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ABSTRACT

Comparative analysis for the performance of “Red Chill” pepper plants
propagated by tissue culture (TC) and by seeds (ST) was conducted under
greenhouse condition. The results indicated that TC propagated plants had a
significant effect on stem length and diameter and flowered significantly earlier than
ST propagated plants. Average fruit number and fruit yield per plant did not
significantly differ in response to propagation method. Fresh and dry weight, and
nitrogen, potassium and phosphorus contents of vegetative growth were significantly
higher in TC plants. Dry weight of fruits and their contents of nitrogen, potassium, and
phosphorus were also higher in TC plants. Biochemical analysis showed a significant
increase in percentage total sugars of TC-produced plants compared with ST-derived
plants, however, ST-plants contained significantly more carotenoids than TC-plants.
Fruits of TC-plants were significantly higher in their total and reducing sugars than ST-
raised plants.

INTRODUCTION

Peppers are considered as one of the most important vegetable crops
around the world. They are used in various forms such as salads, sauces, dry
powders of different colors, paprika and pickles ( Heiser and Smith, 1953 ).
The economic importance of peppers has been stressed by Greenleaf
(1986) and Morrison et al. (1986)

In recent years, plant tissue culture techniques have been used for rapid
propagation of plants and as auxiliary tool in the breeding of economically
important crops ( Crocomo and Ocha-Alejo, 1983 ). Additional benefits like
healthy growth, higher yield, early flowering and elimination of wider varieties
of pathogens may be associated with plants cloned through tissue cuiture
( Murashige, 1974; Damiano et al.,1983). Very scanty information is available
regarding field performance of in vifro raised plants both in terms of
morphclogy and nutritional aspects ( Pandy and Singh, 1989). The real
applicability of micropropagated plants would ultimately depend on the
comparative field performance with those of in vivo propagated plants.

No literature is available on the field performances of micropropagated
pepper plants. However, there are several reports about the field
performance of tissue culture propagated strawberry (Swartz, 1981),
blackberry (Swartz et al., 1983), apple (Zimmerman, 1986 ), and mulberry
(Zaman et al., 1997)

The present investigation was, therefore, undertaken to determine the
relative performance in terms of both morphological (phenotypic stability )
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and nutritional aspects on micropropagated pepper plants compared with
those obtained through seeds in greenhouse.

MATERIALS AND METHODS

Two experiments were carried out in the tissue culture laboratory and
greenhouse of the experimental research station of the Faculty of Agriculture,
Suez Canal University. Seeds of “Red Chilli" pepper cultivar were sown in
greenhouse or cultured in vitro on germination medium on June 5 and 7 of
the two successive seasons of 2000 and 2001, respectively, to compare the
performance of tissue culture derived (TC) plants with those produced by the -
standard method (ST) using seeds, regarding the vegetative growth, fruit
yield, and their biochemical constituents.

Shoots of “Red Chilli” cultivar produced from proliferation step according
to the method previously described by Philips and Hubstenberger (1985),
were transferred to a rooting medium containing 0.01 mg/l IBA . After eight
weeks from seed culture, rooted plants were transferred to greenhouse,
where excess medium around roots were removed using running tap water,
before planting in speedling trays made of styrophoom. The trays were filled
with a soil mixture consisted of peatmoss and vermiculite (modified Cornell
peat-lite mixes in 1:1 ratio, Hartmann et al., 1990) used in commercial
production of pepper seedlings.

Plants were maintained under high humidity condition by covering them
with plastic sheath, exposed to continuous light at an intensity of 1500 Lux
and a temperature range of 25 - 30 °C (night — day). Two weeks later, olants
were transferred to 25 cm diameter pots containing sandy soil and kept
growing until fruit setting.

Standard seed-propagated plants of “Red Chilli" pepper cultivar were
cultured under the same environmental conditions as the TC plants in
greenhouse, and both TC and ST plants were fertilized with ammonium
nitrate (33.5 % N), potassium sulfate (48 % K;O), and calcium
superphosphate (15.5 % P,0s) at the rate of 200, 300 and 400 kg/ feddan,
respectively. Fertilizers were applied at 3 equal doses; at planting, beginning
of flowering and the starting of fruit setting.

