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ABSTRACT

Apot experiment was conducted to study the effect of soil-N
fertilization rates (2 and 4 g of ammonium nitrate/plant) and foliar
spray with Zn and Mn at 2 concentrations (100 and 150 ppm for each)
on the vegetative growth, flowering and chemical composition of
amaryllus (Hippeastrum vittatum, herb) plants. The obtained data
showed that, fertilizing amaryllus plants with 4 g ammonium
nitrate/plant significantly increased the vegetative growth characters
i.e., plant height, number of leaves/plant, leaves area, fresh and dry
weights of leaves, bulbs and the whole plant. Moreover, increased
number of bulbs and bulblets/plant, bulb size and bulb dry weight.
Flowering traits such as length of floral stalk, number of flowers on
floral stalk, average dry weight of floral stalk and vase life of flowers
were increased as well. The same rate (4 g) of N-fertilization also led
to the increase in the concentration of chlorophylls (a and b),
carotenoids, total carbohydrates, anthocyanin in flowers at picking
time and five days later, and leaves content of N and P. The 2 g
ammonium nitrate application/plant significantly increased both K and
Zn contents in plant leaves. On the other side, leaf content of Mn and
Fe was not affected with the 2 or 4 g ammonium nitrate rate. Foliar
spray with the mixture of Zn and Mn at the rate 150 ppm of each
significantly increased all the above mentioned vegetative growth
characters and flowering traits. The tested treatments also caused
insignificant increase in the leaves content of chlorophylls (a and b),
carotenoids, total carbohydrates, flowers content of anthocyanin at
picking time and 5 days later, and accumulation of N and K. The
greatest accumulation of P occured when plants were sprayed with Mn
at 150 ppm. On the contrary, the highest value of Fe was observed in
plants sprayed with Zn and Mn at the concentrations of 150 and 100
ppm, respectively. Regarding the combined effect of soil N application
and foliar spray with (Zn+Mn), the results revealed that, fertilizing the
amaryllus plants with 4 g ammonium nitrate and foliar application with
mixture of Zn and Mn at 150 ppm concentration for each significantly
increased all vegetative growth characters, floral parameters, leaves
content of chlorophylls (a and b), carotenoids, total carbohydrates, N, P
and flowers content of anthocyanin at the time of picking or five days
later. The greatest plant content of K was found when a plant recivied
2 g of N and sprayed with Zn and Mn at 150 ppm for each. Providing
amaryllus plants with 2 g of ammonium nitrate and foliar spraying with
only Zn at 150 ppm resulted in the greatest leaf content of Zn and Fe.
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INTRODUCTION

Amaryllus (Hippeastrum vittatum, Herb), Family amaryllidaceae is an
attractive flowering ornamental bulb, native to South America. It is grown in
Egypt both outdoors, as flower bed impact and inborders, as well as, for cut
flowers and indoors, as a foliage and flowering pot plant in a time where there
is nearly a lack of other flowers. The inflorescences emerges under Egypt
temperature in mid-April and lasts for a relatively short period (2-4 weeks). It
consists of four large and colorific trumpet-like flowers, that last about two
weeks with only one or two inflorescences for a vase. Fertilizing in general
and with nitrogen in particular has been known as a vital step in steping up the
growth and flowering of many ornamental plants. Dahya et al. (1999),
Chadha et al. (1999), Hameed and Sekar (1999), Ram et al. (1999) and
Broschat and Moore (2001) working on marigold plants and EI-Gendy et al.
(2001) working on Ocimum bacilicum declared that, increasing N-application
up to a particular level, consistently increase vegetative growth parameters and
flowering traits as well as the total carbohydrates and nitrogen content of
plant.

Although micronutrients are needed in relatively very small gquantities
for good plant growth, their deficiencies cause great disorders in the
physiological and metabolic processes of plant (Kanwer and Dhingra, 1962).
Zinc and manganese were reported to stimulate the growth of various plants
due to their enhancing effect on most metabolic processes such as
carbohydrates, protein, phosphate RNA and ribosome formation (Price et al.,
1972 and Bidwell, 1980), in chlorophyll formation and nucleic acid
metabolism (Mohr and Schopfer, 1995) and in oxidation-reduction processes
(Mengel and Kirkby, 1982). They announced also that, high pH and low
organic matter in the soil considerably reduce the availability of most
microelements. The intensive cropping without adequate conservation of soil
fertility through balanced fertilization may be responsible for deficiencies of
most nutrients, especially microelements in plants grown in Egypt (Sillanpaa,
1982). It was found by several investigators that, micronutrients play an
important role in improving the vegetative growth and flowering of several
ornamental plants (Selim and El-Tantawy, 1993) on gerbera, (El-Deeb,
1999) on Philodendron scandatum, (Refaat and Balbaa, 2001) on lemongrass
plants and (Selim et al., 2001) on Calendula officinalis. They concluded that,
spraying plants with Zn and Mn increase all vegetative growth characters and
flowering. The effect of Zn or Mn on the chemical composition of plants was
reported by many investigators (El-Deeb, 1999) on Philodendron scandatum
and (Selim et al., 2001) on Calendula officinalis. They found that, Zn and Mn
foliar sprays increase the plant content of chlorophyll a or b and total
carotenoids. Refaat and Balbaa (2001) on lemongrass plants indicated that
Zn and Mn increase chlorophylls (a and b), carotenoids, macronutrients (N, P
and K) and the micronutrient cations (Fe, Mn and Zn) while decrease total
carbohydrates.
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Objective of the present work is to investigate the effect of soil-N
application and foliar spray with Zn and Mn and their interaction on the
vegetative growth, flowering and chemical composition of amaryllus
(Hippeastrum vittatum, Herb) plant.

