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INVESTIGATIONS OF PHOTOSYNTHETIC ACTIVITY 
PARAMETERS IN RELATION TO BERRIES YIELD  
OF SELECTED GRAPEVINE CULTIVARS 

BADANIA PARAMETRÓW AKTYWNOŚCI FOTOSYNTETYCZNEJ 
WYBRANYCH ODMIAN WINOROŚLI W ODNIESIENIU DO ICH PLONOWANIA 

Summary. Nine grapevine cultivars varying in fruit yield were tested for photosynthetic activity, 
chlorophyll content and leaf area during the 2010 growing season. Relationships between these 
parameters and berry yield were examined. Investigations revealed differences between the pho-
tosynthetic activity and other parameters of the selected grapevine cultivars. A high net photosyn-
thetic rate was usually associated with high efficiency of CO2 during photosynthesis, due to high 
stomatal conductance. However, a high net photosynthetic rate was not always related to high leaf 
area and berry yield. Specific leaf area did not vary between cultivars. Fruit production in some 
cultivars was positively related to photosynthetic activity, while in other cases plants focused on 
fruit development, hence low values of photosynthesis and/or low leaf area were recorded.  

Key words: grapevine cultivars, net photosynthetic rate, stomatal conductance, internal CO2 
concentration, chlorophyll, leaf area 

Introduction 

Worldwide, grapes have become one of the most productive and important specialty 
crops. Grapevine fruits are widely used in juice and wine production in Europe. The 
wide range of grape cultivars makes it possible to select the ones which can survive in 
certain climatic conditions. We can also adjust cultivation activity to plant requirements. 
However, grapevine cultivars were found to reveal higher or lower grape yield inde-
pendently of cultivation conditions, such as soil adjustments, watering and fertilization. 
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Formation of grape berries by plants may or may not be associated with plant photosyn-
thetic activity, and consequently with various environmental stress factors. BEN- 
-ASHERA et AL. (2006) found that yields of berries were not associated with higher soil 
salinity, but they observed a decline of the leaf area and the photosynthetic rate together 
with increasing salinity. The correlation between grapevine photosynthesis and fruit 
yield and quality is still not fully understood. DOWNTON et AL. (1987) observed that 
watering grapevine plants did not change the process of photosynthesis, while other 
authors reported that irrigation substantially increased photosynthesis and grape yields 
(SCHULTZ 1996, WILLIAMS 1996, ESCALONA et AL. 2003). MEDRANO et AL. (2003) 
suggested a close link between water availability and grape yield, mostly through water 
stress effects on photosynthesis. They also found that fruit quality was correlated with 
water availability, but not with photosynthetic activity. Another factor influencing fruit 
quality is heat. Air temperatures have increased in some world areas, posing a danger 
for crop production. Extreme temperatures may endanger berry quality and economic 
returns (SCHULTZ 2007). WANG et AL. (2010) observed a decline in photosynthetic rate 
of grapevine due to temperature increase as well as full recovery of the photosynthetic 
process after the withdrawal of stressful heat conditions. Similarly, KADIR et AL. (2007) 
observed, that some grape cultivars photosystem II is more thermostable than others on 
the basis of chlorophyll fluorescence investigations. Moreover, KADIR (2006) also 
found that grapevines with higher photosynthetic are more high temperature tolerant, 
and could be furthermore used in warmer regions. 

The photosynthetic process is connected with many of the above-mentioned factors. 
If we decrease the negative effect of these factors or maintain similar conditions for all 
plants, the activity of this process will be associated mainly with individual cultivar 
features, such as chlorophyll content, leaf thickness connected with spongy mesophyll 
layer, etc. As mentioned above, the yield of berries may be associated with plant photo-
synthetic activity. Is it always a positive relationship? What about changes during dif-
ferent phases of plant development? The present study had the following objectives:  
(i) to determine changes of the photosynthetic activity and other parameters of nine 
grapevine cultivars at two investigation dates, (ii) to relate these parameters to leaf size 
and chlorophyll concentration, (iii) to examine whether the photosynthetic process is 
related to berry yields.  

Materials and methods 

Plant material 

Plants are cultivated in field conditions. A collection of 158 grapevine cultivars has 
been maintained at the Agricultural Experimental Farm Baranowo of Poznań University 
of Life Sciences since 1982, and the above collection is registered at the Plant Breeding 
and Acclimatization Institute – National Research Institute. The main aim of this pro-
duction is to maintain old grapevine cultivars as a gene bank, as well as to promote 
these cultivars among vineyard owners. Most of the cultivated cultivars can be used for 
juice and wine production.  

