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ABSTRACT

This experiment was carried out during the two successive seasons of 1899-
2000 and 2000-2001 in the unheated plastic house of the Vegetable Crops
Department, 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 % NPK fertigation levels in the sub-main. Generally, it can be observed that
plant hieght and total leaf area showed higher significant increases with the th|rd
fertigation level (100kg NH4NOs+ 50kg HaPO4+ 60kg K3SO4 fplastic house, 540 m 3.
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{NO:+ 75kg HaPO, + S0kg K2S0;) 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
concenfrations 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 fertigation level in both seasons. Also, fruits tissue showed higher
concentrations for N, P and K by NPK preplanting soil addition combined with the fifth
fertigation level. Furthermore, fruit concentration of Fe and Zn reccrded significam
increases by increasing fertigation levels. In addition, preplanting NPK soil addition
combined with the fifth fertigation level showed the lowest value of Pb concentration
in fruits tissue. Moreover, concentration of Ni showed no significant differences
among treatments. Furthermore, nitrate 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 consumptlion.

INTRODUCTION-

Sweet pepper (Capsicum annuum) is one of the most important
vegetable crops grown in Egypt. Egyptian land are suffering from insufficient
macro and micronutrients. Application of chemical fertilizers might be a
successful tool for improving 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 fertilizer
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 ef al., 1991; Hanafy
Ahmed, 1996 and Hanafy Ahmed et al., 1997 and 2002 a, b and ¢), in spite
the high intensity and long duration of light in Egypt which favours nitrate
reduction in piants. Accumulation of nitrate in fruits has many detrimental
effects on human heaith. 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 iittle nitrate level (< 100 mg/kg) when compared with other
vegetables, the accumulation of nitrates was favored by shady growing place,
as weli 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 prepianting 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 of
1999-2000 and 2000-2001 in the unheated plastic house of the Vegetable
Crops Department, Facully of Agriculture, Cairo University. Seeds of sweet
pepper (Capsicum annuum L. cv. 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 cells)
filed with 1:1 by volume petmoss and vermiculite media, which is
recommended by the National Committee for Protected Cultivation (NCPC),
El-Beiltagy and Abou-Hadid (1988) for sweet pepper plants. The physical and
chemicai 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 (YS1) model 32. Available
N was extracted by 2 N KCI solution and determined by using the methods
described by Markus ef a/. (1982). Available phosphorus was extracted by
sodium bicarbonate according to Olsen et al (1954) and estimated

2484



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

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 cm 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 199% 2000
Physical properties:
Clay (%) 229 26.1
Silt (%) 36.2 346
Fine sand (%) 371 36.0
Coarse sand (%) 38 33
Soil texture 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) 28.90 30.88
Available Mn {ppm) 30.54 36.64
Available Cu {ppm) 15.65 16.42
Available Pb {ppm) 33 32
Availabie Ni (ppm) 0.85 0.90
EC (mmohs/cm) 111 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 piastic house. Other agricuitural
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;0s5) 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 imigation 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 treatmentdivided 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, 90 and 120 days
after franspianting to determined the foilowing 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,
stems 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
perchioric 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 chlorostannous reduced
molybdophosphoric biue colour method according to Chapman and Pratt
(1961). Potassium was determined by using flamephotometer 410. fron,
manganese, zinc, copper, lead and nickel 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 pericd included 7 and 6 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 (kg/m?). 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 subplct with three
replicates, where the following 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 al. (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 leaf area and dry weights of roots, stems and leaves were significantly
increased with preplanting NPK soil addition compared with untreated plants
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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 et al, (2001) on sweet pepper plants. On the contrary,
Hanafy Ahmed et al, (2002c) 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, P05 and K;0
in clay loamy soil which gave the preptanting NPK scil addition little effect on
the growth characters of sweet pepper plants.

As regard the effect of NPK fertigated levels, data in Tables (2 and 3)
indicate that increasing levels of fertigated NPK showed significant increase
in number of leaves, total leaf area and dry weights of roots, stems and
leaves in the three growth samples 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 Guertat {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 NHsNOy
+ 50 kg HiPO, + 60 kg K;SO, and 150 kg NH,NO; + 75 kg H3PO,4 + 90 kg
K280, /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;0s and K;0 n oil or
sweet pepper plants. Similar conclusion was obtained by Veeranna ef al.
(2000}

Concemning 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 ali 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 NH,NO; +
50 kg HsPO, + 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 vaiues at the highest NPK fertigation level (150 kg NH;NO; + 75 kg
H,PO;, + 80 kg K;80, /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 (NP 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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Table (2): Plant height {¢m), number of ieaves per plant and total leaf
area {cm?) in sweet pepper plants as affected by different
levels of NPK during the two successive seasons, 1999-2000