MATERIALS AND METHODS

A pot experiment was conducted during the two successive seasons of
2003/2004 and 2004/2005 at the Experimental Farm of the Faculty of
Agriculture, Fayoum, Cairo University, in order to study the effect of soil-N
application and foliar spray with Zn and Mn and their interaction on the
vegetative growth, flowering traits and bulbs yield of amaryllus (Hippeastrum
vittatum, Herb) plants. Clay pots, 30 cm diameter, were filled with equal
amounts of air dried clay soil mixed with sand at a ratio 1:1 by weight.
Uniform sizes of amaryllus bulbs were utilized. One bulb was sown in each
pot on August 25, 2003 and 2004. Samples of the used soil were analyzed
according to Black (1965). Results of analysis are given in Table (1).

Table 1. Some physical and chemical properties of the experimental soil.

Properties 2003/2004 2004/2005
Particle size distribution:
Sand% 32.100 32.270
Silt% 32.070 31.410
Clay% 35.830 36.320
Texture grade Sandy clay Sandy clay
Hydraullc conductivity 00.027 00.029
(cm®/hr)
Chemical properties:
Calcium carbonate%o 4.800 4.600
Organic matter%o 1.250 1.280
Total nitrogen%o 0.062 0.066
EC. (dS/m) 2.900 2.600
PH of paste extract 7.500 7.300
Available nutrients (mg/kg
soil):
P 23.00 22.00
K 96.80 99.26
Zn 00.81 00.80
Fe 03.64 03.71
Mn 08.03 07.89

Fertilization treatments included the combinations of two N rates: 2 and
4 g ammonium nitrate (33.5% N)/plant, two concentrations of Zn (100 and
150 ppm) and two of Mn (100 and 150 ppm) applied as elemental zinc (65%
Zn) and elemental manganese (65% Mn), respectively. Nitrogen fertlllzer was
added as a soil application in two equal portions; at November, 15" and 15
days later. Zinc and manganese were applied as 3 foliar sprays at 2 weeks
intervals starting from November 8, in both seasons, respectively. The
experimental layout was a factorial experiment in a randomized complete
blocks design with four replications for each experimental unit. Equal doses of
potassium sulphate and calcium superphosphate; were added to each pot at the
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rate 3 g/pot. All other agromanagements for the productlon of amaryllus
flowers were achieved whenever it was necessary. When the 1% flower of floal
stalk, in each pot, seemed to be open, the following measurements were
performed:

1. Vegetative growth characters in terms of plant height, number of leaves,
leaves area/plant, dry weight of plant tops and whole plant (plant tops+bulbs),
number of bulbs and bulblets, bulb fresh weight and bulb size.

2. Flowering traits expressed as length, number of flowers and fresh weight
[floal stalk. Vase life of flowers as number of days starting from opening of
the 1% flower till wilting the last one was considered.

3. Chemical composition of plant leaves: concentrations of chlorophylls (a
and b) and carotenoids in fresh leaves at the beginning of flowering were
determined according to the methods described by Welburn and
Lichtenthaler (1984). Total carbohydrates in leaves was colorimetrically
estimated as outlined by Herbert et al. (1971). Leaf N was determined using
Orange G dye according to Hafez and Mikkelsen (1981). For P,K, Mn, Zn
and Fe determinaton, the wet digestion of 0.1 g of fine dry material of leaves
of each treatment was done with sulphuric and perchloric acids as described
by Piper (1947). Phosphorus was estimated colorimetrically by the method as
outlined by King (1951) after extraction according to Olsen and Sommors
(1982). Potassium was determined by Flame Photometer (Gallenkamp Co.,
England) as described by Brown and Lilliand (1966). Leaf Mn, Zn and Fe
were determined using atomic absorption spectrophotometer as outlined by
Parkinson and Allen (1975). All the obtained results were statistically
analyzed and comparisons among means of the different treatments were
achieved using the least significant differences (LSD) at p=0.05 as illustrated
by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION
I. Vegetative Growth Characters:

Data illustrated in Tables (2a, 2b and 2c¢) exhibit that, N-application to
the growing Hippeastrum vittatum plants at the rate 4 g NH4NO3/pot was
superior and associated significantly with higher mean magnitudes for plant
height, number of leaves/ plant, leaves area/plant, dry weight for each of the
plant tops, bulbs and whole plant (plant tops+bulbs), average number of bulbs
and bulblets/pot, bulb size and bulb fresh weight than those grown with the
lower level of N (2 g ammonium nitrate/plant). The obtained data matched
well with the findings of Dahya et al. (1999), Chadha et al. (1999), Hameed
and Sakar (1999), Ram et al. (1999) and Broschat and Moore (2001) on
marigold plants and EI-Gendy et al. (2001) on Ocimum basilicum. They
reported that increased N-application up to a particular level, consistency
increased vegetative growth parameters.

Foliar spray of amaryllus plants with the mixture of Zn and Mn at 150
ppm concentration, for each, significantly or unsignificantly increased all the
studied vegetative growth parameters followed by the mixture of 150 ppm Zn
and 100 ppm Mn (tables 2a, 2b and 2c). The favourable effect of Zn and Mn
may be due to the role of Zn in promotion of enzymes activity and the internal
growth regulators which may be associated with plant growth. The obtained
results are in harmony with the findings of Abed et al. (1987) on Pisum
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sativum, Selim and El-Tantawy (1993) on gerbera, El-Deeb (1999) on
Philodendron scandens, Refaat and Balbaa (2001) on lemongrass plants and
Selim et al. (2001) on Calendula officinalis, who retrieved that spraying the
plants with Zn or Mn increased all vegetative characters.

