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At the Beka'a, Lebanon in an irrigated field experiment the
individual effects and the effects of various possible combinations of
five nutrient elements, N, P, S, Zn and C1 on the yield and composition
of the tomato plant were investigated. Field tomatoes responded highly
to P application and marketable yields were profitably inereased up to
the 375.8 kg./ha. rate of applied P especially at low levels of S and
N. BEven though S application tended to increase tomato yields addi-

tion of P decreased the requirement for S for higher Yields of better
quality. Chlorine, however, proved beneficial for tomate yields par-

ticularly at high levels of applied P, but the inferior fruit quality
induced by Cl application at high rates of P made high levels of C1
application undesirable. Application of N was detrimental to market-
able yields especially early in the season and Zn tended to produce a
negative effect. Furthermore it was clearly demonstrated that yield
response: to the nutrient elements under study was highly regulated by
the consequent effect of the particular element on fruit set. Data on
leaf composition were discussed at length.

The failure to establish a critical level for P04-P concentra-
tion in tomato leaves collected during the harvest sesson was attributed

to the fluctuations in leaf concentrations brought abuut by the



differential assimilation of m4-r following the cyclie waves of fruit
setting and development,

The exceptionally high temato ylelds = up to 96.43 me tons/ha.-
were attributed to the favorable soil and olimatic conditions of the
area as well as to the ample water supply and optimm eultural practices.
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Tomato, Lycopersicon esculentum, is a warm season erop and
requires a relatively long growing seasom to produce profitatle yields.

In Jordan tomatoes constitute an important commodity for export to
neighboring countries because they can be produced out of season with
little competition from other areas., Unlike other vegetable crops,
it is produced all the year around in the Jordan Valley where the
winters are relatively warm due to ite low elevation (about 300 meters
below sea level).

Because of the increasing importance the tomato crop hag ase-
sumed in the economy of the country, several varietal trials and some
nutritional studies were undertaken at the Deir Alla research station
of the Jordan Valley with variable degrees of success. In a few in-
stances P application significantly increased tomato yields whereas
other results were inconclusive., Probably the saline nature of the
Jordan Valley soils and the use of irrigation water containing some
salts had interfered with the performance of tomato plants to some
extent and consequently low yields were reported. Hayward and Leng
(31) obtained a progressive growth depression of the tomato plant by

increasing the concentration of NaCl or FagS0, in culture solutionms.,



Flower bud formation was also adversely affected.

In tomatoes flower formation has a close relationship to
nutritional conditions (14). According to Lambeth (44), the tendency
of an element to hasten or delay the time of anthesis was effective
only with a faverable balance of supply of the other elements under
consideration. As reported by Kraybill (42), Kraus and Kraybill
showed maximum fruitfulness to be associated with a condition of
balance between N and carbohydrate within the tomato plant. The
ratio can be modified by changing the supply of available salts.
Apparently, at the Deir Alla research station the relatively small
amounts of fertilizers involved probably did not furnish the proper
nutrient balance for optimum fruitfulness of tomatoes and consequent-
ly resulted in low yields. Furthermore, the relatively reduced
hours of illumination and somewhat low winter temperatures of the
Jordan Valley might have reduced fruit set and yield as compared
with the Beka'a, Lebanon conditions where summer days are longer
and summer temperatures higher.

With regards to the reduced response to P application, short
days and low temperatures of the winter were probably among the fac-
tors. Hence further experimentation with higher rates of P seems
necessary for more conclusive resulis.

The purpose of this investigation was to study the direct

effects and interactions of the nutrient elements N, P, 8, Zn and C1



on the yield and composition of field grown tomatoes under the condi-
tions of the Beka'a, Lebanon. In order to study these five variables
with each at five different levels of application and using a reason-
able number of freatment combinations, a cemntral composite, rotatable,

incomplete factorial design was adopted.



Hitrogen
Wilecox and lLangston (84) reperted that Watts found the mue

trient requirement for normal growth of tomato seedlings to be higher
for N and P than for K when considering N, P and K in a mutrient sol-
ution. In & pot culture experiment, Leone and Shive (46) obtained
optimum growth of tomato plants at 100 ppm. eoncentration of N when

K and P were varied from 10-250 ppm. and 0,5-50 ppm., respectively,
Similarly, Raleigh and Chucka (72) obtained the highest weight of green
plant at the 300 ppm. N level and the lowest at the 2400 rpm, level in
the mutrient solution. Increasing N alome slightly retarded develop~
ment without enhancing yields (Tagmas'jan, 79).

The excessive application of N fertilizers may favor vegeta-
tive sctivity of tomato plants at the expense of fruitfulness. Under
greenhouse eonditions (Mack, 57) ¥ fertilization in amounts ranging
from medium applications (500 lbs. of -u,/um) to very heavy ones
did not induce an overvegetative conditiom in tomato plants. Werk
(86) failed to bring about a condition of high vegetation and unfruit-
fulness at heavy applications of nitrates as high as nine tons per

acre (as NalN®3),



In a greenhouse study by Wileox and langston (84), without
P in the fertiliser band, N first depressed yields of tops slightly
and then increased the growth as the N rate increased to the highest
level, As the rate of P in the band was increased, the effect of N
on growth was diminished. Under normel day length (10-12 hrs.) inm
the greenhouse, Harris (29) found the fastest growth rate at a low
N level in the presence of high P and K., High N, P and K increased
the growth rate of tomatoes under conditions of additional light.

Aocording to Gilbert and Smith (25) the determination of seil
nitrates predicts the N needs of young plants adequately, but amalysis
of the expressed plant solution is more emmct for later growth stages.
They obtained uniformly greater yields of tomatoes by maintaining the
KO3-N of the soil quite consistently above 20 ppm. and that of the
plant solution above 300 ppm. for the entire season. Results of a
two year experiment, by Malcolm (58) indicated a highly significant
yield increase from the application of W and K. Application of ¥ at
150 1bs./acre gave a larger incresse in yield over the check than
double this amount. Similarly, Mamber-Rylska (59) advocated the be
nefieial effects of N application on tomate yields,

However, increased rates of N did not always result in ime

creased yields. Kattan et al. (41) obtained no effect on tomato yield

by sidedressing N at the rate of 100 to 200 lbs./acre on plots that
had previously received 500 1lbs./acre of 5-10-10 fertilizer in the |
spring. As reported by Neubert (65) tomato ylelds increased up to



the 160 kg. of N/ha. rate and decreased with higher N applications inm
the field.

Dunn (12) reported that spring tomatoes receiving 100 ppm. of
N in the nutrient culture produced greater yields and a larger number
of fruits than those grown at the 50 and 200 ppm. levels. In contrast,
Leopold and Guernsey (47) obtained highest yields at a N level of 200
ppm. According to Raleigh and Chucka (72) the 400 and 300 ppm. levels
of applied N were associated with the highest number and weight of
fruit, respectively. The 2400 ppm. level produced the least of both,

Flower formation in tomatoes is clesely related to nutritiomal
conditions. Aecording to Wittwer and Teubner (85) a high N level
(440 ppm.) favored earlier and increased flower formation in contrast
to a low N level (55 ppm.). On the other hand, Lambeth (44) reported
anthesis to occur later at the higher N treatments.

Several workers (12, 20, 83) reported N application to inerease
N concentration of tomato tops. Maleolm (58) obtained a relatively
large increase in N in the tomato leaves when 150 1bs./acre of N was
applied compared to the no N treatments, but only a slight increase
occurred where the applied N was raised to 300 1bs./acre. According
to Leone and Shive (46) increasing N in the culture solutions up to
100 ppm. at any given P level (0.5 to 50 ppm.) increased N contents
of the tomato seedlings. Beyond this optimum concentration the in-
crease in N content did not correspond with the increase in ¥ supply.
Mori and Abe (63) worked on Marglobe tomato plants in nutrient



solutions with four levels of N (50-400 ppm.) and with P, K, Ca, Mg
and 8 in varied or constant proportions to N. They reported that the
amount of N absorbed increased with the level of applied N with other
elements having no effect on N absorption.

The interrelationships of other mutrient elements on N were
given by some investigators. Leone and Shive (46), Lingle (49) and
Cannell et al. (7) reported increased ¥ content of the tomato plant
following P application., In contrast Dunn (12) obtained a decrease
in leaf W following increases in P supply for a tomato spring erop.
Breon and Gillman (3) provided evidence that excess nitrates are pre-
sent in the P deficient plante by virtue of accumulation following
more rapid absorption rather than as a result of the plants inability
to reduce them. Lambeth (44) reported that a high N/P ratio resulted
in delayed anthesis whereas a high P/N ratio hastened flowering.

According to Smith (77) Zn significantly raised the concentra-
tion of N in tomato leaflets, as its concemtration was raised from
0.025 to 2.5 ppm. in a rigidly controlled rutrient solution. Harward
et al. (30) and Kretschmer et al. (43) obtained lower N contents of
potato leaves and tomatoes, respectively, as the Cl concentration in
the substrates was increased. In an ion uptake study, Meyer et al.
(62) obtained less N from tomato plants grown in the chloride treat-
ment as compared with the all sulfate treatment. Studies on tomatoes
by Hayward and Long (32) indicated that salinity increased the total

N content of the plants. According to Raleigh and Chucka (72),



varying § in the base solution from 50-800 ppm., increased the N comtent
of tomato vines, The S deficient tomate plants were extremely high in
carbohydrate and contained much more nitrate than the plants which
received the complete mutrient solution (Nightingale et al., 66). He
attributed this acourmlation to the comparatively slow reduction of
nitrate ions and oxidation of sugars in the minus sulfate plants,

An adegquate supply of available N is eesential for high yields
and better gquality of tomato fruits. Nitrogen deficiency or excess
has adverse effects on growth, flower formation and fruit set. Conses--

quently yields are reduced and quality of fruit is marred. The avail-
able literature contains very little information on the interactions

of P, 8, Zn and C1 on the absorption of N by the tomato plant.

Phosphorus
Acecording to Kraybill (42) P is just as esseniial for the

production of the nonseed 2s the seed portion of the tomato fruit.
Ermolaeva (17) reported that high rates of P increased resistance

to oold, increased siarch and chlorophyll in leaves and photosynthe-
tic activity. As reported by Jones and Warren (40), Turner clearly
demonstrated that P applied to deficient tomato plants caused greater
increasss im root growth than top growth. Aecording to Rogalev (75)
P nutrition stimlated the formation of fibrovascular bundles and
xylem vessels in several crop plants. In tomato stems the width of
the vascular ring and the number of the xylem vessels were greatest

when normal rates of N and K were applied with a double rate of P.



wvarying 5 in the base solution from 50-800 ppm. increased the N content
of tmato vines., The S deficient tomato plants were extremely high in
carbchydrate and contained much more nitrate than the plants which
received the complete mutrient solutiom (Nightingale et al., 66). He
attributed this accurmlation to the comparatively slow reduction of
nitrate ions and oxidation of sugers in the minus sulfate plante.

An adequate supply of available ¥ is esgential for high yields
and betber guality of tomato fruits. Nitrogen deficiency or excess
has siverse effects on growth, flower formation and fruit set. Conses-

Quently yields are reduced and quality of fruit is marred. The avail=-
able literature contains very little information on the interactions

of P, 5, Zn and C1 on the absorption of N by the tomato plant.

