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ABSTRACT

This study was carried out at Kaha Farm of Horticultural Research Institute,
Kaluobia Governorate during the two successive winter seasons of 1998/1999 and
1999/2000. to study the effect of cutting frequency ; i.e. without cutting, one cut and
two cuts and gibberellic acid at 0,50 and 100 ppm, as well as their interaction on
growth parameter, photosynthetic pigments (Total chioropyll content), flowering
characteristics, seed yield and its components, in addition to germination characters
of Rocket cv. Balady. Obtained resuits could be summarized as follows :

1- Cutting frequency caused significant increases in number of leaves, number of
main branches, number of seed per pod, seed yield per fed. and seed index. On
the other hand, contra results were obtained by cutting frequency with leaf area,
chiorophyll content, and, seed-stalk height. These treatments delayed flowering
and minimized significantly the number of days needed for germination while
germination percentage and seedling length of the produced seed were not
significantly affected by number of cuts. The maximum in increases in seed yield
were obtained by one cut treatment. Such increases were 21.6 and 23.4%
comparing with the control in the first and second seasons, respectively.

2- Spraying plants with GAa produced higher number of leaves/piant and chlorophyli
content of leaves. Similar trend of response was noticed concerning leaf area,
number of main branches, seed yield and its components as well as seedling
length were significantly increased by these treatment comparing with the control.
On the other hand, GA; reduced seed stalk height and favored early flowering but
had no significant effect on germination percentage and germination rate of the
produced seeds. The maximum increases in seed yield was obtained by 100 ppm
GA: treatment, the percentage increases were 27.2 and 33.9% comparing with the
control in the first and second seasons, respectively.

3- The interaction between cutting frequency and GAstreatments had no significant
effect on growth parameters, chlorophyll content, flowering date and germination
rate, while this effect was significant concerning seed-stalk height, number of
main branches, seed yield and its components and seedling length, of the
produced seeds :

It could be concluded that cutting roquette plants once interacting with spraying
with 100 ppm GA3 was found to be the best treatment for the production of high dry
seed yield, such treatment could be recommended.

INTRODUCTION

Roqguette or Rocket (Eruca sativa) is considered as one of the important
leafy vegetable in Egypt. It cultivated for its leaves which were eaten fresh
and also for its seeds. It is a rich source of vitamin A content, Calcium,
phosphorus, lodine, lron, protein, carbohydrates, fats, and vitamin C. The
Arabs knew this crop and its importance for man healthy. There are
numerous factors affecting the plant productivity and seed yield as well as
seed quality. Among, these factors were cutting frequency and foliar spray
with GA;.
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With regard to the effect of cutting frequency on leafy vegetable crops, it
was noticed that plants responded positively to cutting frequency. El-
Dessoky, (2003) found that, number of rocket leaves was increased, while
leaf area and chlorophyll content were decreased with increasing the
number of cutting. On the other hand, El-Sherbeny and Hussein (1993),
found that chlorophyll contents increased gradually from the 1* to the 3" cut
but showed no clear trend in some umbellieferae plants. Many investigators
pointed out that, number of branches, number of seed per pod, seed index,
seed yield and germination percentage were significantly increased by the
cutting frequency up to two cuts (Singh and Gill 1983, Jehangir et al. 1994;
Anisa et al. 1997 working on spinach; El-Assiouty and Amer, 1997 on Jew's
mallow). On the other hand, El-Lithy et al. (1998) illustrated that no
significant difference was noticed between cutting and without cutting of the
spinach plants for seed index, seed yield and germination percentage.

Gibberellin was found to improve vegetative growth such as number of
leaves and leaf area and to total chiorophyii content. Gibberellin supply also
promote floral-bud initiation, favoure early flowering, and increase number of
branches, seed yield and its components and improve germination
characteristics. Many investigators mentioned the favorable effect of GA; on
growth parameters, photosynthetic pigment, flowering characteristics, seed
yield and its components and germination of some vegetable crops. i.e.
Omran et al. (1973), Sadek (1976); Abo-Sedera (1981); El-Gizawy et al
(1992); El-Lithy et al. (1998), Kamuro et al.(2001) on spinach, Ei-Assiouty
(1983) on bean, Ghimire etal. (1991)on cabbage, Tie & Ciriciofolo (1991),
Miccolis et al. (1993), Kochankov et al. (1996) and Lovato et al. (2000) on
lettuce.

