J. Agric. Sci. Mansoura Univ., 29(9): 5147 - 5158, 2004

EFFECT OF PLANT SPACING, NITROGEN FERTILIZER
LEVELS AND ZINC FOLIAR SPRAY ON PRODUCTIVITY OF
CABBAGE IN CALCAREOQOUS SOILS.

Mahmoud, M.R."; R. A. El-Shabraway' and M.F. El-Masri?
1 Veget. Res. Dept., Hort. Res. Inst., Agric. Res. Centre, Giza, Egypt.
2 Plant Nutrltion Dept., National Res. Centre, Cairg, Egypt.

ABSTRACT

Two field trials were carried out during two successive winter seasons of
2002/2003 and 2003/2004 at the farm of El-Nubaria Hort. Research Station to study
the response of cabbage plants (cv. Brunswick) to nitrogen ferilizer levels, plant
density and zinc foliar nutrition on growth, yield and chemical composition of cabbage
plants.

The main results obtained from this investigation could be summarized as
follows:-

1. Effect of nitrogen levels: Increasing nitrogen rates from 40 to 80 kgfed caused
significant increase in all studied traits, except Fe and Zn content of leaves,
which was decreased by increasing N levels, P% was not affected by N levels.

2. Plant spacing. The highest values were obtained from lower density (50 cm),
except yield (ton/fed) and Fe and Zn content were significantly increased with
closest spacing (30 cm).

3. Znfoliar spray: Foliar application with chelated Zn (12% Zn) at 1 g/L Zn gave the
highest values of outer leaves / plant, plant fresh weight, head weight, yield
(ton/fed), length and diameter of heads and significantly increased leaf content
of Mg and Zn {ppm). Leaf content of N, P and Fe, Mn were significantly
decreased with foliar application with Zn compared with untreated treatment
(without Zn}.

Effect of interaction: The traits under study were insignificantly affected by the
interaction between N levels, plant spacing and foliar application with Zn.
The study concluded that the highest yield was obtained from:

i, Fertilization with 80 kg N/fed.

ii.  Theideal spacing for cabbage plants under Nubaria location is 30 cm,

iii. Foliar application with chleated Zn at 1 g/L

INTRODUCTION

Cabbage {Brassica oleraceae var. Capifaia L.) is a popular winter
vegetable in Egypt. Modern intensive agriculture requires an optimurm nutrient
supply for the high yielding crop, plant nutrition is one of the primary factors.
Fertilization with nitrogen has been reported to have great effects on cabbage
yield, marketable head size and quality. Research in Egypt has demonstrated
that response of cabbage plants to nitrogen may differ from one location to
another, soil type and may be depend on the grown cultivar, Hassan and
Abdei Ati (1993) reported that the yield of the edible heads / fed., average
weight of edible head dimensions increased with increasing N fertilizer level
up to 75 kg N/fed. EI-Etriby (1994) pointed out that average head weight per
plant and total yield per feddan were significantly increased by increasing
nitrogen level up to 80 kg Nffed in comparison with the lowest N ievel.
Hassan et al. (1994} reported that increasing nitrogen fevel from 40 to 126 kg
Nffed significantly increased cabbage yield.
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Data obtained were subjected to statistical analysis by the technique of
analysis of vanance (ANOVAJ for split spiit block design. The treatments
mean were compared using Duncan's Multiple Range Test (Duncan, 1985).

RESULTS AND DISCUSSION

1. Vegetative growth characters:
a. Effect of nitrogen levels:

Data in Table 2 show that the differences between the averages of all
growth parameters; number of outer leaves / plant, plant fresh weight (kg)
and edible head weight (kg) were significantly with addition of N fertilizer
levels in both seasons. The highest values of all growth parameters were
cbtained from using 80 kg N/ffed in comparison with the other treatments in
both seasons.

Table 2: Mean effect of nitrogen levels, plant spacing and foliar nutrition
with Zn on some vegetative growth characters of cabbage
lants during 2002/2003 and 2003/2004 seasons.