Concerning the interaction between the different levels of ammonium
nitrate fertilizer and foliar sprays of Zn or Mn and their mixture on vegetative
growth varied between the two seasons. The significant response was obvious
in one out of the two experimental seasons (tables 2a, 2b and 2c). Comparison
among all treatments indicated that the combination of 4 g ammonium
nitrate/plant with the mixture of Zn and Mn at the concentration of 150 ppm
for each proved to be the best for all vegetative growth parameters.

Table 2a. Effect of soil N-application and foliar nutrition with Zn and Mn on
vegetative growth characters of amaryllus plants during the two
successive seasons 2003/2004 and 2004/2005.

Character Plant height No. of leaves/plant Leaves area/plant
(cm) (dm?)
N, N, Mean N, N, Mean N, N, Mean
Treatment (B) (B) (B)
2003/2004

Zny+Mn, 42.67 43.67 43.17 633 6.67 6.50 6.86  7.36 7.11
Zny+Mn; 4467 46.00 4534 6.67 7.33 7.00 730 8.00 7.65
Zny+tMn, 4733 4833 4783 7.00 7.67 7.34 770 824 7.97
Zn;+Mng 45.67 4733 4650 7.00 7.33 7.17 755 810 7.83
Zn;+Mny 49.33 50.67 50.00 733 7.67 7.50 8.10 824 8.17
Zn+Mn, 5233 5333 5283 7.67 7.67 7.67 840 8.44 8.42
Zn,+Mn, 50.67 52.00 51.34 7.67 7.67 7.67 8.24 8.30 8.27
Zn,+Mn; 53.67 5433 54.00 8.00 8.00 8.00 8.66 8.85 8.76
Zny+Mn, 55.67 56.67 56.17 8.00 8.33 8.17 8.78 9.26 9.02

Mean (A) 4911 50.26 730 7.59 795 831
LSDo.0s) :
(A) 1.06 0.21 0.33
(B) 159 0.32 0.42
(A)X(B) 211 0.40 0.60
2004/2005

Zny+tMng 4333 44.00 4367 6.00 6.33 6.17 6.60 6.96 6.78
Zny+Mn; 46.00 46.33 46.17 6.33 6.67 6.50 6.96 7.34 7.15
Zny+Mn, 48.33 49.00 4867 7.00 7.33 7.17 7.70  8.06 7.88
Zn+Mny 4733 47.67 4750 6.67 7.00 6.84 734 7.70 7.52
Zn+Mn; 48.67 51.00 49.84 7.00 7.33 7.17 7.70  8.06 7.88
Zn+Mn; 5233 5367 53.00 733 7.67 7.50 8.06 844 8.25
Zn,+Mng 50.00 52.00 51.00 7.00 7.67 7.34 770 834 8.02
Zn,+Mn; 5400 55.00 5450 7.67 7.67 7.67 8.44 874 8.59
Zn,+Mn, 56.33 57.33 56.83 8.00 8.33 8.17 880 9.16 8.98

Mean (A) 49,59 50.67 7.00 7.33 7.70 8.07
LSD (.05 :

A) 1.01 0.19 0.31

(B) 151 0.30 0.46

(A)x(B) 2.00 0.37 0.61

Zny=water (control), Zn;=100 ppm, and Zn,=150 ppm.
Mng=water (control), Mn;=100 ppm, and Mn,=150 ppm.
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Table 2b. Effect of soil N-application and foliar nutrition with Zn and Mn on
vegetative growth characters of amaryllus plants during the two

successive seasons 2003/2004 and 2004/2005.

Character  Dry wt. of plant Dry wt. of bulbs

Dry wt. of whole

tops (%) plant (%)
(%0)
N; N, Mean N N, Mean N; N, Mean
Treatment (B) (B) (B)
2003/2004
Znp+tMng 6.24 640 6.32 17.90 18.60 18.25 12.07 1250 12.29
Znp+tMn, 6.65 6.87 6.76 18.99 19.76 19.38 12.82 13.32 13.07
Znp+tMn, 6.85 7.08 6.97 2048 21.24 2086 13.67 14.16 13.92
Zni+Mng 6.80 6.99 690 19.65 20.60 20.13 13.23 13.80 13.52
Zni+Mn; 694 720 7.07 21.00 21.98 21.49 1397 1459 14.28
Zni+Mn, 7.10 7.66 7.38 2239 2354 2297 1475 15.60 15.18
Zn,+Mng 6.98 7.36 7.17 2186 22.75 2231 1442 15.06 14.74
Zn,+Mn; 7.24 780 752 23.05 2426 23.66 15.15 16.03 15.59
Zn,+Mn, 743 795 7.69 2396 25.00 24.48 15.70 16.48 16.09
Mean (A) 6.91 7.26 21.03 21.97 13.98 14.62
LSD(o.05) :
(A) 0.31 0.90 0.59
(B) 0.45 1.35 0.90
(A)x(B) 0.60 1.70 1.11
2004/2005
Znp+tMng 6.18 6.36 6.27 17.78 18.40 18.09 11.98 12.38 12.18
Znp+tMn; 655 6.82 6.69 18.79 1952 19.16 12.67 13.17 12.92
Znp+tMn, 6.88 7.00 6.94 20.30 21.10 20.70 13.59 14.05 13.82
Zni+Mng 6.78 6.94 6.86 19.48 20.39 19.94 13.13 13.67 13.40
Zni+Mn; 696 7.15 7.06 20.83 21.76 21.30 1390 14.46 14.18
Zni+Mn, 7.15 7.62 7.39 2220 2331 22.76 14.68 15.47 15.08
Zn,+Mng 7.06 7.30 7.18 21.67 2254 2211 14.37 1492 14.65
Zn,+Mn, 7.24 7.76 750 2290 24.00 23.45 15.07 15.88 15.48
Zn,+Mn, 740 790 7.65 2370 24.72 2421 1555 16.31 15.93
Mean (A) 6.91 7.21 20.85 21.75 13.88 14.48
LSD(o.05) :
(A) 0.28 0.85 0.51
(B) 0.42 1.31 0.76
(A)x(B) 0.55 1.60 0.92

Zno=water (control), Zn;=100 ppm, and Zn,=150 ppm.
Mnoy=water (control), Mn;=100 ppm, and Mn,=150 ppm.

