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ABSTRACT

_Grafting has become popular especiaily in fruit bearing vegetables
grown in greenhouses. Grafted seedlings are used commonly in commercial
vegetable culture in many countries,

The experiment was conducted in the experimental farm of the
Faculty of Agriculture, Kafr El-Sheikh, during the winter seasons of
1998/1999 and 1999/2000, on cucumber plants cv "Nile F1”, Seedlings
were grafted ontc Squash, Pumpkin 1, Pumpkin 2, Bottel gourd, Fig leaf -
gourd, NCSU cucumber sumter rootstocks, and without grafting as controf,
under plastic tunnels.

The results indicated that grafting cucumber onto Fig leaf gourd
(Cucurbita ficifolia) mostly increased vegetative growth and growth
attribute values.

The highest values in early and total fruit yield/m? were obtained from
Fig leaf gourd as rootstock. The increment in the total fruit yield vaned
between 86-]02% than the control.

INTRODUCTION

Cucumber (Cucumis sativus L.) is a favorite vegetable crop in Egypt.
It is used as a salad and pickle. It occupied about 4931 and 4886 hectare in
winter season of 1999 and 2000, which yielded 97232 and 76968 tons,
respectively. '

Within the last years, cucumber has become the main crop in
greenhouses in Egypt, due to the higher production and monetar: returns,
Cucumber is a warm season vegetable. The best growth is obtained at
temperatures between 18°C and 24°C. The faster growth and higher yield
are resulted during the spring, compared to those plants sown during the
cold months (Benzioni et al., 1991). In Egypt, cucumber production under -
such conditions is usually low, hence, more expensive.

There are some problems which may face cucumber production in
plastic greenhouses such as soil borne diseases, soil salinity, and excessive
low temperature in winter even under plastic cover.



55- 2™ Inter. Conf. Hort, Sci., 10-12 Sept. 2002, Kafr El-Sheikii, Tanta Univ., Egypt.

Grafting has many benefits to plants grown in greenhouses, such as
increasing tolerance to low temperature (Liebig, 1984), tolerance to soil -
salinity (Matsubara, 1989), and resistance to soil borne diseases (Oda,
1995). Grafted seedlings therefore, are used commonly in commercial
vegetable culture in some countries such as Korea and Japan, both in
outdoor and in greenhouses, (Kurata, 1994).

MATERALS AND METHODS

The experiment was carried out in the Experimental Farm of the
Faculty of Agriculture, Kafr EL-Sheikh, Tanta university, using cucumber
(Cucumis sativus L.), cv Nile hybrid plants, during the winter seasons of
1998/1999 and 1999/2000.

Tongue approach grafting method was used according to Wittwer and
Honma (1979) and Yamakawa (1982) as follows:

Day(1): Hybrid cucumber seeds weie sown into seedling trays under
plastic. _

Day(7): Rootstock seeds were sown into seedling trays under plastic.

Day(14-16): Grafiing was performed. Rootstock and scion seedlings were
taken off from the seedling trays. Downward (rootstock) and
upwird (scion) incision was made with a razor blade, The lips of
the incision were placed into each other and ciipped. After -
grafting, the plants were potted together under plastic and shade
netting.

Day(16-20):Plastic cover was displaced dally for some hours, but the shade _
-net was kept over the plants.

Day(21) :The top of the rootstock was cut.
Day(28:(Seedlings of grafted plants were. tran5planted under plastlc

Day(35:(Plants were vertically fixed with a robe to the horizontal wires.
Then, the lower part of cucumber hybrid plant (scion) was cui
below grafting position . = o

Treatments used

The experiment included 7 treatments. Cucumber cv Nile hybrid,
seedlings were grafted onto different rootstocks. They could be illustrated as .
follows:

- Cucumber onto Squash................ (Cucurbita pepo)
- Cucumber onto Pumpkin 1I........... (Cucurbita moschata)
- Cucumber onto Pumpkin 2........... (Cucurbita maxima)
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- Cucumber onto Bottle gourd....... ..(Lagenaria siceraria)
- Cucumber onto Fig leaf gourd........ (Cucurbita ficifolia)
- Cucumber onto NCSU cucumber sumter

- Cucumber seedling without grafting.(Control)

Cucumber, Nile hybrid, seeds were sown on October 13™ in the first
season and October 3" in the second one. Seedlings were transplanted under
plastic 'on November 10™ (first season) and November 2 2n (second season).

Data recorded '

Vegetative growth characters were recorded at 45, 60, and 75 days
after transplanting. Samples of 5 plants were randomly chosen from each
experimental unit to determine the following characters: stem length (cm),
plant leaf area (cm?) and fresh weight of leaves.

