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ABSTRACT

Effect of Irrigation with Saline Water on the Growth and
Yield of Cherry Tomato

by

Buthaina A. M. Khader
Supervisor

Dr.Eng. Marwan Haddad

In 1998/1999 seasbn, cherry-t'om'ato plants were grown under pléstic

house conditions in pots. The experiment was conducted at An-Najah

National University /Faculty of Agriculture — Tulkarem Campus, to study

the effects of itrigation with saline water on cherry tomato yield and fruit

quality parameters.

Differeﬁt' levels of salinity were used to study the effect of salinity on

cherry tomatoes. As these plants grown in pots, additions of salts were

expressed in terms of weight of salt added in term of weight of salt added

per unit weight of dry soil ((0,1,3,6and 8 gm of salt per kg soil). The

effects of irrigation levels also used (Jow, medium, high levels), in addition

to the effect of three type soils also studied. The effect of fertilizers amount

hts Reserved - Library of Universit of Jordan - Center of Thesis Deposit
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-P-K, and the effect of mulch

were studied by using different doses of N

cover also studied to study effect of mulch cover on plant tolerance to

salinity.'

*%Tt was found that :

o As the salinity increased the yield and the vegetative growth in the

different treatments were reduced but the amount of reduction differ

between different treatments.

o Were it was found that with mulch cover and clay soil, regular

fertilizers N1-P1-K1, and medium irrigation level the reduction in the

yield as __thé salinity -increase ‘was less among other treatments (the

threshold value (a = 4.5 and the slope b=0.0584).

tagsium fertilizers

o  With increasing the amount of Phosphorus and po

the reduction of the yield as the salinity increase were reduced.

For the quality parameters it is found that as the salinity increase

many quality parameters increase as TSS, reducing sugar, vitamin C, and

titrable acid.

e As the plant stress increases these Quality parameters were better as

the salinity increas
soil.

The PH didn’t differ with the different treatments.
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1. Introduction

1.1 Impertancel |

Agriculture is the backbone of the Palestinian economy contributing

about 25 to 30 percent of the Gross National Product (GDP), comprising

25% of the total Palestinian export and employing 17% of the work force (

Ministry of Agriculture , 1997).

About 30% of the total area of the West Bank and Gaza Strip are

currently under cultivation. Therefore, any changes in the productivity and

proﬁtablhty of this sector can have a dlrect effect on Palestinian farmers. It

is well known that irrigated agriculture is generally more productive and

profitable than non-irrigated cultivation. Although only about 6% of the

total cultivated area is under irrigation and the agricultural production of

this sector represents 52.6% of the total agricultural production.(Ministry

of Agriculture, 1997)

hts Reserved - Library of University of Jordan - Center of Thesis Deposit

Irrigated agriculture is dependent on an adequate water supply of usable

quality. Water quality conceins have often been neglected because good

All Ri

quality water supplies have been plentiful and readily available. This

situation is now changing in many areas. Intensive use and old projects



seeking new or supplemental supplies must rely on lower quality and less

desirable sources.

Most water used for irrigation in Palestine is of good to excellent quality

and is unlikely to present serious salinity constraints. Large areas of land in-

Palestine have gone out of cultivation because of the presence of salts.

Some soils are naturally saline because geological factor such as marine

sedimentation, especially in the Jordan Valley area (ARJI, 1996). However,

in irrigated areas, water quality, irrigation methods and practices, soil

condition and rainfall mainty affect soil salinity.

In Palestine, where rapid population increase , agricultural, industrial

“and peculiar geographic condition cause unique problems. The increasing

demands on the couniry limited water resources

planing and sound decision making to enhance development of all water

resources in the State, including those with inferior quality as saline water

and sewage water.

The problem of increased salt content in treated wastewater is difficult

and costly to control. Therefore, the reuse of treated effluent in irrigating
salt tolerant economic crops is important.

Salinity is very significant problem affecting fully one-third of the

irrigated land on earth _especially in arid and semi-arid areas. It has a

substantial economic impact on world agriculture with an estimated annual

make urgent broad scale

hts Reserved - Library of University of Jordan - Center of Thesis Deposit
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loss amounting to several billion dollars in crop production due to salt

build-up (Tisdale, et al., 1985).

Gloundwater quality in the Jordan Valley suffers from deterioration
makmg it unsuitable ‘for irrlgatmg all crop varieties, especlally those that
are sensitive to salinity. This deterioration is due to the over-exploitation of
the shallow aquifer tapped by Palestinian wells there, scarcity of rainfall
and the replenishing of water, (Assaf, K. 1991).

Tomato (L. esculentum Mill) is one of the most important vegetable
“crops in many countties and one of the most important vegetable crops
grown under plastichouse in Palestine. Agricultural statistics for the 1988 -

1996 period mdlcate that the number of plastic houses and gross production
(ton) of tomato from year to year 1ncreasecl as shown in (Table 1.3). Within
this species, the commercial production of cherry tomato (L. esculentuin
var. cerasiforme) with fruit size ranging from 1.5 t0 3.0 cm in diameter is
increasing, due among other factors, to their high quality (Hobson and

Bedford, 1989).

Cherry tomato (L. esculentum var. cerasiforme) is almost certainly the

hts Reserved - Library of University of Jordan - Center of Thesis Deposit

direct ancestor of the modern cultivated forms. Cherry tomatoes are the

only wild tomatoes found outside South America. In spite of its small fruit

All Ri

(1.5-3 cm diameter) L. esculentum var. cerasiforme is used for human

consumption in many regions around the world (Rick, 1974). It is

considered important for cherry tomatoes to have an interesting and |
|



distinctive flavor profile so thatthe public should continue to be satisfied

with the product (Hobson, 1988).

Cherry tomatoes are gaining worldwide importance and some workers
‘have pointed out that small- fru1ted tomato varieties: are normally more
salinity-tolerant than are the normal-frulted ones (Hobson,1988). Records
indicate that more area in the worldis planted With cherry tomato. As an
example we can take the increase of area planted with cherry tomato in
Israel area as the statistical reports of the Israeli Ministry of Agriculture

reported from 1990 to 1997 as shown in (Table 1.2). Which show the

increase of interesting with these crops, which produced for external

“market.

1.2 Irrigation water in Palestine:

Palestinian suffers from water scarcity because of its arid and semi
arid climatic conditions and rain fall variability, The water scarcity is

resulting of the abnormal political situation resulting from the long Israeli

occupation, and Israel’s complete control over all natural resources in

hts Reserved - Library of University of Jordan - Center of Thesis Deposit

Palestine. One of the most difficult problems in the final status negotiations

between Israelis and Palestinians that on water.
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The main source of irrigation water in Palestine at present time is ground

water. The total annual Palestinian water use in irrigated agriculture in the

West Bank is 89 Million cubic Meter (MCM), (AR1J 1996).The maximum



quota set by the Israeli authorities for the Palestinians water withdrawal

from wells for irrigation in the West Bank is 36 MCM/year. The remaining

53 MCM/year comes from springs distributed all over the West Bank.
Total agriculture water demand in relation to .actual water use for.
agriculture in districts of West Bank shown in (Table 1.1).

These quantities of water are pumped from West Bank aquifers in
different district are use for agricultural irrigation. In the Gaza Strip the
amount of water used for irrigation is 85 MCM/year pumped from the
shallow coastal aquifer.

Current Palestinian waters extraction for all purposes represent 17.8% of
the safe yield of the West Bank aqu1fers while the total extlactlon N
represents 27 8%. Ten percent were bemg extracted by Israeli colonies in

the West Bank. It’s clear that the Palestinian agricultural sectors consuming

about 75% of the total water consumption (ARIJ 1996).

1.3 Study Objectives: -

The main objective of this study is to determine the effect of water
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salinity on the yield and quality of the cherry tomatoes with various

All Ri

cropping conditions including soil type, watering intensity, nutrient

availability and mulching application.



Tabl.e 1.1 Agricultural Area, Water Use and Demand by District in the
West Bank (ARLJ, 1996)

Semn | L7 | 404 1055 |  -651
Tulkarem | 29345 16.62 22.53 -5.91
Nablus 4639 14.65 3.33 1131
Jeruéalem 0 0.00 . -
North JV* | 289615 17.28 15.56 172
Yericho | 24194 34.84 44.68 .9,34
Ramallah 890 1.17 0.72 0.45
Bethlehem 814 0.37 0.45 -0.08
Hebron 993 0.17 0.32 -3.15
Total | 1016155 | 89.14 9814 | -9.00

*Northern Jordan Valley

#% Optimal water : itis a predicted or forecasted value.

Table 1.2 : The Area Planted With Cherry Tomato in Israel during
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1990 — 1997
1990 5
991 100
1992 200
1993 | 300 k=
e
1995 500 —
| <
1997 300

«xGource : (Statically reports , Ministry of Agriculture, Israel)
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Tabic 1.3 : Tomato Production In Palestine During The Period 1996 -1998

75 & FoRuEtoN e | Broa o ol
IR e ﬁw::ﬁr R | K dung =o§

mem. | wq.muw T 53. ) G..u..wu, .. .@No muw. Nwomw Nmuw BB mwumn
1989 § 23744 433 10276 | 9968 3979 39667 99 5856 580 . 33811 1494 50523
1990 22704 | 1025 23274 8921 3561 31769 22 7909 174 31647 1744 55217
1991 26372 445 11732 9734 3202 m:..uu 143 6070 868 36249 1290 43772
1992 23760 999 23735 10108 2827 28572 67 11104 744 33935 | 1563 53051
1993 | 20891 784 16376 9099 4379 uwmcw 220 11582 2548 - uouc_ 1945 58726
1994 17248 235 4050 8196 | 3796 31112 277 13473 3732 . {25721 1512 - 38894
1995 17637 350 6179 | 7846 3690 28951 545 12473 6798 | 26028 _m.H 1 41928
1996 10885 979 10654 10148 3301 . 38569 | 709 13836 9810 21742 2715 59033

sxGouree : Ministry of Agriculture , Palestine
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2. LITERATURE REVIEW

2.1 General

Irrigated water contains a mixture of naturally occurring salts; Soils
irrigated with this .water contain a similar mix but usually with higher
concentration than in the applied water. The extent to which the salts
accumulate in the soil will depend upon the irrigation water quality,
irrigation management (applied depth, irrigation intervals and frequency),
crops and cropping system, and the adequacy of drainage. If salts become
excessive, losses in yield will result (Ayers and Westcot, 1989).

A salinity problem exists if salt accumulates in the crop root zone to

a concentration that causes a loss in yield. Excessive salinity stunts the crop

by reducing the availablle water in the root zone and this result in slowing
crop growth and restricting root development. With higher salinity water,
sodium and chloride toxicity are also likely to be evident. In irrigated areas,
these salts often originate from a saline, high water table or from salts in
t.he applied wa_.ter. Yield reductions occur ,When the salts 'ac_:cu,mulate in the
root zone to such an extent that the crop is no longer able to extract
sufficient water from the salty soil solution, resulting in a water stress for a
significant period of time. If water uptake is appreciably reduced, the plant

slows its rate of growth. The plant symptoms are similar in appearance to




those of drought, such as wilting, or a darker, bluish-green color and
smﬁetimes thicker, waxier leaves (Ayers and Westcot, 1989).

Poor quality water is being used in several places in the world. Iis use
requires careful management to prevent or cope .with the potential problems
related to the water. Often this *;vater is the only supply available and while
crop yields may not be at a maximum, they égntintle to provide an
economical return. The infiltration rate generally increases with increasing
saliﬁity and increaéing in the sodium content relative to calcium and
magnesium, the Sodium Adsorption Ratio (SAR). Therefore, the two
factors, salinity and SAR, must be considered together for a proper
evaluation of thelwater_'.inﬁltrat_iqn rate. An inﬁltration_probl'em oceurs if
the irrigation water does not enter the soil rapidly enough during a. normal
irrigation cycle to replenish the soil with water needed by the crop before
the next irrigation (Tillman, 1981).

The technology of combating salinity in soil is extremely costly,
required large expenditures of energy to reclaim land and maintain salt
balance. Apossible'altelmative is the infréductioﬁ of crop species capable of
tolerating high soil salinities and producing economic yields under such
conditlions. Collections of important economic crop species will
undoubtedly continue to be screened with a view to identifying
outstandingly tolerant cultivars. However, with the possible exception of

barley, wheat, and rice, most intraspecific comparisons of salt tolerance
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have included very few cultivars of the particular crop beihg studied .To
avoid problems when using these poor quality water supplies, there must be
sound planning to ensure that the quality of water available is put to the
best use (Ayers and Westcot, 1989). |

All plant do not respond to éalinity in a similar manner; some crops can
produce acceptable yields at much greater soil salifﬁty than others. This is
because some are better able to make the needed osmotic adjustments
enabling them to extract more water from a saline soil. The ability of the
crop to adjust to salinity is extremely useﬁxl. In areas where a build-up of
soil salinity cannot be controlled at an acceptable concentration for the crop
being grown, an alternative cropﬂcan be.selec’ggd that is_ both more tolerant
of thé exp.ected soil salinity and can produce economical yield.

The timing of itrigation to prevent water stress will improve the chances
for success when using higher salinity water. lirigation timing may include
increasing irrigation frequency and irrigation prior to a winter rainy season.
The goal of irrigation timing is to reduce salinity and avoid water stress
" between irrigation. Water stress between irrigation can often be eliminated
by increasing the frequency of irrigation, there by preventing excessive root
zone depletion caused by too long an interval between irrigation. By
decreasing the interval between irrigations, higher soil-water availability is

maintained.
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Saline areas in the field are normally dark green to blue-green,
indicating that they are well supplied with nitrogen. If yellow, additional
nitrogen should improve yield (Ayers and Westcot 1989).

.Or.le apﬁl.‘o;ch to control salinity is leaching of soluble éalts-from the.root
zone area by over-irrigation. Sﬁch a practice is no longer feasible Because
of decreasing fresh water resources and 1'ising saline water tables.
Alternative approaches that are being resorted to involve breeding,
selection and introduction of tolerant cuitivars. Exploring the possibility of
using certain soil amendments and actions that could possibly alleviate the
detrimental effects of salt and specific-ion stress (Ayers and Westcot 1989).

It has been known -fo_r. many years that salinity improves tomato fruit
quality in term of taste, color alnd the.concentratién of soluble solids,
especially sugars and acids. However, improved quality is usually
accompanied by reduced yields. Many scientists who reported that
tomatoes are especially sensitive to salinity at young seedling stage during
which salinity stress apparently imposes irreversible damage to plant
growth have studied the résponse oftomatoes to salinity. It was also f;:)ﬁnd
that salinity reduces tomato yield mainly by affecting its fruit weight. On
the other hand, salt tolerance seems to be connected with the plants ability
to increase the concentration of solutes in its tissues ( Satti and Al-Yahyai,

1995).
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Much of tomato is grown under plastic houses conditions in areas close

to the Mediterranean sea, where salinity problems already exist because the

well waters used for irrigation contain high amounts of soluble salts,

mainly c';,'hloriclels and sulfates (Martinez et al., 1987). This problem is
growing year to year due to the Iscare rainfall and the over-growing demand
of water for agriculture, so there is increasing giibwer interest in using
irrigation water more efficiently and in using saline water to partially
satisfy crop water requirements.

2.2 Definition of Salt Tolerance

Plant salt tolerance or resistance is generally thought of terms of the
inherent  ability of the plant to withstand the effects of high salts in the root
zone or on the plant’s leaves without a significant effect.