The experiment was arranged in a complete block design with four
replications, each contained 20 pots. Each pot contained 4 kg of soil and one
plant. Data were analyzed using Analysis of Variance and means separated
by Least Significant Difference (LSD) test or Duncan Multiple Range Test at
5% (SAS, 1985). Morphological characters were recorded 90 days after
transferring the plants into pots, and included stem length (cm), stem
diameter (cm), number of leaves/ plant, number of lateral branches/ plant.
Flowering and yield measurements data, including number of nodes to first
flower, days to 50% flowering, fruit number/ plant, and fruit yield (g)/ plant.
Fresh and dry weight of vegetative growth and fruits and their nitrogen,
phosphorus, and potassium contents were determined after 60, 90, and 120
days. Percentage moisture, protein, total sugars, reducing sugars and
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chlorophylls a and b, and carotenoids (mg/ 10 mg dry leaves) were recorded
120 days after transferring the plants into pots.

Plant analysis:Nitrogen was measured according to kjeldahl method
(Jackson, 1973). Phosphorus was calculated using ascorbic acid colorimetric
method (Jackson, 1973). Potassium was determined Flame photometrically
(Richards, 1954). All biochemical measurements (proteins, total sugars,
reducing sugars, chlorophylls a and b, and carotenoids ) were estimated
following the methods of AOAC (1980).

RESULTS AND DISCUSSION

Comparative analysis of phenotypic stability of TC-produced plants and
ST-propagated plants was conducted. Data presented in Table (1) show that
there were no significant differences between TC-produced plants and ST-
propagated plants in number of leaves, number of nodes, and number of
lateral branches per plant. However, stem length and stem diameters were
significantly higher in the TC-propagated plants compared with ST-produced
plants, in the first season only. Similarly, Zaman et al. (1997) pointed out that
micropropagated mulberry plants showed significant morphogenic vigor when
compared with plants raised through cuttings. Also, Nedtrich and
Wolfensberger (1987) pointed out that there was a significant increase in
vegetative growth of TC-propagated plants compared with ST-produced
plants. However, they added that these differences in vigor were cultivar
dependent phenomena, and that the increase in strawberry vegetative vigor
of TC-produced plants was only temporary, where in the second fruiting year
there were no differences. In contrast, Engles and Petry (1990) and Swartz et
al. (1983) reported that there were no differences between TC and ST
strawberry and blackberries plants growing in fields, except in leaf size.

Table (1):Effect of propagation method on morphological characters of
vegetative growth of “Red Chilli” pepper cultivar.
Morphological characters
Propagation | Leaf No. per | Stem length Stem No. of  |No. of lateral
method plant (cm) diameter (cm)| npodes branches
2000 | 2001 | 2000 | 2001 | 2000 | 2001 | 2000 | 2001 | 2000 | 2001
ST* 101.71108.0159.25[38.00) 0.70 | 0.77 |17.75]18.50] 4.25 | 6.75
TC*™ 121.21142.2180.00|41.75| 0.87 | 0.87 |17.00]|16.75| 4.00 | 6.25
LSD (5%) NS | NS | 856 | NS |0.13 | NS NS NS NS NS

* ST : Standard method (seeds).
**TC : Tissue culture

Regarding the flowering behavior and fruit production, resuits
demonstrated in Table (2) indicated that there were significant differences
between the ST-propagated and TC-produced plants in the number of days
to first flower and number of days to 50 % flowering, where TC-produced
plants flowered significantly earlier than ST-propagated plants. However,
there were no significant differences in number of nodes to first flower, fruit
number/ plant and total fruit yield / plant, in both ST-propagated or TC-
produced plants. The obtained results were consistent through the two
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successive seasons. Similar results were obtained by Swartz et al. (1981)
who reported that TC-produced plants were earlier in flowering than ST-
propagated plants, but there was no effect for earliness on total harvested
fruit yield/plant. The achieved results, fruit number/plant and fruit yield/plant,
which were not significantly affected by propagation method are in agreement
with those obtained by Damiano et al. (1983), Swartz et al. (1983) and
Dijkstra (1987) who reported no differences in yield between TC and ST- -
propagated piants.

Table (2): Effect of propagation method on flowering measurements and
fruit production of “Red Chilli” pepper cultivar.

Flowering measurements Fruit production
Propagation| Days to first LNo. of nodes|Days to 50%| Fruit No./ | Fruit yield
method flower o first flower| flowering plant plant( gm )|

2000 | 2001 | 2000 ; 2001 | 2000 |2001| 2000 | 2001 |2000| 2001
ST 69.8 | 57.5 | 12.3 | 13.0 | 74.0 | 67.8 | 126.3 [210.0 [234.8/283.9
TC 54.8 | 50.5 | 11.5 | 9.3 | 60.5 [59.3 | 139.5 |217.0 [266.8/282.7

SD (6%) 39 | 41 | NS | NS | 28 | 3.3 | NS NS | NS | NS

Effect of propagation method on fresh and dry weight of vegetative
growth and dry weight of fruits, was presented in Table ( 3 ). Fresh weight /
plant was significantly higher in TC- propagated plants than in ST- derived
plants. Dry matter contents of vegetative growth was significantly higher in
TC- propagated plants than in seed raised plants in the first season only.
(Table 3).

