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Many cbmmercial growers of greenhouse tomatoes are
attempting, by the use of soll and tissue tests, to control
the nutrient status of thelr soils. Their lafge capital
investment mgkes it impoftant that all scientific aids
available be used to help them obtain maximum yields, . Fer-
tilizer costs are secondary to high ylelds of marketabie
frult. |

>Mahy of the growers in Michigan do their own soil
testing with the Spurway Simplex Soil Testing Kit (32),

The question arises'regarding the most desirable
nutrient levels or range of levels in soils for the eléments
reqﬁired by tomatoes, Since the Spurway procedure for soil
testing is commdnly used in this area, it appeared that a

-nutrient level problem on the tomato, using this testing -
procedure, would héve practicél as well as sclentific value,

‘Accordingly this investigation was undertaken to pro-
vide further information regarding the proper range of.con-
centrations of nltrogen, phosphorus, potassium, and boron
in soils for greenhouse tomatoes, The interrelationships of
varying levels of these elements were also studied. Chemical
analyses of the plant tissues were made to determine the

effect of treatment on the chemical composition of the plants.

EXPERIMENTAL
Soll Testing Procedure
In this study soil testing was carried out on air dry

soll according to the rapid methods of Spurway (32)., Only



his "active" tests were used. Briefly, this consisted of
Aextracting the soil with spproximately 0,018 N acetié acid,
using a 1:4 ratio by weight of soil to~extracting solution.
Tests for nitrogen, phosphorus, and potassium were run 6n‘
the filteréd extract, Nitrates were determined by use.of a
sulfuric acid solutionrbf diphenylamine.' Phosphorﬁs was
estimated by use of an ammonium molybdate solution with
stannous chloride as the reducing agent., The sodlum cobalti-
nitrite procedure was used for potassium determinations., The
colors or turbidities developed in the above tests were com-
pared with those of standard solutioﬁs carried through the
same procedures. All soll test results are exPréSsed as

parts per million in the soil extract,

Methods of Soil Analysis

Mechanical analyses of the soils were determined by
the hydrometer method proposed by Bouyoﬁcos (5). - Base ex~
change capecity was determined by leaching with neutral
ammonium acetate as suggested by Peech, et al. (26). The
procedure followed for the determination of exchangeable
potassium was essentially that of Lawton (16). - This is o
colorimetric method which utilizes hexahitfodiphenylamine
(dipicrylamine), _

The carbon train technique was used for determining
carbon., Per cent organic matter was $stimated by multiplying
the per cent carbon by the factor 1.724, assuming that organ-

ic matter is 58 per cent carbon,



All pH measurements of the solls were made poten-
tiometricsally, using a Macbeth alternating current pH meter

with glass electrodes,

Calibration of the Fertilizer "Fixing Power" of Soil
Two éxperiments were conduéted which involved the

maintenance of nitrogen, phosphorus, and potasslium at con-
stant levels in the soll. The problem arose as to the
amount of the vafious C.Ps. reagents needed 1n order to ob-
tain the desired levels in the soil. These amounts were
determined by means of a tumbler experiment set up in the
laboratory., One hundred and fifty gram samples of the
scfeened, air dry soil to be used later in the greenhoﬁse
experiment were placed in >24 glass tumblers. ,‘I‘we'lve treat-
ments, 1n duplicate, were spplied, They included varied
amounts of the nitrogen, phosphorus, and potassium reagents,
The amount of each reagent used progressed by treatment from
zero nitrogen, phosphorus, or potassium to.‘treatmehts includ-
ing suff‘icienﬁ quantities of each to bring the soil tests to
a value higher than any level deslired for ’chét element 1in
the future experiment. Lime was added to the Oshtemo soil
‘in the tumblers at a rate equivalent to one ton per acre.
The nitrate and potassiu.m ske;lts were added in solution, while
the calcium carbonate and primary monocalcium phosphate were
added as dry salts due to their low solubilities. The treat-
ments were mixed thoroughly into the soils which were then

brought to their moisture equivalent with distilled water



ana allowed to incubate at room tempeféture for ten dayse.
Additional d;étilled water was added as needed to keep the
soilg at the desired moisture content duﬁiﬁé 1ndubation.

At the end of the incubation period the soil was
removed from the tumblers, air driedg.and tested for,avaii-
able nitrogen, phosphorus, and potaésium according to_ the V
Spurway procedure,

Using the results obtained, calibration curves were
plotted'for each of the three elements concerﬁed. The test
results wefe plotted as the ordinate and the milligrams of
the respective salts added as the absclissa. By using these
graphs the"amount of a particular reagént required to bring
any given amount of this soil to a desired nutrient level was
réédily calculated, During the experiments, when soil tests
indicated that a nutrient level had drogped, the calibration
curves wére also used to calculate the amount of a reagent

necessary to restore the soil to its proper level,

Plan of Greenhouse Exﬁeriments
Greénhouse'experiments were condudted with tomato
plants grown in closed bottom, glazed, earthenware jars.,’
Surface soils of five common Michigaﬁ soil types ﬁere
collected., The solls were alr dried and screened through a
three-elghths inch'mesh rotary type,screeﬁ before using.\\
During the growing period soil moisture was maintain-

ed at approximately moisture equivalent by additions of dis-

tilled waters.
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Descriptions of Soils Used

"The fdllowihg soils were used and th'e descr.iptiong
are essentially the same as given in the respective county
soll survey.reports publisﬁed by the United States Depart-
ment of Agricultures

1. Oshtemo loamy sand: A soll type with a yellowish-
brown surface layer of loamy sand which occurs on nearly
level land. Very littlé' clay 1§ present in the subsoll and B
loose dr.y sand or sand and gravel extend to depths of several
feet. This soll is naturally very drouthy, is low in organic
'matter-, and 1s strongly acid in_reaction.. Surface soil~of
this type was_obtained from the Rose Lake Wildlife Exper=
imental Farm, Clinton County, Michigan.

2. Brookston silt loam: A soil developed on heavier
materials of the flat basin iands', valleys, and depressions
which were originally wet and swampy. It has a very dark
gray or nearly black \sui‘face layer which 1s rich in organic
matter and ranges from 6 to 10 inches 1n thickness. ‘The‘
su;:'face iayer grades into a gray or yéllowish-gray layef,
-4 to 8vinches\thick, which 1s more coherent and has a higher
ciéy content. Beneath this is found steel gray or bluish-
gray plastic or sticky clay,»slightly mottled with yellow
and rust-;brown. .. The substratum conslsts of clayey glaclal
till containing more or less lime, This soll is relatively
high in natural }ertility when drﬂi\ned. The Brookston used

was from the Michigan State College farm, Ingham County,

East Lensing, Michigan,
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3. Thomas loamy sand: The surface layér of this soil
is black loamy sand, high in orgsnic matter, and contains a
considerable_amount of 1light colored fine sand, At a depth
of about 12 inches the surface layer grades into a thin 1ay;
er of gray sandy clay which contains SOmé fine grével and
some small shells or fragments of shells. Below 15 inches
light brown, yellow,'and gray plastic clay occurs, The soll
1s naturally poorly drained and is alkaline throughout the
profile. <Soll of this type was obtainéd near Saginaw Bay in
Tuscola County, Michigan, |

4, Wisner sandy loam:¢ This soll conslsts ofvvery dark
gray sandy loam to a depth of 4 Inches. Between 4 and 8
inches the material 1is lighter in color, and gray clay loam
occurs at 8 to 15 inches, .Small fragments of shells are
presenﬁ In the surface layers., A plastic clay, colored with
light gray, yellow, and yellowish-brown, oceurs at depths
greater than 15 inches, It is naturally poorly drained and
1s alkaline throughout the profile. Surface soll of this type
was obtained from the Wiergorski farm, Tuscola County, near
Wisher, Michigan,

Se Miémi loam: Under cultivation this soil typé has
‘a sufface layer of light grayish-yellow loam which extends
to an average depth of 12 inches. The subsoil, which ranges
from 12 to 16 inches in thickness, is dull yellowlsh-brown
heavy clay., The substratum 1s light grayish-yellow or light \

gray heavy calcareous glacial till. Soill of this type was



obtalned from Tuscola County, about 6 miles northeast of

Caro, Michigan.

A summary of some of the physical and chemical prop-

erties of these soils 1s shown in Table 1.

TABLE 1,-—Some physical and chemical
properties of the solls used.

Particle size Base
Soil distribution % | Original | exchange
type % sand|% silt|% clay | organic pH capacity
(1) (2) (3) matter (4)
Oshtemo _
loamy sand 83,2 11.9 4,9 0.92 4,43 3.5
Brookston
silt loam 28,0 64,8 7.2 5,06 6,10 22,7
Thomas-
loamy sand 88,0 10.9 1.1 689 7.00 20.4
Wlsner
sandy loam 58,0 39,0 3.0 5.96 7.40 13.9
Miami
loam 49,8 47,0 Se 2 2,29 7.25 10,2
(1) 1.,0-0,05 mm, .
(2) 0.05-0,002 mm.
(3) < 0,002 mm,.
(4) milliequivalents per

100 grams of soill.




Analytical‘Procedures

The plant materials‘analyzed were oven dried at 90 to
95°C,, then ground in a small Wiley Mill to pass through a
20 mesh selve. Before grinding, the tomato fruit was thiln-
ly sliced, placed on enamel trays and dried in the oven.
| A one gram sample of the oven dried material was
placed in a porcelain crucible, and 1 ml., of 1l:1 HpSO0y was
added followed b& 3 ml. of distilled water to moisten the
sample, It was then dried in an oven and ashed overnlight in
a muffle furnace at approximatély 55000; After cooling, the
ash was molstened with a few drops of distilled water, fol-
lowed by 3 ml, of concentrated HClL., This mixture was heat-
ed to boilling, diluted with a few wl. of distilled water and
. filtered., The filtrate was collected 1n a 50 ml, volumetric
flask which Was brought to volume with smell, successive
washings of the residue. The solution was thoroughly mlxed
and stored in a tlghtly stoppered, soft glass bottle,

A. Phosphorus,'potassium, calcium, and magnesium were
determined on giiquots of the plant ash extract. To deter-
mine phosphorus a cdlorimetfic method using ammonium molyb-
date and the FisRESubbarow'(lo) reducing agent was followed.
Potassium was.deté£mined colorimetrically by a modification
of the method suggested by Lawton (16), which uses hexa-
nitrodiphenylamine, For determining calciuvm a 10 ml, aliquot
of the extract was preclipitated as oxéliﬁe and then titrated

with standardized KMnO,. The titan yellow procedure,-



proposed by Peech and English (25), was followed for the
magnesium determinsations,
Total nitrogen wes determined on the dried material

accord'j.ng to the Kjeldahl-Gunning procedure (1).
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SOME EFFECTS AND INTERRELATIONSHIPS OF NITROGEN,v
PHOSPHORUS, AND POTASSIUM LEVELS ON TOMATOES.

Agricultural scientists have recognized for nearly a
centufy the mutual effect of one element upon snother in the
nutrition of plants. In this perlod, especially during the
pest three decades, a great volume of iiterature hés accu-
malated on the subject, Thémas (35), in 1932, published an
extensive review of literature regarding ionic antagonisms
relative to plant nutrition giving particular emphasis to the
reciprocal effeéts of nitrogen, phosphorus, and potassium.
Prior to that time considerable attention had been devoted to
the development of physiologically balanced nutrient solu-
tions with the objective of discovering the optimum ratios
between vafious nutritive elements,

Investigations Into tﬁe interrelationship of nitrogen,
phosphorus, and potassium have been generally approached by
the use of nutrient solutions. Plants were grown elther
directly in such‘solutions or in sand cu;tures with fr;quent
applications of nutrient solutions., Plant yields correlated
with chemical analyses of piant tissues from plants grown
under many different nutrient conditions have provided con-

siderable insight Into the interrelation between essential
plant nutrients.

In recent years workers have emphasized the impor-

tance of maintalining the proper concentration and balance

of avallable nutrient elements in the soil for the production
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of.maximum crop ylelds. Spurway (33), in considering the
available nutrients in soils, stresses the importance of
"level and balance" for maximum production, This inves-
tigator points out that the same-crop yield may be produced
under many conditions of unbalanced fertility, but he sug-
gests fertilizing in such a way as to both ralse the level
of the regmired nutrients and to brihg them into better
physiological balance for the plant,

‘ The technique of foliar analysils has been valuable in
studying and interpreting various interrelationships between
nutrient elements. Salter and Ames (29), in 1928, suggested
studying the avallability of soil nutriénts by means ofb
chemical analyses of plants. Since that time there has been
considerable interest in this technique as an aid in deter-
mining fertilizer needs,

Lundegardh (17) has pointed out that the fundamental
concept of follar analyslis is that the amouht of nutrient
salts absorbed by the plants réfledts the availability of
these salts in the soll under the actual growing éonditions
of the plant.

Thomas (36,37,38,39,40) has adopted the foliar anal-

ysis technique in the study of nutrient relatlonships of
several crops. In the interpretation of such snalyses, he
fecognizes the importance of two factors, "quantity" and
"quality"., For maximum growth each element must be above 1ts

critical concentration and at the same time be in proper
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balance with all other elements. This'concept of nutrient
element balance 18 essentlsally in harmony with the 6oncepts
of Shear, Crane, and Myersf(SO) who have conducted extensive
investigations on the nutrition of tung trees.