Fayoum J. Agric. Res. & Dev., Vol.19, No.2, July, 2005



EFFECT OF SOIL-N APPLICATION AND FOLIAR NUTRITION...... 85

Table 2c. Effect of soil N-application and foliar nutrition with Zn and Mn on
vegetative growth characters of amaryllus plants during the two
successive seasons 2003/2004 and 2004/2005.

Character No. of bulbs+bulblets/pot Bulb size Fresh wt. of bulb
(cm?) )
Ny N, Mean N, N, Mean N, N, Mean
Treatment (B) (B) (B)
2003/2004
Zny+Mng 3.33 3.67 3.50 90.84 97.43 94.14 84.11 90.21 87.16
Zny+Mn, 3.67 4.00 3.84 96.96 102.96 99.96 89.36 94.89  92.13
Zny+Mn, 4.67 4.67 4.67 103.25 110.50 106.88 94.81 10147 98.14
Zn;+Mng 4.00 4.67 4.34 99.50 106.86 103.18 91.20 97.95 94.58
Zn+Mn, 4.67 5.00 484 10492 116.82 110.87 96.08 106.98 101.53
Zn+Mn, 5.33 5.67 550 140.78 143.14 14196 128.68 130.65 129.67
Zn,+Mng 5.00 5.33 5.17 13242 136.19 13431 121.15 123.69 12242
Zn,+Mn; 5.67 6.33 6.00 149.32 153.89 15161 136.12 140.28 138.20
Zn,+Mn, 6.33 6.67 6.50 16296 167.86 16541 14815 152.60 150.38
Mean (A) 4,74 5.11 120.11 126.18 109.96 11541
LSD(o.05) :
(A) 0.20 5.40 5.11
(B) 0.30 8.10 7.65
(A)x(B) 0.38 9.80 9.21
2004/2005
Zny+Mng 3.00 3.33 3.17 85.42 9145 8844 79.09 84.68 81.89
Zny+Mn, 3.33 3.67 3.50 91.81 9741 9461 84.62 89.78 87.20
Zny+Mn, 4.00 4.33 4.17 108.50 112.62 11056 99.82 103.61 101.72
Zn;+Mng 3.67 4.00 3.84 10112 10548 103.30 93.20 97.16  95.18
Zn+Mny 4.67 4.67 4.67 119.92 125.48 122,70 110.02 115.12 11257
Zn+Mn, 4.67 5.33 5.00 13649 141.80 139.15 124.65 129.50 127.08
Zn,+Mng 4.67 5.00 4.84 127.12 132.80 129.96 116.30 12150 118.90
Zn,+Mn; 5.33 5.67 5.50 14559 150.44 148.02 132.72 137.14 134.93
Zn,+Mn, 6.00 6.33 6.17 15756 161.66 159.61 143.24 146.96 145.10
Mean (A) 4.37 4.70 119.28 124.35 109.30 11394
LSD(0.0s) :
(A) 0.29 5.00 4.60
(B) 0.43 7.45 6.90
(A)x(B) 0.57 9.05 8.20

Zno=water (control), Zn;=100 ppm, and Zn,=150 ppm.
Mnoy=water (control), Mn;=100 ppm, and Mn,=150 ppm.

Il. Flowering traits:

Data given in Tables (3a and 3b) indicate that, increasing N rate from 2
to 4 g NH;NOg/plant significantly promoted the number of flowers/floral stalk,
floral stalk length, average of fresh weight/floral stalk and keeping quality.
The obtained results are in harmony with those reported by Dahya et al.
(1998), Chadha et al. (1999), Hameed and Sakar (1999), Ram et al. (1999)
and Broschat and Moore (2001) on marigold plant and EI-Gendy et al.
(2001) on Ocimum basilicum. They concluded that nitrogen fertilization
increases flowering traits.
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Table 3a. Effect of soil N-application and foliar nutrition with Zn and Mn on
flowering traits of amaryllus plants during the two successive
seasons 2003/2004 and 2004/2005.

Keeping quality from cutting time to Mean of keeping

Character 1% flower death on Last flower death on quality (vase life)
floral stalk (day) floral stalk (day) (day)
N N, Mean N N, Mean N N, Mean
Treatment (B) (B) (B)
2003/2004

Zny+tMng 567 6.00 5.84 8.33 8.67 8.50 700 7.34 7.17
Zny+Mn; 6.00 6.67 6.34 8.67 9.33 9.00 7.34  8.00 7.67
Zny+Mn, 6.67 7.33 7.00 9.00 9.67 9.34 7.84 850 8.17
Zn+Mng 6.33 7.00 6.67 9.00 9.67 9.34 7.67 834 8.01
Zn+Mn; 7.00 7.67 7.34 9.33 9.67 9.50 8.17 8.67 8.42
Zn+Mn, 7.67 8.00 7.84 9.67 1033 1000 8.67 9.17 8.92
Zn,+Mng 7.67 8.00 7.84 9.67 10.00 9.84 8.67  9.00 8.84
Zn,+Mn; 8.00 833 8.17 10.00 1033 10.17 9.00 9.33 9.17
Zn,+Mn, 8.00 8.67 834 1033 10.67 1050 9.17 9.67 9.42

Mean (A)  7.00 752 9033  9.82 817 867
LSD .05
(A) 0.45 0.43 0.36
(B) 0.68 0.65 0.54
(A)x(B) 0.89 0.84 0.71
2004/2005

