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ABSTRACT 
 

Grafting technology in vegetable crops is becoming increasingly popular as an alternative tool to 
improve the biotic and abiotic resistance besides improvement in horticultural traits. By utilizing the 
right combination of resistant rootstock and scion, desired variability can be achieved to improve 
the yield and quality of vegetables. A study was conducted at the College orchard, Department of 
Vegetable science, Horticultural College and Research Institute, Tamil Nadu Agricultural University, 
Coimbatore during the year 2020-2021 to evaluate the graft compatibility with two chilli rootstocks. 
The experimental material consisted of two perennial rootstocks viz., CC-CBE-001 and CF-CBE-
007 and three scion materials viz., TNAU Chilli Hybrid CO 1, Ranga hybrid and Bangaram hybrid. 
Wedge grafting was done using 60 days old rootstock and 45 days old scion seedlings                                
with nine treatments. The adhesion line wall thickness of pith cells were determined at different 
stages after grafting. The wound healing of the scion-rootstock union was                                      
studied using microscopic examination of the grafting region on the 5

th
, 10

th
, 15

th
 and 20

th
 day after 

grafting. It was observed that ten days after grafting, vascular bundle was formed and                                   
a large amount of callus was produced to bridge the scion and rootstock. Despite interspecific 
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grafting, callus formation, subsequent cell differentiation and vascular connection were       
established, resulting in effective graft compatibility, according to the anatomical and histological 
analysis.  
 

 
Keywords: Graft compatibility; callus development; vascular connection; perennial chilli rootstocks. 
 

1. INTRODUCTION  
 
Chilli (Capsicum sp) is one of the important 
vegetable crops widely cultivated around the 
world, used as spice, vegetable and as medicinal 
plant. Chilli belongs to the genus Capsicum and 
comes under the family Solanaceae. It is native 
to Mexico, assumed to have originated from 
South America and later introduced to Central 
America. In India, it is cultivated in an area of 
7.33 lakh hectares, with a production of 17. 64 
lakh tonnes and a productivity of 2400 kg/ ha. 
Grafting is frequently employed in chilli as it is 
one of the world’s most commercially significant 
crops. The productivity advantages that grafted 
plants provide make the practice crucial to many 
producers. 
 
Growers have been using plant’s regeneration 
through seeds and also by grafting the crops with 
diverse types or even species since ancient 
times [1]. Grafting is a technique of combining 
two genotypes to generate a single plant by 
physically uniting the aerial component (scion) 
and the root bearing portion (rootstock) and 
allowing the graft union to heal. Grafting has 
recently become a popular alternative strategy 
for reducing the time taken in conventional 
breeding process. Using the appropriate resistant 
rootstock and scion, improvement in the yield 
and quality can be achieved. A better 
understanding of the structural and molecular 
mechanism underlying may aid in improving graft 
success and quality, thereby increasing the 
economic outcome of this technique. 
 
The goal of this study was to document the 
sequence of cytological changes that occurs over 
time in the graft union of chilli functional 
homografts, as a model of good scion-rootstock 
compatibility.  
 

2. MATERIALS AND METHODS 
 

2.1 Raising of Rootstock and Scion 
 
The experiment was conducted at the College 
orchard, Department of Vegetable science, 
Horticultural College and Research Institute, 

Tamil Nadu Agricultural University, Coimbatore 
during the year 2020-2021 to evaluate the graft 
compatibility of two chilli species. The 
experimental material consisted of two chilli 
rootstocks viz., CC-CBE-001 and CF-CBE-007 
and three scion materials viz., TNAU Chilli Hybrid 
CO 1, Ranga hybrid and Bangaram hybrid. A 
total of nine treatments were used in the study as 
given in Table 1. The seedlings of rootstock and 
scion used for grafting were raised in protrays 
under the shade-net condition. The protrays were 
filled with well decomposed nutrient- rich 
cocopeat. Seeds were sown in protrays and 
irrigated at regular intervals. The rootstock seeds 
were seeded 15 days earlier than the scion 
seeds in order to achieve the requisite grafting 
stem size of rootstock and scion. 
 

2.2 Grafting Method 
 
Wedge grafting was done using 60 days old 
rootstock and scion seedlings which were 45 
days old. Rootstock was decapitated at the top 
and a 1.5 cm incision cut was given in the centre 
to implant the scion. The top portion of the scion 
was removed and 1.5 cm wedge cut was made 
in the bottom portion, which was then inserted 
into the rootstock slit and secured it by a grafting 
clip. The grafted plants were kept in the mist 
chamber for 15 days, covered in 1000 gauge 
polythene sleeves, at a relative humidity of above 
95 per cent, at a temperature of 25-30o C and 
kept in darkness. After the sprout appeared on 
the seedlings, the polythene sleeves were 
removed and the seedlings were kept under the 
shade-net for hardening. The clips were removed 
once the graft union occurred [2-4]. Fig. 1 
illustrates the procedure involved in the grafting 
technique.  
 

