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ABSTRACT: This research included two experiments on 
paperwhite narcissus plant grown under sandy soil conditions at the 
Experimental Farm of Efficient Productivity Institute, Zagazig 
University. The first experiment was carried out during the two 
successive seasons of 2003104 and 2004/ 05 aiming to study the effect 
of four nitrogen levels (0, 50, ] 00, and 200 ppm). four potassium 
levels (0, 100, 200, and 300 ppm), as weekly doses in 200 cc solution! 
pot, and their interactions on characteristics of produced round and 
split bulbs. While, the second experiment was conducted during 
2004/ 05 and 2005/ 06 seasons to evaluate the residual effect of the 
above mentioned treatments on subsequent vegetative growth, 
flowering and leaf chemical analyses of plants resulted from 
replanting the previously fertilized round bulbs which resulted from 
the first experiment. 

Among the tested fertilizer levels, nitrogen at J00 ppm or Kat 300 
ppm applied each alone significantly increased circumference and 
dry weight of round bulb. The produced number of split bulbs/ plant 
was increased hy 100 ppm N, while K at 100 ppm resulted in the 
highest dry weight of split bulb. Nitrogen at 100 ppm interacted with 
200 ppm potassium level increased dry weight and circumference/ 
round bulb. Moreover, the same interaction treatment had the 
superior enhancing residual effect on subsequent flowering aspects 
(flowering stalk length, florets No/ plant and flowering plant 
longevity) as well as N(~o in leaf tissues of plants resulted from 
replanting fertilized round bulbs comparing to the other interaction 
treatments. 
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Simple correlation coefficients under interaction treatments (N x 
K) effect exhibited positive and significant interrelationships between 
circumference of planted round bulb and leaf chemical constituents 
(N, P, K and total carbohydrates percentages) in resulted plant, as 
well as between plant leaf chemical constituents and its growth and 
flowering parameters. 

Key words: Paperwhite narcissus, nitrogen, potassium, bulb 
production, flowering, growth, chemical analyses and 
residual effect. 

INTRODUCTION 

"Paperwhite" Narcissus 
(Narcisslls tazetta) is one of the 
easiest flower ulbs for home
owners to force (DeHertogh, 
1998). It is spring-flowering bulbs 
require very little care and flower 
reliably year after year. It is well
suited to many landscape design 
uses, including in front of 
shrubbery, under large trees, and in 
rock or perennial gardens. Also, it 
is best to grow in a container filled 
with either coarse materials (e.g. 
pebbles, gravel, and beads) and 
water or potting soil (Dana and 
Lerner, 2001). It is bloom rapidly 
in about 5 weeks from planting and 
possible to set them outside on 
balconies, porches, or decks to 
prolong the bloom (Helbacka, 
2002). It is native to the western 
Mediterranean and can produce 
between two to 20 small fragrant 
white flowers on each floweling 
stalk (BBC.CO.UK, 2008). 

According to Jones (1982), 
nitrogen constitutes integral part of 
amino acids, which form enzymes 
and protein. It is also a part of the 
chlorophyll molecule. Also, 
potassium is essential for various 
growth processes including cell 
division, photosynthesis and 
fomlation of carbohydrates, 
translocation of sugar, reduction of 
nitrates and subsequent synthesis 
into proteins and enzyme activity. 
So, Nand K contribute in 
carbohydrate synthesis and 
translocation to storage organs. 
This means that suitable 
combinations ofN and K will yield 
bulbs contain more carbohydrates 
and other metabolites and this in 
tum enhance subsequent growth 
and flowering of plants resulted 
from replanting these bulbs. 

Dana and Lerner (2001) stated 
that narcissi grow adequately in 
many soil types. The soil should be 
or average fertility. High fertility, 
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pm1icularly in nitrogcn, promotes 
excessive leaf growth at the 
expense of high-quality flovver 
production, as weli as the 
excessive splitting of bulbs. Black 
cl (II. (2003) published thut general 

hulh care includes fertilization 
once or twice during the growing 
season with a special bulb fertilizer 
or 1 or 1.5 Ibs or 12-4-8 or an 
equivalent amount of other 
complete feni! Izers per 10m2 of 
bcd. Grotll (2()()4) stated that the 

period after paperwhite narcissus 
blooms fade is a crucial time for 
adding bulb rood (high in 
potassium) to the ground around 
hulbs tor next year's performance. 
Also, an established bulb hed lllay 
henefit from a nitrogen fertilizer 
application at the beginning of the 
growing season. Christman (2005) 
recommended uSlIlg a balanced 
fertilizer such as 5-10-15 or 6-24
24 in late winter, before the ioliage 
brcaks ground :md again 
immediately alter blooming. Also, 
Trinklein (2007) stated that 
daffodils do not requirc heavy 
fertilization. When preparing the 
beds, only 2 to 3 pounds of a 
complete garden fertiJizer such as 
a 6-24-24 or othcr feliilizer with a 
1:4:4 or 1:3:3 N-P-K ratio/laO 
square feet of soil is convenient to 
usc. When plamlJ1g bulbs in 

clumps, about a handful fertilizer 
per 12 bulbs is adequate. 

