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Stomatal density in various Turkish grape cultivars
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Summary: Inthis study the number of stomata per unit area and dimensions of the stomata were
determined in 15 important Turkish grape cultivars which were 20 years old and grafted on Kober 5 BB
rootstock. Number of stomata per mm? of area varied from 129 = 18 10 254 = 10, stomatal length ranged from
226=26pmto 28.3 =+ 4.3 .um, and stomatal width from 13.6 = 2.2 um to 18.6 = 3.2 L m among cultivars. The
cultivars_ having minimum and maximum number of stomata per unit area were Balbal and Pembe Gemre;
Erenkdy Beyazi and Miiskiile had minimum and maximum stomata size, respectively. Correlations between the
number of stomata per unit area and the stomatal length (r=0.100), and width (r=0.184), and between the
stomatal length and width (r = 0.493) were not significant among cultivars.

On the other hand, Balbal, Hafizali and Yapincak were found to be more tolerant than the other cultivars.

The characteristics of the cultivars in relation to their drought tolerance and stomatal densities were
discussed.
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Introduction

The vineyards of Anatolia are spread over the dry regions in which the summer rainfall is ofien
insufficient. For this reason vine growers make use of the spring and winter rainfall and give more
importance 1o special cultivation practices. Today more than 1000 grape cultivars (possibly some
of them are synonymous) are grown in Turkey. These cultivars are different from each other with
respect 10 their qualitative and physiological characteristics. In the adapration to different
ecological conditions (e.g. drought) both rootstocks’ and cultivars’ own characteristics are
important factors 1o postpone dehydration. Deep root system, thick cutin, and good stomatal
control of transpiration as well as the capacity of protoplasm to endure desiccation are the main
factors in drought tolerance (Kramer and Kozrowski 1979).

Root system development is dependent on the rootstock variety. Morphological features of
the leaves are also important in this respect. According to KisseLew (cited in Levitt 1980), the
small-leaf forms of Scorzonera survive a greater loss of water then the broad-leaf forms. Runyon
(cited in KraMmer and Kozrowski 1979) found that the leaves of creosote bush produced during
moist weather are large and easily injured by water deficit, but the leaves produced during dry
weather can be dried to a saturation deficit of 50 %. Desiccation tolerance of the leaves also shows a
great variance between species. OppENHEIMER (cited in KraMER and Kozrowskr 1979) reported
that the leaves of almond could be dried 1o a saturation deficit of 70 % and olive to 60 % before
injury occurred, but fig dried to only 25 %.

The volume/surface ratio of the cells of drought tolerant plants is low. ILnn (cited in LevitT
1980) concluded that this ratiois 1-2 in xerophyilic mosses; near 20 in sensitive cells; 5-10 in celis of
intermediate tolerance. Merieux er al. (cited in Levitr 1980) found that Vitis vinifera plants
grown with low moisture have smaller cells and are more drought tolerant.

High osmotic pressure has also been regarded as an important adaptation to water stress
(KraMer and KozrLowski 1979).

The size and frequency of stomata have an importance in the physiology of the plants. The
relations between stomaial size and frequency and transpiration rate are still uncertain (VARDAR
1972). However, plants native to arid regions and regions with long summer droughts have heavily
cutinized leaves and very low transpiration rates afier the stomata have closed (Kramer and
Kozrowski 1979). Stomatal frequency of the drought resistant xerophyte plants is generally high



Resistance/tolerance 10 abiotic stress factors 383

Table 1: Stomatal frequency of various grape cultivars

Cultivars Mhmber / -
Kozak Beyazi 201 £ 23
Siyeh Razaki 205 # 25
Gavug 187 ¢ 16
Amasya 197 2 8
Miigkiile 1ox9
Alphonsel) 179 29
Hafizali 192 ¢ 10
Sultani Gekirdeksiz 251 £ 9
Tarsus Beyaza 153 29
Yapincak 192 + 19
Balbal 129 ¢+ 18
Erenkdy Beyazi 151 2 5
Pembe Gemre 254 % 10
Bkiizgozit 159 3 18
Iskenderiye Nisketi 18, 4 24
Buca Razakasi 200 4 19

1) To be considered only in the calculation
of the correlation coafficients

(Varpar 1972), In addition, some vaniances have occurred in the structure of stomata of the plants
grown under different ecological conditions (MeipNEr and MansrFieLD 1968).

According to SmarT (cited in Weaver 1976), stomata closed at a leaf water potemi'al of
-13 bars in vines. In some vine cvs at pre-dawn water potentials down to -8 bars, assimilation and
especially transpiration were reduced (Dtring and KLingexMmeverR 1987). However, stomatal
control of transpiration rate varies among the species (KraMer and KozLowsky 1979). Jonns and
Lazensy (cited in Levitr 1980) stated that stomatal control of senescing leaves may be ineffective
leading to their death, whereas young leaves are uninjured. Cv. Riesling, considered drought
tolerant, has low stomatal conductance resulting in high water use efliciency (ratio CO,
uptake/H, 0 loss) and low hydraulic conductance (Dtrine 1988).
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The stomatal frequencies of some grape species, hybrids and cultivars have long been studied
(DurinG 1980; Sciexza and BoseLwr 1981; Divzeni: and ErcexocLu 1988). Many factors can
affect the frequency and/or size of stomata such as nutritional conditions (Bavro ef al. 1986), K
fertilization (BoseLLr and Scienza 1983), N fertilization (RtmL and IMcraBeN 1985), fungicide
applications (SExera 1983), vine vigor, leaf position (ForLan et al. 1983), leaf maturity (DtrinG
1980), shading (KraMer and KozLowskr 1979), rootstocks and training systems (Dtzex~wt and
ErGEnoaGLU 1988).

