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ABSTRACT. Walnut is one of species which continues its expansion in 
Romania. Development of new and more efficiently technologies are 
determined by the best control of all environmental factors which influence 
physiological processes involved in normal growth and fructification. The 
objective of this experiment was to identify the most adapted cultivars to 
climatic changing conditions from the southern part of Romania. Tests have 
been carried out in an experimental plot of walnut species with six Romanian 
cultivars: 'Secular', 'Roxana', 'Mihaela', 'Jupanesti', 'Geoagiu 65', 'Bratia '. In 
respect with the climatic conditions of June 2012, a series of physiological 
tests (chlorophyll content index, chlorophyll fluorescence, photosynthesis, 
transpiration and stomatal conductance of H2O) have been carried out. 
Chlorophyll fluorescence values have been measured, using both an OS 30 
(Opti-Sciences) chlorophyll fluorometer and FP 100 (Photon Systems 
Instruments) hand-held fluorometer, which perform OJIP and NPQ tests. All 
data have been used to assess and quantify the influence of factors 
mentioned above on physiological processes of the most spread Romanian 
walnut cultivars.  There are significantly positive linear correlations between 
photosynthetic rate and transpiration rate, between photosynthetic rate and 
stomatal conductance and transpiration rate and stomatal conductance.  
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INTRODUCTION 
 
Vegetative and reproductive growth of trees depends on assimilates 
production which is controlled by tree architecture and leaf functions, both 
modulated by environmental interactions (Flore and Lakso 1989, Lakso 
1994).  

In vivo, chlorophyll fluorescence can provide immediate information on 
the use and energy dissipation in photosystem II. In many circumstances, 
the transport of electrons into the photosystem II (PS II) is an indicator of 
the rate of photosynthesis. Chlorophyll fluorescence can estimate 
photosynthetic performance, under conditions where other methods fail, 
almost instant (Maxwell and Johnson 2000).  

Stomatal conductance and net CO2 assimilation rate (An) in C3 fruit 
species depend upon conditions such as solar irradiance (Marini and 
Sowers 1990, Francesconi et al. 1997), and leaf temperature (Seeley and 
Kammereck 1977, Berry and Bjorkman 1980). 

Higher temperatures cause the assimilation stop, respiration 
intensification and fast decrease of reserve substances. In case of fruit-
trees, temperature of 39ºC is considered to be maximum limit for normal 
development of photosynthetic and growth activity (Gruia et al. 2011), and 
in plum tree cultivars, for any increase in temperature above 30°C, 
photosynthetic rate will react by decreasing (Cosmulescu et al. 2010).  

Growth and fruit-setting are influenced by complex mutual links among 
multiple physiologic processes that are developed in the organs, depending 
on genetic, hereditary traits and environment. Unfavorable environmental 
conditions cause the change in the development of processes, which reflect 
in the organs 'growth and plants' fruit-setting (Cosmulescu et al. 2008). 

Description of environmental plasticity of different cultivars is of interest 
for horticulture in order to determine the potential adaptation of a cultivar to 
a given climate and consequently the need of finely tuning cultural practices 
(e.g. irrigation) when environmental conditions are limiting for growth and 
productivity (Massonnet et al. 2007). 

Meng et al. (2013) reveals that diurnal variation of net photosynthesis 
rate (Pn) of walnut in five rootstock treatments present a single peak curve, 

 
South west J Hortic Biol Environ (2014) 



Correlation of stomatal conductance with photosynthetic  
capacity of six walnut cultivars from the national assortment 

3 

but the peak values are significantly different. Photosynthesis rate values of 
'Zhongningqi' and 'Zhongningqiang' cultivars are significantly greater than 
the one of seedling walnut, light and temperature being the major factors 
influencing the photosynthesis.  

Gauthier et al. (2011) recommend investigations into walnut’s natural 
distribution across a gradient of physiographic and climatic features, e.g. 
altitude, temperature, precipitation, drainage, soil fertility, slope, aspect. 
This would help connect eco-physiological responses with long term forest 
development and stand dynamics. 

This experiment measured some physiological processes 
(photosynthesis, transpiration) under climatic conditions from Pitesti, 
Romania. The data have been used to assess and quantify the influence of 
factors mentioned above on physiological processes of the most spread 
Romanian walnut cultivars. 