Macy (21) and Ulrich (41) prbposed the use of folilar
analysis to determine the "eritical percentage" or "critical
concentration" of the various elements in plants., If plants
showed a concentration below these critical values they
would be expected to respond to an application of that el-
~ement. M |

There 1s need for further research regarding desir-
able nutrient 1évels and nutrient relationships in both
field and greenhouse solls, Much work remains to be done
with regard to these relationships for specific crops. This
is especially true with intensively grown crops such as
gfeenhouse tomatoes. |

Nitrogen, Phosphorus, and Potassium
Levels on Oshtemo Loamy Sand

Experimental: A 5x5x5 factorlal greenhouse exper-

iment using Oshtemo loamy sand was conducted during the
spring of 1948. Single plants, started in flats, were gréwn
1n 2-gallon glazed jars filled with 8 kilograms of Screened,
ailr dry soll, DNutrient levels In the éoil extraét were
maintained at b, 25, 50, 100 and 200 ppm of NOz, O, 2%, 5,
10, and 25 ppm of phosphorus, and O, 15, 30, 45, and 60 ppm

of potassium. These nutrient levels are indicated by sub-
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scripts throughout this discussion. In 2ll cases the zero
level.was the original soil with no addition of the element
concerned., The untreated Oshtemo soil was extremely low in
all three nutrients,

Because the Oshtemo soil had a pH of 4.4 ah amount of
precipitated CaC0Oz equivalent to one ton per acre was added
to each jar. MNanganese sulphate and magnesium sulphate,
each equivalent to 1CO poundsJﬁer acre, and sodium tetra-
borate (Na23407) equivalent fo 5 pounds per acre were also
applied to all jars. A Summary of the varied treatments 1is
given in Table 2, |

Seeds of the Master Marglobe (Stokes) variety were
planted in flats on January 3, 1948, Oshtemc loamy sand
which received 200 pounds per acre of 2-16-8 fertilizer was
used in the fléts. The treatments were thoroughly mixed
into the soil on Januery 9 to 12. Sufficient distilled
' water was added at this time to brihg thé soil in each Jar
to 1t$ molsture equivaiént which was approximately 12 per
cenﬁ moisture, | |

On February 7 the plants were transplanted from the
flats to the jars. The roots of each plant were washed free
of soil when transplanted. At thils time the plants were
uniform in size,nabout three inches in height, an&iétarted
thelr second pair of true leaves., All plants were a normal
green color and healthy in appearance,

The solls were tested frequently during the growth of
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the crop and additional nutrients were appllied as needed to

maintain the original levels.,

The frults were plcked as they ripened. 'When the

experiment was terminested on July 6 the remaining green

fruits were picked and included in the total ylelds,

TABLE 2.—A summary of the nitrogen, phosphorus; and

potassium treatments applied to

Oshtemo loamy sand,

Nutrient C.P. reagent Gm. added Pounds per acre
level used per jar equivalent
No NH4NOz 0.00 0.0
Nog " 1e43 - B357.5
Ngo " 2,86 715.0
N100 n 5.72 1430.0
Nooo " 11.44 £860,0
Po Ca(H2P04)2-H20 6.00 0.0
Pol " 3.90 976,0
Pg " 5.87. 1466,5
P1o L 8.82 2206,0
Pos " 14,32 3580,0
,Kb KoSOg 0.00 0,0
K15 " 2.56 640,0
K30 " 4,80 1200.0
K45 " 8,96 2240,.0
Kgo L 13.12 3280,0
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Results and Discussion:

Conductivity and pH of the Soll: Many of the fertil-
izer applications in this study were extremely high. To |
obtain information regarding the effect of total soluble
salt concentrations on plant growth, condubtivity measure-
ments were made on soill samplss collected at the time of
transplénting. Conductivity was measured with a Solu-Bridge,
type RD, ménufactured by Industrial Instruments Inc., Jersey
City, New Jersey, To 50 grams of air dry soil, 100 ml. of
distilled water was added and the mixture was stirred for 5
minutes., After settling for 2 minutes the liquid was decant-
ed and conductivity was detefﬁined on the decanted liquid,

These resulté, presented in Table 3, show that at the
timé of sampliﬁg the nitrogen, phosphorus, and potassium
feftilizérs had 1ittle consistent effectvon the pH of the
soil, but they had a marked influence on the conductivity
values, The potassium sulphate and ammonium nitrate treat-
‘ments caused noticeable increases in the conductivity.values
butithe phoephate tréatments did not.

The only plants in the experiment which showed any
indication’of'én ekcessive soluble salt concentration were
those that recelved the highest application of emmonium
nifrate. The specific conductivity of the decanted liquid
from soil which received this éreatment varied from 50 to
70 x 107° mhos at the low potassium levels to 100 to

140 x 105 mhos at the highest levels of potassium. Within



TABLE 3.~—~The effect of treatment on conductivity -
and pH of Oshtemo loamy sand.

16

Conductiv- Conductiv-
Treatment|lty of soil PH Treatment |1ty of soill pH
solution % solution
NoPoKo 12 646 NogPoKo 17 64
NoPoXi15 19 6.5 NosPpKy s 30 6e2
NoPoKz0 26 6.4 || NosPoKso 38 6.2
NoPoKss 54 6.3 | NosPoKas 60 6.2
NoPoKso 69 6.3 || NogPoKeo 75 6.1
NoP2iKo 13 6.7 Np5PoiKg 25 6.3
NoPoiKis 21 6.6 NogPolKj 5 31 6.2
NoP2iKzo 32 645 NosPolKzo 43 6.1
NoPoiKss 49 6.4 || NosPolKys 47 6.1
NoP2iKs0 55 6.4 NosPoiKgo 58 663
NoPsKq 12 6.7 || NosPsKo 20 6.2
NoPsKis 28 6.5 || NosPsKys 30 642
NoPsKzg 29 6.4 | NosPs5Ksg 43 6.1
NoPsKgs5 49 6.3 | NosPsKes 50 6.1
NoPsKeo 56 6.4 | NosPsKeo 73 6.1
NoP16Ko 12 6.6 || NosP10Ko 31 6.1
NoP10K1 5 19 6.5 || NosP1oK1s5 40 6.1
NbPlOKSO 30 6.4 | NagP1oKag 61 6.0
NoP10Ksas 46. 6e3 NogPy0Kas 50 6.0
NoP10Ks0 60 6.4 NosP10K60 65 602
NoPesKg 13 ' 6e4 NogPosKg 24 6.1
NoPosKis 20 6e3 NosPosKis 33 6.0
NoPosKzg 30 6.3 || NosPosKzq 44 6.0
NoPgsKas 50 6.2 || NosPosKas 66 5.0
NoP2s5Kg0' 65 6.2 || NogPosKgg < 86 5.9

# Specific conductivity x 10° mhos at 25°C,




TABLE 3,—{continued) The effect of treatment on

conductivity and pH of Oshtemo loamy sand.
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Conductive Conductiv-
Treatment| ity of soil PH Treatment j1ty of soil| pH
solution # solutlon % .
NgoP Ko 32 549 N100PoKo: 59 - 6.0
N5oPoK1 s . 36 5.9 | NyooPoK1s 46 841
NgoPoKag 47 5.9 || N100PoEz0 71 6.0
NgoPoKas 84 5.9 || Nyo0PoKas 85 6.1
NgoPoKs0 84 6.0 N1o00P0oK60 84 6.1
NsoPaiKo 39 6.0 || Nyo0PaiKg 35 6.1
N50P23K15 52 6.0 || NiooPoiK1s 70 6.0
N5oP2iKz0 58 6.0 | NyooP2iKz0 73 o1
NgoPoskes =~ 59 6.0 || NjooPoiKys 84 6.0
N5oP2iKg0 78 6.0 |l N3ooPesKeo 96 6.0
N5oPsKg 36 6,0 || N100PsKo 61 641
NgoPsK) 5 43 6.0 || N100P5K15 62 a1l
NgoP 5K36 53 5.9 i\TlOOP 5k50 73 6.1
N5oP5Kas 62 6.0 || NyooPsKas 89 6.0
N5oPsKgo. 65 6.1 N100P5Ke0 85 6.0
‘NsoPqoKo 37 5.9 NlOOPloKO: 44 6.1
N5oP10K15 42 6.0 || NyooP10K1s 55 6.1
N5oP10Kz0 47 5.9 || MyooP10Kzo 67 640
N50P10K45 70 5.9 || NiooP10Kas 72 6.0
NsoP10Ke60 95 5.9 N1ooP10K60 96 6.0
N5oPasKo 29 6,0 || M 00P25Kg 44 6.1
NsoPosKis 45 6.0 || NjpoPasKls 47 6.1
N50PosKz0 50 5.9 N100P25K30 65 6.0
NgoPosKas 60 5.9 || ¥300P2sKas 75 6.0
NgoPasKeo 87 5.9 N100FP2s5K60 95 6.0

# Specific conductivity x 10° mhos at 25°C.




TABLE 3.~ (continued) The effect of treatment on

conductivity and pH of Oshtemo loamy sand,

18

Conductiv- Conductiv-

Treatment |1ty of soil pH Treatment 1ty of soil pH

‘ solution 3 solution %
‘NoooPoKo 70 603 NeooFPsKas 120 6el
NoooPoK] 5 82 6.2 || NogoPsKg0 88 6.1
NogoPoKzg 70 643 NgooPioKO 57 642
NoooPoKss 100 6e2 NoooP10K15 60 642
NoooPoKeo 110 644 || N20oP10Ka0 90 643
NoooP2iKo 71 6.5 || NogoP1oKes 140 6,0
NeooPeiKis 73 6ed NoooP10Kso 125 640
NogoPoiKzo - 77 6.2 NoooP2sKo '72 642
, N2OOP2—%—K45 108 6.2 NoooPosKls 68 : é. 6
NoooPeiKeo 110 642 | NzooP2sKs0 65 602
NoooPsKo 67 6.2 || NogoPosKas 88 6.0
NoooPsK1s 50 6.5 NoooFP2s5Ks0 130 5.9
NoooPsKz0 100 642

#Specific conductivity x 10° mhos at 25°C.,
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this range all plants showed similar toxicity symptoms.
Since the lower values of fhis high nitrogen group ﬁere léw;
er than the values obtained for some soils at lower nitrogen
levels, where normal growth wccurred, 1t was concluded that
the thicity‘was releted to the actual NH4 6r NOz concentra-
tion rather than to the total‘soluble salt concentration.

Dry Weight and Fruit Yields The dry weight and fruit
yield per plant, as a result of each treatment, 1ls presented
in Table 4, Both factors were analyzed statistically by the
analysis of varlance, For both‘dry welght and fruit yield;
the effects of nitrogen, phosphorus, and potassium levels
were highly significant a3 were also the NP NK, and PK
interactions.

The leveis-of nitrogen were more influential on 4ry
welght and frult ylelds than were the levels of elther df
the other elements., There was a highly significant differ-
ence between each of the five levels of nitrogen on both fac-
tors. As Table 5 and Fig. 1 show, N5o resulted in the
highest average dry'weight. However, during the early
staeges of growth the plants at Ngg were 1argést, as illus-
trated in Fig. 2. Part of this difference in fimal dry

'weight'is attributed to the difficulty encountered in keep-

~ ing the nitrogen level from dropping below 25 ppm when the

plants were large and actlvely growing. There was a marked

depression of growth where nitrogen levels were above 50 Ppm

in the soil-extract, as Fig. 1 shows. Severe toxicity
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TABLE 4.—The effect of treatment on dry weight

and fruit yileld of tomato plants.

Dry welight |Yield of Dry welght |Yield of

Treatment | of plant frult || Treatment | of plant fruit
' (gms., ) (gms.) ' (gms., ) (gms,)
NoPoXo 6 65.5 | NogPoKo 35 377.2
NoFPoKi15 ‘é 39.4 ||NosPoKys 47 442,77
NoPoEz0 6 64.3 | NesPoKso 50 261, 2
NoPoKas 7 76.3 ||NosPoKas 34 36643
NoPoKeo 11 5l.4 ||NosPoKgo 49 207.3
NoP2iKo 6 21.5 | NosP2iKg 28 70.2
NoP2iKy s 6 77,3 ||NogPoiKys 84 555.9
NoP21Kzo 13 0.0 ||NosPoiKzo 96 599.0
NoP23Kes 7 90.2 | NesPoiKes 70 941.3
-NOPQ%KSO 9 99.7 ||NgsPoiKeo — 82 78449
NoPsKp 3 84.6 | NogPsKp 19 220.1
NoPsK1s 9 93.2 |[NosPsKis 84 513.2
NoPsKag 8 63.2 || NogPsKzp 99 721.4
NoPsKas 7 50.2. || NosPsKss 78 945.2
NoPsKeo | 7 88.5 || NosPsKgo 85 62544
NoP10Xo 7 59.1 || NosP1oKo 21 6847
NoP10K1s5 8 102.6 || NosP10K1s 75 940.0
NoP 0Kz0 10 96.4 || NpsP1oKzg 77 979.4
NoP10K4s 6 74,7 (|NgsPioKses 81 878.3
NoP10Keg 9  8l.4 | NosPioKgo 43 925,0
NoPasKo 5 0.0 || NosPosKg 30 177.8
NoP2sKy 5 9 99.5 | NogPosKis 78 949,.8
NoPasKsg 7 193.9 || NpsPosKzo 91 65047
NoPosKas 6 128.4 || NogPosKgs 82 .1015.0
NoPasKeo 5 0.0 'JN25P25K50 73 924,4




TABLE 4.— (continued) The effect of treatment on dry
welght and frult yield of tomato plants.
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. Dry weight [Yield of Dry weight |Yield of
Treatment| of plant fruit | Treatment| of plant fruit
_ (gms, ) (gms.) (gms,) (gms. )
NsoPoKo 13 92.8" || N1ooPoKo 1 7 0.0

| N50P0K15 8 0.0 |[Nj00PoK15 26 35.2
ﬁ50P0K30 33 - 108.3 || N300P0K30 3 0.0
N50PoKas 35 133,9 || N10oPoKas 3 0.0
N5OP0K50 10 61.5 || N900PoKeo 3 12.5
N5oP2iKo 26 102.2 || N100P22Ko 30 190.3
NsoPeiys . 92 465.1 | NyooP2iKis 55 287.5
N5oP2iKzo 93 61543 || N1ooP2iK30 73 271.2
NsoPoiKes ° 106 425.6 | N1goPgiKes 66 51843
NsoP2iKeo 84 628.7 | N1ooP2iKeo 71 389,0
NsoPsKo 22 142.7 || N100PsKo 20 158.2
N5oPsK1s 86 488.9 ||NjooPsKis 50 300.0
1N50P5K30 107 517.4 |l ¥100PsK=0 64 53242
NgoPsKes 111 734.9 | N1ooPsKaes 72 . 685,3
N50P5K60. 96 572.9 || N100P5Ke0 82 453.8
NsoﬁloKo . 2 120.9 || NjooPi0Ko 34 114.0
NsoP10K1s 71 8ll.6 | N100P10K15 75 535.4
NsoP10Kzo 111 705.7 || NyooP10Kzo 96 36542
N50P10K45 92 968.6 || N1ooP10K4s 85 610,.8

| NgoPy 0Kso 82 950.2 | NypoP10Kep 100 429.9

| NsoPesky 23 101.2 | N100P2sKo 21 43,4
NsoPosKls 77 848.0 NjooPosK1s 32 51349
NgoPosKzo 99 577.9 || N10oP2sKzo 69 541,1
NsoPosKes 121 659.3 | NipoPpsKes 73 357.9
NsoP2sKeo 126 529.9 || N1ooP2sKs0 83

388,3
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TABLE 4.,—(continued) The effect of treatment on dry
welght and“fruit yvield of tomato plants.

