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ABSTRACT

This experiment was carried out for two seasons in 2007/2008 and
2008/2009 at the Experimental Farm of Sakha Agricultural Research Station, ARC,
Kafr EI-Sheikh, Gevernorate, Egypt. The objective of this experiment was to study the
effect of four times of potassium application i.e., 100% before transplanting (BT), 50%
BT + 50% at 30 days after transplanting (DAT), 50% K at BT + 50% K at 60 DAT and
50% K at 30 DAT + 50% K at 60 DAT. Three urea rates as foliar spray i.e. 2, 4, and
6 g/l on vegetative growth at 90 and 120 DAT, yield and yield components, quality and
storability of onion.

The main important findings were as follows:

1- Plant height, bulbing ratio, plant fresh weight and plant dry weight recorded

maximum mean values by adding 50% of potassium fertilizer at 30 DAT and 50%

at 60 DAT at two growth stages in both seasons, except for plant height at 120

DAT in the first season and bulbing ratio at 90 DAT in both seasons.

Adding 50% of potassium at 30 DAT and 50% at 60 DAT attained the highest

average of bulb weight, marketable yield/fed., culls yield/fed. and total yield/fed.

While, adding 50% of potassium before transplanting and 50% at 60 DAT attained

the lowest ones in both seasons.

3- Increasing urea rate as foliar spray from 2 to 4 or 6 g/l significantly increased mean
values of plant height, plant fresh weight and plant dry weight at two growth stages,
in both seasons.

4- Spraying onion plants with 6 g/l of urea attained of average bulb weight, marketable
yield/fed., culls yield/fed. and total yield/fed. While spraying onion plants with 2 g/l
gave lowest ones of all studied characters, except for culls yield/fed. in the second
season.

5- Results showed that highest percentages of TSS% and dry matter% were obtained
by adding 50% of potassium before transplanting and 50% at 60 DAT, while the
smallest ones were obtained by adding 50% of potassium at 30 DAT and 50% at
60 DAT in both seasons.

6- Increasing urea as foliar spray rate from 2 g/l to 4 or 6 g/l decreased mean values
of TSS% and dry matter % in both seasons.

7- Results indicated that highest average of bulb weight, marketable yield/fed. and
total yield/fed. were achieved by adding 50% of potassium at 30 DAT and 50% at
60 DAT when plants were sprayed with 6 g/l of urea in both seasons.

It could be concluded that adding 50% of potassium at 30 DAT and 50% at
60 DAT and spraying onion plants with 6 g/l of urea.could be recommended for
optimum onion yield per unit area.
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INTRODUCTION

Onion (Allium cepa, L.) is one of the most important vegetable crops
grown commercially in Egypt due to its multifarious use as local consumption,
processing and exportation. The cultivated area for onion production in Egypt
in 2010 season the area was 115, 295 feddans produced 1563,300 tons by
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an average of 13.56 t/fed., as mentioned by the yearly book of Economics
and Statistics of the Agric. Ministry, in Egypt. Increasing productivity of onion
with good quality is an important target for the growers of onions. From
several production inputs essential for onion, the nutritional requirement plays
a key role on various growth traits. The enhanced yield of the crop is often
associated with optimum nutrients.

Time of potassium application growth during the growing period of
onion is important for plant growth. There are several evidences of fixation
and leaching loss of potassium from the soil (Huq et al., 1990). Islam et al.,
(2008) cleared that significant improving in different growth parameters and
yield of onion was observed in response to different application methods.
Among the methods, highest bulb yield (11.85 t ha™) was obtained from three
splits application of potassium and the lowest (11.49 t ha™ ) was obtained
from application of basal doses of potassium. Satter and Haque (1975)
reported that split application of nitrogen and potash gave higher weight of
winter onion bulb than single application of the same dose. Sing and Verma
(2001) showed that bulb yield of onion increased significantly with split
application of K,O, being the highest with 3 splits. Yaso and Moursy (2007)
reported that the highest total bulb yields were obtained from the highest K-
fertilizer rate (48 kg K,Ol/fed.) applied 3-month after transplanting, while the
highest marketable yields were obtained from applying high K-fertilizer rate
either in two splits (2- and 3- month after transplanting) or late in the growing
seasons (3-month after transplanting).

Nitrogenous fertilizers play a vital role in modern farm technology,
however only 20- 50% of the soil applied nitrogen is recovered by the annual
crops (Bajwa, 1992). Foliar spraying by each amino mix compound and or
sugar as individually or together resulted plants more vigor and heavier bulbs
yield (Shaheen et al.., 2010). Yildirim et al., (2007) stated that the interest in
foliar fertilizers arose due to the multiple advantages of foliar application
methods such as rapid and efficient response to the plant needs, less product
needed, and independence of soil conditions. A high penetration rate is one
of the pre-requisites for efficient foliar nutrition. Urea, due to its intrinsic
characteristics such as small molecular size, non-ionic nature and high
solubility, is usually taken up rapidly through the leaf cuticle. Most plants
absorbing urea as foliar spray rapidly and hydrolyze the urea in the cytosol
(Witte et al., 2002). Tiwari et al., (2002) reported that the incorporation of
foliar spray proved better than non-spray treatment for growth and yield traits
(plant height, number of leaves per plant, neck diameter, bulb diameter and
weight, total soluble solids, and specific gravity). Koota and Osinska (2001)
applied (11 essential nutrients) as foliar spray in concentrations of 1.5% and
3.0% four times during the intensive period of plant growth at two week
intervals, using 1000 L water solution per ha each time. They recorded that
the maximum increase in marketable yield by using supplementary foliar
fertilization was 10.8% in onion. Bahadur and Maurya (2001) reported that
maximum bulb weight of onion ( 75.8 g) and 20% increase in yield(maximum
yield) was obtained at foliar sprayed with 1% urea, compared to the control.
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Therefore, the main objective of this research is to study the effect of
potassium application times and the rate of urea as foliar spray on plant
growth, yield and its component, quality and storability of onion bulbs.

MATERIALS AND METHODS

This study was carried out at the Experimental Farm of Sakha Agric.
Res. Station, ARC, Kafr El-Sheikh , Governorate, Egypt, during the two
successive winter seasons of 2007/2008 and 2008/2009. The experiments
were conducted to evaluate the effect of potassium application methods and
different rates of urea as foliar spray on vegetative growth, yield and yield
components, quality and storability of onion (Giza red cultivar). Some
physical and chemical analyses of the experimental sites in the two seasons
are presented in Table (1).

Table 1: Some physical and chemical analysis of the experimental soil
at (0-30 cm) deepth in 2007/2008 and 2008/2009 seasons.

