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Abstract: For purpose of investigation of graft union and other graft properites in grafted grapevine 

production, the histological studies are conducted. For this, graft samples are stored in a fixation solution and 

later sections are stained by using some histological staining methods. Being examined of previously unapplied 

a fixation method and different staining methods has constituted the importance of this study, in histological 

investigation of grapevine graft samples. In grapevine graft samples fixation, 70% ethyl alcohol and 

formaldehyde: glacial acetic acid: alcohol (FAA) fixatives have been used in general. But also, another fixative 

solution, glycerin: alcohol: water solution is used for lignocellulosic tissue fixation. In this study, observing 

dissimilar effects between these fixation methods in grapevine graft samples fixation was aimed. As a result, 

it’s thought that, glycerin: alcohol: water fixation method may be suggestible for grapevine graft samples 

fixatiation.  Furthermore, different histological staining methods as toluidine blue, safranin + hematoxylin dual 

staining and safranin + Lugol’s solution dual staining were compared; toluidine blue was forefront and safranin 

+ Lugol’s solution was second. And it's seen that, because of staining graft properties (continuity of cambium 

and vascular differentiation etc.) clearer, toluidine blue is suggestible for graft section staining. 
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Aşılı Asma Çeliklerinin Histolojik İncelenmesinde Farklı Fiksasyon ve Boyama 

Yöntemlerinin Etkileri 

 
Öz: Aşılı asma üretiminde aşı kaynaşması ve diğer aşı özelliklerinin incelenmesi amacıyla, histolojik 

çalışmalar yürütülmektedir. Histolojik inceleme için, aşı örnekleri bir fiksasyon çözeltisinde muhafaza 

edilmekte ve sonrasında bu aşı örneklerinden alınan aşı kesitleri bazı histolojik boyama yöntemleri ile 

boyanmaktadır. Asma aşı örneklerinin histolojik incelemesinde daha once uygulanmamış bir fiksasyon 

yönteminin ve farklı boyama yöntemlerinin çalışılmış olması, bu çalışmanın önemini ortaya koymaktadır. 

Asma aşı örneklerinin fiksasyonunda genel olarak %70 etil alkol ve FAA (formaldehit: glasiyel asetik asit: 

alkol) fiksatifleri kullanılmaktadır. Fakat bir diğer fiksatif çözelti, gliserin: alkol:su lignoselülozik doku 

fiksasyonunda kullanılmaktadır. Bu çalışmada bu fiksasyon yöntemlerinin asma aşı örneklerinin 

fiksasyonundaki farklı etkilerinin saptanması amaçlanmıştır. Sonuç olarak gliserin:alkol:su fiksasyon 

metodunun asma aşı örneklerinin fiksasyonu için önerilebilir bulunmuştur. Ayrıca toluidin mavisi, safranin + 

hematoksilen ikili boyama ve safranin + Lugol ikili boyama gibi farklı histolojik boyama yöntemleri 

karşılaştırılmıştır; toluidin mavisi en başarılısı olmuş ve bunu safranin + Lugol ikili boyama yöntemi izlemiştir. 

Aşı özelliklerinin (anaç ve kalem arasındaki kambiyal bağlantı ve vasküler farklılaşma gibi) daha net 

boyanmasından dolayı, aşı kesitlerinin boyanmasında toluidin mavisi önerilebilir bulunmuştur. 

 

Anahtar kelimeler: Toluidin mavisi, safranin, lugol, hematoksilen, gliserin 

 

1. Introduction 

In histological studies on graft union of 

grapevine, it’s seen that formaldehyde: glacial 

acetic acid: alcohol (FAA) (Cangi, 1996) and 

%70 alcohol (Cangi et al., 2000; Arık, 2013; 

Dolgun et al., 2016) fixation methods have used 

generally. And also, in fixation of graft samples 

of other species, the most used fixation method 

is FAA (Kurt, 2000; Olmstead et al., 2006; 

Bayram, 2013; Azimi et al., 2016; Khotcharat et 

al., 2016; Lima et al., 2017);  %70 alcohol 

fixation is second (Tekintaş, 1991; Ada, 2008; 

Polat et al., 2010; Coşkun, 2012); and also only 

in a few studies, glycerin: alcohol: water (GAW) 
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method has used (Ljubojević et al., 2017). 