Effect or N on growth of other 
bulbous plants was previously 
studied with some details. On 
onion plant. EI-Gamili and Abd El
Hadi (1996) and Shmma (1998) 
investigated plant height and 
leaves number/ plant, Kumar el aI. 
(1998) studied bulb diameter and 
bulb dry weight, as well as Dawa 
and -El-Mansi (1999) and 

Rodriguez et ai. (2000) recorded 
leaves No/ plant and plant height 
as affected by N applications. The 
all concluded that N feI1ilizcr 
increased the above mentioned 
growth parameters. Also, garlic 
plant height and bulb diameter 
were significantly increased by N 
applications (El-Seifi et al.. 2004). 

RespeLling potassium, Nagaich 
et u I. (1999) reported that 
fertilization onion plant with 80 
Kg K20/ ha signi ficantly increased 
bl;lb horizontal diameter and plant 
dry "veight. 

nnaheim (2004) studied the 
etTect of Nand K as fertigation at 
rates of 60 K~ N + 75 Kg K 20, 80 
Kg N + 100 Kg K20 or 100 Kg N 
+ 125 Kg K20/ fed and found that 
the highest level sit,lTIificantly 
increased onion plant height, 
leaves No/ plant, dry weight of 
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leaves and bulbi plant, and total 
uptake ofN, P and K. 

According to the available 
literature there were no definite 
information regarding the effect of 
different doses of N, K and their 
interactions under sandy soil 
conditions on paperwhite narcissus 
bulb production and on subsequent 
growth. So, this research was 
conducted in two experiments 
aiming, in the first experiment, to 
study the effect of four nitrogen 
levels, four potassium levels and 
their interactions under sandy soil 
conditions on characteristics of 
produced round and split bulbs, 
and the objective of the second 
experiment was to evaluate the 
subsequent residual effect of the 
above mentioned treatments on 
vegetative growth, flowering and 
leaf chemical analyses of 
paperwhite narcissus plants 
resulted from replanting the 
previously fertilized roulld bulbs. 

MATERIALS AND
 
METHODS
 

This research was conducted at 
the Experimental Farm of Efficient 
Productivity Institute, Zagazig 
University including two 
experiments. The first experiment 
\vas carried out during 20031 04 
and 20041 05 seasons to study the 

effect of Nand K levels and their 
interactions on characteristics of 
produced round and split bulbs of 
paperwhite narcissus under sandy 
soil conditions. While, the second 
experiment was conducted during 
2004/ 05 and 20051 06 seasons 
aiming to evaluate the residual 
effect of the previously mentioned 
treatments on vegetative growth, 
flowering and leaf chemical 
analysis of plants resulted from 
replanting the fertilized round 
bulbs obtained from the first 
experiment. 

Each of the two experiments of 
this research included 16 
treatments, which were the 
combinations between 4 nitrogen 
levels; i.e., 0 (control), 50, 100 and 
200 ppm and 4 potassium levels; 
i.e., 0 (control), 100, 200 and 300 
ppm. The experimental design was 
factorial between the above 
mentioned nitrogen and potassium 
levels in a compJcte randomized 
block design with four replicates, 
each replicate contained six pots 
and each pot contained two bulbs. 

Procedures 

First experiment 

Uniform 
Narcissus 
paperwhite, a
circumference 

round 
tazetta 
verage 

(non 

bulbs of 
eultivar 

11 cm in 
flowering 
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size), were used in this study. On 
September 1s', for the two seasons 
of 20031 04 and 20041 OS, two 
round bulbs were plantedl 20 cm 
plastic pot filled with sandy soil. 
The physical and chemical 
properties of the used sandy soil 
were 56.6% coarse sand, 38.1 % 
fine sand, 3.6~{, silt, 1.7% clay, EC 
1.81 dS m- J 

, 7.56 pH, 0.05% 
organic matter, 13.6 ppm avai lable 
N, 10.7 ppm available P and 64.3 
ppm ,wailable K. 

Nitrogen and potassium 
fertilizer treatments were applied 
as weekly doses, each dose was in 
200 cubic centimeters solution per 
pot, beginning one month after 
planting (October 1SI) and 
terminating on June 1st for the two 
seasons. Tap water \vas used for 
fertilizer dissolving. All treatments 
received 1 g triple super-phosphate 
(37.5% P20S)/ pot at planting time, 
and were sprayed on December 1sl 

with solution contained Fe, Mn 
and Zn at 50 ppm for each 
(produced by OTO Company as 
EDTA compollnds) to encourage 
growth. 

Nitrogen levels; i.e., 0 (control), 
50. 100 and 200 ppm were 
supplied in the fonll of ammonium 
sulphate (20.5 So N). This was 
equal to 0, 10, 20 and 40 mg NI 
pot/ week and 0, 320, 640, 1280 
mg Nt poti season, respectively. 

While potassium levels: i.e., 0, 
100, 200, 300 were supplied as 
potassium sulphate (50% K 20) 
form. This was equal to 0, 20, 40 
and 60 mg K 201 pot I week and 0, 
640, 1280 and 1920 mg K 201 potl 
season, respectively. 

