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Short communication

Introduction
Eggplant (Solanum melongena L.) is a member of the 

Solanaceous family and produces fruits widely consumed 

 Summary
Vegetable grafting is one of the most effective 

eco-friendly techniques to overcome pests and soil-
borne diseases in modern cropping systems of fruit-
ing vegetables. Due to the increased farmers’ prefer-
ence for grafted seedlings of high quality and better 
performance, the use of vegetable grafted plants is 
rapidly spreading and expanding over the world and 
intensive researches on new commercial production 
systems are under way. However, in many areas of 
the world, due to the high cost of skilled manpower, 
the use of grafted plug plants is still limited causing 
a relatively slow development of the grafting nurs-
ery industry. The aim of this work was to evaluate a 
possible use of un-rooted grafted cuttings as means 
of propagation and distribution of eggplant trans-
plants. In this experiment, un-rooted grafted eggplant 
cuttings (‘Birgah’ eggplant scion with Solanum tor-
vum rootstock) harvested after diverse healing times 
[0 (DIH 0), 1 (DIH 1), 3 (DIH 3), 5 (DIH 5), or 7 (DIH 7) 
days in healing] were exposed to 20, 14 and 8°C ‘simu-
lated transportation temperature’ and dark condition 
in a growth chamber for 72 hours. After 72 hours of 
the simulated transportation treatment, all un-rooted 
grafted cuttings were transferred into the greenhouse 
for rooting. The results showed that S. torvum is a 
suitable rootstock for applying the un-rooted grafted 
cutting propagation technique. All grafted cuttings 
reached the grafting success (100%) and all un-root-
ed grafted cuttings developed roots at the end of the 
rooting stage (100%). Regardless of the simulated 
shipping conditions, the treatment DIH 0 gave the 
best results in terms of number of leaves after rooting 
(3.8 leaves), shoot fresh and dry weight after 7 days 
of growth (3.92 and 0.46 g, respectively), fresh weight 
of the roots (1.34 g), and plantlet visual quality of the 
finished plug transplants (8.8). This innovative pro-
duction/shipping method might be successfully used 
in areas where local nurseries do not have high graft-
ing ability.

Keywords
propagation technique, plantlet transportation method, 
graft-healing time, Solanum melongena, Solanum torvum, 
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Significance of this study
What is already known on this subject?
• Grafting of eggplant onto Solanum torvum Sw. 

rootstock is considered a feasible alternative for the 
control of biotic and/or abiotic stresses of Solanum 
melongena grafted cultivars. However, the long, 
irregular and erratic seed germination of S. torvum 
has been a limiting factor in commercial nursery 
development. Although some authors have proposed 
the use of un-rooted grafted cuttings for eggplant, the 
application of this propagation technique for eggplant 
plug-transplant production and shipping has not been 
examined yet.

What are the new findings?
• Shipping un-rooted grafted eggplant cuttings (‘Birgah’ 

eggplant scion with Solanum torvum rootstock) 
immediately after grafting results in optimal post-
transportation growth, satisfactory development, high 
plantlet visual quality and therefore in an improved 
plant nursery efficiency. Shipping and rooting 
conditions adopted in this study were suitable for 
optimal graft-healing.

What is the expected impact on horticulture?
• This innovative shipping method might improve 

the use/cultivation of eggplant grafted plantlets, 
especially in those areas where, due to the high cost 
of skilled manpower, local nurseries do not have high 
grafting ability.

in various parts of the world. It is extensively cultivated in 
tropical and temperate regions around the world and is 
amenable to grafting (Bletsos et al., 2003). Eggplant global 
production is estimated to be around 49.5 Mt and is mainly 
concentrated in Asia (93% of both the world production and 
harvested area), with China, India, Indonesia and Iran, repre-
senting the major producers. Egypt, Turkey, and Italy are the 
main producers of the Mediterranean countries (FAO, 2016; 
http://faostat3.fao.org/browse/Q/QC/E). Recent policy en-
vironmental regulations have led to an increase of commer-
cial supply and use of grafted vegetable seedlings through-
out the world. Vegetable grafting is not only considered a 
feasible alternative for controlling soil-borne pathogens, but 
also for inducing resistance against low and high tempera-
tures (Rivero et al., 2003; Venema et al., 2008), improving 
yield and product quality, enhancing capability of absorbing 
water and nutrients more efficiently than scion roots (Col-
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la et al., 2010; Rouphael et al., 2008), supplying endogenous 
plant hormones (Dong et al., 2008), reducing uptake of per-
sistent, organic pollutants from agricultural soils (Otani and 
Seike, 2006, 2007), improving alkalinity tolerance (Colla et 
al., 2010b), raising salt and flooding tolerance (Martinez-Ro-
driguez et al., 2008; He et al., 2009), and limiting  the nega-
tive effect of metal toxicity (Rouphael et al., 2008b; Savvas et 
al., 2009). 