Zny+tMng 533 5.67 5.50 8.67 9.33 9.00 7.00 7.50 7.25
Zny+Mn; 567 6.00 5.84 9.33 9.67 9.50 750 7.84 7.67
Zny+Mn, 6.00 6.67 6.34 9.67 10.00 9.84 784 834 8.09
Zn+Mng 6.00 6.33 6.17 9.67 10.00 9.84 784 817 8.01
Zn+Mn; 6.33 6.67 6.50 9.67 1033 10.00 8.00 850 8.25

Zn,+Mn, 6.67 7.00 6.84 9.67 10.67 10.17 8.17 8.84 8.51
Zn,+Mn, 6.67 7.00 6.84 9.67 10.67 10.17 8.17 8.84 8.51
Zn,+Mn, 7.00 7.33 7.17 10.33 11.00 10.67 8.67 9.17 8.92
Zn,+Mn, 7.67 7.67 7.67 10.33 11.00 10.67 9.00 9.34 9.17
Mean (A) 6.37 6.70 9.67 10.30 8.02 850
LSD(o.05)
(A) 0.31 0.50 0.42
(B) 0.46 0.74 0.63
(A)x(B) 0.60 0.98 0.81

Zno=water (control), Zn;=100 ppm, and Zn,=150 ppm.
Mng=water (control), Mn;=100 ppm, and Mn,=150 ppm.

Regarding the infleunce of foliar spray of amaryllus plants with Zn
and/or Mn, data indicate that the mixture of both Zn and Mn at a concentration
of 150 ppm for each significantly increased all the studied flowering trait
parameters in both seasons (tables 3a and 3b). In this respect, Selim and
Tantawy (1993) on gerbera, El-Deeb (1999) on Philodendron scandens,
Refaat and Balbaa (2001) on lemongrass plants and Selim et al. (2001) on
Calendula officinalis, mentioned that spraying plants with Zn or Mn increase
flowering traits.
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Table 3b. Effect of soil N-application and foliar nutrition with Zn and Mn on
flowering traits of amaryllus plants during the two successive
seasons 2003/2004 and 2004/2005.

Character Length of floral No. of flowers/ Fresh wt. of flowers
stalk (cm) floral stalk [floral stalk (g)
N1 N, Mean N; N Mean N; N>,  Mean
Treatment (B) (B) (B)
2003/2004
ZnotMny,  23.67 26.33 25.00 2.00 233 217 19.20 22.37 20.79
Zno+tMn;  26.33 30.00 28.17 2.33 2.67 250 2234 25.63 23.99
Zno+Mn, 30.67 35.33 33.00 2.67 3.00 284 2577 28.95 27.36
Zni+Mny  29.33 33.67 3150 2.67 3.00 284 2575 28.90 27.33
Zni+Mn;  32.67 38.00 3534 2.67 333 3.00 2590 32.30 29.10
Zni+Mn, 37.33 43.33 40.33 3.00 3.67 3.34 29.10 35.60 32.35
Zn,+#Mny  36.67 41.67 39.17 3.00 3.67 3.34 29.25 35.78 32.52
Zn,+Mn;  41.67 46.67 44.17 3.67 3.67 3.67 3596 36.00 35.98
Zn,+#Mn, 4433 50.00 47.17 4.00 4.00 4.00 39.20 39.36 39.28
Mean (A) 33.63 38.33 2.89 3.26 28.05 31.65
LSD(0.05) .
(A) 2.60 0.21 2.45
B 3.88 0.31 3.60
(A)x(B) 511 0.40 4.80
2004/2005
Zno+tMny,  25.00 27.33 26.17 2.00 2.00 2.00 19.04 19.36 19.20
Zno+Mn; 2833 30.67 2950 2.33 233 233 2225 2272 2249
Zno+Mn, 32.00 34.67 33.34 233 267 250 2231 26.04 24.18
Zni+Mny  30.67 33.67 3217 233 2.67 250 2231 2596 24.14
Zn;+Mn;  34.00 36.00 35.00 2.67 3.00 284 25.63 29.40 27.52
Zni+Mn, 39.00 39.67 39.34 3.00 3.67 3.34 2895 36.15 32.55
Zn,+Mny  37.33 39.00 38.17 3.00 3.33 3.17 28.80 32.64 30.72
Zn,+Mn; 4167 43.00 4234 333 3.67 350 3230 36.26 34.28
Zn,+Mn, 43.67 46.33 45.00 3.67 400 3.84 3596 39.20 37.58
Mean (A) 34.63 36.70 2.74 3.04 26.39 29.75
LSD(0.05) .
(A) N.S. 0.20 2.70
B 3.55 0.29 3.96
(A)x(B) 4.70 0.39 5.30

Zng=water (control), Zn;=100 ppm, and Zn,=150 ppm.

Mng=water (control), Mn;=100 ppm, and Mn,=150 ppm.

The interacting effects of N levels with Zn or Mn and their mixtures at
any concentration on flowering traits varied between the two seasons.
Comparison among the different treatments clearly indicated that, fertilization
with 4g ammonium nitrate/pot in combination with the mixture of Zn and Mn
foliar spray at a concentration of 150 ppm for each resulted in the best mean

values for all flowering parameters.
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I11. Chemical composition of plant tops and flowers:
1.Pigments and total carbohydrates:

Data presented in Tables (4 and 5) show that, increasing N rate from 2
to 4 g NH4;NOg/plant significantly increased chlorophyll a and b, total
carotenoids and total carbohydrates in leaves, and anthocyanin in flowers
either at picking time or 5 days later. This trend was similar in both seasons. In
this respect, Yadav et al. (1999) reported that, total leaf chlorophyll in African
marigold increases consistently as a result of increasing N-application up to
180 ppm.

