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Abstract 
The chlorophyll fluorescence parameters reflect the functioning of IInd photosystem (PSII). Many 

studies have shown the importance of the chlorophyll fluorescence indicators in identification of 
nutrient deficiency and the others stress factors. In our study, with OS-30 (Opti-Sciences) chlorophyll 
fluorometer we registered, the following chlorophyll fluorescence parameters: the minimum 
fluorescence (F0), the maximum fluorescence (Fm), the momentary fluorescence (Ft) and ratio Fv/Fm. 
The effect of four foliar fertilization products on the chlorophyll fluorescence parameters in leaves to 
five strawberry cultivars (Mira, Benton, Elsanta, Marmolada, Idea) was registered in four moments (at 
one day after foliar fertilization; at three days after foliar fertilization; at six days after foliar 
fertilization and at nine days after foliar fertilizations). At the end of study the highest mean values of 
IInd photosystem (PSII) efficiency, and of Fv/Fm ratio were recorded on Elsanta cultivar, the highest 
value of fluorescence minimum (F0) and momentary fluorescence (Ft) were recorded on Benton 
cultivar, and the fluorescence maximum (Fm) was recorded to Mira cultivar. 
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Introduction 
Chlorophyll fluorescence is one of the indicators that provide information on the stress 

factors affecting the plant, an non-invasive investigation method without disturbing the 
natural course of photosynthesis (ANCU & al. [1]). It is a useful tool in plant physiology who 
provides information about the IInd photosystem (PSII) functioning (OXBOROUGHT& al. 
[21]). Chlorophyll fluorescence can provide immediate information on the use and energy 
dissipation in the IInd photosystem. At the same time, the transport of electrons in the IInd 
photosystem (PS II) is an indicator of the rate of photosynthesis. Chlorophyll fluorescence 
estimates the photosynthetic performance, under conditions where other methods fail. 
(MAXWELL and JOHNSON [14] cited by ANCU [2], NEBALL & al. [20]). At room 
temperature, the majority of chlorophyll emission ensue from PSII (VALKAMA & al. [26], 
MENG & al. [15]) and changes in the primary processes of photosynthesis, such as light 
absorption, excitation energy transfer and electron transfer from PSII to PSI. The following 
chlorophyll fluorescence parameters were analysed: the minimum fluorescence (F0) - occur 
when the antennas are open to receive a quantum of light, maximum fluorescence (Fm) - is 
recorded after exposure to the excitation source (spot light fluorometer); Ft - momentary 
fluorescence determined in the field; the Fv/Fm is the change ratio of the minimum 
fluorescence to maximum fluorescence. The ratio Fv/Fm has begun to be used for the stress 
diagnosis in plants (IBARAKI and MURAKAMI [9]). The vegetative and reproductive 
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growth of plants depend on the assimilate production which is controlled by the architecture 
and leaf functions, both modulated by environmental interactions (LEIPNER.& al. [12] cited 
by LICHTENTHALER and BABANI. [13], KSHIRSAGAR & al. [10]). 

The shape of the fluorescent transient is determined by the physiological status of the 
leaves samples (KRUGER & al. [11]; STRASSER & al. [23] cited by ANCU & al. [1], 
VALCKE [25]). Light energy is absorbed by chlorophyll, carotenoids and other pigment 
molecules present in the photosynthetic molecules antenna, from the thylakoid membranes of 
the green plants chloroplasts (GOVINDJE & al. [7], FALKOWSKI and RAVEN & al. [5] 
cited by MISRA & al. [17]). In plants, light energy is absorbed by chlorophyll in the 
photosynthetic systems in following three ways: a) it can be used to drive photosynthesis, b) it 
can be dissipated as heat or c) it can be re-emitted as red fluorescence. Any increase in one of 
them produced a decrease of the other two. Therefore determining the level of chlorophyll 
fluorescence indicators will give information about the changes in photosynthesis efficiency 
and heat dissipation (MISRA & al. [16] STRASSER and TASIMILLI [24]). Besides this 
chlorophyll fluorescence can be used as a sensitive device for detection of ion sensitivity and 
other environmental stress factors (MISRA & al. [18] and [19], FALKOWSKI & al. [6]). 

