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ABSTRACT

This work was carried out during winter seasons of 2010/2011 and 2011/2012 at El-Khattara
Experimental Farm, Fac. Agric., Zagazig University, to study the effect of planting date, plant spacing
and potassium levels on bulbing ratio and dry weight of onion grown in sandy soil. At 130 days after
transplanting (DAP), early transplanting of onion (30" November) gave high values of neck diameter
and total dry weigh /plant, whereas delaying transplanting gave the highest value of bulbing ratio, also
plant spacing at 11 or 15 cm increased total dry weight /plant. In general, the interaction treatments
among planting date on 30" November, planting densities at 11 or 15 cm and 80 or 120 K,O/fad.,
recorded high values of neck diameter, bulb diameter and total dry weight/plant compared to other
treatments at 110 and 130 DAP in both seasons. Also, bulbing ratio increased with delaying
transplanting (30™ December) under 11 or 15 em planting distances and K,0 at 80 or 120 kg/fad.).
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INTRODUCTION

Onion (4ilium cepa L.) belongs to the family
Amaryllidaceae (Alliaceae). It is one of the most
important commercial vegetable crops and is
widely grown in almost all the countries of the
world. In addition to its medicinal value, it
contains carbohydrates, protein, vitamin A,
thiamine, riboflavin, niacin and ascorbic acid
(Yahaya et al., 2010).

The total cultivated area of onion in Egypt
was about 147,684 and 152,935 fad., during
2010 and 2011 seasons which produced 2,208,080
and 2,304,210 tons with average of 14.951 and
15.066 ton/fad., respectively (FAOSTAT, 2011).

It is well documented that onion plants
require short days and cooler temperatures in the
early stages of crop establishment to enhance
vigorous vegetative growth prior to the onset of
warm temperature and longer days later in the
growing seasons which promote bulbing (Jones
and Mann, 1963).
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Under Egyptian conditions, early transplanting
of onion in December resulted in marked
increase in vegetative growth compared to
delaying transplanting to February {Mostafa,
1979; El-Hindi et al., 1981; Farrag, 1983; Leilah
et al., 2003).

With respect to plant spacing, the plants
grown under wider spacing received more
nutrients, light and moisture around each plant
surrounding compared to plants of closer
spacing which is probably the cause of better
performance growth of individuval onion in
wider spacing choice (Khan et a/., 2003).

Lower planting density significantly
increased bulb diameter of onion and dry
weight/ plant, but gradually decreased the
bulbing ratic (Dawar et al., 2007 and Abd El-
Wahed, 2008).

Respecting potassium fertilizing, potassium
plays a vital role in enhancing starch formation,
which consequently resulted in increasing
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weight and diameter of bulb. As well, the

increment in dry matter accumulation in the bulb -

may be attributed to more synthesis and
translocation of photosynthates from the leaves
to the bulb and also due to the availability of
more nutrients from the soil. Similarly, higher
rate of photosynthesis due to higher dose of
potassium enhanced the vegetative growth and
accumulated more food (Dilruba et al,, 2006 on
onion). Both neck and bulb diameter, bulbing
ratio as well as dry weight/plant of onion were
significantly  increased with  increasing
potassium rate (Mahmoud, 1999; El-Beheidi et
al.,, 2004; Abd El -Al et al., 2005, El-
Bassiouny, 2006).

Therefore, the aim of this study was to
determine the suitable planting date, plant
distance and potassium fertilization rate of onion
to obtain maximum bulbing ratio and dry weight
under sandy soil conditions.

MATERIALS AND METHODS

This work was carried out during winter
seasons of 2010/2011 and 2011/2012 at El-
Khattara Experimental Farm, Fac. Agric.,
Zagazig University, to study the effect of
planting date ,plant distance and potassium
levels on growth and bulbing ratio of onion
grown in sandy soil.

The soil physical and chemical properties of
the used experimental site is sandy in texture for
the two seasons. It had 0.06 and 0.05% organic
matter, 8.09 and 7.88 pH, 2.28 and 2.33 dS/m
for EC, 0.10 and 0.12% total N, 14.16 and 15.18
ppm available N, 13.00 and 13.73 ppm
available P and 60.14 and 63.01 ppm available
K in the 1¥ and 2™ seasons, respectively.

This experiment included 27 treatments
which were the combinations among three
planting dates (30™ Nov., 15™ Dec. and 30"
Dec.), three plant spacings (7, 11 and 15 cm)
and three levels of potassium fertilization(40,80
and 120 kg K,O/fad.).