Determination Season
2007/2008 2008/2009
Mechanical Sgnd% 44.90 41.50
analysis: Silt% 37.00 38.50
’ Clay% 18.10 20.00
Textural class Clay Clay
PH 8.11 8.10
Total soluble salts % 0.26 0.22
Calcium carbonate % 241 3.72
Chemical Organic matter % 1.71 2.18
analysis: Total nitrogen % 0.08 0.09
Available N ppm 22.00 26.00
Available P ppm 12.00 10.00
Available K ppm 420.00 480.00

This experiment included 12 treatments, which were the combination
between four potassium application times and three urea rates as foliar
spray. These treatments were arranged in split plot design with three
replications. The main plots were devoted to the methods of potassium
application with rate of 24 K,O/fed. as potassium sulfate (48% K,O) as
follows:

1- 100% of potassium rate at land preparation.

2- 50% of potassium rate before transplanting (BT) and 50%K at 30 days
after transplanting (30 DAT).

3- 50% of potassium rate before transplanting (BT) and 50%K at 60 days
after transplanting (60 DAT).

4- 50% of potassium rate at 30 days after transplanting (30 DAT) and 50% at
60 days after transplanting (60 DAT).

The sub plots were devoted to the foliar spray rates of urea i.e., 2, 4,
and 6 g/l. Urea was sprayed at 60 and 80 days from transplanting .
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Onion seeds of Giza red cultivar were sown in the nursery in the first
week of October during the two successive seasons, while transplanting took
place on December 18" and 9" in the first and second seasons, respectively.
The preceding crop was maize in both seasons.

The experimental plot size was 10.5 m” (3.5 m length and 3 m in width)
included five ridges with 60 cm a part between ridges. Uniformed seedlings
were transplanted after hardening on both sides of ridges 7-10 cm apart.
Nitrogen at rate 2of 90 kg N/fed. in the form of ammonium nitrate (33.5 % N)
was applied in the two equal dose. The first dose was applied after thirty days
from transplanting and the second one was added at thirty days later.
Calcium super phosphate (15.5 % P,0s) was added during land preparation
at the rate of 300 kg/fed.. Other cultural practices for growing onion were
conducted as recommended for onion production at North Delta region.
Studied characters:

The following characters of onion plant in both seasons were estimated
according to the recommended methods as follows:

A- Vegetative growth characters:

After 90 and 120 days after transplanting( DAT ), 10 random plants were

taken from each plot to measure the following characters:

1- Leaves characters: i.e., number of leaves/plant, leaf length (cm), neck
diameter (cm), leaves fresh weight (g) and leaves dry weight(g).

2- Bulb characters: i.e., bulb diameter (cm), bulb fresh weight (g) and bulb
dry weight (g).

3- Plant growth characters: i.e., plant height (cm), bulbing ratio, plant fresh
weight (g) and plant dry weight (g). Where, Bulbing ratio = neck diameter
(cm)/bulb diameter (cm), according to (Mann, 1952).

B- Bulb yield and its components:

At harvest time, all plants in the experimental plots were uprooted,
and after the curing periods, the following data were recorded:

1- Average bulb weight (g): It was calculated by dividing weight of single
bulbs by its number.

2- Marketable yield (t/fed.): It was determined as the weight of single bulbs
yield for each experimental plot.

3- Culls yield (t/fed.): It includes bulbs of less than 3 cm diameter, doubles,
bolters, off-color and scallions.

4- Total yield (t/fed.): It was calculated on basis of total yield for the
experimental plot.

C- Bulb quality:

At harvest, 10 bulbs were randomly taken as a representative sample
from each experimental plot and the following physical bulb characters were
recorded :

1- Total soluble solids (T.S.S):

It was determined immediately after harvest by a hand refractometer
in the same representative sample of the ten bulbs according to A.O.A.C.
(1975).

2- Percentage of dry matter in bulbs (D.M.%):

It was determined by estimating the loss in sample of bulbs fresh
weight after drying for four hours at 105°C and then at 70°C in a drying oven
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with ventilator until it reaches constant weight, according to the following
formula:

b.M.o6 = Sample dry weight
"~ Sample fresh weight

X100

D- Bulbs storability:

After the curing period (15 days after harvesting), a random sample
of 100 bulbs from a marketable grade were chosen from each plot in three
replications and stored for five months at room condition. During storage
period, bulbs were monthly inspected and stored to discard the rotted and
sprouted bulbs, and remained bulbs (sound bulbs) were weighted. The
percentage of total weight loss was calculated every month of storage
according to following equation of Wills et al., (1982):

Initial weight - weight after storage ;4

Weight loss % = - :
Initial weight

Statistical analysis:

All collected data were subjected to analysis of variance according to
Snedecor and Cochran (1980). Treatments means were compared by
Duncan's Multiple Range Test (Duncan, 1955).

RESULTS AND DISCUSSION

A - Vegetative growth characters:
1- Leaves growth characters:

Results in Tables 2 and 3 indicate significant differences among the
four potassium fertilizer treatments in respect to number of leaves/plant, leaf
length, neck diameter, leaves fresh weight and leaves dry weight at the two
sampling dates (90 and 120 DAT) in both seasons, except for number of
leaves/plant at 120 DAT and neck diameter at 90 DAT, in the second season.
Mean values of all these characters were maximum by adding 50% of
potassium at 30 DAT and 50% at 60 DAT (K,;) at the two sampling dates in
both seasons. The minimum mean values of all leaf growth characters were
obtained by adding 50% of potassium before transplanting and 50% at 60 DAT
(K3). This result was true the two sampling dates in both seasons, except for
number of leaves/plant at 120 in the second season, where the minimum value
was obtained by adding 100% of potassium at land preparation. The superiority
in most leaf growth characters under applying potassium on two equal portion
(30 and 60 days after transplanting) may be attributed to the effective utilization
of potassium under this treatment. These results mainly due to lesser losses of
potassium during growing season as compared to other treatments. Similar
results were obtained by Islam et al., (2008) who recorded that at 30, 50, 70
and 90 DAT, the tallest leaf length and number of leaves per plant was found in
the plots receiving three-splits of potash, while the shortest leaf length and
number of leaves per plant was noted from the plots receiving single
application of potash as basal dose at 70 DAT.
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Table 2: Effect of potassium application date, foliar spray with urea
and their interaction on number of leaves/plant, leaf length
and neck diameter of onion at 90 and 120 DAT during
2007/2008 and 2008/2009 seasons.

