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ABSTRACT

Two experiments were conducted to find out the effect of 2cultivars, 3
densities and 7 planting dates on the growth and yield of Chinese cabbage in the
field of EL-Bossaily Protected Cultivation Unit, EL-Bahaira Governorate, Egypt
in 2001-2002 and 2002-2003 secasons. The cultivars Chinese Express and Tropical
Delight were each raised from 7 sowing dates (5, 20 July; 5, 20 August; 5, 20
September and 5 October) and planted in the field on 10, 25 August; 10, 25
September; 10, 25 October and 15 November, respectively. Three different
planting densities were compared for each cultivar, which were 20000 (70x30
cm?), 15000 (70x40 cm?) and 12000 (70x50 cm?) plants/Feddan. Plant population
had a significant effect on marketable yicld. Head weight decreased as plant
population increased. The most suitable density for this crop was 20000
plants/Feddan, This density led to increase the marketable yield and decrease the
percentage of unmarketable heads. The influence of the planting date on yield
was mainly related to the duration of the fmwing period. However, under the
condition of our experiments September 10™, 25" and October 10™ and 25™ were
the most appropriate dates for planting Chinese cabbage. Planting in these dates
increased the length, width, weight and yield and gave rise to minimum values of
total defects.. There was a significant interaction between variety, plant density
and planting date. The most satisfactory result was observed on China Express at
spacing of 70x30 cm’ and planting date of September 25" which gave the highest
marketable yield, while the lowest value was obtained on Tropical Delight spaced
at 70x50 cm? and planted in November 15%.

INTRODUCTION

Heading Chinese cabbage (Brassica campestris 1. var. pekinesis) is a
popular leafy vegetable and widely distributed crop in Asia (Spiltstosser, 1984).
This piant is probably a native of china where it has been in cultivation since the
5% century (Thompson and Kelly, 1957). Chinese cabbage is grown for its
compact head. Yield is directly associated with circumstances of its growth
(Anony, 1992). To attain optimum production, the management of this vegetable
such as its density and planting date arc very important. The optimum density
adapted for carly maturing varictics was about 40x40 cm® (Opena et al., 1988),
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Total yield increases with plant density, but heads become smaller (Waters et al.,
1992). A row spacing of around 35cm produced heads of about 1 kg, and 40cm
about 1.0 to 1.8 kg (Tomkins and Daly, 1998). Regular spacing is important as
irregular will result in greater variation in head size and overall lower yi¢ld
(Ynazawa and Fujji, 1976). Early maturing cultivars require less space than late
ones (Waters et al., 1992).

Optimal temperature varies with growth stage, being 18-20°C during
catly growth, 15-16°C during heading and 10-13°C during final head formation
(Waters et al., 1992). Chinese cabbage is a cool scason crop. The optimum mean
temperature range for excellent growth and good heading is 15-20°C (Asian
Vegetable Research and Development Center (AVRDC), 1981 and Keto, 1981).
If the temperature exceeds 25°C plants cannot form compact head and both yield
and quality become poor and diseases are ofien severe (Opena et al., 1988).
However, different varieties are available for different regions, from temperate to
tropical (Tomkins and Daly, 1998). It requires at least 15-16°C to produce a well
formed and quality head (Guttormsen and Moe, 1985). Lower temperatures
induce bolting while high temperatures resulted narrow leaves. Heads formed at
temperatures above 24°C are often soft and bitter (Waters ef of., 1992). Bolting is
avoided by keeping growth out of low temperature or maintaining above 18°C at
which seedlings are raised (Wiebe, 1990), It is important to grow at either high
temperatures or short days from emergence until there are enough leaves for head
formation and thus, subsequent low temperatures or long days after transplanting
are not likely to induce boiting (Manrique, 1993).

This experiment was established to have full understand about two
important cuitivars of Chinese cabbage and the most suitable plant density and
planting date for producing high yield with good quality.

MATERIALS AND METHODS

Two cultivars China Express F1 and Tropical Delight ¥1 (Brassica
campestris L. var. pekinesis) were used in this investigation. Two trials were
conducted at EL-Bossaily Protected Cultivation Unite, EL-Behara Governorate
during the two successive scasons of 2001-2002 and 2002-2003. The
experimental layout was a split plot design with cultivars as the main plots, plant
density as the subplot and planting dates as sub-subplot with three replicates. The
size of each plot was 10.5m’ and consisted of three rows. Each row was 5m long
and 70cm wide. Drip irrigation was applied and other agriculture practices took
place whenever it was necessary according to the recommendations of
Sajjapongse and Roan (1983).