Eggplant significantly benefits from grafting because 
soil-borne pathogens and other abiotic stresses can cause 
important production losses (Bletsos et al., 2003). The wild 
relative Solanum torvum Sw., which has resistance to a wide 
range of soil-borne pathogens such as bacterial wilt, Fusar-
ium wilt, Verticillium wilt, root-knot nematode (King et al., 
2010; Gisbert et al., 2011; Bagnaresi et al., 2013) and induces 
high vigor to the scion (Sabatino et al., 2013, 2018), is recom-
mended for eggplant grafting (Bletsos et al., 2003; King et al., 
2010; Sabatino et al., 2016).

Even though large-scale commercial production of vege-
table seedlings is expanding rapidly in many developed and 
less-developed countries, there are many problems associat-
ed with cultivating grafted vegetable seedlings. Major prob-
lems are the large labor and high skilled technique required 
for the grafting operation and post-graft handling of grafted 
seedlings for rapid healing (7 to 10 days), and high transpor-
tation costs associated to long distance delivery of grafted 

seedlings. A feasible solution to reduce cost might be a model 
similar to that applied in the floricultural industry in which 
an offshore company ships un-rooted cuttings to another 
company for rooting. In the technique proposed by Shibuya 
et al. (2007), grafted cuttings, obtained by grafting cucumber 
scions on squash rootstock cuttings harvested from seed-
lings, are prepared in the primary nursery and shipped to a 
secondary nursery where they are planted in a growing me-
dium for rooting. Cutting survival through the long distance 
transportation and adequate secondary nursery facilities for 
healing the grafted cuttings are main prerequisites for this 
technique to be successful. 

Some authors suggested the use of un-rooted grafted 
cuttings for tomato, cucumber (Shiraki et al., 1999), and 
eggplant (Miceli et al., 2014). However, the application of 
this propagation technique on eggplant plantlets shipping 
has not been examined yet. This propagation/transporta-
tion technique might have an effect on grafting success and 
after-transportation seedling development. Furthermore, 
there could be an optimal healing duration time inferior to 
the standard period (7 days) that allows the un-rooted graft-
ed cuttings to survive after shipping. The aim of this research 
was to evaluate a possible use of un-rooted grafted cuttings 
as means of propagation and distribution of eggplant trans-
plants under simulated transportation temperature to find 
their healing requirements.
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FIGURE 1.  Diagram of the grafting procedure and simulated shipping treatments of eggplant un-rooted grafted cuttings. 
 
 
 
 

Figure 1.  Diagram of the grafting procedure and simulated shipping treatments of eggplant un-rooted grafted cuttings.
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Materials and methods

Plant materials and grafted seedlings production
The trial was conducted in 2015 at the experimental farm 

of the Department of Agricultural, Alimentary and Forest Sci-
ences, University of Palermo, Italy (38°9’23”N, 13°20’2”E; al-
titude 48 m). A 9 × 25 m controlled-temperature greenhouse 
was used for the experiment. The greenhouse was equipped 
with mobile benches, high pressure fogging and overhead air 
heating systems.

