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ABSTRACT

This experiment was carried out during the two successive seasons of 1989-
2000 and 2000-2001 in the unheated plastic house of the Vegetable Crops
Depariment, Faculty of Agriculture, Cairo University. Transplants for sweet pepper
(Capsicum annuum L. cv. Bruyo hybrid) were arranged in 3 replicates using split-plot
design. The treatment of preplanting NPK soil addition was stablished in the main
plots and 5 NPK ferligation levels in the sub-main. Generally, it can be observed that
plant hieght and tolal leaf area showed higher significanl increases with the thlrd
fertigation level (100kg, NHaNOa+ SOkg HaPO4+ 80kg K2504 fplastic house, 540 m %).
Meanwhile, number of leaves as well as dry weights of roots, stems and leaves
recorded the highest significant increases with the fifth fertigation level (150kg
NH/NO3z+ 75kg HiPOs + 90kg K;SO4) in both seasons. In addition, the third
fertigation level showed higher significant increases for early and total yield except,
early yield in the second season. Also, concentrations of N and Fe showed significant
increases by fifth fertigation leve! in leaves tissue. Furthermore, the same fertigation
level combined with preplanting NPK soil addition increased significantly
concentration of Pb in leaves. Howeover, no constant trend could be detected in Ni
concentrations between treatments. As regard fruit quality; fruit length, width and size
as well as ascorbic acid no significant differences among treatments were recorded,
However, total acidity and total soluble solids were increased significantly with
increasing ferligation leve! in both seasens. Also, fruits tissue showed higher
concentrations for N, P and K by NPK preplanting soil addition combined with the fifth
ferfigation level, Furthermore, fruit concentration of Fe and Zn recorded significant
increases by increasing fertigation levels, In addition, preplanting NPK soil addition
combined with the fifth ferligation level showed the lowest value of Pb concentration
in fruits tissue. Moreover, concentration of Ni showed no significant differences
among treatments. Furthermore, hitrate concentration was increased significantly by
increasing fertigation levels, vice versa for total sugars. However, the concentrations
of Pb and nitrate accumulation in sweet pepper fruit still less than the critical limits
permitted to be found for human consumption.

INTRODUCTION

Sweet pepper (Capsicum annuum) is one of the most important
vegetable crops grown in Egypt. Egyptian land are suffering from insufficient
macro ard micronuirients. Application of chemical fertilizers might be a
successful tool for impraving the chemical conditions of the soil, which in turn
could induce stimulative effect on plant growth and productivity, especially
with applying chemical fertilizer through drip irrigation water in plastic houses.
Fertigation is improved efficiency of fertilizer recovery, minimal fertiiizer
losses due to leaching and control of nutrient concentration in soil solution.
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Tests of nitrate accumulation in Egyptian vegetables showed considerable
higher contents of nitrate as compared to those found in vegetables grown in
several European countries (Blom-Zandstra, 1989; Kheir et al., 1991; Hanafy
Ahmed, 1996 and Hanafy Ahmed et af., 1997 and 2002 a, b and c), in spite
the high intensity and iong duration of light in Egypt which favours nitrate
reduction in plants. Accumulation of nitrate in fruits has many detrimental
effects on human health. Nitrite may be accumulated from nitrate after
ingestion, causing methaemoglobinemia (Wright and Davison, 1964). The
World Health Organization has tentatively fixed the acceptable daily intake of
nitrate at 3.65 mg/kg body weight and for nitrite at 0.13 mg/kg (Reinink,
.1988). When nitrite ions absorbed into the blood, the Fe* of hemoglobin may
be oxidized to Fe'" producing methaemoglobin, which can not transport
oxygen. Babies are more susceptible to methaemoglobinemia than older
children or adults (Luthrs, 1973). Also, the presence of NO; and NO; in blood
might result in the formation of nitrosamines, which are carcinogenic
(Craddock, 1983). Therefore, it is very important to study nitrate accumulation
in edible parts (fruits) of sweet pepper plants. Although, sweet pepper fruits
contained little nitrate level (< 100 mg/kg)} when compared with other
vegetables, the accumulation of nitrates was favored by shady growing place,
as well as by insufficient light in greenhouses, as a result of reducing nitrate
reductase activity (Jaervan, 1994). Thus, the aim of this study was to
determine the effect of different levels of fertigated NPK combined with or
without preplanting NPK soil addition on the growth, chemical composition,
yield and quality of sweet pepper fruits. Also, this study includes an attempt
to reduce mineral fertilizer by using fertigation system, which in turn could
reduce environmental pollution by heavy metals as well as nitrate
accumulation in sweet pepper fruits.

MATERIALS AND METHODS

This experiment was carried out during the two successive seasons qf
1999-2000 and 2000-2001 in the unheated plastic house of the Vegetable
Crops Department, Faculty of Agriculture, Cairo University. Seeds of sweet
pepper (Capsicum annuum L. c¢v. Bruyo hybrid) produced by Bronzima
Company {Netherlands), were used in this investigation. Seeds were sown on
20™ and 27" of August in 1999 and 2000 year, respectively, in trays (84 celis)
filled with 1:1 by wvolume petmoss and vermiculite media, which is
recommended by the National Committee for Protected Cultivation (NCPC),
El-Beltagy and Abou-Hadid (1988) for sweet pepper plants. The physical and
chemical properties of the soil under study were presented in Table (1). The
following procedures were used for the chemical analysis of the soil before
cultivation. Soil reaction (pH) was determined by using pH meter 18 Aqua
Lytic with a glass electrode (Richard, 1954). Electrical conductivity (EC} of
soil extract (1:2.5) was determined using EC meter (YSI} model 32. Available
N was extracted by 2 N KCI solution and determined by using the methods
described by Markus et al. ({1982). Available phosphorus was extracted by
sodium bicarbonate according to Olsen et al. (1954) and estimated
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colorimetrically as described by King (1951). Available K, Fe, Zn, Mn, Cu, Pb
and Ni were extracted by DTPA solution according to the methods reported
by Lindsay and Norvell (1978) and Soltanpour and Workman (1979) and
determined by using Atomic Absorption Spectrophotometer apparatus
PERKIN ELIMER 3300. Organic matter content was determined according to
the modified Walkely and Black methods (Richard, 1954). Mechanical
analysis was determined at the beginning according to Piper (1950).

The plastic house used was 60 m length, 9 m width and 3.25 m height.
The plastic house was divided into 5 beds (ridges), each of 100 em width, 20
cm height. The organic fertilizer (cattle manure) applied in the bottom of the
beds at the rate of 5 m® per each plastic house at time of soil preparation,
where seedlings were planted 50 cm apart on the two sides of each bed.
Thus, 1200 plants were grown per each plastic house (area of 540 m?). Each
square meter contained 2.2 plants. The plastic cover was local UV-treated
polyethylene sheet of 7.5 m in width and 200 microns in thickness.

Table (1): Physical and chemical properties of the soil in both seasons.

Season .

Properties 1999 2000
Physical properties:

Clay (%) 229 26.1
Sit (%) 36.2 346
Fine sand (%) 371 36.0
Coarse sand (%) 38 3.3
Soil texdure Clay loam Clay loam
Chemical properties:

Available N (%) 1.15 0.95
Available P {%) 0.44 0.39
Available K (%) 1.25 1.48
Available Fe (ppm) 40.16 41.09
Available Zn (ppm) 2890 30.88
Available Mn (ppm) 30.54 36.64
Available Cu (ppm) 15.65 16.42
Available Pb {ppm) 33 3.2
Available Ni (ppm) 0.85 0.90
EC (mmohs/cm) 1.11 1.25
pH 8.03 7.89
| Organic matter (%) 2.40 2.55

Transplants were shifted after 38 and 40 days in 1999 and 2000
season, respectively to the unheated plastic house. Other agricultural
practices, i.e. irrigation, training, pruning as well insects and diseases control
were done whenever were necessary according to the recommendation of
NCPC. In both seasons, the experiment included the following treatments: -
Two groups of basic chemical fertilizer, i.e. with or without soil addition, in the
first group, the basal chemical fertilizers were applied before planting as
follows: 25 kg ammonium nitrate {(33.5% N), 100 kg calcium super phosphate
(15.5% P.0s) and 50 kg potassium sulphate (48% K,O)/plastic house (540
m®) as recommended by NCPC which served as main treatment. For each
group, five different levels of NPK fertilizers as ammonium nitrate (33.5% N),
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phosphoric acid (85% P;0s) and potassium sulphate (48% K;O) were applied
via drip irrigation started after 2 weeks from transplanting date, these five
different fertigation treatments were served as sub-main treatments. Through
the growing season, the levels from ammonlum nitrate, phosphoric acid and
potassium sulphate (kg/plastic house, 540 m %) were used, respectively, as
follows: 50 — 25 — 30 (control}, 75 - 37.5 - 45,100 -50-60,125-625-75
and 150 — 75 - 90. Each treatment divided into 30 applications, fertigated
weekly for 15-20 minutes. Three plants were collected randomly from each
replicate during the whole course of growth period at 60, 80 and 120 days
after transplanting to determined the following growth characters Shoot
-height {cm), Numbers of leaves/plant, Total leaf area/plant (cm) which
measured by using leaf area meter Li-3000 as well as dry weights of leaves,
sterns and roots. Determination of N, P, K, Fe, Zn, Mn, Cu, Pb and Ni were
carried out on the dry leaves at 60, 90 and 120 days after transplanting. The
fine powder (1.0 g) of dry sample was digested by using sulphuric acid and
perchloric acid according to Piper (1947). Total nitrogen was determined by
using the micro-Kjeldahl method as described by Jackson (1973).
Phosphorus was estimated colormetrically by using chiorostannous reduced
molybdophosphoric blue colour method according to Chapman and Pratt
(1961). Potassium was determined by using flamephotometer 410. Iron,
manganese, zinc, copper, lead and nicke! were determined by using Atomic
Absorption Spectrophotometer. At marketable, green mature stage, all fruits
of each plant were harvested starting from 90 days after transplanting.
Harvesting perod included 7 and © pickings in the first and second season,
respectively; the following yield parameters were recorded: early yield, the
sum of the three first pickings (kg/m?) and total yield, the all harvesting
pickings (kglm) To estimate fruit quality, samples of five fruits at the
marketable green stage of the fourth and fifth picking of the first and second
season, respectively were chosen randomisely from each subplot with three
replicates, where the foliowing the physical and chemical properties were
determined: Fruit length, size and diameter, average weight of fruit, ascorbic
acid (Vitamin C), total acidity and total soluble solids (T.S.S.) percentages
were determined by using Abee refractometer according to A.O.A.C (1975).
Total sugars were determined as (mg/g dry weight) of sweet pepper fruit
tissues according to Dubois et a/. (1956). Nitrate determination was carried in
fruits dry materials by using the method described by Kamal (1951). The
experiments were carried out in split-plot design with three replicates. The
presence or absence of the basic chemical fertilizers were occupied the main
plots, whereas the fertigation treatments were arranged in sub plots. All data
were subjected to the statistical analysis and means were compared
according to the L.S.D. test described by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

1- Vegetative growth characters

Data in Tables (2 and 3) reveal that plant height, number of leaves,
total feaf area and dry weights of roots, stems and leaves were significantly
increased with preplanting NPK soil addition compared with untreated plants

2486



J. Agric. Sci. Mansoura Univ., 29(5), May, 2004

in most of the studied growth samples of sweet pepper plants in the two
seasons with some exceptions, Similar trends were obtained by Singh et al.,
(1999) and Nassar ef al, (2001) on sweet pepper plants. On the contrary,
Hanafy Ahmed et af, (2002¢) found that addition of NPK fertilizers had no
effect on most of the studied plant growth parameters. The authors suggested
that might be related to the increase of available nutrient of N, P,Q5 and K;O
in clay loamy soil which gave the preplanting NPK soil addition little effect on
the growth characters of sweet pepper plants.

