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Abstract

Vegetable grafting is a unique surgical horticultural technology for inducing soilborne biotic and abiotic stress
tolerance in cucumbers. Indigenous cucurbit germplasm as rootstocks may show more tolerance potential
compared to exotic ones. However, it needs evaluation for compatibility testing through various grafting
techniques. Therefore, this study was planned to test available cucurbits as rootstocks for graft success vis-a-vis
cucumber growth and productivity. It was carried out in the Plant Propagation and Physiology lab at MNS
University of Agriculture, Multan, Pakistan. The seeds of the indigenous open-pollinated cucurbits were sown in
64-celled plug trays with peat moss as growing media, followed by shifting to 50-celled plug trays at the first true
leaf emergence stage. The seeds of selected scion (cucumber) were sown after the emergence of rootstock seeds.
Different grafting techniques were performed at the first true leaf stage of the scion, followed by healing and
acclimatization. In this experiment, hybrid cucumber (cv Yalla F1) was grafted on three indigenous cucurbits,
namely ridge gourd (Luffa acutangular), bottle gourd (Lagenaria sicearia) and pumpkin (Cucurbit pepo. L) for
graft compatibility success by using three grafting techniques: cleft grafting, one cotyledon grafting and hole
insertion. Non-grafted cucumber was grown to compare with grafted plants for growth and productivity. Overall,
significant (p < 0.5%) results were obtained regarding a 90% survival rate in cucumber plants grafted onto the
bottle gourd through cleft grafting compared to the other grafting techniques. Additionally, the cucumber plants
grafted on bottle gourd showed the highest morphological (root length, shoot length, root fresh weight, shoot fresh
weight and rootstocks, and scion gir th), physiological (photosynthetic rate, transpiration rate, stomatal
conductance, and sub-stomatal conductance), biochemical (antioxidants activities, SOD, CAT, and POX) and
yield indices (average fruit length, weight, numbers, and yield) as compared to the non-grafted plants.
Conclusively, cucumber grafting onto indigenous bottle gourd with cleft grafting technique exhibited maximum
compatibility confirmed through physio-chemical attributes and improved plant biomass and yield, thereby
suggested for cucumber grafting.
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1. INTRODUCTION

2023), while 4.6 million tons are produced

Cucumber (Cucumis sativus L) is a
precious, nutritious, and commonly
consumed vegetable ( Ziaf et al., 2021; Gish
and Gikalo, 2012). Globally, 1.17 billion
tonnes of vegetables are produced (FAO

This work is licensed under a

in Pakistan (Talpur et al., 2022) to fulfil the
requirements of the increasing population.
However, vegetable crop production in
Pakistan is less as compared to other
growing countries due to various biotic
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(soilborne disease) and abiotic stresses
(salinity, drought, and temperature
extremes) (Nawaz et al., 2017). There are
different ways to increase the economic and
nutritional values of the crops through bio-
fumigation (Gilardi et al.,, 2014), crop
rotation (Lee et al., 2010), using resistant
verities and vegetable grafting (Nawaz et
al., 2016). Vegetable grafting may improve
cucumber productivity, thereby increasing
farmer profitability through managing the
soilborne challenges and improving crop
output while lowering the cost of
purchasing higher quantities of fertilizers
and chemicals (AARI, 2017). Vegetable
grafting is practiced in Cucurbitaceae
(cucumber, watermelon) and Solanaceae
(tomato and peppers) crops (Bie et al.,
2017). It has become a technique with a
high potential to improve the efficiency of
modern and intellectual  vegetable
cultivation and indicates adoptability and
resistance under different stress situations
(Kumar et al, 2017). The grafted
watermelon has successfully grown for
sustainable production in most countries,
such as Spain, Italy, Japan, and Korea
(Bantis et al.,, 2021). Also, tomatoes,
cucumbers, and eggplant grafting are being
adopted worldwide. Under low or no
disease pressure, the plant's growth and
productivity can be improved considerably
when vigorous rootstocks are used along-
with maximum water and nutrient use
efficiency (Martinez-Ballesta et al., 2010).
Grafting has a significant role in enhancing
plant biomass parameters(Cuevas et al.,
2019) in many crops including cucumber (
Amaro et al., 2014; Noor et al., 2019;
Usanmaz and Abak, 2019), brinjal (Ulas,
2021), melon (Ulas et al., 2019), pepper
(Soltan et al., 2017; Abdelaal et al., 2020;
Padilla et al., 2021), tomato (Mauro et al.,
2020; Parthasarathi et al., 2021) and
watermelon (Huang et al., 2016b; Yanyan
et al., 2018). Grafting also improves gas
exchange traits i.e., stomatal and sub-
stomatal conductance, photosynthetic rate
and WUE. Similarly, yield is an important
parameter. Many researchers  have
concluded that grafted plants can induce
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tolerance against stresses and help maintain
higher crop productivity (Sandoval et al.,
2007; Yang et al., 2015; Uttekar et al.,
2021; Kusvuran et al., 2021, Liang et al.,
2021).