2007/2008 2008/2009
No. of Leaf length .NECK No. of Leaf length _Neck
Treatment| leaves/plant (cm) diameter leaves/plant (cm) diameter
(cm) (cm)
90 120 days 90 [ 120 | 90 | 120 | 90 | 120 | 90 | 120 | 90 | 120
days days | days | days | days | days | days | days | days | days | days
Potassium application date(A):
K1 8.27a| 9.11b [49.27bj55.56 b|1.43a(2.10b|7.82b| 8.67 [59.74 al63.68 a| 1.39 |2.06ab
Ko 8.26a| 8.99b [47.14¢[53.80 c[1.39 ab{2.07 b [8.26 ab| 9.20 [54.69 b|62.87 a| 1.38 [1.93 b
Ks 7.28b| 8.31c [46.07cl49.81d[1.32b|1.99b|7.11c| 9.04 [49.97 c[57.09b| 1.19 |1.75¢
K4 8.87 a| 10.09a [53.114a58.05a/1.47a|2.47 a|8.40a| 9.70 [61.07 al64.45a 1.42 |2.22a
F — test *k *% *k *k * * *k NS *% *k NS *
Urea spray rate (B):
2 g/l 7.59b| 8.46c |46.75¢[52.06c|1.30c|2.10b|7.13¢c|8.74 b [54.25¢|60.00 c[1.24b|1.83 b
4 g/l 7.98b| 9.05b [48.53b[53.57 b|1.41b[2.12 ab|7.63 b|9.22 ab[56.36 b|61.71 b[1.32b|1.93 b
6 g/l 8.93a| 9.87a [51.41 a|57.28 ajl5la 2.29a|8.93a|9.51 a[58.49 a{64.35 al 1.48a|2.20a
F — test % ke % | ok | ok * % * ok | % | ke ke
Interaction (A x B):
29/l | 7.80 | 8.07df |46.36c|52.73[1.33ce| 1.92 | 6.80 | 842 |57.65|61.65| 1.30 | 1.88
Ky, 4 g/l 8.00 | 9.27 bc [50.33 b| 54.28 |1.40cd| 1.99 | 7.33 | 8.73 [59.20|63.85 | 1.36 | 2.02
6 g/l 9.00 | 10.00 ab [51.11 b 59.67 |1.55ab| 2.34 | 9.33 | 8.87 |62.38|65.55| 1.52 | 2.27
2 g/l | 7.73 | 8.33cf |44.30c|51.93 [1.36¢ce| 1.87 | 7.73 | 8.64 |54.55|60.62 | 1.18 | 1.74
K, 14 g/l 8.08 | 9.00 be |45.78 ¢|53.31 |1.39cd| 2.02 | 8.03 | 9.42 [52.73|63.45| 1.33 | 1.74
6 g/l | 9.00 | 9.63ab [51.33h| 56.18 [1.43 bd| 2.33 | 9.00 | 9.53 | 56.78 | 64.54 | 1.62 | 2.31
2 g/l 6.77 7.83f |45.12¢[48.27 |1.22e| 1.84 | 6.27 | 8.85 [46.81|54.79 | 1.11 | 1.67
Ks |4 g/l 7.23 | 7.93ef |46.75c| 49.63 [1.36 ce| 2.00 | 7.23 | 9.08 [ 50.08 | 55.99 | 1.14 | 1.78
6 g/l 7.83 | 9.17bd |46.33 ¢| 51.53 [1.39cd| 2.13 | 7.83 | 9.20 [53.02|60.48 | 1.32 | 1.80
2 g/l 8.07 | 9.60ab [51.23 b| 55.32 |1.28de| 2.61 | 7.73 | 9.03 [58.00|62.95| 1.35 | 2.04
K4 {4 g/l | 867 | 10.00 ab [51.24 b| 57.08 [1.47 bc| 2.45 | 7.93 | 9.65 | 63.44 | 63.57 | 1.45 | 2.19
6 g/l 9.87 | 10.67a [56.854a 61.74 |1.66a| 2.35 | 9.53 | 10.42 | 61.76 | 66.84 | 1.46 | 2.43
F — test N.S * * N.S * NS | NS | NS | NS | NS | NS | NS

*k ok
’

and NS indicate p <0.05, <0.01 and not significant , respectively. Means within the
same column for each factor designated by the same letter are not significantly different
at 5% level according to Duncans Multiple Range Test

K;i: 100% at land preparation, K,: 50% before transplanting +50% at 30 days after
transplanting, Kj;: 50% before transplanting +50% at 60 days after transplanting and
K4: 50% at 30 days after transplanting +50% at 60 days after transplanting.

It is obvious from results in Tables 2 and 3 that the differences among
mean values of number of leaves/plant, leaf length, neck diameter, leaves fresh
weight and leaves dry weight for the three urea foliar treatments were
significant at the two sampling dates, in both seasons. At the two sampling
dates it is clear that spraying with 6 g/l of urea attained the highest number of
leaves/plant, leaf length, neck diameter, leaves fresh weight and leaves dry
weight in both seasons. Whereas, spraying with 2 g/l of urea attained the
lowest means of all these characters at the two sampling dates in both
seasons, except for leaves dry weight at 90 and 120 DAT in the first season.
These results were in harmony with those reported by Russel (1982), who
reported that as the level of nitrogen supply increased compared with the lower
rate, the extra protein produced allows the plant leaves to grow larger and
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hence to have a larger surface available for photosynthesis proportional to the
amounts of nitrogen supply.

Table 3: Effect of potassium application date, foliar spray with urea and
their interaction on leaves fresh and dry weight leaves weight
of onion at 90 and 120 DAT during 2007/2008 and 2008/2009
seasons.

2007/2008 2008/2009

Treatment [Leav. fresh wt. (g)|Leav. dry wt. (g) [Leav. fresh wt. (g)|Leav. Dry wt. (g)
90 days [120 days| 90 days [120 days| 90 days [120 days| 90 days [120 days
Potassium application date (A):

Ky 62.05b [75.15ab| 2.98b [4.83ab | 78.51b [ 69.49b | 4.08ab [ 6.27 a
K, 61.80b [ 73.16b | 2.77b | 4.49b |82.57 ab[ 96.00b | 3.88b [ 4.94b
Ks 60.91c | 67.74c | 246c | 3.94c [7549b|9486b | 3.27c | 458b
K4 63.08a | 78.00a| 3.24a | 5.20a [88.78a |115.67a| 441a | 7.26a
F — test *% *% *k *k * *% *%k *%k
Urea spray rate (B):
2 g/l 60.96Cc | 69.93c | 2.84b | 450b [73.43¢c|96.85b | 3.72b | 5.19b
4 g/l 62.04b | 73.69b | 2.70b | 449b |80.59b [99.86b | 3.91ab | 5.67 ab
6 g/l 63.63a|76.92a| 3.05a | 486a [90.00a |105.57a| 4.10a | 6.43a
F — test **% **k *% * *% **k * *
Interaction (A x B)
2 g/l 61.63c | 72.25c [ 2.89cd | 4.67 |[67.73e|90.57de| 3.76 6.54
Ky Mgl 61.75¢c |75.64bc| 2.96cd | 473 [81.63d|98.65c | 4.09 5.61
6 g/l 62.76b | 77.56 b | 3.08bc | 5.09 [86.19 bd|100.26c| 4.40 6.64
2 g/l 61.37c | 72.32c | 2.66df | 431 [83.01cd|89.83de| 3.62 4.22
Ky, gl 61.88c | 72.35c | 2.77ce | 4.39 |83.56cd|95.86cd| 3.97 5.14
6 g/l 62.16 bc|[74.82bc| 2.87cd | 4.77 [81.14d|102.33c| 4.06 5.48
2 g/l 59.30d [ 63.77e | 2.40ef | 3.80 |65.80e |95.44cd| 3.18 3.94
Ks {@agl 61.62c | 67.81d | 2.39f 3.87 |6598e|8827e| 324 4.84
6 g/l 61.81c |71.65cd| 2.59df | 4.16 [94.68 ab|100.88c| 3.37 4.96
2 g/l 61.53c |71.38cd|[3.39ab | 522 |77.19d [111.57b| 4.30 6.06
Ks Kgll 62.90b [ 78.99b | 2.68df [ 4.96 |91.17 ac(116.64ab| 4.34 7.09
6 g/l 67.80a | 83.63a| 3.67a 541 [97.99a|118.80a 4.58 8.62
F —test ** * * N.S ** * N.S N.S