Prosphorus

According to Kraybill (42) P is just as essential for the
production of the nonseed as the seed portion of the tomato fruit.
Ermolaeva (17) reported that high rates of P increased resistance
to eold, inmereased starch and chlorophyll in leaves and photosynthe-
tic aetivity., As reported by Jones and Warren (40), Turner clearly
dennstrated that P applied to deficient tomato plants caused greater
increase® in oot growth than top growth. Aecording to Rogalev (75)
P mitrition stimlated the formation of fibrevascular bundles and
xylen vessels in several crop plants. In tomato stems the width of
the vascular ring and the number of the xylem vessels were greatest

when normal rates of N and K were applied with a double rate of P,



In gemeral, it has been shown that the P-mutrition of temato
plants grown om soil is most critical during the early growth stages
(Wileox and Langston, 84). According to Jones and Warren (40) ime
creasing early P uptake was shown to be more important in affecting
yields than was increasing total P uptake. late P absorption was
found to have little bearing on yield. Ingram et al. (35) obtained

a positive correlation (r=0.67) between the soluble phosphate contents
of temato plants and plent rejuvenation late in the season. The coef-
ficient for the correlation of plant P content and total yield was
0.72.

Several workers reported bemeficial effects of P fertilisation
on the growth of tomato plants. In greemhouse experiments Cannell
et al. (7) studied the effect of irrigation and four levels of P (2
to 50 g. of ou(u,ro4)2.nzo per 12,5 kg. of soil) on vegetative growth
and composition of tomato leaves. The smaller plants were associated
with the lowest P treatment at all stages of plant growth when oom-
pared to other P treatments. As reported by Locascio and Warren (53)
growth of taomato plants increased linearly with increasing rates of P
(0-488 1bs./acre) up to the highest level applied with a soil temper-
ature of 55%, At the higher soil temperatures (70 and 85°F) the
growth tended to reach a maximum and level off. Wilcox and Langston
(84) found that the amount of respemse to P spplied in the band
diminished at the higher levels of associated N.

An adeguate nutrional level of P is required for guantity amd
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quality of temato yields (7, 20). Under greenhouse conditions, Pat-
tanaik and Lathwell (68) considered 0,15 to 0.20% as the oritical
range of F comeemtration of the tomate shoot. Baker (2) reported
earlier ripening and increased tomate yields when commareial phosphor-
4e: acid and mono-ammonium phosphate were used in the transplanting
solution. As reported by Tiessen (83) a high P content in tomate
plants from solutions given shortly after transplanting was correlated
with subsequent growth and yield. Fertiliszer solutions tended to de-
erease flower abscission and increase fryit set and early yield.

Application of 4-16-4 fertilismer at 0, 500, 1000 and 2000
1bs,/acre under a medium level of irrigation (irrigation practiced
vhen the moisture content of the soil was reduced in the top 6 inches
of soil to 17%) showed a linear relatiomship between the quantity of
fertilizer applied and tomato yields up %o the second highest appli-
cation (Thomae and Cotton, 81). However, according to Dumn (12), an
increase in the P-supply for a tomato spring crop was followed by a
decrease in both number and weight of fruit produced.

Just before fruit set is a oritical period of high demand for
P, At this time if N is excessive in comparison to the P and carbo-
hydrate supply most of the blossoms will drep or fail to develop and
early fruiting will be greatly redused. Just before fruit set a
1000 1bs./scre application of 20% superphosphate applied in a 2 inch
deep furrow as close to the plante as possible will increase fruit
set considerably even on some highly phosphatic soils (Emmert, 16).



As reported by several workers (3, 19, 35, 46, 49, 63, 68) the
P comtent of the tomato plant was increased by P application. Fhesphe-
rous starvation decressed the percemt P in all parts of the plant (Mac-
Gillivray, 56). In a nutrient culture experiment, Dumn (12) obtained
increased P comtent in whole leaves, leafblades and petioles of one
spring and two sutunn crops of tomatees following application of P.
According to Raleigh and Chucka (72), ineresse in P in the base solu-
ticn increased P eontente of vines, fruits amd roots of Marglobe
tomato plants grown outdoors with subirrigation.

Lingle and Davis (50) studied the effect of soil temperature
and P nutrition on the growth and mineral absorption by tomato seed -
lings. Oreater quantities of P were absarbed at the higher substrate
levels in spite of the low temperature. At the higher temperatures
a low P nutrient level materially limited growth. Increasing temper-

ature and P level (0-488 1bs./acre) increased the P concentration in
the tomato plant (Locascio and Warrem, 53).

lclean (61) growing several erop species in cultures of various
K levels reported that the concentration of P was gemerally decreased
with greater ¥ gontent of the mediums According to Dumn (12) and
Maleolm (58) an increase in the N supply was followed by a decrease
in the P concentration of tomato leaves, As reported by Leone and
Shive (46), the highest P concentrations were found, in generasl, at
the lowest ¥ level. Phosphorus absorption then, appeared to decrease
with inoreased N until the optimum N range (50-100 ppm.) was reached.
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Beyond this point P accumlation increased with further increase in N
concentration. At the rate of 60 mg. of P per 2000 g. of soil the
total P uptake by transplanted tomatoes increased in a linear mammer
from 5 to 12 mg. as the N rate in the band increased from 0-40
mg./2000 g. of soil (Wilcox and Langston, 84). Similarly, Lingle
(49) ineluding N with water soluble dry phosphate increased total P
concentration in the tissue above that from P alone.

Aceording to Lingle (49) tomato plants fertilized with highly
water soluble monocammonium phosphate contained gignificantly greater
concenirations of acetic acid soluble P than did the ammonium phosphate
sulfate treated plants. The possibility certainly existed that the
sulfate fraction in the ammonium phosphate-sulfate might have provided
ion competition for the phosphate and hence tended to depress P-uptake.
As reported by Lewis et al. (48) the anions chloride, sulfate and car-
bonate varied in their effects on the availability of soil and ferti-
lizer P, Chloride ions resulted in the greatest and least P avail-
ability in the presence of Ca and Mg, respectively. While in the
presence of Na, sulfate gave the least anﬂﬁﬂiﬁ.

In an iom uptake study with tomatoes, chloride depressed radio-
active phosphate absorption (Meyer gt al., 62). When nitrate was the
sole N source, increasing the Cl comcentration in the nutrient sclution
resulted in a decrease in percent P while if both ammonium and nitrate
were present P was increased in potato leaves (Harward et al., 30).
Gausman and Awan (23) working on potatoes, indicated that the amount
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of P2 ineressod as increments of CL from CaCl, were increased to 400
pom, after which there was an apparent and progressive decrease in the
amount of P2 absorbed. According to Burleson et al. (5) P uptake was
increased with P fertilization and deereased by Zn fertilization under
greenhouse conditions. When both Zn and P were applied, the uptake of
both by red kidney beans was reduced.

Several workers have advocated the bemeficial effects of P
fertilization on the growth, yield and early maturity of tomatoes.
The essentiality of P for tomato fruit production and its favorable
effects on photosynthetic activity, root and top growth and fruit set
have been reported. In the literature available, little has been men-
tioned about the interactions of S, C1 and Zn on P absorption by
tomatoes, although information on the interactions of ¥ on P mutritien

was available.

Sulfur
Gilbert (24) made 2 detailed review on S-nutrition. Acecording

to him S produces certain formative effects in plants in addition teo
its function as a building material, As reported by Thomas (80),
Thomas and Hill found that S-deficiency lowered the photosynthetie
level of alfalfa, tomatoes and sugar beets but did not affect respi-
ration appreciably., In water culture experiments in the greenhouse,
increasing the concentration of chloride and sulfate salts reduced
the mater requirements and increased the weights of tomato roots

relative to the weights of the entire plant (Eaton, 13)., Hayward



and Long (31) obtained progressive growth depressions of tomato plamts

when suf'ficient 52304 was added to a base nutrient sclution to give a

range of osmotic concentrations (1.5«6 atm.). BRaleigh end Chucks (72)

reported that the green weight of Marglobe tomato plants was highest at
the 50 ppm. level of S and progressively decreased to the highest level
employed (800 ppm.).

According to Hayward and Lang (31), no evident flower buds had
developed up $o the time of harvest when a sufficient amount of h!ln‘
was added to a base solution to give am osmotic concentration of 4.5
atmosphexres, Baton (13) growing the Stome tomato variety at two concen=
trations of chlaride and sulfate salts (50 and 150 me./1), obtained 265
and T3 reduetions in the relative dry weights of fruits at the low and
high sulfate levels, respectively. As reported by Raleigh and Chucks
(72), the number of fruits increased up to the 200 ppm. S level them
started decreasing, The weight of fruit of the Marglobe tomatoes de--

cxeased as the level of S increased from 50 to 800 parts per milliem.
Lyon (54) found significant reductions in the mean weight of the Johan~
nisfever tomato variety when NagS0, was added at 80 and 120 me./1.
levels. At the higher salt level the fresh weight of fruit was reduced
by 40 pexrcent.

According to Kretschmer et al. (43) variation in sulfate cen~
tent of the substrate had little effect on plant content of sulfate.
Incressing the sulfate level from 2-50 me./l. for tomatoes grown im
sand cul bure resulted in an increase of only one me. sulfate in 100 g.
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oven-dried tissue. Hayward and Long (31) reported an increase in the
accumulation of Na ion as the concentration of ll2804 increased in

the cul ture solution, but there was less correlation between the ace
cumlation of the sulfate ion and the cemeentration of sulfate in the
solutiom. Aecording to Seatz et al. (76) application of S (at 4.22

t0 25432 equivalents/2 million 1bs. of so0il) increased S5 in cern and
tomto plants. They fertilised tomate plants at four different rates
of chlordide or sulfate and two differemt rates of both lime and P with
no variation in ¥ and K applications: In the chloride series S uptake
was decreased with increasing P application.

As reported by Smith (77), the 5 concentration of tomato leaf-
lets wa®s increased when the concentratiom of Zn was increased in
rigilly controlled nutrient solutioms. When nitrate was the sole
N souree or whem both ammonium and nitrate were present, increasing
chloride concemtration in the nutrieat solution decreased the percemt
S in potato leaves (Harward et al,, 39)e

Zine
The value of Zn as a nutrient element and its toxic effects
has been recognized for a considerable lemgth of time, although the
extensive use of Zn salts for mutrient purposes on crops in the field
dates from about 1931 (Camp, 6). Sommer and Lipman (78) proved cem~
clusively that Zn is indispensable to the life and growth of a comsider

able number of widely different spescies of higher green plants.



The earlier work of Elting: and Reed (15) and Reed (73) showed
that marked cytological abnormalities ocourred in tomatoes in the
absence of Zn, In Rutgers tomato seedlings, low Zn (0.0005 ppm,) in
the mtrient solution resulted in a reduction of meristimatic activity
in root tips and cambimm (Carlton, 8). Aececording to Hewitt (33), Reed
coneluded that Zn deficiency in tomatoes resulted in the accumlationm
of inorganic phosphate, and a role in the activation of a phosphate-
ester enzsyme, possibly hexokinase, was suggested. As reported by
Larsen (45), Tsui found that the contemt of four forms of auxin in-

creased with age in normal tomato plante and decreased in the Zn defi-
cient ones, Tsui concluded that Zn is required directly for the
synthesis of tryptophan, a precursor for the growth hormone, indole-
acetic aeid. Possingham (71) observed inereased levels of amino
acids in Zn deficient tometo plants.