: Seeds of the two cultivars in both seasons of 2001-2002 and 2002-2003
were sown in seedbed on 5™, 20® of July, 5% 20™ of August, 5% 20" of
September and 5™ of October. Plants were transplanted in the field on 10", 25% of
August, 10™, 25™ of September; 10™ 25" of October and 15% of November.
Spacing between rows were 70cm and between plants were 30¢m (20000
plant/Feddan), 40cm (15000 plant/Feddan) and 50cm (12000
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rows. At harvesting time, Ten hcads were randomly chosen from each plot for
determination of head teagth (cm), width (cm) and weight (g), beside bolting (%),
marketable rate (%), marketable yield (kg/plot). The chemical contents of
ascorbic acid, total chiorophyll, total caroteniods and total sugars, were also
determined. Ascorbic acid was determined by using 2.6 dichlorophenolindo-
phenol method (A.O.A.C., 1980). The results were calculated as mg/100g fresh
weight. Total chlorophyll and total caroteniods were determined as mg/100g fresh
according to Robbelen method (1957). Total sugars were determined adopting the
colorimetric method for the determination of sugar and related substances
according to Dubois ef a/., (1956) and the results were calculated as g/100g dry

weight.

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

E

RESULTS

A- Physical characteristics:
Yield and its components as affected by the different plant spacings and
planting dates are presented in Tables (1-6).

1-Head length and width:

It is evident from the results that the change in head length and width
due to the various planting dates in the two cultivars showed increases up to the
planting date in Seplember 25" then tended to decrease at the last two examining
dates in October 25" and November 15®, The results in the two seasons cleared
that the longest and widest heads resulted from those plants planted in Segtcmber
25™ whereas the lowest were obtained from the late date in November 15%,

Various spacings showed significant effect on head length and width of
the two cultivars China Express and Tropical Delight. Head length and width
generally increased as the distance between plants increased, but they differed
within cultivars. However, the length and width of China Express were greater
than those of Tropical Delight. The maximum head length of 37.5 and 35.5 cm
and head width of 22.17 and 21.50cm in the two seasons respectively of China
Express were recorded from the spacing of 70x50 cm®, while the maximum head
length of 36.0 and 32.5 cm and head width of 19.5 and 20.0 ¢cm in the two seasons
respectively of Tropical Delight were recorded from the spacing of 70x50 cm? .

2- Head weight:

It is obvious from Table (3) that this character significantly responded
to the widening of plant spacing in both seasons. In other words, the heaviest
heads were obtained from the widest spacing (70x50 cm?).



740 Annals Of Agric. Sc., Moshtohor, Vol. 42(2), 2004

Table (1): Effect of cultivars, density and planting dates on head length (cm)
of Chinese cabbage during 2001-2002 and 2002-2003 seasons.

Density 2001-2002 Season
Cultivars | Plants/ ing dates (i
A) Fe 10 | 25 10 | 25 10 | 25 15 | \ean
(B) | Ang | Aug | Sep. | Sep. | Oct | Oct | Nov.
20000 { 24.00 | 25.00 | 26,00 | 27.50 | 26,00 | 23.17 | 2000 | 24,52
China | 15000 | 24.50 | 30.00 | 32.33 | 34.50 | 32.00 | 30.00 | 27.00 | 30.76
Express [ 12600 | 33.00 | 3400 | 3650 | 37.50 | 3500 | 32.00 | 29.00 | 33.86
Fi [ "Mean | 28.93 | 29.67 | 3161 | 33.17 | 31.00 | 2839 | 25.33 | 29.71
20000 | 2150 | 22.00 1 24.00 | 2550 [ 24.00 | 21.00 | 19.50 | 2250
Tropical | 15000 | 26.50 | 27.00 | 29.50 | 31.00 [29.33 | 26.00 | 23.83 [ 27.60
Delight | 12000 | 31.00 | 32.00 | 33.50 | 36.00 | 34.00 | 30.17 { 27.00 | 31.95
Fy Mean | 26.33 | 27.00 | 29.00 { 30.83 [ 29.11 | 25.72 [ 23.44 | 27.35
2002-2003 Season

20000 | 2033 [ 22.00 [ 24.00 [ 2500 | 2383 [ 20.50 | 16.50 | 21.74
China | 15000 { 27.00 [ 2567 [ 31.17 { 33.50 | 31.00 | 27.00 | 24.00 | 28.48
Express | 12000 | 30.50 | 31.50 [ 33.83 | 35.50 | 33.00 | 30.50 | 26.50 | 31.62
F Mean | 2594 | 2639 | 29.67 | 31.33 | 29.28 | 26.00 | 22.33 | 27.28
20000 | 20.00 | 2050 | 2200 1 2400 | 2250 | 19.00 | 1650 | 2064
Tropical | 15000 | 24.50 | 2500 | 28.00 | 29.50 | 28.50 | 25.00 [18.50 | 2557
Delight | 12000 | 25.17 | 30.00 | 31.00 | 32.50 | 31.50 | 29.00 | 25.00 | 29,74
Fy Mean | 24.56 | 25.17 [ 27.00 | 28.67 | 27.50 | 24.33 { 20.00 | 2532
2001/2002 | 2002/2003 2001/2002 | 2002/2003