Moreover, grafting process involves
selection of rootstock and scion cultivars,
plantlet production, grafting operation
(creation of physical union) as per the stem
girths and growth pattern, healing of graft
union, and acclimatization of grafted
transplants for the production of success
grafted transplants (Bie et al., 2017). The
healing of the grafted union is an energy-
consumption process. During the structural

and biological development of graft
healing, three primary phases are
accomplished: combining scion and

rootstock, callus creation around the joint,
and establishing continuity at the joint
through vascular re-
differentiation(Melnyk, 2017). Similarly,
sugar is an essential activator for the
homograft union's elongation and cell
division processes (Melnyk et al., 2018).
The high concentration of exogenous
glucose reduces the efficiency of the graft.
In contrast, low concentration has no
significant effects on the graft's survival
rate but improves grafted plants' growth
during healing. the Root growth occurs
during graft formation after the phloem and
xylem connection. A lower supply of sugar
is maintained in the rootstock and scion
during graft union development, which
plays a vital role in the vascular connection
and grafted plant growth (Miao et al.,
2021).

The grafting method depends on crop type
(rootstock-scion  stem  girth), budder
(grower) experience and available facilities
because vascular connection formation is
an essential and critical stage during would
healing as well as solute and water transport
from rootstock to scion (Moore, 1984;
Velasco Alvarado, 2013). Different
grafting methods like hole insertion, tongue
approach, splice/ cleft, and pin grafting are
adopted in vegetables for maximum success
of grafted plants that depend on rootstock
and scion girth along-with collar diameter



(Lee et al., 1998; Lee et al., 2010).
Nowadays, mechanical grafting, including
robots, is being introduced to perform
grafting operations in Korea, Japan, the
Netherlands, Spain, and the USA (Bie etal.,
2017). The grafting technique exhibits
positive  responses, including  stress
tolerance, growth, and productivity
enhancement (Oda, 2002; Lee and Oda,
2002). Cucumber grafting on various
rootstocks and techniques decreases
precocity but enhances overall yield
relative to non-grafted. The grafting
technique is pivotal in  vascular
reconnection (a key event in graft healing),
particularly in cucurbits due to ~1000
species(Guo et al., 2020; Melnyk, 2017). If
incompatibility exists, it leads to graft
failure due to necrotic layer development
and non-differentiation of vascular bundle,
hence issues in bidirectional hormones,
nutrients, water and photosynthates
transport (Xu et al., 2012; Camalle et al.,
2021).

In this regard, an earthen pot (9-inch) based
study was planned to investigate the effect
of different grafting techniques on the graft
compatibility of cucumber F1 when grafted
onto different indigenous cucurbits under
lab and lath house growing conditions. The
hybrid scion cucumber (cv Yalla F1) and
four indigenous cucurbits, namely ridge
gourd (Luffa operculate L.), pumpkin
(Cucurbita pepo L.), bottle gourd
(Lagenaria siceraria L.) and non-grafted
were used as scion-rootstock combinations
to check the compatibility through cleft,
single cotyledon and hole insertion grafting
methods.