In this study stomata size, density and drought tolerance of some Turkish grape cultivars were
determined and discussed.

Materials and methods

The following cultivars were used: Kozak Beyazi, Siyah Razaki, Cavus, Amasya, Miiskiile,
Hafizali, Sultani Cekirdeksiz (Sultanina), Tarsus Beyazi, Yapincak, Balbal, Erenkdy Beyazi,
Pembe Gemre, Okiizgdzii, Iskenderiye Misketi (Muscat d'Alexandrie) and Buca Razakisi. The
cultivars were 20 years old and trained to Guyot and Cordon systems. All vines were grafted on
Kober 5 BB rootstock.

Stomatal counts were made on leaves taken from the 3rd-5thnodes after the leaves had
reached full maturity. Nail polish, diluted in some degrees with acetone, was spread on the mid
portion of upper and lower surface of the leaves and later removed. These moulds were used for
countings and measurements. In total, 135 microscopic view fields were considered in the
countings. Stomata length and width were measured on 30 randomly selected stomata.

Drought tolerance of the cultivars was determined on plants obtained from rooted cuttings.
For this purpose, cuttings of the cultivars were collected just before spring, prepared with one bud
and set in boxes containing perlite, then placed in the greenhouse. Temperature was held between
25 and 28 °C. Cuttings leafed out and rooted in this environment and were watered and fertilized
with HoacLanp nutrient solution (HoacLanD and Arnox 1950). After the shoots had 4-5 leaves,
watering was interrupted and the young plants were exposed 1o water stress. Plants did not receive
water during a period of 27 d. At the end of this period, plants were rewatered. The cultivars were
then evaluated for injury from water deficit. Wilting of the leaves was recorded since it could be
used for indirect estimates of the water status (Kramer and Kozrowskr 1979) and drought
tolerance of the vine cvs (DtriNng 1988). In addition, yellowing of the leaves and the plants
completely injured from water deficit was also recorded. In total, 30 plants (3 x 10) of each cultivar
were used in the experiment.

Results

Stomatal density and size of stomata

No stomata were observed on the upper surface of the leaves. However, stomaial frequency
on the lower surface of the leaves revealed great variance among the cultivars (Table 1). Minimum
and maximum stomatal frequencies (number/mm?) were determined in Balbal (129 = 18) and
Pembe Gemre (254 = 10) cvs. The frequencies of other cultivars were between these two values.

Mean stoma length and width of the cultivars are shown in-Table 2. Some differences also
existed among the cultivars in this respect. Mean stoma lengih ranged from 22.6 +2.6 to 28.3
£4.3 um, and mean stoma width from 13.6 2.2 10 18.6 + 3.2 um. Miiskille and Erenkdy Beyazi
cvs have maximum and minimum values of both stoma length and width, respectively.

When taking into account the cultivars together, the correlation coefficients between the
stomatal frequency and stoma length and width were found 1o be non-significant (r=0.100 and
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Table 2: Mean stoma length and width of various grape cultivars

Cultivars St%?im%ength stc&?m‘;mm
Kozak Beyazi 26,0 % 3¢5 18.4 % 244
Siyah Razak: 27.2 + 47 17.9 + 3.0
Cavug 25.7 ¢ 3.6 17.6 + 2.6
Amasya 2/l + 344 17.2 ¢ 2.3
Miigkiile 28.3 & 43 18,6 + 3.2
Rlphonse 1) 2/aG ¢ 3.3 18.4 + 2.6
Hafizali 2/l # 3.6 164 + 1.6
Sultan Gekirdeksiz 24eds # 302 17.2 + 2.0
Tarsus Beyaza 24e5 % 344 15.5 # 3.1
Yapincak 27.1 + 4al 15.1 # 4ol
Balbal 23.0 + 3.3 16.1 + 2.4
Erenkdy Beynzi 22,6 # 2.6 13.6 % 2.2
Pembe Genre 242 + 3.1 16.3 % 1.8
Okizgiszi 23.8 ¢ 3.0 16.6 4 3.1
Iskenderiye Misketi 250 + 3.8 174 % 3.3
Buca Razakisi 26,6 & 4a2 16.4  Re6
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1) To be considered only in the calculation of the correlation coefficients

r=0.184, respectively). However, the correlation coefficient between stoma length and width was
relatively high, though not significant (r = 0.493).