As regard the effect of NPK fertigated leveis, data in Tables (2 and 3)
indicate that increasing levels of fertigated NPK showed significant increase
in number of leaves, total leat area and dry weights of roots, stems and
leaves in the three growth sampies of the two successive seasons with some
exceptions. While the highest values of plant height and total leaf area were
recorded at the higher three fertigation levels when compared with the control
fertigation level. These results are in agreement with those obtained by Silva
et al (1999) and Guertal (2000) on capsicum plants. Generally, it can be
suggested that the great response of sweet pepper concerning growth
characters was obtained with NPK fertigated levels between (100 kg NH,NO,y
+ 50 kg HaPO, + 60 kg K,S0, and 150 kg NHNO, + 75 kg HyPO, + 80 kg
K;SO, /plastic house), this might be attributed to the beneficial effect of
fertigation system which was significantly superior over conventional method
to increase the uptake of available nutrient from N, P,Os and KO n oil or
sweet pepper plants. Similar conclusion was obtained by Veeranna ef al.
(2000).

Conceming the effect of interaction between preplanting NPK soil
addition and various levels of NPK fertigation, the data in Tables (2 and 3) reveal
significant increase in all of the studied growth parameters with increasing levels
of NPK fertigation combined with NPK soil addition in all growth samples of the
two seasons. The highest values of plant height and total leaf area were obtained
by the plants treated with the moderate NPK fertigation level (100 kg NHNO, +
50 kg HiPO4 + 60 kg K,SO./plastic house) combined with NPK soil addition.
Furthermore, numbers of leaves and dry weights of both roots and stems showed
the highest values at the highest NPK fertigation level (150 kg NHsNO; + 75 kg
HiPO, + S0 kg K;SO, /plastic house) combined with NPK soil addition.
Meanwhile, dry weights of leaves reveal no constant trend of significant increase
could be detected with increasing fertigation levels of NPK fertilizers. Generally, it
is clear from the present results that, increasing NPK fertilizer significantly
affected vegetative growth characters. This might be due to the positive effect of
these nutrients (N,P and /or K) on vegetative growth characters. In this respect,
regarding nitrogen fertilizer, Abd-El-Baky (2000) and Hassan (2002) working on
capsicum plants found positive effect of nitrogen fertilization on vegetative plant
growth.
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the compound of NPK fertilizers, similar findings were obtained by Maya et al.
(1897) and Abd- El-Baky (2000) on sweet pepper. In this respect, the effect of
phosphorus may be due to its enhancing influence on photosynthesis and
respiration as reported by Repla (1979). Furthermore, Edmond et af. (1981)
added that phosphorus is a part of molecular structural of several vitally
important compounds notable nucleic acids (DNA, the two forms of RNA). On
the other hand, the highest leveis of phosphorus fertilization had the opposite
effect on vegetative growth characters. Similar resuits were obtained by
Singh and Srivastava (1988) on chilli plants.

In this respect, Fujinao (1967) mentioned that there was an increase
‘in the amount of inorganic phosphate in guard cells of closed stomata
compared to open stomata. Thus, the effects of phosphorus on growth and
dry matter accumulation through stomatal behavior may be due to its effect
on CO, penetration into photosynthesizing cells through guard cells and
consequently CO, assimilation. In this respect, Radin (1984} working on
cotton reported that the effect of phosphorus nutrition on stomatal behaviour
may he related to alteration of the balance between ABA and cytokinins.
Yoneyama (1988} reported that high P concentration inhibils enzyme
reactions and create abnormal osmotic pressure in the cell. Furthermore, Ma
and Takahashi {1990) and Mandal and Mandal (1990) reported that
apptlication of phosphorus fertilizer at a high dose caused a decrease in the
concentration of Zn, Cu, Fe and Mn in both shoots and roots. Various
hypotheses have been suggested to explain this phenomenon, which include:
(i} Interaction of P with other micronutrients in soil. (ii) Interference of P at the
highest level on plant metabolism involving uptake, translocation and
utilization of micrenutrients. (iii) Imbalance P:Zn, P:Fe and P:Mn ratios due to
increased or decreased dry matter production with P application. Similar
suggestions were reported by Hanafy Ahmed et al. (1996) on faba hean
plants.

Regarding potassium fertilization as a part of NPK compound
fertilizers, the data in Tables {2 and 3) show that increasing levels of NPK
fertilization increased vegetative growth characters in sweet pepper plants.
Similar results were obtained by Nassar ef al. (2001) on sweet pepper plants.
Obtained resuits might be due to the role of this element on many of
metabolic processes in plant and consequently on plant growth. In this
regard, many studies proved that K plays a major role in many physiological
and biochemical possesses such as cell division and elongation. Mengel
(1977) reported that absorbed potassium is preferentially translocated
towards meristemic tissues. The author also stated that high potassium levels
in these cells, result in an increase in turgor pressure, which has a direct
influence on cell elongation. In this connection, Hassan {2002) suggested that
potassium element is very important in the over all metabolism of sweet
pepper plants, enzyme activation, stabilization of the native conformation of
enzymes (Mengel and Kirkby, 1978), metabolism of carbohydrates and
protein compounds (Smith, 1968). Finally, it could be concluded that
moderate levels of fertigated NPK combined with the preplanting NPK soil
addition were more competence for sweet pepper growth comparing with the
other higher NPK fertigation levels or the other lower ones.
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2-Yield and its components

In the two successive seasons, the present results in Table (4) show
that fruit number, average fruit weight per plant, early and total yield for sweet
pepper plants did not show any significant increase with the application of
preplanting NPK soil addition when compared with untreated plants, except
average fruit weight per plant for early yield in the second season.. Similar
results were obtained by Shrivastava (1996} and Hanafy Ahmed e! al
(2002c) on capsicum plants. In this respect, it can be suggested that
preplanting NPK scil addition treatment had no favorable influence on yield
and its component, this might be attributed to use low level of NPK soil
addition before transplanting which is not sufficient to make a positive effect
on the yield of sweet pepper plants and its compenents.

With regard to the influence of NPK fertigation levels either alone or
in combined with preplanting NPK soil addition on yield and its component,
data present in Table (4) reveal that fruits number, average fruit weight as
well as early and total fruit yield increased significantly with moderate NPK
fertigation level (100 kg NH4NO; + 50 kg HsPO, + 60 kg K.SO, /plastic
house) when compared with other levels, with some exceptions. However,
the total yield in the second season showed non significant increase among
treatments. These results are in harmony with those reported by Bracy et af.
(1995) and Qawasmi et al (1999) on capsicum piants. The authors
mentioned that moderate NPK fertigation levels increased yield and its
component compared with the highest NPK levels. Also, they mentioned that
this increment was attributed to the increase in both number and average
weight of fruits. Furthermore, from the present results, it can be suggested
that the enhancement of early yield as a result of the increase of nitrogen,
phosphorus  and potassium might be attributed to the effect of such nutrients
on flowering and fruit setting. Similar suggestion was obtained by Saito et al.
(1963) and Fisher (1969). On the contrary, Hassan e! al. (1993) and Siti ef al.
(1993) found that increasing N levels decrease the percentage of fruit set as
well as both early and total yield of capsicum plants. In this respect, Lauer
and Blevins (1989) working on soybean mentioned that nitrogen supply
increased cytokinin and decreased ABA and hence, decrease flower and pod
drop. These findings were confirmed by Horgan and Warieng (1980) the
authors suggested that phosphorus supply enhance cytokinin contributes to
the enhancing effect of phosphorus on flower formation. In addition, Eid et &/,
{1992) reported that the maximum early yield of tomato were obtained in
case of appling the highest level of potassium (96 kg K,O /fed) when
compared with 48 and 72 kg K;O /fed. Similar results were obtained by
Hassan {2002) working on sweet pepper plants. On the other hand, Hanafy
Ahmed (1986) working on sweet pepper plants reported that potassium
deficient plants flowered earlier than those receiving complete nutrient
solutions. However, the author mentioned that potassium deficient fruits did
not reach the marketable stage at all. Moreover, Tedeschi and Zerbi ( 1984)
reported that yield of sweet pepper depended on the number of fruits per
plant and the mean fruit weight rather than the number of flowers, which was
less important because abscission of flowers and young fruits were always
high. On the other hand, a reverse trend was reported by Basavaraj and Naik
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{2000), GuoHua et al. (2001), Nassar et al. (2001} on capsicumn plants. The
authors found significant increase in fruits number, average fruit weight per
plant as well as early and total yield by increasing levels of NPK fertilization.
In this connection, Hanafy Ahmed (1986 and 1997) working on sweet pepper
and squash plants, respectively suggested that the increases in fruit yield
under sufficient supply of macronutrient (N, P and K) might be attributed to
sufficient supply of assimilates from the leaves to the fruits as a result of, a)
an increase in available leaf assimilate supply to the fruits, b) an increase in
potential sink strength of fruit, and/ or ¢) an increase in translocation capacity.
Thus, it can be suggested that increasing NPK rate stimulates vegetative
.growth and the consequence acceleration of the reproductive growth.

Table (4); Yield and yield components [fruits number/plant, single fruit
weight (g) and yield {kg/m®)] of sweet pepper plants as
affected by different levels of NPK during 1999-2000 and
2000-2001 seasons.

Season 1999-2000
Yield component Fruit number Fruit weight Yield (kg/m?)
+ - Msaan + - Mean| + - Mean
Treatment Nex | NPk | (B) | NPk | NPK | (B) | NPK | NPK | (B)
1(Control) [ 3.08 [ 280 [ 294 | 195 [ 213 | 204 | 1.50 | 1.49 | 1.50
2 288 [ 293 [ 291 [200 [ 241 [ 221 [ 144 | 1.77 | 1.61
Early 3 3.68 | 398 [ 3583 [ 230 [ 250 [ 240 | 212 [ 249 | 231
yield 4 323 [ 303 [ 313 [ 239 [ 225 | 232 [1.93 | 170 | 1.82
5 278 [ 238 [ 253 [ 218 [ 230 [ 224 [ 152 [ 137 [1.48
Mean{A) | 3.13 | 3.02 216 | 232 1.70 [ 1.76
L.S.D0.05 |A=NS. B=092 A-B=1.29 |A=N.S. B=263 A«B=237.20 |[A=N.S. B=0.54 A«B=076
1({Control) | 186 | 226 [ 2060 127 | 114 [ 121 | 591 [ 6.44 | 6.18
F] 267 | 25.22 | 25.96 | 138 | 127 | 133 | 921 [ 860 | 881
3 28.15 [ 33.30 | 30.73 [ 167 | 122 | 145 [11.75[ 1060 | 10.96
4 22.27 | 28.05 (2516 | 133 | 102 | 118 [ 740 [ 715 | 7.28
Total 5 2423 | 2985 | 2704 | 98 | 97 | 98 | 504 | 7.24 | 6.59
yleld ™ ean(A) | 23.99 | 27.80 133.4 | 112.4 8.04 | 7.80
L.5.D0.05 [A=M.5 B=9.12AxB=12.90 |A=N.5 B=42.10A«B=5960 |A=N.§ B=143 A-B=2.02
Season 2000-2001
1(Control} [ 386 [ 333 [ 360 [ 205 [ 224 [ 215 [ 108 [ 186 | 192 |
2 348 [ 254 | 301 [210 [ 263 [ 237 [ 183 [ 167 [ 175
3 410 | 433 | 422 [ 292 | 232 [222 [ 247 [ 251 | 2.34
Early 4 313 | 350 | 332 | 295 | 234 | 265 | 231 [205 [218
yield 5 355 | 308 | 332 [210 | 237 | 224 | 1.B6 | 1.82 | 1.84
Mean(A) | 362 | 3.36 276 | 238 2.03 | 1.8
L.5.D0.0O5 A=NS B=10C1 AxB=143 [A=96 B=152 A-B2215 [A=sN S B=NS§ A«B=NS
1 17.80 | 18.70 | 18.25 | 141 | 126 | 134 | 6.27 [ 5.89 | 6.08
2 1750 | 18.90 | 18.20 | 150 | 137 | 144 | 6.56 | 6.47 | 6.52
3 18.90 [ 17.0 [17.95| 168 | 186 | 177 | 7.94 | 7.91 7.63
Total 4 1760 | 15.70 | 1665 | 184 | 154 | 169 | 8.10 | 6,04 | 7.07
yleld [ 15.50 | 16.00 | 15.75 | 167 | 154 | 161 | 6.47 [ 6.16 | 632
Mean{A) | 17.46 | 17.26 162 | 1514 7.07 | 6.49
L.5.D0.05 [A-NS B=N.S A.B=NS. [a=NS. B=NS A«B=NS5 [A=NS B=170 A«B=NS

