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Abstract
The Effect of Potassium Fertilizer on Yield and Quality of Processing
Tomatoes
By
Muhannad Jawdat Al- Azizi
Supervisor
Dr. Mahmoud Kasrawi
Co-supervisor
Dr. Butros Hattar

Tomato Lycopersicon esculentum is the most important vegetable
crop in Jordan. An openfield experiment was conducted at University of
Jordan Research Station in Jordan Valley for seasons 1997 and 1998.
Three cultivars used (‘Faridah’ , ‘Wafa’ and ‘Guardian’) and four

potassium fertilizer levels (0, 50, 100, 150 Kg K,S0, / ha.) were used

Application of potassium fertilizer increased tomato early yiequ, total
yield, total soluble solids, titratable acidity, dry weight, leaf potassrium
content and fruit potassium content, but did not affect fruit firmness,
specific gravity, pH, juice yield, and juice color in 1997 season. In the
1998 season, potassium fertilizer application increased tomato fruit yield,
total soluble solids, dry weight, juice titratable acidity, juice color, leaf

potassium content and fruit potassium content in all sampling dates
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xii
except color in date 1 and leaf potassium content in date 3. Potassium
~ fertilizer application decreased juice pH, but did not affect fruit number
per plant, juice yield , fruit firmness and fruit specific gravity in all
sampling dates. The higher vield and best quality was achieved at 100 Kg
K,S0,/ ha. |
‘Faridah’ has lower pH in 1997 and lower vield and fruit and leaf

potassium content in 1998. ‘Guardian’ has higher pH and lower Juice

color, fruit firmness and juice yield in 1997, higher leaf potassium content

in 1998.
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1. Introduction

Tomato (Lycopersicon esculantum, Mill.) belongs to the
Solanaceae. 1t is originated from Mexico and Central America and then
distributed all over the world (Mas, 1983). Tomato is one of the most
important vegetable crops worldwide. The world planted area in 1994 was
2850 thousand hectares with a production of 7754 thousand tons (FAO,

1994). In Jordan, tomato is the leading vegetable crop; the planted area in

1995 was 11104.6 hectares with total production of 439736 tons (Annual

Agricultural Statistics, 1995). This high production of tomatoes includes

fresh market, processing and export.

Specific gravity of the fruit, juice yield, total soluble solids, pH,

titratable acidity and juice color of tomato fruits are important parameters
that contribute to processing quality. Consumer acceptance, nutritive value
and expiry period are affected by quality of processing tomato. Also prices

of processing tomato depend on total soluble solids and fruit appearance.

Several factors affect tomato quality such as cultivar, climatic
conditions and cultural practices including fertilization, Fertilization_
process has many benefits incluuding increase of yield, improvement of
crop quality and compensating the consumed nutrient minerals in rotation
programs. Potassium fertilizer is mostly related io Quality factors where it

affects total soluble solids, titratable acidity and juice color in tomato in
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addition to the positive effect on yield.

Since no studies were reported on potassium effect on processed
tomaté under local conditions, this work was carried out to study the effect
of potassium fertilizer on the productivity and fruit quality of three
processing tomato hybrids. Quality parameters includcd: total soluble

solids, titrable acidity, juice pH, juice yield, juice color, fruit firmness, and

fruit specific gravity.
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Among plant nutrients, potassium is mentioned most often in relation
to crop quality. Potassium deficiency caused premature dropping and poor
coloration of tomato fruit and relatively poor keeping quality of various fruit

and vegetable crops (Black, 1967).

Jolly ef al. (1988) and Szlek ef al. (1990) reported that potassium
deficiency can induce Fe chlorosis in soybean and tomatoes due to a specific
role of potassium in Fe availability at the roots through hydrogen ion efflux.
Brady et al. (1968) mentioned that stomata guard cells gain turger pressure
by importing potassium into the cells and the plants deficient in potassium

has lower transpiration.
2.2 Yield:

Extra NPK fertilizer applied at the rate of 142-83-158 pounds per acre
to the high fertility level plots increased tomato yield 12% in tomato(Vittum
et al, 1962). Potassium fertilizer at the levels of 50, 200, and 350 ppm K,0O
in the nutnient solution had little effect on greenhouse tomato yield, which is
attributed to the high potassium level in the substrate (65% compost + 35%

perlite) (Tsikalas and Manios, 1985).

Kolota and Orlowski (1984) reported that the vigorous plant growth
and the highest tomato yield were obtained from plants receiving K,O at 400

mg/iiter soil. However, increasing potassium fertilizer from 90 to 135 Kg/ha
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caused significant tomato vield increase (4%-24%) at three of the four sites
of the experiment with extractable soil K less than 125 mg/Kg; no yield
response was observed at the five sites with greater soil potassium supply
(Hartz et al, 1996). Also where potassium fertilizer was not applied,

»

potassium deficiency symptom was apparent and tomato yield was reduced

(Orphanos and Papadopoulos, 1980).

Eid (1991) reported that the highest tomato fruit yield was obtained
when plants were fertilized with 200 Kg N + 64 Kg P,05 + 72 Kg K;0O per
faddan (Faddan = 4.2 dunums) which is the highest level used of NPK
fertilizer. Other researchers reported that the most favorable fertilization for
high tomato yield was the highest level of K at the rate of 166 g K/m? which

- delayed ripening (Varis and George, 1985).

On the contrary, others showed that the early yield of tomato was
depressed by the lowest and the highest levels of potassium (10 and 800 mg
K/ liter, respectively) in the nutrient solution (Adams and Grimmett, 1986).
Kattan ef al (1957) reported that the different treatments of fertilizer
(including potassium fertilizer at 100 and 200 1b. /acre, 1b = 0.45 Kg, acer =
4 dunums) did not affect tomato yield. The K:N ratio increase from 14:1 to
2:1 in the fertigation solution had no significant effect on early or total yield
of tomato, with no significant differences in early and total yield between

cultivars used (Papadopoulos and Khosla, 1993).
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2.3 Total soluble solids:

The increase in total soluble solids improved tomato quality, and
increased paste production per unit juice. Extra NPK fertilizer applied at the
rate of 142-83-158 pound per acre (pound = 0.45 Kg, acre = 4 dunums)
significantly increased the soluble solids of tomato fruits (Vittum et al.,
1962). Soluble solids of tomato fruits was increased significantly with
increasing potassium fertilizer from zero to 93 Kg K/ha, but no further
significant increase occurred with higher K rates (Picha and Hall, 1982).
Total soluble solids was increased by the application and increasing
application rates of potassium fertilizer in nutrient solution and in irrigation

systems (Adams ef al., 1978; Rao, 1994).

