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he number

the last three or four years when

ar in each of the import

in the n

presently sixth in the nation.

cheries in the

eet cherries for improved yields

research project was to

The primary objective of

trees 1in

conduct a nutritional survey of the sweet ch

Jtah and determine the general nutrient-element levels

where




studied: (1) the variation

lement levels between varieties;

relationship between the nutrit
srchard and the occurrence of the major virus diseases; (3)

nutrient-elements in cherry leaves;

seasonal trend of t

(4) the variation of the nutrient-elements due to the sampl-
ing position of the leaves on the tree; and (5) the effect

from

procedures to remove

the leaves.

element lev

nd conditi

mples.




three decades t©

pere

nial pla

1al crops.

nd 1931) worked with the

through

e leaf 1

or potassium. From that time unt

fertilizer

present, sur:

and field plot work with va

treatments and inations of treatments have

excellent

|

.fic studies with surveys

During the past decade several surveys have been con-

tie and

ducted on apples and peaches in various states

Ellenwood, 19

enworthy (1953) made a

vey of the principle fruit crops grown Iin




Swee il s
studies ee cherries are lacking
S what c to other spe of fruits few reports

have been written

ncerning the levels of one or two nutri-

pertainin

he summarized

increased

rrowth and produ

ssium appli-

phosphorous and

cations have no effect; (2) potass

interfere witt

applications are made in the summer. He recommended

ecember to February applicati of nitrogen at the rate

one pound for

ung bearing trees, two pounds for mature

trees, and more for old and weak trees.

cherry trees




rent cultural

rk (194 discussed d

orchards.

and fertilizer practices per sweet c

vetch planted as a cover crop in September

'hey found

and disced under the following June gave better yields than

rley as a cover crop or clean cultivation. Their results

indicated nitrogen plus phosphorous gave better yields
¢ 2 y

either element applied alone.

1t that phosphorous and

potassium had no benefit. He m

tions on sour cherry plots in Colorado produced ylelds equiv-

ercial applications of

higher yields over a ten

ren. Their

pounds of commercial nitr

year perilod

sults showed that phosphorous had a slight effect on yield

re

+

when applied with nitrogen but better yield could be obtained

d applying no phosphorous.

by doubling the nitrogen rate

in - leaf

1950) reported an incr

were collected




Montmorenc cherries were iver

1r cherrles

contalned

deficlency

peach and

in sweet

11d be the

sour cherries. T'hese value

w

itrogen, .25% phosphorous, 1.67% potassium, 2.09% calcium,




203 ppm iron, 57 ppm

copper,

the nutrient defici-

Thorne

encies found in Utah orchards and their typical leaf symptoms.

P

Richards and Cochran (lwhu) have discussed the virus disease

4]

and the nutritional disorders that have been found in sweet

cherries.

results

f standard chemical procedures

> determine plant

tissue. Procedures are available to measure forms of

as well as total amounts of

nutrients in fresh plant
nutrient-elements in dry tissue. The results are expressed

in units of dry weight, fresh weight, or the of the

include

t are the most results

from chemical analyses
After the chemical analyses are complete, the results

are interpreted to determine the sufficiency or deficlency

of the nutrient-elements within the plant for optimum growth.

Some workers have used critical nutrient levels for the inter-

se are deter

pretation of their results. Th

owth

e nutrient levels found in 1e plant with yield or

for each element which

and locating the level or narrow rar




separa

to decrea

interpretations upon the idea of a nutrient balance concept

hich considers the proportion of the nutrients to one an-

the actual concentration. Values for the

other as well

been determined by growi

nutrient ba

i

=t

method

hest yield or growth (Ulric

plants is by analyzing

the tissue from healthy looking, good productive plants and

as the balanced or optlmum values with the

using the resu

centrations are at optimum levels

the leaf

theory that

tion and the

it must follow that

nutrient-element

1952). Several

have used different

Lagatu and Maume (1926) seemed to be the to sug-

nong elements within the plant.

gest equilibrium or balance

of nutri-

1937) followed wit

1omas (19

'

Haddock (1961) used a

tion" and the "quality of nutrition.

appr

quantity and

status of potatoes.

hat "maximum

ane, and Meyers (1946) explained

growth and yield occur only the concidence of optimum




appear to be

ptoms if the

growing

optimum inte

and out

well 1if the intensity of the nutrients are too

nutrients

of balance; however, it would produce better

were bro

theory proposed

)52 ) proposed op

er characteristics," and

response in

these conc tions or alues hold over a wilde

so0il types and

ic condi-

118

reported

there coul

ere ©

luxury cons

1ined constant.

increase but the response

"in the

Goodall, Grant, and Slater (1955) stated that
case of most investigators who have referred to nutrient
balance, no satisfactory def tion 1s given; indeed there
seems to be this concept."

Kenwort was no clear

definition of term "standard

values'" be used. He made clear that these values were not




latter term

ined for

rees with good

Cissue

element

racterlistics. This term is quite broad

oS

"horticultural

and different nutrient levels m qualify under this state-

he nutri-

rgested f1i levels to descr

ment. Kenworthy su

tional condi zone

a plant.

or level, the levels were term

y andgd excess,

on a chart by five colored vertical

The con-

he called it a

centration of each element in a sample was compared to the

andard value and a balance index calculated for that element.

A line was then drawn for that element across the chart which

all elements

colored vertical bands.

ended in one of

had been plotted, the chart indicated how far out of balance

or balance each element was w respect to the other

elements and the 1. A circular chart called a "Balance

{enworthy, 1949) to describe

reel" was previously used (I
essentlally the same thing but later Kenworthy (l;QL) sald

that it had served its purpose and "is not believed to be as

essentlal now as in the beginning
Reuther and Smith (1954) used deficient, low, optimum,

ite the status citrus trees.

of balanced

the plant until he started worki with rubber plants and

the data could be more

was somewhat surprised to




palm supporti depending on the degree of

tional defi

nutri iency exlsting in the plants.

=N

Macy (1936) interpreted

=

results 1In terms of three

concentration. He explained

levels of nutrie

increased, of luxt ption

ent level increased but the yield remained constant. The

point between the zone of poverty adjustment and luxury

consumption he termed critical percentage.

