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GROWTH, LEAF COMFOSITICON AND NUTRIFNT-ELEMENT BALANCE OF
MONTMORENCY CHFRRY (Prunus cerasus, L.)--Effect of
Varying Concentrations ol Ten Nutrient-Elements

Roy Kenneth Simons

Introduction

Several workers have investigated critical levels of
certaln nutrient-elements in relation to the annearance of
deficlency symntoms. Goodall and Gregory (1lli) brought
together the various leaf composition values reported to be
assoclated with the occurrance of deficlency symntoms for
certain nutrient-elements in various croprs. They also
summarized leaf composition values reporied to be assoclat-
ed with plants not showing symotoms. The range 1n leaf
comnosition for plants showing deficiency sympntoms frequent-
ly included a vortion of the range in leaf commosition for
vlants not showing symptoms.

Fleld surveys in commerclal cherry orchards show con-

sidersble variation in leaf comrosition. Many of the
values corresvond to those found for plants showing defi-
clency symptoms (17). Recent concevots and interpretations
of nutrient-element balance (15, 16, 25, 26) point out that
a nutrient-element can bte considered to be deficient only in
relation to the other nutrient-elements. Thus, as nutrient-
element balance intensities vary, leaf composition values

for normal nlants likewise vary.

’



Concentrations of nutrient~elements have been found
to influence plant growth significantly without causing
visible symptoms of shortages or excesses. This influence
may be considered to te associated with the balance or
relationshlins of nutrient-elements or intensity of nutrient=-
elements, which may be called hidden deficiency or excess,
According to these concents, growth, leaf comvosition, and
nutrient-element balance should be affected by varying con-
centrations of essential nutrient-elements.

Most of the investlgations of this nature have been
conducted on e¢rops other than Montmorency cherry (Frunus
cerasus, L.) and have dealt with only a few of the essen-
tial nutrient-elements. Many commercial cherry orchards
show very low vigor. This low vigor 1s believed to be asso-~
clated, in part, with hidden deficiencies, or with excesses
of one or more nutrient-elements.

This study was initiated to determine the extent to
which growth, leaf commosition and nutrient-element balance
might be affected by variations of individual nutrient-
elements in nutrient solutions suvplied Montmorency cherry

trees.




Literature Review

The influence on growth of various concentrations
of certalin nutrient-elements has been remorted by several
workers. PRrown (5), Cullinan and Ratjer (9) and
waltman (28), working with peaches reported that nitrogen
had a greater influence on growth than phosphorus. Prown
(5) considered phosphorus to have less effect on growth
than nitrogen, potassium, éalcium or magneslum, while
potassium and calcium were second to nitrogen. Waltman (28)
found the peach to be more sensitive to phosphorus defi-
clency than was the avple.

Apple tree growth was ilncreased as the nitrogen con-
centration increased to 168 vpm by Batjer and Degman (1),
and Cullinan and EBatjer (9). There was no significant dif-
ference in growth between 60 and 168 vom (1). Cullinan,
Scott and Waugh (10) obtalned best peach tree growth at 60
ppm of nitrogen. EFrown (5) found that a concentration of
1000 nom of nitrogen vproduced less neach tree growth than
did 100 oom of nitrogen. The effect of this high concentra-
tion of nitrogen was reduced by increasing the concentration
of phosvhorus, potassium, or calcium.

Chapman and Liebig (7) found 6-7 ppm of nitrogen would
maintain vigorous citrus tree growth. However, 420 ppm of
nitrogen was not harmful to terminal growth, but reduced
top/root ratio. Willcox (29) stated that application of

rhosphorus and potassium to agronomic crops relievgd

nitrogen toxicity.



FThosphorus concentrations from 4 to 40 vpm did not
affect anple tree growth according to Batjer and Degmen
(1), while concentrations of O and 2 ppm reduced growth.
Cullinan, Scott and Waugh (10) found neach growth not to be
affected by phosvhorus concentrations above L ppm. Cullinan
and Batjer (9) stated that terminal growth of neaches was
not reduced at 2 ppm if the levels of nitrogen and rhos-
phorus were maintained. Brown (5) found with neaches that
increasing phosphorus from 2 to 20 pom resulted in increased
growth, btut further incresse of phosphorus to 200 ppm did
not increase growth. Incressing the concentration of nitro-
gen or potassium increased the growth produced by the higher
concentrations of nhosphorus.

Edgerton (12) found that growth of McIntosh apples in-
creased as the potassium concentration increased to 200 ppm,
whille Delicious anvle tree growth increased as potassium was
increased to 100 oorm. Batjer and Degman (1) reported apple
tree growth té decrease as the potassium concentrations were
reduced below 117 vpm. A votassium concentration of 10 ppm
resulted in the greatest growth of peach trees 1in a study
by Cullinan, Scott and Waugh (10). Brown (5) found that a
concentration of 800 ppm of potassium did not reduce growth
except when calcium was high, or phosphorus or nitrogen
was low.

Cullinan and Batjer (9) found that terminal growth of

peach trees was not reduced by using 2 vpm of potassium if




a oroper level of nitrogen and phosphorus was ﬁaintained.
When votassium was high, Davidson and Blake (1l1l) found

that increased calcium concentrations would increase growth,
but would not orevent calclum deficiency sympntoms. Roynton
and Rurrell (3), and Cain (é) found a recinrocal relation-
ship between the concentration of potassium and magnesium

iIn that high concentratlions of one would result in defi-
ciency symntoms of the other. Balanced multivle deficiencies
were reported by Nightingale (23) to result in & normal ap-
vearing prlineavrrle rlant of reduced size.

'any relationships have bteen reported to exist be-
tween nutrlent-elements contained 1in the leaves. Erown (5)
stated that fundamentally, each nutrient-element is anteg-
onistic, at least votentially, to the accumulation of each
of the other elements. This would imply that as one ele-
ment increased 1in the leaves there 1is a corresvonding in-
crease or decrease in the other nutrient elements.

Boynton and Comoton (L), Cain (é6) and Xenworthy and
Renne (18) found that avrvlications of nitrogen fertilizers
Increased leaf nitrogen, calcium and magnesium, but de-
creased leaf vhosphorus and potassium. BResson (2) found
that concentrations of nitrogen would reduce the concentra-
tions of other elements.

Brown (5) found that increasing the nitrogen content
of the nutrient solution resulted in decreased absorption

of phosphorus, potassium, and calcium, but increased
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magnesium absorption. Leaf analysis for potassium, however,
was reported by Batjer and Degman (1) not to be influenced
by nitrogen concentration of the nutrient solution. Chap-
man and Liebig (7) found that increased nitrogen concentra-
tions did not denress vrhosphorus absorption, but that de-
creased nitrogen concentrations resulted in increased
rhosnhorus absorption. Cullinan, Scott and Waugh (10) also
found that rhosphorus absorntion was highest with low nitro-
gen concentraticns. Nightingale (23) revorted that low
nitrate absorprtion resulted in free atsorntion of phosphorus
by pineanrle vrlants in soills low 1in phosphorus. Lilleland
and Erown (22) found poor growth {(which may be due to low
nitrbgen)_was frequently associated with low phosphorus,and
many good orchards were low in phosphorus. Kenworthy and
Gilligan (19) found a positive reletionship between leaf
nitrogen and leaf n»nhosphorus when the avallabillity of phos-
nhorus was very low, but with high vhosphorus availability
this relationshir was negative.
Increasing the nhosvhorus concentration in the nutrient

solution according to Prown (5), had 1little affect uvon
nitrogen absorntion, btut decreesed the absorption of potas-
sium, calcium, and magnesium. The decreased absorption of
votassium caused by increased rhosphorus was eliminated by
increasing nitrogen and protassium concentrations. Evans,
Lathwell, and Mederski (13) in work with soybeans found

that phosvhorus deficiency increased votassium and calcium




absorption, but had little effect upon the absorption of
the minor elements. Fhosphorus applications were found by
ienworthy and Benne (18) to increase nitrogen, potassium,
and manganese absorption, while calcium and magnesium ab-
sorption decreased.

Increasing the notassium concentration did not influence
the leaf analysis for potassium in tre work revorted by
Rat jer and Degman (1) and Cullinan, Scott and Waugh (10).
Prown (5) found that ihcreasing rotassium concentrations had
little effect unon nitrogen atsorvtion, but decreased the
ebsorption of celcium and magnesium. Increésing the calcium
concentration did not relieve the reduced calclum absorp-
tion associated with righ votassium. Chapman and Liebig
(7) found that increasing calcium and potassium simultaneous-
ly resulted in decreased calcium and increased potassium
absorption. When Davidson and BElake (ll) increased potas-
sium concentrations from 140 to 590 ppm there resulted in
only a slight increase in potassium absorption, but decreased
absorption of calcium and megnesium. Nightingale (23) found
that additional potassium was needed for nitrate absorp-
tion if both carbohydrates and nitrates were high. Reeve
and Shive (24) reported that as potassium suoply was in-
creased boron accumulation increased. A deficiency of notas-
sium resulted in increased absorption of caleium and vhos-
phorus, and decreased absorntion of manganese, copper, lron,

and boron, sasccording to Evans, Lathwell and Mederski (13).




Kenworthy and Eenne (18) found that votassium avnlications
to neach trees, when potassium was deficient, resulted in
increased absorption of rotassium, calcium, and manganese,
and decreased absorotion of nitrogen, nhosphorus, and
magnesium.

Increased celcium concentration, according to Davidson
end Flake (11), ceaused a slight decrease in potassium and
increased phosvhorus absorption. Heeve and Shive (24)
found that calcium tended to check bordn injury on tomatoes,
and that high absorption of calcium and boron 1ncreaéed the
requirement for each other. Evans, Lathwell, and Mederski
(13) reported that with soybeans a calcium deficlency re-
sulted in increased analysiskfor maénesium, vhosphorus,
notassium, and boron, but decreased the analysis for man-
ganese, cornper, iron, and calcium. Their work also showed
that a deficiency of magnesium increased votassium, and de-
creased rhosphorus and boron absorntion; while magnesium
excess resulted in decressed absorption of potassium, and
calcium. PBoron deficiency lncreased caleclum and magnesium,
Manganese deficiency increased phosphorus, potassium, and

boron, but had no effect on minor element absorption.




Materlials and Methods

Thlis experiment was conducted at the Forticultural
farm at “ichigan State College during the summer of 1949.
The trees were grown from May 26 to September 15. The exveri-
mental lay~out is shown in Figure 1.

One-year-o0ld Montmorency cherry trees were used. The
trees were selected in the nursery for uniformity in size
and growth, and small slzes were teken in order to reduce the
carry=over of nutrients.

The containers were 50-vpound berry cans, having a dia-
meter of 12 3/8 inches, and a helght of 13 1nches; with a
cavacity of arproximately one cubiec foot. They were enamel
coated on the inside, and before use were pgintéd with a
water-proof asphalt emulsion. A drainage outlet was made on
the side of the contalner near the bottom to facilitate
drainage of any excess water or nutrient solution.

Each tree was washed free of soil before planting. The
shoots were pruned to apvroximately 12 inches or higher if
necessary so a8 to leave a minimum of three leaf buda. All
broken roots were removed. FEach tree was then welighed and
planted in an Oshtemo sand--a soll of low fertility.

The trees were planted with the bud union at, or just
below, the soll level, and immediately watered. Delonized
water (20, 21) obtalned by the use of synthetic resins
(Amberlite I-FK 4 B and I-F 120#) was used throughout the
¥Vanuractured by Nohm and Naas Company, Fhlladelphia 5, ra.




Figure 1. Experimental Layout at the Eortlcultural Farm.

Trees used in this study are located in the back portion
of the foreground.
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experiment. A set of de-ionizing towers, using L~inch
plexliglas tubes was constructed, and the water passed
through I-E 120 to absorb all cations, and on through 1-R

L B to absorb all anions. The anion exchange resin was re-
generated with L4 ver cent sodium carbonate, end the cation
exchange resin regenerated with 4 ner cent hydroecloric acid
wren the de-ionized water contained more tran 6 ppm soluble
salts.

All lesaf buds were left on the tree after nlanting until
arprcximately L4 em of growth wes made. At this stage all
tut three shoots were removed.

Pive replicate trees were vrlanted for each treatment.
£1so0, twenty-one additional trees were used to calculate the
dry welght of the trees planted. This was accomplished
by determining the per cent moisture of the twenty-one
additional trees, and using this as an index of the mols-
ture content of the planted trees.

Ten nutrient-elements were used with five different
levels for each. A median level, or so-called "optimum"
concentration was used as a basis for comparison. This
median level was determined from prublished work concerning
nutrient solutions for fruit trees (5) (28). Each nutrient-
element was varied from this "optimum"™ concentration by in-
creasing or decreasing the amount used. The optimum con-
centration contained twice the amount of the 1/2X optimum

level, and the 2X optimum level contained four timea the
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arount of the 1/2X optimum; while the fourth level, L4X
ontimum, contalned elght times that of the 1/2X optimum.

A zero level was used in which the nutrient-element was omite
ted. Thils arrangement provided for nutrient-element levels
corresponding to the ratlos 0, 1, 2, 4, and 8,

This »lan for each of the ten nutrient-elements made a
total of L1 treatments, using one median level, or ontimum
treatrent, for all nutrient-elewents. An a2dditional treat=-
ment was vlanted which received only de-ionized water.

Stock solutions of cremically rure H), NO3, H3P0u,

KCl, CaClz, MgSCy, HaFO3, Mnsou, CusSel, Zn30y, and FeSQOy

were rrevared individually for each of the nutrient-elements.
From these stock solutions a dilute solution for each treat-
ment was prenared in which the elements were combined in
definite rrovortions. The dilute solutions were kept 1in
S-callon tottles, and the solutions were replaced when algae
rrowth became evident. The initial pF of the soclutions was
arrroximately L.5-5.0, but no attempt was made to adjust

this value. The concentration of the nutrient-elements at
the different levels 1s shown in Table 1.

- One quart of nutrient sclution was aprlled each day
throughout the growing season. Late in the season when the
weather was cooler, nutrient solutlions were not aonlied as
frecuently as earlier in the season. Since the raln was
not kept out of the cans, an arvnlication of nutrient solu-
tions was made after each rain in order to maintain the

deslired concentration.




Table 1. Concentration of the Various Mutrient-Flements T'sed in the
Nutrient Solutions for tre Different Treatments

Compound Nutrient- Matrient-Element Concentration or Level

used Element Omitted 1/2X optimum Optimum  2X optimum [ X ontimum

nOm nOM rom nom nom
NHuNOB Nitrogen 0 112.0 22li.0 LLe.0 £96.0
P3F0), Fhosvhorus ¢ 3.0 £8.0 136.0 272.0
XC1 Fotassium 0 43.0 £6.0 172.0 344 .0
CaCls Caleium 0 6.0 176.C 362.0 70L..0
¥gSo), Magnesium 0 29.0 58.0 116.0 232.0
¥nSoy Manganese 0 2.5 5.0 10.0 20,0
H3B03 Poron 0 1.5 3.0 6.0 12.0
FeS0y Iron 0 1.0 2.0 h.b €.0
Zns0) Zine 0 1.0 2.0 L.0O 8.0
CuS0y . Covper 0 1.0 2.0 4.0 8.0

TIT ®F8d Auwdwodow oOF
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The experiment was terminated during tke week of
Seotember 15, 1919, The three most uniform trees were
selected to obtaln growth records and leaf analysis. Two
trees from each treatment were carrled throughout the winter
for additional observations. Ikach of the three selected
trees was harvested as follows: leaves removed from the
shoots; shoots severed from the maln trunk, and the trunk
separated from the roots; roéts then washed carefully;
shoots, trunk and roots cut into smaller nieces to facili-
tate drying; verious parts of each tree nlaced sevnarately
in a varer bag, and out lmmediately in the forced draft de-
hydrator regulated to 60 degrees centicrade. After the
samrles had teen In the dehydrator for several deys, each
samrle was welghed.