Finally, it can be concluded that fruits number, average fruit weight as
well as early and total yield of sweet pepper plants positively affected by
moderate application level of NPK fertilizer when compared with the higher
levels or the lower ones.
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3-Plant chemical constituents

As regard the effect of NPK soil addition treatment on macro and
microelements concentrations, results obtained in Tables {5 and 6) indicate
that leaves of sweet pepper plants showed no significant increase in
concentrations of N, P, K, Fe and Mn with the application of preplanting NPK
soil addition fertilizer comparing with untreated plants in the two successive
seasons with some exceptions. However, the concentration of Zn recorded
significant increase with preplanting NPK soil addition in both seasons,
except the concentration of Zn in all growth samples of the second season
one. Similar results were obtained by Nassar et al. (2001} and Hanafy Ahmed
et af. {2002 c} on capsicum plants.

With regard to the influence of NPK fertigation levels, data obtained
in Tables (5 and 6) reveal that concentration of total N,P and K increase
significantly in the leaves of sweet pepper plants in the two successive
seasons in most of the studied growth samples by increasing levels of
fertigated NPK either alone or in combined with the preplanting NPK soil
addition up to (150 kg NH4NO; + 75 kg H3PO, + 90 kg K;SO, /plastic house}
comparing with the ofher tower levels or control one with some exceptions.
These results are in harmony with those reported by Olsen et al. (1993),
Qawasmi et al (1999), Guertal (2000), Mohamed and Enzy (2001} and
Hassan (2002) on capsicumn plants. From the present results, it can be clearly
obvious that application of excess nitrogen, phosphorus and potassium had
positive influence on sweet pepper leaves concentration of such nutrients. in
this respect, it can be suggested that increasing NPK fertilizers level
increased nutrients in rooting zone in readily available form, which could
increase their uptake, by plants as a result of using fertigation system, which
improved efficiency of fertilizer recovery and minimal losses due to leaching.
Similar suggestions were obtained by Veeranna et al. (2000) on capsicum.
Further interpretation was performed in relation to the effect of fertilization on
root growth, hence nutrients uptake may affect; a close pesitive correlation
between the number of roots primordial and cytokinin production, were
reported by Richards (1981) on tomato. Moreover, the synthesis and export
of cytokinin were also affected by N, P and K supply {(Horgan and Warieng,
1980). On the other hand, many investigators found no significant increase in
N, P and K concentrations by Increasing NPK levels in the different plant
organ. Similar trend was obtained by Thomas and Heliman (1964) who
mentioned that no phosphorus accumulation was detected in sweet pepper
plant with the additions of nitrogen fertilization. In this respect, Haynes (1988)
reported that the levels of leaf K and P concentrations in bell pepper plants
were not affected by increasing levels of N fertigation. Furthermore,
Marschner (1995) mentioned that the leaves and stems of capsicum plants
contained less percentages of potassium at the highest levels of phosphorus
fertilization.
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Table (5): Nitrogen, phosphorus, potassium concentrations (mg/g d.w.),
iron, zin¢, manganese and copper concentrations (ppm) in the
leaves of sweet pepper plants as affected by different levels of
NPK during 1999-2000 season.

Chenucq[ Daysaﬂgr 60 90 120
composition | transplantin
+ - |Mean| =+ - |Mean| + - | Mean
Treatment | yow | NPk | (B) | NPK | NPK | (B) | NPK |NPK]| (B)
(Control)1 | 262 [ 254 | 258 | 285 | 274 | 280 | 301 | 300 | 30.1
N 2 265 | 256 | 261 | 288 | 277 | 283 | 315 | 301 | 308
3 26.8 | 265 | 267 | 293 | 287 | 29.0 | 322 | 314 [ 318
4 27.8 275 27.7 207 29.3 29.5 33.0 | 324 | 327
5 281 288 25.0 318 30.7 31.3 349 (338 | 344
Mean {A) 273 | 268 206 | 2838 323 (315
L.S.00.05 FNS B-230 AxB=337 NS B=3.22 A-BsNS NS B=256 A.B=363
(Control 1 332 [ 319 | 326 | 396 | 352 | 374 | 403 [395[ 399
F] 332 [ 323 | 328 | 400 [ 356 [ 3.78 | 412 [410 | 41N
3 4.52 3.79 4.16 4.36 410 4.23 475 418 | 447
P 4 441 | 428 | 434 | 466 | 440 | 453 [ 535 | 505 5.1C
5 4.44 4.30 4,37 4.85 4.42 4.64 529 | 528 | 528
Mean (A) 4.00 | 375 4.37 | 4.00 467 [ 451
L.S.D0.05 FNS B=NS AxB=N.S.  FN.S. B=N.S. AxB=NS. NS B=1.16 A«B=184
(Controi) 1 28.0 23.3 25.7 23.0 22.8 22.8 17.9 1173 [ 178
2 29.4 287 28.1 24 2 23.8 24.0 18.8 [174 | 182
3 205 [ 278 | 287 [ 245 | 243 | 244 | 194 [174] 184
K 4 20.7 29.0 29.4 25.0 247 24.9 209 | 176 193
5 29.9 2.7 29.8 26.7 26.1 26.4 208 (192 | 200
Mean (A) 29.3 273 24.7 24.3 196 | 18.2
LSD0.05 A=167 B=2563 A.B=372 |A-N.S. B=N.5 AxB=N.§__|A=NS B=250 A<B=3 50
{Control) 1 705 695 700 850 814 a32 550 475 | 513
2 BOD | 790 | 795 | 1050 | 1030 [ 1040 | 570 | 510 | 840
3 B50 | 825 | 838 | 1100 | 1075 | 1088 | 650 | 590 | 620
Fe 4 913 | 900 | 907 | 1240 | 1220 [ 1230 | 685 | 645 | 670
5 975 | 945 | 960 | 1290 | 1265 [ 1278 | 735 [ 710 | 723
Mean (A} 843 | B31 1108 | 1081 640 | 586
LS.D0.05 R=NS B=62 AB=87 [A=N.S. B=157 A-B=222  |A=42 B=66 A«B=93
{Gontrol) 1 71 71 7 75 75 75 8.2 80 81
2 79 75 77 Bt 77 79 &9 86 88
3 86 77 82 80 82 86 97 89 93
Zn 4 83 77 80 86 80 83 97 83 | 90
5 80 77 79 82 79 81 97 83 90
Mean {A} 80 75 83 | 79 92 84
L L.S.D0.05 [A=228 B=361 A«B=5 10 |A=2.26 B=3.57 A.B=506 [A<3.11 B=402 A<B=6 95
{Control} 1 118 119 119 108 108 108 103 104 104
2 120 | 421 | 121 | 110 | 116 [ 113 [ 105 [ 109 | 107
3 120 | 125 | 128 | 112 | 115 | 114 | 105 | 111 | 108
Mn 4 123 | 125 | 124 | 112 | 116 | 114 | 106 | 114 [ 110
5 123 | 126 [ 125 | 113 | 118 | 116 | 108 | 115 | 112
Mean (A) 121 123 111 115 105 | 11
L.SD0.05 |A=NS B=NS A.B=NS |A=NS B=NS A«BsNS |A=NS B-=NS A-B=NS
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Table {6): Nitrogen, phosphorus, potassium concentrations (mg/g d.w.),
iron, zinc, manganese and copper concentrations (ppm} in the
leaves of sweet pepper plants as affected by different levels of
NPK during 2000 - 2001 season.