With respect to the effect of interaction between cutting and GA;
treatments, El-Lithy et al. (1998) on spinach stated that, no significant effects
were noticed on seed index and seed germination.

The aim of this investigation is to study the effect of cutting frequency,
foliar spray with GA; and its interaction on seed yield and quality of rocket
plants. .

MATERIALS AND METHODS

The present study was conducted at Kaha Farm of Horticuitural
Research Institute, Kalubia Governorate. Two field experiments were carried
out during the two successive winter seasons 1998 / 1999 and 1999 / 2600
to study the effect of cutting Frequency and foliar spraying with GA; on seed
production of Rocket (Eruca sativa) cv. Balady. A split plot design with four
replications was used in both experiments. Main plots were devoted for
cutting frequency, while sub-plots represented GA; treatments.

Each experiment included 9 treatments which were the combination of
three treatments of cutting i.e., without cutting, one cutand two cuts and
three concentrations of GA, were, 0, 50 and 100 ppm.
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The sub plot area was 10.8 m It consisted of four ridges, each 4.5 m
long and 60 cm width. Seed of rocket were sown on one side, on November
3" and 9" in the first and second seasons, respectively.

The plants were cutting twice, the first cutting was 50 days from seed
sowing, whereas the second cut was taken four weeks after the first one.
Foliar spray of GA; treatments were done twice, the first spray was 14 days
after the first cut and the second spray was 10 days after the second cut. All
agricultural practices were carried out and follow ordinary as in field.

Studied characters
Samples of 5§ plants were taken from each plot to record the following
characteristics :
1- Growth parameters
1.1. Number of leaves per plant.
1.2. Leaf area : was calculated according to the following formula :

Leaf area (cm?) = Fresh weight of leaves X leaf area of disks (cm?)
Fresh weight of disks

2- Photo synthetic pigments (mg/100mg fresh weight) in leaves :
Chiorophyll a , b and (a + b) in fresh leaves were determined according
to the method advocated by Brougham (1960).
At flowering and seed harvest stages, the following data were recorded.

3- Flowering characteristics

3.1. Flowering date : calculated as days from sowing date to the first
flower appearance.

3.2. Seed-stalk height (cm.).

3.3. Number of main branches per plant.

4- Seed yield and its components

4.1. No. of seed per pod.
42 Seedyield (Kg/fed.).
4.3. Seed index (weight of 1000 seed) in gram.

5- Germination characters
5.1. Germination percentage: According to the International Rules of
(ISTA), 1993.
5.2. Germination rate was calculated according to Edmond and
Drapala (1958). Mean number of days required for germination.
= (GyXN)+G XN+ ... G, X N,
Gi+Gpt .o, G,

Where :
G = Number of germinated seed in certain day
N = Number of this certain day.
§.3. Seedling length (cm) was calculated (7) days after germination of
the produced seed. '
All obtained data were statistically analyzed according to
Snedecor and Cochran (1980).
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RESULTS AND DISCUSSION

A. Effect of cutting frequency
A.l. Growth parameters

Data presented in Table (1) exhibited significant increase in number of
leaves per plant by the cutting frequency treatments. This trend was
significant during both growing seasons of the investigation. The maximum
increase was produced by the two cuts treatment. On the other hand, contra
results were obtained by cutting frequency on leaf area, as one and two cut
treatments caused a significant decrease in such character. Obtained
results are in accordance with those found by El-Dessoky (2003) on
roquette, who reported that number of leaves produced per plant was
significantly increased while leaf area was significantly decreased using 2
cuts treatment comparing with the one cut one.

Table (1) : Number of leaves and leaf area as affected by cutting
frequency and spraying with GA, during the seasons of
1998/1999 and 1999/2000.

