of apples grown in containers at different levels of 

fertilization 

Variants/ 
Parameters I (Control) II III IV 

F0 294 a 305 a 328 a 319 a 
Fm 1264 c 1273 c 1368 b 1447 a 
Fv 970 c 969 c 1040 b 1128 a 
Fv/Fm 0.763 b 0.790 a 0.750 b 0.775 a 
ψE0 0.546 a 0.599 a 0.492 a 0.585 a 
φE0 0.417 a 0.456 a 0.374 a 0.454 a 
δR0 0.484 a 0.519 a 0.493 a 0.457 a 
PI abs 2.69 b 3.63 a 2.26 c 3.73 a 
PI total 2.87 c 4.04 a 1.77 d 3.59 b 

 
In the control and the three fertilizer variants, 
the rapid chlorophyll fluorescence curves had a 
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typical F0 to Fm level shape with pronounced J 
and I phases (Figure 3), indicating that the 
apple plants included in the experiment were 
photosynthetically active (Yusuf et al., 2010). 
No significant differences were reported in the 
values of the minimum fluorescence (F0) of 
control and treated plants (Table 6.). The 
highest value of the maximum fluorescence 
(Fm) was measured in variant IV, and the 
lowest was in the control. Despite fluctuations 
in initial (F0), maximum (Fm), and variable (Fv) 
fluorescence, the quantum yield (Fv/Fm) 
reflecting the potential photochemical activity 
of photosystem II (PS II) ranges from 0.750-
0.790 and corresponds to normal (0.750-0.830) 
in healthy, unstressed leaves (Bolhar-
Nordenkampf & Oquist, 1993). This shows that 
a normally developed photosynthetic apparatus 
was functioning in all the studied variants. No 
statistically significant differences were 
reported for three important parameters of the 
JIP test – ψE0, φE0, and δR0 in plants grown 
with and without fertilization. The Total 
Performance Index (PI total) reflects the 
functional activity of PS II and PS I and the 
electron transport chain between them. PI total 
is closely related to total plant growth and 
survival under stress and is considered a very 
sensitive indicator of the JIP test. The highest 
PI total was reported in variant II (4.04), which 
was significantly higher than in the control 
(2.87). The highest PItotal of the plants 
fertilized with the low dose (variant II) 
corresponded with their larger biomass, height, 
stem diameter, and leaf area and clearly 
showed the effectiveness of the applied 
treatment (Tables 2, 5, 6). Improved plant 
nutrition contributes to more efficient 
development and structuring of the 
photosynthetic apparatus, which in turn is a 
prerequisite for more intense photoassimilation 
and biomass accumulation. The lower values of 
some of the main chlorophyll fluorescence 
parameters (Fv/Fm, φE0, ψE0, PI abs, PI total) 
measured on the leaves of variant III are 
formally in contradiction with the more 
intensive plant growth of this variant compared 
to the control. This could be related to the 
growth rate of these plants - by the the time of 
measurement at the end of the vegetation, the 
shoots of the contro plants stopped their growth 
and formed an apical bud. The plants of variant 

III continued growing in height, and their top 
leaves (on which the measurement is made) 
were physiologically younger than those of the 
control ones. 
 
CONCLUSIONS 
 
All three fertilizer rates (N1.3P0.3K0.7Mg0.1, 
N2.7P0.7K1.3Mg0.3, and N4.3P1.1K2.1Mg0.4) 
significantly affect stem diameter and plant 
height growth resulting in apple planting 
material with larger sizes than the control (non-
fertilized) trees. 
The high fertilization rate (N4.3P1.1K2.1Mg0.4) 
inhibits root growth, and the values for the root 
system volume are commensurate with those of 
unnourished plants. 
The fertilizer rate is one of the factors on which 
the quality of planting material depends. The 
low fertilization rate (N1.3P0.3K0.7Mg0.1) is 
optimal. It stimulates the growth and biomass 
accumulation, has a beneficial effect on the 
content of the essential nutrients and 
chlorophyll in the leaves, and leads to the 
production of high-quality apple planting 
material suitable for planting in orchards. 
 
REFERENCES 
 
Akova, V., 2021. Production of fruit planting material in 

containers. Plant protection, 10, 27-29. 
Akova, V., Staneva, I., & Gandev, S. (2020b). 

Fertilization impact on the growth and nutritional 
status of peach planting material from Redhaven 
cultivar on GF677 rootstock, grown in containers. 
Scientific Papers. Series B. Horticulture, LXIV (2), 
13-17. 

Akova, V., Staneva, I., Nikolova, V. & Gandev, S. 
(2019). Fertilization impact on the growth and 
nutritional status of cherry planting material from 
Вigarreau burlat cultivar on Мaxma14 rootstock, 
grown in containers - first results. Scientific Papers. 
Series B. Horticulture, LXIII (1), 137-142. 

Akova, V., Dimitrova, N., Nacheva, L., Dimitrov, A., 
Staneva, I., Ivanov, P. & Gandev, S. (2022). Еffect of 
Fertilization on the Growth, Nutritional and 
Physiological Status of Apricot (Prunus armeniaca 
L.) Planting Material Grown in Containers. Journal 
of Mountain Agriculture on the Balkans, 25 (2), 214–
230. 

Akova, V., Dimitrova, N., Nacheva, L., Staneva, I., 
Vasilev, А. & Gandev, S. (2020a). Impact of nitrogen 
fertilization on growth and photosynthetic activity of 
walnut planting material (Juglans Regia L.) cultivated 
in containers. Scientific Papers. Series B. 
Horticulture, LXIV (1), 15-20. 