Seeds were sown in nursery bed on 15" Oct.,
1* Nov. and 15" Nov. in both seasons, then
transplants of nearly 45 days old were
transplanted in the permanent field.

These treatments were arranged as split split-
plot in a randomized complete block design with
three replicates. Planting dates were randomly
arranged in the main plots, plant spacings were
randomly distributed in the sub plots and
potassium levels were randomly arranged in the
sub sub- plots.

Potassium sulphate (48-52% K,0) was used
as a source of potassium and was added as soil
application at five times; i.e. 30, 45, 60, 75 and
90 days after transplanting. All experimental
units received equal amounts of FYM at 30 m’/
fad., during soil preparation as well as 100 kg N
and 50 kg P,Os/faddan. The source of N and
P,0; were ammonium sulphate (20.5% N) and
phosphoric acid (85% P;0s). The amount of
phosphoric acid and ammonium sulphate were
splitted into five equal portions and added
through irrigation water (fertigation) at the same
time of potassium application. Drip irrigation
system was used. Behairy onion cultivar was
used in this experiment. That cultivar was
improved and introduced by Prof. Dr. A. A. Gad
during the period from 1999 to 2009. The other
normal agricultural treatments for growing
onion plants were practiced

Data Recorded

Three Samples of five plants from each
experimental unit were randomly taken after
90,110 and 130 days from transplanting and the
following data were recorded:

Neck diameter (¢cm) and bulb diameter (cm)
were recorded. Bulbing ratio was calculated
according to the formula of Mann (1952).

Bulbing ratio=Bulbing diameter /Neck diameter.

The different plant parts; ie., roots, leaves
and bulbs were oven dried at 70°C till constant
weight and the total dry weight / plant (roots+
bulb +eaves) (g) were recorded

Statistical Analysis

Statistical analysis was conducted for all
collected data. The analysis of variance was
calculated according to Snedecor and Cochran
(1980), means separation was done according to
LSD at 0.05 level.
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RESULTS AND DISCUSSION

Effect of Planting Date

Data in Table 1 show that planting date had
significant effect on neck diameter, bulb
diameter, bulbing ratio and total dry
weight/plant, except bulb diameter at 110 and
130 days after transplanting (DAP) and bulbing
ratio at 90 DAP in the 1* season only.

Early transplanting of onion (30" November)
gave high values of neck diameter and total
dry weight/ plant at 110 and 130 DAP in both
seasons, followed by transplanting on 15®
December.

Also the same data indicated that neck
diameter of onion was decreased with
increasing age of onion plants from 110 to 130
days (16 to 19 weeks), except at 30™ November
in 1* season, whereas bulb diameter was
increased.

As for bulbing ratio, data in Table 1 show
that maximum bulbing ratio was noticed with
delaying transplanting (30" December) at all
three sampling dates, except at 90 DAP in the 1*
season. It could be concluded that there was a
progressive bulb development with the
advancement of age of onion plant towards
maturity. However, the increment in bulbing
ratio observed at the later stage of growth may
be a result, at least to some extent of tabular
blades shriveling which reduced neck diameter.
Thus, causing the ratio to increase even after
swelling of sheath bases and bladeless leaves.

The decreases in total dry weight/ plant were
about 34.4 and 40.2% for planting date on 15®
December and 46 and 52.8% for planting on 30®
December less than planting date on 30"
November at 130 DAP in the 1% and 2™
seasons, respectively.

It is well documented that onion plants
require short days and cooler temperatures in the
early stages of crop establishment to enhance
vigours vegetative growth prior to the onset of
warm temperature and longer days later in the
growing seasons which promote bulbing (Jones
and Mann, 1963).

The significant of higher growth of onion in
November could be due to moderated climatic
conditions than in December (being relatively

cool) month, The decreased growth period due
to delaying transplanting date may be ascribed
to the fact that late transplanted plants did not
get sufficient time for growth before bulbing
starts.

On the other hand, the latest planting date
showed the lowest growth parameters values
that may be due to the short period allowed for
growth, which confirms the findings of
Gonzalez et al. (1997).

Under Egypt conditions, early transplanting
of onion in December resulted in marked
increase in vegetative growth compared to
delaying transplanting to February (Mostafa,
1979; El-Hindi et al., 1981; Farrag, 1983; Leilah
et al., 2003).

Effect of Planting Distance

The obtained results in Table 2 indicate that
planting distances had no significant effect on
neck diameter, bulb diameter, bulbing ratio and
total dry weight, except bulb diameter at 110
DAP in the 2™ season and at 130 DAP in the 1%
season and total dry weight at 110 DAP in the
2™ season and at 130 DAP in both seasons.

