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Abstract 

 

In this study, the effects of varying numbers of winter buds left per trunk unit cross-section area were observed in the 

Prima grape variety. The treatments were determined by the trunk cross-section areas of vines as 2.0 bud.cm-2, 2.5 bud.cm-2, 

3.0 bud.cm-2, 3.5 bud.cm-2, and 4.0 bud.cm-2. The control vines were left as 20 buds for the initial 500 g of cane weight and 

10 buds for every subsequent 500 g. The effects of the treatments on certain phenological and physiological characteristics, 

as well as vegetative development, grape yield, and quality, were researched in the vines. It was determined that the bud 

burst percentage and the coefficient of bud fertility in the vines were reduced as the number of buds increased (14-32 buds). 

There was no significant change between the treatments in terms of their numbers of water sprouts and shoots arising from 

secondary dormant buds. It was determined that the increase in the number of buds left on the vine caused an increase in the 

number of shoots up to a certain level, and this effect reduced shoot length and shoot diameter development. No significant 

difference was determined in leaf N, P, K contents or chlorophyll measurements. Grape yield was higher than 3.5 tons in the 

treatments of 3.0 buds, 3.5 buds, and 4.0 buds per cm2. During the study, no significant difference was observed between the 

treatments in terms of cluster properties, berry properties (except for berry size), and berry color, or TSS and pH contents in 

juice. Increased numbers of buds in the study led to an increase in yield, without causing a significant loss in quality, except 

for the control treatment. 

According to the results of this study, the recommended number of buds to be left per trunk unit cross-section area, in 

addition to yield and quality, crop load, which can be recommended with minimal need for summer pruning in terms of 

vegetative balance, is 3.0 bud.cm-2. 
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Introduction 
 

Grape is one among the most delicious, refreshing, and 

nourishing fruits in the world. It is one of the earliest fruits 

grown by man. Its berries are good sources of sugar, 

minerals (such as Ca, Mg, Fe), and vitamins (such as B1, 

B2, and C). The presence of a wide range of areas of use 

for grapes indicates its superiority over other fruit varieties 

(Senthilkumar et al., 2015; Okatan, 2020). Therefore, it has 

economic importance all over the world (Qui et al., 2019). 

According to 2020 data, viticulture is carried out on an area 

of 6950930 ha in the world, and 78,03 million tons of 

grapes are produced in total (Anon., 2022). 

Turkey is an important country with an old and long-

established tradition in terms of viticulture. It ranks 5
th

 

(400998 ha) in terms of vineyard areas and 6
th

 (4208908 

ton) in terms of grape production (Anon., 2022). The 

Mediterranean region ranks 2
nd

 in Turkey in terms of 

grape production and vineyards. A significant portion of 

production in Mediterranean viticulture (79.1%) is 

allocated to table grape production (Turkstat, 2020). The 

production of grapes for early table consumption is 

becoming more popular in this region (Kamiloglu et al., 

2011). Depending on this development, a new grape 

cultivar, 'Prima', is a cultivar with an economic 

propagation potential in terms of earliness. 

In viticulture, the yield and quality characteristics of a 

grape variety which is desired to be grown must be 

superior (Wei et al., 2002). Grape growers are responsible 

for understanding the factors affecting vine physiology in 

the consideration of grape production and economic 

aspects together. The ability to determine the most 

economical and profitable pruning level is based on 

knowing the reactions given by a vine to different pruning 

practices (Steyn et al., 2016). Therefore, it is very 

important to study the management of optimal loads for 

different grape varieties (Lin et al., 2018). 

One of the most important objectives in growing is 

the maximization of economic benefit obtained from 

vineyards by observing the balance between growth and 

development and the parameters of product yield and 

quality (Celik, 2017). The priority for achieving this 

objective is winter pruning, which should be carried out 

for the next vegetation period. It is particularly important 

for table grape growers to prune approximately 85% to 

90% of growth from the previous season. Leaving too 

many fruiting buds on the vine will produce numerous 

small, unattractive clusters (Zabadal, 2002). 

There are several pruning methods to maximize fruit 

yield by balancing vegetative growth and without 

reducing vine strength (Senthilkumar et al., 2015). One of 

the important principles of vineyard growing is to leave a 

suitable number of buds in terms of vegetative and 

generative development by considering the effects of soil, 

rootstock, and maintenance conditions on the 

development of a variety along with planting distance and 

cultivation manner, based on the age of the vine. Leaving 

more buds during pruning does not always imply a linear 

increase in vine yield (Heazlewood et al., 2006). In 

contrast, an increase in pruning severity may imply loss in 

total growth and product, and increase in individual shoot 

strength (Senthilkumar et al., 2015). 
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The qualitative and quantitative performance levels 

of vines are impacted significantly by the number of 

buds left per vine. Pruning is a technique that regulates 

the balance among vegetative growth, fruit quality, and 

vine yield. It is important in terms of sustainable 

viticulture to adopt certain methods aimed at vine 

development in the determination of the number of buds 

to be left on vines. There are different ratios in terms of 

vine strength and crop load. The primary parameters 

among these ratios are yield/shoot weight, yield/leaf 

surface, and shoot weight/ leaf surface. These three 

ratios define the relationship between growth and yield, 

and they aim to measure vine strength (Steyn et al., 

2016; Kahramanoglu et al., 2020).  

Pruning formulas aim to guide commercial pruning 

practices by associating the size of a vine with the level of 

product that it can ripen. The number of buds to be left on 

vines during winter pruning (crop load or charge) can be 

determined based on the number of buds per vine, length 

on unit row (m), unit area (m
2
), and unit pruning wood 

weight (g) (Çelik et al., 1998; Çelik, 2007; Çelik, 2017). 