22

  

Bolhar-Nordenkampf H. R. & Oquist G. (1993). 
Chlorophyll fluorescence as a tool in photosynthesis 
research In: Photosynthesis and Production in a 
Changing Environment: a field and laboratory 
manual Chapman & Hall (pp. 193–206) London. 

Burdett, A. N. (1979). A non-destructive method for 
measuring the volume of intact plant parts. Canadian 
Journal of Forest Research, 9, 120-122. 

Duncan, D. B. (1955). Multiple Range and Multiple F 
Tests. Biometrics, 11(1), 1-42. 

Gao, J. C., Guo, G. J., Guo, Y. M., Wang, X. X., & Du, 
Y. C. (2011). Measuring plant leaf area by scanner 
and Image software. China Vegetables, 2, 73-77. 

Gilman, E.F. & Beeson, R.C. (1996). Jr. Nursery 
production method affects root growth. Journal of 
Environmental Horticulture, 14, 88-91. 

Goltsev, V., Kalaji, H., Paunov, M., Bąba, W., Horaczek 
T., Mojski, J., Kociel, H. & Allakhverdiev, S. (2016). 
Variable chlorophyll fluorescence and its use for 
assessing physiological condition of plant 
photosynthetic apparatus. Russian Journal of Plant 
Physiology, 63, 869–893. 

Harris, J.R. & Gilman, E.F. (1993). Production method 
affects growth and post-transplant establishment of 
‘East Palatka’ holly. Journal of the American Society 
for Horticultural Science, 118, 194-200. 

Harter, H. L. (1960). Critical Values for Duncan's New 
Multiple Range Test. Biometrics, 16(4), 671-685. 

Jacobs, D. F. & Seifert, J. R. (2004). Re-Evaluating the 
significance of the first-order lateral root grading 
criterion for hardwood seedlings. In Proceedings of 
the “14th Central Hardwood Forest Conference”. 
Wooster, OH. Gen. Tech. Rep. NE-316. Newtown 
Square, PA: U.S. Department of Agriculture, Forest 
Service, Northeastern Research Station (pp. 382-
388). 

Jacobs, D.F., Salifu, K. F. & Seifert, J. R. (2005). 
Relative contribution of initial root and shoot 
morphology in predicting field performance of 
hardwood seedlings. New Forests 30, 235-251. 

Mathers, H.M., Lowe S.B., Scagel. C., Struve, D.K. & 
Case, L.T. (2007). Abiotic factors influencing root 
growth of woody nursery plants in containers. 
HortTechnology, 17 (2), 151-162.  

Mendiburu, F., 2015. Statistical procedures for 
agricultural research, URL:http://cran.r-
project.org/web/packages/agricolae. 

Rose, R., Haase, D. L., Kroiher, F. & Sabin, T. (1997). 
Root volume and growth of ponderosa pine and 
douglass-fir seedlings: a summary of eight growing 
seasons. Western J. Appl. For., 12, 69-73. 

Rose, R., Gleason, J., Atkinson, M. & Sabin, T. (1991b). 
Grading ponderosa pine seedlings for outplanting 
according to their root volume. Western J. Appl. For., 
6(16), 11-15. 

Rose, R., Atkinson, M., Gleason, J. & Haase, D. (1992). 
Nursery morphology and preliminary comparison of 
3-year field performance of 1+0 and 2+0 bare root 
ponderosa pine seedlings. Tree Planters’ Notes, 43, 
153-158. 

Rose, R., Atkinson, M., Gleason, J. & Sabin, T. (1991a). 
Root volume as a grading criterion to improve field 
performance of douglas-fir seedlings. New Forest, 
5(17), 195-209. 

Strasser R. J., Tsimilli-Michael, M., & Srivastava, A. 
(2004). Analysis of the chlorophyll a fluorescence 
transient, In: Govindjee Papageorgiou (Ed.), 
Advances in Photosynthesis and Respiration. 
Springer, Dordrecht (pp. 321-362) Netherlands. 

Strasser R. J., Srivastava, A. & Tsimilli-Michael, M. 
(2000). The fluorescence transient as a tool to 
characterize and screen photosynthetic samples. In: 
Probing Photosynthesis: Mechanism, Regulation & 
Adaptation (Mohanty P., Yunus, Pathre Eds.) Taylor 
& Francis (pp. 443-480) London. 

Strasser, R. & Strasser, B. (1995). Measuring fast 
fluorescence transients to address environmental 
questions: the JIP test. In Photosynthesis: from light 
to biosphere. P. Mathis, ed. (Dordrecht: Kluwer 
Academic Publishers) (pp. 977-980). 

Wang, X., Wang, D., Dimitrova, S., Wang, J., Wang, T., 
Sotirov, D., Li, G. & Song, L. (2022). Effect of foliar 
application of potassium dihydrogenphosphate in red 
general apple cultivar. Journal of Mountain 
Agriculture on the Balkans, 25(2), 231-241. 

Yusuf, M. A., Kumar, D., Rajwanshi, R., Strasser, R. J., 
Tsimilli-Michael, M., & Sarin, N. B. (2010). 
Overexpression of γ-tocopherol methyl transferase 
gene in transgenic Brassica juncea plants alleviates 
abiotic stress: physiological and chlorophyll a 
fluorescence measurements. Biochimica et 
Biophysica Acta (BBA)-Bioenergetics, 1797(8), 
1428-1438. 

.
 
 


