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ABSTRCT

Field investigation was conducted during the fall seasons of 2000 and 2001 to
study effects of spacing and P-K fertilization on tomato (Lycopersicon esculentun,
Mill) production and quality, and fertilizers use efficiency, in a newly reclaimed
calcareous soil. The obtained results indicated that planting tomato transplants at
20cm, significantly gave greater early and total yield than 40cm. However, a reverse
trend was true for average fruit weight. Fertilizing tomato plants with 60 kg P20s + 72
kg K:O fed” resulted in the highest mean value of acidity in fruits juice. The plants
fertilized with the highest levels of P and K produced fruits having the lowest titratable
acidity percentage. The interaction of plant distance by P-K fertilization treatments had
significant influences on N, P and K concentration in leaves and fruits. The most
effective treatment combination was that of the narrow spacing with 60 and 24 kg of
P,0s and K,O fed”, respectively, for leaf N concentration and the wide spacing with
90 and 72 kg of P20s and K20 fed”, respectively, for leaf P and K%. Values of N and
P % in tomato fruits were the highest under wide spacing with 60 and 24 kg of P20s
and K;0 fed”’ and 90 kg P20s + 72 kg K0 fed™, respectively. K concentration in
tomato fruits recorded the maximum magnitude as a result of planting at the narrow
spacing and fertilizing with 60 and 72 kg P20s and K20 fed”. A higher N uptake in
fruits was obtained from the intensive planting, at any level of P; whereas increasing K
level depressed fruits N uptake. However values of N uptake were in a decreasing
order with 30, 60 and 90 kg P20s, irrespective of K level. P uptake in tomato fruits was
significantly higher with intensive than low plant density. At any level of P, increasing
K level decreased P uptake. growing tomato plants at 20cm, significantly stimulated
the use efficiency of NPK than at 40cm. Use efficiency of N, P and K reached the
maximum with the applications of 30 kg P20s fed™ and 24 kg K20 fed” together, and
decreased with increasing fertilization level. When tomato plants spaced 20cm and
provided with 30 kg P2.0s and 72kg K0 fed”, use efficiency of N, P and K reached
the maximum.

INTRODUCTION

Tomato (Lycopersicon esculentun, Mill.) is one of the mostimportant
and popular vegetable crops in Egypt. Increasing productivity and quality of
tomato crop can be achieved through expanding the cultivated area,
especially at the newly reclaimed soils as Nubaria region and /or improving
the cultural practices. The area devoted for tomato crop, during the summer
season in the newly reclaimed soils at Nubaria region increased to 27300 fed.
Most of this area (around 88.9%) is calcareous due to the presence of
CaCO0..The carbonates, due to their relatively high solubility, reactivity and
alkaline character,buffer the pH of most calcareous soils within the range of
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7.5 to 8.5. The presence of CaCO; in the calcareous soils affects their
physical properties such as soil-water availability to plants and soil surface
crust. Carbonates, directly or indirectly, affect the chemistry and availability of
N, P, K Mg, Mn, Zn, Cu, and Fe (Obreza et al.; 1993 and Marschner, 1995).
Although, soils of Nubaria region generally, have a high P content, tomato
growers still feel that larger amounts of P fertilization, than the recommended
ones, are required to insure perceived fertilization- related reductions in yield
and quality or to maintain soil P reserve ata high level. This philosophy is
consistent with the ‘buildup and maintenance’ approach to soil fertility (Fixen
and Grove, 1990). Abd-El-Hadi, et al. (1990 and 1998) found that addition of
potassium to Egyptian soils increased the production of most crops, and
plants, greatly, improved the retention of water in the plant tissues even
under conditions of severe water stress. Amer (1995) concluded that sand
content was the main modifier for exchangeable K critical level, which
increased from 200 mg kg™ for soils having more than 85% sand to 500 mg
kg” for those containing 85-45% sand. Etman (1991) reported enhancing
effects on yield potential of tomato (total fruit yield and average fruit weight)
and fruit quality (total soluble solids and vitamin C contents) as a result of
increasing NPK rate. Likewise, Hartz et al. (1999) clarified that the influence
of K nutrition on total soluble solids content of tomato fruits was positive.
Plant density has been recognized as a vital step in stepping up yield and
quality of tomato.

Gupta and Shukla (1977), and Bhatnagar and Pandit (1979) concluded
that the closest the spacing, the highestwere the marketable tomato fruits
yield. Hassan et al. (1982) reported that increasing plant density, significantly,
increased total and first grade yields of tomato but early yield was not
affected. Likely, results of Mohamedin (1983) and Midan et al. (1985)
indicated improving effect on total tomato fruits yield per unit area with the
narrow spacing compared to the wide one. El-Fadaly (1991) reported that the
maximum marketable and total fruit yields were obtained when tomato plants
were planted at 100x20 cm, while the best early yield was reccrded at 80x20
cm. Etman (1991) exhibited that decreasing spacing between tomato plants
led to reductions in average fruit weight and vitamin C and titratable acidity
contents.

The present study was undertaken in order to asses the effects of wo
plant spacing and P-K fertilization treatments on vegetative growth
parameters, yield and yield components and fruit quality of tomato plants
grown under calcareous soil conditions. In addition, the plant elemental
content, uptake and use efficiencies of N, P and K were considered.

MATERIALS AND METHODS

The present investigation was conducted at the experimental farm,
Nubaria Horticultural Research Station, North Tahrir, during the fall seasons
of 2000 and 2001. The experimental site belongs to the newly reclaimed
calcareous soils irrigated by the surface irrigation system. Preceding the
initiation of the investigation, in each season, soil samples from the upper
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layer of the experimental site to 20 and 20-40cm depth were collected and
analyzed for some chemical, physical properties according to the published
procedures (Page, 1982 and Klute, 1986). Results of analyses are shown in
Table (1). It was a deep sandy clay loam and has a medium permeability
while it was a well drained.

Table 1. Some soil chemical, physical and nutritional characteristics of
the experimental site in the two growing seasons.

