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ABSTRACT

INTRODUCTION

Cabbage and cauliflower are two of
the most important cole crops grown in Egypt.
They have a high nutritive value due to their
content of Vit-C., Vit-B, (thiamin), B,
(Niacin) and moderate content of Ca and Mg.
In addition, cole crops are considered as anti-
cancer and antioxidant. Farnham et al. (2005)
on broccoli found that the concentration of
glucoraphanin compound associated with
vegetables cancer-inhibiting abilities is infl-
uenced more by genetics than by environ-
ment. Fahey (2005) on broccoli and some cole
crops mentioned the cancer protective effects
of broccoli and other cruciferous vegetables.

Sulphur application plays an impor-
tant role in soils, it is used as a soil amend-
ment to improve the availability of nutrients

such as P, Fe, Zn, Mn and Cu. (Heter, 1985).
Moreover, Abd El-Fattah et a/. (1990) found
that the addition of sulfur element decreased
the pH and conversed the unavailable phos-
phorus to available form for plant absorption.

Bhagavantagoudra and  Rokhad
(2001) on cabbage mentioned that application
of sulphur with 40 kg/ha gave the highest
yield (43.71 towha)number of inner leaves,
head diameter and chemical contents of ascor-
bic acid, protein, dry matter production and S
uptake. However, Sanderson (2003) on
broccoli and cauliflower studied the effect of
sulphur and calcium and found gypsum
increased yield by 14% for broccoli and 25%
for cauliflower, increased S content of tissue
and decreased soil pH.
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Vallejo e al (2003) on broccoli
found that cultivars grown under high
fertilization level of S (150 kg/ha) resulted in a
higher vitamin -C content and total gluco-
sinolates than those grown under the low level
of S (15 kg/a). Also, Rangkadilok ef al.,
(2004) Studied the application of varying
amounts of sulphur as gypsum at (0, 23 and 92
kg/ha) on three cultivars of broccoli. They
found that during the early vegetative phase
increased S uptake and glucoraphanin content
in each plant organ, a large increase in S and
glucoraphanin content was found in the green
head of broccoli and mature seeds, S presen-
ted in glucoraphanin accounted for only 4-
10% of total S content in broccoli heads.
However, S presented in glucoraphanin in
mature seeds accounted for 40-46% in the
seeds, as well as the partitioning of S into
glucoraphanin also increased of with gypsum
application. Morever, Lee et al. (2005) on
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broccoli, mentioned that higher total
glucosinolate contents were observed in the
sprouts cultivated on 80 mg S/liter, with the
increase of some major glucosinolates (pro-
goitrin, glucoraphanin, gluconasturtin and 4-
methoxy-glucbrassicin).

Rosen et al. (2005) found that sulfur
application at 110 kg/ha gave the highest
significant increase of cabbage yield in the
second season only and total glucosinolates
and glucoraphanin were maximized at the low
N and high S application rates, and sinigrin in
one of the two seasons.

Therefore, this experiment aimed to
study the effect of sulphur application on
growth, yield and quality as well as its chemi-
cal components of glucoraphanin or sinigrin
and the relationship of these compounds and
sulphur content of cabbage and cauliflower.

MATERIALS AND METHODS

Two scparate experiments on cabbage
(Brassica oleracea var. capitata) and cauli-
flower (Brassica oleracea var. botrytis) were
carried out at Qaha Experimental Farm,
Horticulture Research Institute, during the two
winter seasons of 2005/2006 -2006/2007, to
study the effect of five levels of sulfur applica-
tion, ie., 0, 25, 50, 100 and 150 kg/fed on
plants of both crops. The amounts allocated
for each plot were divided to three equal parts;
the first portion was added during soil prepa-
ration while the second and third portions
were added at 3- week intervals, starting after
transplanting. Seed of both crops were sown
in the nursery on 1% and 3* of Aug. in both
seasons, respectively. Each experimental plot
was consisted of 4 rows cach of 80 cm in
width and 4 m in length. The transplants were
set up at 70 cm apart on one side of the rows
after 45 days from seed sowing in the nursery
in both seasons. The rate of NPK fertilizer was
applied at the recommended rate of NPK
fertilizer for such crops, i.c,80 kg N, 60 kg
P,05 and 48 kg K;O/fed., for all treatments.
The mentioned amounts for each plot were