 
 

MATERIALS AND METHODS 
 
The study was performed in walnut experimental plots of Research Institute for 
Fruit Growing Pitesti (44°51’30’’ N and 24°52’ E). The climate in the area is 
favorable to fruit tree growing; the average multi-annual temperature is 9.7°C; the 
absolute maximum temperature is 38.8°C whereas the absolute minimum 
temperature is -24.4°C; total annual rainfalls recorded is 663.3 mm. Tests were 
carried out with six Romanian cultivars: 'Secular', 'Roxana', 'Mihaela', 'Jupanesti', 
'Geoagiu 65', 'Bratia '. 

In the field some physiological processes indicators were measured, as follows: 
photosynthesis rate, transpiration rate and stomatal conductance of H2O. These 
were measured with LC pro+ (portable photosynthesis system). Chlorophyll 
fluorescence was determined with OS-30 (Opti-Sciences), the following indicators 
being measured: minimum fluorescence (Fo), maximum fluorescence (Fm), actual 
fluorescence (Ft) and the ratio Fv/Fm. Values were registered in August. The 
chlorophyll content was determined with CCM-200 plus. Chlorophyll content was 
expressed in CCI (Chlorophyll Content Index) units. 

Statistical interpretation of data was performed by Duncan´s Test and by 
correlations. 
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RESULTS AND DISCUSSIONS 
 
Photosynthesis as a physiological process on which a fruit crop is 
dependent, is influenced both by environmental factors (light, temperature, 
carbon dioxide concentration in the air, soil humidity, soil fertility, 
fungicides, insecticides and diseases) and internal factors (leaf age, their 
structure, stomatal distribution, chlorophyll content, accumulation rate of 
carbohydrates in leaves etc.) (Cosmulescu et al. 2010). 

In figure 1 are plotted the results obtained of the photosynthetic rate 
(μmol m-2 s-) and transpiration rate (mmol m-2 s-1). They show that there is a 
significant positive linear correlation between the two physiological 
processes for all genotypes studied. The coefficients of determination (r2) 
have values between 0.4995 and 0.8346 (Figure 1). 

 

 
 

Figure 1. The correlation between the values of transpiration rate (mmol m-2 s-1 ) 
and photosynthesis rate (μmol m-2 s-1),  registered by 6 walnut genotypes. 

 
 
Comparing the values of determination coefficients (r2) of photosynthetic  
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rate (μmol m-2 s-1) and stomatal conductance (mol m-2 s-1) it can be 
concluded that there is a significant positive linear correlation between 
these two physiological processes for all six genotypes. The coefficients of 
determination (r2) have values over 0.6925 (Figure 2). 

 

 
 

Figure 2. The correlation between stomatal conductance of H2O values  
(mol m-2 s-1 ) and photosynthesis rate (μmol m-2 s-1),   

registered by 6 walnut genotypes. 
 
 

The results regarding transpiration rate (mmol m-2 s-1) and stomatal 
conductance of H2O (mol m-2 s-1), show that there is also a significant 
positive linear correlation between these indicators, the coefficients of 
determination (r2) having values between 0.7087 and 0.9398 (Figure 3). 

A good correlation between transpiration rate and stomatal conductance 
was found in black currant cultivars (r2 = 0.43) and in apple cultivars (r2 = 
0.60) by Cosmulescu et al. (2007, 2008). 
 
Chlorophyll fluorescence 

 
Analysis of the results of chlorophyll fluorescence shows that there are 
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Figure 3. The correlation between stomatal conductance of H2O values  
(mol m-2 s-1) and the transpiration rate (mmol m-2 s-1),   

registered by 6 walnut genotypes. 
 
 

 
 

Figure 4. Variation of fluorescence minimum fluorescence (Fo)  
for 6 genotypes walnut. 
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significant differences between the values obtained for minimum 
fluorescence (Fo) of six walnut genotypes. The highest values were 
recorded for varieties 'Secular' (210.9), ‘Jupanesti’ (210.1), they have been 
distinguished significantly by 'Bratia' (183.0) (Figure 4.). 

Maximum fluorescence has registered values between 1028.16 and 
1144.54. Varieties 'Jupanesti' (1144.54), 'Roxana' (1142.33), registered 
values that are significantly different by 'Geoagiu 65' (1028.16) (Figure 5). 

