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STUDIES ON THE POTASSIUM NUTRITION OF THE APPLE AND
PEACH

I. The Effect of Potassium Fertilizer on the Potassium
Content of the Soil and Tree, Growth and Yield of

Tree, and Kéeping Quality of Fruit.

INTRODUCTION

In the spring of 1928 fertilizer experiments
were started in apple and peach orchards in different
sections of the State of Maryland to deteruine whether or
not the application of potassium fertilizers had any
effect upon the firmness and keeping quality of the fruit.
The results obtained during the first three years of this
study, reported by Weinberger (58) (59), indicated that
potassium carryving fertilizers had no significant effects
upon the firmness and keeping quality of apples and peaches;
also, no increased potassium content could be detected in
fruit from the fertilized plots. Nevertheless, it became
apparent that a more conclusive answer necessitated the
continuance of the study on the samre plots to determine
if the applied potassium had moved down through the soil,
and if so, whether or not it had entered any part of the
tree, even\thougp not incressing in the fruit. A further
consideration involved the possible slowly cumulative

effects of annual potassium applications over a longer period.



Any attempt to solve the above problems naturally
required a study of the available potassium in the soil. Twig
and fruit samples were essential for their content of total
potassium, Injection of potassium~carrying fertilizers into
the so0il in agueous solution, to insure proper distribution
of the available materials near the roots of the trees was
eanother feature in attacking the problem. Firmness and
keeping quality as well as annual growth and vield responses
were studied throughout the duration of the experimentAwith

some modifications over the previous work.

LITERATURE REVIEW

Very few workers have studied the replaceable
potassium content of orchard soils. Lilleland (30), work-—
ing on various California soils, reports a definite de-
crease in the replaceable potassium content as greater
depths are reached. McKinnon and Lilleland (368), as well
a8 Wallace and Proebsting (57) found that when potassium
fertilizers were applied, large amcunts were fixed in the
upper few inches of soil. According to Proebsting (43),
sixty-five per cent of the potassium added to the soil as
fertilizer could be accounted for in the first foot; also
there was no leaching beyond the second foot.

The potassium coantent of apple fruits when
fertilized with potash fertilizers was increased according

to Hopkins and Gourley (23). Wallace and Proebsting (57)



and'Wallace (55) stated‘that the potassium content of the
leaves, twigs, and fruit of apple trees In England wes In—
creased by potassium fertilizer applic-tions. Proebsting
(43), working in California, reported that there was no
additional abgorption of potassium by avynle trees on notassium
fertilized Dlots. He =ttributed this result to & fixation

of potassium in the surface soil. Analyzing the potassium
content of different orchard soils, Brown (11) found that

the potassivm content of the t;ée tissues was corrclated

with that of the =soil.

McKinnon and Lilleland (38) showed conclusively
that the potassiw: content of the lower lovels of the soil
could be markedly increacsecd by injecting a solution of
potassium fertilizers into the soil. Later Lilleland (31)
showed that such a method of application caused the »notassium
content of prune leaves to be greatly increwvssed.

Many researches on the cifect of potzsgsh fertilizers
on the growth and yield of apples snd peaches are to be |
found in the literature. Nearly il of these works in-
dicated thet under the soill conditions of the Uanited States
no responee could be expected. The followliag citations
are presented as evidence cof this statement: Alerman =nd
Crane (2), Ballou (4), Mc::is (37), Sax (48), Cooper snd
Wiggans (18), Crane (17), and Larson (28). However, o few

woirkers have obtained a response. Shaw (T1) hes showa



conclusively that potassium, with addition of lime, caused
a marked growth response on a sandy loam soil. However,
potash fertilizers without lime did not produce increased
growth, and still lime alone wae not sufficient. Further
investigations on the soil conditione present are necessary
in order to evaluate the causal factors involved., Accord-
ing to HofMann (25) significant effects of potassium
fertilizers upon the growth and yield of apple trees were
obtained under cultivation in Virginia. MoCueland Detjen (34)
in summarizing a seventeen year test of fertilizers for
apple trees in Delaware stated that a ccmplete fertiliger
was essential for best growth and yield. A yield response
of apple trees to potassium applied as wood ashes was
reported by Beach (7), while Hedrick (24) a few years later
showed only slight differences. Chandler (13) indicated
that the differences that Beach and Hedrick obtained were
not large enough to be of significance.

That detrimental effecte of a cow pea cover-crop
on the growth and yield of peaches were corrected by the
addition of potassium sulfate was shown by Pickett (41).
Ruth (47), continuing this work, determined that the cause
for increased fruitfulness was the prevention of formation
of shoots less than 1 cm. in length which were unoroductive.

Auchter and Schrader (3) indicated that under certain



conditions yotaecium in addition to nitrogen and phosnhorous,
will produce larger, more vigorous treec trhan nitrogen alone
or in combination with nhosphorous.

A detrimental effect of potassium on the growth of
peach trees was demonstrated by Alderman (1) but his results
did wot necessarily determine the injury to be a notassium
effect as the anion present may have been resgponsible.

Nearly all work conducted in England showed a
beneficial effect of potassium on grewth and yield. The in-—
vestigations of Grubb (23), D&er and Shrivell (20), end
Wallace (55) are good examples.

Investigatlions on the effect of potassium fertilizers
upon the Iirmress and keeping guality of apples and neachos
are few in number., Stuckey (52) showed that potassium
fertilizers improved the shipning quality and length of storage
life of peaches. The investigations of Overley a:d Qver-
holser (40) indicated that any effects of potassium ferti—
lizere resulted from an influence uwon the size and color
of the fruits. The study made by Weinberger (52) dil not
show any effect of potash fertilizers upon the firmness and
keeping quality of apples and peachecs. Wallace (58) in
England findes that potegsium sulfate decreased “realdown
in cold storage, while at ordinery tcuperstures, the
reverse was trﬁe. However, less decey ™re found in the

potageiun deficient fruits.,



MATERIALS AND METHCDS
Plot Layout

The orchard plots used were identical with those
reported by Weinberger excepting that data were used from
a Williams apple orchard at Berlin, on & sandy loam soil.
Thus four apple and four peach orchards on six soil types
were involved. The fertilizer treatments included muriate
of potash, sulfate of potash, sulfate of potash-magnesia,
kainit (20%), and no potassium fertilizer. All plots
received a basic treatment of sodium nitrate, and certain
rlots received superphosphate. Two rates of apolication
were used. A five pound and ten pound application per tree
of muriate of potash or its equivalent for the apples, and
a three pound and six pound per tree of muriate of potash
or its equivalent for the peaches. The five and three pound
amounts will be designated as single amounts and the ten
and slx vpound anplications will be designated as double
amounts. The plots which received nitrogen, phosphorous,
and potassium will be called complete applications and
those which received only nitrogen will be designated as
checks. The number of trees per nlot averaged about fourteen,
ranging from ten to sixteen,

The actual plot layout was unsystematic and
replications in one location were few and inconsistent.
For this reason, in parts of the study, the entire exvperiment

was congidered as & population, the only distinction being
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between apples and peaches. Thus it was possible to have
three replications of any treatment of either apples or
peaches, In the case of the growth and yield records all
plots receiving the single application were combined,
likewise the double, complete and check plots, giving four

- treatments regardless of the nature of the potassium carrier.
The analysis in this way depends upon the aséumption that

if potassium fertilizers were to produce any significant
tree responses of any type, similar effects should be
produced in the different locations, especially under those

conditions where & similar sgoil type exists.

Method of Obtaining Soll Sampnles

The soil was extremely dry at the time when the
bulk of the samples were dug, thus precluding the usge of
either a soil auger or a soil sampling tube. However, the
samples were satisfactorily obtained by the use of a two-
handled post-hole digger. 8ince samples from three six-inch
layers were obtained, it was necessary to dig out around
each hole with a spade before the next layer was sampled, in
order to prevent contamination among the layers. The samples
were dug just within the spread of the branches of the tree,
so as to obtain soil which annually had received the
fertilizer applications. Four samples from three six-inch
layers were obtained from each nlot sampled. In general,

a double, a single, and a check plot were sampled from each

orchard.



Cherical Methods

Replaceable Potassium in the Soil, * The extraction ap-

paratus used is that reported by Shollenberger anc Drei—
belbis (49). A 100-gram ssmple of ailr dry soil was leached
with 750 millildters of normal ammonium acetate solution,
adjusted to a phi of 7.07. An aliquot of the filtrate was
evaporated to drrrness on the steamn bath, the amnonis

burged off ard the remalning salts taken wp with 25 milli~
liters of water, and potassium dctermined ty *“he sodium
cebeltinitrite method of Schueler and Thomas (59). The
figures obtained include water—-soluble potagsium as the
gamples were not extracted with water before the am-

nenium acetate leaching.

pH Determinations. The pH of all soil samples was

deternined by means of the guinhydrone electrode methed.

A portable Youden potentiometer anl galvanometer set was
used. A saturated calomel cell served ag the reference
electrode, while & gold electrode was used iu the unkaown
gsolution., A KC1l sgar bridge connecticd the reference

cell end the unknown solution. The dry so0il was “ifted
througﬁ a Torty mesgh sileve, and tren approximetely twenty—

five 2rearme mixed with an equal welght of water. 4 small

* The replaceable potassium contents of scil samplegobtained

in 1931 were determined in tre laboritorv of R. ¢. Thom-co,
of the Department of Soils.
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amount of guinhydrone wass added, the mixture stirred, and

the pH determined with the above apparatus.