Regarding the effect of foliar spray with Zn or Mn and their mixtures,
data in Tables (4 and 5) reveal that, Zn and Mn at 150 ppm concentration
produced the highest values of chlorophylls (a and b), carotenoids and total
carbohydrates in leaves and anthocyanin content of flowers.

Generally, spraying the plants with Zn alone at any concentration gave
the best results compared with Mn. These results may be due to the basic
function of zinc in plant which is related to its role in the metabolism of
carbohydrates (Price et al., 1972). On the other hand, plants treated with the
mixtures of Zn and Mn at different concentrations recorded the best values.
These results may be attributed to their combined enhancing effect on most
metabolic processes such as carbohydrates and chlorophyll formation (Price et
al., 1972, Bidwell, 1980 and Mohr and Schopfer, 1995). The results are in
harmony with findings of El-Deeb (1999) on Philodendron scandens and
Selim et al. (2001) on Calendula officinalis who mentioned that, Zn and Mn
increased chlorophylls (a and b) and carotenoids. While Refaat and Balbaa
(2001) on lemongrass revealed that, Zn and Mn treated-plants showed lower
values of total carbohydrates comparable to untreated plants.

The interaction between N-fertilization and Zn or Mn and their
mixtures as tabulated in Tables (4 and 5) exhibit that, determinations
fluctuated significantly or not. The highest values of chlorophylls a and b, total
carotenoids, anthocyanin and total carbohydrates were associated with the
treatment 4g ammonium nitrate/plant in combination with foliar spray of the
mixture (Zn+Mn) at a concentreation of 150 ppm for each.

2. Nitrogen, phosphorus and potassium:

Data listed in Table (6) indicate that, the percentages of N and P in
leaves significantly increased as a result of treating plants with 4 g ammonium
nitrate/plant in both seasons. In this respect, Yadav et al. (1999) reported that,
total nitrogen content of African marigold consistently increased with N-
application up to 180 ppm. While for K, the highest value of K content was
determined in plants treated with 2 g ammonium nitrate/plant.

Foliar spray with zinc and manganese at the concentration of 150 ppm
for each increased total nitrogen and potassium concentrations in leaves
followed by the mixtures of Zn (150 ppm) with Mn (100 ppm) then Zn (100
ppm) with Mn (150 ppm). Generally, all combinations of Zn and Mn
concentrations increased the values of N and K concentrations. These results
may be due to the role of Mn as essential in the final step of nitrate reduction
to ammonia (Amberger, 1978). On the other side, the basic function of Zn in
plant is related to its role in the metabolism of proteins (Price et al., 1972). It
is also necessary for RNA and protein synthesis (Vallee and Walker, 1976).
The highest percentage of P was determined in plants treated with Mn at 150

Fayoum J. Agric. Res. & Dev., Vol.19, No.2, July, 2005



EFFECT OF SOIL-N APPLICATION AND FOLIAR NUTRITION...... 89
or 100 ppm, respectively, followed by the combination of Zn (100 ppm) with
Mn (150 ppm) then Zn with Mn at the concentration of 150 ppm for each.

Table 4. Effect of soil N-application and foliar nutrition with Zn and Mn on
chlorophylls and carotenoids (in leaves) of amaryllus plants during
the two successive seasons 2003/2004 and 2004/2005.

Chlorophyll Carotenoids
Character A B (mg/g F. wt.)
(mg/g F. wt.)
N, N, Mean Ny N, Mean N, N, Mean
Treatment (B) (B) (B)
2003/2004
ZnptMny 064 069 0.67 041 044 043 020 022 0.21
ZnptMn; 0.67 073 0.70 043 047 045 022 024 0.23
ZnptMn, 073 0.78 0.76 047 052 050 025 0.27 0.26
ZnitMng 071 0.78 0.75 046 050 048 025 0.26 0.26
Znp+Mn; 076 083 080 050 055 053 027 029 0.28
Zni+Mn, 082 092 087 056 060 058 030 032 031
Zn,+Mny 081 089 085 054 059 057 029 031 0.30
Zn,2+Mn; 087 097 092 058 063 061 032 035 034
Zny+Mn, 090 099 095 059 065 062 033 037 0.35
Mean (A) 0.77 0.84 0.50 0.55 0.27 0.29
LSD(0.05) .
(A) 0.07 0.04 0.02
(B) 0.10 0.06 0.03
0.13 0.07 0.03
(A)x(B)
2004/2005
ZnptMny 0.60 064 062 039 042 041 019 020 0.20
ZnptMn; 0.63 068 066 042 045 044 020 021 0.21
ZnptMn, 070 0.74 0.72 046 050 048 022 024 0.23
Zni+Mny 0.67 072 0.70 045 048 047 022 023 0.23
Zni+Mn; 075 078 0.77 049 053 051 024 026 0.25
Zni+Mn, 081 085 083 054 058 056 027 030 0.29
Zn,2+Mny 079 083 081 052 057 055 026 029 0.28
Zn,+Mn; 086 090 088 058 062 060 030 033 0.32
Zn,2+Mn, 0.88 094 091 060 065 063 032 035 034
Mean (A) 0.74 0.79 0.49 053 0.25 0.27
LSD(0.05) .
(A) 0.04 0.03 0.01
(B) 0.06 0.05 0.02
(A)x (B) 0.07 0.06 0.02

Zng=water (control), Zn;=100 ppm, and Zn,=150 ppm.
Mng=water (control), Mn;=100 ppm, and Mn,=150 ppm.
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Table 5. Effect of soil N-application and foliar nutrition with Zn and Mn on
anthocyanin (in flowers) and carbohydrates (in leaves) of amaryllus
plants during the two successive seasons 2003/2004 and 2004/2005.