Growing Seasons
Characteristics 2000 2001

0-20cm  P0-40cm [0-20cm _ [20-40 cm
EC;dSm" 1.52 1.85 1.75 2.05
pH (1:2.5 soil: water) 8.25 8.19 8.15 8.10
OM; % 0.55 0.39 0.45 0.35
CaCO;; % 26.5 28.05 28.20 29.35
NO; + NH.; mg kg™’ 39.80 48.50 30.28 33.51
NaHCO;-P; mg kg™’ 13.30 10.65 12.12 11.52
Exch.-K, mg kg™’ 395.50 320.50 325.50 298.50
Sand; % 85.5 84.3 83.5 85.3
Soil texture class = SEL SCL SCL SEL

SCL= sandy clay loam

Tomato seeds cv. Castlerock were sown in the nursery on May 2, 2000
and May 4, 2001. Thirty-five days, after seed sowing, the seedlings were
transplanted into the field on one side of rows at two different spacings; 20
and 40 cm between seedlings. Nine fertilization treatments representing all
the combinations of three P fertilizer levels (30, 60 and 90 kg P,Os fed") and
three potassium fertilizer levels (24, 48 and 72 kg K;O fed™") were applied.
There were 18 treatment combinations in total. Calcium Super phosphate
(15.5 % P,0s) and Potassium sulphate (48% K;O) were the respective P and
K sources. A seasonal total of 70 kg N fed” in form of ammonium nitrate
(33.5% N) was, also, applied. Application of N, P and K fertilizers were as
follow: 1/3 N + 2/3 P,0s after 3 weeks of transplanting, 1/3 N + 1/3 P;0s + 1/2
K,O at the beginning of flowering and 1/3 N + 1/2 KO just after fruit setting.

The experimental design used was a split-plot system in a randomized
complete blocks design, with three replications. The main contained the two
spacings between plants, while the sub-plots were allocated to P-K
fertilization treatments. The experimental unit contained two rows; Sm long
and 0.9m wide, the sub plots were separated by two guard rows. All
agromanagments necessary for tomato production were followed.

During the growing season the following data were recorded:

1. Vegetative growth characters

Eight weeks after transplanting, plant height was measured from the
ground level to the terminal growing point and numbers of branches per plant
were counted.
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2. Yield and yield components

Tomato fruits of ten plants, randomly chosen from the center of the sub-
plot, were harvested at 5 days intervals, starting from 10" and 15" August in
2000 and 2001, orderly. The following data were considered:

a. Early yield (the first three pickings) fed”,

b. Total yield,

c. Average fruit weight using total weight and number of fruits in each

picking.

3. Fruit quality

A random sample of fruits was chosen from each treatment at the an
picking to determine the following: titratable acidity, total soluble solids (TSS),
vitamin-C content: as outlined in A.O.A.C. (1984). Percentage of dry matter,
as well, was calculated after drying fruits at 70 °C in a forced-air oven.

4, Chemical composition

Leaf samples from four randomly chosen Plants after 80 days of
transplanting, and fruit samples taken from the 6" picking were dried and
ground for chemical determinations. The dried leaves and fruits samples
were wet digested using sulfuric acid and hydrogen peroxide (FAO, 1980).
Nitrogen, phosphorus and potassium concentrations were determined
according to Westerman (1988) using Vapodust 50 nitrogen distillation unit,
spectrophotometer 21D and Jenway flame photometer, respectively.

5. Uptake of N, P and K in tomato fruits
The following formulas were applied to calculate uptake of N, P and K
N, P, K uptake =
Fruit N, P, K concentration (%) x fruit dry matter (kg fed™")
6.Use efficiency of N, P and K fertilizers (UE)
The following formulas were applied to calculate use efficiency (UE) of
N, Pand K
NUE, PUE, KUE =
Fruits yield (kg fed") = N, P, K applied level (kg fed™),
7.Accumulation efficiencies of N, P and K fertilizers (AE)
N, P and K fertilizers accumulation efficiencies in fruits NAE, PAE and
KAE was calculated as:
NAE, PAE, KAE =
Fruits N, P, K uptake (kg fad") + N, P, K applied level (kg fed”)

Aporopriate analyses of variance were performed on the data of each
experiment and cver the two experiments using MSTAT-C software (Freed,
1988). Comparisons among means of the different treatments were carried
out, using Duncan’s multiple range test as illustrated by Gomez and Gomez
(1983).
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RESULTS AND DISCUSSION

1. Vegetative growth characters

The data concerning the effects of spacing and P-K fertilization
treatments on the vegetative growth of tomatoes are presented in Table (2).
The results showed that the increase of distance between tomato plants from
20 to 40 cm was not associated with a corresponding increase in the
averages of either plant height or number of branches plant’. There was a
slight increase in plant height due to the wide spacing; it did not appear to be
an effective factor in this respect. The obtained results, in general, were in a
line with Gupta and Shukla (1977), Etman (1991) and Fontes and Fontes
(1993).

The responses of plant height and number of branches to its various P-K
fertilization treatments did not reflect any significant differences (Table, 2).

Table 2. Effects of spacing and P-K fertilization treatments on vegetative
growth of tomato plants during the fall seasons of 2000 and