‘Birgah’ eggplant was used as scion variety (Monsanto, St. 
Louis, MO) and S. torvum as rootstock (Fenix Seed, Catania, 
Italia). Scion and rootstock were sown into 66 cell polysty-
rene trays (cell volume of 55 mL) containing a 80:20 (v/v) 
substrate mix of peat moss (FAP, Padova, Italia) and coconut 
fiber (Polyplants, Lucca, Italia). After sowing all trays were 
moved in a temperature controlled greenhouse. The tem-
perature was set at 25 ± 1°C till the seed germination. After 
germination, air temperature was set at 25 ± 1/18 ± 1°C (day/
night). ‘Birgah’ seeds were sown 25 days after S. torvum seeds, 
so that all seedlings could reach the growth stage suitable 
for grafting at the same time. Grafting was performed using 
the tube grafting method as described by Lee et al. (2010), 
but using grafting plastic clips rather than silicon tubes. The 
grafted plantlets were immediately misted and maintained 
into a humidity chamber made with a plastic tunnel inside 
the temperature controlled greenhouse maintaining dark-
ness for 24 hours at a temperature set point of 25 ± 1°C and 
a humidity rate of 95–100% to encourage healing process-
es. Subsequently, the level of the light was increased to at 55 
mol m-2 s-1 photosynthetic photon flux density (PPFD) (ad-
ditional light plus natural light) using T5 white fluorescent 

tubes (Philips TL-D 36W 840). After 5 days from grafting, the 
humidity chamber was opened slightly for acclimatizing the 
seedlings under lower humidity.

Simulated shipping treatments and rooting conditions
Grafted plantlets were harvested at root collar level (just 

above the area where the roots join the stem), so that uni-
form grafted cuttings were obtained. Grafted cuttings were 
harvested after diverse days in healing (DIH) [0 (DIH 0), 
1 (DIH 1), 3 (DIH 3), 5 (DIH 5), or 7 (DIH 7) days after graft-
ing] and thereafter placed into a 7-layer polyethylene plastic 
bag [18 × 28 cm (total volume of 1.5 L)] (5 grafted cuttings 
per plastic bag) for maintaining moisture. The plastic bags 
were placed, horizontally oriented, into a climatic chamber 
in dark condition at 20, 14 and 8°C for 72 hours. The ship-
ping duration (72 hours) was chosen based on the air travel 
expected duration associating handlings of cuttings in Eu-
rope. Control groups included un-rooted grafted cuttings 
harvested after 0, 1 ,3 ,5, and 7 days from grafting and placed 
in rooting conditions without applying the shipping treat-
ment (non-treated control) (Figure 1). The timeline of the 
fifteen shipping treatments and that of the five control group 
are reported in Table 1.

After the shipping treatment, all the shipped un-root-
ed grafted cuttings, included the non-treated control, were 
subjected to rooting without plant growth regulators. The 
un-rooted grafted cuttings were plugged in a 66 cell polysty-
rene tray filled with a 80:20 (v/v) substrate mix of peat moss 
(FAP, Padova, Italia) and coconut fiber (Polyplants, Lucca, 
Italia) and placed into a shaded humidity chamber (plastic 
tunnel with 80% of shade located in the greenhouse) with a 
layer of water for humidity (about 98% RH). Air temperature 

Table 1.  Timeline of simulated shipping conditions and non-shipping controls of unrooted grafted cutting of eggplant 
plantlets.

Treatments Days in healing 
(days)

Shipping simulated 
conditions

Shipping time 
(days)

Days of rooting 
(days)

Days in healing 
treatment and rooting 

(days)
DIH 0 (control H) 0 No shipping NA 10 10
DIH 0 0 20°C 3 10 13
DIH 0 0 14°C 3 10 13
DIH 0 0   8°C 3 10 13
DIH 1 (control H) 1 No shipping NA 10 11
DIH 1 1 20°C 3 10 14
DIH 1 1 14°C 3 10 14
DIH 1 1   8°C 3 10 14
DIH 3 (control H) 3 No shipping NA 10 13
DIH 3 3 20°C 3 10 16
DIH 3 3 14°C 3 10 16
DIH 3 3   8°C 3 10 16
DIH 5 (control H) 5 No shipping NA 10 15
DIH 5 5 20°C 3 10 18
DIH 5 5 14°C 3 10 18
DIH 5 5   8°C 3 10 18
DIH 7 (control H) 7 No shipping NA 10 17
DIH 7 7 20°C 3 10 20
DIH 7 7 14°C 3 10 20
DIH 7 7   8°C 3 10 20

NA: not applicable.
Control (H) = no shipping.
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in the shaded humidity chamber was 20 ± 1°C constant.
Plastic supports were used to maintain trays elevated 

above the water level. On the 9th day, the humidity chamber 
was open to permit a slow humidity dropping. After 24 hours 
the rooted plants were transferred to the bench with 50% 
shade (into a greenhouse) for one day. Subsequently, the 
plantlets were placed under the full sun (unshaded green-
house), for additional 3 days, in order to complete the hard-
ening.