15 thOn July , 2004 and 2005, 
when the foliage completely turned 

yellow and were died back, bulbs 
wcre dug out. cleaned, separated 
and cured in ventilated shady place 
as well as round and split bulb 
characteristics were recorded. 
Then, the dormant round bulbs for 
each treatment were stored 
separately during the summer. 

Second experiment 

Stored round bulbs, yield of the 
first experiment, of each fertilizer 
treatment were separately 
replanted on September 1sl for 
seasons of 20041 05 and 20051 06 
to detemline the fertilizer 
treatments residual effect (the 
objective of this research part). 
Two round bulbs were replanted 
per 20 cm plastic pot filled with 
the same sandy soil described 
above in the first experiment. 

Recorded Data 

First experiment 

During bulb production seasons 
or 20031 04 and 2004/ 05 the 
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majority of plants did not tlower 
because the beginning llsed bulb 
size was less thall the flowering 
size (average 11 cm in 
circumference). So, the treatments 
efIect was recorded during these 
seasons only on bulb 
characteristics. The recorded bulb 
charactelistics included dry weight 
of round bulb (g), round bulb 
circumference (em), produced split 
bulb numberl plant "U1d dry weight 
of split bulb (g). 

Second experiment 

Recorded residual effect data 
during 20041 05 
seasons included: 

and 20051 06 

Vegetative 
flowering 

growth and 

Vegetative growth and 
flowering data were recorded at 
fiowering ti me as average 
produced leaves No! plant, leaf 
length (em), Oowering stalk length 
(cm), produced 1l0rets No/ plant 
and the plant longevity expressed 
as days number from opening the 
first floret to the time of which 50 
0,;) of the opening Jlorcts! plant 
were faded. 

Chemica! analyses 

Leaf samples for chemical 
analyses wcre taken after two 
months from replanting thc round 
hulbs (on Novcmber 1'1) in both 
seasons and were dncd at 70 

u 
C for 

72 hours, fincly grounded amI wet 
digcsted to detennine total 
nitrogen percentage according to 
A.O.A.C. (1980), total phosphorus 
percentage according to Hucker 
and Catroux (1980), potassium 
percentage according to Jackson 
(1970), and total carbohydrates 
percentage according to Dubois er 
al. (1956). Pots which usee! for 
chemical samples were canceled 
hom vegetative and JlO\\cring 
detemlinations. 

Statistical Analysis 

The collected data of the two 
experiment p31is were subjected to 
statistical analysis according to 
Steel and Ton-ie (1980). Mean 
separation \vas done uSIng 
Duncan's l11uitiple range test 8t 5% 
level (Duncan, 1958). Also, 
cOlTclation cocfficients were 
calculated according to Svab 
(1973 ) 

RESULTS AND 
DISCUSSION 

First Experiment: Effect of 
Nitrogen, Potassium and Their 
Interaction Treatments on 
Produced Bulb Characteristics 

Effect of nitrogen 

Obtained results in Table 1 
lndicate that weekly fertilization of 
narcissus plant with solution 
containi ng 100 ppm N 
significantly increased average dry 
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weight/ round bulb (g) and 
circumference/ round bulb (em) 
comparing to control and low (50 
ppm) or high (200 ppm) N levels. 
This was true during the two tested 
seasons. Also the same Table 
clears that N at 100 or 200 ppm 
enhanced split bulb production! 
plant comparing to 0 in the two 
seasons or 50 ppm N in the second 
season. Wbile. SO ppm N 
significantly increased average dry 
weight/ split bulb comparing to the 
other N levels. However, Dana and 
Lerner (2001) stated that higb 
nitrogen levels promote excessive 

splitting of narcissi bulbs. Similar 
results were previously recorded 
respecting bulb diameter and bulb 
dry weight by Kumar et al. (1998) 
on onion and El-Shabasi et at. 
(2003) as well as EI-Seifi et at. 
(2004) on garlic. According to 
Jones (1982), nitrogen constitutes 
integral part of amino acids, which 
form enzymes and protein, It also 
is a part of the chlorophyll 
molecule. So, it plays an important 
role in carbohydrate synthesis and 
its translocation into storage 
organs. 

Table 1. Round and split bulb production of paperwhite narcissus as 
affected hy nitrogen and potassium under sandy soil 
conditions during 2003/ 04 and 20041 05 seasons 

Average dry Circumference/ P d d I't Average dryro uce sp I . . 