divided in to two equal parts. The first part
was applied after 4 weeks and the second part
was added after 8 weeks from transplanting.
The sources of fertilizers used were ammo-
nium nitrate (33.5% N), calcium super phos-
phate (15.5% P,0Os) and potassium sulphate
(48% K;0). Other cultural practices were
carried out according to the recommendation
for such crop. Some physical and chemical
characteristics (according to Jackson, 1965) of
the soil used in this study are presented in
Table (1).

The experimental design for each
crop was complete randomized blocks with
three replicates. The treatments were arranged
randomly in each replicate. At harvesting time
(after 110 days from transplanting of cabbage
cv. Balady and 95 days of cauliflower cv.
Snowball), five plants were randomly taken
from each experimental plot and the following
characters were measured.

Vegetative growth:
Plant height, total number of leaves
per plant plant fresh weight were recorded.
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Yield and its components:

Total yield was recorded and the
harvested plants were prepared for local
market then the marketable yield was deter-

mined. The edible part weight of cabbage
heads and cauliflower curds were determined
and the net head or curd yield were calculated

Table (1): The physical and chemical analysis of the experimental soil samples from Qaha

Farm before transplanting.
in 1 .| EC.m Available mineral content
Depth| Texture pH. in 1:2.5| Organic mohos/cm | CaCos -
(cm) class soil:water | matter % o | P | K% SO,
soil:water
0-30 | Clay loam 8.4 20 0.66 1.79 {032 | 061 | 43 | 053
Physical characteristics: tory of General Organization for Agriculture

Height (H) and diameter (D) of head
or curd were recorded and head or curd index
(H/D) was calculated. Compactness of head or
curd were estimated according to the follo-
wing scale: 1, compact to 5, un compact.

Chemical constituents of head or curd:
Chlorophyll content of leaves were
determined, total chlorophyll was extracted by
acetone and then colorimetrically determined
as mentioned in the A.O.A.C. (1970) . Total
nitrogen was determined according to Pregl
(1945) using micro-Kjildahl apparatus. Phos-
phorus was estimated calorimetrically accor-
ding to the methods described by Murphy and
Riley (1962). Potassium content was estima-
ted according to the methods described by
Brown and Lilleland (1946).Sulfur was deter-
mined calorimetrically as reported by Cohenie
et al. (1982). Vitamin-C content was estima-
ted in fresh samples by titration with 2,6
dichloride phenol indophenols as described in
AO.AC. (1970). Sinigrin and glucoraphanin

Equalization Fund of Ministry of Agriculture.
according to McGhee et al. (1965).

Association of sulphur levels and
sinigrin or glucoraphanin contents in cabbage
heads and cauliflower curds was determined
by calculating simple correlation and reg-
ression of these variables using the following
formula according to Nageswara (1983):

Cov.xI x2 .

[ resnnncnvannccccancnw

y (VarianceX1) (Variance X2)
r = the correlation coefficient.
Cov. = covariance.
X1=measurement of one variable,
X2= measurement of the other variable.
Linear regression between the two variables
was done. ,

Statistical analysis:
All recorded data were statistically
analyzed according to the method described

as thioglucoside content in head and curd were by Gomez and Gomez (1983).
estimated at the Chemical Analysis Labora-
 RESULTS AND DISCUSSION

1- Vegetative growth:-

Data presented in Table (2) show that
there the values of plant height, number of
leaves, total fresh weight and head weight of
cabbage plants were gradually increased,in
general, as the level of S increased up to 100
kg S / fed. in both seasons.