On the contrary, Hartz ef al. (1996) found that tomato fruit soluble
solids content was not affected by potassium fertilization up to 135 Kg/ha at
any site used in the experiment. Kattan ef al. (1957) indicated that total
soluble solids of the processed tomato products did not seem to be related to
any fertility factor and a rather wide range of application of potassium (100-

200 Ib./acre, Ib = 0.45 Kg, acre = 4 dunums) failed to exert any significant
effect on the total soluble solids of the fruit. Picha and Hall (1982) reported

that different cultivars differ significantly in total soluble solids.
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2.4 Titratable acidity:

Increasing titratable acidity in tomato fruits improves the flavor of
processing tomato. It was found that the increase of NPK fertilizer level to
200 Kg N+ 64 Kg P,Os+ 72 Kg K,0 / Faddan (Faddan = 4.2 dunum) led
to significant increase in tomato fruit vitamin C and fitratable acidity (Eid,
1991). Similar results were found by Vittum et al. (1962). Titratable
acidity of tomato juice increased with increasing potassium rate from zero
to 744 Kg/ ha (Picha and Hall 1982). Increasing potassium fertilizer in the
nutrient solution and in the irrigation systems resulted in a significant
increase in tomato fruit titratable acidity (Adams and Grimmett, 1986; Rao,
1994). However potassium was an important factor related to acidity in the
locular tissue and the entire fruit of tomato (Mahakun ef al,, 1979). There
were significant differences in tomato juice titratable acidity between

different cultivars (Picha and Hall, 1982).
2.5 Juice pH:

Reducing pH of tomato juice improved fruit quality which affects
microorganism activity. Vittum ef al..(1962) showed that the extra NPK
fertilizer at the rate 142-83-158 pound/ acre (pound = 0.45 Kg, acre = 4
dunums) had no apparent effect on tomato juice bH. Pericarp pH of tomato
fruit did not change with increasing potassium fertilizer up to 186 kg / ha but

decreased at potassium rate above 186 kg / ha (Picha and Hall, 1982). In
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another study, potassium fertilizer up to 200 Ib. K,0/ acre (Ib = 0.45 Kg,
acre = 4 dunums) did not affect pH of tomato fruit juice (Kattan et al.,

L]

1957).

Potassium was an important factor related to acidity in the locular
tissue and the entire fruit of tomato; whereas phosphorus was related to
buffering activity in the pericarp tissue and the entire fruit (Mahakun ef al,

1979), and they found that there was a negative correlation between

titratable acidity and pH
2.6 Juice color:

The development of red color in tomato fruit during ripening is
mainly due to the synthesis of carotenoid pigments particularly lycopene
(Trudel and Ozbun, 1971). They also reported that lycopene content of
tomato juice was increased with increasing potassium concentration in the
nutrient solution up to 8 meq/ liter with a slight decrease when
concentration was increased to 10 meq K/liter. Blotchy ripening is a
disorder that involves the failure of the inner pericarp tissue of the tomato
fruit to color and soften normaily during ripéning (Dick and Shattuck,
1987), and they found that potassium treatment markedly reduced the
iﬁcidence of blotchy fruit of tomato where satisfactory pericarp color for
whole pack production can only be obtained when the potassium

fertilization regime exceeds 500 kg K,O /ha. Similar results were found by
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Picha and Hall (1981). High nitrogen levels significantly increased the
incidence and severity of blotchy ripening and high potassium up to 8 meg
K/ liter improved tomato fruit color (Cotter, 1961). On the other hand,
extra NPK fertilizer at the rate 142-83- 158 pound /acre shified the tomato
juice color toward a redder hue in the first year and in the second year;
NPX fertilizer applied at the rate 158-80-152 pound /acre (pound = 0.45
Kg, acre = 4 dunums) increased tomato juice color but this increase was
not significant (Vittum ef al., 1962). In contrary, tomato fruit color was
unaffected by potassium fertilization up to 135 Kg/ha at any site used in
the experiment (Hartz ef al, 1996). Kattan ef al. (1957) found that

different cultivars significantly differ in tomato juice color.

A

2.7 Firmness:

Firmer fruits gave better quality than softer fruits. Firmer fruits

tolerate the handling, transport and other physical adverse conditions.
Huett (1986) found that the nutrient solution of low nitrogen (1.64 mM)
and low potassium (0.64 mM) treatment produced the softest tomato fruit
while, high nitrogen (16.14 mM) and high potassium (3.26 mM) treatment
produced the firmest fruits. On the contrary, Kattan ef al (1957) reported
that the potassium fertilization did not affect the firmness of raw tomato
fruits. Kasrawi et al. (1981) reported that fruit firmness varied significantly

between some of the tomato cultivars where ‘Cal-J-TM’ has the higher
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firmness and ‘Joran Blood’ has the lowest firmness. These cultivars were
grown under nanfed conditions and irrigated conditions the plants grown

under rainfed conditions has firmer fruits than those under irrigated

conditions.

2.8 Leaf and fruit potassium content:

It was reported that potassium contributed about 85% of the cation
accumulation in tomato fruit tissue, which increased by water deficiency
(Mitchel ef al,, 1991). The potassium content of both tomato fruits and
petioles was increased with increasing concentration of potassium up to 10
meq K/liter i the nutrient solution (Trudel and Ozbun, 1971). However,
they observed that the ratio of the potassium content of the fruit to that of
the petiole generally decreased with increasing concentration of potassium
up to 10 meq K/liter in the nutrient solution. Potassium fertilizer at 40 and
80 gm K,SO, /plant increased the concentration of potassium in the tomato
leaves (Orphanos and Papadopoulos, 1980). On the other hand, the
potassium content of the tomato fruit juices increased with the potassium

fertilizer applied up to 400 gm /m? by base dressing (Adams et al,, 1978).
2.9 Dry weight percentage:

The dry matter content of tomato fruit as a percentage of fresh
weight increased at the higher salinity level (Gough and Hobson, 1990).

Reducing potassium fertilizer concentration from 3.26 mM to 0.62 mM in
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the nutrient solution reduced tomato fruit dry weight significantly from
5.82% to 5.47% (Hutte, 1986). Dry weight of the tomato fruits was Ingher
at 372 and 744 Kg /ha than zero and 93 Kg /ha (Picha and Hall, 1982).
Dry matter content of tomato fruit increased with potassium concentration

in the nutrient solution increase up to 800 mg Kiiter (Adams and

Grimmett, 1986).
2.10 Specific gravity and juice yield

Specific gravity and juice yield werc reported as quality parameters,
which have high heritability and genetic advance (Kasrawt and Amr,
1990). Tomatone treatment reduced fruit specific gravity due to puffiness
which resulted from empty or partially filled locules (Maslamani and
Suwwan, 1987). Plant density did not affect tomato fruit specific gravity
(Shibli and Suwwan, 1987). Differences in specific gravity of tomato fruits
were found between those harvested early and late in the growing season
(Nettels, 1950). Significant differences among some cultivars tested for

specific gravity were reported (Suwwan, 1989, Suwwan and Abu-baker,

1986).
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3. Materials and Methods
3.1 Location

This experiment was conducted during the growing scasons of 1997
and 1998 at the University of Jordan Research Station located in the central
region of Jordan Valley, 32N latitude, 35-30 longitude and 250 meter below

sea level.
3.2 Experimental design

A split-plot arrangement in a randomized complete block design with
three replicates was used. Potassium applied as K,SO, in four levels of 0, 50,
100 and 150 kg K,SO,/ hectare were assigned as the main plots, and three
processing tomato hybdds ‘Faridah’, *Wafa’ and ‘Guardian’ were used as
subplots. Thesc cultivars are widely planted in Jordan . Seeds of these
hybrids were obtained from Eastern Company, Jordan Valley Company and
Agncultural Material Company, respectively. Potassium fertilizer was added
as potassium sulfl‘alc through the drip irrigation system. Fertilizer added in

four times at fitteen days interval starting from flowering time.
3.3 Land selection

There were three fields in the research station. To select onc of the

lowest potassium content, six soil samples were taken, two from each field.