The leaves were ground with a wiley mill, using a }0-
mesh screen. The various replicatlons were comvosited,
mixed thoroughly, and then divided into duplicate samples.
One samrle was sent to the chemical laboratory for nitrogen
analysis, using the Kjeldahl method, and the other sample
sent to the National Spectrographic Laboratorlies, Cleveland,
Ohio, for spectrograrhic analysis for P, K, Ca, Mg, Fe,

Cu, B, and Mne.
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Fresentation of i[esults

Jrowth

Altering the concentration of any one nutrient-
element and keening &ll other nutrient-elements at the op-
timum concentration resulted in a considerable varistion
in growth. The results of growth measurements are presented
in Tatles 2 to 11, inclusive. Dry welpght increase and shoot
growth in relation to varyine concentrations of nutriente
elements are rresented In Filoures 2 and 3. |

Maximum growth was obbained when the nutrlent-sclution
contained the medien or ontimum concentration of all nu-
trient elements. Significantly less tree growth, as measured
various tree parts, and length of terminal growth, was ob-
tained when the concentration of a nutrient-element was
reduced 50 ver cent (1/2X optimum), or increased 100 per
cent from optimum (2X optimum). Omitting the nutrient-
element, or increasing the concentration to LX ootimum
usually resulted in less tree growth than reducing the con-
centration of the nutrient-element to 1/2X opntimum, or in-
creasing the concentration to 2X ontimum. This reduection
in growth, however, was not significant.

Net increase in dry welght of shoots and length of
terminal growth was influenced significantly by varying the

concentration of any one of the ten nutrient-elements.




Table 2.

Influence of Varying Nitrogen Concentration in Nutrient Solution

upon Net Increase in Dry Weight, Dry Welght of Various Tree

Parts, and Length of Terminal Growth

t of entire tree

Dry wei
Wﬁen

Dry weight of various tree

Nitrogen ter et parts after growth Termiral

concentration planted growth increase Roots Trunk JShoots Leaves growth
am gm gm gm gm gm gm - cm

Omitted 35, 3% 71.6 36, 30 L. 7 12.3%%  5.2:% 9Ny 68, a4
1/2X optimum  45.L 95.5 9.8 52.1 18.1 9.6% 15.6 79.6%%
Optimum L&.5  119.5 71.0 60.7 20.7 16.5  21.6 179.7
2X optimum L&.2 8.0 35, T 42.1 17.8 8.,2#%: 15,8 92 . it
LX optimum L6.9 77.2 30, 3 38.1 1 .9%  10.6%% 13.4 12l 4 1%
Least significant difference
3% --s% 1302 - - 20.0 3000 5 u hos 1102 héo?
IE |, 4 17.5 .-- 26.5 39.9 7.2 6.0 14.8 62.0

€T 8381 Auwdwooow OF



Table 3. Influence bf Varying Thosphorus Concentration in Nutrient Solution
upon Net Incresse in Dry Weight, Dry Weight of Various Tree
Farts, and Length of Terminal Growth

: Dry welight of entire tree Dry welght of various tree _
Fhosphorus en Alter Net parts after growth Terminal
concentration planted growth increase Roots_ Trunk Shoots  Leaves  growth

gn gm gm &m em &m egm cm

Omitted 40.2 68.3 28, 1 39.2 12,933 C.o%¢ 11,0 61,58

1/2 ontimum 50.1 91,8 L1 T3 48.7 20.0 7.9%% 15,2 86 .63
Ootimum 48.5 119.5 71.0 60.7 20.7 16.5 21.6 179.7

2X optimum hly.6 88.1 3. 5% L6.6 16.1 8,01 16,5 95, 1%

4X optimum 41.0 87.3 46,2 .3 16.6 9.x+x  16.F 98, b3

ILeast significant difference
$ -G 13.2 ——- 20.0 30.0 5.0
# --1% 17.5 .—- 26,5 39.9 7.2

o
o

o=

n o~
*

O]
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oo
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Tatle 4. Influence of Varying Fotasslum Concentration in Wutrient Solution
upon Net Increase in Dry weight, Dry Weight of Various Tree
Parts, and Length of Terminal Growth

Dry welght of entire tree

Dry weight of various tree

Potassium en After Net _ parts after growth Terminal

concentration vlanted growth increase Roots  [runk Shoots Leaves growth
an am gm gnm am - am om cm

Omitted 5.0 71.0 26,0t 38.9 15.5 5.0%%  10.6 81, 3
1/2 ontimum L6.2 83.1 36,9 Uo7 16.5 T.bx 1.2 110, 8
Ootimum L8.5 119.5 71.0 60.7 20.7 16.5 21.6 179.7
2X optimum L6.L 96.9 50, G £0.4 18.L 10.2#%  17.9 118, Sies
LX ootimum 1.2 81.0 39, 8 L .7 1. 7% T 1.2 11l . Ok
Least significant difference
* -"5% 1302 - - 2000 30-0 501‘. L‘-.S 11.2 h.ét?
# ==1% 17.5 -—- 26.5 39.9 742 6.0  14.8 62.0

o884 Auwvauwodde OF
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Table 5., Influence of Varying Calcium Concentretion in Nutrient Solution
upon Net Increase in Dry Weight, Dry Welght of Various Tree
Farts, and Length of Terminal Growth

| Dry weight of entire tree Dry weight of various tree
Calcium he ATter Vet parts after growth Terminal
concentration planted growth increase Roots Trunk Shoots Leaves growth
gm gn am &m gm gm em cm
Omitted 41.2 79.0 37 o B 1.k 15.0 Te3 15,2 97 « Ltk
1/2 ontimum Wiy .7 87.7 1130 9.2  15.8 B.2:% 1.} 01, 8%
Cptimum L48.5 119.5 71.0 60.7 20.7 16.5 21.6 179.7
2X ontimum 33.5% 79.7 L6 .2 43.1 12, B €.9x%  14.6 113, 8
LX ontimum 38,1 81.0 2.9 L4 .8 13, 3 8.3 14.6 111. 6%

Least significant difference‘
2 -=b 13,2 - 20.0 30.0 5.4
w3 -=19 17.5 --- 26.5 39.9 7.2

o~
o

L
o~
n o~
L L ]
o=

EE
™M

.
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Table 6.

Parts, and Length of Terminal Growth

Influence of Varying Magnesium Concentration in Nutrient Solution
upon Net Increase in Dry Weight, Dry seight of Various iree

Dry weight of entire tree
Wge

Dry weight of various tree

Magnesium n ATter Vet _ parts after growth Terminal

concentration vplanted growth increase Roots™ Trunk Shoots Leaves growth
om gm am gm e gn gr cm

Omitted 36.9 87.0 50.0%# 49.5 1l . O3 8,3 15,1 88, 3x
1/2 optimum 43.3 89.7 L6.L# L8.9 16.3 10.2%¢  14.3 123.0%
Optimum 4L8.5 119.5 71,0 60.7 20.7 16.5 21.6 179.7
2X optimum 41.6 116.3 Th.7 c8.3 19.5 15.8 22.7 141.3
4X optimum Lé6.} 101.3 ch.9 56.6 18.3 9.9%%  16.5 116.3%
Least significant difference
* '.5 1302 - 2000 30.0 5-“ 14..5 1102 h.607
¥t -=1% 17.5 === 26.5 39.9 7.2 6.0 1.8 62.0

.
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Table 7. Influence of Varying Manganese Concentration in Nutrient Solution
upon Net Increase in Dry .eight, Dry welght of Various Tree
Parts, and Length of Terminal Growth

Dry weight of entire tree Dry weight of various tree

Manganese When AT ter Net _____parts after growth Terminal

concentration vlanted growth Increase Roots Trunk Shoots Leaves growth
am an gn gm am gm Zm cm

Omitted L.l 103.4 59.0 55.0 18.4 11.hx 18,6 129, 7+
1/2 optimum 37.8 82.7 Ll . B L2.6 17.6 B, 7#% .13.7 734183
Optimum 48.5 119.5 71.0 60.7 20.7 16.5 21.6 179.7
2X optimum 3.6 90.6 L7 .04 49.8 16.4 9,3 15,1 111, 3%
LX optimum £1.5 104.5 53.0 59.4 17.1 10.5%  17.4 100, 13+
Least significant difference
3 "“"’5'0 13.2 - 2000 30.0 50’4. h.os 1102 hbo?
. [ 4 17.5 —-- 26.5 39,9 7.2 6.0  14.8 62.0

€1 9dwvd Auvawooow O]



Table 8. Influence of Varying Roron Concentration in Nutrient Solution
ucon Net Increase in Dry Jeight, Dry dJeight of Various Tree
Farts, and Length of Terminal Growth

Dry welght of entire tree Dry weight of various tree

Boron When After Net N parts after growth lerminal

concentration planted growth increase Roots [runk oShoots Leaves growth
an an an an em an & cm

Omitted 52.9 11L.3 61.3 63.6 20,8 11,3 18.5 102, 1#%
1/2 ootimum 40.h 90.0 49.6% L47.7 16.3 9.9%% 16,0 96 . O
Optimum 48.5 119.5 71.0 60.7 20.7 16.5 21.6 179.7
2X optimum 2.1 105.8 63.6 50.5 23.1 13.0 19.0 150.0
4X optimum Lé.l 81.4 35,2 L2.4 17.6 T.9% 13,4 108,61

Least ai&nificant difference
1302 - 20.0 3000
‘!Hi' --1% 17¢5 et 2605 39 9

-3
-
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Table 9. 1Influence of Varying Iron Concentration in Nutrient Solution
uoon Net Increase in Dry ‘eight, Dry vVeight of Various Tree
Parts, and Length of Terminal Growth

welght of entire tree Dry welght of various tree
Iron en ATter “Net parts after prowth Terminal
concentration vplanted growth increase Roots Trunk Shoots LlLeaves growth
em gm £ gm e gm gm cm
Omitted h3.3 85,1 L1, 8 h9.1 1.6 To3as 1.0 83, 3%
1/2 optimum 36.2 8e.9 52.7 L47.0 16.3 9.6 16,0  101.0s
Optimum 48.5 119.5 71.0 60.7 20.7 16.5 2l1.6 179.7
2X optimum 35.5 77.5 L2, Qs 39.8 15. 8.0%%x  14.2 91 .0t
L4X oot imum 35.9 72.6 36, T 10,3 13.0 7.l 12.2 97 . Ose

Least n!.snificant difference
1302 - 20.0 30.0 5.1‘.
** --19 17.5 J— 26.5 39.9 7.2
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Table 10. Influence of Varying Copper Concentration in Nutrient Solution
upon Net Increase in Dry wWelight, Dry weight of Various Tree
Parts, and Length of Terminal Growth

Dry welght of entire tree

Dry weight of varicus tree

Covper en After " Net parts after crowth Terminal

concentration planted growth 1increase Roots Trunk Shoots Leaves growth
am am an am gm am gm cm

Omitted 5.4 79.8 Ul e Uh.3 15.4 T o3 12.8 873
1/2 optimam  32.3%  75.9 346t 38.1 15,1 7.Rax 14,9  10h.3sx
Optimum 48.5 119.5 71.0 60.7 20.7 16.5 21.6 179.7
2X optimum 39.4 £9.l 50.0x 49.2 16.1 9. 1## 14.9 112, Ga
LX optimum 41.9 9.2 £2.3 .5 20.7 10.7% 18.2 146.6
Least significant difference
#* -5 13,2 - 20,0 30.0 S L.5 11.2 L6.7
# o ==1% 17.5 --- 26.5 39.9 7.2 6.0 1.8 62.0
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Table 11. Influence of Varylng Zinc Concentration in Nutrient Solution
upon Net Inerease in Dry wWeipght, Dry welght of Various fTree
Parts, and Length of Terminal urowth

Dry weight of entire tree

Dry weight of various tree

Zine en After Net parts after growth Terminal
concentration planted prowth increase Roots Irunk dhoots Leaves growth
am n an &n g gm gm cm
omitted 9,8 .7 5) .8 15,2 20, 11.3%  17.6 121. 3%
1/2 optimum 32,8 92.8 60.0 L3.1 17.7 12.3 19.6 132.5%
Optimum L8.5 119.5 71.0 60.7 20.7 16.5 21.6 179.7
2X optimum 35.7 89,7 5l . 0% 45.2 16.8 10,6% 17.0 117.0%%

LX optimum 43.6 83.3 39, T4

2.3 19.3 8.0%% 13.6 8y . 3uts

Teast significant difference
3 --5, 13.2 - 2000
¥ e=ld 17.5 -—- 26.5
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Figure 2. Length of Shoot Crowth and Dry Welght Increase for Varying
Concentrations of Nitrogen, Fhosohorus, Fotassium, Calcium,

and Magnesium.



To accompany Fage 13
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Figure 3. Length of Shoot Growth and Dry “eight Increase for Varying
Concentrations of Manganese, Foron, Iron, Zinc, and

Cooper,
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Foot or trunk gerowth, or dry welght of leaves nrroduced, was
not affected significaeantly by altering the concentration of
any one of the various nutrient-elements.

A number of excentlions were found from the sbove gen-
eralizations, Net increase in dry weight was not signifi-
cantly telow maximum wkren iron and zinc were 1/2 ontimum or
vvhen manganese, boron, c¢r zinc were omitted rCrom the nu-
trient solution. XNet increase 1in dry weight produced by a
concentration 2X orntlmum for magnesium or boron was not
significantly btelow maximum. Concentrations X optimum
for magnesium, mancanese, or conner did not reduce the net
increase in dry welght significantly telow maximum.

Dry welght of shoots was significantly telow maximum
when 211 of tre nutrient-elements except zinc were used in
concentrations 1/2X ontimum. A significent reduction in
dry welght of shoots resulted with the omission of any one
of the nutrient-elements. Concentrations 2X ovtimum of
maecnesium or boron did not nroduce shoot growth signifi-
cantly less than maximum. Concentrations X optimum for
each nutrient-element nroduced shoot growth siznifilcantly
telow maximum.-

Terminal growth significantly beloﬁ maximum was pro-
duced when any one of the nutrient-elements was 1/2X optimum
or omitted. Concentretlions 2X optimum produced terminal
growth significantly below maximum except for magnesium and
boron. Concentrations LX ootimum produced terminal growth

significantly below maximum in all cases, except for covper.
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None of the variations in nutrient-element concentration
resulted in a significant variation in dry weipht of roots
or leaves, excent where nitrogen was omitted. <Trunk growth,
however, was significantly below maximum in the following
cases: nitrogen omitted or LX ovtimum, orosphorus omitted,
votassium 4X optimum, calcium 2X, or L4X optimum, magnesium

omitted, and iron L4 X oprtimum.

