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ABSTRACT

Two field experiments were conducted at the Agricultural Research Farm,
Faculty of Agric., Minufiya University during seasons of 2004 and 2005 to investigate
the effect of some antioxidants i.e., ascorbic acid (vit. C), thiamine (vit. B1), citric acid
(CA) and salicylic acid (SA) on vegetative growth, chemical composition, head
physical characters and yield and its quality of cabbage grown in summer season.
Results indicate that, all the used antioxidants treatments significantly increased plant
height, stem diameter, fresh weight of stem, leaves / plant and whole plant, dry
matter, total carbohydrates as well as the concentration of N, P and K of cabbage
leaves. Moreover, in the presence of this antioxidants, head length, head diameter,
number and weight of un-wrapped leaves/plant, edible head weight and total yield
were significantly increased. On the other hand, NO:-N accumulation decreased. In
general, spraying plants with ascorbic acid, thiamine at the rate of 1000 mg /| and
salicylic acid at the rate 300 mg / | gave the best values of vegetative growth and head
characteristics.
Keywords: Cabbage, antioxidants, yield, chemical composition, nitrate concentration.

INTRODUCTION

Cabbage (Brassica oleraceae L.var.capitata) is a popular winter
vegetable crop in Egypt and is grown in summer season during the last
decades. Environmental conditions particularly high temperatures may limit
the field production of cabbage during summer season and can reduce yield
in principal production areas. Masle et al. (1993) reported that, when plants
were exposed to high temperature, photosynthesis is limited by RUBP-Case
Capacity. Chauhan and Senboku (1996) observed that hardening at 30 —
35°C decreased photosynthetic rates in YR Kinshun cabbage cultivar. High
light and heat lead to elevate levels of toxic oxygen species photoinhibition
and finally photooxidation, antioxidants, were found to exert positive effect
and overcome the harmful effect of some environmental stress on plant
growth (Cakmak and Marschner, 1992). Antioxidants, protect chloroplast and
electron transport system. they also, stimulate respiration activities, cell
division and many enzymes activities (Oertli, 1987). He also mentioned that,
spraying plants with vit. C at 100 mg/l stimulated plant height and branching of
chick pea. Bardisi (2004) concluded that ascortic acid at 100 or 200 ppm
obtained the maximum values of number of leaves/plant, diameter of both
neck and bulb, total dry weight/plant and N, P and K uptake by leaves and
bulb of garlic.

Vitamin-B, participates in plant growth and development indirectly of
various growth factors such as cytokinins and gibberellins (Kodendaramaiah
and Rao, 1985). Mostafa (2004) reported that, the best results with regard to
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yield and fruit quality of Grand Nain Banana were achieved by spraying plants
three times with vitamin B, at 2000 ppm.

Some studies have been also reported that citric acid had positive
effects on plant growth and development. Abdel-Aziz, and Anton (2005)
reported that foliar spray of soybean plants with 1000 ppm citric acid
significantly increased growth and yield.

Salicylic acid was found to have an antioxidant effect and could
overcome the deleterious effect of different stresses on plant by acting as
chelating agent protect the reproductive organs from stress (Oota, 1972).
Salicylic acid treatment resulted in an increase in number of flowers,
pods/plant and seed yield of soybean (Zhao et al., 1995). Bardisi (2004)
reported that spraying garlic plants with salicylic acid at 50 ppm recorded
maximum values of plant height, number of leaves/plant, diameter of both
neck and bulb, total dry weight/plant and N, P and K uptake by leaves and
bulb and N, P and K total uptake by plant.

Growing cabbage plants in warm conditions like summer season in
Egypt, Table (1) has a harmful effect on growth and consequently on cabbage
yield and quality. Therefore, the present work aimed to study the possibility of
using ascorbic acid, thiamine, citric acid and salicylic acid to improve
vegetative growth, yield and quality of cabbage during summer season.