There have been reports of inereased growth and yields by
tomato plante in the field in response %o application of Zn. As
reported by Pireen (69) Bergh found that of several different crop
plants, the tomato was remarkably resistant to Zn excess, It respon-
ded even to high dosages with an increase in production. Deficieney
of Zn in a eontrolled culture experiment, resulted in considerably
leess growth and fruitfulness than was measurable in control tomate
plants (Lyon et al., 55). Similarly, other workers (1, 51, 60)
reported increased growth of tomato plants following Zn application,

Several workers reported tomato yields to inerease with Zn
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fertilisation. In a field experiment where !nBO4 was used at the rate
of ome pound per acre, Lingle et al. (51) reported a significant ine
crease in tomato yields, Lingle et al. (52) applied Zn on tomatoes
transplanted inte Zn deficient soils at the rate of ten pounds of
r.nso‘ per 500 gallons of water per aere., Zinc sulfate effectively
increased early and total yields giving 28 tons/acre total yield rela-
tive to 6.4 given by the no Zn treatment., Zinec with other micromutri-
ents applied in the form of sulfates to tomato nutrient pots increased
the dry matter content of the plants and the average weight of fruit
(Abutalybov and Mardanov, 1). Govindan (27) reported that increased
doses of Zn up to two ppm. in sclution culture increased the number
and weight of tomato fruits, whereas three ppm. of Zn was injureous
and adversely affected the number amd size of fruit. On the other
hand, addition of 2.5 ppm. of Zn $o eultures having a combination of
major nutrient elements improved tlessoming and quality of the tomatoe
fruit (size and eolor), as reported by MeHargue and Calfee (60).

Hill (34) applied Zn to tomato plants at concentrations reme
ging from 0,01 to 0.5 ppm. in the mutriemt solution without observing
either signs of injury or stimmlation. Covindan (26) obtained symp-
toms of Zn texicity at 2 and 3 ppm. concentrations when tomato plants
were grown in sand culture to which ZnS04 at concentrations of 0, 0.5,
1, 2 and 3 ppm. was added. Crooke (11) found 15 ppm. concentration of
in toxic for tomatoes. The yield of tops snd roots as a percentage of
that of the eomtrol plants was 32 and 43, respectively, and bramehing
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of the roots was reduced.

According to Lingle et al. (51) Zn from 5 1lbs. metallic Zn/
acre to 10 1bs,/acre increased the Zn contemt of tometo leaf tissue
significantly from 17.2 to 27.7 ppms Lyon et al. (55) obtained sig-
nificantly smaller quantities of Zn from leaflets and fruits from
tomato plants grom with limited Zn supply, than from the control
plants.

Little work have been reported on the interaction of the
elements under study on uptake of Zn by tomato plants. As reported
by Cannell et al. (7) Zn availability is usually reduced by heavy P
applications the extent depending upom the soil, the fertilizer source
and the quantity used. Phosphorus fertilization of the Olivenhain
soil decreased the concentration of Zn in tomato tissue under green=-
house eonditions. In contrast, Jamisom (37) obtained little differ-
ence with regard to fixation of Zn in the presence and absence of
superphosphate on several soils taken from different parts of penine
sular Florida.

Chlorine
According to Hewitt (33) no satisfactory evidence for the
essential nature of chlorine is fortheoming for higher plants, and
Arnon and Whatley recently disposed of the possibility of this ele-
ment being needed for photosynthesis in vive. As reported by Gaffrom
and Fager (21), they have shown that sugar beets and chard grown
under chloride free conditions photesynthesize normally. In contrast
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Gauch (22) reported that Stout et al. have recently shown that the ele=
ment, Cl, is essential for the growth and reproduction of tomato, In a
water culture, Baton (13) obtained maximum growth of tomatoes at 10 me.
of chloride. In sand culture tomatoes made 35% more growth on the
basis of green weight with 3 me, of chleride (106.5 ppm.) in the mue
trient solution than with a trace of ehloride.

The chlorine requirement is not small as compared to other
micromtrients, for in the leaves of tomatocs suffering from Cledefi-
ciency chlorine concentration was in the order of 250 ppm. (Broyer
et al., 4). Aecording to Johnson et al. (38) acute Cl-deficiemey and
decreased yields were produced with tomatoes in low Cl cul ture solue-
tions. The lateral roots of Cl-deficient plants were many branched
and stubby with cludb tips. Osamne gt al. (67) cultured tomatoes in
purified inorganic solutions. Leaf and $op yields were reduced by
over 80¥ when insufficient Cl was supplied, large decreases in
tomto yields were found when leaf C1 comeentration fell below 2 ug.=
stoms/g. dry weight.

Robbins (74) experimenting with tomatoes, found that fruits
produced on plants grown in mutrient sclutioms of 3.1 atm.. ommotie
prespure were much smaller than thoee growm at lower concentratiome.
Decreasing the C1 level resulted in significantly greater weight and
number of marketable fruits (Kretschmer gt al., 43). In a base
mutrient sclution where NaCl was added to give osmotic concentratioms
of 1.5 to 6 atm., Fayward and Long (31) obtained a greater degree of



succulence in the high chloride solutions. Flower bud formation was
retarded and anthesis was delayed. Baton (13) growing the Stome tomato
variety at two concentrations of chloride salt (50 and 150 me./1.) ob-
tained 19% and 96 reductions in the relative dry weights of fruits at
the low and high Cl levels, respectively.

Aceording to Kretschmer et al. (43) absorption of Cl by plants
is a linear function of the Cl content of the substrate, independent of
its type. Hayward and Long (31) reported an increased accumulation of
Cl in the tops of tomato plants when the concentration of C1 was ine
creased in the culture solution. As reported by Seatz et al. (76) plant
Cl rose with the increase in Cl application, but was little affected
by the sulfate level. In the chloride series the Cl concentration of
the tomato plant was depressed by liming and in the sulfate series by

increasing the P application.



MATERIALS AND METHODS

Zxperimental Design
A central composite, rotatable, incomplete factorial design

as deseribed by Hader et al. (28) was used to study the effects of

the five variables, N, P, 8, Zn and C1, es related to yleld and compo=
sition of field tomatoes. BEach element was varied at five different
levels (Table 1) coded as -2, =1, 0, 41 and +2 with the coded O repre-
senting a medium rate of fertilizer application for the ecrop. The
coded -2 and +2 rates represented possible deficiemcy and possible

excess levels, respectively.

Table 1. Rates of application of Ny, P, 8, Zn and C1 for tomatoes.

Coded N,Pand C1 8 in
Level sate
1b. per kg, per 1b, per kg. per 1b. per kg. per
acre ha, acre ha. acre ha.
1 -2 10,0 11.36 15.0 18.37 2.50 2.84
2 -1 27.2 30.90 40.8 46.36 6.80 772
3 0 73.8 83.85 110.7 125.80 18.45 20.96
4 + 200,0 227.25 300.0 340.88 50.00 56.81
5 +2 544.0 618.12 816.,0 927.17 136,00 154.53

!h_ouﬂ;lmcftho dmhﬂctﬂym%tcl,
Ca(HpPOy)p for P, CaS0,-2Hp0 for S, CaCly. 6H,0 for C1 and ZnSO4.THO
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or Zn(N03)z for Zn. The carriers were mixed in the proportions to
correspond with the required rates (table 1),

A total of 27 treatment combinations was required (appendix
table 5). To get an overall estimate of the experimental error, one
of the $reatments was repcated six times. The design was replicated
twice.

Statistical methods of Cochran and Cox (9) were adopted for

statistical analysis of the data obtained,

Field Procedures
Thie study was conducted at the American University Farm in

the Beka'a, Lebanon. Just before planting the soil was prepared by
opening furrows and the mixed fertilizers were distributed in the
furrows by hand and covered with a layer of soil about 15 ems. thick
by splitting the ridges. The resulting new ridges were theroughly
packed with a packer., On the 25th of May transplants of a loeal vari-
ety were set in the field in rowe one meter apart with plants 1,25
meters apart within the row, thus allowing for six plants per treat-
ment. Throughout a period of about one month the seedlings that did
not survive were replaced at various dates in an attempt to get a
perfect stand. For the first three weeks the transplants were pocket-
irrigated when needed., Thereafter furrow-irrigation was practiced at
weekly intervals until mid Oefobu. weeds were adequately controlled.
Possible damage from cutworm attacks in the seedling stage
was avoided by applying Heptachlor in a band on the soil surface around



the stem of the seedlings at planting time. Gusithion was applied at
the rate of one part per thousand on the 27th of July and the 8th of
August against Leafhoppers, the possible vectors for transmitting an
unidentified virus disease that showed up im the plots.

The vegetative performance of the tomato plants was observed
in the field on July 11. Data on yield, number of fruits, and fruit
cracking were collected over a period of three months starting August
29 and ending November 25th, two days before the first killing froet.
Data were taken from the middle four plants of each treatment. Dis-
eased and stray stunted plants were discarded and data related teo
total and marketable yields, number of fruits, size of fruit and per-
cent of eracking were computed on the basis of the average per good
plant.

Three leaf samples were collected: om July 18, August 22 and
September 24. The youngest mature leaf was sampled. For uniform
sampling, it was found convenient to sample the fourth leaf from the
apex of any leader of the plant. The two replicates of each treat-

ment were composited for chemical analysis.

Analytical Procedures

The composite sample was washed in tap water, rinsed three
times with distilled water and left overnight to air-dry. Leaf
blades of the individuval leaflets of the compound leaves vwere trim-
med and oven dried at 68°C. in a ventilated cnn for 48 hours. The

samples were ground in a micro Wiley mill to pass a 40-mesh screen



and were stored in covered glass jars. A two percent acetic acid solu-
tion was used to obtain extracts of the leaf tissue. Perchloric-nitiie
digests of the August 22 sample were carried out as outlined by Jackson
(36).

Water-soluble-nitrate in the presence of excess chloride was
determined by the method outlined by Johnson and Ulrich (39). Total
nitrogen on the second harvest was determined by the modified Kjeldahl
procedure (Jackson, 36).

Phosphorous was determined on the three acetic acid extracts
and on the nitric-perchloric digest by the chlorostannous-reduced
mol ybdophosphoric blue color method in hydrochloric acid system as
described by Jackson (36). Where the extracts were colored, a two ml.
aliquot was digested with two drops of 30% H,Op on a steam bath. The
color was developed on the residue and the absorbancy readings were
taken on & Klett-Summerson colorimeter using a red filter.

Sulfur was determined only on the acetic acid extracts and
nitric-perchloric digests of the August 22 samples. The acetic acid
extracts were decolorized by the additiom of ten drops of 30/ Ha0p
to a two ml, aliquot of the extract and digesting on a steam bath to
dryness. The residue was dissolved in 0.03 N HCl, and the S therein
was determined turbidimetrically according to the method of Chesnin
and Yien as ontlined by Jacksom (36).