Chemical { Days aﬂe‘q 50 % T 120 4]
composition | transplantin
reatment + - [Mean| + - [Mean +T - | Mean
NPK | NPK | (B} | NPK | NPK | {B) | NPK |NPK| (B)
(Control}1 | 280 | 27.0 | 275 | 304 | 276 | 290 | 31.4 | 290 302
N 2 284 | 279 | 282 | 317 | 288 | 303 | 335 [31.2] 324
3 200 282 7286 | 32271 299 | 311 | 343 | 328 335 |
L 4 208 [ 287 | 203 | 330 | 303 | 3.7 | 350 [33.0] 340 |
| 5 308 | 300 | 304 | 344 | 336 | 340 | 362 [ 344 ] 353 ]
[ Mean [A) 29.2 | 284 32.3 | 304 341 [ 321 ]
LS5D0.05 WA=NS B=NS A«B=NS. =123 B=195 A<B=275 /A=128 B=202 AxB=265
{Control}1 | 339 [ 3.24 | 332 | 345 | 339 | 242 | 420 [ 4.11] 4.1
2 355 | 338 [ 347 | 375 | 357 | 366 | 425 14181 422
3 375 | 360 | 388 | 413 | 410 | 412 | 473 | 4.45 ] 459
P 4 484 | 435 | 450 | 475 | 442 | 458 | 523 [ 510 517
5 470 | 452 | 481 [ 480 | 463 |[472 | 537 [528] 5§31 |
Mean (A} 401 | 382 418 | 4.02 476 | 4.62
LS.D0.05 [NS. Px0.91 AxB=1.29  ENS. B=056 AxB=073  EN.S. B=0.57 AxB=081 |
{Controyt | 271 [ 252 [ 262 | 226 | 22.0 | 223 | 183 [ 17.7 [ 18.0
2 283 | 275 | 279 | 233 | 223 | 228 | 189 ]| 183 | 19.8
3 289 | 273 [ 281 | 242 [ 234 [ 237 [ 210 | 203 | 207
K 4 28.8 | 284 | 286 | 244 | 238 | 241 | 224 | 207 [ 216
5 301 | 298 | 300 | 267 | 242 | 255 | 228 | 222 | 225
Mean {A) 286 | 276 242 | 231 209 | 200
LS.D0.05 NS B=NS. AB=NS. NS B=N.S A«B=N.S._ NS B=36 AxB=51 |
{Controf}1 | 750 | 740 | 745 | B95 [ 822 | 859 | 540 [ 325 [ 433 |
F 813 | 810 | 812 | 1078 | 1063 | 1071 | 596 | 570 | 580 |
3 888 | 875 | B82 | 1158 | 1175 | 1167 | 618 | %57 | 588 |
Fe 4 900 | 892 | 896 | 1218 | 1205 | 1212 | 67t | 655 | 663 |
5 995 | 942 | 989 | 1333 | 1315 | 1324 | 763 | 741 | 752 |
Mean (A} 869 | 852 1136 | 1116 836 | 570
L.S.00.05 [A-NS. B=177 AB=25%0 =N.5. B=120 A«B=170  JA=N.5. B=169 AxB=240 |
“{Control) 1 76 74 75 77 75 76 83 81 82 |
4 82 74 78 83 79 8 86 84 85 |
3 89 82 88 85 81 g8 104 89 | o7
Zn 4 83 77 a0 89 79 84 95 86 91
5 77 75 76 86 83 85 97 86 92
Mean {A) 81 76 88 79 93 | 85 |
L.S.DDOS N.5. B=N.5. AxB=N.5. N.5. B=N.§. AxB=24.08 N.§5. B=N 5. AxB=N 8.
{Control) 1 123 [ 124 | 124 | 111 116_] 114 | 101 101 101
F 122 [ 124 | 123 | 113 120 | 117 | 101 | 106 1 104 ]
3 124 126 | 125 [ 115 | 124 120 104 112 | 108 |
Mn 4 128 | 130 | 129 | 117 [ 124 | 121 106 | 115 [ 111]
5 127 | 134 | 131 | 721 | 128 | 125 | 108 | 117 | 113
Mean (A} 125 | 128 115 | 122 104 [ 110 |
L.S.D0.05 ENS. B=N§ AxB=NS. £5. 10 B=9.70 A=B=13 70 FN.S B=N§ AxB=N§
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Also, the author mentioned that the uptake of K* was decreased when
accompanied by SO,. Golcz (1995) on capsicum noticed that K in the range
of 0.12-0.48 g/dm® had an antagonistic effect on leaf P content. Moreover,
Sergio efal (1994) and Nassar et al. (2001) working on capsicum found that
increasing levels of K had no effect on concentrations of total P in leaves
tissues. Meanwhile, Golcz (1992) working on capsicum stated that increasing
N levels decreased K concentration in plant tissues. This result may he
referred to the antagonism between N and K. Meanwhile, Kato ef al. (1993)
working on sweet pepper mentioned that heavy application of N did not
change appreciably in K contents in plant tissues. Recently, Hanafy Ahmed et
_al. (2002 ¢) found that 100% or 50% of the recommended NPK fertilizer did
not show any significant differences in N, P and K concentrations in sweet
pepper leaves,

Finally, it can be concluded that increasing NPK fertigation levels
up to (150 kg NH;NO; + 75 kg HiPO, + 90 kg KpSO, /plastic house)
combined with preplanting NPK soil addition increased significantly the
concentrations of N, P and K in the leaves of sweet pepper plant in most of
the studied growth samples of the two seasons when compared with those
supplied with the lowest level (50 kg NH;NO; + 25 kg HaPO, + 30 kg K80,
Iplastic house), control Jevel,

Furthermore, data in Tables (5 and 6} indicate that concentrations of
Fe increased significantly in the leaves of sweet pepper plants in all growth
samples of the two successive seasons by increasing levels of fertigated
NPK up to {150 kg NH,NO; + 75 kg H3PO, + 90 kg K;SO, /plastic house)
either alone or in combined with preplanting NPK soil addition when
compared with corresponding plants  supplied with lower levels. Moreover,
concentration of Mn did not show any significant differences between
treatments, except in the 2™ sample of the second season. In addition,
concentration of Zn showed significant increase in the leaves of the plants
supplied with the moderate NPK level (100 kg NHsNO3 + 50 kg H;PO,4 + 60
kg K;SO, /plastic house) either alone orin combined with preplanting NPK
soil addition treatment, with some exceptions. Anyway, many investigators
mentioned that increasing NPK fertilizers levels affect positively
micronutrients concentration (Moreno ef al, 1996 and Mohamed and Enzy,
2001) on capsicum. In this respect, it may be suggested that increasing levels
of NPK fertilizers could enhance the physiological functicns of plant cells and
in turn the uptake of these nutrients including micronutrients from the scil
solution. This conclusion was reported previously by Hanafy Ahmed ef al.
{1987) on jew's mallow and radish plants. On the contrary, Kato ef al. (1993),
Sergio et al. (1994) and Hanafy Ahmed et a/. (2002c) found that application of
NPK fertilizer had no effect on the concentrations of micronutrients in
capsicum plants.
4- Fruit quality

As regard fruit quality, the results presented in Table (7} reveal that
the applications of preplanting NPK soil addition, increasing levels of
fertigated NPK and their interaction between treatments showed no
significant increases in fruit physical characters (length, diameter and size) of
sweet pepper in the two seasons, with some exceptions. Similar results were
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obtained by Maya et al (1997), Silva et &/. (1999) and Hanafy Ahmed et al.
(2002c) on capsicum plants. In this respect, it can be suggested that fruit
dimensions appeared to be mainly depended on heredital factors more than
on the differences between NPK levels. On the cantrary, Abd-El-Baky (20003,
Guetral (2000) and Hassan (2002) on capsicum, reported that increasing
levels of NPK fertilizer increased significantly fruit dimensions. Furthermore,
data in Table (7) show that application of preplanting NPK soil addition,
increasing level of fertigated NPK and their interaction had no significant
increase on the concentration of vitamin C in the fruits of the two successive
seasons. However, data in Tabie (7) show significant increases in the
percentage of T.8.5. and T.A. with increasing levels of fertigates NPK up to
moderate rate (100 kg NH,NO; + 50 kg HiPO, + 60 kg K,SO,/plastic house)
either alone or in combined with preplanting NPK soil addition. Similar results
were obtained by Hassan (1997), Maya et al. (1997) and Hanafy Ahmed et af.
(2002 c¢) on capsicum. In this respect, Midan (1995) and Hanafy Ahmed et a/.
(2002 c) working on sweet pepper plants mentioned that fruit quality; vitamin
C, tota! soluble solids and titrable acidity depend on variety, soil fertility and
cuitivating date.

Table (7): Fruit length, diameter (cm), size (cm’), nitrate (ppm), total sugars (mg/g d.w.),
vitamin C (mg/100 g f.w.), total acidity {(mg/100 g cm’} and total soluble sclids
{%) in the fruits of sweeat pepper plants as affected by different levels of NPK
during 1999-2000 and 2000-2001 seasons.

Season 1999-2000 2000 - 2001
Fruit quality Fruit length Fruit diameter Fruit length Fruit diameter
+ - Mean + = | Mean + - | Mean + . Mean
Treatment \ypyinpk|  (B) |NPKINPK| (B) | NPK |NPK| (B) | NPK |NPK| (B)
Caontrol) 1 9.2 |10.1 8.7 £5]52 5.4 11.0 |11.3] 112 6.4 6.0 82
2 10.5[10.9 107 59|54 57 10.8 |11.7[ 11.3 6.7 6.8 6.8
3 10.611.0 10.8 57180 59 111 [11.8] 11.5 6.7 6.5 6.6
4 10.4{10.9 10.7 541587 5.6 118 (111 115 6.5 6.8 67
5 1071109 10.8 55153 5.4 11.8 111.8) 117 B.5 B.9 657
Mean (A} 10,3 10.8 56(55 11.3 |11.5 6.6 6.6
L.S.D 0.05 AsN S B=N.5 AxBsNS. A=NS. BsN.S. A«BaN.S. | A=N.5. BsN.5. AxB=NS A=N.5 B=NS AxBs082
Fruit quality Fruit size Nitrate Frult size Nitrate
{Control} 1 3588 | 378 383 53.1]498.7] 514 408 | 4061 407 55.0 [54.1 54 6
2 399 [ 393 396 §3.5(58.7 61.1 385 14411 403 545 1524 535
3 379 388 389 68.1|57.6| 62.9 385 | 407 | 206 62.7 |57A1 55.9
4 400 | 398 389 71.5|69.7| 708 414 | 436 425 67.2 |59.5 53.4
5 306 | 381 389 71.1|67.4| 69.3 431 | 416 | 424 707 |64.2 67.5
Mean (A} 392 ] 390 65.5[60.6 407 | 415 62.0 |57.5
L.S.D Q.05 AN S BsNS AxBxN.S. A=NS. 82024 A«B=0.34 | A=N.S. B=255 AxB334.1 A=N.§ B-020 AxB=2027
Fruit quality | Total soluble solids Jotai sugars | Total soluble solids Total sugars
Control}1 _|5.40]4.70 5.05 6.40(68.74| 6.57 472 |4.80( 478 684 | 7.0 6.63
2 6.30(4.80 5.55 6.341602| 6.18 530 |4.81] 5.08 6.14 [6.78 6.45
3 6.54 (570 6.12 570|584| 577 | 635 [5.30] 583 534 [5.88 5.61
4 5.90|5.48 £.69 5241566 545 6.00 |521] 581 494 |558 5.26
5 5.8515.00 5.43 4941514% 5.04 6.00 [532] 588 428 1480 4538 |
[ Mean(pr) [8.00[5.14 572[5.88 567 [5.09 551 [6.03
L.S.D 0.05 A®0.7] B=NS A-B=164 A=NS B=0.09 A<B=098 | A=0 57 82090 A.9=1.27 Ax0.34 90053 A.B=075
Fruit quality Vit. C Total acldity Vit. C Total acidity
Control) 1 252 1 25Q 251 160 [ 165 | 163 246 | 240 | 243 128 [ 152 140
2 264 | 262 263 172 [192 | 182 258 | 258 | 258 152 | 160 156
3 271 | 264 268 203 ]235| 219 258 | 252 | 255 184 | 208 166
4 281 | 282 282 192 | 189 | 196 280 [271] 276 176 [ 171 173 —|
5 286 | 284 285 160 | 182 | 171 282 |27a| 280 128 152 140
Mean (A) 271 | 268 177 | 195 265 | 260 154 | 169
‘ L.5.D 0.05 AzN.S BaN.S. AxBaN.S Ax{B B= 30 A.Bxi4 AzNS BsNS Ac<BaNS A=NS Bx 37 A-Bs4ad
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As regards macroelements concentration N, P and K, data in Table
(8) show that application of preplanting NPK soil addition increased N
concentration in sweet pepper fruits, while had no significant increase in
concentrations of K and P in both seasons. In addition, data in Table (8)
reveal that concentrations of N, P and K in tissues of sweet pepper fruits
increased significantly by increasing levels of fertigated NPK up to {150 kg
NH/NO; + 75 kg H;PO, + 80 kg K;S0, /plastic house) as single treatment or
combined with preplanting NPK soil addition treatment in the two seasons,
except K concentration in the first season which showed no significant
increase among treatments. Similar results were obtained by Marti and Mills
(1991}, Olsen ef al. (1993) and Aliyu (2000) on capsicum. On the contrary,
Hanafy Ahmed et ai. (2002c) found that increasing applications of NPK
fertilizer had no significant effect on concentration of total N, P and K in sweet
pepper fruits.