Total Potassium in the Plant Tissues. Two-gram samples

of the ground, oven-dried material were ashed in an electric
muffle furnace at 550 degrees Centigrade. The ash was
taken up with hydrochloric acid, and transferred with
water to o 100 millilqter volumetric flask, made to volune,
and a twenty-five milliliter aliquot tesken. Potassium

was then determined by means of the sodium cobaltinitrite
method of Schueler and Thomas. Since the method used had
not been accepted by ck=mists in general, it seemed ad-
visable to check it with the official platinic chloride
method. Through the courtesy of Dr. Lilleland of the
University of California, samples of vnrune leaves on which
determinations had been run by the official method, were
obtained for analysis. Table 1 gives.a comparison of the
two methods as evidenced by the potassium content of the
prune leaves.

Teble 1.- A Comparison of the Total Potassium Content
of Prune Leaves as Determined by the Platinic

Chloride and Sodium Cobaltinitrite Methods.
(K as per cent dry weight)

Sample No. Platinic : Sod ium
. Chloride Method ; Cobaltinitrite Method
1 1.46 1.50
) : 1.31 : 1.29
3 : 2.31 ' 2.38
4 : 2.85 : 2.99
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The figures are in rather cloee agreement con-
sidering that different glassware, different solutions,
different operators, as well as different chemical methods

were employed in obtaining the results.

Moisture. All tree samples were dried at 70 degrees
Centrigrade for forty-eight Lours in a forced-draft oven,

and the loss in weight was called moisture.

Method of Injecting Fertilizer Materials.

The method presented by McKinnon and Lilleland (28)
was employed. A fifty gallon barrel spray pump, producing
a maximum pressure of 150 pounds was used. Sufficient
fertilizer material for two trees was digsolved in fifty
gallons of water and twenty-five gallons of solution were
injected around each tree to a depth of three feet. The area
of injection was aporoximately that covered by a normal
surface application of fertilizer. Figure 1 shows the
apparatus in use,

Method of Samnling FPruit for 3tudies of Keeping Quality.

Two types of samples were picked: (1) a selected
sample, which consisted of fruit picked for a given color,
size, and wrturity, regardless of differences in these
respects caused by treatment, (2) a random sample which con-

sisted of all the fruit from several representative trees in



*Fig. 1l.- Injecting potassium fertilizers into the
soil at College Park. 1932.
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each plot. In this way, the size, color, and maturity
distribution characteristic of each treatument could be
determined: The fruit was subseguentlv separated into
various sizes at one-fourth inch intervals, and into various
red color classes depending upon the total color range.
Figure 2 shows. the size and color separations made with
peaches.

Pressure Test Methods,

In the case of the apples, the Magness-Taylor (23)
pressure tester with a 7/16 inch plunger was used on three
uniformly distributed pared surfaces on each fruit. With
the peaches, the Blake tester (9) with a 3/16 inch plunger
was used, each fruit being tested six times. The skin was
not removed. In general, 211 lots of fruit were tested at
picking time and at the close of thestorage period which
ranged from three-days to £ix months, devending upon the
variety, etc.

There were many details connected with the methods
egployved in this study that were so specific for the given
instances that they will, of necessity, be presented with
the results obtained. |

RESULTS COBTAINED

Replaceable Potassium Content of the Soll.

Soil semples were obtained during July 2nd August,

1931 from all eight orchards by the method already described.






12,

Four annual fertilizer applications had been wadé before
the period of sampling. The lasf application was made three
or four months before the period of sampling. The soil
tynes studied ranged from o clay loam in Western Maryland
to a loamy sand on the Eastern Shore.

The complete date for the replaceable votassium
content of the orchard soils are precented in Table 1
in the Appendix. The data for the peach soils gave very
similar results to those from the apple soils, except that
the figures on the treated peach soils ran somewhat lower
due to the smaller fertilizer applications. In view of this
similarity, only the apple results are nresented in detail.

Extreme variations ian the replaceable potassium
content exigted, and in order to determire the fectors
contributing to this verisbility, all four soil types were
considered together as a population, and the data analyzed
by Fisher's Analysis of Variance Method (21). The variance
contributed by the four samples within each layer of each
treatment was considered to be the best estimate of errou,
designated as variance within claesses in Table Zs.

A condensed summary of the data obtained is
presented in Table 2. The anslysis of variance and the mean
varisnce and the mean values with their approximate standard

errors are presented in Table 3a and D,
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Table 2.- Replaceable Potassium Content of the Different

Orchard Soils at Different Depths, and Under Various

Treatments.

: tHagerstown:Penn tSasgsafras :Sassafras
Treatment : Depth : Clay tGravelly:Fine,Sandy: Loamy
: . Loam : Loam ¢ Loam +  Sand
No 10— gty 152 70 : 81 : 36
Potassium 18" —12": 83 : 36 : 36 : 36
(Check) 1lat.ign, 74 ;32 1 33 3 33
5 1bs. KOl igw _ gwi 231 % z18 ! 308 ! 103
per tree fewm.ipvt 93 ! g3 ! 100 ! 105
or 4 yrs, : : : :
(Single) 12n-1sn 682 . 50 \ 38 D113
10 1bs. KClign _ gns 89737 ! 509 : 290 1108
per zrsgs fgn _12mt 3z ‘1l ! 208 i 78
(Double)  :12"-18", 202 . 50 ‘ 51 .71

The effect of s0il depth is quite striking. An
inspection of Table 3b shows that the top six~inch layer is
very significantly differentiated from the two lower layers,
aversging all samples, but the difference between the six
inch {0 twelve~inch and twelve-inch to eighteen~inch lavers is
not quite great enough to be classed as signific=nt. If,
however, we go within the population and separate the
treated plots from the untrested and make Fisher's "t!
comparison on the two gets, we find that in the czse of the
treated rlots the two layers are cignificantly different
from one another, while on the untreated plots, such is
not the case. This differential effect of treatment in the
different layers is shown by the sizrificant treatment x

depth interaction. Therefore the case exemplifies the fact



Table 3a,—

Analysis of

Va,

riance 27

Replace:

chle

Potaegsium in the Crchard Soils.
+ Degrees : Sun : e :
Sources : of : of : ¢ log : Z

! Treedom Sguares : Varisnce : € v yalve
Eo0l1l Depth : 2 : 972,6 5,77 +488,347,.88 1£,5475 + 1,7EZ7
Treatment & 2 i OB4,728.77 1477,363.38 18,5377 3 1.7539
Soil Type H 3 + 488,133.48 :162,711.16 :15.9977  1.213%9
Denth x : : s o : : -
Troatment s 4 . 451,758.00 ;112,939.50 ,5.8131 ; 1.0293
Treatwent x ; g : 557,889.50 : 92,2981.58 :5.7138 : 0.0760
Scil Type : : : : :
gggzh x Soll ¢ . 372,274,8% . 62,034,14 ,5.5174 . 0,7336
Treatment x § . . . .
Depth x Soil 12 336,212.00  28,018.25 5.1152 0.3361
Ty.oe H H . . .
Within : : ; : :
Classes ‘108 ‘ 1558,888.40 ' 14,434,15 ‘4,7838 °
Total P 143 ! 5,897,515.76 ¢ : :

Table 3b.— Mean Values from the Above Analysis

With Their Stazndard Errors.

Soil Types 1X in ppm.: Treatment K in ppm.: gg;%h :X in ppm.
Hagerstown : : : i : : /
Clay Loam  :237 £ 20 : Wo X 547 17 1 O"— gn 1220 7 17
Penn i / . { . / . . Z
Gravelly Loam'151 L 20 ' KCl 5% "124 7 17 oet-1ev 113 7 17
Sassafraes Flr*e‘ 7[ oA ¢ e fomn £ fion_qen b oas F e
Sandy Losam .1P2 20 . KC1 10# (258 T 17 :1z le . C8 17
Sessefras f g # 20 ¢ . : 3
Loamy Sand 78 L 20 . ; : .
Diff. Necessaqn : : : :
for v 56,0 : ¢+ 48,0 : : 48.0

Significence




14.

that when large‘interactions of a definite causal nature
exist, it is sometimes not advisable to apply a generalized
standard error to a general mean and moke interpretations
for the entire population. The severél soil tynes recected
differently in the three soil layers, producing the inter—
action of depth x soil type. The cause for the differential
effect of both treatment and soil type in the various layers
is seen in Table 2. The clay loam soil caused a much
greater accumulation of potassium in the upper layer, than
the loamy sand, while the gravelly loam and fine sandy

loam soils occupied an intermediate position.

This difference in movement of potassium through
the snil is most logically explained by the colloidal
natures of the solils. If we consider the inorganic
colloidal content of the so0il to be proportional to the
clay content, it seems most logical that the fixation of
potassium is nroportional to the colloid content of the
different soils. Of course, gualitative differences in the
colloidal materials would also affect the exchange cavacity
of the soils; and, very probably the silica/sesguiocxide
ratio of the coastal plain soils is much "lower than in the
soils of Western Maryland. This probable relationshinp
would tend to support the findings of this study. In ad-
dition, colloidal matter is most abundant in the vpper

six—inch layer, accounting in »nart for the high ootassium
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content of that layer regardlees of soil tyve. If the
proper kind of colloidal materials wevre present in suf-
ficient amount, one would expect all of the applied
potassium to be adsorbed immedistely in the upper laver, and
remain until hydrogen, or other cations revlaced it,
temporarily causing it to go into solution.