Total dry weight of onion/plant at 130 DAP
was significantly increased with increasing plant
spacing within seedlings of onion from 7 cm to
11 or 15 cm in both seasons. The increases in
total dry weight were about 25.4 and 15.5% for
plant spacing at 11cm and 17.2 and 13.5% for
plant spacing at 15 cm over the plant spacing at
7 em in the 1 and 2™ seasons, respectively.

From the above mentioned results it could be
concluded that, the plants grown under wider
spaces received more nutrients, light and
moisture around each plant surrounding
compared to plants in closer spaces which is
probably the cause of better performance of total
dry weight of individual onion in wider space.

Similar results were also obtained with those
reported by Abd El-Wahed (2008) on onion
plant who found that bulb diameter as well as
dry weight of onion plant were increased with
increasing planting distance.

The above mentioned results contradicted
with those reported by Dawar et ai. (2007).
They indicated that lower planting density
significantly increased number of leaves /plant
and bulb diameter of onion.
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Table 1. Effect of planting dates on neck and bulb diameter, bulbing ratio and total dry weight
of onion plant during 2010/2011 and 2011/2012 seasons under sandy soil conditions

Characters [Veck diameter Bulb diameter Bulbing ratio Total dry weight

(cm) (cm) /plant(g)
Days after transplanting
Treatments 9 110 130 9 110 130 9 110 130 9 110 130
Planting date 2010/2011 season
30" Nov 1.07 225 265 149 3.18 431 139 141 1.63 259 896 1201
15" Dec. 098 206 203 143 335 425 146 163 209 199 698 7.89
30" Dec. 179 170 137 253 337 392 141 198 286 479 566 6.49
LSDat0.05level 034 038 020 034 NS NS NS 011 021 120 2.16 3.44
2011/2012 season
30™ Nov 206 231 1.86 274 532 577 133 230 310 7.03 1510 15.01
15" Dec. 198 171 132 403 506 516 204 296 391 887 11.83 898
30™ Dec. 1.53 1.06 0.63 367 396 434 240 374 6.89 597 557 7.07
LSD at 0.05 level 027 022 018 051 095 0.62 053 076 1.79 148 4.40 3.99

NS= Not significant at 0.05 level of probability

Table 2. Effect of planting distances on neck and bulb diameter, bulbing ratio and total dry
weight of onion plant during 2010/2011 and 2011/2012 seasons under sandy soil

conditions
Characters Veck diameter Bulb diameter Bulbing ratio Total dry weight
(cm) (cm) /plant (g)
Days after transplanting
Treatments 9% 110 130 9 110 130 90 110 130 90 110 130
Planting distance (cm) 2010/2011 season
7 1.19 195 192 172 312 395 145 1.60 206 291 659 7.70
11 129 205 209 182 344 437 141 168 209 324 749 9.66
15 135 202 204 192 333 416 142 165 204 321 751 9.03
LSD at 0.05 level NS NS NS NS NS 027 NS NS NS NS NS 128
2011/2012 season
7 1.89 1.68 1.239 348 456 491 191 290 482 708 10.15 944
11 178 1.63 1290 345 476 523 199 297 477 7.04 1021 1091
15 191 1.76 1.294 351 5.02 513 188 310 486 7.76 12.15 10.72
LSD at 0.05 level NS NS NS NS 038 NS NS NS NS NS 165 116

NS= Not significant at 0.05 level of probability
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Effect of K;O Rates

Fertilization of onion with K,O at different
rates (40, 80 and 120 kg/fad.) did not reflect any
significant effect on both neck and bulb
diameter, bulbing ratio and total dry weight at
the three sampling dates in both seasons under
the conditions of this experiment (Table 3).

These results did not coincide with those
reported by Mahmoud (1999); El -Beheidi er al.
(2004); Abd EIl-Al et al. (2005) and El-
Bassiouny (2006) on onion. They found that
both neck and bulb diameter and bulbing ratio as
well as total dry weight /plant were significantly
increased with increasing potassium rates,

Effect of Interaction Between Planting
Dates and Planting Distances

It can be seen from the data presented in
Table 4 that the interaction between planting
date and planting distance had significant effect
on both neck and bulb diameter, bulbing ratio
and total dry weight /plant at 90,110 and 130
DAP in both seasons, except bulb diameter at
110 DAP in the 1* season only.