Lunin et al. (1963) proposed a couple of ground rules for salinity studes:
(1) the actual tolerance of a given crop to salinity will v"ary according to the
growth stages at which salinization is initated and the final level salinity

achieved; (2) salt tolerance values Sould also take into consideration the

portion of plant to be marketed. Their study demonstrate that salinity

caused greater reductions in beet roots than tops, whereas yield reductions
for onion bulbs were less than those observed in the tops. In addition, salt
tolerance genes function in concert with other genes that influence both

quantitative trial and environmental interactions.
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In terms of its measurement, salt tolerance is described as a complex

function of yield decline across arange of salt concentrations (Mass and

Hoffman, 1977; van Genuchten and Hoffman, 1984). Salt tolerance can be
adequately measured on the basis of two parame;[ers; fhe threshold (ECy),
the electrical conductivity that: is | expected to cause the initial significant
reduction in the maximum expected yield (Ymax) and the slope (s) (Fig. 1).
Slope is simply the percentage of yield was expected to be reduced for each
unit of added salinity above the threshold value. Relative yield (Y) at any
salinity exceeding ECi can be calculated :

Y = 100% - s(EC: — ECv)
Where ECe > ECt.

- ECe : Salinity of soil ext'raé_t |

¥V Salinity threshold (t)

o Slope(s)
B 0.8

L 50%Yield
;>_( v

O 06

2

S
= 0.4

S

0.2

0 2 4 6 § 10 12 14 16 18 20

Salinity ( ECe)

Fig .1. Salt Tolerance Parameters Relating Relative Yield to Increase
Salinity in the Root Zone.




The crop salt tolerance threshold ECt, i.e. the salt concentration at which
yield first declines with increasing salt concentration, is very sensetive to
. environmental interactions.

Important environmental factors that show significant interaction with
salinity include Evapotranspiration, light, and " air pollution. High
temperatures and low humidities may decrease crop salt tolerance by
decreasing the effective value of ECiand decreasing the value of s. Thus,
significant reductions in yields will be realized at lower salinities, and
yields will decreased more rapidly with inc_reasing salinity under hot, dry
conditions.

As reported by. (Maés, 1984) plaht tolerance to salinity is Llsuélly
appraised in one of three ways:

(1) The ability of a plant to survive on saline soils.
(2) The absolute plant growth or yield
(3)  The relative growth or yield on saline soil as compared with
nonsaline soil.’
Most nonwoody crops are not specifically sensitive to Cl-. One
exception to this generalization involves certain cultivars of soybeans. Salt-

sensitive cultivars accumulate excessive amount of Cl- that is toxic to the

Center of Thesis Deposit
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plants. This problem has been avoided, however, by breeding cultivars that
exclude Cl-.

The following paragraphs summarize the previous research work
 conducted on the effect of saiinity, fe.rtilizer,' watering quantity, and

mulching on tomato fruit quality and tomato plant growth and yield.

2.3 Effect of Salinity on Tomato Fruit Quality :

Martinze, et al. (1987) reported that the total soluble solids and
titrable acidity increased with increasing salinity in all tomato hybrids. The
percentage of soluble solids of these tomato hybrids are markedly high, the
effect of treatment on percent of glucose.wés mu§h less consistent since it
only increased at intermediate salinity levels. This means that the quality of
the product is better, which could compensate partially for the lower yields.

Rylski, et al. (1987) reported that in addition to the positive effect of
salinity on the soluble solids content, a major parameter of fruit quality,
salinity also had significant effects on three major fruit quality disorders —
blossom end rot, blétchy ripening a'nd‘ fruit cracking. Percentage of fruit
affected by blossom —end rot was increased by saline irrigation. Saline
irrigation  improved fruit qualify with respect to the disorders of fruit
cracking and blotchy ripening. Saline irrigation nearly eliminated fruit

cracking in the determinate (cv.BARS54) and significantly decreased the
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incidence of the disorder in the more sensitive (cv.121). This decrease due
to salinity was observed in both the open field and plastic house.

According to Katerji et al.(1998) the increase in salinity reduced water
consumption as indicated by a lower water tensién and a more effective
leaching of salts . Most of the water consumption and salt distribution took
place in a relatively small soil volume close to the emitters. Both sodium
and potassium salinities improve fruit quality as indicated by an increase in

firmness, TSS, sugars, and sugar to acid ratios, and a decrease in

hollowness. With increase in sodium salinity caused an increase in Cl- and
Nat concentration in fruit, but no effect on the concentration of other ions
except for a slight de_crea.s.e in K+,

Katerji et al.(1998) reporfed that both fruit number and weight
determine the fruit yield of a tomato plant. It is well known that salinity
decreases tomato yield above 2.5-3dSm! of EC in the extract. At moderate
salinity, fruit yield is more affected by the fruit weight than by their
number, while at high sa_linity, both parameters are affected. Some
- preharvest factors, such: és climatic ICc.»nditions and cul’tural'pract-ice's,
including soil type and water quality, influence the composition and quality
of tomatoes. Tomato flavors, unquestionably, an important characteristic of
fruit quality for the fresh market. This character involves the combination
of many chemical constituents such as hexsose and organic acids, which

are the major components of soluble solids, being also strongly important




17

for fruit quality and for the processing of concentration (Satti et al., 1994),
Soluble sugars and organic acids and their interactions are important for
sweetness, sourness and flavor intensity.

* Fructose and .citric. acid are moré_importa_nt for sweetness and soumess.
than glucose and malic acid. Wlilen both sugars and acids are low, the result
is a tasteless, insipid tomato (Grierson and Kadé.r—; 1986). According to
Katerji et al (1997) light intensity, reduced soil moisture and salt stress
increases sugar content, while the acid concentration is related to the
potassium content, which can be affected by factors like salinity.

Alfocea et al, (1993) found that there was Positive correlation between
relative growth rate, starch level and. the rate of the starch agcumulation-
Also they found that in tomato fruit. Starch. aécumulations early in fruit
development correlated with carbon import rate (Hewitt et al,, 1987).
However, under saiinity and water deficit, reduced fresh weight, increased
starch and decreased hexose accumulation were observed in experiments
where tomato fruits were analyzed starting from the third week after
anthesis (Alfocea et .al., 1993'-).. .

According to Hobson, (1988) within the cultivated tomato, total dry
matter generally comprises 4 to 7.5% of the ftuit, of this total dry matter,
the soluble and insoluble solids account for approximately 75 and 25%,
respectively. Glucose and fructose are the major components of the soluble

solids, comprising approximately 50% of the total solids. Sucrose is present
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in very small quantities, generally less than 0.1% of the fresh weight. The
remaining soluble solids are composed of organic acids (primarily citric
and malic), lipids, minerals and miscellaneous compounds (pigments,
volatiles, étc). The insoluble scﬂids .h.ave been studied in less detail but
include protein, cellulose, pectic substances and hemicellulose. While both
soluble and insoluble solids are important componeﬁ{s of tomato fruit.

Pasternak, et al., (1986) reported that when salt — tolerant, edible crops
are grown under saline conditions, the flavor of the product was better,
although often at the expense of marketable yield. Salt tolerance seems to
be linked with an ability to increase the concentration of solutes in plaht
tissues. - _ : | S 5295@8

.As Hobson and Bedford, (1989) it is considered impoﬁént for cherry
tomatoes to have an interesting and distinctive flavor profile so that the
public should continue to be satisfied with the product. While the choice of
cultivar plays some part in consumer preference, much can be done to
improve flavor through increasing the conductivity of the nutrient solution.

According to {Gough and Hobson, 1990) fhey found thaf with cv.
Garden Delight, there is no loss in total crop weight in the conditions used
with salinity values up to 5 dSm-l, but with benefit to the fruit size so that
considerably more of the crop grads within the commercial limit of 35 mm
diameter. A salinity trial carried out by (Ehret and Hobson, 1986) with

normal-sized, round tomatoes showed that the accumulation of dry matter
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per individual fruit was not affected by increase in the conductivity of the
nutrient solution between 2 and 17 dSm-l. On evidence from results
presented here, this effect does not extend to cherry tomatoes.

A bositiVe"ﬁreférence by consumers for both non;mal-sized, round
(Mizrahi, 1982; Mizrahi et al.., 1988) and cherry tomatoes grown at high
salinity rather than at lower levels. Men and women tasters have somewhat
responded differently to differences in sweetness than in acidity. This was
despite the fact that they found significant differences for organic acid
contents with increasing salinity, but not for reducing sugars .One of the
main effects of salinity increases in the nutrit.ion of tomato plants is on the
dry matter content as a percentage of the fresh-fruit weight. Within this dry
matter are increases in titrable acidity, .and in the sodium and potassium
content of the fruit sap. Potassium particularly impfoves vis_uél and
compositional fruit quality, generally also reducing fruit size.

Mizrahi and Pasternak, (1985) reported that the juice of ripe processing
tomatoes from plant exposed to increasing degrees of salinity showed
increases .in TSS content, total aéidity, and electrical conductivity.. The pH
of the juice was not changed significantly, except at the highest salinity, pH
was reduced. Because of their better taste, the fruits from the salt-treated
plants might obtain better prices on the market, which could compensate
for the lower y'ield.. This study showed that processing tomatoes also

exhibit higher wvalues for TSS and acidity in the juice of fruits from
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salinized plants. This finding means that the quality of the product is better.
It is found that irrigating such tomato plants with saline water for two
weeks before the expected time of ripening will increase the TSS and acid
contents. of the fruits. This-late'tl‘eatment should prevent the yield r'elductic')n
due to smaller fruits obtained u;lder saline conditions, because by this stage
the fiuit have almost completed their growth, In efféct, they are proposing
sodium chloride as special last -season fertilizer for increasing the quality
of processing tomatoes. Late application of salt to indeterminate cultivars
would reduce yield more, but still can be considered, if high-enough prices
would be obtained for better-tasting fruits.

- Mizrahi and Pasternak, (1985) reported that in melons, the fresh fruits
from. salinized plants were tastier than theil.*. contfols. However, durin.g
storage at room temperature, this advantage was reduced, probably due to
post-harvest processes leading to a loss of chemicals important for taste.
These chemicals are probably not the total sugars measured in the fruit as
TSS, because no correlation_ was found between TSS and the taste score. A
losé -of volatile che.r_nic-als can brobably-acéount for this phenomenon, and
storage in the cold rather than at room temperature might help preserve the
taste afler harvest. In iceberg lettuce as well as in peanuts, the salinity of
the irrigation water had no detectable effect on the taste. These differences
in results might be due to the fact that melons and tomatoes are fruits, while

lettuce heads are leaves, and peanuts are seeds.
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According to Petersen et al (1998), the dry-matter content (%) of fruit
increased with salinity, but there was no effect of salinity source. When the
dry-matter content was calculated as g per fruit, it decreased with salinity.
The concenfration '6f .glucose, fructose and. so.luble.' so.l.ids ingperl00g.
fresh weight increased signiﬁ;cantly with salinity, the concentration of
titratable acid expressed in g citric acid per 100 é]fresh weight increased
with salinity. An effect of salinity source was seen only when the
concentration of titratable acid was calculated on a fresh-weight basis. In
this case, sodium chloride increased fhe concentration of titratable acid
more than the other salts at high salinities. The vitamin C concentration
~ expressed as' mg total ascorbic acid per 100 g fresh weight increased with
salinity. I—Iowever; the vitamin C content decreased with salinity. when
calculated either per fruit or per 100 g dry matter.

Adarﬁs, 1991; Adams and Hobsonl1989, reported that raised salinity
improved the fruit composition in terms of a better taste. In agreement with
other investigatiqns, the concentration of dry matter, sugars, titratable acid
and vitamin C increased with salinity when calc;,ulated on the basis 6f fresh
weight. Per fruit, no differences in glucose, ffuctose or soluble solids
content were found, whereas the content of titratable acid and dry matter -
decrease with increasing salinity.

Alarcon et al, (1994) reported that the cause of decrease in yield due to

salinity was a reduction in fruit size rather than in fruit number. In effect,
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this led to an increase in the percent of fruit in the 20-30 mm diameter
range, which is the required size of export quality cherry tomatoes.
Furthermore, total yield of export size tomatoes was higher under the saline
treatments, as compared to the control, despite thé decre.ase. in-total Iyif:'ld.
Although the saline treatmeﬁts and the three branch treatment was
successful in producing a high yield of export q'!.'iality cherry tomatoes,
even under the highest salinity treatment fruit size of the early crop from
the first clusters” was too large for export as cherry tomatoes. Salinity also
improved the taste of the ripe fruit as evaluated by a taste panel. In
correlation with the improvement of taste, the total soluble solids (TSS)
wére also incr_eased which was, in turn, paratleled by increases in_ the
solﬁBle sﬁgar concentration. |

Caro et al. (1991) reported that an increase in the salinity of the nutrient
solution and the soil also lowers the osmotic potential of fruits. These
finding have particular importance as they reflect an increase in the content
of acids, sugars and minerals-factors which affect the quality of tomato
 fruits. Controlled salinization can be used as a means for aéhieving better

quality fruit.
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2.4 Effect of Salinity on Tomato Plant Growth and Production

Marschner, (1983) reported that the higher salt tolerance of certain
cultivars of wheat, barley and citrus is related to a more effective restriction
of shoot transport of both Nat .and Cl-; whereas in soybean cultivars and
rootstocks it is primarily relatéd to the restriction of Cl- transport and
retention of Na* in root and restriction of its t‘ransloc;tion to the shoot seem
to f)lay an important role in the salinity tolerance of wild relatives of
pigeonea.

Alfocea et al. (1993) reported that the effect of NaCl on plant dry
weight varied with duration of the treatment. In the first harvest, only cvs
- Muchamiel and Volgogradski underwent a signi_ﬁcantidecreasé in their dry
weights with salinity. In the second harvest ail cultivars were significantly
affected, the lowest decreases occurring in cvs Peraand  Ge-72. In the
both harvests, the increases in Cl- and Na* concentrations with salinity
were parallel in most plant parts for all five cultivars, Na* concentration
~ being generally higher than those of Cl- .Generally, K* cohcentration_s_
decreased with salinity in the three plant parts, sigrii-ﬁcént differences being
found between the treatments in both harvests. The lowest decreases in K
were found in roots and, in some cultivars, these K+ concentrations even

increased with salinity in the first harvest. The stem was the plant part

showing the highest K* concentrations in the two harvests, both in treated
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and control plants. The degree of salt tolerance of cultivars, measured on
the basis of their decrease in dry weight at different salt level. If the
inhibition of the growth is due, on the one hand, to the toxicity of Cl- and
Nat .ion.s, and, Sn the other hand, to the nutritional imbalance induced by
salinity, a relationship betweeﬁ plant growth and the Cl- and / or Na*, K+,
Ca™ and Mg** concentration in root, stem and leaf should be found. The
more sensitive the culitivar, the higher the level of the correlation between
the dry weight and the ion concentration. They suggest that there will only
be a correlation between the dry weight and the ion contents when the
salinity level used, or the duration of the salt treatment.

Tal and Guard (1976) and Tal (1985) found those plants of
{Lycopersicon peruvv:anum) and (Solam:m pennellu) suffeled under
salinity less than the cultivated tomato. Compared with the cultivated
tomato, these wild species showed a lower decrease in dry weight and
relative water content under salinity, and they were more succulent and
accumulated more Na* and Cl- and less K+

Tal Iar.1d Shannon (1983) found that the ;vild relatives of the cultivated
tomato, L.cheesmanii, L. peruvianum are distinguished from the cultivated
species by: (1) a lower absolute elongation rate of the stem under control
conditions and a smaller relative decrease of this under high salinity; (2) a

| higher accumulation of Na*, which was most pronounced in the leaf and
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top of the shoot; and (3) a greater decrease of K* content under salinity,
especially in the stem and to a lesser extent in the leaf and the top .