** * and NS indicate p <0.05, <0.01 and not significant , respectively. Means within the
same column for each factor designated by the same letter are not significantly
different at 5% level according to Duncans Multiple Range Test

Ki: 100% at land preparation, K,: 50% before transplanting +50% at 30 days after
transplanting, Kj: 50% before transplanting +50% at 60 days after transplanting and
K,: 50% at 30 days after transplanting +50% at 60 days after transplanting.

Data in Tables 2 and 3 show the interaction between potassium fertilizer
treatment and urea spray rate at the two growth stage in both seasons. In the
first season, the significant interactions were obtained for number of leaves/plant
at 120 DAT; leaf length, neck diameter and leaves dry weight at 90 DAT; and
leaves fresh weight at the two sampling dates. While, in the second seasons, the
significant interactions were obtained for only leaves fresh weight, at the two
sampling dates. The best leaves performance in items of number of leaves/plant,
leaf length, neck diameter, leaves fresh weight and leaves dry weight were
attained by applying 50% of potassium at 30 DAT and 50% at 60 DAT (K,),
when sprayed with 6 g/l of urea. These results were true at the two sampling
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dates in both seasons, except for neck diameter at 120 DAT in the first season
as well as for leaf length and neck diameter at 90 DAT in the second season.
2- Bulb growth characters:

Results presented in Table 4 indicate significant differences among the
studied potassium treatments on bulb diameter at 120 DAT, and bulb fresh
weight and bulb dry weight at the two sampling dates. These results were true in
both seasons.

Table 4: Effect of potassium application date, foliar spray with urea
and their interaction on bulb diameter, bulb fresh weight and
bulb dry weight of onion at 90 and 120 DAT during 2007/2008

and 2008/2009 seasons.
2007/2008 2008/2009

Bulb diameter | Bulb fresh | Bulb dry disnliI:ter Bulb fresh | Bulb dry
Treatment] (cm) weight (g) | weight (9) (cm) weight (g) | weight (g)

90 120 90 | 120 [ 90 | 120 | 90 | 120 | 90 | 120 [ 90 | 120
days | days |days |days | days | days |days |days | days | days | days | days
Potassium application date(A):

K1 2.70 | 4.69a [45.16 b[83.69 b|6.77 b|15.80ab|] 2.84 |4.70 b [27.27 b[68.50 b| 4.37 a|12.76 b|
K, 252 | 469a [43.67 b[81.47 b|6.61 bc|15.31 b[ 2.87 [4.67 b [28.52 b|63.69 c[4.33 a|12.69 b|
K3 240 | 4.16b [34.49c[75.73 c|6.44 c|13.20 c| 2.68 |4.62 b [24.60 b[62.12 c|3.79 b |12.49 b|
K4 2.83 | 4.91a [58.00aj87.58 a) 7.02 a|15.95 af 3.22 [4.98 a [34.58 a87.89 a] 4.56 a|13.21 g
F _ test N.S * *% *% *% Kk N.S * *% | *% * *
Urea spray rate(B):

2 g/l 240c | 4.44b (39.15c¢|78.08 c|6.54 b [14.77 b| 2.68 b [ 4.59 b [25.69 c|58.89 c| 4.10 b [12.58 b
4 gll 2.61Db | 4.57 ab [44.86 b|82.24 b[6.73 ab|14.96 b| 2.89 b [4.73 ab|28.96 b[70.47 bf 4.19 b [12.75 ab
6 g/l 2.84a| 4.83a |51.98a[86.0536.87 a|15.47 a|3.15 a| 4.90 a [31.58 a82.30 a] 4.49 a (13.04 3|
F — test *% * *k *k * *k *k * *% *k | *k *

Interaction (A X B
2 g/l [ 2.55 4.57 |[36.98[80.38d| 6.60 | 15.69 | 2.68 | 4.56 |21.69 f[55.94 f[ 4.01 | 12.37
K, [agn| 272 472 [42.60¢83.89cd] 6.81 | 15.75| 2.73 | 4.67 [28.80ce[74.94d[ 4.51 | 12.85
6 g/l [ 2.83 4.77 [65.88bc86.82bc| 6.91 [ 15.94 [ 3.12 | 4.86 [31.32bc[74.62 d| 4.59 | 13.08
2 g/ [ 207 462 (35.499/80.19d| 6.54 | 15.07 | 2.42 | 4.64 [26.43de[47.87 h[ 4.29 | 12.46
K, [4g/l | 259 458 [44.86€[80.73d| 6.47 | 15.33 | 2.94 | 4.64 [27.36cel64.72 €| 4.20 [12.61
6 g/l | 291 488 [50.66 d[83.48¢cd| 6.81 | 15.33 | 3.26 | 4.74 [31.77bc|78.48 cd[ 4.51 | 13.00
2 g/l | 2.27 4.02 [32.229[71.31f| 6.31 | 12.75| 2.51 | 4.56 [24.48ef[50.19 gh| 3.77 | 12.35
Ks [4g/| 238 416 [33.65f9[75.94 ¢ 6.48 | 13.01 | 2.67 | 4.72 [24.33ef[54.03fg[ 3.55 | 12.29
6 g/l [ 2.57 429 |[37.58f[79.96d| 6.54 | 13.84 | 2.86 | 4.56 [25.00ef[82.13 c| 4.06 | 12.85
2 g/ [ 270 455 [51.90cdlg0.42d| 6.70 | 1555 | 3.10 | 4.59 [30.19cd|81.54 c[ 4.34 | 13.15
Kq gl | 277 4.81 [68.31b[88.39b| 7.15 | 15.73 | 3.20 | 4.90 [35.34ab[88.18 b| 4.53 | 13.25
6 g/l [ 3.03 5.37 163.804a/93.93af 7.21 | 15.56 [ 3.36 | 5.45 |38.22 893.94 4] 4.80 | 13.22
F —test NS | NS “ = [NsNs|Ns[Ns] * | = [ NS[NsS
** * and NS indicate p <0.05, <0.01 and not significant , respectively. Means within the
same column for each factor designated by the same letter are not significantly different
at 5% level according to Duncans Multiple Range Test
Ki: 100% at land preparation, K,: 50% before transplanting +50% at 30 days after
transplanting, Ks: 50% before transplanting +50% at 60 days after transplanting and Ky:
50% at 30 days after transplanting +50% at 60 days after transplanting.