An important cause of the higher potassium content

of the upper layer in the plots where no potassium has been
applied is that the plant materials high in potassium ccontent
are continually being deposited and decompose in this
layer. The potassium liberated contributes to the sunply
of replaceable potassium. This potassium may have originated
from lower layers, and thus constitutes an upward movement
of so0il potassium through trsnslocation in the plants,
Also, the decomposing plant materials add to the organic
colloidal material in the upper layer, and, according to
McGeorge {35), the organic soil colloids have an exchange
capacity considerably in excess of that of the inorganic
colloids.

The effect of treatment is very marked in all
cases. Figureza presents the results graphically.

Thie chart indicates that the potassium ac-
cumulates greatly in the clay loam soil, to a less degree
in the gravelly loam, and still less 11 the fine sandy loam
and loamy sand. The statistical significance of these

differences is discussed leter. The colloidal relationshipe
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Fig, Pa. —~ Replaceakle vwotassium content of the different
layers of the orchard soils Lefore and afteér
four annual aponlications of ten poundes of

notassiun chloride per tree,
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discussed above are doubtless responsible for these differ—
ences. The interaction of treatment x soil tyne explains
the differences statistically. It is of interest to note
that the gravelly loam end fine sandy loam are not far
different when no fertilizer has been added, but after the
epplication of ten pounds per tres of K Cl, the gravelly
loam contained a greater amount of potassium in the upver
six~inch layer, while the fine sandy lcam contained more
in the lower levels than the former. In general, the double
application caused a greater accumulation than the single,
although this did not hold true with the loamy sand. This
is probably due to either soil heterogeniety or sammling
error.

Although a large amount of the spplied potassium
is absorbed in the upper few inches c¢f soil, it is of
interest to note thnt when the different soll types are
considered sepsrately and Fisherts "t" corparison made, the
two fertilizer apnlications had caused all three layers to
be significantly higher in replaceable potassium than the
corresponding layers of the plots which received no potassium
fertilizers. Also, the second and third six—inch layers
were significantly higher under the double anplication than
under the single treatment. This indicates that with the
soil types included in this study and under the gliven
fertilizer treatments, potassium 1s moving down through the

soil to some extent. Probably the exchange cavacity of
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these soils was lower than that reported by McKinnon and
Lilleland (32) where practically no vnotassium moved down
from the surface, even under extremely heavy surface anpli-—
cations of potassium sulfate.

Considering. the soil types as a whole, regardless
of treatment or layer, the Hagerstown clay loam is signi-
ficantly higher in replaceable votassium than the remaining
types. There is not a significant difference between the
Penn gravelly loam and the Sassafras fine sandy loam. The
gravelly loem 1s significantly higher than the loamy sand,
while the fine sandy loam is not guite significantly dif-
ferentiated from the loamy sand, although the probability
of such a difference cccurring due to chance alone would
be only once out of seventeen trials.

In general, it can be said that the soils studied
were originally rather low in replaceable notassium. From
s, comparison of the data by Lilleland (30) and Wallace and
Proebsting (57), one would expect to find some sgigns of
deficiency in the trees growing on certain of these soils.
As will be shown later, no such signs have been noted.
However, as Proebsting (43) points out, plants seem to be
capable of utilizing a certain amount of noa-replaceable
potassium, Also, verhaps the potassium-supnlyling vower of the
soil ig not necessarily correlated with its revnlaceable
potassium content, particularly with reference to fruit

trees which ere deep rooted.
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A Comparison of Available Potassium Content of the Soil

as Determined by the Neubauer Method and Replacezble

Potassium Content Method.

The Neubauer method (329) of determining the
available potassium of the soil has received rather general
acceptance among those who have tested it using anaual
plants. No work has yet appeared where it is used in
analyzing orchard soils, From the nature of the method
it seems rather logical that the results obtained would be
a rather true index of the potassium-supplying power of
the soil., Therefore, it is of interest to measure the
association between these results and the replaceable
potassium determinations.

Portions of certain samples obtained for the
replaceable potassium determinations were sent to the
laboratory of S. F. Thornton at Purdue University, where
the Neubauer determinations were made. The samples were
selected so as to have a comparison from three soil types,
three layers and three treatments. The soil types involved
were Sassafras loamy sand, Penn gravelly loam and Hagerstown
clay loam.

The complete results of the Neubauer determina-
tions are presented in Table 2 in the Apvendix. Table 4
gives the summarized values of the replaceable and Neubauer

results side by side for purpose of commarison.
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Table 4.~ The Replaceable and Neubauer Potassium

Content of the Different Orchard Soils st Dif-

ferent Depths and Under Verious Treatuments.

(Expressed as K in pom. )

+ Sassafras : Penn : Hagerstowrn
: Loamy ! Gravelly H Clay
_t _ Sand : Loanm : Loanm
: tReplace-:!Neu~ !Replace-—:Neu~ :Replace—:Neu—
___t Depth :able tbauer:able tbauer:able tbauer
10# XC1 :0f~—"¢"m : 105 ¢ 89 : BP9 : P95 : 823 : 394
ner tree:;sh-12% 78 : 59 ¢ 16l : 227 ¢ 336 1 262
(Double):12M-18" 71+ 72 ¢+ BO + B89 : 202 i 275
5# KC1 ¢ 0" g" : 103 ¢ 65 ¢ 318 : 271 ¢ 231 : 221
per tree: 6"-12% : 105 t 69 B3 ¢ 100 : 93 : 134
(Single):l2"-18" : 113 :82 : 50 : 107 :+ @2 : 111
No : O " 36 a7 70 t 74y 182 : 183
potassium 8"-12% : 36 : 30 36 73 84 v 147
(Check) :12"-18" : 33 24 : 39 : B8 : 74 : 165

It is evident that within a soil type the two sets
of results are gquite clocely associated. This point will be
brought out latér by a comparison of correlation coefficients.
But, on an absolute basis, it is interesting to note that
on the loamy sand soil the replaceable potassium figures
were generaglly higher than the Neubauner results, while on
the heavier soils from the untreated plots, and certain of
the lower layers of the treated plots, the Neubauer results
exceeded the replaceable ones. A rtessible exlanation of
these resulte is that on the sandy soil, there was a re-
latively small amount of non—-replaceable notassium oresent

and the seedling roote did not penstrate the soil thoroughly
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enough to permit the absorption of all the renlaceable
potassium. On the other hand, the heavier soils ccutained
large amounts of mineral potassium (which, accordiang to
Proebsting (43) the plants can utilize considerably), which
was absorbed by the plants in sufficient amcunt %o cause
the Neubauer results to exceed those of the replaceable
potassium, However, when these heavier soilsWere treated
with fertilizers, the potassium contentwas raised suf-
ficiently to prevent the plants from absorbing zs much as
is fixed in the soil. Doubtless, for a given set of
conditions, there is a 1limit to the amount of potassium
which can be absorbed by luxury consumpntion, even though
no toxic effects have “een produced.

The coefficients of correlation between the
replaceable and Neubauer potassium determinations are
presented in Table 5.

Table 5.-~ Coefficients of Correlation Between the
Renlaceable and Neubauer Potassium Contents of
the Different Soil Layers in the Various

Soil Tvpes.
: “Sassafras : Penn t Hagerstown
Depth : loany ! gravelly : clay
: sand t  loam : loam
oM g 3 . 858 : 830 C L7086
gn-12t .e71 : .oez s 738
1oM-18" 775 .64 :  .858
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The correlations were all corrected for the
systematic error caused by small numbers. The method
employed was that suggested by Fisher (21),subtraoting
the factor ?%ET—:-T) from the Z value for each co-
efficient. The significance of the differences between
the coefficients of correlation were tested by avplying
the sum of the reciprocals of n'-3 to the difference
tetween the Z values of any two correlation coefficients.
If the difference exceeded twice the zum of the recipro-
cals, the correlations were considered as having
originated from unegually correlated populations. In
Table 5 there are no two correlations which are signi-
ficantly differentiated from each other except those
which involve the correlation of .2€3 obtained from the
six—-inch to twelve-inch layer of the Penn gravelly loam
soil, ©Since there is no logical reason for this one
layer of a given soil to heve such a high correlation
between the two Lotassium methoeds, this difference is
accorded a chance origin. In general, the correlations
are high, The coefficients of determination range from
.41 %o .93 indicated that from 41 to 23 per cent of the
variability of one method of determination is associnted
with thet of the other. Since there are no general
Sifferencee among the correlations, Little can be sald
concerning the associaticn of the two methods of Jeter—

mination under different soil conditions. However, the
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fact that the Neubauer resulte were generally higher than
the replaceable determinations on the hezvier soils
suggests the probability that Neubauer results might
represent more truly the potassium supvlying power of

a heavier soil than that of a light one. The positive
correlation between the two methods is indicative of the
fact that either method is efficient in determining
relative potassium supplies within a soil type.

pH Determinztions.

Although pH determinations were made on all samnles,
no consistent effects of fertilizer treatment were noted
Lime was applied to certain plots during the first two
years of this study, but no difference in pH or re-
rlaceable potassium content existed due to the application,
The average pH values for the different orchards were as

reported in Table 6.