The aim of this paper is to identify the change in time of chlorophyll and fluorescence 
parameters, induced by some foliar fertilization products. 
 
Materials and methods 

The study was performed in the experimental fields of the Small Berry Department of 
the Research Institute for Fruit Growing Pitesti. The experimental plot is located at 
44°54ꞌ7.81" North and 24°52ꞌ19.62" East where the soil properties were: clay content (C) Ø < 
de 0.002 mm (C)=17.8%; organic matter (H)= 1.74%; pHH2O =6.3. The period of study were 
from June till August 2013.The research was conducted by using the following experimental 
scheme: A Factor, cultivars (Fragaria x ananassa Duch.), with five graduations: a1=Benton, 
a2=Marmolada, a3=Mira, a4=Elsanta and a5=Idea, B Factor - foliar fertilization, with 4 
graduations: b1- foliar fertilization with product Polifeed 0.5%, b2- foliar fertilization with 
product Multi K 0.1%, b3- foliar fertilization with product MAP 0.1%, and b4= foliar 
fertilization with product Polifeed 0.3%. With OS-30 (Opti-Sciences) chlorophyll fluorometer 
with the test of 2 second length and the excitation source intensity of 2.000uE, by placing the 
leaves successively in dark (15 minutes with clips) and then in light were determined in the 
leaves, the following chlorophyll fluorescence parameters: the minimum fluorescence (F0), 
the maximum fluorescence (Fm), momentary fluorescence (Ft) and ratio Fv/Fm. The dates were 
registered in 4 moments: at one day after foliar fertilization (M1), at three days after foliar 
fertilization (M2), at six days after foliar fertilization (M3) and at 9 days after foliar 
fertilizations (M4). A randomized block design was used to avoid pseudo-replication 
(HURLBERT [8], SCODAL and ROHLF [22]). Twenty trays were arranged in four blocks of 
four treatments (2 plants per replication). The results obtained were statistically analyzed 
using the analysis of variance (ANOVA). Means were compared using LSD multiple range 
test at 0.05 probability levels. 
 
Results and discussion 

 On the average for the four foliar treatments and all experimental period the 
chlorophyll fluorescence indicators F0 and Ft registered the highest values at Benton cultivar. 
Under the same conditions the Mira cultivar registered the highest Fm values (1215.1) versus 
the other studied cultivars and the highest values of chlorophyll fluorescence ratio (Fv/Fm) was 
recorded to Elsanta cultivar (0.814) (table1). 
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On the average, for the five studied cultivars and all four moment of chlorophyll 
fluorescence assessment, the foliar fertilization variant with product Polifeed 0.3%. (b4) had 
recorded the highest differences values from 10.53% till 11.76% versus the other variants of 
foliar treatments applied (table 1). 

Analyzing the mean value of the leaves chlorophyll fluorescence parameters of the 
studied cultivars and the foliar treatments applied, the highest average value was recorded at 
three days after foliar fertilization in the case of F0 and Fm (237.0 and respectively 1173.8) but 
in the case of chlorophyll fluorescence parameter Ft the highest value was recorded at the first 
day after foliar fertilization treatments application (table 1). 

The values could be explained (according with similar studies) because all the 
treatments have influenced the increase of electron transport per reaction centre, this 
augmentation is continuing till the third day after application. The slight decrease in the sixth 
day after fertilization is factually evidence that the active components have been absorbed and 
consummated in the metabolic process. The consumption was not occurring on the spot. Even 
if the active components are there spread on the leaf or on their way to penetrate cuticle and 
tissues membranes, they are metabolized at a rate controlled by the specific plant nutrition 
mechanism. (CHITU & al. [3]). CIRJALIU & al. [4] said that these have been the formulation 
principles of emulsified nutritive fluids and sustain their capacity to promote growth 
stimulation and alleviate mineral stress at the foliage surface. 