Drought tolerance of the cultivars

The percentages of completely injured plants at the end of the 27 d water stress period are
shown in Table 3. The cultivars which suffered the most from water deficit were Cavus, Tarsus
Beyazi and Amasya. Balbal, Hafizali, Yapincak and Erenk8y Beyazi suffered much less injury than
the other cultivars. After rewatering, injury in some of the cultivars continued rapidly. For example,
total loss in Erenkdy Beyazi increased from 16.6 % to 86.6 %. On the other hand, this increase in
Yapincak was only 10 %in the last 7 d of the test period (Table 3).

Injury from water deficit began early and increased rapidly in some of the cultivars (e. g.
Amasya, Tarsus Beyazi and Cavus). Some of the cultivars could tolerate drought until a certain
time and then collapsed rapidly (e. g. Iskenderive Misketi, Erenkdy Beyazi and Buca Razakisi).
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Table 3: Percentages of the completely injured plants

Completely Injured Plants (%)

Cultivars At the end of At the end of
27 days of 7 days after
untratering period rewatering point

Kozak Beyazi (No data obtained)

Siyah Razaka 30,0 56.6

Gavug 96.6 100

Amasya 100 100

Miiskiile 36.6 66.6

Hafizali 13.3 53.3

Sultani Gekirdeksiz 76.6 93.3

Tarsus Beyazi 100 100

Yapancak 16.6 26,6

Balbal 10.0 43.3

Erenkdy Beyazi 16.6 86.6

Pembe Gemre 33.3 66,6

Okiizgszit 23.3 66,6

Iskenderiye Misketi 40,0 83.3

Buca Razakisi 33.3 70,0

Commencement of the injury was late and the total loss was low in Balbal and Yapincak (Fig.).
Siyah Razaki, Pembe Gemre, Hafizali, Okiizgozii and Miiskille were between the two extremes
and showed medium degree of injury.

Injury due to water deficit appeared first as yellowing and wilting of the leaves and was
followed by death of the shoots. However, yellowing of the leaves was much less distinct in Cavus
and Tarsus Beyazi cvs than in the other ones. Drooping leaves were the first sign in Cavus, at the
beginning of injury.

Discussion

There are few studies on the stomatal frequency of Turkish grape cultivars. Stomata were
found only on the lower surface of the leaves. This was also observed by DURrING (1980) in some
Vitis spp. and cvs. So the cultivars studied were shown to be hypostomatal.

Stomatal frequency of the cultivars varied from 129 = 18 10 254 = 10, which was generally
between the values found by other researchers in some Vitis spp. and cvs (DtriNG 1980; DUZENLI
and Ergenocry 1988). The stomatal frequency of Sultani Cekirdeksiz found by Dtzexti and
ErGenocLu (1988) is very close to our result. But the value found by the same researchers for
Tarsus Beyazi (227-233) is different from our finding. This variance can be attributed to



Resistance/tolerance to abiotic stress factors 387

environmental and other factors (BoseLul and Sciexza 1983; ForLan: ef al. 1983; RouL and
ImGrABEN 1985; BaLo et al. 1986; Di;zenLr and ErcenNocLu 1688).

Stomata length and width of the cultivars were found to be different. In general, stomata
lengths determined in this study, at least in some cultivars, were close to the value given for
V. vinifera (29.7 pm) by Kramer and Kozrowski (1979). However, the size of stomata can also be
changed by K (BoseLr1 and Screnza 1983), fungidice applications (Sexera 1983), and possibly
other factors.

The correlation between the size of stomata (as length and width) and the frequency was not
significant. A negative correlation between both characters has been observed in some plant
species (Kramer and Kozrowskr 1979). The correlation between the length and width of stomata
was fairly high (r=0.493),

There were important differences among the cultivars with respect to their tolerance to water
deficit. The following relative order of the cultivars could be given: Cavus, Amasya, Tarsus Beyazi
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and Sultani Cekirdeksiz are least tolerant; Yapincak and Balbal are most tolerant, and other
cultivars range between the two exiremes. But these moderately tolerant cultivars have also shown
different degrees of tolerance.

The relations between stomata frequency and drought tolerance are uncertain. For example,
Tarsus Beyazi and Sultani Cekirdeksiz, which are considered 1o be sensitive cultivars, have 15329
and 251+ 9 stomata/mm? of area, respectively, The same patiern s also true for the tolerant cvs
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Balbal and Yapincak which have 129 = 18 and 192 = 19 stomata/mm?, respectively. The relations
between stomata size and tolerance are also uncertain. Other characteristics of the leaves (e. g. size,
firmness, hair density) may play a role in this respect. As a matter of fact, mature leaves of the
sensitive cultivars (Cavus, Amasya and Sultani Cekirdeksiz) are large and soft in structure. On the
other hand, Balbal and Yapincak also have relatively large and fairly soft leaves. The lower surface
of the leaves of Cavus and Tarsus Beyazi is densely covered with hair.

For the reasons mentioned above, it is difficult to state that there is a close relationship
between the leaf morphology and drought tolerance of the cultivars investigated. Stomatal closure
at certain water potentials can be useful to determine the drought tolerance (KraMer and
Kozrowskr 1979). Stomatal conductance and water use efficiency can also be helpful to
understand the differences among cultivars (DturinG 1988). In addition, field studies are needed in
this respect.
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