Table 8.~ pH Values for Different Orchards

and Soil Types. 1931

+ Varlety and :

Scil Tyvpe H Location .  pH
Sassafras loamy sand + Stayman, Salisbury ! 5,75
Sassafras loamy sand + Belle of Ceorgis, " : 86.05
Sagsafras fine sandy loam ! Elberta, Berlin T B8.87
Sasgsafras fine sandy loam ¢ Willisms, " r 2,21
Penn gravelly loam : Rome, Frederick T B8.88
Upshur gravelly loan ¢ Elberta, Fancock r B5.70
Manor loam : Elberta, Mt. Airy + 8.89
Hagerstown clay loam ¢ York, Fancock ¢ B.32




The Replaceable Potassium Content After the

Injection of Fertilizers.

Since the results of the replaceable potassium
content of the soile after surface zpplication were not
gvailable in the spring of 1932, it seemed advisable
to inject some votash fertilizers into the soil to
insure an even distribution of fertilizers to a denth
of three feet. The procedure has already been described.
The amount injected corresponded to a normal surface ap—
rlication., Therefore, since four annual surface appli-
cations had already been applied, the amount injected
was only 1/4 of the ouantity previously apnlied. In
the heavier soils where considerable of the potassiun
is held from year to year, one would not expect a large
percentage increase of replaceable potassium caused by
the injection. Also, on these heavier solls one would
assume that the top layer would decrease znd the lower
layere incresasse as compared to five normal surface ap~
plications. Table 7 gives the comparisons. The most
revealing fact of this table is that the heavier soils
~how an increace due to injection of fertiligzers, while
the lighter soils exhibit a decrease. Therefore, the
gsignificance of the differences had to be ccnsidered
separately. ‘When the comvarisons are made by Figher's "t'

method, the chances that the differences did not cccur by



Table 7.— The Replaceable Potassium Content of the Soils After In-

jection and Surface Applications of Potassium Fertilizers
(Expressed as K in ppu.) Date obtained Winter, 1932

Heavier Soils (Piledmont) . Lighter Soils (Coasgtal Plain)
: : ] ., w=urface v+ Soil : : . ¢+ Surface
Soil Type , Depth , Injected, ppplication : Type ¢ P€Pth , Injected ., s 7ication
Hegerstown ¢ 0= 6" ¢ 510 403 : s oM e 4 g2 : 97
Clay : : : ' : : :
Loam opH_121 427 : 232 : HICE A = ] 51 H B2
: : : 1Sassafras: : :
s121n.781 287 : 1¢0 : s12M-18" 29 H IS)
: : : s+ Loamy ¢ : :
s 0= gt o 214 : 318 H ooy 0% B 42 : 90
Upshur : : : ¢ Sand : : :
Gravelly : &"-12" 3 210 : 142 : e 53 : 41
Loan : : : : : H :
1oN_18n s 25 : 108 : (lan-18" s 55 : 39
PoN- gty Tee 335 : S on. an i as , 87
Mzunor : : ' : tSassafras: : :
/=121 139 : 124 : Loamy 1 g"-12" Ee : 27
Loam s : H v Baad 4 : :
sA2NTEN 25 : 92 : 112013 H £5 H 94
: v O gt 130 ; oLy
, tSnesafras: : :
Mesn diff. = £ 40.378.8 : Fine ¢ ~"-19" ¢ 144 : 11
i Sandy ¢ : :
t = 4.3 :  Loam R L 115 : 29
Mean diff. = -18.0 £ n.1

ot
il

..Q

)]
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chance alone are considerable greater than 29 : 1. It

is obvious in the case of the heavier soils that congider-
eble sampling error or marked soll heterogeneity must
have been present because the two soile compaied in each
case received identical amounts of potassium. There
should be practically no difference in the notassium
content computed by totalling all layers, but the lower
layers should contain more notassium under injection

than under surface 2pplications. The results on the sandy
soils are just what one would expvect. The potassium
salts were injected into the soil, were readily lezched,
and the replaceable potassium content, with two ex—
ceptions, was depressed. Thus, on soils of this type
havinz a low exchange capacity, one would expect to
observe signs of a potaessium deficiency if any were to
appesr.

The Entrance of Potassium Into the Tree,

The work of Weinberger on these fertilizer nlots
had indicated an effect of sulfate of potash-megnesia
on the keeping guslity of the fruit and color of foliage.
The question arises as to whether this was a magnesium
effect alone, or whether it resulted through sone in-
direct effect of the presence of magnesium 1in the soill
on the absorption of potassium by the tree.

In order to investigate this problem » grous cf

eight-vear-old McIntosh apple trees were selected at
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o
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College Park in April, 1932. The trees were paired ac-—
cording to size and location and three treatments applied
to groups of six trees, each of which had their cor—
ressonding check tree (WP). Trv3 data were okbinined from
thirty—six trees. The fertilizer treatments were ten
pounds per tree of the following materials: sulfate of
potash; Sulfate of potash-magnesia; and magnesium sulfate.
All materials were injected around the trees in the
manner already described. ZEach tree received gix oounds
of superphosphate in solution, and a surface apnlication
of 2.5 pounds of sodium aitrate. The soil type was a
clay loam,

The replaceable potagsium content of the soil
before fertilizer apnlications was 87 ppm. in the upper
six inch layer and 50 ppm. in the second and third six-
inch layers. After the injection of ten pounds per tree
of potassium sulfate, the replaceesble potassium content
was increased, averaging for sll layers, 239 ppm. Twig,
leaf, aad fruit samples were gathered for chemical
analysis at certain dates throughout the season. The
twig samples consisted of uniform current seagon and
one vear twige of which the bssal ten centimeters were
used f2r analysis. Each twiz sample was composed of 5O
twigs of a given age from a given treatment, The bark
was separated from the wood. The leaf samples congisted

of 50 uniform leaves selected from the lower ten centi-

meters of the current seasods growth. Fifteen fruits
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at picking time from each treatment constituted the fruit
samples. The »nulp and seeds were analyzed sevarately. The
complete results of the analyses are presented in Table &
of the Aprnendix,

Since the different fraoctions of the twigs were
highly correlated in their potassium content, only the
1931 results are presented in detail. Figure 3 gives a
graphical presentastion of the wotassium content of this
Traction throughout the season under the different treat-
ments. Since time did not permit the aaalysis of in—
dividual samples within a trestment, no estimate of the
variability within samples ie¢ availlable, Thus inter-
pretations of treatment effects are difficult. However,
the concentration of vpotassium withia the bark of the
trees receiving tern pounds of votassium sulfete 1s cer—
tainly greater than the check on June 25, and August 20,
The sulfate of potash-magnesia treatment caused no
aporecisble differences in potassium content. The
potassium contsnt of the magnesium sulfate treated trees
was apparently reduced on both August 20 and November 11.
This is a probable result counsidering that Davis (18)
ond Colby (14), have found certain absorption re-
lationships among various cations vresent in the culture
medium,

The results of the leaf analyser are shown in

Figure 4., From this chart it is evident that the leaves
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from the trees receiving ten vounds of sulfate of potash
contain the greatest amount of potassium throughout the
season. The sulfate of potash-magnesia produced a con-
cetfration of potassium intermediate between the sulfate
of potash and check trees. The magnesium sulfate treat-—
ment was very comparable to the check up until August 20
and November 11, when the potassium content was depressed.
However, the significance of the latter differences could
be questioned. The reason for the sulfate of potashrmagnesia
treatnent analyses being lover than the sulfate of potash
treatunent might arise from two causes, one being that the
amount of potassium added to the soilwas lesa, the other
being that the magnesium present might have tended toward a
deoression of the votassium content of the tissues.

The potassium analyses of the fruit and seeds

are presented in Tsble 8,

Table 8.~ The Potassium Content of Fruit
Pulp and Seed of McIntosh Avnles Under

Various Treatments. (K as per cent
dry weight.) College Park,1932.

Treatment : Fruit Pulp . Seeds
10# Sulfate of Potash . 960 : . 800
10# Sulfate of Potash :
Mapnesia : . 780 H . 630
10# Magnrnesium Sulfate . 790 : . 880
Check : . 787 : 712




28.

The sulfate of potash treatment caused a higher
potassium content of the fruit pulp. The seed analyses
Wwere very uniform, although the actual values arranged
themselves in reverse order to that exvected.

The trunk circumferences of the trees were measured
before and after the study, but no differential growth
effects were obtained,

Along with this study it seemed of interest to
determine to what extent the potassium content of an
apple tree could be increased in a single season by the
injection of extremely large amounts of potassium sulfate
into the soil. Four eleven-year-old Rome Beauty trees
at College Park were selected for this study. To one
tree seventy-five pounds of sulfate of potash was in-
jected around the tree to a denth of three feet. Three
twenty-five pound apnlications were made at monthly
intervals -- namely April 25, lMay 25, and June 25. To
another tree two injections of fifteen pounds each were
made on April 25 and May 25. The two other trees served
as checks, receiving no potassium fertilizer. All trees
received a basic treatment of sodium nitrste. The
replaceable potaséium content of the soil before in-

38 ppm., and after injectlon
jection averaged/414 ppm, for the thirty pound tree, and
751 ppm. for the one receiving seventy—-five pounds of

potassium sulfate. These soll samples were dug in
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November, 1932. The sampling dates, methods of ob-
taining tree samples, etc. were all very similar to
those reported for the McIntosh trees. The complete
data are reported in Table 4 of the Appendix. The
potassium content for the leaves and 1931 bark and wood
is presented graphically in Figure 5. Unfortunately the
fruits were picked before samples for chemical analysis
could be made. However, samples were obtained in 1933
and the results are reported in Table 11.