A N.S 2.661 AxB 0.8010 1.305

LSD| B | 05667 0.9227 AxC 1.224 1.993

at5% | C | 08625 1.409 BxC 1.499 2.441

AsBxC| 2119 3.452

The results summarize the effect of various planting dates and plant
spacing on head weight in the two seasons of 2001-2002 and 2002-2003. It is
clear that, there was an increase in head weight with the delay of sowing dates to
September 25™ after which a decrease tendency took place. It evident that sowing
dates affected significantly the head weight. However, in both seasons the highest
figures resulted from planting in September 25%, whereas the lowest ones
obtained from planting in November 15, China Express plants produced heavier
weight comtipared with the Tropical Delight plants.

3- Marketable rate (%):

Spacing had no significant effect on the marketable rate (%). However,
the Sigaificant highest marketable rate (%) resulted from planting dates of
September 25® and October 10™. The lowest marketable rate (%) was oblained

from plamting at August 10™,
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Table (2): Effect of cultivars, density and planting dates on head width (cm)
of Chinese cabbage during 2001-2002 and 2002-2003 seasons.

Density 2001-2002 Scason
Cultivars | (B) Planting dates (C)

(A) Plants/ [ 10 | 25 [ 10 [ 25 [ 10 | 25 | 15
Fe | Aug. | Aug | Sep. | Sep. | Oct. | Oct | Nov.
20000 112.50(12.83114.33}15.00(14.50811.17]10.00|12.90
China 15000 {15.00}15.50]16.50] 17.50116.5013.50{12.00 [ 15.21
Express | 12000 | 19.00}19.50 [21.50]22.17|21.00]18.50{16.00 | 19.67

F, Mean | 15.50 | 15.94 | 17.44 [ 18.22]17.33 | 14.39 | 12.67 | 15,93
20000 [11.00(11.50112.50]|13.50|13.00(10.50| 9.00 |11.57
Tropical | 15000 |13.00(13.501{14.50} 16.50[14,50 12.00] 10,50 13.50
Detight F1| 12000 [16.50]17.00] 18.50] 19.50] 19.00}17.00] 15.00 | 17.50
Mean | 13,504 14.00 | 15.17{16.50 | 15.50 | 13.17 [ 11.50 | 14.19
2002-2003 Season o
20000 ]114.50]15.00]15.50(16.50]15.50|13.0¢)10.00]14,297 "
China 15000 {17.00{17.50]18.00)19.50 18.33[15.5013.00 ) 16.98
Express | 12000 [21.00]|21.00(21.50]21.50(20.00] 18.50 [ 16.50 | 20.00

Fy Mean |17.50!17.83{18.33119.17]17.94 | 15.67 | 13.17| 17.09
20000 |13.00113.50]15.00|15.50}15.00|12.00!10.50|13.50
Tropical { 15000 {15.00{15.50[16.50(17.00{ 16.50{14.00 {12.00 | 15.21
Delight F,| 12000 |17.50]18.0019.50[20.00[19.00]17.00]15.00 | 18.00
Mean |15.17]15.67(17.00|17.50 | 16.83 { 14.33 | 12,50 | 15.57

Mean

2001/2002 | 2002/2003 2001/2002 | 2002/2003
A N.S N.S AxB 1.096 1.301
LSD |B| 0.7784 0.9203 AxC 1.674 1.988
ats% | C 1.183 1.406 BxC 2,050 2.435
AxBxC 2.899 3.443

4- Bolting (%):

Plant density had no effect on the belting (%) in both cultivars of China
Express and Tropical Delight during the two scasons. The influence of the
planting date on bolting (%) was mainly related to the duration of the growing
period. The highest bolting percentage was obtained from the planting date of
November 15%

5- Marketable yield:

Marketable yield was greater in China Express compared to China
Delight. Spacing effect widely induced different marketable yiclds. The plants
with the closest spacing 70x30 cm?, gave significantly the highest plot marketabte
yield which was statistically different from other plant densities. The lowest
marketabie yield/plot was obtained from plants spaced at 70x50 cm® The results
showed an indication that the yield increased with the decrease of spacing. The
maximum marketable yield was obtained from the closest spacing due to the
increase in the number of plants per unit area. A planting date in September 25
resulted in higher marketable yield as compared with the other different dates.
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Table (3): Effect of cultivars, density and planting dates on head weight (g)
of Chinese cabbage during 2001-2002 and 2002-2003 seasons.
Density 2001-2002 Season
Cultivars | (B) Planting dates (C)
(A | Plants 710 | 35 1 10 | 25 [ 10 | 25 | 15 [pr
Fe | Aug | Aug. | Sep. | Sep. | Oct. | Oct | Nov.
20000 | 2665 | 2700 | 2750 { 2807 | 2753 | 2710 | 2403 | 2684