Growth, development rates and plantlet visual quality 
evaluation

In order to assess quality of grafted plantlets, the mea-
surements were recorded four times. The first data set was 
taken at planting (72 hours), for the number of leaves lon-
ger than 1 cm. The second data set was performed after root 
emergence, and the data of the number of leaves longer than 
1 cm and the rooting percentage were recorded. The third 
data set was taken after 7 days from when plants have com-
pleted the hardening phase. Plantlets length, number of 
leaves longer than 1 cm, dry and fresh weight of the roots and 
shoots, leaf area and grafting success were recorded. The dry 
matter was obtained by drying samples in a thermo-ventilat-
ed oven (M40-VF, Artiglass, Padova, Italia) at 80°C for 3 days 
till constant weight was reached. Visual quality of the rooted 
grafted cuttings, after 7 days of growth, was scored on a 9 to 
1 continuous scale, where 9 refers to excellent appearance, 
7 to good, 5 to fair (limit of marketability), 3 to fair (useable 
but not saleable), 1 to unusable.

Experimental design and statistical analysis
Treatments were defined by a completely randomized 

design with five replicates per treatment, each consisting of 
25 un-rooted grafted cuttings. A two-way ANOVA [days in 
healing (DIH) × shipping simulated conditions (SSC)] was 
used to determine the effects of different simulated shipping 
treatments. Mean separation was performed by Duncan’s 
multiple-range test. Percentages were subjected to angular 
transformation prior to perform statistical analysis (Ф = arc-

sin(p/100)1/2). Data obtained were statistically analyzed us-
ing SPSS software version 14.0 (StatSoft, Inc., Chicago, USA).

Results

Shipping and rooting of un-rooted grafted cuttings of 
eggplant

All grafted cuttings (Table 1) achieved the grafting suc-
cess (100%), consequently, no differences neither due to 
days in healing nor due to shipping simulated conditions 
were observed (Table 3). All un-rooted grafted cuttings de-
veloped roots at the end of the rooting stage (100%) (Ta-
ble 2). Thus, all plantlets were suitable for recording data.

Days in healing and SSC affected plantlets growth from 
grafting to the end of the nursery trial (Tables 2–4). Regard-
less of SSC no significantly differences were found in terms 
of number of leaves at planting (Table 2). Irrespective of 
the days in healing, the plantlets subjected to the 20 and 
14°C SSC showed a significantly higher number of leaves 
at planting (4.1 and 4.0 leaves, respectively) than plantlets 
subjected to the 8°C SSC and to control (H) plantlets. ANOVA 
for number of leaves at planting did not show a significant 
interaction (DIH × T) (Table 2). Without regard of the SSC, 
the plantlets subjected to the DIH 0 treatment exhibited the 
highest number of leaves (3.8 leaves) after rooting, whereas 
the lowest value was found in plantlets from the DIH 7 treat-
ment (3.1 leaves). Nevertheless, there were no significant 
differences in terms of number of leaves after rooting among 
DIH 0, DIH 1, and the DIH 3 treatments (Table 2). No signifi-
cant interaction was found between days in healing and SSC.

Re-growth of grafted cutting eggplant plantlets
Data for re-growth of grafted cutting eggplant plantlets 

are presented in Table 3. Regardless of the SSC, the highest 
plantlet length was identified in plantlets from the DIH 3, 
DIH 5 and DIH 7 treatments, whereas, the lowest value was 
recorded in plantlets from DIH 0 treatment. Irrespective 
of the days in healing, the highest value in terms of plant-
let length was recorded from plants subjected to the 20 and 

Table 2.  Effect of days in healing and simulated shipping at different temperatures on number of leaves at planting, number 
of leaves after rooting and rooting percentage.