Fruit dry weight was significantly lower in ST-propagated plants compared
with plants propagated by the TC-method in both successive seasons. The
differences in dry weight of both vegetative growth and fruits may be due to
the partitioning of more carbohydrates and minerals from the vigor vegetative
growth of TC-plants.

The effect of sampling time on fresh and dry weight of vegetative growth
and fruits is demonstrated in Table ( 3 ). Fresh weight of vegetative growth
responded proportionally to the increase in sampling date. The response was
significantly clear and consistent in the two successive seasons. Dry weight
of vegetative growth increased consistently with the increase in time. This
increase was significant and clear in the first conducted season, when dry
weight after 60 or 90 days compared with dry weight after 120 days. In the
second season, there was no difference between dry weight after 90 days
and that after 120 days. The gradual increase in fresh weight associated with
the increase in time may be due to increase in stem length, stem diameter,
branching and number of leaves.

Dry weight of fruits was not affected by the sampling time, and there were
no significant differences during the two seasons between the tested
sampling dates.

The interaction presented in Table ( 3 ) show that TC-propagated plants
had significantly higher fresh weight when it interacted with 90 or 120 days
sampling time, compared with ST-derived plants, during the two successive
seasons.
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Table (3): Effect of propagation method, sampling time and their
interactions on fresh and dry weight of vegetative growth
and fruit dry weight of “ Red Chilli “ pepper cultivar.

Vegetative growth Fruit
Fresh Dry weight/ Dry weight /
Treatments weight/plant 100 gm fresh | 100 gm fresh
| m) weight weight
2000 | 2001 | 2000 | 2001 2000 | 2001
Propagation Method (A)
ST 105.89 | 128.77 | 18.60 | 28.63 | 15.13 | 13.75
TC 125.60 | 192.15 | 23.85 | 28.30 | 18.25 | 16.63
LSD (5 %) 14.3 | 51.25 | 3.40 NS 245 | 2.10
Sampling time (B)
60 days 3564 | 32.13 | 2040 | 25.55 -+ -
90 days 134.99 | 143.65 | 20.82 | 29.60 | 16.38 | 14.25
120 days 176.62 | 305.60 | 22.50 | 30.25 | 17.00 | 16.13
LSD (5%) 2527 | 42.77 | 1.03 3.69 N.S N.S
Interactions(AXB)
ST 60 days 33.17 | 30.50 | 17.60 | 25.60 -+ -+
90 days 118.21 | 121.30 | 17.70 | 29.60 | 14.75 | 13.25
120 days 166.29 | 234.50 | 20.60 | 30.70 | 15.50 | 14.25
TC 60 days 38.10 | 33.75 | 23.20 | 25.50 -* -+
90 days 51.76 | 166.00 | 23.95 | 29.60 | 18.00 | 15.25
120 days 186.94 | 376.70 | 24.40 | 29.80 | 18.50 | 18.00
LSD (5%) 27.4 58.7 1.20 1.99 3.60 2.8

* No fruits were produced at that time.

Dry weight of vegetative growth was significantly higher when TC-
propagation method interacted with sampling times than ST-derived plants
did. This observation was quite clear in the first season, and was not true in
the second one, where there were only differences between
interaction of both propagation methods at 90 and 120 days compared
with their interactions with 60 days sampling time (Table 3).

Fruit dry weight was significantly affected by the interaction of each
propagation method with sampling time, and this was true during the two
conducted seasons. The highest fruit dry weight was produced from the
interaction of TC-propagation method with 120 days sampling time in both
seasons, and the lowest resulted from the interaction of ST-propagation
method with 90 days sampling time, in both seasons (Table 3). The results
may be explained by the strong correlation between vegetative growth and
dry weight of both vegetative growth and fruits.

Effect of propagation method and sampling time on mineral contents of
plant vegetative growth was investigated. Data presented in Table ( 4 )
indicate that nitrogen content was higher in plants propagated by the TC-
method than those raised by ST-method, however, this increase was not
significant in both tested seasons. Phosphorus content was significantly
higher in TC- plants in the first season only. Potassium content was
consistent through the two successive seasons, with TC- propagated plants
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always significantly higher in their potassium contents than plants propagated
by the ST- method.