Satti et al., (1995) found that stem height of tomato was reduced by
salinity (50mM NaCl) by 11% but wa:s_' increased by 6% with the
application of 4mM K. When K+ level increased to 8 and 16 mM, stem
height decreased by 5 and 8%, respectively. Leaf number was not found to
be significantly affected by salinity and K*. Suppression of plant growth
undet saline condition is shown by reduced stem height, fruit size, and
whole plant dry weights compared to control plants. This reduction could
be attributed to osmotic reduction in water availability or to specific ion
effect patticularly Na* and CI. The high amount of Na* in saline nutrient
solution boulcl .have impaired the hydraulic conductivity or Igermeébility of
root to water and the displacement of K* at the exchange sites in the root
thus rendering it less available to the plant possibly resulting in K*
deficiency

Willumsen et al (1996) found that a clear relationship between salinity
and the total wéigh‘t .Iof har\fested frui.t. The highér the'.salinity the more
depressed was the weight of yield due to a smaller fruit size. The maximum
decrease in both yield and fruit size was 16-25% of the control while the
corresponding number of harvested fruit per plant varied only 3-10%. Also
the source of salinity significantly influenced both fruit size and yield, the

reductions being larger by addition of sodium chloride than by the
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combined addition of chlorides and sulphates. Leaf length was also reduced
by ihcreased salinity, whereas the total fresh weight of al.l leaves influenced
by the treatment.

Adams and .Ho, (1989),' repo.rted that the reclt;ced Ieaf length, fruit size
and total fruit weight may be I'explained by a reduction in cell volume due |
to smaller The number of fruits per plant may also be reduced by increased
salinity. |

Alarcon et al. (1993,1994) have studied the water relations and the
osmotic and elastic adjustment capacity of different tomato genotypes
under saline stress, and have shown that the growth of salt-treated tomato
plants is often limited by the ability of the root to extract water from the
Isoil and tranépo_rt it té the shoot.. |

Rodriguez et al. (1997) reported that at the end of the salinization
period, salinity induced a clear reduction in stem, leaf and root dry weight.
However, the shoot: root ratio increased significantly in salt-treated plants,
indicating that root development was affected more than shoot gr_owth.

According to Caro et al: .(1991): Fruit yield of all cultivars decreése;i
with increasing salinity, although variation between cultivars of normal-
sized tomatoes and cherry tomatoes was different. In general, the L.
esculentum cultivars showed significant differences between salinity- level
2.8 and 6.3 (dS m-1) and between 6.3 and 13.9 (dS m-1), but there were no

significant differences between 13.9 and 21.5 (dS m-1). Cherry tomato
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cultivars showed similar decreases in vegetative parameters. HoWever,
these cultivars had the lowest sldpes in the yield-EC response plots.
Consequently, the ranking of salinity-tolerant genotypes on the basis of
vlegetative éharactériétics 1ﬁay.differ from that on the basis of fruit yield.

As Shannon (1985) suggestéd that when leaf concentration of €1 and Na
increased, fruit yields decreased, and Ci- and Na toxicity effects may be
one cause of yield decreases when tomato plantsl grew in media having
high NaCl levels. Nevertheless, the fundamental mechanisms determining
the responses of plants to NaCl are still not understood. In addition to the
osmotic shock, accumulation of Cl and Na ions in the plant is often claimed
to be toxic and iseven considered to be one of the main causes of growth

inhibition induced by salinity.

2.5 Effect of Fertilizers

According to Besford (1978) K* is an essential macronutrient and
appears to be required by all plant species including tomato, which has a
high fecjuirement for this element. An adequate supply of K* is importént |
for vegetative growth and the formation of good quality fruits.

According to Tal Shannon(1986) the efficiency of K* utilization Was
similar in all three species under control conditions, but higher in the two

wild species than in the cultivated species when K* supply was low. At low
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K* growth of the wild species was impaired less than that of the cultivated
species. Lower K* content in the leaf characterized the wild salt tolerant

plants when grown in contro! or saline (NaCl) medium.

According to Gibson (1988) Phosphorus applicationé have increased

yield in cereals and pasture épecies in saline soils at levels of available P
sufficient to give maximal yield under normal soil conditions. salinity
treatments decreased the concentration of P in both the soil solution and
plant leaves. Phosphorus addition to saline media have resulted in relatively

low levels of Nat and high levels of K* in immature leaves of tomato

(Awad et al., 1990)

Satti et al. (1995) reported that an improvement in fruit weight was

obtained when saline solutions were enriched with K,Pand Ca. Percent
increase in fiuit weight reached a maximum of 194% when K was added to
the saline treatment. Fruit yield of cultivars decreased with increasing
salinity although variétion between cultivars was not significant except for
the small-fruited cultivar. When P was added to the saline nutrient
| solutions,- 'fhe level of P in tomato leaves was sign’iﬁcantly- increased by 4-5
fold that of the control plants. However, the use of Ca resulted in a
lowering of the P content possibly by interference with its uptake. The
requirement for more P in salinized pants could be related to its role in

energy fixation and carbohydrate partitioning and transport.
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Satti and Al-Yahyai (1995) reported that soil salinity decreased the
content and uptake of certain elements in the plant leaves, which might lead
to a reduction in growth and yield due to nutrient deficiency. Sodium
chloride salinity generally decreased the content o.f K, Ca, and Mg in the
plant, It was also reported bf Marschner. (1986) that the K, Ca, and Mg
concentration in the leaves, in general, decreased with salinity in wheat.
The addition of certain elements to the saline soil might correct the
deficiency symptoms that occurred due to salinity. The addition of P and
Ca resulted in a positive effect on plant mineral uptake.

Norrie et al (1994) reported that salinity buildup in the peat substrate

might have decreased yields for high-EC treatments. Also, increased NO3-

IN in the high-EC éolution may increase vegetative growth and reduce ffuit-
set under higher spring light conditions. Foliar nitrogen and potassium
concentrations were found to be slightly higher in leaves of plants receiving
the high-EC solution. Phosphorus concentration did not change between
treatments and calcium, although still above critical levels was slightly

reduced in leaves of plants receiving high-EC solution.

2.6 Effect of Irrigation Method, Timing and Mulch Cover :

Pasternak et. al. (1986) reported that drip irrigation is thebetter system

for application of brackish water to plants than either sprinkler or furrow
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irrigation. It appears that a major reason for this superiority is fhe very
effective leaching of salts immediately under the drippers (Yaron et. al.,,
1973). Even when the smallest quantities of water are given, there is
lalways .a volume of soii under the emitters in \.;vhichl the salts concentration
in the soil solution is equal to that of irrigation water. Apparently, plant
growth is determined by the lowest salt concentration in the root profile
( Papadopoulos and Rending, 1984).

Rudich et al. (1981) conducted an experiment with processing tomatoes
in which scheduled trickle irrigation treatments were applied over five
definite growth stages. Their results indicated that a water deficit during the
growth stages of flowering, fruit set, the onset of fruit development, and
early ripening was .criticall with respect to yield ;mcl th.;flt low water t;ension
during these growth stages was essential for maximum yield.

Pastrenak et. al. (1984) reported that under sprinkler irrigation with

brakish water the mean electrical conductivity of saturated soil extract

(ECe) was about 6.0 dSm'! and the yield reduction was 60% . With drip

irrigation, the ECe under the drippers ‘was about 5.0 dSm-! and the yield
reduction was 30%. Sprinkler irrigation affected yield through a reduction
in both bulb size and bulb number of onion per unit area. Drip irrigation

affected the bulb number only.

Center of Thesis Deposit
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Locascio et al. (1985) reported that Trickle irrigation has been used to
produce tomatoes with yields similar to those obtained with overhead
irrigation, but with one-half as much water.

Growing tomatoes with pdlyethylené mulch increases tfle amount lof |
applied N recovered by trickle:-irrigated tomatoes and increases yield over
non-mulched tomatoes. Tomatoes and strawberries have .reSpon'ded with
increased production with N and X injected into the irrigation water in
contrast to all applied preplant. Since, nutrient-leaching increases with the
amount of water applied, precise control of the amount of the water and
frequency of application may eliminate the need to apply nutrients with the
irrigation water. Also, numerous srriall_ daily water applications may be
more efficient in r-éclucihg water stress and nufrieht leaching than one large
daily application.

Pasternak et. al. (1986) reported that when tomatoes were germinated
with fresh water and irrigation with brackish water was begun only after
some thirty days of growth, water with an electrical conductivity of 7.5
ds/m reduced the yield. of fresh fruit by about 30%. However, if 7.5 dSm-! |
wéter was applied from outset, then the yield was reduced by some 60% . It
is very important to prevent young tomato seedling from suffering severe
salinity stress. Thus, whenever possible, tomatoes should be germinated
with fresh water and salinized only at about the fourth-leaf stage (delaying

salinization to the eleven-leaf stage gave no further advantage).
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In both the straw and plastic treatments, root density decreased at about
22 cm. There appeared to be more root development in straw treatment at

the 30- to 60-cm depths under daily irrigation treatment compared to twice

weekly, probably due to lower matric potentials that resulted from this

irrigation schedule. Under the;plastic mulch, root density increased with
irrigation. Soil temperature was likely the coﬁfrolling factor in root
development under the plastic mulch. The slightly more favorable
temperatures under irrigation may have permitted greater root growth in

these treatments than in the control under the plastic mulch.

hts Reserved - Library of University of Jordan - Center of Thesis Deposit

All Ri



- 1sode@sisayl Jo LD - Ueplor Jo AisBAIUN JO ARIQIT - PaABSaY SIYOIY |1V

ethods

T A

b




33

3. Materials and Methods

3.1 Study Location:

The experiment was conducted at AN-Najah National Univlersity -
Faculty of agriculture at Tulkarem Campus , during, the 1998/1999 season.
Tulkarem district was located in the northwestern part of the West Bank.
It is bounded by the Jenin and Nablus districts in the North, it lies between
40 to 500m above sea level and it is entirely within the fertile semi coastal
zone (AR1J, 1996).

The climate of Tulkarem is of Mediterranean type with moderate
summers and relaﬁvely warm ﬁinféré.

Humidity in Tulkarem reaches high values with an annual average of
69.6%. In winter, this value increases 1o an average of 75.9% in February
while in May it reaches its lowest value of 62.4%. The variation of the
average monthly humidity , temperature., rainfall and wind speed for the

Tulkarem district from 1980-1995 are shown in Appendix AI(ARJ, 1996)

3.2 Nutrition and Growing Conditions: -

4. Plant Materials:

A crop of cherry tomato (Lycopersion esculentum var. cerasiforme, cv.

189) was grown under plastic house condition in pots.
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A plastic house of one dunum area was used. The lay out of the
experiment was randomized complete block design with three replicates for
each treatment were planted. During September of 1998 the preparation of
the experiment began by potting and mixing the soil. The soils were potted
using 15litter soi_ll per pot, tP;e pots are made of plastic containers, and the
containers were perforated on the sides and 'l-:)-ottom for aeration and
drainage.

The pots were arranged in six rows in the plastic house and plastic
containers were put under each pot for collecting drained water. The
distance between each pot were 50 cm in each block, were each block had
.the'_same salinity level. The spacing'between blocks was 1m, and the
“spacing between rows was 1.5 m. Plants in each row were subjected to
various experimental conditions as follows:

° The first row with clay soil and five levels of salinities were covered

with black plastic mulch (45pots).

o The second row -with three types of soil and five salinity levels has

been used (45pots). | |

e The third row with three types of soil and five salinity levels were

used (45 pots). |

e The fourth row with three types of soil and five salinity levels of were

used (45 pots).

- Center of Thesis Deposit
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b. Soil Types and Salinity Treatment:

Three types of soil were used in the study: sandy soil, clay soil, mixture

soil (V2 sand + ¥ clay). The salts were added in the form of NaCl and were
mixed with the three types of the soil using a mechanical mixer. Soils were
then potted and weighted. Five levels of salinity were used with three

replicates for each treatment: 0,1,3,6,and 83 gm NaCl for each 1Kg soil.

c¢. Irrigation Frequency and Fertigation

The pots were irrigated using a drip irrigation system with tap water at a
cate of one liter per plant per day — four days a week. In the first three
weeks, the additions of water and fertilizer were the same for all pots until
the seedling grew, then the treatment of water and fertilizer began using the
following levels and rates (seé Tables 3.2 and 3.3)::
o Regular- fertilizer (N1, P1, K1) and regular water irrigated water 1

(4L/plant/week) added for the first row.

e Regular fertilizer (N1, PI, K1) and half amount of regular water

eserved - Library of University of Jordan - Center of Thesis Deposit

~ irrigated water 2 (2L/plant/week) were added for the second row.
e Regular fertilizer (N1, P, K1) and one and half amount of regular
water irrigated water 3 (6L/plant/week) added for the third row,

o Regular fertilizer (N1, P1, K1) and regular water irrigated water 1

(4L/plant/week) added for the forth row.



/| / 3
in fertilizer addition each 15

v meg/m‘to three groups.

0 pie /f/We level of salinity have different amount of fertilizer

o
,K2) For each of the five salinity levels, watering level W1,

clay soil

N1, P1,K3) For each of the five salinity levels,l watering level W1,

/ and clay soil

/ .(N1, P2, K1) For each of the five salinity levels, watering level Wi,
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addition each 15

« The sixth row divided into three groups in fertilizer

'pots' with the five level of salinity have different amount of fertilizer -

as follow:

. (N1, P3,K1) For each of the five salinity levels, watering level Wi,

and clay soil

. (N2, P1, K1) For each of the five salinity levels, watering level W1,

and clay soil

. (N3, P1, K1) For each of the five salinity levels, watering level W1,

and clay soil
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e The ﬂﬁ_h row with clay soil and_ﬁve ._1eve_l-'s"-;0‘,f salinities were used with

| different fertilizer doses (45 pots).

o The sixth row with clay soil and five levels of salinities were used

with differélnt fei'tilizer_dqses (45 pots).

Seedlings were transplanted in the pots on 24/9/1998. The plastic house
conditions were as shown in the table 2.1 belén—w. And the sketch of the
‘experiment as shown in appendix A2.

During the - growing season (_“Manifgan”, “Daconil”), (“Benlate”,
Rubigan”, “Ridomil”), “Benlit”, at the rate of (50, 45), (12, 6, 50), and
12gm/20 liter of water respectively, were used with alternate spraying one
ime a week against early blight, Powdery mildew, Wilting.
Table 3.1 Temperature and Relative Humidity During the

Experimental Period Inside the Plastic House

LT S
September
October
1998 [November
1998  |December
1999 | January
1999 | February
1999 March
Li99-9 April
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b. Soil T?nes and Salipity Treatment:

Three types of soil were used in the study: sandy soil, clay soil, mixture
so1l (V2 sand + Y2 clay). The salts were added in the form of NaCl gnd were
mixed with the three types of the soil using a mechanical mixer. Soils were
then potted and weighted. Five levels of salinity were used with three

replicates for each treatment: 0, 1, 3, 6,and 8 gm NaCl for each 1K.g soil.

¢. Jirigation Frequency and Fertigation

The pots were irrigated using a drip irrigation system with tap water at a
rate of one liter per plant per day — four daysa week. In the first three
weeks, the additions of water and fertilizer were the same for all pots until
: the seedlmg grew then the tleatment of water and fertilizer began using th;: '
following levels and rates (see Tables 3.2 and 3.3):

o Regular. fertilizer (N1, P1, K1) and regular water irrigated water 1
(4L/plant/week) added for the first row.

o Regular fertilizer (N1, P1, K1) and half amount of regular water
irrigated water 2 (2L/plant/week) were added for the second row.