Dry welght|Yield of | Dry welght|Yleld of]

Treatment | of plent frult [Treatment| of plant fruit
(ng. )7_‘\ (gmio) (gmso) (ngo)
NoooPoKo 0) , 0.0 NogoPsKss - 66 256 .4
N2Q0P0K15 0 0.0 NoooPsKgo — 54 34046
NoooPoK30 0 0.0 NoooP10Ko 39 91.0
NoooFPoKss 0 0.0 NoooP10K1s 61 .. 241.8
NoooPoKeo 0 0.0 [ NgooP1oKzo 62 317.6
NgooPgiKo 42 120.9 N2ooP10Kas = 31 43.6
Ngoon_la_Kls A 55 153.8 NZOOPIOKGO 52 242,3
NoooPeiKso 51 328.2 | NegoP2sKo 24 28.8
NoooP2iKes 60 115.1 NoooPosKis 44 182,5
NoooP2iKeo - 53 353.5 - | NogoPosKzg 50 521.5
N2ooPsKg 40 110.8 || NogoPosKas 15 153,7
| NogoPsKys 55 '215.8 | NaooPosKeo 45  265.9

NeoooPsKzo 24 6346 =
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TABLE 5,—Analysis of variance of dry weight of
tomato plants grown on Oshtemo loamy sand.

Source D.F. S.S.  »Mean square
Total 124 [150,663.4
N levels ' 4 | 62,046,2 15,511.6**
4 Ng vs. Npg+N50+N100+Nego 1 | 46,214.5| 46,214,5%%
3 Neog vs. Ns50+N100+N200 1 2,225,0| 2,225,0%%
2 Ngp vse N100+N200 1 | 10,956.8| 10,956.8%%
N100 VEe N200 1| =2,649.9 2,649,9%F
P levels | 4 | 28,883,6| '7,220,9%%
4 Po vs. Ppi+P5+P1o+Pes 1 | 28,758.5| 28,758,5%%
3 Pg%_és. Pg+P10+Pos 1 25,8 25.8
2 Pg vs. P1o+P2s ' 1 22,4 22,4
P1p ve. Pog 1 7649 76.9
K levels 4 | 20,600.2| 5,150,1%%
4 Ko vs. Ky5+Kso+KastKeo 1 | 19,807.2| 19,807,2%%
3 K15 vs. Kzo+Kgas+Keo 1 63048 630.8%
2 Kz vse Kgstko 1 162.2 162.2
- Kygg Vvse Kgg 1 0.0 0.0
NP B 16 | 13,736.8| ~ B858,6%%
NK 16 | 12,963.4 810,2%%
PK | 16 | 4,733.2 295,8%# |
'NPK (error) 6¢ | 7,700.0|  120.3

# Significant

——

at 5% point.

#% Significant at 1% point.



24

70t oA (1) Dry weight |
A ~(2) 1/10 of fruit yleld

; 1 1 v 1 i 1
0 25 50 100 200
- NITROGEN LEVEL (PPM NOs IN SOIL EXTRACT)

FI1G. 1.—Effect of nitrogen levels on the average dry weight
' and fruit yleld of tomatoes,
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FrIG. 2.-—The effect of nitrogen levels on plants
adequately supplied with phosphorus and potas-
sium., Treatments are: 1-NpoPj1gKss, 2~ ~-NosP10K45,

5-N50P10K45- 4~ N100P10K45’ 5-N200P10K45-

-symptoms occurréd at the Ngoo level. The plants were ex-

tremely stunted 1n growth had a soft, semi-wilted appear- .

ance, and were deep green in color. This 1s 111ustfated
in Fig. 2 Jar Se-
Symptoms of nitrogen starvation occurred only on

those plants that received the Np treatment. Six weeks

af'ter transplanting, the color of all plants in this group-

began to fade from green to light yellow, The symptoms
appeared on the oldef leaflets first and pfogressed to the
younger Qnes. Where there was only a moderate deficiency

the leaflets were uniformly light green in color. 1In the
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adﬁanced stages, however, the velns were distihctly purple
in color while the interveinous tissue remained a faded
yellow. During this advanced stage of nitrogen starvation .
the plants had a very tough, wiry texture in comparison to
plants whilch recelved nitrogen. The occurrence and severity
of these symptoms were unrelated to phosphorus and potassium
treatments. The marked difference obtalned between the Ng

and Ngg treatments 1is apparent from Fig. 3.

FIG., 3,=-=Plants on the left received no nitrogen
while those on the right recelived the Nog treat-
ment. Both groups recelved various phosphorus
and potassium treatments. '
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“Fruit yields were closely related to the size of
plants in thls experiment., Fig. 1 and Table 6 show that
Nog resulted in the highest fruit yield per plant and that
no nitrogen, as well as excessive nitrogen, resulted in
decreased frult production,

A merked response to phosphorus was obtalned in this
experiment., When dry weights are consldered, the only
significant difference between levelshwas'between none and
some phosphorus, This is shown in Table 5 and Fig. 4.
Levels of Ppi, Ps, P10, and Pgg were equally effective in
productlion of dry weight. Frult ylelds were also increased
by phosphorué treatments, As Table & and Fig. 4 show, P5,v
P10, and Pgg resulted in the highest ylelds, yet these three
levels were equally effective, |

Distinet phosphorus star?ation symptoms occurred
within ten days after transplanting on all»plants thet did
not receilve phosphorus fgrtilizer. 'These plants were spin-
dling, stunted, and dark green with distinct purpling of the
under side of the leaves, The purpling extended over both
the veins and the intervelnous tissue. As the roots became
better established, many of the phosphorus starved plants
lost their purple color and grew to a fair size. Symptoms
similar to these have been described by MacGillivray (20)
and Cook and Millar (8) for phosphorus starvation of
tomatoe;. A | |

A definite NP interaction was present in this experl-

ment. Increased amounts of phosphorus tended to counteract
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TABLE 6.,-—Analysis of variance of fruit yield of
tomato plants grown on Oshtemo loamy sand,

Source D.F. SeSe Mean}square
Total 124 [10,974,223.5
N levels 4 | 4,685,941,7| 1,171,485,4%%
4 No vse. Ngg+N50+N300+N200 1 1,948,065.8 1,948,0565,8%%
3 Nog vse Ngo+N100+N200 1| 1,640,861.8 | 1,640,861,8%%
2 Nso vs. Nipgo+N2p0 1 825,282,2 825,282,2%%
N100 vS. Nogo 1 271,731.9 |  271,731.9%%
P levels 4 | 1,746,054.3 436 ,513,6%%
4 Pg vs, Poi+P5+P1o+P2s5 1| 1,594,656,3| 1,594,656,3%%
3 Pol vs. Ps+P30+P2s 1 95,815.4 95,815,4%%
2 Py vs. P3p+Po5 1 39,690,7 39,690.7
P1o vs. Pog 1. 15,891,9 15,891.9
K levels 4 | 1,541,390.4 385,347,6%4
4 Ko vs. K15+Kz0+Kqa5+Ke0 1 1,502,252;5 1,502,232.5*%‘
3 K15 Vs, K5O+K45+K6o 1 13,895.1 ‘ 13,895,1 .
2 Kz0 vs. Kas+K60 1 8,616.,9 8,616.9
Kg5 vs. Kgo 1 16,645.8 16,645,.8
NP 16 690,314.8 43,144, 7%%
NK 16 855,155.7 53,449,0%%
PX 16 647,019.5 40,438, T%%
NPK (error) . 64 808,319.1 12,630,0

#% Significant at 1% point.
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FIG,., 4.—Effect of phosphorus levels on the average
dry welght and fruit yield of tomatoes.
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Fig. 5 that in the presence of excessive nltrogen, at least

planf. His experiments also showed that there is a tendency

30

the toxic effects of excesslve nitrogen. It can be seen 1n

during the early stages of development, growth was consist-
ently improved by the higher phosphate levels., Similar

results have been reported by Emmert (9). -This investigator,

studying the nutrition of the tomato, found that the effects

of nitrogén are governed by the 1evelé of phosphorus in the

for the harmful effects of high nitrates in the growth me-
dlum to be offset by thé‘presence of a high phosphorus

level,

FIG., 5¢--The effect of increased phosphorus levels
in the. presence of adequate potassium and exces-
sive nitrogen. Treatments are: l-NogoPoKzQ,
2-N2ooP23Kzo, 3-N2ooPs5K30, 4+N200F10K30,
5=-NogoP2sK3g. . - -

yisiied
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A marked NP Interaction was also present at low phos-
phorus levels, At Pgp the phosphorus deficiency symptoms
occurred earlier and became more severe as nitrogen was in-
creased, The plants in Fig. 6 present a good example of the

inverse relatlionshlp of these two elements. The potassium

FIG. 6.—The offect of incréased nitrogen levels
in the absence of adequate phosphorus and potes-
sium. Treatments are: 1-NoPoKo, 2~N2sPoXo,

3=N50P0Kp, 4=-N300P0Kp, 5-N2ooPoKo.

levels had no apparent influenée on this relationship. As

the experiment progressed the plants that received NoPo lost
their purple color, developed normally to the 1limit of their
available nitrogen supply, and produced a single small frult

on each plant.“ Tﬂése plants were esséhtially'the same size
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as the others within the Np group., In this case nitrogen
was the most limiting growth factor,

Where moderate amounts of nltrogen were applied wlth-
out the addition of phosphorus the plants eventually lost
thelr purple leaf colorations, made more growth than where
nitrogén was lscking, and produced a few fruits., However,

where the nitrogen level was kept at 100 or 200 ppm, in the

presence of very low available phosphorus, the plants contin-~

ued to show extreme phosphorus deficlency symptoms throughout
the study. The five plants within the NgogPp group made
little growth and died before the experiment was completed,

Fig. 7 1llustrates these relstionships.

FIG, 7¢=—The effect of increased nitrogen levels
in the absence of adequate phosphorus. Treat-
ments are: 1-NoPoKgo, 2-NosPoKgos 3=NsoPoKe0s
4-N100PoKg0, 5-NoooPoKsp. This plcture was
taken two months later than the one in Fig, 6.
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Statistlical analyses of dry weight and fruit yileld
data showed that the NP intersction was highly significant
in both groups of data. A segregation of the 16 degrees of
freedbm of each of these interactions 1s shown in Tables 7
and 8 respectively. The combinations of levels which caused
the_significant NP Iinteraction are lndicated 1in these tables.
With the combinations designated as significant 1t can be
concluded that the plants responded differently to nitrogen
levels in the presence of the phosphorus levels concerned,
In considering these interactions one must be cautioned that
these data represent the results of only one crop of tomatoés
grown on one particular soil.type with extreme treatments
applied. Nevertheless, they do show the harmful effect o?
SXcessive nitrogen, especilally when it occurs in the.absence
of adeguate phosphorus.

Fertilizing with potassium resulted in significant
increases in both dry weight and fruit yield. During the
early steges of growth, those plants which recelved K45 were
larger than those at any othér potassium level, as indicated
in Fig. 8. It can be seen froﬁ Tebles 5 and 6 and Flg., 9
that nearly all of the variahceﬂwith both factors at time of
harvest was between Ko and the average of the other four
levels. As the fruit yleld data show, potassium.levelé
greater than Kjg were not effective in causing further in-
creases in yield., The dry welghts were greatly increased

with the addition of the first increment of potassium, and
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TABLE 7.——A statistical analysis of NP interaction of dry
welght of tomato plants grown on Oshtemo loamy sand.