The results show emphatically that the con-
centration of potassium within the tissues of an anple
tree can be raised by increasing the potassium content
of the soil. However, the extent of this luxury consump-
tion had a limit. The potassium content of the tree
receiving only thirty pounds of sulfate of potash was
essentially as high as that receiving seventy-five pounds.

No growth differences existed even though the
treated trees had much more potassium in thelir tissues.

Various other potassium relationships, connected
with tissue differences were obtained from this study,
but since the results are similar to certain ones ob-
tained in part II of thie report, they will not receive
discussion here.

In the spring of 1931, certain trees in the

field plots were injected with potassium fertilizers in
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equal emounts to those zpplied on the surface. The
potessium content of the bark and wood of *trees which
had potassium injected around their roots was compared
with those which received surface applications. There
was not a significant difference between the two types
of applications, the mean difference being only .00075
per cent potassium. (Dry weight basis.)

The potassium content of the bark and wood of the
treated and untreated nlots in the field wa.s compared
during the winter of 1932-33. A composite sample of
thirty dormant, uniform, current seascn's twigs were
cut at rendom from treated and untreated rows in
certain orchards. The vpotassium contents expressed as
ner cent of dry matter are presented in Table 10.

In general, the potassium content of both the
berk and wood was increased by the annual application of
potassium carrying fertilizers for five years, The fouw
instances where an incresse does not result from fertilizer
applications can he attributed to sampling error, although
it would seem that a2 composite sample of thirty twigs
should largely take care of this error.

Luring the sumner of 1933 certain fruits were
preserved for chemiczal analysis, taken from the treatsd and
upntreated fruit sewples which were pressure tested. The

results of the notassium analyses are »nresented in Table 11.
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Table 10.~ The Potaseium Content of the Bark and

Wood of One Year Twigs of Apple and Peach

Trees from Potassiunw Fertilized Trees

as Compared with the Check Trees., 19232

(X as ver cent dry matter.)

Variety and : ¢ Receiving ¢

Location :+ Tissue : Potaessium : Check

York Apples, ! Wood : . 235 v .240
Hencock ! Bark : . 466 . .501

Flberta Pesches, : Wood : . 295 o L24R
Hancock + Bark : 1.420 T .982

Belle of Georgils Peaches,y Wood : .192 . 208
Salisbury :_Bark : . 884 v .835

Stseyanr. Anples, : Wood : 1953 v L1098
Salisbury i _Bark : .982  .904

Elberta Peaches, ¢ Wood. : . 335 : .290
Berlin ! Bark : 1.002 r .806
Willlsums Apples, : Wood : . 238 .23l
Berlin : Bark : . 845 : .83

i Ave. H .DEE . .523

7 oaza  F .012

Mesn difference
; 2.28

t

(il

Table 11.- The Potessium Content of Fruits from
Treated and Untreated Potassium Fertilizer

Plots. 1933 (K 2@ per cent dry matter.)

Veriety end Location T Trecced ¢ Creck
Elberta Peaches, : 2.277 : 1.897
Mt, Alry : : . _
Elberta Peaches, : :
Hancock : 2.024 : 1,715
Staymen Aoples, : :
Szlisbury : . 759 ' L2532
Rone Apwnles, : - :
College Park : 241 Y .B92
Mean difference = .302 7+ 04D
t = 7.5

Although relstively few compvarisons were availab1e>



the differences are consistent and l~rge. The 1t
value of 7.5 indicates that the chances ere infinite
that Jhe increased potassium content was due to treat-—
ment rather than chance.

The anslyses of the trees from the field fertilizer
plots presented iadicate thet the apnlied vpotassium has
moved into the wood and fruit of the trees. Therefore,
any lack of response to potassium fertilizers must be cdue
to the fact that the minimum potassium reguirements are
satisfied by the eoil potassium which 1s normally

present when no fertilizers have been added.

Growth and Yield Results

Heving estrblished the fact that the fertilized
trees actually coatasin more potassium, it 1s interesting
to observe the growth and yield resnonses over the
durstion of the experiment,

The circumference of all trees was measured each
vear in millimeters. As no meosurenents were obiteined
in the spring of 1928, only five years of growth data
are presented. Estimated or actual yicids were obtained
esch season that a crop was present on the trees.

As was stated befcre, the treatmeats were combined
g0 =z to obtain four cuantitatively different treatmentes.
The number of trees making up the different tre~toents wes

wmecual because of the aifferent number of plots in each
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treatnent, consequently no effect of renlicotion within
one area could be determined. However, replicetion over
a wide area wez obtained by considering all peach data
and all apple data as a populestion. Also, the effect of
averaging many treee in one orchard reduced the varis-
bility.

The circumference measuremente were treated on
the basis of the average trunk increase per tree, per
treatment, per year as the smallest unit. The yield
date sre averaged for each treatmeat in the different
locations. The seasonal effect could not be considered,
as yield records were not obtainable every vear. In the
case ¢f the Elberta peaches at Hancock, no yield data
are presented as there were many crop failures due to
frost.

The growth and yield data are presented in
Tables 5 and 6 in the Appendix. The analysis of
variance for the peach growth (circumference) data is
presented in Teble 12a aad the neen values with their
standard errors are shown in Table 12b. The same
dats for the sople trees are presented in Table 13a and b,
Insignificant correlatione or interactions are included in
the rewsainder variance, which is used as the estimate of
error. The treatment x location interaction would slways

ve left in the remainder varisance rezardless of its size,



Table 1Pa.- Analysis cf Variance of Peach Trunk

Circumference Increment Data (Cms.)

: . H : : Z Velue
Source :Degrees: Sum of : Vazriance : 1/2 :
: of 1 Squeres : : log i Found : Necessary
1Freedonm; : : ¢ :
Season + 4 : 10,8423 : 2.8806 i 0.4892: 1.9137: L4830
Location : 3 & 33.7828 : 11.9542 : 1.2081: 1.9306: .5073
Season x . . . . . X
Locntion . 12 P 2a.zige ! ».1832 ¢ 0.7919% 1.11e4' 3255
Remainder : 60 : 13.9653 : 0.2327 :i~0.7245: :
Total + w3 s+ 84,8590 : : :

Terle 12%.—~ Mean Valueg in Cag. of Peach Trunk
Circunference Increment Data.

v Average Cir.: Variety and: Average Cizr,: rAversge
Treatmernt : Increase in ¢ Location 1 Increase in !Season:Cir.In-
: Crg. : : Cms : 1crease
R H : : tin Cug,.
v T Elberta at ¢ 7 : : y,
Single ¢ 2,90 f .11 ¢ Mt. Airy : 4,07 L .11 oy 1929 :2.73.° .12
: ¢ Elberta at : : : Y
Double ¢ 2.0l F .11 : Berlin ¢ 2,70 £ .11 ¢ 1930 :12.859 £.12
: % ! Elberts at % : : /
Complete ¢ 3.12 7 .11 : Hancock 2.35 7 .11 v 1871 2.ee L.12
: # : Belle of ! / ! : 2
Check ¢ .04l .11 ¢ Gecrgis at f 3,22 L .11 v 13932 :13.41 7 .17
' ! Salisbury Ut :
1 1922 13 9?5.12

|
4



Table 13a.— Analysis of Variance ¢ Apole Trunk

Circumference Incresent Data (Cms.)

:Degrees: : : : 7 Veive
Sources ¢ of : Sum of : Variance: 1/2 : Found :Necessary
‘Freedom: Scuares o loge :
Season v 4 : 6.1912 ¢+ 1.5478 t 0.2674 + 0,9804: . AR32
Locatioa ! 3 + 3.4872 1 1.185B7 1 0.0713 : 0.784F: L507E
Season X . . . . : :
Location . L& o &7,7555 1 3.14e7 : 0,5728 ' 1.285/8° 3285
Remsinder * 80 ‘14,5108 Y 0.,24185%°-0,7130 ¢ :
Total L 79 s 81,9047 : : :
Table 13b.— Mean Valuesg in Cus. of Avorle Trunk
Circunfereace Increments.
tAverage Cir,:Variety and:Average Cir.: tAverage Cir,
Treatment:Increase in LocationtIncreace in Sesson:Increase in
: Cms. : : Cus. ' s Cms.
: i ¢ Williems, i : : /
Single : 2.76 L .14 : Berlin v 2.84 7 .14 » 1828 : 3.80 7 .15
: y : Stayman, ¢ / : : /
Doutle 1 2.91 7 .14 : Szlistury  2.87 7 .14 ¢ 1930 : 2.55 7 .15
: ! Yorl, : / : : y,
Complete ¢ 2.65 f .14 ¢ Hancock r 2.82 7 14 ¢ 1931 r 2.4 Z 15
: ¢ Rome, : : : y
Check  : 2.56 # .14 : Frederick : 2.3@ 7 .14 1 1022 1 2.57 £ .15
L 1973 + 2.03 * .15
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as thie is the most logical Dasis of coumparison between
treatments.

The fertilizer tresiments as a whole did not
contribute sufficiently to the total variance of ihe
trunk circumference increments to be clessed as signi-
ficant. However, when individual treatments are consider—
ed separately, peach trees receiving no votassium grew
significantly more than those receiving only 3 single
amount of potassium. Other potassium treatments did not
affect growth, consequently it would seem that the skove
difference is one resulting from chance, even though
such a difference would be expected to result from
treatment twenty-one out of twenty-two trials.