Dry Jeight Increase: Table 12 shows the relative

effects of the ten nutrlent-elements uron dry weight increase,
shecot growth and tﬁe other measurements of growth.
Potassium, when omltted, resulted 1in less dry welght
increase than obtained when any one of the other nine nu-
trient-elements were omltted. Thé other nine, wken omitted,
nroduced dry welght increases in the following lncreasing
order: nhosphbrus, nitrogcen, calcium, iron, comner, magne-
sium, zinc, manganese, and boron. Thls order of nutrient-
elements was rearranged as follows when the concentration
was 1/2X optimum: vpotassium, phosvhorus, calcium, cooper,
manganese, magnesium, boron, nitrogen, iron, and zinc.
Nutrient-element concentrations sbove optimum showed that
the effect of the different elements was dependent uvon c¢on-
centration. UWitrogen resulted in less dry weight increase
at both 2X opfimum and X optimum than produced by the
other elements. The other nutrient elements, when used at
concentrations 2X of optimum, nroduced dry weight in the

following increaesing order: 1iron, phosphorus, calcium,




Table 12. Relative Effect of Various Concentrations of Several Wutrient-
Elements Uvon Increase in Dry weight

e el
Nutrient-element increase Rank increase Rank increase hank increase Rank
am gm gm am
Nitrogen 36.3 3 49.8 8 35.7 1 30.3 1
Fhosnhorus 28.1 2 h1.7 2 43.5 3 L6.2 7
Fotassium 26.0 1 36.9 1 50.5 7 39.8 5
Calcium 37.8 L 43.0 3 L6.2 L 42.9 6
Magnesium 50.0 7 L6.h 6 Th7 10 54 .9 10
Vanganese 59.0 9 uh .8 5 47.0 g 53.0 9
Poron 61.3 10 L9.6 7 63.6 9 35.2 2
Iron 41.8 5 52.7 9 2.0 2 36.7 3
Covver 1199 T 6 3.6 L 50,0 6 £2.3 g
7ine g).8 8 60.0 10 5,0 8 39,7 N

Pry weight increase at ontimum concentration-~-71.0 grams

91 edsd AuBAWODOB O,
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manganese, corner, nrotassium, zinec, boron, and magnesium.
Concentrations UX ontimum resulted in the following order
in regard to increasing dry welght vroduction: nitrogen,
boron, lron, zinc, potassium, calcium, phosphorus, covper,

manganese, and magneslium.

Skoot Crowth: Table 13 shows the relative effects of

various concentrations of several nutrient-elements upon
shocot growth. The amount of shoot rfrowth nroduced when each
element was omitted fell into a very narrow range. The
same emount of shooﬁ crowth was nroduced when either nitro-
ren or rhospvhorus was omitted; however, when votassium was
omitted, sllightly more shoot growth was onroduced. Calclum,
iron, and correr ranked third in shoot growth oroductlon.
arnesium ranked fourth, while boron, and zinc ranked fifth
in tre vroduction of shoot growth.

£s the concentration of the nutrient-elements was re-
duced to 1/2X optimum, corper had the greatest effect in
suvoressing shoot growth. The other nutrient-elements may
be arranged 1n the following order with regard to their
suovressing shoot growth: votassium, vhosvhorus, calcium,
manganese, nitrogen, iron, boron, magnesium, and zinc.
when used at concentrations of 1/2X ortimum, nitrogen and
iron resulted in the same amount of shoot growth.

when the concentration was 2X ontimum, nitrogen pro-

‘duced less shoot growth than produced when the other nutrient-




Table 13. Felative Effect of Various Concentrations of Several Yutrient-
- Elements unon Shoot CGrowth

Ehog:;itted E%ﬁii optimum §§§ozptimum g%ﬁogntimum

Nutrlient-element growth Rank growth Fank growth Rank growth Rank

&m gm gn gm

Mitrogen 5.2 1 9.6 é €.2 1 1.6 9
Phosphorus 5l 1 7.9 3 €.9 3 9.l 6
Potassium 5.9 2 7.6 2 10.2 i T4 2
Calcium T3 3 €.2 L 8.9 3 £.2 5
_ Vagnesium 8.3 4 10.2 € 15.8 9 9.9 7
Manganese 11.L 6 R.7 g 9.3 5 10.5 8
Eoron 11.3 5 9.9 7 13.0 8 7.9 3
Iron 7.3 3 9.6 6 8.0 2 7.1 1
Covper 73 3 7.8 1 9.1 L 10.7 10
Zinc 11.3 5 12.3 9 10.6 6 £.0 L

Shoot growth et optimum--16.5 grams

9T e38d AusBAWOD9® O
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nts were used st tre 2X optimum concentration. The
Aing nutrient-elements may be arranged in the following
-of suvvressing effects: iron, phosvhorus, calcium,

s manganese, zinc, votassium, and boron.

e preatest devressings effect umnon shoot growth, re-
ng from increasing the concentration of the nutrient-
ts to LX ortimum, was assoclated witk iron and the
effect was associated with corwer. The depressing ef=-
of the remalining elenents may te arranged in tre fol-
ocrder: potassium, btoron, zlnec, calecium, phosphorus,

psium, manganese, nltrogen, and copner.

Terminal Growth: Terminal growth was affected differ-

by the variocus concentrations of the nutrient-ele-
studlied (rlable 1l and Figures L to &€, inclusive).
Phosvhorus onroduced less terminal growth than the
nutrient-elements wren the various nutrient-elements
§ omitted. The other nutrient-elements produced ter-
growth when omitted in the following increasing
nitrogen, notassium, iron, cormrer, magnesium, cal-
{'boron, zinc, and manganese. WwWhen the concentration of
nutrient-element was reduced to 1/2X ootimum, the

est reduction in terminsal growth was assoclated with
rﬂ'neae, nitrogsen, and celcium. The remeining nutrient-
éints had the following order of decreasling effects:
phorus, boron, calcium, iron, cooper, potassium, zine,

agnesium.
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elements were used et the 2X optimum concentration. The
remaining nutrient-elements may be arranged in the following
order of sunvressing effects: 1iron, vhosvhorus, calcium,
conner, manganese, zinc, votassium, and boron.

The greatest devressling effect unon shoot growth, re-
sulting from increasing the concentration of the nutrient-
elements to LX optimum, was assoclated witk iron and the
least effect was assoclated with corvmer. The depressing ef-
feects of the remaining elements may be arranged in the fol-
lowing order: vpotassium, boron, zinc, calcium, phosphorus,

magnesium, manganese, nitrogen, and copner.

Termlnal Growth: Terminal growth was affected differ-

ently by the various concentrations of the nutrient-ele-~
ments studled (Ilable 1l and Figures 4 to €, inclusive).
Fhosvhorus nroduced less terminal growth than the
other nutrient-elements when the various nutrient-elements
were omitted. The other nutrient-elements produced ter-
minal growth when omitted 1n the following 1increasing
order: nitrogen, votassium, iron, corver, magnesium, cal-
cium, btoron, zinc, and manganese. When the concentration of
each nutrient-element was reduced to 1/2X ovtimum, the
greatest reduction in terminal growth was assoclated with
manganese, nitrogen, and celcium. The remalining nutrient-
elements had the following order of decreasing effects:

vhosphorua, boron, calcium, iron, conper, potassium, zinec,

and magnesium. .




Table 1lj. Feletive Effect of Various Concentrations of Several Nutrient-
Flements unon Terminal Growth

Omitted 1/2X ootimum X optimum _4X ootimum
Terminal Terminal Terminal Terminal
Yutrient-element growth Rank growth Fank growth Rank growth Rank

em em em cm
¥itrogen 68.3 2 79.6 2 92.8 2 124.1 9
Phosohorus 61.5 1 2¢.6 b 95.1 3 98,6 3
Fotassium 1.3 3 110.8 8 11€.5 7 11L.0 7
Caleium 97.1 7 81.6 3 113.8 6 111.6 6
Magnesium 88.3 6 123.0 10 141.3 9 11€.3 €
Manganese 129.7 10 73.1 1 111,32 Y 100.1 L
Eoron 102.1 8 96.0 5 150.0 10 108.6 5
Iron 81.3 Ly 101.0 6 91.0 1 97.0 2
Covper 87.3 5 104 .3 7 112.5 5 146.6 10
Zinc 121.3 9 132.5 9 117.0 8 8.3 1

Terminal growth at ootimum--179.7 centimeters

LT ©dwvq Auwuwooow 0O



Figure I}, Growth in Relation to Varying Concentrations of ¥itrogen
(above) and Phosphorus (below). (Center--Cntimum;

Increasing Concentration from Left to Right).



To accomnany Page 17
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Figure 5, Growth in Felation to Varyings Concentrations of Totessinm
(above) and Calcium (below). (Center --Cptimum;

Increasing Concentration from Left to Iight).



To accomopany Fage 17




Figure 6. Growth in Relatlon to Varying Concentrations of
Magnesium (above)_and anganese (telow). (Center --

Optimum: Increasing Concentration from Left to Kight).



To accompany Fage 17
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Figure 7. Growth in helation to Varying Concentrations of Boron
(above) and Iron (btelow). (Center -- Cptimum;

Inereasing Concentration from Left to Right).



To accompany Page 17




Figure €, Growth in Relation to Varying Concentration of 7inc
{above) and Conner (below). (Center -~Optimum;

Increasing Concentration from Left to iight).



To accomnany Page 17
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Increasing the concentration of iron to 2X ortimum
resulted in less terminal growth than »roduced for ihre
octher nutrient«elements. Other nutrient-clements rroduced
terminal growth 1n the increasing following order: nitrogzen,
nhosrhorus, mangenese, copper, calcium, votassium, zinc,
macnesium, and boron.

'“hen the concentration of the nutrient-elements was
increased ﬁo LX opfimum, zinec vroduced the least terminal
growth. The other nutrient-elements produced terminal growth
in the following increasing order: 1iron, rhosphorus, man-
ganese, boron, calcium, potassium, magnesium, nitrogen, and

conmer.

Koot Growth: Although root growth (Table 15) was not

affected significantly by the various concentrations of the
different nutrient-elements, tfere were some differences
shat should be noted.

As the optimum concentration of each element was re-
duced to 1/2X optimum, the least amount of root srowth re-
sulted from covper. +1The other nutrlent-elements produced
nrogressively increased root growth in the following order:
manganese, zinc, potassium, iron, boron, phosphorus, magne-
sium, calcium, and nitrogen. The amount of root growth pro-
duced with magnesium, manganese, boron, iron, copper, and
zine at 1/2X optimum was less than when these nutrient-

elements were omitted from the nutrient solution.




Pable 15. helative Effect of Various Concentrations of Several Nutrient-
Elements unon koot Growth

Omitted 1/2X optimum 2X optimum UX ovtimum

“Foot oot “Root “Root
Nutrient-element growth  Rank growth  Hank growth  Rank growth FKank
g gm am Zm
Nitrogen Ly .7 5 52.1 10 L2.1 2 38,1 1
Phosphorus 39,2 2 48.7 7 46.6 5 L3 6
Potassium 38,9 1 L7 4 50.h g Ll .7 7
Calcium Ll.h 3 L9.2 9 L3.1 3 Ly .8 8
Magnesium 49.5 8 L8.9 8 58.3 10 56.6 9
Manganese 55.0 9 L2.6 2 4o.8 7 59.4 10
Boron 63.6 10 L7.7 6 50.5 9 L.l Iy
Iron 9.1 7 47.0 S 39.8 1 L0.3 2
Copver Lhy.3 L 38.; 1 49.2 6 .5 5
Zine 45,2 6 3.1 3 L5.2 N L2.3 3

T eded Auvsuuwodow O]

Root growth at optimum--60.7 greams
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As the nutrient-elements were increased to the 2X
ontimum concentration, iron »roduced the least root growth.
Ire other nutrient-elements produced root growth in the fol-
lowing lncreasing order: nitrogen, calcium, zinc, phosphor-
us, conrer, manganese, notassium, boron, and magnesium.

At 4X optimum level all nutrient-elements decreased
root srowth in relacion to ontimum. The nutrient-elements
vroduced root growth 1in the following ascending order: nitro=-
gen, 1iron, zine, boron, corver, vnhosphorus, potassium, cal-
cium, magnesium, and manganese. Increasing the concentra-
tion to ;X ontimum, as cormrared to the rate of 2X ootimum,
resulted 1n a reduction of rcot growth for the following
nutrient-elements: niltrogen, phosphorus, votassium, magne-
sium, boron, corper, and zinc. A 8light increase in root
growth followed the use of calecium and iron, and there was a

marked increase for mangeanese.

"Trunk GCrowth: As the elements were omitted individual-

ly, trunk growth (Table 16) was vproduced in the following
ascending order: nitrogen, Dhosphofus, magnesium, iron,
calcium, covver, potassium, manganese, zlinc, and boron.
Wwhen the concentrestion of each nutrient-element was reduced
to 1/2X optimum, trunk growth occurred in the following in-
creasing order: coprer, calcium, iron, magnesium, boron,
rvrotassium, manganese, zinc, nitrogen, and phosphorus.

When the cencentration of the nutrient-elements was

increased to 2X optimum, calecium produced the least trunk




Table 16. HRelative Effect of Various Concentrations of Several Nutrient-
Elements uron Trunk Growth

T}ugaltted lrﬁﬁkoptimum %iugﬁtimum iuggtimum
Nutrient-element growth Rank growth  Rank growth  Rank growth  Fank
gnm an &nm gm

Nitrogen 12.3 1. 18.1 9 17.8 6 1.9 b
Phosphorus 12.9 2 20.0 10 16.1 3 16.6 5
Potassium 15.5 7 16.5 6 18.14 7 .7 3
Caleium 15.0 5 15.8 2 12.8 1 13.3 2
Magnesium 14.0 3 16.3 L 19.5 8 18.3 g
Manganese 18.4 8 17.6 6 16.4 4 17.1 6
Boron 20.8 10 16.3 5 23.1 9 17.6 T
Iron 14 .6 ly 16.3 3 15.4 2 13.0 1
Copoer 15.1 6 15.1 1 16.1 3 20.7 10
Zine 20. 9 17.7 g 16.8 5 19.3 9

6T 38l AuBGUWOo9d8B O

Trunk growth at ootimum--20.7 grams
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growth. The other nutrient-elements produced trunk growth
in the following increasing order: iron, phosvhorus, covper,
manganese, zlnec, nitrogen,'notassium, magneslum, and borocn.
As the concentration of the nutrient-elements was in-
creased to }X ontimum, iron produced less trunk growth than
the other nutrient-elements. Trunk growth increased progres-
gively for the other nutrient-elements as follows: calcium,
votassium, nitrogen, vhosvhorus, manganese, boron, magne-

sium, zlne, and corver.

Leaf Growth: For treatments in which the nutrient-

elements were omitted individually, nitrogen resulted in the
least rroduction of lesves, while rhosphorus and rotassium
ranked next (Table 17). The remalining elements nroduced in-
creasing amounts of leaf growth as follows: covoper, iron,
magnesium, celcium, zinec, btoron, and manganese. Omitting
nitrogen, rhosrhorus, votassium, iron, corner, and zinc pro-
duced less leaf growth than when used at 1/2X optimum,

while calcium, magneslum, manganese, and toron increased leaf
growthe.

When the optimum concentration was reduced to 1/2X
ovtimum, manganese pvroduced the least leafl growth, while zinc
showed the greatest amount. <The other elements procduced
increasing amounts of leaves as follows: potassium, magne-
sium, calecium, copver, rhosphorus, nitrogen, boron, and iron.

As the concentrations were increased to 2X optimum,

iron nroduced less leaf growth than the other nutrient-




Table 17. FRelative Effect of Various Concentrations of Several Nutrient-
Elements upon Leaf Production

Omitted 1/2X opntimum 2X ontimum X optimum
Yeal éeaf ' “Teal Teal

Nutrient-element erowth  Rank growth  Rank prowth  FEank growth  Rank

em em ay an
Nitrogen 9.k 1 15.6 7 15.8 5 13.4 2
Fhosphorus 11.0 3 15.2 6 16.5 6 16.8 7
Fotessium 10.6 2 1.2 2 17.9 & 1.2 I
Caleium 15.2 7 Uyl N 1L .8 2 1.6 5
Magnesium 15.1 6 1.3 3 22.7 10 16.5 6
Manganese 18.6 10 13.7 1 15.1 L 17.4 8
Eoron 18.5 S 16.0 g 19.0 9 13.4 2
Iron 1.0 g 16.0 g 1.2 1 12.2 1
Copper | 12.8 L 14.9 5 14.9 3 18.2 9
Zinc 17.6 8 19.6 9 17.0 7 13.6 3

02 93dsvJ Auwawodds® O]

Leaf growth at ontimum--21.6
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elements, while calcium ranked next in leaf production.
The other nutrient-elements resulted in increased leaf vro-
duction in the following order: c¢ovpver, manganese, nitro-

gen, ohosvhorus, zinc, vrotassium, boron, and magnesium,

“hen the concentration was increased to L4X optimum, ircn had

the same magnlitude of effect as when the concentration was
inereased to 2X ontimum. Nitrogen and boron oroduced the
next lowest amount of leaf growth, while the other elements
had the following inereasing orcder in regard to their leaf
nroduction: 2zinc, potassium; calecium, magnesium, phos-

nhorus, manganese, and cooper.