Samples were taken from two depths: 0-15 and 15-30 cm. The field with the
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lowest potassium content was chosen for the experiment and has the

following characteristics:
Soil texture: Loamy sand (sand 75% , silt 12.5% , clay 12.5%)
P: 50 ppm, CaCO;:16.4%, pH: 7.5, E.C. : 2.21 mmhos/cm

Organic matter :0.324 % , available potassium: 139 ppm.

3.4 Land preparation

The land was plowed by moldboard then harrowed by chisel plow.
Raised beds at a width of one meter in the year 1997 and half meter in the
year 1998 were prepared. Diammonium phosphate (20-43-0) was added at
the rate of 500 kg/hectare before planting. Drip irrigation lines and black

plastic mulch were applied on the raised beds.

On January Sth 1997, the seeds were sown in the speedling trays, then
transplanted to the field in February 20th with plant spacing of 1.5m
between rows and 0.35m between plants within a row. In the year 1998 the
seeds were sown in the speedling trays in December 20th 1997, then
transplanted to the field in February 4th, 1998 with plant spactng of 0.75m

between rows and 0.35m between plants within rows.
3.5 Cultural practices

Irrigation was applied depending on the climatic conditions and total

water amount added was about 10000 m*/ ha. Nitrogen fertilizer was applied
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as urea at a rate of 270 Kg/ha during the season. ‘Tachgaren'(Hymexazol),
‘Rimiltin’(Cymoxanil, Copper and Mancozeb) and ‘Evescet'(Thiocyclam)
pesticides were used to control fusarium welt, blights and white fly,

respectively. Weed control was done manually when needed.

3.6 Measurements
-Soil analysis

From each subplot, two soil samples were taken, one from 0-15 ¢m
and the other from 15-30 ¢m soil depth before planting in the 1997 scason
and before and after planting in the 1998 season. 100 ml of IN ammonium
acetate were added to five grams air dry soil, then shacked for 30 minutes
and then the suspension was filtrated and the potassium concentration was

measured by flamephotometer (Page et ol 1982).

Hand harvesting was carried out when the frujts were at the red ripe
stage. Fruits in good condition with uniform ripening were used for tomato
quality evaluation. The evaluation was carried out one time during 1997

season and three times during 1998 season at two weeks interval.

Fruit sampling was done by taking one fruit from each of the fifteen
different plants in the 1997 season and by taking two Kg from the harvested

fruits of cach plot in the 1998 scason. The following parameters were

recorded:

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



- Early and total yield:

Every experimental unit was harvested separately and early yield was

recorded as the production of the first week.
-Specific gravity of the fruit:

Known weight fruits were placed in a beaker and their volumes were
determined by water displacement method. Specific gravity was obtained by
dividing the weight (g) by the volume of replaced water (ml) (Kramer and
Twigg, 1973).

-Juice yield:

Fruits of known weight were cut into quarters mixed in a blender,
then pressed by a cloth. The juice was collected, and weighed and the
restdues were discarded. Juice yield (as % of the fruits) was obtained by

dividing the weight of the juice by the weight of the whole fruits from which

it was extracted.

- Total soluble sohds:

A drop of the juice was placed on the stage of a refractometer and

the total soluble solids were read directly (Kramer and Twigg, 1973).

-Juice pH:

Ten grams of the juice were placed in a beaker and the pH was read

directly from the pH meter (Kramer and Twigg, 1973).
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~Titrable acidity:

Ten grams of the juice and few drops of phenolphthalein were
titrated against 0.1 N NaOH solution. considering the first turning to pink

color as the end point. Titrable acidity was expressed as percent citric acid

(Kramer and Twigg, 1973).
-Color of the juice:

The color of the juice was determined using a Gardener colorimeter

(Kramer and Twigg, 1973).
-Leaf and fruit potassium content:

Leaf and [ruit potassium contents were determined at 110 days plant
age in the ycar 1997, while in the year 1998, leal potassium content was
determined at 80, 105 and 120 days plant age and fruit potassium content

was determined at 105 and 120 day plant age.

I'ruit and leaf samples were oven dried at 70° C for 72 hours. Grinded
subsamples were wet digested, then potassium was determined by

flamephotometer according to Jackson (1958).

-Firmness:
In the first year, a penetrometer was used to determine the firmness

(Alan and Paden 1994). It gives the readings 0-30 mm and the higher the

rcading the softest the fruit. In the second year pressure tester (1b/in?) was
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used (Kramer and Twigg, 1973),
-Dry weight percentage:

The fruits' were cut in halves and dricd in the oven for 72 hr at 70°

C, and the percentage was calculated by dry weight / {resh weight.
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Table 1 Main effects of potassium fertilizer and cultivar on early and

total fruit yield (1997); total yield and fruit number per plant (1998) of

tomato plants grown in the Jordan Valley.

Main effects 1997 1998
Fertilizer level Early yield | Totaf yield Total Frust
(Kg/ha) (ton/ha) (ton/ha) yield | number per
(ton/ha) plant
0 15.84b 5791b |8772 b 23.6a
50 17.14 b 60.27b | 100.10a 234 a
100 17.28 b 6433a |10593a 248a
150 20.38a 67.00a |100.14a 242a
Cultivar j
Faridah 17.82 a 62.28 a 95.i1 b 23.6a
Wafa 17.26a | 6092a | 9912 a| 23.0a
Guardian 17.90 a 6393a |101.19a 255a

Means within columns for each main effect with same letter are not

significantly different at 5% level according to LSD.
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deficiency stages by an increased dark respiration rate (Brady er. «l.,
1968). The enzyme NO; reductase activity was stimulated by an
increased supply of potassium nutrient medium, indicating that if plants
are not adequately supplied with potassium, NO; reduction may be
affected and hence also the nitrogen nutrition of the plant (Kirkby ef al,,
1981). This importance of potassium in photosynthesis, respiration, root
development, photosynthate translocation and NQOj; transport may explain
the increase of carly and total fruit yicld.

On the other hand, the highest rate of potassium fertilizer showed a
signiftcant decrease in ‘Wafa’ total fruit yield and insignificant decrcase
in the other two cultivars in the year 1998. This decrease in “Wafa’ total
vield at the highest rate may be due to antagonism between positive
charged nutrients. Kolota and Orlowski (1984) reported antagonism
between potassium and magnesium at high potassium rates more than
400 mg / liter in the nutrient solution where at these high rates the yicld
and vegetative growth of tomato adversely affected.

The difference between the year 1997 and 1998 may be resulted
form different spacing, date of transplanting and the different
environmental conditions between the years.