and 2000-2001.
Season 199%-2000
Growth { Days after .
tharacteq transplantin, 60 %0 120
+ - Mean| + - Mean; + - Mean
Treatment | ypk | NPK | (B) | NPK | NPK | (B) | NPK | NPK | (B)
1 {Confrol) 603 | 553 | 578 | 663 | 633 | 648 | 763 | 71.3 73.8
Plant 2 6§33 [ 580 | 60.7 | 730 | 683 [ 70.7 | 833 | 757 [ 79.5
height 3 740 | 677 | 709 | 853 | 763 | 808 | 627 { 833 [ s8.0
4 707 | 680 | 694 | 81.7 | 77.3 | 795 | 903 | 880 | 89.2
5 71.7 65.7 68.7 82.3 78.7 80.5 30.3 7.0 §8.7
Mean{A) | 68.0 | 629 777 1 728 6.6 1.1
L.S.D 0.05 A=4.71 B=7.45 AxB=1053 | A=N.S. B=12.60 AxB=17.82] A=5.10 B= 8.07 AxB= 11.41
1 {Control) 78.0 | 703 [ 742 { 103.7 ] 627 | 83.2 | 106.0 | 100.0 [ 103.0
2 820 | 773 1 797 11093 947 | 102.0] 1170 1067 | 1119
3 92.7 85.0 894 | 1170 1053 § 111.2 ) 1357 1147 | 1252
Number of 2 1057 | 96.3 | 101.0] 121.0 ] 108.0 | 114.5 ] 140.0 | 124.0 | 132.0
leaves - = - X 3 - - - -
5 107.0 | 108.7 [ 1044 [ 1347 [ 117.0 | 1269 157.3 | 131.7 | 1445
Mean (A) 93.10 | 86.30 117.1 ] 1015 "] 131.2] 1154
L5.D0.05 [A-278 8440 AxB=6.23] A=3.53 B=5.58 AxB=7.89] A= 4.17 B=650 AxB=9.34
1{Control) | 3150 | 2513 | 2832 | 3132 | 2580 | 28568 | 7112 { 6441 | &777
2 3718 | 2628 | 3173 | 4647 | 2946 | 4297 | 8210 | 7669 | 7940
Total leaf 3 4575 ] 4389 | 4482 | 5690 | 4762 | 5376 | 8661 | 8271 | 8466
area 4 4438 | 4150 | 4294 | 56833 | 4429 | 5031 | 7850 { 6531 | 7191
5 4150 | 4080 | 4120 | 5414 | 4247 { 4831 | 7730 ! 6410 | 7070
Mean (A} 4006 | 3554 4963 | 3993 7913 { 7064
L.S.D0.05 | A=342 B=541 AxBx 765 | A= 470 B= 743 AxB=1051| A= 467 H= 738 AxB= 1043
Season 2000-2001
1 (Control} 68.0 | 507 [ 639 [ 727 [ 683 { 705 | 823 | 783 80.3
2 71.3 66.7 | 89.0 81.3 723 75.8 B85.7 8§3.3 84.5
3 767 ) 703 | 735 | 87.0 | 78.3 2.2 | 947 | 86.0 | 90.4
Plant heigh 4 77.0 | 71.3 | 742 | 853 | 77.0 | B1.2 | 923 | 853 | 8a.8
5 747 | 707 [ 727 | 850 { 77.7 | 814 | 923 | 850 [ 89.2
Mean 735 | 67.7 823 | 749 895 | B3B
L8.D0.05 |A=NS. B=NS AxB=N.S.|A=2503 B=7.95 AxB=11.24] A= 4.47 B=7.07 AxB=10.01
1 (Control) L% 75.0 79.9 97.3 $0.0 93.7 } 1150} 103,07 1090
2 30.3 82.7 885 | 1150 987 | 10591 1230 1120 1175
k 98.7 88.0 | 924 | 1200 | 1110} 1155 ) 130.0 | 1180 | 124.07
Number of 4 110.0 ] 1004 ] 106.2 ) 125.0 } 113.0 | 119.0 ] 138.0 ] 1300 | 134.0
leaves 5 118.0 | 107.2 | 1126 | 130.0 | 126.3 | 128.2 | 140.0 | 1350} 1375
Mean (A) 99.9 90.7 117.5 | 107.4 129.2 | 1198
LS.D0.05 |A=9.20 B=14.54 AxB*20.57] A= N.S. B=22.44 AxB=31.73] A=665 B=10.51 AxB= 14.87
1 {Control)} 3601 | 2994 | 3273 | 4372 | 3660 | 4017 | 6981 | 8315 6648
2 3813 | 2959 | 3386 | 5804 [ 4056 | 4930 | 8067 | 7810 | 7939
3 4967 | 4772 | 4870 | 6750 | 5870 | 8310 | 8427 | 8235 8331
Total leaf 4 4686 | 4553 | 4820 | 5954 | 5342 | 5648 { 7980 | 6768 | 7374
area - 4863 | 4411 | 4637 § 5334 ) 5218 5276 | 7824 | 7180 7502
Mean (A) 4386 | 3928 5643 | 4829 7856 | 7262
LSD0.05 | A=375 B=593 AxB= 0839 A= 4561 B=730 AxB= 1032] A= 406 B=642 A«B= 908

A=Preplanting NPK soil addition B= Fertigation levels of NPK A*B= Interaction
Levels of fertigated NPK fertilizers, as ammonium nitrate (33% N)i phesphoric acid (85%
P;0s) and potassium sulphate (48% K.Q) kg/plastic house, 540 m" as follows:-

1) 50 - 25 - 30 (control)
2) 75-37.5-45

3) 100-50-§0

4) 125-625-75

§) 150-75-90
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Table (3): Dry weight (g) of roots, stems and leaves of sweet pepper plants as
affected by different levels of NPK during the two successive
seasons, 1999-2000 and 2000-2001.