Leaf Comnosition and Nutrient«Element Falance

‘'he analysis of the leaves from those trees making
maximum growth was considered to represent ontimum leaf
composition and nutrient-element balance.

Any deviation of a nutrient-element from the ovtimum
concentration resulted in consideratle variation in leaf
analysis and a corresvonding varliation 1n the nutrient-
element balance. Some nutrient-elements showed a definite
relationshin tetween nutrient solution concentration and
leaf analysis. Cther nutrient-elements, however, exhibited
no definite relationshin between nutrient sclution concen-
tration and leaf anaslysis. Also, certain nutrient-élements
Pad an influence on nutrient-element balance and interrela-

tionshins vroportional to concentration.
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Nitrogen: The influence of varving the concentretion

of nltrogen 1n the nutrient solution is srown in Table 18
and rlgure 9. TFhosvhlorus and iron, as well as nitroren, de-
creased wrlle calcium, masnesium, and itoron increased in the
leaves when the nitrogen content of the nutrient solution
was reduced below optimum. Potassium decreased when the
nitrogen concentration was 1/2X optimum, but increased when
nitrocen was ormitted. Using a 1/2X optimum concentration

of nitroesen 1n the nutrient solution resulted In an increase
in the anelysis of conver and manganese, btut conver de-
creased to tre ontimum level when nitrogen was omitted,
wkile manganese decreased below ovtimum.

Thosnrorus, notassium, magnesium, iron, and manganese
decreased, while toron, and correr, as well as nitrogen,
Increased +ren the nitrogen concentration of the nutrient-
sclution was incressed atove ovtimum. Calclium increased
€8s the nitrogen concentration was increased to 2X optimum,
tut decreased when the nitrogen concentration was UX
ontimum.

Decreasing the nltrogen concentration in the nutrient
solution resulted in greater total deviations from optimum
balance than incrsasing nitrogen. There was a general
trend for the positive deviations from optimum balance to
decrease without much change in the negative deviations as
the nitrogcen concentration was increased. A LX ontimum

concentration of nitrogen resulted 1in the negative devia-




fable 1f. Leaf Comnosition and Nutrient-tlement falance as Influenced by
Varying Concentrations of Witroren in the Yutrient Solution

Nitroren _ Leaf Composition N
concentration N F K Ca Mg, Fe Cu E ~ Mn
Omitted 7 Dry weight 1.54 0.10 1.47 1.74 0©.76 0.008 0.0005 0.011 0.011

Chart index L7 62 120 139 125 61 100 275 8ly

1/2 ootimum % Dry welght 2.76 0.14 1.00 1.73 0.93 0.00€ 0.0008 0.012 0.016
Chart index 8l 87 81 138 150 61 160 300 123

Ovt Lmum 7 Dry weight 3.26 0.16 1.22 1.25 0.62 0.013 0.0005 0.004 0.013
Crart index 100 100 100 100 100 100 100 100 100

2X ootimum 4 Dry weight 3.80 0.13 0.76 1.73 0.57 0.008 0.C008 0,007 0.012
Chart index 116 81 62 138 91 61 160 175 92

LX ootimum 7 Dry weight L.47 0.05 0.88 0.63 0.60 0.010 0.0006 0.007 0,010
Chart index 137 31 72 50 96 76 120 178 76

Deviation of chart Index from ontimum balance

Concentration TFosItive “Negative DifTerence Total
Omitted 259 16 + 113 1,05
1/2 optimum 371 87 » 284 158
Optimum 0 0 0 0
2X optimum 189 113 + 76 302

LX optimum 132 199 - 67 331

22 odw3y Luvdwooowv OJ



Figure 9. MYutrient-lklement Falence 1in lelation to
Varving the Concentration of Witrogen in
the "Tutrient Zolutlon.,

Urnver left - omlitted, urper right - 1/2X%
ootimum, center - optimum, lower left -
2X ortimum, lower richt - LX ovtimum. The
various bands on each chart (from the edge
toward center) represent excess, approsach-
ing excess, ovntimum, hidden deficiency and
deficlency.
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tions exceeding the positive deviatioﬁé from ovtimum
balance. Avrvarently, when the nitrogen concentration was
1/2 ovtimum the nutrient-element composition deviated more
from ontimum balance than when nitrogen was omitted. Also,
with the 1/2 ovtimum nitrogen concentration, the vositive
deviations exceed the negative deviations ffom ontimum
balance much more than when nitrogen was omitted from the

nutrient solution.

FThosphorus: The influence of varylng the concentra-

tion of phosphorus is shown in Table 19, Figure 10. 1lron,
correr, toron, and magnesium increased in the leaves, while
potassium, calcium, manganese decreased when the rhos-
rhorus content of the nutrient solution was reduced below
optimum. Fhosphorus reduced in leaf composition along with
a simultaneous reduction in nitrogen. By omitting ovhos-
rhorus from the nutrient soclution, nitrogen increased to
ootimum level; and phosphorus decreased to a very low level,
but corrver annroached the ontimum level, while iron, man-
ganese, notassium, magnesium, and calcium were decreased
below ontimum.

Iron and potassium decreased while phosphorus, copper,
boron, calcium, and magnesium increased when the phosphorus
concentrations of the nutrient-solution were increased
above optimum. Nitrogen and manganese remained at the

ontimum level.




Table 19. Leaf Composition and Nubtrient-Element Calance as Influenced by
Varying Concentrations of thosvhorus in the Yutrlent 3olution

Phosphorus _ Leaf Comnosition _
concentration N P K Ca Ng Fe Cu B ¥n
Omitted 1Dry weight 3.35 0.06 0.92 1.11 0.49 0.008 0,0006 0.007 0.008

Chart index 102 37 75 g8 79 61 120 175 61

1/2 ortimum  %Dry weight 2.89 0.09 1.06 0.95 0.73 0.01& 0.0008 0.008 0.008
Chart index B8 56 86 76 117 123 160 200 61

Optimum IDry weight 3.26 0,16 1.22 1.25 0.62 0.013 0.0005 0.004 0.013
Chart index 100 100 100 100 100 100 100 100 100

2X ontimum 70ry weight 3.L46  0.19 0.9, 1.39 0.76 0.010 0.0009 ©,008 0,013
Chart index 106 118 77 111 122 76 1€0 200 100

4X optimum %Dry welight 3.61 0.22 1.07 1.87 0.8; 0©.011 0,0007 0©.008 0,018
Chart index 110 137 &7 149 135 &l 1,0 200 138

Deviation of Chart Index from Ontimun Ralance
Concentretion FosItive Negatlve DifTerence Total

(mitted 97 199 - 102 296
1/2 optimum 200 133 + 67 333
Cotimum 0 . 0 0 0
2X optimum 237 L7 + 190 28
L4X ontimum 309 29 + 280 33
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Piocure 10, VNVutrient-rlement Falance in kelation to
Varving the Concentration of Frosvhorus
in tke atrient Solution.

Umner left - omitted, umnver right - 1/2X
ontimum, center - orntimum, lower left =
2X ontimum, lower right - LX obptimum.
The various tasnds on eachk crart (from
the edese toward center) rerresents
excess, arrroachling excess, ontimm,
hidcen deficliency, anc aeficiency.
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When the phosnhorus concentration was increased to X
ontimum, phosvhorus, co»wner, boron, calcium, manganese,
end megnesium increased, wrkile iron and votassium decreased.
Threre was & slight increase in nitrogen.

Decreasing the nhosnhorﬁs concentration in the nutrient-
solution resulted in devistions from ontimum which are com-
~arable to tre increase of nhosnhorus above the ontimum
level. As the vrhosvhorus concentration was increased to 44X
ontimum, the nutrient-element btalance deviated more from
ontimum than when phosvhorus was omltted. H&wever, Posi-

tive devlstlons exceeded nercative deviations excent when

nrhosntorus was omitted.

Fotassium: T[re 1Influence of varying the concentration

of potasslium in the nutrient solution is shown in able 20,
#icure 11. Fhosprhorus and iron, as well as potassium, de=-
creased and boron and conver increased when the potassium
concentration of the nutrient solution was reduced to 1/2X
ontimum. Nitrogen, mangenese, and calcium remalned at the
ootimum level, while there was an increase in magnesium.
As compared to the 1/2X ovtimum concentration, potassium,
and nhosphorus continued to decrease, manganese decreased,
while covper increased when potassium was omltted from the
nutrient solution.

Boron and magnesium increased, while 1lron and nhos-
nhorus decreased when the potassium concentration of the
natrient solution was increased atove optimum. Nitrogen,

calecium, and manganese remained near the optimum level.




Table 20. Leaf Composition and Nutrient-tlement Ralance as Influenced by
' Varying Concentrations of Fotassium in the Mutrient Solution

Potassium _ Leaf Composition _
concentration A K Ca Mg ‘e Cu 15 Vn
Omitted % Dry weight 3.29 0.08 0.71 1.1} 0©.76 0.010 0.0007 0.009 0.007

Chart index 100 50 58 91 122 76 140 225 53

1/2 optimum % Dry weight 3.53 ©0.13 0.8} 1.25 0.8} 0.009 0.0006 0.008 0.013
Chart index 108 81 68 100 135 69 120 200 100

0ot imum % Dry weight 3.26 0.16 1.22 1.25 0.62 0.013 0.0005 0.004 0.013
Chert index 100 100 100 100 100 100 100 100 100

2X optimum % Dry weight 3.38 0.1, 0.97 1.20 0.97 0.008 0.0007 0,006 0.012

Chart index 103 87 79 96 156 61 Lo 150 92 o
LX ootimum % Dry weight 3.80 0.13 1.69 0.98 0.77 0.009 0.0004 0.006 0,01l 5
Crart index 116 81 138 78 124 €9 80 150 107 o
Deviation of Chart Index from Ontimum PRalance S
Concentration  TosItive Negative DIfTerence Total ;
omitted 187 172 + 10 359 ®
1/2 ovtimum 163 g2 + &1 25
0ot {mum 0 0 0 0 R
2X optimum 149 85 + 6l 234

LX ootimum 135 92 + 43 227




Flpure 1l. MNutrient-element Falence in helstlon to
Varying the Concencration of Fotassium
in the Nutrient Solution.

Unver left - omitted, urver right - 1/2X
optimum, center - optimum, lower left -
2X ootimum, lower right - LX optimum.
The varilous bands on each chart (from
the edge toward center) represent
excess, avvoroachling excess, optimum,
hidden deficiency and deflciency.
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Fotassium increased when tre concentration was LX
ortimum, tut showed a decrease at 2X optimum. Conper in-
creased when the wotassium concentration was 2X optimum,
but decreased when tre concentration was X ortimum. Magne-
sium was lower when the potassium concentration wes LX onti-
mum tran when the concentration was 2X ontimum.

Decreasing trhe notassium concentration in the nutrient
solutlon resulted in greater total deviations from ovtimum
balance then increaesing votassium. Fositive deviations from
the optimum balance were nrevalent for all levels of votas-
sium, Creater total deviatlons from the ortimum balance
were observed with O ovtimum concentration.’ Nutrient ele-
ment comoveslition deviated less from ortimum wkren the pnotas-
sium concentration was 1/2X optimum than when potassium was

omitted.

Calcium: ‘[he influence of varying the concentration of

calcium In tte nutrient-solution is shown 1n Table 21,

Flgure 12. Covnrer and boron increased, and all other nutrient-
elements decreased except nitrogen and magnesium when the
calcium content of the nutrient solution was reduced below
ootimum. Nitrogen, phosvhorus, votassium, and iron were
hicher when calcium waé omitted than when the calecium con-
centration wes 1/2X optimum. However, cooper was lower when
calcium was omitted than when at 1/2X optimum. Omitting

calcium from the nutrient solution caused the calcium to con-

tinue to deecrease.




Table 21. Leaf Comnosition and Nutrient-Tlement Falance &s Influenced by
Varying Concentrations of Calcium in ttre Nutrient 3olution

Calelum Leaf Comnosition
concentration ¥ ¢ X Ca Ve Fe “Gu T ¥n
Omitted 7 Dry weight 3.36 0.12 1.13 0.62 0.60 0.011 0.0006 0,006 ©.009

Chart index 103 75 92 L9 96 8l 120 150 70

1/2 ortimum 3 Dry weight 3.12 0.11 1.04 0.€3 0.59 0.009 0.0007 0.010 0.009
Chart index 95 68 s 66 95 70 140 250 70

Ontimum 7 Dry weight 3.26 0.16 1.22 1.25 0.62 0.013 0.0005 0.004 0.013
Chart index 100 100 100 100 100 100 100 100 100

2X optimum % Dry weight 3.76 0.15 0.95 1.25 0.54 0.010 0.0005 0.009 0.010
Chart index 115 93 77 100 &7 76 - 100 225 76

4X optimum 73 Dry weight 3.23 0.17 0.92 1.78 0.66 0.009 0.0006 0.008 0.012
Chart index 99 106 75 142 106 69 120 200 92

Deviation of Chart Index from Ootimum Ralance
Concentration  TFosItlve TNegative Difference Total

Omitted 73 134 - 61 207
1/2 ootimum 190 151 + 39 341
Ontimum 0 0 0 0
2X optimum 140 + 119 231

91
X ootimum 174 65 +109 239
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Fioure 12. Nutrient-Flement Falance in Kelatlion to
Varying the Concentration of Calcium in
the "utrient Solution.

Urver left - omitted, upver right - 1/2X
optimum, center - optimum, lower left =
2X optimum, lower risht - 4LX optimum.

The various bands on each chart (from the
edre toward center) represent excess,
anproachling excess, optimum, hidden de-
filciency and deficiency.
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Forassium, iron, and manganese decreased and borcn in-
creased when the calecium concentration was increased, while
nitrogrsen, nhosrhorus, magnesium, and comrner remained nesar
the ontimum level.

Calecium 1lncreased in the leaves as the concentration
wes increased L4X ontimum. Fhosvhorus, masnesium, manganese,
and correr increased, wrile nitrozen, iron and troron dé-
creased in the leaves wren tre IiIX concentration is commared
to the 2X concentration of caslcium.

Decreasing the caleium concentration in the nutrient
solution nroduced rreater to;al deviations from optimum
talance than incressins caleiam. There was a general trend
for the nositive deviations f'rom optimum balance to increase
and the negative deviations to decrease as the calcium
concentration was increased. Ihegative ceviations from ovti-

mumn balance exceeded the vositive ceviations only when

calcium was omitted.

Magnesium: The influence of varying the concentration

of magnesium in the nutrient solutlion 1s shown in Table 22,
Figure 13. TPhosvhorus, votassium, calecium, iron, manganese,
8s well as magnesium decreased, covner increased, and
nitroren remained near the ontimum level as the mggnesium
content of the nutrient solution was reduced below ovtimum.