No. leaves at planting 
(No.)

No. leaves after rooting 
(No.)

Rooting percentage 
(%)

Days in healing
0 4.0NS 3.8a 100.0NS
1 3.8 3.4abc 100.0
3 3.8 3.6ab 100.0
5 3.7 3.2bc 100.0
7 3.6 3.1c 100.0
Shipping simulated conditions (°C)
No shipping = Control (H) 3.3b 3.5ab 100.0NS
20 4.4a 3.1bc 100.0
14 4.2a 3.9a 100.0
  8 3.2b 3.0c 100.0
Significance
Days in healing (DIH) NS * NS
Shipping simulated conditions (SSC) *** *** NS
DIH × SSC NS NS NS

Data within a column followed by the same letter are not significantly different at p≤0.05 according to Duncan’s test. The significance is designated 
by asterisks as follows: *, statistically significant differences at p-value below 0.05; **, statistically significant differences at p-value below 0.01; 
***, statistically significant differences at p-value below 0.001; NS = not significant.
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14°C SSC (112.1 and 110.9 mm, respectively). 
ANOVA for plantlet length did not show a signifi-
cant interaction (DIH × T). Irrespective of the SSC, 
days in healing did not significantly affect number 
of leaves after 7 days of growth. Conversely, SSC 
significantly affected the above mentioned plant 
parameter. The highest number of leaves after 
7 days of growth was obtained from plantlets sub-
jected to the 20°C SSC and control (H) plantlets, 
which in turn were higher than those subjected to 
the 14 and 8°C SSC. ANOVA for number of leaves 
after 7 days of growth did not display a signifi-
cant effect of the interaction DIH × SSC. Regard-
less of the SSC, plantlets from the DIH 0 treatment 
showed a significantly higher fresh weight of the 
shoots than those from DIH 7. The lowest shoot 
FW value was recorded in DIH 1 treatment. Irre-
spective of the days in healing, the highest shoot 
FW value was obtained from plantlets subjected 
to the 20°C SSC, which in turn was higher than 
control (H) plantlets. The lowest value in terms of 
shoot FW was recorded from plantlets subjected 
to the 8°C SSC. ANOVA showed a significant in-
teraction DIH × SST. The highest shoot FW was 
revealed from plantlets subjected to DIH 0 × 20°C 
followed by DIH 0 × 14°C, whereas the lowest 
shoot FW was recorded from DIH 1 × 8°C, DIH 3 × 
8°C, DIH 5 × 8°C and DIH 7 × 8°C (Table 4). Data 
collected on DW of the shoots supported the 
trend established for FW of the shoots (Tables 3 
and 4). Disregarding of the SSC, grafted eggplant 
plantlets subjected to the DIH 0 treatment had 
the highest root FW value, followed by those from 
the DIH 3 treatment. Whereas, the lowest root FW 
values were recorded from plantlets subjected to 
the DIH 5 and DIH 7 treatments. Irrespective of 
the days in healing the highest root FW values 
were observed in plantlets exposed to a SSC of 
20, 14, and 8°C. ANOVA for root fresh weight did 
not reveal a significant effect of the interaction 
DIH × SSC. As regard to root DW, irrespective of 
the SSC, DIH 3 plants exhibited the highest values 
followed by DIH 0, DIH 5, and DIH 7. The lowest 
root DW value was recorded in plants from DIH 1 
treatment. Without regard of the days in healing, 
SSC significantly affected root DW. Plantlets ex-
posed to SSC of 20, 14, and 8°C showed the high-
est root FW. ANOVA revealed a significant effect 
of the interaction DIH × SSC. The highest values 
in terms of root DW were collected from DIH 3 × 
20°C, DIH 3 × 14°C, DIH 3 × 8°C., whereas the 
lowest ones were recorded from DIH 1 plantlets 
(Table 4).