China | 15000 | 2850 | 2877 | 2907 | 3117 | 2927 | 2750 | 2600 | 2861
Express { 12000 | 3070 | 3120 | 3217 | 3400 | 3360 | 3043 | 2870 | 3154
F. [ Mean | 2862 | 2899 | 2958 | 3108 | 3013 | 2834 | 2624 | 2900
20000 [ 2420 { 2500 | 2653 | 2683 | 2667 { 2400 | 1917 | 2463
Tropical | 15000 | 2610 | 2630 | 2753 | 2793 (2740 | 2510 | 2120 | 2594
Delight F, | 12000 | 2747 [ 2777 | 2890 | 2970 | 2874 | 2640 | 2338 | 2730
Mean | 2592 | 2636 | 2766 | 2816 | 2751 | 2517 | 2092 | 2595
2002-2003 Season
20000 | 2420 | 2505 | 2573 [ 2605 | 2550 | 2500 | 2210 | 2480
China | 15000 | 2660 [ 2650 | 2710 [ 2905 | 2710 | 2560 | 2420 | 2659
Express | 12000 { 2830 | 2960 | 3060 | 3290 | 3117 | 2840 | 2660 | 2965
Fy Mean | 2637 | 2708 | 2781 | 2933 | 2792 | 2633 | 2430 | 2702
20000 | 2210 | 2320 | 2410 | 2480 | 2387 [ 2200 | 1740 | 2250
Tropical | 15000 | 2400 | 2410 | 2560 | 2580 | 2530 | 2333 1930 | 2392
Delight F,| 12000 | 2560 | 2580 | 2670 | 2880 | 2640 2430 | 2005 | 2538
Mean | 2390 | 2437 [ 2547 | 2647 | 2519 | 2321 | 1892 | 2393

2001/2002 | 2002/2003 2001/2002 | 2002/2003
LS.D A N.§ N.S AxB 105.90 123.50
at5% | B 7488 87.31 AxC 161.80 188.60
C 114.4 133.40 BxC 198.10 231.00
AxBxC 280.20 326.70




Effect Of Plant Density & Climatic Conditions On Some....743

Table (4): Effect of cultivars, density and planting dates on marketable rate
(%) of Chinese cabbage during 2001-2002 and 2002-2043 seasons.
Density 2001-20{2 Season
Cultivars | (B) Planting dates (C)
(A) Plants/ | 10 | 25 | 10 | 25 | 10 | 25 | 15
Fe | Aug | Aug. | Sep. { Sep. | Oct. | Oct | Nov.
20000 [ 55.00[76.00(97.00[98.00198.00195.00173.00!84.57
China

Express 15000 | 55.00 { 75.00{97.00,98.00197.83 :96.00{72.17 | 84.43

F, 12000 {52.17175.00197.00) 97,67 98.00)96.00]71.00 | 83.83
Mean }54.06|75.33|97.00]97.89{97.94 | 95.67 | 72.06 | 84.28
20000 | 56.00 | 84.00 | 97.00|98.00 | 98.00 | 96.00 | 73.33 | 85.19

Mean

l;';‘i’g;f’;'l 15000 | 51,00 [81.17 | 97.00 | 98.00 [98.00 | 95.00 | 72.00 | 84.60
12000 | 50.67 | 82.00 | 97.00| 98.00 | 98,00 | 96.00 | 70.67 [84.62
Mean | 50.56 | 82.39 | 97,00 | 98.00 | 98,00 | 95,67 | 72.00 | 84.80
20022003 Scason
20000 | 54.00(79.00 | 55.00] 98.00] 98.17] 94.00 | 72.00 | 84.31
E‘i‘;ﬁ:s 15000 | 54.00|78.00 | 95.00] 98,00 98.00 | 93,00 | 70,00 | 83.71

Fi | 12000 | 52.00]76.00] 96,00 | 98,00 | 98.00] 92,00 | 70,00 | 83.14
Mean | 53.33 [ 77.67] 95.33 | 98,00 98.06 | 93,00 70.67 [ 83.72
30000 | 51,33 | 82.00] 97.00 | 95.00 | 98.00 | 95.0070.00 | 84.05
Tropical | 057700 | 82.00 97,00 98.00 | 98,00 | 94 00 70,67 |84.38

Delight F,
12000 | 50.00(72.43{97.00198.00198.00194.0071.00)82,92
Mean {50.78]78.81197.00!97.00;98.00 ! 94.33 | 70.56 | 83.78
200172002  2002/2603 2001/2002 | 2002/2003
LS.D A N.S NS AxB 1.038 1.424
at5% ' B N.S 1.007 AxC 1.585 2,176
C i.121 1.538 BxC 1.941 2.665
AxBxC 2.746 3.768
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Table (5): Effect of cultivars, density and planting dates on bolting {%) of
Chinese cabbage during 2001-2002 and 2002-2003 seasons.