Table 2 presents the average values of chlorophyll fluorescence minimum in strawberry 
leaves on every studied cultivar and every foliar fertilization treatment applied. It can be seen 
that in the case of all foliar treatments, at one day after applying foliar treatments (M1) 
statistically insured differences were recorded only in the case of b1 and b4 foliar treatments. 
The Idea cultivar recorded the lowest values 12.52% versus the others studied cultivars on all 
four foliar treatments applied. 
 
Table 1. Average values of the chlorophyll fluorescence parameters in strawberry leaves 

EXPERIMENTAL FACTORS 

The Chlorophyll Fluorescence Parameters 
Minimum 

fluorescence 
(F0) 

Maximum 
fluorescence (Fm) 

Ratio 
(Fv/Fm) 

Momentary 
fluorescence 

(Ft) 

Cultivars 

Mira 225.8bc˟ 1215.1a 0.813a 1103.2ab 
Benton 252.7a 1165.6b 0.782c 1182.2a 
Elsanta 218.0c 1180.0b 0.814a 1072.9abc 
Marmolada 233.7b 1128.2c 0.791bc 1004.2bc 
Idea 214.2c 1050.0d 0.795b 924.0c 
LSD 0.05˟ 14.12 35.56 0.010 172.1 

Treatments 

b1 231.4ab 1135.5b 0.794b 1021.8b 
b2 226.8b 1115.6b 0.795b 998.3b 
b3 216.0c 1109.9b 0.803a 1021.8b 
b4 238.1a 1200.3a 0.802a 1174.1a 
LSD 0.05˟ 10.30 26.17 0.007 126.6 

The moment 
determining 
chlorophyll 
fluorescence 
indicators 

M1 230.5ab 1126.8b 0.794b 1073.4a 
M2 237.0a 1173.8a 0.798b 1051.9a 
M3 220.7b 1090.9c 0.796b 1021.0a 
M4 224.1b 1169.8a 0.807a 1050.4a 
LSD 0.05˟ 10.30 26.17 0.007 126.6 

 ˟Means within each column followed by different letters are significantly different according to LSD test (P≤0.05). 
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Three days after applying the second foliar treatments (M2), Benton cultivar had 
registered the highest value of F0 parameter on all foliar treatments studied, but the other 
cultivars have revealed differences that divided them in two or three statistical classes (table 2).  

The foliar fertilization with product Polifeed 0.5% (b1) did not give any statistic 
differences between the studied cultivars. In the case of foliar fertilization with product Multi 
K 0.1% (b2) and foliar fertilization with product Polifeed 0.3% (b4) there were recorded two 
distinctive classes between the studied cultivars, on the other hand, in the case of foliar 
fertilization with product MAP 0.1% (b3) three statistical classes were registered, the lowest 
values had been registered by Mira cultivar. The same situation is at six days after fertilization 
(M3) but in this moment the lowest value of minimum fluorescence (F0), was recorded at Idea 
cultivar (189.6) fertilized with MAP 0.1%, (b3) and the highest value was recorded at Mira 
cultivar fertilized with Polifeed 0.5% (b1) (table 2). 

The fluorescence minimum (F0) registered at nine days after foliar treatments revealed 
only two statistically classes at all foliar treatments studied, the lowest value has recorded also 
Idea cultivar (179.2) but in case of foliar fertilization applied with Polifeed (b4) product 0.3% 
conc. (table 2) the higher value was recorded at Benton cultivar on the foliar fertilization with 
MAP 0.1% (table 2). 
 
Table 2. The average values of the evolution in time of minimum fluorescence (F0) 

The moment 
determining 

minimum 
fluorescence 

(F0) 
 

Treatments Mira Benton Elsanta Marmolada Idea LSD  
0.05˟ 

M1 

b1 267.9a 265.1a 247.4ab 238.1ab 189.7b 56.6 
b2 259.3a 240.1a 230.9a 228.3a 215.8a 59.4 
b3 230.7a 218.1a 198.9a 226.1a 193.6a 49.2 
b4 235.6a 223.3a 220.2a 229.2a 172.3b 36.3 