Growth attribute characters as Crop Growth Rate (CGR), Relative
Growth Rate (RGR) and Net Assimilation Rate (NAR) were determined
using the dry weight of the shoot and leaf areca per plant. They were
determined in samples of 2 plants randomly chosen frorn each .plot at the
given dates.

Growth attributes were computed at two stages (0- 8 and 8-10 \-\r\.\.«kS '
after transplanting) according to Watson (1952), Watson (1958). and
Radford (1967). '

Crop Growth Rate (CGR) was determined by the equation
CGR=W2-W /T>-T; ,
Relative Growth Rate (RGR) was determined by the equation
RGR=Log .W,-Log ,W,/T2 - Tl
Net Assimilation Rate (NAR) was determined by the equation
NAR= (W-W)(Log . Ax-Log . A1)/H{A2-Ay) (T2~ T))

Where: W1, A and W, A; refer to dry weight and leaf area at the time T,
and T, in weeks, respectively.

Data of fruit yield included early and total yield. Early fruit yield
was determined as weight (Kg) and number of fruits per square meter. It .
was determined on base of yield of the first 4 pickings. Total fruit yield was
determined as weight (Kg) and number of fruits per square meter of all
pickings,

Fruit characteristics included average of fruit weight (g), length (cm),
and total soluble solids perceniage. Total soluble solids (TSS %) were
determined in fruit juice by a hand refractometer according to A.O.A.C.
(1965).
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Fruit characteristics were determined in fruits picked in the same day
(which its flowers were previously labeled at the same opening day).

Dry matter samples of the fifth leaf from the plant growing tip were
dried at 70 °C. The crude dry materials were wet digested with sulphoric
acid and hydrogen peroxide mixture as described by Koch and Mc Meeking
(1524) to determine the following constituents: '

-Total nitrogen: was determined in the digestion product using the micro
Kjeldahl method (Piper. 1947).

-Total phosphorus: was colourimetrically estimated using a spectrophotometer
at 650 pm (Murphy and Riely. 1962).

-Total potassium: was determined using a flame photometer as described by
Jackson (1967).

Experimental design and statistical analysis:

The treatments were arranged in complete randomize block design
with 3 replications. Data were tested by analysis of variance (Little and ~
Hills, 1972). Duncan's multiple range test (DMRT) was used for the
comparisons among treatments means (Duncan, 1955).

RESULTS AND DISCUSSION

The resuits are introduced to clarify the effect of 'grafting cucumber
plants, onto 6 different rootstocks, in comparison w1th control (non—graﬁed )
cucumber). '

Vegetative growth :

Data on vegetative growth parameters are presented in Table (1) and
Fig. (1). Concerning stem length, data show that plants grafted onto fig leaf -
gourd (C. ficifolia) and bottle gourd (Lagenaria siceraria) rootstocks had, in
general, the highest values at the different growth stages (45, 60, and 75
days after transplanting) compared with the other rootstocks. On the other
hand, cucumber plants without grafting (control) had the lowest values.

Concerning plant leaf area and leaves fresh weight, data indicate that .
plants grafied onto fig leaf gourd had the highest values at all growth stages
" in both seasons, followed by those grafted onto bottle gourd and NCSU
cucumber: sumter, while the lowest values were obtained from non-grafied
cucumber {control).

It is clear from the above menticned data that plants graﬁed onto all
rootstocks had higher values for all vegetative growth parameters compared
to control. This may be due to that grafted plants can absorb more water and
nutrients than non-grafied plants (Masuda and Gomi, 1984). Also grafied plants
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Table 1. Effect of grafting cucumber plants, onto different rootstocks, on vegetative growth parameters in 1998/1999 and
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1999/2000 seasons, ' :
Treatments Stem length Plant leaf area Leaves fresh wt./plant
(Rootstocks) (cm) {em?) (g
Stages (days after transplanting).
45 [ 60 [ 75 | 45 [ 60 [ 75 | 45 [ 60 [ 75
1998/1999 season
- Squash 928c | 1495¢c [1603e2393dj 2721d {3033d | 794¢c [ 1124e|119.8d
- Pumpkin 1 (C. moschata) ' 953c¢c | 151.0c {161.8de! 2232 2563f | 2893 f 1.783cd | 1149d | 1174 ¢
- Pumpkin 2 (C. maxima) 97.0b | 145.0c | 162.7d|2339e| 2575e | 2900e | 76.5d | !12.1e| 1147
-Bottle gourd 97.2b | 170.8a [ 1855b[2658b( 2913¢c | 3710b | 86.5b [ 1340b | 150.7b
-Fig leaf gourd 99.7a | 1652b 11929a|2780a| 3001 a | 3970a | 88.9a | 13852 | 163.7a
-NCSU cucumber sumter _ 940c | 123.7d [ 168.1¢12503¢| 2956b | 3572¢c | 86.2b | 1299c ! 1459¢
] .:Non-ggﬂed cucmnber&bntr.ol)l 86.0d 121,74 . 1457 F 2011 g 2305 g 2588 g 672e 96.4 f 104.8 g
| | 1999/2000 season