Season 1999-2000
lant Days after 60 90 120
organ transplantin
" reat t + - Mean| =+ - {Mean| =+ - Mean
reatmen NPK } NPK | (B) | NPK | NPK | (B) | NPK | NPK | (B)
1 {Control) 1.5 1.5 1.5 2.9 2.8 2.9 11.3 9.9 106
2 23 2.0 2.1 3.5 a0 3.3 11.3 10.6 11.0
Roots 3 26 2.5 28 3.9 3.8 3.9 i2.4 11.7 12.1
4 2.7 26 2.7 4.2 4.2 4.2 13.4 12.1 128
5 2.7 2.7 27 43 4.5 4.7 14.5 12.8 13.7
Mean (A} 24 23 29 37 126 | 114
L.$.D 0.05 A=N.S. B=0.40 AxB=057 A=0.18 B=028 AxB=04f A=054 B=0.86 A-B=1.24
1 {Control) 4.5 3.2 38 58 5.4 5.6 22.3 20.4 21.4
2 4.5 35 4.0 7.1 5.8 6.5 24,7 23.7 24.2
Stems k] 4.6 34 4.0 g9 4 7.3 8 28.1 277 279
4 4.6 3.3 4.0 10.1 9.0 9.8 283 28.0 28.2
5 4.6 35 4.1 13.9 | 123 | 131 | 303 | 288 29.8
Mean (A} 4.6 3.4 9.4 8.0 26.7 25.7
L.S.D 0.05 Az0.35 B=N.§. Ax«B=0. A=065 B=103 AxB=1.4 A=N.S. §=2.88 A«B=4.07
1 (Control) 6.9 5.3 8.1 13.2 13.1 13.2 220 20.1 21.1
f 7.9 7.3 7.6 16.9 14.4 15.7 26.7 25.1 25.9
E .3 7.6 8.0 18.3 | 450 | 16.7 [ 301 { 263 8.2
4 .2 7.9 8.1 17.6 15.2 16.4 29.8 26.4 28.1
Leaves 5 4 3.0 8.2 17.0 15.6 16.3 29.9 27.5 28.7
Mean [(A) 7.9 7.2 16.8 14.7 27.7 25.1
L.5.D0.05 A=N.S. B=171 AxB=241 A=1.00 B=1.54 A<B=22 A=2.02 B=3.20 AxB=4.52
Season 2000-2001
1 {Control} 1.8 1.8 1.7 3.5 3.1 33 12.0 10.7 11.4
: 2.5 2.0 23 4.0 4.0 4.0 12.7 10.8 11.8
. 2.8 2.8 28 4.0 4.0 4.0 14.3 13.3 13.8
Roots 4 28 28 2.8 4.1 4.1 4.1 16.3 15.3 15.8
5 2.9 2.8 29 5.1 43 4.7 18.0 17.6 17.8
Mean (A} 2.6 2. 4.1 3.9 14.7 13.5
L.S.D 0.08 A=0.12 B=0.19 AxB=023 A=NS. B=0.33 AxB=047  A=055 B=0.88 A«B=1.11
1 {Control} 5.8 4.4 5.1 7.9 71 7.5 25.8 24.5 25.2
2 5.8 4.8 5.3 100 | 8.4 92 | 274 | 260 26.7
Stems 3 5.€ 4.6 5.3 11.2 9.7 105 | 287 272 28.0
4 5.9 4.8 5.4 12,2 118 1.9 30.0 | 2938 29.9
5 6.2 53 5.8 14.4 12.5 13.5 33.0 31.2 32.1
Mean (A) 5.9 4.8 1.1 g.9 20.0 | 27.7
L.5.D0.05 =032 B=0.5 AxB=0.79 JA=0.70 B=1.12 AxBs1.58 JA=N.S. B=593 AxB=8.28
1 (Control) 78 6.8 7.2 14.4 14.2 143 25.0 21.0 230
4 9.0 8.5 B.8 17.5 15.6 16.8 286 | 260 27.4
9.5 X 9.2 18.5 16.5 17.5 334 27.0 30.2
lLeaves 4 0.8 9.0 9.4 18.3 16.5 17.4 30.2 28.5 29.4
5 8.3 8.4 2.9 8.4 16.9 17.7 30.1 28.3 28.2
Mean (A) 9.1 8.3 17.4 15.8 29.5 26.2
L.5.D 0.05 Ac N.§. B=1.50 A«B=2.13 | A=0.96 B=1.52 Ax8=215 |A=188 B=2.58 AxB=4.21

This might be through its effect on either the biosynthesis or
destruction of some plant hormones (Angelova and Georgieva, 1983 and
Hanafy Ahmed, 1997), and by encourage cell division and cell elongation
(Meyer and Anderson, 1952). On the other hand, some reports mentioned
that increasing nitrogen to certain level increased plant growth, but further
increase in nitrogen fertilization produced no further effect on plant growth.
Similar trend was obtained by Nicola and Basoccu (1994) on sweet pepper
plants. Concerning phosphorus fertilization, present data reveal that
vegetative growth characters increased significantly by increasing P level in
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the compound of NPK fertilizers, similar findings were obtained by Maya ef al.

(1997} and Abd- EI-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 al. (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 levels of phosphorus fertilization had the opposite
effect on vegetative growth characters. Similar results 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) woerking on
cotton reported that the effect of phosphorus nutrition on stomatal behaviour
may be related to alteration of the balance between ABA and cytokinins.
Yoneyama (1988} reported that high P concentration inhibits enzyme
reactions and create abnormal osmotic pressure in the cell. Furthermore, Ma
and Takahashi (1990) and Mandal and Mandal (1990} reported that
application 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 expfain this phenomencn, which include:
(i) Interaction of P with other micronutrients in soil. (i) Interference of P at the
highest level on plant metabolism involving uptake, translocation and
utilization of micronutrients. (i} 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. (1986) on faba bean
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 obiained by Nassar ef al. (2001) on sweet pepper plants.
Obtained results 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 physiclogical
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 piants, enzyme activation, stabilization of the native conformation of
enzymes (Mengel and Kirkby, 1678), metabolism of carbohydrates and
protein compounds (Smith, 1968). Finally, it could be conciuded 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 et al
(2002c) on capsicum plants. In this respect, it can be suggested that
preplanting NPK soil 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 components.