2. MATERIALS AND METHODS
2.1. Site and location

This experiment was carried out in the plant
propagation and physiology laboratory
(nursery  development, grafting, and
healing) followed by transplanting of the
grafted plants in earthen pots in lath house
MNS University of Agriculture Multan,
Pakistan (longitude 71°26'35.43"E and
Latitude 31° 8'26.93" N) using Complete
Randomized Design (CRD) with three
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replications and two factors factorial design
arrangements.

2.2. Seedling Production and Grafting

In this experiment, three indigenous
cucurbit landraces, ridge gourd, pumpkin,
and bottle gourd, were used like cucurbits
rootstock while cucumber (cv Yalla F1)
was used as a scion on the mentioned
cucurbits. In this experiment, the seeds
were sown in 128-celled plug trays, then
shifted to 50-celled plug trays at the
emergence of true leaves of rootstocks by
using peat moss as growing media,
followed by grafting. Imported peat moss
(https://www.agaris.com/en/products) was
used for healthy vegetable seedling
development. After about 25 days, grafting
was done by using the three-grafting
technique (cleft, single cotyledon, and hole
insertion grafting) followed by shifting to a
healing chamber containing temperature
and relative humidity (R.H.) of 21-23°C
and 90-95%, respectively for a period of
first four days followed by a reduction in
R.H. (75%) to acclimatize the plants. Later,
the acclimatized grafted plants were shifted
to earthen pots containing growing media
of silt, garden soil, and FYM in a 1:1:1
ratio.

2.3. Grafting Methods

2.3.1.Cleft Grafting

This grafting technique removed true
leaves, and a vertical cut was made at the
center of two cotyledonary leaves. Then,
the scion was cut in a wedge shape of the
same size, inserted in the rootstock, and
covered with a grafting clip (Johnson et al.,
2011).

2.3.2.Single cotyledon Grating

In this technique, one cotyledonary leaf was
removed from the growing point of
rootstock. A slanting cut of the same size
scion was made and inserted on the
rootstock, then clipped carefully. This is the
common method for cucurbit plants, also
known as one cotyledon/single cotyledon
splice grafting (Lee et al., 2010).
2.3.3.Hole Insertion Grafting

In this grafting technique, a hole is made
with the help of a minor, narrow wooden
stick at the growing point of the rootstocks



after removing the actual leaves. A cut is
made on both sides of the scion and inserted
in the rootstock hole (Bletsos and
Olympios, 2008).

2.3.4.Survival Rates

The survival rate of the grafted plants was
investigated during healing,
acclimatization, and after transplanting by
the following formula (Traka-Mavrona et
al., 2000):

. number of survived grafted plant
Survivals Rates =

total number of grafted plants
x 100

2.3.5.Parameters Studied

The data for the following parameters were
collected to assess the compatibility of
three indigenous cucurbit landraces with
hybrid cucumber (cv Yalla F1) scion using
three grafting techniques.
2.3.6.Morphological attributes

All morphological attributes, including
shoot and root lengths internodal distance,
were noted by measuring scale while root
and shoot fresh weight and root and shoot
dry weight were calculated with digital
weighing balance. Besides, rootstocks and
scion girth were determined by the vernier
calliper.

2.3.7.Gaseous exchange attributes

The fully mature 3'-4" plant leaves were
selected for the collection of gaseous
exchange attributes such as stomatal and
sub-stomatal conductance, photosynthetic
rate, transpiration rate and WUE by the P.P.
System (Portable Photosynthetic System)
(CIRAS-3 HANSTACK INSTRUMENT
Ltd., Pentney, UK) (CIRAS-3, Hansatech
Instruments Ltd., Pentney, UK). This
system was operated from 10:00 a.m. to
3:00 pm. at 900 pmol-m?.s’?
photosynthetic photon flux concentration,
96.9 kPa atmospheric pressure, 100
mL-min? airflow rate, and 385 + 5
umol-mol'CO2 concentration rates.
2.3.8.Bio-chemical attributes