In this sense, Gastol (2015) stated that the trunk cross-

section area of vine is a good identifier that characterizes 

vineyards. The researcher found that the mean trunk 

growth had a good correlation with the mean yield and 

sugar production per vine, and trunk cross-section area 

was closely associated with the factors affecting 

photosynthesis activity.  

The literature review in this study revealed no study 

in Turkey determining the number of buds according to 

the trunk cross-section area of vines. In this study, the 

effects of different numbers of winter buds left per trunk 

unit cross-section area on the phenological, physiological, 

and vegetative growth, grape yield, and grape quality of 

the Prima grape cultivar were investigated. 
 

Material and Method 
 

This study was conducted in the 2021-2022 

vegetation period at the Horticulture Department of the 

Faculty of Agriculture at Mustafa Kemal University, on 

a vineyard land at an altitude of 88 m from sea level on 

the 36°26.566´N latitude and 36°18.096´ E longitude. A 

head treatment system, with pruning heads at certain 

intervals, was established on the Prima grape variety 

with a trunk height of 1.5 m, grafted on 1613 C 

rootstock planted at distances of 2.0 m X 1.5 m as row 

intervals in March 2017. 

According to the monthly climate data (January-

December) from 2021, obtained from the meteorology 

station nearest to the trial area, the average temperature in 

the vegetation period (April-October) varied between 19.6 

and 35.7°C, and the relative humidity varied between 

31.0% and 61.1%, while 49.8 mm of the annual 371.6 

mm of precipitation and 2060.1 hours of the annual 

2809.1 hours of sunshine duration occurred within the 

vegetation period. The soil in the trial area was 

determined as clayey-loamy, non-saline, mildly alkaline, 

and calcareous, its organic matter content was almost 

medium, its phosphorus content was very high, and its 

potassium content was excessive.  

During the trial, the number of buds per vine was 
determined according to the trunk cross-section area of the 
plants (cm

2
/vine). For this purpose, the trunk 

circumferences of vines were measured at 30 cm above the 
grafting point (Motosugi et al., 2007). Plants that were 
uniform in terms of development were selected and 
marked. The trunk cross-section areas (cm

2
) of the vines 

were calculated using their trunk circumference values. 
Different numbers of nodes (buds) were left for per unit 
trunk cross-section area in the study (Shalan, 2013). The 
total numbers of buds to be left were determined as 2.0 
bud.cm

-2
, 2.5 bud.cm

-2
, 3.0 bud.cm

-2
, 3.5 bud.cm

-2
, and 4.0 

bud.cm
-2 

in the treatments. The control vines were left with 
20 buds for the initial 500 g of cane weight and 10 buds for 
every subsequent 500 g. Pruning was performed in the 
second half of February using the spur pruning method. 

During the study, phenological observations, bud burst 
percentage, the coefficient of bud fertility, vegetative growth, 
pruning weight, grape yield and quality characteristics, the 
yield efficiency index (Gastol, 2015), the Ravaz index 
(Matthews, 2016), cluster characteristics, berry 
characteristics, and juice characteristics, as well as leaf 
element (N, P, K) contents, were analyzed to determine the 
effects of different treatments of number of buds per unit 
trunk cross-section area on vine development, yield, and 
quality. The N contents of leaf samples, which were washed, 
dried in a drying oven, (70°C, 48 hours), and ground in 
porcelain mortars, were determined according to the 
Kjeldahl method (Bremner, 1965). The K contents of the 
samples were determined by using a Flame-Atomic 
Absorption Spectrophotometer after they were dissolved in a 
MARS XPress (CEM Branded) microwave oven, and their P 
content was spectrophotometrically determined according to 
the method described by Barton (1948). During chlorophyll 
measurements, three readings (SPAD 502, Minolta Co. Ltd. 
Japan) were made, representing different directions, on 
leaves at the 10

th
 or 11

th
 nodes from the tip of the summer 

shoots. Berry surface temperature was measured between 
9:30 am and 2:00 pm using an infrared thermometer 
(Spectrum IR thermometer) in 4 directions on a cluster in 
every vine at certain intervals beginning from the berry set 
period. Temperature (°C) and relative humidity (%) values 
were recorded in one-hour intervals during the day with 
measurement devices (datalogger) placed on the cluster areas 
of the vines in the control (20+10) vines and treatment vines 
with buds with the lowest and the highest trunk unit cross-
section areas (respectively, 2-4 bud.cm

-2
). These values were 

calculated daily and are given as weekly averages. Light 
intensity in the crown was measured on vines with a lux 
meter (Testo 540) at certain intervals beginning from the 
berry set period. 
 

Statistical Analysis 
 

This study was organized with a random parcel 

design. The trial was planned with three repetitions and 3 

vines in every repetition. The statistical analyses were 

carried out by applying angular transformation to 

percentage values in characteristics that were represented 

proportionally. Data obtained as a result of the trial were 

subjected to analysis of variance (ANOVA) using the 

SAS package computer software, and Duncan’s test was 

conducted at a 5% significance level in the identification 

of different groups.  
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Result and Discussion 
 

Phenological observations: In the vines, bud burst 

occurred between 1 April and 4 April. The first bud burst 

was observed in the 2 bud.cm
-2

 treatment group, with a 

few days of difference among the treatments. Variety-

specific color and taste formation in 50% to 60% of the 

clusters occurred in the last week of June (Table 1). The 

effects of increased bud load, which caused a delay of bud 

burst by several days in our study, were similar to the 

results obtained by Palma et al., (2000), Polat & Uzun 

(2007), and Senthilkumar et al., (2015). 