Dorsdoff (19 there was a marginal range
between a deficie a He also fore-
s there was a range the luxury range.

Emmert (13§f) considered the critical level of a

nutrient-element as a narrow ra values between an

optimum and sub-optimum nutrient condition and also as a
narrow range of values between an optimum and hyper optimum
nutrient condition.

and Gomes (1961) idea of a critical level is

Malavolt

one of economical importance. find "the level

in the lea

of a given el

lizer is no lot

uld be




12

agnier (1 the yield curve

yield becom

ing doses of
to the notion of the necessity of strictly balanced mineral
T

nutrition. They point out that "the plateau portion of the

vield curve indicates there must be in the plant some kind

of 'buffer systems' which enable the plant to mair

mineral elements in different states and so to adapt itself

Figure 1 is a diagram designed by Smith (
describe the variety of possible growth responses that a
plant may show when the concentration of nutrient-elements

are altered.

deficlency and

its description

crease in leaf

o

following the ar tion of a deficient nutrient. Zone (1

shows a response with little or no change in leaf

concentration e growth

concentration. 1In zone (c) les
occur simultaneously until optimum growth is reached or the

critical nutrient level. Zone (d) is the luxury range where

leaf concentration increases and yield remains constant while

1e (e) shows a toxicity range where a con

ineral concentration causes a decrease in yield.

There are only two or three methods by

values are determined whether they are optimum values or
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Figure 1. Diagram showl

neral c

relation

e text for explanation of




expensive f«

trees, it is used by a f

(Reuther and Here various

combinations

be added and response measured

very early. are used in me cases, but

they require btain results due to varlous

soil factors (Thomas and 1926; Reuther and Smith,

54) . found

depend of the trees or plants selected

the

1er

t surveys may provide a

background for future work, or if the leaf concentrations

are correlated with yleld or growth some way, useful infor-
mation may be obtained.

Shear et al. (1960) proposed a new method for deter-

critical levels. In working

trees, the

of each

plotted on a graph as

it wvaried from the basal to terminal leaves of a branch.

concentration of a given element would increase or de-

crease and then revert back making a curve as analysis
progressed from basal to terminal leaves. The concentration
where the gradient changed direction was considered the

critical level.

Those opposed to critical level values point out that

lerstandir

an incomplete and misleading of relationships

between the many variable factors may be obtained when

effects of one nutrient are studied at a time while holding
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all other nutrients at a high and constant level (Dumenil,
1961).

inst the balance theory doubt th

elements would ever reach a specified intensity all at once

to give maximum growth or yield even if all the environ-

mental factors were simultaneously controlled mith, 1962).

Ulrich (1952) s

While it appears logical to consider all fiffeen
elements (carbohydrates, etc., should be included

also) as having a specific balance and proper intensity
for maximum growth, nevertheless, the practical dif-
ficulty of demonstrating the unigueness of a given

balance is not easily attained experi
It is not even possible at pres ent t
nutrient at a specific concentrat lO"
alone a whole series of nutrient eler
given concentrations

Selection of sample and preparation

Obtaining a representative sample. Ulr

n

states that samples are generally "taken from an adequate
number of plants which will represent a given condition."
These conditions may be soil type, geographic area, cultural
or fertilizer practice, stage of development of the crop,
cropping history of the field, or others. In taking a survey,
most workers have used a stratified random sampling plan in
which some of these variables and others that might influence
the nutrient content of the tissue are eliminated.

Emmert (1955) sampled orchards in Connecticut having
permanent sod; the orchards were selected so there would not
be a concentration in any one area in the state; trees sampled

were selected and tagged, and none of the trees showed any




disorders. There was no men-

1) selected mature McIntosh orchards over the

jor apple growi of southwestern Quebec repre-

t and fertilizer practlces.

sented many variations in en

Walker and n (1960) obtained the names of apple growers

in the four major fruit producing Carolina

of ten trees each, and

then pooled a county. A random sample of €

was drawn for ea each county.

variety

Tissue samples. Emmert (1959) and Shannon (1954) have

have been

rious tlssues

compliled tables showing the

4 s

sampled. Some tissues have proven to be better for diagnostic

lysis of

purposes for some elements tt

rrent season's

rrowth has been selected by investigators for their

amples.

There is a wide variation in sampling schemes for
surveys as well as field plot work. Walker and Mason (in
press) compiled a table showing the variation in nutritional

table shows

among investigators. The

survey sampli

the number of

e leaves per tree varied from 5 to

trees sampled varied from 3 to e number of leaves per

sample varied from 15 to 150, and the number of orchards

sampled varied from 21 to 204, Walker and Mason further




showed that a small number of leaves per tree, more trees

per sample, one analytical determination, and a large number

]

er precision for a given

of orchards sampled gave a

&

collecti a large number of leaves from

ber of samples

a few trees and a few orchards. Smith et al.(1954) reported

that 30 mid-shoot leaves collected per sample per tree gave

o] the leaves on

results comparable to that

the tree amount to several thous 1961) showed

that 25 leaves per sample selected with great care in terms

of age and position would adequately represent the status of
most of the elemen in a tree.

Leaf samples being assayed for total

Prepa

nutrients on a dry welght basis are generally stored in a

cooler or refrigerator between O to 5 C 1f they cannot be

teuther and

to "or analysis

If only analysis for the macro elements is

not necessary. However, if heavy metals are
to be determined, especially iron or aluminum, it is essential

and Reuther, 1950).