M2 

b1 260.2a 270.9a 221.9a 236.4a 303.8a 122.0 
b2 251.0ab 303.4a 217.6b 247.5ab 230.7b 62.4 
b3 195.7c 258.1a 218.2bc 245.1ab 196.3c 34.5 
b4 184.8b 295.8a 206.1b 232.8b 195.9b 55.4 

M3 

b1 249.2a 213.9bc 239.8ab 219.4abc 192.5c 28.6 
b2 227.4a 235.6a 197.6a 219.7a 245.0a 44.9 
b3 228.5a 247.3a 195.2b 199.0b 189.6b 23.2 
b4 213.3a 228.8a 210.9a 219.1a 201.7a 30.5 

M4 

b1 222.0a 236.3a 213.0ab 232.1a 192.4b 25.4 
b2 205.6a 213.7a 200.6a 245.2a 208.0a 45.0 
b3 193.6b 258.8a 225.9ab 223.2ab 211.3ab 59.1 
b4 201.1ab 215.7ab 244.2a 213.5ab 179.2b 49.2 

 ˟Means within each column followed by different letters are significantly different according to LSD test (P≤0.05). 
 
The average values of maximum fluorescence (Fm) one day after foliar treatments (M1) 

have recorded the highest value on treatment with Polifeed product 0.3% (1358.8) at Mira 
cultivar, and the lowest value was recorded to Idea cultivar (936.1), treated with the same 
product (b4) (table3). In the case of all foliar treatments statistical differences were also 
recorded at the studied cultivars (table 3). 
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Analyzing the mean value of maximum fluorescence (Fm) at three days after foliar 
treatments has been applied (M2) only for two products were recorded statistical differences 
at the cultivars studied: Polifeed product 0.5% (b1) and product MAP 0.1% (b3). In the case 
of foliar fertilization with Polifeed product 0.3% (b4) and Multi K 0.1% product (b2) were 
recorded no statistical differences between all studied cultivars. In this moment (M2) the 
highest value (1245.0) of maximum fluorescence was registered at Elsanta cultivar treated 
with Polifeed product 0.5% (b1), but in the sixth day after foliar treatments (M3) the highest 
value of Fm (1236.2) was registered at Mira cultivar with the same treatment (b1) (table 3). 

The average value of maximum fluorescence (Fm) at nine days after foliar treatments 
(M4), no statistic differences were recorded, except at foliar fertilization with product Multi K 
0.1% (b2). In this moment (M4), the highest value of Fm (1226.7) was recorded to the Mira 
cultivar at foliar fertilization with product MAP 0.1% (b3), and the lowest value was recorded 
to the Idea cultivar at foliar fertilization with product Polifeed 0.5% (Table 3). 

In the Table 4 we had analyzed the values of the ratio Fv/Fm, and it can be observed that 
at one day after foliar fertilization (M1) this chlorophyll fluorescence indicator in all foliar 
treatments applied has registered no statistical differences between the studied cultivars. 
Analyzing the mean value of the ratio Fv/Fm at three days after foliar treatments (M2) only to 
three products (Polifeed product 0.3%., Multi K 0.1% and product MAP 0.1%) were recorded 
statistical differences between the cultivars studied. In the case of the treatment with Polifeed 
product 0.5%. were recorded no statistical differences between cultivars. The highest values 
of Fv/Fm at three and six days after foliar treatments application (M2 and M3) were 
registered to the Mira cultivar at foliar fertilization with product Polifeed 0.3% (b4) (Table 4).  