- Squash 90.9¢ | 158.7bc | 165.7d |2468d| 2693d | 3141d | 753¢c | 1151d1121.6¢
- Pumpkin 1 (C. moschata) | 95.7d | 145.04d | 1547F(2070 €| 2132 | 2658f | 72.7¢ | 105.1f ]| 111.6e
- Pumpkin 2 (C. maxima) 98.7c | 135.7¢ | 1605¢12368¢| 2467¢ | 3038e | 74.6¢c | 1125¢|118.6d
-Bottle gourd 97.7¢c { 1733 a | 187.7a (2550 ¢ | 2881 c | 4042b | 90.6b | 131.1c|156.4b
-Fig leaf gourd 1043b| 162.7b | 180.0Db ;2806 b | 3055b | 418%a | 95.7a | 135.8a] 167.2a
- NCSU cucumber sumter 1068a | 1379¢ | 1794c¢12854a| 3472a | 3903c | 91.1b | 1344b|156.2b
-Non-grafted cucumber (control) | 823 ¢ | 131.7f | 1498 [1979g] 2099 ¢ | 2415 683d | 93.9¢g | 103.0f

Means separation within columns and seasons by DMRT test, P< 0,05,
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Fig. 1. Vegetative growth parameters of cucumber plants at different growth  stages (45. 60 and
75 days after transplanting). as affected by plant grafting in 1998/1599 and 1999 2000

can grow better than non-grafted plants under.high soil salinity (Matsubara,
1989), low soil temperature (Nijs et al., 1983) or soil borne disease
existence (Lee, 1989). It is obvious from the data (Table 1) that tig leaf

gourd (C. ficifolia) rootstock surpassed all other rootstocks in stimulating -

vegetative growth. This result coincided with that previously reported by
Nijs (1980). Early work indicated that flow velocity of water transport per
leaf area of grafted plants onto C. ficifolia was twice as high as that of non-
grafted plants, indicating a higher activity of root system of the rootstock
(Nijs et al., 1983 and Itai and Birnbaum, 1991).
Growth atiributes ‘

Data on growth attributes presented in Table (2) show that grafted
plants onto fig leaf gourd had significantly the highest CGR compared to the
other treatments at the two growth stages (6-8 and 8-10 weeks after

transplanting) in both seasons. The lowest CGR values were obtained from

grafted plants onto bottle gourd at the first stage in the first season and from
the control treatment at the second stage in the first season and both stages
in the second season.
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Table 2. Effect of grafting cucumber plants, onto different rootstocks. on growth attributes
at 2 stages” of vegetative growth in 1998/1999 and 1999/2000 seasons.

Treatments Crop growth rate | Relative growth rate | Net assimilation
{Rootstocks) (g/m*fweek) (g/gfweek) rate (g/m/week)
Stage (week)
68 | 810 ] 68 | 810 | 68 | 810
1998/1999 scason
- Squash 536b |[1063e] 0.150bc | 0207f [836bc| 1381f
- Pumpkin L(C. moschata) 413d {1086e] 0.117d | 0.129¢ | 5683d | 16.10¢
- Pumpkin 2 (C. maxima) 388¢ |1534d] 0.11td | 0291¢c | 622d | 22.48¢
-Bottle gourd 263f {2283b| 0.059¢ | 0.339a | 3.76e | 20.12d
-Fig leaf gourd 8.75a [26.57a| 0.172a | 0.317b {12132 30.70a
- NCSU cucumber sumter 532b |2068c| 0.143¢c | 0.338a | 8.76b |. 29.10b
-Non-grafted cucumber (control) | 426, | 938e| 0.155b. ] 02314 | 7.84¢ | 15387
) ) 1999/2000 scason