2001.
PK' 2000 2001 Combined 2 years
Treat- D1T | D2 | Mean D1 | D2 | Mean D1 | D2 | Mean
ments Plant Height (cm)*

PiKze [45.93a 45.88a 45.91A [50.42aba 42.33de 46.37A [48.17ab 44.11bc 46.14A
PiKsa 44.57a 44.25a 44.41A U6.42a-e 43.32de 44.87A [44.49abc 43.78bcd 44.64A
PwKr2 @44.33a 43.57a 43.95A W4.67b-e 44.27cde 44.47A. |4450abc 43.92bc 4421
PeocK2« 46.33a 52.37a 49.35A [9.17a-d 43.77cde 46.47A [7.75abc 48.07ab 47.91a
Psoes [36.08a 46.72a 41.40a M0.25e 46.12a-e 43.18a [38.17d  46.42abc 42.29A
PsoKr2 42672 43.17a 42.92a 4567a-e 51.48ab 48.57A M4.17bc 47.32abc 45.74A
PyKze [50.00a 43.35a 46.67A [44.17cde 46.62a-e 45394 |47.08abc 44.98abc 46.03A
PsoKes #3.15a 48.07a 4561A [45.35a-e 52.10a 48.72a [44.25bc 50.08a 47.17a
PyKr, 42.07a 48.23a 45.15a [4248de 45.37a-e 43.92A l42.27cd 46.80abc 44 544
Mean |43.908 46.18A 44.93a | 4540A 46.15A 4577A | 4454a 46.16A 45.40A
No. Branches Plant”
PoKze | 5.00a 533a 5.17a | 4.33a 433a 4.33A | 467a 483a 475
P3cKas 500a 4.00a 4.54 5.00a 467a 483A | 5.00a 433a 467a
PyK:;; | 467a 467a 4.67a | 4.33a 3.33a 3.83a | 4.50a 4.00a 4.25A
PesoKazs 467a 667a 567A | 500a 533a 5.17a | 4.83a 6.00a 5.42a
PeoKas 533a 533a 533A | 567a 500a 5.33A | 550a 517a 5.33a
PaoKr2 5.00a 4.67a 4.83A | 4.33a 433a 433A | 467a 4.50a 4.58a
PwKze | 4672 4.00a 4.33A | 4.00a 367a 3.83a | 4.33a 383a 4.08a
PaoKas 500a 3.67a 4.33a 5.33a 4.00a 4.67A 5.17a 3.83a 4.50a
PeKr, | 433a 5332 4.83a | 467a 6.33a 5504 | 4.50a 583a 5.17a
Mean 4854 485A 485A | 4.74a 456A 4.65A | 4.80A 470A  475A
! P levels= 30, 60 & 90 kg P;0s fed™, K levels= 24, 48 & 72 kg KO fed"
1l distance 1= 20 cm, distance 2= 40 cm
*Values marked with a common letter within a comparable group of means of the main
effects and its treatment combinations are not significantly different using Duncan’s
multiple range test at 0.05 level

The interaction effects of spacings with P-K fertilization treatments was
found significant on plant height and insignificant on number of branches
plant’. Planting tomato seedlings at 40 cm and with the application of 90 kg
P.0s +48 kg K,O appeared to be the most favorable integrated treatment,
which resulted in the longest plants.
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2. Yield and its components

Planting tomato transplants at 20 cm, significantly gave greater early and
total yield than at 40 cm (Table, 3). The reverse was, however, true for
average fruit weight. According to the combined analysis of results, the
increments in early and total yield at 20 cm over those at 40 cm were 54.6 and
23.3%, respectively; whereas the reduction in fruit weight was 7.9% indicating
that the increase in the plant population per unit area was more than to
compensate the decrease in average fruit weight. Therefore, the narrow
spacing appeared more productive than the wider spacing. A general
agreement was noticed between these results and those reported by many
investigators, such as Bhatnagar and Pandita (1979), El-Fadaly (1991), and
Smith et al. (1992).

Table 3. Effects of spcing and P-K fertilization treatments on total yield
and its components of tomato plants during the fall seasons of
2000 and 2001.

PK' 2000 2001 Combined 2 years
Treat-| D1Y | D2 [ Mean D1 [ D2 [ Mean D1 | D2 | Mean
ments Early Yield (ton fed™)*

PiKz [7.89a  4.82fg 6.36A 9% 179 4380E [7.44a 330g 5.37a8
PuKe [7.73ab  4.85fg 6.29a [5.35bc 4.43gh 5.398C [7.04a 4.64de 5.84A
PKs [5.33ef 3.11hi 422 02cd 563cde 5.83a8 [5.67bc 4.37ef 5.028C

PscK2e [7.18abc  4.80fg 5.99AB .94b 3.93hi  5.438B 7.06a 4.36ef 5.71A
PsoKss 15.41ef  3.42h 4.41DE 49def 3.11j 4.30e 5.45bc 3.26g 4.36D
PscK7z 6.34cde 3.98gh 5.16CD 94efg  3.59i 427 15.64bc  3.79fg 4.71cD
PsoKze 6.64bcd 3.51h 5.08cp 8.08a 4.06hi 6.07a 7.36a 3.79fg 5.58A
PaoKas [7.27abc  2.23i 4.75CDE [4.84fg 4.96efg 4.89cD [6.05b 3.59g 4.82cD
PeoKr, 4.92fg 5.73def 5.32BCc  |5.59de '5.72cd 5.66AB  |5.26cd 5.72bc 5.49A8
Mean §6.52A 4.058 5.29A 6.14A 4.148 5.14A 6.332A  4.098  5.21A
Total Yield (ton fed™)
PwoKze [27.46abc 12.57) 20.02e [30.68a 18.53de 24.60A [29.07a 15.55g 22.31A
PyKe [25.86cd 17.31h  21.59cD [25.01b 20.53cd 22.77AB [25.44b 18.92ef 22.18A
PoKra [22.25f 18.03gh 20.14DE [24.14b 24.22b 24.18A [23.19¢c 21.12d 22.16A
PsoKzs 126.48bcd 19.51g 22.998c [24.45b 17.03e 20.74cD [25.46b 18.27f 21.87A
PsoKes [19.49g 19.16gh 19.32e  |19.88cde 18.74de 19.310  [19.68def 18.94ef 19.31A
PeK72 29.502 18.50gh 24.008 [20.81cd 18.88cde 19.84D [25.15b 18.69f 21.92A
PyoKze [28.11ab 23.37ef 25.74a [19.96cde 18.20de 19.080 [24.04bc 20.79de 22.41A
PooKes [17.64gh 12.08j 14.86F [2452b 17.57de 21.058CD [21.08d 14.82g 17.95A
PwoKs2 [15.051 24.74de 19.90e [22.03bc 24.58b 23.30AB (18.54f 24.66bc 21.60A
Mean [23.54a 18368 20.95A [23.50a 19.818  21.65A [23.52a 19.088 21.30A
Fruit Weight (g)
PyKze |74.46cd 74.91cd 74.69C [74.49a B85.06a 79.77a [f4.4Ba 80.00a 77.23A
PyKis 82.21a-d 83.58abc 82.89a8 [69.12a 80.58a 74.85a [75.66a 8208a 78.87A
PyKs2 [75.42cd 91.25a 83.34aB [75.58a 84.47a 80.02a [75.50a 87.86a 81.68a
PsoKas [77.44bcd 72.68d 75.06c [75.45a 77.14a 76.30a [76.44a 7491a 75.68A
PeoKes [76.76bcd 77.40bcd 77.088c [79.57a 75.25a 77.41A [78.16a 76.33a 77.25A
PeKr2 [85.68ab 84.15bc 84.91a [67.44a 81.43a 7443a [76.56a 82.79a 79.67A
PooKae [77.61bcd 89.93a 83.77a8 [76.43a 85.06a 80.74a [77.02a 87.49a 82.25A
PgoKis [72.87d 83.75abc 78.31aBC [72.46a 85.46a 78.96A [72.66a 84.61a 78.64A
PgoKr2 [78.74bcd 76.22bcd 77.488C [83.07a 95.01a 89.04a |80.90a 85.62a 83.26A
Mean [77.918 81.54A 79.73A [74848 83.27a 79.06A |[76.388 82.41A 75.3%A
I P levels= 30, 60 & 90 kg P,0s fed™”, K levels= 24, 48 & 72 kg KO fed”
q distance 1= 20 cm, distance 2= 40 cm
*Values marked with a common letter within a comparable group of means of the main
effects and its treatment combinations are not significantly different using Duncan’s
multiple range test at 0.05 level
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The results of Table (3) reflected the significant effects of P-K fertilizer
treatments on early and total yields as well as on average fruit weigh. The
maximum early and total yields were attained due to the application of 48 kg
K,0+30 kg P;0s and 24 kg K,O+90 kg P,0s fed™ orderly. The enhancing
effects on early and total yields due to these particular treatments can be
explained on the basis that the amounts of P and K fertilizes applied to the
growing plants were comparatively adequate and balanced to face the
demands of the growing plants than the other ones. Mengel (1978) and Smith
et al. (1992) came to a similar conclusion.