Corner remained within the limits of the optimum level at




Table 22, Leaf Composition and Nutrient-klement Falance as Influenced by
Varying Concentrations of Magnesium in the Nutrient Solution

Magnesium Leaf Composition
concentration N F X Ca Vg e Cu E n
Omitted 7 Dry weight 3.42 0.1} 1.00 0.92 0.52 0.010 0.0008 0.006 0.008
Chart index 104 87 81 73 83 76 160 150 61
1/2 ootimum % Dry welpht 3.25 0,10 1.01 1.22 0.6} 0.011 0.0005 0.008 0.011
Chart index 99 62 g2 97 103 8 100 200 8L
Optimum % Dry welght 3.26 0.16 1.22 1.25 0.62 0.013 0.0005 0.00k 0.013
Chart index 100 100 100 100 100 100 100 100 100
2X ootimum 7 Dry weight 3.21 0.13 1.21 1.18 0.76 0.011 0.0006 0.010 0.010
Chart index g8 81 99 9 122 8¢5 120 250 76
LX optimum 7% Dry weight 3.04 0.1 1.04 1.00 0.81 0.007 0.0007 0.007 0.010
Chart index 93 87 85 80 130 53 1,0 175 76

Deviation of Chart Index from Cptimum Ealance

Concentration  Fositive Negative Difference “Total
Omitted 114 139 - 25 253
1/2 optimum 103 92 + 11 195
Ootimum 0 0 0 0
2X optimum 192 67 + 125 259
LX optimum 1,5 126 + 19 271
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Figure 13. Nutrient-elevrent Pelance in Relation to
Varving the Concentration of Magnesium

in the Yutrient Solution.

Urrer left - omitted, upmver rght - 1/2X
ontimum, center - optimum, lower left
2X ontimum, lower right - LX oontimum.
The verious tands on each chart (from
the edrse toward center) reoresent
excess, arnnroaching excess, ocptimum,
hidden deflciency and deficlency.
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1/2X optimum, but increased when maghesium was omitted.
~Also kboron tended to decrease slishtly whken none of the
elerent was added as comvared to 1/2X ovtimum.

Fhosvhorus, iron, and manganese were reduced when & con-
centration of 2X ovntimum level was used. Fowever, an in-
ecrease of corner, boron, and magnesium was noted, although
nitroren, rnrotassium, and calcium remained near the ontimum
level.

Using magnesium concentrations X ovtimum, magnesium
continued to increase, while there was only a slight reduc-
tion in calcilum. Pofassium, mancanese, iron, and »hos-
nhorus were likewlse reduced, while comper and btoron in-
creased whten the magnesium concentratlion of the nutrient
solution was increased to the LX optimum level.

Decreasing the magnesium concentration of the nutrient-
sclution resulted in less total deviaticns from optimum
balance than increasing magnesium.

The greatest total deviaetions from optimum balance was
obtained with the magnesium concentration of‘the nutrient=-
solution at LX optimum. Total deviations from ovtimum bal-
ance when calcium was omitted were essentially the same as
at the }X ortimum concentration. Negative deviation; from
ontimum balance exceeded the positive deviationa only when

magnesium was omitted from the nutrient-solutlion.

Manganese: The influence of varying the manganese

concentration in the nutrient-solution is shown in Table 23,
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and ¥igure 1lY. Fhosvhorus, notassium, iron, end manganese
decreased when the manganese concentration was below ooti-
mur, wrile covrrer, &nd boron lncreased. ¥Fowever, nitrogen
remained near tre ovntimum level wken the manganese con-
tent of the nutrient solution was reduced below ovtimum.
Frosvhorus, calcium, and manganese were higher wren mangan-
ese was omitted than when mangenese was 1/2X ontimum, btut
notassium, magnesium, iron, cormer, and toron were lower
when manganese was omitted trhan when used at 1/2X orntimum
concentration.

Tsing mansanese concentrations 2X ontimum, iron,
rhosmhorus, rotasslium, calcium, and mangenese decreased,
w1le boron, and magnesium increased. !Mitrogen and conper
continued to remain near tre optimum level.

With arnlicetions of manganese at tre X optimum level,
iron was the only element trat was decreased significently.
Yanganese, conver, and btoron contlinued to increase in the
leaves at this very high level. Nitrogen, phosphorus, votas-
sium, calcium, and megnesium were near the ortimum level
when tre manganese concentration was LX ootimum.

Decreasing the manganese concentration in the nutrient-
solution resulted in less total deviations from ovtimum
talance tren increasing manganese to the LX ortimum concen-
tration which resulted in tre greatest nositive and total
deviations from the o»tlimum.

Negative deviations from optimum balance exceeded

rositive deviations when manganese was omitted from the




Table 23. Leaf Composition and Wutrient-Flement Talance as Influenced by
Varying Concentrations of “anganese in the “utrient Solution

Manganese

Leaf Comnosition

concentration b 3 K ta Vg re Cu T ¥n
Omitted % Dry weight 3.50 0.14 0.98 1.28 0.48 0.007 0.0006 ©.006 0.010
Chert index 107 87 80 102 77 53 120 150 76
1/2 ootimum ¥ Dry weisht 3.48 0.08 1.01 1.13 0.72 0.010 0.0007 0.00€ 0.009
Chart index 106 50 g2 90 116 76 140 200 €9
Cotimum 7 Dry weight 3.26 0.16 1.22 1.25 0.62 0.013 0.0005 0.004 0.013
Chart index 100 100 100 100 100 100 100 10C 100
2X optimum % Dry weight 3.29 0.05 1.00 1.12 0.E3 0.010 0.0005 0.005 0.011
Chart index 100 31 81 89 133 76 100 125 65
LX ootimum 7 Dry weight 3.22 0.15 1.1 1.32 0.72 0.010 0.0007 0.009 0.025
Chart index 98 93 93 105 116 76 110 225 192
, Deviation of Chart Index from Ootimum Ralance
Concentration Fositive Negative Difference _  Total
Omitted 79 127 - L8 206
1/2 optimum 162 133 + 39 295
Ontimum 0 0 0 0
2X ontimum o8 138 - B0 196
LX ootimum 278 1,0 + 238 318
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Flisure 1ll;. “Tutrient-klerent “slance in helation to
Verying trhe Tconcentration of Mangfanese
in the Nutrient Solution.

"mrer left - omitted, unmner right - 1/2¥
ontimum, center - optimum, lower left -
2X ontimum, lower right - X ovntimum.
the various bands on each crart (from
the edve toward center) rerresent excess,
ennroegching excess, orntimum, hidden
deficiency and deficiency.
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nutrient solution and where arrnlied at tre rate of 2X
ortimum concentrastion. Positive devistions from ontimum
balance were very vnronounced, and the negative deviations

were very low for the 4X optimum concentration.

Poron: The influence of varying the concentration of
boron in the nutrient sclution is shown in l1atle 24,

Flgure 15. Fhosphorus, iron, potassium, and manganese de-
creased whlle corper and toron increased when the borﬁn con-
tent of the nutrlent solution was reduced below ontimum.-
Nltrogen, however, remained near the optimum level. Tre in-
crease in corver at 1/2X ovntimum was decreased when boron
was omitted from the nutrient solution. When boron was omit-
ted, trere was an increase of calcium, manganese, and ﬁagne-
slum as comnared to using boron at 1/2X optimum.

Iron, ohosphorus, conrer, notassium, calcium, mangan-
ese and mégne&ium decreased while toron increased when the
roron concentretion of the nutrient solution was increased
above ovtimum. iitrogen was decreased slightly, but remained‘
near the ovtimum level. Iron, phosphorus, potassium, cal-
cium, manganese, and magnesium decreased more at the 4X -
optimum than at the 2X optimum concentration of boron. When
the boron concentration was increased X optimum, boron re-
mained at a very high level, and copper increased as the
boron concentration increased. WNitrogen decreased slight-
ly, but remeined within the optimum range.

Decreasing the boron concentration in the nutrient-

solution résulted in less total deviations from optimum




~ Tatle 2.

Leaf Comnosition and Nutrient-Element Felance as Influenced by

Varying Concentrations of Poron in the Wutrient Solution

Boron _ _ Leaf Comnosition
concentration N P v Ca Mg Fe Cu P n
omitted 7 Dry weight 3.03 0.12 1.11 1.67 0.66 0.010 0.0006 0,007 0.011
. Chart index 92 75 90 133 106 76 120 175 85
1/2 ootimum 7 Dry weight 3.22 0.11 1.07 1.09 G.L5 €.009 ©.0009 0,007 0.006
Chart index 98 68 &7 87 72 69 160 175 L6
Oontimum 7 Dry welcht 3.26 0.16 1.22 1.25 0.62 0.013 0.0005 0,004 0.013
Chart index 100 100 100 1CO 100 100 100 100 100
2X ovtimum 7 Dry weicht 3.1¢ 0.09 0.90 1.14 0.50 0.009 0.0004 0.015 0.006
Chart index 95 56 73 91 80 69 60 375 L6
LX ontimum 7 Dry weight 3.00 0.06 0.78 0.85 0.41 0.006 0.0007 0.019 0.00l
Chart index 92 37 63 6B 66 L6 140 LTS 30
Deviation of Chart Index from Optimum Falance
Concentration FosItive Negative Difference “Total
Omitted 134 g2 + B2 216
1/2 optimum 155 173 - 18 328
Oot imum 0 0 0 0
2X ontimum 275 210 + 65 185
LX ovtimum 415 298 + 117 713
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Figoure 18. HNutrlent--lewent Falance in ‘elation to
Varyving the Concentration of Eoron
in the Mutrient =oclutlon.

Twrer left - omitted, ummer right - 1/2X
ontimum, center - optimum, lower left
2X ovtimum, lower right - UX optimum.
fhe various bands on each chart (from
the edge toward center) revresent excess,
anvroaching excess, optimum, hidden
deficliency and deficlency.
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balance than increasing boron. When the concentrations
exceeded oprtimum, there avrpears to be a general increase
in rositive, negative, and totel deviations from the op-
timum balance. Positive, negative, and total deviations
from opotimum balance decreased as the boron concentration
was reduced. Negative devistions only exceeded vositive
deviations from ontimum balance when the toron concentra-

tion was 1/2X ooptimum.

Iron: The influence of varyling the concentration of

iron in the nutrient solutlion 1is shown in Teble 25, Filgure
16. Iron and votassium decreased while vhosphorus, copper,
end toron increased in the leaves when the iron content of
the nutrient solution was reduced below oprtimum. Nitrogen
end calclum remained near the optimum level. When 1iron

was omitted magnesium and manganese decreased sharply, but
iron increased slightly as comrared to 1/2X optimum. |

As iron was 1increased to the 2X optimum level, iron,
calcium, and notassium were the only elements that de-
creased, Phosvhorus, copper, boron, and magnesium increased
while nitrogen, and manganese remained near the optimum
level.

Iron, rotassium, and ohosphorus were at very low levels,
while there was an increase in conper, boron, calecium, and
magnesium when the iron concentration was increased to LX
ontimum. Nitrogen and manganese remained near the optimum

level.




Table 25. Leaf Comrmosition and Nutrient-Element Balance as Influenced by
Varying Concentrations of Iron in the Nutrient Solution

Iron L Leaf Composition _
concentration ¥ P K Ca. Vg Fe_ Cu B ¥n
Omitted 4 Dry weight 3.37 0.10 1.03 1.22 0.50 0.010 0.0008 0.018 0.009

Chart index 103 62 8, 97 80 76 160 450 70

1/2 optimum % Dry weight 3.33 0.20 0.85 1.22 0.68 0.007 0.0008 0.008 0.016
| Chart index 102 125 69 97 109 5l 160 200 123

Opt imum % Dry weight 3.26 0.16 1.22 1.25 0.62 0.013 0.0005 0.004 0.013
Chart index 100 100 100 100 100 100 100 100 100

2X optimum % Dry weight 3.61 0.20 0.86 1.15 0.80 0.009 0.0007 0.009 0.013
- Chart index 110 125 70 92 129 69 1o 225 100

LX optimm ¥4 Dry weight 3.50 0.13 0.73 1.61 0.72 0.008 0.0006 0.009 0.009
- Chart index 107 81 59 128 116 61 120 225 69

Deviation of Chart Index from Optimum Balance
Concentration  PosItive Negative Difference Total

Omitted 413 131 + 282 sl
1/2 optimum 219 80 + 139 299
Cptimum 0 0 0 0
2X optimum 229 69 + 160 298

X optimum 196 130 + 66 326
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Figcure 16. Wutrient-¥lerent PRalance in Relatlon to
Varving the Concentraticn of Iron in
the Yutrient Solution.

Upver left - omitted, unner right -
1/2X ontimum, center - ootimum, lower
left - 2X ovtimum, lower right - IX
onptimum. 1{he various tands on e&ach
chart (from the edge toward center)
revresent excess, arvroaching excess,
optimum, hidden deficiency and
deficiency.
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Omitting iron from the nutrient-solution resulted in
greater total deviations from optimum balance than increas-
ing iron. Total deviations from ontimum balance were highrer
for the [ X than the 2X concentration of iron. Negative
deviations from ovtimum did not exceed trhe vositive de-
viations at any concentration. Negative devistions in-
creased with each increment of increased or decreased iron
concentration. Positive deviations from optimum increased
et the lowest concentrstion, while the rositive deviations
were lower for the L¥X optimum than for the 2X ortimum con-

centrstion.

Zinc: The influence of varying the concentration of
zine in the nutrient-solution is shown iIn Table 26, rFigure
17. Coomer, potassium, and magnesium were reduced, and
nitrogen, iron, calclum, and manganese remained near the
optimum level when zinc concentrations of the nutrient-solu-
tion were reduced to 1/2X ovtimum. <There wes an increase
for rhosrhorus and boron.

Iron, rhosrhorus, potassium, conper, and manganese were
reduced and magnesium increased as zinc was omitted from the
nutrient-solution. EBoron, calcium, and magnesium were above
the ootimum level when 2zlinc was omitted.

| Increasing zinc to the 2X optimum concentration re-
sulted in nitrogen, iron, phosphorus, copper, manganese, and
magnesium remaining near the optimum level, while potassium

was decreased. Foron and cglecium were increased.




Table 26. Leaf Comnosition and Nutrient-klement Salance as Influenced by
Varying Concentrations of Zinc in the Nutrient Solution

Zine

Leaf Composition

concentration F  F K Ca Mg Fe —Cu E Vn
omittead 1 Dry weight 3.32 0.13 0.83 1.70 0.81 0.007 0.000L 0,007 0.008
Chart index 101 81 68 136 130 53 81 175 61
1/2 optimum % Dry welght 3.57 0.19 1,03 1.32 0.51 0,013 0.000k 0.008 0.013
Chart index 109 118 B, 105 g2 100 81 200 100
Ovtimum 4 Dry welght 3.26 0,16 1,22 1.25 0.62 0.013 0.0005 0.004 0.013
Chart index 100 100 100 100 100 100 100 100 100
2X optimm % Dry weight 3.76 0.17 0.70 1.59 0.61 0.012 0,0005 0.009 0.013
Chart index 115 106 57 127 98 92 100 225 100
LX optimum 4 Dry welght 3.45 0.19 0.72 1.31 0.85 0.009 0.0006 0.013 0.010
Chart index 105 118 59 104 137 69 120 325 76

Deviation of Chart Index from Optimum EBalance

Concentration Fositive  Negative Dilference Total
Omitted 12 156 - 1 298
1/2 optimum 132 53 + 79 185
Ootimum 0 0 0 0

2X ootimum 173 53 + 120 226
LX optimum 309 96 + 213 1,05
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Ficure 17. Nutrient-Element =-slance in relatlon to
Varving the Concentration of Zine in
the Yutrient solution.

Ti'oner left - omitted, unver right -
1/2X ontirmum, center - ontimum, lower
left - 2X ontimum, lower rigzht - LX
ontimum. The various bands on each
chart (from tre edge toward center)
represent excess, arproaching excess,
ovtimum, hidden deflciency and
deficiency.
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Thosrhorus, correr, boron and ragnesium weré astove
ortimum wrken zine was arvlied at the rate of X ontimum
concentration, btut a decrease occurred for calcium, man-
ganese, and lron when comnared to 2X concentration. Totas=
sium did not chrange anvreclably when the concentration of
the nutrlent solution was increased from 2¥X to 4X ontimum.