° Regﬁlar fertilizér (N1, P1, K.l) and one and half ammount of regular
water irrigated water 3 (6L/plant/week) added for the third row.

o Regular fertilizer (N1, P1, K1) and regular water irrigated water 1

(4L/plant/week) added for the forth row.
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o The fifth __rqlw' divided into three groups in fertilizer addition each 13
pots with the five level of salinity have different amount of fertilizer
~as follow :
(N1, P1,K2)For eacﬁ of the five salinity levels, watering level Wi,
and clay soil

. (N1, P1,K3) For each of the five salinity levels, watering level W1,

and clay soil

. (N1, P2, K1) For each of the five salinity levels, watering level W1,
and clay soil
o The sixth row divided into three groups in fertilizer addition each 15
'p.ots' with the five level of sélinity,have different amount of fertilizer -
as follow:
. (N1, P3, K1) For each of the five salinity levels, watering level W1,
and clay soil
. (N2, P1, K1) For each of the five salinity levels, watering level W1,
and clay soil
. (N3, P1, K1) For each of the five Salinity levels, watering level W1,

and clay soil




e NaCl-KgSol [ 1000 | 500 | 1500 | 1000 | 500 1500 ) 300 100 | 500
Tmg NaCl-kgSoll | 1000 | 500 | 1500 | 1000 [500 | 1500 } 300 100 | 500
GmaTNaCl kgSoll | 1000 | 500 | 1500 [ 1000 | 500 | 1500 300 | 100 | 500
§mgl NaCl-kgSoll | 1000 | 500 [ 1500 | 1000 500 | 1500 | 300 | 100 | 500

L

Table 3.3 Summary of Salinity, Fertigation, Watering Levels and Soil

Types

iy

g NaCl- kg'ioil 1000 11000 | 300 |4 6 clay

e/l NaCI- kg Soil | 1000 | 1000 | 300 213 6 [sand | Clay | mixed
Tmgl NaCl-kg Son | 1000 | 1000 | 300 |4 |2 |6 nd | clay | mixed
GmgNeCl-kg Soil | 1000 | 1000 | 300 14 716 |sand |clay | mixed
SmQINaCl-kg.Soil (000 1000 1300 [4 |2 |6 T sand | clay | mixed

And we used the N, P, and K elements from the following sources:

e Potassium (K): from potassium nitrate (KNO5) which contains 37%

pure potassium.
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¢ Nitrogen (N) » from two sources :

Potassium nitrate(KNO;)which contain 13% pure nitrogen

o Ammonium sulfate (NH4)ZSO4 Which contam 21% pure mtrogen
° Phosphonus(P) from phosphorlc acid (H;P Oy) Wthh have:

. Specific gravity of HyP 04 = 1.69 gm/ml

. Bach 1 m! H;P O, contains: 1.69 gm/ml * 0.85 gm H,PO4

. So each ml of H;P Oy contains:

1.69 gm/ml * 0.85 gm H;P 0,*31/98 gmP = A54gm

d. Plant I—Iarvest

plants were harvested by hand. Harvesting season started on 15 Decémber
and continued until 15 March 1999, Marketable and unmartketable cherry
tomato fruits were picked at 7-10 day intervals. During the growing season
the field data were recorded at various periods.

3.3 Crop Monitoring:

1~ Plant growth and development: measufing_ the. plant height (cm), by

measuring the height of the plant each week and the mean length for

each block was taken.

7- Quantitative characteristics: measuring the total yield/plant (gm), and the

weight of harvested fruit each week for each plant and block were

recorded
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Table 3.4: Types of plant samples collected at the end of the season,

5 Seil typel , irr, Levell,(N1-P1-K1) and mulch
cover with different level of salinity
5 B Soil type 1, irr., Level 2,(N1-P1-K1) with
_ different level of salinity
Soil type 3, irr. Level 2,(N1-P1-K1) with
different level of salinity
Soil type 2, irr. Level 2,(N1-P1-K1) with
different level of salinity
Soil type 1, irr, Level 3,(N1-P1-K1) with
different level of salinity
Soil type 3, irr. Level 3,(N1-P1-K1) with
different level of salinity
Soil type 2, irr, Level 3,(N1-P1-K1) with
different level of salinity
Soil type 1, irr. Level 1,(N1-P1-K1) with
different level of salinity _
Soil type 3, irr. Level 1,(N1-P1-K1) with
different level of salinity
Soil type 2, irr. Level 1,(N1-P1-K1) with
- different level of salinity -
- Soil type 1, irr, Level 1,(N2-P1-K1) with
different level of salinity
Soil type 1, irr, Level 1,(N3-P1-K1) with
different level of salinity
Soil type 1, irr. Level 1,(N1-P2-K1) with
different level of salinity
Soil type 1, irr, Level 1,(N1-P3-K1) with
different level of salinity
5 ' Soil type 1, irr. Level 1,(NI-P1-K2) with
different level of salinity
5 ~ Soil type 1, irr. Level 1,(N1-P1-K3) with
_ different level of salinity

| |

W [ th

n

h [ | in | | n

These collected plant samples were cleaned from the soil and the shoots

was separated from the root .The fresh weight of the root and the shoot for

each plant were recorded and the sample was prepared for drying.
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5 Although at the end of the, season. soil. sample from the pots was
collected from each pot as follows:

. one sample from the top of the pot

. one sample from the middle of the pot

. one sample frbm the bottom of the pot.

Because of sample number limitation to be analyzed, only the treatment of
3gm/kg samples of all different treatment in the experiment were analyzed.

The number of these samples were 48 sample.

a. Physical Analysis

xture s0

o Soil Type:-the type of the soil was known according to its te

the soil was determined according to the percentage of clay, silt and -

sand.
e Dry Matter Content: -The dry-matter content calculated as percentage

(%) of the shoot and root determined by the plant material was washed

with distilled water and dried at 65 °C for 3days, and dry weight was

recorded by dividing the dry matter of the shoot or root over the fresh

weight of each of them, then calculated as p'ercentage.

¢. Chemical Anélvsis:

e Soil and Water Chemical Analysis: - At the beginning of the

experiment 15 soil sample were taken from the three types of the soil




/ of salinites. T-hese samples and water sample were

3 We }hen' content of EC, Cl Catt, PH, N, P, K5 Catt &

a0 § and Na™. The sarme analyses Wete conducted for the soil

f the growing seasorm. These analyses Were done

5 al the end ©

the staff of technician in Beta Central Laboratory For water and

/soil analysis of the Palestinian Ministry of Agriculture
_ ;./ e Fruit chemical analysis: during the growing seasonl randomized
taken and prepared for these

samples from each treatment was

analyses.

1. Titrable Acidst - Titrable acids were determined on blended samples
titrated to pH 8.1 with 0.1N NaOH and were express_ed' as g citric acid

per 100g fresh weight.

ined by use of the dichloro-

9.  Total ascorbic acid was determi

indophenol method.
le Solids (TSS):-Total solubl
(ATAGO S-lO).

3. Total Solub e solids (TSS) Percentage

was. measured by refractometer
4. Reducing Sugar: -Reducmg sugar was measured by thé method of

Carballido et al (1974).

determined by using the pH meter (HANNA

5. Acidity: the pH was

‘nstruments ,8521).
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4. Result and discussion

The followi_ng sections present and discuss the 1'esu1ts obtained in
this sfudy as felated. to the effects o’f salinity on cherry tomato
(Lycopersicon escnlenr.um va. bemsifome ) vegetative growth, fruit yield,
fruit size, fruit quality expressed as titrable acid;'-.})H, total soluble solid
(TSS), vitamin C content, reducing sugar and the dry matter of the shoot
and root.

‘Due to the large number of figures and tables used in this section and for
clarity of the discussion, it was decided to put most of fchem in Appendices

BtoE. .

4.1.1 Effect of Salinity on Fruit Yield:-

Mean plant yields versus irrigation level and salinity was presented in
Table 4.1a. Table 4.1a indicates that there is a reduction of yield with
increasing salinity at all levels of irrigation treatments. At the same salinity
level, jield reduced witﬁ reducing amﬁunt of lirrigation water. It w.as clear
from the same Table that higher yield production was observed under Ogm
salt addition and high and medium irrigation water level

(4&6Litters/week) .
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Under low irrigation water level (2Litter/week) the effect of salinity is
clearer, and there is a greater decrease in the yield in response to irrigation
water decrease. In other words, the effect of salinity on the plant increases
as the soil should not be allowed to dry because the osmotic potential
retards water uptake.

Also, no significant difference was found in plant yield between
medium irrigation level and high irrigation level, so there is no need to
increase the amount of water to greater than 4Litter/ week.

Table 4.1a Mean Yield under Different Salinity Levels and Different

Irrigation Levels.

0 1056.73 (a) 98517 (o) 1025.77 (b)

1 981.5 (c) 943.44 (d) 985.08 (c)

3 681.97 (e) 647.988 (D 665.55 (eh)

6 449.66 () 3012 (b) 469.27 (2)

g 28282 (k) 274 (0) 294.44 (k)
LSD .05=28.75 —

¢ Were LSD : The Least Significant Difference

Table 4.1b indicates the significant difference of the yield of the plant
under different salinity levels and different soil types. From this table it is
clear that there is a significant difference between different levels of

salinity for the same type of the soil. Yield was more in clay and loamy

hts Reserved - Library of University of Jordan - Center of Thesis Deposit
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soils than in sandy soils for all salinity levels, because sandy soil doesn’t

retain water as much as the other types of soil.

Table 4.1b Mean Yield under Different Salinity Levels and Different

Soil'Types;
oy
0 105624 (a) [ 1031.267 (a) |1001 (b)
i 990.97 (be) [9703 () |948.77 (@)
3 670.07 (e) |6691  (e) |663.7 (o)

6 45178 () [4487 (D |4188 (o)
8 28573 (h) 28088 (h) |242.55 (k)
LSD .05=2875 |

. From table 4.1¢ which de'scrib_es the mean yield versus sbil t‘ypé-and
irrigation level it is clear that the best yield was obtained under Medium
irrigation level in the different soil types also in the sandy soil under high
irrigation level. Where the presence of sufficient amount of water in the
root zone decreases the effect of salinity. It was clear that under low
irrigation level , when the plant stress increased, the decrease in the yield |

was increased and effect of salinity increased.

- Center of Thesis Deposit
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Table 4.1c Mean Yield of Different Salinity Levels under Different Sojl

Types and Different Irrigation Levels.

£
Soiltype 1 [699.42 (a) | 663.66 (b)
Soil type 2 | 697.31 (a) ['657.93 (b) 670.8 (b)
Soil type 3 | 686.52 (a) 630.64 (c) 673.94 '.(a)
.LSD .05 =28.75 " |

From table -4.1d which describes the mean yield versus fertilizer dose
and mulch cover, it was clear that mulch cover reduced the effect of salinity
on the plant by reducing the evaporation from the soil surface. The use of
mulch cover decreases the chance of plant drought, which improve plant
response to the salinity effect. There is no significant effect of N & K
fertilizers observed at the same salinity level. Effect of P was observed at
higher salinity levels were P improved response to salinity, so less
reduction in the yield is obtained.

These results agree with the observations. of Gibson, (1988) who
reported that the.requiremen;c for more P in .s.alinize.d plants could be
related to its role in energy fixation and carbohydrate partitioning and
transport. Moreovet, P is also involved in the synthesis of membrane lipids,
which are vital for jonic regulation. NaliCl salinity reduced P transport and

uptakes in tomato and other plant species. Phosphorus application has
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increased yield in cereal and pasture species in saline soils at levels of
available P sufficient to give maximal yield under normal soil conditions.

Table 4.1d : Mean Yield Under Different Salinity Levels with Different

Fertilizers Doses and Mulch Cover.

0 1028

},‘

') 1008 (c) | 1008 (c) | 1005 (c) | 1070 (b) | 11418 (a)

1 1966 (d) | 968 (d) |977 (&) | 1015 (c) | 996 (cd) | 1000 (¢) | 1166 (a)

3 | 669 (N 1667 (D |665 (f) | 700 (e) | 648 (D | 668 (D | 711 (e}

6 454 (h) | 440 (n) [ 428 (h) [SI3 (o) | 444 (h) | 447 () 516 (o)

8 |292 (1) 203 () {251 (m) |310 () | 283 () |280 () |306 ()

. LSD .05 =40.27

412 Effect of Salinity on the Relative Yield :

It was shown that the salinity tolerance of different treatments for the
same cultivar were determined according to the threshold and slope values
(Mass and Hoffman, 1977; Van Genuchten and Hoffman, 1984). Figures
(B1-B16) in appendix B show were the relative plant yield versus the
average salinity of the soil extract in root zone. These Figures show that the
plant tolerance to salinity can be determining by the threshold value and the
slope.

As shown in Figure {B16) the highest threshold values (maximum
electrical conductivity (EC) value without yield reduction) and lowest

slopes {yield decreases per EC increases) of all treatments were obtained
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with clay soil, medium irrigation level, régular fertilizer (N1, P1, K1) and
when the soil was covered with black plastic mulch. The threshold value
was (a=4.5) and the slope was (b =5.8%). This is because the mulch cover
prevented water from eyaporations from the soil surface, increasing the
moisture content of the soil and hence the effect of salinity was lowered.
In addition, mulch increased the soil temperature which in tumlenhanced
root development,

Support for these results come from Cooper (1973) who reported that
mulches  significantly affect soil temperature and soil physical factors
influencing root development— soil temperature is important in determining
the rooting volume of a crop and affegts root extension, branching, and
diarr.leter'.'

From the slopes of (Figures Bl - B16) it was found that the yield
reduction differed among the treatments. Generally the plants in the three
types of soil showed maximum reduction in the yield when water content
decreased. However, maximum reduction was found when sandy soil used
for plaﬁting and irrigate Wi_th low irri'gati-on level and regulér fertilization
application (N1, PI, K1) the threshold value (a =3)and the slope (b=
7.7%). As shown in (Figure B8) this change can be attributed to the nature.
of the sandy soil, that doesn’t retain water, so the reduction in the amount

of irrigation water as in this treatment will cause soil dryness and water
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stress for the plant. This will increase the plant response to salinity which
leads to reduction in yield.

Ayers and Westcot, (1989) reported that the crop doesn’t respond to
" extremes of low or high salinity in the root zone depth but int_egrates water
availability and takes water whenever it is most readily available. Irrigation
scheduling is thus important in maintaining high soit-water availability and
reducing the problems caused, when the crop must draw a significant
portion of its water from the less available, higher salinity soil —water
deeper in the root zone.

As presented in Figures B3, B6& B9it is shown that in the different soil
types(clay, loamy, sandy soxl) that when high irrigation level are used in
these types of soil(6L./week). The threshold value increased as (4 4 4.2, 4)
respectively and the slope decreased (5.04, 5.9, 6.2 %) which reflects that
the tomato plant is more tolerant when we use high irrigation level.
However, these increases are not significant to compensate the increase of
water amount.

It was found in Figures B11, B13 & B15 that increased nutrients (N, P
K) will increase the tolerance of cherry tomatoes to salinity. The threshold
value increase in the case of phosphorus fertilizer increase, it reached
(a = 4.2) and the slope decreased to (5.15%). In the case of potassium
fertilizer, the threshold value was (a = 4.3) with slope (b =5.32%). In the

case of N fertilizer the threshold value (a = 3.8) with slope (5.62%). This is
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supported by Satti et al. (1995) who reported that an improvement in fruit
weight was obtained when saline solutions were enriched with K, P and Ca.

The increase in K level, however, has favorable as well as adverse

effects of salinization on K content as sodium is known for inhibiting

uptake of K, possibly due to an hntagonistic effect between the two cations.
This compares with the finding by Gibson, (1988) who found that
Phosphorus application increases yield in cereal and pasture species in
saline soils at levels of available P sufficient to give maximal yield under
normal soil conditions. Also Awad, (1990) reported that salinity treatment
decreased the concentration of Phosphorus in both the soil solution and
plant lea_ves._.These results agree with results found in this research that the
incréase of Phosphorus .fertilizers is ver.y- irnpoftant .as it decreases the
salinity effect on the plant production as presented in F igure (B13).
Locasico et al. (1974) agree with the result of this study in reporting
that tomatoes have responded with increased production with N and K
injected into the irrigation water in contrast preplanting application.
| ~Also A\'?vad'., (1990) reported that the addition of certain elements to the
saline soil might correct the deficiency symptoms that occurred due to

salinity. The addition of P, K and Ca resulted in a positive effect on plant

mineral uptake,

of Thesis Deposit
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From Figures (D1 - DI16) we can observe the production of cherry

tomato versus time through the season period, The results indicate the

following:

o At low salinity levels (0&1gm) there was an increase in fruit yield

with time up to a maximum yield by mid. seasons then a yield decrease

acceptable levels. .

e The maximum yield reached at low salinity levels, was not noticeably

affected by the various treatments

o At medium salinity treatment levels (salt level 3gm/ kg) the fruit

yield also increased but with much lower rates,

° At high salinity levels (salt level 6,8gm/ kg) the increase in fruit yield

was not clear and almost steadies amount.