No. of outer leaves Plant fresh Edible head
I plant weight (kg) weight
ki
2002/ 200% | 2002 | 2003/ 2002/ | 2003/
2003 2004 2003 2004 2003 | 2004
Nitrogen level
kg/fed):

40 8.68 b 980b | 276¢c | 3.00c 200c [236¢C

60 974a | 11.70a | 3.34b| 368D 269b |3.09b

80 10.62a | 1250a | 4.27a| 4.71a 3802 |395a
IE test T} ‘ *x ) [ » j :14]
Plant spacing (cm): I

30

50 9.17b | 1046b | 299b | 3.30b 235b |273b
L 10.33a | 12212 [ 3.94a| 42943 3.10a |3.55z
IE test 2 ik h " % L - 1
Zn foliar spray: ]

With 10.33a | 12.08a | 3.59a | 4.03a 3.00a |3.35a

Without 9.16b | 10.46h | 3.32b | 3.56b 253b (2800
F test * -k [ 4] "k i Ll

* ** indicate significant differences at P< 0.05 and 0.01 according to F test.
Values having the same alphabetlcal letter within each column are not significantty
different at the 5% level, according to Duncan’s Multlple Range Test.

These results might be due to the fact that cabbage plants need to
nitrogen for healthy especially where soils are poor in nitrogen and arganic
matter as this study situation (Table 1). Nitrogen is one of the most important
components of cytoplasm, nucleic acid and chlorophyll (Purekar et a/., 1992),
therefore, increasing nitrogen in plant may increase hormones production,
which activate cell division and enlargement in plant tissue {Devlin, 1969).
This result is in good accordance with Hassan and Abdel Ati (1983), Hassan
et al. (1994}, El-Etriby {1994}, EI-Shabrawy et al. {1999} and Ibrahim {2001).
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b. Effect of plant spacing:

Data in Table 2 reveal that the highest values of No. of outer leaves,
plant fresh weight {kg / plant} and edible head weight (kg) were significantly
increased by increasing plant spacing from 30 to 50 ¢cm between plants.
These increments are true in both seasons. Similar results were obtained by
Viaswinkel {1997), who found that lower plant density improved crude size
and quality.

c. Effect of foliar nutrition of Zn:

Data in Table 2 clear that foliar application with EDTA Zn significantly
increased No. of outer leaves, plant fresh weight (kg / plant) and edible head
weight (kg) were significantly increased in both seasons compared with
control (without Zn). Similar results were obtained by El-Shabrawy (1991), he
found that spraying caulifiower plants with 200 or 400 ppm Zn significantly
increased No. of leaves and plant fresh weight compared to control. These
results might be due to the fact that cabbage plants need to Zn under
calcareous soil. Table 1 show that Zn DTPA extractable was very low as
compared to critical value of available Zn content reported by Lindsay and
Norvell (1978). Such low content may be attributed also to lime induced
condition, which reduces the availability of Zn in the soil. The above-
mentioned soil characteristics reveal low power of supply nutrients, especially
Zn, which may lead to imbalanced nutrition of plants grown on such soil.

d. Effect of interaction:

Data in Table 3 show that the interaction between N levels, plant
spacing and foliar spray with Zn had insignificant effects on all studied
characters in both seasons. This shows that each of these three factors may
be acting independently on these traits.

Table 3: Effect of interaction between nitrogen levels, plant spacing and
foliar nutrition with Zn on some vegetative growth characters
of cabbage plants during 2002/2003 and 2003/2004 seasons.

l'rreatme nts No. of outer leaves|  Plant fresh Edible head
/ plant weight (kg) welght (kg)
N level LPlant Zn foliar 2002/ 2003/ 2002/ | 2003/ 2002/ 2003/
(kg/fed} spacing {sm)/Spray 2003 2004 | 2003 | 2004 | 2003 |Z004
30 With 8.8 10.25 2.40 2.8 1.8 20
40 ithout 7.3 7.75 2.10 2.3 1.3 1.6
50 ith 9.8 11.25 35 3.8 25 3.0
ithout 9.0 10.50 3.2 31 24 2.8
[30 ith 10.3 1.75 28 3z 26 3.0
0 ithout 9.0 10.25 2.7 3.0 2.2 2.7
150 With 1.0 13.00 42 4.7 3.2 3.6
Without 9.5 12.00 3.5 3.8 2.8 3.1
0 With 10.3 12.25 4.1 4.5 34 4.0
0 ithout 9.5 11.00 4.0 4.1 2.9 3.2
150 ith 12.0 14.50 47 5.2 40 45
ithout 10.8 12.25 4.4 5.1 3.7 4.1
Ftest NS NS NS NS NS NS

