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ABSTRACT

Two ficld experiments were carried out in El-Bossaily Protected
Cultivations Unit, El-Bchaire Governorate, Egypt in 2002 and 2003 seasons to
study the response of some Chinese cabbage (Brassica campestris var.
pekinensis) cultivars, i.c. China Queen, China Express and Tropical Delight to
leaf-tying and shading as compared to the control (unshaded) in summer season.
Data showed that leaf-tying significantly increased the head weight of both
"China Queen and China Express” cultivars, but had a great positive ¢ffect on the
heat-tolerant "Topical Delight*. Yield increases were due to higher heading rate
(number of plants with heads) and the development of heavier heads.
Polyethylene net black covers had a positive effect on yield of all cultivars as
compared to the unshaded (control). Vitamin C, total caroteniods and total sugars
were increased duc to leaf-tying and shading in all cultivars. An opposite trend
was recorded for chlorophyll content as the lowest resulted from shaded head and
the highest from the unshaded plants in the three cultivars. On the other hand,
leaf-tying treatment increased total chlorophyll than the control heads in all
cultivars.

INTRODUCTION

Chinese cabbage (Brassica campesiris var. pekinensis) is a member of
cruciferac Family. Optimum atmospheric temperature for head formation is about
15.16°C (Marukawa, 1975). Generally, Chinese cabbage can be grown
successfully in temperate zones, highland and the Lowland of tropical regions.
During the cool seasons the crop usually performs poorly when grown under high
temperatures during the summer season of the tropical lowlands. Head formation
of Chinese cabbage involves the orientation of the inner leaves of the plant with
subsequent changes in the shape of the developing innermost leaves. At the
initiation of head formation, the inner leaves form an enclosed structure with erect
petioles and cupped leaf blades (Kato, 1981). High levels of light induces
broadening of the leaves and formation of heads, while shading induces sagging
of the outer leaves (Waters ef al.. 1992). This hyponastic movement is caused by
low light intensity, the plant s age, auxin, and photoperiod (fto and Kato, 1957;
Kato, 1964 and 1966). Leaf-tying increased marketable yield when compared
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with that of the unshaded control. When Chinese cabbage leaves are tied, shading
for the newly developed inner leaves is provided and temperature is reduced
about 5° C lower than the ambient temperature. This, in turn, stimulates head-
filling and helps produce heavier marketable heads (Sajjapongse and Roan,
1983). In similar studies increasing shade levels tended to increase chlorophyll
and carotenoids concentrations of tomato leaves (Moustafa, 1991 and EL-Gizawy
et al., 1992). Vitamin C content of mature tomato was decreased with reducing
radiation (Venter, 1979).

The objective of the present study was to identify appropriate cultural
management practices that might significantly enhance yield under Egyptian
environment in the summer season.

MATERIALS AND METHODS

Field experiments were conducted at EL-Bosaily protected Cultivation
Unit, EL-Beheara Governorate during the two successive summer seasons of
2002 and 2003. Three Chinese cabbage cultivars were tested in both seasons
Tropical Delight "heat resistant” recommended for summer planting and both
China Queen and China Express moderately heat tolerant recommended for full
planting. Treatments used in both seasons consisted of leaf-tying and
polyethylene (PE) black net covers (light reduction factors 40% and 60%) as
compared with the unshaded control.

The experimental soil was sandy in texture with pH 7.9 and E.C 3.1
mmhos. Soil chemical analysis showed that it contains 11.5 Mg, 12.75 Na, 11.5
Ca, 2,95 Hco, and 13.45 Cl mg/1..

The eXperiments were arranged in a split-plot design with each cultivar
forming a main plot, and leaf-tying and shadmg forming the subplots with three
replicates, The size of each plot was 17.5m” and consisted of 5 rows. Each row
was 5m long, 70cm wide and the spacing between plants was 40cm. Drip
irrigation was applied and the agriculture practices took place whenever it was
necessary according to the recommendations of Sajjapongse and Roan (1983).

Seeds in both seasons of 2002 and 2003 were sown in seedbed on 5% of
Jun, Plants were transplanted in the field on 7% of July in the two seasons,
respectively. All treatments were initiated 21 days after the transplanting. The
leaf-tying treatment involved the loosely 6-8 outermost leaves which tied together
with plastic cord to provide shade for the developing inner leaves. In another
treatment, black P.E net covered the entire bed about 60 cm above the soil
surface. Treatments were replicated 3 times in both 2002 and 2003 scasons. The
temperature during the growing period ranged from 24° to 35°c in 2002 and 23 “to
34° ¢ in 2003. Ten heads were randomly chosen from cach plot for the
determination of marketable rate %, head weight g, heading rate %, ascorbic acid,
total chlorophyll, total carotenoids and total sugars. Ascorbic acid was determined
by using 2,6 dichlophenolindophenol method as reported in A.O.A.C. (1980) and
the results were calculated as mg/100g fresh weight. Total chlorophyll and total
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carotenoids were determined as mg/100g fresh weight according to Robbelen
method (1957). Total sugars were determined after Dubois ef al., {1956) and the
results were calculated as g/100g weight.