4.2 Effect of Salinity on Fruit Size: -

To evaluate the effect of salinity on fruit size, the fruit no./100gm of

fresh weight was used as an indicator of fruit size. It was found that as

salinity increased the fruit became smaller as fruit no./lOOgm increased
(Table 4.2a). It is clear that the reduction of yield as the salinity increase is

not due to the fruit no./plant but due to the reduction of the fruit weight as

the salinity increased.

hts Reserved - Library of University of Jordan - Center of Thesis Deposit
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The results presented in Table 4.2a indicate significant differences
between different salinity levels and water irrigation. It is clear that under
high salinity levels with medium irrigation level, the largest fiuit
no./100gm (16.6) was observed. This indicates that these blocks have the - -
smaller fruit. It was fﬁund also that with the different salinity levels Iand
using medium irrigation level the fruit 10./100gm have the largest means,

which indicates that the means are smaller in all salinity levels compared

with other irrigation levels.

Table 4.2a : Mean Fruit No./100gm Under Different Salinity Levels

and Different Irrigation Levels.

0 673 () 792 @ 65 ()
1 6.626 (h) 663 (h) 644 ()
3 1045 (ef) 1115 (e) 10.15 (9
6 13.56 (c) 14.05 (o) 1293 (d)
8 1582 (b) 16.66 (a) 157  (b)

LSD ,05=0.79

From TaEle 4.2b it rhay be observed that there i§ a significant difference
between different levels of salinity under different soil types, but it is also
apparent that the fruit no./100gm in the sandy soil has the largest no, which
indicates that it has the smallest fruit. These results are supported by yield

production for sandy soil and at low irrigation level where yield in this
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treatment shows the lowest values. This is because the fruit yield reduction

was associated with a reduction in the weight per fruit rather than the

‘number of fruits per plant,

Table 4.2b : Mean Fruit No./100gm Under Different Salinity Levels

and Different Soil Types.

1 6.59 (g) 6.506 (g) 656  (g)
3 10.18 (e) 1032 (e) 116 (d)
6 132 (c) 13.46 (c) 13.88  (c)
8 15.7 (b) 15.85 (b) 1678 (b)

. LSD .05=0.79
There is no significant interaction between soil and water treatment so soil

type and water level treatments can be ranked according to their effect on

the fruit no./100g as shown in Tables 4.2¢ & 4.2d.

Table 4.2¢ : Mean Fruit No./ 100gm of Different salinity level Under

different soil Types
1 " | Sandy soil 11.4066 @
2 Loamy soil 1058 b
3 Clay soil 104511 b

. LSD .05=0.2315
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Table 4.2d : Mean Fruit No./ 100gm Under different Irrigation Levels

1 | Low irrigation Level
2 {Medium itrigation Level 10.653 b
3 High irrigation Level 10377 ¢

. LSD .05=0225

From Table 4.2 it was found that there is a significant difference in the
different salinity levels. But in the same salinity level it was found that in
case of Phosphorus fertilizers it shows the largest fruit number and mulch
cover show the smallest fruit number/ 100 gm fruit weight.

Table 4.2¢ : Mean Fruit no./100 gm Under Different Salinity Level

with Different Fertilizer Doses and Mulch Cover.

0 63 ) [663 0 33 @) 1605 0 |65 (1)%;} 66 () | 546 (m)
1 [64 () |59 am |63 O |666 () [67 O 665 M |6 O
3105 (@ |10 (@ 108 (@ (119 (0 |101 @@ |107 (@ |95 ()
6 125 © 12660 |BAQ) [ @ |13 @ |B3@e 125 ©
ST oy 1636 ) (162 ) |02 6y |16 () 164 &) [552°

. LSD .05 =0.8235
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4.2.1Comparison with Published Results:
A comparison between published results found in literature and those
obtained in this study show the following:

The rg_sUlt of t_his_ research agree with the finding of Usherwood, (1985)

that salinity reduces tomato yield, mainly by affecting its fruit weight. On

the other hand, salt tolerance seems to be connected with the plant’s ability
to increase the concentration of solutes in its tissue.

Previous work has found that increased salinity lowers the yield (Kg/plant)
due to smaller and fewer fruit (Willumsen et al., 1996), the latter being less
important than the fruit size. The equatorial diameter of salinized fruits was
also reduced between 6 and 16% compared with control fruits, but only
higi} salinity changed the commercial gfadés' from (45-57mm) to (<47h1m)
Balibrea et al., 1997.

Gough ar_ld Hobson, 1990 found that with cv. Gardeners Delight, there is
no loss in total crop weight in the conditions used with salinity values up to
5 dS m-l, but with benefit to the fruit size so that considerably limit to 35
mm diameter,

Matinez et al, 1987 reported that yield parameters pfogressively

decreased as salinity increased in all tomato hybrids, as well as a significant

All

hybrid effect. Fruit yield reduction was associated with a reduction in the

weight per fruit rather than to the number of fruits per plant. These finding,

agree with the finding of our study.
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Rylski et al, (1987) reported that the cause of decrease in yield due to
salinity was a reduction in fruit size rather than in fruit number. In effect,
this led to an increase in the percent of fruit in the 20-30 mm diameter
range, which is the required size of export quality cherry tomatoes.
Furthermore, total yield of export size tomatoes was higher under the saline
treatments, as compared to the control, despite the decrease in total yield.

Balibrea et al (1997) reported that both fruit number and weight

determine the fruit yield of a tomato plant. It is well known that salinity
decreases tomato yield above 2.5 - 3 dS m-! of EC in the extract. This result
agree with the finding of our experiment that at moderate salinity, fruit
yield is more affected by the fruit weight than by the their number, while at

high salinity, both parameters are affected.

4.3 Effect of Salinity on Titrable Acid:

The concentration of titrable acid expressed in gm citric acid per 100 gm
fresh weight was used to evaluate the effect of salinity on fruit titrable acid.
It was found that the cohcentration- of titraﬁle- acid incfeased as Salinity
increased, as presented in Table 4.3a.

Because the sugars and organic acids account for the major portion of the
tomato total soluble solids, most research concerning tomato quality has
centered on these compornents. It was observe that there is significant

difference between different levels of salinity for the different treatments.
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But there is no significant difference among the different treatments at the
same salinity level, and there is no significant interaction between these
treatments. Each treatment will thus be ranked according to its effect on the
titrable acid.

| Table 4.33 : Mean Titrable Acid of Different Salinity Levels Under

Different Salinity Levels, .-

1 -gg 0.9133 a
a 6g | 0.8466 b
: 32 0.7577 ¢
y P 0.6459 d
- 0 0.555 ¢

. “_LSD .05 =0.0141

From Table 4.3b it is show that there is significant difference between
low irrigation level and irrigation levels of medium & high, as with low
irrigation level the mean of titrable acid ranked the largest value.

Table 4.3b : Mean Titrable Acid of Different Salinity Levels Under

Different Irrigation Levels.

Ry e ‘% G e A A e N
Low irrigation level 0.75222 a
2 Medium irrigation level | 0.74 b

3 High irrigation level | 0.73933 b
T LSD .05 =0011843 '
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For the soil type effect on the titrable acid it was clear from Table 4.3¢
that in the sandy soil the mean value of the titrable acid has the largest

value .

“Table 4.3¢ : Mean 'Titra_ble Acid of Different Salinity Levels Under

Different SoiI.Type.
N s il ety A e T
1 Sandy soil 7704 a
2 Loamy soil 0.7377 b
3 Clay soil 0.7233 ¢

LSD .05 =0.013668

In contrast, for the fertilizer treatments and mulch cover, from Table 4.3d
it was found that there is a minor significant effect due to fertilization
treatments. It was found that addition of phoéphOrlls & potassium fertilizers
has a significant effect on fhe titrable acid, Similar thing for the mulch
cover.

Table 4.3d : Mean Titrable Acid of Different Salinity Levels Under

Different Fertilizer Doses and Mulech Cover .

0.764
Mulch cover 0.764 a
P3 10.76133 a
K2 _ 0.74866 ab
P2 ' 0.74466 b
N3 10.738 b
N2 _ 0.736 b

LSD .05 =0.0158
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4,3.1Comparison with Published Results:
In comparison with published results found in literature with those obtained
in this study the following was observed:
Mizrahi and Pasternak, (1985) reported that the juice of ripe processing

tomatoes from plant exposed to increasing degrees of salinity showed

increases in TSS content, total acidity, and electrical conductivity.

The acidity of the fruit juices always increased with salinity and these
results agree with our research findings (Adams and Hobson, 1989). If the
source of salinity increases the concentration of X in the fruit, acid
production is further stimulated.

The finding of (Ba.li_brea et al,, 1997) are not in agreement with our
results. He .reﬁoned that the citric and malic écids were mdre ébﬁndant
organic acids in pericarp tissue and their contents were reduced by 24 and
41% respectively under high salinity, The citric acid contents were 2-3
times higher than the malic acid ones. As the Jast was more affected by
salinity, the citric /malic ratio increased from 2.7 (control) up to 3.5.

Mizrahi and Pasternak (1'985);'ep'orted that their unpubiished data show
that irrigating such tomato plants with saline water for two weeks before
the expected time of ripening will inqrease the TSS and acid contents.

Martinze, et al. (1987) reported that the total soluble solids and titrable

acidity increased with increasing salinity in all tomato hybrids.
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4.4 Effect of Salinity on the fruit pH:

To evaluate the effect Qf salinity on the fruit quality parameters its
effect on the fruit pH was observed in this study. It was found that salinity
has no significant effect on the pH of fruit sap in ali treatments and at all
salinity levels, and that there is no interaction between different treatments.
(see Table 4.4a).

Table 4.4a : Mean fruit pH of Different Salinity levels Under Different

Salinity levels.

L log 4171 a
2 6g 4,055 a
3 |8 |4.039 a
4 |3g 3,984 a
5 Ig " 3.9811

LSD .05 =0.2823
For the effect of irrigation level and the soil type on the pH values it is
apparent from Tables 4.4b & 4.4 c that there is no significant difference
due to the irrigation level and soil type on the fruit pH.

Table 4.4b : Mean Fruit pH of Different salinity levels Under Different

Irrigation Levels.

High irrigation level 4.1213 a
2 Medium irrigation level |4.04022 a
3 Low irrigation level 3977 a

LSD .05 =0.2372
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Table 4.4c: Mean Fruit pH of Different Salinity Levels Under

Different Soil Types.

*fﬂ""\'.;m 25 ke Mea
Sandy soil 4.15111 a
2 Clay Soil 401022 a
3 Loamy soil 3.97755 a-

. LSD .05 =0.32988

For the effect of fertilizers and mulch cover, from the statistical analysis

it was found that there is no trend in the pH value due to different

treatments. So a minor significant effect of these different treatments was

- found on the pH values,

Table 4.4d: Mean pH Values Under Different Salinity Levels with

Different Fertilizer Doses and Mulch Cover.

0 T4 (0 [402 © 395 () 1399 (6 397 @ 1395 O 39 0
1 [4.02 (9 | 404 (bo) [3.95 (D [398 () 355 0 358 ® [3.96
3TA0 @ (400 @ 402 (O 402 9 (a0 eh (4 B4 ®
6 |42 © |4 ® 405 © (402 © |4 @ [402 (@ |4.04 (b0
8 [406 () [408 @ |02 (o [ 401 0 [402 (5 1408 (& 1405 @

LSD .05 =0.0217
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4.4.1Comparison with Published Results;

In comparison with published results found in literature with those obtained
in this study the following was observed:
Mizrahi and Pasternak, (1985) reported that the pH of the juice of ripe

tomato was not changed significantly, except at the highest salinity, where

it was reduced, we are agree with the result which indicate that pH was not
changed significantly with salinity treatments. But we are not agree with
their result which indicate that as salinity increase the pH decrease. We
found that the pH levels were between 3.9 — 4.06.

(Balibrea et al., 1997) reported that the pH of the whole fruit under
different levels of salinity was always about 4,

(Satti and Al-Yahyai, 1995) found that the applied salinity treatments
have shown no effect on pH of tomato plants.

Shalhevet and Yaron, 1973 reported that the mean pH of tomato juice
was 4.3 with no meaningful differences among treatment.

(Martinez et al., 1987)reported that the pH of the tomato juice was not
affected either by : salini_ty or hybrid. The pH mean values ranged from

4.09t0 3.9
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4.5 Effect of Salinity on the Total Soluble Solids (TSS) :

In e\?aluating the effect of saline water for irrigation of cherry tomatoes
versus fruit quality, Total Soluble Solids (TSS) was evaluated.

It was found that there is a significant difference on the titrable acid with

the different level of salinity’ (Table 4.5a). As salinity increased the total
soluble solid (TSS) increased, which indicates that sait stress could
improve the quality of tomato fruits in terms of the concentration of total

soluble solids (TSS).

Table 4.5a : Mean (TSS) Values under Different Salinity Levels.

- | 8g 8322 a
2 | 6y 7.907 b
3 3g 7.2889 ¢
4 1g 6438 d
5 | 0g 5733 e

LSD .05 =0.186
In addition to the salinity effect, the different irrigation treatments
" exhibit significant difference on the values of the TSS. From TaBle 4.5b it
was found that low irrigation level has the largest increase inthe TSS
because as mentioned before, salt stress improves the fruit taste by

increasing the (TSS). Thus as the irrigation level are decreased the salt

effect and stress on the plant increases.
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Table 4.5b : Mean (TSS) Values of Different Salinity Levels under

Different Irrigation Levels.

T | Low irrigation level |
2 Medium irrigation level | 7.0711 b
3 High irrigation level 6.8422 ¢

. LSD .05 =0.16455

However there is no significant difference with the different type of soil as

presented in Table (4.5¢).

Table 4.5c: Mean (TSS) Values of Different Salinity Levels under

Different Soil Types.
1 T - Claysoil - ~ 17.1644a
2 Loamy soil 7.1555a
3 Sandy soil 7.12444

LSD .05 =0.3875

Although the different doses of fertilizers show minor significant
differences as presented in Table (4.5d), it was found that the use of K3

~ fertilizers has the largest incfe_ase in. fh‘e TSS. As potassium waé the third'-
macronutrient required for plant growth. Concentration of this nutrient in
plants typically ranges between 1 and 4 to 5%, but it can be somewhat
higher. Also it is important in translocation of assimilates as the plant’s
transportation system uses enetgy in the form of ATP- which requires

potassium for its synthesis. The translocation of sugar from leaves of
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sugarcane is greatly reduced in potassium — deficit plants (Tisdale et al.,

1985).

Table 4.5d: Mean (TSS)Valued of Different Salinity Levels under

2 Mulch cover 7.18 ab -~
3 ~ P3 7.02 b
4 P2 - 16.9866 b
5 N2 I
6 K2 692 b
7 N3 - | 6.6533¢

LSD .05 =0.25899

4.5.1 Comparison with Published Résults:
In comparison with published results found in literature with those
obtained in this study the following was observed:

Martinze, et al. (1987) reported that the total soluble solids and titrable
acidity increased with -increasing salinity in all tomato hybrids. Salt stress
could impl;ove tHe -qual.ity of tomato fruits in terms of the concentration of
total soluble solids (Cornish, 1992).