Insignificant differences between cultivars might be related to the

selection of these cultivars which is usually depend upon the preference
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of farmers. Farmers preference usually depends on yield performance.
‘Faridah’ has the lower production where it doesn't affected by
potassium fertilizer application, but it has a slight increase by potassium
fertilization increase. On the contrary ‘Wafa’ was severely affected when
no potassium fertilizer applied and has a sharp increase in production
with potassium fertilization increase, also there is a significant depression
with the highest potassium fertilization level. ‘Guardian’ gave the best
production and stability sense it does not severely affected by the high
and low potassium [ertilization levels. ‘Wafa’, ‘Guardian’ gave the higher

production than ‘Faridah’.

4.2 Fruit number per plant

Fruit number was taken in the season 1998 only. Averaged over
cultivars, there were no significant differences in fruijt number per plant
between fertilization levels (Table 1). No significant differences in fruit
number per plant among cultivars in 1998 season and also no significant
interaction between cultivars and fertilizer level in frujt number per plant.

This result disagreed with Eid ( 1991) who showed that the highest
fruit number per plant was obtained with the highest level of NPK fertilizer
added. Same finding was reported by (Eid et al.. 1992). This disagreement
may be due to the late time of application (flowering time) or to the different

fertilizers applied. The cultivars did not differ among each other indicating
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same ability to set fruit in all cultivars,

4.3 Leaf Potassium Content :

Averaged over cultivars, in 1997, application of potassium at 50
Kg/ha had no significant effect on leaf potassium content compared to
zero. Application of potassium at 100 Kg/ha significantly increased leaf
potassium content compared to zero, but did not differ from 50 Kg / ha.
Application of potassium at 150 Kg/ha significantly increased leaf

potassium content compared to zero and 50 Kg/ha (Table 3),

In 1998, in date 1 application of potassium at 50 Kg / ha had no

significant increase in Jeaf potassium content, Application of potassium at

100 and 150 Kg / ha significantly increased leaf potassium content

compared to zero, but did not differ significantly from 50 Kg / ha

application. In date 2, application of zero, 50 and 100 Kg/ha did not

differ significantly from each other in leaf potassium content. Application
of potasstum at 150 Kg/ha significantly increased leaf potassium content

compared to zero and 50 Kg / ha, but did not significantly differ from 100

. . .
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Table 3 Main effects of potassium and cultivar on leafl polassium

coutent (%) of tomato plants grown in the Jordan valley in 1997 and

1998 seasons.

Main effect 1997 1998
Fertilizer level Leaf K | LeafK | LeafK | LeafK | LeafK
Kg/ha content | content | content | content | content
indate 1 {indate2 |indatc3| mean
0 1.49 ¢ 219b | 1.56b | 131a 1.67 b
50 L77bc | 244ab | 1.63b | 128a | 177D
100 [ 200ab | 2624 |180ab | 1505 | 1954
150 219a | 260a | 205a | 1452 | 2024
Cultivar
Faridah 174a | 232b | 1696 | 138a | 1780
Wafa 1.74a | 247ab | 1.54b 1.36 a 1.77 b
Guardian 210a | 26la | 2.04a | 14la | 2002 |

Means within columns for each main effect with same letter are not

significantly different at 5% level according to LSD.

Date 1 at 110 day plant age in 1997.

Date 1, date 2 and date 3 at 75, 105 and 120 day plant age. respectively

in 1998,
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Kg / ha. In date 3, no significant effect of potassium application on leaf
potassium content. In the mean of three dates, application of potassium at
50 Kg / ha had no significant cffect on leaf potassium content.
Application of 100 and 150 Kg / ha significantly increased leaf potassium
content compared to zero and 50 Kg / ha (Table 3).

In 1997, no significant difference in leaf potassium content between
cultivars was obtained. In 1998, in date 1 ‘Guardian’ was significantly
higher than ‘Faridah’ in leaf potassium content. ‘Wafa’ did not differ
significantly from both cultivars. In date 2, ‘Guardian’ was significantly
higher than ‘Faridah’ and *Wafa’ in leaf potasstum content. In date 3, no
significant difference between the cultivars in leaf potassium content was
obtained. in the mean of three dates, ‘Guardian’ was significantly higher
than ‘Faridah’ and ‘Wafa’ in leaf potassium content. No significant
interaction between potassium fertilizer and cultivar in leaf potassium
content was obtained (Table 3). Orphanos and Papadopuolos (1980)
reported that potassium fertilization increased the concentration of
potassium in the leaves. Potassium content of petioles increased with
increasing concentration of potassium to 10 meq / liter in the nutrient
sotution (Trudel and Ozbun, 1971 ).

The response of leaf potassium content to potasstum application

decreased with plant age. Potassium is translocated from leaves to the
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fruits and so Jn the last date the differences disappeared among

fertilization levels.

On the other hand, the ability of cultivar ‘Guardian® to higher

potassium uptake gave the higher leaf potassium content. This result may
explain the steady increase in yield for this cultivar and did not severely
affected by the absence of potassium fertilizer. On the contrary, ‘Faridah’

(which showed [ower ability for potassium uptake) yield did not

significantly affected by potassium application.

The different response in both seasons of experiment may resulted

from different distribution way of potassium fertilizer. In 1998 season,

there was higher plant density with same amount of fertilizer in addition

to the different environmental conditions.

4.4 Fruit Potassium Content :

Averaged over cultivars, in 1997, application of 50 Kg / ha had no
significant effect on frujt potassium content. Potassium application at 100
and 150 Kg / ha significantly increased fruit potassium content compared
- to zero and 50 Kg / ha., Potassium application increase from 100 to 150

Kg / ha had no significant increase in frujt potassium content. In 1998,

application of potassium significantly increased fruit potassium content,

but increasing the level of application had no significant effect on fruit

. . .
All Rights Reserved - Library of University of Jordan - Center of Thesis Deposi



potassium content (Table 4),

In 1997, fruit potassium content did not differ significantly between
cultivars. In 1998 in date | and the two dates mean, ‘Guardian’ was
significantly higher than ‘Faridah’, but “Wafa’ did not differ from both
cultivars. In date 2, no significant difference between cultivars and no
significant interaction between potassium fertilizer and cultivar in fruit
potassium content was obtained (Table 4).

This increase of fruit potassium content due to potassium
fertilization was reported by many researchers (Adams et al, 1978;
Trude! and Ozbun, 1971; Picha and Hall, 1981)

Similar to leaf potassium content, fruit potassium content differ in
response to potassium fertilizer in both years which may resulted from
the differences in potassium distribution in addition to the different
environmental conditions in both years,

‘Guardian’ which has the highest leaf potassium content also has the
higher fruit potassium content that prove the higher ability to potassium
uptake. On the ;ontrary, ‘Faridah’ which has the lower leaf potassium
content also has the lower fruit potassium content. There were significant
correlations obtained between leaf potassium content and fruit potassium
content in date 1 and between leaf potassium content in and fruit

potassium content in date 2.
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Table 4 Mamn effects of potassium and cultivar on frujt potassium

content (%) of tomato plants grown in the Jordan valley in 1997 and

1998 seasons.