at the leaves be washed

that leaves would be cleaned

Previously it was
sufficiently if wiped with a damp cloth (Kenworthy, 1953).
One group of workers (Roach, 1949) made some buffing wheels
to clean each leaf separately but later found that the clean-

ested that each leaf

ing was insufficient. Mason (19
be submerged in a detergent solution for 10 seconds, scrubbed

with a soft grade nylon toothbrush, rinsed in three changes

of distilled water, shaken, air dried, wrapped in muslin, and




oven dried. undoubtedly was a long process. Reuther

and Smith (18 suggested that the whole sample be placed
in a 2 to 3 liter wide mouth glass jar with a screw top 1id
to which about 500 ml of 0.3 N HC1l and 1 gram of detergent

is added. bottle should be shaken for two minutes, de-

canted and rinsed with four or five rinses of distilled

229

used five cleaning procedt
that a detergent plus chelate wash with several rinses was

in removing iron, and lead

nd

between cleaned and uncleaned leaves for levels of nitrogen,
phosphorous, potassium, calcium, magnesium, manganese, CoOpper,

r

no leaching

or boron. laylor's data indicated that there

en the leaves were im-

of even the most soluble elements w

mersed in the cleaning solutions. Tukey, Tukey, and Wittwer

(1958) showed that there was a loss of Ca, and a 3% loss
of K in corn leaves that were soaked in water for two hours.
He also found that nutrients were lost more readily from

attached leaves than detached leaves. Smith, Reuther, and

Specht (1950) reported no loss of any element when orange

leaves were subjected to several cleaning treatments, in-

cluding immersion in a detergent solution and scrubbing for

as long as six m




MATERT AT Q
MATERIALS

Selection of the sample

Names and addresses of the sweet cherry growers 1in

Box Elder, Davis, Salt Lake, Utah, Washi

gton, and Weber
counties were obtained through the help of the county
agents. These six counties produce 99.2% of the sweet

s grown in Utah according to the U. S. Bureau of the

ensus (1956). wo hundred

d fifty-eig

were mailed to the growers to obtain information concerning

the management and fertilization practices performed throug

out the state. Ninety-three or 36% were returned. Valuable

information was obtained, but it was impossible to

from the returned

tionnaires tt

represent each

all the growers

alphabetice for each town within
each county and select every third name from which to collect
a sample. The sampling was limited to Bing variety and to
growers with at least 10 trees five years of age or over.

If the orchard did not meet these qualifications, the next
name on the list was selected. Bing cherry trees were
identified by observing the absence of pubescence on the

petiole of the leaf. O

her commonly grown varieties contain

pubescence in varying amounts. Few bark lenticels on Bing

was another characteristic which was used to help identify




n

ton

Salt Lal

nated be

may upset

clean, non red leav

the current season's

e middle por

collected fr

o

'rowth, four to seven feet high and from each of 10 trees

a total of

m throughout the orchard to

selected at 1z

leaves were pl

n a portab

beled, and

of each

e occurrenc

gor, terminal growth, disea

=

o




BOX ELDER

gy UTAH

O 10 20 30 40 S0
—_—
SCALE OF MILES

SUMMIT DAGGETT

T0
OELE DUCHESNE UINTAH
CARBON
RY RAND
MILLARD EME J
SEVIER
BEAVER 7
PIUTE WAYNE
SAN JUAN
IRON GARFIELD
WASHINGTON KANE
Figure 2., Number of Bing cherry leaf samples collected from

the main fruit

producing counties, 1961.




s, type of cultivation, agé of tree, and

utritional d

the idea in mind of correlati

ize of erop
+

element levels with the condition of the trees.

Additional samples were collected for the secondary

objectives as follows: (1) To compare the nutrient-element

variation between Bir and Lambert varieties, one sample

of 40 mid-shoot leaves from each of the five trees

was collected for each varie I'he trees were located on

and were the same

correlation
tree and the occurrence of major virus diseases, samples
were collected from uniform trees that had been inoculated
with a specific virus. Attempts were made to obtain as

)

35 to 40

and approxim

5]
o
i

many replications as pc

comprised a samp] following treat s were

Q

virus-free, three-year-ol

sampled:

which had been budded high on Mahaleb rootstock and growing

consecutively in the row were each sampled to act as a con-
trol. (b) Three trees similar to the ones above had two or
three scaffold branches inoculated with western X virus and

were showing symptoms of the disease. One sample was selected

from the infected portion of each tree. (c) The scaffold

snches that were not inoculated under treatment (b) appeared
normal. One sample was selected from the non-infected portions
of each tree and compared with samples from the healthy portion

of the same tree. (d) Four trees also similar to thos




f
n

w

described under (a) had been inoculated with necrotic rusty

ttle virus d were showing moderate symptoms. One sample

was collected from each tree. (e) One sample was collected

also similar to those under

from each of two trees whi

rugose mosaic and were

(a) but had been inoculated w

showing typical symptoms of the virus. (2 1e sample was

1dded low on Mazzard

seasonal trend of the nutrient-element levels within the
foliage tissue, five Bing trees were selected in each of two

of management practices.

o

ne orchard had permanent sod cover and was seldom irrigated,
sprayed, or fertilized. The trees lacked vigor and averaged

about 2 inches of terminal growth, and viruses and dieback

were prevalent. I'he second orchard was clean ci

regularly irrigated, sprayed, and fertilized. The trees were

very vigorous and had about 12-18 inches terminal growth
during the season, and there were no visible diseases. A

leaves was collected from

sample consist

each tree on May 30, June 29, July 29, September 2, and
J E] s J ) ’

values obtained for each element were

September 26,

plotted for sampling date and for the separate orchards

so that samples collected at any time throughout the year

could be compared to the values obtained in this study. (U)

To determine the variation of the nutrient-elements due to

the samplir position of the leaves on the trees, one sample

of 40 mid-s

ot leaves and one sample of 40 non-fruiting spur




leaves were the periphery of

trees growi same conditions. (5)

the effect cleaning techniques for the removal of
contamination, 120 mid-shoot leaves were collected from the
periphery of each of three Bing trees growing under the same

conditions and equal in size, age, and vigor. Each tree

sample was subdivided into lots of 30 leaves for the follow

’

treatments: (a) no wash; (b) one distilled water wash; (c)

EDTA plus Alconox detergent wash, one tap water rinse, and

conox detergent

two distilled w 5; (d) EDTA plus !

rinse, two distilled water ses, and

wash, one tap w
one deilonized water rinse (explained in detail under "Prepara-
tion of

Answers obtained from e questionnaires were tabulated

according to the different fertilizer practices and compared

with the amount of foliar nitrogen. Some of the regular

samples from the survey were included for the determination

a total of 172 separate

of the secondary objectives mak

samples collected for the entire project.