The interaction effects between the two spacings and the nine P-K
fertilization treatments on early and total yields were found significant (Table,
3). Average fruit weight, however, was not affected. At 20 cm distance
between plants, the addition of K at rate of 24 kg K,O fed™' together with P
fertilizer at the rate of 30 kg P,0s fed’ was superior and associated with the
best early and total yields, compared wnh all other treatment combinations.

3. Fruit quality

The comparisons between the means of the two spacing treatments (20
and 40 cm) showed insignificant effects on T.T.S., acidity, vitamin C and dry
matter contents of tomato fruits (Tables, 4 and 5).

As a result of using different P-K treatment combinations, titratable
acidity of tomato fruits showed some significant differences, but the estimates
of T.S.S., Vitamin C and dry matter contents did not reflect any significant
dlfferences (Tab|es 4 and 5). Fertilizing tomato plants with 60 kg P,Os + 72
kg KO fed" remarked the best treatment combination that attained the
highest mean value of titratable acidity in tomato fruits j julce On the other
side, the plants fertilized with 90 kg P,0s + 72 kg KO fed” i.e. the highest
levels of P and K produced fruits having the lowest titratable acidity
percentage. Moursy et al. (1992) concluded that, W|th increasing K fertilization
level from O to 50, 100 and 150 kg K,O fed’ , TSS reflected successive
increases. The same trend of data was obtained by Feher (1981) who found
that K was favorable for total acidity. Hartz et al. (1999), concluded that
Potassium nutrition has been linked to tomato quality factors of importance to
both paste and peeled products. Juice color and pH were not correlated with
soil K availability or plant K status. Soluble solids was correlated with both
soil exchangeable K and midseason leaf K concentration. The effects of the
interaction between plant distances and P-K fertilization treatments on T.S.S,
acidity and vitamin C were found significant (Tables, 4 and 5). On the other
hand, fruit dry matter was not significantly affected.
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Table 4. Effects of spacing and P-K fertilization treatments on fruits quality of
tomato plants during the fail seasons of 2000 and 2001.

PK | 2000 2001 Combined 2 years
Treat- | D1' | D2 | Mean D1 | D2 | Mean D1 | D2 | Mean
ments TSS (%)