 

Vegetative growth: Statistically significant differences 

were observed among the treatments in terms of bud burst 

ratio and the coefficient of bud fertility in the vines. The 

2.0 bud.cm
-2

 treatment yielded the highest value, while 

the control treatment yielded the lowest value (Table 2). 

The results reported by Omar & Abdel-Kawi (2000) and 

Shalan (2013), indicating a decrease in the bud burst ratio 

depending on the increase in the number of buds, 

supported our findings. Studies conducted by Uyak et al., 

(2016) and Heazlewood et al., (2006), reporting that 

changes in bud load did not have a significant effect on 

bud burst, but an increase in the number of buds in vines 

reduced the number of clusters per bud, provided similar 

results to our findings. 

Careful removal by hand was performed to determine 

the effects of different bud load levels in the vines on the 

number of water sprouts arising from the latent buds. This 

procedure kept the shoot numbers in the vines under 

control based on the treatments and prevented other 

measurement parameters from being affected. There was 

no significant difference among the total numbers of 

water sprouts in the measurements performed on different 

dates (Table 2). Kurtural et al., (2006) reported that the 

number of unwanted shoots was not significantly affected 

by treatments (except for the 2
nd 

vineyard during the 1
st 

year), and it varied from 10 to 13 during the first year and 

from 14 to 17 during the second year. The effects of bud 

numbers left with different pruning formulas on the 

numbers of unwanted shoots in vines as reported by 

Kurtural et al., (2006) and the similarity of the number of 

shoots comprising latent buds in our study were found to 

be interesting. Secondary shoots and inflorescences on the 

winter buds in the vines were counted before removal on 

27 April. The number of secondary shoots varied from 

2.78 to 4.56, and the number of inflorescences varied 

from 2.67 to 5.33 per vine (Table 2). 

The effects of different crop loads per trunk cross-

section area on the number and development of summer 

shoots are given in Table 3. The highest number of 

summer shoots in the vines were achieved in the 4 

bud.cm
-2

 and control treatments, while the lowest number 

was achieved in the 2 bud.cm
-2

 treatment. The lowest 

values of shoot length and diameter growth were achieved 

in the 4 bud.cm
-2

 and control treatments, which were 

statistically similar, while the highest value was identified 

in the 2 bud.cm
-2

 treatment. The effects of the treatments 

on the node numbers of shoots were found to be 

insignificant. The decrease in the total number of shoots 

per vine in our study was in parallel with the increase in 

pruning severity reported by Kurtural et al., (2006) and 

Uyak et al., (2016), the increase in shoot growth based on 

the number of reduced shoots on vines reported by 

Shiranal et al., (2020), and the decrease in shoot diameter 

development based on increased number of buds reported 

by Somkuwar et al., (2012), Shalan (2013), Senthilkumar 

et al., (2015), Uyak et al., (2016), and Bassiony (2020). 

Leaf area is an important parameter that affects vine 

performance. Too large leaf area values encourage 

shading and reduce fruit quality and sometimes bud yield. 

Too small leaf area values per unit fruit delay ripening 

and shrink vine size (Bates et al., 2011). Based on the 

increase in the number of winter buds left on vines, the 

main leaf sizes of the summer shoots and the lateral leaf 

sizes shrank in general. However, this effect of the 

treatments on leaf sizes was not found to be statistically 

significant. The main leaf size were between 186.92 and 

218.30 cm
2
, while the lateral leaf sizes were between 

64.69 and 75.46 cm
2
. The main leaf areas of the vines 

showed statistically significant differences based on the 

treatments. As a matter of fact, the 4.0 bud.cm
-2

 treatment 

was found to have the highest (15.34 m
2
/vine) leaf area, 

while the 2.0 bud.cm
-2

 treatment was found to have the 

lowest (10.39 m
2
/vine) leaf area (Table 3). Shalan (2013) 

identified the mean leaf area as the highest in the 2 

bud.cm
-2

 treatment (120.47 to 122.55 cm
2
) and the lowest 

in the 5 bud.cm
-2

 treatment (82.12 to 84.86 cm
2
), while 

Bassiony (2020) identified the highest value at a 20-bud 

load level (142.5 to 146.1 cm
2
) and the lowest value in the 

control (111.2 to 110.4 cm
2
). The main leaf size in the 

'Thompson Seedless' variety was determined to be the 

maximum at a 30-shoot density (241.75 cm
2
) and the 

minimum at a 40-shoot density (136.17 cm
2
) (Chougule, 

2004). If our findings are compared to results in the 

literature reporting that an increase in the number of buds 

in vines reduces leaf size (Chougule, 2004; Shalan, 2013; 

Bassiony, 2020), this effect was mild. This was caused by 

the fact that the bud load intervals in our study were not 

wide enough to affect leaf size. Brandon et al., (2012) 

reported that a decrease in pruning severity caused a 

linear increase in the leaf area per vine and the number of 

leaf layers. Results indicating that an increased bud load 

causes an increase in vine leaf area, as reported in the 

literature, were in parallel with our findings (Brandon et 

al., 2012; Somkuwar et al., 2012; Teker et al., 2018). 