Regarding the effect of sulphur levels
on cauliflower data presented in Table (2) also

show the same trend of response as mentioned
in cabbage. These results could be due to the
acidic effect of S-fertilization on soil- pH
which increase the availability of phosphorus
and most of micronutrients and consequently
reflected on the uptake of these nutrients by
plant which in turn increased plant vegetative
growth parameters. These results agree with
those reported by those of Bhagovantagoudia
and Rokhad (2001) on cabbage.
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2- Total and marketable head or curd yield:-

Data in Table (3) show that increa-

However, in the second season 150

sing levels of S application from O up to 100
kg. S/fed gradually and significantly increased
total, marketable and net head weight (edible
part) of cabbage without significant differen-
ces between 100 and 150 kg S/fed in the first
season only.

kg. S/fed of sulphur significantly decreased all
yield components than 100 kg S/ fed. These
results are in agreement with those reported by
Bhagavantagoudra and Rokhad (2001) on
cabbage.

Table (2): Vegetative growth characteristics of cabbage and cauliflower as affected by
hur application.

Cauliflower plants
No.of | Total fresh

Cabbage plants
No. of | Total fresh

Sulphur Plant

Kg/fed.

leaves/
plant

weight

(kg/plant)

Head wt.
{kg/plant)

height
(cm)

leaves/
plant

weight
(kg/plant)

(kg/plant) |

0
25
50
100
150

312¢
350b
380a
400a
38.1a

5.530¢
6.513d
7210¢
9.970a
8.940b

3.810¢
4.443bc
5.110b
7.150 a
6.930a

53.1d
570¢
600b
703a
622b

250¢c
30.1b
3120
350a
30.0b

2.540 ¢
2.790 ¢
3.590b
3940a
3460b

1473 ¢
1.616bc
2.146ab
2483a
2.246 b

2006/2007

0
25
50
100
150

28.1c
342b
41.0a
430a
400a

5.110¢
5.850d
6.790 ¢
9.170 a
8.140b

3410¢
4.093bc
4953b
6947 a
6.283 a

570c¢
59.1¢
62.2ab
68.0a
64.0b

23.1b
310a
340a
35.1a
32.1a

2670 ¢
2.893 ¢
3410b
3810a
3.600ab

1.520¢
1.707bc
- 2.113ab
2.473a
2.180a

Table (3): Total, marketable and net yield (ton/fed.) of cabbage and cauliflower as affected
by levels of sulphur application.

Season 2005/2006
Sulphur Cabbage plants Cauliflower plants
‘ . Marketable Net Head Marketable Net curd
Kg/fed, | Totalyield yield b yield Total yield yield yield
(ton /fed.) (ton/fed.) (ton/fed.) (ton /fed.) (ton/fed.) (ton/Ted.
0 34.510c¢ 27.060d 22.860 d 15.850d 9.581d 8.895b
25 40.620bc | 32.580¢c 26.640 ¢ 17410 ¢ 10.710¢ 9.709b
50 44,990 b 36.300b 30.660b 22.400b 14.430b 12920 a
100 62.220a 48.669 a 42800a 24590a 17.490 a 14.890 a
150 55.780 a 47881 a 41.580a 21.590b 14.530b | 13470a
: 2006/2007
0 31.890 ¢ 23400 ¢ 204%e 16.660 ¢ 10.530d 9.120 ¢
25 36.500d 26.700d 24.602d 18.030 ¢ 11440 ¢ 10.230 ¢
50 43490 ¢ 32230¢ 29734 ¢ 21.280b 13.910b 12.480 b
100 57.220a 44.230a 41.649a 23.7710a 16.460 a 14.900 a
150 50.826 b 41.860 b 378400 21590 b 14.530 b 13.080 ab

Values followed by the same letters in the same column is not significant according to Duncan's
multiple range test at 0.05.

Conceming the effect of various

Table (3) show that the same responses were

levels of sulphur application on total, marke- detected as previously mentioned in cabbage,

table and net curd yield of cauliflower, data in

except for edible part of curd yield in the first
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season where no significant differences were
observed among 50,100 and 150 kg S/fed.
These results may be due to the role of S
element in increasing the availability of phos-
phorus as reported by kashirad and Bazaragni
(1972) and Heter (1985). These results are in
agreement with those reported by Sanderson
(2003) on broccoli and cauliflower and
Rangkadilok et al. (2004) on broccoli.