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 NHNO; + 50 kg H;PO, + 60 kg K.SO, /plastic
house) when compared with other levels, with some exceptions. However,
the totai yield in the second season showed non significant increase among
treatments. These results are in harmony with those reported by Bracy et al.
(1995) and Qawasmi et al (1999) on capsicum plants. 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. Simifar suggestion was obtained by Saito ef al.
(1963) and Fisher (1969). On the contrary, Hassan et al. (1993) and Siti of a/.
(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 al.
(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 Hed. 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 fiowered eariier 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 capsicum plants. The
authors found significant increase in fruits number, average fruit weight per
plant as well as early and fotal 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?)
+ - Mean + - Mean| + - Mean
Treatment NPK | NPK | (B) | NPK | NPK | (B) | NPK | NPK | (B}
1({Control) | 308 | 2.80 | 2.04 | 185 | 213 | 204 | 1.50 | 1.49 | 1.50
2 2.88 | 2.93 | 2.61 | 200 | 241 221 | 1.44 | 1.77 | 1.61
Early 3 368 1308 | 383 | 230 | 250 | 240 | 212 | 2.49 | 2.31
yield r) 323 | 303 | 3.43 | 239 | 225 | 232 | 193 | 1.70 | 1.82
5 278 | 233 | 2.58 | 218 | 230 ] 224 | 1.52 ] 1.37 | 1.45
Mean (A} | 3.13 | 2.02 216 | 232 1.70 | 1.76
1L.5.D0.05 A=N.8S. B=092 AxB=1.29 |A= N5 B=26.3 AxB=37.20 |A=N.S. B=0.54 A«B=076
1(Control) | 186 | 226 | 2060 127 | 114 | 121 | 591 | 6.44 | 6.18
2 26.7 | 25.22 | 2506 | 138 | 127 | 133 | 9.21 | 800 | 8.61
3 28.15 | 33.30 { 30.73 | 167 | 122 | 145 {11.75] 10.60 | 10.96
4 22.27 | 28.05 [ 25.16 | 133 | 102 | 118 | 7.40 | 7.15 [ 7.28
Total 5 24.23 | 20.85 | 27.04 | 98 97 98 | 594 | 7.24 | 6.50
yield ™ ean(A) |23.99]27.80 1334 | 1124 8.04 | 7.80
L.S.D0OS A=N.8. B=9.12 AxB=12.90 |A=N.S. B=42 10 AxB=59.60 [A= N.5. B= 1.43 AxB=2.02
Season 2000-2001
1[Control) | 3.86 ] 3.33 | 3.60 | 206 | 224 | 215 ] 1.98 | 1.86 | 1.02
2 348 | 254 | 301 | 210 | 263 | 237 | 1.83 | 1.67 | 1.75
3 410 | 433 | 422 | 212 | 232 | 222 [ 2.17 | 2.51 | 2.94
Early 4 313 | 350 | 332 | 295 | 234 | 265 231 1205 [ 218
yletd 5 555 | 308 | 332 | 210 | 237 | 224 | 186 | 1.82 | 1.84
Mean{A) | 362 | 3.36 226 | 238 203 | 1.98
L.S.D0.05 A=NS Bz 101 AxB= 143 [A=96 B=152 A«B=215 |A=N5 B=N.S. A«B=N.S.
1 17.80 | 18.70 1 18.25 | 141 | 126 | 134 | 6.27 | 580 | 6.08
2 17.50 | 18.90 | 18.20 | 150 | 137 | 144 | 6.56 | 6.47 | 6.52
3 1890 | 17.0 | 1795 | 168 { 186 | 177 { 7.94 | 7.91 | 7.93
Total 4 1760 {1570 {1665 184 | 154 | 169 [ 810 [ 5.04 7.07
yield 5 15.50 | 16.00 [15.75] 167 | 154 | 161 | 6.47 | 6.16 | 6.32
Mean (A) | 17.46 | 17.26 162 | 151.4 707 | 648
L.8.D0.05 A=N.5. B=N.5. A«B=N5. |A=N.S. B=N.S. A«B=N.5. [A=N.S. B=1.70 A-8=N.S.

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 scil addition in both seasons,
except the concentration of Zn in all growth sarmples of the second season
one. Simitar results were obtained by Nassar et al. (2001) and Hanafy Ahmed
et al. (2002 c) on capsicum plants.

With regard to the influence of NPK fertigation levels, data obtained
in Tabies (5 and &) 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 NH4NOG3 + 75 kg H3PO, + 90 kg K;SO, /plastic house)
comparing with the ofher lower levels or control one with some exceptions.
These results are in harmony with those reported by Olsen et al. (1993),
Qawasmi ef al (1999), Guertal (2000), Mohamed and Enzy (2001) and
Hassan (2002) cn capsicum plants. From the present results, it can be clearly
obvicus 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 positive correlation
between the number of roots primordial and cytokinin production, were
reported by Richards (1981) on tomatc. 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 nc phesphorus 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 hell 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, zinc, manganese and copper concentrations {ppm) in the
leaves of sweet pepper plants as affected by different levels of
NPK during 1999-2000 season.