Increasing the zinc concentration in the nutriente
soluticn resulted in larger total deviations from optimum
balance than decreésing zinc. When none of the element was
added, negative deviations exceeded vpositive deviatlions, btut
were not intense. The 1/2X optimum concentration resulted
in vositive deviations from ontimum balance exceeding the
negative deviations. As the concentration of zine in the
'nutrient solution was increased 2X and LX ovrtimum, the net

vositive deviations increased.

Com~nrer: The influence of varying the concentration of
corner in the nutrient solution is shown 1n Table 27, rigure
18. When the covprer concentration was recduced to 1/2X op-
timum, nitrogen, iron, phosphorus, manganese, as well as
corprer, remained near the optimum level range, but potassium
decreased. PRoron, calcium, and magnesium were at relatively
high levels. As coopver was omitted from the nutrient-solu-
tion nitrogen, phosphorus, boron, manganese, and magnesium
were reduced, while calcium incresased as comvmared to 1/2X
optimum. |

when correr was increased to the 2X ootimum concentra-

tion, all of the nutrient-elements were about the same




Table 27. Leaf Composition and Nutrlent-Llement Falance as Influenced by
Varying Concentrations of Conper in the Nutrlent Solution

Covper _ Leaf Composition _
concentration N P K Ca Mg Fe Cu E Mn
Omitted % Dry weight 2.93 0.11 0.87 2.02 0.60 0.013 0.0007 0.006 0.008

Chart index 89 68 71 161 129 100 140 150 61
1/2 ootimum % ny weight 3.55 0.16 0.87 1.58 0.94 0.013 0.0005 0.009 0.012
Chart index 108 100 71 126 151 100 100 225 92
Optimum 7 Dry weight 3.26 0.16 1.22 1.25 0.62 0.013 0.,0005 0.004 0.013
' Chart index 100 100 100 100 100 100 100 100 100
2X ontimum % Dry weight 3.63 0.13 0.79 1.67 0.87 0.0l 0.0009 0.010 0.014
Chart index 111 81 6, 133 140 107 180 250 107
LX ootimum % Dry weight 3.81 0.13 0.82 1.25 0.5 0,008 0.0008 0,009 0.010
Chart index 116 &1 67 100 87 61 160 225 76

Deviation of Chart Index from Cotimum Palance

Concentration  Fositlve Vepative DIfTerence Total
Omitted 180 111 + 69 291
1/2 ovtimum 210 37 + 173 247
Optimum 0 0 0 0

2X optimum 328 55 + 273 383
X ontimum 201 128 + 73 329

2€ o3wJ Auwauwoo9® O]



Figure 18. MVutrient-Flement Falance in Felation to
Varying tre Concentration of Covner 1n
the Yutrient Solution.

Unrer left - omitted, urver right =
1/2X ontimum, center - ontimum, lower
left - 2X ontimum, lower right - LX
o~timum. The various bands on each
chart (frcm the edge toward center)
renresent excess, avoroachling excess,
optimum, hidden deficiency and
defliciency.
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as using concentrations of 1/2X ontimum, excert for an in-
crease in comver. Increasing the concentration of covver

to 4X ortimum resulted in below ovntimum values for iron,
manganese, and magnesium, while calcilum was near the optimum
level. The remaining nutrient-elements were about the same
as found for tre 2X ovtimum concentration, exceot for a
slight increase 1In nitrogen.

Increasings the concentration of coover in trhe nutrient-
solution nroduced greater total deviations from ootimum
balance than ty decreasing corver, Fositive deviations ex-
ceeded negative deviations from cptimum balance in all con-
centrations of conrer. The greatest vositive deviations
occurred at 2¥X optimum concentration. Corresvmondingly, the
next largest vositive deviations from ontimum balance oc-

curred at 1/2X optimum concentrations.

Discussion

Growth of Montmorency cherry trees anpnears to be signi-
ficantly affected bty either shortages or excesses of all
the nutrient-elements more commonly used as fertllizers be-
fore visible symntoms of shortages or excesses appear.
Nightingale (23) indicated that a reduction in size of
otherwise normal nlant and frult was brought about by vary-
ing the nutrient-elements. Nightingale belleved thet this

condition was the result of balanced multiple deflciencles.
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Also Shear,‘Crane and Meyers (25) believe that at any
level of nutritional intensity, there exlists a nutritional
balance at which ontimum growth for that intensity will re-
sult, and trhat at any given level of nutritional intensity,
nrovided all nutrlient-elements are in vroper balance, it 1s
vrossible to obtain plants that avvnear normal in every re-
snect, and in wkich all metabollc vrocesses are normal. They
also state that rlants may be grown at an avmarently high
level of intensity of nutrition which, in the atsence of
more vigorous or higher ylelders for commnarison, may arrvear
to te making maximum growth and yleld, and yet the vlants
may be canrable of gsreater ylelds 1f & more favorable
balance at a lower intensity 1is brought atout.

wWwhen the amount of growth, as measured by dry welght
increase, produced by using the various concentrations of a
nutrient-element are added together, nitrogen 1is found to
restrict crowth more vrofoundly than the other nutrient-
elements. Totassium, vhosphorus, and celecium, iIn the order
mentioned, restrict growth less then nitrogen. The minor
elements, iron, coorer, and manganese, zinec, and boron re-
strict prowth less then nitrogen, phosohorus, vnotassium, or
caleium. Magnesium anpears to have the least effect on
growth. This would indicate that a listing of nutrient-ele-
ments in order of their influence upon growth resulting from
varistions in nutrient-solution concentration would be as
follows: nitrogen, notassium, phosphorus, calelum, iron,

conver, mancanese, zinc, boron, and magnesium.
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The characteristic armearances of deficiency and
excess symntoms, however, would indicete that this arrange-
ment of nutrient-elements would bte changed if visable
symntoms were vpresent.

The results of this study show (Table 12) that the ef-
fectiveness of a gilven deviation from ovtimum concentration
derends unon the nutrient-element. For example, nitrogen
restricted growth at high concentrations more than any of
the other nutrient-elements, while at the lowest concentra-
tions, potassium and phosvhorus nroduced less growth than
the other nutrient-elements. Fowever, growth was not as
provortionately reduced as &t higher concentrations.

From these studies no one ranking, that would arnly to
toth shortages and excesses of nutrient-elements may be
made in regard to their influence on growth when out of
balance in the nutrient solution. +The order of listing
riven above would amnrly to combined effects of shortages and
excesses. The listing, in ascending order for growth, which
wonld apnly to tre combined shortages is as follows: botas-
sium, phosphorus, nitrogen, caleium, conver, iron, magne-
sium, manganese, boron, and zinc. In regard to combined
excesses, the listing in ascending order for growth would be
as follows: nitrogen, 1ron, phosphorus, calcium, votassium,

zinc, boron, manganese, convner, and magnesium. This would
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indicate that of the ten nutrient-elements studled, a
shortage of notassium woul@ more adversely affect growth than
a shortage of any of the otﬁers, while an excess of nitro-
gen would more adversely affect growth tran an excess of
any of the other nutrient-elements.

Following Thatcher'!s classification of mineral ele-
ments (27), those nutrient-elements classifled as energy
storers, nltrogcen and phosphorus, had the greatest effect
in reducing growth. Lthose nutrient-elements classified as
translocation regulators, potassium, calcium, and magnesium,
had less effect uron growth than the energy storing ele-
ments. The oxidastion-reduction regulators, which are iron,
mangranese, zinc, and conper, had the least effect upon
growth. These generalizations would svwnly to shortages, ex-
cesses, and combined shortages and excesses.

At concentretions below ovtimum, nhosmhorus, of those
nutrient-elements classified as energy storers, was more
effective than nitrogen in reduction of growth, but as con-
centrations werevincreésed above optimum, nitrogen reduced
growth more than phosphorus. When the overall effect of
deviations below and atove optimum are comtined, nltrogen
was more effective than phosphorus. Of those nutrient-ele-
ments classifled as translocation regulators, potassium was
more effective than caleium, and calcium more effective than
magnesium.

In general, iron was more effective in restricting

growth than the other nutrient-elements classified as oxi- ‘
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dation-reduction regulators. TIhe effect of cornner wes
zreater than manganese, and the effect of manranese was
fFreater than zinc, except with concencrations avove opti-
mum where thre order was reversed.

According to Cooper (&), the influence on growth is
directly related to the standard electrode potential. The
results of the experiment indicate that for the transloca-
tion regulators, as classified by Thatecher (27), growth had
a positive relationshliv to standard electrode vpotential.
Fowever, those nutrient-elements classified as oxidation-
reductioh regulators showed & negative reletionshin. Since
the standard electrode rotential for ammonia was not avail-
atle, this relationshlp could not be determined for those
nutrient—elementé classifisd as energy storers.

If, however, all the nitrogen had been sunpllied as
nitrates, there would te no arpreciable difference between
nitrogen and phosphorus in reletion to growth, because thelr
standard electrode potentiel 1is essehtially egqual. The work
of Bfown (5) indicates that nitrogen had a greater effect
upon growth than the other elements. The results of this
study indicate that nitrogen had & greater influence upon
growth than ohosphorus at high concentrations.

There 1s considerable evidence that nitrogen will af-
fect the absorption of the other elements and indirectly
influence growth. Several factors would bring about this

variation in growth. Such variations may depend upon the
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form 1n which the element would be oresent in the substraté
within the vlant. Also growth variations would result from
cationic or anionic unbalances after the elements have been
absorbted and translocated to various parts of tkhe plant.
Continued apvlications of nitrogen increased the nitrogen
accumulation in the leaves, according to Shear, Crane, and
Fyeré (26), and a functional unbalance exists tetween
nitrogen and some other element.

If a nutritional unbalance is created ty shortages or
excesses of an element, this untalance will affect growth
as the svpecific relationshins of these various elements are
disruoted. The effects of nitrogen uron rhosphorus, phos-
vhorus umon nitrogen, calcium upon magnesium, potassium unon
coover, eté. are examnles. With these various nutrient-
element relationshivs, the intensity and balance of the
nutrients would te affected within the pvrlant. Any variation
from ovtimum talance would tring about changes that would
alter the metabolic and rhysiological processes withln the
plant.

Leaf analysis, however, in many instances falled to
correlate with nutrient-solution concentration. Leaf ana-
lysis for nitrogen, phosphorus, potassium, calcium, magnesium,
and manganese showed & good relationship to the concentra-
tion of these nutrient-elements in the natrient-solution;
while the leaf analysis for iron, boron, and copper failed
to show any direct relationship to the concentration in the

nutrient solution. Avpparently the distortion of the bal- .
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ance of nutrient-elements within the leaves had a greater
influence uvon the absorption of iron, corver, and boron
than the concentration in the nutrient solution. NWutrient-
element talance 1n the leaves was also seriously altered
wilth various concentrations of nitrogen, vhosvhorus, votas-
sium, calcium, magnesium, and manganese, ktut. here the ab-
sorotion of one of these nutrient-elements arnarently is in-
fluenced more by concentration in the nutrient-soclution than
by the distortion of nutrlent-element balance,

Nutrient-element balance was disturbed more at the
1/2X opntimum than when nitrogen, phosvhorus, calecium, man-
ganese, or boron was omitted. This would indicate that for
these nutrient elements nutrient-element balance would be
easily disturbed by a shortage of a nutrient-element, but
when the shortage becomes more acute, the distrubance 1in
nutrient-element balance 1is reduced tecause of the lack of
sufficient quantities of the nutrient~element to serilously
influence the absorntion of the other nutrlient-elements.
For 5he other nutrient-elements (potassium, magnesium, iron,
conver, zinc) there would ampear to be a direct relation-
ship between the shortage of the nutrient-slement and 1its
disturtance of nutrient-element bélance.

Conversely, nutrient-element balance was disturbed
more at 2X optimum thaﬁ at X optimum concentrations for
rotassium, and copper. Apparently with excesses of potas-

sium, and covper, the distrubance of balance is more nearly
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assocliated with nﬁﬁrient—element inter-relationshinrs than
with an excess of the nutrlent-element. The disturbance of
nutrlent-element balance by excesses of nitrogen, phosphorus,
calcium, magnesium, manganese, iron, boron, and zine would
aprear to be more dependent uron the excess guantity of the
nutrient-element than uvon nutrient-element inter-rela-
tionships.

Many workers have reported certain relationshivs be-
tween nutrient-elements. Kenworthy and Gilligan (19) showed
& positive relationship between leaf ﬁitrogen and leaf phos-
vhorus, when nhosphorus was low. Fowever, Boynton and
Comoton () found a negative relationship between nitrogen
and rhosrhorus, but this relationshir exlisted at higher
levels of vhosphorus. As indiceted by the data in Table 18,
the relationship.bétween nitrogen concentration and phos-
vhorus absorption is positive when the nitrogen concentra-
tion is below optimum, and negative when nitrogen concentra-
tions were above optimum.

Similarly, Shear, Crane and Myers (26) have reported
that a negative relationship exists between potassium and
manganese when manganese is above 200 ppm. Kenworthy (18)
has found & vositive relationship bétween potassium and
manganese when manganese was below 200 vpm. The data in
Table 23 show this relationship between manganese and
potassium 1s vositive when the manganese concentration is
below optimum, and negative when manganese concentration is

abtove ovntimum.
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Several workers have reported many such, relationships
between nutrient-elements., For the most part, these re-
lationships have been revorted to be either vositive or
negative, but not ef such a nature as indicated above, that
is, where the tyve of relationshiv changes in regard to
shortages and excesses of & nutrient-element.

As indicated by the data of this study, the relation-
shins between nutrient-element absorption and concentration
may bte different for concentrations below optimum than for
concentrations aboVe\optimum. In this respect, there are
vpotentially nine different tyves of relationships which'may
occur. These nine types of relationships may be outlined
as follows:

le. A pvositive correlation between nutrient-element
absorption and nutrient-element concentration
when the concentration 1s either below or above
optimum.

2. A negative correlation between nutrient-element
absorption and nutrient-element concentration
when the concentration is either below or above
optimum.

3. A positive correlation between nutrient-element
absorption and nutrient-element concentration
when the concentration 1is below optimum, and a
negative correlation between nutrient element ab-
sorption and nutrient-oloment concentration when

the concentration is atove optimum.
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A negative correlation between nutrient-element
atsorvtion and nutrient-element concentration
when the concentration is below optimum, and a
vositive correlation between nutrient-element at-
sorrtlion and nutrient~element concentration when
the concentration 1s atove ovtimum.

No correlation between nutrient-element absorp-
tion and nutrient-elemrent concentration when the
concentration is telow optimum, and 2 negative
correletion between nutrient-element absorption

and nutrient-element concentration when the con-

-centration is above ovntimum.

No correlation between nutrient-element absorption
and nutriente-element concentration when the con-
centration is below ontimum, and a vrositive cor-
relation between nutrient-element abéorntion and
nutrient-element concentration when the concentra-
tion is above ontimum.

Positive correlation between nutrient-element ab-
sorption and nutrient-element concentration when
the concentration is below optimum, and no correla-
tion between nutrient-element absorption and
nutrient-element concentration when the concentra-
tion is above optimum.

Negative correlation between nutrient-element ab-

sorption and nutrient-element concentration when
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the concentration is telow ontimum, end no corre-
lation between nutrient-element absorontion and
nutrient-element concentration hen tre concentra-
tion is above ovntimum.

2. No correlation between nutrient-element absorrtion
and nutrient-element concentration when the concen-
tration 1s either telow cor atove ovtimum.

The general trends of tre relationshivs retween the con-
centration of a ~iven nutrient-element and tre absornmtion of
otrer nutrient-elements are shown in iables 18 to 27, inclu-
sive. These relatlionships may be classified in regard to
the atove tyres &as presented in iavle 28&.