3- Physical characteristics:

Data in Table (4) show that increa-
sing levels of S-fertilizer from 0 up to 100 kg
S/fed. significantly increased values of head
length, diameter and compactness of cabbage
heads in both seasons. However, addition of
150 kg S/fed gave the highest values of head
shape index in the second season only.

Regarding the effect of S- application
on curd quality of cauliflower, data presented
in Table (4) show the same effect on curd
length, diameter and compactness as that
mentioned in case of cabbage. Except for,
curd index the application of all 5 treatments
gave the highest values as compared with the
control treatment in the second season and
without significant differences among treat-
ments in the first season . This result may be
due to the role of S- application on the

availability of macro and micro elements in
the soil. Moreover, these results are similar
with those reported by Hunashikatti et ai,.
(2000) who found that increasing S levels
from 0 up to 25 kg. S/ha increase the number
of inner leaves and diameter of cabbage heads.
Also, Sanderson (2003) on broccoli and
cauliflower reported similar results.

4- Chemical constituents:-

Data presented in Table (5) show that,
the values of Vit-C and P% content in cabbage
heads were gradually increased as the levels of
sulphur were increased up to 100 kg. S/ fed.
However, 50 kg. S/ fed gave the highest
values of total chlorophyll, N and K content of
cabbage heads in both seasons .

Regarding the effect of sulphur levels
on cauliflower curd content of total chloro-
phyll, Vit-C, N, P and K data presented in
Table (5) also show the same response as
previously mentioned in cabbage. Except for
K content of cauliflower curds where there
were no significant differences among the S
levels from 25 to 150 kg/fed in both seasons
These results are in agreement with those
reported by Bhagavantagoudra and Rokhad
(2001) on cabbage and Vallejo ef al. (2003) on
broccoli

Table (4): Physical characteristics of cabbage and cauliflower as affected by levels of

sulphur application.

Season 2005/2006
Cabbage head Cauliflower curd
Sulphur Hea H Head Curd
Kg/fed. Iengt?n diax;t(t’er ig;tz wtl:: pac- ls:grgl difx‘rlll:tler g::: cotx:p ac-
@ | @ | @) | g5 | em | m | @D | G
0 204c¢ | 297¢ | 082a 29d 107¢ | 249d | 044a 24c¢
25 254b | 317c | 080a 20c | 11.7abc | 265c | 044a 15b
50 26.1b | 342b | 0.76b 1.9bc | 12.4ab | 28.1ab | 044a 13b
100 300b | 389a | 08la l.la 127a | 29.1a | 043a 1.0a
150 28.0ab | 36.0b | 0.82a 1.7b | 114bc | 275ab | 04la 1.5b
Season 2006/2007
0 21.1d | 283d | 0.84b 27d 93¢ 255¢ | 036D 3.0d
25 224d | 322c | 067c | 2.0cd 109b | 274b | 03%9ab | 2lc
50 257¢ | 359b | 0.80b 1.7¢ 11.7ab | 28.1b | 041a 15b
100 29.1b | 399a | 0810 1la 123a | 304a | 043a 10a
150 31.0a | 364b | 095a 14b 11.3b | 287b | 04la 15b

Values followed by the same letters in the same column are not significant according to

Duncan's multiple range test at 0.05.
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Table (5): Total chlorophyll, Vit-C, N, P and K content of cabbage and cauliflower as
affected by levels of sulphur application.

Season 2005/2006
Cabbage head Cauliflower curd

Total Total .
Vit-C Vit-C

ulph - -

Sulphur | chlero (mg/ chloro (mg/

Keffed. | phyl | 0¥ | N% | P% |K% | phyll |08 | N% | P% | K%

(mg/100m (mg/100mg
“gF.W) F.W) F.W) F.W)
0 1946d | 31.7d | 2.69¢c | 0564c | 241c| 2051c | 53.1d | 291b | 0595 | 2.72b

25 2456¢ 399¢c | 295b | 0689 | 2.64b | 2200b | 614c | 2.99b | 0.690d | 2.79ab
50 269.2ab | 47.1b | 3.21a | 0.736b | 28la| 2356a | 69.1b | 3.19a | 0.789¢c | 2.84ab
100 2738a | 587a | 297b | 0840a | 285a; 2418a | 762a | 294b | 09502 | 2.90a
150 2644b | 589a | 2.99% | 08%0a | 280a | 2373a | 784a | 290b | 0875b | 291a
2006/2007