Preparation of samples

The samples were each washed vigorously by hand for 10
to 15 seconds in a pan containing 6 grams of ethylenediamine

i i o . "
tetraacetic acid,” 2.5 grams of Alconox laboratory detergent,

Lo ’ ” " o S

“Sequestrene--/ + (9 ). Supplied for this ex-
periment by Gei ricultural Chemicals, Division of Geigy
Chemical Corporation, Yonkers, New York.




and 3 liters of warm tap water (40 C). They were then trans-

ferred to a sink containi liters of cool tap water

for a 10 second rinse. Two successive rinses in distilled

and one rinse in one liter of deion-

water of 15 liters

procedure which took 40 to

ized water completed the wash

and the two

50 seconds per sample.

fifth sample,

but the tap water rinse and the deionized water

changed for every sample (Figure 3). The leaves were shaken

to remove the excess water, ple sack, and

covered with a clean dish towel, a forced air

draft oven at 70 C for 48 hours. A Wiley mill equipped wi
stainless steel blades and a 40 mesh screen was used to grind
the samples into a fine powder which was collected directly

i

into four ounce jars. The jars were sealed and stored until

the analyses. A household vacuum with a convergi spout on

the end of the hose was used to clean the Wiley mill between

each sample.

Chemical analyses and apparatus

The leaf samples were oven dried at 70 C before an

aliquot was weighed and analyzed. The samples were analyzed

for the total amounts of nitrogen, phosphorous, potassium,

nesium, iron, manganese, copper, and zinc.

calcium, mag

Total nitrogen was determined by a modified Kjeldahl
procedure for plant tissue used by the USDA Soil Conservation

Service laboratory at Utah State University.




Figure 3. Leaf washing procedure showing the EDTA plus
detergent wash, a tap water rinse, two distilled
water rinses and one deionized water rinse.




an aliquot for the

analysis of each element or just a few elements at a time,

that

it was desirable to develop a single
would be satisfactory for the determination of all the
remaining elements. This meant treating the one digestion
with as much care as would be required for any of the ele-
ments needing special techniques or precautions. Therefore,

the experimental pro-

deionized water was used throug
cedures, and other precautions were included that were nec-
10t for the other elements

or 3 N hydrochloric acid,

rinsed several times with tap water and twice with deionized
water., Most analysts realize that micronutrient elements are

silica when dry ashing procedures are carried

retained in
out unless special laborious processes are included (Humphries,

field, 1958; Ulrich and

out that wet

(1959) poi

Johnson, 1959). Ulrich and J
ashing procedures are "eminently superior' to dry ashing
procedures in the determination for all elements except for
boron and the halides. Two reasons in favor of wet ashing
are (a) the digest cannot exceed the boiling points of the
acids, and therefore, most of the elements are not lost;

/

(b) the silica residue is completely dehydrated and left in

ble;

a form where the adsorption of micronutrients is neglig

modifying

Therefore, a wet ashing procedure was developed

the methods used by Ulrich
USDA Agricultural Research Service crops laboratory at Utah

State University.




for six to

eight hours, and one gram

est milligram into 125 ml Phillips

centrated nitric acid were added and allowed

night or for five or six hours. The samples were then heated

on a hot plate in a fume hood specially lined with ceramilc

and equipped with a water spr (to wash the walls period-

ic&lly) The rate of heating

of nitric oxide fumes

was controlled so

terial was dissolved and

were not lost.

the volume had been reduced to 5 ml, the flasks were removed

from the hot plate, and 4 ml of perchloric acild were

added. The heat was increased and the digestion continued
until a total of 2 or 3 ml remained in the flasks. The
total digestion time took two hours. Perchlorate crystals

down the

formed upon which were dissolved by w

15 ml of deionized water and

side of the flask

The solution was then quan-

in a water

ntly warmi]

titatively transferred to a 50 ml volumetric flask and

brought to volume with deionized water. The sample was

transferred to a 50 ml centrifuge tube and centrifuged for
20 minutes to force the silica residue to the bottom of the
tube. An aliquot of 25 ml was pipetted into a 100 ml tall

form beaker for the analyses of the micronutrient elements--

copper, iron, and zinc. The remainder of the

solution was carefully decanted, so that the silica was not

disturbed, into a test tube which was sealed with a rubber




stopper (cork stoppers became moldy after a t

for the analyses of the macronutrient --phosphorous,

potassium, calcium, and mas

h the use

The micronutrient elements were separated w

ge resin column and determined colorimeter-

of an ion-exch

ically as described by Hunter d Coleman (1960). The resin

2

columns were made with a pyrex test tube a

inside diar

reservoir.

inside dia-

bottom where the hole was. The opposite

meter was sealed
end of the tubing was drawn out and broken off to make a
constriction so the resin would not fall out. A plug of fine
glass wool was placed in the tapered end and the column was

filled with a slurry of AG 1 X 100-200 mesh anion exchange

d pyrex

cm long. Grou

resin to make the resin

to pass through a 105 micron screen was
¢ g

glass, fine enot
placed on top of the resin 1 cm deep to hold the resin in
place and prevent drainage of the column and entry of air.

The flow rate of the column averaged about 1 drop of water
every 25 to 30 seconds and could be regulated by the amount

of fine or course ground glass placed on the top of the resin.

ed by flotation

The ground glass that was too fine was separ

from the courser (Figure 4).

were constructed by Dr. A. H. Hunter,
sion, Portland, Oregon.

o :
“Resin

Ortho Chemical







Accordi (1959),

to Ulrich and Johr

5

cid used in wet digestion procedures interferes with the

absorption of zinc on the resin. 1erefore, the perchloric
acid was reduced by adding one drop of concentrated sulfuric

e micronutrient analysis,

acld to the 25 ml aliquot for ti

and the solution was taken to dryness in the ceramic fume

hood. This was done rapidly at very slowly

during the last 3 or 4 ml to prevent the cry from

spattering out of the beaker. Tt turned to

had condensed

. red about

on the side of the beaker were removed.
four hours. The fuming converts orthophosphate to pyrophos-

phate which forms an insoluble compound with zinc (Ulrich

O

and Johnson, 1959). This was overcome by adding 5 ml of

concentrated hydrochloric acid, covering with a watch glass,

d heating gen for about 30 to 45 minutes or until all

of the crystals were in solution. is decreased the volume

to about 3 or 4 ml and the concentration of the acid to
approximately 6 M (constant boiling hydrochloric acid is
about 6 M). The hot solution was then transferred quanti-
tatively to the resin columns,.