Season’ 1998 / 1999 1999 / 2000
No. of leaves Leafarea |[No. of leaves per Leaf area

Zr::it'r’nen&s As per plan Cm; plan Cm;
ithout 7.6 79.7 8.6 81.9
ne 9.6 74.2 10.6 76.2
WO 10.7 72.5 12.1 73.2
L.S.D 5% 0.74 1.5 1.03 0.57
0 8.0 72.5 8.9 73.8

50 8.9 75.7 103 77.5

100 11.1 78.1 12.1 79.9

S.D 5% 0.78 2.05 0.95 1.47
ithout 0 6.5 75.6 7.4 77.2
50 71 80.5 9.2 83.2

100 9.2 83.1 10.3 85.2

One 0 8.4 721 9.2 74.3
50 9.5 74.3 10.2 76.2

100 11.1 76.2 12.4 78.1

0 9.1 69.8 10.3 70.2

Two 50 10.3 725 12,5 733
100 12.9 75.1 13.7 76.2

S.D 5% NS NS NS NS

A.2. Photosynthetic pigments

Data illustrated in Table (2) show that, all estimated photosynthetic
pigments i.e. chlorophyll a, b and Total (a + b) in fresh leaves were
significantly decreased by cutting frequency up to the two cuts treatment in
both seasons. In this respect, EI-Sherbeny and Hussein (1993), found that
chiorophyll contents increased gradually from the 1% to the 3" cut in
Petroselinum sativun but showed no clear trend in Coriandrum sativum
and Anethum graveolens. On the other hand, El-Dessoky (2003), on
roquette, indicated that chlorophyll a and b were significantly decreased
with increasing the number of cutting, this result was similar with those in
Table (2).

8 272



J. Agric. Sci. Mansoura Univ., 28(12), December,2003

Table (2) : Chlorophyll a, b and total as affected by cutting frequency
and spraying with GA, (mg/100 g fresh weight of leaves)
during the seasons of 1998/1999 and 1999/2000.

1998 /1999 1999 / 2000
Season
IChiorophyll
rreatments Chlorophyll Ch'OfSth“ :c:tabl cmor:phyu bP y :citabl
Cutting  GA; ppm a
Without|  25.0 9.4 344 265 102 36.7
One| 222 8.4 30.6 236 9.1 327
Two| 18.4 7.2 25.6 221 8.5 306
LSD 5% 0.88 0.15 0.65 1.30 0.41 1.98
0 18.6 73 25.9 211 83 29.4
50 219 8.3 30.2 24.6 9.3 33.9
100 25.1 7.2 32.3 26.6 10.3 36.9
L.S.D 5% 1.47 0.54 143 1.34 0.62 1.38
0 21.2 8.5 29.7 231 9.3 324
Without 50 25.3 9.3 34.6 273 10.1 37.4
100 28.4 104 38.8 29.1 1.3 40.4
0 19.1 7.3 26.4 20.5 8.1 286
One 50 22.5 8.5 31.0 243 9.3 336
100 25.1 9.6 347 26.1 10.0 36.1
0 15.5 6.1 21.6 19.7 7.5 27.2
Two 50 17.9 7.2 25.1 223 8.6 309
100 21.8 8.4 30.2 24.5 9.6 34.1
L.S.D 5% NS NS NS NS NS NS

A.3. Flowering characteristics

The results reported in Table (3) indicate that, number of days required
from sowing to the anthesis of 1* flower (flowering date) was significantly
increased by using cutting frequency compared with the untreated plants
(without cutting). The highest value was obtained by the two cuts treatment
in both seasons. The delaying of flowering may be due to that treated plants
with cutting require longer period of time from seed sowing to grow then to
flower than untreated plants.

Regarding the effect of cutling frequency, on seed-stalk height and
number of the main branches, it is obvious from data at Table (3), that such
treatment significantly reduced seed-stalk height, whereas number of
branches were significantly increased by cutting frequency. The shortest
plants and the highest number of branches were obtained by the two cuts
treatment compared with the other treatments in both seasons. Similar
finding were obtained by Anisa et. al. (1997) on spinach and El-Assiouty &
Amer (1997) on Jew’s mallow.