Furthermore, GAW fixation method is widely 

used in plant tissue fixation (Brandes et al., 

2011; Hernández-Ledesma et al., 2011; Baar et 

al., 2013; Henderson, 2013; Chong et al., 2014; 

Martins et al., 2014; Alerico et al., 2016; 

Chartier et al., 2016). However, GAW hasn't 

been used in fixation of grapevine graft union 

tissue before and also in literature it’s stated that 

GAW fixation has important functions. Bozkurt 

(1973) has recommends that glycerin: ethyl 

alcohol (1:1) or 1 (glycerin): 2 (ethyl alcohol): 3 

(water) fixation to soften hardwood tissue. And 

in addition, in most studies, it’s stated that GAW 

fixation is able to soften tissues (Brandes et al., 

2011; Baar et al., 2013; Chong et al., 2014; 

Alerico et al., 2016; Chartier et al., 2016). 

Because of softening tissue by GAW fixatiation, 

it was thought that, section obtaining could be 

easier, cambium fractures could become less in 

graft connection area and also GAW fixative 

solution could be able to be an alternatife for 

fixation of grapevine graft samples. And also 

formaldehyde hardens plant tissues gradually 

and long term alcohol fixation makes tissues 

hardener too (Öztürk Çalı and Candan, 2011). 

Because of these knowledges, in order to reveal 

the difference between fixation methods, 

grapevine graft samples were kept in GAW, 

70% alcohol and FAA fixatives. Because of 

facilitating effect of GAW on sectioning by 

softening the tissue and by decreasing fractures 

at the graft zone, it's thought that it may be an 

alternative fixative on fixation of grapevine graft 

samples. Furthermore, this study has been sole 

research in using GAW in the fixation of 

grapevine graft samples. 

After taking section from plant tissue 

samples, the sections are stained by some 

histological dyes. In literature, safranin (Cangi, 

1996; Cangi et al., 2000; Dolgun et al., 2016) 

and Lugol's solution (I2KI, iodine–potassium 

iodide) (Arık, 2013) were used in section 

staining of grapevine graft samples; and 

safranin:fast green,  toluidin blue and safranin 

are the most used staining methods respectively  

in section staining of other species graft samples 

(Tekintaş, 1991; Kurt, 2000; Olmstead et al., 

2006; Ada, 2008; Coşkun, 2012; Estay et al., 

2016; Khotcharat et al., 2016; Lima et al., 2017; 

Ljubojević et al., 2017). But also, in literature, 

in staining of plant tissue sections, toluidine 

blue, safranin:fast green and safranin are the 

most used histological staining methods and also 

Lugol’s solution and hematoxylin are 

remarkable (Begum et al., 2010; Tordable et al., 

2012; Baar et al., 2013; Pouzoulet et al., 2014; 

Nalini et al., 2015; Hanaoka et al., 2016; 

Harrison et al., 2016; Shtein et al., 2017; Siebers 

et al., 2017; Song et al., 2018; Navarro et al., 

2019; Braga et al., 2019; Falchi et al., 2019). In 

addition to these knowledges, about histological 

staining methods, toludin blue is used both in 

general staining (Uma and Muthukumar, 2014) 

and also in determining of fungal hypae 

(Pouzoulet et al., 2014); safranin stains lignin 

red (Bozkurt, 1973; Öztürk Çalı and Candan, 

2011); hematoxylin stains lignified cell walls 

bluish purple (Bozkurt, 1973; Öztürk Çalı and 

Candan, 2011) and Lugol's solution stains starch 

black (Plavcová et al., 2016) (xylem rays 

parenchyma are stained black because of having 

abundant starch (Zwart et al., 2017). In this 

study, safranin-hematoxylin, toluidin blue and 

safranin-Lugol’s solutions staining methods 

were used for determining the most convenient 

histological staining method for grapevine graft 

sections. Toluidin blue was used both mainly for 

observation of graft union compenents such as 

callus, cambial continuity and vascular 

differantiation, and also for observing fungal 

traces which formed in graft area (hereby, 

fungal traces was tried to interpret). 

Furthermore, this study has been the sole in 

using toluidine blue in the histological 

investigation of grapevine graft samples. The 

second staining method used was the safranin + 

hematoxylin application; in the literature review, 

it's seen that this staining method hasn't been 

used before. Last staining method used in this 

study was safranin + Lugol's solution; in the 

literature review, it's seen that this method has 

been applicated in only one study (Ermel et al., 

1997). 