2.3 Healing Condition 
 
Before being moved to the shade net, grafted 
plants were maintained under the mist chamber 
for 7 to 14 days with the air temperature ranging 
from 25 to 28

o
 C to aid the healing process. 

Throughout the process, the grafting clips were 
left on the plant. The stock growths were 
periodically removed till the end of the graft 
union. 
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Fig. 1. Steps in grafting 
 

 
 

Table 1. Details of treatments and graft combinations 
 

Treatment Graft Combination 
T1 TNAU Chilli Hybrid CO 1 grafted on to CC-CBE-001 
T2 Ranga hybrid grafted on to CC-CBE-001 
T3 Bangaram hybrid grafted on to CC-CBE-001 
T4 TNAU Chilli Hybrid CO 1 grafted on to CF-CBE-007 
T5 Ranga hybrid grafted on to CF-CBE-007 
T6 Bangaram hybrid grafted on to CF-CBE-007 
T7 TNAU Chilli Hybrid CO 1 
T8 Ranga hybrid 
T9 Bangaram hybrid 
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2.4 Cell Wall Thickness 
 
The adhesion line wall thickness of pith cells was 
determined at various stages after grafting. 
ImageJ 1.52a software was used to measure the 
thickness of the cell wall. 
 

2.5 Callus Thickness  
 
At 5

th
, 10

th
, 15

th
 and 20

th
 day after grafting, graft 

union was observed under the stereoscopic 
microscope and photographed using a Nikon D4 
full-frame camera. Using ImageJ 1.52a software 
the callus thickness was measured. 
 

2.6 Histological Techniques 
 
A histological examination of plant tissue during 
the development of the graft union between the 
rootstock and scion was done using paraffin 
sectioning method. After removing the grafted 
plant from the protray, a one-centimeter long 
sample was taken from the fresh rootstock and 
scion and sections were cut longitudinally and 
transversely at the grafting junction for all graft 
combinations using a disinfected razor blade to 
accurately detect tissue affinity over time. The 
wound healing of the scion-rootstock union was 
studied using microscopic examination on the 5th, 
10th, 15

th
 and 20

th
 day after grafting.  

 
At all stages, paraffin sectioning technique was 
employed to observe the structural changes in 
the grafting process at the graft interface using 
stereoscopic microscope. Observations on the 
number of days taken for germination, 
germination per cent and days taken to attain the 
graftable size were recorded. 
 

2.7 Statistical Analysis 
 
Student‘t’ test and ANOVA variance analysis 
were used to examine the differences in cell wall 
and callus thickness. The analysis was carried 
out using the statistical software  
SPSS v.25; statistical significance was defined 
as p-value less than 0.05. 
 

3. RESULTS AND DISCUSSION 
 
Grafting is a process that joins the rootstock and 
scion by its biochemical and structural activity. 
Aloni et al. [5] validated the identification of a 
suitable rootstock that promotes the quick union 
via callus formation and subsequent cell 
differentiation, followed by vascular connection 

between the rootstock and scion, as well as the 
rapid root and shoot growth. 
 
The performance of the different rootstock and 
scion on the number of days taken for 
germination, germination per cent and days 
taken to attain the graftable size is presented in 
Table.2. The results showed that among the 
different treatments, Ranga hybrid took the 
minimum number of days to germinate (8.53) 
followed by Bangaram hybrid with 10.53 days. 
However, the germination per cent was higher in 
TNAU Hybrid CO 1 (75.32) followed by Bangarm 
hybrid with 71.33 per cent. Similarly, TNAU 
Hybrid CO 1 took lesser number of days to attain 
the graftable size (45.98) followed by Bangaram 
hybrid with 49.65 days. 
 