Main effect 1997 1998
Fertilizer level Date 1 Date 1 Date 2 Mean
Kg/ha
0 3262b | 3106 | 3045 | 307
50 3.406 b 3.52a 338a 345a
100 3.624 a 359a 3.56a 3.56a
150 3.724 a 3.56a 3.57a | 358a
Cultivar
Faridah 3484 3.32b 336a 3.34b
Wafa 349 a 3.43 ab 329a 3.36 ab
Guardian 3.55a 3584 351a 3.55a

Means within columns for each main effect with same letter are not
significantly different at 5% level according to L.SD.

Date 1 at 110 day plant age in 1997.

Date 1 and date 2 at 105 and 120 day plant age, respectively in 1998.
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4.5 Total Soluble Solids:

Averaged over cultivars, total soluble solids was increased
significantly by the application of potassium fertilizer, but increasing the
level of potassium application had no significant effect on total soluble
soltds content in both years of experiment except the last date in 1997
(Table 5). There was 6.6% -7.5% increase in soluble solids content when
potassium fertilization applied at rates of 50 - 150 Kg / ha compared to
the control (Table 5).

No significant difference in total soluble solids content among
cultivars except the mean of the three dates in 1998, where ‘Faridah’ was
significantly lower than ‘Guardian’. No significant interaction between
potassium fertilizer and cultivars was obtained in total soluble solids
content (Table 52.

The differences in soluble solids in the first date of the season
disappeared at the second date of the season (last harvest) in 1997 and all
treatments became sigmficantly equal in total soluble solids content. In
1998, the differences werc appeared to the end of scason. This difference
may be resulted from senescence which led to low water uptake which
concomitant to high temperature at the end of season and reduced fruit

water accumulation and increased fruit soluble solids. This did not
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Table 5 Main effects of potasstum and cultivar on total soluble solids

content (%) of tomato plants grown in the Jordan valley in 1997 and

1998 seasons.

Main eftects 1997 1998
Fertilizer | Date 1 | Date2 | Mean Date 1 | Date 2 | Date 3 | Mean
level (Kg/ha)
0 441b|501a| 473b | 5066|4525 442b | 4.67b
50 470a]533a| 506a [ 5532|5424 | 4884 | 5574
100 471a|522a(497ab|574a | 5374 490a | 533a
150 474215252 499a [565a|531a|490a] 5284
Cultivar
Fandah 4.66a|5.15a) 4902 [ 544a | 504 a|47la| 506b
Wafa 4.66a;521a| 49323 [548a 509a | 4834 5.13 ab
Guardian | 4.60a|529a| 4944 557a|534a}479a| 52332

Means within columns for each main effect with same letter are not

significantly different at 5% level according to LSD.

Date 1, date 2 at 110 and 125 day plant age, respectively in 1997
Date 1, date 2 and date 3 at 90, 105 and 120 day plant age, respectively

in 1998,
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happen in the sccond season duc to the carlier planting date which
escaped the hot period in June. Deficit irrigation reduced fruit water
accumulation but increased fruit soluble solids (Mitchel et al, 1991).
Picha and Hall (1982) reported that soluble solids increased with higher
rates of potassium from 0 - 93 Kg/ha but no further significant increase
occurred with higher potassium rates.

The posttive effect of potassium on total soluble solids was reported
by other rescarchers. Eid (1991) reported that increasing NPK fertilizer
up to 200 Kg N+ 64 Kg P,Os+ 72 Kg K,O / Faddan (Faddan = 4.2
dunum) increased soluble solids in tomato juice. On the other hand
potassium affected total soluble solids directly where total soluble solids
mainly contain, sugar, which affected by photosynthesis  and
photosynthate translocation (Brady ef al, 1962). They menttoned that
when plants are deficient in potassivm. the lower leaves are very poor
source of photosynthate and that potassivm deficiency retards the
movement of compounds in plants. Although potassium affect total
soluble solids indirectly, where Kirkby ef af. (1981) reported that
potassium facilitates the upward movement of NO; from root 1o shoot in
tomatocs. Nitrogen application increased soluble solids in tomatoes
(Wright and Ilarris, 1985). Labeled CO, assimilation was increased

significantly by increasing potassium application increase from 1.25 to
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10.0 g/ plant. However, potassium applied appears to be uptaked by the
plant (Table 3) and its effect appear on total soluble solids. The
differences between cultivars did not appear clearly. This result may due

to surtability of cultivars for processing, which require high total soluble

solids content.

4.6 Dry Weight Percentage of Fruits:

Averaged over cultivars in 1997, dry weight of fruit was significantly
increased by the application of potassium, but increasing the level of
potassium application had no signiticant cffect on fruit dry weight. In
1998, potassium application had no significant effect on fruit dry weight
(Table 6). No significant difference between cultivars in fruit dry weight
was obtained in both years of experiment. Also, interaction between
fertilizer and cultivar was not significant for fruit dry weight percentage.

Picha and Hall (1982) reported that application of potassium at 372
and 744 Kg / ha significantly increased the fruit dry weight compared to
zero and 93 Kg / ha. The dry matter content of the fruit increased with
potassium concentration increasc in the feed solution (Adams and

Grimitt, 1986). Hutte ef al (1986) reported that reducing potassium
fertilizer concentration from 3.26 mM to 0.62 mM reduced fruit dry

weight significantly from 5.82% to 5.47% . This effect may became
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Table 6 Main effects of potassium and cultivar on fruit dry w

15

eight

percentage of tomato plants grown in the Jordan valley in 1997 and 1998

scasons.
Main effect 1997 1998
- Fertilizer level Date 1 Date 1 Date 2 Mean
0 529b 492 a 4.81 a 487 a
50 597 a 52la | 476a | 4.98a
100 586a | 515a | 478a | 4063
150 591 a 5.00a 5.03a 501 a
Cultivar
Faridah 5.73a 495a | 486a | 4904
Wafa 579a 502a 484 a 493 a
Guardian 575a | 5242 '"Zféli“&*rs‘fﬁa N

Means within columns for each main effect with same letter are not

significantly different at 5%% level according to LSD.

Date 1 at 110 day plant age in 1997

Date 1 and date

2at 105 and 120 day plant age, respectively in 1998.
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through the activation of krebs cycle enzyme by potassium (Lacatus ef
al., 1994).

Dry weight differed in both seasons. There was a response to potassium
application in 1997, but in 1998 was not affected. This difference may be
resulted from different environmental conditions in both years including
carlier planting date and closer spacing in 1998. Cultivars did not differ

from each other showing similar ability to accumulate dry matter.

4.7 Titratable Acidity

Averaged over cultivars, titratable acidity in the fruits was increased
significantly by the application of potassium, but increasing the level of
potassium application had no significant effect on titratable acidity in both
years of experiment (Table 7). In 1997, ‘Faridah’ significantly gave higher
titratable acidity than "Guardian’, but ‘Wafa’ did not significantly differ
from both cultivars. In 1998, all cultivars did not differ significantly from
each other, cxcelipt in the second date where ‘Guardian” gave significantly
higher in titratable acidity than the other two cultivars (Table 7). No
significant interaction between potassium application and cultivar was
obtained for fruit titratable acidity (Table 7).