As regard microelements concentration, Data in Table (8) indicate
that no significant increase could be detected in the concentrations of Fe, Zn
and Mn in the fruits of sweet pepper plants in the two seasons, with the
application of preplanting NPK soil addition comparing with untreated plants,
except concentrations of Fe in the first season which showed significant
increase as a result of this treatment. Similar results were obtained by Kato et
al. (1993) and Hanafy Ahmed et al. (2002 c) in sweef pepper fruits. In this
respect, it can be suggested that lack response of sweet pepger fruits from
micronutrient by the application of preplanting NPK soil addition, might be
attributed to low content of micronutrient forms in the NPK fertilizers used.
Furthermore, it can be suggested that high value of soil pH which recorded in
Table (1) might be cause a reduction in the availability of micronutrients in the
root zone for cultivated plants.

Concerning the effect of fertigated NPK levels and interaction
treatments, data in Table (7) reveal that increasing levels of fertigated
NPK up to (150 kg NH4NO; + 75 kg H3PO, + 90 kg K2SO, / plastic house ) as
single treatment or combined with preplanting NPK scil addition treatment in
the two seasons increased significantly the concentrations of Fe, Zn and Mn
in the fruits in both seasons, except total Mn concentration in the second
season which showed no significant increase with treatments. Simitar results
were obtained by Moreno et af (1996) and Mohamed and Enzy (2001} on
capsicum plants. In this respect, it can be suggested that increasing levels of
fertigated NPK cause slightly positive effect on the concentrations of
micronutrients in sweet pepper fruits, this might be attributed to using high
levels of phosphoric acid through drip irrigation system, which cause sfight
decrease in soil pH and consequently increased the availability of
micronutrients for cultivated plants.
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Table (8): Nitrogen, phosphorus, potassium {mg/g d.w.), iron, zinc,
manganese, lead and nickel (ppm) concentrations in the
fruits of sweet pepper plant as affected by different levels of
NPK during 1999-2000 and 2000-2001 seasons.

Season 1999-2000 2000 - 2001
Chemical N P N P
pmposition
Treatment + - [Mean | + - [Mean| + - |Mean | + - |Mean
NPK |[NPK | {(B) [NPK |NPK | (B) |[NPK |[NPK | (B) |NPK |NPK | (B)
{Controf} 1| 5.9 8.3 9.6 2.82 268 | 275 10.8 9.6 102 | 276 | 270 | 273
2 118 10.1 11.0 2.95 289 | 282 129 | 110 [120 | 282 | 274 | 278
k) 14.0 12.8 13.4 3.15 312 | 314 146 | 13.5 | 141 328 | 320 | 324
4 14.3 13.4 13.9 3.87 3.82 | 3.85 15.5 | 14.2 14.9 375 | 362 | 3.68
5 16.5 14.8 15.7 3.93 3.95 | 394 174 | 159 16.7 | 400 | 385 | 393
Mean (A) [ 13.3 12.1 3.34 3.29 14.1 12.8 332 [322
L.5.D 0.05 [A=1.03 B=163 A«B=230]A=N$ B=071 A-B=1.01 A=083 B=131 A«Bs186 p=NS B=094 AsB=N$
Chemicat K Fe K Fe
compositio
[Controf) 1] 288 | 284 | 286 365 333 349 29.0 | 283 | 237 kXi:) 345 361
2 301 29.2 | 29.7 435 410 423 31.1 29.7 | 304 428 400 414
3 30.2 | 3041 30.2 450 415 433 | 331 | 315 | 323 468 423 446
4 31.3 302 | 308 480 465 473 337 | 324 | 334 485 450 488
5 318 308 | 314 498 475 485 356 | 340 | 348 490 483 487
Mean (A) | 30.5 [ 288 445 420 325 | 31.2 449 420
L.S.D0.05 |[A=NS B=NS A«B=NS5S| A= 19 B=31 A«B=43 Az NS B8=2.61 A-B=369/A=N.5 B=75 A-B=106
Chemical Zn Mn Zn Mn
compositio
{Control}1 | 30 30 30 13 13 13 4 30 32 14 13 14
2 35 32 33 15 16 18 37 33 35 16 16 16
3 38 34 36 15 16 18 40 35 38 16 16 16
4 40 35 38 17 17 17 42 37 49 16 16 16
5 43 a8 41 18 18 18 43 38 41 19 19 19
Mean {A) 37 34 16 16 39.2 | 34.6 16 16
L.5.D0.05 [A=N.5.8=843 «B=1192 | A=NS. B=31 A«B=d44 | A=N.S. B=701A«B=992[ A=NS. B=N.5. A-B=N.5.
Chemical Pb Ni Pb Ni
compositio]
{Control}1]| 368 [3.15 [3.42 1.590 222 | 206 |3B5 |3.50 |368 | 200 2.53 | 2.27
2 385 1333 (359 (180 [ 180 [180 |333 |350 |342 175 (180 |178
3 350 [ 355 [333 | 187 190 [1.89 [333 [315 [324 (220 (129 (175
4 3145 | 298 | 307 [1.90 [190 [1980 |315 |298 |307 [187 (191 |1.94
5 280 |280 |280 (200 [190 |195 |280 |280 |280 [228 [185 |206
Mean (A) | 3.40 [3.08 1.89 1.94 3.28 | 3.19 2.04 1.87

L.5.D0.05 A=0.21B=0.33 A-B=047 |A=N.S§ B=N.S. AxB=N.S | A=N.§ B=0.36 A~B=0.51|A=N.S. B=N 8. A«B=N.S.

Similar suggestion was reported by Ristimaki (1999). Moreover, Hanafy
Ahmed et al. (2002 ¢) warking on sweet pepper concluded that increasing
levels of NPK could enhance the physiological functions of plant cell and in
turn the uptake of these nutrients including micronutrients from the soil
solution.

Concemning heavy metals, data in Table (8) indicate that the
application of preplanting NPK soil addition, fertigation treatments and their
interactions had no significant increase on the concentrations of Ni in sweet
pepper fruit tissues in the two seasons. This may be induce as a result of the
lower level of Ni in NPK mineral fertilizers. These results are in harmony with
those reported by Hanafy Ahmed et al. (2002¢) on sweet pepper plants. On
the other hand, Ching Fang and KuoNan {1994) on sweet pepper found that
application of NPK fertilizers showed higher increase in Ni concentration in
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fruits than expected but still below the acceptable maximum levels for human
consumption. Furthermore, data in Table (8) reveal that the application of
preplanting NPK soil addition had no significant effect on the concentration of
Pb in sweet pepper fruits. However, concentration of Pb decreased
significantly with increasing levels of fertigated NPK either alone or in
combined with preplanting NPK soil addition. The highest values of Pb in the
first season were obtained with (75 kg NH;NO; + 37.5 kg HiPO4+ 45 kg
K,S0, /plastic house) and with (50 kg NH,NO; + 25 kg H3PO, + 30 kg K;SO,
/plastic house ,control) in the second one. In this respect, it can be suggested
that negative relationship could be detected between increasing levels of
.fertigated NPK and concentration of Pb in the fruits of sweet pepper plants.
Similar suggestion was reported by Gaweda (1996) on radish and spinach
plants. On the contrary, Uher (1995) working on carrot plants found that
increasing the applications of N fertilizers increased significantly
concentration of Pb, and the shoots showed excessive Pb contents,

Therefore, it is important here to mentioned that, although by
increasing the applications of NPK fertilizer, the concentrations of heavy
metals in sweet pepper fruit still less than the critical limits permitted to be
found in normai plants or human consumption. These results were confirmed
by Abd-El-Maksoud (1993) whe reported that the toxicity limits of Pb were
200 ppm in plant and 0.6 ppm/ kg for human body. !n addition, Kabata-
Pendias and Pendias (1984) reported that the normal range of Ni and Pb was
between 0.02-5.0 ppm in plants. In this respect, it can be concluded that, all
values of Ni concentration in the fruits of sweet pepper plants were under the
normal range.
5-Nitrate accumulation

As regard nitrate concentration, data in Table (7) indicate that
application of preplanting NPK soil addition showed no significant differences
on the concentration of nitrate accumulation in sweet pepper fruits in the two
successive seasons compared with untreated plants. This might be attributed
to the little amounts of preplanting NPK soil addition fertilizer which caused
low NO; concentration in the soil. Similar results were obtained by Stopes et
al. (1989) in lettuce. On the other hand, Hanafy Ahmed et al. (2002 c)
working on sweet pepper, mentioned that increasing NPK fertilizers increased
significantly nitrate concentration in fruit tissues.