The days taken for graft union and graft success 
per cent is given in Table.3. The results revealed 
that T1 (TNAU Chilli Hybrid CO 1 grafted on to 
CC-CBE-001) showed faster union with 7.5 days 
followed by T2 (Ranga hybrid grafted on to CC-
CBE-001) with 8.3 days. Similarly the graft 
success per cent was higher in T1 (TNAU Chilli 
Hybrid CO 1 grafted on to CC-CBE-001) with 
(80.45, 75.72 and 70.32 %) at 15, 30 and 45 
DAG followed by T2 (Ranga hybrid grafted on to 
CC-CBE-001) with 75.61, 69.34 and 65.63 
respectively. In a study conducted by Pugalendhi 
et al, [3-4] graft combinations with three wild 
Solanum species and two tomato scions showed 
that the graft combination of TNAU Tomato 
Hybrid CO3 with S. torvum rootstock had the 
faster graft union in 9.57 days followed by 
Shivam with S. torvum (10.03 days) indicating 
that success per cent was influenced by both 
rootstock and scion at different intervals of 
grafting. S. torvum rootstock resulted in higher 
success per cent of 80.81 and 85.77 with the 
scion of TNAU tomato hybrid CO3 and Shivam 
respectively in tomato. 
 
The distribution of tissues in the scion and 
rootstock, particularly the vascular meristematic 
tissue, is critical for the proper establishment of 
the graft [6]. Schweingruber et al. [7] reported 
that the features of chilli stems have the 
characteristic structure of dicotyledons, which 
starts from the outer cuticle, the epidermis, the 
central cylinder and the medulla. During the early 
phase the vascular cylinder is discontinuous 
which subsequently becomes continuous with 
the interfasicular region (Fig.3). 
 
A variety of complicated metabolic and structural 
mechanisms are required for the effective 
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grafting which results in the formation of a 
connection between rootstock and the scion. The 
development of vascular component and their 
differentiation into xylem and phloem is the first 
stage in union formation, followed by the 
adhesion of parenchyma (Fig.2). Because of the 
wound delivered to the stock and scion during 

the grafting that interrupts the plants vascular 
system, the establishment of a vascular link 
between the stock and scion during wound 
healing is crucial for the growth of new cambial 
bridges [8-9]. A similar finding was reported by 
Ilakiya et al. [10] in grafting mechanism in 
vegetable crops.   

 

 
 

Fig. 2. Cross section of rootstock 
 

 
 

Fig. 3. Secondary growth of chilli rootstock sections under stereomicroscope 
 

 
 

Fig. 4. Graft union formation at 5 DAG 
 

 
 

Fig. 5. Graft union formation at 10 DAG 
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Table 2. Growth parameters of rootstock and scion 
 

Treatments Days to 
Germination 

Germination percentage Number of days 
taken to attain 
graftable size 

15 DAS 30 DAS 

CC-CBE-001 15.53 48.90 65.45 60.34 
CC-CBE-007 20.63 37.78 59.90 65.76 
TNAU Hybrid CO 1 10.60 65.45 75.32 45.98 
Ranga Hybrid 8.53 58.80 70.51 50.87 
Bangaram Hybrid 10.53 63.45 71.33 49.65 

 

Table 3. Number of days taken to attain graft union and graft success percentage 
 

Treatment 
 

Days taken for graft union Success grafting % 
15 DAG 30 DAG 45 DAG 

T 1 7.5 80.45 75.72 70.32 
T 2 8.3 75.61 69.34 65.63 
T 3 10.6 66.74 57.65 50.50 
T 4 11.9 61.74 50.54 44.67 
T 5 8.8 70.83 65.55 58.98 
T 6 9.7 65.78 53.64 48.19 
S.E (d) 0.26 1.94 1.74 1.60 
C.D 0.56 4.28 3.84 3.53 

 

3.1 Callus Proliferation and Interdigitation 
 

Undifferentiated parenchymatous cell adhesion is 
the first critical stage in the development of graft 
union. Parenchymal cells split and proliferated in 
the combinations at the graft interface on the 5

th
, 

10
th
, 15

th
 and 20

th
 day after grafting and the cells 

could be detected at the various stages of 
development. In certain areas of the sliced 
surface, proliferating callus cells followed a 
unique pattern of anticlinal and periclinal cell 
division. Small callus cells were packed firmly 
with little internal space, whereas large callus 
cells were loosely linked. However, in other 
zones, the newly formed walls did not have a 
preferred direction, resulting in unstructured 
tissue development. In all combinations, there 
was substantial cellular activity at the graft 
interface 10 days after grafting. Smaller cells 
were densely packed together in places 
surrounded by large cells. The isolation layer 
disappeared during the callus development and 
interdigitation.  
 

The cross section of grafted rootstock and scion 
at 5 DAG was characterized by a necrotic layer 
that formed between the grafting region, forming 
regular condense uniform callus that fills the 
space between the scion and rootstock and a 
good connection was cleared without the 
formation of new vessels (Fig.8). At 20 DAG, 
callus cells were initiated by xylem and phloem 
ray parenchyma cells of both the scion and the 
rootstock and new vessels were initiated within 

the scion's callus. This indicated a good vascular 
connection between the rootstock and the scion 
clearly showed a perfect compatibility (Fig.9). 
Similar results were reported by Pugalendhi et al. 
[2-4] in tomato with interspecific Solanaceous 
rootstock. The other histological characteristics 
of incompatible grafts include the development of 
collapsed cells, a necrotic layer of dead cells, 
many free callus sites and separation zones 
along the grafting edges. These poor structures 
cause the graft rootstock and scion to separate. 
No such necrotic layer was observed in all the 
graft combination suggesting a desired 
compatibility between stock and scion. 
 