These results agreed with those of Picha and Hall (1982) who

reported that pericarp titratable acidity was increased with increasing
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Table 7 Main effects of potassium and cultivar on tomato juice

titratable acidity (%) of tomato plants grown in the Jordan valley in 1997

and 1998 seasons.

Main effect 1997 1998
Fertilizer level Date | Date1 | Date2 | Date 3 Mean
Kg/ha
0 0.308b 10361b [0341b 03485 | 03508
50 0355a 10433a {04122 04674 | 04374
100 0.355a |0425a [0413a |0455a 04312
150 0.3602 104472 [0.430a [0.4554 | 04422
Cultivar
Faridah  0357a |0407a 03858 0424a [ 0407 a
Wafa | 0341ab |04094 0.389b | 04382 | 04124
| Guardian | 0335% 04342 10424a [04342 | 04304

Means within columns for each main effect with same letter are not

significantly different at 5%

Date 1 at 110 day plant age in 1997,

level according to LSD.

Date 1. date 2 and date 3 at 90. 105 and 120 day plant age, respectively in

1998
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potassium fertilizer up to 744 Kg/ha. Adames et al (1978) reported that

increasing potassium concentration from 100 ppm to 300 ppm in the

nutrient solution increased titratable acidity in tomato fruit juice.
Mahakun et al (1979) reported that there is a positive correlation

between titratable acidity and fruit potassium content. Potassium

application significantly increased fruit potassium content in the current
experiment (Table 4).The increase in titratable acidity due to potassium

could be explained by potassium activation of krebs cycle cnzymes

(Lacatus ef af 1994). The different response in cultivars between both

years of experiment may resulted from the different spacing  and

environmental conditions between the two years.

4.8 Juice pH:

In 1997, potassium application had no significant effect on juice pH,

while in 1998, as cultivars average pH was significantly decreased by

potassium application, but increasing the level of potassium application had

no significant effect on Juice pH (Table 8).

There was significant differences between cultivars in juice pH in
1997. “Faridah’ (which has higher titrable acidity) has the lower Juice pH
and on the contrary ‘Guardian’ (which has the lower titrable acidity) has

the higher juice pH. *Wafa’ did not ditter significantly from ‘Faridah’ and

: : .
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Table 8 Main clfects of potassium and cultivar on frujt juice pH of

0

tomato plants grown in the Jordan valley in 1997 and 1998 seasons.

Main effect 1997 1998
Fertilizer level Date | Date1 | Date2 | Date 3 Mean
Kg/ha
0 408a |421a [4.10a 411 a 4.13a
50 406a {4.13b [3.92b 4.01b 4.02b
100 406a [414b |396b [401b | 403pb
150 406a 1411b [391b [402b | 401 B
B Cultivar
Fardah | 405b [4.i3a |3995 1405 4052
Wafa 4.06b (4.182a 39a [4.05a 4.06 a
Guardian 410a [4.13a [39a 4.03 a 4.04 a

Means within columns for each main effect with same letter are not

significantly different at 5% leve] according to L.SD.

Date 1 at 105 day plant age in 1997

Date 1, date 2 and date 3 at 90, 105 and 120 day plant age, respectively in

1998.
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significantly lower than ‘Guardian’ mn juice pH. In 1998 there werc no
stgnificant differences among cultivars in juice pH (Table 8).
Pericarp pH did not change with increasing potassium ferttlizer up to
186 kg / ha but decreased at potassium rate above 186 kg / ha (Picha and
Hall, 1982). Similar results were found by (Kattan et al., 1957).

The different pH response to potassium fertilizer in both seasons
may resulted from different phosphorus application in both seasons. In
1998 season phosphorus was more even distributed than in 1997 season
due to closer spacing and higher plant density, Phosphorous related to
buffering activity in the tomato pericarp tissue and the cntim frut
(Mahakun es al, 1979). In 1998. potassium applicat.ion. resulted 1n
increased titratable acidity and decreased juice pH. A negative correlation
was obtained between titratable acidity and juice pH. This result agreed
with those of Mahakun et al. (1979) who reported that juice pH showed

ncgative corrclation with total acidity.

4.9 Juice Color
Averaged over cultivars in 1997 season, application and increasing
application rate caused a slight insignificant increase in juice color (Table
9). In 1998, juice color was not significantly affected by potassium

application in the first date, while in the later two dates, potassium
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Table 9 Main effects of potassium and cultivar on fruit juice color (red to

yellow ratio) of tomato plants grown in the Jordan vallev in 1997 and

1998 scasons.

Main eftect 1997 1998
Fertil:zer level Date 1 Datel | Date2 | Date3 | Mean
(Kg/ha)
6 | 129a [153a |151b [091b | 1310
50 1452 |166a |[1.77ab |099ab | 1472
100 147a |16la |[182a {127a 1.57 a
150 1.52a 11.60a |1.82a |125a | 156a
Cultivar
Faridah 149a |1.57a |1.78a |1.06a 147 a
Wafa 1.55a [1.59a |174a [1.16a 1.49 a
Guardian 1.25b |1.65a [1.67a [1.09a 1.47 a

Means within columns for cach main eflect with same letter are not

significantly different at 5% level according to LSD.

Date 1 at 105 day plant age in 1997.

Date 1. date 2 and date 3 at 90, 105 and 120 day plant age. respectively

in 1998.
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application at 100 and 150 Kg / ha significantly incrcased juice color
compared to zero and did not significantly differ from the application of
50 Kg / ha. In the mean of the three dates, application of potassium
significantly increased juice color, but increasing the level had no
significant effect on juice color (Table 9).

In 1997, cultivars significantly differed in juice color among cach
other. ‘Guardian’ was significantly lower in juice color than ‘Faridah’ and
‘Wafa’. In 1998, cultivars did not differ significantly from each other. No
significant interaction between potassium application and cultivar was
obtained (Table 9).

Dick and Shattuck (1987) reported that potassium treatment
- markedly affects the incidence of tomato blotchy fruit {color disorder).
Fruits from all cultivars had significantly less blotchy ripening with
potassium fertilization in both seasons of the experiment (Picha and Hall,
1981). High nitrogen levels significantly increased the incidence and
severity of blotchy ripening and potassium levels up to 8 meq / hter
improved fruit color (Cotter, 1961). Although potassium increases
lycopene content and improves the color, where Trude! and Ozbun
(1971) reported that satisfactory pericarp color for whole pack production
can only be obtained when the potassium fertilization regime excecds 500

kg / ha. Then they found lycopene content rises sharply as the potassium
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level in the nutrient solution is increased with a maximum at 8 meq and a
slight decrease at 10 meq K/liter. Trudel and Ozben {(1971) mentioned
that under the conditions of severe potassium deticiency lycopene
syntheses enzyme level is lowered. This could lead to reduce rates of
enzymatic reactior involved in carotenoid and precursor svnthesis.

On the contrary, Hartz ef al. (1996) reported that fruit color was
unaftected by potassium fertilization up to 135 Kg / ha. Different
treatments of potassium fertilizer up to 200 1b / acre (Ib = 0.45 Kg, acre
=4 dunums) did not affect fruit color (Kattan et al,, 1957).