MATERIALS AND METHODS

Two field experiments were carried out at the Experimental Farm of
the Faculty of Agriculture, Minufiva University during two successive summer
seasons of 2004 and 2005 tc study the effect of ascorbic acid (vit. C),
thiamine (vit. B4), citric acid (CA) and salicyiic =<:d {SA) as foliar application
on growth, some chemical compositicn, yieid and its quality of summer
cabbage.

The mc 1thly average maximum and minimum temperature during the
growth period of cabbage plants are show in Table (1).

Table (1). The monthly average maximum and minimum temperature during

the growth period of cabbage plants.
ihoxitine 2004 2005
| Max. Min. Max. ! Min.
pril | 26.4 11.6 272 | 13.1
Mz; 31.5 16.9 320 16.5
Hune 331 19.5 33.2 18.9
uly 33.4 20.8 345 215
August i 335 _ 2007 34.0 21.5

Seeds of C.'/. Balady Mohassan were sown on February 15" in both
seasons and transplanted on April 15" and 10" during the two growing
seasons 2004 and 2005.

A complete randomized block design with four replicates was
adopted. The plot area was 16 m*. each piot consisted of 5 ridges(4 m iength
and 30 cm wide). The transplants were sgaced at £0 cia apart on one side of
the ridge. A gua:d ridge was lefl betwesn the treatments. Ali exoerimental
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units received 250 kg ammonium sulfate (20.5% N), 100 kg potassium sulfate

(48.0% K;0) per feddan were equally divided and side dressed at 30, 60 and

90 days from transplanting and 200 kg/fed. calcium super phosphate (15.5%

P,0s) was added during soil preparation. Other agricultural practices were

applied as recommended.

This experiment included nine treatments as follows:

Control (cabbage sprayed with water).

Vitamin C at the rate of 500 mg/l.

Vitamin C at the rate of 1000 mg/I.

Vitamin B, at the rate of 500 mg/l.

Vitamin B, at the rate of 1000 mg/I.

Citric acid at the rate of 500 mg/I.

Citric acid at the rate of 1000 mg/l.

Salicylic acid at the rate of 200 mg/l.

Salicylic acid at the rate of 300 mg/l.

Each treatment was sprayed three times at 30, 60 as well as 90 days

after transplanting. Plant sample was taken at randomly at 120 days after

transplanting (five plants) from each experimental plots. The data were
recorded.

1. Vegetative growth, i.e., plant height (cm), stem diameter (cm), fresh
weight of stem, leaves/plant and whole plant weight as well as the
percentage of dry matter in leaves, one hundred grams of fresh leaves
(Edible head) from each treatment was weighted, cut into slices then
dried in an oven at 70°C until constant weight and the dried slices of
leaves were weighed then the dry matter was calculated.

2. Chemical composition of plant leaves:

A. Total carbohydrates of dry leaves were determined colorimetrically
using the phenol acid method according to Dubois et al. (1956).

B. NOs-N content was described by the methods of Singh (1988).

C. Minerals concentrations: Total nitrogen was estimated in dry leaves
using microkjeldahl method according to Ling (1963), phosphorus
as the method of Snell and Snell (1954), potassium estimated using
the Flame photometer according to Allen (1974) then their
concentrations (%) were calculated.

3. Head physical characters, i.e., head length and diameter, number and
weight of un-wrapped leaves / plant (kg), Edible head weight (kg) and
total yield (ton / fed.).were recorded

All obtained data were subjected to statistical analysis with the help of

CO-STAT program, and the L.S.D. at 5% level was calculated according to

Gomez and Gomez (1983).