[Chemical Days after
composition| transplantin 60 %0 120
+ - [Mean| + - [Mean| + - [Mean
Treatment | upk | NPK | (B) | NPK | NPK | (B) | NPK |NPK| (B)
{Controf) 1 262 | 254 | 258 | 285 | 27.4 | 28.0 | 301 [300] 301 |
N 2 265 | 256 | 261 | 288 | 27.7 | 28.3 | 315 | 301 | 308 |
3 269 | 265 | 26.7 | 293 | 287 | 29.0 | 322 [314] 31.8
4 27.8 | 27.5 | 27.7 | 29.7 | 29.3 | 29.5 | 33.0 | 324 | 327
5 291 | 28.8 | 29.0 | 31.8 | 30.7 | 31.3 | 349 [3387] 344 |
Mean (A) 273 | 26.8 296 | 28.8 323 | 315
LS.D0.05 FNS B-239 AxB=337 N.S. B=3.22 AxB=N.S. _FNGS B=2.56 A-B=363
Controf) 1 332 | 319 | 326 | 366 | 352 | 374 | 403 [395{ 3.99
2 3.32 | 323 | 328 | 400 | 356 | 3.78 | 412 [ 410 4.1
3 452 | 379 | 416 | 436 | 410 | 423 [ 475 {418 4.47 |
P 4 441 | 426 | 434 | 466 | 440 | 453 | 515 | 605 510 |
5 444 | 430 | 437 [ 485 [ 442 | 464 [ 520 [528( 529
Mean (A) 400 [ 375 4.37 | 4.00 467 | 451
(.5.D00.05 EN.S B=N.S. AxB=N.S, N.S. B=N.S. AxB=N.S. EN.S. B=1.16 AxB=1.64
Control) 1 280 | 233 [ 257 | 23.0 [ 226 [ 228 | 179 [173 ] 176
2 294 | 267 | 281 | 242 | 238 | 24.0 [ 189 [174] 18.2
3 205 | 278 | 287 | 245 [ 243 | 244 | 194 [ 174 ] 184
K 4 207 | 29.0 | 294 | 25.0 | 24.7 | 249 | 209 [176 | 19.3
5 299 [ 297 [ 298 | 26.7 | 26.1 | 26.4 | 208 [ 192 | 200 |
Mean(A) | 293 | 27.3 247 | 243 19.6 | 18.2 |
L.8.D 0.05 =1.67 B=2.63 AxB=3.72 JA=N.S. B=sN.S. AxB=N.S. |A=NS. B=2.50 A«B=3.50
" (Control) 1 705 | 695 | 700 | 850 | 814 | 832 [ 550 [ 475 | 513
2 800 | 790 | 795 | 1050 | 1030 | 1040 | 570 | 510 | 540
3 850 | 825 | 838 | 1100 | 1075 | 1088 | €50 | 590 | 620
Fe 4 913 | ©00 | 907 | 1240 | 1220 | 1230 | 695 | 645 | 670
5 975 | 945 [ @60 | 1290 [ 1265 [ 1278 | 735 [ 710 [ 723
Mean (A) 849 | 83t 1106 | 1081 640 | 586
L.8.D 0.05 =N.S. B=62 AxB=67 =N.S. B=157 A~B=222 jA=42 B=65 AxB=93
_(Control) 1 71 71 71 75 75 75 8.2 80 81
2 79 75 77 81 77 79 89 86 88
3 86 77 82 90 82 86 97 89 93
Zn 4 83 77 80 86 80 83 97 83 90
5 80 77 79 82 79 81 o7 83 90 1
Mean (A) 80 75 83 79 92 84
L.S.00.05 JA=228 B=3.61 AxB=5.10 =2.26 B=3.57 AxB=5.06 =3.11 B=4.92 AxB=6.95
{Control) 1 118 119 | 119 | 108 108 108 103 | 104 | 104
2 120 | 121 121 110 | 116 113 105 109 | 107
3 120 | 126 | 123 112 115 114 | 105 | 111 | 108
Mn 4 123 125 | 124 112 116 114 106 | 114 | 110
5 123 | 126 | 125 | 113 148 16 | 108 [ 115 1112
Mean (A) 121 123 111 [. 115 105 | 111
| LsDo.os =N.S. B=N.S. AxB=N.S. [A=N.S. B=N.S. AxB=N.S. A=N.S. B=N.S. AxB=N.S.
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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 after