 
Table 3. The average values of the evolution in time to minimum fluorescence (Fm) 

The moment 
determining 
maximum 

fluorescence 
(Fm) 

Treatments Mira Benton Elsanta Marmolada Idea LSD  
0.05˟ 

M1 

b1 1220.0a 1164.4a 1161.1a 1180.5a 980.4b 101.5 
b2 1222.5a 997.2c 1152.2ab 1123.6b 996.3c 82.3 
b3 1239.3a 1111.0ab 1090.7ab 1077.6b 1018.7b 146.1 
b4 1358.8a 1069.9c 1188.1ab 1114.6bc 936.1d 93.5 

M2 

b1 1226.3a 1197.6a 1245.0a 1184.7ab 1117.9b 74.5 
b2 1236.1a 1214.2a 1207.1a 1171.9a 1134.7a 97.0 
b3 1209.5a 1148.1ab 1197.6a 1121.1b 1009.2c 71.2 
b4 1179.0a 1166.1a 1150.5a 1175.0a 1066.6a 101.1 

M3 

b1 1236.2a 1060.0b 1211.1a 999.9bc 932.0c 76.2 
b2 1159.6a 1030.2ab 1087.8ab 1000.4b 1110.1ab 130.5 
b3 1219.4a 1153.8a 1175.3a 929.2b 994.4b 76.0 
b4 1199.6a 1161.6a 1146.7a 1028.8b 960.0c 58.7 

M4 

b1 222.0a 263.3a 213.0ab 232.1a 192.4b 25.4 
b2 205.6a 213.7a 200.6a 245.2a 208.0a 45.0 
b3 1226.7a 1174.0a 1160.8a 1175.1a 1047.8b 79.0 
b4 1202.9a 1293.1a 1217.6a 1195.1a 999.2b 124.1 

˟Means within each column followed by different letters are significantly different according to LSD test (P≤0.05). 

The cultivars Mira, Benton, and Marmolada at six days after foliar treatments applied 
had registered the highest values of Fv/Fm ratio at the foliar fertilization with product Polifeed 
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0.3% (b4), the values are till 10.64% higher versus the other treatments used. In the case of 
Idea cultivar the highest value of Fv/Fm ratio was registered at the foliar fertilization with 
product MAP 0.1%. (b3) (table 4). 

At nine days after the foliar treatments applied (M4) the Elsanta cultivar has registered 
the highest values (0.835) of Fv/Fm ratio at foliar fertilization with the product Multi K 0.1% 
and the lowest value was registered at Marmolada cultivar (0.777) with the same treatment 
(b2) (Table 4). In this moment (M4) only the foliar treatment with Polifeed 0.3% (b4) haven’t 
had statistical differences among the studied cultivars (Table 4). On this foliar treatment the 
average values of Fv/Fm ratio were the highest for the cultivars Benton, Marmolada and Idea 
versus the other treatments applied (table 4). 
 
Table 4. The average values of the evolution in time to yield of photosystem II (PS II), (Fv/Fm) ratio 

The moment 
determining  
(Fv/Fm) ratio 

Treatments Mira Benton Elsanta Marmolada Idea LSD  
0.05˟ 

M1 

b1 0.778a 0.772a 0.784a 0.797a 0.801a 0.054 
b2 0.787a 0.758a 0.798a 0.795a 0.784a 0.048 
b3 0.824a 0.792a 0.816a 0.788a 0.808a 0.035 
b4 0.811a 0.792a 0.813a 0.793a 0.815a 0.027 

M2 

b1 0.786a 0.774a 0.820a 0.799a 0.727a 0.102 
b2 0.795ab 0.749b 0.819a 0.788ab 0.793ab 0.047 
b3 0.837a 0.774b 0.817a 0.781b 0.805ab 0.032 
b4 0.841a 0.746b 0.820a 0.801a 0.814a 0.039 

M3 

b1 0.797a 0.797ab 0.801ab 0.779ab 0.791a 0.025 
b2 0.802ab 0.770c 0.817a 0.779bc 0.778bc 0.029 
b3 0.812b 0.785c 0.833a 0.784c 0.809b 0.019 
b4 0.820a 0.802a 0.816a 0.786a 0.789b 0.029 

M4 

b1 0.815abc 0.807bc 0.829a 0.798c 0.822ab 0.018 
b2 0.827a 0.813ab 0.835a 0.777b 0.790ab 0.044 
b3 0.841a 0.778b 0.803ab 0.809ab 0.795ab 0.056 
b4 0.831a 0.832a 0.810a 0.821a 0.819a 0.021 

˟Means within each column followed by different letters are significantly different according to LSD test (P≤0.05). 
 