The antioxidant scavenging activity (ASA)
was measured by adopting the method
of(Mimica-Dukic et al., 2003). One gram of
cucumber leaves was homogenized, 2 ml of
phosphate buffer (pH 7.0), and centrifuged
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at 9000 rpm for 5 minutes at 4°C. About 50
uL supernatant and 5 ml DPPH (2,2-
diphenyl-1- picryl-hydrazyl-hydrate) were
incubated for 30 minutes and took 250 pL
in microplates. Then, ASA was measured
by the ELIZA reader (Epoch in Winooski,
United States of America) at an absorbance
of 517nm. Similarly, Superoxidase
Dismutase was determined by following the
method devised by). In this protocol, about
200 pL Titron X, 200 pL Methion, 200 pL
Phosphate buffer (pH 5.0), 100 pL Nitro
Blue tetrazolium, and 800 pL distilled
water were dissolved in test tubes by adding
the 100 pL supernatant followed by shifting
test tubes under laminar flow hood for U.V.
light treatment for 15 minutes. Later, 100
uL of riboflavin was added. 200 pL
supernatant was added to the microplates
and ran at the absorbance of 560nm through
ELIZA. Similarly, the methods developed
by Razzaq et al., (2013) determined total
phenolic  contents, catalase, and
peroxidases. Catalase was determined by
reaction mixture having the H.O, 100 pL
along with enzyme extract 100 pL then
absorbance at 240nm. Peroxidase was
calculated by adding 20 mM guaiacol, H.O>
of 40 mM, phosphate buffer (pH 5.0), and
100 pL supernatant and absorbance at
470nm (Liu et al., 2009). TPC was
determined by adding 200 pL Folin
Ciocalteu (F.C.), 100 pL supernatant and
800 pL Na,COs followed by addition of
200 pL from an above mixture in the
microplates followed by running at the
absorbance of 765 nm on the plate of
ELIZA.

2.3.9.Yield related attributes
Yield-related attributes such as cucumber
fruit length (cm), diameter (mm), average
fruit weight, and fruit yield per plant were
calculated by measuring tape, a vernier
calliper and digital weighing balance,
respectively.

2.4. Statistical Analysis

Statistically, the data was evaluated by
Statistix 8.1 software (Tallahassee, Florida,
USA) under a complete randomized design
with three replications and 2-factor factorial
arrangements. Tukey's (HSD) was used for



interaction means correlation at the 5%
(P<0.05) probability level.

3. Results

3.1. Morphological Attributes

The grafting technique significantly (P <
0.05) affected morphological attributes in
un-grafted and grafted cucumber plants.
The highest morphological attributes were
observed in bottle gourd under the cleft
grafting technique, followed by non-grafted
grafting techniques, as compared to other
grafting techniques, as mentioned in Table
1. The plants of cucumber (scion) grafted
on bottle gourd using cleft grafting showed
17.5, 18, 8, 15, 12.8, 20.8, 20.1 and 15.20%
increase in shoot length, root length, shoot
fresh weight, root fresh weight, shoot dry
weight, root dry weight, rootstock girth, and
scion girth respectively, compared to un-
grafted plants of cucumber. Similarly,
minimum results were observed in plants of
cucumber grafted onto ridge gourd, i.e.,
22.6,32.9,21.3,22.7, 25, 24.36, 16.22, and
24.1% reduction in shoot & root lengths,
shoot & root fresh weights, shoot & root dry
weights, rootstock & scion girths,
respectively, relative to  un-grafted
cucumber plants using the single cotyledon
grafting (Table. 1). Besides, the internodal
distance in plants grafted on ridge gourd
was 11.08% higher while 23% less in bottle
gourd than that of non-grafted under single
cotyledon grafting technique (Table. 1).
3.2. Gaseous Exchange Attributes
Gaseous  exchange  attributes  were
significantly (P < 0.05) affected by the
grafting technique in grafted compared to
un-grafted cucumber. The highest gaseous
exchange indices were observed in the
plants of cucumber that grafted onto bottle
gourd in cleft grafting technique followed
by non-grafted ones as compared to other
grafting techniques (Fig. 1. A, B, C, D, E).
The plants of cucumber which grafted on
bottle gourd by using cleft grafting showed
1.27, 1.32, 1.1, 1.06, and 1.4-fold increase
in photosynthetic rate A, transpiration rate
E, stomatal conductance gs, sub-stomatal
conductance Ci and water use efficiency
WUE respectively, compared to un-grafted
cucumber plants. Similarly, minimum
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results were observed in cucumber grafted
on ridge gourd with single cotyledon
grafting technique in which a reduction of
0.51, 0.67, 0.80, and 0.58-folds in A, E, gs,
Ci and WUE respectively, was observed as
compared to non-grafted plants (Fig. 1. A,
B, C, D, E).