Disregarding of the SSC, DIH 0 treatment 
showed the highest leaf area, followed by those 
from the DIH 7 treatment, whereas the lowest leaf 
area values were found in DIH 1 and DIH 3 plants. 
Irrespective of the days in healing, the highest 
leaf area value was obtained from plantlets sub-
jected to the control (H) plantlets, which in turn 
was higher than those subjected to the 20°C SSC. 
The lowest leaf area values were recorded from 
plantlets subjected to the 14 and 8°C SSC. ANOVA 
for leaf area did not display a significant effect of 
the interaction DIH × SSC. Regardless of the SSC, Ta

bl
e 

3.
  E

ffe
ct

 o
f d

ay
s i

n 
he

al
in

g 
an

d 
si

m
ul

at
ed

 sh
ip

pi
ng

 a
t d

iff
er

en
t t

em
pe

ra
tu

re
s o

n 
sh

oo
t a

nd
 ro

ot
 ch

ar
ac

te
ri

st
ic

s a
nd

 p
la

nt
le

t v
is

ua
l q

ua
lit

y 
af

te
r 7

 d
ay

s o
f g

ro
w

th
.

Pl
an

tle
t le

ng
th 

(m
m)

No
. le

av
es

 
(N

o.)
Sh

oo
t F

W
 

(g
)

Sh
oo

t D
W

 
(g

)
FW

 ro
ot 

(g
)

DW
 ro

ot 
(g

)
Le

af 
ar

ea
 

(cm
2 )

Vi
su

al 
qu

ali
ty

Gr
aft

ing
 

su
cc

es
s 

(%
)

Da
ys

 in
 h

ea
lin

g
0

10
3.0

c
5.1

NS
3.9

2
a

0.4
6

a
1.3

4
a

0.1
1

b
10

7.7
a

8.8
a

10
0.0

 N
S

1
10

5.9
b

4.6
2.9

4
c

0.2
6

c
1.1

7
bc

0.0
8

c
78

.4
c

6.8
b

10
0.0

3
10

9.2
a

4.9
2.9

8
bc

0.3
0

b
1.2

1
b

0.1
3

a
78

.0
c

6.7
b

10
0.0

5
11

1.4
a

4.6
3.0

3
bc

0.2
9

bc
1.1

3
c

0.1
1

b
84

.6
bc

4.8
c

10
0.0

7
10

9.9
a

4.7
3.1

0
b

0.2
9

bc
1.1

3
c

0.1
1

b
91

.6
b

3.0
d

10
0.0

Sh
ipp

ing
 si

m
ula

te
d 

co
nd

itio
ns

 (°
C)

No
 sh

ipp
ing

 =
 C

on
tro

l (H
)

10
6.0

b
5.4

a
3.3

7
b

0.3
5

a
0.9

9
b

0.1
0

b
10

2.8
a

8.1
a

20
11

2.1
a

5.2
a

3.5
9

a
0.3

6
a

1.2
7

a
0.1

1
a

95
.5

b
5.1

c
10

0.0
 N

S
14

11
0.9

a
4.4

b
3.2

1
c

0.3
2

b
1.2

6
a

0.1
1

a
80

.2
c

5.4
b

10
0.0

8
10

2.5
c

4.0
b

2.6
1

d
0.2

7
c

1.2
6

a
0.1

1
a

73
.7

c
5.5

b
10

0.0
Si
gn
ific

an
ce

Da
ys

 in
 he

ali
ng

 (D
IH

)
***

NS
***

***
***

***
***

***
NS

Sh
ipp

ing
 si

mu
lat

ed
 co

nd
itio

ns
 (S

SC
)

***
***

***
***

***
***

***
***

NS
DI

H 
× 

SS
C

NS
NS

*
***

NS
***

NS
***

NS
Da

ta 
wi

thi
n 

a 
co

lum
n 

fol
low

ed
 b

y t
he

 sa
me

 le
tte

r a
re

 n
ot 

sig
nifi

ca
ntl

y d
iffe

re
nt 

at 
p≤

0.0
5 

ac
co

rd
ing

 to
 D

un
ca

n’s
 te

st.
 T

he
 si

gn
ific

an
ce

 is
 d

es
ign

ate
d 

by
 a

ste
ris

ks
 a

s f
oll

ow
s: 

*, 
sta

tis
tic

all
y s

ign
ific

an
t d

iffe
re

nc
es

 a
t p

-va
lue

 
be

low
 0.