composition | transplantin 60 90 120 J{
+ - Mean| + - Mean + - | Mean
Treatment | \o | nNpi (8) | NPK | NPK | (B) | NPK |NPK| (B)
{Control) 1 26.0 | 270 | 275 | 304 | 276 | 290 | 314 | 290 302
N 2 284 | 279 | 282 | 317 | 289 | 303 | 335 [31.2] 324
3 200 | 282 | 286 | 322 | 29.9 | 31.1 | 343 [ 328 33.6
4 29.8 [ 287 [ 293 | 330 | 303 | 31.7 | 350 [33.0 34.0 |
5 30.8 | 300 | 304 | 344 | 336 | 340 | 362 | 344 | 353
Mean (A) 29.2 [ 284 323 | 301 341 [32.1
L.S.D 0.05 A=N.S. B=N.S. AxB=N.S. |A=1.23 B=1.95 AxB=2.75 |A=1.28 B=2.02 AxB=2.86
{Control) 1 339 | 324 [ 332 [ 345 [ 339 | 342 | 420 [ 411 4.16
2 355 1338 | 347 1375 | 3567 | 366 | 425 [418 | 422
3 375 | 360 [ 368 [ 413 | 410 | 412 | 473 [ 445 4.59
P 4 464 | 4.35 | 450 | 475 | 442 [ 459 | 523 [510] 5.17
5 470 | 452 | 4681 | 480 | 463 | 472 | 537 [525] 5.31
Mean (A) 401 | 3.82 418 | 402 4.76 | 462
L.S.D0.05 NS B=0.91 AxB=1.29 N.S. B=0.56 AxB=0.79  FN.S. B=0.57 A~B=0.81 |
Control) 1 271 | 252 | 26.2 | 226 | 22.0 | 22.3 | 18.3 | 17.7 | 18.0
2 283 {275 [ 279 [ 233 | 223 1 228 { 199 [ 19.3 [19.6 |
3 28.9 | 273 [ 281 | 242 | 231 | 237 | 21.0 | 203 [20.7 |
K 4 28.8 [ 284 | 286 | 244 | 238 | 241 | 224 | 207 | 216
3 301 [ 2908 1300 [ 267 [ 242 | 255 | 228 | 222 [225 |
Mean (A) 286 | 27.6 242 | 231 209 | 20.0
L.S.00.05 [N.S. B=N.S. A<B=NS. N.S. B=N.S. AxB=N.S. N.S. B=36 AxB=51 |
{Controi) 1 750 | 740 | 745 | 895 | 822 [ 859 | 540 [ 325 [ 433 |
2 813 810 812 1078 | 1063 [ 1071 590 570 | 580 |
3 888 875 882 [ 1158 | 1175 | 1167 | 618 557 | 588 |
Fe 4 900 | 892 | 896 | 1218 | 1205 | 1212 | 671 655 | 663
3 995 | 942 [ 969 11333 [ 1315 [ 1324 | 763 [ 741 [ 752
Mean (A) 869 | 852 1136 | 1116 638 | 570
L.S.D0.05 [|A=N.S_ B=177 AxB=250 |A=N.S. B=120 AxB=170 |JA=N.S. B=169 AxB=240 |
{Control) 1 7¢ 74 75 77 75 76 83 81 82|
2 82 74 78 83 79 81 86 84 85 |
3 89 82 86 95 81 88 104 89 97 |
Zn 4 83 77 80 89 79 84 g5 86 91 |
5 77 75 76 86 83 85 97 86 92 |
Mean (A) 81 76 86 79 93 85 !
L.S.D0.05 N.S. B=N.S. AxB=N.S. N.S. B=N.S. AxB=24.08 FN.S. 8=N.S. AxB=N.S. _—|
(Control) 1 123 | 124 | 124 [ 111 16 | 114 | 101 101 [ 101 |
2 122 124 _F 123 113 120 117 101 106_| 104 |
3 124 | 126 | 125 | 115 [ 124 | 120 | 104 | 112 | 108
Mn 4 128 130 [ 120 [ 117 [ 124 | 121 106 | 115 [ 111
5 127 | 134 [ 131 121 128 | 125 | 108 | 117 | 113
Mean (A) 125 | 128 115 | 122 104_| 110
L.S.D00.05 IN.S. 8=N.S AxB=NS.  }6.10B8=9.70 A-B=13.70 N.S. B=NS. AxB=NS.
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Also, the author mentloned 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 et al. (1994) and Nassar ef 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 be
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 c¢) 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 NH4NO; + 75 kg HiPO, + 90 kg K;SO, /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 H3PO, + 30 kg K;S0,
/plastic house}; control level.

Furthermoere, 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 NH,NO; + 50 kg H;PO, + 60
kg K;SOy /plastic house) either alone orin combined with preplanting NPK
soil addition treatment, with some exceptions. Anyway, many investigators
mentioned that increasing NPK Yertilizers levels affect positively
micronutrients concentration (Moreno et 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 functions of plant cells and
in turn the uptake of these nutrients including micronutrients from the soil
solution. This conclusion was reported previously by Hanafy Ahmed et al.
(1997) on jew's mallow and radish plants. On the contrary, Kato et al. (1993),
Sergio et al. (1994) and Hanafy Ahmed et al. (2002¢) found that application of
NPK fertiizer had no effect on the concentrations of micronutrients in
capsicumn 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 al. (1999) and Hanafy Ahmed et &f.
(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 contrary, Abd-El-Baky (2000),
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 Table (7) show significant increases in the
percentage of T.8.8S. and T.A. with increasing levels of fertigates NPK up to
moderate rate {100 kg NH4;NO; + 50 kg HaPO, + 60 kg K;SO,/plastic house)
either alone or in combined with preplanting NPK soil addition. Similar resuits
were obtained by Hassan (1997), Maya ef al. {1997) and Hanafy Ahmed et al.
(2002 ¢) on capsicum. In this respect, Midan (1995) and Hanafy Ahmed et al.
(2002 ¢} working on sweet pepper plants mentioned that fruit quality; vitamin
C, total scluble solids and titrable acidity depend on variety, soil fertility and
cultivating date.