" (P10-P2g

Mean
Source | D.F, S.8, square
NP 16 [13,736.,8 | 858,6%%
& No-Nos5-Ng50-N100-No2od B Po-P2i-P5-P1o-Pog| 1 7,284;7 7,284, 7
" [ Pgi-P5-P10~P2j 1 0.0y 0.0
" [2 P5-P10-P2j 1 10.1| 10.1
" P1o0-Poj 1 2.4 204
B Na5-Nso-N100-N20d B Po-Pei-Ps-P10-P2j 1| 2,502.7 |2,502, 7%
L B Pai-P5-P10-P2j 1 47.5| 47.5
" E P5-P10-P2j 1 179.2 | 179.2
L P10-Pag 1 662.7| 662.7%
B Nso-N100-N20d & Po-Pei-Ps-P10-Paog 1 371.3 | 371.3
| " @ Poi-P5-P10-Pog 1 51le4 5l.4
" B P5-P1o-Pag 1 32.9 32,9 |
 [P10-P2g 1| 1,653.8 l,655.§**w‘
[F100-N20d B Po-P2i-P5-P10-P2j 1 169.3| 169.3
o B Poi-P5-P10-Pag 1 307.2 | 307.2
" B P5-P1o-Pog 1 36042 | 36042
| 1 101.3| 101.3

% Significant at 5% point.
#% Significant at 1% point.
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TABLE 8,~A statlistical analysis of NP interaction of fruit
yield of tomato plants grown on Oshtemo loamy sand,

L Mean
Source D.F, SeSe square
NP | 16 [690,314.9 | 43,144, 7%
B NO-N25-N5¢-N100-N20§| B Po-Poi-Ps-P1o-Pog| 1 [549,880.6 |349,880.6%%
" @ Pé%—?s-ﬁlo-Pzﬂ 1 |10,880.5| 10,880.5
" E Ps5-P10-P2y 1 7,052,1| 7,052.1
" Pro-P2g 1 | 4,318.9| 4,218,9
B Nos-Ns0-N100-Neod f Po-Pa3-Ps-P1o-Peg | 1 141,9 121,9
" [3 P2i-P5-P10-P2j 1 4,062,2 | 4,062,2
. B Ps-P10-Pog 1 | 33,458.5 | 33,458.5
" | [P10-P23 1 | 3,042.1| 3,042.1
B Nso-N100-N200 B Po-Pei-Ps-P1o-P2g 1 | 91,259.3 | 91,259,3%%
"o B Poi-P5-Pio-Pog| - 1 | 24,948,4 | 24,948,
" B P5-P10-P2j 1 | 35,960.9 | 35,960,9
" [P10-P23) 1 | 46,305.7 | 46,3037
M100-Nz20g [ Po-Pei~Ps-P10-P2j 1 | 59,426.3 | 59,426.3% ﬁ
" B Poi-Ps-P10-Paj 1 6,736.5 | 6,736.5
" [ Pg-Pip-Pag 1 | 3,735,1| 3,735.1
" P10-P23 | 1| 9,107.9| 9,107.9

# Significant at 5% point.
%% Significant at 1% point.
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FIG. 8.—The effect of increased potassium levels
in the presence of adequate nltrogen and phos-
phorus. Treatments are: 1-NogPolKp, 2-NosPolKjs,

3-NosPeiKao, 4-NosFoilys, S5-NosPaiKeo.

there was some indication of further benefit from the second

increment. Amounts above this level resulted in no further

increése in gfowth. The plants tolerated the two higher
levels but they did not require them.

Deficliency symptoms of potassium occurred only on
fhose plants that did‘not‘receive potasgssium fertilizer.
These symptoms appeared within three weeks after transplant-
ing. Plants‘which showed potassium starvation were drawfed
in appearance, had unusually short internodes, and were

., yellow at the tlps and margins’of the leaflets. These
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(1) Dry weight
(2) 1/10 of fruit yileld
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FIG. 9.—Effect of potassium levels on the average dry weight
and frult yield of tomatoes.
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deficlency symptoms startéd on the older leaflets and pro-
gressed to the younger ones as the deficlency became more
severe, When potassium starvation occurred at high nitro-
gen levels, white spots were found in conjunction with the
marginalbyellowing of the leaflets, These spots were
similar to those described by Cbok and Millar (8) as char-
acteristic of potassium starvation on clover and alfsalfa,
The conditién is apperently caused by a low potessium and
highvnitrogen relationship since legumes are generally high
in nitrogen and this disorder occurred on the tomatoes only
in the presence'of high nitrogen.

Symptdms of potassium deficiency on older plants are
considerablyhdifferent from those on young plants. A normal
mature plant that becomes déficient in potassium shows a
yellow mottling of the interveinous tissue on the older
leaflets, while the veins remain green. The mottling stérts
at the edges ahd progresses inwardly. Thils is 1llustrated
in Fig.AIOf

There were highly significant potassium interactions

‘with both nitrogen and phosphorus in this study; It was
observed that potasslum deficiency symptoms occurred earlier
and with greater severlty on plants with high phosphorus and
(or) with high nitrogen. The plant which showed the most
severe symptoms of starvation received the N200P25K0 treatmeﬁt.
The phosphorus-potassium relatlionshlp is shown in Fig. 11,

Statistical breakdowns of the PK interactions for dry
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FIG, 10.—~Tomato leaflets showing potassium defi-
ciency symptoms at different stages of growth,
The leafletz on the left developed the symptoms
at fruitling time, 1In the center 1s a younger
one from the same plant. On the right is an
older leaflet from a young plant.

FIG, 1l.—The effect of increased phosphorus levels
on the severity of potassium deficiency symptoms,
Treatments are: 1l-NogPoKp, 2-NgsPoiKp, 3-NosPsKg,

4-NgsP10Ko, 5-NosP2sKoe

39
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weight and fruit yield into their individusl degrees of
freedom are presented in Tables 9 and 10 respectively. With
both groups of data it cen be seen that this interaction was
significant at the 1% point only when the extreme levels
were involved,

Statistical analyses of the NK interactions showing a
breakdown into their individual degrees ofsfréedom for dry
Weight'and fruit ylelds are presented in Tables 11 and 12
respectively. These data show the combinations of treatments
which resulted in significant interactions. With both
-factors the éignificant Interactions occurred where Kgp was
Involved. In other words, the plants responded differently
to nitrogen levels at Ko than they did at higher levels of
potassium,

The data from this experiment emphasize the impor-

- tance of maintaining proper nutrient balance in the soil for
maximum production of tomatoes., Low nutrient levels which
were well balanced gave much better results than d4id high
levels which were unbalanced in one or more elements., For
example, high nitrogen iIn the absence of adequate phosphorus
resulted in death of the plants, yet when both elements were
low they- grew falrly well and produced a few fruit, Another
unbalanced condition was observed within the No»group when
both phosphorus and potassium were high, Plants which
recelved NgoKgg with intermediate phosphorus levels showed no

toxicity symptoms nor did those which received NoPgg with
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TABLE 9.-——A statistlical analysis of PK interactlion of dry
weilght of tomato plants grown on Oshtemo loamy sand,

: Mean

Source D.F.| S.S. square
PK 16 | 4,733.2 | 295.8%
¢ Po-Poa-Ps=P1o-Fug & Ko-K3 5-K30-Ka5-Ke(] 1| 3,333.4 |3,333,4%

| " [ K15-Kzo-Ka5-Ked 1 252,1 252,1
" B Kzo-Ka5-Ksg 1 0.03 0.03

" K45-Kgo] 1 4.5 4.5

B Poi-P5-P10-Pog B Ko-Kj5-Kz0-K45-Ks0) 1 48.8 48.8

" B K15-Kz0-K45-K6d 1 7049 70,69

" B Kzo-Kg5-Kgg 1 7.5 705

L Kq5-Keq 1 17.6 17,6

B P5-P1o-P25 B Ko-K1s5-Kzo-Kas5-KeQ) 1 3645 3645

L B Ki5-Kzo-Ka5-KeQ 1 16.0 16,0

gy B Kz0-Ka5-KeJ 1| 325.4 | 325.4

_" K45-KeQ] 1 3543 3543

[Pro-P2g B Ko-K15-K30-K45-KeQ] 1 7.2 702

n B K1g5-Kzo~Ka5-Kgq)] 1 2080 208, O:

" [ K505K45-K6@ 1 273.1 273.1

1 96.8 9608

" [Ka5-Ksq)

# Significent at 5% point,
#% Significant at 1% point,
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TABLE 10,—A statistical analysis of PK interaction of frult
yield of tomato plants grown on Oshtemo loamy sand,

Mean
Source D,F S.S, square
PK | 16 |647,019.6 | 40,438, 7%#
[@ Po-Poi-P5-P10-P2s| B Ko-K15-~Kz0-Ka5-KeQ] 1 [409,409.1 {409,409, 1%*
" B K3 s5-K30-Ka5-KeQ] 1 7,937.2 | 7,937.2
" B Kzo-Kas-Ked] 1 | 1,438,1| 1,438.1
" Ea5-Keq] 1 47043 47043
3 PQ%-P5-P10-P25]@»KO~K15-K5§-K45-Ked 1 | 23,68645| 23,686.5
" [3 K15-Kz0-K45~KeQ] 1 | 17,152.2| 17,152.2
i B Kzo-Ka5-Keq 1 5,292,3| 5,292,3
" Ka5-KeQ) 1 7,202,9| 7,202.9
[@ P5-P10~Pog| B Ko-K15-K30-Ka5-Ksq)] 1 | 51,884,7| 51,884,7%
" B K15-Kz5-Ka5-Keq| 1 | 67,889.,4| 67,889,4%
" B Kzo=Kes5-Keq| - 1 |17,928,1 17,928,1
" Ka5-KeQ] ‘1 | 17,978.2 | 17,978.2
[F10-Pos| [ Ko=K35-Kz0-Ka5-Keq] 1 717.8 717.8
" [3 K3 5-Kz0=-K45-Kgq) 1 3,393.11 3,39341
" B Kzo-Ka5-Ke()] 1 |11,032,4| 11,032.4
" [Kes-Ksq 1 3,607.3| 3,607.3

# Significant at 5% point.,
#% Significant at 1% point,.
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TABLE 1l.-——A statistical analysis of NK interaction of dry
welght of tomato plants grown on Oshtemo loamy sand.

Mean

Source D,Fef. S.Se square

NK 16 |12,963.4| 810,2%%
B No-Ngs-Nso-N100-N20g B Ko-Kis-Kzo-Kas-Ked] | 1 |- 4,196.5|4,196.5%%

" B K3 5-Ez0-Ka5-K60) 1 165,0| 16540

" - B Kzo-Ka5-Eeq] 1 12,3| 12.3

" K45-Keq] 1 840 8.0

B Nos-Nso-Ni00-N2og] [ Ko-K15-K30-Kas5-Ke(] 1 307.1| 307.1

" | B K15-Kzo-Ka5-Keq] 1 337.6| 337.6

" B Kzo-Kas-Keg] 1 572,5| 572,5%

" Ka5-Keq] 1 16.1| 16,1
B N50-N100-N20Ql @ Ko~K15-K30-K45-K6q) 3,635,9|3,635,9%%
! [ K3 5-Kz0~Ke5-Ke(g 590.3| 590,3%

" B Kzo-Ks5~Keq] 32,1 32.1

" E45-KgQ] 1 707.3 707;3*
‘[M100-N2oq] (@ Ko-K15-Kzo-Kas-Ke(Q] C1 | 1,562.4|1,562.4%%
" B K1s-Kzo-Ka5-KgQ] 1 806.,0| 806.0%

" [ Ezpo-Kas5-Ke(q 1 11,3  11.3

" [Kes-Keg 1 3.2 3.2

% Significant at 5% point.
##% Slgnificant at 1% point,
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TABLE 12,-—A statistical analysis of: NK interaction of fruilt
yield of tomato plants grown on Oshtemo loamy. sand,

: ) Mean
.~ Source D,¥, SeDe square
Nk 16 |855,183.8| 53,449.0%
[¢4 No-N2s-Ns50~N100-N200] [ Ko-K15-ﬁ50-K45-K6@ 1 287,226.5 287,220, 5%%
" P X3 5-Kz0-Ke5-Kg(] 1 4,915.5| 4,915.5
" B Kzo-Kgas5-Keg 1 |~ 4,325.0| 4,325.0
" , K45-K60Q] 1 874.9 874.9
[® Nos-Ns50-N100-Nzoq| ¢ Ko-Kis-Kz0-Kas5-Keq| 1 |201,836,5|201,836,5%H
o " B K15-Kzo~Ka5-Keq] 1 180.9 180.9
" B Kzo-K45-Ksg 1 | 34,556.8| 34,556.8
" K45-Ke(] | 1 | 30,175.2| 30,175,2
B Ns50-N100-Nzog B Ko-K15-Kz0-K45-Ke(] 1 |160,563.6|160,563,6%%
" B K15-Kzo-Ka5-Keg] 1 ol.2|  9l.2
" R Kzo-Ka5-Kgq] 1 7,695.,0| 7,695.0
" - [E45-Ks(g] 1 2,317.6| 2,317.6
[y 00-N20g] B Ko-K15-Kz0~Ka5-Keg) 1 | 42,457.0| 42,457,0
! B Ki5-Kzo-K45-KeQ 1 3.1 3.1
" B Kzo-K4s5-Keg] 1 | 24,688.9| 24,688,9
L Ka5-K63) 1 | 53,282,2| 53,282,2%

# Significant at 5% point.
#% Significant at 1% point,.
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intermediate potassium levels. But the plant which re-
celved NOP25K60 showed definite symptoms of nutritional

unbalance as can be seen in Fig., 12, jar 4, When these

FIG., 12.—The effect of high phosphorus and potas-
slum levels both with and without nitrogen.
Treatments are: 1-NoPgKg, 2-NoPosKg, 3-NoPoKgQ,

4-NoPosKe0s 5-NopPosKe(e
high phosphorus and potassium levels wefe in proper bal-
ance with nitrogen, the plants grew very well., A close-
up of one of the lower leaves from the plant which showed
the unbalanced condition is.presented in Fig. X3. The
‘margins of the most severly affected leaflets were yellow

and necrotic, syﬁptoms which are similar to potassium
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FIG. 13.—A tomato leaf, from the plant
which received NoPogKgp, showing symp-

toms of nutritional unbalance.
deflciency. Tissue tests verified the fact that the plant
was extremely high in potassium. This suggests that foliar
toxicity symptoms of an element can easily be mistaken for
deficlency symptomé of that or of some other element unless
tissue tests are used in dlagnosing nutritional disorders.
The results of this experiment indicate that for
greenhousé tomatoea, grown as a spfing crop, the nitrogen

level should be maintained between 25 and 50 ppm in the
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soll extract, phosphorus between 5 and 10 ppm, and potassium
between 15'and 30 ppm. In the presence of a contlnuous
supply of nitrogen the phosphorus and potassium levels can
exceed these limits considerably without injury to the
"plants. However, levels above those suggested result in

luxury consumption and have no particular advantage.
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Nitrogen, Phosphorus, and Potassium
Levels on Brookston Silt Loanm

Experimental: In order to get further information

pertaining to the nutrition of the tomato a 4x4x4 factorial
experiment was conducted using Brookston silt loam soill,