Adding 50% of potassium at 30 DAT and 50% at 60 DAT (K,) had the
superiority for obtaining the highest means of bulb diameter, bulb fresh weight
and bulb dry weight, While, adding 50% of potassium before transplanting and
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50% at 60 DAT (K3) attained the lowest ones. These results were true at the two
sampling dates in both seasons. The increase in bulb growth characters when
splitting potassium at two equal doses (30 and 60 days after transplanting) may
be due to that this treatment reduced the losses of potassium through fixation
and leaching as compared to other methods of application. These results were
in a good accordance with those recorded by Satter and Haque (1975) who
reported that split doses of nitrogen and potash gave higher weight of winter
onion bulb than single dose of same treatment.

As shown in Table 4, bulb diameter, bulb fresh weight and bulb dry
weight appeared significant increase by increasing urea spray rate from 2 to 6
mg/liter at the two sampling dates in both seasons. These increments in different
bulb characters under higher urea foliar rate may be attributed to the effects of
nitrogen fertilization in activation of onion growing. These results reflects the role
of nitrogen in enhancing plant capacity in protein synthesis, which lead to an
increase in building up carbohydrates and this in turn resulted in increases in
plant growth characters. Similar conclusion was reported by Aisha et al., (2007),
Shaheen et al., (2007) and Shaheen et al., (2010).

The interaction between the two factors under study had a significant
effect on bulb fresh weight at the two sampling dates, while the effect of
interaction did not reach the level of significant on bulb diameter or bulb dry
weight at any sampling date. These results were true in both seasons (Table 4).
The combination between adding 50% of potassium at 30 DAT and 50% at 60
DAT (K4) and spraying with 6 g/l of urea resulted in the highest means for these
three characters at the two sampling dates, except for bulb dry weight at 120
DAT in both seasons.

3- Plant growth characters:

Results listed in Table 5 showe that plant height, plant fresh weight and
plant dry weight were significantly affected by potassium application treatments
at the two sampling dates in both seasons. While bulbing ratio was significantly
affected by potassium application treatments only at 90 DAT in the second
season. Mean values of plant height, bulbing ratio, plant fresh weight and plant
dry weight were the maximum by adding 50% of potassium at 30 DAT and 50%
at 60 DAT (K,4). These results were true at the two sampling dates in both
seasons, except for plant height at 120 DAT in the first season and bulbing ratio
at 90 DAT in both seasons. These results may be explained in view of that
adding of potassium at two equal doses (at 30 and 60 days after transplanting)
increased the availability of potassium for onion plants, and this increased plant
growth rate, as compared to other application methods of potassium. These
results were in agreement with that fund by Rizk et al., (1997) who found that
adding the different levels of NPK at equal time, i.e. 30 and 60 days after
transplanting gave a superiority in total fresh and dry weight of onion plants as
compared to other treatments when adding with other method, i.e. before and 30
days after transplanting at two equal portion. Data also reveal that the maximum
mean values of plant height at 120 DAT in the first season were obtained by
adding 100% of potassium fertilizer at land preparation (K;). While, the highest
mean values of bulbing ratio at 90 DAT were obtained by adding 50% of
potassium before transplanting and 50% at 30 DAT (K5) in the first season and
by K; or K, potassium treatments in the second season with the same value.
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Table 5: Effect of potassium application date, foliar spray with urea and
their interaction on plant height, bulbing ratio, plant fresh weight
and plant dry weight of onion at 90 and 120 DAT during 2007/2008
and 2008/2009 seasons.

200772008
Treatment | Plant height (cm) Bulbing ratio Plant fregh WeIgNt[pjgnt dry weight (g)
90 days [120 days] 90 days [120 days| 90 days [120 days| 90 days [120 days
Potassium application date(A):
Ky 54.52 b 69.32 a 0.53 0.45 107.20 b [158.84 ab| 9.75b 20.62 a
K, 52.59bc | 67.60b 0.59 0.45 105.47 b | 154.63 b 9.37¢c 19.80 b
Ks 51.89c [ 61.23¢c 0.55 0.48 05.39c [143.48c [ 8.90d 17.14 ¢
K4 57.07a | 69.25a 0.52 0.51 122.08a | 165.58a | 10.27a | 21.15a
F — test * *% N.S N.S *% *% *% *%
Urea spray rate(B):
2 gll 51.48c [ 6491c 0.55 0.47 T100.11c[148.01c] 9.37b [19.27b
4 gll 54.11b | 66.89b 0.55 0.47 [106.89b[155.93b]| 9.43b [19.44Db
6 gl 56.45a [ 68.76 a 0.54 0.48 [115.61a[162.96a] 9.92a [20.33a
F —test * F* N.S N.S F* i F* F*
Interaction (A x B):
2 gll 50.60 67.60 e 0.52 bc 0.42 98.61e | 152.63d 9.49 20.36
Ky [@all 54.56 [ 69.47 cd [ 0.52bc 0.42 104.40d [159.52 bd| 9.77 20.48
6 gl 58.39 [ 70.90ab [ 0.55bc 0.49 118.60b [164.37bc| 9.99 21.03
2 gfl 52.11 64.93 f 0.68 a 0.41 96.86 e | 152.52d 9.20 19.39
Ky, [l 52.00 67.90 e 0.56 bc 0.45 106.70d | 153.08 d 9.24 19.72
6 g/l 53.66 [ 69.97 bc [ 0.54 bc 0.48 112.80c [158.29cd| 9.68 20.30
2 gfl 49.33 59.47h | 0.54 bc 0.46 91.53f [ 135.08f 8.71 16.54
Ks [all 52.89 61.73 g 0.58 b 0.48 95.28 ef | 143.75 e 8.87 16.88
6 g/l 53.45 62.50 g 0.55 bc 0.50 99.39 e [151.61 de 9.13 18.00
2 g/l 53.89 67.64 e 0.47c 0.58 113.40c [151.80de| 10.09 20.77
Ky [all 57.00 68.45de | 0.53 bc 0.51 121.20b [ 167.38 b 9.83 20.69
6 gfl 60.32 71.67a | 0.55bc 0.44 131.60a | 177.57a | 10.88 21.97
F —test N.S * ** N.S * * N.S N.S
2008/2009
Potassium application date (A)
K1 68.62 ab | 71.81 ab 0.49 0.44a [105.79bc] 164.99b [ 8.45a [ 19.03b
K, 67.02b | 69.84 bc 0.49 0.42 a 111.09 b | 159.69 c 8.22a 17.63 ¢
K3 62.18 ¢ 67.13¢C 0.45 0.34 b 100.09 c | 156.98 c 7.06 b 17.08 ¢
K4 71.60a | 74.60a 0.44 0.45a 123.37a | 203.56a | 8.96a 20.46 a
F —_ test *% * NS * *% *k *k *%
Urea spray rate (A)
2 gll 62.41c [ 66.24c 0.46 0.40 990.13c [ 155.74c | 7.82D 17.77Db
4 gll 67.30b | 71.22Db 0.47 0.41 109.54Db | 170.32b | 8.11b 18.42 b
6 g/l 72.36a | 74.68a 0.48 0.42 121.58a | 187.86a | 8.59a 19.46 a
F — test *% *% N.S N.S *% *% *% *%
Interaction (A x B)
2 gll 65.03 e [ 69.00 ef 0.48 0.41 89.41f [146.51e 7.77 18.91
Ky ol 68.33 cd | 70.27 df 0.50 0.43 110.43de| 173.59¢ 8.59 18.46
6 g/l 72.50b [ 76.17 ab 0.50 0.47 [117.51cd| 174.88¢ 8.99 19.72
2 gll 63.33ef | 63.40h 0.49 0.38 109.43e | 137.69 e 7.91 16.68
Ky, gl 68.00 cd | 72.13 ce 0.47 0.38_ [110.92de| 160.57d 8.17 17.75
6 g/l 69.73 bc | 74.00 bd 0.53 0.49 112.91 ce| 180.81 c 8.57 18.48
2 g 55.079g | 64.53gh | 0.44 0.37 90.28f | 145.63e | 6.95 16.29
Kz gl 61.07f [ 67.601fg 0.43 0.38 90.31f [142.30e 6.79 17.13
6 g/l 70.40 bc | 69.27 ef 0.47 0.27 119.68 c | 183.02 c 7.43 17.81
2 gll 66.20 de | 68.03 fg 0.44 0.44 107.38e [ 193.11 b 8.63 19.21
Ky [l 71.80b [ 74.87 bc 0.45 0.45 126.51 Db | 204.82 a 8.87 20.34
6 gfl 76.80a | 79.27a 0.44 0.45 136.21a | 212.74a 9.38 21.84
F —test ** * N.S N.S *x ** N.S N.S