Treatments ~vei;~lt~ ~~nd_--,"-:~~~n~~.I~_~~lb.~o/~~ant _ we~~~~/(~ht_. 
1st 21ld t st 2nd 1,I 2nd 1sl 2lId 

season season season season season season season season 

Nitrogen levels (ppm) 

0 8.88c 9.18c l2.4c ll.8c 2.40b 2.66c 1.12b 1.08b 

50 9.73b 9A7b 13.0b lJ,Ob 3.36a 2.89b 1,18a 1.16a 

100 10.5a 10.6a 14.2a 14.1a 3.45a 3,59a 0.79d 1.00c 

200 8.84c 0.60b \3.1b I J,3b 3.45a 3,51 a 0.96c 0.93d 
Potassium levels (ppm) 

0 7.61d 7.70c 12.lc l1.7c 3.03a 2.81c 0.98b 0.95c 

100 9.23c 9.76b 12,9b 13.lb 3.15a 3.03b 1.07a 1.10a 

200 1a.1b 10.7a 13.8a l3Ab 3.30a 3.38a a,96b 1.07ab 

300 1l.0a 10.7a ]3,9a 14.0a 3.19a 3.42a 1.03a 1.05b 

Means having same alphabetical letter (s) within each column did not 
significantly differ according to Duncan's multIple range test at 5'10 level. 
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Effect of potassium 

Table 1 shows that as K 
fertilizer level increased up to the 
highest level (300 ppm) growth of 
produced round bulbs expressed as 
average dry weight and 
circumference of round bulb was 
significant1y increased. The 
highest round bulb grc1\vth was 
recorded under the cifect of the 
highest K level, while the highest 
split bulb weight \vas obtained by 
using the low I< level (100 ppm) 
eluring the t\VO growth seasons. 
Potassium did not exhibit clear 
trend during the two seasons 
regarding split bulb production/ 
plant. Nagaich c[ (//. (1999) 
repOlied that fertilization of onion 
plant with 80 Kg K20/ !lu 
signi ficantly increased bulb 
horizontal diameter. GrotJl, \2004) 
recommended adding bulb food 
(high in potassium) to the ground 
around bulbs during the period 
after paperwhite narcissus blooms 
l~lde for next year's perfomlunce. 
Hmvever, the enhancing effect on 
bulb growth might be due to K 
vital role for various growth 
processes including cell division, 
photosynthesis lind formation of 
carbohydrates, translocation of 
sugar, reduction of nitrates and 
suhsequent synthesis into proteins 
and enzyme activity as mentioned 
bv Jones (1982) 

Effect of interaction between 
nitrogen and potassium 

Data in Table 2 which 
represented effect of interaction 
between nitrogen and potassium 
levels indicate that, generally, 
increasing the interacted K level 
under any N level increased dry 
weight and circurnference of round 
bulb. The highest round bulb 
weight ami circumference were 
noticed under the effect of 100 
ppm N interacted with 200 or 300 
ppm K treatments, with no 
significant difTerences between 
them during the two tested 
seasons. SpIi l bulb production,' 
plant did not significantly af!cct 
with interaction treatments. While, 
dry \veight of split bulb recorded 
the highest values under the effect 
of 50 ppm N interacted with 200 or 
300 ppm K. Similar enhancing 
dlect regarding bulb weight was 
recorded on Olllon by interacting 
100 Kg N -+- 125 Kg K:OI fed 
(lbrJheim, 2004). However, the 
synergistic effect of N with K 
respecting photosynthesis and 
translocation of carbohydrates and 
other metabolites from leaves to 
storage bulbs might be the 
responsible for increasing bulb 
weight and circumference. 
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Table 2. Round and split bulb production of paperwhite narcissus as 
affected by interaction treatments between nitrogen and 
potassium levels nnder sandy soil conditions during 20031 04 
and 20041 05 seasons 

Interaction A:e~:r drY Ci;~~::~::~ce/ Produced split Average dry 
t t t WClg round bulb No/ plant weight/ split bulb 
rea men s IJUlb (g) (em) (g) 

N level K le'vel 
ppm ppm se;\son season season season season season season season 

o o 7.22i 7J7r: 11.2a lO.Gg 2.2:5a 2.20a 1.0ged O.79h 

o 100 8A2tg 8.96c 11.9a l1.5fg 2AOa 2.55a 1.11bed 1.1 Jede 

o 200 9.6Je 10.lb 1.L2a 11.gef 2.473 3.00a 1.I4ahea l.l'ibed 

o 300 lO.3d 10.3b 13.5a n.led 2.50a 2.90a 1.16abc 1.26a 

50 0 7.79hi 7.77r: 12.0a 11.3fg 3.20a 2.57a 1.05de 1.06de 

50 100 9.29r: 9.03c 12.9a 13.1ed 3.50a 2.873 1.21ab 1.I6bed 

50 200 10.8ed 10.6b 13.8a 13.'ibed 3.30a 2.90a 1.25a 1.24ab 

50 300 11.Jbc 10.5b 13Aa 14.2ab 3A5a 3.223 1.23a i.l9abe 

100 0 7.99gh 8.36d 13.2a 12.6de 3.27a 3.17a 0.82fg 0.93fg 

100 100 lO.Ged 10.6b J3.9a 1J.9be 3.22a 3.55a 0.87f I.06de 

100 200 11.(lab Jl.7a 14.93 15.0a 3.82a 3.873 0.69h 1.l0cde 

100 300 11.9a li.7a 14.7a 15.1a 3.50a 3.77a O.77gh 0.91fg 

200 0 7.46hi 7.31e 11.9a 12.5de 3A2a 3.32a O.98e 1.00ef 

200 100 8621' 10Ab 12.9a 13.%e 3,473 3.17a I.lOcd 1.08dl' 

200 200 8.55fg 10.4b BAa 13.3bed 3.60a 3.773 O.76gh O.80h 

200 300 10.7ed 10.3b J3.93 13.6bc 3.323 3.80a 0.98e 0.84gh 

Means having sume alphabetical letter(s) within each colunm did not 
significantly di Her according to Duncan's multiple range test at 5~'i:, level. 
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Second Experiment: Residual 
Effect of Nitrogen, Potassium and 
Their Interaction Treatments on 
Vegetative Growth, Flowering 
and Leaf Chemical Analyses 

Vegetative arowth and
• b

flowermg 

Residual effect of nitrogen
fertilization . 