Resuits illustrated in Table ( 4 ) show that nitrogen and phosphorus
contents increased significantly with the increase in length of sampling time
from 60 to 90, but this increase was not significant when sampling time
extended to 120 days. This finding was true for nitrogen only in the first
season, where there were no differences in the second season.

Table (4): Effect of propagation method, sampling time and their
interactions on N , P, and K percentage in vegetative
growth of “Red Chilli “pepper cultivar.

Trcutiments Total N % P % K %
2000 | 2001 | 2000 | 2001 | 2000 | 2001
Propagation method (A )
‘ ST 48 | 3.05 | 025 | 0.31 0.56 | 0.83 |
TC 160 | 3.18 | 033 | 0.34 | 068 | 1.01
LSD (5 %) NS NS 0.03 NS 0.06 | 0.08
Sampling time ( B )
60 days 113 | 299 { 019 | 0.25 | 0.54 | 0.83
90 days | 171 | 3147 | 033 | 037 | 066 | 0.96
120 days 177 | 3.18 | 036 | 0.36 | 067 | 0.98
LSD(5%) 0.14 NS 0.05 | 0.07 | 0.04 | 0.09
Interactions (AXB)
ST 60 days 1.04 | 295 | 017 | 0.21 048 | 0.77
90 days 1.66 | 3.07 | 029 | 036 | 0.60 | 0.84
120 days 173 | 312 | 030 | 0.36 | 060 | 0.89
TC 60 days 122 | 3.02 | 0.21 029 | 060 | 0.89
90 days 1.76 | 328 | 036 | 037 | 0.72 | 1.08
120 days 1.81 323 | 0.41 036 | 0.74 | 1.07
LSD (5%) 0.08 NS 004 | 007 | 012 | 0.13

There was a gradual increase in potassium contents with progress in
time, and this increase was significant when potassium content after 60 days
was compared with that after 90 days. However, there was no significance
occurred between 90 and 120 days, in both seasons (Table 4).

The interaction of propagation methods and sampling dates was
presented in Table (4). Nitrogen content in both propagation methods
increased with the progress of time, but was always significantly higher in TC-
propagated plants than ST- derived plants in the first season only, at any
level of interaction. Phosphorus contents increased progressively in both
propagation methods with the increase in sampling time and were
significantly higher, at any level of interaction, in TC-plants than in ST-
propagated plants. This was true only in the first season, where there were
no significant differences between ST- and TC- propagation methods, at any
level of interaction, except at 60 days sampling time in the second season.
Also the interaction of both propagation methods with 80 or 120 days
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significantly increased phosphorus contents over their interaction with 60
days sampling time.

Potassium contents, in the first season, increased significantly in both
culture methods when the sampling time increased from 60 to 90 days, but
there were no significant differences between 90 days and 120 days. Also,
the interaction of sampling time with TC-propagation method increased
significantly potassium content over the interaction with ST- propagated
method. In the second season, only the interaction of TC-propagation method
with 60 or 90 days sampling time resulted in significantly higher potassium
contents compared with ST-produced plants.

The obtained results of N, P, and K percentage in vegetative growth as
well as, the data of interaction of propagation methods with sampling time
indicated in general that TC-propagated plants contained more N, P and K%
compared with ST-propagated plants. The possible explanation of this
phenomenon could be attributed to the extended effect of culture medium on
agrowth and nutritional status of micropropagated plants. Similar results were
obtained by Cozza et al. (1997), who investigated the effect of growth
medium on nutritional status and leaf histology of micropropagated Olea
europaea, reported that two tested micropropagated cultivars were different
in their N,P, and K contents, but they both accumulate significantly more
minerals (N, P, and K) than reguiarly propagated field-grown plants. In
another study, Zaman et al.(1997), who studied field performance and
evaluated the nutritional status of micropropagated mulberry plants, found
that N, P, and K% were higher in tissue culture derived plants compared with
conventional propagated piants, but the differences were not significant.

Effect of propagation method, sampling time and their interactions on
mineral contents of “Red Chilli" fruits were studied and presented in Table (5).
Total nitrogen and phosphorus contents were significantly higher in plants
propagated by TC-method, than those propagated by ST-method in the first
season only, where there was no significant difference in the second season.
Potassium content varied from season to another, where it was significantly
higher in TC-propagated plants than in ST- produced plants in the second
season, but not the first one. Data presented in Table ( 5 ) also show that fruit
nitrogen, phosphorus and potassium contents increased significantly when
the sampling time increased from 90 days to 120 days. The differences in
nitrogen content were significant only in the first season. The differences in
phosphorus content were consistently significant in both seasons, while
potassium content differed significantly in the second season only.