Statistical analysis:
The physical and chemical results of this study were statistically
analyzed using the analysis of variance method described by Snedecor (1956).

RESULTS AND DISCUSSION

Marketable yield, head weight and heading rate (number of plants with
heads) of Chinese cabbage in both 2002 and 2003 seasons were increased by
cultural management practices (Table 1). Leaf-tying increased marketable yield
of China Queen, China Express and Tropical Delight by 42.1%, 40.21. and 48.0%
during 2002 secason and 43.9%, 42.4% and 50.5% during 2003 season,
respectively as compared with that of the unshaded control. The use of black P.E.
net improves the marketable yield of all cultivars during both 2002 and: 2003
seasons as the increase ranged from 57.5% to 63.8% when compared with the
unshaded control.

Head weight was affected by leaf-tying and different shading treatments
(Table 1). All treatments showed significant effects on head weight. The
maximum head weight of (2830g in 2002 season and 2930 in 2003 season) was
recorded from the treatment of leaf-tying on Tropical Delight which was
statistically different from the two other cultivars. Shaded plants produced
significantly higher head weight than the unshaded plants. When Chinese cabbage
Ieaves were tied, shading for the newly developed inner leaves was provided and
temperature was reduced of about 3-5°C lower than the ambient température
under 2002 and 2003 experiments conditions. Yield differences a raised from
head weight and heading rate. Leaf-tying led to the highest average head weight
of 2696.67 g and 2765.67 g in both seasons, respectively. Also, this treatment
lead to the highest heading rate of 96.9% and 96.7% respectively.

The chemical composition of the heads, i.e. ascorbic acid, total
caroteniods and total sugars were increased due to leaf-tying and shading, in all
cultivars during the two cultivation seasons (Table 2). Data also indicated that
Tropical Delight cultivar produced the highest ascorbic acid, total carotenoids and
total sugars than China Queen and China Express. On the other hand, total
chlorophyll content was decreased due to leaf-tying and shade in both cultivars of
China Queen and China Express. An opposite trend was recorded for total
chlorophyll heads in Tropical Delight cultivar when the usc of leaf-tying
increased this concentration of pigments. However, chiorophyll content of heads
were decreased due to shade, as compared with the unshaded heads.
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Table (1): Effect of leaf-tying and shading on marketable yield; head weight
and heading rate of Chinese cabbage during summer season of

2002 and 2003 .
2002 Season 2003 Season
2 o § 2 -]
- o8 = = Yy
Cultivars| Treatments % 3 =4 g g =§ i g g%\ g 'g _E f
= S 8z |£E38| = g 2
3 "S E 3| =F 52 g ’§ & B

Leaf-tying | 144.70 { 2650 | 91.00 | 151,60 ( 2717 | 93.00
China | P.E. net A | 98.30 | 2210 { 7407 | 104.80 | 2310 | 75.00
Queen | P.E.net B | 106.00 | 2227 | 78.20 | 111.8¢ | 2327 | 80.00
L Control | 60.87 | 1820 [ 5510 | 66.50 | 1920 [ 57.70
Mean | 102:47 {2226.75| 74.59 | 108.68 |2318.50| 76.43
Leaf-tying | 140590 | 2610 | 90.00 | 146.80 | 2710 | 90.30
China | P.E.netA | 96.40 | 2200 | 73.00 | 102.40 | 2300 | 74.20
Express | P.E. net B | 103.00 | 2245 | 76.50 [ 10900 [ 2178 | 77.50
FI " Control | 3670 | 1750 | 5400 | 6227 | 1843 | 56.97
Mean | 99.25 |2201.25] 73.38 | 105.12 |2257.75) 74.74
Leaf-tylng | 164.20 | 2830 | 96.70 [ 170.40 | 2930 [ 96.90
Tropical|{ P.E. net A | 123.60 | 2405 | 84.10 | 129.30 | 2522 | 85.50
Delight | P.E. net B | 129.50 [ 2500 | 86.20 | 134.20 | 2600 | 86.00
F1 [ Control | 78.90 | 2153 | 62.20 | 86.03 | 2253 | 63.40
Mean | 124.05 [2472.00| 82.30 | 129.98 [2576.25| 82.95
Cultivars | 583 [25610] 221 | 647 | NS. [ 1.31