The relationshin tetween the sbsorntion of a nutrient-
element and thre concentration of nutrient-elements, in many
cases, aonears to be a characteristic of the nutrient-ele-
ment., Nitrogen atsorntion does not ammnear to te influenced
by the concentration of other nutrient-elements, excevting
high correr. Fhosvhorus, votassium, iron, and manganese, 1n
general, fell in Class 3, indicating that the absorntion of
these nutrient-elements 1s decreased when the concentration
of any one of the other nutrient-elements is elther above
or below ovtimum. Cornper and toron avvear to be in Class U,
indicating that the absorption of these nutrient-elements
is increased when the concentration of any one of the other

nutrient-elements 1is elther telow or above optimum. Calcium
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Tabtle 2. helative Tyve of Relationshini FPetween
Various Concentrations of a Mutrient-
Element and Nutrient-Llement Absorntion
as Measured by Leafl Analysis.
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and magnesium do not fit any one class, which indicates that
the absorption of these nutrient-elements has a relation-
shiv to concentration of other nutrient-elements which is
devendent unmon the nutrient-element whose concentration is

teing varied.

Summeary

OCne-year-0ld Montmorency cherry trees were ~rown in
nutrient-solutions, using five dirferent levels of ten nu-
trient-elements. GCrowth was measured in terms of dry welght
increase. Leafl cormosition was determined for nitrogen,
rotassium, calcium, magnesium, iron, boron, manganese, and
co-ver.

Maximum growth of Wontmorency cherry trees was obtained
when all of the nutrient-elements were at optimum balance.
Any deviatlions, as a shortage or excess, from optimum bgl-
ance resulted in & significant reduction in growth without
the apvearance of visable symntoms of a deficiency or
toxicity.

Reducing the concentrations below ovtimum, potassium
reducéd growth more then the other elements. The remaining
elements vroduced growth in the following increasing order:
phosnhorus, nitrogen, calcium, conper, iron, magnesium,
mancanese, boron, and zinc.

Increasing the concentrations above optimum, nltrogen

reduced growth more than the other elements. The remain-
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1ng elements rroduced growth in the following increasing
order: 1iron, ohosvhorus, calcium, potassium, zinc, boron,
manganese, conper, and maznesium.

Combining the growth vroduced at all concentrations
(telow and above optimum), varving the concentration of nitro-
¢en reduced growth more than the otrer elements. T'he re-~
maining elements produced growth 1n the following increas-
ing order: vpotassium, phosphcrus, calcium, iron, covver,
manganese, zinc, btoron, and magnesium.

In regard to their influence on growth, the various
nutrient-elements>group tremselves according to vhysilologi-
cal function. The energy storing elements, nitrogen, and
rhosphorus, had the greatest 1Influence on growth. The trans-
lccation regulators, potaésium, calcium, and magnesium, had
less effect uvon growth than the energy storing elements.
Tre oxidation-reduction regulators, iron, manganese, zinec,
and conner, had the least effect uron growth.

At concentrations below orntimum, vhosphorus, of those
elements calssified as energy storers, was more effective
than nitrogen in reduction of growth, but as concentrations
were increased above optimum, nitrogen reduced growth more
than phosphorus.

Of those elements classifled as translocation regula-
tors, potassium was more effective than calclium, and

calcium was more effective than magnesium.
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Iron was more effective 1in restricting growth than
the other nutrlent-elements classified as oxidation-reduc-
tion regulators. fhe effect of covrrer was greater than
manganese; manganese was grester then zinc when the concentra=-
tion was below ortimum. Above ovntimum, the order was re-
versed for conver, manganese, and zinc.

Ieaf analyses for nitrogen, ohosrhorus, notassium,
caleium, magnesium, and manganese srowed a vrositive rela-
tlonshivr to the concentration of these nutrient-elements
in the nutrient-solution.

Wwith concentrations velow ontimum, there was a direct
relationship ktetween the shortage of a glven nutrient-ele-
ment and the disturbance of nutrient-element talance for
rotassium, magnesium, iron, conper, and zinc.

Nutrient-element balance was disturted more at 1/2X
ontimum for nitrogen, phosphorus, calcium, manganese, and
boron than when omitted.

Fxcesses of nitrogen, vhosvhorus, calcium, magnesium,
rmanganese, iron, boron, and zinc disturb nutrient-element
balance in provortion to the excess quantities. Nutrient-
element balance is disturted more at 2X ontimum than at LX

ovtimum concentration of votassium, and conver.
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Table 1. Dry Jeight of Leaves, Shoots, irunk, hoots, wntire .ree, and lncrease in
' Dry ‘eight as Influenced ty Varylng Levels of Mitrocen in Nutrient-
Solutlonss--grams

Nitrogen Tree _ When Farvested when Net
concentration number Leaves Shogts [runk hkoots T[ree planted increase

pom

0 %3 9.4 L.3 10.7 28.0 52.4 26, 26.0

5 11.0 5.5 13.0 61.8 91.3 L. 116.5

169 7.8 5.8 13.h 4.3 71.3 3L.9 36.4

Total -- 28.2 15.6 37.1  134.1 215.0 106.1 108.9

Average - 90'.,, 502 1203 hho? 7106 3‘;.3 3603

112.0 %u 16.1 10.8 16.6 51.7 95.2 hhy .7 £0.5

6 13.6 8.0 17.5 L3.4, €2.5 37.1 LS.

128 17.3 10.1 20.3 61.3 109.0 5l .5 53.5

Total == 47.0 28.9 5%.& 156.) 286.7 136.3 149.5

Average -- 15.6 9.6 18,1 52.1 95.5 LS. . L9.8

22}.0 3 21.1 18.6 17.8 SL.6 112.1 40.6 71.5

87 21.1 1.1 18,3 7.2 100.7 h2.7 58.0

129 22.8 16.8 26.0 80.3 145.9 62.3 £3.6

Average - 2106 16.5 20.7 60.7 11905 L‘.P'OS 7100

LL€.0 ge - 16.8 7.3 19.8 41.6 85.5 LE.9 36.6

130 10.9 5e3 1€.8 45.6 78.6 63.8 14.8

172 19.9 12.0 16.9 39.1  87.9 32.0 55.9

Total == L7.6 2.6 £3.5 126.3 252.0 1.7 107.3

Average-- 15.8 8.2 17.0 L2.1  84.0 468.2 35.7

£96.0 %7 12.9 6.5 12.1 L3.2  TL4.7 L7.2 27.5

9 12.8 7.8 15.7 386.7 75.0 L7.1 27.9

Total - ho.h 3109 ).;1]..9 11’.‘»03 23105 lh007 9008

Average-- 13.4 10.6 1.9 38.1  77.2 L6.9 30.3

# ALl other nutrient-elements consteant in nutrient solution
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Table 2. Dry Weight of Leaves, Shoots, Irunk, koots, kntire Tree, and Increase in
Dry Weipght as Influenced by Varying Levels of Fotassium in Nutrient-
Solutiomt--grams

Phosphorus  Tree Wren rarvested When et

ooncentration number Teaves Shoots Trunk Roots 1Iree planted increase
pom
0 L8 7.2 2.3 8.1 23.3  }l1.0 2%.1 15.9
90 13.5 7.0 18.6 55.0 9.1 57.1 37.0
174 12.3 6.3 12.0 9.4 70.0 . 38,6 31.4
Total - 3301 1506 3807 11707 20‘;01 120.8 Pg-B
’ Average - - 1100 502 1209 39-2 6P03 h0.2 2 01
34.0 91 13.7 6.9 17.6 £3.6 91.8 56.3 35.5
133 16.2 9.2 22.6 L7.3 95.3 49.7 L5.6
Total =- 15.6 23.7 60.0 146.2 275.5 150.4 125.1
‘Average -- 15.2 7.9 20.0 LE.7 91.8 c0.1 1.7
68.0 3 2l.1l 18.6 17.8 Sh.6 112.1 L0.6 71.5
87 21.1 1h.1 18.3 47.2 100.7 h2.7 GE.0
A 129 22.6 16.8 26.0 £0.3 145.9 62.3 83.6
Total  =-- 65.0 49.5 62.1 1€2.1 358.7 145.6 213.1
Average -- 21.6 16.5 20.7 60.7 119.5 Le.s 71.0
136.0 50 9.8 5.0 12.3 36.7 63,8 43.% 20.3
92 23.0 12.8 21.6 58.9 116.3 U6.7 69.6
176 16.8 8.9 .Y uh.2 84.3 43.7 L40.6
Total - h.906 2607 u803 13908 26'.'.0“. 13309 130.5
Average - 1605 809 1601 ,.‘-606 8801 ,.ll.l.oé L'-B'S
272.0 9 18.3 12.5 17.7 418.0 96.5 37.4 59.1
51 22.0 11.5 19.5 £0.7 103.7 L7.7 6.0
177 10.3 %.3 12.7 .y 61.7 38,1 23.6
Total == 50.6 26,3 49.9 133.1 261.9 123.2 138.7
Avara - 1608 90’4 1606 03 87.3 )4.100 h6.2
onstant 1In nutrient solution

# Al]l other nutrlient-elements ¢
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Table 3. Dry Jeight of Leaves, Shoots, Trunk, Koots, zntire Iree and Increase in
Dry Weight as Influenced by Varying Levels of Fotassium in Nutrient-
Solutiomnt-=-grams

“Totassium Tree — Wnen rarvested , wnen Vet
concentration number Leaves Shoots Trunk Roots Tree planted increase

opm :

0 oly 12,5 7.0 16.5 31.6 67.6 38,3 29.3

136 9.9 6.7 15.0 sh.y 86.0 60.7 25.3

178 9,5 4.0 15.2 30.9 59.6 36.1 23.5

Total - 31.9 17.7 6.7 116.9 213.2 135,1 78.1

Average -- 10.6 5.9 15.5 38.9 T71.0 45.0 26.0

43.0 53 12.1 5.6 11.8 L6.5 76.0 45.5 30,5

95 15.3 9,3 16.5 3.8 77.9 39,8 38,1

137 15.2 8.1 21.2 1.0 95.5 g3.4 42.1

Total -- h206 2300 LL9.5 13’.’.03 9.)-]. 138-7 11007

Average =-- 1.2 7.6 16.5 .7 3.1 L6.2 36.9

R6.0 3 2l.1 18,6 17.8 .6 112.1 40.6 71.5

129 22.8 16.8 26.0 0.3 145.9 62.3 83.6

TOt&l - 65.0 l|.905 6201 182-1 3;807 1,.‘.506 21301

Average -~ 21.6 16.5 20,7 60.7 119.5 L8.5 71.0

172.0 12 15.1 T.7 13.1 k1.2 77.1 Lhe.1 35.0

5% 15.0 7.9 16.6 58.5 98,0 49.5 48.5

Total ~ ~=- 53.7 30.7 55.2 151.2 290.8 139.2 151.6

Average == 17.9 10.2 18.L 0.,  96.9 L6 50.5

3l 0 13 11.6 L8 10.7 38.0 65.1 3.7 30.4

97 19.0 10.7 22.7 53.9 106.3 53.8 52.5

181 12.0 6.7 10.8 h2.2 71.7 35.1 36.6

Total - }2.6 22.2  Lh.2 134.1 2%3.1 123.6 119.5

Average -- 1.2 7.4 1.7 Ly . 1.0 1.2 39.8

#A1] other nutrient-elements constant

in nutrient solution
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Table lj. Dry Weight of Leaves, Shoots, Trunk, Roots, Entire Tree and Increase in
Drv Weight as Influenced by Varying Levels of Calecium in Mutrient-
Solutionit-=grams

Calclium Tree When varvested — ahen Vet
Concentration number Leaves Shoots Trunk toots Tree vlanted 1Increase
oM
0 cé 17.9 7.5 15.1 LE.3 ot .8 L7.7 41.1
98 12.6 5.5 16.2 L2.8  77.1 43.0 3.1
182 15.2 9.0 13.7 33.3  T1.2 33.0 38,2
Total - L5.7 22.0 L5.0 12 ., 237. 123.7 113.
Average == 15.2 7.3 15.0 hl.p  79.0 L1.2 37,
88.0 57 19.0 10.6 16.5 53.5 99.6 L43.0 56.6
99 7.3 L.8 16.5 42.3 70.9 L8.8 22.1
183 17.1 9.2 L RYS 21,0 ‘92.8 L2.% 50.3
Total - u3.h. 2%-6 ).}7-6 ].h?-? 26303 13&03 129.0
Average -- 1.} .2 15.8 9.2  87.7 i .7 43.0
176.0 3 21.1 18.6 17.8 .6 112.1 0.6 71.5
87 2l.1 1.1 18:3 %7.2 100.7 he.7 G8.0
129 22.6 16.8 26.0 0.3 15.9 62.3 82,6
Total - 65,0 9.5 62.1 182,1 1358,.7 145.6 213.1
Average - 2106 1605 20.7 6007 119.5’ heos 7100
352.0 16 1.1 9.6 11.3 48.0  83.0 .7 L&,3
c8 15.6 7.9 1.5 43.7 81.7 33.6 18,1
184 1} .8 9.l 12.6 37.8  7h.6 32.3 L2.3
Average -- 1 .8 &.0 12, 43.1  79.7 33.%5 bé,2
704.0 17 16.3 9.6 14 .2 57.3  97.4 .5 52.9
101 16.h 10.3 1.l Le.2 89.3 1.6 L7.5
185 11.2 5.2 11.3 28.9  56.6 2.1 28.5
Total - 43.9 25.1 39.9 131;.% 243.3 nlg.u 128.9
Average 1.6 8.3 13.3 L. 1.0 3€.1 42.9

XIANHE4dV
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- Table 5. Dry Jelpht of Leaves, Shoots, Trunk, Hoots, Fntire Iree and Increase in
' Dry Welght as Influenced by Varying Levels of “agnesium in Nutrient
Solutions--grams

MagnesIum Tree When Farvested — “hen Net
concentration number Teaves  Shoots Trunk Roots Tree planted 1increase

pom

0 18 16.0 8.3 13.6 - 35.7 73.6 32.3 h1.3

60 16.2 '10.8 iL.5 éL.y  105.9 3.9 62.0

Total == LS. 2%;9 2.1 1486 261,0 110,.8 150.2

Average -- 15.1 .3 14.0 9.5 87.0 36.9 50.0

29.0 103 10.8 7.2 10,8 L7.1  75.9 . L41.2 3h.7

145 18.2 16.0L 2L 5.8 11}.8 419.0 65.8

187 13.9 7.1 13.7 L3.6 78.5 39,8 38.7

Total -- L2.9 30.7 LE.9 1h6.7 269.2 130.0 139.2

Average -~ 1.3 10.2 16.3 48.9 89.7 3.3 6.l

58,0 3 2l.1 18.6 17.8 SL.6 112.1 L40.6 71.5

87 21.1 14.1 18,3 b47.2 100.7 L2.7 58.0

129 22.8 16.8 26.0 £0.3 145.9 62.3 £€3.6

Total == 65.0 49.5 62.1 182.1 1358.7 145.6 213.1

Average -- 21.6 16.5 20.7 60.7 119.5 L8.5 71.0

11€.0 20 23.5 1c.1 17.3 53.4 109.3 27.1 ga.2

62 2l.2 16.5 16.6 49.6 103.9 37.4 66.5

146 23.5 15.8 2.6 72.0 135.9 60.0L . 75.5

Total - 6802 ,.‘.70% 5805 175.0 31'.901 12,4.9 22’402

Average - 22.7 15- 19.5 58.3 11603 L:.loé 7’407

232.0 21 16.7 10.1  13.3 54.3  9h.h b1.2 53.2

63 17.1 11.1 19.0 01.5 98.7 40.8 57.9

17 15.8 8.6 22.6 6.0 111.0 57.3 53.7

Total == 49.6 29.8 5%.9 169.8 30h.1 139.3 16l .8

AVQI‘& - 1605 909 1 03 5606 10103 Lléol’- ';Ll.?