NS indicate not significant between treatments according to F test.
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2. Yield and head characters:
a. Effect of nitrogen level:

Table 4 shows that nitrogen fertilizer levels significanlly increased
head yield {ton/fed) in both seasons. Raising nitrogen rates from 40 tc 80 kg
N/fed led to marked increases in head yield from 26.0 to 45.5 ton/fed and
from 30.68 to 51.35 tonffed in 2002/2003 and 2003/2004 seasors,
respectively,

Yield increases were due to the increases of average edible head
weight with increasing nitrogen rates (Table 2). These results corresponded
with those obtained by Hassan (1999} and Ibrahim (2001).

Table 4: Mean effect of nitrogen levels, plant spacing and foliar nutrition
with Zn on yield and some head characters of cabbage plants

during 2002/2003 and 2603/2004 seasons.
L‘ Marketable yield Head diameter Head length
{tonffed) {cm) {cm)
reatments r 2002/ 2003/ 2002/ 2003/ 2002/ | 2003/
2003 2004 2003 2004 2003 2004
Nitrogen IeveTsI
kg/fed):
40 26.00 ¢ 3068¢c 2400¢ 2402¢c 2337c (24180
60 3497 b 34.97b 2624 b 26,28 b 2487Tb (24.37Th
80 4550 a 51.15a 28.02a 2763 a 28.00a [2813a
F test b4 EE - T T m
Plant spacing (cm): T
30
50 7602 431682 25.16 1 25421 14180 |2425%
31.00b 3550 b 26.252a 2677 a 2683a (27.21a
F test j - - - e e T
n follar spray: |
With 19.00 a 4355a 2T12a 27.33a 26.16a (26.46a
Without 3280b 37.70b 25.05b 2486b 2466b |25.00h
F tesl v e . Ei Ll -

*, ** indicate significant differences at P< 0.05 and 0.01 according to F test.
Values having the same alphabetical letter within each colurmn are not significantly
different at the 5% level, according to Duncan's Multiple Range Test.

As shown in Table 4, data reveal that increasing nitrogen levels caused
significant increases in head diameter and length in both seasons. Simitar
results were obtained by Ibrahim (2001).

b. Effect of plant spacing:

Data in Table 4 show that increasing plant spacing from 30 to 50 cm
significantly decreased vyield (tonffed) and significanlly increased head
diameter and length. Similar results were obtained by Mallk and
Bhattacharya (1996), who reported that highest total yield were obtained from
the closest spacing.

c. Effect of foliar application of Zn:

Data in Table 4 reveal that foliar nutrition with EDTA-Zn significantly
increased yield (ton/fed) and head diameter and length compared to control
{without Zn). These results are in agreement with those reported by Mishra ef
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al. (1984}, who found that twice foliar application of Zn at 0.25% increased
cabbage yield. The improvement of cabbage yield by foliar application of Zn
in El-Nubaria area may be due to the low availability of Zn soil content owing
to its relatively high pH and lime (Table 1). Such relationships between soil
pH and availability of different nutrients were early discussed by El-Mowelhi
et al. {(1973) and Abd E!-Salam ef al. (1979).

d. Effect of interaction:

The statistical analysis of the experimental data, Table 5 showed that
the interaction between N levels, plant spacing and foliar application of
chelated Zn did not exert any significant effect on yield and head diameter
and length in both seascns. This shows that each of these three factors may
be acting indepenciently on these traits.