 Analyzing the evolution in time to momentary fluorescence (Ft) it can be seen that at 
one day after foliar treatments applied on the b1 the highest value (1028.4) was recorded at 
Marmolada cultivar, on the b2 and b3 the highest value (1083.0 and 1118.3) was recorded at 
Mira cultivar, and on b4 the highest value (1131.0) was recorded to Benton cultivar. At three 
days after foliar treatments (M2) we found that on b1, b2 and b3 foliar treatments, the highest 
value for Ft has recorded the Mira cultivar. In the same moment but in the case of b4 
treatment, the highest value was recorded to Marmolada cultivar, with up to 11.8 % 
differences versus the other studied cultivars (Table 5). 

The average values of momentary fluorescence (Ft), at six days after the foliar 
treatments, the highest values were recorded on three treatments to Mira cultivar. The Benton 
cultivar had registered the highest value of momentary fluorescence with the b4 treatment 
(1151.3) and was recorded differences till 12.8% versus the other studied cultivars (Table 5). 

The momentary fluorescence (Ft) registered in every four moments and on all four foliar 
treatments applied has classified the studied cultivars in two or three statistical classes, but was 
registered one exception at one day after foliar treatment applied (M1) to the foliar treatment 
with Polifeed 0.3% where registered no statistical differences between the studied cultivars. 
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Table 5. The average values of the evolution in time of momentary fluorescence (Ft) 

The moment 
determining  

Ft 
Treatments Mira Benton Elsanta Marmolada Idea 

LSD  

0.05˟ 

M1 

b1 1088.0a 1023.6a 1024.1a 1028.4a 837.4b 127.6 

b2 1083.0a 857.6c 1023.7ab 953.7b 828.9c 94.8 

b3 1118.3a 985.0ab 973.6ab 873.5b 865.3b 149.4 

b4 1102.4a 1131.0a 1056.7a 921.4a 802.9a 1033.8 

M2 

b1 1101.6a 1088.5a 1129.4a 1064.9a 962.4b 73.3 

b2 1122.0a 1104.3a 1102.8a 1035.0ab 970.0b 88.9 

b3 1108.1a 1025.7b 1058.1ab 1002.9b 886.9c 61.2 

b4 1054.4a 1038.5a 1031.3ab 1077.4a 907.0b 124.5 

M3 

b1 1145.6a 1012.3b 1128.5a 949.4b 828.4c 77.7 

b2 1098.8a 981.3b 996.3ab 918.5b 1008.9ab 109.7 

b3 1160.0a 1106.1ab 1083.6b 885.1c 913.2c 65.9 

b4 1130.2a 1099.3a 1084.0a 982.1b 897.5c 49.6 

M4 

b1 1088.7b 1086.0b 1157.0a 1015.6c 956.6c 63.2 

b2 1077.7a 999.4b 1113.5a 988.7b 888.4c 65.9 

b3 1098.2a 1036.2a 1073.6a 1043.2a 931.4b 66.5 

b4 1074.5a 1151.3a 1129.5a 1048.3a 895.4b 112.9 

˟Means within each column followed by different letters are significantly different according to LSD test (P≤0.05). 

 
Conclusions 

 
On the experimental period, at all studied cultivars the foliar fertilization with product 

Polifeed 0.3% were registered the highest values to all chlorophyll fluorescence parameters, 
the differences recorded in this treatment ranged between 10.53-11.76% versus the others 
three foliar treatments studied. 

On average, on all studied cultivars and the foliar treatments applied, the highest value 
of maximum fluorescence (Fm) and minimum fluorescence (F0) was registered at three days 
after foliar treatments were applied but in case of momentary fluorescence (Ft) the highest 
value was recorded in the first day after treatments application. 

The highest mean values of yield of IInd photosystem (PSII), and of the Fv/Fm ratio, were 
recorded to Elsanta cultivar, the highest value of minimum fluorescence (F0) and momentary 
fluorescence (Ft) were recorded at Benton cultivar, and the maximum fluorescence (Fm) was 
recorded to Mira cultivar. 
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