The method of Platte and Marey (70) was used for zinc determi-

nation on the nitric-perchloric digests.



Chlorine wae determined on the elear filtrates of the water
extracts passed over activated carbon by titration with standard
Agif03 solution using potassium chromate as the indicator (Johnson and
Ulrich, 39).

Sodium and K on the acetic acid extracts and Ca and Mg on the
nitrie-perchloric digests were determined using a Beckman D.U. emissiomn
spectrophotemeter with acetylene flame., Gas pressure and wave length

settings and other adjustments were those of Jackson (36).



RESULTS AND DISCUSSION

Interrelationships of the matrient elements N, P, S5, Zm
and C1 on total and marketable yield, nmumber of fruits, size of
fruite, the ineidence of cracking and the composition of the leaves
in field tomatoes were investigated in a field experiment in the
central Beka'a, Lebanon. A central composite, rotatable, incomplete
factorial design as described by Cochran and Cox (9) was used to
study the five variables at five levels for each. This design al-
lows calculation of the quadratic regression equations for the cha-
racteristice measured. The magnitude of the individual regression
coeffieients indicates the relative effect of the variables and al-
lows determination of their statistical significance. A negative
sign for the regression coefficient for an interaction term indi-
cates that an inerease in the level of one element decreased the
requirement for the other whereas a positive regression coefficient
means an increase in the requirement for one element as the level
of the other is increased. In this manuseript, these relatiomnships

will be referred to as negative and positive effects, respectively,
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Data on soil analysis showed that the soil was calcareous
with 15% CaCOz and & pH of 8.1 (table 2). The soil content of organie
matter was 1.22% (low) and the total N content (0.061%) was low. The
ammonium acetate extractable K, Ca and Na were 1.95, 40.00 and 0,58
me./100 g. of soil, respectively. The bicarbonate soluble P (Olsen
method) was 18 ppm. which was considered a medium level. The quality
of the irrigation water used was considered good from a salinity stand-
point. However, a small amount of § and C1 were being added with the
wvater (table 2).

Table 2. Chemical analysis of the surface soil for the experimental
plots and of the irrigation water.

Soil Analysis Water Analysis
pH 8.1 Sodium 0.282 me./1.
Calcium carbonmate, % 15 Calcium 0.705 *
Organic matter, % 1.22 Magnesium 0.833 *
(Wet oxidation) b o Totaseim 0,056 *
Total nitrogen 0.061 -
(0.05 X 0.1.) ’ Sulfur 0.125
Chlorine 0.318 "

Phosphorus, ppm. 18
(bicarbonate soluble)

Ammonivm K 1.95
" Acetate Ca 40.00
Soluble, me./100g.(Fa 0.58  Electriecal conductivity 0.155 m.mho/em.




Effect of Nitrogen

An adequate supply of available nitrogen is essential for high
yield: of good quality tomato fruit through its beneficial effect om
foliage (Thompson and Ke¢lly, 82). Under the conditions of this inves-
tigation, however, N application retarded vegetative growth and reduced
fruit set and the least growth was observed at the highest N-rate (ap-
pendix table 5). This could partly explain the adverse effect of N
application on tomato yields (p=0.95) (%able 3), since good growth of
foliage is necessary for food manufacture which goes into fruit pro-
duction. The recorded marketable yields ranged from 50.29 to 93.58
tons per hectare and were only slightly less than the corresponding
total yields (appendix table 5). The correlation coefficient for
actual marketable yields and yields calculated from the regressiom
equation na' 0490 indicating a close fit of the quadratic equation
with the observed results. That N application did not always result
in increased tomato yields has been pointed out. In the field,
Neubert (65) obtained decreased yields at N applications higher than
160 kg of N per hectare.

The NP (p=0.65) and B-S§ (p=0,50) interactions tended %o
produce negative effects on yield (table 3), suggesting a greater
response to N application at the lower levels of applied P and S.
Examination of the positive (p=0.67) NCl interaction (figure 1)
indicated that an increase in the rate of either ¥ or Cl increased

the requirement for the other. Increasing N application at the
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application.



lowest level of applied C1 was associated with a slight decrease in
yield. As the level of Cl was raised, application of N tended to
cause an increase in yield. On the other hand, varying Cl at con-
stant levels of N decreased yicld at the lowest level of N applica-
tion. The decrease was slight at the second level of N, whereafter
a progressive increase was observed. The highest yield was obtained
at the fifth level combination of both elements.

The number of fruits was adversely affected by N fertilization
(p=0.96) (table 3). This was in general agreement with the findings
of Raleigh and Chucka (72) who obtained the highest number of fruits
at 400 ppm. of N and the least at the 2400 ppm. level. The reduced
number of fruits herein, is most probably due to reduced fruit set
at higher levels of N application. In support of this view, Lambeth
(44) reported delayed anthesis at high N treatments. However, this
is not surprising as the application of N in this experiment produced
smaller leaf area (appendix table 5). As reported by Leopold and
Guernsey (47), Leopold and Scott considered the amount of leaf area
on the plant an essential factor in fruit set and by supplying more
carbohydrates 2 larger leaf area might be expected to help overcome
the effects of an excessive N supply. Regardless of the nutrient and
moisture supply the fruit development eventually checks or stops
vegetative growth (Murneek, 64). Hence, the food supply is expected
to be more ample for fruit production at low levels of N which

produced the greatest vegetative growth early in the season.
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Fruit number was highly reduced by N application (p=0.96)
(table 3). Among the quadratic terms the N-C1 interaction was high
(p=0.93) and positive (figure 2). Application of N decreased the
number of fruits at low levels of applied Cl., As the level of C1
was raised the adverse effect of N application was reduced progres-
sively and at the highest level of Cl, N application tended to in-
crease fruit number. Similarly Cl-application tended to reduce fruit
number at the lowest levels of N, As the level of N was increased
Cl caused a greater increase in number of fruits. The highest number
was observed at the lowest level combinatiom of both (figure 2)
nutrients. Thus it seems reasonable to attribute the observed adverse
effects of N on tomato yields to the reduced fruit set associated with
N fertilization.

The data for fruit size (appendix table 5) indicated a sisze
range of 143.5 to 193.8 g. per fruit with a high correlation coeffi-
cient (r=0.92) for the observed and caleculated size values. The
positive response to N application was higﬁ (p=0.97). Raleigh and
Chucka (72) obtained similar results up to 300 ppm. of N. Excessive
N application (2400 ppm.) produced the lowest weight of fruit. Exa-
mination of the negative interactions related to fruit size (table 3)
revealed greater response to N at low levels of P, S, Zn and Cl. The
effect of N and P on fruit size was greatly affected by the negative
F-P interaction (p=0.99) (figure 3). At low levels of P, application
of N increased fruit size, A further increase in the P supply tended

to mask the beneficial effect of N gradually and at the highest levels
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of P application of N affected fruit size adversely. At low levels of
N, P tended to increase fruit size while at the highest N levels, P
application was associated with a progressive decrease in fruit size.
The highest size of fruit was obtained at the highest and lowest rate
combination of N and P, respectively.

Similarly, the N-Cl interactiom produced a highly negative ef-
fect (p=0.97) (table 3). At constant levels of Cl (figure 4), addition
of N was associated with greater fruit size at the lowest levels of
applied Cl. Ae the level of Cl was raised the effect of N was decreased
and addition of N tended to decrease size of fruit at the highest C1
levels. Varying Cl at fixed levels of N followed a similar pattern.

The incidence of fruit cracking was increased by N application
(p=0.94) (table 3). This phenomenon was probably related to the small-

ar number of fruite and greater fruit size associated with N-fertili-
zation., Similarly Frazier (18) cited the reduction in size of tomato
fruit caused by further leaf removel from tamatoes already trained to
one stem as a partial explanation for the observed reduction in the
occurrence of cracking. In contrast, he did not get appreciable ef-
fects on cracking by adding large amounts of N, P and X to the soil.
Results of several years experiments by Crandall and Odland (10)
showed high application of N to produce larger seed cavities of the
tomato fruit and consequently thinner outer walls resulting in a less
firm fruit. This probably had contributed to fruit susceptibility to
cracking.

Amongst the interactions N-Zn (p=0.70) (table 3) tended o
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exert a positive effect indicating an increased incidence of cracking
by addition of either element as the level of the other was increased.
The N-P (p=0,96) and N-C1 (p=0.82) interrelationships produced negative
effects. Examination of the N-P interaction (figure 5) indicated a
large increase in percentage cracking with addition of N at the lowest
levels of applied P. At higher levels of P, N application tended to
have less effect on cracking with a slight reduction in cracking at the
highest P level. At constant levels of N, P increased cracking at tle
lowest level of applied N, As the level of N was raised application

of P resultd in greater reductions in fruit cracking. The highest
level of cracking occurred at the highest and lowest level combination
of N and P, respectively.

Data on total N concentration of tomato leaves (appendix table
€) showed a range of 2.5T7 to 4.44 percent. In genersl agreement with
the findings of several workers (13, 58), N application increased the
N concentration of tomatoes (p=0.87) (table 4). The negative N-2Zn
interaction (p=0.77) showed a tendency for applied N to increase the
K concentration of tomato leaves at the lower levels of Zn.

On the average N fertilization increased the concentration of
water soluble NO3-N in tomato leaves (p=0.94) (table 4). The N-S
(p=0.41) and N-C1l (p=0.50) interactions were of small positive mage
nitude. Studr ing the negative N-Zn interaction (p=0.97) (figure 6)
indicated decreased marketable yields with increasing N applicatien

at all levels of applied Zn. At low levels of Zn, N increased the
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Fig. 6. Relationship between marketable yield of tomatoes, m. tons/ha.,
and nitrate nitrogen of the youngest mature leaves (dr: basis)
as affected by addition of different levels of N and Zn with
P, S and Cl held at the middle level (3) of five levels of
application. Numbers at points refer to the levels of Zn (above)
and N (below) added.
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leaf content of NO3-N but as the level of applied Zn was raised the
effect of N diminished gradually and even tended to decrease l03—!
concentration at the highest levels of Zn. Zn application, however,
showed no apparent critical level relative to the marketable yields of
tomatoes. At the lowest level of applied N Zn tended to increase
HOTN concentration. At high levels of N application a reduction in
NO;-H concentrations was caused by increasing Zn application. The
highest marketable yields were obtained at the lowest level combina-
tion of both mutrients at a fairly low concentration of NO3~N in the
tomato leaves (figure 6).

The water soluble HO3-ll content of the youngest mature tomato
leaves decreased as the season advanced (figure 7). The decrease was
more pronounced on the August 22 leaf sample, possibly because of the
more exhaustive nature of fruit development during the interim between
July 18 and August 22 (figure 8).