*%k ok
’

and NS indicate p <0.05, <0.01 and not significant , respectively. Means within the

same column for each factor designated by the same letter are not significantly different
at 5% level according to Duncans Multiple Range Test
Ki: 100% at land preparation, K,: 50% before transplanting +50% at 30 days after
transplanting, Kjs: 50% before transplanting +50% at 60 days after transplanting and Kj:
50% at 30 days after transplanting +50% at 60 days after transplanting.
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As shown in Table (5), plant height, plant fresh weight and plant dry weight were
significantly affected by urea foliar treatments, while bulbing ratio was
insignificantly affected by these treatments. These results were true at the two
sampling dates in both seasons. Increasing urea spray rates from 2 to 4 and 6
mg/liter increased means of plant height, plant fresh weight and plant dry weight
at the two sampling dates in both seasons. The increases in plant growth
characters by increasing urea spray rate may be attributed to its vital contribution
to several biochemical processes (chlorophyll, enzymes and proteins synthesis)
related to vegetative growth in the plants and to its active role on assimilating the
photosynthetic reactions (Marschner, 1994 and El-Desuki et al., 2006).

Results presented in Table 5, plant height and plant fresh weight were
significantly affected by the interaction between potassium application
treatment and urea spraying rate at the two sampling dates in both seasons,
except for plant height at 90 DAT in first seasons. Bulbing ratio was
significantly affected by the interaction between the two factors only at 90 DAT
in the first season, while plant dry weight was insignificantly affected by this
interaction at the two sampling dates in both seasons. The highest means of
plant height, plant fresh weight and plant dry weight were obtained by applying
50% of potassium at 30 DAT and 50% at 60 DAT (K,) and spraying with 6 g/l
of urea. These results were true at the two sampling dates in both seasons.
Bulbing ratio appeared the highest means by the combination between K,
potassium treatment and spraying with 2 g/l of urea at 90 DAT; and between
K4 potassium treatment and spraying with 2 g/l of urea at 120 DAT in the first
season. While in the second season, the highest means were obtained by the
combination between K, potassium treatment and spraying with 6 g/l of urea at
two growth stages. Also, it was observed that the combination between Kj;
potassium treatment and spraying with 2 g/l of urea attained the lowest means
of plant height, plant fresh weight and plant dry weight at the two sampling
dates in the first season. While in the second season, this interaction attained
the lowest means for plant height at 90 DAT and plant dry weight at 120 DAT.
B- Bulb yield and its components:

Data presented in Table 6 showe that the tested potassium application
treatments exhibited significant differences in mean values of average bulb
weight, marketable vyield/fed., culls vyield/fed. and total yield/fed. in both
seasons. Adding 50% of potassium at 30 DAT and 50% at 60 DAT (K,)
attained the highest mean values of average bulb weight (87.90 and 104.18 g),
marketable yield/fed. (12.88 and 13.79 t/fed.), culls yield/fed. (1.36 and 1.95
t/fed.) and total yield/fed. (14.24 and 15.75 t/fed.), in the first and second
seasons, respectively. While, Adding 50% of potassium before transplanting
and 50% at 60 DAT (K3) attained the lowest mean values of bulb weight (75.46
and 94.13 g), marketable yield/fed. (11.32 and 11.90 t/fed.), culls yield/fed.
(0.91 and 1.40 t/fed.) and total yield/fed. (12.23 and 13.30 t/fed.), in the first and
second seasons, respectively.
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From these results, it can be concluded that an increases in yield and its
components due to adding K-fertilizer at two equal doses(30 and 60 days after
transplanting) indicated that the uptake of potassium at vegetative as well as
bulb formation stage was much better under this method of potassium
application as compared to other application methods. Similar results were
reported by Satter and Haque, 1975, Sing and Verma, 2001, and Islam et al.,
2008.

It is clear from results in Table 6 that the differences among mean
values of average bulb weight, marketable yield/fed., culls yield/fed. and total
yield/fed. for the three urea spray treatments were significant in both seasons.
Spraying onion plants with 6 g/l of urea attained the highest means of average
bulb weight (89.89 and 102.10 g), marketable vyield/fed. (12.58 and 13.48
t/fed.), culls yield/fed. (1.32 and 1.82 t/fed.) and total yield/fed. (13.90 and 15.30
t/fed.), while spraying with 2 g/l of urea attained the lowest mean values of
average bulb weight (76.24 and 95.72 g), marketable yield/fed. (11.51 and
11.88 t/fed.) and total yield/fed. (13.90 and 15.30 t t/fed.), in the first and
second seasons, respectively. The lowest values of culls yield/fed. were
obtained by spraying with 2 g/l of urea (0.99 t/fed.) in the first season, and by
spraying with 4 g/l (1.59 t) in the second season. The increments in marketable
yield/fed. under the highest urea spray rates were 5 and 9 % in the first season,
6 and 13 % in the second season, while these increments in total yield/fed.
were 6 and 11 % in the first season; 7 and 14 % in the second season over the
middle and the lowest urea spray rates, respectively. These results may be
explained in view the explanation of Khalil et al., (1988), who cleared that N
application enhanced metabolic activities within the plant, improved vegetative
growth and thereby encouraged much more metabolites to be stored in the
bulbs as storage organs. These results were in harmony with those reported
with Patel and Patel (1990), Rana and Sharma (1994), El-Desuki et al.,(2006)
and Yaso et al., (2007) who revealed that the total onion bulbs yield and its
components were improved as a results of increasing the level of mineral N-
fertilizer. However, Koota and Osinska (2001) illustrated that the maximum
increase in marketable yield in onion using supplementary foliar fertilization
was 10.8%.