Table 5: Effect of Interaction between nitrogen levels, plant spacing and
foliar nutrition with Zn on yield and some head characters of
cabbage plants during 2002/2003 and 2003/2004 seasons.

|Tre atments Marketable yield Head diameter | Head length
{ton/fed) (em) {cm)
N level [Plant spacing [Zn foliar 2002/ | 2003/ 2002/ | 2003/ | 2002/ | 2003/
kg/fed) cm} ISpray 2003 | 2004 | 2003 2004 2003 [ 2004
30 With 288 32.0 | 2477 25.40 23.0 | 24.00
40 Without 208 | 25.0 | 2250 | 2286 | 22.0 | 2025
0 ith 25.0 30.0 | 25.40 25.63 253 |26.75
Without 24.0 28.0 [ 23.50 23.82 235 [ 25.00
30 with 41.6 48.0 | 27.06 27.30 235 (2440
0 Without 32.2 43.2 | 23.88 2417 235 | 23.50
, 50 with 320 | 36.0 | 2970 | 2830 | 275 |28.00
ithout 28.0 310 | 27.23 27.07 255 |[26.10
0 ith 50.24 | 64.0 | 28.18 28.60 27.0 | 27.60
80 Without 46.4 51.2 | 268.27 26.50 255 | 27.30
50 mith 40.0 45.0 | 30.10 29.60 308 | 31.30
ithout 37.0 41.0 | 27.01 27.23 28.8 | 29.00
F test NS NS NS NS NS NS
N$ indicate not significant between treatments according to F test.

3. Chemical composition:
a. Effect of N levels:

Data in Tables 6 and 7 shows that increase N leveis from 40 to 80
kgffed significantly increased N%, Mg% and Mn ppm and significantly
decreased Zn and Fe {ppm). P% was not affected by N levels in both
seasons. Similar results were obtained by El-Shabrawy et al. (1999) and
Ibrahim (2001}, who reported that increasing N levels significantly increased
N% in cabbage leaves.
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Table 6: Mean effect of nitrogen levels, plant spacing and foliar nutrition

with Zn on some chemlcal composition of cabbage plants

during 2002/2003 and 2003/2004 seasons.
N

) P {%) Mg (%)
[Traatments 2002/ 2003/ 2002 2003/ 2002/ 2003/
2003 2004 2003 2004 2003 2004
Nitrogen levels (kg/fed):
40
60 23c 23b 0.318a 0330 a 0.280b | 0.270b
80 28b 24b 0.309a 0.310a 033%0b | 0.300a
38a 3688 0.39a 0.210a 0349a | 0.300a
IF test i . NS NS * -
IPlant spacing {cm):
30 28b 27b 0.318a 0.320a 0.310a | 0.280a
50 30a 29a 0.307a 0.310b 0331a | 0.300a
IF test " - NS - NS NS
'ZTl'ollarspray:
With 290a 280b 0.261b 0.26b 0389a [ 0. Ma
Without 3.01a 290a 0.263 a 0.37a 0.272b 0.24 b
Ftest NS r r - - 0

*, ** indicate significant differences at P< 0.05 and 0.01 according to F test.
Values having the same alphabetical letter within each column are not significantly
different at the 5% level, according to Duncan's Multiple Range Test.

b. Effect of plant spacing:

Resuits in Tables 6 and 7 show that increasing plant spacing from 30 to
50 cm significantly increased N% content in cabbage leaves, and decreased
P%, Zn and Fe {ppm). Mg and Mn were not significantly affected by plant
spacing in both seasons.

Table 7: Mean effect of nitrogen levels, plant spacing and foliar nutrition
with Zn on some chemical composition of cabbage plants
during 2002/2003 and 2003/2004 seasons.