Being essayed of previously unapplied 

fixation method and different staining methods 
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for grapevine graft samples has constituted the 

importance of this study. The study was 

performed from PhD thesis of the author 

(Graduate Faculty of Natural and Applied 

Science, Ege University). 

 

2. Materials and Methods 

The research was carried out in Manisa Celal 

Bayar University Alaşehir Vocational School 

(2018). Cuttings of 1103P, 41B and Ramsey 

rootstocks and Sultani Seedless scions were 

used as materials in the study. Rootstocks 

cuttings were obtained commercially and scion 

cuttings were obtained from the farmer 

vineyard. Before grafting, for omega grafting, 

except the bottom bud other buds of rootstocks 

were shaved off; for chip-budding grafting 

except bottom and tip buds, other buds of 

rootstocks were shaved off. At chip-budding 

grafting, scion was grafted to below side of the 

tip bud of rootstock cutting. Table omega 

machine and chip-budding hand machine were 

used for grafting. After grafting process, 

paraffin application was done with the 

commercial grafting paraffin melting at 70-

80°C. Grafted cuttings which paraffin applied 

were placed in boxes with 10-20 cm water 

height and stored in callusing room for four 

weeks. In callusing room, conditions were 

provided by working that temperature was 28- 

30°C for first two week and 26-28°C following 

two week and humidity was 80-90%; and for 

two-week acclimation phase, conditions were 

provided by working that temperature was 22- 

24°C and humidity was 50-55% (Cangi, 1996; 

Arık, 2013). In 14th, 21st, 28th, and 35th days 

after grafting, the graft samples was taken by 

cutting with prunning shear below grafting zone 

and was kept in fixatives (%70 ethyl alcohol, 

glycerin:alcohol:water (1:1:1) and FAA (5:5:90 

formaldehyde: glacial acetic acid: %70 ethyl 

alcohol)). After the graft samples were taken out 

from fixation solutions, the sections were 

obtained. For taking transverse sections, the 

samples were cut in half by using fretsaw (size 

no: 3) and then roughness at scions surfaces 

were smoothed out by using razor blade and / or 

fine utility knife and / or microtome blade. For 

obtaining longitudinal sections, outer bark and 

thin sample layer was removed from samples by 

cutting with using a utility knife. So, it was 

strived to obtain as thin as possible thin hand 

sections as representing the graft area by using 

microtome blades, razor blades and fine utility 

knife. After taking the sections, they were 

placed on the slide and stained by using brushes 

(Nalini et al., 2015). For removing excess stain 

solution, the sections were rinsed with 70% 

alcohol and water; and later excess solution was 

absorbed to napkins. In section staining, 

primarily toluidine blue and later safranin (1%) 

+ hematoxylin (1%) and safranin (1%) + lugol 

staining solutions were applied. To prepare 

staining solutions, Merck brand Lugol solution 

(1% iodine potassium iodine, 3.4 g L-1 I2 + 6.8 g 

L-1 KI), Besolab (Histomed) brand Harris' 

hematoxylin and Zag Kimya branded safranin 

and toluidine blue histological dyes were used. 

Stained sections were examined with a light 

microscope (Olympus, 4x) and photographed. 

Also in this study, fungi traces which formed at 

graft area were examined; for this purpose, it 

was benefited from study of Pouzoulet et al. 

(2014) which in fungal hypea in vascular tissues 

was stained with toluidine blue ( Figure 1).  

To compare fixation methods and staining 

methods, histological observation and 

evaluation were done. And also, in order to 

determine the difference between staining 

methods, the toluidine blue was chosen as a 

control and a general evaluation was done 

according to clarity of graft properties in the 

sections (clear, unclear and hemi – clear).  

 

 
Figure 1. Toluidine blue has stained the fungal 

occlusion in xylem in Vitis vinifera L. 

(Pouzoulet et al., 2014) 

Şekil 1. Toluidin mavisinin Vitis vinifera L. 

ksilemlerinde fungal tıkanıklığı boyaması 

(Pouzoulet et al., 2014) 
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3. Result and Discussions 

After the grafted samples were stored in the 

fixatives, the graft sections were taken and 

stained by histological staining methods 

(especially toluidine blue). And later, the 

sections were examined under the light 

microscope and the histological photographes 

were taken. Inverstigation results; 

a. Fixation methods: In GAW fixation, tissue 

softening occured slightly at graft samples. 