" The treatments were duplicated. The general procedures .
followed were the same as In the previous experiment,
although the nutrient levels were different. Nutrient
levels in the soil extract were maintained at 0, 50, 100,
and 200 ppm of NOz, O, 10, 20, and 40 ppm of phosphorus, and
0, 25, 50, and 100 ppm of potassium., The zero level repre-
sented the untreated soil., However, the untreated Brookston
soll, tested at the time of settling up the experiment, had
75 ppm of NOz, 3/4 ppm of phosphofus, and 5 ppm of potas-
sium,

A general treatment was applied to all soils, This
Included manganese sulphate equivalent to 100 pounds pef
acre, magnesium sulphate equlvalent to 500 pounds per acre,
and sodium tetraborate (NapB4Oy) equivalent to 10 pounds per
acre, A summary of all nitrogen, phosphorus, and potassium
applications is shown In Table 13, Treatments were mixed
evenly throughout the soil befere the distilled water was
edded, ) |

Tomato plants of the Improved Bay State variety were
started in flats four weeks before the beginning of the
experiment. A sandy loam soil of medium to low fertillity

wae used in the flats. - The transplanting was done on
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August 10, 1948, At that time the plants were of uniform
size and showed no visual deficiency symptoms. The roots
were washed free of all soll before they were transplanted.
TABLE 13.—4& summary of the nitrogen, phosphorus, and

potessium treatments applied to
Brookston silt loam,

Nutrient Co.P. reagent ' Gm..added | Pounds per acre
level used per jar equivalent
No NaNOz 0.00 0.0
Ns50 " 0.00 0.0

- N1900 " 1.i4 285,0
Nogg " 5,05 126245
Pg - Ca(HgPOy4)o+Hg0 0.00 o.o'
P10 " 10.67 2667.5
Poo " 20,27 506745
Pao " 37,33 - 933245
Ko KoS04 0.00 0.0

' Kgp " 11,94 2985,0

Kgg " 19,99 4997.5
K100 " 38437 9592.5

The solls were tested fféquently and nutrients were
added as needed to maintain the original levels of nitrogen,
phosphorus, and potassium,

When the entire crop was harvested on November 7,

1948 the first fruits were jﬁst beginning to ripen. Fruit
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ylields recorded 1included all fruit on thé plants at harvest
time., At this time the seventh to sixteenth leaves, inclu-~
give, from the base of the plants were collected to repre-
sent the leaf samples, These samples were later analyzed

in the laboratory for niltrogen, phosphorus, and potassium,

Results and Discussion: The average results, by

treatment, for dry welght, yield of frult, and per cent
composition of nitrogen, phosphorus, and potassium in the
leaf samples 1s presented in Teble 14,

Dry Welight: Nitrogen, phosphorus, and potassium each
exerted a highly significant influence on the dry weight of
the plants as fhe summary of analysis of varlance 1n Table
15 shows., Fig., 14 as well as Table 15 indicates that the
Nogo level resulted in the greatest growth under the condi-
tions of this experiment,

It 1s of interest to compare the effect of the heavy
nitrogen treatment on this soil with its effeﬁt on the
Oshtemo loamy sand. On the Brookston silt loam,.plants
which received the Nggp treatment showed toxlcity symptoms
soon after its application. During the early stages of
development growth was inhibited to some extent and the
plants possessed the soft, succulent, slightly wilted appear-
ance which was described as nitrogen toxicity in the pre-
vious experiment. The condition was less severe on the
Brookston soil, however, and the plants soon overcame the

toxicity, while the plants on the Oshtemo soll never fully
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TABLE 14,—The average result by treatment for dry weight,
yield of fruilt, and per cent composition of nitrogen,
phosphorus, and potassium in the leaf samples.

Chemical composition

, Yield of Dry welght
Treatment frult per per plant of leaf samples#
plant(gm.) (gm.) 2N | 2P | %X
NoPoKo 231,0 22,5 0,99 0.15 2,15
NoPoKos 180.0 25,5 0,97 0,15 3,70
NoPoKsg 207.5 24,0 1,01 0.16 3,98
NoPoK100 314,.5 24,0 1,06 0.14 5,05
NoP10Ko 2880 28,5 1.18 0.51 2,33
NoP10K2s 291.5 32,5 0,95 0,27 3,68
NoP10K50 261.,0 2945 1.02  0.32 3,98
NoP10Kjo0  529.5 3540 1.11° 0.25 4,78
NoPogKo 247,0 3145 0,98 0.52 1.55
NoPooKas 170.5 25,5 0,78 0.41 2,93
NoPgoKso 27745 35,5 1,00 0.29 3,65
NoP20K100 221.0 25.5 1.06 0,34 4,65
NoP4oKo 279,0 30,0 1,08 0.53 2,00
NoP4oKos 324,0 26,0 1.01 0.37 3.58
NoP40Ks0 285,0 28,0 0.94 0.38 3.65
Noé4oxloo 280.0 26,0 1.18  0.39 4.58

# Percentage is based on oven dry welght,
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TABLE l4.—(continued) The average result by treatment for
dry welght, yield of fruit, and per cent.
composition of nitrogen, phosphorus,
and potassium iIn the leaf samples,

Yield of Dry welght Chemical composition

Treatment fruit per per plent of leaf samples*

plant(gm,) (gm., ) %N [ %P Z K
NsoPoKo 446.5 60.0 1,97 0,16 0.83
N5oPoKas 575,0  B4.5 1.89 0.15 2.85
NsoPoK50 488.5 5345 2,43 0.15  3.90
NgoPoKigo 4830 6340 2441 0,16 4.15
N5oP10Ko 662.0 52,5 2.11 0,53  0.65
NgoPyoKps ~ 560.0 70.0 1.75 0.26 3.50
N5oP10K50 61645 54.0 1.96  0.26 3,00
N5oP10K100 64645 53,0 1.82 0.23  3.80
N5oP20Ko 556,0 51.0 2,10 0,88 0,65
N5oPooKos 69145 66,0 1.82  0.36  3.00
NegPooKsg ~ 517.0 66,0 - 1.80 0.29 3,40
NsoPooKioo  644.0 49,0 1.75 0.29 3.83
N5oPaoKo 60340 55,5 2.06 0,82 0,45
NsoP4aoKas 65545 60,0 1.89 0.38 3.15
NgoPgoKso 67645 58,5 2,01 0.42  3.15
Ns5oP40K100 584.5 65,0 2.39 0432 3.93

# Percentage 1s based on oven dry welght,
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TABLE 14,—(continued) The average result by treatment for
dry weight, yleld of fruit, and per cent
composition of nitrogen, phosphorus,

and potassium 1n the leaf samples.

Yield of Dry weight Chemical composition
Treatment frult per rer plant of leaf samples#%

plant(gm. ) (gm, ) N [ %P % K
N1 00P0Ko 498,0 41,0 2.63 0,16 1,13
N1ooPoKss = 53640 5445 2,44 0,15 2,283
N10oPoK5o ~ 618.5 5040 2.42 0,14 2,53
N1o00F0K100 | 593,0 52,0 2,38 0.15 3428
N100P10Ko  527.0 56,0 2,55 0,53 0,48
N1ooP10Kzs  553.0 63,0 2,31 0,31 2,78
'NlooploKso 611,5 66,0 2.36 0,29 3.40
N100P10K100 61545 604 5 2.37 0,29 3.43
NiooPooKo ~ 639.0 5340 2.44 0,73  0.45
NjooPooKas 6530 5340 2.38 0.34 2,98
N100P20K50 62040 62.0 2.31 0,32 2.80
N100P20K100 5205 67,5 2.56 0.30 3.85
N1ooPaoKo 61340 5145 2,50 0,76 0,55
N100P40K25 650,0 63,0 2.35 0,40 2.35
NiooPaoKsg 65940 58.0 2,29 0,38 2,85
N100P4cK100 749.5 58,5 2.34 0.33 3,35

# Percentage is based on oven dry weight.
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TABLE 1l4,-—(continued) The average result by treatment for
dry welght, yleld of fruit, and per cent
composition of nitrogen, phosphorus,

and potassium in the leaf samples,

Yield of

Dry welght

Chemical composition

Treatment fruit per per plant of leaf samples#
| plent(gm,) (gm. ) N [ 2P | %K
NoooPoKo 383.0 53.0 3,00 0,17 1.30
NoooPoKas 450.0 54.0 2,90 0.17 2.25
NoooP oKs50 447,0 5340 2,75 '0.15 2.80
NogoPoKioo 47540 54.0 2.85 0.15 8.70
NoooP10Ko 614.5 58.0 2,74 0,60 0.65
NoooP1oKes ~ 490.0 71.0 2.62 0.29 2,65
NogoP10Kso  539.5 2.5 2,62 0,27 3,08
NoooP10K100  657.0 66.0 2.66 0.25 3,80
NogoP2oKo 593.0 5645 2.81 0,65 0.85
NogoPogKes ~ 581.0 7640 2.58 0.34 3,00
NgooPgoKso — 543.5 705 3.11  0.35 3,00
NoooP2oK100 5540 7240 2,65 0.32 3.85
NoooP20Ko 604.,0 53,0 2.63 0.64 0.60
NoooPaoKss ~ 707.0 69.0 2.61  0.35 2,60
NoooPaoKso ~ 597.5 69.0 2.71 0.37  3.03
NogoP4oK100 550. 5 69.0 2,85 0,40 3,73

% Percentage 1s based on oven dry welght,




TABLE 15,-=Analysis of variance of the dry welght data
of tometo plants grown on Brookston silt loam,
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Source D.F, S.S, Mean square
Total 127 | 32,450.2
Treatment 63 | 29,781,.2 472, T%%
N levels 3 | 24,518.8| 8,172,9%%
3 Ng vse Nyo+Npgo+Neoo 1. | 23,719.6 | 23,719,6%%
2 Ngg vse N100+N2go 1 82,7 8247
‘Nygo Vse Ngog 1 71546 715,6%%
P levels 3 | 1,350.5|  450,2%%
3 Pp vse. Py1o+Poo+Py0 1 1,298.,0| 1,298,0%%
2 P1g V8. Pog+Pyg 1 2643 26,3
Pog Vs. Pyg 1 2643 2643
K levels 3 929.0 309, %%
3 Ky vse Kog+Kg0+K100 1 89443 894 , 3%%
2 Kog Vs« Kgg+K100 1 28.5 2845
K50 vse K100 4 1 6e3 603
| NP 9 69307 77.1
NK 9 569,4 6363
PK 9 337,77 57,5
NPK 27 1,382,1 51.2
Between replicates 1 16,5 16.5
Within replicates (error) 63 | 2,652.5 42,1

# Significant at 5% point.
#% Slgnificant at 1% point.
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(1) 1/10 of dry weight in grams
(2) 1/100 of fruit yield in grams
(3) 10 times per cent phosphorus
(4) Per cent potassium

(5) Per cent nitrogen

6,0

5.0

4.0

3.0

2.0

1.0

0 ' 50 100 200
NITROGEN LEVEL (PPM NOz IN SOIL EXTRACT)

FIG, 14.—Effect of nitrogen levels on the average dry weight,
fruit yleld, and per cent nitrogen, phosphorus, and potas-
sium in the leaf samples,
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recovered. Evgntually, those grown on Brookston soil at
this high level of nitrogén made more growth than did those
that recelved less nitrogen. The Brookston silt loam used
in this experiment was higher in organic matter and had a
much higher base exchange capacity than the Oshtemo loamy
sand, These properties gave the Brookston soll a much
greater buffering capacity which apparently accounted for
the inconsistent results bétween the two experiments.

Symptoms of nitrogen starvation appeared seven weeks
after transplanting on all plants which did not receive
nitrogen. These symptoms were the same as those described
in the previous experiment. No phbsphorus or potassium
déficiency'symptoﬁs occurred during the experiment.

Growth response to phosphorus treatments 1s shown_in
 Table 15 and Fig, 15. They show that the only significantf
difference between levels was between none and some phos-
phorus, The second level, Pjp, was fully as effective as
the heavier applications. There was no indication that the
highest phosphorus level, which was equivalent to over 9300
pouhds-per acre of C.P. primary monocalcium phosphate, was
detrimental to .the growth of the plants,

Potaésium treatments caused results similar to those
obtained for phosphorus as is apparent in Table 15 and Filg,
16. It 1s shown that Kog resulted in a significant response
in growth over no potassium and that there was neither pos-

1tive nor negative growth response to_additional applications
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(1) 1/10 of dry weight in grams
(2) 1/100 of fruit yield in grams
(3) 10 times per cent phosphorus
(4) Per cent potassium

(5) Per cent nitrogen

6.0

2.0 ’7/"'~--

8) .
/
1.0-
. . , .
0 10 20 40

PHOSPHORUS LEVEL (PPM IN SOIL EXTRACT)

FIG. 15,—~Effect of phOSphorus levels on the average
dry weight, fruit yield, and per cent nitrogen,
phosphorus, and potassium in the leaf samples.’



6.0

5.0

4,0

3.0

2.0

1.0

59

(1) 1/10 of dry weight in grams
(2) 1/100 of fruit yield in grams
(3) 10 times per cent phosphorus
(4) Per cent potassium
(5) Per cent nitrogen
/"‘———__(_11
n /// —— (2) —
-
\
PP
\ (4)
i \.a';_\gm
0 25 50 - ‘ 100

POTASSIUM LEVEL (PPM IN SOIL EXTRACT)

FIG. 16.—Effect of potassium levels on the average dfy welight,
fruit yield, and per cent nitrogen, phosphorus, and potassium
~In the leaf samples,
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of this element.