Effects of N \Vere extended to 
vegetative growth and flowering or 
the next year. Since, replanted 
treated round bulbs with any used 
N level; i.e., 50, 100 or 200 ppm 
resulted in significant increases in 
produced leaves No'! plant 
comparing to control. While. plant 
growth as lear length (em) was 
sign ificant1y enhanced in plants 
resulted from bulbs which 
previously treated \vith N at 100 
ppm as compare to the other tested 
N levels during the t\\'o growing 
seasons (Table, 3). As previously 
mentioned, ?\I at 100 ppm 
increased round bulb growth as dry 
weight and circumference (Table, 
i). This in tllrn might feflect as 
more storage metabolic substances 
for more growth. Dalla and Lerner 
(2001) stated that high nitrogen 
levels promote excessive narciSSI 
leaf growth. 

As for flowering, data of the 
same data in Table .1 indicate that 
the moderate N level (100 ppm) 
hl.ld the superior enhancing 
reSIdual eneet on llowerIng 

expressed as: flowering stalk 
length (em), produced t10rets No/ 
plant and /lowering plant longevity 
(days) comparing to control 
(unfertilized plants) and low (50 
ppm) or high (200 ppm) N levels. 
However, the enhancing effect of 
moderate N level on flowering 
might be expect as a result of its 
enhancing effect on plant growth 
as leaf length which may resulted 
more photosynthetic and metabolic 
substances direction to flowering 
processes. 

Residual effect of 
potassium fertilization 

Results of Table 3 clear that, 
generally, the high two K levels of 
200 and 300 ppm had the highest 
enhancing residual eHect on 
growth and flowering (leaves No! 
plant, leaf length, flowering stalk 
length, florets No! plant and 
llmvcring plant longevity) 
comparing to 0 or 100 ppm K 
levels during the two growing 
seasons. There were no significant 
di lfcrences between 200 anel 300 
ppm K levels in most cases. 
According to Groth (2004) the 
period aftcr paperwhite narcissus 
bloor1'1s fade is a crucial time for 
adding bulb food (high in 
potassium) to the ground around 
bulbs for next year's performance. 
Also, Nagaich el al. (1999) 
reported that rertilization onion 
plant with 80 Kg K20! ha 
signi licantly increased plant dry 
weight. 
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Table 3.	 Growth and flowering of paperwhite narcissus as affected 
by residual effect of nitrogen and potassium under sandy 
soil conditions during 2004/ 05 and 20051 06 seasons 

PlantLeaves No! Le,lr length Flowering Florets No! 
slalk length longevity 

Treatments plant (cm) (cm) plant (days) 
I ~I -----2lllJ----- 1sl-----2flll \ 'it ~-·-2ilfl 1~-2"d 1st 2nd 

Se:1SOIl season season season season season season season season season 

Nitrogen levels (ppm) 

o S.():'b 538h 35.6c'3 Id 49.5b 36.3d 5.68d 5.77c 12.6c IJ.3c 

50	 6.42a 6.04a 38.8b 36.3c 46.9c 45.9c 6.36c 6.43b 12.7c 13.8b 

100	 6.7()J 6.46a 4:i,(la ..n.Oa 56.(la 55.2a 7.58a 7.24a 14.5a 14.7a 

200	 (J.40a 6.44a 37.0c 38.3b SLOb 49.3b 7.0;>;b 6.5% 13.3b 14.5a 

Potassium levels (ppm) 

o 5.53c S.S7b 33.0d 31.8c 44.7c 42.1c 5.44d 5.38c 12.6c l3.4c 

100 5.98b S.98ab 38.2c ..~6.9b SO.3b 46.0b 6.38c 6.10b 13.2b 13.Sb 

200 6.74a 6.52a 40.9h 40.4a 55.3a 48.8a 7.20b 7.13a 13.6a 14.4a 

300 70()a 6.25a 44.2a 41.6a 53.7a 50.2a 7.69a 7.433. 13.7a 14.6a 

Means having same :.dphabctical leHcr(s) within each column did 110t 
Significantly dirfer according to Duncan's multiple range test at SC'Ic) level. 