P3oKzs 54333 5533a 5483A | 5.700a 5.067a 5.383A | 5.567ab 5300abc  5.433A
P3oKas 61002 5000a 5550A | 5.100a 53002 5.200A | 5.600ab 5.150abc 5375
P3oKr2 49672 5367a 5167A | 5.400a 5000a 5.200A | 5.183abc 5.183abc  5.183A
PeoKza 4767a 5600a 5.183A | 4.800a 5.367a 5.083A 4783¢c 5.483abc 5.133a
PgoKas 4800a 5667a 5.233A | 53332 5467a 5.400A | 5.067abc 5.567ab 5.317a
PaoKrz 4067a 5867a 5417A | 5667a 4.967a 5.317A | 5317abc 5.417abc  5.367A
P3oKza 47333 5167a 4.950A | 5.133a 5.167a 5.150A | 4.933bc 5167abc  5.050a
PsoKaz 502002 55002 5.350A | 5.300a 4933a 5.117A | 5.250abc 5.217abc  5.233A
PgoKr2 56002 40900a 5250A | 6.,33a 4.967a 5500A | 5817a 4.933bc  5.375A
Mean 5 174A  5.400A 5287A | 5.385A 5137A 5.261A | 5280A  5.260A 5274A
Acidity (%)
P1oKza 0.978def 0978def 0.978cD| 1.081a 0.872a 0.977a | 1.030b-e 0.925ef 0.9778C
P1oKsa 1287ab 1.054cde 1.170s | 1.104a 0.822a 0.963a | 1.195ab  0.938ef  1.067A8
PaoK72 0974def 1.159a-d 1.067sc | 1.015a 1.057a 1.036a | 0.995cde 1.108a-e 1.051ABC
PaoKas 1026def 1.158a-d 1.091ec | 1.092a 0966a 1.029a | 1.059b-e 1.081b-e 1.080AB
PgoKas 0.853fg 0.963ef 0.9080 | 1.093a 0.947a 1.020a | 0.973de  0.955de  0.9648C
PaoKrz 1340a 13352 1.337a | 1.004a 0937a 0.970a | 1.172abc 1.136a-d  1.154a
PsoKas 1.065cde 0.082def 1.024co | 0.929a 0998a 0.963a | 0.997cde 0.990cde 0.994BC
PsoKas 0.943ef 1.225abc 1.0848Cc | 1.155a 1.281a 1.218a | 1.049d-e 1.253a 1.151A
PoK, |1098b-e 0.713g 09060 | 1.077a 0.836a  0.956A | 1.087a-e  0.775f 0.931c
Mean 1063A 1.063A 1.063A | 1.061A 0968A 1.015A | 1.062A  1.016A  1.038A
Vitamin C (mg/100mi juice
P1oKae 226003 37.550a 40075 | 36.233a 36.837a 36.535a |39.417abc 37.193c  38.305a
P1oKss 40.750a 447833 42.517a |43.500a 41.157a 42.333a [42.125abc 42.725ab  42.4254
PoKr2 428332 42.833a 42.833a | 40.000a 35.500a 37.750a |41.417abc 39.167abc 40.292a
PsoKa 42083a 40.083a 41.083a |44.083a 38.417a 41.250a | 43.083ab 38.250abc 41.167
PsoKas 380502 44.233a 41.2424 | 36.5832 40.000a 38.292a | 37.417c 42117abc 38.767A
PsoKr2 45500a 41.167a 43.333A |42.667a 38333a 40.500a | 44.083a 39.750abc 41.917A
PgoKae 278332 442502 41.042a | 39.767a 43.333a 41.550a | 38.800bc  43.792b  41.296A
PaKas 40.250a 44.233a 42.242A |41.250a 41.500a 41.375a |40.750abc 42.867ab  41.808A
PgoKss 30 167a 42.667a 40917A |38.250a 45.750a 42.000a | 38.708bc  44.208a 41.458A
Mean 41.03a 4237A 41.70A | 40.26a 40.09a 40.18a | 40.64A 41.23A __ 40.94a
TP levels= 30, 60 & 90 kg P;0s fed ', K levels= 24, 48 & 72 kg K0 fed™
§ distance 1= 20 cm, distance 2= 40 cm
~alues marked with a common letter within a comparable group of means of the main
effects and its treatment combinations are not significantly different using Duncan’s

multiple range test at 0.05 level.

Table 5. Effects of spacing and P-K fertilization treatments on dry matter
content of tomato fruits during the fall seasons of 2000 and 2001.

PK 2000 2001 Combined 2 years
Treat- D1" | D2 | Mean D1 | D2 | Mean D1 | D2 [ Mean
Ments Fruit dry matter content (%)

P30Kaz4 573a 577a 575A | 5.35a 5.64a 550A | 554a 571a 5.62A
PaoKas 6972 518a 6.07a | 593a 5.20a 556a | 6.45a 5.19a 5.824A
P1oKr2 606a 467a 537A | 6152 4.82a 548a | 6.11a 4.75a 5.434
PsoKas 5.96a 564a 580A | 519a 562a 540a | 557a 5.63a 5.60a
PsoKes 604a 4.40a 522A | 542a 550a 546A | 573a 4.95a 5.59A
PeoK7z 5792 5.44a 562A | 516a 4.43a 4791 | 547a 4.93a 5.20A
PaoKzs 519a 5.19a 519a | 5.24a 527a 526A | 521a 523a 5.22A
Paokas §25a 494a 560A | 5.69a 522a 545A | 597a 508a 5534
PgsoKrz §73a 468a 571A | 568a 461a 5.14A | 621a 4.64a 5.42A
Mean 619a 511a 571A | 5.53a 559a 556A | 586a 5414 5.64A
| P levels= 30, 60 & 90 kg P,0s fed”, K levels= 24, 48 & 72 kg K;0 fed™
1 distance 1= 20 cm, distance 2= 40 cm
*Values marked with a common letter within a comparable group of means of the
main effects and its treatment combinations are not significantly different using
Duncan’s multiple range test at 0.05 level
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4. Chemical compositions of leaves and fruits

Data in Tables (6) and (7) showed that the narrow spacing between
plants, significantly, increased leaf N concentration; but depressed fruit N
concentration compared to the wider spacing.

Table 6. Effects of spacing and P-K fertilization treatments on N, P and
K concentration in leaves of tomato plants during the fall
seasons of 2000 and 2001.

PK' 2000 2001 Combined 2 years
Treat- D1 | D2 | Mean D1 | D2 | Mean D1 | D2 | Mean
ments Leaves N Concentration (%)*

PaocKze 231bc 1.87f 2.09c 2.37a 1.89a 2.13D | 2.34de  1.88hi 2.11¢
PaoKeg 271a 1.75hi 2.23c | 268a 179a 2.23BCD | 269ab 1.77i  2.238C
PaK72 2.29cd 1.94e-h 2.11c 2.35a 200a 2.17cp | 2.32de 1.97ghi 2.148C
PsoKas 280a 212cf 245aB| 2.77a 2.15a 2.46AB 2.78a 2.14efg 2.46a
Peoes 1 2.03d-g  1.81i 1.82D 2.02a 1.65a 1.83e | 2.02fgh 1.63j 1.830
PsoKr2 2.75a 226cd 251A 2.77a 2.38a 2.58A 2.76ab 2.32de 2.54A
PgoKas 2.57ab 1.80ghi 2.18¢c 2.62a 1.84a 2.23cp | 2.58ab 1.82hij 2.20BC
PeKie | 2782 1.77ghi 2.278c| 2.33a 1.85a 2090 | 2.55bc 1.81jj  2.188C
PacKs2 2.22cd 2.17cde 2.19¢ 2.48a 2.22a 2.35ABC | 2.35cd 2.20def 2.278
Mean 2.49A 1.92B 221A | 2.49A 1.97B 2.23A 2.49A 1.958 2.22A