The following nine grapevine cultivars varying in berry yields were chosen to per-
form photosynthetic activity tests: green-berried grapevine cultivars – ‘Michigan’, ‘Re-
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fren’ (RF 16), and ‘Vertes Csillaga’; and blue-black-berried cultivars – ‘Baco Noir’, 
‘Buffalo’, ‘Fredonia’, ‘Leon Millot’, ‘Maréchal Foch’, and ‘Rosette’. 15-year old plants 
were selected for the presented investigations which were conducted in Guyot system.  
In summer season premature lateral shoots were cut. The vineyard was not watered to 
obtain natural conditions of cultivation (total precipitation during the 2010 growing 
season was 422 mm). The soil in vineyard type was determined according soil outcrop 
as luvisols. Fertilization of the grapevine plantation was conducted according to the 
recommendations of HOFFMANN and KORSZUN (1990 a, 1990 b, 1992). 

Analyses of photosynthetic activity and other parameters 

The investigations were carried out during the growing season of 2010. Photosyn-
thetic activity and other parameters were measured twice, during flowering (BBCH 65) 
and fruit formation (BBCH 73). The handheld photosynthetic system Ci 340aa (CID 
Bioscience Inc., Camas, USA) was used to evaluate net photosynthetic rate (A), sto-
matal conductance (gs) and internal CO2 concentration (Ci). For these purposes, con-
stant conditions of measurements in the leaf chamber were maintained – CO2 inflow 
concentration at 340 μmol·mol-1 of air level, light 1000 μmol·m-2·s-1, chamber tempera-
ture 32°C. Investigations were performed for fully expanded leaves (5th base leaf in the 
berries zone) which did not reveal any visual symptoms of mechanical damage or se-
nescence. Measurements were taken during daytime hours – 10 a.m. – 2 p.m.  

Chlorophyll a + b content was measured using the dimethyl sulfoxide extraction 
method (SHOAF and LIUM 1976, HISCOX and ISRAELSTAM 1978). Leaf areas were 
measured using a Ci-202 leaf areameter (CID Bioscience Inc., Camas, USA). Specific 
leaf area (SLA) was also evaluated (GARNIER et AL. 2001). 

Statistical analysis 

The data were analysed with the aid of the statistical software STATISTICA 9.1. 
The results were analysed with a factorial ANOVA with cultivar and investigation date 
fixed factors. Tukey’s test was employed to analyse the detailed differences between 
measured parameters. The graphical presentation of Tukey’s test results was used in the 
presented study. 

Results and discussion 

Two-way ANOVA revealed that levels of the net photosynthetic rate, stomatal con-
ductance and internal CO2 were different for cultivars and dates of investigation (Table 1). 

Increase of net photosynthetic rates between the first and the second dates of inves-
tigations was observed in all cultivars. The lowest level (α = 0.05) of this parameter on 
the first date was recorded in leaves of ‘Fredonia’, while the highest was observed in 
‘Buffalo’, ‘Leon Millot’ and ‘Michigan’. On the second date of measurements, when 
berries started to form, we observed the highest values in ‘Fredonia’, ‘Maréchal Foch’ 
and ‘Refren’ (RF 16). The level of the net photosynthetic rate was comparable in leaves 
of ‘Buffalo’, ‘Michigan’, ‘Rosette’ and ‘Vertes Csillaga’. ‘Baco Noir’ and ‘Leon Millot’ 
revealed statistically significantly lower levels than the above-mentioned groups (Fig. 1). 



Borowiak K., Korszun S., 2012. Investigations of photosynthetic activity parameters in relation to berries yield of 
selected grapevine cultivars. Nauka Przyr. Technol. 6, 1, #8. 

4

Table 1. Test statistics and significance levels of two-way ANOVA with cultivar and date of 
investigation fixed factors (*p = 0.001, **p = 0.01, ns – not significant) 
Tabela 1. Statystyki testowe i poziomy istotności dwuczynnikowej analizy wariancji z odmianą  
i terminem badań jako czynnikami oddziałującymi na badane cechy (*p = 0,001, **p = 0,01, ns – 
nieistotne) 

Parameter 
Parametr 

Cultivar 
Odmiana 

Date of investigation
Termin badania 

Interaction 
Interakcja 

Net photosynthetic rate 
Aktywność fotosyntezy netto 

177.45* 1 410.95* 95.55* 

Stomatal conductance 
Przewodność aparatów szparkowych 

226.19* 1 258.25* 271.76* 

Internal CO2 concentration 

Wewnętrzne stężenie CO2 
23.34* 61.00* 26.90* 

Chlorophyll a + b 
Chlorofil a + b 

45.93* 33.07* 27.80* 

Leaf area 
Powierzchnia liści 

11.78* 1.70ns 0.12ns 

Specific leaf area (SLA) 
Specyficzna powierzchnia liści 

3.50** 14.70* 3.58** 

 
 

 