Upon the measurements of the trunk areas of vines 

after harvest and during the dormancy period, no 

statistically significant difference was identified between 

bud load levels based on the treatments. A proportional 

increase of 21.76% to 33.27% after harvest and another 

at 39.21% to 60.28% during the dormancy period were 

observed in trunk development in comparison to the 

values obtained at the beginning of the trial (Table 4). It 

may be stated that different bud loads applied on vines 

with similar trunk cross-section areas (6.85 to 7.15 cm
2
) 

did not create an adequate effect as a result of the one-

year development period in our study. This was also due 

to the excessive trunk lengths of the vines. During the 

study, the highest pruning weight was obtained in the 

3.5 bud.cm
-2

 treatment, which was followed by the 2.0, 

2.5, and 4.0 bud.cm
-2

 treatments. The mean cane pruning 



HAMZA ÇELEBİ ET AL., 

 

742 

weight was the highest in the 2.0 bud.cm
-2

 treatment, 

which was followed by the 2.5, 3.5, 3.0, and 4.0 bud.cm
-

2
 treatments. These two parameters, belonging to the 

dormancy period, were found to be the lowest in the 

control treatment (Table 4). Somkuwar et al., (2012), 

who reported that pruning weight per vine in the 

dormancy period was a significant parameter in the 

prediction of shoot growth density, and therefore, leaf 

density, stated that different numbers of shoots in the 

vine did not have a significant effect on pruning weight. 

In some cases, scarcity in the number of shoots in a vine 

can be compensated by an increased vegetative strength 

in the shoots. Bassiony (2020) achieved the highest 

pruning weight in the 15+20 and 15+30 treatments and 

the lowest pruning weight value in the control treatment 

among the values of the controls (90 bud/vine), 15 

bud/vine +20, +30, and +40 buds (for every 1 kg 

pruning weight) pruning treatments in the Flame 

Seedless variety. It is considered that V. vinifera vines 

are balanced in pruning weight between 0.7 and 1.5 kg 

(Senthilkumar et al., 2015; Teker and Altindisli, 2021). 

It is seen that the pruning weight values achieved in our 

study (except for 3.5 bud.cm
-2

) were close to the range 

achieved by Senthilkumar et al., (2015) (0.62 kg/vine-

2.39 kg/vine), but they exceeded the specified balanced 

pruning weight value. It is seen in the studies mentioned 

above that results achieved in pruning weight have not 

been in parallel with the increase in the number of buds 

left in the vine. This situation can be partially explained 

by the root-shoot development principle in severe 

pruning practices as reported by Jackson (2001). The 

calculation of the mean cane pruning weight is a 

beneficial indicator in the determination of shoot 

strength (Senthilkumar et al., 2015). This parameter, 

called the development strength (Growth strength, 

Vigor), is obtained by comparing the pruning weight to 

the number of shoots (Bahar et al., 2018). According to 

reports in the literature, the reason for the mean cane 

pruning weight to be significantly above average in our 

findings was that procedures such as pinching or topping 

were not performed on the summer shoots. This was 

because it was aimed to determine the exact effects of 

different numbers of buds on summer shoot 

development in the vines and the pruning weight.  

 

Table 1. The effect of different bud load levels on bud burst, full bloom, veraison, and maturity (day.month). 

Treatments Bud burst Full bloom Veraison Maturity 

2,0 bud.cm
-2

 01.Apr 07.May 13.Jun 26.Jun 

2,5 bud.cm
-2

 02.Apr 07.May 14.Jun 26.Jun 

3,0 bud.cm
-2

 03.Apr 07.May 14.Jun 26.Jun 

3,5 bud.cm
-2

 02.Apr 07.May 14.Jun 26.Jun 

4,0 bud.cm
-2

 04.Apr 07.May 16.Jun 26.Jun 

Control 03.Apr 07.May 15.Jun 26.Jun 

 

Table 2. The effect of different bud load levels on bud burst percentage and coefficient of bud fertility,  

the numbers of water sprout, the numbers of cluster and shoot consisting of secondary buds. 

Treatments Bud burst 

percentage (%) 

Coefficient of bud 

fertility (n) 

Water sprout 

(n) 

Secondary shoot 

number (n) 

Cluster number on 

secondary shoot (n) 

2,0 bud.cm
-2

 87,76 (69,53) a 1,94 a 13,67 3,33 5,00 

2,5 bud.cm
-2

 81,50 (64,55) ab 1,86 ab 13,53 3,66 5,33 

3,0 bud.cm
-2

 82,22 (65,09) ab 1,70 abc 14,13 3,67 4,33 

3,5 bud.cm
-2

 75,73 (60,75) bc 1,74 ab 14,00 4,22 4,66 

4,0 bud.cm
-2

 79,85 (63,63) ab 1,66 bc 13,13 4,56 5,00 

Control 70,78 (57,29) c 1,48 c 12,20 2,78 2,67 

P
1
 0.0122 0.0202 ns ns ns 

1Statistical significance value according to P:Variance analysis (p˂0.05), ns: Not significant 

 

Table 3. The effect of different bud load levels on shoot number, shoot length, shoot diameter,  

node number of shoots, main leaf size, lateral leaf size and main leaf area/vine. 

Treatments Shoot number 

(n) 

Shoot length 

(cm) 

Shoot diameter 

(mm) 

Node number 

of shoot (n) 

Main leaf size 

(cm2) 

Lateral 

leaf size (cm2) 

Main leaf area 

(m2/vine) 

2,0 bud.cm-2 12,00 d 301,89 a 11,32 a 39,72 218,30 75,46 10,39 c 

2,5 bud.cm-2 14,11 cd 282,39 ab 10,38 ab 38,78 211,10 70,27 11,52 bc 

3,0 bud.cm-2 16,89 bc 282,50 ab 10,28 ab 38,72 200,37 67,44 13,18 abc 

3,5 bud.cm-2 18,56 b 245,83 bc 10,01 ab 36,33 207,88 66,09 13,95 ab 

4,0 bud.cm-2 22,78 a 213,33 c 9,14 b 33,50 200,09 66,63 15,34 a 

Control 22,78 a 223,89 c 9,02 b 34,61 186,92 64,69 14,78 ab 

P1 ˂.0001 0.0023 0.0219 ns ns ns 0.0289 
1Statistical significance value according to P:Variance analysis (p˂0.05), ns: Not significant 
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Table 4. The effect of different bud load levels on trunk area and growth rate, pruning  

weight and mean cane pruning weight. 