As for both neck and bulb diameter, data in
Table 4 indicate that, the interaction between
planting date on 30™ November and plant
distance at 7 , 11 and 15 cm significantly
increased both neck and bulb diameter at 110
and 130 DAP compared to other treatments in
both seasons, except bulb diameter at 110
DAPin the 1® season .

Bulbing ratio increased with increasing plant
age and with delaying transplanting under
different planting distances. Maximum bulb
diameter was recorded with the interactions
between planting date on 30™ November and
planting distances at 11 or 15 ¢cm at 110 and 130
DAP in both seasons. At 130 DAP, bulbing ratio
was increased by the interaction between
planting date on 30™ December and planting
distances at 7, 11 or 15 ¢m in both seasons.

Transplanting of onion on 30™ November at
wider spaces (11 or 15 ¢cm) recorded maximum
total dry weight /plant, followed by
transplanting on 30" November at narrow
spacing (7 cm) at 130 DAP in both seasons.
These increases in total dry weight at 130 DAT
were about 31.7 and 23.0% for the interaction

between planting date on 30™November and
plant spacing at 11cm as well as 23.1 and 16.5%
for the interaction between planting date on 30%
November and plant spacing at 15 cm over the
interaction between planting date on 30®
November and plant spacing at 7 cm in the 1*
and 2™ seasons, respectively.

Effect of the Interaction Between
Planting Dates and K;O Rates

The interaction between planting date and
K;O rate reflected a significant effect on both
neck and bulb diameter, bulbing ratic and total
dry weight/ plant, except bulb diameter at 110
and 130 DAP, bulbing ratio at 90 DAP and total
dry weight at 110 DAP in the 1% season (Table 5).

As for neck and bulb diameter, the
interaction between planting dates on 30"
November and KO rates (40, 80 or 120 kg /fad.)
recorded maximum values of both neck and bulb
diameter at 110 and 130 DAP in both seasons.

Bulbing ratio was increased with increasing
plant age and with delaying transplanting under
different K,0 levels in both seasons. Maximum
bulb diameters were recorded at both early
transplanting (30" November} and at mid
transplanting (15" December) with different
rates of K;O (40, 80 and 120 kg/fad.) in both
seasons. At 110 and 130 DAP, bulbing ratio
increased with the interactions between late
planting date (30" December) and K,O at 40, 80
or 120 kg/faddan.

In general, the interaction between planting
on 15" December and K,0 at 120kg/fad., gave
the highest value of total dry weight /plant at
130 DAP in both seasons.

The increments in plant growth may be
attributed to that potassium is the major limit
big nutrient in onion production where it plays
an important role in maintenance of cell water
potential because it regulates opening and
closing of stomata. Also, potassium facilitates
water uptake by roots and reduces transpiration
loss from plants, although it is known to
stimulate translocation of metabolites from
foliage to bulb that consequently led to increase
bulb size and dry weight and also resistance to
frost, drought and diseases. Adequate supply of
K is also necessary for nitrogen utilization by
onion crop.
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Table 3. Effect of potassium fertilizer rates on neck and bulb diameter, bulbing ratie and total

dry weight / plant of onion plant during 2010/2011 and 2011/2012 seasons under sandy
soil conditions

Characters Neck diameter Bulb diameter Bulbing ratio Total dry

(cm) (cm) weight/plant (g)
Days after transplanting

Treatments 9 110 130 9 110 130 90 110 130 90 110 130
K,O (kg/fad.) 2010/2011 season

40 1.26 199 202 179 328 405 142 165 200 293 725 8.10

80 129 201 197 185 324 415 143 161 211 330 694 898

120 129 203 2.07 1.82 337 428 141 1.66 2.07 3.14 741 930

LSD at 0.05 level NS NS NS NS NS NS NS NS NS NS NS NS
2011/2012 season

40 195 175 128 350 469 508 179 268 397 7.20 10.59 10.13

80 184 1.69 126 346 487 512 188 288 406 7.47 1149 10.78

120 179 1.64 127 348 478 508 194 291 400 721 1042 10.15

LSD at 0.05 level NS NS NS NS NS NS NS NS NS NS NS NS
NS= Not significant at 0.05 level of probability

Table 4. Effect of interaction between planting dates and planting distances on neck and bulb
diameter, bulbing ratio and total dry weight of onion plant during 2010/2011 and
2011/2012 seasons under sandy soil conditions