Anthocyanin in flowers Total carbohydrates
Character at cutting time after 5 days from (D. wt.%)
cutting time
(mg/g F. wt.)
Ni Nz Mean N; N; Mean N; N,  Mean
Treatment (B) (B) (B)
2003/2004

ZnptMn, 114 123 119 059 0.73 0.66 1543 17.05 16.24
ZnptMn; 120 129 125 064 078 071 16.38 1798 17.18
ZnotMn, 127 137 132 0.67 083 0.75 17.61 19.47 1854
Zni+Mn, 125 134 130 068 082 0.75 17.13 18.89 18.01
Zni+Mn; 131 141 136 071 086 0.79 1840 20.51 19.46
Zni+Mn, 140 151 146 077 094 086 19.52 22.60 21.06
Zny+Mno 137 147 142 075 091 0.83 19.26 22.00 20.63
Zn,+Mn; 149 161 155 0.83 1.01 092 2060 23.84 2222
Zn,+Mn, 153 1.64 159 0.86 1.03 0.95 2096 2446 22.71

Mean (A) 1.33 1.43 0.72 0.88 18.37 20.76
LSD(0.05)Z

(A) 0.06 0.11 1.10

(B) 0.09 0.15 1.65

(A)x(B) 0.11 0.21 2.00

2004/2005

ZnptMn, 112 119 116 058 0.70 0.64 1483 1589 15.36
ZnptMn; 120 128 124 064 0.77 0.71 1578 16.68 16.23
ZnptMn, 128 134 131 068 080 0.74 17.20 1820 17.70
Zni+Mno 127 134 131 069 081 0.75 1659 17.79 17.19
Zn+Mn; 135 139 137 073 084 0.79 1810 19.19 18.65
Zni+Mn, 143 147 145 079 090 0.85 19.76 20.60 20.18
Zny+Mny 140 144 142 0.77 0.89 083 19.21 20.26 19.74
Zny+Mn; 147 153 150 082 095 0.89 2080 21.72 21.26
Zny+Mn, 150 158 154 084 098 091 2140 2246 21.93
Mean (A) 134 1.40 0.73 0.85 18.19 19.20
LSD(0.05):

(A) 0.05 0.09 0.95

(B) 0.08 0.14 1.40

(A)%(B) 0.10 0.17 1.80

Zng=water (control), Zn;=100 ppm, and Zn,=150 ppm.
Mng=water (control), Mn;=100 ppm, and Mn,=150 ppm.

Concerning the combined effects of N levels with Zn and Mn on
nitrogen accumulation in amaryllus leaves, data presented in Table (6) show
that, fertilization with 4 g ammonium nitrate/plant in combination with Zn and
Mn at the concentration of 150 ppm for each resulted in the highest
accumulation of nitrogen, followed by 4g N-fertilizer/pot+Zn and Mn at the
concentrations of 150 and 100 ppm, respectively. Phosphorus accumulation in

Fayoum J. Agric. Res. & Dev., Vol.19, No.2, July, 2005



EFFECT OF SOIL-N APPLICATION AND FOLIAR NUTRITION...... 91
amaryllus leaves was highest in plants were fertilized with 2 or 4 g ammonium
nitrate combined with Mn at 150 ppm/plant, orderly.

Regarding the accumulation of K in leaves of amaryllus, the highest
values were achieved when plants were fertilized with 2g NH;NOs/pot
combined with the mixture of Zn and Mn at 150 ppm for each, followed by 2
g/plant ammonium nitrate plus Zn and Mn at 150 and 100 ppm, orderly. These
results were true in both seasons.

3. Zinc, manganese and iron:
a. Zinc:

Data in Table (7) show that, fertilizing plants with the lower N rate (2
g/plant) significantly increased the concentration of Zn in amaryllus leaves
than the higher rate (4 g/plant) in both seasons of study.

With regard to the combinal effect of Zn and Mn, data in Table (7)
clearly show that, the highest values of the determined Zn in amaryllus plant
were recorded in plants sprayed with Zn at the concentration of 150 ppm
without Mn followed by the same concentration of Zn (150 ppm) mixed with
Mn at the concentration of 100 ppm.

The interaction between N, Zn and Mn show significant effect on Zn
concentration in amaryllus plants. Data show that, fertilization with 2 g
NH4NO3/plant and Zn at the concentration of 150 ppm resulted in significant
increase in Zn concentration in plant leaves followed by plants fertilized with
2 g NH4NOg3/plant and sprayed with Zn and Mn at 150 and 100 ppm, orderly.

b. Manganese:

Data presented in Table (7) clarify that, neither the 2 g ammonium
nitrate/plant nor 4 g/plant reflected any effect on Mn concentration in
amaryllus leaves in both seasons.

Concerning the effect of Zn and Mn combinations, data clearly show
that treating amaryllus plants with only Mn at the higher rate (150 ppm) or
with the same concentration of Mn and Zn resulted in the highest
concentrations of Mn in amaryllus leaves, orderly in the two seasons of study.

The combinations of N, Zn and Mn (Table, 7) clarify that, the highest
Mn accumulation in amaryllus leaves was determined in plants fertilized with
2 or 4 g NH4NOs/plant and sprayed with the highest rate of Mn (150 ppm) in
both seasons.

c. lron:

Data presented in Table (7) show that, N-fertilization at 2 g or 4 ¢
NH;NOg3/plant had no significant effect on the concentration of Fe in
amaryllus plant in the both seasons of study.

Foliar spray with Zn at the concentration of 150 ppm alone or mixed
with Mn at the concentration of 100 ppm resulted in the highest accumulation
of Fe in leaves of amaryllus. These results are in agreement with the findings
of Devlin and Witham (1985) who mentioned that Zn participates in different
physiological functions or processes inside the plant including the processes of
mineral uptake by plant roots and translocation inside the plant.