Leaves P Concentration (%
PiKa [0.43fgh 0.44fgh 0.44cD | 0.43fg 0.45efg 0.44c | 0.43gh 045fg  0.44c
PuKi |0.47efg 0.44fgh 0.46¢D | 0.47ef 047ef 0478c | 047f 0.45fg  0.46De
P32 0.41h 0.46fgh 0.43D 0.41g 047ef 0.44c 0.41h  0.46fg 0.44e
PeoXze | 0.43gh 0.52cde 0478C | 0.42fg 0.52cd 0.478C | 0.43gh 0.52de  0.47CD
PeoKis | 0.44fgh 0.55abc  0.498 | 0.43fg 0.55bc 0498 | 0.43gh 0.55bcd  0.498¢C
PaKrz | 0.49def 0.54a-d 0.518 | 0.48de 052cd 0508 | 0.48¢f 0.53cd 0.508
Pgokzy 0.42h 0.58a 0.508 0.41g 0.57ab 0.498 0.42h 0.58ab 0.50BC
PeoKss |0.55abc 0.55abc  0.55A | 0.54bc 0.56abc  0.55A |0.55bcd 0.56bc = 0.55a
PyoKr, |0.53b-e 0.57ab 0.55A |0.52bcd 061a . 0.56A | 0.52cd 0.59a 0.56A
Mean 0.46A 0.52A 0.49A | 0.46A 053A 0.49a 0.46A 0.52a  0.49A
Leaves K Concentration (%

PwKz |2.06fgh 2.03fi 205 [2.18b-e 200e 209c |212def 202fg 2070
PuKs |2.29abc  2.12ef 2.21C |2.34abc 2.13b-e 2.238Cc | 2.32ab 2.13def 2.22¢
P1oK72 2.35a 2.32ab 2.34a |2.29abc 2.33abc 2.31aB | 2.32ab 2.32ab 2.32a8
Psol24 2.01ghi 2.18de 2.09e |2.13cde 2.15b-e 2.14c 2.07efg 2.17cde 2.11D
PsoKes 12.11efg 2.27a-d 2.19cD [2.23a-d 2.40a 231AB |2.17cde 2.34ab 2.25g8C
PeK7z | 2.31ab 231abc 2.31AB| 243a 234ab 239a | 237a 232ab | 235
PsoKzs 1.96i 2.20cde 2.08E | 2.03de 2.26abc 2.14c 1.99g 223bed  2.11D
PsokKas 2.00hi 2.23bed 2.11DE | 2.00e 2.30abc 2.15¢ | 2.00g 2.27abc  2.13D
PuK72 | 2.19de 2.30abc 2.24ec [ 2.18b-e 242a 2.30a8 | 2.19cd 2.36a 2.27AsC
Mean 2148  2.22n  218a | 2204 226a 223K | 217 224n | 2.71A
| P levels= 30, 60 & 90 kg P,0s fed”, K levels= 24, 48 & 72 kg K;0 fed "'

1l distance 1= 20 cm, distance 2= 40 cm
“Values marked with a common letter within a comparable group of means of the main
effects and its treatment combinations are not significantly different using Duncan’s
multiple range test at 0.05 level
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Table 7. Effects of spacing and P-K fertilization treatments on N, P and
K concentration in fruits of tomato during the fall seasons

of 2000 and 2001.
PK' 2000 2001 Combined 2 years
Treat- | DAY | D2 | Mean | D1 | D2 | Mean | D1 [ D2 [ Mean
ments Fruits N concentration (%

PyKz [2.31bcd 2.22cd 226BC [2.40a 2.21a 2.31A 2.35cd 2.21de 2.288C
PyKe [217cd 2.33bed 2.258C [2.21a 2.43a 2.32A 2.19de 2.38cd 2.298C
PyKrz [2.12cd 2.33bed 2.238C [2.17a 2.40a 2.28A 2.15de 2.36cd 2.268BC
PeoKze 2.15cd 2.61ab 2.38aB [2.26a 2.71a 2.48a 2.20de 266b 2.43AB
PsKis [1.98d  2.24bcd 2.11c  [2.00a 2.26a 2.13A 1.99e 2.25cde 2.12C
PeoKr, 2.12cd 294a 253A [220a 2.93a 257A [2.16de 293a 2.55A
PuKa [2.31bcd 2.24bcd 2.278C [2.40a 2.42a 2.32A 2 35¢cd 2.24cde 2.30BC
PwKis [2.45bc 2.15cd 2.30BC [2.17a 2.20a 2.18A 2.31cd 2.17de 2.24BC
PgoKrz [2.15cd  2.50bc  2.328 2.17a 2.51a 2.34A 2.16de 2.50bc 2.338
Mean | 2.208 2.40A 2.30A |2.22a 2438 233a | 2218 241a 231A
Fruits P concentration (%
PyK: [035de 0.30e 032c [0.35a 0.32a 0.330  [0.35gh 0.31h 0.33p
PiKis [0.37bcd 0.37bed 0.378 0.38a 0.39a 0.388C [0.37d-g 0.38c-g 0.38C
PyKr: [0.36cd 0.39a-d 0.388 0.35a 0.39a 0.37co [0.36efg 0.39b-f 0.37C
Peckzs [0.392-d 0.37bcd 0.388 0.41a 0.39a 0.40ABC [0.40a-d 0.38c-g 0.398C
PeoKes [0.37cd 0.37bcd 0378  [0.38a 0.37a 0.38C 0.37d-g 0.37d-g 0.37¢
PeK:2 [0.41abc 0.39a-d 0.40AB [0.41a 0.43a 0.42aB [0.41a-d 0.41abc 0.41AB
PooKze [0.36cd 0.42ab 0.39AB [0.36a 0.45a 0.40aB [0.36fg 0.43a 0.398C
PooKis 10.39a-d 0.40abc 0.40aB [0.40a 0.41a 0.40aBC [0.3%b-e 0.40a-d 0.408C
PoKr, 0.42ab  043a  0.42a 0.42a 0.43a 0.43A 0.42ab 0.43a 0.43A
Mean 0388 0.39A 038A |0.388 040a 0.39a | 0384 0392 0.39A
Fruits K concentration (%)
PioKze 3.33i 3.42f1 338t [3.38a 3.26a 3.32c  [3.35g 3.34gh 3.35D

