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Introduction
Leaf removal from the shoots in the fruiting zone is be-

cultivars in Serbia. The main aim of defoliation is to improve 
vine microclimate conditions, especially light conditions, as 

accumulation of dry matter in grapes, anthocyanins and poly-
phenol compounds in berry skins (  [3]; HUNTER 
& al. [4];  & al. [5];  & al. [6]). Better 
aeration of canopy and greater penetration of fungicide re-
duce the degree of damage caused by disease, especially of 
grey rot (GUBLER & al. [7];  & al. [8]; GAM-
BETTA
on its intensity and the time of application. Early defoliation, 

the photosynthetic shock due to the removal of the photo-
-

tosynthesis (  & al. [10];  & al. [11]). 
Total shoot photosynthesis level can be reduced by up to 70%, 

 (  

, [13]; 
 & al. [14];  & al. [5]). The most 

pronounced changes in the structure of grapes and berries oc-

cells of young berries take place (  & al. [15]). During 
the fruit set, the number of pericarp cell layers is determined 

-

area change. Leaf area is an important element in the study 
-

-
tices (

loss of the leaves and reduction of the leaf area. The natural 
reaction of the grapevine on defoliation is to mitigate its ef-

 
& al. [17]). Grapevine has a strong capacity of compensation 

leaves (  &  [18]; 
 & al. [19]; KURTURAL -

sponse to the disturbed source: sink relation and balancing 
act of the grapevine canopy upon manipulation (Hunter [21]). 

-
sation is comparing the performance of defoliated and un-
touched plants (  & al. [22]; ANTEN & al. [23]). 

in relative leaf expansion rate – RLER of defoliated vines 
relative to untouched vines. Non-destructive and continuous 
measurements of mean and lateral leaf area based on the same 
shoots enabled the monitoring of the leaf area development 
and the calculation of the relative leaf expansion rate - RLER 
during vegetation. 

-
tify its role as an indicator of compensation.

Material and methodes
-

Vitis vinifera L.) 
variety grafted on Kober 5bb (V. berlandieri × V. riparia) 

Winery near Prokuplje, Serbia. The location of the trial (lat. 
43.12057” N; long. 21.25031” E; alt. 359 m) belongs to the 

temperature of 11.4°C and a seasonal mean temperature of 

type is a lessive cambisol that has favorable physical char-
-

ing space of 2.5 × 0.8 m (5000 plants per ha). The training 

-
manent cordon corresponding to a bud-load of 12 nodes per 
vine. The standard vineyard management practices, except 

treatments: (K) non-defoliated (control); (v1) removal of 

scale, 
basal leaves at the phenological stage 73 (berries groat sized, 
ovary diameter varying from 3-5 mm); (v3) removal of the 

-
raison, berries begin to color).

The single leaf area, main shoot leaf area and lateral 
 & al. 

[25]. During the period of 15-31 May of each year, 50 leaves 
-
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-

-
2

non-destructive calculation of leaf surface on the basis of leaf 
vein length data collected in the vineyard. Also, during the 

each treatment and used for calculating the leaf area during 

for all labeled shoots individually. Leaf number (NL), the 

determined for each main shoot. Multiple regression analy-
-

dent variable MLA1 and three independent variables (NL, 

128.36 × NL + 4.83 × Lmax + 14.02 × Lmin; r2

used for non-destructive calculation of leaf surface area for 
main shoots. For the lateral shoots leaf area (LLA), the anal-

+ 4.806 × Lmax + 3.739 × Lmin; r2 = 0.974). According to 
the obtained formula, MLA, LLA and total leaf area (TLA = 

 & al. [26]):

RLER = (lnLA2 – lnLA1 2 – t1) 

LA1 – leaf area at the beginning of the observation (t1), 
LA2 – leaf area at the end of the observation (t2)

Results and discussion
During the period of investigation, defoliation reduced 

the lateral leaf area in v1 vines by 40% more than the values 
-

vegetative development and delayed the lateral shoot emer-
gence. Removal of the photosynthetic most active leaves 

source:sink relationship (  &  [27]; 
 & al. [10];  & al. [12];  & al. [28]). 

-
upac (Vitis vinifera L.),  & al. [16] emphasized a 

-
-

removal of leaves and lateral shoots from six basal nodes 

decreases from mid-summer (Mullis & al. [29]). The third 

-

Defoliation of v3 vines reduced their LLA by 30% in com-
parison to the control plants. At the end of the observed pe-

the control plants and v2, and v3, respectively. V1 vines had 

that the early defoliated vines (v1, v2) had time to compen-

-

and lateral leaf area as a compensatory response (WEAVER 
[30]; -  &  [31]; 
HUNTER [21]; KURTURAL -
ecological and experimental conditions,  

the early defoliated Cabernet Sauvignon compared to both 
defoliated vines at veraison and nondefoliated ones. Autor 

-
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cover their leaf area as a compensatory response to the leaf 
removal.

Non-destructive and continuous measurements of MLA 

monitoring of LA development and calculation of the RLER 
during vegetation. After the second measurements of LA, 
RLER-1 of the main and lateral shoots and all shoots on the 

-
ure 1). 

than v2 and 41% higher than v3 and the control vines. The 

of defoliation and the time of LA measurements. The second 

and 20 days after v2 defoliation. During that period, v1 vines 

caused by the carbon assimilation depression (  & 
, [27]; -

-

-
-  

&  [18];  & al. [33];  & 

-
foliation. The third measurement of LA and calculation of 

-

are not so pronounced as in the previous measurement. The 
values of the v2 vine are about 30% higher compared to oth-

-
 & al. [33]; 

reduction in the total leaf area in defoliated vines in verai-

-
pensate removed leaves by producing more lateral shoots 

Conclusions
Non-destructive and continuous measurements of leaf 

area based on the same shoots enabled the monitoring of the 
leaf area development and the calculation of the relative leaf 

-

vines had time to compensate their removed leaves by pro-

during vegetation, the recovery ability decreases, so the 

leaf area. Based on the values of the relative leaf expansion 
rate, it can be concluded that defoliation in the period of in-

leaves occurs after the veraison stage. 
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Figure 1. Relative leaf expansion rate (cm2 2d) of main (A), lateral (B) and total shoots (C). K - control; 
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