Examination of the seasonal fruit production (figure B) as
affected by N application indicated a wave pattern of production.
Early in the season the low N treatments proved superior and as the
season advanced general fruit production decreased gradually for the
first month of harvesting except for the highest N rate. Thereafter
production increased till mid October where a sharp and continuous
drop in fruit production was observed. Differences among treatments
tended to diminish towards the end of the season. Murneek (64) con-

clusively proved the regulatory effect of fruit development on
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Fig. 7. Observed seasonal change in average nitrate
nitrogen concentration (ppm., dry basis) (above)
and average phosphate phosphorus concentration
(per cent, dry basis) (below) of the youmgest

mature tomato leaves,
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vegetative growth of tomatoes. Removal of fruits was found to stimue-
late vegetative growth and further fruit setting. The application of
N decreased the early yields due to decreased and delayed fruit set.
As the season advanced this trend was reversed and N application in-
creased yields during most of October. However at the September 24
leaf sampling date the EO;-I in the leaves was least at the highest

N applicntion levels. Since this period was just prior to a period
of high fruit yield (figure 8) it can be presumed thet heavy fruit
formation was going on and that assimilation of N was high during
this period. Therefore it would appear that leaf analysis of tomato
plants is considerably subject to the particular stage of fruit set-
ting or bearing. A very similar trend was found with the concentra-
tions of acetic acid soluble P04-P as related to P application rates.
Thus determination of critical levels for F and P during fruit bearing
would be subject to considerable variations.

The tendency of N to increase the total P concentration of
tomato leaves was slight (p=0.40) (tatle 4). The negative N-Cl and
N-Zn interactions (p=0,74) indicated a greater tendency of N %o
increase total P at low levels of applied Cl and Zn., In contrast,
to the increase in total P, N application had a2 small tendency
(p=0.38) to decrease the average leaf content of acetic acid scluble
PO,-P (table 4)s Among the quadratic terms the negative NeZn (pw0.55)
and positive NS (p=0.53) interactions were small. Examination of
the negative N-Cl relationship (p=0.88) (figure 9) indicated a
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five levels of application., Numbers at points refer to the
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tendency for N application to increase the P04-P concentration at low
levels of applied C1. At the highest Cl levels the PO‘-.P concentra-
tion was greatly reduced by N application. At low levels of N, addi-
tion of C1 tended to reduce marketable yield. At higher levels of N,
C1 application progressively increased tomato yields.  Chlerine in=-
creased the concentration of PO,~P at low levels of N but as the N
level was increased the effect of Cl became less and less pronounced
and produced adverse effects at the highest N levels. The highest
yield was obtained at the lowest combination of levels of N and Cl
at a comparatively low concentration of acetic acid soluble PO‘-I in
the tomato leaves.

Application of N significantly decreased the total and acetie
scid soluble 50,-5 of tomato leaves (p=0499) (table 4). The positive
N-P (p=0.92) and N-Zn (p=0.88) interactions indicated that N appliea-
tion increased acetic acid soluble 304-8 content at high levels of
applied P and Zn. In contrast, N tended (p=0.70) to decrease 80,4-3
at the high levels of associated 01.

Addition of N significantly (p=0.99) reduced the concentration
of Zn in the leaves of the tomato plant (table 4).

On the average N decreased the Cl concentration in tomato
leaves (p=0.96) (table 4). The interactions N-C1l (p=0.80) and N-S
(p=0+74) temded to exert negative effects, Careful examinatiom of
the negative NeZn interaction (figure 10) showed N application to
decrease the marketable yield at all fixed levels of Zn. In gemeral
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Fig. 10, Relationship between marketable yield of tomatoes, m. tons/ha.,
and water soluble chlorine concentration of the youngest
mature tomato leaves (dry basis) as affected by addition of
different levels of N and Zn with P, S and Cl1 held at the
middle level (3) of five levels of application. Numbers at
points refer to the levels of Zn (above) and N (below)

added.
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Cl tended to be increased at the lowest Zn level, At the higher
levels of Zn, addition of N adversely affected Cl content of the
leaves. Zinc application increased (1l concentration at low levels
of applied N. As the level of N was raised the favorable response
to Zn decreased gradually and became adverse at the highest levels
of applied N.

With regards to cations, N tended to increase the leaf
concentration of K (p=0.77) and decrease the Ca (p=0.69) concentra-
tion. Similer results were reported by Dunn (12). The effect of
N on the Fa and Mg concentrations was negligible (appendix table 9).

Consequently, under the conditions of this experiment, N
application had the tendency of reducing vegetative growth early in
the season thus reducing fruit set and marketable yields of field
tomatoes. Low levels of applied P and S and high levels of asso-
ciated Cl were conducive to increased yields following N applica-
tion. Application of N was associated with increased incidence of
fruit cracking which was apparently related to the greater fruit
size and smaller fruit numbers brought about by N fertilizatiom.
Nitrogen, however, increased the comcentration of W and greatly

reduced the leaf concentrations of 8, Zn and Cl.

Effect of Phosphorus
Application of P, as reported by other workers (7, 53)

stimlated vegetative growth of tomato plants (appendix table 5).
The positive N-P interaction (appemndix table 9), contrary to the
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findings of Wilcox and Langston (84), revealed greater growth response
to P at high levels of associated N.

Fertilization with P increased marketable yielde of tomatoes
(p=0.98) (table 3) which was in general agreement with the findings
of Fuller, et al. (20). Among the gquadratic terms the negative N-P
interaction (p=0.65) indicated greater respomse to P at low levels of
associated N, Respomse to P and S was considerably affected by the
negative P-S interaction (p=0.90). Phosphorus application (figu'o 11)
increased marketable yields of tomatoes 2t the lower levels of asso-
ciated S, Raising the level of S temded %o neutralize the observed
beneficial effect of P and consequently P temded to decrease yield at-
the highest applied level of S. Similarly, varying S at fixed levels
of P increased marketable yield at the lowest P levels and tended to
cause greater reductions at the highest levels of P employed. The
higheat yield was obtained at the higheat rate of P applied at the
lowest fixed level of S. This would indicate that the S presemt in
ordinary superphosphate fertilizers might be detrimental to the yields
of certain erops such as tomatoes. Further investigation of this
problem is necessary.

Phosphorus significantly (p=0.99) inereased the number of
fruits per plant (table 3), as reported by Kraybill (42). Among
the quadratic terms the positive P-Cl1 relationship (p=0,73) indi-
cated a greater response to P at higher levels of Cl. Consideration
of the negative P-S interaction (p=0.83) for fruit number indicated
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that the effect of P and S on mmber of fruits was about identical to
the effect on marketable yields.

Consequently, P application increased yields of field tomatoes
as it increased fruit set, regardless of the obeerved adverse effect
on fruit size (p=0.92) (table 3). This decreasing effect on fruit
size was, apparently, accentuated by the negative effects of the N.P
(p=0.99), P-C1 (p=0.79), P-Zn (p=0.T5) and P-S (p=0.45) interactions
which indicated greater reductions in fruit sisze following P applica-
tion at high levels of N, Cl, Zn and 8.

Cracking incidence was effectively decreased by P application
(p=0.96) (table 3). The probability exists that the reduced fruit
size associated with greater fruit set following P application is
closely related. Of the quadratic intermctions P-C1 (p=0.64) tended
to be positive, whereas the positive P-S (p=0.90) interaction indi-
cated less incidence of cracking due to addition of P at low levele
of applied S. In contrast the negative NP interaction (p=0.96)
indicated that P reduced cracking at the hishest levels of associ-
ated N.

The tendency of P application to increase the totazl N content
of tomato leaves was negligible (p=0.18) (tadle 4). The positive
P-C1 (p=0.65) and negative P-S (p=0,77) interactions indicated a
tendency of applied P to increase total N at high and low levels of
Cl and S, respectively. On the other hand P epplication tended to

increase the average leaf content of water soluble NOz-N (p=045T)s
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Data on P concentration of tamato leaves indicated a range
of 0,180 to 0.340 and 0.127 to 0,227 percent for total P and average
of acetic aeid soluble POy-P, respectively (appendix tabdle 6). Even
though P increased the average seasonal concentration of acetic aecid
soluble PO4-P in tomato leaves (p=0.85), the overall linear effect of
P application on total concentratiom of P in the leaves at the second
harvest was negligible (table 4). Many workers (3, 19, 35) reported
increased P content of the tomato plant following application of P.
Among the quadratic terms the P-Zn interactions tended to be of small
positive magnitude (table 4). On the other hand Burleson et al. (5)
obtained reduced uptake of Zn and P by red kidney beans when both
were applied together. The negative P-S relationships indicated a
tendency of P to increase the total P and PO‘-P concentrations at
low levels of associated S, The possibility certainly exists that
sulfate might have provided ion competition for phosphates and hence
tended to depress P uptake (49). Studying the P-Cl interaction
(p=0.88) (figure 12) for total P indicated an increase in market-
able yield with P application at all levels of applied Cl. Phos-
phorus tended to decrease P content at low levels of Cl, As the
level of C1 was raised the adverse effect became less pronounced
and at the highest levels of C1 P application favored P uptake.
Chlorine, however, had an almost jdentical effect on total P comn~-
centration. Effect of Cl1 on marketable yield was negligible at the

lowest level of P and as the level of applied P was increased
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Fig. 12. Relationship between marketable yield of tomatoes, m, tons/ha.,
and total phosphate phosphorus concentration of the youngest
mature tomato leaves (dry basis) as affected by addition of
different levels of P and Cl with N, S and Zn held at the
middle level (3) of five levels of application. Numbers at
points refer to the levels of Cl (above) and P (below)added.
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addition of C1 resulted in greater increases in yield.

The acetic acid soluble POy~P concemtration of tomato leaves
decreased with the season (figure 7) up to the time of the first heavy
production of fruit. The lowest concentration was reported in the
August 22 sample which is possibly related to the greater siress of
fruit production previous to this sampling date. After the firset
wave of heavy fruit production the PO4~F concentration was increased
with time but the highest PO4-P concentration occurred with the lowest
P application rate and the lowest P04-P wag found at the highest ap-
pliecation rate of P. The yields following this period were particu-
larly high possibly indicating that a high rate of assimilation of P
was ocourring thus resulting in less soluble P04-P in the leaves of
the subsequently high yielding plants compared to low yielding plants.
This illustrates the difficulty of trying to establish a critieal
level of P in the leaves since the successive waves of fruit produc-
tion change the leaf content over the seasom.

The linear effect of P on total and acetic acid soluble 5045
was negligible (table 4). Examination of the quadratic terms related
to acetic aeid scluble 304-3 indicated a greater 804 concentration
when P was applied at low levels of Cl (p=0.98) and Zn (p=0.86) and
at high levels of applied N (p=0.92).

Phosphorus application decreased the leaf content of Zn sig-
nificantly (p=0.99) (table 4). Among the guadratic terms the positive
P-Cl (p=0.99) and P-S (p=0.92) interactioms indicated larger decreases
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in Zn concentrations following P application at low levels of associ-
ated C1 and S. The negative P-Zn interaction (p=0.99) (figure 13)
indicated that phosphorus fertilization slightly increased Zn con-
centration at the lowest level of Zn but at high levels of applied
Zn P addition resulted in reduction in the Zn concentration. Zime,
however, increased the Zn content of tomato leaves at the lowest
levels of applied P but tended to have less effect progressively, as
the level of P was raised. With regards to marketable yields no
definite eritical or toxic level of Zn was apparent.

