DOI: 10.14295/CS.v9i2.2578

scientific Note

Comunicata Scientiae 9(2): 282-286, 2018

e-ISSN: 2177-5133
www.comunicatascientiae.com

Anatomical and physiological aspects of cucumber graft
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Abstract

The grafting of two cucumber scions (Cucumis sativus L.)—Taiko hybrid and Tsuyoi hybrid—
onto a Tropical hybrid pumpkin rootstock (Cucurbita moschata L.) was studied. The study was
conducted in a greenhouse. Plants grafted using the tongue approach grafting technique were
compared with ungrafted plants. We evaluated the initial establishment of grafting through
anatomical cuts on the region of union graft and examining leaves’ chlorophyll index (SPAD)
and their levels of chlorophyll a, chlorophyll b and total chlorophyll. The experimental design
utilized randomized blocks and the data were subjected to variance analysis (ANOVA) and the
Tukey Test at 5% probability. The results indicate that Taiko cucumber scions are best grafted
onto Tropical pumpkin rootstock, since these exhibits early grafting establishment. Moreover,
when compared to grafting using Tsuyoi cucumber scions, Taiko cucumber scions present higher

SPAD index values and levels of chlorophyll a and total chlorophyill.
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Cucumbers are used mainly in food, with
furtherapplicationsinhealthand beauty products,
including perfumes, lotions, and shampoos (Patil
et al., 2012; Pimenta-Lange et al., 2013). The use
of rootstock increases productivity by improving
plants’ capacity to absorb soil nutrients; raising
their tolerance to low soil temperatures, salinity
and waterlogged soils; and preventing infection
by soil-borne pathogens (Martinez-Balesta et
al., 2010; Savvas et al., 2010). The grafting of
cucumber onfo pumpkin (Cucurbita moschata
Duch.), squash (Cucurbita maximum Schrad.),
or hybrid pumpkins is undertaken by many
producers to fake advantage of the greater root
development and hardiness of some pumpkins

(Karaagac & Balkaya, 20713; Savvas ef dal,
2013). Compatibility is defined as the ability of
two different plants to coexist satisfactorily as a
single plant after grafting. There is no method
for predicting the graft outcome; however, in
general, there is greater affinity within botanical
species and consequently a higher probability of
graft survival (Hartmann et al., 2011). This affinity
involves both morphological and physiological
plant aspects. Morphological, anatomical and
fissue constitution refer to the conductive vessels
of two plants that are of similar diameters and
approximately equalin number (Pina et al., 2009),
while physiological affinity relates to the amount
and composition of the sap (Etehadnia et al.,
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2008; Aloni et al., 2010; Savvas et al. 2013).

The outer layers exposed in the cambium
region, in both the graft and the roofstock,
produce parenchyma cells that
inferweave, forming what is commonly called
callus tissue. In this callus tissue, cells that align

mix and

with the intact cambium and graft rootstock
differentfiate intfo new foreign cells, which is a
pre-requisite for the successful union of vascular
plants (Hartmann et al., 2011). The present paper
aimed to examine the early biological processes
that occurin graft union with the rootstock, based
on an anatomical and physiological evaluation
of two varieties of cucumber plants grafted onto
pumpkin roofstock.

The site of the experiment was the
Faculdade de Ciéncias Agrondmicas (FCA),
Universidade Estadual Paulista (Unesp), Botucatu
campus. We used an arc type greenhouse 30 m
in length, 7 min width and 3 m in height, covered
with a low-density polyethylene fim (150um),
with the lateral sides covered with a 75% shade
cloth. Pumpkin seeds (Cucurbita moschata
Dusch.), hybrid (SAKATA®),
cucumber seeds (Cucumis sativus L.), “Taiko”
hybrid (SAKATA®) and “Tsuyoi” hybrid (TAKII
Seed®), were sown on polystyrene frays filled with
a commercial substrate containing a mixture of
pine bark, compost, vermiculite, and fertilizers.
To ensure that both hypocotyl diameters were
similar, tfo allow for proper grafting, the pumpkin
was sown four days before the cucumber.

The Taiko and Tsuyoi cucumber scions
were grafted onto Tropical pumpkin rootstock
using the fongue approach grafting method (Peil,
2003). Four days after grafting, the plants were
fransplanted to plastic pots with a volumetric
capacity of 400 mL, filled with the same substrate
used in sowing, and kept in a moist chamber
until suitable for transplantation. We performed
the grafting 10 days after sowing the cucumber
and evaluated five freatments with 15 plants
each: T1- Tropical pumpkin, ungrafted; T2 - Taiko
cucumber, ungrafted; T3 - Tsuyoi cucumber,
ungrafted; T4 - Taiko cucumber scion grafted
onto Tropical pumpkin rootstock; and T5 - Tsuyoi
cucumber scion grafted onto Tropical pumpkin
roofstock.

“Tropical” and

Anatomical studies evaluated the stem

region where the graft was performed based
on a light microscopic examination of cross-
sections, in accordance with Buskatsch (1972).
Chlorophyll analyses were performed on mature
leaves, in accordance with Sims and Gamom
(2002). The chlorophyll index was evaluated in
the cenftral region of the leaf using the Minolta
chlorophyll meter SPAD-502R® in SPAD units. The
experimental design was randomized, and the
results obtained were subjected to variance
analysis (ANOVA). The averages were compared
by Tukey Test at 5% (p < 0.05) probability.