The interaction between potassium application treatment and urea
spray rate had significant effects on average bulb weight, culls yield/fed. and
total yield/fed. in the second season, and on marketable yield/fed. in both
seasons (Table 6). Mean values of average bulb weight, marketable
yield/fed., culls yield/fed. and total yield/fed. were reached the maximum by
adding 50% of potassium at 30 DAT and 50% at 60 DAT (K4) when onion
plants sprayed with 6 g/l of urea in both seasons, except for culls yield/fed. in
the second season. While these characters recorded the minimum mean
values by adding 50% of potassium before transplanting and 50% at 60 DAT
(K3) when onion plants sprayed with 2 g/l of urea in both seasons, except for
average bulb weight in the first season and culls yield/fed. in the second
season.

C- Bulb quality:

Results in Table (6) indicate that potassium application treatment had

significant effect on total soluble solids percentage (TSS%) and dry matter%,
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in both seasons. The highest mean values of TSS% (13.55 and 14.26%) and
dry matter% (14.16 and 21.34%) were obtained by adding 50% of potassium
before transplanting and 50% at 60 DAT (K3), while the least values of TSS%
(12.47 and 13.28%) and dry matter% (13.69 and 20.12%) were obtained by
adding of 50% of potassium at 30 DAT and 50% at 60 DAT (K,) in the first
and second seasons, respectively. These results revealed that TSS% and
dry matter% were reduced by increasing bulb size and weight of onion under
optimum potassium treatment (K4) and this may be attributed to the high
moisture content in these bulbs.

Results in Table (6) clearly indicated that urea spray rates had
significant effect on TSS% in the second season and on dry matter % in both
seasons. Increasing urea spray rate from 2 g/l to 4 or 6 g/l decreased mean
values of TSS% and dry matter % in both seasons. These results reflect the
adverse effect of the excessive N-application on TSS% and dry matter% and
thus may be attributed to the high moisture content in bulbs of onion. Thes
results were in agreement with those of Haggag et al., (1986) and Hanna-alla
et al., (1991), who cleared that application of 120-150 kg N/fed. decreased
percentage of TSS% content.

Results also indicated that the interaction between K-fertilization
treatment and urea spray rate had a significant effect on dry matter% only in
the second season, while it failed to exert any significant effect on TSS% in
first or second seasons (Table 6). The maximum mean values of TSS% and
dry matter were obtained by the combination between K; potassium
treatment and spraying onion plants with 2 g/l of urea n both seasons. While
the minimum means of TSS% in both seasons and dry matter% in the
second season were obtained by the combination between K, potassium
treatment and spraying onion plants with 6 g/l of urea.

D- Bulbs storability:

Results in Table 7 indicate significant differences among the studied
potassium application treatments on weight loss% of onion bulbs during the
five storage periods in both seasons, except for weight loss% at 120 days in
the first season and at 30 days in the second season. Adding 50% of
potassium before transplanting and 50% at 60 DAT (K3) gave the lowest
mean values of weight loss% at all storage periods in both seasons, except
for weight loss% at 120 storage period in the first season and at 30 days in
the second season. While, adding 50% of potassium at 30 DAT and 50% at
60 DAT (K,;) gave the highest mean values of weight loss% at all storage
periods in both seasons. It could be concluded that the weight loss% of onion
bulbs during storage periods appeared the same trend of plant growth as well
as yield and its components of onion in response to K-fertilization treatments.

The results indicated that weight loss% was significantly increased by
raising urea spray rate from 2 to 6 g/l at all storage periods in both seasons,
except for weight loss% at 90 and 120 storage periods in the first season
(Table 7). From this result, it can be concluded that onion bulbs grown under
high nitrogen dose tended to rot and sprout early during storage than those
grown under lower doses. These results were in harmony with those found by
Brewster (1994), who showed that excessive N-application contributes to
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increased storage losses and Batal et al., (1995), who reported that high
levels of nitrogen fertilization promote sprouting and decay of onions.

The interaction between K-fertilization treatment and urea spray rate
had a positive effect on weight loss% only at 30 and 60 storage periods in the
first season (Table 7). Adding 50% of potassium before transplanting and
50% at 60 DAT (K3) and spraying onion plants with 2 g/l of urea attained the
lowest means of weight loss% at 60, 90 and 150 as well as at 60, 120 and
150 storage periods, in the first and second seasons, respectively. While,
adding 50% of potassium at 30 DAT and 50% at 60 DAT (K,4) and spraying
with 6 g/l of urea attained the highest mean values of weight loss% at all
storage periods in both seasons, except for that at 120 storage period in the
first season (Table 7).

Table 7: Total weight loss of onion bulbs as affected by potassium
application date, foliar spray with urea and their interaction
during five months after harvesting in 2007/2008 and 2008/2009
seasons.

2007/2008 2008/2009
Jun. | Jul. | Aug. | Sept. | Oct. | Jun. | Jul. | Aug. | Sept. | Oct.
Potassium application date (A):

Treatment

K1 390a(359a(310a| 293 |819a| 2.73 |3.61b|3.45b|6.98a|9.89b
K, 3.50b[3.40b[2.88ab| 2.66 |7.13b| 2.52 |3.07bc|3.29b |6.07b|9.26C
Ks 350b(3.14c|281b| 272 |588c| 253 |251c|3.25b|4.87¢c|7.89d
Ka 400a|3.64a|3.13a| 3.02 [867a| 290 [477a[4.13a[7.46a|10.92a
F — test *% *% * NS *% NS *% * *% *%
Urea spray rate (B):

2 g/l 3.52c|325c| 288 | 291 |6.35¢c|253b|251¢c|[3.06b[553¢c[8.19b
4 g/l 3.63b[340b| 298 | 2.75 |7.60b|2.64b|3.39b |3.47ab|6.30b |9.86a
6 g/l 4.03a|3.68a| 3.08 | 284 [845a[285a[457a[407a[7.21a|1043a
F — test *% *% NS NS *% *% *% *k *% *%k