Residual effect of interaction 
treatments 

Data represented residual effect 
or interaction treatments between 
Nand K levels on vegetative 
growth and /lowering of 
paperwhite narcissus arc in Table 
4. Generally, the interaction 
treatments between moderate N 
level (l00 ppm) and moderate (200 
ppm) or high (300 ppm) K levels 
which resulted the heaviest bulh 
dry vli'eight and the greatest bulb 

circumferencc (as previously 
mentioned m Table 2) also 
produced plants recorded the 
highest growth (leaf length) and 
Howering (Jlowering stalk length, 
florets No/ plant and flowering 
plant longevity) during the two 
residual effect growing tested 
seasons as compare to the all other 
interaction treatments. Produced 
leaves No! plant was not 
significantly affected by interaction 
treatment. 
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Table 4. Growth and flowering of paperwhite narcissus as affected 
by residual effect of interaction treatments between 
nitrogen and potassium levels under sandy soil conditions 
during 20041 05 and 2005/06 seasons 

Flowering PlantFloretsInteraction Leaves Nol Leaf length 
longevitystalk length treatments plant (ern) No/ plant (days) (ern) 

N 
ppm ppm season season season senson sensull season seasun season season season 

o 0 4.70a 5.25a 312g 28.6g 42.0gh 32.7f 4.77g 4.61a lUi 12.2f 

o 100 5.43<1 4.8-1a 3~.3f 31.9fg 49.ge1' 34.31' 5.24fg 5.13a 12.4ghi D.le 

o 200 6.25a (J. 04a 36.6ef 34.6ef 50.3e1' 39.7e 6.02def 6.25a 12.6fgh 13.9d 

o 300 6.15a 5.39::1 39.4de 37.5dl' 55.7bcd 40.5e 6.67cde 6.68a 13.5ede 14.0cd 

SO 0 5.63a 4.86a 34.5f 31.0fg 39.0h 37 0ef 4.96g 5.lOa 12. Jhi 13.0c 

SO 100 5.81a 6.1)7a 37.8det 33.9ef 44(ng 48.4cd 5.91cf 6.67a 12.6fgh 14.0d 

SO 200 6.74~1 6.67a 39.1de 3l)5cd'i23cde 48.9cd 6.ned 6.92a 13.0defg 14Jcd 

50 300 7.51 a (1.54a 43.8e 40./cd SlAde 49.3cd 7.Slab 7.02a 13.5cde 14Aed 

100 0 5ena (J.25a 37.7def 3S.lcf 49.6c1' 53.2abe 6.75ed 6.48a 13.6cd 143ed 

100 100 6.44a ('.17a 41.0cd 40.6cd 56.6a-d 54.6ab 7.l0be 6.36a 14.5ab 14.4cd 

100 200 7.21a 7.0la 48.5b 50.la 61.7a 57.0a 8.26a 7.88a 14.9ab IS.2a 

100 300 7.44a 6.44a 52.6a 46.lb 58.lJab 56.1a 8.14a 8.25a 15.la 15.0ab 

200 0 5.73a 5.04a 28.6g 32.6f 48.1cf 45.4d 5.28fg 5.32a 13.1 defg 14.3cd 

200 100 6.23a 6.84a 38.9de 41.1ed 50.0er 46.7c1 7.16bc 6.24a 13.3cdef 14.1ed 

200 200 6.778 ().36a ,9Ade 37.5dc56.<iabc499bed 7.75ab 7.06a 14.2bL' 14.6hc 

200 300 ().89a 6.()Ja 41.0cd 42.0c 49.2ef 55.1 a 8.14a 7.76a 12.7etf!h 151ab 

Means havmg same alphabetICal kllcr(s) within each column did not 
significantly differ accordmg to Duncan's multiple range test at 5% level. 
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Leaf Chemical Analyses 

Generally. as used nitrogen 
level was increased up to 200 ppm 
leaf percentages of N, P, K and 
total carbohydrates increased in 
plants 
round 
(1987) 
foliage 
were 

resulted from replanting 
bulbs (Table 
found that 
contents 01' 

signi ficanlly 

5). Koriem 
N- bulb and 

onion plant 
increased by 

increasing N fertilization up to 90 
Kg/fed., while K- bulb and folJagc 

were not affected by N 
applications. 

The same Table 5 shows that K 
treatments especially at 200 and 
300 ppm significantly increased 
kaf contents of K, N and total 
carbohydrates as percentages. 
Phosphoms % did not significantly 
arlect by K treatments Juring the 
two resiJual effect growing 
seasons. 

Table 5.	 Leaf chemical constituents of paperwhite narcissus as 
atTectrd by residual effert of nitrogen and potassium under 
sandy soil conditions during 2004/05 and 20051 06 seasons 

Total", "/.," P ~;) K 'Y<J 
earbQhnlrates %

Treatments 2nd'	 -1'1 . --r"d I" lSI 2"d 1'1 2"d 

season season season season season season season season 

l\'itrogen levels (ppm) 

0 2.86e 3.lOb 0.31 ab (Ula 3.36a 3.22c IS.8d 17.0J 

50 2.05e 3.17b 0.30b 0.31 a 3.39a 3.48b 16.5c 18.1 c 

100 3.02b 3.85a 0.34a 0.33a 3.48a 3.na 20.2b 22.8a 

200 4.06a 3.98a 0.33a 0.32a 3.50a 3.58ab 21.9a 19.2b 

Potassium levels (ppm) 