Fruit Yield: High fruilt ylelds were obtalned only
from large, healthy plants.; It is apparent from the data
in Table 16 and Fig. 14 that Ngp and‘NlOO resulted in
significantly higher ffuit yields than did Ng or Nggg even
though Nogo fesulted in the largest plants, The decfeased
‘fruit yield at N260 was evidently due to an unbalanced ratio

~of carbohydrate to avalilable nitrogen. Sincé this crop was
- grown in the fall, during a period of low light intensity
and short days, the explanation 1s applicable., According to
Kraus and Kraybill (19) excessive nitrogen in the presence‘
of low carbohydrates results in low frult production of the
tomato. |

The importance of an adequate éupply of avallable
phosphorus 1is indicated in Table 16 and Fig. 15, A response
in fruit yield which was significant at the 1% point was
obtained by the addition of phosphorus feftilizer. The Pjg
and Pgop levels were equally effective in promoting frﬁit

production. ZEven though the yields between P2p and Pap were
sufficiently different to be significant at the 5% point, it
is doubtful whether the higher level was of further value,

There was no response in fruit yield to applications
of potassium fertilizers as Table 16 end Fig. 16 show, This
éan be eccounted for by the fact thet the supply of exchange-
able potassium in the untreated soll was equivalent to 80

pounds per acre, In addition to the original supply a small
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_TABLE 16,=Analysis of variance of fruit yield of
tomato plants grown on Brookston silt loam.

Source ‘D;F. SeS, Mean square
Total 127 [3,523,327.5
Treatment 63 |3,059,639.5 48,565, T4
N levels 3 |2,484,756,9 | 828,252,3%4
“ 3 Ng vse Ngo+Njgo+Nago 1 |2,434,614.0 [2,434,614,0%%
2 Ngg vse Nypo*Nooo 1 2,836, 7 2,836,7
N100 vS. Nago 1 47,306.3 | 47,306,3%
P levels - 3 236,397.9 78,799 . 3%
3 Pg vs. P1o+Poo+P4g 1 1é5,301.o 195,301, 0%
2 Py, vs. Poo+Pag 1 2,140.0 2,140,0
Pog VS. Pyg 1 38,956.9 38,956,9%
K levels | 5] 12,454,5 4,1561.5
NP 9 75,905.9 8,434.0
NK 9 29,124,3 3,236,0
PK 9 67,369.8 |  7,485.5
NPK 27 153,63042 5,690,0
Between replicates h 1 5,913.2 5,913,2
Within replicates (error) 63 457,774.8 7,266,3

# Significant at 5% point.
#% Significant at 1% point,
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amount of potassium was released from the clay minerals
during the growth of the crop.

In order to determine the amount of non-exchangeable
potassium released»frém this soll an incubsation experiment
was conducted In the laboratory. A sample of the untreated
Brookston soil was hydrogen saturated by thoroughly leaching
with O.1 N HCl to remove all exchangesble potassium. The
HC1 treatment was followed by successlve washings 6f dis-
tilled watef»until the leachate was free from chlorides,
After the hydrogen saturated soil had become ailr dry, ten-
gram samples were allowed to incubate in the laboratory for
five weeks with the molsture maintained at 40 per cent,
FPollowing this period of incubation, exchangeable potassium
was again determined., It was found that the soil released
the equivalent of 5 pounds per acre of potassium during the
five weeks, This small release of non-exchangeable potas-
sium. was sufficient, in addition to the original 80 pounds
per acre of exchangeable potassium to prevent the occurrence

of potassium deficiency symptoms in the plants.

Nitrogen Content of Leaf Samples: A significant
increase in the nitrogen content of the leaves was obtained
with each increase of nitrogen in the sin as is shown 1in
Table 17 and Fig. 14, Thé average per;éntage of nitrogen
inereased from 1.02 at the Ng level to 2.75 at the Ngpop level.

The nitrogen content of the leaves was not affected

by the phosphorus levels in the soll.
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TABLE 17,-—Analysis of variance of per cent
nitrogen of leaves from tomato plants
grown on Brookston silt loam,

Source D.F, S.S. Mean sguare

Total |127 | 59.7165
Treatment 63 | 57.0278 0.9052%%
N levels 3 | 54,1816 | 18,0605%%
3 Ng vs. No+N100+N200 1 | 45,2445 | 45,2445%%
2 Nyg vs. NygotNeoo 1 7.0533 7.0533%%
N300 vs. Ngoo 1 1.8838 1,8838%%

P levels 3 0. 3254 0,1085

K levels 3 0.4541 0.1514%
3 Kg vs. Kos+Ks0+K100 1 | 0,1453 0.1453

2 Kog vs. Kgg+Kjgg 1 042790 0.2790%

Kgo vs. K300 1 0.0298 0.0298
NP 9 0.5048 0.0561.
NK -9 0.2272 0.,0252
PK | 9 0.2596 0,0288
NPK | 27 1.0751 0.0398
Between replicates 1 0.,0746 0.0746
| Within replicates (error) 63 2.6142 | 0.0415

# Significant at 5% point,
##% Significent at 1% point.



64

There i1s some Indication that the nitrogen content of
the leaves was lncreased by the higher levels of potassium,
although this evidence is not conclusive,

Phosphorus Content of Leaf Samples: The phosphorus
content of the leaves lncreased with each increase of the
element in the so0ll as is indicated in Table 18 and Fig. 15.
The concentration of phosphorus in the leaﬁes increased from
0.15 per cent at the Py level to 0.45 per cent at the Pygq
level,

The phosphorus content of the leaves did not vary as
nitrogen levels increased, |

In the sbsence of adequate potassium, repreéented by
Ko, as indicated iIn Table 18 end Fig. 16, thefé was a con-
'siderable accumulation of phosphorus in the leaves., How-
ever, the average phosphorus content of the leaf Samples
from plants which received Kog, Kgg, and Kjgg was essentlally
. the same, '

The phosphorus content of the leéves was influenced
by the NK and PK interactions. This indicates that the con-
tent of phosphdrus in the leaves of plants at various. soil
nitrogen levels was affected by the quantity of potassium
present., Similarly, it indicates that the content of phos-
phorus in the leaves of plants at various soll phosphorus
levels was affected by the quantity of potassium present.

Potassium Content of Leaf Samples: As with the other

two elements, potassium in the leaves continued to increase
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TABLE 18,-—Analysis of variance of per cent
phosphorus of leaves from tomato plants
grown on Brookston silt loam.

Source D.F, S.S, Mean sguare
Total 127 4,0091
Treatment 63 348440 0.0610%%
N levels 3 0.0177 0.0059
P levels 3 1.7211 04 5737%%
3 Pg vs. P1gtPoo+Pyg 1 1.5088 1.5088%%
2 P1g vs. Pog+Pyq 1 | 0.1957 | 0,1957%%
Poo VS. Pgo 1 0.0166 0.,0166%
K levels 3 1.3743 0.4581%%
3 Ko vs. Kos+Ks0+tK100 1 1,3645 1.3645%%
2 Kog vs. KgotKjgo 1 0.0064 0.,0064
Kso V8« K300 1 | 0.0035| 0,0035
NP 9 | 0.0295 0.0033
NK 9 0.1121 0.0125%#%
PK 9 0.4616 0.0513%%
NPK ﬁ27_‘ 0.1277 0.0047
Between repllicates 1 00,0001 0.0001
Within replicates (error) | 63 | 0.1650 | 0.0026

# Significant at 5% point,
#% Significant at 1% point.
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with higher applications of potagsium fertilizers as Table
19 and Fig. 16 show. The leaf samples averaged 1.04 per
cent potassium at the Kg level while the average at the Kjgg
level was 3.98 per cent,

The levels of nitrogen had a marked influence on the
content of potassium in the leaves. In Fig. 14 it can be
seen that an inverse relationship was found between niltrogen
" levels in the soil and the potassium content of the leaves,
As the nitrogen level increased, the nitrogen content of the
leaves and the growth 1n¢reased while potassium in the
leaves decreased. This trend continued to the Njgg treat-
ment, above which there was no further decrease in per cent
of leaf potassium.

The potassium content of the leaves did not vary as

soll phosphorus levels were lncressed.
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TABLE 19,~Analysis of varience of per cent
potassium of leaves from tomato plants
grown on Brookston silt loam.

Source D.F. S;S. ean square
Total 127 194.6172
Treatment 63 185,2997 249413%%
N levels 3 2343242 T TT4TEE
3 Ng vs. Ngo+Nyo0+Nogg 1 21.1876 | 21,1876%%
2 Ngg vse Njgo*Nogo 1 1,7538 1,7538%%
N100 Ve Nago 1 0.3829 0.3829
P levels 3 005033 0.,1678
K levels 3 | 151.6855 | 50,5618%%
3 Ky vs. Kog+Kgo+Kipo. 1 1337076 | 133, 7176%%
2 Kos vse Kgo+Kioo 1 9.6302 9.,6302%%
Kso vse K100 1 843377 8.3377#% |
NP - ' | 9 1.8635 0.,2071
NK | 9 2,8056 | 0.3117%
PK 9 1.5878 0.1764
NPK 27 3.5298 0,1307
Between replicates 1 | 0.3507| 0.3507
Within replicates (error) 63 | 8.9668 | 0.1423

% Significant at 5% point.
## Significant at 1% point.
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DIFFERENTIAL VARIETAL RESPONSE OF TOMATOES |
TO POTASSIUM FERTILIZER
In the past there have been several investigations
Into differential varletal response of various field crops
to fertilization, Lyness (18), investigating 21 varieties
of corn,‘observed large differences in susceptibility to
phosphorus deficlency among varleties. Stringfield and
Salter (34) reported a highly significant variance in yield
between varieties of corn due both to season and soil fer-
tility levels. Similarly, working with pure line‘varieties
of barley, Gregory and Crowther (11,12) found a differentiél
response to fertilization., Lamb and Selter (15) establishéd
differential varietel response of wheat by statistical anal-
ysis of the yields from 17 vafieties gfown at different
fertility levels. Investigating the nutrition of apple trees,
Blake, Nightingale, and Davidson (3) found that the calcium
requirement of the Delicidus and Stayman varieties 1s higher
than that of the McIntosh and Baldwin. 'Likewise, Batjer and
Magness (2) obtained higher percentages of potassium in
leaves from Delicious Qpﬁlé trees than from those of the
Rome Beauty and York varieties grown under the same condi-
tions.
In March, 1948 an observation which indicated differ-
‘entiel varletal response to soll treatment was made by the
Writer in a commercial tomato grower's greenhouse located at

Grand Rapids, Michigan, Improved Bay State and Spartean

i
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Hybrid tomato varieties were growing side by éide in ground
beds, The plants of both varleties were from six to eight
feet tall and were heavily set with fruit. The first pick-
1hgs were being made at the time of these observations.
Leaves of the first mentioned variety showed a yellow mot-
tling with the interveinous tissue more yellow than that
ad jacent to the veins. Mottling was more complete near the
edges, but in severe cases it nearly covered the leaves as
the leaflet in Fig. 17 shows. The leaves of the Spértan

Hybrid plants were healthy gfeen in color,

!

FIG, 17.,—A mature tomato leaflet
showing potassium starvation.
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Cook and Millar (8) have described symptoms very
similar to these as chafactefistic of potassium deflciency
of mature tomato plants. Soil and tissue tests indicated

that these symptoms were due to potassium starvation.

Experimental
A greenhouse sxperiment was conducted 1in an attempt
to repegt and study the results mentioned above, under
}controlled growing conditions. The same varieties were
grown at varying potassium levels, Eighteen kilograms of
screened, alr dry Oshtemo loamy sand was placed 1n 4-gallon,
glazed, earthenware jars. The general treatment applied to

all jars 1s gilven below:

CaC0z- 18,00 gm. per jar 2000 pounds per acre
Ca(HgPOg)oeHo0  19.85 " 2205 "
NH4NOz 6.48 " 720 "
MnSO04+4Ho0 0.90 " 100 "
MgS0g4+ 7H20 4,50 " 500 "
NaoBgOn 0.09 " 10 "

The experiment ﬁas designed with‘five replications of
each variety at six potassium levels. These levels werev
established at 0, 5, 10; 25, 50, and 100 ppm of potassium in
the soil extract, by the additlion of K5504. The potassium
treatments are presented in Table 20, |

Three seeds were planted in each jar on July 16, 1948,

On July 31 the plants were thinned to one per jar., In each -
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TABLE 20,-—Potassium treatments applied
to Oshtemo loamy sand,

Potassium level | K2S04 added per Pounds per acre
‘ jar (em.) equivalent
Ko - . 0,00 | 0
K5 | 1,93 214
Kig . 3.83 425
Kog 90,59 1065
K50 31,68 3520
K100 49;19 5465

case this plant was reset to the center of the jJar,
Nitrogen was added as needed during the experiment.
No potassium or phosphorus was added after the initilal
application. .
| The seventh to eleventh leaves, inclusive, from the
base'bf the plants were collected on October 13, 1948, to
represent leaf samples for analysis. The entire crop was‘

harvested on October 26,

Results and Discussion
Nine weeks after the seeds were planted four of the
five Improved Bay State plénts whichrdid not receive potas-
sium showed marginal leaf yellowihg, o gsymptom of potassium
starvation, The Spartan Hybrid plants did not show the leaf
discolorations., However, both varieties were stunted by the

lack of potassium and the plants were characterized by short



internodes and small leaves., These conditiohs remained
throughout the experiment with the leaf yellowling of the
Improved Bay State plants increasing In severity, while the
Spartan Hybrid plants never developed this symptom. Potas-
sium deficiency symptoms occurred only at the Kp level,

In this experliment, the Improved Bay State varlety
made less vegetative growth but produced more frult than did
the Sparten Hybrid variety. This 1s shown by the data pre-
sented in Teble 21,

The mineral composition of the leaves and fruit, also
shown in Table 21, varied considerably between varieties;
The data for per cent ﬁotassium, calcium, magnesium, and
phosphorus in the leaves, and the per cent potassium in the
fruit were analyzed statistlically as a split plot design as
outlined by Snedecor (31). Considering the experiment as a
whole, there was essentially no difference in the percentage
of potassium In the 1éaves of the two varieties but the
Improved Bay State variety producedvfruit slgnificantly
higher in percentage of potassium than did the Spartan
Hybrid variety. The Improved Bay State was found to contain
more cealcium in both leaves and fruit. No varietal differ-
ence was found in. the per cent magnesium in the leaves or
fruif. Leaves of the Spartan Hybrid plants contained sig-
nificantly more phosphbrus than did those of the other
variety while the fruit showed very little varletel differ-

ence in this respect.