Thus, GAW fixation made easier section-taking 

in generally. Also, FAA fixation caused the 

tisue degenaration; especially deformity in 

callus structure was fairly evident (Figure 2). 

FAA fixation has hardened tissue, so, process of 

taking section from the graft samples were more 

diffucult than others. And finally, the taking 

section process from graft samples, in 70% ethyl 

alcohol fixatition was easier than in FAA 

fixation but more difficult than in GAW 

fixatiton. These results has been confirmed by 

most researchers' statements (Öztürk Çalı and 

Candan, 2011; Baar et al., 2013; Chong et al., 

2014; Martins et al., 2014; Alerico et al., 2016; 

Chartier et al., 2016). 

 
Figure 2. Some sections photographs which belong to graft samples being stored in different 

fixation methods (S.S.= Sultani Seedless) 

Şekil 2. Farklı fiksasyon methotlarında muhafaza edilen aşı örneklerine ait bazı kesit fotoğrafları 

(S.S.= Sultani Çekirdeksiz) 
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b. Staining methods: To evaluate the staining methods, clarity of firstly cambial continuity and 

clarity of new cambium, cambial continuity attempt, new xylem and new phloem also was taken into 

account. Among the applied section staining methods, toluidine blue (1%) was the most effective in 

terms of being seen clarity of new cambium, cambial continuity and vascular differentiation in the 

sections. Although in some sections safranin + hematoxylin (%1 + %1) dual staining method was 

forefront, safranin (%1) + Lugol dual staining method was second after toluidine blue. Both 

longitudinal and transversa sections were stained with the staining methods (Figure 3. and Figure 4). 

And also in this study the fungal occlusion was determined by staining with toluidine blue (Figure 

5), like statements of Pouzoulet et al. (2014). 

 

 
Figure 3. The longitudinal sections being stained by different staining methods (N.Xyl.= new 

xylem, Saf.= safranin, Hem.= hematoxylin, S.S.= Sultani Seedless) 

Şekil 3. Farklı boyama yöntemleri ile boyanmış boyuna kesitler (N.Xyl.= yeni ksilem, Saf.= 

safranin, Hem.= hematoksilen, S.S.= Sultani Çekirdeksiz) 
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Figure 4. The   transversal sections being stained by different staining methods (C.C.= cambial 

continuity, N.Cm.= new cambium, r.stock= rootstock, N.Pl.= new phloem) 

Şekil 4. Farklı boyama yöntemleri ile boyanmış enine kesitler (C.C.= kambiyal bağlantı, N.Cm.= 

yeni kambiyum, r.stock= anaç, N.Pl.= yeni floem) 

 

 

 
Figure 5. Fungal occlusion which determined by toluidine blue staining 

Şekil 5. Toluidin mavisi ile belirlenmiş fungal tıkanıklar 
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4. Conclusions 

Grafted grapevine production is very 

important in viticulture because of especially 

phyloxera and ecological factors. And also in 

grafted grapevine production, for histological 

examination of graft properties as callus fusion, 

callus differentiation, cambial continuity and 

graft union, graft samples are stored in a fixation 

solution. In graft sample fixation, formaldehyde 

+ glacial acetic acid + alcohol and 70% ethyl 

alcohol fixatives are used generally and in 

grapevine graft sample fixation too. But also, in 

literature, another fixative solution has been 

used for lignocellulosic tissue fixation, and this 

fixative is glycerin + alcohol + water solution. 

This solution makes easier section taking by 

softening tissue and in this study this fixative 

made too. According to this study, it’s 

understood that using this fixation method may 

be suggestible. And also, for histological 

assessment of graft union, sections are staining 

by some histological staining methods. 

Safranin:fast green,  toluidin blue and safranin 

have been the most used staining methods in 

plant tissue staining; and also in grapevine graft 

section staining, safranin and Lugol's solution 

have been used in generally. In this study, 

toluidin blue was forefront and safranin + 

Lugol’s solution was second. Toluidin blue is 

suggestible for graft section staining because of 

staining graft properties as cambial continuity 

and cambial differentiation and fungal hypae 

prominently also.  
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