A.4 . Seed yield and its components

it is clear from data in Table (4)that, seed yield per feddan and seed
index (1000-seed weight)., were significantly increased by the application of
cutting frequency in both seasons. On the other hand, number of seed per
pod was not significantly affected in the first season and it was significantly
increased up to one cut in the second one. The maximum increases in seed
yield were produced by one cut in the two seasons of study. The increases
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were 21.6 and 23.4% over untreated plants in the first and second seasons
respectively. Similar results were obtained by Singh & Gill (1983); Jehangir
et al. (1994); Anisa et al. (1997), working on beet spinach and spinach and
El-Assiouty & Amer (1997) on Jew's mallow. They found that, the highest
seed yield was obtained from plants cut once or twice. On the other hand,
Verma et al. (1992) pointed out that, leaf cutting in beet spinach (Beta
vulgaris L) caused a dramatic reduction in seed yield with each successive

cutting.

Table (3) : Flowering date, seed-stalk height and number of branches
as affected by cutting frequency and spraying with GA;
during the seasons of 1998/1999 and 1999/2000.

Season I 1998 /1999 - 1999 / 2000
Flowering | Seed-stalk | No.of [Flowering | Seed-stalk | No.of
Treatments date height |branches | date height  |branches
Cutting GA;ppm | (days) Cm {days) Cm
Without 56 152.0 43 58.0 153.8 43
One 65 143.0 6.0 66.0 152.9 73
Two | 102.6 124.7 6.3 104.6 136.4 6.0
LS.D 5% 0.66 3.17 0.11 0.94 4.37 0.09
0 76.6 152.2 46 78.3 153.3 5.4
50 74.6 136.7 55 76.3 147.6 5.6
100 72.3 130.8 6.5 74.0 1423 6.8
S.D 5% 0.82 2.53 0.19 0.80 2.46 0.14
0 58 159.5 35 60.0 163.8 40
Without 50 56 152.0 40 58.0 152.5 4.0
100 54 144.5 55 56.0 145.2 5.0
0 67 153.0 50 68.0 156.3 6.0
One 50 65 139.0 6.0 66.0 153.8 6.0
100 63 137.0 7.0 64.0 148.8 6.0
o] 105 144.0 55 107.0 139.8 6.3
Two 50 103 119.0 6.5 105.0 136.6 LG.B
100 100 111.0 7.0 102.0 132.8 8.8
L.S.D 5% NS 4.39 0.33 NS 427 | 0.2

Accordingly, it could be concluded that the highest seed yield per feddan
which produced from cutting leaves once may be attributed to its higher
number of branches and seed per pod, also the heaviest weight of seed
(seed index).

A.5. Germination characters

As shown in Table (5), germination percentage and seediing length of
the produced seed were not significantly affected by number of cuts (cutting
frequency) in both seasons except seedling length in the first season, where
this character was significantly increased, producing the highest value by
two cuts. On the other hand, two cuts treatment minimized significantly the
number of days needed for germination, i.e. increased the rate of
germination in both seasons. In this respect, Jehangir et al. (1994) and
Anisa et al. 1997, working on spinach, found that cutting leaves once or
twice gave the highest value of seed quality (measured as germination
percentage).
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Table (4) : Seed yield components as affected by cutting frequency and
spraying with GA, during the seasons of 1998/1999 and

1999/2000.
1998/ 1999 1999 / 2000
Season N -

0. of Seed yield | Wt of No. of F Seed Wt. of
Seed Kg / fed. 1000 seed yleld Kg 1000