RESULTS AND DISCUSSION

1. Vegetative growth characteristics:

Data presented in Table (2) show the effect of foliar application of
ascorbic acid, thiamine, citric acid and salicylic acid on plant height, stem
diameter, fresh weight of stem, leaves and total plant as well as dry matter of
leaves. Plants treated with vit. C, vit. By, citric acid and salicylic acid at
different concentrations significantly increased the growth parameters as
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compared to the control. Salicylic acid at 300 mg/l followed by vit. C and vit.
B, at the rate 1000 mg/l recorded the highest values for all studied plant
growth characters as compared with other treatments in both seasons. The
positive effect of the antioxidants on growth might be attributed to their effect
on counteracting drought, heat and diseases stresses as well as enhancing
growth characters (Raskin, 1992 a). These results are in agreement with
those obtained by Arisha (2000) on potato who found that foliar spray with
vitamin C at different concentrations increased plant growth. The effect of
Ascorbic acid certainly reflected on enhancing cell division and nutritional
status resulting increasing the leaf area (Mostafa, 2004). Also,
Kodendaramaiah and Rao (1985) suggested that Vitamin B, participates in
plant growth and development indirectly by enhancing the endogenous
hormones such as cytokinins and gibberellin. The results of Citric acid are in
agreement with Abdel-Aziz, and Anton (2005) who reported that foliar spray of
soybean plants with 1000 ppm of citric acid increased significantly growth and
yield. Miernyk and Trelease (1981) found that citric acid is one of the organic
acids presented in tricarboxylic acid cycle and synthesized either from
acetyle-Co A, glycine and a-ketoglutaric, or malic acid conversion to citric
acid. Concerning salicylic acid the obtainad results are in agreement with
those obtained by Zhao et al. (1995), who found that application of SA
increased growth rate and photosynthetic rate in soybean. These results are
in harmony with those obtained by Bardisi (2004) using salicylic acid on garlic
plant.

2. Chemical composition of plant leaves:
A, Total carbohydrates concentration:

Presented data in Table (3) indicated that, foliar spray of cabbage
plants with vit. C, vit. By and citric acid at different rates and salicyiic acid at
the rate of 300 mg/l increased the concentration of total carbohydrates in
leaves as compared with the cortrol. In general, SA at the rate of 300 mg/l, vit
B, at the rate of 1000 mg/! and citric acid at the rate of 500 recorded
maximum values of total carbohydrates. These mean values recorded 33.6,
30.6 and 29.2% in the first season, respectively. These results are in harmony
with those reported by Kodendaramaish and Rao (1985), Taiz and Zieger
(1998), Raskin (1992 a) and Zhao et al. (1995). The positive effects of
ascorbic acid might be due to its involvement in the main metabolic process
especiaily with energy Co-enzymes, carbohydrate metabolism and improved
biosyn*"esice actvity (El-Khayat, 2001).

B. Nitrate concentration:

Data presented in Table (3) indicated that, vit. C, vit. B,, citric and
salicyiic acid significantly decreased nitrate concentration. Best results in this
concem, were obtained from citric cid at the rate of 500 mg/l followed by vit.
C at the rate of 1000 ma/l then vit. B, at the rate of 500 mg/l. It was suggested
that Vitamin B, pariicipates in plant growth and development indirectly by
enhancing the endogencus hormonss such as cytokinins and gibbereliins
(Kodendaramaiah and Rao (1985). Ascorbic acic (vitamin C) foliar application
was reported to induce many stimuiating effects of some physiclogical
activities of different plants.

6646



Sci. Mansoura Univ., 30 (11), November, 2005

J. Agric.

Zr0 €10 | 0€0 ¥Z'8 SY'ET ¥€0 | 0L'0 | 920 9G'v ¥6 0¢ %S Qs
g0y | €290 | 6L% 0Z ¥ 0F'/G€ 76t | 8ES0 | vE'¥ 1169 £S5 ¥62 I/ Bw 0oE VS
€6C ¥8¥0 | LE€E Lz'zs Zeviz g5'c | 09¥0 | 2L°€ 8E°08 LZ 61 1/ Bw 00z VS
ZEYr | €190 | LG¢€ o¥'GY 86'0.2 /8¢ | ¥8¥0 | OF'€E L£'G9 88'6¥C 1/ 6w 000t VO
£9'¥ 6150 96t 0S'0¢ 0£'90¢€ 6LV LiP'0 | GE'E 6V LY Z28'v8¢ i Bw 005 VO
65t 6,50 | S.'¢ 0L'0L 0L'L2€ 10y | 69Y0 | €E9€E vE08 #0882 |/6w poO1 '8 MA
08t o¥¥0 | 69€ ve'le 02'292 90t | 9ev'0 | SS'€ 76'09 82'2€¢ I/6w 00G ‘a WA
vy | 69Y0 | 8LV 09'2Z¢ zTlve I8'c | 00¥0 | 0OV 1865 £9'0ve 6w o0t 2 UA
9z'v grr'0 | OL'V 1669 Z9'ese G9¢ | 8E¥0 | 96°€ 0¥'G8 ¥5'822 I/Bw 00G O A
YE'E ¥Zr'0 | 9F'€ : Mw.wrm v ¥0'2€2 SP'e | ¥2E0 | 92°€ . mm.m%l - 8¥'022 jonuo))
m Aap By/bw e ‘M Aip By/bw o sjuauieal ||