3.3. Biochemical Attributes

Biochemical attributes significantly (P <
0.05) affected by grafting technique and
rootstock in grafted cucumber. The
maximum  biochemical indices were
observed in the bottle of gourd-grafted
cucumber plants using the cleft grafting
technique followed by non-grafted (Fig. 2.
A, B, C, D, E). Cucumber grafted on bottle
gourd using cleft grafting showed 19%,
18%, 23.4%, 21.1%, and 7.5% increases in
antioxidant scavenging activity ASA,
superoxide dismutase SOD, catalase CAT,
peroxidase POX and total phenolics
contents TPC respectively, compared to un-
grafted cucumber. However, minimum
results were observed in cucumber grafted
onto ridge gourd with a single cotyledon
grafting technique in which a decrease of
38%, 31%, 43%, 29.6% and 10% in
antioxidant scavenging activity ASA,
superoxide dismutase SOD, catalase CAT,
peroxidase POX and total phenolics
contents TPC respectively, was noted as
compared to non-grafted plants, by using
the single cotyledon grafting (Fig. 2. A, B,

C,D, E).
3.4. Yield-related Attributes
The grafting technique significantly

affected vyield attributes of cucumber
grafted on various cucurbits (P <0.05). The
highest  yield-oriented indices were
recorded in the bottle of gourd-grafted
cucumber plants using the cleft grafting
technique, followed by non-grafted ones.
(Fig. 3. A, B, C, D). Cucumber grafted on
bottle gourd with cleft grafting showed a
10%, 16.1%, 20.3%, and 21.6% increase in
average fruit weight, fruit length, fruit per
plant, and yield per plant, respectively,
compared to non-grafted cucumber.
Minimum results were observed in the



Table 1. Shoot (S.L.) & Root Lengths (R.L.), Shoot (SFW) & Root Fresh Weights (RFW), Shoot (SDW) & Root Dry Weights (RDW), Scion (SG) & Rootstocks
Girths (R.G.) and Internodal Distance (1.D.) of the cucumber plants that grafted onto indigenous cucurbits by using various grafting techniques.

Grafting Techniques SL (cm) RL (cm) SFW (g) RFW (g) SDW (g) RDW (g) SG (mm) RG (mm) ID (mm)

Non-Grafted (cv Hybrid F1) 30.2+03c | 15.2+0.09d | 87.2:0.7bc | 12.8+0.08b | 39.2+0.38c | 6.29+0.10c | 2.730.02¢ - 6.73+0.11cd
C.Grafting | 45.0+0.6a | 18.3t0.03a | 94.6:0.63a | 15.1¢0.18a | 45.0+0.66a | 7.05¢0.11a | 3.22¢0.04a | 3.42+0.03a | 5.18+0.04¢

Botle goUId 'SC. Grafting | 414208bc | 16.120.07c | 8942050 | 13420060 | 41420830 | 6.4420.04c | 2.88£0.04c | 29920.06c | 6402009
H.I. Grafting | 43.6£0.7ab | 17.120.10b | 90.720.6b 14.8x0.08a | 43.6£0.76ab | 7.470.06b | 3.030.02b | 2.27+0.02b | 5.36+0.02e
C.Grafting | 35.4+0.3d | 14.6:0.04d | 85.080.9cd | 12.1%0.1c 354+030d | 6.07£0.05cd | 2.36£0.02d | 2.580.02de | 6.99+0.16bc