Regarding the combined effect of N-fertilization, Zn and Mn foliar
application, tabulated data in Table (7) clearly show that, the highest
accumulation of Fe in amaryllus leaves were obtained when plants were
fertilized with 2 or 4 g ammonium nitrate/plant and sprayed with Zn at the
concentration of 150 ppm in both seasons.
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From all the above mentioned results of the present study, it could
be concluded that the application of Zn and Mn as foliar sprays at a
concentration of 150 ppm for both in combination with soil-N application at
the rate 4 g NH4NOs/plant produce a good keeping quality (long vase life) of
flowering amaryllus plants.

Table 6. Effect of soil N-application and foliar nutrition with Zn and Mn on
macroelements (N, P and K) in leaves of amaryllus plants during the
two successive seasons 2003/2004 and 2004/2005.

Character N P K
(% D.wt.)
Treatment N; N, Mean N; N, Mean N, N, Mean
(B) (B) (B)
2003/2004

ZnytMn, 196 217 207 031 032 032 261 232 247
ZnytMn, 206 230 218 033 034 034 280 245 263
ZnytMn, 218 241 230 034 035 035 29 261 278
Zn+Mny 212 236 224 031 031 031 278 246 262
Zni+Mny, 222 248 235 031 032 032 298 268 2.83
Zni+Mn, 234 261 248 032 033 033 311 273 292
Zn,+Mn, 230 256 243 030 031 031 307 270 289
Zn,2+Mn; 239 269 254 031 031 031 314 281 298
Zn,+Mn, 250 283 267 031 032 032 324 290 3.07

Mean (A) 223 2.49 0.32 0.32 296 2.63
LSD.05)
(A) 0.21 N.S. 0.20
(B) 0.30 0.01 0.30
(A)X(B) 0.39 0.02 0.38
2004/2005

ZnytMn, 201 215 208 033 034 034 253 227 240
ZnetMn, 212 226 219 035 036 036 266 241 254
ZnytMn, 225 240 233 036 037 037 278 254 266

Zn+Mny, 218 234 226 031 032 032 268 242 255
Zn+Mny, 229 244 237 033 034 034 290 265 278
Zni+Mn, 241 256 249 034 035 035 299 275 287
Zn,+Mny 235 254 245 031 032 032 291 265 278
Zn,+Mn, 247 266 257 032 033 033 305 281 293
Zn,+Mn, 260 282 271 033 034 034 319 294 3.07

Mean (A) 230 2.46 0.33 0.34 285 2.60
LSD.05)

(A) 0.14 0.01 0.22

B) 0.21 0.01 0.33

(A)(B) 0.27 0.02 0.42

Zng=water (control), Zn;=100 ppm, and Zn,=150 ppm.
Mng=water (control), Mn;=100 ppm, and Mn,=150 ppm.
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Table 7. Effect of soil N-application and foliar nutrition with Zn and Mn on
microelements (Zn, Mn and Fe) in leaves of amaryllus plants during
the two successive seasons 2003/2004 and 2004/2005.

Character Zn Mn Fe
(Mg/g D. wt.)
N, N, Mean Ny N, Mean N, N, Mean
Treatment (B) (B) (B)
2003/2004

Zny+Mny 78.20 7196 75.08 121.46 121.68 121.57 210.26 212.00 211.13
Zny+Mn; 77.62 7150 7456 128.63 127.95 128.29 210.61 210.96 210.79
Zny+Mn, 77.20 7095 74.08 137.48 136.96 137.22 208.11 209.03 208.57
Zn+Mny 86.24 77.12 8168 119.98 120.21 120.10 214.40 215.16 214.78
Zn+Mn; 85.66 76.67 81.17 126.02 126.26 126.14 210.00 211.85 210.93
Zn+Mn, 8521 76.30 80.76 131.99 132.60 132.30 209.12 209.88 209.50
Zn,+Mn, 9344 83.80 88.62 119.10 118.88 118.99 219.46 218.99 219.23
Zn,+Mn; 92.68 83.42 88.05 125.62 12541 125,52 216.70 217.00 216.85
Zn,+Mn, 9220 8292 8756 133.56 132.94 133.25 213.90 215.04 214.47

Mean (A) 85.38 77.18 127.09 126.99 21251 213.32
LSD.05)
(A) 4.20 N.S. N.S.
(B) 6.30 4.75 6.00
(A)x(B) 7.40 6.00 7.00
2004/2005

Zny+Mn, 84.98 79.00 8199 118.35 119.00 118.68 206.17 203.31 204.74
Zny+Mn; 84.10 78.19 81.15 126.40 126.69 126.55 205.94 201.92 203.93
Zny+Mn, 83.72 77.80 80.76 135.63 135.18 135.41 202.68 200.14 201.41
Zn+Mny 9218 86.40 89.29 117.49 117.81 117.65 210.15 206.68 208.42
Zn+Mn; 91.89 85.72 88.81 124.13 124.69 124.41 206.80 203.10 204.95
Zn+Mn, 91.28 8524 88.26 130.88 131.28 131.08 203.98 201.69 202.84
Zn,+Mn, 98.60 91.18 94.89 116.90 117.24 117.07 213.67 210.00 211.84
Zn,+Mn; 97.89 90.69 94.29 125.00 125.43 125.22 211.94 207.94 209.94
Zn,+Mn, 97.14 90.04 93,59 132.12 133.00 132.56 210.00 206.48 208.24

Mean (A) 91.31 84.92 125.21 125.59 207.93 204.58
LSD(o.05) :
(A) 4.50 N.S. N.S.
(B) 6.70 6.15 5.70
(A)x(B) 8.00 7.20 6.60

Zno=water (control), Zn;=100 ppm, and Zn,=150 ppm.
Mng=water (control), Mn;=100 ppm, and Mn,=150 ppm.
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