Manganese moves gradually through the column if the

resin 1s charged with 9 M hydrochloric acid and the plant

sample is made up with the same molarity. Since the final
solution was only approximately 6 M when ready to be placed

on the column, manganese was partly lost before the first

elution fraction was placed on the column. It was found




the plant

sample out of the beaker o1l to 2 ml aliquots of con-
centrated hydrochloric acid the molarity of the solution and
the resin was sufficient to hold manganese if the volume was

kept below 10 ml. Time was also a factor. It took approxi-

mately 42 seconds for 1 drop of concentrated acid to flow

onsiderably if

=

t time.

volume of
nl or less.

When the excess solution from the plant sample plus

washings had passed through the resin column, aluminum,

nickel, and other unwanted ions were eluted and discarded.
Various hydrochloric acid solutions were then added to the
column in suc the desired elements as indi-

cated in Table

the different fractions were analyzed according

cedures of Hunter and Coleman.

Table 1. Hydrochloric acld solutions used to elute the
micronutrient elements from the resin columns
and the methods used to determine their con-
centration.

Molarity Method used for
Volume HC1(ml) HC1 Element eluted determination
8% (sample plus

washir g4 ted ions Discarded
10 6 ! ranese Periodate
10 2 Copper Zincon
10 0.5 Iron Thioglycolic
15 0.005 Zinc Zincon

aEstimated




Two columns each were con-

structed so be determined at once plus

duplicates of 4 standard solutions to make a total of 30

en the

columns operating simultaneously (Figure 5).
columns were not in use they were stored in a 5 gallon
plastic pail full of deionized water fitted with a 1id con-

structed with holes in it to the resin columns

col

prevent

A reservolr

to hold
(Figure 7). An automatic valve fitted in the top of the

carboy was constructed to allow the water to run into the

reservoir when the water level was low and

off when the reservoir was full (Figure 8). The deionized

water, with an electrical resistance reading greater than

distilled water through a

0,000 ohms, was made by passi
mixed bed resin column. Three all-plastic cylinders 7 inches
long and 2 inches in diameter were constructed to hold the
resin. Plastic plugs were cut to fit both ends of the
cylinders snugly. One plug was sealed in with methyl cel-

lulose solvent. The other plug was made water ¢t with a

rubber gasket held tightly in place with two long stove bolts

screwed tightly in the ends of a metal strap 3-1/8 x 1 x 1/8

inches on each end of the cylinder. A small hole was drilled

in the center of each plug and a small pilece of plastic
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The results of the analyses for phosphorous,

potassium, manganese, copper, 1lron, and zinc in the follage

from the of 79 Bing cherry orchards

sented. ne counties from

concerni

ards were chosen are made.

collected for the deternm

12l sampl

1trient levels 1n sweet cherries are also

discussed.

The mean values for the macronutrients in the state's

chierry were approximately the same general
levels as reported for other fruit crops in other areas.

Nitrogen was 2.32%

phosphorous was and potassium was

s

1.4 Foliar nutrient levels for optimum growth and produc-

tion for sweet cherries are not well defined. Since optimum
or critical levels were not available for comparison, the
standard deviation was subtracted from the mean for a guide

as to which orchards were relatively lower in the nutrient-

elements than other orchards. 1e disadvantage of this

procedure is that a certain percentage of the orchards will

be below this level even thou the actual am may be
adequate. Using this method, 11 to 20 per cent of the

orchards were below the mean minus the standard deviation

for the macro elements.




mean micronutrient element values for the

were 39 ppm nese, 10.8 ppm copper, 60.5 ppm iron, and

13.9 ppm zinc. the standard deviation was subtracted
from these values, 24, 16, 16, and 8 per cent of the orchards
appeared to be relatively low in manganese, copper, iron, and

zinc respectively. The coefficient of variation was 41 and

1 per cent for manganese and zinc which appeared rather high.

wever, this is conceivable when examining

wide range would make the stan

ut any
deficiency or toxicity symptoms appearing. Thorne and Wann
1ese 1n non-

(1948) reported that the concentration of mar

deficlent peach leaves was 24 ppm while the concentration in

mild deficient leaves was 3.1 ppm. This ind tes that the

plant may contain m a nutrient-element than 1is

needed for good plant

hence, wide ranges and great
variations are possible. Wide ranges may also be due to
analytical errors involved in measuring such minute quantities.
A summary of the nutrient-element status of Bing cherry trees
in Utah is given in Table 2.

The mean nutrient values for the state were all lower

than the standard values proposed by Kenworthy (1961) for sour

and sweet erries combined except for phosphorous which was
the same. Nitrogen and potassium were in the same general
area but the micronutrients were more than three times lower

than the proposed standard values. The mean values for Utah




Std 3

Nutrient i Lo de
N 3.00 TP 30
B + 3¢ ] 5
K 5 13

ppm dry wt
Mn 111 11 39.( 16.
Cu 1
Fe 12C 2
Zn 63 o 186.9

(
n &

O W N

@Mean of 79 samples.
k

’Samples below the mean standard devi




and Kenworthy's proposed standard values are ared in

3ing cherry

Table 3. Mean nutrient-element levels of Utatl
1dard values

leaves compared with Kenworthy's® s
for cherries.

);

Nutrient Std values

% dry wt
TR

Potassium

wt

the nutritional ste cherry trees

The breakdown of

in Utah is given in Tables 4 throu individual

counties from which samples were collected.

7 wt) of Bing cherry leaves

o

Table 4. Nitrogen content (% dr
collected June, 1961.