Phosphorus tended to decrease the average Cl concentrationm
of tomato leaves (p=0.61) (table 4). The negative P-Zn (p=0.74) and
P<Cl (p=0.59) interactions indicated a more pronounced adverse effect
of P application on Cl concentration at the high levels of Zn and Cl.

The addition of P tended to increase the Mg (p=0.78) and
Ca (p=0.69) concentrations of the youngest mature tomato leaves.
The effect of P on the Na concentration was of small positive mag-
nitude (appendix table 9).

That P application greatly stimulated vegetative growth,
fruit set and high yields of field tomatoes has been estgblished.,
However low levels of N and S and high levels of C1 were needed for
highest yield responses. Among the beneficial effects of P the
observed reduction in cracking incidence was of prime importance
because fruit which is void of cracks is more desirable. This
wag probably due to the decreasing effect of P on size of the tomato
fruit. '
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With regards to leaf composition P increased the average
seasonal concentration of acetic acid soluble POy-P and had a ten-
deney to increase the Mg and Ca cmtr;tima of the youngest mature
tomato leaves, On the other hand, with increasing application of P
the Zn concentration was decreased significantly whereas the effect

on the concentration of the other mutrient elements was negligible.

Effect of Sulfur
Observations on vegetative growth of field tomatoes (appendix

table 9) revealed a tendency of S to emhance early growth of foliage,
probably because it affected the photesynthetic rate of the tomato
plant (80). In water culture increasing the concentration of the
sulfate salts increased the weights of tomato roots relative to the
weights of the entire plant (Eaton, 13). Comsequently, S application
had a small overall tendency of increasing the marketable yields of
tomatoes (p=0.44) (table 3). Among the quadratic terms the NS
(p=0,50) and SeZn (p=0.59) interactions had a small tendency of
producing negative and positive effects, respectively. The negative
P-S relationship indicated a greater yield response to S application
at the lower levels of applied P (p=0.90).

Sulfur application tended to imcrease the number of fruits
per plant (p=0,70). Raleigh and Chueka (72) reported similar results
up to 200 ppm. of applied S. At low levels of P and Zn, S tended to
increase and decrease fruit number, respectively, as indicated by
the negative P«S (p=0.83) and positive S-Zn (p=0.83) interactions
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(table 3)s With regards to fruit size, as reported by other workers
(13, 54, 72), the addition of S had a considerably adverse effect
(p=0.95). The negative interactions of S with ¥, Zn and P indicated
a tendency of S to cause more reduction in fruit size at the high
levels of these elements (table 3). In eontrast the positive S«Cl
relationship (p=0.80) revealed an increasing effect of S application
on fruit size at high levels of Cl. FHence it is highly feasible that
the tendency of 5 to increase tomato yields was closely related to
improved fruit set and a more complete foliasze canopy since fruit
size was adversely affected.

Among the beneficial effects of S application was a tendency
to reduce the incidence of fruit cracking (p=0.76) (table 3). This
is probably related, indirectly, to the :ceceiated reductiom in fruit
size as a smaller fruit is less apt to crack, The positive P8
(p=0490) and S-Zn (p=0.74) relationships showed a tendency of less
fruit eracking following S applicatiom at low levels of applied P
and Zn,.

Total N concentration of the youngest mature tomato leaves
was decreased by S application (p=0.81) (%able 4). The P-S inter-
relationship (p=0.77) was negative suggesting more reduction in ¥
concentration when S was applied at high levels of P,

Sulfur application reduced the total P content of tomate
legves (p=0.82) (table 4). The negative S~C1 (p=0.72) and P-S
(p=0.68) interactions indicated a temdemcy for S to be more
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effective in inereasing the P concentration at low levels of applied

Cl and P, On the average S application had a slight tendency to reduce
the acetic acid soluble PO,-P (p=0.48). Among the quadratic terms N-S
(p=0.53) and SeZn (p=0.49) tended to be positive in effect. This
indicated an increase in concentration of ro‘-.r with application of

S at higher levels of N and Zn.

Data on the S concentration of tomato leaves indicated a range
of 0.569 to 1.191 and 0.248 to 1.142 percent for total and acetic seid
soluble 50,-5, respectively (appendix table 6). Total and 804=8 in=
creased significantly following S application (table 4). High levels
of applied Zn tended to interfere with the increasing effect of S ape
pPlication on S content as indicated by the negative S-Zn interaction
(p=0.66). With regards to S04-S, the megatize S-Zn interaction (p=0.95)
indicated a reduction in the concentration of 804-S by applying Zn at
high levels of S, However, S had a tendency to increase SO‘-S contenta
at high levels of applied C1 (p=0.67).

Application of S significantly increased the uptake of Zn by
the tomato plant (p=0.99) (table 4). The negative S-Zn relationship
(p=0+99) suggested reduced response t0 Zn application at high levels
of S whereas the positive P-S interaction (p=0.92) indicated more
Zn uptake following S application at higher levels of applied P,

There was a tendency for S to enhance the average content of
water soluble C1 (p=0,51) (table 4). Application of S at low levels
of associated N (p=0.74) and at high levels of applied Zn (p=0.90)



tended to increase C1l concentration of the youngest mature tomate
leaves.

In general the effect of S on the Na, K, Ca and Mg concentra-
tions of tomato leaves was very small (appendix table 9).

In summary there was a small overall beneficial effect of S
application on growth, yield and fruit set of tomatoes and there was
a tendency to decrease the percent cracking of tomate fruits. Come-
cerning the leaf composition, application of S decreased the concentra-
tion of total N and P and significantly inereased total S, S04~5 and
Zn concentrations in the tomsto leaves. The effect on elements other

than these, was very small,

Effect of Zine
In agreement with the findings of several workers (1, 5, 60),

Zn application tended to increase the vegetative growth of the tomato
plants (appendix table 9). Nevertheless, Zn tended to decrease the
marketable yield of tomatoes (p=0.66) contrary to the results reported
by Lingle et al. (5). The positive S-Zn interaction (p=0,59) indicated
a tendency of better yield responses to Zn application at high levels
of associated S (tadble 3),

There was a small tendency for application of Zn to reduce
fruit mmber per plent (p=0.38) (table 3). Gowvindan (27) reported
reduced mumber and weight of tomato fruits at a 3 ppm. level of Zn
in the solution culture. The S-Zn interaction, however, indicated a
tendency of Zn to increase number of fruits at high levels of S (p=0,83),



On the other hand, Zn application reduced the size of tomato fruits
considerably (p=0.94). Among the guadratic terms the negative S-Zn
(p=0476), P-Zn (p=0.75) and N-Zn (p=0.72) interactions indicated a
tendency of Zn to induce greater reductions in fruit size at high
levels of applied S, P or N. Similarly Zn application tended to de-
crease size at low levels of Cl as revealed by the positive Zn-Cl
interaction (p=0.63). Hence, it cam be concluded that the tendenmcy
for Zn to decrease tomato yields was associated with reduction in
fruit size since the adverse effect on fruit set was negligible.

The positive overall linear effect of Zn on fruit cracking
was negligible (p=0.18) (table 3). However, at low levels of 5
(p=0.74), ¥ (p=0.70) and C1 (p=0.60) Zn temded to decrease the in-
cidence of fruit cracking.

Zine application had a very slight tendency to decrease leaf
contents of total N (p=0.23) (table 4). Of the quadratic terms, the
negative N-Zn interaction (p=0.77) indicated a tendency for Zn %o
decrease the concentration of total N at the higher applied levels
of N. In eontrast the adverse effect of Zn application on the
average content of water soluble NOz-N was significant (p=0.98) and
the negative N-Zn relationship indicated more severe reductions at
high levels of applied N.

The adverse effect of Zn on total P content of tomato leaves
was negligible (table 4). But Zn application had a tendency to de-

crease total P (p=0.74) at high levels of associated N. On the other



hand Zn tended to increase the average contemt of acetic acid soluble
PO4-P at the higher levels of associsted P (p=0.69) and S (p=0:49)
but at high levels of N it tended %o decrease the PO4-P concentration
(p=0.55).

Application of Zn resulted in a emall tendency to increase the
total S and acetic acid soluble 504-8 concentrations of tomato leavee
(table 4). The negative S-Zn (p=0.95), P=Zn (p=0.86) and Zn-Cl
(p=0+66) interactions indicated higher S0y=S contents following Zn
application at low levels of 8, P and Cl. At high levels of associ-
ated ¥, Zn application increased 804-8 contents as indicated by the
positive N-Zn interaction (p=0.88).

Data on Zn concentration in tomato leaves indicated a range
of 31.9 to 79.1 ppm. (appendix table 6). %Zinc concentration, s
reported by Lyon et al. (55), was increased following Zn application
(p=0494). The megative P-Zn interactiomn (p=0.99) indicated that P
application greatly reduced the Zn econcentration at high levels of
applied Zn. Camnell et al. (7) who worked on tomatoes, reported
similar results. Similarly, Zn was more effective in increasing Zn
concentration of tomato leaves at low levels of applied S as indicated
by the negative S-Zn interaction (p=0.99)s The positive Zn-Cl relation=
ship (p=0.83) revealed a greater response to Zn application at high
levels of associated Cl.

Zine fertilization had a temdemcy (p=0.53) to increase the

average concentration of water soluble Cl of tomato leaves (table 4).
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At low levels of N (p=0.88) (figure 10) and P (p=0.74) Zn had & ten=
dency for inereasing Cl uptake. The positive 5-IZn interaction (p=0.90)
suggested higher levels of applied S for greater Cl concentrations fole
lowing Zn application.

The effect of Zn on leaf contents of Ca and Na was negligible
whereas Zn had & tendency to increase the comcentration of Mg (p=0.T9)
and the average of acetic acid soluble Na (p=0.81) and to decrease the
average of acetic acid soluble K (p=0.81) (appendix table 9).

Even though n had a emall tendenecy %o increase vegetative
growth of tomatoes in the field, it temded %o decrease yields possibly
because of the adverse effects of applied Zm on size of fruit and fruit
set., Zinc application significantly increased Zn concentration and
tended to deorease the sverage seasomal concoriration of acetic acid
soluble K. However, application of Zn temded to increase the concentra-
tiom of Mg and the average seasonsl concentration of N2 in the tomato
leaves. Leaf concentrations of N, P, S and Ca were negligibly affected

by Zn applicatiom.

Effect of Chlorine
Even though C1 tended to increase the marketable yields of

tomatoes (p=0.76) (table 3), there was & small tendency for Cl applica=
tion o reduce the vegetative growth of ficld tomatoes (appendix table
9). Among the quadratic terms the positive N-Cl interaction (p=0.67)

for marketable yield indicated a temdency for the applicatiom of Cl %o

increase the yield at high levels of applied N. Similarly, the tendenecy
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for C1 to increase the number of fruits was small (pe0.42) (table 3).
The positive N-Cl interaction (p=0.93) indicated an increase in mumber
of fruits following Cl application at high levels of associated N
(figure 2). The P-Cl interrelationship (p=0,73) indicated a tendency
for C1 application to increase fruit mumber at high levels of applied
P. With regards to size of fruit, Cl exerted a considerable emhancing
effect (p=0.84)s Among the quadratic terms, the nemtive N-Cl inter-
action (p=0.,97) indicated a greater increase in fruit size by Cl ap=
plication at low levels of N (figure 4). Onm the other hand Cl ap=-
plication had the tendency of increasing size to a greater extent at
low levels of applied P (p=0.79) and higher levels of S (p=0.81) and
Zn (p=0.63). Thus the tendency of Cl %o increase yields is mainly
due to the increased fruit size rather tham to fruit set.