0 3.24b _'.45a 0.32a 0.31a 2.76c 2.96d 14.4d 16.6d 

100 3.27b 3.49a 0.31a 0.31a 3.25b 3.29c 17.8e 17.5e 

200 3.478b 3.53a 0.32a 0.33a 3.76a 3.75b 20.5b 20.8b 

300 3.60a 3.61a 0.33<1 0.32a 3.95a 4.01a 21.7a 22.2a 

Vleans having same alphnbetical lettcr( s) withm each column did 1101 

slgnificamly diiTer according to Duncan's multiple range test at 5~/;) level. 
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Residual effects of interaction 
treatments on leaf chemical analysis 
are presented in Table 6. Results 
indicate that each nitrogen and 
potassilUll levels acted separately on 
P and K percentages in plant leaf 
tissues during the two tested seasons. 
While, N and total carbohyclrates 
percentages were significantly 
increased under the interaction 
treatments residual eOects of N at 
100 ppm interacted with K at 200 or 
300 ppm comparing with the most of 
other interaction treatments. lbraheim 
(2004) recorded signi ricant increases 
in total uptake ofN, P and K in onion 
plants subjected to fertilization of N 
interacted with K at level of 100 Kg 
N -+- 125 Kg K20/jed. 

Correlation Study 

Interrelationships between bulb 
characters and Icaf chemical 
analysis 

Data in Table 7 illustrate that 
rOlmd bulb dry weight on one hand 
couelated positively amI significantly 
or highly significantly with N. K and 
total carbohydrates percentages in 
plant leaf tissues under K treatments 
ctIect and with K and total 
carbohydrates percentages under 
interaction treatments effect on the 
other hand. This implicates that 
under K treatments effect N, K and 
total carbohydrates while uncler 

interaction treatments effect only K 
and total carbohydrates contribute in 
enhancing bulb dry weight, and in 
tUlll reflected as more supplying of 
these constituents in leaves of 
produced plants. Respecting the 
second interrelationship bet\\'een 
round bulb circlUllference and 
percentages of the studied chemical 
constituents in plant leaf tissues, data 
of the same Table 7 show that P, K 
:.md total carbohydrates percentages 
under N treatments effect; K and 
tolal carbohydrates percentages 
under K treatments effect and the all 
studied ch.:mieal constituents (N, P, 
I( and carbohydrates) under the 
interaction between Nand K 
treatments effect were associated 
positively and significant or high 
significant with round bulb 
circumterence. So, under the main or 
interaction treatments dIect ofN and 
Fe bulb circnmference grow was 
might be due to increasing these 
chemical constituents in produced 
bulbs and this reflected as more 
percentages of these elements in leaf 
tissues. These results support the 
concept of treatments which 
increased bulb growth (dry weight or 
circumference) also increased 
supplying the produced plants from 
these bulbs with N, P, K and or total 
carbohydrates. 
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Table 6.	 Leaf chemical constitucn ts of papenvh ite narcisslls as 
affectl'd by residual effect of interaction treatments between 
nitrogen and potassium levels under sandy soil conditions 
during 2004/05 and 2005/ 06 seasons 

TotalInteraction r '1., K% carboh~'drates
treatments 01., 

N levels K levels I" ]" 1" 
season seasoll seasoll seasoJl season season season seasonppm ppm 

o 0 2.76ef 302c 0.30n 0.31i1 2.41a 2.72a 11.9g 15.2h 

o 100 2.5gef 3JObe O.32a (UOa 3.24a 2.98a 15.-lf 16.4gl1 

o 200 3.(J:-;de 3.nbc O.29a U.32~1 3.76a 3.17a 17.2e J7.6cfg 

o 300 3.00def 2.94c 0.323 O.3la 4.Dla 4.01a 18.8ed 19.0ecle 

50 o 2.51f 2.S3c lUla U.32a 2.80a 2.94a 11.9g 16.0gh 

50 lOll ,197t'f 301e O.27a 0.3];) ..'.04a 3.17a 16.0f 17.2(~ 

50 200 V\3ef 3.15be 0.283 OJ1" 3.iOa 3.93a i8.2e1 18.gede 

50 300 J.OSde 3.69ab 0.32a 0.303 4.01a 387a 19.8c 20.!e 

100 0 3.S2ed 3.9ia O.33a 0.32a 2.87a 3.06a 15.2f 18.2dd' 

100 lOll 3.6%c 368,lh O.32a 032a 3.27a 3.62a 17.le 19.1cde 

100 200 -((J7ab 39Ua (U-Ia (U3<l 3.86a 4.15a 23.3b n.2a 

100 300 3.99abc 3.863 0.353 0.3'(1 3.92a 4.lla 25.3a 26.6a 

200 0 -1.I8ab 4JJ1a U.;2d (UOa 2.95a ~.12a 18.4d 17.1fg 

200 100~.85abe 3.98a 0.3121 0.33a 3.45a 3.4221 22.7b 17.2fg 

200 200:J, 88abc 3.96" OTI,I O.34a 3.7321 3.74a 23.~b 19.7cd 

200 300 -I34a 3.97a UJ3a O.32a ~.87a 405a 23.2b nOb 

Means having same alphabetlc,d kHcr(s) within each column did not 
SIgnificantly differ according to Duncan's multiple range test at 5';;/ leve 
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Table 7.	 Simple correlation coefficients between some characteristics 
of rouud bulbs and leaf chemical analysis of paperwhite 
narcissus plants obtained from replanted the fertilized bu Ibs 
(pooled data of 20031 04 and 20041 05 for bulb characters 
and 01'2004/05 and 20051 06 for cbemical analyses) 