The location factor is extremely significaat in
the case of the peaches and quite so in the case of the
apples. The factors contributing to this source of
varigbility are too numerous to receive discussion here,
but goll management, soll tyne, sge of trce, variety,
etc., are among those involved.

The sesson factor is cuite important, showing
that weather influences the trees materislly. Probably
the smount of rainfall is the most lmvportant weather
factor, although froet damage ond other temperature re-
1stionshios enter in. The erxtremely gignilicent irter-

action of season x locsntion wculd indicate that Tre trees
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on the several soil types responded differently in the
various seasons., The differencee in soil tyne, exposure,
altitude, etc. would all contribute toward this inter-
action,

The yield data for the peaches and apples are
presented in Tables 14 and 15. The results were treated
bty Fisher's Analysis of Variance Method but since the
location factor was the only signficant contribution,
the analysis is not tabulated here. The standard errors
appended to the mesns were obtained from the interaction
of treatment x location, with the insignificant treet-
ment effect thrown in. The fertilizer treatments did not
have a significant effect upon the growth and yield of
either peaches or apples.

The location factor wae important in its influence
upon yield. This is not surnrising, considering the
many factors which could influence the productivity of the
trees in the cifferent orchards.

Firmness and Keeping Quality Studies

In order to lend more weight to the keeping cuality
results 211 the selected sample dats secured Ly Weinberger
and that secured in thig study were averaged tozether.
Thus, it was ocossible to obtain the average nressure test
of about €00 fruits in each of four treatments of both

sooles and peaches. The pressure test cdata in Teble 172



Teble 14.,- Yield Data for Pesches, Expressed in Average
Bughels per Tree ver Year.

Variety and

, : : : : tLocation
Location : Check :+ Single : Double : Complete :Averages
Elberta, P 2.84 2.8 ¢ Z.41 Y Z,3E 13,04 '_/.15

dount Airy @ : : : :
mggﬁ?ﬁ © 235+ 218+ 2.82  : p.a0 sp.on Tim
Belle of Ga. ; ; ; ; ;
Solisbary + 5.21 8.25 i 3.2z 2,99  .z.18 7.1z
Treatment . PR .5 : :
Averages 12,70 7.15;2.76 £ .1513.084 .16:2.91 £ .15}

Table 15.—- Yield Data for Anples Expregsed in Average

Bughels per Tree ver Year.

Veriety and

tLocation

Location ; Check : Single : Double : Comnlete:lverages
York, i s.47 1 386 | 5.ee P 522 (5.057.23
Hancock : : : : :
Rome, ; ; ; A0 ; ;n T
Frederick . 2.45 : 8.80 : 9. 47 : 519 O - 7€
Willizus, . 2.85 + 3.43 i 3,69 i 2.20 13.477 .78
Bezrlin . . ‘ . .
Stayman, ' 5.v5 ¢ 5.08 ‘tos.vs ' os.33 is.E0F .28
Salisbury : : : : :
Trestment ‘u1nZ.08 a.0a7,08la,858 pelaan? oz

on

Averages
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are averages for each treatment in four orchards, ob-
tained over a six year period and combine variety, loca-
tion, season, and length of storags period. Esch factor
of variety, locetion, season, etc. is present an equal
number of times, and it is permissible to moke compari—
gons between the means on the basis of a standard error
obtained ir such z manuer ag to remove correlaticng
among these factore. The fact cannot be disregarded,
however, that the trees are on the szme soll esch vear
and place or treatuent effects will be pyramided in
successive seasons. Soil effects, in part at least,
heve been compensated for by replication of treatments
in the four orchards. However, to be certain that the
differences are statistically significant, the standard
errcr obtained from the total variance was used.

Since the individual apnles within each orchard
2ad for each season tended to act more or less as a unit,
it seemed best to use the total number of locations and
seagons occurring within a trentment as the "N" in the
denominator of the stsnderw error fraction., Thie number
was fourteen for the apples and sixteen for the peaches,

The standard crror oi the mean proved to be .%47.
Two timeg the standard error of the differerce

(2 /5 X .347) is .379., A difference as gresrt as this



would probably mnot occur by chance alone more than
once in twenty similar trials. It is true that trere
is considerable correlstion between the origzinal
pressure tests and those obtained after the storage
veriod, but since the actual firmness of the fruit at
the end of the storage neriod is important, this

association was not removed.

Table 18,.—- Average Pressure Test in Pounds of

Apples from the Various Treatments.

Difference neceggary
for gignificance

Fertilizer : Before v At EBod of
Trestwment : Storage : Storage
Check . 19.818 £ .347 i 13.838 F .z47
Single P 19,321 £ .347 ¢ 13.184 £ .347
Double P ig.a28 F L4y ¢ 13.784 7 Lz47
Complete : 19.209 # .z47 1 17.405 7 .347

379 .979

Nitrogen wes aoplied ecqually to all trees.
Check = no potassium or phosphorous.
Single = £4# X C1l per tree.

Double = 10# K C1l per tree,.

i

Complete = &%
N and K.

superphosphate per tree in addition to

There were no significant differences between
the mean values for the various fertilizer treatmeats
either before or after storage., Tre waximum difference

between check and trected fruit before storage wvas



+509 pounds and after storage .474 pounds.

The peach data were treated in a similar manner
to the spple data. Table 17 gives the average pressure
test of 800 peaches in each fertilizer treatment obtain-
ed over a five year vperiod. The raximum difference
between the check and treated fruit was .348 pounds
before storage and ,454 pounds after storage. The results,
agéin, were not statistically significant. However, in
the case of both the apples and peaches, 1t is of interest
to note that the check fruits were the firmest at picking
time, and in the case of the peaches, were softest after
the storage period.

Teble 17.—- Pressgure Test in Pounds of Peach Fruits

Trom the Different Fertilizer Plots.

Fertilizer : Before H At End of
Trestment H Storage : Storage
Check . 8.816 £ .331 1 4.135 £ 415
Single i g,270 £ .31 ¢ 4,144 F L4315
Double " e.420 £ .321 . 4.5e9 £ .a15
Complete ! 8,832 f . 3Z1 v 4,338 f LA15
Difference necessary f 3
for gignificance ! L2233 ) 1.179

Check = nitrogen only.

Single = 3+ K Cl per tree.

Double = 6# K Cl ner tree.

Complete = 44 superpvhosnrate in addition to N azd K.




As wne stated previously, random smaples were
ricked during the last two vears of the study. The
primary objects in selecting a sample of this tvpe
were (1) to obtain an estimate of the associstion between
size and pressure test and between red color and vprecsure
test; (?) to secure a measure of the effect of fertilizer
upon the color and size of fruit and thus determire aay
indirect effects upon firmness and keeving quélity.

After the fruit was graded into variovs sizes
and colors, fifteern fruite for each color and size class
within each treatment were pressure tested. The data
were later analyzed by Fisher's Analysis of Veriance
Method. Thig tyse of date was secured during the 1232
and 1927 ceasons, but the sauples were too emall ian 1972
to permit a proper treatment of the data. ESince the 1933
data for the apples were mithout replicetion, the results
of the Steyman Winesap fruit for Salisbury =re vresented
to exemnlify the method only. Thre data presented were
secured from twenty-seven bushels of fruit, vhich,when
distributed zusong three trestuents, ¢id not leave sufficient
fruits tc make rore than one color senmration and three
size classces, 2.1¢ heve fifteen fruits in each class. The
individual fruits (270 in number) were ueged ns the surnllest
unit, slthough only everages are givea 1n sukszruent tehles.

Table 1€ presents the swmarized date secured fron

pressure testing the fruits., Fach figure in the toble

resrecents the average of forty-five individual readines from



Table 18.,~ Pressure Test of Staymen Winesap Apples Uncer Various

Fertilizer Treatments, and Separated into Various Sizes
and Colors, Salisbury, 1933

and Color

(€3]
l—-l-
n
@

*Fertilizer

Trentmentt ST up : 3" up 220 — 3N oM — pMypkul p2w wplw L 5A Treatment
: ¢+ EO-100" 1 25-50% : BO-100% : 25-50% : 50-10C% : 25-50% :  Averages
\Check ¢+ 17.54 & 18.90 : 17.88 3 18.82 & 17.30 1 17.48 117.33 # 070
Before : : : : : : : :
Storage 'Single : 16.00 & 17.21 ¢ 16.04 : 18.71 & 18.88 & 17.21 116.43 F Q7P
Qct.12,1922 @ : : : : : : :
:Complete ¢ 10,84 ¢ 15,70 ¢ 18,25 ¢ 13,25 ¢ 17.47 s 17.47 118,48 f L072
‘Check ¢ 11.97 & 11.45 & 12.06 : 11.33 : 12.23 & 12.40 :11.51 7 .034
After ; ; : : : : : :
Stoznze tSingle ¢ 11.70 & 10.80 + 11.78 & 11.49 : 12.25 & 12.03 :11.58 7 .084
March 81933 : : : : H : H
tComplete : 11,81 & 11.48 & 11,28 : 11.33 : 11.83 : 11.71 :11.e2 7 .084
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fifteen fruits. The analysis of verisnce comouted on
the apple~-unit basis for the before stor-ge dats is
presented in Table 19. All correlated iters and all
significant intersctions are tnbulated, while insigni-
ficant interactions are included in the remainder
variance. The best estimate of error was coansidered
to be the variance among the fifteen apples in each
class giving 252 degrees of freedom, plus any insigni-
ficant interactions. A glnllar analysis for the after
storage data 1s presented in Table ~0.