PsoK:s [3.43fi 3.57b-e 3.50cD [3.48a 3.63a 3.55A 3.45d-g 3.60abc 3.53B

PyoK» [3.52def 3.63a-d 3.58sc [3.36a 3.66a 3.51aB [3.44d-g 3.65ab 3.54B

PeoKze 3.13] 3.46e-h 3.30E [3.26a 3.45a 3.358Cc [3.20h  3.45¢c-g 3.33D

PeoKis [3.48efg 3.54cf 3.51BcD [3.58a 3.53a 3.60A 3.53b-f 3.58a-d 3.55AB
PeKrz [3.73a  3.64abc 3.69A 3643 3.61a 3.62A [3.69a 3.62ab 3.66A

PgKze [3.36hi 3.40ghi 3.38€ 3.46a 3.45a 3.46ABC [3.41fg 3.42efg 3.42CD
PeoKes [3.57b-e 3.40ghi 3480 [3.54a 3.42a 3.48asCc [3.55a-e 3.41fg 3.488C
PsKs» [3.68ab 3.4%efg 3.588  [3.62a 3.44a 3.53aB  [3.65ab 3.64c-g 3.56AB

Mean 347~ 351A 349A |3.48A 3.50A 3.49a | 348a 3.51a 3.49A

1P levels= 30, 60 & 90 kg P.0s fed ", K levels= 24, 48 & 72 kg K;0 fed”

9 distance 1= 20 cm, distance 2= 40 cm

*\alues marked with a common letter within a comparable group of means of the main
effects and its treatment combinations are not significantly different using Duncan’s
multiple range test at 0.05 level

Nevertheless, whether the plant distance was narrow or wide, P and
K concentrations in leaves and fruits were not significantly affected. The
effects of P-K fertilization treatments on N, P and K concentration in leaves
and fruits of tomato reflected significant differences (Tables, 6 and 7). The
obtained results, indicated obviously that the application of P and K at the
rates of 60 kg P,Os and 72 kg KO fed”, together, was remarkable and
resulted in the highest concentrations of P and K in the leaves and fruits of
tomato. Increasing P rate to 90 kg P,Os together with the previous rate of K
gave the maximum concentration of P in both the leaves and fruits of tomato.
The interaction of plant distance by P-K fertilization treatments had some
significant influences on N, P and K concentration in leaves and fruits
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(Tables, 6 and 7). The most effective combination treatment was that of the
narrow spacing + 60 kg P,Os + 24 kg K;0 fed” for leaf N concentration and
that of the wide spacing + 90 kg P,0: + 72 kg KO fed™, for leaf P and K
concentrations. Values of N and P concentrations in tomato fruits were the
highest when the plants were transplanted at the wide spacing and supplied
with 60 kg P,Os + 24 kg KO fed” and with 90 kg P,Os + 72 kg KO fed™,
respectively. K concentration in tomato fruits recorded its maximum
magnitude as a result of planting at the narrow spacing and fertilizing with 60
kg P,Os + 72 kg K;0 fed'. Concentrations of K in leaves reached adequacy
levels in all treatment combinations (Locscio et al. 1997).

5. N, P and K uptake and accumulation efficiencies of fruits

Results in Fig. (1) illustrate that the higher intensive planting resulted in
a higher N uptake in fruits than the lower intensive planting. At any level of P,
increasing K level depressed N uptake in fruits, since, the values of N uptake,
irrespective of K level, were in a decreasing order with 30, 60 and 90 kg P,Os,
orderly. These results indicate that tomato plants grown in soils having high
NaHCO,-P content can found adequate available P to face their requirements.
Therefore, the application of P over a particular level may cause a case of
unbalance of fertilization. Similar findings were reported by Hochmuth and
Crrijo (1999).

Fig. (2) shows that the P uptake in tomato fruits was significantly higher
with intensive than low plant density. At any level of P, increasing K level
decreased P uptake. Likewise, at any level of K, increasing P level decreased
K uptake. These results illustrated the importance of the balance between P
and K elements depending on the soil test and the critical level of response.

Potassium uptake of tomato fruits was comparatively higher under
intensive than under low density of planting (Fig., 3). At the low level of P (30
kg P,Osfed’) increasing K level reduced K uptake. However, at 60 and 90 kg
P,0sfed”, increasing K level augmented K uptake.

Results of fruits N accumulation efficiency (Fig., 4a) indicated that the
low planting density decreased NAE comparing with the intensive planting.
The data showed significant decreases in NAE with the increase of PK
fertilization level. The highest NAE values were observed for the treatments
having 30 kg P20s fed" and decreased with the increase of P level. Also
interaction effects of P-K fertilization showed reduction in NAE with the
increase of K level from 24 to 48 and 96 kg K;O fed'at the same P level.
These results confrmed the importance of basing the fertilizer
recommendations on soil testing (Amer 1995).
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Data of fruits P accumulation efficiency (Fig., 4b) indicated that the low
density of planting decreased PAE, comparing with the intensive planting.
The data showed significant decreases in PAE with the increases of P
fertilization level. The highest PAE values were obtained from the treatments
that received 30 kg P,Os fed” and decreased with the increase of P level.
The interaction of P-K fertilization showed also a disturbed response in PAE
with the increases of K level from 24 up to 96 kg K;O fed™ at the different
levels of P.

Potassium accumulation efficiency (KAE) data reflected importance of
K fertilization on tomato production under newiy reclaimed lands (Fig., 4c).
Under the low K fertilization (30 kg K;O fed™"), KAE reached 260% from the
added amount of K, which means a depletion of soil K; since increasing K
fertilization decreased KAE to be near the fertilizer application rate without
depletion on soil K, reflecting the concept of fertility build up (Fixen and Grove,
1990).