Interaction (A x B):
2 g/l 3.93c|3.47ce| 3.00 | 277 | 7.11 | 2.47 | 277 | 249 | 6.40 [ 8.64
K, 49/l |3.63df[3.53bd|[ 3.10 | 2.83 | 833 | 2.77 | 343 [ 3.72 [ 6.71 | 10.08
69/l [413b|3.77b] 320 | 3.20 | 9.14 | 297 | 463 | 4.13 | 7.83 | 10.95
2 g/l [3.20g|3.27de| 2.80 | 2.83 | 6.13 | 240 | 2.44 | 2.89 | 5.00 | 7.95
K, 4 gl 3.50f |3.37ce| 283 [ 260 | 6.84 | 257 | 270 | 3.04 | 6.09 [ 9.73
6 g/l [3.80cd|3.57 bc| 3.00 | 253 | 843 | 2.60 | 4.06 | 3.93 | 7.13 | 10.11
29/l |[323g|297f]| 273 | 3113 | 443 | 243 | 1.34 | 3.06 | 3.88 | 6.31
Kz 49/l |3.57ef[3.20ef[ 2.83 | 250 | 6.35 | 2.33 | 252 | 3.28 [ 5.07 | 8.57
6 g/l [3.70de|3.27de| 2.87 | 253 | 686 | 283 | 3.68 | 3.42 | 5.67 | 881
2 g/l [3.70de|3.30ce| 3.00 | 290 | 7.72 | 280 [ 3.50 | 3.79 | 6.85 | 9.85
Ks 40/l |3.80cd[3.50bd| 3.13 | 3.07 | 890 | 2.90 | 490 | 3.82 [ 7.31 | 11.08
69/l [450a]|4.13a]| 3.27 | 3.10 | 9.39 | 3.00 [ 591 | 479 | 8.22 | 11.84
F —test *x * N.S N.S N.S N.S N.S N.S N.S N.S
** * and NS indicate p <0.05, <0.01 and not significant , respectively. Means within the
same column for each factor designated by the same letter are not significantly
different at 5% level according to Duncans Multiple Range Test
Ki: 100% at land preparation, K,: 50% before transplanting +50% at 30 days after
transplanting, Kj: 50% before transplanting +50% at 60 days after transplanting and
K4: 50% at 30 days after transplanting +50% at 60 days after transplanting.
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Conclusion:

This study showed that, under the environmental conditions of this
research, adding 50% of potassium at 30 DAT and 50% at 60 DAT and
spraying onion plants with 6 g/l of urea attained the highest means for most
plant growth characters and for yield and its components. So, this study
recommended onion growers at North Delta to using this combination to
attained optimum onion yield per unit area.
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Table 6: Effect of potassium application date, foliar spray with urea and their interaction on bulb yield and its
components and bulb quality of onion during 2007/2008 and 2008/2009 seasons.

2007/2008 2008/2009
Average Market. Culls Total T.S.S D.M. Average | Market. Culls . T.S.S D.M.
Treatment! i weight | Yield | yield | yield bulb Yield | vyield To(ttj’}'eﬁ'?'d
(9) (t/fed.) (t/fed.) (t/fed.) % % weight (g)| (t/fed.) (t/fed.) ) % %
Potassium application date(A):
Ky 84.44 b 12.07 b 1.26 ab 13.33 b 12.70b [ 13.99ab | 95.90bc | 13.05a 1.82 ab 14.87 b 13.67 b 20.42 c
K, 81.20 ¢ 11.80 c 1.05 bc 12.85¢ 13.49a | 13.80bc [ 100.32ab | 12.05b 1.51 bc 13.55¢ 13.39¢c 20.77b
K 75.46 d 11.32d 091c 12.23d 13.55a 14.16 a 94.13 c 11.90 b 1.40 c 13.30 c 14.26 a 21.34 a
K4 87.90 a 12.88 a 1.36a 14.24 a 12.47b 13.69c | 104.18a | 13.79a 1.95a 15.75a 13.28 ¢ 20.12d
F - test *% *% * *% * *% *%k *% * *% *%k *%
Urea spray rate(B):
2 g/l 76.24 ¢ 1151 ¢ 0.99 b 12.50 ¢ 13.20 14.23a | 95.72b 11.88¢c 1.60b 13.48c | 1396a | 21.05a
4 g/l 80.62 b 11.97b [ 1.12ab | 13.09b 13.02 13.83b [ 98.08b | 12.73b 1.59b 14.32b | 13.67b | 20.55b
6 g/l 89.89 a 12.58 a 1.32a 13.90 a 12.94 13.69b [ 102.10a | 13.48a 1.82a 15.30a | 13.32c | 20.38b
F - test *% **% * **% NS *% *% *% * **% *% *%
Interaction (A x B):
2 g/l 75.82 11.84 cd 1.01 12.85 12.83 14.33 96.91bc | 12.45d 1.51 cd 13.96 ce 13.83 20.63 cd
Ki M4 g/l 86.83 12.14 bc 1.24 13.38 12.71 13.94 97.88bc | 12.80c 152cd | 14.33 bd 13.67 20.40 de
6 g/l 90.69 12.24 bc 1.54 13.77 12.56 13.72 92.91 cd 1391b 242 a 16.33 a 13.50 20.23 e
2 g/l 76.48 11.44d 0.92 12.36 13.56 14.23 101.67 b 11.19f 1.54cd | 12.74 de 13.67 21.07b
K, 4 g/l 81.14 11.78 cd 1.02 12.79 13.47 13.64 98.72bc | 12.41d 1.50 cd 13.91 ce 13.33 20.64 cd
6 g/l 85.99 12.18 bc 1.20 13.38 13.44 13.54 [100.56bc | 12.55¢cd | 1.47cd | 14.02ce 13.17 20.60 cd
2 g/l 71.03 1041 e 0.87 11.28 13.73 14.39 88.74d 11.10f 1.54 cd 12.64 e 14.67 22.18 a
Kz 4 gll 70.01 11.47d 0.93 12.40 13.48 14.14 95.51bd [ 12.02e 1.24d 13.26 ce 14.17 20.97 bc
6 g/l 85.33 12.07 bc 0.93 13.01 13.44 13.95 98.13bc | 12,57 cd 1.44d 14.00 ce 13.93 20.87 bc
2 g/l 81.65 12.33 b 1.17 13.49 12.67 13.95 95.57 bd 12.78 ¢ 1.82bc | 14.60 bc 13.67 20.34 de
K 4 g/l 84.50 12.48b 1.30 13.78 12.42 13.58 100.19bc | 13.70b 2.08b | 15.78ab 13.50 20.19e
6 g/l 97.56 13.84 a 1.60 15.44 12.32 13.55 116.79a | 1491 a 1.95b 16.86 a 12.67 19.83 f
F - test N.S ** N.S N.S N.S N.S ** il *x ** N.S il

**k *
i

and NS indicate p <0.05, <0.01 and not significant , respectively. Means within the same column for each factor designated by the
same letter are not significantly different at 5% level according to Duncans Multiple Range Test
K1: 100% at land preparation, K,: 50% before transplanting +50% at 30 days after transplanting, Ks: 50% before transplanting +50% at 60
days after transplanting and K,: 50% at 30 days after transplanting +50% at 60 days after transplanting.
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