XIANFIdV
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Table 6. Dry Weight of Leaves, Shoots, Trunk, Koots, Fntire Tree and Increase in
Dry Weight as Influenced by Varying Levels of Manganese in Nutrient-
Solutionk-=-grams

Manganese “Tree _ ___When Farvested_ When Net
concentration number Leaves Shoots Trunk  koots Tree vnlanted 1increase

opm

0 6% 20.3 11.9 18.6 b6.L4 107.2 LO.L 66,8

1 1642 10.7 17.L4 65.6 109.9 57.7 52.2

190 19.3 11.6 19.13 43.0 93.2 35.2 c8.0

Average -- 18.6 11.L4 18.4 55.0 103.4 L. 59.0

2.5 23 10.6 7.6 1k .4 2.0 65.0 31.2 33,8

65 19.2 10.3 2l.2 52.7 103.} h2.6 60.8

191 11.4 "R 17.3 b2.7 79.8 39,8 40.0

Total -- 41.2 26.3 52.9 127.8 248.2 113.6 13.6

Average -- 13.7 8.7 17.6 2.6 82.7 37.R Wb .8

5.0 3 2l.1 18.6 17.8 .6 112.1 Lo.6 71.5

87 2l.1 14 .1 18.2 47.2 100.7 Lh2.7 c8,0

129 22.8 16,8 2€.0 80.3 145.9 62,3 £3.6

Total -- 65.0 49.5 62.1 182.1 358.7 145.6 213.1

Avel‘age - 2106 1605 2007 60.7 119.5 L|.8.5 71.0

10.0 2l 1.7 10.7 17.4 £2.3 95.1 iS.2 49.9

150 15.6 9.6 .3 59.5 99.2 47.8 51.L

192 1.8 7.7  17.5 37.6  77.6 37.8 39.8

Totﬂl - - uSOB 2800 11.9.2 1’.],9.)4 271.9 13008 lh.lol

Average -- 15.1 9.3 16. 49.8  90.6 L3.6 L47.0

20.0 109 19.7 .Y 13.6 67.L 115.1 LEe.L 66.7

15) 19.4 9.7 21.9 59.2 110.2 59.7 50.5

193 13.1 7.6 16.0 1.7 88.. L46.5 4l.9

Total - 52.2 31.7 51.5 178.3 313.7 154.6 159.1

A'Bmse - 17 oh 10' 17 01 59 oh 101.].0 5 51 » s 5 ;00

XIANHTJIdY
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Table 7. Dry Weight of Leaves, Shoots, Trunk, Koots, kntire Tree and Increase in
Dry Welght as Influenced by Varying Levels of Fcron in Nutrient-
Solutionit-«grams

Foron Tree When FHarvested — When Vet
concentration number Teaves Shoots Trunk Roots  Tree vlanted increase
Dom

0 26 17.L 12.4 19.4 57.7 106.9 Lé.6 60.3
68 16,2 9.7 19.9 65.0 110.8 52.9 57.9

152 22.0 11.9 23.1 68,2 125.2 £9.3 65.9

Total  -- 55.6 .0 62, 190.9 342.9 158,8 18,1
Average - 18.5 11-3 200 63'6 11).'.-3 5;2.9 6103
1.5 €9 16.9 11.3 15.5 5l.y  95.1 35.5 59.6
153 1.6 9.3  14.L 5h.6  92.9 43.9 49.0
195 16.6 9.2 19.2 37.1 82.1 1.9 0.2
Total - L'.Sol 29.8 ‘.].9.1 1)4301 270.1 121.3 11‘,8.8
Average == 16.0 9.9 16.3 47.7 90.0 Lol 49.6
3.0 3 2l.1 16.6 17.8 Sh.6 112.1 L0.6 71.5
87 21.1 1.1 1E.3 L7.2 100.7 L2.7 58.0

129 22.8 16.8 26.0 0.3 1,5.9 62.3 83.6

Total == 65.0 L9.5 . 62.1  182.1 358.7  1L5.6 213.1
Average -- 2l.6 16.5 20.7 60.7 119.5 48.5 71.0

6.0 112 18.9 16.1 25.5 53.0 113.5 0.2 73.3
15) 2.1 15.7 28.0 60.1 127.9 52.3 . 75.6

196 1.2 7.3 16.0 8.6 76.1 3L.0 k2.1
TOtal - 5702 3901 69 05 151-7 31705 12605 19100

Average == 19.0 13.0 23.1 50.5 105.8 2.1 63.6

12.0 29 11.1 0e7 18.2 40.7  75.7 49.5 26.2
155 .16.% 10.9 23.6 45.2 96.1 53.7 2.y

197 12. 7.1 11.2 Li., 72.5 35.3 37.2
Total - 40.3 23.7 63.0 127.3 244.3 138,85 105.8
Average - 130h 709 17.6 L}Zoh Flo).‘. '.].6.1 35-2

XIANT Iy
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Table 8., Dry Jeisht of Leaves, Shoots, [runk, Eoots, kntire [ree and Increase in
Dry Jeight as Influenced by Varying levels of Iron in Nutrient-
Solutionsi#--grams

Iron Tree When Farvested When Net
concentration number Leaves  Shoots  [runk Koots  Iree vlanted increase
ppm .

0 30 15.3 7.6 13.0 2.3 B88.2 U2.6 45.6
156 13.3 6.8 15.4 62.3 97.8 54 .9 L2.9
198 13.5 7.5 15.4 32.9 69.3 32.1 36.9

fotal - hzol 21.9 h308 1&7-5 25503 129.9 125.
AVOP&ge - 1,400 703 11‘.06 1.'.9-1 8501 h3-3 hlo i
1.0 73 20.5 12.1 18.1 .y 105.1 38.L 66.7
115 1.2 9.1 15.3 c1., 90.0 35.2 g, .8
199 13.3 7.6 15.6 35.3  71.8 35,2 36.6
Total -- 48,0 . 28,8 9.0 141.1 266.9 108.8 158.1
Average -- 16.0 9.6 16.3 47.0 £8,9 3€6.2 2.7
2.0 3 2l.1 18,6 17.8 sh.6 112.1 40.6 71.5
87 21.1 4.1 18,3 7.2 100.7 L2.7 cR.0
129 22.8 16.8 26.0 80.3 145.9 62.3 83.6
Total - 65.0 L9.5 62.1 182.1 358.,7 - 145.6 213.1
Average -~ 21.6 16.5 20.7 60.7 119.5 8.5 71.0
.0 74 11.5 lie3 1.1 L2.0 T71.9 39.4 32.5
116 12.1 8. 11.3 2. 6L.2 29.9 3.3
200 19:1 11.5 20.9 45.1 96.6 37.2 59.4
Average -=- 1.2 8.0 15.4 9.8 77.5 35.5 42.0
8.0 75 11.9 6.8 9.7 36.L 64.8 27.8 37.0
159 16.2 9.7 1.3 61.9 102.1 52.3 49.8
201 8.5 4.9 15.1 22.6 5l.1 27.8 23.3
Total - 36.6 21.h 39.1 120.9 218.0 107.9 110.1
Average - - 12.2 7.1 13.0 L‘-OOB 7206 3509 36-7

#A11 other nutrlent-elements constant 1n nutrient solution
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Table 9. Dry Jeleht of Leaves, Shoots, i‘'runk, Foots, kntire Iree and Increase in
Dry Jelght as Influenced by Varying Levels of 7inc in Nutrient-
Solutionit--grams

Zinc Tree when Farvested Jhen Net
concentretion number lLeaves Shoots Trunk Koots  Tree planted 1increase

prm

0 118 17.7 12.5 21.2 L6.0  97.l 37.3 €0.1

160 19.9 1.1 2L .5 43.5 102.0 h2.3 59.7

202 15.2 7.5 15.7 h6.3  84.7 39.9 Ll .8

Total - 5208 3’.},01 61.)4. 135.8 28).‘01 11905 16“.-6

Average -- 17.6 11.3 20,4 L5.2  94.7 39.8 ol .8

1.0 77 18-0 906 1g07 l‘hob 8709 ).I.Oolj. ,.}.705

119 2l.7 1.2 22.2 45.5 103.6 28.9 .7

203 19.2 13.2 15.2 . 39.3  86.9 29.1 57.8

Total -- c8.9 37.0 53.1 129. 278.Y4 98.4 180.0

Average - 1906 12.3 1707 u3.1 9208 32.8 6000

2.0 3 2l.1 18.6 17.8 .6 112.1 Lo.6 71.5

87 2l.1 1.1 18.3 7.2 100.7 2.7 58,0

129 22.8 16.8 26.0 0.3 145.9 62.3 83.6

Total - 6500 1].9.'; 62.1 182-1 3';8-7 11‘,‘;-6 213-1

Average - 21.6 1605 2007 60.7 119.5 ,.I,BQS 71.0

4.0 78 17.0 8.9 16.8 hi.1  B3,E 35.4 L&

120 13.5 9.2 15.5 45.3 83.5 29.1 Sly

204 20,6 13.9 18.1 h9.% 102.0 k2.6 59.4

Total - 5l.1 32.0 50.% 135. 269.3 107.1 162.2

A\Terage - 17.0 10.6 16. LLS.Z Pg .7 3;.7 5’4.-0

8.0 37 15.} 8.9 19.4 ho.7 Bé.h 3.5 2.9

163 11.1 49 21,0 49.1 €6.1 53.1 33.0

205 1.5 10.} 17.6 35.1  77.6 34.3 43.3

Total - 41.0 2%.2 58.0 126.9 250.1 130.9 1196.2

Averagﬂ_ - 13.6 .0 19 03 ’.12. 8303 Ll306 39 07

—#AIT other nutrient-elements constant In nutrient solutlon
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Table 10. Dry Weight of Leaves, Shoots, Trunk, koots, Entire Tree and Increase in
Dry Weight as Influenced by Varying Levels of Covner in Wutrient-
Solutiont-~Grams

Conper “Tree Wihen Farvested 4L When Net
concentration number Teaves Shoots Trunk Roots Tree nlanted 1increase

PYM

0 38 16.1 9.7 16.9 2.1 95,1 47,1 L&.0

8o L7 2.1 T.7 30.2  Lit.7 2.6 16.1

122 17.6 10.1 21,8 50.3 99.8 30.6 69.2

Total - 38, 21.9 hé.l 132.9 239,56 10€.3 123.3

Average  -- 12.8 7.3 15.k Lh.3 79.8 35.4 Ly .

1.0 39 1.2 7.1 1.6 43.6 79.5 33.5 16.0

123 13.3 6.7 . 35.7 70.1 31.3 3t.8

207 17.2 9.6 16.4 35,0 78.2 32.2 46.0

Total - Ll .7 23.0 LS.h 11h.3 227.8 97.0 130.8

Average - 1.9 7.8 15.1 36.1  75.9 32.3 43.6

2.0 3 21.1 18.6 17.€ 5.6 112.1 L0.6 71.5

87 21.1 1.1 1.3 47.2 100.7 L2.7 c8.0

129 22.8 16,8 26,0 0.3 1h5.9 62.3 €3.6

Average -~ 21.6 16.5 20.7 60.7 119.5 L8.5 71.0

4.0 82 13.0 7.5 12.5 47.5 €0.5 34.0 L6.5

12l 11.5 7.2 15.0 h2.2 75.9 36.5 39.4

166 20.k 12.6 21.0 58.0 112.0 U7.7 6.3

Total - kL .9 27.3 L4€.5 7.7 268.4 118.2 150.2

Aver&ge - 1,4.09 9.1 16-1 ’4902 8901} 390“. 50.0

8.0 41 - 14.0 9.0 19.6 42.0 84.6 36.8 47.8

167 2h.1 13.5 2%.3 50.2 112.1 Lh9.2 62.9

209 16.5 9.7 18.3 1.4 85.9 39.7 L6.2

Total -~ 5%.6 32.2 62.2 133.6 282.6 125.7 156.9

Avemge - 1 ‘.2 100 20.7 %05 9)_}.-2 '.{109 52 03

~ ®AI] other nutrient-elements constant In nubtrient solutlon
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GROWTFH, LFAF COMFOSITION AND NUTFI:NT-ELEMENT BALANCE OPF
MONTMORENCY CFERRY (Prunus cerasus, L.)=<Effect of
Varying Concentrations of Ten tutrient=Flements

By
Roy Kenneth Simons

ABSTEACT
One-year-old Montmorency cherry trees (Frunus cerasus

Le.) were grown in sand culture for one season to study their
response to ten different nutrient-elements when one ele-
ment was varied at a time while the remaining elements were
kept constant. |

8tock solutions of chemleally pure KB, NO3, H3FO,, KC1,
CaCl2, Mg80y, W3BO3, MnS0, Cu3Oy, ZasSOy, and Fe80) were
vrepared individually for each of the nutrient-elements.
From these stoek solutions a dilute solution for eash treat-

ment was prepared in vwhich the slewments were oe-binnd in

definite nroportions.
The optimum soncentration, as determined from the litera-

ture, was as follows:

Nitrogen 22, rem Menganese 5.0 ppm
Phosphorus 68.0 ppm Boron 3.0 ppm
Potassium 86.0 pem Iron 2.0 ppm
Celotum 176.0 prm Zine 2.0 ppm
Magnesium 58.0 ppm Conper 2.0 ppm

Esch nutrient-element was varied individually from this
optimum concentration 8o as to provide, for easch nutrient-
elewmens, levels sorresponding to omitted, 1/2X, 2X, and
LX optimum,



Roy Kenneth Simons

Growth measurements were recorded for dry weight in-
crease of tree parts and length of terminal growth. Leaf
eanalysis for nitrogen was determined by the Kjeldahl method,
and spectrogranhic analysis was used for the determination
of P, X, Ca, Mg, Fe, Cu, E, and Mn,

The results show that maximum growth was obtained when
all the nutriente-slemsnts were at ontimm eoncentration.

Any deviations, 2s & shortage or an excess, from optimum cone-
centration resulted in a .1gn1ricané reduction in growth
without the arnnearance of visible symptoms of a dériclonoy

or toxicity.

Feducing the concentration below optimum, potassium re-
duced growth more than did the other elements vhich produced
growth in the following increesing order: P, X, Ca, Fe,

Mg, Mn, B, and Zn. As concentrations were increased above
optimm, nitrogen reduced growth more than the other nu-
trient elements which produced growth in the following ine
creasing order: Fe, P, Ca, X, Zn, B, Mn, Cu, and Mg.

The nitrogen concentration, when varied below and above
optimum, resulted in leas total growth for the five levels
than the other nutrient-elements. The remaining elements
produced growth in the following inoreasing order: K, P,
Ca, Pe, Cu, ™n, Zn, B, and Mg,

Leaf analysis for N, P, XK, Ca, Mg, and Man showed a
positive relationship to the conggnbrutlon of these nutriente

elements in the nutrient-solution.



Foy Kenneth Simons

With econcentrations below optimum, there is a direct
relationshiv between the extent of the shortage of a given
nutrisnt-slement and the disturbance of nutrient-element
balance for X, Mg, Fe, Cu, and Zn. However, nutrient-
| element balance was disturted more at 1/2X optimum for ¥,
Fy, Ca, Mn, and B, than when these nutrient-slements were
omitted,

Excesasass of N, F, Ca, Mg, Mn, Fe, B, and Zn disturd
nutrisnt-element balanse in proportion %o the extent of the
oxcess.

The manuscript includes e discussion of the fastors
involved and the relationship between concentration of the

nutrient-solution and abdbsorption of the Adifferent nutrioﬁﬁ-

elements by the plant.