Treatments 
Trunk area (cm

2
) Trunk growth rate (%) Pruning weight 

(g/vine) 

Mean cane 

pruning weight (g) Post-harvest Dormant Post-harvest Dormant 

2,0 bud.cm
-2

 9,13 11,02 

32,93 

(34,81) 

60,28 

(51,01) 2387,22 ab 197,54 a 

2,5 bud.cm
-2

 8,99 10,68 

29,53 

(32,72) 

54,48 

(47,62) 2352,80 ab 167,61 ab 

3,0 bud.cm
-2

 8,40 9,61 

21,76 

(27,78) 

39,21 

(38,77) 1961,67 bc 116,52 cd 

3,5 bud.cm
-2

 9,27 11,04 

33,27 

(35,20) 

58,87 

(50,15) 2709,44 a 149,57 bc 

4,0 bud.cm
-2

 9,06 10,86 

27,03 

(31,18) 

52,10 

(46,21) 2158,33 ab 94,54 de 

Control 8,47 9,88 

23,65 

(29,08) 

44,75 

(41,97) 1583,89 c 69,21 e 

P
1
 ns ns ns ns 0.0100 ˂.0001 

1Statistical significance value according to P:Variance analysis (p˂0.05), ns: Not significant 

 

Table 5. The effect of different bud load levels on yield parameters. 

Treatments 
Cluster number 

per vine (n) 

Grape yield 

per vine (g) 

Grape yield in 

decare (ton) 

Yield efficiency 

index 

Ravaz index 

2,0 bud.cm
-2

 26,39 c 8540,17 c 2,846 c 812,23 c 3,62 b 

2,5 bud.cm
-2

 32,00 bc 8834,33 c 2,945 c 872,27 bc 3,76 b 

3,0 bud.cm
-2

 35,06 b 11017,17 ab 3,672 ab 1185,40 a 5,60 a 

3,5 bud.cm
-2

 42,56 a 11280,00 ab 3,759 ab 1059,73 ab 4,19 b 

4,0 bud.cm
-2

 47,33 a 12237,11 a 4,079 a 1173,90 a 5,72 a 

Control 46,11 a 9563,22 bc 3,187 bc 1047,23 ab 6,16 a 

P
1
 ˂0.0001 0.0019 0.0019 0.0107 0.0005 

1Statistical significance value according to P:Variance analysis (p˂0.05), NS.: Not Significant 

 

Grape yield characteristics: The highest numbers of 

clusters were achieved in the 3.5 bud.cm
-2

, control, and 

4.0 bud.cm
-2

 treatments, which were statistically in the 

same group. The lowest number of clusters per vine was 

achieved in the 2.0 bud.cm
-2

  treatment at 26.39. While 

the highest grape yield per vine was achieved in the 4.0 

bud.cm
-2

 treatment at 12237.11 g, the lowest yield was 

achieved in the 2.0 bud.cm
-2

 and 2.5 bud.cm
-2

 treatments. 

In terms of product per decare, the highest yield was 

achieved in the 4.0 bud.cm
-2

 treatment (4.0 tons), while 

the lowest yield was achieved in the 2.0 bud.cm
-2

 and 2.5 

bud.cm
-2

 treatments (respectively, 2.8 tons and 2.9 tons). 

While the treatments with the highest values of the yield 

efficiency index, which is the ratio of grape yield per 

vine (g) to trunk cross-section area (cm
2
), were 3.0 

bud.cm
-2

 and 4.0 bud.cm
-2

, the lowest value was achieved 

in the 2.0 bud.cm
-2

 treatment. The treatments were 

statistically divided into two groups according to the 

Ravaz index. Accordingly, the 3.0, 4.0 bud.cm
-2

, and 

control treatments were found to have the highest index 

values, while other treatments displayed the lowest index 

values (Table 5). Khalil et al., (2018) found that an 

increase in pruning severity led to a decrease in grape 

yield. Balbaba and Tangolar (2018) observed a 

significant increase in the number of clusters and vine 

yield (except for 2014) in their 20+15 treatment in 

comparison to their 20+5 and 20+10 treatments in their 

3-year study. Shiranal et al., (2020) reported a significant 

increase in total fruit weights in wine varieties, the shoot 

numbers of which were arranged, due to an increase in 

the number of clusters. The highest grape yield (14.91 

kg/vine) in the control treatment was followed by the 

treatments where 40 and 33 shoots were left (13.46 kg 

and 13.02 kg/vine), respectively, and the lowest yield 

was obtained in vines with 25 shoots (11.83 kg). 

According to the values obtained in our study, with the 

exception of our control treatment, the increasing trend in 

the number of clusters, grape yield of vines, and grape 

yield per decare due to the increased number of buds in 

the vine, was similar to those provided in the literature. 