Characters Neck diameter  Bulb diameter  Bulbing ratio Total dry
(cm) (cm) Weight/plant (g)
Treatments Days after transplanting
9% 110 130 9 110 130 9 110 130 90 110 130
Planting date Planting 2010/2011 season
distance (cm)
30" Nov. 7 106 215 246 148 297 397 140 138 161 239 781 1015
11 103 227 274 144 326 450 140 144 164 232 944 1337
15 1.13 233 274 154 330 445 136 142 1.62 306 9.61 12.50
15" Dec. 7 094 207 202 138 336 427 147 162 211 191 720 7.58
11 1.00 2.15 2.13 145 3.53 450 145 1.64 2.11 212 705 8438
15 099 197 1.94 147 3.15 399 148 1.60 206 193 6.68 7.61
30" Dec. 7 1.58 1.64 130 2.28 3.03 3.61 144 1.85 278 442 475 536
11 1.84 1.73 138 257 354 4.10 140 2.05 297 529 599 7.12
15 194 174 144 274 355 4.04 141 2.04 281 465 625 7.00
LSD at 0.05 level 020 036 031 037 NS 046 0.06 0.24 010 114 236 223
2011/2012 season
30" Nov. 7 212 229 1.83 258 512 539 122224 295 628 14.50 13.26
11 196 220 190 274 531 599 140 241 3.15 7.03 14.06 16.31
15 211 243 1.85 291 554 594 138 228 321 7.79 16.73 1546
15" Dec. 7 202 1.72 130 441 483 498 2.19 281 333 939 1101 796
11 193 173 131 3.85 502 529 200290 404 8.19 11.10 9.50
15 2.00 1.67 136 382 533 521 191 319 383 9.05 13.39 948
30" Dec. 7 1.53 1.03 058 346 372 436 226 361 752 557 494 710
11 146 097 065 3.75 397 441 257 409 678 590 546 690
15 1.61 119 0.66 3.799 4.19 425 236 3.52 644 644 632 7.21
LSD at 0.05 level 0.29 026 0.14 0.50 0.67 0.50 0.17 0.27 0.61 1.66 2.86 2.07

NS= Not significant at (.05 level of probability
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Table 5. Effect of interaction between planting dates and potassium fertilizer rates on neck and
bulb diameter, bulbing ratio and total dry weight of onion plant during 2010/2011 and
2011/2012 seasons under sandy soil conditions

. . Total dry
Characters Neck (g:;n eter  Bulb (::;;neter Bulbing ratio weight/plant (g)
Days after transplanting
Treatments 9 110 130 90 110 130 90 110 130 90 110 130
Planting date K;O rate 2010/2011 season
(kg/fad.)
30™ Nov. 40 1.09 223 263 1.51 320 415 139 143 1.58 254 642 6.65
80 1.05 223 259 143 309 430 136 139 1.66 285 633 8.07
120 1.08 228 271 152 324 447 141 142 1.65 334 7.01 8.37
15™ Dec. 40 0.98 2.08 2.02 145 341 407 148 1.64 201 342 740 928
80 094 201 196 138 3.14 437 147 156 223 333 7.16 957
120 1.01 210 2,10 148 349 432 147 166 206 298 792 10.12
30™ Dec. 40 1.70 1.65 139 239 325 393 141 197 283 284 793 B8.36
80 190 1.77 135 274 348 378 144 197 280 3.72 732 932
120 1.77 1.69 1.39 246 339 404 139 201 291 308 7.30 942
LSD at 0.05 level 0.15 020 022 020 NS NS NS 013 018 071 NS 293
2011/2012 season
30" Nov. 40 231 234 190 2.76 535 5.63 1.19 229 296 6.98 987 9.69
80 196 233 1.83 274 533 594 140 229 325 6.78 11.13 10.15
120 191 224 184 273 529 576 143 236 3.13 747 946 B8.48
15" Dec. 40 197 1.79 136 4.07 476 521 207 266 383 740 985 995
80 206 1.70 134 413 524 511 200 308 381 7.14 10.76 10.77
120 1.92 1.62 1.27 3.88 518 515 202 320 4.06 6.58 10.00 11.99
30" Dec. 40 1.57 1.11 0.57 3.66 398 440 233 359 7.72 7.20 12.06 10.76
80 150 1.03 0.62 3.51 404 430 234 392 694 848 12.57 1141
120 1.53 1.04 070 3.84 386 433 251 371 6.19 7.59 11.81 9.97
LSD at 0.05 level 0.36 0.28 018 0.46 045 040 0.29 046 1.07 161 225 2.03

NS= Not significant at 0.05 level of probability

Effect of Interaction Between Planting
Distances and K;O Rates

The interaction between planting distances
and K,O rates reflected a significant effect on
neck diameter at 90 DAP in the 1* season, bulb
diameter at 130 DAP in the 2™ season, bulbing
ratio at 90 DAP in the 2™ season and at 130
DAP in both seasons and total dry weight at 90,
110 and 130 DAP in both seasons (Table 6).