From the field obscrvations, ‘Guardian” fruits were subjected more
to direct sun radiation (due to its morphology and leaf distribution on the
plant) than other cultivars where sun scald may developed especially at
the end of season with high temperature and both where required for sun
scald development which atfected fruit color in 1997.

Earlier planting in 1998 gave the fruit more suitable environment for
coloring by avoidance of hot weather and reducing occurrence of
disorders espccially sun scald. On the other hand, closer spacing in 1998

may reduced the direct sun light in the hot period. Conscquently the

disorder was reduced.
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4.10 Firmness

Averaged over cultivars, application of potassium had no significant

effcct

three dates of

K28Q4 / ha significantly increased truit firmness, but the application of

150 K2804Kg / ha did not differ significantly from all other treatments in

the mean of three dates in 1998 (Table 10).

In 1997, Faridah was significantly firmer than ‘Guardian’ and

‘Wafa®, while in 1998, no significant differences between cultivars were

obtained. No significant interaction between potassium fertilizer and

"

cultivar was obtained in fruit firmness (Table 10).

Potassium has moderate eftect on frujt firmness, where Kattan et al

(1957) found that different treatment of potassium fertilization up to 200

Ib/ acre (b = 0.45 Kg. acre =4 dunums) did not affect fruit firmness. On

the contrary, Hutte er af (1986) reported that g significant interaction

between nitrogen and potassium where a combination of 1.61 mM N with
0.65 mM K gave the softest tomato truits and 16.14 mM N with 3.26
mM K gave the firmest fruits,

In the mean of season 1998, the application of potassium at 150 Kg/ha
reduced fruit firmness. This result may be duc to the deficiency of another

positive charged nutrient like magnesium (Kolota and Orlowski, 1984),

on fruit firmness in both years of experiment except the mean of

1998. Application of potassium fertilizer at 50 and 100 Kg

' ] Sit
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Tatle 10 Main cffects of potassium and cultivar on fruit firmness

(mm) in 1997 and (Ib/in)in 1998 of tomato plants grown in the Jordan

valley.
Main effect 1997 1998
Fertilizer level Date 1 Date1 | | Date 2 Date 3 Mean
Kg/ha
0 ] 930a | 621a | 732a | 730a | 697b
50 982a | 632a | 720a | 791a | 714a
100 935a 6.45 a 7.46 a 7.63a 7.20 a
150 963a | 638a | 729a | 7.62a | 7.09ab
Cultivar
Fandah 8390 6.47 a 7.24 a 7.60 a 7.09 a
Wafa 997 a 6.35a 7.46 a 783 a 721 a
Guardian 1022a | 628a 725a 748 a 7.00 a

Means within columns for each main effect with same letler are not

significantly different at 5% level according to L.SD.

Date I at 105 day plan! age in 1997.

Date 1. date 2 and date 3 at 90, 105 and 120 day plant age, respectively

in 1998,
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The morphology of ‘Guardian’ play a role in firmness where
‘Guardian’ gave softer fruits. Experiments in the two different vears

showed different response in firmness that may resulted from the

different environmental conditions in both years.

4.11 Specific Gravity and Juice Yield

Averaged over cultivars, application of potassium had no signiticant
effect on specific 'gravity in both years of experiment (Table 1 1).

No signilicant differences in specific gravity among cultivars in both
years of experiment except the mean of the three dates in 1998 where
‘Faridah’ was significantly higher than ‘Wafa’. ‘Guardian’ did not
significantly differ from ‘Faridah’ and *Wafa’. No significant interaction
between potassium fertilizer and cultivar was obtained in specific gravity
(Table 11)

s quality parameter appeared to be genetically dependent more
than the effect of environmental conditions. Many experiments carried
out and fail to affect tomato fruit specitic gravity as the results found by
Shibli and Suwwan (1987).

Averaged over cultivars, application of potassium had no significant
effect on tomato fruit juice yield (Table 12).

In 1997, ‘Faridah™ and ‘Wafa® were significantly higher in juice
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yield than ‘Guardian’, while in 1998, no significant difference was
obtained between cultivars except the last date where ‘Faridah’
significantly gave higher juice yield than ‘Wafa’ and *Guardian’. No
significant interaction between potassium fertilizer and cultivar was
obtained in juice yield (Table 12).

Potassium application failed to affect tomato fruit juice vicld. This
parameter  appeared (o be genetically controlled more than
environmentally affected and similar to the specific gravity. However,
Kasrawi and Amr (1990) found that tomato juice yield heritability was
about 79-82% in the population used. which indicate the high genctic

cffect over environmental effect.
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Table 11 Main effects of potassium and cultivar on fruit specific

gravity (gm / ml) of tomato plants grown in the Jordan valley in 1997 and

1998 seasons.

Main effect 1997 1998
Fertilizer level Date] | Datel | Date2 | Date3 | Mean |
(Ke/ha)
0 1.0063 a {09784 a| 0.991 a|0.9898a| 0.985a
i 50 1.0036a | 0.9961 a| 1.0072 a[ 0.9984 2] 1.00a
100 1.0094 a [ 0.9778 a| 0.9948 a| 0.9906 a| 0.987 a
150 1.0022 a2 [ 0.9956 a| 0.9956 4 0.9907 a| 0.988 a
Cultivar
Faridah 1.0039a | 0.9895 4| 1.0043 a| 0.9983 a| 0.996 a
Wafa 1.0044 2 [0.9717 2] 0.9959a| 0.9885a| 0984 b
Guardian 1.0078 2 | 0.9883 a| 0.9912 a| 0.9903 a| 0.989 ab

Means within columns {or each main effect with same letter are not

significantly different at 5% level according to 1.SD.

Date 1 at 105 day plant age in 1997.

Date 1, date 2 and date 3 at 90, 105 and 120 day plant age, respectively in

1998.
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Table 12 Main effects of potassium and cultivar on fruit Juice yield

percentage of tomato plants grown in the Jordan valley in 1997 and 1998

seasons.
Main effect 1997 1998
Fertilizer level | Juice yield | Juice | Juice Juice Juice
Ko/ha yieldin | yieldin | yieldin | vyield
datc1 | date2 | date3 niean
0 78.59a 179.33a [80.57a |7886a | 79514
50 80.17a |7433a {80.72a |78.18a | 77.04 a |
100 81012 (8133a |81.17a 78814 | 80362
150 80.33a |79.78a 1802842 [7839a | 79402
Cultivar
Faridah 81.1082 [80.00a |80.68a [79.944a | 80.i3a
Wafa 80.239a | 78.33a |80.63a |7792b | 78.85 a
Guardian 78727b [7775a {80.75a |77.82b | 78.71 a

Means within columns for each main effect with

significantly different at 5% level according to LSD.

Date 1 at 105 day plant age in 1997.

same letter are not

Date 1, date 2 and date 3 at 90, 105 and 120 day plant age, respectively

in 1998,
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5. Conclusion and Recommendation

-Potassium as an important plant nutrient, its application increased
carly and tota! tomato yield and improved processing tomato total soluble
solids, titrable acidity, juice pH. juice color and dry weight percentage.