The ratio of yield to pruning weight is a good indicator of 

the balance between fruit and vegetative growth 

(Senthilkumar et al., 2015). The Ravaz index is a 

commonly used measurement method for both 

researchers and growers in the assessment of success of 

vineyard management practices (Bates et al., 2011). The 

most appropriate level for a vine with medium strength is 

a 5:10 g yield/pruning weight ratio (Senthilkumar et al., 

2015). The 3-4 bud.cm
-2

 and control treatments in our 

study were able to reach the 5-7 range determined by 

Vasconcelos & Castagnoli (2000) for balanced vines. In 

our study, minimal intervention was made on summer 

shoot growth to vegetatively determine the effectiveness 

of the treatments applications. Thus, it was considered 

that an arrangement could be made based on the extent of 

intervention in shoot development, and labor costs could 

be evaluated according to bud loads in vines. Therefore, 

the other treatments yielded low Ravaz index values. 
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Table 6. The effect of different bud load levels on cluster characteristics. 

Treatments 
Cluster weight 

(g) 

Cluster width 

(cm) 

Cluster lenght 

(cm) 

Cluster size 

(cm
2
) 

Berry homogeneity in 

cluster (%) 

2,0 bud.cm
-2

 417,66 12,46 19,04 237,28 79,82 (63,52) 

2,5 bud.cm
-2

 406,00 11,91 19,41 230,94 79,71 (63,41) 

3,0 bud.cm
-2

 412,37 12,00 20,25 243,32 77,79 (62,04) 

3,5 bud.cm
-2

 371,67 11,69 20,41 238,95 73,60 (59,15) 

4,0 bud.cm
-2

 352,82 11,94 18,91 225,99 77,73 (61,85 

Control 336,87 11,40 19,14 217,80 78,82 (62,49) 

P
1
 ns ns ns ns ns 

1Statistical significance value according to P:Variance analysis (p˂0.05), ns: Not significant 

 

Table 7. The effect of different bud load levels on berry characteristics. 

Treatments 
100 berry 

weight (g) 

Berry length 

(mm) 

Berry width 

(mm) 

Berry size 

(mm
2
) 

L a b H CIRG 

2,0 bud.cm
-2

 581,98 22,40 19,78 443,18 a 24,10 1,74 1,22 33,08 5,63 

2,5 bud.cm
-2

 572,53 21,86 19,67 430,09 ab 23,88 1,97 1,14 29,93 5,77 

3,0 bud.cm
-2

 589,75 22,51 19,90 448,07 a 23,86 2,06 1,13 26,81 5,92 

3,5 bud.cm
-2

 551,19 21,46 19,10 409,68 b 24,44 1,73 1,50 33,32 5,57 

4,0 bud.cm
-2

 562,31 21,95 19,45 426,99 ab 24,85 2,27 1,80 31,28 5,45 

Control 559,88 21,99 19,42 427,28 ab 24,03 1,94 1,07 25,53 5,94 

P
1
 ns ns ns 0.0496 ns ns ns ns ns 

1Statistical significance value according to P:Variance analysis (p˂0.05), ns: Not significant 

 

Grape quality characteristics: It was determined that 

the effects of different bud loads on cluster weight, 

cluster widths, cluster lengths, cluster sizes, and berry 

homogeneity in the clusters were not statistically 

significant (Table 6). The effects of different bud load 

levels on Chambourcin vines (Kurtural et al., 2006), 

Pinot Noir vines (Heazlewood et al., 2006), Trakya 

İlkeren vines (Polat & Uzun, 2007), and Early Cardinal 

vines (Balbaba & Tangolar, 2018) on cluster weight 

were not found significant in previous studies. Khalil et 

al., (2018) found that the effects of different numbers of 

buds (96, 128, 160 buds) were the highest in the samples 

with 128 buds in the Sahebi variety. Shalan (2013) 

reported that their 2 bud.cm
-2

 treatment increased the 

cluster weight in comparison to their 5 bud.cm
-2

 

treatment in the Flame Seedless variety in both years of 

their study. The conclusion of Shalan (2013), indicating 

that a reduction in the numbers of buds increased the 

cluster weight, was not observed in our study. Our 

findings were generally in parallel with the results of the 

provided literature. It was determined that different bud 

load levels did not impact the 100-berry weight, berry 

length, or berry width. However, this effect, which was 

not observed on the berry length and berry width, was 

reflected on the berry size (width x length), while the 

highest value was identified in the 3.0 bud.cm
-2

 and 2.0 

bud.cm
-2

 treatments, and the lowest value was identified 

in the 3.5 bud.cm
-2

 treatment (Table 7). The results 

reported by Balbaba and Tangolar (2018) and Polat & 

Uzun (2007), indicating that the effects of different bud 

loads on 100-berry weights were not significant, were 

found to be fully supporting our findings, while the 

results of the study by Kurtural et al., (2006) were found 

to be partially supporting ours. The effects of the 

numbers of buds on berry weight, reported by Khalil et 

al., (2018), yielded a result similar to the effect on berry 

size in our study. No significant change was observed in 

berry color. The L (23.86-24.85), a (1.73-2.27), b (1.07-

1.80), and H (25.53-33.32) values were found to be 

similar between the treatments (Table 7). The results of 

Sayman & Akın (2015), who reported that the control, 

25 bud/vine, and 30 bud/vine treatments did not create a 

statistically significant difference in L, a, and b values 

indicating berry color, were in parallel with our findings. 

The CIRG value that was determined between 5.45 and 

5.94 based on the treatments in our study indicated that 

grape berry color is was Red-Black according to the 

OIV descriptor list (Carreño et al., 1996). 

The TSS content values were between 12.87% and 

14.57% in the treatments in our study, and no statistically 

significant difference was observed. The pH values were 

between 3.55 and 3.68. Acidity content was found to be 

the highest in the 3 bud.cm
-2

 and 4 bud.cm
-2

 treatments. 