Transplanting of onion at narrow spacing (7
cm) and fertilizing with 40, 80 or 120 kg /fad.,
significantly increased total dry weight at 110
and 130 DAP in both seasons compared to other
interaction treatments,

Under narrow spacing (7cm), total dry
weight /plant was increased with increasing K,O
rates from 40 up to 120 K,O kg /fad., and the

increases in total dry weight at 130 DAP were
about 19.5 and 7.4% for the interaction between
transplanting at 7 cm and K,O at 80 kg /fad.,
over the interaction between transplanting at 7
em and K,0 at 40kg/fad., in the 1% and 2
seasons, respectively.

From the foregoing results, it could be
concluded that the promoting effect of K;O on
dry weight may be due to that amongst three
major nutrients (N,P and K), it is considered to
be taken up in large amounts than N and P by
crops. According to Kanwar (1985) K acts as a
chemical traffic policeman regulating the
management of the other nutrients in the plant
system. Potassium (K) is one of the most
important elements in plant nutrition, All living
organisms required it in large amounts for
normal plant growth and development.
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Table 6. Effect of interaction between planting distances and potassium fertilizer rates on neck
and bulb diameter, bulbing ratio and total dry weight of onion plant during 2010/2011
and 2011/2012 seasons under sandy soil conditions

Characters Neck diameter Bulb diameter . . Total
(cm) (cm) Bulbing ratio weightfplgﬁ ®
Days after transplanting
Treatments 90 110 130 90 110 130 90 110 130 90 110 130
Planting K;O rate 2010/2011 season
distance (cm) (kg/fad.)
7 40 1.20 1.88 190 1.72 3.12 371 143 166 195 260 900 10.52
80 1.11 197 1.88 163 3.02 398 147 1.53 212 2.69 8382 1258
120 1.26 201 198 1.80 322 4.16 143 1.60 2.10 247 9.05 1291
11 40 130 211 208 184 350 434 142 166 2.09 205 7.11 724
80 134 202 202 187 322 425 140 159 210 1.78 639 840
120 1.23 201 217 175 3.61 450 142 1.80 2.07 213 743 8.03
15 40 127 197 2.07 180 323 4.10 142 1.64 1.98 4.14 5.64 6.54
80 143 202 200 205 347 421 143 1.72 2,11 542 561 597
120 136 205 206 191 330 4.16 140 1.61 2.02 481 575 697
LSD at 0.05 level NS NS NS 022 NS NS NS 013 NS 071 161 293
2011/2012 season
7 40 216 176 1.18 346 445 488 1.60 2.53 4.14 6.83 15.4614.76
80 171 169 128 329 468 498 192 277 3.89 7.38 15481586
120 1.80 1.59 1.25 371 454 4.86 2.06 2.86 3389 6389 14351441
11 40 183 166 132 348 456 5.11 190 2.75 3.87 898 10.58 8.66
80 1.76 163 1.18 339 486 508 193 298 431 908 13.04 9.39
120 1.76 161 136 348 488 550 198 303 404 856 11.88 8.89
15 40 1.86 1.83 1.33 3.55 508 525 191 2.78 395 578 574 699
30 206 175 134 370 508 528 180 290 394 593 593 7.08
120 1.80 1.71 120 327 491 486 182 287 405 620 505 7.15
LSD at 0.05 level NS NS NS NS NS 040 029 046 NS 1.61 225 2203

NS= Not significant at 0.05 level of probability

This was attributed to the role of K in
biochemical pathways in plants. Potassium
increased the photosynthetic rates of crop
leaves, CO, assimilation and facilitates carbon
movement (Sangakkara et al., 2000). Potassium
had favorable effects on metabolism of nucleic
acids, proteins, vitamins and growth substances
(Bisson et al., 1994; Bednarz and Oosterhuis,
1999). Furthermore, X has an important role in
the translocation of phtotsynthates from sources
to skins (Cakmak et al., 1994).

The stimulatory effects of potassium
fertilization on plant growth was previously
demonstrated by some investigators (Ayub et
al., 1999; Gerendas et al., 2008; Abbadi et al,,
2008; Christin et al., 2009).