-Under the prevailing conditions of the expertment, the best
potassium application level was 100 Kg K,SO, /ha which gave the best total
yield and quality.

- ‘Guardian’ has the higher and stable production over all potassium
levels, but ‘Faridah’ has better quality. ‘Wata’ was intermediale posilion
between the other two cultivars.

- Application of 50 Kg/ha potassium sulfate was adequate to improve
processing tomato quality.

- Avoiding high rates of potassium application 1s recommended due to

the expected reduction in yield.
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Appendix(A) Analysis of variance for total and carly vield in 1

60

997
Se:son.
Source of df Total yield MS | Early yicld MS
variance ]
Rep 2 11221429 png 759192 ns '
| Fertilizer 3 14864631+ 33362245 *
Error (a) 6 11677557 ns 5227785 n‘; o
Cultivar 2 27374945 ns 1454997 ns
Fert*cv 6 4944667 ns 4013272 ns
Error (b) 16 12534410 5824504

*Smificant at 0.05 level

ns: not significant

Appendix (B) Analysis of variance for leaf and fruit potassium content in

1997 season.

Source of df K% in leaf MS | K% in fruit MS

L N D B
Rep 2 0.0315 ns 0.0003 ns

| Fertilizer 3 0.8283 * 0.3938 *

| Error(a) 16 10.1067ns 0. 0164 ns o
Cultivar 2 0. 5’31’7 ns 0. O] 62 ns
Fert*cy 6 0.0259 ns 0.0124 ns o
Etror (b) 16 0.2042 0.0578

*Sinificant at 0.05 level

ns: not significant
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Appendix (C) Analysis of variance for total soluble solids in the med and

the end of 1997 season.

Source of df TSS% in TSS% in TSS%
varance med season ! end season | mean
MS MS

Rep 2 0.0039ns _ 10.0226ns | 0.0052 ns
Fertilizer 3 0.2178 * 0.1221 ns 0.1570 *
Error (a) 6 00313 ns  10.1429ns | 0.0439 us

| Cuitivar 2 0.0156ns  [0.0642ns [ 0.0056 ns
Fert*cv 6 0.0451ns |{0.0041ns |0.0141ns
Error (b) 16 0.0261 0.1389 (.0379

*Sinificant at 0.05 level

ns: not significant

Appendix (D) Analysis of variance for titrable acidity and juice pH in

1997 season.

Source of df DW Titrable pH

variance MS acidity MS MS

Rep 2 0.0340 ns | 0.00020 ns 0.00041 ns
Fertilizer 3 0.8886 ** |0.00538*  |0.00095ns
Error (a) 6 0.0756 ns | 0.00091 ns 0.00113 ns
Cultivar 2 00113 ns 1 0.00164 * (.00965 **
Fert*cv |6 0.0777ns  10.00018 ns  [0.00148 ns
Error (b) 16 0.0897 0.00042 0.00099

*Stnificant at 0.05 level

ns: not significant
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Appendix (E) Analysts of variance for juice color and f{ruit firmness in

1997 season.

Source of variance | df | Juice color M8 | Fruit firmness MS
Rep 2 0.0121 ns 1.5919 ns
Fertilizer 3 10.0897ns 0.5297ns
Error (a) 6 10.0407 ns 1.3889 ns
Cultivar 2 102953 * 11.7690 *
Fert*cv 6  10.0076 ns 3.1422 ns

Error (b) 16 |0.0226 2.7084

*Sinificant at 0.05 level

ns: not significant

Appendix (F) Analysis of variance for specific gravity and juice yield in

1997 season.

Source of Jdf Specific gravity | juice yield
variance MS MS

Rep 2 9.1411 ns 6.4860 ns
Fertilizer 3 0.9219 ns 9.40135 ns
Error (a) 6 9.2507 ns 5.7611 ns
Cultivar 2 0.5453 ns 17.4309 *
Fert*cv 6 13.8271 ns 4.7598 ns
Error (b) 16 6.6375 2.4138

*Sinificant at 0.05 level

ns: not stgnificant
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Appendix (G) Analysis of variance for total soluble solids 19

63

97 scason.

Source of | df | 1SS in TSS in TSS in 188 mean
variance datc 1 MS |datc2 MS |date3MS | MS o
Rop |2 10.098ns  [0057ns | 0.090ns _ 10.0131 ns

Fertilizer | 3 0.811 * 1.623 * 0.497 * 0.8966 * ]
Error(a) |6 |0.042 ns 0.040 ns 0.096 ns 0.0116 ns
Cultivar |2 {0.059 ns 0.319ns  |0.047 ns 0.0916 ns_|

| Tert™ov |6 [0.041ns  |0298ns |0.048ns 0.0132 ns
Error (b) 116 |0.120 0.158 0.075 0.0241

*Sintficant at 0.05 {evel

ns: not significant

Appandix (H) Analysis of variance for tomato juice titratable acidity (TA)

1998 scason.

Sourcc of |df | TAin date | TA in date TAin date | TA mean
variance 1 MS 2 MS 3 MS MS

Rep 2 10177 ns 2018ns_ [0.006 ns 103329 ns
| Fertilizer |3 [3187% 3420+  |6880* |42638 %
Error(a) |6 |0.750 ns 0.414 ns 1.267 ns 0.2954 ns
Cultivar |2 [0.670 ns 1414 ns  10.158 ns 0.5126 ns
Fert*ev 16 10.352us | 0.590 ns 1.367ns 1021390y
Error(b) |16 |0.418 0.397 0.981 0.2516

*Siificant at 0.05 level

ns: not significant

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Appendix (1) Analysis ol variance for tomato [ruit juice pl1 1998 scason.

ol

Source of | df | pHin date | pHin date | pH in date |{ pH mean
varlance | |[IMS  12MS  |3MS  IMS
Rep__ |2 [0.0010ms (00129 ns |0.0002ns [0.0035ns
Fertilizer |3 |0.0152* 0.0707 * (.0200 * 0.0308 *
Error(a) |6 10.0019ns [0.0094ns 10.0048ns [0.0028 ns
Cultivar |2 10.0072ns | 0.0028 ns 0.0021 ns | 0.0016 ns
Fert*ev 16 (0.0050ns |[0.0039ns ;0.0022ns [0.0018 ns
Error(b) 116 {0.0043 H(0.0044 H0.0028 0.0022

*Sintficant at .05 level

ns: not significant

Appendix (J) Analysis of variance for tomato truit color ratio 1998

season.

Source of | df | Color ratio | Color ratio | Color ratio | Color ratio
variance date 1 MS | date2 MS |date3 MS {mean MS
Rep 2 100258 ns 10.0156ns {0.1162ns 10.0387 ns
Fertilizer |3 [0.0289ns |0.1973 * 0.2950 * 0.1220*
Error(a) {6 10.0868ns 10.0541 ns |0.0619ns |0.0172 ns
Cultivar |2 10.0219ns | 0.0356ns | 0.0299ns |0.0022 ns
Fert*cv 6 [0.0127ns ]0.0233ns 1 0.0309ns 10.0080 ns
Error (b} {16 {0.0786 (0.0224 0.0430 0.0180

*Sinificant at 0.05 level

ns: not significant
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