’ Rylski, et al,, (1987) reported that in addition to the positive effect of

salinity on the soluble solids content, a major parameter of fruit quality.
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Mizrahi and Pasternak, (1985) reported that the juice of ripe processing
tomatoes from plant exposed to increasing degrees of salinity showed
increases in TSS content, total acidity, and electrical conductivity.

Pasternak, Twersky and De Malach, (1979) reporte_:d that when salt

tolerant, edible crops are grown under saline conditions, the flavor of the
product, although often at the expense of marketable yield. Salt tolerance
seems to be linked with an ability to increase the concentration of solutes in

plant tissues.

4.6 Effect of Salinity on Vitamin C Concentration of the Fruit:

Another quality parameter.evalgated in this experiment was vitamin C
(wher;e the-' vitamin C concentration expressed as weight of total ascorbic
acid in mg per 100 gm fresh weight).

It Was found that there is a significant difference in the vitamin C
concentration among the different levels of salinity (table 4.6a). The
concentration of vitamin C increased as the salinity level increased. This
resﬁlt agreeé with the .ﬁnding of (Petersen et al, 1998) that vitamin C
concentration expressed as mg total ascorbic acid per 100 g fresh weight

increased with salinity.
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Table 4.6a : Mean Vitamin C Concentration of Different Salinity
Levels under Different Salinity Levels

23.114a
2 62 |21.35%
3 3z | 204900
) g 19.7424
5 0g 19.168¢

. LSD .05 =0.195
Table (4.6b) represents the effects of soil interaction with the salinity
effect. Minor difference observed, that the higher concentration value

found in sandy soil with high salinity level (8gm/kg).

Table 4.6b Mean Vitamin C Concentration under Different Salinity
Levels and Different Soil Type

T "o 1193 192 (0
1 1964 (e) 19775 (o) 19.725 (2)
3 2011 (do) |20368 (de) 2059 (d)
6 2127 (ed) |26 (¢ |21.56 (o)
8 22433 (b)  |23.06 (b)  |23.96 (3
LSD .05=0.83 |

For. the effect of irrigation level it is observed that there are minor

~significant  differences among  irrigation level as presented in
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Table(4.6c).From this table it was found that at low irrigation level the
vitamin C has its largest value. As (Zushi and Matsuzoe, 1998) found that
the effect of soil water deficit on vitamin C content per fresh weight varied,
depen_din_g on the cultivars, in some c_ulti\_/ars vitamin C content increased
as with our experiment, whereqs in others it was not affected

Table 4.6¢ : Mean Vitamin C Concentrﬁtion of Different Salinity

Levels under Different Irrigation Levels

S et} g%,; 4 %
1 Low irrigation level 20.9577
2 High irrigation level 20.7102b
3 Medium irrigation level 20.6575b

. LSD .05 =0.1869

For the effect of fertilizers doses & mulch cover on vitamin C content of
the fruit it is apparent that as salinity increases with different treatment the
vitamin C concentration increases, but the higher values were observed

when N3 fertilizers doses were applied, Table(4.6d).
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Table 4.6c : Mean Vitamin C Concentration/ mg Under Different

Salinity Levels with Different Fertilizer Doses and Mulch Cover.

0 193 (hD) | 19.2 (hi) | 19.2(hD) [ 194 (h) [18.950) [19 @) [191 ()

T |19/8(g) |20 (g) | 19.95() |19.9 (@) | 1985 | 19.84(®) |20 (@

3 20.7(ef) | 20.88(e) ..20.95 (e} | 207 (ef) ;20,8 (ef) | 209 () |20.65 (f)

6 [215(d) |21.8(cq) [21.8(cd) |21.86 (c) | 21.6(cd) | 21.7(cd) | 21.6 (cd)

8 | 232(ab) |23 (b) |233(2) |232(ab) |23 (b) | 234 (s) |232 (ab)

LSD .05 =0.233
In agreement with other investigations, the concentrations of dry matter,
sugars, titrable acid and vitamin C increased with salinity increased when

calculated on the basis of fresh weight (Adams and Ho. 1989;Adams, 1991)

4.7 Effect of Salinity on Reducing Sugars:-

Reducing sugars (fructose/gluc;ose) is one of the most important
quality parameter in that it affects the flavor of the fruit. Reducing sugar
content was measu‘f'ed in this experiment. |

It was observed that there is a significant difference between the
different levels of salinity in the different type of soil (table 4.7a), but for
the same salinity level of different types of soil there is no signifficnt

difference.
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Table 4.7a Mean Reducing Sugar Concentration under Different
Salmlty Levels and Different Soil Type

0. |3.4077 (e)"' 345 © - |3446 (9
1 3.623  (de) 3708 (d) 3782 (cd)
3 3897 () 396 (o) 3977 (o)
6 | 4.1744 (bc) 42 (b) 4282 (b)
8 44266 (ab) 45 (@ 1455 (2

. LSD .05=10.2045

For the irrigation level and salinity level (table 4.7b) it is obvious that
there is a significant effect due the salinity level but there is no significant
effect among the different water levels.

Table 4.7b: Mean Réducing Sugar Concentration under Different

Salinity Levels and Different Irrlgatlon Level.

0 33667 (&) |3, 582 " (de) 3388 (o)
T |3.688 (d) 373 () 371 (@
3 3.9166 (c) 3.998 (c) 3.0188 (c)
6 42022 (b) 425 (b 4197 (b
g 44522 (a) 6 () 4428 (a)
. LSD .05=0.2045 | |

For the interaction effect of the soil type and irrigation level on reducing

sugar it was apparent from Table (4.7c) that there is a minor significant




effect due to the different treatments, as with low irrigation level in the

three soil types it is ranked as the highest value.

Table 4.7¢c Mean Reducing Sugar Concentration under Different Soil

73

Types and Different Irrigation Levels.

Sollgpel 387 () |39 ) "3*'877“('5)
Soil type 2 3.9066 (a) 4,038 (a) 3.951 (a)
Soil type 3 3.988 (a) 4,08 (a) 3.957 (a)

. LSD .05=.2045

From Table (4.7d) it was observed that the effect of salinity interact with
different fertlhzers doses ancl mulch cover. As it was found that there is a
significant difference due to the salinity levels as the reducing sugar has
increased in a large value in high salinity levels in all treatments. Also
increase the fertilizers with high salinity increase the reducing sugar

concentration.
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Table 4.7d: Mean Reducing Sugar Concentration Under Different

Salinity Levels with Different Fertilizer Doses and Mulch Cover.

0 |34 (D [338 () |345 () 339 () (342 (D |34 O
T [38 (© [385 (0 378 () 378 () [38 @ |35 @
3 (396 (@ |4 @ |398 (@ |40z @ [392(d0) |3.98 (@) 397 (@
6 (423 () | 431 (9 | 432 (be) | 435 (be) | 434 (be) | 439(be) | 4.33(b0)
§ 442 (b) | 454 (a) | 4.5 (ab) 458 () [452(ab) | 457 (@) [45 )

. LSD .05 =0.033

4.7.1Cdmparison with Published Results:

In comparison with published results found in literature with those obtained

in this study the following was observed:

Gough and Hobson, (1990) agreed with our results that high salinity

confers good quality and flavor to cherry tomatoes by increasing the sugar

content

Satti et al.(1995) reported a significant correlation between overall

“flavor intensity and citric acid and fructose content, as well as the

glucose — citric acid in trebly. The highest overall flavor intensity was

found in samples where both sugar and titrable acid contents were high.

Addition of reducing sugars (fructose/glucose) and citric acid to fresh




tomatoes improves the flavor acceptability of the product significantly
(Malundo et al., 1995).

(Balibrea et al., 1997) reported that the best quality attributes on
postharvest toma_toes_ were obtained under moderate saline conditions,
because the greatest éoncentration of fructose, glucose, citric acid and
soluble proteins were found there. This result is not in agreement with our
result that reducing sugar increase also at high salinity.

Although (Martinez et al,, 1987) are not in agreement with our results,
they reported that the effect of the salinity treatment on percent of glucose
was much less consistent since it only increased at intermediate salinity
levels.

Alfoceé et al. (1993)fep0rted that the.c.oncentration .of glﬂucose,.
fructose and soluble solids in g per 100g fresh weight increased
significantly with salinity. If calculated per 100 g dry matter the
concentrations of glucose and soluble solids also increased significantly
with salinity.

(Zuushi and Matsuzoe,1998) reported that the amount of glucose and
fructose per fresh weight in watler — stressed plants were larger than those
of control treatment in almost all cultivars, but they were the same on dry

weight basis. This is indicates that water deficit merely reduced water

accumulation.

520508
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4.8 Effect of Salinity on the Vegetative Growth:

The effect of salinity on the vegetative growth was conducted by

measuring the length of the plant every 10 days, dry matter of the shoot

and dry matter of the root at the end of season.

4.8.1 Effect of Salinity on the Plant Length :

From (Table 4.8.1a) it was observed that there is a significant effect on
plant length under the different salinity levels. That as the salinity increases
plant growth is suppressed by reducing stem elongation, so it was found
that there is a decrease in the plant elongation as the salinity increased . This
may be attributed to osmoj:ijlc potential in water availability or specific ion
éffect. |

Saline water irrigation effect on these vegetative growth parameters will
be discussed in the following sub sections.

Table 4.8.12 : Mean Plant Length under Different Salinity Levels.

1276.148 a
247222 b
215962 ¢
177.629 d
167.481 e

LSD .05 =4.236
For the effect of irrigation levels and its interaction with salinity it was

found that the effects of salinity were more apparent in low irrigation level
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(Table 4.8.1b). As the amount of water reduced the plants were more
exposed to drought conditions and the plant were stressed, resulting in

reduction of the plant elongation.

Table 4.8.1b : Mean Plant Length under Different Salinity Levels and

Different Irrigation Levels.

R

b
1 2501 (b) |2354 (©) |256  (b)
3 |2258 (d) 2059 (6) |2215 (d)
§ 1813 () |171.66 () 1798 (@)
8 |1837 (g [1589 (B) |169.95 (gh)
. LSD .05=13.6 T T

For the soil type effect it was found that there is significant difference
between the three types of soil (Table 4.8.1¢) as it was found that the
higher values of the plant length was found in the clay soil, and the lowest
value was found inthe sandy soil because in the sandy soil the plant was
exposed to drought conditions and stress more than the other two soil

types.
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Table 4.8.1c : Mean Plant Length of Different Salinity Levels under

Different Soil Types.
1 " Clay soil 221533 a
2 " Loamysoil - |216266 b
3 _Sandy soil 212.866 ¢

. LSD .05 =2.5401

For the effect of different levels of fertilizers and mulch cover (see
Table 4.8.1d). A minor effect on plant length was observed, The higher
value of plant length was found in the treatment of mulch cover, this
because mulch cover reduced the effect of salinty by reducing the
evaporation from the soil surfaqe. Another benefit of the mulch was to
iricreasé the soil température. The lowest value was ob'served in the case of
k2 where the potassium fertilizer has observed to be very important in
reducing the effect of salinity. Plants that are potassium deficient is less
able to withstand water stress, mostly because of their inability to make full

use of available water.
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Table 4.8.1d: Mean Plant Length Under Different Fertilizer Doses and

Mulch Cover.

- 1 Mulch cover 243 6¢ a
2 — Pz . 2304660
3 N3 228.66 b
4 N1 728.4 b
5 P3| 22553 bo
6 K3 225.13 be
7 K2 2208 ¢ o |

LSD .05 =7.079
The results of the study of the plant length during the growing season were
. plo.tted as the plant le_ngfh versus time as Figures (C1- C16) which indicate
the following : | | . |
o At low salinity level there wasan increase in plant length during the
growing season but this increase has more noticeable at the end and
mid season than at the beginning of the growing season.
e With high salinity Ile\_fels it is clear that as plant age increases it’s
length in cm i.ncrea-ses within 10 days decreases. |
o The increase in plant length at the low salinity levels is more
noticeable in all growing periods compared to hig‘h levels of salinity.

e The maximum plant length reached at low salinity levels was in the

tregtment of mulch cover.
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e At medium salinity treatment jevels the plant length increased at much

lower rates than low salinity levels and at steadies rate.

4.8.1.1Comparison with Published Résults:
In comparison with published ;*esults found in literature with those obtained
in this study the following was observed:

Qatti et al., (1995) reported that with tomato plants, stem height was
significantly reduced when NaCl was used without the addition of other
mineral elements to the saline treatment, and this result agrees with the
finding of this experiment especially i1 the case of reducing the amount of
potassium fertilizers were in this caselit' retard the plant elongation.

Satti and Lopez (1994) found that stem height of tomat§ was reduced by
salinity (50mM NaCl) by 11% but was increased by 6% with the
application of AmM K. When K level sncreased to 8 and 16 mM, stem
height decreased by 5 and 8%, respectively. Leaf number was not found to
be s1gmﬁcant1y affected by salinity and K. Suppression of plant growth
under saline condmon is shown by reduced stern height, fruit size, and
whole plant dry weights compared to control plants. This reduction could
be attributed to osmotic reduction in water availability or to specific ion
effect particularly Na and Cl. The high amount of Na in saline nutrient
solution could have impaired the hydraulic conductivity or permeability of

root to water and the displacement of K at the exchange sites in the root
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thus rendering it less available to the plant possibly resulting in K

deficiency .

4.8.2 Effect of Salinity on the Shoot dry Matter:

Shoot dry matter was calculated by dividing of the dry wéight of the
shoot over the fresh weight of the shoot. From Table (4.8.2a) it was found
that there is a significant difference due to the different levels of salinity.
As the salinity increased the dry matter of the shoot increased, but the
important thing to note is that the fresh weight of the plant decreased as the.
salinity increased, even as the ratio of the dry weight over the fresh weight

(dry matter shoot) increased as the salinity increased.

Table 4.8.2a: Mean Dry Matter Shoot under Different Salinity Levels

T TN :
= - i
2 68 “179.82 b
3 T3g 1861 ¢
4 g 16174 d
5 Og 14.66 ¢ i

LSD .05 = 0.47558

For the effect of the irrigation water levél it was found that there waé no
significant effect on the shoot dry matter due to the different level of
irrigation Table (4.8.2b). Forthe soil effect it was found that there was a
minor effect on the dry maiter as the soil type differed, (see Table 4.8.2¢)

where the lowest value observed in the clay soil.
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Table 4.8.2b: Mean Dry Matter Shoot of Different Salinity Levels

under Different YIrrigation Levels.

.......

MR

182346 2
2 High ii’rigation level 18.027 a

Low ifrigation level -

3 Medium irrigation level 17862 a
— 1LSD .05 =0.43599

Table 4.8.2¢: Mean Dry Matter Shoot of different salinity levels under

Different Soil Types.

ST Sandysoll | 182955
2 " Loamy soil 13.1895
5 1 Claysoil . [17639 b

1SD .05 =0.508
From Table (4.8.2d) the effect of different type of fertilizers addition and
mulch cover interactions with the salinity effect was observed for the dry
shoot matter. From this table it was observed that the high ratio for the dry
matter was found_under k3 and p3 fertilizers addition, and the lowest value
was obtained under .rnulch cover and N3 where the,\}egetative. growth was

high which caused a reduction in this ratio.
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Table 4.8.2d Mean Dry Shoot Matter under Different Fertilizer Doses,

Mulch Cover and Salinity Levels.