E‘C‘:Tgmber S.C. Grafting | 33.0+0.8de | 12.1=0.09f | 78.8+0.8ef 11.0£009d | 33.0+0.84de | 5.6520.08d-f | 2.1¢0.0de | 2.32+0.03fg | 7.54+0.04ab
H.l. Grafting | 34.1+0.1de | 13.4%#0.21e | 82.5+0.6de 12.240.2¢c 34.1+0.13de | 5.81+0.14de 2.15+0.02de | 2.4+0.02ef | 7.37+0.13ab
C.Grafting | 31.4¥05e | 12.620.13f | 80.0+0.2f 10.6£007d | 314054 | 5.47+0.06ef | 2.21¢0.04e | 2.470.02fg | 7.39+0.15ab

Ri +

Cﬂ%emgb%;rd SC. Grafting | 20.4¥0.4f | 10.1#0.23h | 68.5940.5h | 9.94=0.1¢ 204%0.40f | 47410079 | 2.07%0.02¢ | 2.2940.029 | 7.62£0.13a
H.I. Grafting | 32.2+0.3ef | 11.240.259 | 72.88+1.3g | 10.3x0.11de | 32.2+0.37ef | 5.22+0.04f 2.07+0.02¢ | 2.33+0.04fg | 7.7620.18a

HSD (Tukey) value 0.77 0.19 1.05 0.17 0.77 0.12 0.045 0.047 0.159
Non-graft 30.3:t03b | 15.1+0.09b | 87.2¢0.7b 12.8+0.08b | 39.2¢0.380 | 6.29+0.10b | 2.730.02b - 6.72+0.11c
Cucumber F1

Rootstocks Bottle gourd | 43.3t0.7a | 17.2+0.06a | 91.6+0.5a 144+011a | 43.3¥0.75a | 7.29%0.07a | 3.04+0.03a | 3.22£0.02a | 5.64+0.05d

Means + Cucumber
Pumpkin 342+04c | 13.4+0.11c | 82.1¢0.7¢ 11.7¢0.12c | 34.2+0.42c | 5.8420.09c | 2.20£0.03c | 2.43x0.03c | 7.30+0.11b
+Cucumber
Ridge Gourd | 31.0+0.4d | 11.3+0.20d | 73.80.7d 103+0.12d | 31.0+0.44d | 5.15%0.06d | 2.12+0.02d | 2.36+0.03c | 7.59%0.1a
+Cucumber

HSD (Tukey) value 0.44 0.11 0.61 0.10 0.44 0.07 0.026 0.027 0.091
C.Grafting | 37.7#0.4a | 15.2¢0.07a | 86.7+0.6a 12.6+011a | 37.7+0.47a | 6.4420.08a | 2.63t0.03a | 2.80+0.03a | 6.67+0.12¢

Techniques

Moans S.C. Grafting | 355+0.6b | 13.3x0.12c | 81.0+0.7¢ 11.7¢011b | 35.7+0.61b | 5.78+0.07c | 2.44+0.03b | 2.58+0.02c | 7.07+0.09%
H.I. Grafting | 37.5t0.4a | 14.2+0.16b | 83.3+0.8b 125¢011a | 37.3t0.41a | 6.20:0.080 | 2.49+0.02b | 2.33x0.030 | 6.80+0.09b

HSD (Tukey) value 0.38 0.09 0.52 0.08 0.38 0.06 0.022 0.023 0.079

Each value of the table is the means of three replications. HSD for the rootstocks x grafting techniques was significant at p<0.05+S.E.

p<0.05.

84

Means with different letters are significant at
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Fig. I: Photosynthetic rate (A) (A), Transpiration Rate (E) (B), Stomatal conductance (gs)
(C), Sub-stomatal CO2 (Ci) (D), and Water Use Efficiency (WUE) (E) in the plants of
cucumber which grafted on various cucurbits by using various grafting techniques.