TABLE 2l.—HResponse of two verleties of tomatoes to increased
potassium levels as indiceted by fruit yleld, dry welght
of plant, snd chemical composition of leaf samples.

Yield of Dry welght Average chemical composition | Average chemical composition
Treatment Variety fruit of plant of leaf samples(4) of the frult(4)
(gm.)(3) (gm.)(3) K [ £#Ca | ZMg [ ZP ZK | %Ca | ZMg | %P
Ko I.B.S.(1) 220 33 0.43 3,04 0.58 0.48 2.04 0.27 0.14 = 0.64
S.H. (2) 108 39 0.39 3.00 0.63 0.57 1.97 0.19 0.14 0.74
K5 I.B .S. 596 69 0.59 3.45 0.71 0.39 R. 27 0.20 0.14 0.56
S.H. 409 73 - 0.72  3.28 0.64 0.45 2.18 0.14 0.11 0.57
KlO I.B.S. 754 75 1.36 5426 0.66 0.38 2,80 0.18 0.15 0.55
S.H. 523 85 1.43 2.90 0.61 0.55 .57 0.16 0.12 0.56
KéS I.B.S. 653 92 3.54 2.90 0.57 0.34 3435 0,17 0.15 0.51
S.H. 564 - 89 5.80 2.64 0.54 0.54 3.47 0.15 0.18 = 0.57
KSO I.B.S. 582 97 6.42 1.78 0.85  0.36 4,62 0.12 0.23 0.58
- SeHe 511 103 6.44 1.63 0.51 0.53 4,02 0.08 0.16 ‘0.55
KlOO I.B.S. 744 92 7.18 1.45 0.45 0. 38 4.74 0.08 0.22 0455
S.H. 468 105 7.70 1.24 0.47 0.565 4.22  0.07 0.19 0.55
Significance
between :
varieties ' NeSe * Ne e 33 akad
(1) Improved Bsy State. ’
(2) Sparten Hybrid.
(3) Average of five replicates.
(4) Percentage is based on oven dry weight.
% Significant at 5% point.
3

‘Significant at 1% point.

gl
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Varying the potassiumjlevels had s marked efféct on
‘the cheﬁical composition of the leaves. Fig, 18 showé the
average per cent phosphorus, potassium, calcium, and'magne—
sium in the leaf samples collected from each plant within
the potassium levels, The potassium content of the leaves
continued to lncrease with each addlitional increment added
as a fertilizer, although, as shown 1n‘F1g. 18, the curve
ievels off somewhat with the last increment. Some individe
val leaf samples from plants which received the‘KlOO treat-
ment contalned as much as 8,00 per cent potassium. The
average content rsnged from 0.41 per cent at the Kg level
to 7.44 per cent at the Kjpp level.

The phosphorué-content.of the leaves was reduced by
the first increment of potassium fertiligzer but ﬁas not
" further reduced by addifional applications., This is clearly
shown by the phosphorus curve in Fig. 18,

The concentrations of calclum and magnesium in the
leaves were affected simlilarly by the treatments, As shown
In Fig. 18 the first increment of potassium caused a marked
increase in growth and favored the accumulation of calcium
end magnesium. The concentration of both calcium and magne-
siﬁm, however, was appreciably decreased by the heavier
applications of potassium. These results are in.agreement
with Carolus (7), McCalla and Woodford (22), and other in-

vestigators.

It can be seen in Fig. 19 that the composition of the
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- FIG. 18.—~Effect of increased potassium levels in
the soll on the chemlical composition of the leaf
samples of tomato plants.
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fruit was more resistant to change due to treatment than was
that of the leavés. As the potassium applidation'was in-
creased the content of potassium in the frult increased but
not to the extent that it did in the leaves. The range was
from an average of 2,01 per cent at the Kg level to an aver-
age of 4,48 per cent at the KlOO level, This increase in
potassium is to the extent of 2,2 times as compared with an
increase of over %g times in the leaves of plants which re-
ceived the same treatments, As with the leaves there was a
tendency for phosphorus to accumulate in the fruit where the
soll potassium 1eve1'wés inadequate., The calcium snd magne-
sium content of the fruit was extremely low, approximately
0,17 per cent and 0.15 per cent respectively. Increased
potassium treatments tended to decrease the calcium and 1n-

crease the magneslum in the fruit,
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FIG., 19.—~Effect of increased potassium levels in
the soil on the chemical composltlon of tomato
fruit.
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" EFFECT OF BORON LEVELS ON THE YIELD AND |
CHEMICAL COMPOSITION OF TOMATOES

It 1s en established fact thaé boron 1s essehtial for
normal growth and development of plants., Johnston and Dore
(13) and Johnston and Fisher (14) have demonstrated that
appreciable quantities of this element are needed for the
normal development of tomato plants., These investigators
observed that tomato plants growing in water cultures re-
quired a conecentration of approximately 0.5 ppm of boron for
normel growth and that a concentration of 5.5 ppm was toxic
to the plants., They indicated that boron deficiency s&mptoms
of the tomato included‘death of the terminal growing point of
the stem, breakdowhmof the cénducting tissue in the stem,
brittlehess of stem and petiole, and poor root development,
Boron- toxlcity symptoms of the tomato were described by
these workers as a browning and dying of the leaf margins of
the older leaves, |

ﬁaliegh (28) has observed that the fruit of tomato
plants grbwn in a boron deficient media tend to be small
with charascteristic brown areas that later take on a réugh
appearance.

The effect of boron on the absorption of other
elements has been undergoing rigorous research during recent
yeérs. - In a thorough-feview of the subject, Parks, Lyon,
and  Hood (24) have pointed out that consliderable disagree-~

ment exists among the results of various workers, Inves-




, _ | 79
tigations in thelr laboratory showed that as thenboron
concentration of the media is increased, the absorption of
certain elements increases to a maximum and then decreases,
They suggest that the disagreement between results of in-
dependent workers 1s due to differences in the initisl
supply of boron.

Plaents vary greatly in their requirement and toler-
ance for boron., Purvis énd Henna (27) have studied the
boron tolerance of several plants. They found that the
tomato is one of the more tolersnt plants. It was not in-
jured by the application of as much as 50 pounds of borax
per acre., Thelr results indicate that the degree of boron
toxlicity, as shown by using the snap bean as an indicator
crop, varies with soll type. Plant tolerance was correlated
with the exchange capacity of the soll and with the amount
of available boron present.

Investigations were undertaken to obtain further in-
formation regarding the requirement and tolerance range of
tomato plants for boron. It was anticipated thet some in-
sight might be galned concerning the relationship of boron »
to the absorption of other mineral nutrients by making
chemical énalyses of the treated soils and the plants grown
Aon them, Two experiments were conduéted with these objec-
tives in mind. The first was carried out during the spring
of 1948, the second during the fall of the same year. They

will be discussed in order,
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Response to Boron Treatments on Overlimed °
Oshtemo Loamy Sand '

Experimental: Seeds of the Master Marglobe (Stokes)

variety were planted on March 27, 1948 in flats which con=-
tained Oshtemo loamy sand. Four weeks later the plants were
transplanted, one per jar, into l-gallon glazed jars which
contained 4% kilograms of screened, alr dry Oshtemo loamy |
sand. The roots of each plant were washed free of soll
before setting into the jars. At the time of transplanting,
gsoil samples to be analyzed for boron were collected from
each jar,

All treatments were applied and thoroughly mixed into
vthe soll at the time of transplanting. The general treat-

ment included:

Reagent Pounds per acre equivalent
CaC0z 4000
KNOz : 2000
KoS04 760
Ca(HPO4)+Hg0 2500
MnS04*4H20 : 100
MgSOg4e TH20 ‘ 100

The lime application Increased the pH of the soil
from 4.4 to 7.8. |

Boron was applied at the rate of 0, 10, 25, 50, and
200 pounds per acre of C.P., NagBgOp. All treatments were in

triplicate. The experiment was terminated on August 9. At
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this time the upper half of each plant was saved for tissue
analysis.

Hot water soluble boron in the soll and total boron
in the plant tissue were determined by the quinalizsarine
procedure according to Berger and Truog (4).

Statistical analyses were made of the data from frult
yields, green welghts, and composition of the leaf samples.

Results and Discussion: The tomato plants grown on

this soill showed a marked response to boron as 1s indicated
by the dry weight end frult yield data in Table 22, The
fruit yield weas more than doubled by the addition of 10
pounds of NagBy07 per acre and the statlistical ansalysis
showed the iﬁcrease»to be significant. As the rate of appli-
cation of sodium tetraborate was increased over the initial
10 pounds the increase in yleld of fruit became less until
with the 50 pound per acre application the.yield was signif-
icantly less than it was with the 10 pound application. The
50 pound per acre applicastion, however, resulted in a yield
which was significantly greater than was that obtained from
pots which did not receive boron,

Green weight of the plants was affected simllarly by
the boron treatments. Applications equivalent to 10, 25,
and 50 pounds per acre were equally effective 1n promoting
plant growth., Bach of thesé amounts caused the piants to
become significantly heavier than were those which did not

recéive boron. The increase in yleld where the application



TABLE 22.— Effect of boron treatments on the yleld and chemical composition

of tomato plants grown on Oshtemo loamy sand.

e compogition of plant (1)

NaoB,Onp added | Ave. fruit | Ave. green | Ave. boron content{ppm) Ca/B in Averag
(1bgs./scre) yield(gm,) wt. (gm.) soil plant plant 4N 3P |3K |%Ca |% M
0 255.0’ 261.0 0.14 8.0 2175 2.06 0.38 2.19 1l.70 0.20
10 §65.7 329, 3 0.53 25.1 645 1.78 0.27 1l.26 1.62 6.16
25 . 440.3 350.0 1.36 45.7 335 1.42 0.28 1l.63 1.53 0.15
50 3793 519.3 2.86 61;6 242 1.60 0,32 1.93 1.49 0.19
200 35345 285.7 9.46  249.9 77 1.85 0.38 2.19 1.85 0.16
L.S.D.(2) 133.5 42.0 0.63 0.06 0.35 n.s. DNes.

(1) Percentage is ba§§d on oven dry weight.
etween treatment means
required for significance at the 5% point.

(2) Least difference

38
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of NagByOr was at the rate of 200 pounds per acre was not
significant. Judging from green weight yields, applications
of NagBgOy could be as great as 50 pounds per acre, but from
fruit yiélds it 1s evident that the 1imit should be placed
at 10 pounds per acre,

Foliar symptoms indicating nutritional disorders
appeared on plants which did not receive boron but the defi-
ciency was not severe enough to cause death of the terminal
growing points as described by Johhston and Dore (13).

Boron starved plants in this experiment showed a yellowing
of the leaflet tips with the affected area later dying. In
advanced stages of the deficlency the entire area of the
lower leaflets became yellow and, as the marginal tlssue be-
came necrotic, the edges of the leaflets curled uvpward. The
disorder appeared on the older leaflets first and progressed
to the younger ones.

Toxicity symptoms occurred on all plants which re-
ceived 50 pounds“per acre or more of NaoByOp. The symptoms
‘were slight on the plants which received 50 pounds per acre,
but were severe where 200 pounds was applied.

Borcon toxicity symptoms appeared as yellowish-brown
areas at the tips and glong the margins of the older leaf-
lets, ‘The tissue in these areas later died resulting in
brown necrotic regilons. These symptoms were simlilar to
those described by Johnston and Dore (13) and Johnston and

Fisher (14). They were also similar to boron toxicity
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symptoms of ‘soybeans, as described by Muhr (23).

Chemical analysés of the soill and plant tissue
samples revealed that in both the boron concentration in-
creased with applications of boron. As shown in Table 22
the ﬁater soluble boron in the soil increased from 0,14 ppm
where boronbwas not applied to 9.46 ppm where 200 pounds per
acre of Na2B4O7 was applied. Likewise, the concentration of
total boron in the tissue samples iIncreased from 8.0 ppm to
249,9 ppm as a result of the 200 pounds per acre treatment.

The concentrations of nitrogen, phosphorus, and potas-
- gium in the tissue samples were each significantly affected
by the boron treatments, The percentage of each element
variled iﬁversely with growth and fruit yield. There was a
tendency for them.to accumulate where boron was either defi-
cient or present in toxic concentrations; Wheré growth and
fruit yields were highest the Concentration of each of the
three elements was at a minimum.

The percentages of calcium and magnesivm in the
tissue samples were not affected by the boron treatments.

As is shoﬁn in Table 22, the calcium-boron ratio of
the samples decreased from 2175 where boron was not applied
to 77 where 200 pounds per acre of NapB,On was added. Nor-
mal plants, which received the 10 snd 25 pound per acre
applications, had a calcium-boron ratio of 645 and 335 re-
spectively. Those plants grown with the 50 pound treatment

showed slight toxicity symptoms and had a calcium-boron
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ratio of 242, These values are in falr agreement with those
~obtained by Brennan and Shive (6)., They investigated the
calcium-boron relationship in tomato plants and found that
the ratio of these elements in the leaves of normal plants
ranged from 201 to 593. They also observed that any great
deviation from thils range resulted 1n an unbalanced condi-
tion which caused physiologlcal abnormalities in the plants,
Values much above 593 were assoclated with boron deficlency
symptoms while those much below 201 were*associated with
boron toxicify symptoms.

Response to Boron Treatments on Thomas Loamy
Sand, Miaml Loam, and Wisner Sandy Loam

Experimental: This experiment was similer to the

preceding one but was expanded to include three soil types,
Thomas loamy sand, Miami loam, and Wisner sandy loam. These
soil types were selected because they ranged from neutral to
alkasline in reaction and because such crops as sugar beets
had shownnfavorable responses to applications of borax on
. them,

For this experiment Improved Bay State tomatoes were
grown, The seeds were planted in flats on July 22, 1948,
When the plants were about four 1nches'high they were trans-
prlanted following the same procedure as was used in the pre-
ceding boron experiment. |

The géneral treatment in thls experiment was different

from that used in the preceding experiment. The reagents
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applied to these soils includeds

Reagent Pounds per acre equivalent
NH4NO3 1325
KpS0, - 1325
Ca(HPO,) p-HgO | 2500
MnSO4¢4Ho0 : 100
MgS04 « 7TH20 500

Nitrogen was added as needed during the course of the
experiment,

The boron treatments coﬁsistéd-of NapB,0r; at rates
equivalent to O, 10, 25, 50, and 100 pounds per acre. The
treatments were in triplicate, |

Soil samples to be analyzed for boron were taken from
each Jar four weeks after transplanting.