No. - Samples
County samples High Low Mean below X - s
No. %
Box Elder 15 20t 2, 2P 3 20
Weber 16 2.6° 2.21 6 38
Davis 14 3406 2.40 2 14
Utah 29 2.95 2.42 3 10
Washington 5 2.41 2.24 1l 20




Box Elder £ v ki

ber

3

e
e
A2
.2

County Mean below - 8
.31 9

1 .40 Lz

1.34 4 20

1.45 3 10

1.60 0 0

Table 7 content ( pm dry cherry
lected June, 1961,

Mea 8

Box Elder 0 0
6

=N =\

[e)YocXecertan




Copper content (ppm dry wt) of herry leaves
collected June, 1961

No. Samples
County samples Mean below X - 8

No. %

Box Elder 15 14 7 0.2 3 20
Weber 16 T4 8 10.6 3 19
14 18 6 10.5 6 43

I 29 14 6 11,0 . 3
Washington 5 17 10 12.8 0 0

Table 9 Iron content (ppm herry leaves
collected June, 19
No. Samples
County samples  Hi Mean below X - s
No. %
Box Elder 15 72 0 ~ 0
Weber 16 61 0 0
Davis 14 67 0 0
Utah 29 54 8 28
¥ hington 5 43 5 00

H
]

able 10

C(

content (ppm dry wt) of Bing cherry

leaves

County

Mea

n

Samples

below X -

Box Elder 15 37 8
Weber 16 32 5
Davis 14 68 10
Utah 29 48 6
Washington 5 28 18

20,
16,
21 .
1L
22,

O ~J\0 O\

No. %

1

OO &=

2

n~J

O W O\




used

sweet cherry

number in each county, the

northern four counties were

ed in computi the differences. By comparing the extreme

le to determine whether or not there was

o

it was possi

count us nutrient-
occurred it is possible that other

be different

was not present for the extreme

that no differences would be expressed amo

county was not compared with the other

counties.
four counties since a much smaller proportion of the state's

cherry production is in that Samples were collected

1

in that area merely as information.

ner in foliar nitrogen

were no differenc

county averages for phosphorous. Follar potassium values

were less in Box Elder county cher orchards than Weber

county orchards. Manganese and iron values were greater in
Box Elder county than in Utah county orchards. Differences
were not apparent for copper and zinc; however, there was
some indication that Utah and Weber counties were lower 1n

than other counties. Table 11 shows the mean values

for the nutrient-elements and the least significant differ-

ence between the counties compared.




County means of the ient-elements 1in
cherry leaves, June.,
% dry wt
P K Zn
25 IG5 S R | 20.
.26 1.48 36 MJ 0 -
o 1.34 48 2l.9 -
.24 1.45 28 g
B2 1.60 46 22.0
N.S. .14 10.9 N.S
-—- N.S 14.6 —=-
t signifie difference determined wi 5t
eme means of the first four countles only. Dots indi-

‘Leas
extr
cate were

which values

Variety

compared.

Foliar nutrient levels were significantly different
between Bing and Lambert sweet cherry varieties. The nutrient
values for Bir cherry leaves were lower ti Lambert leaves
in nitrogen, phosphorous, and copper However leaves
were higher than Lambert leave zinec content. The data
are presented in Table 12,

Nutrien
leaves,

=

June,

elemen

cherry

/4
/o

dry wt

ppm dry wt

Cu Fe Zn

s 05

.01

8Values are the means of

5

samples.




Viruses
The nutrient-element levels of trees infected with

the untreated

western X virus were all generally higher th
controls except for zinc, which was lower. Nitrogen and
phosphorous were significantly higher in the diseased
portions of the trees than the untreated controls.

v

western X

The portions of

same as the untreated controls for

were approxim

nitrogen, potassium, and copper. Phosphorous was
the non-infected portions than the untreated controls but

nese

as the diseased portions of the trees.

)

and iron values were higher non-infected portions
than either the western X portions or the untreated controls.
Zinc was lower in the non-infected portions than the untreated
controls or the western X portions.

Trees affected with necrotic rusty mottle virus did

not differ nificantly from untreated trees in the nutrient

elements measured. However, the mean nutrient values of the

infected trees were slightly higher than the untreated trees
except for nltrogen and zinc. Levels of nitrogen 1n the
foliage of the virus infected trees was the same as the un-
treated trees, and zinc was lower in the foliar content of
the virus infected trees than the untreated controls.

Cherry trees infected with rugose mosaic were higher
in foliar nitrogen and phosphorous than the untreated trees.
The trend for the remaining nutrient-element levels was
higher for the diseased trees than the untreated controls

but not significantly.




This experiment indicates that there 1s a difference

in the nitrogen composition of trees infected with certain

viruses. In general most all nutrient levels were higher
among the virus infected trees compared with the non-infected

trees. Zinc levels were exceptions which were lower in the

foliage of the portions of the trees 1lnoculated with western

ected portions of the trees inoculated with

X, of the

3

western X, and of the trees infected with necrotic rusty
mottle virus. Nitrogen and potassium were also low in the
trees infected with necrotic rusty mottle.

The one Bing on Mazzard rootstock tree that had not
been inoculated with any virus was very low in foliar nitrogen
and copper and slightly lower in foliar 1lron and zlinc compared
to the untreated controls of Bing on Mahaleb rootstock.
Potassium and manganese levels were very high and phosphorous

was slightly higher in the foliage of Bing on Mazzard root-

gock than untreated Bing controls. Silnce there was only one
tree avallable of Bing on Mazzard and the age of the trees

in the different treatments were very different, no statis-
tical comparisons were made for the nutrient levels between
the untreated controls and Bing on Mazzard rootstock. Table

13 shows the results of the effect of viruses on nutrient

levels 1n the follage of Bing cherry trees.




Table 13. Nutrient-element levels in the leaves of virus
infected Bing cherry trees on Mahaleb and Mazzard
rootstocks, July, 1961.