HSD for the rootstocks x grafting techniques was the significant at P<0.05 £ S.E. Moreover, means with various

letters are significant at p<0.05.

Plants of cucumber that grafted onto ridge
gourd with a single cotyledon grafting
technique in which a decrease of 22.7%,
38.1%, 38.4%, and 30.4% in average fruit
weight, fruit length, fruit per plant and yield
per plant, respectively, was recorded as
compared to non-grafted plants. (Fig. 3. A,
B,C, D, E).

4. Discussion

Vegetable grafting is a horticultural
surgical technique for improving plant
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growth and development. It improves all
morphological, physiological, biochemical
and vyield-related attributes (Bie et al.,
2017). It involves the selection of
rootstocks and scions, creating a physical
union, and graft union through appropriate
healing, acclimatization, and transplanting
(Bie et al., 2017). However, the graft union
process varies due to grafting technique and
environment variation. During the present
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study, different grafting techniques were
adopted to evaluate the compatibility of
different indigenous cucurbits as rootstocks
for improving the cucumber growth and
development confirmed through various
morphological (R.L., SL, RFW, RFW,
SDW, RDW, NL, rootstocks and scion
girth), physiological (A, gs, Ci, WUE),
biochemicals (ASA, SOD, CAT, POX and
TPC) and yield (average fruit weight, fruit
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length, fruit diameter yield per plant). In
this study, grafting cucumber onto the
different indigenous rootstocks increased
the biomass attributes (Table 1). However,
maximum compatibility was observed
when cucumber was grafted through cleft
grafting technique onto bottle gourd as
observed the highest morpho-physio,
biochemical, and vyield attributes. Our
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results linked with Bigdelo et al., (2017);
Huang et al., (2016a), who reported that the
root system (number of roots, root volume,
and root forks) of the grafted plant was
more developed as compared to the un-
grafted plants which helped up taking
higher water and nutrients to the leaves,
thereby higher photosynthates production.
Similarly, grafting improved the all-
physiological attributes such as A, E, Ci, gs,
and WUE in the plants of cucumber that
grafted on the bottle gourd by using the cleft
graft technique (Fig. 1. A, B, C, D, E). This
improvement might be due to its protective
role of grafting as it up-regulates the intake
of CO2 and higher Rubisco activity(Giné et
al., 2017; Li et al., 2016). In this study,
grafting cucumber onto bottle gourd by
using the cleft grafting technique increased
the biochemical attributes (ASA, SOD,
CAT, POX and TPC) relative to the non-
grafted cucumber plants (Fig. 2. A, B, C, D,
E). The rootstocks increased the stress
tolerance of scion, possibly by the
activation of antioxidants, SOD and CAT.
The increase of the CAT and SOD
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decreases the H202 and lipid peroxidation
in the tissues of plants (Nawaz et al., 2018).
ROS produce in the cell, which are
removed by the ASA, SOD and CAT
(Rahman and Singh, 2019). Catalase (CAT)
is a major scavenging enzyme, and SOD
has an early defence system against ROS
(Wang et al., 2013). The successful graft
union of the rootstocks with the compatible
scion helps improve the all-biochemical
attributes such as ASA, SOD, CAT, POX
and TPC. The yield-related attributes, such
as average fruit weight, fruit length, and
fruit diameter vyield per plant, were
increased in the bottle gourd grafted
cucumber plants under the cleft grafting
technique (Fig. 3. A, B, C, D, E). Our
results correlate with the previous study of
Xing et al., (2015), who reported improved
watermelon yield and fruit quality probably
by enhancing the abiotic and biotic stress
tolerance. The crop yield and quality of the
fruits are enhanced due to graft
compatibility between rootstocks and
scion, which causes early flowering healthy



growth and increases the crop duration
(Goldschmidt, 2014).
5. Conclusion
Grafting is vital to improving the
productivity and quality of cucumber by
utilizing an appropriate scion rootstock
combination and grafting technique. The
current study confirmed using the cleft
grafting technique on bottle gourd for
improving  cucumber  growth  and
productivity.
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