6. Use efficiency of N, P and K fertilizers
Data in Table (8), clearly indicated that cultivated tomato plants at 20
cm significantly stimulated the use efficiency of NPK than cultivating at 40 cm.
At 20 cm distance between plants the estimated use efF iciency of N, P and K
averaged 336.0 kg fruits kg N"', 1140.3 kg fruits kg P, and 748.0 kg fruits kg
K'. At 40cm distance between plants, the use ef‘F c:ency of N, P and K
averaged 272.6 kg fruits kg N”', 881.8 kg fruits kg P, and 572.0 kg fruits kg K’
The influence of P-K fertlllzauon treatments on the use efficiency of N, P
and K denoted a significant response (Table 8). Use effncnency of N, P and K
reached the maximum with the applications of 30 kg P,0Os fed” and 24 kg K;0
fed’ together, whereas it reached the minimum for N and P with the
application of 90+48kg P,0Os + KO fed™’ , respectively; and, for K with 90 kg
P,0s + 72kg K,O fed™'. Use efficiency of N, P and K reflected some significant
effects for the interaction between P-K fertilization treatments and by spacing.
However, at any fertilization treatment, the use efficiency of N, P and K
appeared higher under the narrow than under the wide spacing. When tomato
plants spaced 20cm and provided with 30 kg P,Os and 72kg K,0 fed™, the
use efficiency of N, P and K reached the maximum.
These results suggested that the balanced fertilization depending on soil
testing and critical levels with the intensive
planting gives the highest return from each of the fertilizers N, P and K
units. Whereas under the low density of planting to produce the same tomato
fruits yield, more P and K fertilizers should be applied. Potassium nutrition has
been linked to tomato quality factors of importance to paste products.
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Table 8. Effects of spacing and P-K fertilization treatments on N, P and
K use efficiency of tomato during the fall seasons of 2000 and

2001.

PK'
Treat-
ments
P3oKas
PaokKae
P3oK7z
PaoKas
Psoles
PscKr2
PsoKz4
PsoKas
PODKT!

000

2001

Combined 2 years

D1

B

| Mean

D1 | D2 | Mean

D1

[ D2 [ Mean

Use Efficiency, kg fruits kg N’

392.3abc
1369.4cd
317.9f
378.3bcd
278.4g
421.4a
401.6ab
252.1gh
215.0i

179.6]
247.3h
257.5gh
278.6g
273.5gh
264.3gh
333.9ef
172.5)
353.4de

286.0
308.4co
287.70E
328.58C
276.0
342.98
7.8A
212.3F
284.2e

438.3a 264.7fgh 351.5A
357.3b 293.2def 325.38
344 .8bc 346.0b 345.4a8B
349.2b 243.3h  296.3cD
284.0d-g 267.7e-h 275.80E
297.2de 269.7e-h 283.5CDE
285.1d-g 260.0gh 272.5
350.3b 251.0h 300.7cC
314.7cd 351.1b  332.9a8

415.3a
363.4b
331.3¢
363.8b
281.2def
359.3b
343.4bc
301.2d
264.9f

222.29
270.3ef
301.8d
261.0f
270.6ef
267.0f
296.9de

211.8g
352.3bc

318.7a
316.8A
316.5a
312.4a
275.98
313.2a
320.2a
256.5C
308.6Aa

Mean

336.3A

262.38

299.38

336.0a 283.08  309.3A

336.0A

272.68

304.3A

P ;GKZI
PagKas
P1oK72
Peakze
PeoKaa
PsoKs2
PsoKae
PsokKaa
PsoK72

P

Use Efficiency, kg fruits kg P’

2094.7a
1972.5a
1697.3b
1018.5d
749.6ef
1134.5¢c
720.8e

452.4g

1386.0gh

959.0ef
1320.8d
1375.1cd
750.2ef
736.5ef
711.6ef
599 .4f
309.6h
634.3ef

1536.88
1646.6A
1536.28
884.4C
743.00
923.1¢
660.1D
381.0F
510.2

P340.1a 1413.6cd 1876.8A
1908.0b 1565.7c 1736.88
1841.1b 1847.2b 1844.2a
0.2d 655.1fgh 797.7¢
E;4.6ef 720.6ef 742.6D
00.3e 726.1ef 763.2cD
511.8ghi 466.6hi  489.2G
528.8efg 450.7i  539.7F
564.8f-i  630.2efg 597.5€

2217 .4a
1940.2b
1769.2¢
979.3f
757.1g
067 .4f
616.3gh
540.6hi
475.4i

1186.3f
1443.2e
1611.2d
702.7g
728.5g
718.9g
533.0i
380.1j
632.3g

1701.8A
1691.8A
1690.2A
841.08
742.8C
843.18
574 6D
460.4c
553.8D

Mean

1136.2A

821.88

979.08

1144.4A 94178  1043.1A

1140.3A

881.88

1011.1A

PagKas
PoKrz
PeoKae
Psolas
PsaKr2
PaoKazs
PsoKas
PgoKs2

K

Use Efficiency, kg fruits kg K_

1380.0ab
649.7¢
372.7hi
1330.7b
489 7f
494.1f
1412.7a
443 3fgh
252.1]

631.8e
435.0fgh
302.0j
980.2d
481.1fg
309.5j)
1174.6¢
303.4jj
414.4gh

1005.9¢
542.4D
337.36
1155.58
485.4E
402.0F
1293.6A
373.4FG
333.3G6

15416a 931.3cd 1236.4A
6285 5157f 572.1D
404.3ghi 405.6ghi 405.0F
1228.04 856.0d 1042.28
499.5f  470.8fg 485.1€
348.5§ 3162] 33246
1003.0c 914.4d 958.7¢C
616.1e  441.5fgh 528.8DE
369.0hij 411.7ghi 390.3FG

1460.82a
639.1g
388.5jk
1279.6b
1494 .6h
1421, 3ij
1207.8¢
529.7h
310.6i

781.6f
475.4hi
353.8kl
918.1e
475.9hi
313.11
1044 .5d
372.5jk
413.1j

1121.2A
557.38
artec
1098.8A
485.38
367.2C
1126.2a
451.18
361.8C

Mean

758.3A

559.28

658.7A

737.7A 58488 661.2a

748.0A

572.08

660.0A

I P levels= 30, 60 & 30 kg P;0s fed™, K levels= 24, 48 & 72 kg K0 fed”
1 distance 1= 20 cm, distance 2= 40 cm
*Values marked with a common letter within a comparable group of means of the main
effects and its treatment combinations are not significantly different using Duncan’s
multiple range test at 0.05 level
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