gft:it:;entss A ppm per pod st;ed per pod . I fed. seed g.
Without 18.2 192.1 1.8 19.2 202.7 1.85
One 18.2 237.0 1.95 200 246.4 1.98
Two 17.5 212.1 1.94 17.2 230.7 1.93
L.S.D 5% NS 3.2 0.03 0.66 1.9 0.05
o] 16.3 191.1 1.76 16.7 196.8 1.73
50 18.5 207.1 1.97 18.0 219.5 1.95
100 20.0 243.0 2.08 20.7 283.5 2.08
L.S.D 5% 0.93 5.2 0.08 0.97 3.7 0.06
0 17.5 180.9 1.85 18.0 190.0 1.80
Without 50 18.0 194.3 1.87 19.0 200.1 1.85
100 19.0 201.1 1.95 20.5 218.0 1.90
0 15.5 1943 1.50 18.0 210.0 1.60
One 50 18.0 226.8 205 20.0 230.0 2.00
100 21.0 289.8 2.30 220 299.3 2.35
0 13.0 198.0 1.92 14.0 190.5 1.80
Two 50 19.5 200.1 1.93 18.0 228.4 2.00
100 20.0 238.2 1.98 19.5 273.1 2.00
L.S.D 5% 1.6 9.1 0.01 NS 6.3 0.01

Table (5) : Seed quality as affected by cutting frequency and spraying
with GA, during the seasons of 1998/1999 and 1999/2000.

Season 1998 7 1999 1999 / 2000
Germination |Seedling rmination | Seedling
reatments Gorm.l/r.\atIon speed length Germ;z ation rate length
utting GAj; pom (days) Cm. {days) cm.
Without 97.0 3.10 7.2 97.0 3.20 75
One 96.0 3.20 7.4 96.0 3.20 74
Two 96.0 3.00 7.8 95.7 3.10 7.3
L.S.D 5% NS 0.08 0.12 NS 0.07 NS
0 86.0 3.1 7.2 96.3 32 7.4
50 97.0 3.1 7.8 97.0 3.2 7.7
100 87.0 3.1 7.2 95.3 3.2 7.1
L.S.D 5% NS NS 0.22 NS NS 0.22
0 96.0 3.0 7.1 97.0 33 75
Without 50 99.0 33 76 99.0 32 77
100 6.0 3.0 8.8 95.0 3.2 73
0 96.0 3.0 7.2 96.0 3.1 75
One 50 96.0 3.0 8.0 98.0 33 8.0
100 86.0 33 6.9 96.0 33 6.7
Q 8.0 a3 75 8.0 31 7.2
Two 50 96.0 3.1 7.8 96.0 3.2 74
100 96.0 3.0 8.1 95.0 3.0 73 |
LsD 5% NS NS 0.39 NS NS 039 |

B. Effect of gibberellic acid (GA;)
B.l. Growth parameters

The Data given in Table (1) showed that roquette plants sprayed with
GA; at 50 and 100 ppm produced greater number of leaves which were
larger in area than untreated plants. The best value was obtained from GA;
at 100 ppm in both seasons. Similar trend of response were obtained by
Sadek (1976) found that GA exerted a progressive increase in number of
leaves of spinach with increment in GA concentration. With regard to leaf
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area, a greatest value was obtained by spraying plants with 20 ppm GA.

Moreover, El-Assiouty (1983) peinted out that faliar application of 50 ppm

enhanced number of bean leaves per plant.

B.2. Photosynthetic Pigments

Results in Table (2) demonstrate clearly that there was a progressive
and consistent increase in chlorophyll content (a, b and total) by increasing
the concentration of GA; application from 0 to 100 ppm. Therefore, the
maximum chlorophyll content was found in plants sprayed with 100 ppm GA;
in both seasons except chlorophyll (a) in the first season where it was similar
with untreated plants. These results are in agreement with those of El-
Assiouty (1983) and disagree with Sadek (1976) and Abo-Sedera (1981) on
spinach. They found that the content of chlorophyll a, b in spinach leaves
decrease as GA; concentration increase.

B.3. Flowering Characteristics

Flowering date, expressed as the number of days from sowing to the
anthesis of the first flower was presented in Table (3). Such data show that,
the number of days required from sowing to the anthesis of the first flower
was decreased as a result of spraying plants with GA; . The most promotive
and effective GA; treatment in this concern was 100 ppm in both seasons
since this treatment accelerated flowering by four days compared with
untreated plants. Miccolis et al. (1993); Kochankov et. al. (1996) working on
lettuce and Kamuro et al. (2001) on spinach, mentioned that GA; promoted
floral-bud initiation and favoured early flowering. One of the most significant
developmental effects of gibberellin in its ability to push certain plants to
flower, i.e. to cause the conversion of vegetative apices into flower apices
(Abd-El-Fattah et al., 19885).