The results of the anatomical
that
graffed onto pumpkin rootstock showed earlier
establishment of the graft compared to the Tsuyoi
cucumber scion grafted onto pumpkin rootstock
(Figure 1). According to Kawaguchi et al. (2008),
incompatibility manifests in several ways, the
most important of which is a break of grafting
region. The filling of spaces by parenchyma

study

revealed the Taiko cucumber scion

cells (callus tissue) was more effective on Taiko
cucumber scions grafted onfo pumpkin rootstock
(Figures 1A). Pina et al. (2012) reported that the
parenchymal tissue plays an important role,
since it promotes the initial connection or bond
between the graft and rootstock. Thus, the larger
the contact surface between the parenchyma
cells of both plants, the greater the likelihood of
a successful graft (Aloni et al., 2010).

The chlorophyll a, chlorophyll b, and
chlorophyll content varied significantly
between treatments, with the highest chlorophyll
a and total chlorophyll values appearing in T1, T3
and T4 (Table 1). The highest chlorophyll b values
were found in the plants in T4, but these did not
differ from the other freatments, except those
presented in ungrafted Taiko cucumber.

According to Martinez-Ballesta et al.
(2010), a vigorous rootstock can provide greater
vigor and development, leading to improved
franslocation of nutrients by conducting vessels,
although in the present study only a single
species was used as rootstock. Several studies
point fo differences in the absorption of nutrients
in grafted plants and the fact that these nutrients
are restricted in the graft region during graft
healing and vascular connection (Colla et al.,
2012; Borgognone et al., 2013). Among these

total
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Figure 1. Histological sections of the graff region. A: The cross-sections of the stem epidermis of Taiko cucumber scion grafted onto
Tropical pumpkin rootstock; B: The cross-sections of the stem epidermis of Tsuyoi cucumber scion grafted onto Tropical pumpkin

rootfstock. Pa = parenchyma; G = graft; RS = rootstock; Bar = 150pm.

Table 1. Levels of chlorophyll a, chlorophyll b, and total chlorophyll in the leaves of Tropical pumpkin and Taiko and
Tsuyoi cucumber plants, both grafted and ungrafted.

Treatment Chloroprj?/ll a Chloroptj?/ll b Chlorophy_lll total
(mg.g™) (mg.g™) (mg.g™)
T1 - Tropical pumpkin , ungrafted 0.0287 a 0.0129 ab 0.0416 a
T2 — Taiko cucumber, ungrafted 0.0211 c 0.0098 b 0.0309 b
T3 — Tsuyoi cucumber, ungrafted 0.0269 ab 0.0158 ab 0.0428 a
T4 — Taiko cucumber scion grafted
0.0285a 0.0164 a 0.0450 a
onto Tropical pumpkin rootfstock
T5 — Tsuyoi cucumber scion grafted
0.0236 bc 0.0111 ab 0.0309 b

onto Tropical pumpkin rootfstock

ANOVA (chlorophyll a)

Homogenity Levene Test (chlorophyll )
CV (%) =5.77

F Value =0.76 F Value = 10.20

Pr>F = 0.5759* Pr>F = 0.0022**

ANOVA (chlorophyll b)
Homogenity Levene Test (chlorophyll b)
CV(%) =22.07
F Value = 3.09 F Value =2.14

Pr>F = 0.0674* Pr>F = 0.1582**

ANOVA (chlorophyll fotal)
Homogenity Levene Test (chlorophyll total)

CV(%) = 6.06
F Value = 2.81 F Value = 13.17
Pr>F = 0.0845* Pr>F = 0.009**

* Significant by homogeneity Levene Test set at 1% probability. ** Mean by Tukey Test at 5% probability. Means followed by the same letter in the column do not
differ significantly by Tukey Test at 5% probability.

nutfrients, magnesium (Mg) and nitrogen (N) indicators of stress in plants, so estimating the leaf

are extremely important in the formation of
the chlorophyll molecule (Taiz & Zeiger, 2013).
This could be directly responsible for the higher
chlorophyll a and total
present in Taiko cucumber plants grafted onto
pumpkin rootstock. Photosynthetic pigments are

chlorophyll content

chlorophyll content of grafted plants with the
SPAD-502R holds the potential to diagnose the
nufritional status of the plant under stress (Table
2).

We concluded that Taiko cucumber
scions are best grafted onto Tropical pumpkin
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Table 2. Chlorophyllindex (SPAD) in the leaves of Tropical pumpkin and Taiko and Tsuyoi cucumber in both grafted

and ungraffed plants

Treatment Chlorophyll index (SPAD)
T1 - Pumpkin ‘Tropical’ ungrafted 35.2ab
T2 — Cucumber ‘'Taiko’ ungrated 35.28ab
T3 — Cucumber ‘Tsuyoi’ ungrafted 41.3%a
T4 — Cucumber ‘Taiko’ scion grafted
o - 32.44b
onto pumpkin ‘Tropical’ rootstock
T5 - Cucumber ‘Tsuyoi’ scion grafted
. S 36.10ab
onto pumpkin 'Tropical’ rootstock
Homogenity Levene Test (chlorophyll index) ANOVA_(SPAD)
— CV(%) = 14.44
F Value = 1.86 FValue = 1.48
Pr>F =0.1695* )

Pr>F = 0.2619**

*Significant by homogeneity Levene Test by 1% probability. **Mean by Tukey Test set at 5% probability. Means followed by the same letter in

the column do not differ significantly by the mean comparison test.

since show early grafting
establishment when compared to the grafting of
Tsuyoi cucumber scions. They also present higher
SPAD index values and chlorophyll a and total

chlorophyll content.

rootstock, they
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