On the other hand, reduction in potassium
supplementation for plant induced reduction in
plant growth due to the fact that in K-deficient
plants, soluble carbohydrates and nitrogen
compounds are accumulated, and starch content
is decreased. These changes were due to the fact

that many enzymes involved in carbohydrate
metabolism require high concentrations of
potassium. Potassium ions were also involved in
the activation of protein-pump ATPases,
photosynthesis osmoregulation, cell expansion,
and stomatal movement (Horst, 1995).

Effect of Triple Interaction Among Planting
Dates, Planting Distances and K;O Rates

It can be seen from data presented in Tables
7 and 8 that the triple interaction among planting
dates, planting distances and K,0O rates had
significant effect on neck diameter, bulb
diameter, bulbing ratio and total dry weight at
90, 110 and 130 DAP in both seasons.

In general, the interactions among planting
date on 30" November, planting densities at 11
or 15 em and 80 or 120kg K,;O /fad., recorded
the highest values of both neck and bulb
diameter compared to other triple interaction
treatments 130 DAP in both seasons.
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Table 7. Effect of triple interaction among planting dates, planting distances and potassium
fertilizer rates on neck and bulb diameter, bulbing ratio and total dry weight of onion
plant during 2010/2011 season under sandy soil conditions

CharactersNeck(:li:)meter Bulb(:l:l;neter Bulbing ratio Tot?lpcll:it\(;e)ight
Days after transplanting
Treatments 90 110 130 90 110 130 9% 110 130 90 110 130
Planting  Planting K;O rate 2010/2011 season
date distance (cm) (kg/fad.)
30™ Nov. 7 40 106 204 2.59 146 296 3.86 1.38 145 1.49 2.33 7.62 8.91
80 0.97 2.11 232 136 2,88 388 140 1.36 1.67 2.16 7.38 10.60
120 1.14 2.29 2.46 1.64 3.08 4.18 143 134 1.70 2.68 8.44 10.94
11 40 1.09 2.38 2.63 1.60 3.39 438 146 142 1.67 2.70 9.56 11.60
80 0.96 2.34 2,75 1.30 3.19 4.66 1.35 1.36 1.69 1.87 9.92 15.20
120 1.04 2.08 2.86 144 320 447 1.38 1.54 1.56 2.38 8.86 13.31
15 40 1.12 2.27 2.68 1.49 324 422 1.33 143 1.57 2.78 9.83 11.05
80 1.22 225 271 1.64 3.21 436 134 143 1.61 4.04 9.16 11.96
120 105 248 2.82 149 346 478 141 140 1.70 235 9.85 1449
15™ Dec. 7 40 0901 2.01 1.87 1.40 3.29 3.87 1.53 1.64 2.07 1.84 6.77 6.38
80 0.93 2.02 2.00 1.37 3.15 449 147 156 2.25 1.82 6.8% 7.98
120 1.00 2.19 2.18 1.38 3.63 4.46 1.38 1.66 2.05 2.08 7.94 B8.38
11 40 1.10 2.26 2.16 1.49 3.83 4.44 135 1.69 2.06 2.62 7.10 832
80 0.94 200 2.02 1.38 3.00 433 146 1.50 2.14 1.81 599 8.04
120 0.97 2,19 2.22 148 376 4.72 1.52 1,72 2.13 1.92 8.06 9.08
15 40 094 197 2.05 147 310 390 1.56 1.57 190 1.69 745 7.02
80 0.94 202 1.85 1.38 327 429 146 1.62 232 1.71 6.30 9.18
120 1.08 194 192 1,57 3.08 3.78 145 1.59 197 2.39 6.29 6.62
30™ Dec. 7 40 1.65 1.58 1.25 2.31 3.10 340 140 196 2.72 3.44 4.88 4.68
80 1.44 1.80 1.33 2,17 3.04 3.58 1.50 1.69 2.69 4.56 4.73 5.62
120 1.65 1.55 131 2.37 294 3.86 143 190 295 528 4.66 5.78
11 40 1.70 1.70 1.45 244 329 420 143 194 290 492 554 794
30 2,12 1.72 1.28 293 348 3.77 138 2.02 295 6.31 559 547
120 1.70 1.77 143 234 3.86 432 1.37 2.18 3.02 4.65 6.84 797
15 40 174 1.67 147 243 335 419 1.39 2.01 2.85 4.04 6.50 7.01
80 1.06 1.81 1.44 3.14 394 4.00 2.96 2.18 2.78 540 6.50 6.82
120 097 1.74 143 2.67 337 3.94 2.75 1.94 2.76 4.52 575 7.16
LSD at 0.05 level 0.26 0.35 0.39 0.38 0.60 0.88 0.18 0.28 0.30 1.24 2.79 5.08
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Table 8. Effect of triple interaction among planting dates, planting distances and potassium
fertilizer rates on neck and bulb diameter, bulbing ratio and total dry weight of onion
plant during 2011/2012 season under sandy soil conditions