05
; *

*, 
sta

tis
tic

all
y s

ign
ific

an
t d

iffe
re

nc
es

 at
 p-

va
lue

 be
low

 0.
01

; *
**,

 st
ati

sti
ca

lly
 si

gn
ific

an
t d

iffe
re

nc
es

 at
 p-

va
lue

 be
low

 0.
00

1; 
NS

 =
 no

t s
ign

ific
an

t.



242 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Sabatino et al.  |  Un-rooted grafted cuttings for eggplant plug-transplant production and shipping

DIH 0 plantlets showed the best visual quality was detected 
in DIH 0 plantlets which in turn exhibited a significantly bet-
ter visual quality than plants from DIH 1 and DIH 3 SSC. The 
lowest visual quality was observed in the plants subjected 
to the DIH 7 SSC. Regardless of the days in healing, the high-
est values were observed in control (H) plantlets followed by 
those subjected to the 14 and 8°C SSC. ANOVA displayed a 
significant effect of the interaction DIH × SSC; the best results 
in terms of plantlet visual quality were obtained by DIH 0 
plantlets, while the lowest scores were given from the combi-
nations DIH 7 × 20°C, DIH 7 × 14°C, and DIH 7 × 8°C (Table 4).

Discussion
The production/shipping method applied in this exper-

iment has proved a valuable propagation/transportation 
technique for grafted eggplant plantlets. Grafting success 
was 100% and all un-rooted grafted cuttings developed 
roots at the end of the rooting stage. Our results also showed 
that grafted cuttings were not negatively affected by a short-
term exposure (72 hours) of simulated shipping conditions 
(20, 14, or 8°C). These findings are different from those of 
Shibuya et al. (2008), who found that eggplant grafted cut-
tings are improved by warming of the graft union at the be-
ginning of storage, but are in accord with those of the same 
authors concerning the positive effect due to higher tempera-
tures on plant growth and development of the grafted plants.

During the rooting period, a few leaves from the un-root-
ed grafted cuttings became yellow and died off. Leaf yellow-
ing and dying off were more evident when the grafted cuttings 
were treated at 20°C than at 14 or 8°C. This is likely attribut-
ed to the higher respiratory loss of carbohydrate in eggplant 
cuttings as well as a potentially greater ethylene accumula-
tion in cuttings during the 72‐h simulated shipping tempera-
tures at the higher temperature of 20°C. Serek et al. (1998) 
demonstrated that in Dendranthema grandiflorum (Ramat.) 

Kitamura, Pelargonium zonale L. and Hibiscus rosa-sinensis L. 
rapid senescence of mature leaves and impairment in sub-
sequent root formation frequently occur as a result of ex-
tremes in post-harvest shipping environment. Rapaka et al. 
(2008), investigating the ethylene effect in postharvest leaf 
senescence of pelargonium cuttings, confirmed that ethylene 
sensitivity increased with decreasing pre‐harvest endoge-
nous carbohydrate status of the cuttings. The level of senes-
cence of the scion leaves seemed to be pronounced when the 
grafted cuttings were subjected to the simulated shipping 
treatments, whereas, no leaf was affected by senescence in 
the non-treated control. However, plantlet length was higher 
when grafted cuttings were harvested after 3 days or more 
in healing. Thus, from one hand improving shipping condi-
tions may successfully prevent leaf senescence, from the 
other hand a longer plantlet manipulation period (healing, 
shipping and rooting) as reported in Table 1, characterized 
by low light intensity, induced plant elongation. Adventitious 
rooting of un-rooted grafted cuttings depends on several fac-
tors such as genetic suitability for propagation. The results 
are in accord with those obtained by Miceli et al. (2014), who 
investigated eggplant suitability propagation by un-rooted 
grafted cutting using S. torvum. In the present experiment a 
shoot DW reduction was detected in cuttings harvested after 
1 or more days in healing. This tendency was probably asso-
ciated with the environmental conditions during the healing 
period. Therefore, the air temperature and the light intensi-
ty could be further optimized in order to attain at least null 
or positive carbon balance to the plants. Under continuous 
lighting conditions, the minimum light intensity to maintain 
the null carbon balance is the light compensation point at 
the temperature used in the system. With regard to heal-
ing, Johnson and Miles (2011) demonstrated that chamber 
design may affect healing conditions and thereby grafting 
success. They also found that tomato and eggplant seedlings 

Table 4.  Interactive effects of days in healing and simulate shipping at different temperatures on shoot FW, shoot DW, root 
DW and visual quality after 7 days of growth.