Fig. 1. Net photosynthetic rate of nine grapevine cultivars at two dates of 
measurements  
Rys. 1. Aktywność fotosyntezy netto dziewięciu odmian winorośli w dwóch 
terminach pomiarów 
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Fig. 2. Stomatal conductance of nine grapevine cultivars at two dates of 
measurements 
Rys. 2. Przewodność aparatów szparkowych dziewięciu odmian winorośli 
w dwóch terminach pomiarów 

Stomatal conductance revealed similar patterns as net photosynthetic rates on the 
first date of investigations. Although ‘Rosette’ cultivar exhibited a higher level than 
other cultivars, it was not associated with such a high level of net photosynthetic rate 
(Fig. 2). On the second date, we observed an extreme level of stomatal conductance in 
‘Fredonia’ cultivar leaves which was not related to such an extreme increase in net 
photosynthesis (Fig. 1). It can be explained by not very high effectiveness of the CO2 
assimilation process due to a high internal CO2 level (Fig. 3). A high stomatal conduct-
ance level was connected with a high photosynthetic rate in ‘Refren’ (RF 16) cultivar. 
Although ‘Maréchal Foch’ cultivar did not reveal the highest stomatal conductance 
level, quite a high level of net photosynthesis was noted. This was associated with high 
efficacy of the CO2 assimilation process, which was confirmed by a low internal CO2 
level. A similar tendency was observed in the case of ‘Buffalo’, ‘Michigan’, ‘Rosette’ 
and ‘Vertes Csillaga’ cultivars (Figs. 1, 2, 3). Although on the second date ‘Baco Noir’ 
revealed a similar level of stomatal conductance as ‘Buffalo’ cultivar, the expected 
increase of net photosynthetic rate did not occur. This was probably due to inadequate 
CO2 efficiency of the photosynthetic process, as indicated by the internal CO2 level 
(Fig. 3). ‘Leon Millot’ was one of the cultivars which did not reveal a strong increase of 
the photosynthetic process between the two dates of investigations. This was due to 
similar levels of stomatal conductance and CO2 assimilation (Figs. 2 and 3). 

High effectiveness of the photosynthetic process should result in higher leaf ar-
ea/biomass production. This is especially true for ‘Refren’ (RF 16) cultivar. Although 
‘Buffalo’ and ‘Leon Millot’ cultivars did not reveal very high photosynthetic activities, 
a comparatively high leaf area was observed (Fig. 4). This kind of relationship – high 
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Fig. 3. Internal CO2 concentration of nine grapevine cultivars at two dates 
of measurements 
Rys. 3. Wewnętrzne stężenie CO2 dziewięciu odmian winorośli w dwóch 
terminach pomiarów 

 

Fig. 4. Leaf area of nine grapevine cultivars at two dates of measurements  
Rys. 4. Powierzchnie liści dziewięciu odmian winorośli w dwóch termi-
nach pomiarów 
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photosynthetic rate and large leaves – was previously observed in some genotypes of 
wheat (CRAVER and NEVO 1990, MORGAN and LECAIN 1991). However, some investi-
gators have reported an inverse relationship between leaf size and photosynthetic rate 
(SIROHI and GHILDIYAL 1975, RAWSON et AL. 1983, LECAIN et AL. 1989). It was sug-
gested that a smaller leaf area could be compensated by enhanced activity per unit of 
leaf area (RAWSON et AL. 1983). This kind of relation was recorded in the case of ‘Ma-
réchal Foch’ and ‘Rosette’ cultivars (Figs. 1 and 4). Variability in the specific leaf area 
(SLA) parameter was not so clear. We can only observe some tendencies due to the lack 
of statistically significant differences between certain cultivars. The lowest level of SLA 
was recorded in ‘Rosette’ and ‘Maréchal Foch’ cultivars (Fig. 5).  

 

 

Fig. 5. Specific leaf area (SLA) of nine grapevine cultivars at two dates of 
measurements 
Rys. 5. Specyficzna powierzchnia liści (SLA) dziewięciu odmian winorośli 
w dwóch terminach pomiarów 

Photosynthetic activity should be related to chlorophyll content. An increase of chlo-
rophyll content between the two investigation dates was noticeable in leaves of ‘Buffalo’, 
‘Fredonia’, ‘Maréchal Foch’ and ‘Rosette’ cultivars. The remaining cultivars revealed  
a decrease or maintenance at a similar level of all chlorophyll forms. The recorded high 
chlorophyll content on the second date of investigations was related to a comparatively 
high level of net photosynthetic rate in leaves of ‘Maréchal Foch’, while a very high 
level of photosynthetic activity of ‘Refren’ (RF 16) cultivar was not associated with  
a very high level of chlorophyll. This might suggest very high efficiency of the photo-
synthetic process due to high stomatal conductance and high CO2 effectiveness.  
By contrast, the high leaf chlorophyll level recorded for ‘Rosette’ cultivar did not corre-
late with a similar level of photosynthesis. The remaining cultivars mostly exhibited  
a positive relationship between the chlorophyll content and photosynthetic activity 
(Figs. 1 and 6). 
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Fig. 6. Chlorophyll a + b content in leaves of nine grapevine cultivars at two 
dates of measurements 
Rys. 6. Zawartość chlorofilu a + b w liściach dziewięciu odmian winorośli 
w dwóch terminach pomiarów 