The control, 2 bud.cm
-2

, and 2.5 bud.cm
-2

 treatments 

yielded the lowest (0.72%) acidity value. The maturity 

index reached the highest value in the 2.0 and 2.5 bud.cm
-

2
 treatments, while the lowest value was obtained from the 

4.0 bud.cm
-2

 treatment (Table 8). The results of Balbaba 

& Tangolar (2018), indicating that different numbers of 

buds did not affect TSS and pH (three years), and 

Kurtural et al., (2006), indicating that different numbers 

of buds did not affect TSS and pH (first year, in two 

vineyards), supported the findings of our study. 

Differently from the studies of Balbaba & Tangolar 

(2018) and Polat & Uzun (2007), the results of our study, 

indicating that acidity increased while the maturity index 

value decreased upon an increase in the bud load, were 

similar to the results of Shalan (2013). 
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Table 8. The effect of different bud load levels on juice characteristics. 

Treatments TSS (%) pH Acidity (%) Maturity index 

2,0 bud.cm
-2

 14,57 3,62 0,72 b 20,29 a 

2,5 bud.cm
-2

 14,17 3,68 0,72 b 19,99 a 

3,0 bud.cm
-2

 13,60 3,56 0,83 a 16,43 bc 

3,5 bud.cm
-2

 14,10 3,62 0,77 ab 18,36 abc 

4,0 bud.cm
-2

 12,87 3,55 0,82 a 15,66 c 

Control 13,77 3,62 0,72 b 19,29 ab 

P
1
 ns ns 0.0206 0.0214 

1Statistical significance value according to P:Variance analysis (p˂0.05), ns: Not significant 

 

Table 9. The effect of different bud load levels on chlorophyll content. 

Treatments 
Chlorophyll content (SPAD) 

01 Jun 15 Jun 25 Jun Mean 

2,0 bud.cm
-2

 26,20 25,38 28,67 26,70 

2,5 bud.cm
-2

 27,08 25,54 28,65 27,10 

3,0 bud.cm
-2

 25,87 25,59 29,22 26,90 

3,5 bud.cm
-2

 26,67 24,86 29,77 27,10 

4,0 bud.cm
-2

 26,95 25,90 30,36 27,73 

Control 26,11 27,12 31,05 28,10 

P
1
 ns ns ns ns 

1Statistical significance value according to P:Variance analysis (p˂0.05), ns: Not significant 
 

Table 10. The effect of different bud load levels on light intensity and berry surface temperature. 

Treatments 
Light intensity (lux) Berry surface temperature (ºC) 

2 Jun 14 Jun 25 Jun Mean 2 Jun 14 Jun 25 Jun Mean 

2,0 bud.cm
-2

 3667,73 a 2285,33 a 2554,27 a 2835,76 a 28,97 31,77 33,40 31,40 

2,5 bud.cm
-2

 2461,43 b 1651,28 b 1603,90 b 1883,33 b 28,20 31,63 32,83 30,90 

3,0 bud.cm
-2

 2681,63 b 1409,90 bc 1264,80 bc 1785,47 b 28,27 31,17 32,70 30,70 

3,5 bud.cm
-2

 2513,20 b 1546,27 bc 1379,50 bc 1813,53 b 28,13 30,53 32,17 30,30 

4,0 bud.cm
-2

 1843,90 c 1032,23 c 932,63 c 1269,57 c 28,10 30,60 32,23 30,33 

Control 3018,20 b 1520,06 bc 1369,93 bc 1969,40 b 29,33 31,77 33,00 31,37 

P
1
 0.0006 0.0036 0.0002 ˂.0001 ns ns ns ns 

1Statistical significance value according to P:Variance analysis (p˂0.05), ns: Not significant 

 

 
 

Fig. 1. Weekly intra-canopy temperature change in control, 2 

bud/cm2, 4 bud/cm2 applications. 

 
 

Fig. 2. Weekly intra-canopy relative humidity change in control, 

2 bud/cm2, 4 bud/cm2 applications. 
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Physiological characteristics: Different bud load 

applications per unit trunk cross-section area have 

statistically similar effects on leaf blade nitrogen, 

phosphorus, and potassium contents during the full 

bloom period (data not shown). An increase in bud load 

in the Superior Seedless variety (increase from 72 to 96) 

caused a decrease in the N and K contents of leaf 

petioles (Samra et al., 2006), while an increase in the 

number of buds left per cm
2
 in trunk cross-section area 

in the Flame Seedless variety caused a decrease in N, P, 

and K contents (Shalan, 2013). An increase in the 

number of shoots per vine in the Thompson Seedless 

variety caused an increase in the N, P, and K contents of 

petioles (Senthilkumar et al., 2015). The effects of the 

treatments in our study on leaf blade N, P, and K 

contents were not statistically significant as opposed to 

the studies of Samra et al., (2006), Shalan (2013), or 

Senthilkumar et al., (2015). Chlorophyll is an important 

pigment that ensures the absorption of light, constituting 

the primary stage of photosynthetic reactions in plant 

growth, at different wavelengths (Li et al., 2018). A 

positive correlation was reported between yield per vine 

and photosynthetic speed and leaf area per vine 

(Senthilkumar et al., 2015). In this study, no statistically 

significant difference was observed between the 

treatments during the leaf chlorophyll measurements 

performed at different times in the grapes (pre-veraison, 

veraison, and harvest). The chlorophyll contents were 

found to be close (26.70-28.10) according to the average 

period values of the treatments (Table 9). Hamid et al., 

(2015) reported that there was no significant difference 

in leaf chlorophyll contents in vines pruned from 32-42-

52-60 buds in the Autumn Royal variety. Our findings 

indicated that chlorophyll contents were not affected by 

different bud load levels, similar to the study by Hamid 

et al., (2015).  
 