Chlorine application tended to inecrease the incidence of
cracking (p=0.58) (table 3). The negative NCl interaction (p=0.82)
indicated more fruit cracking at low levels of N following Cl applica-~
tion. In contrast the positive P-Cl (p=0.64) and Zn-Cl (p=0.60) inter-
actions showed a iendency of Cl to induce oracking at high levels of
applied P and Zn.

The tendency of Cl to reduce totsl N concentration of tomate
leaves was negligible (p=0.28) (table 4). Of the quadratic inter-
actions the positive P-Cl interaction (p=0.65) indicated that applica=
tion of C1 tended to increase N comcemtratiom at high levels of applied

P. The average leaf concentration of water soluble 1‘05-! was reduced
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(p=0491) by application of C1 (table 4).

Application of Cl tended to increase the total concentration
of P at low levels of associated N (p=0.74) and S (p=0.72) and at high
levels of applied P (p=0.88) (figure 12) (table 4). On the average
application of Cl tended to increase the acetic acid soluble PO‘-.P
concentration in tomato leaves (p=0,80). The negative N-Cl interactien
indicated greater P04-P concentration following application of Cl a%
low levels of applied N (p=0.88) (figure 9).

The effect of Cl application on total and acetic acid soluble
S04=5S of tomato leaves was negligible (table 4). The negative P<Cl
relationship (p=_.98) indicated increased 5048 contents following ap~
plication of C1 at low levels of associated P. At low levels of N
(p=0.70) and Zn (p=0.66) and high levels or 5 (p=0.67), C1 tended to
increase the leaf concentrations of 804-8.

However, Cl significantly reduced the concentration of total
Zn in tomato leaves (p=0.99) (table 4). The positive P-Cl (p=0.99)
and Zn-Cl (p=0,83) interactions indicated that Zn concentration was
reduced by Cl application at low levels of P and Zmn.

Data on the average leaf content of water soluble Cl indicated
a range of 1.07 = 2,01 percent (appendix teble 7). Chlorine application
significantly increased the Cl content of tomato leaves (p=0.98)
(table 4). Among the gquadratic terms, the negative N-C1 (p=0.80),
P=Cl (p=0.59) and S-Cl (p=0.56) interactioms indicated a tendency
for Wy, P and S application to increase the comcentration of Cl at

low levels of -applied Cl.



Effect of Cl application on the leaf concentration of the
cations, Wa, K, Ca and Mg vas negligible (appemdix table 9).

In comelusion, C1 tended to increase marketable yields of
tomatoes in spite of the small observed adverse effect on vegetative
performance of the plant in the field, mainly because it favored the
development of larger tometo fruits. Fruit set was little affected.

Chlorine application significently increased the concentration
of water soluble Cl in the leaves., In contrast Zn and NOz~N concentra-
tions were significantly reduced. The effect of Cl on the concentrations
of Ny P, S and the cations, Na, K, Ca and Mg in the youngest mature

tomato leaves, was negligible.



SUMMARY AND CONCLUSIONS

In an irrigated field experiment in the Beka'a, Lebanon in
which the application rates of N, P, S, Zn and Cl were the variables
it was found that application of P significantly increased the market-
able yields of tomatoes (figure 14) espeeially at low levels of S
(figure 11) and N. This was attributed to the highly beneficial
effects of applied P on the vegetative performance of the tomato
plant early in the season (appendix table 9) and the consequent
improved fruit set particularly at low levels of associated S. Also,
P aes applied considerably improved fruit gquality by reducing the
incidence of eracking.

The quadratic regression equation was used to determine the
best possible eombination of the elements under study for maximum
yield and economic returns. The best levels of the varied elements,
other than P, were first estimated and them the optimm amount of
applied P was computed.

The detrimental effect of N applieation on tomato yields and
fruit set, especially early in the season, makes the presence of high
N levels undesirable. Furthermore the application of P reduced the
need for N to produce higher yields, though higher levels of N were
needed for better quality at high rates of P (figure 5) since the
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tendency for producing a smaller fruit certainly existed (figure 3).
Nevertheless the exceptionally high yields of tomatoes following P
application at low levels of N are of greater importance.

Even though S had a small temdency to increase yields, P ap-
plication reduced the need for S (figure 11). Likewise the positive
P-5 relationship for cracking suggested that application of P at low
levels of S reduced this undesirable characteristic.

The tendency of Zn to reduce tomato yields suggested its
maintenance at low levels. Consideration of the positive S5-Zn and
N-Zn interactions for cracking indicated low requirement for these
elements for less incidence of cracking.

However, application of Cl tended to increase tomato yields
especially at high levels of N (figure 1) and P. The N-Cl inter-
action for fruit number (figure 2) indicated that the presence of
both nutrients at similar levels is favorable for fruit set. Simi-
larly the lowest level combination of N and Cl was conducive to
smaller sized fruits (figure 4) of better quality. On the other
hand, P had a small tendency to increase the requirement for Cl for
higher yields (figure 12) and number of fruits. Nevertheless this
does not justify the presence of high Cl at high levels of applied
P since the tendency for getting inferior cracked fruit is far
greater (table 3).

Taking the aforementioned points into consideration and by

the trial and error method using the regression equation for the



necessary calculations, the best combination of the fertilizer elements
was found to be the following:

-28 eor  11.36 kg./ha.

-25 eor 17.04 kg./ha.

- 2Zn aor 2.84 kg./na.

-IC1 or 30,91 kg./ha.

Solving the regression equation for the combination of = 2N,
- 25, = 2Zn and - 1IC1 at the different levels of P, within the range
tested, gave a wide range of marketable tomato yields which were
plotted against the amount of P applied (figure 14). The return above
the cost of fertilizers considering the value of marketable yield, was
also presented (figure 14). The estimated wholesale value of the crop
(at 10 p.l./kg.) was reduced ten percent to take care of the extra
costs expended for picking and marketing as the yield increased. The
low levels of applied P produced the lowest tomato yields. Even though
the highest rate of P employed (618.12 kg./ha.) produced the highest
marketable yield (141.5lm. tons/ha.). the last increments in yield were
not large. The + 1.5 coded level (375.8 kg./ha.) was considered to be
about the most practical rate of P application under the conditions of
this investigation since the last inecrement of fertilizer would provide
about two Lebanese pounds for each pound invested for fertilizer
(figure 14) thus providing a margin of financial safety with regard
to weather and other hazards.

Considering 375.8 kg./ha. as the recommended rate of P
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application (for a yield of about 135 toms/ha.), a tentative critical
level for the seasonal phosphate-phosphorns concentration in the
youngest mature tomato leaves (figure 7) was established, The fact
that the critical level falls below the leaf concmtfsticu of PO‘-P
and that fruit setting and development was manifested in successive
waves suggested that the critical level wonld be subject to consider-
able variation depending on the degree of the nutrient assimilation
within the plant. However, there still existed a possibility of
establishing sueh critical levels for leaf samples early in the season
before fruit set and production become a dominant factor.

Apparently the relatively long days, warm summer temperatures
and the ample water supply available had increased the tomato erop
response for P in the Beka'a, Lebanon and consequently high yields
were possible.

With regardes to leaf composition application of any of the
elements was followed by a consequemt increase of that particular
element in the tomato leaves (table 4) except for the effect of P en
its total concentration which was negligible., Application of N, P
and Cl had a depressing effect on Zn eoncentration of the tomato
leaves contrary to S application whieh enhanced it markedly. Also,

N and P tended to interfere with the accumulation of water soluble
C1 whereas N significantly reduced the leaf concentration of 804-8.

However, addition of Cl and Zn significantly reduced the average



seasonal concentration of water soluble l@,—l. Similarly, S and C1
tended to reduce total P and concentration of soluble PO4~P in the

youngest mature tomato leaves, respectively.
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Table 5. Actual and predicted values for total and marketable yields
of tomatoes, size of fruits, percent cracking, number of
fruits and vegetative performance of the tomato plant as
affected by various combinations of levels of N, P, S, Zn
and Cl. (continued on next page).

Treatment levels Total yield, Marketable yield, Relative

n. tons / ha, m. tons/ha. Vegetative
growth
¥ P § Zn Cl actual predicted sctual predicted July 11
2 2 2 2 4 55.49 59.30 53+65 58.08 53
4 2 2 2 2 57,00 56.86 56,02 56,54 2.7
2 4 2 2 2 96.43 92.94 93.58 90.66 9.8
4 4 2 2 4 90,84 88,78 87.74 86432 8.9
2 2 4 2 2 74,98 T7.60 72.10 75.30 7.3
2 4 4 2 4 83.89 84.60 82,04 83,32 7.1
4 4 4 2 2 62,49 59.24 60.37 57.74 8.7
2 2 2 4 2 55,70 55.82 53+46 54450 8.9
4 2 2 4 4 58.79 60.38 5434 56484 4.2
2 4 2 4 4 87.49 85.74 84.78 83.84 746
4 4 2 4 2 67.58 61.86 65.10 60.26 642
2 2 4 4 4 TLe9T7 76428 69428 T4.48 8.0
4 2 4 4 2 6l.98 62,36 59.74 61.02 3.1
2 4 4 4 2 87.09 84,12 81,01 78.86 10,0
4 4 4 4 4 T3.68 T2.16 T0.46 69.80 746
1 3 3 3 3 7877 76T 76.04 74,08 8.9
>3 %535 3 52,16 55.11 50.47 53.28 1.1
31 3 3 3 52,06 43.25 50.29 41.42 4.9
35 3 3 3 6l.74 TN.37 58.37 68.10 849
3 31 3 3 T5.06 78.47 72.20 75.56 9.6
3 3 5 3 3 86.7T 84.23 83.27 80.76 9.8
3 3 31 3 90.35 88.81 87.58 86.58 642
3 3 35 3 795 81.59 7583  77.66 8.2
3 3 3 3 1 53.87 59%.7 51.98 57.76 Tl
3 3 3 3 5 7590 T70.91 74,01  69.04 6.7
3 3 3 3 3 53.90 68.47 51.91 66440 8.7
3 33 5% 3 81.98 68447 79+71 66440 642
3 3 3 3 3 TL.78 68.47 70.18  66.40 8.0
3 3 3 3 3 59.54 68.47 57«42 66.40 8.9
3 3 3 3 3 74482 68.47 72.48 66.40 T4l
3 3 3 3 3 69.65 68.47 67+54 66.40 8.4

» 0.91 0.” -




Table 5. continued.