Virus N P K Mn Cu Fe Zn
Control 2.382 16 .80 7 12,6 28.0
b. Western X 2.79 . 38 1.20 3 13.90 E R

c. Western X
on tree
but not
on limbs
sampled

d. Necrotle
rusty
mottle

e. Rugose

w
[ee)
=4
(0]
o
L7
=
-
=
C
o
no
O
O

osailc 6L .21 28.0 16.0 2.0 43.0
SRS 20 172 70.0 8.0 I L6

LS. B. .05 ks .04 NS N.S. N.S N.S. N.S.
.01 .27 .05 =TS e = =

value represents the mean of 3 samples.

rom one sample only and are

alues for this treatment are f
1 analysis.

not included in the statistica

Seasonal trend

There was a slignificant decrease in the foliar level
of nitrogen, phosphorous, and potassium on a percentage basis
from the May to September sampling. Manganese increased
significantly while iron, zinc, and copper remained approxi-
mately the same during the season. Most all nutrient-
element levels in the follage were the same for the June 29

and July 29 vhich would indicate a good time for

sampling leaves. The nutrient values from the two Bing cherry

orchards were combined for each sampling date for the seasonal

igures 10 and 11 trend of the nutrient-




ut the season, and Table 14

elements th

etermined for the various sampling

Q

nutrient-element levels

Table 14. Seasonal trend of nutrient-elements in Bing cherry
leaves, 1961.

Date % dry wt . ppm dry wt

sampled N P K Mn

8Fach value represents the mean of 5 samples from each of
two orchards combined.

individual nutrient values for the five sampling dates

were combined for each orchard for comparison of the differ-
P

cement systems. Nitrogen, copper, and zinc were

lower in the leaves of the trees from the clean cultivated
orchard than the orchard with the cover crop. Phosphorous,
potassium, manganese, and iron were all higher in the leaves
of the trees in the clean cultivated orchard than the orchard

with the cover crop. Table 15 ves the data for the two

orchards.
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Nutrient-elements of Bing cherry leaves under two

Table 15.
different types of management, 1961.

% dry wt ppm dry wt
Management N P K Mn Cu Fe Zn
’lean culti-
vated .23 eI, 37.6 8.6 17.9
Cover crop .20 .95 26.6 13.4 18.3
L.S.D. .05 .13 .02 .08 €. 1.7 N.3. e s
« O 18 N.S oL 2.8 23 = S

represents the mean of
the season.

25 samples collected

leaf” samples

taken from the spur growth of Bi cherry trees compared with
leaf samples taken from the middle of the current season's

growth on the same trees. However, only phosphorous,
manganese, and copper levels were significantly higher for
the spur leaves than the mid-shoot leaves. The data are

presented 1

Table 16.

n Table 16.

Nutrient-element conte
shoot leaves of Bing

nv

of spur leaves and mid-

cherry trees,

July, 1961.

Leaf

wt

ppm dry wt

% dry
P

location N K Mn Cu Fe Zn
Spur 2,.16% .21 1.18 66.8 12.4 756
Mid-shoot 2.09 i) 1,18 53.2 9.7 6.5
L.8.D. 205 N.8. .02 N.S. 10,2 1.8  N.S. N.S.
GOl | == N.S. L N.S. N.S e ——

a@7alues are the means of

5

samples.




procedure

leaves did not

in Bing cherry

nutrient levels

The

differ greatly except for iron and copper when treated with
four different cleaning procedures. It appears that a dis-
stilled water rinse for the leaves was sufficient for the
determination of the majority of the nutrient-elements.
However, iron levels were lower when the leaves were washed
tap and distilled water

distilled water. This

procedure for leaves

if iron is to be analyzed. The treatment which included a
final rinse of deionized water seemed to be of little value
when compared to the treatment without the deionized water
rinse. However, if micronutrients are to be determined and
there is a question as to the purity of distilled water, it

consuming, to rinse the

leaves water. In this study

and zinc were slightly lower when

the resul
rinsed with deionized water than when not. Table 17 glves
the data for the cleaning procedures.

From the foregoing studies it is apparent that variety,
disease, time of season, sampling position, and washing pro-
cedures are all important and should be considered when
selecting leaf samples for nutritional determinations.

In the questionnaires, information was asked concerning

the amount and type of fertilizer that was applied to the




Table 17 e effect of four washing procedures on the
nutrient-element content of Bing cher leaves,
September 2, 1961.
Cleaning % dry wt ppm dry wt
procedures N P K Mn Cu Fe Zn
Not cleaned 1,702 ,28 1.27 o o' 17.8 228,3 26,7
.Distilled
water 1.7 .28 1.38@ 40.0 10.8 89.3 130T
c.EDTA plus
detergent
with tap and
distilled
water rins 1.32 4 8. 65.7 0
d.Same as c
plus one
ized
rinse 1.82 .29 1,26 39.7 11.3 6 12.3
.05 N.S. ; N.S. N.S. G 21 N.S.
.01 -——- -—- -—— -—= N.S. 32.6 -—-

are the means of 3 samples and 2 determinations of

orchard. Questionnaires were received from 40 growers whose

orchards were sampled. Fourteen growers applied only manure,

growers applied ammonium nitrate, 1

growers applied

w

ammonium sulfate, 4 growers applied ammonium phosphate, and

growers applied a fertilizer containing nitrogen, phos-
phorous, and potassium. The growers applying nitrogen con-
taining fertilizers were grouped according to the amount of
actual nitrogen that was applied per tree and then compared
with the nitrogen levels in the foliage of these orchards.
Orchards that received no nitrogen were lower in foliar

nitrogen than those that applied 0.5 toc 2.0 pounds of nitrogen

per tree. Orchards that received 4 pounds or more nitrogen

per tree were the highest in foliar nitrogen but there were




only two orchards receiving this amount. A poor correlation
occurred in comparing the amount of nitrogen applied between

in the foliage. A number

of as growers not bei

sure of amount

applied, different amounts being applied

and reserve nutrients being available, a small num-

cherry trees do not

ber of orct compared or

respond to nitrogen fertilizer as generally regarded. Data

from the foregoi discussion are presented in

Nitrogen applied
per tree

Pounds

(
O

hards Foliar nitrogen




A

nutri onal survey was conducted on s

condition

o determine neral

Sevent

ppm

the foliar nutrient levels for

were compared a inties, Box

fum;

rds were

Elder county or

in nitrogen and pota

were itrogen; Utah county

county or

cted to determine the

Additional studies

nutrient-element differences for varietles, the effect of

viruses, seasonal trend, sampling position, and washing pro-

cedures. There were significant differences for some of the

s

nutrient-elements among the treatments in the ous studies.

foliar values for Bing Lambert

copper but

riety in nitrogen,

nutri-

nt values were generally higher for trees infected with
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1 Concentr ulfuriec geld.