The experiment was terminated on November 7 at which
time.separate leaf samples were collected from each plant,
The seventh to éixteenth leaves, inclusive, from the base of
the plants made up the leaf samples. At the time of harvest
the fruit were well formed but none were ripe,

Individual measurements énd determinétions were made
on each plant and analysls of variance was run on fruit
yield, dry weight of plants, and composition of the leaf
samples,

Results and Discussion: The average resvlt by treat-

ment for fruit ylelds, dry weight of plants; chemical comp-

osition of leaf samples, and boron content of the soil
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semples for each of the soils, Thomas loamy sand, Miami loam,
and Wisner sandy loam, is shown in Tables 23, 24, and 25
respedtively, Tt can be seen from these data that fruit
ylelds were not affécted by treatment on any of the soils.
Likewise, the dry welght of the plants on the Thomas and
Wisner soils was not affected by treatment., However, the
plants on Miami soil were significantly inhibited in growth
where 100 pounds per acre of NapoB4On was applied. As with
the other two solls there was no appreciable increase in grow-
th due to boron appllcations on the Miaml soll.

Symptoms of boron starvation did not occur on any of
the plants In thls study. Toxiclity symptoms occurred on all
plants which received either of the two higher rates of
NagB4Ov. These symptoms were the same as those descfibed
for boron toxicity in the preceding experiment., As can be
seen in Fig, 20, these symptoms were slight where 50 pounds
per acre was applied but were severe where the applicatién
was 100 pounds per acre. It 1s of Interest that even though

severe toxicities occurred at the highest rate of applica-

tion, fruit‘yields were not reduced and growth was inhibited
only on the Miami losm,

The water soluble boron 1in the soil and the total
boron in the leaf samples increased with increased boron
appliéations, as was true in ﬁhe preceding experiment. The
boron content of the frult changed only slightly wilth treaﬁ-

ment. Fruit of normal plants contained between 11 and 15



TABLE 23.—Effect of boron treatments on the yield and chemical composition

of tomato plants grown on Thomas loamy sand.

Na 407 added
(Ibg./acre)

0
10
e5
50
100

L.S.D.(2)

_Ave. fruit

yield(gm.)
548.7

629.3
5655
559.3
494.7

INe e

Ave. boron content(ppm)

Ave. dry
wt. (gm. )

9.3 2.08
46.7 - 2.65
46.0 3,01
46.% 3,74
44.3 9.22
NeSe

69.2

72.8
89.2

150.9

377.3

goill 1eavgs| fruit

11.5
12.7
13.2
14.5

12.3

Ce/B in Ave. composition of leaf samples (1)
|___leaves N | %P | 2K | %Ca] % Mg~
497 2.34 0.57 1,03 3.44 0.90
488 Re25 0.56 0,90 3,85 0.90
- 381 2e51 0483 0.97 3440 6-98
‘209 2¢54 0.59 0.95 3.15 0.90
103 2,73 0.64 1,10 3,88 1.03
0.28 | NeSe MNeSe MNoSe MeSe

(1) Percentage is based on oven dry welght.

(2) Least difference between treatment means
required for significance at the 5% point.
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TABLE 24,—Effect:of boron treatments on the yleld and chemical composition
of tomato plants grown on Miami loam.

NaoB,0, added | Ave. fruit | Ave. dry | Ave. boron content(ppm) Ca/B in | Ave. compositlon of leaf sampleg(1)}
(Ibs./acre) yield(gm.) wto(gm.) | soil | leaves | fruit leaves %P 4K £ Mg
0. 35843 42.0 1.32 33,0 1l.5 1167 2..88 0.59 1.23 %.85 0.99
10 355.3 42.0 1.73 59.1 10.9 733 2.74 0.68 1.33 4,33 1.10
25 267.0 49.3 R.27 ‘6R.4 14.2 615 2.60 0.63 1.52 3.84 0.93
50 375.0 38.3 3.47 124.5 21.0 356 2.76 0.76 1.40 4.4% 1.056
100 370.7 34.7 5.76 257.9 19.4 185 .24 0.71 1.83 4.77 1.08
L.S.D.(2) n.s. 7.6 0.15 nNese 0.27 0.59 n.s.
(1) Percentage is based on oven dry weight.
(2) Least difference between treatment means
required for significance at the 5% point.
[e0)
©



TABLE 25.—~Effect of boron treatments on the yield and chemical composition

of tomato plants grown on Wisner sandy loam.

e — —
—

m——

Na25407 added

] (1bs./acre)
0

10
25
50
100

L.S.D. (2)

——
—

Ave. fruit Ave. dry | _Ave. boron content(ppm)| Ca/B in Ave. com osition of 1

vield(gm.) | wto(em.) [ soil | leaves| fruit leaves -—T'QLPT 2K
517.7 50.0 1.30 50.1 14.3 866 .27 0.43 0.97 4.34
532.0 53.0 1.62  76.0  14.5 . 571 R.25 0446 1.07 4.34
530.7 47.90 2.53 80.7  17.9 496 2.44 0.51 0.98 4.00
517.3 46.7 4,12 121.5  14.7 337 | 2.36 0.51 1.02 4.09
564.3 46.3 4.80 290.9 18.9 157 ‘.38 0.55 0.98 4.57
NeSe N.Se Nese 0.07 1nese vn.s.

eaf samples(1l
Ca: M

1.22
1.18
1.27
1.37
1.42

DNeSe

(1) Percentege is based on oven dry weight. .
(2) Least difference between treatment means
required for significsnce at the 5% point.

.08
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FIG., 20.—Leaves from tomato plants grown on Thomas
loamy sand which received increased rates of
NaoByOw. The applications in pounds per acre
were: 1-0, 2-10, 3-25, 4-50, 5-100.

ppm of boron on a dry weight basis,

The mineral composition of the leaf samples In this
experiment was not influenced by treatment as much as it was
where the plants were grown on Oshtemo loamy sand. The
composition of plants grown on the Thomas loamy sand was not
affected by the sodium tetraborate applications so far as
phosphorus, potassium, calcium, and magnesium'in the leaves
was concerned but there wés a slight nitrogen accumulation
where the boron application was the highest. This is shown
in Table 23,

Similar results were obtained with the plants grown

on Wisner sandy loam. As Table 25 shows, boron treatments
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did not affect the concentrations of nitrogen, potassium,
calcium, or magnesium in the leaf samples, but did cause a
slight accumulation of phosphorus where the highest boron
treatment was made,

A greater variation In the composition of the leaf
samples occurred in plants grown on the Miami loam than in
those grown on the other two soils, In these samples the
greatest boron applicaetion caused significant increases in
per cent nitrogen, potassium, and calcium while the phos-
phorus and magnesium concentrations were not affected. This
result 1s indicated in Table 24,

Considering the data from both boron experiments, the
percentage of nitrogen, phosphorus, and potassium in the
leaf samples was markedly changed only where growth was in-
hiblted, due either to a starvation for boron or to an ex-
cess of boron. Leaf samples from plants which developed
| normally were essentially the same in their composition of
nitrogen, phosphorus, potassium, calcium, and magnesium
regardless of boron treatment. At the extreme levels of
boron, where growth was inhibited, there was a tendency for
nitrogen,.phosphorus, end potassium to accumulate in the
leaves, Within the 1limits of the boron appiications used in
these experiments the calcium concentration in the leaves of
fhe boron deficient plants was not increased. Its concen-
tration was Increased by toxic amounts of boron onlonn’the

Miaml loam. The percentage of magnesium in the leaves was
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not affected by any of the boron treatments.

| During the course of the experiment it was bbserved
thet toxlcity symptoms were more severé on the Thomas loamy
sand than on either the Miami loam or the Wisner sandy loam.
Chemical analyses later showed that the plants grown on the
Thomas soil contained less calcium and more boron than 4id
those grown with the same bofon treatments on the other two
soils, The water soluble boron, also, was generally higher
in the Thomas soil. These conditions résulted in lower
. calcium-boron ratios in the leaves of the plants grown on
this soil. As a result more severe toxicity symptoms oc-
curred at the high boron levels on the Thomas loamy sahd
than on. the other two types.

These data show that the calcium-boron ratio in the
leaves éf boron deficlent tomato plants was greater than
1167 and the ratio in the leaves whilich showed toxiéity
symptoms was approximately 375 and below,

The soils studied were relatively high in calcium and
tQmato plants grown on them developed normally when the
concentration of water soluble boron in the soil ranged from
0.50 to 2.75 prm. When the concentration varied greatly in
either direction from this range deficiency or toxiclty

symptoms were noted.
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SUMMARY AND CONCLUSIONS

The results of a study of the effects of nitrogen,
phosphorus, potassium, and boron levels in the soll on the
yield and chemical composition:df greenhouse tomatoeé aré
présented;

Plants were grown in the greenhouse in pot culture.
Levels of nitrogen, phosphorus, and potassium were based on
parts per millibn in the soil extraét according to - the
Spurway soll testing procedure.

Two factorial experiments involving nitrogen, phos-
phorus, andvpotassium were condudted. In the first, the
80il was Oshtemo loamy sand with nitrate levels maintained
at O, 25,' 50, 100, and 200 ppm, with phosphorus at 0, 2%,
5, 10, and 25 ppm, and with potassium at O, 15, 30, 45, and
60 ppm. In the second, the soll used wes Brookston silt
loam and nitrate levels were maintained at 0, 50, 100, and
200 ppm, phosphorus at 0, 10, 20, and 40- ppm, and potassium
at 0, 25, 50, and 100 ppm. In bothtexperiments fruit yield‘
and dry wéight were obtained from each plant., Leaf samples
were’collected In the second experiment and were analyzed
for total nitrogen, phosphorus;‘and potassium, Statistical
analysés of these data were made.

Differential varietal response to potassium fertiliz-
er was studled; Plants of the Improved Bavatate and Spar-
tan Hybrid varieties were grown at potassium levels of 0, 5,

10, 25, 50, and 100 ppm., Leaf and fruit samples were
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collected and analyzed for phosphorus, potsssium, calcium,
and megnesium,

Tomatoes were grown on Oshtemo loamy sand, Thomas
loamy sand, Miami loam, and Wisner sandy loam with boron
treatments ranging from O to 200 pounds per acre of NagB4One
Minimum requirements as well as the tolerance range for the
element were studled. The relationship of boron to the
mineral composition of the leaves was investigeted.

The results of these experiments may be briefly
summarized as follows:

1. A method devised for determining the fertilizer
"fixing power" of soll proved useful in establishing and
meintaining nutrient levels.,

2, Highest yields of fruilt resulted where the nitrogen
level was maintained between 25 and 50 ppm, phosphorus be-
tween 5 and 10 ppm, and potassium between 15 and 30 ppm.

3. Nitrogen levels above 50 pprm in Oshtemo loamy sand
resulted in e decrease in both fruit yield and dry welght,

4, Phosphorus and potassium levels as high a= 25 and
60 ppm, respectively, on Oshtemo loamy sand and as high as 40
and 100 ppm, respectively, on Brookston silt loem were not
toxic to the plants where the nitrogen supply was adequate.

5. Deficliency symptoms of nltrogen, phosphorus, and
rotassium were observed.. With nitrogen deficiency the older
leaflets were.uniformly yellow. In advanced stages the

leaflet velns were distinctly purple while the interveinous
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tissue remalned a faded yellow, Phosphorus deficiency
symptoms appeared as uniform purpling of the under side of
the leaflets while the upper side becamelvery dark green.
Plants which were starved for potassium showed marginal
yellowing of the younger leaflets and yellow mottling of the
older ones., In the presence of soluble nitrogen character-
istic white spots accompanied the yellowling where the plants
were starved for potassium.

6. In the presence of a low supply of available
potassium, symptoms of potassium starvagion appeared earlier
and with greater severlity as either or both nitrogen and
phosphorus iévels were increased,

7. In the presence of a low available phosphorus
supply, symptoms of phosphorus starvation were progressively
more severe with Increased nitrogen levels,

8e High phosphorus levels tended to counteract the
harmful effects of excessive nitrogen. |

9. The percentage of nitrogen, phosphorus, and potas-
sium in the dry leaf samples increased with each addition of
thelr reépective salts.

10. Low nitrogen levels favored the accumulation of
po%assium in the leaves, but had no effect on the phosphorus
coﬁtent.

11, Phosphorus levels were unrelated to the concentra-

tion of nitrogen'and potassium in the leaves.

12, Low potassium levels favored the accumulation of
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phosphorus in the leaves,but had no effect on the nitrogen
content.

13, High potassium levels caused a reductlion in the
percentage of calcium and magnesium in the leaves,

14. Improved Bay State tomatoes required a higher
concentration of potassium in the leaves than did the
Spartan Hybrid plants 1n order to prevent the occurrence of
leaf yellowing due to potassium starvation.

15, Tomatoes showed a favorable response to boron when
grown on overlimed Oshtemo loamy sand.

16. The concentration of boron 1nvthe plant tlssues
was directly related to the amount in the soill.

17, Boron treatment had a significant effect on the
percentage of nitrogen, phosphorus; and potassium In the
tissué samples only when it was low or high enough to céuse.
resﬁricted growth. In these cases the three elements
accumulated., No relationéhip was found between boron treat-
ment and magneéium concentration. The percentage of calcium
in the leaves was increased by boron applications in only
one of the four trials.

18, Tomato plants developed normally when the concen-
tration of water soluble boron in the soils ranged from 0,50
to 2.75 ppme When the concentration varied greatly from
this range deficiency or toxicity symptoms were noted,

19, Applications equivalent to 50 pounds per acre or
more of NeogB4sOn resulted in boron toxicity symptoms on the _

plants.
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