Conceming the effect of NPK fertigation levels on the concentration
of nitrate accumulation in sweet pepper fruits, data in Table (7) show
significant increase by increasing levels of fertigated NPK up to (150 kg
NHsNO; + 75 kg HiPO, + 90 kg K,S50, /plastic house) either alone or in
combined with preplanting NPK soil addition. Similar results were obtained by
Fontes ef a/. (2000) on tomato. The highest concentration of nitrate
accumulation in fruits of sweet pepper plants in both seasons was obtained
by the plants supplied with NPK soil addition before transplanting combined
with the highest fertigation level (150 kg NHNO; + 75 kg HaPQ, + 90 kg
K,SO, /plastic house) followed by the plants supplied with the lower NPK
fertigation levels. Generally, it is clear from the data that the rate of nitrate
accumulation in sweet pepper fruits is influenced by the dose of NPK
application in all treatments. In this respect, Ruiz et al. (2000) and Hanafy
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Ahmed et al. (2002 b and c) pointed out that N supply was one of the most
important factor affecting nitrate accumulation in growing plants. These
results strongly confirmed the suggestion that several plant species
accumulate NOs as a result of an excess of N uptake over reduction. Rufty et
al. (1882) reported that NO; is believed to accumulate in a storage pool,
presumably in the vacuoles, from which it is not readily available. However, it
is important here to mentioned that increasing total nitrogen concentration in
fruits of sweet pepper is not necessarily accompanied by increasing nitrate
accumuiation in the plant. This might be due to the utilization and conversion
of nitrogen from the simple form such as nitrate to more complicated one
such as proteins and amino acids. Similar suggestion was reported by
Hanafy Ahmed (1996) on lettuce plants. However, concerning the effect of
phosphorus fertilizer on nitrate accumulation, Barker and Maynard (1971) and
Maynard et al (1976) mentioned that phosphate was found to have no or
only litte effect on the nitrate accumulation. in this respect, Korschunow
{1988) on potato, Gao et al. (1989) on Chinese cabbage and spinach and
Hanafy Ahmed ef al/ (2002a} on rocket plants, indicate that high P
concentration inhibit nitrate reductase activity and is accompanied by less
nitrate uptake and accumulation Moreaver, many investigators showed that
increasing potassium fertilizer level reduced nitrate accumulation in many
vegetables (Ni Wu Zhong et al., 1997; Xiu Fengo and lte, 1998 and Hanaty
Ahmed et al, 2002 a). This may may be due to the highest input of
photosynthetic products to non-structural osmotic compounds in the vacuole
(Matile, 1987) and to the role played by K in osmotic adjustment (Barlow,
1983). On the other hand, Ruiz et al. (2000) mentioned that applying the
highest rates of N and K led to increase in the absorption and translocation of
nitrate to the shoot in capsicum plants. In addition, it can be suggested that
increasing the application of potassium sulphate (as a source of sulphate
ions) fertilizer might be decreased nitrate accumulation in fruits of sweet
pepper as a result of increasing sulphate ions in rhizosphere soil. Similar
results and suggestions were obtained by Hanafy Ahmed et al. {1997) on
jew's mallow and radish plants. in this respect, Maynard et al. (1976) reported
that sulphur deficiency increased nitrate contents of vegetables. Also, Blom-
Zandstra and Lampe (1983) found a negative correlation between nitrate
content and the presence of sulphate. Furthermore, from the previous
suggestion it can be assumed that using potassium sulphate might decrease
pH value of the soil due to increasing sulphur ions which might be increasing
the availablifity of micronutrients in sail solution. In this connection, Hanafy
Ahmed et al (1997 and 2002 a) suggested that there was a negative
relationship between micronutrients and nitrate accumulation in jew's mallow,
radish and rocket plants. This effect may be due to the role played by these
micronutients on nitrate reductase (NR) and nitrite reductase (NiR) activity. In
this respect, Crawford and Campbell (1990) reported that nitrate was first
transported into the cell and then reduced to ammonium by the consecutive
action of two enzymes: NR and NiR. Both enzymes are metalloenzymes that
require cofactors: 2 molybdenum-protein cofactor (MoCo) for NR and an iron-
containing hydrochlorin {siroheme) for NiR. Mareover, Mengel and Kirkby
{1978) mentioned that manganese is essential in photosystem Il and hence in
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the flow of electrons from water via ferredoxin to NiR. Amberger (1979)
reported that in zinc deficient plants, an increase in ribonuclease activity and
an accumulation of nitrate has been found, indicating that this element is
implicated also in nitrate reduction. Concerning total sugar concentrations
data in Table (7) indicate that application of preplanting NPK sail addition
showed no significant increase in total sugar concentrations in the fruits of
sweet pepper plants in the first season , While, in the second one, the data
indicate significant increase in concentrations of total sugar by untreated
plants. Similar results were obtained by Kocevski ef al. {(1995) on capsicum
and Hanafy Ahmed et af (1997)on jew's mallow and radish. Moreover, data
_in Table {7) data showed that, in the two successive seasons, the total sugar
concentrations in the fruits of sweet pepper plants decreased significantiy by
increasing levels of fertigated NPK either alone or in combined with
preplanting NPK soil addition up to (150 kg NH;NO; + 75 kg H,PO, + 90 kg
K50, /plastic house). In this respect, it can be suggested that there is a
negative relationship between increasing NPK fertilizers level and total sugar
concentrations. Similar results were obtained by Hanafy Ahmed et al. (1997)
on jew's mailow and radish plants and Hanafy Ahmed et a/. (2002 a and ¢} on
sweel pepper and rocket plants, respectively. Furthermore, it is important
here to mention that, increasing the level of NPK fertilization increased both
fresh and dry weights of sweet pepper plants. Therefore, these decreases in
total sugar concentrations which were concomitantance with increases in the
fresh and dry weights of sweet pepper plants may be due to that the plants
used most of carbon in structural growth, but incorporated relatively less
carbon in soluble organic compounds. Similar results and suggestions were
obtained by Hanafy Ahmed et al. (2002 b) working on lettuce plants. In this
respect, it can be suggested that, nitrate accumulation might be increased in
the vacuoles to compensate the shortage of sugars. So, it can be concluded
that NO; accumulation was inversely related to accumulation of sugars.
Similar findings were reported by Biom-Zandstra and Lampe (1985) and
Hanafy Ahmed (1996) on lettuce, Hanafy Ahmed et al (1997) on jew's
mallow and radish as well as Manafy Ahmed et al. (2002 a bandc)on
rocket, lettuce and sweet pepper, respectively. In this respect, Blom-Zandstra
et al. {1988) mentioned that the lettuce genotype, which had higher nitrate
concentration, had also lower concentration of sugars and organic
compounds. In addition, the increases in the concentration of total sugar
under the lower rates of NPK fertilization may also be explained on the
assumption that, as already known, the nitrate accumulation in the vacuoles
is not readily available. However, when the nitrogen fertilizer amount was
reduced, the nitrate might remove from the vacuoles to sustain the protein
synthesis and the plant will store sugars and organic acids fo compensate for
the declining osmatic value. This suggestion is in a good agreement with that
of Blom-Zandstra (1989). Furthermore, another suggestion could be put
forward to explain the role played by potassium in enhancing sugars
formation and at the same time nitrate assimilation. It is known that,
carbohydrates can be stored as organic acids and sugars in the vacuoles; the
main component of the organic acids appears to be malate. An inverse
relationship was found between nitrate and malate accumulation (Purvis et
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al., 1974 and Neyra and Hageman, 1976). Moreover, Ben Zioni et af. (1971)
reported that the synthesis of malate in the plant leaves proceeds
concomitantly with nitrate reduction and the malate is transferred to the roots
balanced by K'. Generally, it can be concluded that increasing level of NPK
mineral fertilizer application increased nitrate accumulation but decreased the
total sugar concentrations in fruits of sweet pepper plants.

Finally, it is important here to mention that, although the increase in
NPK fertigation levels for sweet pepper plants are required to increase fruit
production, the concentration of nitrate accumulation in sweet pepper fruits
stilf less than the critical limits permitted to be found in normal plants or
human consumption.

REFERENCES

Abd El-Baky, M.H. (2000). Productivity of some vegetable crops as affected
by intercropping system. Ph. D. Thesis, Fac. Agric., Ain Shams Univ.

Abdel-Maksoud, M.M. (1993). Studies on risk associated with the presence of .
selected contaminants in irrigation and drainage water in Giza
Governorate. M.Sc. Thesis. Institute of Environmental Studies and
Research, Ain Shams Univ., Cairc, Egypt.

Aliyu, L. {2000). Effect of organic and mineral fertilization on growth, yield and
composition of pepper (Capsicum annuum L.). Biclogical Agriculture &
Horticulture, 18 (1); 28-36. (C.F. Hort. Abst., 71, 678, 2001).

Amberger, A. (1979). Foliar application of micronutrients uptake and
incorporation into metabolism.Proc. 2™ Workshop "Micronutrients and
Plant Nutrition", Mariut, Egypt, pp. 47-60, ed. M.M. El-Fouly.

Angelova, Y. and Georgieva, V. (1983). Effect of N level in the nutrient
solution on the abscisic acid content in tomato plants. Fiziologiya na
Rasteniyota, 8 (4): 49-55.

Association Official Agric. Chem. (A.O.A.C.) (1975). Association of Official
Methods of Analysis. 129 Ed. Association of Official Analytical
Chemists, Washington. D. C.

Barker, A.V. and Maynard, D.N. (1971). Nutritional factors affecting nitrate
accumulation in spinach, Communications in Soil Science and Plant
Analysis, 2: 470-478.

Barlow, EW.R. (1983). Water relations of the mature leaf. In: The Growth
and Functioning of Leaves. (J.E. Dale and F.L. Mifthorpe, eds.), pp.
315-345. Cambridge Univ. Press, Cambridge.

Basavaraj, N. and Naik, C.I. (2000). Some production aspects of paprika
(Capsicum annuum) under plains. In Spices and Aromatic Plants
:challenges and opprotunities in the new century. Conntributery papers.
Centennial Conference on Spices and Aromatic Plants, Calcut, Kerala,
India, 20-23 September, Indian Society for Spices, 181-183. (C.F. Hort.
Abst., 71, 10775, 2001).

Ben Zioni, A.; Vaadia, Y. and Lips, S.H. (1971). Nitrate uptake by roots as
regulated by nitrate products in the shoot. Plant Physiology, 24. 288-
290.

2503



Hanafy Ahmed, A.H. et al.

Blom-Zandstra, M. (1989). Nitrate accumulation in vegetables and its
relationship to quality. Ann. Appl. Biol., 155; 553-561.

Blom-Zandstra, M. and Lampe, J.E.M. {1983). The effect of chloride and
suiphate saits on the nitrate content in lettuce plants. Journa! of Plant
Nutrition, 63 (6). 611-628.

Biom-Zandstra, M. and Lampe, J.E.M. (1985). The role of nitrate in the
osmoregutation of lettuce (Lactuca safiva L.) grown at different light
intensities. J. of Exp. Bot., 36 (168); 1043-1052.

Blom-Zandstra, M.; Lampe, J. EM and Ammelaan, F. H. M. (1988). Cand N
utilization of two genotypes during growth under non-varying light
conditions and after changing the light intensity.Plant Physioclogy , 74
(1): 147-153.

Bracy, R.P.; Edling, R.J. and Moser, E.B. {1995). Drip-irrigation management
and fertilizer of bell pepper in a humid area.ln Micro irrigation for a
changing world: conserving resources/preserving the environment.
Proceedings of the Fifth International Micro-irrigation Congress,
Orlando, Florida, USA, 2-6 April. American Society of Agricultural
Engineers (AS AE), pp. 181-186.

Chapman, H.D. and Pratt, F. (1961). “Methods of Analysis for Seil, Plant and
Water™. Calif. Univ., USA.

ChingFang, H. and KuoNan, H. (1994). Effect of organic manures on the
growth and yield of sweet pepper. Bulletin of Taichung District
Agricultural Improvement Station, 42: 1-10. (C.F. Hort. Abst., 66,
473,19986).

Craddock, V. M. {1983). Nitroseamine and human cancer. Proof of an
association? Nature, 306: 638.

Crawford, N.M. and Campbell, W.H. (1990). Fertile fields. The Piant Ceii, 2:
§29-835.

Dubois, M.; Gilles, K. A.; Hamiiton, J. K.; Rebers, P. A. and Smith, F. (1956).
Colorimetric method for determination of sugars and related
substances. Annal. Chem., 28:350-354.

Edmond, JB.; Sun, T.L.; Indrews, F.AS. and Halfacre, R.G. (1881).
Fundamentals of Horticulture Published by Tate, Mc. Grawtill
Publishing Co. Limited, Indian.

Eid, S M.M.; Abed, T.A. and Abou-Sedera, F.A. {1992). Tomato fruit yield and
quality as well as nitrate accumnulation as affected by plant densite and
NPK fertilization level. Annals Agric. Sci., Moshtohor, 30 (4): 1871-
1889.

El-Beltagy, A.S. and Abou-Hadid, A.F. (1988). "Letctures in Protected
Cultivation” Technical Publication by National Committee of Protected
Cultivation. Ministry of Agriculture, Cairo, Egypt. pp. 214-367.

Fisher, K.J. (1969). Effect of nitrogen supply during prapagation on flowering
and fruiting of glasshouse tomatoes. Hort. Sci., 44: 407-411.

Fontes, P.C.R.; Sampaio, R.A. and Finger, F.L.(2000). Fruit size, mineral
composition and quality of trickle irrigated tomatoes as affected by
potassium rates. Pesquisa Agropecuaria Brasileira, 35 (1) 21-25. (C.F.
Hort. Abst., 70, 7870, 2000).

2504



J. Agric. Sci. Mansoura Univ., 29(5), May, 2004

Fujinao, M. (1967). Role of adenosine-diphosphate and adenosine
triphosphate in stomatal movement. Sci. Bull., Fac. Educ., Nagasaki
Univ., 18: 1-47.

Gao, Z.M.,; Zang, Y.D.; Zang, D.Y.; Shi,R.H. and Zang, M.F.(1988) . Effect of
N, P and K application on nitrate reductase and superoxides in two
leafy vegetables. Acta Hort. Sinica, 1 (4) : 293-298.

Gaweda, M. (1596). Effect of phosphorus fertilization on lead content in
radish (Raphanus sativus L. subvar. Radicula Pers) and spinach
(Spinacia oleracea L.). Zeszyty Problemowe Postepow Nauk
Rolniczych, 429: 101 — 107. (C.F. Hort. Abst.,, 68,8704, 15398).