%A | %d | %N :o_aﬁﬂs%u ..ﬁmw _wﬂm; %A | %d | %N :o_:ﬁn._%a .,..hh mﬂﬁv

uoseas g00zZ uoseas 002 slajoeleyn
‘SuUoseas
S00Z pue $00Z Buunp saaea) abeqqes jo sjusuodwion |eajWBYD SWOS UO SJUBPIXORUER BWOS JO 19343 *(g) ajqeL
(vs) p1oe ofjhayjes 'y "(vD) proe oo g ‘(*g "NA) Bujweyy) g (D "WA) poe 2191008y |}
L'l LL'0 ¥E0 200 cl0 00"y oLt S00 Zvo Lo G50 obr'L %S A S|
058 | 006G | 067 | OE60 | €0G | 066G | Ovr'8 | 0LL'G | OW6'¥ | OEBO | €6F | 0089 |/ Bw Q0E VS
11’9 | 026G | 0Z2v | 0080 | 2EF | OZPS | 2882 | €ES'V | €E8'E [ 0040 | €9¥ | €€09 1/ Bw 00z vS
652 | vo¥'s | 218% | 2b90 | €v¥ | OZES | LZVL | OLLY | OSO'Y | 0990 | LE€¥ | 06'SS I/ 6w 000t vO
602 | 186G | ze6¥ | 6690 | Zev | OpOS | 86£9 | €LG¥ | €PLE | 0240 | LZF | OLEQ 1/ Bw 005 WO
652 192G | L6 | 0620 | €8F | 089G | LgLL | 06GG | 06LF | 0080 | €L % | 00¥9 i/6w OOt 8 N
Ge9 | 109G | v28v | €820 | 2L'v | OL6F | ZTLOL | E09FY | €E6'E | 0490 | 09F | OE'BS 176U 006 ,'a WA
908 | €€8G | 061G | €P90 | 96 | 0£LG | LOB'L | OPL'G | OZL'S | 0290 | €9F% | 0E'99 /6w 000t 2 A
169 | lZ6v | 222V | 0040 | 86E | 081G | BEV'O | L¥B'Y | LVL'¥ | 00L0 | LZ¥ | O0'6S I/Bw 00g 0 WA
296G | lovv | £62€ | 0290 | ZLE | 04SP | BLES | LLEE | LbLT | 0£90 | 09'€ | 00°0S [onuo)
(%) | wed sones| weig (wo) | (wo) | (%) | wwed sonee| werg (wo) | (wo) sjuaunes. ||
Jayew | ajoym 1gjowelp| ybiay | Jepew | ajOYM saewelp| ybisy
fig (6%) 3yBram ysaiy ways | jed | Aig (6%) yybram ysaig wa)s | jue|d
uoseas 00z uoseas y007 S.13)0elBYD)

‘SUO0SEeas 5007
pue $00z Buunp juejd aBeqqed jo sonsuajoeieyd YImoib aalejaban ay) uo sjuepixonue swos jo 32343 (Z) sjqeL

6647




Sabah M. A. El-Gamal

In addition, Salicylic acid has been found to increase catalase activity which
indicate an activation of the cellular antioxidant system and enzyme level
(Knorzer et al., 1999).