The recorded high photosynthetic activity was not always correlated with the highest 
berry yields. This was especially true for ‘Refren’ (RF 16) cultivar, where the highest 
photosynthetic activity was recorded and one of the lowest fruit development levels.  
A similar tendency could be observed for ‘Fredonia’ cultivar (Table 2, Fig. 1). A high 
grain yield has been observed together with high biomass production in some crop spe-
cies, e.g. maize (GHILDIYAL and SINHA 1977). By contrast, GHILDIYAL (1992) and 
SHARMA-NATU et AL. (2004) observed an increase of biomass production without any 
effect on mung bean yield. ‘Rosette’ and ‘Maréchal Foch’ cultivars showed moderate 
fruit production, similarly to their photosynthetic activity level. ‘Buffalo’ and ‘Michi-
gan’ cultivars were characterised by the highest yield of berries, while their photosyn-
thetic activity was not so high. SHARMA-NATU and GHILDIYAL (2005) suggested that 
increased yield production could be attributed to reduced investment in leaves and other 
vegetative structures. It seems that plants focused on fruit production. Some earlier 
investigations revealed that plants change priorities during their lifetime, e.g. cereals 
send assimilates to roots, and plants from the Fabaceae family distribute them to flowers 
and fruits (LARCHER 2003). The lower rate of photosynthesis during the flowering and 
berry development phase could have been connected with faster leaf senescence due to 
nitrogen transport required for fruit and grain formation (GHILDIYAL and SINHA 1971, 
SINHA and GHILDIYAL 1971, RAO and GHILDIYAL 1985, GHILDIYAL and SIROHI 1986, 
SINGH 1990, PANDEY et AL. 2001).  
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Table 2. Mean values of berries yield of selected cultivars 
Tabela 2. Średnie wartości plonowania winogron poszczególnych odmian 

Cultivar  
Odmiana 

Mean yield from plant – Średni plon z rośliny  
(kg) 

‘Baco Noir’ 0.62 

‘Buffalo’ 1.16 

‘Fredonia’ 0.22 

‘Leon Millot’ 0.85 

‘Maréchal Foch’ 0.84 

‘Michigan’ 1.05 

‘Refren’ (RF 16) 0.57 

‘Rosette’ 0.88 

‘Vertes Csillaga’ 0.81 

Conclusions 

The investigations revealed differences between the photosynthetic activity and oth-
er parameters between the examined grapevine cultivars. High net photosynthetic rates 
were usually associated with high efficiency of CO2 during the process of photosynthe-
sis due to high stomatal conductance. However, high net photosynthetic rates were not 
always correlated with high leaf area. Specific leaf area did not vary between cultivars. 
Fruit formation was in some cultivars positively related to photosynthetic activity, while 
in some cases cultivars were focused on the berry creation process, hence low values of 
photosynthesis and/or low leaf area were recorded.  
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BADANIA PARAMETRÓW AKTYWNOŚCI FOTOSYNTETYCZNEJ 
WYBRANYCH ODMIAN WINOROŚLI W ODNIESIENIU DO ICH PLONOWANIA 

Streszczenie. Badania aktywności fotosyntezy, zawartości chlorofilu i powierzchni liści były 
prowadzone w 2010 roku na dziewięciu odmianach zróżnicowanych pod względem plonowania 
jagód. W pracy analizowano również powiązania pomiędzy tymi parametrami. Badania wykazały 
różnice w poziomach parametrów aktywności fotosyntetycznej pomiędzy wybranymi odmianami 
winorośli. Wysoki poziom aktywności fotosyntezy netto był zwykle powiązany z dużą wydajno-
ścią CO2 w trakcie procesu fotosyntezy, w związku z dużą przewodnością aparatów szparkowych. 
Aktywność fotosyntezy i wielkość liści nie były ze sobą powiązane. Specyficzna powierzchnia 
liści nie była zróżnicowana pomiędzy odmianami. W przypadku niektórych odmian stwierdzono 
powiązanie wysokich poziomów aktywności fotosyntezy z obfitym plonowaniem, podczas gdy 
inne odmiany wykazywały słabe plonowanie i/lub małe powierzchnie liści. 

Słowa kluczowe: odmiany winorośli, aktywność fotosyntezy netto, przewodność aparatów szpar-
kowych, wewnętrzne stężenie CO2, chlorofil, powierzchnia liści 
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