- Squash 6.28bc | 16.60c| 0.158¢c | 0270c | 9.88¢c | 22.77¢
- Pumpkin 1(C. moschata) 5.18d | 895¢ | 0.155¢ | 0:190d [965cd| t5.52d
= Pumpkin 2 (C. maxima) 671b [1051d| 0.184b { 0.197d [11.15b] 1534d
-Bottle gourd 6.02c |2566a] 0138d | 0353a | 8.82d | 29.85a
-Fig leaf gourd 961a |2583a| 0202a | 0316b | 13.15a| 2836b
= NCSU cucumber sumter 6.30bc [ 18.45b| 0.174b | 0.307b [9.05cd | 23.01¢
-Non-grafted cucumber (control} | 326 | 690f | 0.108¢ | 0.i71¢ | 6.36¢ | 12.28¢

@'Stages are defined as 2 successive periods of 2 weeks (as weeks afier transplanting).
Means separation within columns and seasons by DMRT test, p< 0.05
Concerning, RGR and NAR, data show that, at the first stage of
vegetative growth, grafted plants onto fig leaf gourd had the highest values
compared to other treatments in both seasons. The lowest values were
obtained from those grafted onto bottle gourd at the first season and non-
grafted plants (control) in the second one. At the second stage. grafied
plants onto fig leaf gourd ard bottle gourd had the highest values compared
‘to other treatments, while the lowest values were obtained from grafted
plants onto squash rootstocks in the first season and non-grafied plants
(control) in the second one. The differences were significant in most cases.

It is clear from the data that grafting cucumber onto fig lcaf gourd
mostly increased growth attributes values. This may be attributed to the
increases in leaf area and leaves dry weight per plant at both growth stages.
This response may also be due to that fig leaf gourd roots can absorb water
and nutrients more efficiently than cucumber roots (Nijs et al., 1983 and
Masuda and Gomi, 1984). This increase in absorption was correlated with
the increased cytochrome respiration rate coupled with oxidative
phosphorylation in the cytochrome system (Lee, 1994) and that positively
affected the growth attributes.

Fruit yield :
Data in Table (3) and Fig. (2) indicate that early fruit yield as weight
and number of fruiis per m® was significantly affected by grafting onto
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different rootstocks. The highest values were obiained from grafted plants
onto fig leaf gourd, followed mostly by those grafted onto NCSU cucumber
sumter. On the other hand, the lowest values were obtained from control
(non-grafted plants).

Table 3. Effect of grafting cucumber plants, onto different rootstocks, on fruit yield in
1998/1999 and 1999/2000 seasons.

Treatments Early fruit yield Total fruit yield
(Rootstocks) Wt. of fruit No. of Wt. of fruit No. of
: (Kg) Fruits (Kg) Fruits
1998/1999
- Squash 0.569 ¢ 6.38 ¢ 3.77¢ 4183 ¢
- Pumpkin 1 (C. moschata) 0.312 de 3.57f 3.25de 36.08d
- Pumpkin 2 (C. maxima) 0.377d 440 ¢ 3.66 cd 40.58 ¢
-Bottle gourd 0.512¢ 544 d 479b 47.92b
-Fig leaf gourd 1.059a 11.32a 5442 | 5442a
- NCSU cucumber sumter 0.70b 9.3 b 278 f 34.84d
-Non-grafted cucumber (control) | 237 280 g " 29tef 33.56 d
' 1999/260¢
- Squash 0.596 b 6.88 ¢ 254 3946¢c
- Pumpkin 1t (C. moschata) 0.378d 438 de 3.34¢ 37.04d
- Pumpkin 2 (C. maxima) 0.369 d 415e 3.36¢ 37.33d
-Bottle gourd 0.464 ¢ 488 d - 4.69b 46.80 b
-Fig leaf gourd 0975a 10.20 a 527a 50.13 a
- NCSU cucumber sumter 0.579a 7.60 b 281d 34.20e
-Non-grafted cucumber (control) |  0.284 ¢ 3.35f 2.60d 32.58F

Means separation within columns and seasons by DMRT test, p< 0.05.

The increase in early fruit yield of grafted plants onto fig leaf gourd
compared with other treatments may be attributed to the higher vegetative
growth parameters (Table 1, Fig. 1) induced by such treatment.