C. Minerals concentrations:

Data in Table (3) indicated that, nitrogen percentage in leaves
showed higher levels with spraying by Salicylic acid at 300 mg/l (30.1% in the
first season and 38.4% in the second one) followed by spraying Ascorbic acid
at 1000 mg/!, (22.7 and 20.8% in the first and second seasons, respectively.
Then spraying vit. C at 500 mg/l (21.5% in the first season and 18.5% in the
second one). The lowest nitrogen percentage was recorded by control plants
in both seasons.

Phosphorus percentage revealed significant differences between
treatments in the both seasons. The best resuits in this concern were
obtained from salicylic acid at rate 300 mg/I followed by citric acid at rate of
1000 mg/l then vitamin B, at rate of 1000 mg/l.

Potassium percentage in leaves was increased by the foliar
application with antioxidants. The highest potassium percentage was
recorded by citric acid at 500 mg/l, vitamin B, at 500 mg/l and vitamin B, at
1000 mg/l in the first season. While the second season, the highest
potassium percentage in leaves was recorded by spraying vitamin B, at 500
mg/| followed by citric acid at 500 mg/l then vit. By at 1000 mg/l .

The beneficial influence of these antioxidants on increasing the
tolerance to various stresses as well as improving the growth traits surely
reflected on stimulating the nutritional status of the plants. These advantages
of the antioxidants may be attributed to enhancing the uptake of the nutrients
by the plants (Raskin, 1992 a and Ahmed et al., 2002).

The present data are in harmony with those obtained by Bardisi
12004) using salicylic acid and ascorbic acid on garlic. Mostafa (2004) using
ascorbic acid and vitamin By on banana plants.

3. Head physical characteristics and total yield:

Data presented in Table (4) illustrate that head physical
characteristics expressed as head length, head diameter and un-wrapped
leaves, number and weight per plant, edible head weight and total yield ton
per feddzn were significantly increased by using antioxidants such as vit. C,
vit. B., citnic and/or salicylic acid as compared with the control. In general, vit. C
at the rate of 1000 mg/l, followed by salicylic acid at the rate of 300 mg/l then
vit. B, at the rate of 1000 mg/l recorded the highest values in all measured
characters in both seasons. The increments in marketable yield (ton/fed) were
about 70.9% and 32.1% for SA at 300 mg/l, 69.9% and 30.6% for ascorbic
z=id at 1000 mg/l and 65.5% and 29.1% for vitamin B, at 1000 mg/l above the
contrul in the first and seccnd seasons, respectively.

The results of vitamin C were agreed with those reported by Oertii
(1987) on cowpea, and Arisha (2000) on potato. They concluded that spraying
cowpea and potato with vitamin C at 50 ppm and 200 ppm, respectively
increased yrains yield of cowpea and total yield/fed of potato.
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Salicylic acid at 200 mg/l. gave the maximum number and yield of micro
tubers/plantlets of potato (Nawar, 2001). The effect of thiamine may be due to
the role of thiamine which is combined with 2 molecules of phosphoric acid to
form Thiamine pyrophosphate (TPP) which is the most active form that acts
as a coenzyme necessary for oxidative decarboxylation of pyruvic acid from
glycolysis to active acetale in kreb’s cycle and this, in turn, affect the growth
and yield plants (El-Ghamriny et al., 1999).

Salicylic acid application increased phenolic compounds. However,
these compounds also include lignin, which found in cell walls of various types
of supporting and conducting tissue. It is deposited in the thickened
secondary walls and can also occur in the primary wall. Thus, these
compounds are necessary for developing seeds and their roles in plant
mechanism of defense (Taiz and Zeiger, 1998). The increases of total
yield/fed might be due to the increase of dry matter and N, P, K uptake
(Tables 2 and 3).

Generally, it can be concluded that in addition to the beneficial effects
of antioxidants on improving cabbage growth in summer season and
pronounced increase in cabbage productivity. The plant spraying with vit. C
and vit. B, at the rate of 1000 mg/l and salicylic acid at the rate of 300 mg/l
gave the best results.
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