2. Saturated hydroxide. Dissolve 1 g NaOH per 1 ml
distilled

3. Digestic ghly 500 g NasS0y, 50 g

d selenium.

CuS0y - &
Indlicat

cresol

nl volume-
O ml of dis-
% ;JJuLjon of
| wbi:h

Grle.

cocci
been
alcohol
in a 250
distilled I cator in
an acetate or pthalate at pH 4.6. I' the light
gray color is not completely neutral as seen by the type
of ligt be used in subsequent titrations add small
amounts sol

solution, as the case may be, to one ml portions of' the
solution and retest wit the buffer. When the color 1s
neutral gray correct the bulk of the indicator by a
proportionate amount of either the brome cresol green

or the new coccine solution. This indicator 1is added
directly to the stock solution of boric acid to avoid
the necessity of individual sample additions during the
analysi P amount to be used depends upon the color
desired by the analyst. Usually 75 to 100 ml of this
mixed indicator is used per 18 liters of boric acid
olution.

5. Boric acid solution 2%. Dissolve 360 g H3BO3 in 18 liters
) of water. Add indicator solution.

6. Standard sulfuric acid solution, exactly 0.0714 N. Add
37-1/2 ml of concentrated HpSO) to an 18 liter bottle.
Dilute to 18 liter and mix thoroughly. Standardize using
0.1 N NaOH and phenolphthalein solution. After exact
normality is known,calculate amount of water needed to
make normality exactly 0.0714. Add this amount and mix
thoroughly. Titrate again to check normality and add
water or acid as needed to make the normality exact.
Granular 1¢c, 20 mesh.

se p irately
mark with
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ution or brome cresol een

Procedure
1. Welgh 1.00 ren-dry pl
tared as filter paper.
2. Wrap sample up in filter paper and drop into the bottom
of an 800 ml Kjeldahl flask.
. Add 1 teaspoonful (10 grams) of digestion mixture.

to nearest 2 mg into

w




Table 21. Continued.

Nitrogen continued

ml concentrated sulfuric acid.
ass beads

4, Add

5. Add 3 or 4
0. Digest on Kjeldahl appara

the solution becomes
clear green (20 to 30 minutes). Continue for 10 to 15
minutes to insure complete conversion of organic
nitrogen to ammonium sulfate.

7. GCool,

8. Add 30 ml of

vater.

distilled

under
appar
below
11. Slow
60 ml of

';rfsce of
down the
rated ium
. Connect the flask securely to the distilling head.
13. Mix by swirling and seat e flask en the h heater.
14, Continue boiling until a total of 100-125 ml have dis-
tilled over into the Erlenmeyer flasks.
L& Move Erlenmeyer flasks forward to lower shelf so that
o the dellvery tubes are out of the solution.
16. Continue to boil for 2 minutes to rinse tubes.
] Cool and allow tubes to drain several minutes.
Titrate with standard 0.0714 N HoSOj to the neutral gray
color established for the indicator.
blank should be carried 1 the procedure once
each day and when new rea used.
20. Calculate % N on a dry 3 2

% N =ml acid (sample) - ml acid (blank).
10

Phosphorous

nts

Ammonium meta-vanadate--ammonium molybdate--nitric acid
reagent.

Solution 1. Dissolve 45.0 g ammonium molybdate in 800
ml distilled water.
2
i

@oluiicv Dissolve 2.50 g ammonium meta-vanadate in
600 ml bo distilled water. Cool. Add 500 ml
our solution 1 into solution 2 and dilute

13
mitric acid.
to two lite
(d
‘a

2. Standard pr
g KHoPOy

s.
sphorous solution, 1000 ppm. Dissolve 4.396
ied to constant weight at 105 C) in distilled
te 't one liter.

F‘"’SO"S

water and




Phosphorous continued

(represents
f'lask.

plant mater
to a 50 ml vol

0,10 g of
2, Add 10 m
3. Make up
stand
Determ

with distilled water and shake. Let
minutes to allow full color to develop.
absorbance with a Beckman Model B Spectro-

440 mu.

standard
.PPW

00 ppm. Dissolve 0.1907 g
ilute to

Standard potassium solution, 1
KC1l in distilled water and dilute to one liter.
make stock solutions of 10, 2

pnotome Cer on mu.

4, Adjust flame photometer with carefully prepared stand-
ard SLOCK solutions to desired sensitivity.

5. Read directly from the flame photometer the ppm potas-
slum in the solution.

6. Calculate the per cent potassium in the sample:

= ppm K in solution X
100
Calcium and

Apparatus

1. Two 10 ml g
of 0.02 ml,

2. Adjustable light source. Ordlnary gooseneck lamp is
sultable.

graduated microburets graduated at intervals




)eionized water or
2. Buffer of pH 12,
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3. Buffer of pH 10. Dissol
NH),0
liter.,
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and
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™
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of dilsodium
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01l N. Dissolve 3.7Z2
dihydrogen ethylenediamine tetraacet
water and dilute to 2 liters. Standa
standard calcium solution.
Triethanolamine. For
parts of triethanolami
nesium EDTA. Make

mlx equal

solution of Mg-EDTA.

p” 1.2 buff C
Dye of Pat and Reeder.
EDTA to exact blue point
ks using water instead of standard calcium

ST

()

lltrare bl
solution.
7. Calculate exact normality of EDTA:

Normality of EDTA

(ml std Ca)(N std Ca)
used corrected for blank titration

Procedure for de of calcium

i Pipet 5 ml (0.1 g plant tlssve/ of the digested plant
material into a 250 E

2. Add 2 ml 50% trie 1 Stir.

3 Add ml of pH 12 buffer. Stir.

.5 g of Eriochrome
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water throughout pr
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NaOH
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Allow a
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4. Composite solution. Mix 5 ml buffer, 3 ml Zincon

P

w

solution, and 17 ml water for each sample.
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S = Sulfur; Gu = Guthion.
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