Table (7): Fruit length, diameter {cm), size (cm), nitrate (ppm), total sugars {mgl/g d.w.),
vitamin C {mg/100 g f.w.), total acidity (mg/100 g cm’} and total soluble solids
(%) in the fruits of sweet 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
Treatment + - Mean + - | Mean + - | Mean + . Mean
NPKINPK {B] NPKINPK; (B) | NPK |NPK| (B} [ NPK |NPK {B)
{Control) 1 9.2 {101 a7 55{52 54 11.0 (113 11.2 6.4 6.0 6.2
2 10.5110.9 10.7 59154 5.7 108 V117] 113 8.7 6.8 8.8
3 10.6[11.0 10.8 57|60 5.9 11.1 [11.8[ 11.5 6.7 6.5 6.6
4 10.4110.¢ 10.7 54157 58 11.9 f11.1f 11.5 6.5 6.8 67
5 10.710.9 10.8 55153 5.4 11.8 [11.6] 11.7 6.5 5.9 6.7
Mean {A} []10.3}10.8 5655 11.3 [11.5 66 |66
L.S.D0.05 A=NS. B=NS. A«B=N.5. AzN.S. B=N.S. AxB=N.S. | A=N.S. BaN.5. AxBaN.S. A=N.5. B=N.S. A«Bw0.32
Fruit quality Fruit size Nitrate Fruit size Nitrate
{Control) 1 388 [ a78 383 53.1148.71 51.4 408 {408} 407 55.0 [54.1 54.6
2 399 | 383 396 63.5|58.7| €611 395 1411 | 403 545 1524 53 5
3 379 | 398 389 68.1|57.6] 82.9 385 (407 | 396 62.7 [57.1 39.9
4 400 | 398 399 71.5169.7| 70.6 414 [436| 425 67.2 |59.5 §3.4
5 396 [ 381 389 71.1|674| 69.3 431 1416 ] 424 70.7 |64.2 67.5
Mean {A) | 392 | 390 85.5[60.6 407 | 415 620 |57.5
L.SD Q.05 A=N.S BaNS. A:BeN.S. ATN.S Bs0.24 AxBs0.34 | AsN.S. B= 25.5 A-Ba38.1 A=N.5 B-0.20 AxB=0.27
Fruit quality | Total scluble solids | Total sugars | Total soluble solids Totai sugars
{Conmtroli 1 | 5.40{4.70 5.05 6.40(6.74; 6.57 4.72 1480] 478 884 |70 6.93
2 6.30]4.80 5.55 6.3416.02] 6.18 530 J4.81) 5086 6514 |6.78 6.46
3 65.54 1570 6.12 570|584 577 6.35 15.30( 5.83 534 |5.88 561
4 5901548| 569 [524[586| 545 | 800 [521] 561 | 494 (558 5728
5 585(500] 543 [4.94{514] 504 | 6.00 1532] 566 | 428 [490] 459
Mean {A) ]6.00[5.14 572]5.88 567 |5.00 551 |6.03
L.S.D 0.05 AxD.7) BaM.S. A.8<1.64 AzN.S. 8=069 A.8=0.98 | A=0.57 B20.50 A.B=127 Ax{34 B=053 A.B=075
Fruit quality Vit. € Total acidity Vit. € Total acidity
{Control) 1 252 | 250 251 160 /1856 183 245 1240 243 128 | 152 140
2 264 | 262 263 1721192 | 182 258 | 258 258 152 | 160 156
3 2711 2684 268 20312351 219 258 2521 255 184 | 208 196
4 281 | 282 282 192 1199 196 280 {2711 276 176 | 171 173
5 286 | 284 285 160 1182 171 282 278 | 280 128 | 152 149
Mean (A) | 271 | 268 177 [ 195 65 | 260 154 | 169
L.S.D Q.05 AsN.S 9=N.5. A:B=N.5 A®13 B= 30 A-Bx44 A=N.S. BsN.S. AuB=N.S. A=NS. B= 32 A:Bxif

2497



Hanafy Ahmed, A.H, et al,

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
NHsNQO; + 75 kg HaPQ, + 90 kg K,S0Q, /plastic house) as single treatment or
combined with preplanting NPK scil 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), Qlsen et al (1993) and Aliyu (2000) on capsicum. On the contrary,
Hanafy Ahmed et al (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 ¢) in sweet pepper fruits. In this
respect, it can be suggested that Jack response of sweet pepper 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 soii pH which recorded in
Table (1) might be cause a reduction in the availability of micronutrients in the
root zone for cuitivated 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 NH,NQO; + 75 kg H;PO, + 90 kg K;SO, / plastic house ) as
single treatment or combined with preplanting NPK soil 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
seascon which showed no significant increase with treatments. Similar resuits
were obtained by Moreno et af (1996) and Mohamed and Enzy (2001) on
capsicum piants. 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 slight
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
ompositior
Treatment N; - [Mean| + - |Mean]| + - [Mean| + - [Mean
K [NPK [ (B) |NPK {NPK | (B} {NPK |NPK [ (B) |[NPK [NPK | (B)
{Control}1| 99 9.3 9.6 2.82 268 | 275 1108 9.5 192 | 276 | 270 | 273
2 11.8 10.1 11.0 2.85 289 1292 | 129 [11.0 [120 |282 | 274 | 278
3 14.0 12.8 13.4 3.15 3.12 1314 (1468 | 1358 | 141 3.28 |3.20 | 324
4 14.3 13.4 13.9 3.87 382 1385 | 155 |[14.2 [149 | 375 | 3.62 | 3.69
5 16.5 14 8 15.7 3.93 3.85 3.94 17.4 {168 | 167 | 400 3385 {383
Mean (A) § 13.3 12.1 3.34 3.28 14.1 12.8 332 {322
L.S.D 0.05 1A=1.03 B=163 AxB=2.30 A=N.§. B=071 A«B=1.01 |\=0.83 B= 1.31 AxB=186 J\=NS B8=0.84 AxB=N.5.
Chemical K Fe K Fe
compositio|
(Control})1{ 288 | 284 | 286 365 333 349 290 {283 |287 376 345 361
2 30.19 29.2 | 28.7 435 410 423 311 297 | 30.4 428 400 414
3 30.2 | 301 30.2 450 415 433 33.1 31.5 ] 323 468 423 446
4 31.3 130.2 | 308 480 465 473 337 [324 1331 485 450 468
5 31.9 j308 [314 495 475 485 356 | 340 | 348 490 483 487
Mean {A) | 30.5 | 29.8 445 420 325 | 31.2 449 420
L.S.D0.05 [A=N.S B=NS. AxB=NS| A= 13 B=231 AxB=43 |A=N.5 8= 261 A-B=363A=N.S. B=75 AxB=106
Chemical Zn Mn n Mn
compositio
{Contrel} 1| 30 30 30 13 13 13 34 30 32 14 13 14
2 35 a2 3 15 18 16 37 33 35 18 16 16
3 38 34 36 15 16 16 40 35 38 16 16 16
4 40 36 38 17 17 17 42 37 40 16 16 16
5 43 as 41 18 18 18 43 38 41 19 19 19
Mean {A) 37 34 16 18 39.2 | 346 16 16
L.5.D 0.05 [A=NS B=843 «B=1192 [ A=NS. B=31 A«B=44 | A=N.§. B=7.01 AxB=0.92] A=N.§ B=NS, A-B=N§.
Chemical Pb Ni Pb Ni
compositio
{Control)1| 368 [3.15 [ 342 {190 {222 1206 |385 1350 (368 [200 | 253 [227
2 385 1333 |359 11680 |180 180 |333 9350 1342 1175 180 |1.78
3 350 {315 (333 [187 [180 [189 {333 (315 [324 220 |1.29 | 1.75
4 315 [ 298 [3.07 1.80 1.80 180 | 315 {298 [307 1.97 1.9 1.94
5 280 {280 | 28D {200 1.80 195 | 280 | 280 [280 (228 185 | 2.06
Mean (A} | 340 | 3.08 1,89 ]194 320 1319 204 |1.87