0 145 (m) | 1324 (®) 139 (m | 145 (m) | 142(mo) | 15150

1 eB@n (1520 165 @ (1720 T M 163w |16 )

3 19.2 (cd) 18.7 (de) 198 te) 19 () 19.17(cd) 19.7 (¢) 18.5 (e}

3 7015 () | 10.35(cd) [ 1984(b) | 195 () % () |20 () 10.29(cd)

S 5077 &) |20 @) | 2065 (@) |203(x) 305 () | 208 (@) | 201 _(b)J

. LSD .05=.478

4. 8 3 Effect of Salinity on the Root Dry Matter:

The same trend was observed in the dry matter of the root as present in
Table (4.8.32), that the dry weight of the root decreased as the salinity
:nereased but the dry matter of the root increase as salinity increase because

the fresh weight of the plant decrease.
In Table (4.8.3a) itwas observed that there is significant difference in the

dry matter of the root at the dlfferent level of salinity and we found that in

8
—
B
%
o
a
i

the sandy 3011 were the dry matter of the root has the largest value because
as said before in the soil type 3 the fresh weight reduced.
For the effect of irrigation level with salinity effect on the dry matter of

the root it was observed that the largest value was obtained in the low

irrigation level.
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leferent Sahmty Levels and Different Irngatlon Levels.

0 118.266(g) GO Tshm

T [19.167 (8 19.467 (O 1911 (O

3 [20.18 (o) 2089 () 2035 (o)

6 121383 (c) 218 (©) 2156 (©)

8 227 (b) 232  (a) 2275 (b)
TLSD .05 =434

Table 4.8.3b: Mean

and Different Soil Types.

Dry Matter Root Under Different Salinity Levels

51783 @ 1776 ()  |189 Ef)
(19 18.967 (f) 19.78 (e)
E 2044 (@ 11968 () |2129 (o)
21433 () |21.083 ()  |22233 (b)
= 13245 (o) |22633 (b) |23.566 (a)

LSD .05=0.484

For the effect of soilty

where the vegetative gro

that the maximum value was obtained under low irri

pe and irrigation level (table 4.8.3¢) it was found

wth was retarded due to this treatments.

gation level and soil
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Table 4.8.3c: Mean Dry Matter Root under Different Soil Types and

Different Irrigation Levels.

T

Solltypel  |20288(0) 2049 © 203 ©
Soil type 2 20.03 (c) 2025 (9 |198 (©
Soil type 3 2094 (b) 21524 (a) 209 (o) |

T LSD .05=0.484
(Rodriguez etal, 1997) agreed with our result as they reported that the dry
weight (leaves, steam and root) were clearly lower in the saline treatment
than in. the control. How_ever, the shoot ratio increased in salt treated plants,
indicéﬁng 'th.at there was very substantial reduction in root growth under
sal.ine conditions and that root quantity and distributions as well as
hydraulic conductivity determine shoot development.
From Table 4.8.3d it was found that under high salinity with mulch
cover, P3 and K3 treatment its found that the root dry matter has the largest

value.
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Table 4.8.3d Mean Dry Root Matter Under Different Fertilizer Doses,

Mulch Cover and Salinity Levels.

e @ |79 | 179 () | 185 (m) | 1824 (v) | 188 =) (8.7 ()

1 19 () | 19.5(h) 19.6 () | 19.35¢) [192 (@ 195 (119 ()

51205 () |20 (@ |198 (eh) | 1995( 1997 (@ | 2015 (g) |20 ®

= T7278 @0 | 2159 |218 (@) |[2145() | 2185 (o) | 2232 (cd) | 22.25(cd)

s34 @ |22 @ |2215(d) [22.82(0) | 225 b9 |23 (b [ 232 ()

. LSD .05=.478

(Satn and Al-Yahyal 1995) reported that sahmty treatments affected the
vegetatlve growth of the tomato cultwars as there were mgmﬁéant
differences in stem and leaf dry weight between control plants and other
treatment with salinity. The Jowest dry weight in vegetative parts were
obtained when NaCl and P were applied. The root dry weight were not

significantly different among the applied salinity treatment.
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5. Summary and Conclusion

:The increasing demands kon the natiopeil limited water resources mak'e :
urgent broad scale planning aod sound decision making to enhance
development of all the water resources in the state, including those with
inferior quality as saline water and sewage. This urgency is super imposed

upon important economic and scientific considerations.

In studying the effect of salinity on cherry tomato under various
irrigation, soil types, fertigations and mulch cover it was found that: -

e Cherry tomato plant tolerance mcreased with the use of mulch cover
as it decreased the evaporation from the soil surface. It was found that
the threshold value (a = 4.5) and the slope (b= 0.05846).

o Sufficient fertilizer should be added to the plant to reduce the effect
of salinity on the plant, as the plant tolerance increases with increasing
phosphorus and potassium fertilization. Where the threshold value of
the yield in the case of phosphorus fertilizers addition was (a=4.2) and
(a=4.3) in the case of Potassium fertilizers addition.

¢ Fruit quality parameter improved as a result of salinity increase in the
soil including TSS, Vitamine C, Reducing sugar, Titrable acid. Where

the pH of the fruit Juice didn’t change as the salinity increases.
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o The plant vegetative growth of the plant reduced as the salinity
increase. It was found that in the treatment of sandy soil, low irrigation
1¢vél, mamm and hig_h salinity (8gm salt’ addition per kg soil ) the
plémt lengtil was the léast value (156.6 cm) at the end of the growing
season. The maximum values of the plant length in all the salinity levels
were found in the treatments of clay soil, medium irrigation level,

regular fertilizers doses addition (N1-P1-K1 )and mulch cover.

e The dry weight of the shoot decreases as the salinity increase.

However the dry matter of the shoot increases as a result of the
vegetative growth ‘dgcrease as the salinity level increase. It was found
that in. the treatment Iof‘ Cléy soil, medium i-r'riga-tioln. level, and regular
fertilizers in the case of low salinity levels( 1gm salt addition per 1 kg of
soil )the shoot dry matter equal 15.2 Were in the same treatment in the
case of high salinity of 8gm salt addition it is found that the dry matter
shoot equal 20.

e The dry wé'igh'.t of the root decrease as thé'salinity level increase.
However the dry matter of the plant root, and the increase of the dry.
matter of the root was larger than the shoot dry matter.

e The Soil should not be allowed to dry completely because the

osmotic potential retards water up take. So sufficient water (4L/week)
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for plant should be applied with each irrigation to result in Jeaching of
some salt in drainage water.

. The quality parameters improved with anreaSing the salinity bqt the
yield decreases so all treatments must be used to increase the plant
tolerance to salinity.

In Summary, the salinity tolerance of cherry tomatoes will enable their
growth in saline areas. This could be of greater important to grower.
Now that commercial prdduction is increasing. The consumer will
receive a high — quality product as its found that salinity increase fruit

quality parameters.
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Mean Max. Temp.{ C) 133 | 13.8 167 | 215 ] 246 | 272 29 296 | 282 | 268 | 20.8 | 159

Mean Min. Temp.{C) 8.6 8.7 10.8 13.8 { 159 194 | 227 | 227 | 212 | 192 | 143 10.6

A bsolute Mex. Temp. (C) | 20 207 23 31 32 31 34 34 {332 | 325 | 277 | 223
Absolute Min. Temp. (C) | 4.2 4.8 Q.M_ 8.6 12.6 161 | 203 | 203 | 185 14.9 | 10.8 7.3

Mean Temp.( C) 109 | 11.2 13.7 176 | 202 | 233 | 26.1 { 261 | 247 23 17.5 13.2
Mean Wind Speed (Km/h)¥*| 4.3 4.1 38 |- 34 3.3 2.9 2.7 2.7 2.6 2.9 3.8 4
Mean RH % 72 76 75 | 65 62 69 74 74 70 67 64 71

Total Rainfall (mm)* 1109 { 1035 | 86.6 18.2 3.7 0.1 0 0 0 259 | 903 | 162.1
Total PET (mm)* 37 31 46 72 92 95 108 104 100 100 75 48

Max. Monthly Rainfall 330 390 181 113 34 6 2 0 19 9% 367 436
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Table A2 : Experiment sketch

soil Type 1

ler. Waterl |
For, (N1,P1,K3}
galt.Tra. 1gnyvky

soif Type 1
irr. Water1
Far. (N1,P1,K3)
salt.Tra. 3gm/k

sqll Type 1
Irr, \Water1
Far, (N1,P1,K3)
sait.Tre. Sgmike

sall Type 1

Irr. Watert

Far. (N1,P1,K3)
sall.Tre. 8graky

sail Type

trr. Water1

Fer. {N2,P1 K1)
salt.Tre.

ol Type 1
Irr, Waterd
Fer. {N2,P1.K1)
sait. Tre. Bgrm/kg

soil Type 1
Irr, Water1
Fer. (M3,P1,K1)

soil Type 1
Ier. Wateri
Fer. {N3,P1,K1}
salt.Tre, 3gmiky

soil Typs 1
lee. WWaterl

frr. Wateri
Fer. {N3,P1,K1)

- [soil Type 1

sall.Tre, S8gnvkg

soil Type 1 soil Type 3
Irr. Wateri ler, Water1
Per. {N1,P2 K1} Fer. (N1,P1,K1)
salt.Tre. Qgm salt. Tre. Ogm/kg
soil Type 1 soil Typa 3
irr. Water1 Irr. Watert
Far. (N1,P2,K1) Fer, (N1,P1,K1)
sall.Tre.lgmikg salt, Tra, Sgmikg
soii Type 1 soil Type 2
lrr. Waterd Ire. Watarl
Far. {N1,P2.K1) Far., {N1,P1,K1)
salt.Yre.3grm/kg salt.Tra.3gm/ikg
soil Type 1
Irr. Water1
Fer. (N1.P1,K1)
salt.Tre. Jgmikg

lsoil Type 1
Irr. Water1

Far. {N1,P2X1)

Fer, {N1,P1,K1)

|soll Type 1
Irr, Watert
fer, (N1,P3,K1)
salt.Tre. 1gmiky

irr. Water!
Fer. (N1,P3.X1)
sall.Tre, 3gmiky

soil Type 1
Ire. Watert

|sonl Type 1
ler. Water1
Fer. {N1,P3,K1)
salt.Tre. Bgrvky

soll Type 1

Ter. Water1

Fer. (N1,P1,K2}
galt.Tre.

lsoil Typet
Irr. Water1
Far. {N1,P1,K2)
salt.Tre. G3m/kg

'soil Type 1

Ite, wgeﬂ

Trr. Wateri

Fer, (N1,P1,K2)

sait.Tre, 8gmikg | zalt.Tre.Cgmikg
soil Type 3 s0il Type 1

irr. Water Irr, Watari

Fer, (N1,P3,K1} Fer, (N1,P1,K1)
salt.Tre. Ogmikg Jsalt.Tre.1gmkg |

salt.Tre. Bgmkg

W
Irr, Water1

Fer. (N1,P1LKY)
salt.Tre, Sgmikg

lW"
ler, Water3

Fer. {N1,P1,K1)
salt.Tra. 1gmikyg

soll Type 3
trr. Waterd
Fer. (N1,P1,K1)
sait.Tre. 3gmikg

[sol Type 1 |
ler. Water3

Fer. {N1,P1,KK1}
salt.Tre. grvk

sl Type 2 |
Irr. Waterd

Far. (N1,P1K1)
sait.Tre, 8gmikg

W
Ire. Watar3

Far. (N1,P1,K1)
salt.Tra, 1gmikg

soil Type 2
Irr. Water2

soll Type 3
Irr, Water2
Fer. (N1,P1,K1}
salt.Tre. 8g

soil Typa 2
brr. Water2

Fer. {N1,P1,K1)
salt.Tre. Sgmvky |
scil Type 2 '

Irr. Water2
Far, (N1.91,K1)

{salt.Tre. Ogrmik

150l Type2 [seit Type 3 | soil Type 3
" trr. Wateri irr. Water3d Irr. Water2
Fer. (N1,P1.£1) Fer. (N1,P1,K1) Fer. (N1,P1,K1)
salt.Tra.8gmikg salt.Tre, 1gmikg | galt.Tre, 3
soil Typed soll Type 1 soil Type 2
ler, Waterl Irr, Water3 Irr, WWatac2
Far. (M1,P1,K1} Fer. {N1,P1,K1) Far. (N1,P1.K1)
salt. Tre.8gnifkg salt.Tre. 8 salt.¥re, Sgmiky-
soif Type 2 soil Typs 1
Irr. Water1 Irr. Water3
Fer. (N1,P1K1) Far, (N1,P1,K1)
salt.Tre. Sgmikg salt.Vre, Somikg
sall Type2 soil Type 1 isoll Type 3
(rr. Watar! Ier. Water3 ler, Water2
Fer. (N1,P1,K1) Fer. {N1,P1,K1) Far. (N1,P1,K1}
sait.Tra. Ogm/kg salt.Tre. Ogm/kg salt.Tre. 1gm'kg
‘goii Typal soil Type2 . soil Type 1
Iz, Water1 {rr, Waterd Irr. Water2
Fer. (N1,P1,K1} Far. (N1,P1,K1) Fer. {N1,P1,X1)
salt. Tre.5gm/kg sait, Tra.23gmikg salt.Tre, 3gmiky
soil Type 2 [soil Type 3 [soll Type 1
frr. Water1 Irr. Water3 ler, Water2
Fer, (N1,P1,K1) Far. {N1,P1,K1} Fer. (N1P1K1)
salt. Tralgavky salt, Tre.5gmiky salt.Tre. 8gm/kg
soil Type3 soil Typa 2 soll Type 1
e, vvaterl ire. Waterd e, WWatard
Irr. Water{ Jlrr. Watard Irr. Water2
Fer, (N1,P1,K1) Far. (N1,P1,K1)
salt.Tre. Ogm/ky salt.Tre. 0g

soil Ty.1, Muleh

Per. (N1,21,K1)
salt.Tre. Ogm/k

soll Ty. 1, Mulch
ler. Watart

Far. (N1,P1,K1}
salt.Tra. Ogrniky

[5oii Ty.1, Mulon |
lrr, Watert

Far. (N1,P1,K1)
salt. Tre. Ogrvkg

soll Ty.1, Mulch
ler. Watar1

Fer. (N1,P1,K1})
salt.Tra, Ogm/ky

Isoil Ty.1, Mulch
lre. Wateri

Per. {N1,P1,K1}
salt.Tre. Ogmikg

soll Ty.1, Mulsh
Irr. Water1

Fer. (N1,P1,K1)
salt.Tre. Qgmikg

soll Ty.1; Mulch
lrr, Waterd

Far, {N1,P1,K1)
galt.Tra, Dgm/kg

solf Ty.1, Mulch
ter. Watert

Fer. {N1,P1,K1}
salt.Tre, Dgmikyg

|50l| Ty.1, Mulch
Ire. Water1

Fer. {(N1,P1,1)
galt.Tre.-Ogmikg

soii Ty.1, Muleh
Ire. Watert

Far. (N1,P1.,K1)
salt.Tre. Ogm/kg

soil Ty.1, Mulch
e, Water'

Iry. Whater!
Fer, (N1,P1.K1)}
salt.Tre, Qgm,




104

Table A3 : Resuits of Soil and imnnn.m_uma.mmm at the begning of planting season

il s ] : . a
Clay 1 0 1.67 7.5 58 11.5 67 208 0.859
Clay 2 1 4.2 7.7 56 - 14.3 200 233 28 374 2.299
Clay 3 3 10.36 7.5 48 20.3 320 240 28.5 850 3.087
Clay 4 [ i5 7.6 42 32 450 250 27.5 920 3.08
Clay 5 8 1987 7.8 J0 B i 4 620 265 28 1120 3.176

Mixture [ [ 1] 1.38 7.1 48 9.5 54 154 5 75 0.76
Mixture 7 1 5 6.8 37 18 287 166 24.5 384.7 2.94
Mixture 8 3 i1 (%] 48 40 85 160 24 o444 3.334
Mixture 9 [4 16 6.4 44 55 654 155 25 1054 3849
Mixture 10 8 12 7.1 42 5.4 756 172 25 1436 3986

Sand 11 0 247 7 57 in 67 J4d 144 103 0.921
Sandd 12 L] 54 (.1 56 13.5 200 35 147 380 23606
Sand i3 0 11.89 6.6 55 48 576G 40 14 - 1046 3.614
Sand 14 ] 15 6.8 55 65 720 38 i4 1302 3.88
Sand i5 { 22 6.7 54 . 75 840 42 . 14 1546 4.217