The analvses showed that before storage, size
and treatmeat both aprreciably influenced the firumness
of the fruvit, while red color did not have any significant
effect. After storage,size, treatment, and red color
2ll proved to be influential, thus indicating a different
effect of red color on softening during storage. The
effect of trestment, boith before and after storage,was
that the absence of notassiun caused the fruit to be
firmer at pickiang tire and to remain Ilrmer throughout
the storage period. However, as was pointed out
previously, no treatment replications were available, and
thus the cllect wight e one of soil, tree viger, ssmnling
error, or treatueat, or any combinstion of these in-
fluences.

The peach fruits in 1932 were tresied very

gimilerly 1o the apoles. The date from three orchards



Teble 19.— The Analysis of Variance of the Pressure

Test of Stayman Winesap 4vsles Before Storage

Salisbury 1933

rDegr . : . T : e
Sources . gfees: Sum of ,Variance 172 log, —Foungangcgsqgry

:Freedom; SOU8Tes . : : :
Color : 1 i 0.806 : 0.808 : —.2520 i .1955 : .£729
Size : D 1 48,704t 23.382 1 1.5700 11,9497  .5486
Treatment: 2 47,952 1 ©93.80€ : 1.5801 :1.9578 : L5488
Size x . ? 3 E E E
treationt. 4 P 19.515 ! 4.879 ¢ .7923 11,1598 i 4319
Remsinder:s 280 122,262 0.470 + —=,37%95 .
Total . 269  1238.359 : : ;

Table 20.— The Anglysis of Varisnce of the Pressure
Test of Staymoan Winesap Apples After Storage
Salisbury 1933

:Degrees: s : : Zz Value (5%
Sources ! of ! Sum of ¢! Variance:l/2 log, ¢ R

:Freedom: Sguares ! : :Found :Necessary.
Color ¢ 1 : 6.280 : 8.9280 ! .9187 :1.4°52 : @723
Size S 2 i 18.830 + B5.415 & 1.0847 :1.5712 : .5488
Treatment: 2  + 4.120 : 2.005 : .3710 i .8775 : .5488
Size x + 4 1 5.580 ¢ 1.395 ! L1537 ! LEE0D2 ! L4319
treatment, . s : . :
Color x * o " 2,450 | 1.225 . L1425 . LBEBO . .5486
treatment? H . . . .
Remsinder: 258 + 93.870 : 0,383 ! —,5085 ¢ :
Totsl . pag 1129.200 i : : :

A e et
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Table 21.~ Average Pressure Test {1lbs.) »f Peaches in the

Two Size and Color Classes Under the Different Fertilizer

Treatments., 1933

-4

Treatment LR* ;LG

| ; z ; SR § sG ‘Treatment
v : . . . ;Averagiﬁ__
:Check# ¢ 8.65:10.,06; 8.87 :10.10 :« 2.42 -.093
Before i : : : ; : -4
:Single P B.O7 9,43 7.75 0 Q.68+ 8,45 _.029
Storage : : : : : : L
-y Coumplete t 8.7E:10.18: 8.80 :10.27 + 2.52 _.099
:Check v 3.58 4.70% 3.84 v 4,43 ; 4.14 f.lSE
After : : : : : : /
:Single v 3.42% 4.50: 3.27 3+ 4.59 1 .95 L.152
Storage @ : : : : ! 4
:Complete Y 4.22% B,B9y £.80 1+ B,72 4.88 L.152
# Check = nitrogen only.
Single = 3% K Cl per tree per year.
Complete = 44 superphosphate per tree in addition
to N and XK.
* L = large fruits R = highly colored fruits
S = small fruits G = poorly colored fruits.

o oo k. o

were coabined to obfain the advantage of treatment repli-
cation. The Belle of Georgia fruits developed browa rot
so badly that a test after four days in common storage Was
imposeible, so one degree of ireedom for locstion is lost
in the after storace data.

Table 21 gives the averege pressure teets of the
pesches in the different size and color classes within the
trestuents before and after storage. Here, &s in the case
of the =pples, tests of fifteen fruits were averazed fto
cive each figure in the table, aad the indivicdual fruit

was considered as the unit in the analysis of variance



computations, Table 22 presents the =znslysis of variance
tefore storage and Table 23 the same after storage. All
interactions are included. in the rewainder variance.
However, certain ones are tabulated to denote their import-
ance. The principal comvponent of the remainder variance
is the varisnce within classes. If replication within a
given leccation were present, probably the wost logicsal
tasis of comperison between ireatrents would ke made on
the basis of the interaction of treatwent x replicates.

The statistical analysis of the peach pressure
tests before storage showed a significant effect of
trectaent, size, colcr, and locsztion upon the firmness
of the fruit. The treatment factor was highly sigai-
ficent on the basis of the error variance used here, but,
if generalizations for 211 soil tvpes are to be wade, more
locations should be studied in view of the lerge ianter—
action of ftrestment x location. When the trestmernt differ-
ences were compared on the Loels of this interaction they
ceased tn be significant.

The o2nslysic after storage ghoweld that the cize
correlation proved to Te lasignificant, btut treatment,
color, and locetion remained Iuportaat,

Considering the treatments iadividuelly, the

c+

comnlete fertilizer and check fruits were firmest =
picking time, but only the comnlete fertilired fruit continued

firmer during storage. But, as wes pointed out sbove,



Table 22.~ Analysis of Varinuce of Peach Pressure

Tecsts Before Storage. 1233

Dexrees, : H

: : Z Value (57)
Sources i of = i Sum of iygrinncell/? logg +
tFreedom: Squareg : : iFound: Necessary
Treatment? 2 v 125,2751: 82,8375y 2,0715 :11.791et .5488
Size : 1 : 8,0882: 88,9689 1.0888 'O 8167' L8729
Solor : 1 : 3F0,0163:360, 01c5- 2.9430 P eeal L2729
Location : 2 v 153,4207: 76,7183: 2.1885 '1 8866. 4868
-Remainder: E33 v 834.4385: 1.7531l: 0.2792 :
Total ¢ 038 :1582,1275: : : :
Inter— ; : ' : : :
actions:: : : : : :
Treatnent: H : : : :
X color ! e ¢ 20,6300 10,3130: : :
Treatmer+. ; ; ; ! H
X location: 4 48,4482y 11,81°25: : :
Treatment; : : ! : :
X gize : 2 : 4,3877 2.1788: : :
Size x H : : : : :
color : 1 : 4,1289: 2.1285: ' :




Trtle 2%.~ Analysis of Varance of Peech Pressure

Tegtes After Storage. 1933

! Degreest : : * Z Value

. [} uU.m Of . L] » -
Sources of : *Variance *1/2 lo :

!Freedom.: SQU8Tes. . ' : /7 & sFound:Necessary
Treatment: 2 : 57.8304 : 28,9457 : 1.8835 1.1732 .5486
Color : 1t 143.2792 :142.2309 : 2.4514 1.9718 €799
Location 1 V8922 ,5E957 1@829.E957 ¢+ 3.722% 2.7154 8729
Remainder: 255 v 984,8888 ¢ R.7738 1 0.5096 ¥ :

Total r - 395 +1815.4241 : : :
Inter— : : : : : :

actionsi: : : : : :
Treagtment: : : : : H
X color ¢ o ¢ 11,802 » EL9N4 : :
TIeatment; H : : : :
x location: 2 v 23,2802  11.2%C1 H :
Treatment: ' : H H :
x size : 2 : 0.3828 ¢ 0,1242 : : :




these results cannot be generally apnlied.

The only logical explanation of the differential
responges involving treatment in botd spnles a.d weaches
1s that =01l differences have produced effects which anglvze
out as treatuwent relationshps. However, additional
studieg with more replication might give additional ceauses
for these interactions,.

In order to fully evaluate the effects of &
fertilizer treatment upon the firmness &nd keening quality
of fruits, it is necessary to use averages which have been
weighted according to the number of fruits of the various

colors and sizes within each treatment. From the analysis

of varisnce results preseanted zbove, it follows that 1if
a given fertilizer treatment materially affects the color
or size of the fruit, the weighted average will represent
a more correct estimate of the firmness of the fruit,
than a simple a72rsge obtained frow an equal number of
ruit from each size and color class.

Sirce summer spples might have cdifferent color-
pressure test relotionships than fall or winter varieties,
the Willisme dats &leo sre used 1a comparing color wad
gize relationships as well as in comprring welghted eud
cimple averages. Table 24 gives the weighted aad simple
averages for the pressuvre teste of the frult Trcom the
1ic7erent fertilizer plote. In tle case of penches oac

willians annles, the weighted averages are all higher then



Table 24.- A Gomparison of Simple aad Weizhted Averases

of Fruit from the Different Fertilizer Plots. 1933

Before Etorage After Storage

. | ==

; Treatment Weighted ,; Simple Weightedi Simple

e s safee

. Averrnge ., Aversge . Average. Averoge

: Single @ 9.92 i 9.52 i 5.31 1 4.e8
Peaches : : : H
(Combi?ed t Complete 8.82 :+ 8.4 : 4,05 ¢ 3.94

deta H : : : :

t Check r 10,01 : 9,42 v 4,33 v 4.14

: Double . 22.88 i 20.81  113.47 : 17.44
Williams : : : :
Apples : Single + 22,80 : 22,44 113,80 13, A%
(Berlin) : : : : :

¢ Check s+ 22.b0 s 22.28 $15.01 v 12,284

. Complete : 16.25 .: 16.46 :11.54 : 11.892
Stayman H : : : :
Apples : Single v 18,18 + 1€.43 s 11,87 : 11.586
{(g=1lisbury) : : : :

¢+ Check v 17.47 r 17,33 111,28 ¢ 11.91




EN
IS

‘the sinmple ones. This iadicates thet small Truits and
poorly colored fruits are more numerous than larce sized
or highly colored fruits. This proved to be true. The
Stayman apples contained somewhere aear the seme nuwber of
the two sizee and colors of fruits, although large, red
fruits tended to predominste in many cases.