Shoot FW (g) Shoot DW (g) DW root (g) Visual quality
DIH 0 × Control (H) 3.78 c 0.41 c 0.10 b 8.9 a
DIH 0 × 20°C 4.43 a 0.53 a 0.11 b 8.7 a
DIH 0 × 14°C 4.03 b 0.49 b 0.11 b 8.8 a
DIH 0 ×   8°C 3.43 d 0.42 c 0.11 b 8.9 a
DIH 1 × Control (H) 3.27 de 0.33 d 0.08 c 8.3 b
DIH 1 × 20°C 3.24 e 0.30 e 0.08 c 6.1 e
DIH 1 × 14°C 2.93 f 0.27 f 0.08 c 6.3 e
DIH 1 ×   8°C 2.34 g 0.22 g 0.08 c 6.4 e
DIH 3 × Control (H) 3.26 de 0.33 d 0.12 ab 8.1 b
DIH 3 × 20°C 3.33 de 0.33 d 0.13 a 6.0 f
DIH 3 × 14°C 2.98 ef 0.30 e 0.13 a 6.2 e
DIH 3 ×   8°C 2.38 g 0.24 g 0.13 a 6.3 e
DIH 5 × Control (H) 3.27 de 0.33 d 0.10 b 7.7 c
DIH 5 × 20°C 3.43 de 0.32 d 0.12 ab 3.6 h
DIH 5 × 14°C 3.01 ef 0.28 ef 0.12 ab 3.9 g
DIH 5 ×   8°C 2.40 g 0.23 g 0.12 ab 4.0 g
DIH 7 × Control (H) 3.28 de 0.33 d 0.09 bc 7.3 d
DIH 7 × 20°C 3.52 d 0.32 d 0.12 ab 1.2 i
DIH 7 × 14°C 3.11 e 0.28 ef 0.12 ab 1.6 i
DIH 7 ×   8°C 2.51 g 0.23 g 0.12 ab 1.9 i

Data within a column followed by the same letter are not significantly different at p≤0.05 according to Duncan’s test.
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were less sensitive to humidity control compared to other 
species like watermelon.

Overall, in the experiment the ‘simulated shipping con-
ditions’ had no significant influence on grafting success, 
whereas it affected after-transportation seedling develop-
ment. The results also show that plants subjected to the 
treatment DIH 0 [characterized by the shortest manipulation 
period (13 days from grafting to rooting)], gave the best re-
sults in terms of average leaf area and plantlet visual qual-
ity. Furthermore, simulation shipping temperature from 14 
to 8°C permitted to maintain the best plantlet visual quality. 
Our findings are in accord with those of Kubota and Krog-
gel (2006), who reported that 6 to 13°C was the best tomato 
plant transportation temperature for up to 4 days.

Conclusions
The results showed that S. torvum is a suitable rootstock 

for applying this innovative production/shipping method 
based on the un-rooted grafted cutting propagation tech-
nique. Rooting ability and grafting success were not nega-
tively affected by healing duration or ‘simulated shipping 
treatments’. Post-rooting growth and development of root-
ed grafted cuttings were negatively affected by long plantlet 
manipulation time (from grafting to rooting), corresponding 
in an overall lower value of dry weight of the finished plug 
transplants. Shipping of un-rooted grafted eggplants imme-
diately after grafting and 14 to 8°C SSCs are recommended 
to avoid negative effects on post-transportation growth, de-
velopment and plantlet visual quality. Regardless of the ship-
ping simulated conditions, the treatment DIH 0 gave the best 
results in terms of growth, development rates and plantlet 
visual quality of the finished plug transplants. This innova-
tive production/shipping method might be successfully used 
to improve plant nursery efficiency in areas where local 
nurseries do not have high grafting ability. Further studies 
are required to assess other factors associated with the qual-
ity of the grafted plants, such as materials and packing con-
ditions, vibrations during transportation.
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