Mn {pom) Zn {ppm) Fe (ppm}
Treatments 200 2003/ 2002/ 2003/ 2002/ 2003/
2003 2004 2003 2004 2003 2004
Nitrogen leveis
(kgifed):
40 36.2b 352¢ 257a 254 a 188.7a 191.0a
60 347b 38.2b 239a 239b 186.0a 182.0b
80 45.2a 40.0a 220b 2200b 188.1a 1736¢c
F test - - bl * NS -
Plant spacing {em):
30
50 3B6a 383a 24.2a 240a 2006 a 1903 a
388a 373a 25.7a 226b 174.7 b 1742k
F test NS NS NS h l i
Zn foliar spray:
With 350D 33.7b 2t 1a 255a 166.8 b 168.5b
Without 425a 418a 2281 22.0b 2085a 186.1a
Ftest - — - 0 0 g

“, ** indicate significant differences at P< 0.05 and 0.01 according to F test.
Values having the same alphabetical letter within each column are not slgnificantly
different at the 5% level, according to Duncan's Multiple Range Test.

¢. Effect of foliar spray with Zn:
Data in Tables 6 and 7 reveal that foliar application of Zn significantly
increased Mg% and Zn ppm in cabbage leaves and significantly decreaased
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N, P% and Mn, Fe {ppm). Similar results were obtained by Heng et al. (1997},
who reported that spraying Chinese cabbage with Zn increased accumulation
of Zn.
d. Effect of Interactlon:

Data in Tables 8 and S show that chemical composition of cabbage
leaves were not significantly affected by interaction between N levels, plant
spacing and foliar application of Zn in both seasons.

Table 8: Effect of interaction between nitrogen levels, plant spacing and

foliar nutrition with Zn on some chemical composition of

cabbage plants during 2002/2003 and 2003/2004 seasons.
N

Treatments Ye) P (%) Mg (%)

N level Hant spacing foliar | 2002/ 2003/ 2002/ 2003/ 2002/ | 2003/
(kgied) Kem) pray | 2003 | 2004 | 2003 | 2004 | 2003 |2004
130 ith 2.36 2.23 0.28 0.26 0.30 0.30

Ko ithout 2.40 2.13 0.36 0.38 0.22 0.22
150 ith 243 260 0.27 0.29 0.40 0.33

ithout 2.36 2.35 0.38 0.38 0.20 0.24

0 With 2.60 246 0.27 0.26 0.30 0.34

0 Without 2.76 2.28 0.35 0.38 0.30 0.23
0 uith 2.86 3.30 0.27 0.26 0.42 0.38

ithout 3.00 2.66 0.36 0.26 0.32 0.26

0 With 340 2.56 0.27 0.25 0.31 0.34

8o ithout 3.60 3.60 0.38 0.38 0.34 0.25
50 ith 3.80 3.90 0.25 0.26 0.36 0.34

ithout 3.96 4.00 0.33 0.36 0.27 0.28

F test NS NS NS NS NS NS

NS indicate not significant between treatments according to F test.
Table 9: Effect of interaction between nitrogen levels, plant spacing and

foliar nutrition with Zn on some chemical composition of
cabbage plants during 2002/2003 and 2003/2004 seasons.

Treatments Mn {ppm} Zn (ppm} Fe (ppm)
N level Plant spacing [Zn foliar 2002/ | 2003/ | 2002/ | 2003/ | 2002/ | 2003/
(kg/fed) cm) pray 2003 | 2004 2003 | 2004 | 2003 | 2004
30 ith 30.0 29.3 2570 | 29.70 | 91.70 | 188.0
40 ithout 316 38.6 24.00 | 2766 | 257.7 | 2227
0 wth 376 29.3 28.00 | 2533 | 1526 | 154.0
ithout 42.0 436 25.00 | 2570 | 179.3 | 200.0
0 t\vlith M6 356 2466 | 24.00 | 167.6 | 183.7
60 ithout 37.0 426 20.00 | 21.33 | 220.0 | 194.0
50 \With 29.0 33.3 2766 | 23.33 | 172.0 | 161.0
ithout 41.3 42.3 20.00 | 19.70 | 203.0 | 190.0
0 With 46.3 40.0 28.30 | 26.33 | 1646 | 164.3
0 Without 51.6 44.0 24.00 | 24.00 | 208.7 [ 190.0
0 With 353 36.0 28.30 | 2470 | 152.0 [ 160.3
Without 476 | 40.33 | 2470 | 2070 | 189.0 [ 181.0
test NS NS NS NS NS NS
N3 indicate not significant between treatments according to F test.
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