Golcz, A. (1992). Effect of fertilizing with nitrogen on the contents of soluble
forms of macronutrients in capsicum (Capsicum annuum L.) cultivar.
Poznanska Siodka. Roczniki Akademii Rolniczej w Poznaniy,
Ogrodnictwo, 20:21-27 (C.F. Hort. Abst., 64, 7106, 1894).

Golez, A. (1995). Effect of potassium fertilization on changes in capsicum
nutrient content. Roczniki Akademii Rolniczej w Poznaniu, Ogrodnictwo,
23:13-25 (C.F. Hort, Abst., 67, 4079, 1997).

Guertal, E.A. (2000). Pre plant slow-release nitrogen fertilizers produce
similar bell pepper yields as split of scluble fertilizer. Agronomy Journal,
92: 388-393.

GuoHua, X.; Wolf, 8. and Kafkafi, U. (2001). Interactive effect of nutrient
concentration and container volume on flowering, fruiting, and nutrient
uptake of sweet pepper. Journal of Plant Nutrition, 24 (3). 479-501.
(C.F. Hort. Abst,, 71, 8591, 2001).

Hanafy Ahmed, A.H. (1986). Some problems of potassium deficiency of
sweet pepper and garfic plants. Ph, D. Thesis, Fac. Agric., Cairo Univ.

Hanafy Ahmed, A. H. (1996). Physiological studies on tipburn and nitrate
accumuliation in lettuce plants. J. Agnic. Sci. Mansoura Univ,, 21 (11):
39871-399

Hanafy Ahmed, A. H. (1997). Effect of foliar application of some chemicals
on sex expression of squash piants. J. Agric. Sci. Mansoura Univ., 22
(3): 697-717.

Hanafy Ahmed, A. H.; Khalil, M. K. and Farrage, A. F. (2002a). Nitrate
accumulation, growth, yield and chemical composition of rocket {(Eruca
vesicaria Sub sp. Sativa) plant as affected by NPK fertilization, Kinetin
and Salicilic acid. Ann. Agric. Sci.,Ain Shams Univ.,Cairo, 47 {1): 1-26.

Hanafy Ahmed, A. H.; Kheir, N. F. and Talaat, N. B. {1997). Physiological
studies on reducing the accumulation of nitrate in jew's mallow
(Corchorus olitorius) and radish {Raphanus sativus L.). Bull. Fac. Agric.
Univ. Cairo, 48: 25-64.

Hanafy Ahmed, A. H.; Mishriky, J. F. and Khalil, M. K. {2002b). Reducing
nitrate accumulation in lettuce (Lactuca sativa L.) plants by using
aifferent biofertilizers. Ann. Agric. Sci.,Ain Shams Univ.,Cairo, 47 {(1):
27-41

Hanafy Ahmed, A.H., Nesiem, MRA; Hewedy, AM and Sailam,
H.E.E.{(2002c) . Effect of organic manures, biofertilizers and NPK
mineral fertilizers on growth, yield, chemical composition and nitrate
accumulation of sweet pepper plants. Proceedings of the

2505



'Iallﬂ'l’ FUITIrwely Fiud i, b Wi

2Ynternational Congress on Recent Technologies in Agriculture,
Faculty of Agriculture, Cairo Univ., 28-30 October, 4: 932-955.

Hanafy Ahmed, A.H.; Rashad, M.H and Khali, M.K. (1996). Effect of foliar
application of boron and manganese on Vicia faba plants. J. Agric. Sci.
Mansoura Univ., 21(11) :3911-3525.

Hassan, A.H. (1997). Factors affecting growth, fruit set, yield, quality and
chemical composition of tomato and pepper plants under low plastic
tunnel condition. Ph. D. Thesis, Fac. Agric., Cairo Univ.

Hassan, S. A.; Gerber, J. M. and Splittstoesser, W. E. {1993). Influence of
nitrogen at transplanting on growth and yield potential of pepper.
Dordrecht, Netherlands; Kluwer Academic Piublishers, 573-576. (C.F.
Hort. Abst., 65, 4071, 1995).

Hassan, Z.F.F.(2002). Effect of some sources of organic manure and levels
of potassium on growth, yield, quality and chemical composition of
sweet pepper (Capsicum annuum L.). Ph.D. Thesis, Fac. of Agric.,
Cairo Univ.

Haynes, R.J. (1988). Comparison of fertigation with broadcast application of
urea-N of available soil nutrients and on growth and of trickle-irrigated
peppers. Scientia Horticulturae, 35 (3-4); 189-168.

Horgan, J.M. and Warieng, P.F. (1980). Cytokinins and the growth response
of seedlings of Belula pendula Roth. and Acer pesudoplatanus L. to
nitrogen and phosphorus deficiency. Journal of Experimental Botany,
31: 525-532. (C.F. Hort. Abst., 51: 5580, 1981).

Jackson, M.L. (1973). Soil Chemical Analysis. Prentice-Hall of india Private.
Limited, New Delhi.

Jaervan, M. (1994). The dependence of nitrate content of vegetables on
biologicale peculiarities and growth conditions. Journal of Agriculture
Science, 5 (2): 149-169. (C.F. Hort. Abst., 64, 2237, 1994).

Kabata-Pendiascl A. and Pendias, H. (1984). Trace Element in Soils and
Plants. 2™ Ed. Lewis Publi. inc. Bocd. Fiorida.

Kamal, M.AM. (1951). Growth and nitrogen fractions of Trifolium
alexandrinum under condition of different phosphorus level with
reference to the effect of pH value in single. Ph. D. Thesis, Fac. Agric.,
Cairo Univ,

Kato, H.; Hoshino, K.; Sakamota, T.; Miyawaki, H. and Kojima, S. (1993). The
influence of the rate of nitrogen application on the uptake of caicium,
magnesium and potassium — growth diagnosis in terms of soil solution.
Bulletin of the College of Agriculture, Utsunomiya University, 15 (2): 11-
26. (C.F. Hort. Abst., 63, 2411, 1993).

Kheir, N. F.; Hanafy Abhmed, A.H.; Abou El-Hassan, E. A. and Harb, E. M.
Z.(1991).Physiological studies on hazardous nitrate accumulation in
some vegetables. Bull. Fac. Agric., Univ. Cairo, 42 (2): 557-576.

King, EJ. (1951} Micro-Analysis in Medical Biotchemistry. Second ed.
Churchil, London.

Kocevski, V.; Trpeski, V. and Georgievski, M. (1995). Effect of different doses
of P;Os in comparison with K;O on the yield and morphological and
chemical properties of Kurtoyska Kupia peppers. Godisen Zbornik na

2506



J. Agric. Sci. Mansoura Univ., 29(5), May, 2004

Zemjodelskiot Fakultet Univerzitet, St. Kiril | Metodij, Skopje, 40: 107-
113. {C.F. Hort. Abst., 67 , 10534, 1997).

Korschunow, A. (1988). Methods of regulating the nitrate content of potato
tubers and their parts of the USSR. Production Lagerung Vermarktuny
Von Pflanz und Speisekartoffeln, Tleft, 1: 43-47.

Lauer, M.J. and Blevins, D.G. {1989). ”'P nuclear magnetic resonance
determination of phosphate compartmentation in leaves of reproductive
soybeans (Giycine max L) as affected by phosphate nutrition. Plant
Physiology, 89: 1331-1336.

Lindsay, W. L. and Norvell, W. A. (1978). Development of a DTPA sail test
for zinc, iron, manganese and copper. Soil Sci. Soc. Amr. J., 42: 421-
428.

Luthrs, C. E. (1973). In nitrogeneous compounds in the environment. Environ.
Prot. Agency, Washington, D. C. pp. 159-173. Cited after Maynard et
al. 1976. Nitrate accumulation in vegetables. Advances in Agron., 28:
70-118.

Ma, JF. and Takahashi, E. {1990). New aspecls of silicen nutrition in rice
plants. International Congress of Scil Science, Kyoto, Japan, August
10-12, 4: 158-163.

Mandal, B. and Mandal, L.N. {1990). Effect of phosphorus application on
transformation of zinc fraction in soil and on the zinc nutrition of low
land rice. Plant and Soil, 121: 115-123.

Markus, D. K.; Mcklinnon, J. P. and Buccafuri, A. (1982). Automated analysis
of nitrate, nitrite and ammonium nitrogen in soils. New Jersey Agric.
Exp. Sta., Publication No. DI 5117-84.

Marschner, H. (1995). Mineral Nutrition of Higher Plants. 2™ Edition. Institute
of Nutrition Univ. of Hohenheon, Germany, pp. 889.

Marti, H. R. and Mills, H. A. (1991). Nutrient uptake and yield to sweet pepper
as affected by stage of development and N form. Journal of Plant
Nutrition, 14 {11). 1165-1175. (C.F. Horl. Abst,, 62, 3598, 1982).

Matile, P. (1987). The sap of plant cells. New Phytol., 105 1-26.

Maya, P.; Natarajan, S. and Thamburaj, S. (1997). Effect of spacing, Nand P
on growth and yield of sweet pepper cv. Californfa Wonder. South
Indian Horticulture, 45 (1/2). 16-18. (C. F. Hort. Abst., 69, 5009, 1999).

Maynard, D.N.; Barker, A.V.; Minctte, P.L. and Peck, N.H. (1976). Nitrate
accumulation in vegetables. Advances in Agronomy, 28: 71-118.

Mengel, K. (1977). Specific effects of potassium in crop production. Die
Bodenkultur, Austria, 28 (4): 366-383. (C.F. Potash review, 16 (2)
3618,1977).

Mengel, K. and Kirkby, E.A. (1978). Principles of Plant Nutrition (4™ edition),
international Potash Institute, P.O. Box, Ch-3048. Worblaufer
Bern/Swiltzerland.

Meyer, B.S. and Anderson, O.B. (1952). Plant Physiology. Handbook Van
Nortrand Co., pp. 784.

Midan, A.A. (1995). Response of some promising pepper genotypes to
different culture treatments. M.Sc.Thesis, Fac. Agric.,, Menoufiya
University.

2507



Hanafy Ahmed, A.H. et al.

Mohamed, M.H. and Enzy, K.H. (2001). A study on productivity of sweet
pepper grown on different agricuiture systems under cold plastic house.
Egypt. J. Hort,, 28 {2): 171-183.

Moreno, D.A.; Pulgar, G.; Vitlora, G. and Romero, L. (1996). Effect of N and
K on fruit production and leaf levels of Fe, Mn, Zn, Cu and B and their
biochemical indicators in capsicum plants. Phyton (Buenos Aires), 59
(1/2). 1-12. (C.F. Hort. Abst., 67, 6968, 1997).

Nassar, H.H.; Barakat, M.A.; El-Masry. T.A. and Osman, A 5. (2001). Effect
of potassium fertilization and paclobutrazol foliar application on
vegetative growth and chemical composition of sweet pepper. Egyptian
Journal of Horticulture, 28 (1) 113-129.

Neyra, C.A. and Hageman, R.H. (1978). Relationship between carbon
dioxide, malate and nitrate accumulation and reduction in corn
seedlings. Plant Physiology, 58: 726-730.

Nicola, S. and Basoccu, L. (1994). Prelransplant nutritional conditioning
affects pepper seedlings growth and yield. Acta Horticulturae, 361:
519-526. (C.F. Hort, Abst, 64, 8939, 1994).

Ni WuZhong, Zhng Yong Song and Lin Xian Yong (1997). The effect of
different K sources on yield and quality of some vegetable crops. Acta
Agric. Zhejiangesis, 9 (3} 143-148.