Density 2001-2002 Season
Cultivars (B) Planting dates (C)
A) Plants/ | 10 25 10 25 10 25 15 Mean
Fe | Aug | Aug | Sep. | Sep. | Oct. | Oct | Nov.
20000 1 0.00 { 0.00 | 0.00 [ 000 | 0.00 | 0,00 |22.67] 0.00
China
Express 15000 | 0.00 [ 0.00 { 0.00 | 0.00 | 0.00 | 0.00 {23.30! 0.00
Fy 12000 | 0.00 | 0.00 | 0.00 | 000 | 0.00 | 000 {22.40| 0.00
Mean { 0.00 | 0.00 | 0.00 | 0.00 | 0.00 { 0.00 ;22,76 ] 0.00
20000 | 0.00 { 0.00 | 0.00 | 0.00 ] 0.00 | 0.00 {27.07; 0.00
Tropical
Delight F, 15000 | 0.00 [ 000 | 0.00 [ 0.00 | 0.00 | 0.00 2533 0.00
12000 ( 0.00 | 0.00 | 0.00 | .00 | 0.06 | 0.00 | 27.00| 0.00
Mean | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0,00 |26.47 | 0.00
2002-2003 Season
20000 { 0,00 { 0.00 | 0.00 | 0.00 ) 0.00 [ 0.00 {23.00] 3,29
China
Express 15000 | 0.00 | 0.00 | 0.00 | 0.00 ! 0.00 | 0.00 12333 3.33
¥, 12000 { C.00 | 0.00 1 000 | 0.00 | 0.66 | 0.00 12233 3.19
Mean | 0.00 { 0.60 | 0,00 | 0.00 | 0.00 | 0.00 |22.89 3.27
20000 | 0.00 | 0.00 | 0.066 1 0.00 | 0.00 ; 0.00 12233 3.19
Tropical 15000 { 000 { 000 1 0.00 ] 000 } 0.00 [ 0.00 {21.40 | 3.06
Delight F, . . X . . . . X
12000 | 0.00 | 0.00 { 0.00 [ 000 ] 000 | 0.00 |21.67| 3.10
Mean | 000 } 0.00 | 0.00 | 0.60 { 0.00 | 0.00 | 21.80]| 3.11
200172002 | 2002/2003 200172002 } 2002/2003
LS.D A N.S N.S§ AxB 0.4859 0.6637
at5% | B N.S N.S AxC 0.7422 1.014
C 0.5248 0.7169 BxC 0.9091 1.242
AxBxC 1.286 1.756
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Table (6): Effect of cultivars, density and planting dates on marketable yield
(Kg/plot) of Chinese cabbage during 2001-2002 and 2002-2003

seasons,
Density 2001-2002 Season
Cultivars | (B) Planting dates (C)
(A) Plants/ | 10 25 10 25 10 25 15 Mean
Fe | Aug | Aug. | Sep. | Sep. | Oct. | Oct | Nov. | ¢
20000 | 70.57 | 98.67 [ 127.30} 131.9 | 129.40} 123.40{ 84.10 | 109.30
China
Express 15000 | 5637 | 77.77 | 101.60| 110.0 | 103.30| 95.13 { 67.63 | 87.40
Fy 12000 | 47931 70.10 ] 93.50 | 9990 | 98.73 | 87.53 | 61.07 | 79.82
Mean | 5829 | 82.18 [ 107.40} 113.9 | 110.50{ 102.00] 70.93 | 92.19
20000 | 58.17 | 100.9 [123.60| 126.3 | 125.5 | 110.70{ 67.40 | 101.80
Tropical
Delight F, 15000 | 4797 | 76.57 | 96.20 | 98.60 |96.77 | 85.93 | 54.87 | 79.56
12000 | 41.87 | 6823 | 8403 | 87.27 1 83.63 | 76.63 | 4717 | 6983
Mean | 4933 | 81.90 {101.30| 104.0 | 102.00| 91.00 | 56.48 | 83.73
2002-2003 Season
20000 | 62579513 | 11640] 1226} 1192 | 113.7 | 76.53 | 100.90
China
Express 15000 | 5183 | 71.23 1 92601 1072 | 95.63 { 85.83 | 60.87 | 80.74
F, 12000 | 4420 | 67.00 | 88.07 ) 96.47 | 8857 | 7847 | 55.97 | 74.16
Mean | 5287 | 7792 | 99.03 | 1088 | 101.]1 | 92.66 | 64.46 | 85.26
20000 | 5527 19143 (11250 1168 1139 | 1013 | 58.33 } 92.80
Tropical
Delight F; 15000 | 44.00 | 70.23 | 8933 | 91.07 | 8933 | 78.87 {49.10 | 73.28
12000 [ 372716183 | 77.63 | 8463 | 7757 {6957 | 42773 | 6446
Mean | 4551 | 74.83 | 91.17 | 9749 ] 93.61 | 83.26 | 50.06 | 76.85
2001/2002 | 2002/2003 2001/2002 | 2002/2003
A N.S NS AxB 3.419 4.450
L.S.D 2417 147 222 6.798
at5% | B 41 3. AxC 5. .
C 3.693 4.807 BxC 6.396 3326
AxBxC 9.045 11.77
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B- Chemical characteristics:

Presented data in Table (7-10) show that the effect of plant density and
planting dates on the content of ascorbic acid, total chlorophyll, total carotenoids
and total sugars in the two seasons of 2001-2002 and 2002-2003 indicated that
there was no significant difference among the various examined dates and
densities in both cultivars.

Table (7): Effect of cultivars, density and planting dates on ascorbic acid
content (mg/100g f.w) of Chinese cabbage during 2001-2002 and
2002- 2003 seasons.

Density 2001-2002 Season

Cultivars | (B) Planting dates (C)

(A) Plants/ | 10 | 25 | 10 | 25 { 10 | 25 | 15

Fe | Aug. | Aug | Sep. | Sep. | Oct. | Oct | Nov.
20000 ]39.13139.37/40.00]42.3341.33|40.1739.97 | 40.33

China

Express 15000 [39.20(39.43 [40.43]42.17142.00!42.70)40.03 | 40.55

F, 12000 |38.90{39.13[40.47[42.33{42.00(39.83139.83140.47
Mean | 39.08 | 39.31 | 40.26 | 42.28 | 41.78 | 39.94 139,94 | 40.44
20000 }39.10)39.30(41.40]42.10|41.40139.70|39.70 | 4.047

Mean

l;‘;;’;.:f’;}l 15000 [39.73 |39.83 |41.27142.27]41.33 | 39.83 | 39.83 | 40.66
12000 [39.17[39.33 |40.6741.93 | 41,37 |39.43 | 39.43 | 40.33
Mean | 39.33 | 39.49 | 41.11 | 42.10] 41.37 | 39.66 | 39.66 | 40.49
2002-2003 Season
20000 | 36.27 ] 36.43 | 37.07] 39.07]37.97]37.60]37.33 | 37.39
E(i:‘fr':;s 15000 [35.2035.50{36.3037.73 | 37.00 | 36.80 ] 36.50 | 36.43

F, 12000 [36.13136.10(36.57(37.03136.60[36.17{36.10 [ 36.39
Mean | 35.87]36.01 | 36.64|37.94(37.19 1 36.86 | 36.64 | 36.74
20000 |42.1335.60]36.30136.87]36.63]36.00(36.67]37.03

Tropical
Delight F, 15000 [35.37(35.8736.1336.80{36.57 | 36.20 | 35.87 | 36,1}
12000 136.17 | 36.50 |37.00[37.47137.13 [36.87 {36.53 | 36.81
Mean | 37.89 | 35.99 | 36.48| 37.04 | 36.48 | 36.36 | 36.02 | 36.65
2001/2002 | 2002/2003 2001/2002 | 2002/2003
: A N.S N.§ AxB N. S 1.194
LSD|B N.S 0.8442 AxC 0.5534 1.824
3% [ C| 0.3913 1.290 BxC 0.6778 2.234
AxBxC | 09585 3.159
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Table {8): Effect of cuitivars, density and planting dates on total chlorophyll
content (mg/100g f.w} of Chinese cabbage during 2001-2002 and
2002-2003 seasons,