Total 
The character P% carbohyd ra tes 

%, 
Under N treatments dIed 

Round bulb dl'y weight (g) 0.332 0.482 0.590 0.471 

Round bulb circumference 0.650 0728' 0.828' 0726' 
___ _ jc~L _ .. .. _. .._. 

linder K treatments effect 
Round bulb dry weight (g) 0.762' 0,594 0'l55" 0,930" 

Round bulb circumference 0.670 0.548 0.947" 0.904" 
._ _ '. ~,f!:IllJ_ __. ~._ __ _..__._ . . _ . ._ 

llndcr interaction treatments effect (N x K) 
Round bulb dry weight (g) 0,302 0.332 0.846" 0.694" 
Round bulb i.'ircumfercnce .. , 0811"

(em) 0.522 . 0.370 .( 0.759** 

N = Rfor N treatments. 8 for K treatments and 32 for interaction treatments 

Interrelationships between leaf 
chemical analysis and plant 
~rowth and flowering 

Simple cOlTelation coefficients 
between leaf chemical analysis of 
paperwhite narcissus and its growth 
and Llowering aspects under the etlect 
of N, K and their interactIon 
treatments are shown in Table 8, 

Under the main effect of N 
treatments, the results reflect positive 
and significant or high significant 
relationship behvecn plant vegetative 
growth (as leaf production! plant) and 
leaf contents 0[' N, P and total 
carbohydrates. Regarding f1owenng, 

the positive and significant reiatiol1s 
were recorded lor florets production! 
plant and leaf contents (percentages) 
of N, P, K and carbohydrates, 
/lowering stalk length and leaf 
percentages of P and K, as well (L" 

tlowering longevity and percentages 
of N, K and total carbohydrates in 
plant leaves. 

Under the main effect of K 
treatments, cach of vegetative gro¥iih 
(as lcafNol plant and leaflength) and 
percentages off( and carbohydrates in 
plant leaves affected positively and 
signiiicantly on the other. 'N', K and 
carbohydrates percentages positively 
~ll1d significantly correlated with 
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flowering aspects of florets si f,rnifi cant with the all investigated 
production! plant and ilowering piant leaf chemical constituents. This was 
longevity. FIO\vcring stalk length also predicted, since the interaction 
correlated positively significantly with treatment \vhich enhanced produced 
K and carbohydrate percentages. bulb growth also increased 

Under interaction between N and percentages of chemical contents in 

K treatments eiTect, al1 studied growth resulted plant (Table 7) and 

and flowering parameters associated subsequently encouraged plant 

positive and significant or high vegetative grow1h and tlO\vering. 

Table 8.	 Simple correlation coefficients between leaf chemical 
analyses of paperwhite narcissus and its growth and 
flowering aspects under the effect of N, K and their 
interaction treatments (pooled data of 20041 05 and 20051 
06 seasollS) 

Vegetative 
Flowering aspects

,gI9_''v..th aspects __.. ~. 
The character Leaf Flowering FI Flowering

Leaves	 orets.
length stalk longevltv 

~ 01 plant	 No! plant (d .
i£1ll) IeQgth (COl}' ays} 
lluder" treatments effect 

N% lUW;" 0.5]2 osn 0.790' 0.744' 
POlo O.S()o'* 0.694 D.72e)' 0.850" 0.698 
K (YtJ 0.670 0.752 o.n+' 0.734* 

Total carbohydrates 
0.72-:+'	 ().5 L)7 0.633 0.709' 

_tYtI) __ - ----_.__ .._

lTnder K treatlllents effect 
N 'Yu 0.656 0.65:, 0.363 D.710' 0.847" 
P% D.7D4 O.().:j] OA97 0.677 0.364 
K% 0.8S6., 0947" o 78()' 0.979" 0.787' 

Total carbohydratl'~ 0.96] .. 0.806'
(%,) 

(l nder interaction treatments effect (N x K) 
N (% 0.538" D424' 0.523*' 0.56(f' 0.642 
P %J 04]8" 0.472" 0.432' 0.504" 0.546" 
K 'X) 0734" () "5 0.64 7 *' lU115" 1H>32" 

Total carbohYdrates '~,;, 0.700 U.7I.'I 0.670" D.S55" 0717' , 

" = 8 for N n-eatmems. 8 for K lreatmeIll~ and 32 1,)) interaction treatments 
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CONCLUSION 

From the previously mentioned 
results, it could be concluded that 
fertilization paperwhite narcissus 
with solution containing 100 ppm 
N combined with 200 ppm K, as 
weekly doses in 200 ccl pot for 
each, significantly improved round 
bulb characteristics (dry weight 
and circumference), and 
consequently enhanced flowering 
(flowering stalk length, florets No/ 
plant and flowering plant 
longevity) of plants resulted from 
replanting these fertilized round 
bulbs in the next year. 
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