Olsen, J. K.; Lyonse, P. J. and Kelly, M. M. (1993). Nitrogen uptake and
utilization by bell pepper in subtropical Australia. Journal of Plant
Nutrition, 16 (1): 177-193,

Qlsen, S.R.; Cole, C.V.; Watanabe, F.S. and Dean, L.A. (1954). Estimation of
available phosphorus in soil by extraction with sodium bicarbonate.
U.S.D.A,, Circ., 939, USA.

Piper, C. 8. (1947). Soil and Plant Analysis. The University of Adelaide,
Adelaide.

Piper, C. S. {1950). Soil and Plant Analysis. Inter. Sci. Inc. Ny. USA.

Purvis, A.C.; Peters, D.B. and Hageman, R.H. (1974). Effect of carbon
dioxide on nitrate accumulation and nitrate reductase induction in corn
seedlings. Plant Physiology, 53: 934-941. -

Qawasmi, W.; Mohammad, M. J.; Najim H. and Qubursi, R. (1999).
Response of bell pepper grown inside plastic houses to nitrogen
fertigation. Communications in Soil Science and Plant Analysis, 30
(17/18): 2499-2509. (C.F. Hort. Abst., 70, 3269, 2000).

Radin, JW. (1984). Stomatal response to water stress and to ABA in
phosphorus-deficient cotton plants. Plant Physiology, 76: 392-394.
Reinink, K. {1988). Improving quality of leftuce by breeding for low nitrate

content. Acta Horticulturae, 222:121-128.

Repla, J. (1979). Relationships between minerals nutrition, photosynthesis,
respiration and plant growth. Acta Fytatechnica, 35: 161-176.

Richard, L. A. (1954). Diagnosis and improvement of saline and alkaline
soils. Hand book No. 50, U.S. Dep. Agriculture.

Richards, H. (1981). Root-shoot interactions in fruiting tomato plants. In:
Structure and Function of Plant Roots {Brouwer, P; Gasprikova, O.;
Kolek, J. and Loughman, B.C. eds.), 373-380.

2508



J. Agric. Sci. Mansoura Univ., 29(5), May, 2004

Ristimaki, L. (1999). Comparison between different sources of phosphate
applied directly to soit and via fertigation.Proceeding International
Fertilizer Society. (C.F. Soil and Fertilizer, 62, 9950, 1999).

Rufty, T.W.Jr.; Volk, R.J.; McClure, P.R.; Israel, D.W. and Raper, CD.
{1982). Relative content of NO; and reduced N xylem exudates as an
indicator of root reduction of concurrently absorbed *NO;. Plant
Physiclogy, 69: 166-170.

Ruiz, JM.; Moreno, D.A_; Villora, G.; Olivars, J.; Garcia, P.C.; Hernandez, J.
and Romero, L. {2000). Nitrogen and phosphorus metabolism and
yield of capsicum plant {Capsicum annuum L. ¢v. Lamoyg) in response
to increases in NK fertilization. Communications in Seil Science and
Plant Analysis,31 (11/14): 2345-2357. (C.F. Hort. Abst.,, 71, 5200,
2001).

Saito, T.; Ito, H and Hatayama, T. (1963). Studies on growth and fruiting in
tomato. NI. Effect of the early environment on the growth and flowering.
3. Nutrition of nitrogen, phosphorus and potassium. J. Soc. Flor. Sci.,
32; 58-72. (C.F. Hori. Abst, 30, 2101, 1963).

Sergio, J.C.; Blankenship, S.M.; Sanders, D.C. and Ritchie, D.F. (1994). Drip
fertigation with nitrogen and potassium and postharvest susceptibility to
bacterial soft rot of bell peppers. Journal of Plant Nutrition, 17 (7):
1175-1191.

Shrivastava, A. K. (1996). Effect of fertilizer levels and specings on flowering
fruit set and yield of sweet pepper (Capsicum annuum var. Grossum
L) cv. Hybrid-Bharat. Advances in Piant Science, 9 (2): 171-175. (C.F.
Hort. Abst., 67, 5980, 1997).

Silva, M.A.G.da; Boaretto, A.E.; Melo, AHTde, Fernandes, HMG.
Scivittaro, W.B.da; Silva, MA.G. and de Melo, A.M.T. (1999). Yield
and quality of sweet pepper fruits grown in protected cuiltivation in
relation to nitrogen and potassium applied as side dressing. Scientia
Agricola, 56 (4): 1199-1207. (C.F. Hort. Abst., 70, 6847, 2000).

Singh, D. N.; Sahu, A, and Parida, A K. (1999). Response of chilli
{Capsicum annuum) to applied nitrogen and potassium in clay loam
soils of orissa. Indian Journal of Agricultural Science, §9 (4): 287-288.

Singh, K. and Srivastava, B. K. (1988). Effect of various ievels of nitrogen
and phosphorus on growth and yield of chilli (Capsicum annuum L.).
Indian Journal of Horticulture, 45 (3-4); 319-324. (C. F. Hort. Abst., 60,
1130, 1990).

Siti, A. H.; Gerber, J. M. and Splittstoesser, W. E. and Hassan, S. A
(1993).Growth and vyield potential of green pepper as affected by
nitrogen at transplanting.Pertanika Journal of Tropical Agriculture
Science, 16 (2): 101-105. (C.F. Hort. Abst., 65, 5983, 1995).

Smith, TA. (1968). The biosynthesis of putrescine in higher plant and its
reiation to potassium nutrition. In: Recent Aspects of Nitrogen
Metabolism in Plants. Hewitt, E.J. and Cutting, C.V. (eds.): Academic
Press, London and New York, pp. 139-146.

Snedecor, G. W. and Cochran, W. G. (1980). Statistical Methods. Oxford and
J. B. H. Publishing Com. 7% edition,

2509



Hanafy Ahmed, A.H. et al.

Soltanpour, P. N. and Workman, S. (1979). Modification of the AB-DTPA soil
test to omit carbon black. Communications in Soil Science and Plant
Analysis, 10: 1411-1420.

Stopes, C.; Woodward, L.; Forde, G. and Vogtmann, H. (1989). Effects of
composted FYM and a compound fertilizer on yield and nitrate
accumulation in three summer lettuce cultivars grown in a organic
system. Agriculture, Ecosystems and Environment, 27 (1-4):555-559.

Tedeschi, P. and Zerbi, G. (1984). Flowering and fruiting courses and yield of
sweet pepper (Capsicum annuum L.) plants grown in lysimeters with
relation to different water regimes. Rivista della Ortoflorofrutticoltura
ltaliana, 68 (4). 323-329. (C.F. Hort. Abst., 55, 2680, 1985).

Thomas, J.R. and Heiiman, M.D. (1964). Nitrogen and phosphorus contents
of leaf tissue in refation to sweet pepper yields. Proc. Amer. Soc. Hort.
Sci., 85: 419-425.

Uher, A. (1995). The effect of different nitrogen application rates and forms
on the content of some heavy metals in carrots. Zahradnictvi, 22 (2):
41 - 45. (C.F. Hort. Abst., 65, 9896,1995).

Veeranna, H.K.; Abdul Khalak; Farooqui, A.A. and Sujith, G.M. (2000).
Studies on fertigation with normal and water soluble fertilizers on fruit
yield, quality and nutrient uptake of chilli. Indian Society for Spices,
186-190. (C.F. Hort. Abst, 71, 10777, 2001).

Wright, M. J. and Davison, K. L. (1964). Nitrate accumulation in crops and
nitrate poisoning of animals, Advances in Agronomy, 16: 197-247.

Xiu Fengo, W. and Ito, T. (1998). Effect of lowering nitrate nitrogen and
elevating potassium concentrations in the nutrient solution on the
growth, yield and NO, content in spihach grown in hydropenics. J.
Japanese Soc. Hort. Sci., 67 (1): 74-80.

Yoneyama, T. (1988). Problems on phosphorus fertility in upland soil. 5-
Uptake and metabolism of phosphorus of plant. Hortic., 63: 16-20.

2510



J. Agric. Sci, Mansoura Univ., 29(5), May, 2004

Al 5l g ANyl g A i g 55 Bland) (ya ABliR ] DU gleall L5l
Gt A Sl Al a8 5 J peanall g gall) o LRI o b sl g Adliaal
AL el B Al slad) Al
"&m}ﬁ}l\mwﬁm—"%djuﬂb—'miuihw;ml
3 AN daala ~ det )3 Al - o150 Sl and - sl aslpude BT

B AL daala — 4o 1,30 G — jdadd ol ot

=Gl Gaala Aol )3l A8~ pmall el de ) e ASEUNN G gealt a0 el Oy jal
P Y P LT S R 1 v o i T S e B B WS P VPPN )
pre gf Al Grilalan o L g alall CLGS Zua ¢ BRI el apanst plasduly i Se 0
(ied e Sl 8 ARl adill W Ao 53 e sl NPK S0nlu¥h Siaedl 50yt 4l
e a3l Sy Ty 5 ele e gl g gk cHlas o il NPK e clas
il A sty 5 JSl g ey p | e JaE N Aoband) Salaalt 5 L e a8 & e
ol g e Dananill Eaea 32 Wiy yiue 0 D) 50 SISy due) ) 3w peall Jala glall
Sl e e Lo et la By L A 3 G ) 5 g ALBH ealiall ey 33l oo e oSl
el g a3 3 ABAY el Jat e 3 (31500 LS dalcall y Sl p U5 Slino S 4 yina
S0ty Ggd G S aaf Y ) QI e Al (5 ) Lals y ity 5 ) ele ga aal
U5~y BV sie il Aailly L (Y0 €0 Ty g gpud e il aaS% e+l pigd s
28100 ) ual B sy s fall pa g gina Jlof il 08 3155V Qi y ) stedl el
Jymicad) el Gun 3 (A safp saudlyy il w2 40+ ol g ada paf YO+ gl
Sl g b U (e gl S 8 SR gl (5 aall pa D gina Bl e b Sudty IS0
e all (a3 00 (5 g Ja Sy Rypiaddt A g M G i (O el 3
A ¢ Gualidl el 6 i) e Cganrgall DS G yrall g cumy A e i 325 el Dl
Fadd s )y A Y1 ALYl Al e 31 91 JS13 U gine a0 pesie 38 5 915
i Sy ol Wiy ¢ Ty (5 M elo pon ualsd stpendll (s gl g Aot p30 i el isnd)
i Gl e a8 Ll 52 padl il Lilly Ll L ey gll US4y el 320 50 el ol IS0
el gl S paala 585 S g o pdlll paay sia gy ok Adal &y pins 330 350y
s Lo e LIEH 3030 Lol 3 pall g LISW Liin goall 2inh ) Lalyy & g pald (4G RiBAH Sgdiald
Aoyl cdaw a8y Cpe el A Ll 501 ele pe Paaadt el S a0 33 e L
o A yina 3l ) el Aaladl Lnandl dlataally Lot 50 O k! aeall Sad) fa A Y
Ll G sall LB Tl 803 B g pally pspllpd g ) gl y g ) S 5
LT PO WL ) O B VW, RO [ PO OG-SR Y VORI IS PRCT, AP g P
o DA a0 Sl oy o Wiy el S i Oy 5 g el i Badlall gt
B e Jals Gyina bl ) led G Gdas faa B COU) R L gina By A (pa 5l
¢l el 5l aa ALl et le b 2d8 ) dadnlly 5 i ele ae pteall Sandll Y 2aa
g iy ity b el e sl Sy g S IS S SN 585 aisl es B
B Al o sall G GLAN Rat Jabs D g alea jb G585 e o cOlaladd)

2511