Water 16 0 1.09 8 4 13 84 141 . 1.0129




Table A4 :Results of soil analysis at the end of the planting season

1rr, 1, soll typel, N1-PL-K1
1b | icer 1, 50l typel, N1-PLKL|  3gm 6 6.5 22 33
1c | drr.1, 400 typel, NIPLK1] 3gm 242 7,65 83 98 102 1 1300 680 13.8 7.95
Zn e 1, soil type2, NLPLEL]  3Em 10.2 1.9 57 49 77 340 166 5.2 3.16
b jrr, 1, soll type?, N1-PL-KL| _32m 1.8 , 6.5 25 44 53 280 152 4.2 3.2
2¢ | ler. .50l type2, N1.PLKL| 3gm | 285 8.1 68 |- 85 29 1430 8067 15.6 5.3
3a §irr Losolityped, NL.PLKL| 3gm 1.5 158 48 . 40 . 68 - 350 187 4.5 33
3b | Irr, 1, s0il type3, NIPLKL | 3gm 8.3 3 16 31 44 230 124 3 311
3¢ Lbelsolityped, NLPLKI| 3gm [ - 29 | 72 93 102 85 1622 895 | 118 9.2
da | Ire.2, soll typel, N1-PL-KL | 3gm 112 1.9 38 51 45 400 24 {3 4.33
4b | frr.2, 90l typel, NI-PLKY [ 3gm 8.7 8.1 ‘28 46 44 304 167 4.6 3.38
4e irr. 2, soll typel, NL-P1-K1 | 3gm 23 6.5 75 95 83 1214 850 13.4 10.09
Za | ber. 2, soll type2?, NI-PLKL | 3gm 10.5 1.8 36 72 62 360 154 52 2.936
St | irr, 2, soll type2, NI-PL-K1§  3gm 7.5 7.6 25 88 53 280 132 3.9 573
Sc | kg2, soll type?, NLPLKL| 3gm 21 8 8 112.2 52 1230 720.5 145 8.22
64 | 1irr 2, 5ol typed, NLPLKL)  3gm 12 8.12 34 48 535 450 258 5.7 4.69
6b | frr.2, 500l typed, N1-PLK1 | 3gm 2.3 1.7 21 45 56 31L5 148 43 3.103
6c | irn. 2, soll typed, NI-PL-KL| 3pm 265 7.9 72 105 30 1350 766 14.4 2.71
72 | Ire.3, soll typel, NLPLKL | 32m 7.1 7.82 25 50 49 287 134 2.8 3.48
b | ire. 3, soll typel, Ni-PLK1L [ 3gm 5 1.2 13 50 40 205 13 32 2,722
7¢ | Ire. 3, 3ol typel, N1-PLKL]  3gm n | 12 75 92 97 175 .| 670 12.8 8.142
8n | e 3, solltype, NLPLK1| 3gm | 73 ] 766 48 42 44 280 123 3.4 2.9
8b | 1re 3, soll type?, N1-PLELY  3gm 53 T 23 34 32 223 107 32 2.6
8¢ | rr. 3, soll type?, NI-PLKL | 3gm 22 1 | 84 108 1208 508 119 - | 64
% | 1rr.3, soll typed, NI-PLEL| 32m 8.9 7.3 36 38 38 300 145 4.1 3.11
S| Lrr. 3, soll typed, NI-PL-RL | 3gm 52 .6 16 F3] T pEE| 130 3 3.012
. 9¢ | ire 3, solltyped, N1-PL-KL]  3gm | - 24 8.1 86 | . 88 b1 1180 570 14.1 6,599
108 | ber. 1,500l typel, NLPLKL| 3gm' | 7.5 - 6.8 39 | 58 . 8 | 266 123 | 34§ 2.8
10h | drr. £, soll typel, N2-PLK1| -3gm 6 1.2 12 | 3 6T | 2407 122 3.5 2,938
10¢ | trr. 1, soil typel, N2-PLKL]  3zm 24 7.3 84 100 140 1235 800 14.3 0,108
11n | trr. 1, soll typel, N3-PLKL| 3gn 84 7.65 63 55 180 3025 145 [, 33 3.46
11k Irr. 1, soi) typed, N3.PLKL] _ 3gm 6.5 1 28 42 120 245 112 2.7 2,92
e | frr 1, soll fypel, N3-PLK1 [ 3gm 27 8.15 . 80 93 300 1420 |- 980 15.2 10,59
122 | Irr. 1, solt typel, NL.P2KL ] 3gm | 8.5 8.1 40 31 18 320 165 3.7 3.7
12b | ire. 1, soll typel, NLP2.K1L| 3gm 6.2 7.8 12 18 44 267 132 2.8 5.73
12c | irr, 1 sof) typet, N1P2K1}  3gm 2 | 13 22 68 | 95 | 1320 £50 17.2 6.8
132 | e 1, s0ll typel, NLP3.K1 | 3gm 10.3 7.88 63 .69 83 450 | 207 6.5 3.5
13b | frr. I, sl typel, NL-P3-K1 | 3zm 8 7.5. 35 52 49 322 153 3.4 3.6
3¢ | ler, 1, soil typel, NIP3.K1]|  3gm 28 6.9 35 135 100 1560 750 17.4 1.8
145 | irr 1,30l typel, NI1-PLK2 | 3gm 3.9 7.2 18 52 75 407" 2309 53 | 436
14b | [er. 1, soll typel, NL:PL.K2 | 3gm 6.4 7.6 14 36 48 298 146 3.4 34
14c { irr. Lol typel, NI-PLE2 | 3gm 25 72§ 58 39 98 1225 304 164 | 863
150 | Iee. 1, soft typel, NI-PI-K3 | 3gm 92 | 778 53 | 63 - 80 380.6 223 4.8 4428
155 ier. 1,50l typel, NI.PLK3 | 3gm 6.3 7.5 35 48 85 .| 247 113 4 2456
15¢ | 1rr. 2, soil typet, NI-P1-K}§  3gm 26 81 120 92 102 | 1379 740 15.6 8,145
L B Rieprnii Bk 8.3 728 | 33 56 63 320 155 425 | 3.268
16b | I L e | 3gm 6.4 75 | 4 38 50 271 123 3 3,08
16¢ Trr. 1, soll fypel, BI-EL-K3 3gm
ywith nwuleh cover 24 7.56 85 90 103 1430 820 14.8 4,267




7.2, Appendix (B) =

Salt Tolerance Parameters
Relating Relative Yield to Increase

 Salinity in the Root Zone
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Fig B: Soil type .1, Irr. Level 1, (N1-P1-K1)
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Fig B,: Soil type .1, Irr. Level 2, (N1-P1-K1)
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Fig Bs: Soil type .1, Irr. Level 3, (N1-P1-K1)
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Fig B, : Soil type 2, Irr. Level 1, (N1-P1-K1)
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Fig Bs: Soil type 2, Irr. Level 2, (N1-P1-K1)
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" Fig Bg: Soil type 2, Irr. Level 3, (NI-P1-K1)
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72 _Soil type 3, Irr. Level 1, (N1-P1-K1)
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Fig Bg: Soil type 3, Irr. Level 2, (N1-P1-K1)
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Fig Bo: Soil type 3, Irr. Level 3, (N1-P1-K1)
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10 + Soil type .1, Irr. Level 1, (N2-P1-K1)
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Fig B1y: Soil type .1, Irr. Level 1, (N3-P1-K1)
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Fig By,: Soil type .1, Irr. Level 1, (N1-P2-K1)
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Fig By3: Soil type .1, Irr. Level 1, (N1-P3-K1)
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Fig By4: Soil type .1, Irr. Level 1, (N1-P1-K2)
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Fig Bs_: Soil type .1, Irr. Level 1, (N1-P1-K3)
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Fig Be: Soil type .1, Irr. Level 1, (N1-P1-K1)
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7.3. Appendix (C)

Plant Length Versus Time
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Length {cm}

Figure C1 : Soill. Waterl, N1 P1 Xi
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Length {cm)

Figure C2 : Soill. Water2. N1 P1 K1
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Figure C4 : Soil2. Waterl. N1 P1 K1
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Length (cm)

Figure CS : Soil2. Water2. N1 P1 X1
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Lengfh {cm)

Figure C6 : Soil2. Water3. N1 P1 K1
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Length (cm}

Figure C9 : Soil3. Water3. N1 P1 K1
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Figure C10 : Soill. Waterl2. N2 P1 K1
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Figure C11 : Soill. Waterl, N3 P1 K1
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Figure C12 : Soill. Waterl. N1 P2 K1

300 o

250 4

200

150

Length (cm})

109 1.

T T T T T T T T

1041 2041 442 1042 2042 3042 {64 204 304 102 202 13
Date

[—e—Salinityo —A—Salinityl Salinityd —s— Salinitys —¥—Salinity8 |




133

Figure C13 : Soill. Waterl. N1 P3 K1
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Figure C14 : Soill. Waterl. N1 P1 X2
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FigureClS
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Figure C16: Soill. Waterl. N1 P1 Klwith Mulch
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Cherry Tomato Production Versus Time
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Figure D1 : Soill,water1,N1 P1 K1
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140

Figure D2 : Soill.Water2,N1P1K1
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Yield {gm)

Figure D3 : Soill.Water3.N1 P1 K1
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Figure D4 : Soil2.Water1.N1 P1 K1
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Figure DS : Soil2,Water2. N1 P1 K1
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Figure D6 : Soil2.Water3. N1 P1 K1
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Figure D7 : Soil3.Waterl. N1 P1 K1
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120

Figure D8 : Soil3.Water2, N1 P1 K1
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140

Figure D9 : Soil3.Water3. N1 P1 K1
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Yield (gm)

Figure D10 : Soill. Waterl. N2 P1 K1
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Figure D11 : Soill. Waterl. N3 P1 K1
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Figure D12 : Soill.Waterl. N1 P2 K1
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140

Figure D13 : Soill. Waterl. N1 P3 K1
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Yield {gm}

Figure D14 : Soill. Waterl. N1 P1 K2
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Yield (arm)

Figure 15 : Soill. Watewrl. N1 P1 K3
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Figure D16 : Soill. Water1. N1 P1 K1 with Mulch
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Summery Tables
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£l

2 TSS of Cherry Tomat

7.2 71 72 7.1 7.8 7 7.2 7.3 72 7.2 72
7.8 3.2 7.6 7.1 8.4 75 7.5 7.5 76 7.5 7.7
8.2 8.6 79 8.2 8.5 7.8 8 2.3 8.6 84 8.5
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of Cherry Tomato plant unde

r diffe

L8047 TN

tyicld/gni/plant

;o Spil Type 2
_:s_aau _néaa_ _nzanm P ..,iﬁu 1. Waer 1 | . Waer 3 _a Water 3 ZEE_S«
3200 uoma.m, 32258 | 31536 | 20804 | 30259 | 31096 | 28011 | 30476 30456 | 30863 | 30263 3025 3015 3212 3425
3000 2s05 | 20876 | 20332 | 27523 | 29986 | 29113 | 2734 2930.3 2898 2005 2932 3047.5 | 2089 3002 3500.6
20508 | 19437 | 20378 | 20259 } 19207 § 20433 | 20688 1900 | . 20986 20005 | zov01 | 19952 2100 1945 2006.5 2135.5
1375 1260.5 § 14489 | 100 1250 14156 | 12722 | 10222 1385.6 13625 | 13206 | 12863 | 15403 | 13329 | 13416 1550
375 70 | eaas | sm2 | mss 940 770.2 450 345.8 873.9 .mma.a 754 " 932 850 340 920.8




155

0.A2 55 0.53 (L.58% oa 0.59 0.52 0.53 U 0.55 0.54 0.56 0.57
.c‘_.:_ 0.64 0.62 0.68 .68 0.60 0.63 . 0.65 0.67 0.68 0.67 0.65 066
07 (75 0.74 0,78 _c.m 0.78 078 .76 .c.....u 0.79 Q.78 079 0.76
Q.83 U85 0.35 0.85 0.89 0.83 0.86 0.85 . 0.8 0.87 (.85 0.88 087
0.89 092" 0.9 09 0us 0.92 0.8y 0% R H 0.92 0.91 0.94 0.53
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4.04 3.99 3vs a1 4.02 395 398 399 36
4.04 3.88 404 4.08 4.03 4.02 4,02 4.01 4

4.06 4.03 4 4.08 4.2 4.05 4,02 4 4.02
4.00 4.01 4 4.1 166 4.062 401 402 4.02
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Table ﬁm ﬁna:n_:a suger no:?:» of Cherry Tomato fr uit under a.m.n_ ent ..n:::@ _n<o_m EE m.m.n_ ent n_.omuznnnm

7

3.68

3.65

4

23

ERHY

4.25

4.14

4 26

4.6

442

d.%

4.50
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Table E6 : Vitamin C content o

T e

0 19.2 19.5 18.3 13.9 19.5 19.2 19 2.5 191 193 19.2 19.3 9.4 13.95 12 i%.1

1 19.5 20 19.8 19.5 20 203 183 20 9.9 19.8 20 19.95 9.9 19.85 19.84 20
oo 3 20 20.5 203 0.2 20,8 207 20.9 289 )} 2085 .74 20.88 20.93 2075 - 208 20.9 2065
< .
—

5 21 216 212 215 22 214 215 21.6- 215 21.7 218 2136 | 21.6% 217 21.87 2L62

4 x] 3.3 2235 23 235 23 3.2 e B 23.2 234 23 33 23.2 i 234 23.2




159

14 _..h.m 15 15.6 14.2 15 14.7 14.5 i3.9 14.5 [4.23 13.5
15.2 mr 17 1638 16.7 16.78 15.32 {6.25 16.5 ) Sﬂ.u 17 I&
18 18.35 18.5 i9 19.2 189 e 02 19.8 18.9 19 18.5
14.2 19.5 0.2 202 20 2014 20035 20.15 19.84 145 201 19.29
20 21 205 208 20,6 21l 2058 20.27 20.65 20.8 20,5 20.1
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vels an

D P

t salinity le

0 1% 13 175 17.8 18 17.$ 19 19.23 185 i3 172 17.9 153 1824 123 19
o 1 o’ | w2 I8 8 19 19.2 187 | 195 20 19.85 19 195 1 190 19.33 19.2 19.5 19 ,
pred
b .. .

3 20,34 20.8 26,2 19.85 2 19.2 2t - 2187 21 20.5 20 19.8 19.95 12897 | 2015 2125

5 215 | -21.65 203 21 21.23 21 2 225 222 218 215 21.84 2145 2085 | 2232 22.1

8 22.4 228 22.5 22.8 22.6 232 . 24 235 224 22 | 221s 22.%2 225 23 212
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1

59 <30 o 156 70 6.3 707 6.6 5,46
(.56 .43 646 6.1 6.6 6.4 5.9 6.65 6

9.9 9.6 9.9 1.2 s 10.5 10 10.7 9.5
130 12.9 136 14.1 14 12.3 12.66 133 12.5
15.5 15.5 154 16.46 16.56 1577 | 1636 16.4 152
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Table E10

Plant length of Cherry Tomato plant under different salinity levels and different treatments

0 282 T2743 279 271 284 288 " 265.3 2667 | 274.6 282.3 278.6 283 277 279 279.6 298
1 259 249 259 248 233.6 257 2433 223.3 252 272.6 270 279 258.3 259.3 270.3 281
3 225 213.3 226 218.66 | 199.6 2253 234 | 205 217.3 232.3 2323 229 221.66 | 2203 221.6 239.6
5 175.6 130 1% | i8S 167 174 183.3 168 175.5 184 184.6 187 191.66 188 _:a..w 204.3
8 173 1663 176.6 174.3 160 161.6 174 156.6 171.66 170.6 176 1726 178.6 174 170.6 195
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