LS.D.

at 5% g::f::;::;: 11.95 {23370 | 248 | 1197 | 34870 | 4.24
Leaf-tylng | 149.93 |2696.67] 92.57 | 156.27 |2785.67] 93.40
PE.net A | 106.10 |2271.67| 77.06 | 112,17 |2377.33| 78.23

Means | P-E-net B | 112.83 (3324.00] 80.30 | 118.33 [2368.33[ 8L17
Control | 65.49 |1907.67] 57.10 | 71.60 |2005.33| 59.36
L'Ss',,',.’"‘ 690 | 13490 | 143 | 691 |20130] 245

P.E. net A = Black polyethylene net cover ( light reduction factor 40%) - P.E. net
B = Black polyethylene net cover ( light reduction factor 60%)
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Table (2): Effect of leaf-tying and shading on chemical composition of
Chinese cabbage during summer seasons of 2002 and 2003.

2002 Season 2003 Season
EVEZ|8&| 2| E|EE 25|,z
Cultivars | Treatments qg E‘éﬁ gg: ég" Qg éh éa §'§n
TR R 2R)45) Y §§ E’i =3

Leaf-tying|[50.00139.00{35.5027.90]53.00]40.70 | 36.80 | 27.83
P.E. net A [44.00(34.50{29.20[25.80 [48.00(35.50[29.70 [ 26.90
P.E. net B [42.00 {35.60]29.00[26.50 | 45.00(35.90 [30.00 [ 26.40
Control |29.00]45.00]13.00[15.70[32.00[45.40[13.0016.60
Mean |41.25]/38.53]26.68{23.98]{44.50139.38(27.38]24.43
Leaf-tying|51.00 [ 41.8035.90 {28.80 | 55.00 [42.50 {35.10]29.30
China |P.E. net A[45.00]33.90]28.60[25.60]49.00]34.80]29.80]25.50
Express | P.E. net B |44.00 | 35.50 | 29.50[26.70]47.00 [35.90 [ 29.00 | 26.90

FI | Control [29.00(45.00113.00{17.17]32.00{46.10{13.00116.00
Mean |42.25]39.05[26.75[24.57{45.75|39.83(26.73{24.43
Leaf-tying| 65.00 | 50.60 [ 42.30{30.70 | 71.00 | 50.40 | 37.70 | 31.60
Tropical| P-E. net A |55.00 | 41.3034.90] 27.80 | 59.00 | 42.60 | 34.50 | 27.50
Delight |P.E. net B|53.67[42.70{34.50128.30]58.00143.90]33.80]28.90

F1 Control [38.33]47.00(15.00(20.40{42.00(48.50[16.00{21.20
Mean |53.00]/45.40(31.68/26.80{57.50]46.35{30.50]{27.30
L.S.D.a| Cultivars [ 8.02 | 1351070 | 1.07 ] 4.43 ] 0.27 | 1.94 1.67

5% |ulivarsXl oo 055014530352 68142037 | 345
reatmen
Leaf-tying|55.33 | 43.80| 37.90 | 29.13 | 59.6744.53 | 36.53 | 29.58
P.E. net A [48.00 | 36.57 |30.90 | 26.40 1 52.00|37.63 | 31.33 | 26.63
P.E nct B 146.56|37.93 |31.00 | 27.17] 50.00 | 38.57 | 30.93 | 27.40
Control |32.11]45.67|13.67|17.76 | 35.33 | 46.67 | 14.00 | 17.93
I:tss';:‘ 3.70 | 2.04 | 261 | 203 | 393 | 243 | 217 | 199
P.E. net A = Black polyethylene net cover ( light reduction factor 40%) - P.E. net
B = Black polyethylene net cover ( light reduction factor 60%)

China
ueen F

Means

CONCLUSION

From the overall results it can be concluded that:

- Leaf-tying increased marketable yield of the 3 cultivars China Qucen, China
Express and Tropical Delight by 138%, 148.5% and 108% during 2002
season and 128%, 135.7% and 124% during 2003 season, respectively,
compared with that of the control.
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- The use of black P.E. net improves the marketable yield of all cultivars
during both scasons by 50.4 to 75% as compared whith, the unshaded heads.

- All treatments showed significant effect on head weight and the maximum
head weight was recoded from leaf-tying on Tropicat Delight cultivar,

- Ascorbic acid, total caroteniods and total sugars were increased due to leaf-
tying and shading as compared to the unshaded plants.

- Total chlorophyll content of head was decreased due to leaf-tying and
shading as compared to the head of control plants in both cultivars of China
Queen and China Express.

- Total chlorophyl! content in head of Tropical Delight cultivar was increased
due to leaf-tying, while this content was decreased by shading.
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