The analysis of Fv/Fm shows that varieties had values between 0.805 
and 0.826, values that are not significantly different (Figure 6). 

 

 
 

Figure 5. Variation of maximum fluorescence (Fm) for 6 genotypes walnut. 
 
 

Chlorophyll content (CCI) 
The chlorophyll content ranged between 17.54 at the 'Roxana' cv. and 19.5 
at 'Geoagiu 65' cv., values that are not significantly (Figure 7).  

 
 

CONCLUSIONS 
 
1. There are signif icant ly posit ive l inear correlations between  
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Figure 6. Variation of Fv/Fm fluorescence report for 6 genotypes walnut. 
 
 

 
 

Figure 7. Chlorophyll content to 6 genotypes walnut 
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photosynthetic rate and transpiration rate, between photosynthetic rate and 
stomatal conductance, and transpiration rate and stomatal conductance; 

2. There are no significant differences values of fluorescence report 
Fv/Fm among the 6 walnut varieties; 

3. There are no significant differences in the content of chlorophyll index 
(CCI) among the 6 walnut cultivars. 
 
 
 
REFERENCES 
 
Berry, J., Bjorkman, O. (1980): Photosynthetic response and adaptation to temperature in 

higher plants. Annual Review of Plant Physiology 31: 491-543. 
Cosmulescu, S., Baciu, A., Gruia, M. (2008): Physiological changes in black currant cultivars 

under suboptimal culture conditions. Bulletin of the University of Agricultural Sciences & 
Veterinary Medicine Cluj-Napoca, Horticulture 65: 318-322.  

Cosmulescu, S., Baciu, A., Gruia, M. (2007): Environment factors influence on some 
physiologic processes running in apple tree. Analele Universitatii din Craiova 12: 49-53. 

Cosmulescu, S., Baciu, A., Gruia, M. (2010): Environmental factors and their influence on 
some physiological processes in plum tree. Acta Horticulturae 874: 175-182. 

Flore, J., Lakso, A. (1989): Environmental and physiological regulation of photosynthesis in 
fruit crops. Horticultural Reviews 11: 229-287. 

Francesconi, A.H.D., Lakso, A.N., Denning, S.S. (1997): Light and temperature effects on 
whole-canopy net carbon dioxide exchange rates of apple trees. Acta Horticulturae 451: 
287-294. 

Gauthier, M.M., Jacobs, D.F. (2011): Walnut (Juglans spp.) ecophysiology in response to 
environmental stresses and potential acclimation to climate change. Annals of Forest  
Science 68(8): 1277-1290. 

Gruia, M., Cosmulescu S., Baciu A. (2011): The environmental factors and their influences 
on main physiological processes on apple trees Journal of Horticulture, Forestry and 
Biotechnology 15: 152-156. 

Lakso, A.N. (1994): Apple. In: Schaffer B, Anderson PC, eds. Handbook of environmental 
physiology of fruit crops. Boca Raton, FL: University of Florida/CRC Press, 3-35. 

Marini, R.P., Sowers, D.L. (1990): Net photosynthesis, specific leaf weight, and flowering of 
peach as influenced by shade. HortScience 25: 331-334. 

Massonnet, C., Costes, E., Rambal, S, Dreyer, E., Regnard, JL. (2007): Stomatal regulation 
of photosynthesis in apple leaves: evidence for different water-use strategies between 
two cultivars. Annals of Botany 100: 1347-1356. 

Maxwell, K., Johnson, G.N. (2000): Chorophyll fluorescence- a practical guide. Journal of 
Experimental Botany 51: 659–668. 

 
South west J Hortic Biol Environ (2014) 



Ancu, S. et al. 10 

Meng, B.N., Zhang, J.P., Pei, D., Xu, H.Z., Wang, S.M., Guo, Z.M. (2013): Effects of 
different rootstocks on photosynthesis characteristics in walnut. Nonwood Forest 
Research 2: art.008. 

Seeley, E.J., Kammereck, R. (1977). Carbon flux in apple trees: the effects of temperature 
and light intensity on photosynthetic rates. Journal of the American Society for 
Horticultural Science 102: 731-733. 

 
 

 
South west J Hortic Biol Environ (2014) 