Density 2001-2002 Season
Cultivars | (B) Planting dates (C)
(A) Plants/ | 10 | 25 | 10 [ 25 | 10 | 25 | 15 Mean
Fe Aug. | Aup. | Sep. | Sep. | Oct. | Oct | Nov,
20000 |35.73|35.87135.97{36.77|36.03 | 35.80(36.33 | 36.06
China
Express 15000 [35.43]35.63(35.90|36.23(36.03135.93(35.73|35.84
F, 12000 | 35.63|35.80|36.07 | 36.30|35.9735.80 3543 35.86
Mean | 35.60 | 35.77 | 35.98 | 36.43 | 36.01 | 35.84 [ 35.80 | 35.92
20000 [35.40{35.63(35.90(36.27136.07 [35.97|35.67|35.84
Tropical
Delight ¥, 15000 |35.70{35.90]36.13(36.47136.10 [36.07|35.63 | 36.00
12000 [35.77|3590|36.20136.37{36.07|35.8735.67|35.98
Mean | 35.6235.81]36.08|36.37}36.08 | 35.97 | 35.66 | 35.94
2002-2003 Season
20000 |37.57(37.77137.87|38.50138.70|37.87137.00|37.80
China
Express 15000 |37.80(38.33{38.60(39.03]38.90(38.50|38.30|38.50
F, 12000 |38.23 |38.77(38.90|39.33 | 38.80|38.70|38.37| 38.73
Mean |37.8738.29 | 38.46 | 38.96 | 38.59 | 38.36 | 37.89 | 38.34
20000 [36.10(36.40(38.57|36.97}36.30(36.07 | 35.80 | 36.31
Tropical
Delight F, 15000 |33.4733.57134.1734.77(34.50(34.00|33.80 | 34.04
12000 |34.7334.93135.17)35.63(35.4035.00 |34.67 | 35.08
Mean |34.77|34.9735.30 | 35.79 | 33.40 | 35.02 | 34.76 | 35.14
2601/2002 | 2002/2003 2001/2002 | 2002/2003
A N.S N.S AxiB N.S 0.5157
LSD B N.S 0.3646 AxC N.S 0.7877
ats5% | C N.S 0.5570 BxC N.S 0.9647
AxBxC N.S 1.364
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Table (9): Effect of cultivars, density and planting dates on total carotenocids
(mg/100g f.w) of Chinese cabbage during 2001-20602 and 2002-2003

Se4s0ns.
Density 2001-2002 Season
Cultivars [ (B) Planting dates (C)

(A) Plants/ | 10 [ 25 { 10 | 25 ] 10 | 25 | 15
Fe | Aug. [ Aug | Sep. | Sep. | Oct. | Oct | Nov.

20000 127.5027.80(28.1028.50(27.47(27.50]26.47 ) 27.62
China

Express 15000 ;7.00 27.37{28.23128.5027.37:27.1725.63 | 27.32

F, 12000 |26.87(26.97{27.17}127.47)26.50126.77)26.40 | 26.93
Mean {27.12127.38|27.83 28,16} 27.24 | 27.14 | 26.17 | 27.29
20000 |27.17)27.37127.70(28.03|27.93127.40(27.07 [ 27.52

Mean

Tropical
Delight F,| 15000 | 2763|2783 | 78.03 (18201790 |27.57 | 2687 [21.72
12000 | 26.87 {27.20 | 2757 | 28.03 | 27.87127.57 | 26.40 | 27.36
Mean |27.22|27.47 | 27.77| 25.09 | 27.90 | 27.51 | 26.78 | 27.53
2002-2003 Season
20000 |24.20]27.47]25.03]25.60]25.43 | 25.10 | 24.80 | 24.95
EC'“““ 15000 125.07125.27|25.47|25.97 | 25.70 | 25.30 | 24.50 ] 28.32
xpress

F, 12000 |23.90(24.03[24.27{24.60(24.0323.77123.50]24.01
Mean |29.38 | 24.59 [ 24.92 ( 25.39 | 25.06 | 24.72 | 24.27 | 24.76
20000 (2183 2557126172693 26.50)|2583|25.63|25.50

Tropical
Delight F, 15000 |23.57123.83|24.17(24.77(24.37]24.00 {23.70 {24.06
12000 }22.87)23.07[23.60[23.83{23.57(22.90 [22.63]23.21
Mean |22.76 | 24.16 [ 24.64 | 25.18 { 24.81 [ 24.24 | 23,99 | 24.25
2001/2002 | 2002/2003 2001/2002 | 2002/2003
A N.S N.S Ax1B 0.1132 0.9326
LSD (B | 08007 0.6595 AxC 0.1730 1.425
5% [ C| 01223 1.007 BxC 02119 1.745
AxBxC 0.2996 2.467
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Table (10): Effect of cultivars, density and planting dates on total sugars
concentration {mg/100g d.w) of Chinese cabbage during 2001-