Canopy microclimate: The weekly temperature and 

relative humidity values of the control and treatment groups 

are given respectively in Figs. 1 & 2. It was observed that 

intra-canopy temperature values were higher in the 2 

bud.cm
-2

 treatment, and this difference reached the highest 

value (approximately 3ºC) between veraison and harvest in 

comparison to the 4 bud.cm
-2

 treatment. It was seen that 

intra-canopy relative humidity values were the lowest 

during the process of post-bud burst, almost until the 

harvest time in the 2 bud.cm
-2

 treatment, unlike 

temperature. The purpose of a canopy microclimate in most 

commercial vineyards is to maximize the penetration of 

light inside the canopy and minimize internal shading. The 

potential light penetration inside the canopy may vary 

according to vine leaf area and growth in vineyards (Bates 

et al., 2011). Light may have a positive impact on the 

quality of the harvested product. The quality of clusters that 

are exposed to sunlight vary depending on temperature or 

light quality (Bahar et al., 2018). The light intensity 

measurement values in the cluster area were found to differ 

significantly based on the different bud load treatments in 

our study. In general, while the intensity of light, measured 

pre-veraison, was higher, a decrease was identified in light 

intensity towards the maturity time. Light intensity 

decreased in line with the increase in the number of buds 

left per unit trunk cross-section area (Table 10). As a 

consequence of an overall evaluation, it was seen that the 

measurements in the cluster area were below the light 

balance point. Shading in a cluster reduces the 

concentration of phenolic substances. Other effects of light 

are less notable than temperature. In general, low light 

causes berry size, pH, and TSS to decrease and total acidity 

to increase (Ağaoğlu, 2002). The berry surface 

temperatures in the grape clusters within the vine canopy 

were observed to be a few degrees higher in following 

measurement times. However, no statistically significant 

difference occurred in terms of both measurements at 

different times and average temperature values (Table 10). 

 

Conclusion 
 

The conversion of yield and quality into adequate 

economic income depends on crop load (number of buds), 

recognized as an important and primary cultural 

parameter in grape production. In this sense, the effects of 

treatments with varying numbers of winter buds left per 

unit of trunk cross-section area, were examined to 

determine the number of buds to be left on vines based on 

trunk growth.  

Different numbers of buds did not have a distinctive 

effect on phenological periods in the Prima grape cultivar, 

which could be considered as very early in terms of 

maturity in the area where the study was conducted. It 

was determined that the bud burst percentages and the 

coefficients of bud fertility in the treatments were reduced 

by the increasing number of buds (14-32 bud/vine). The 

difference in the total number of shoots, growing on old 

parts of the vines, was limited to 2. It was considered that 

removing these shoots would not cause a significant load 

between the treatments. However, this value was found to 

be high for the vines with low numbers of buds in 

proportion to the number of winter buds left on the vines. 

There was no significant change in the numbers of 

secondary shoots and total numbers of inflorescences on 

these shoots in the winter buds left on the vines. In this 

sense, it was considered that disbudding practices could 

be completed in a similar duration and at a similar cost 

during the vegetation period in vines with different 

numbers of buds in the study. It was determined that the 

increase in the number of buds left on the vines caused an 

increase in the number of shoots to a certain extent, and 

this effect reduced shoot length and shoot diameter 

growth. In terms of these characteristics, the number of 

buds left in the 4 bud.cm
-2

 treatment in our study can be 

accepted as a limit. This is because there was no increase 

in the number of shoots although more buds were left in 

the control treatment. Different bud loads did not cause 

any significant difference in trunk development in the 

treatments. No significant difference was determined in 

leaf N, P, K contents and chlorophyll measurements. The 

intra-canopy light and temperature values during the 

period near maturity were found to be significantly higher 

in the 2 bud.cm
-2

 treatment. It was considered that this 

situation could have an effect on shoot growth and fruit 

maturity. The numbers of clusters were found to be high 

also in the control and 3.5 bud.cm
-2

 treatments besides the 

4 bud.cm
-2

 treatment with the highest main leaf area/vine 
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values. However, the increase in leaf area and number of 

clusters was not reflected on grape yield per vine and 

decare in the control treatment. The treatments with a 

grape yield above 3.5 tons were found to be interesting. 

No significant difference was observed between the 

treatments in the study in terms of cluster characteristics, 

berry characteristics (except for berry size), berry color, 

TSS in juice, or pH content. The 3 bud.cm
-2

 treatment, 

with a yield above 3.5 ton/da, was prominent in terms of 

berry size. In the 4 bud.cm
-2 

treatment, the juice acidity 

content was high, and the maturity index value was low. 

Product maturation was quicker in the vines on which 

fewer buds were left (2.0-2.5 bud.cm
-2

).  

It was considered that the increased number of buds 

in the study might have led to an increase in yield, a 

slowdown in the course of grape maturity, and a delay in 

harvest time, without causing a significant loss of quality. 

In this regard, market price and the decisions of growers 

are important in terms of treatment selection. It is 

considered that the recommended crop load (number of 

buds), which might require minimal summer pruning in 

terms of vegetative balance, besides yield and quality, is 

3.0 bud.cm
-2

 among the treatments tested in this study in 

terms of the number of buds to be left per unit trunk 

cross-section area. 
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