The interaction presented in Table ( 5 ) indicate that mineral
contents of fruits, regardless the propagation method, increased with the
increase in sampiing time from 90 to 120 day. The highest and significant
increases in N, P, and K contents were obtained when TC-propagation
method interacted with sampling time of 120 days, whiie the lowest values
were obtained when ST-propagation method interacted with 90 days
sampling time. This observation was consistent through the two successive
seasons.

The obtained resuits of fruit mineral contents are correlated with those of
vegetative growth, where fruit mineral contents were also higher in TC-
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propagated plants than in ST-produced plants. The possible explanation is
that fruit mineral contents in TC-propagated plants are a reflection of their
vigor vegetative growth and the high mineral contents, and indirectly affected
by high concentration of mineral contents in growth medium (Cozza et af.,
1997).

Table (5): Effect of propagation methods, sampling time and their
interactions on N, P and K percentage in fruits of “Red
Chilli” pepper cuitivar.

Total N % P% K%

Treskents 2000 | 2001 | 2000 | 2001 | 2000 | 2001
Propagation method (A)

ST 144 | 270 | 025 | 032 | 061 | 072

TC 205 | 295 | 0.30 | 037 | 065 | 092

LSD (5 %) 023 | NS | 004 | NS | NS | 014
Sampling time (B)

90 days 162 | 278 | 025 | 025 | 060 | 075

120 days 187 | 2.87 | 0.30 | 044 | 066 | 0.89

LSD(5%) 023 | NS | 004 | 043 | NS | 014

Interactions (AXB)

ST 90 days 133 | 265 | 023 | 022 | 058 | 067

120 days 154 | 275 | 027 | 041 | 063 | 0.77

TC 90 days 190 | 2.00 | 027 | 027 | 061 | 082

120 days 220 | 299 | 0.32 [ 047 | 069 | 1.02

LSD (5%) 032 | 044 | 0.06 ] 018 | 003 | 020

Resuits of biochemical analysis of vegetative growth and fruits of TC-
propagated plants and ST-derived pepper plants are summarized in Table 6.
Unlike morphological characters and mineral contents, several tested
biochemical characters of vegetative growth were not affected by propagation
method. Data indicated that percentage moisture, protein, reducing sugars,
as well as chlorophylls a and b did not significantly differ in response to the
two propagation methods. However, TC-propagation method increased
significantly total sugar percentage compared with ST-propagation method.
On the other hand, carotenoid pigments were significantly higher in ST-
derived plants than in TC-propagated plants.

The obtained results are in agreement with those of Pandy and Singh
(1989) who reported an increase in the total sugar of in vitro raised plants of -
papaya, and is also supported by the work of Swartz (1981) on strawberry,
and Zaman et al. (1997) on mulberry plants.

In fruits, percentage moisture did not significantly differ in response to the
two tested propagation methods, and this was consistent during the two
seasons of 2000 and 2001. Protein percentage increased significantly in fruits
of TC-derived plants compared with the fruits of ST-produced plants in the
first season only. Total sugars and reducing sugar percentage were
significantly and consistently higher in fruits of TC-propagated plants in
comparison with fruits of ST-produced plants. These findings are correlated
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to the results obtained by Pandy and Singh (1989) who reported an increase
in total and reducing sugars of several fruits derived from in vitro propagated
plants compared with other harvested from plants raised by the conventional
methods.

Table (6): Effect of propagation method on biochemical constituents of
vegetative growth and fruits of “Red Chilli” pepper cultivar.

. Propagation |Vegetative growth Fruits
Cahatituents Method | 2000 | 2001 | 2000 | 2001
Moisture % TC 75.60a' [70.20a| 81.50a | 82.00a
ST 79.40a |69.30a| 84.50a |8575a
Protein % TC 11.31a [20.19a| 13.75a | 18.69a
ST 10.81a |19.51a| 9.63b |17.19a
Total sugars % TC 860a | 760a | 10.10a | 960 a
ST 645b | 540b | 7.38b | 7.74Db
Reducing sugars % TC 504a [ 417a | 7.29a | 6.37a
ST 413 a 3.89a 495b 471b
Chlorophyll a TC 198a | 1.56a 2 -
ST 167a | 1.73 a - -
Chlorophyll b TC 131a | 1.05a - -
ST 129a | 1.18a - -
Carotenoids TC 0.70b | 062D - -
ST 0.81a | 0.76 a -

1- Each value represents the mean of 4 replicates. The two means of each constituent
within the same column, followed by different letters are significantly different (P <
0.05) accerding to Duncan Multiple Range Test.

2- Not determined in fruits
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