LS.DO0.05 [A=0218=20.33 AxB=0.47 {A=N.5. B=N.5. AxB=N.S. | A=N.S. B=0.36 A-B=0.51[A=N.S. 8=N.5. A<B=N.S.

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

Concerning 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 Niin NPK mineral fertilizers. These results are in harmony with
those reported by Hanafy Ahmed ef al. (2002c) 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 NH4;NOs + 37.5 kg H3PO,+ 45 kg
K280, /plastic house) and with (50 kg NH{NO; + 25 kg H3PO, + 30 kg K:5C,
Iplastic 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, aithough 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 normal plants or human consumption. These results were confirmed
by Abd-El-Maksoud (1993} who reported that the toxicity limits of Pb were
200 ppm in plant and 0.6 ppm/ kg for human body. In 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, Manafy Ahmed et al. (2002 c)
working on sweet pepper, mentioned that increasing NPK fertilizers increased
significantly nitrate concentration in fruit tissues.

Concerning 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
NH4NO; + 75 kg HiPO, + 80 kg K;S0, /plastic house) either alone or in
combined with preplanting NPK soil addition. Similar results were obtained by
Fontes et al (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 NH,NO; + 75 kg HsPO, + 90 kg
K,S80, /piastic 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 NOj as a result of an excess of N uptake over reduction. Rufty et
al. (1982) 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
accumulation in the plant. This might be due to the utilization and conversian
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 accumutation, Barker and Maynard (1971) and
Maynard et al. (1976) mentioned that phosphate was found to have no or
only little effect on the nitrate accumulation. In this respect, Korschunow
(1988) on potato, Gao et al. (1989) on Chinese cabbage and spinach and
Hanafy Ahmed et al. (2002a) on rocket plants, indicate that high P
concentration inhibit nitrate reductase activity and is accompanied by less
nitrate uptake and accumulation .Moreover, many investigators showed that
increasing potassium fertilizer leve! reduced nitrate accumulation in many
vegetables (Ni Wu Zhong ef al., 1997; Xiu Fengo and {to, 1998 and Hanafy
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 rcle 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 ef 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 availablility of micronutrients in soil solution. In this connection, Hanafy
Ahmed ef 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 (1980) 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: a molybdenum-protein cofactor (MoCa) for NR and an iron-
containing hydrochlorin (siroheme) for NiR. Moreover, Mengel and Kirkby
{1978} mentioned that manganese is essential in photosystem H 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 elementis
implicated aiso in nitrate reduction. Concerning total sugar concentrations
data in Table (7) indicate that application of preplanting NPK soil 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 et al. (1995) on capsicum
and Hanafy Ahmed et al. (1997)on jew's maliow 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 significantly by
increasing levels of fertigated NPK either alone or in combined with
preplanting NPK soil addition up to (150 kg NH,NO; + 75 kg H3PO, + 90 kg
K;SO, fplastic 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 ef af. (1987)
on jew's mallow and radish plants and Hanafy Ahmed et al. (2002 a and c) on
sweet pepper and rocket plants, respectively. Furthermore, itis 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 inceorporated 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 Blom-Zandstra and Lampe (1985) and
Hanafy Ahmed (1996) on lettuce, Hanafy Ahmed et al. (1997) on jew's
mallow and radish as well as Hanafy 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 vacucles
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 to compensate for
the declining osmotic value. This suggestion is in 2 good agreement with that
of Blom-Zandstra (1989). Furthermore, ancther suggestion could be put
forward to explain the roie 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 Zicni et al. (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, aithough 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
still less than the critical limits permitted to be found in normal plants or
human consumption.
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