Characters Neck diameter Bulb diameter . . Total dry
(cm) (cm) Bulbing ratio . iont/plant (g)
Treatments Days after transplanting

9 110 130 9% 110 130 9 110 130 9 110 130

Planting Planting K;O rate 2011/2012 season
date distance(cm) (kg/fad.)
30"™ Nov. 7 40 292 230 1.82 2.76 5.19 5.25 0.95 2.26 2.88 6.84 14.93 13.90
80 1.63 242 1.81 2.30 527 5.64 141 2.18 3.12 541 1547 14.66
120 1.82 2.15 1.85 2.68 490 530 1.47 2.28 2.86 6.58 13.10 11.21
11 40 196 2.16 1.92 276 5.10 5.66 141 2.36 295 6.80 14.00 16.15
30 2.02 222 1.89 2.84 524 6.17 1.41 2.36 3.26 8.16 14.40 16.49
120 1.89 222 1.88 2.63 558 6.16 1.39 2.51 328 6.14 13.78 16.30
15 40 2.06 2.58 1.98 2.76 5.76 5.98 1.34 2.23 3.02 6.86 17.44 14.22
80 2.24 236 1.80 3.08 549 6.02 1.38 2.33 3.34 8.58 16.58 16.44
120 2.02 236 1.78 2.89 539 582 1.43 2.28 3.27 7.94 16.16 15.72
15" Dec. 7 40 1.90 1.88 1.14 4.14 437 492 2.18 2.32 432 840 930 7.34
80 2.06 1.66 1.51 459 5.08 5.10 2.23 3.06 3.38 10.10 12.98 9.71
120 210 1.62 1.26 4.50 5.04 490 2.14 3.11 3.89 9.67 10.75 6.83
11 40 202 177 1.52 3.89 4.74 531 1.93 2.68 349 9.63 10.26 7.84
30 1.90 1.80 1.12 3.58 5.06 4.74 1.88 2.81 4.23 7.04 11.50 8.66
120 1.87 1.62 1.30 4.10 5.26 5.82 2.19 3.25 448 7.89 11.56 12.01
15 40 199 1.72 1.42 4.18 517 540 2.10 3.01 3.80 8.90 12.20 10.80
80 2.24 1.64 138 4.24 559 5.50 1.89 3.41 3.99 10.12 14.66 9.81
120 1.78 1.64 127 3.06 524 473 1.72 3.20 3.72 8.12 13.33 7.82
30" Dec. 7 40 1.68 1.10 0.57 3.46 3.80 4.48 2.06 345 7.86 570 537 7.82
80 144 099 0.51 2.97 3.68 4.22 2.06 3.72 827 4.84 493 6.08
120 148 1.00 0.65 3.95 3.68 4.40 2.67 3.68 6.77 6.18 4.54 7.42
11 40 1.52 1.05 0.53 3.79 3.83 436 2.49 3.65 8.23 578 530 5.87
80 135 0.86 0.54 3.76 4.28 435 279 498 8.06 622 640 7.18
120 1.51 1.00 0.89 3.70 3.80 4.54 2,45 3.80 510 570 4.67 7.66
15 40 1.53 1.18 0.60 3.72 431 438 243 3.65 730 586 6.56 7.28
80 1.70 1.25 0.83 3.80 4.18 433 224 334 522 674 646 7.99
120 1.61 1.14 0.56 3.87 4.10 4.05 2.40 3.60 723 6.72 594 6.37

LSD at 0.05 level 0.63 049 0.32 0.80 0.79 0.70 0.50 0.80 1.84 2.79 3.90 3.52
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As for bulb diameter and bulbing ratio, in
general, they were increased with increasing
plant age, whereas neck diameter in most cases
was decreased in both seasons. Also, bulbing
ratio increased with delaying date (30"
December) under planting distances at 11 or 15
cm and KO at 80 or 120 kg/faddan at 110 and
130 DAPwith few exceptions.

The interaction among planting date (30
November), planting spacing at 11 cm and K,0O
at 80 kg/fad., recorded the maximum values of
total dry weight/plant. These results may be due
to that the interaction among 30™ November and
11 or 15 cm and 80 or 120 kg K;O/fad., had
stimulative effect on plant growth and this in
turn increased total dry weight /plant.
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