With regard to the effect of GA; on seed-stalk height, data of Table (3),
show that of foliar spray with all used concentrations of GA; led to a
significant reduce in this character compared to untreated plants. Spraying
with GA; at 100 ppm gave the lowest value in this concern. On the contrary,
number of branches significantly increased using any of GA; concentrations
comparing with the untreated plants in both seasons. The highest
concentration of GA; (100 ppm) was significantly more effective. In this
respect, Sadek (1976) and El-Gizawy et al. (1992) on spinach, reported that
GA; treated plants gave more No. of branches than did the control plants.

B.4. Seed yield and its components

Data of Table (4), reveal that, all concentrations of GA; affected number
of seed per pod, seed yield per feddan and seed index (1000-seed weight),
GA; at 100 ppm gave the highest value in this regard compared with other
treatments. Differences between GA; treatments were significant for all
studied characters in both seasons. The increases in seed yield were 27.2
and 33.9% in the first and second seasons respectively. In this connection,
Omran et al. (1973), Sadek (1976); Abo-Sedera (1981); EI-Gizawy et al.
(1992) and El-Lithy et al. (1998), on spinach. Moreover, Ghimire et al. (1991)
on cabbage, Tie & Ciriciofolo (1991) and Lovato et al. (2000) on lettuce,
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poinated out that spray plants with GA; resulted in increasing seed yield. It is
evident that the treatment which yielded the highest seed yield (i.e. 100 ppm
GA;) was the same which expressed the highest number of main branches,
number of seed per pod and the heaviest seed weight.

B.5. Germination Characteristics _

Data illustrated in Table (4) show that GA; treatments had no significant
effect on germination percentage and germination rate of produced seeds in
both seasons. On the other hand, GA; at 50 ppm gave the tallest seedlings
compared to other treatments. Similar results were obtained by Sadek
(1976) -on spinach, who found that, no significant difference was noticed in
seed germination and germination rate (days) of the produced seed with
different concentrations of GA; , on the other hand, GA; caused insignificant
increases in hypocotyl and radical length over the control.

C. Effect of interaction between treatments
C. l. Growth parameters

Concerning the effect of interaction between cutting frequency and GA,,.
Data of Table (1) show clearly that no significant effects were noticed on
number of leaves and leaf area.

C. 2. Photosynthetic pigments

Data in Table (2) reveal that chlorophyll a, b and Total (a + b) contents
in fresh leaves were not affected by the interaction between cutting
frequency and GA3 in both seasons.

C. 3. Flowering characteristics

The interaction effect between the two studied factors i.e. cutting
frequency x GAgj had insignificant effect on flowering date (Table: 3). On the
other hand, it could be markedly noticed that, seed-stalk height and number
of main branches were significantly affected by the interaction between the
two factors. Cutting plants twice combined with folior spray with GA, at 100
ppm was found to be the most effective treatment as such treatment
produced the shorter plants and the highest number branches in the two
seasons of study.

C. 4. Seed yield and its components

The effect of interaction between cutting frequency and GA; on number
of seed per pod, seed yield per feddan and seed index (1000-seed weight)
are shown in Table (4). It is evident that the highest number of seed per pod,
the maximum seed yield and the heaviest seed weight were obtained from
one cut x 100 ppm GA; treatment in both seasons of study except number of
seed per pod in the second season only, where, that character was not
significantly affected. On the other hand, the lowest value for seed yield was
obtained by (without cutting X zero GA; treatment) in both seasons.
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C. 5. Germination characters

Data of Table (5), show clearly thal, &UNIRg plaNtS once combined with
spraying with GA; at 50 ppm gave the tallest seedling comparing with the
other treatments in the two seasons of study. On the other hand, no
significant effect was noticed on germination percentage or germination rate.
Similar results were obtained by El-Lithy et al. 1998 on spinach.

Accordingly, it could be concluded that the highest seed yield per
feddan which produced from combined treatment (one cut x 100 ppm GA3)
may be attributed to its higher number of seed per pod and the heaviest
seed weight.
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