Treatment levels

Size of fruit, g»

% Cracking

E

N P S Zn C1 actual predicted actual predicted friits
2 2 2 2 4 161.9 163.6 40.9 42.0 44
4 2 2 2 2 193.8 195.5 57«6 59.5 42
2 4 2 2 2 170.4 170.5 34.3 34.9 n
4 4 2 2 4 169.5 168.5 26.1 31.0 3
2 2 4 2 2 153.3 153.8 28.7 28.4 62
4 2 4 2 4 184.5 183.8 32.2 36.2 45
2 4 4 2 4 182,6 180.,2 39.6 42.2 57
4 4 4 2 2 173.1 170.8 27.6 5.1 47
SEEREE B §
2 4 2 4 169. 173.2 5.2 2.7 :
4 4 2 4 2 170.1 173.7 30.0 32.0 50
2 2 4 4 4 172.9 176.9 34.7 34.8 51
4 2 4 4 2 163.5 167.9 48.3 49.3 49
2 4 4 4 2 150.2 152.5 31.8 31.4 72
4 4 4 4 4 143.5 14446 37.0 40.9 64
1 333 3 172.3 167.7 43.4 4543 58
5 3 3 3 3 186.6 184.3 66.1 57«7 34
3133 3 177.0 169.1 44.3 4345 37
2325 3 155.5 15646 3542 295 50
35 513 3 189.0 18l1.9 40.8 38.1 49
335 3 3 167.4 167.6 35.1 31.3 65
5 331 3 167.3 172,0 42.2 3643 68
3335 3 169.8 158.2 38.3  37.% 58
g 353 1 176.2 171.5 34.2  34.4 40
532533 5 183.3 18l1.1 45.3 3847 52
3 3353 5 182.7 175.5 -5 | 42.3 37
3333 3 173.2 175.5 38.1  42.3 60
7 333 3 167.5 1755 34.7 42.3 33
3 3 %% 3 165.7 17545 38.5 42.3 45
3 5%3 3 175.6 1755 39.0 42.3 52
33 353 3 181.5 1755 44.6 42.3 48
r 0.92 0.89 ——
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Table 6, Observed N, P, S and Zn concentrations of the youngest mature
tomato leaves as affected by various combinations of levels
of N, P, S, Zn and Cl. (eontinued on next page).

Nitrogem Sulfur
Treatment
Levels Vater Soluble NOz~N,ppm. total, Hic  Total,
Sample % lol;ih- %
1st 2nd 3vd aver, 2nd  2nd  2nd
§F P 8 Zn Cl sample sample sample

890 124 375 463  3.08 867  #877
1544 451 367 787  3.68 o248 4569
1140 333 593 689  3.33 861  L8T
1014 550 598 721  3.77 349 646

967 112 580 553  3.69  1.026 1.166
1361 201 596 T19  3.68 «730  .928

754 97 820 557 2,96 1.142 1.191
1389 324 720 811  3.53 $929 934

1204 294 445 648 375 «840 «958
615 200 417 411 3,10 508 4580
T22 404 291 472 4.16 «607 «904

1097 103 379 526 3453 <732 797
604 105 496 402  3.44  1.094 1,130

1025 218 294 512  3.56 645  .B46
673 211 897 594  3.17 941 1.6
621 198 495 438 3027 «604 + 795

305 127 614 349  2.61 819,942
1046 331 35 578 4444 «265 575
823 255 180 419 2.65 «625 «T58
627 100 593 440 3.10 «536 «680
924 94 217 412 4,07 621 0934
945 200 449 531 2.81 765 «943
524 110 481 372 339 «686 «868
528 89 320 312 2.87 1.020 1.151

374 286 289 316  3.38 521 4850
590 285 163 346  3.30 605 1,025
733 203 177 371 2.57 472 W779
536 204 446 395  2.89 612 4955
681 284 670 545  3.84 639 <939
629 207 346 394  2.84 723 1.086
594 292 439 442  2.68 667 1.101
203 270 381 285 @ 3.34 564 o813

WOEWDIW WD WOITWWI HOW ABNNPRANN ARANNRENN
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Table 6, econtinued.

Phosphorus Phosphorugine  Zine
Treatnent
Levels Acetic Acid Soluble, % Total, Total,
Sample Ppme
1st 2nd 3rd aver, 2nd 2nd
N P S Zn Cl sample sample
2 2 2 2 4 o242 L1122  .225 L196 «254 38.9
4 2 2 2 2 .218 157 190 .188 o273 48,9
2 4 2 2 2 «239 ,121  L191 .184 «219 51.8
2 2 4 2 2 198 133 L165 W165 «263 64.7
4 2 4 2 4 «291 L.114 L170 L192 232 40,9
2 4 4 2 4 «255 126  J197 193 «231 61.1
4 4 4 2 2 275 118 L1174 .189 0232 55«4
2 2 2 4 2 215  .132  ,156 ,168 «254 79.1
4 2 2 4 4 0227 .099 158 L161 «221 54.6
2 4 2 4 4 311 L192 L1TT 227 «340 46.1
4 4 2 4 2 309  .130  J1T1 L2053 223 3643
2 2 4 4 4 260 W34 4226 4207 «258 5547
4 2 4 4 2 «223  L150 L179 .184 273 61.6
2 4 4 4 2 235 JA19 193 .182 «231 41.4
4 4 4 4 4 .287 140 L196 .208 0226 34.1
1 3 33 3 «280 ,121 L,212 204 .213 38,8
5 3 3 3 3 d92 .190 ,L,162 L1l8l «313 31.9
31 3 3 3 246 121 ,204 L190 «216 5546
3 5 3 3 3 «289  L145 168 201 «253 51,0
3 31 3 3 248 150 L216 205 «263 40.7
3 3 5 3 3 228 ,108 L199 .178 183 50.8
53 31 3 .286 .108 L,200 ,L198 «231 48,6
3 3 35 3 .268 .118 .180 .l89 «180 5545
33 3 3 1 «280 L111  .227 4206 «251 41.2
33 33 5 e266 139 223 209 «239 3645
3 3 3 3 3 290 104 L2117 .204 «199 53.1
3 3 33 3 .224 J110  .193 .176 0222 51.0
3 3 3 3 3 275  J148  L192 .205 .288 53.5
3 3 3 3 3 .291  L125 L1977 204 .219 5249
3 3 3 3% 3 «331 L1244 232 L.229 242 50.8
3 33 3 3 «261 143  L186 197 «270 55.6
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Table 7. Observed concentrations of C1, Na, K, Ca and Mg in the
youngest mature tomato leaves as affected by various combina-
tioms of levels of N, P, S, Zn and Cl. (contirmed on next page).

Chloerine Sodium

PIPE—" Water Soluble,f Acetic Aeid Seluble, %
Levels Sample Sample
¥ P 8 Zn C1 l1st 2nd 3rd aver. st 2nd 3rd aver.

1.55 1,39 2,04 1.66  .110 .088 141 .11
1.34  «94 1,92 1.40 114 074 <160 116
1.03 1.5 1,77 1.32 145 <087 .153 .128
1.27 1.51 2,01 1.60 110 .106 .169 .128
1.23 1423 1.54 1.34 = 103 076 130 103
1.09 1.22 1.81 1.38 102 111 L157 125
1.13 1.25 2,04 1.47 095 .079 148 107
1.16 1.16 1.70 1.34 087 .088 .152 ,109

1.33 1.19 1.62 1.38 138 D81 J160 .126
1.29 1.15 1.96 1.46 J16 082 L145 W114
1.51 1.36 1.75 1.54 Jd16 078 W52 W115
1.010 1,04 1.57 1.2 ,092 ,100 .182 ,125
1.39 1.89 2,77 2.01 107 086 4185 126
1.00 1.07 2.22 143 087 <072 174 111
1.17 1.50 1.91 1.53 J097 JO81 ,L189 .122
1.11 90 1.80 1.27 079 072 189 L113

1.02 1,15 2.07 1l.41 110 071 L172 L1188
1.4 o74 1,32 1.07  .096 073 .184 L118
1.13 1.07 2.03 1.41 087 4066 162 105
1.20 1.24 2.“ 1;49 .lw Om .15' .u5
1.06 1.22 1.65 1.31 .085 .083 .160 .109
1.06 1,09 2.20 1.45 JO91 085 163 113
1.00 1.21 2,07 1.43 J085 134 o159 4126
1.17 1.33 2.03 1.51 123 L1148 JATL JU47

1.07 1433 1,97 1.46 096 115 152 .121
1.67 1.66 2,25 1.86 L082 122 L145 116
1.06 497 1.59 1.21 072 120 .14 .11
1.12 1,37 1.81 1.43 076 132 148 119
1.34 1.29 1.97 1.53 J01 124 W4T K124
1,11 99 1.97 1.54 L097 128 L165 130
1.14 1446 2,06 1.55 L0901 L132 .162 ,128
1.17 1.35 2406 1.53 JA26 124 L157 136
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Table 7. continued.

Treatment Potassium Caleium Magnesium

Levels Acetic Acid Seluble,f Tatal, % Total %
Sample 2nd 2nd

¥ P S Zan C1 1st 2nd 3rd aver. sample sample
2 2 2 2 4 3.56 2.39 2.58 Z2.04 5.48 « 760
2 4 2 2 2 3.28 2.37 2.70 2.78 5 98 +826
4 4 2 2 4 3,63 2.84 2,81 3.09 .47 +823
2 2 4 2 2 3,68 2.89 2.89 315 2.89 «685
4 2 4 2 4 3.38 2.86 2,62 2.95 Je32 «T01
2 4 4 2 4 3.23 2.35 2,59 2472 3.01 +T0L
4 4 4 2 2 3.55 2.6 2,36 2.83 3437 +960
2 2 2 4 2 3.48 2.86 2.45 2.9 3.22 «781
2 4 2 4 4 3.25 2.8} 2.60 2,89 3 09 867
4 4 2 4 2 3.72 2.75 2.32 3400 3455 o798
2 2 4 4 4 3.64 2.67 2.17 2483 3,52 +8586
4 2 4 4 2 3.54 2.49 2,16 2.73 2.66 822
2 4 4 4 2 2.92 2.54 2.78 2.72 4.05 <896
4 4 4 4 4 337 2.49 2.3 2.72 3.03 682
1 3 3 3 3 2.9 2.15 2,28 2.44 3.28 «809
5 3 3 3 3 347 2.87 225 2.86 2.63 928
3 5 33 3 2,86 2.40 2,47 2458 3.43 +839
3 31 3 3 3.3 2.78 2.89 2.99 3.59 «867
3 3 5 3 3 2,99 2.25 2,38 2454 2.61 «509
3 3 3 1 3 3.3 251 2.60 2.75 3.27 +667
3 3 3 5 3 3.2 2.44 2.09 2455 3.T0 «898
3 3 3 3 1 3.9 2.68 3.03 2.97 337 556
3 3 3 3 5 3.11 2,62 2.87 2.87 3+T0 «750
3 3 3 3 3 3,39 2,12 2435 2.62 2.79 «769
3 3 3 3 3 3.49 2.26 2.42 2472 5-90 o793
3 3 3 3 3 3,39 2.72 2.84 2.98 2.95 «847
3 3 3 3 3 3.25 2.19 2.46 2.63 2.96 «689
; ; g g ; 3,28 2.T1 2.22 2.74 4.22 935

3,18 2.50 2,71 2,66 2.92 +€59
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