2002-2003 seasons,

Density 2001-2002 Season
Cultivars (®) Planting dates (C)
(A) Plants/ [ T0 [ 25 [ 10 [ 25 | 10 [ 25 [ 15 Tpe
Fe_ | Aug. | Aug. | Sep. | Sep. | Oct. | Oct | Nov.
20000 [24.90|25.13]26.10{26.50]26.40]25.87(25.70 | 25.80
China | 15000 |25.00{25.4025.90]26.20 [ 26.40 { 26.00 | 25.80 ! 25.81
Express | 12000 [2530(25.47[26.10(26.70]26.40(26.00 [ 25.90 | 25,98
F Mean |25.07]25.33]26.03]26.47]26.40 | 25.96 | 25.80 | 25.87
20000 [24.70]24.90[24.97]26.0025.90]25.5024.80 ] 25.25
Tropical | 15000 [25.20]25.50(25.90]26.20{26.00 [25.80[25.00 | 25.66
Delight F, [ 12000 |26.03 [26.03126.67]26.20|26.17[25.80[24.90|25.97
Mean | 25,31 |25.48 | 25.84 | 26.13 | 26.02 | 25.70 | 24.90 | 25.63
2002-2003 Season
20000 [22,13{22.43(22.53{23.07(23.23{22.83122.50{22.68
China | 15000 [24.33[24.60[24.70[25.10[24.90[24.03 {24.70 | 24.53
Express | 12000 [22.00[22.40(22.60[23.00]22.90[21.43({21.90]22.32
F, Mean |22.82{23.14 | 23.2823.72| 23.68 [ 22.77 | 22.82 | 23.18
20000 |22.60]22.77{22.90[23.40}23.03[2283121.90]{22.78
Tropical | 15000 |24.00}24.20]24.60[25.30]25.00]24.90{24.50 | 24.64
Delight Fy{ 12000 [23.50]23.70[23.90{24.5023.90{23.80 [22.90 [ 23.74
Mean |23,37(23.56]23,80] 24,40 23,98 [ 23.84 | 23,10 23.72
2001/2002 | 20602/2003 2001/2002 | 2002/2003
A 005421 0.1731 AxB 0.07267 0.1116
LSD [B]| 05138 0,07889 AxC 0.1110 0.1704
at5% | C | 0.7849 0.1205 BxC 0.1359 0.2087
AxBxC /| 01923 0.2952
DISCUSSION

Regarding the yield and its compenents, it is obvious that the head
length, width and weight were significantly increased by increasing the plant
spacing. This may be due to the high competition between plants for light,
minerats and water. From the horticuttural point of view, the marketable yield is
the important target from any plantation. However, under the conditions of our
experiment there is no doubt that the period extended from September 10 to
October 25™ was the most suitable dates for planting Chinese cabbage. Planting in
this period induced best head weight which led consequently to the heaviest yield.
In our consideration, Chinese cabbage has its own temperature and light
requirements which affect the various processes of photosynthesis, respiration,
assimilation ... etc. and induced the peak capacity of production. The question of
this ¢xerted high yield may be accounted comparatively to the favorite
temperature followed this dates which suit the growth and development of
Chinese cabbage throughout the life cycle of plant building of the vegetative
growth and yields (Wurr ef al., 1981).
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Table (11): The average monthly temperature (°C) in the two seasons of

2001/2002 and 2002/2003
Month / Year Temp. ('C} .
Min. Max, Avg,
Sept.2001 16.84 33.00 24.92
0ct. 2001 14.52 29.80 22,50
Nov.2001 10.32 24,16 17.45
Dec.2001 7.15 20.10 13.05
Jan.2002 5.27 18.88 12.07
Feb.2002 5.37 21,30 13.50
Mar,2002 7.62 23.15 16.35
Apr,2002 10.28 27.52 19.15
Sept.2002 . 16.72 32.85 25.10
Oct.2002 14.35 29.58 22.32
Nov.2002 10.10 2415 17.32
Dec.2002 . 7.05 20.00 12.75
Jan.2003 4.78 18.32 11.58
Feb.2003 5.05 21.05 13.55
Mar,2003 7.10 2235 15.48
Apr.2003 9.55 26.82 18.42

Source: Central Laboratory for Agricultural Climate (CLAC), Agricultural
Research Center, Ministry of Agriculture.

CONCLUSION

From the overall results it can be concluded that:

- China Express plants produced heavier head weight compared with the
Tropical Delight,

- The maximum head length and width were recorded from the spacing of
70x30 cm?.

- The heaviest heads were obtained from widest spacing (70x50 cm?).

- The maximum marketable yield was obtained from the closest spacing
(70x30 cm?).

- The lengthest heads and widthest resulted from those plants planted in
September 25", whereas the lowest were obtained from the latest date in
November 15%.

- The highest head weight resulted from planting in September 25", whereas
lowest ongs cbtained from planting in November 15%.

- Significant hi%lhest marketable rates (%) was found at planting dates of
September 25" and October 10", The lowest marketable rate (%) was
obtained from planting at August 10",

- The highest bolting percentage was obtained from planting date of November
15™. Plant density had no effect on bolting (%).

- The highest marketable yield resulted from planting in September 25%.
Marketable yield was greater of China Express compared to Tropical
Delight.
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