3.2 Vascular Cambium Formation 
 
The plasmodesmata was formed 5 DAG (Fig.4) 
and a clear graft union was observed 10 DAG 
(Fig.5), this was followed by the development of 
structural bridges after 8-10 days (Fig.5). As 
early as 10 DAG, the development of callus 
tissues on freshly exposed surface was seen as 
a first reaction of the stem injury. At 15 DAG, a 
partial graft union was seen between rootstock 
and scion (Fig.6). Some filamentous structure 
between the rootstock and scion was detected 
under the stereomicroscope during the early 
phase of the grafting (10 DAG), which produced 
the first contact between the two tissues, but new 
xylem and phloem components had not yet 
developed between the rootstock and scion 
(Fig.5). 
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Fig. 6. Graft union formation at 15 DAG 
 

 
 

Fig. 7. Graft union formation 20 DAG 
 

 
 

Fig. 8. Callus formation at 5 DAG 

 
 

Fig. 9. Callus formation at 20 DAG 
 
Cell division and differentiation resumed at 10

th
 

DAG. Cell activity was shown to be unique as the 
graft developed and a vascular link was formed. 
At 15 DAG isolated filamentous structures were 
apparent at the graft interface and were 
connected between the rootstock and scion 
(Fig.6). It also showed that the rootstock and 
scions linked filamentous tissues. The presence 
of lipid and waxy components on both surfaces 
and the structural characteristic of filamentous 
linkages were found 20

th
 DAG (Fig.7). A similar 

finding was reported in tomato grafted on to S. 
sisymbrifolium rootstock by Pugalendhi et al. [2-
4]. 

A complete graft connection appeared at 45 DAG 
and the vascular connection, on the other hand 
was better defined and the tissues were more 
organized indicating the perfect graft 
compatibility. Tamilselvi and Pugalendhi. [11] 
reported that vascular regeneration at the graft 
interface was found in Palee F1 scion grafted on 
to pumpkin (C. moschata) rootstock at four 
distinct phases viz., 7

th
, 15

th
, 21

st
 and 30

th
 day. 

Incompatibility of graft union was detected in  CO 
1 bottle gourd scion grafted on to C. ficifolia 
rootstock, which might be attributed to the 
existence of a necrotic layer at the graft interface. 
 

Callus 

formation 

Vascular 

formation 
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In the present study, it was observed that there 
was no distinct necrotic layer between rootstock 
and scion though they belong to different species 
suggesting a clear compatibility in the early 
phase of graft union. Pina et al. [12] found that 
callus proliferation begins one week after grafting 
in both compatible and incompatible 
combinations, with the first two weeks important 
for graft union formation in Prunus spp. Before 
the establishment of plasmodesmata inside 
callus tissue, an undifferentiated amorphous 
mass composed of thin-walled parenchyma cells 
normally arises to ease the symplasmic migration 
during the grafting process and subsequent 
callus growth. According to the microscopic 
image, callus tissues were created at 10 DAG 
(Fig.5) and more pronounced at 15 DAG (Fig.6). 
 

4. CONCLUSION  
 
The graft union of TNAU Chilli Hybrid CO 1 on to 
CC-CBE-001 was successful compared to the 
other combinations used in the study. Though 
the rootstock and scion belong to different 
species, callus development and subsequent cell 
differentiation and vascular connection were 
established resulting in successful graft union. 
Because of the vigorous nature of the rootstock, 
the graft union was faster followed by higher 
nutrient water translocation triggering faster 
growth of scion. Chilli graft establishment is 
indicated by thicker cell walls at the graft 
connection in the early stages. Some regions of 
the scion and rootstock’s xylem and phloem are 
linked and start functioning 10 DAG. Even after 
the graft union is formed, remnants of the 
connecting process can be seen. The 
microscopic approach is one of the best ways to 
investigate the early stages of the grafting 
process and structural changes at the graft 
interface because the formation of fine structures 
between the scion and rootstock aids in 
understanding the graft union process. It can be 
concluded that at 10 DAG, the vascular bundle 
bridge was established, and a considerable 
amount of callus tissue was created to connect 
the scion and rootstock, ensuring plant survival. 
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