0 1965c | 354d | 2.87c | 0510d | 2.70b | 193.0b | 59.1b ] 247¢ | 0.60lc | 2.64b
25 2465b | 4l1c | 3.11b | 0.640c | 2.84a | 1992b | 644b | 264b | 0.790b | 2.79a
50 2740a | 494b | 344a | 0.748b | 287a | 2151a | 679b | 299a | 0.884b | 2.84a
100 2821a 587a | 291c | 0.895a | 291a| 2304a | 789a | 261b | 0930a | 2.89a
150 273.6a | 591a | 2.88c | 0.840ab | 2.89a | 2213a | 66.9b | 2.69b | 0.910a | 2.87a

Values followed by the same letters in the same column is not significant according to Duncan's
multiple range test at 0.05.

As for the effect of sulphur levels on These results indicate the fact that
sulphur plays an important role in cole crops

Data presented in Table (6) show that increa- 25 it is an essential element presented in these
crops, moreover it enters in the formation of

sing levels of sulphur application from Oupto . 1> . :

150 kg /fed. gradually increased significantly ;‘;‘;ﬁ‘;"anf“‘:of;ﬁmgmbgmhh ;ﬁy o
the values of sulphur, sinigrin and glucora- ., lifiower curds. These results agree with
phanin content in both cabbage heads and  those reported by Rangkadilok ef al. (2004) on
cauliflower curds in both seasons. broceoli and Rossen ef al. (2005) on cabbage.

sulphur, sinigrin and glucoraphanin contents,

Table (6): Sulphur, sinigrin and glucoraphanin content of cabbage and cauliflower as
__affected by levels of sulphur application.

Cabbage head Cauliflower curd

Sulph . Glucorapha . . Gh'xcnrapha '
Kefted | 5T | gy | Maeee | G | ggbwy | Motk |
0 029%e¢e 43¢ 14d 0.540d 31le 24¢
25 0.510d | 62d 21c 0.610c 52d 52d
50 0590 ¢ 86¢ 53b 0.650c¢ 73¢ 84c
100 0.740 b 1230 77a 0.790 b 93b 106b
0810a 165a 82a 115a 11.9a

0.210d 39e 19¢ . 27d 22e
25 0.500¢ 7.1d 3.2d 0.630d 48¢ 57d

50 0.600 b 79¢ 64c 7.1b 94c
100 0.79%a | 119b 82b . 84a 11.0b |
150 a | 153a 97a | 0950a 83a 127a |

Values follow by the e etters in Vr same is si acoor to 's
multiple range test at 0.05.
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From the obtained results on the
effect of sulphur levels on sinigrin and gluco-
raphanin content in cabbage and cauliflower it
is worthy to mention that there was a positive
correlation between sulphur levels and these
two substances which is clearly noticed from
the linear regression presented in the Figs. (1
and 2) for cabbage and Figs. (3 and 4) for
cauliflower.

Season 2

y2 = 0.0527x + 2.4552
R? = 0.9304
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-
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Finally, it could be concluded that
addition of 100 kg. S/fed. gave the best values
of yield, quality and chemical contents of both
cabbage heads and cauliflower curds and there
was a positive correlation between sulphur
levels and each of sinigrin and glucoraphanin
contents in both cabbage and cauliflower
crops

Season 1
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° y1= 0.0811x + 4,306
16 - 2
o RY= 0.9991
s 1 {
P Ral v o SN
Sd 10 Season 2
EE
£ 9
§§, 6 y2= 0,073 + 4.4638
8 41 R? = 0.9866
g 2
[+
b-) 0 T T T A i )
6 25 5 75 10 1% 150 175
Sulfur feveis

Figs. (1 and 2): Linear regression between sulphur levels and each of glucoraphanin and
sinigrin content in cabbage heads.
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Figs. (3 and 4): Linear regression between sulphur levels and each of,glucoraphanin and
sinigrin content in Cauliflower curds.
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