Data in Table (3) and Fig. (3) show that total fruit yield as weight and
number of fruits per m’ was significantly affected by grafting onto different
rootstocks. Grafted plants onto fig leaf gourd had the highest values in all
cases. Grafted plants onto bottle gourd came in the second array among
other treatments, while control (non-grafted cucumber) had mostly the
lowest values in both seasons,
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Fig "2, Early fruit yield of cucumber plants as affected by grafting cucumber (onto
different rootstocks) in 1998/1999 and 1999/2000 seasons.
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Fig. 3. Total fruit yield of cucumber plants as affected by grafting cucumber (onto
different rootstocks) in 1998/1999 and 1999/2000 seasons.
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Fruit characteristics

The increase in total yield in grafted cucumber plants onto fig leaf
gourd is mainly due to the consequent higher vegetative growth (Table 1);
also the increase of net assimilation rate (NAR) values which was a limiting
factor to the yield (Watson, 1958). On the other hand, root death in
cucumber at the onset of harvesting caused by competition for assimilates
between fruits and roots could be prevented by grafting cucumber onto fig
leaf gourd (Vlugt, 1986).

Data on fruit weight show that grafted plants onto bottle gourd had the
highest values, followed by those grafted onto fig leaf gourd, while the
lowest values ‘were obtained from grafted plants onto NCSU cucumber
sumter.

Concerning fruit length, grafted plants onto bottle gourd had
significantly the highest values, followed by those grafted onto fig leaf
gourd, while grafted plants onto pumpkin 1 (C. moachara) had the lowest
values.

Table 4. Effect of grafting cucumber plants, onto different rootstocks, on fruit
characteristics in1998/1999 and 1999/2000 seasons.

Fruit characteristics Some leaf chemical
contents
Treatments Fruit Fruit TSS '
- | weight | Length '(;% ) N% P% | K%
@ (cm)
, 1998/1999 .
- Squash 887c¢ | 123bed | 7.5a | 3.56cd | 047d [42b
- Pumpkin 1 {C. moschata) 900b 11.3d {59bc | 340e | 053¢ | 52a
- Pumpkin 2 (C_ maxima) 88.6¢ 12.7 abc 59bc{ 3.45de 0.55¢ 3.5¢
-Bottle gourd _ 98.5a 13.5a {58bc| 3.78b | 0.68a |43Db
-Fig leaf gourd 97.7 a 133 ab 6.0b { 4.17a 0.63b | 5.7a
- NCSU cucumber sumter 79.1e | 127abc | 47d | 3.60¢ 061b | 56a
-Non-grafted cucumber (control) 83.5d 12.0 cd 57c¢ 1 333e | 043e 14.5Db
1999/2060
- Squash ’ 8944d 124c¢ 7.3a | 3.50a | 0.39c {6.7ab
- Pumpkin 1 (C. moschata) 90.8¢c 113e |58bc| 336a | 0.39¢ |68a
- Pumpkin 2 (C. maxima) | 90.1 cd 127bc } 58bc | 3.50b | 038c |5.5d
-Boitle gourd 99.2a 134a |[58bc|3.70ab | 0.70a |54d
-Fig leaf gourd 9730 [32ab | 6.0b | 4.10a [063ab |62¢c
- NCSU cucumber sumter 31.7f 11.8de | 45d | 3.20b | 0.60b [64bc
-Non-grafted cucumber (control} 84.1e 122¢d | 58c | 3.40b | 035¢ | 4.0e

Means separation within columns and seasons by DMRT test, p< 0.05.
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Data on TSS% indicate that grafted plants onto squash had
significantly the highest TSS% compared with other treatments, followed by
those grafted onto fig leaf gourd. While the lowest values were obtained
from grafted plants onto NCSU cucumber sumter. '

The enhancement in fruit characteristics with different rootstocks may
be due to the differences in the effectiveness of their root systems, or in the
interaction between root and shoot (Nijs, 1980; Zijistra et al., 1994); hence,
that may lead to variable ability of mineral uptake.

Chemical analysis

Chemical analysis comprises the contents of nitrogen (N), phosphorus
(P) and potassium (K) as percentage of leaves dry weight. Data are
presented in Table (46).

Cucumber plants grafted onto fig leaf gourd had higher N% values
followed by grafted plants onto bottle gourd. However the differences were
not statistically significant in the second season.

Data on P indicate that plants grafted onto bottle gourd rootstock had
significantly higher P content compared to the other treatments in both
scasons. It was followed by those grafted onto fig leaf gourd, while nowi- -
grafted plants (control) had the lowest P content. :

Concerning K%, data show that it was significantly affected by the
rootstock treatments in both seasons, but no constant responses were found
in the 2 seasons.

The higher values of mineral contents in grafted plants onto different
rootstocks may be attributed to the vigorous root system of rootstocks which
is often capable of absorbing water and nutrients such as N, P, K, Mg, Mn,
and Cu more efficiently than cucumber roots (Nijs. 1984; Masuda and
Gomi, 1984; Kim and Lee, 1989). .
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