In general the weighted averages are quite highly
ccrrelated with the simple ones, although the predominance
of small-sized fruit in the check plots of the Stayman
apples has causeC the weighted averages to be higherx
thar the simple ones, while the fruits receiving 2 single
application of potassium had proportionately more large
fruits and the welghted averasges were smaller than the
simple ones. Although these results are not extensive
erovgh to iandicate treatuent effects upon color, they

do exemnlify the fact that weighted averages give a true

-

[}

victure of the actusl firmness o random sample of

fruit. Table 25 precents the pressure tests of the ¢if-
ferent sized and colored fruits. It is’of interest to

note that in» the case of peaches and Williams apwnles, red
fruits nre softer than green Iruits, while with the Stay-
man apples the reverse is generally true. There differences
held fc. the after storage deta in spite of the fact that
green fruits soften more during storage than red cres.

Trene coler recponfes agree with the findings ol Morris

(372) in the case of apnles and Blake et 21l (17) in the



Table 25.— Average Pressure Test of Fruits in the
Different Size and Color Clsesseg Before

ond After Storage.
: : Before : After i Decrease in
;Class . Storage . Storage . Firmnesec
+ LR : 8.12 F.114: z.va * o.1ve ¢ 4.38f L2090
Peache: P : y; : / . ,
[Combined ¢ LG ¢ C.837 .114: 4.3 7 176 ¢ 4.92710 .209
data) : : : :
: SRt 8,51 F .1l4: .34 F 176 @ 4.87 # .203
: s¢ :10.0L 7 .114: 4.94 £ .1ve 1 5.07F 209
: LR :21.99 £ .108:12.83 # .107 : 9.16 £ .147
Williems : LG :22.43 £ .108:17.21 £ .10° ¢ °.22 4 .147
Apples : : - : - : -
(Berlin) : SR :22.85 # .108:13.51 £ .102 : 9.14 # .147
. se ige.oe ? 10e:13.52 £ .02t o.22 7 147
: LR :18.79 # .059:11.e2 £ .0B8 : 4.57 £ ,082
Stayman LG :12.27 7 .059:11.27 7 .088 : 5.00 F .o8?
Winesap : : : : :
(Salisbury): SR :17.247% .053:12.10 * .058 : 5.147 ,082
+ 3¢ :17.38 F .050:12.04 £ .0B8 i 5.34 1 08P
L = large fruits
3 = small fruits
R = highly colored fruits
G = poorly colored Tiuilts
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Ccase of peaches.

Before storage small fruits test higher than
large fruits. A4fter storage this holds true with the
apples but in the case of peaches, the Teverse is true,
since the swall fruits have goftened so much more in
storage.

GENERAL DISCUSSION OF RESULTS

The moet striking result cktained in this study
is that potassium—carrying fertilizers did not affect
the growth or yield ¢f the trees, or the keeplng quality
of the fruit, in spite of the fact thet the available
rotassium of trte scoil as well as the poteassium content
of the tree and fruit were incressed. This result is even
more surprising when the low potassium content of the
Sassafras loamy sznd, on which were growing the Belle of
Georgila peaches and Stayuar Winesap apples, is considered.
The rsplaceable votassium coatent o the check rlots in
this soil ranged from 22 to 38 ppm.l The Neubauer results
ranged frow 24 to 30 ppm. The fact that treeg in
England (Wallace and Proebstinrg (7)) cennot be grown
successfully vhen the replsceable potessium content in
the top soil never gets below 10C powm., causes one to
cuestion the relirkility of replaceable notassiun cdeter—
minstions in depicting the nutriticnal status ¢f eolls
with Tespect to the potassium .sutrition of =2pple Lrees.

Perhaps tree species, root stocks, tennerature, wolsture



Bupply, mineral reserve of scil, nitrcgea cupoly, or
cther replacesble ions may influence the appesrance of

potassium deficiency symptoms. Kimball (27) sugce

[92]
ci
l""

leaf scorch is entirely s wmoisture relationship.
Certainly other factors than *re renlacesble notassium
content of the scil are important, or certnin trees in
this experiment would have exhibited nctassium deficiency
symntoms.

If the Neubauer method gives o true representation
of the potassium supplying nower of the soil, it would be
valuable to ccupare the two methods on the soils of Fngland
to determine whether or neot there is actually less
notassium available for mlaat growth.

If the English figures were not availeble for
comparison, we would interpret our results by seviung that
& continual svpply of »notessium, even though very small,
ig sufficient to supply the neede of fruit trees. The
fact that the seedlings employed in the Neubsuer test
were sble to obtain as high ze 3D pom, of mnctassium from
the extremely sendy solle 1adicates that a countinual supply
of wnotassium is aval sble even on the poorest scils. Alco,
Bartholomew end Janssen (F) toiat ocut that plents can
reutilize potassium. Thus a limited anount me7 cerve s
satisfactorily es a largser amount, Further, if potassium

gerves as an inorganic catalyst ir the plant, increased
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amounts would only prove beneficial when an increase in
the substrate was svailable. This same principal would
apply if potassium sctiveted certain plaant enzymes, In
other words, when sowe factor is iimiting an increase ‘r
potassium could not nrove bensficisl. This is in ac-—
cordaice with Liebig's "Law of the Minimum" (22). The
fact cennot be over stressed that tle moisture sup»nly in
Maryland was greatly restricted in 1930 and the effect
was felt in 1931, and 1932. It is possible that this
factor alone wae sufficiently limiting to ceuse a lack
of response to potassium fertilizers. Also we kaow little
concerning the aveilability of other necessary cleuents
in thzee soile, although 1t is not probable that any of
them besides nitrogen are limiting since other crcwns grow
well on similar soils.

wr1lace {25) and Gildehaus (22) have indicated
that the nitrogen/octassium ratio of the soil is imnortant
in governing the apoesrcace of potassium ceficiency svigtonms,
An adequate supply of nitrogen was given the trees in this
stucdy, as indicated by growth and yield of trees, so
that the nitrogen/potassium ratio sheould have been con-
ducive to tre occurrence cof deficleucy symptors on th
check plots, nrovided thet the notassium supnly of thre
soil was anywhere near llmlting,

Through the courtesy of Dr. R. P. Thomae of the

Depzrtment of Soils the average totel potassium conten



of three of the soils used in this study were obtaiuned
The Hagerstown clay loam on which the York apples 2%
Hancock were growing countained sbout three per cent
potassium; the Manor loam on which the Elberta peaches
at Mt. Alry were growing contained about 1.8% per cent,
while the Sassefras losmy sand on which the Belle of
Georgia peaches and Stayman Winesan apples at Salisbury
were growing contained about 1.21 per cent. From these
figures 1t is evident that the heavier soils not only
contained much more repliceable potassium but also more
total potassium. Although the clsy leoam soil contained
over 100 ver ceut more potassium than the lcoamy sand,

the latter scil contained over 1 per cent, which when
continuelly passing iato solution, even in very emall
amounts, seemed to nrovide sufficient potassium for
optirmum growth and yleld of the trees.

The f=2c¢t that the potassium content of the lower
layvers was significantly increased by fertilizer apopli-
ceticne removes the hypothesis thet the lack of responre
to potassium fertilizer was due to the absence of addi-
tional notassium in the ares of maximum root conceatr-tioa.
In “ac* the werk of Reckenbazch and Gourley (2) and others

indicate that the fecding roots of a tree are wost con-

ot
jas]

centreted ia the unrer part of the soll, and exhirvi
decreacing gradient with incroase in de—-th.
Tinding that arple trees do not exhibit ctosesium

deficiency symptorwe vhen many osunual vlacts ca siviler



S01l Types do could be exnleined from the sterdpoint

Gl

that the older parts of the tree con readlly give un

[

part of their potassiuw supply, and alsc tre roots of
an apple tree, under recomended plantinsg distances, can
always nenctrate new areas of soil. The work of Vurohy
(38) indicateg that when the renlaceable notassiur
content of Oklshoma soils gets below 80 - 70 ., a
votassium deficiency of annual crops is universally
exhibited. This certainly ig not generally true of the
apple and peach 1n the Taited States.

The cuestion now arises —— have we determined
the response of fruit trees in Maryland to potassium
fertilizers and what future posgibilities for study
exist? The saswer seems to be that small differerces in
recponse have spneared which could not be definitely
attributed to potassium, especilelly since the different
solls with the sawe fertilizer avonlicetions produced
differential responses. However, no large effects, such
a8 occur wiih altrogea in Maryland were evicdent, in
spite of greatly increased availeble potassiuwn in the
goil =&ard dewounstrated lncreases in the tree Tigsues.

In order to more fully evaluate these locatlonal differ-
ences sad to .easure .ore zccurately any small ¢ifferences
due to trentment within a eoil tvpe, & study icvolving

) . . ) - v as .
few potassium troatments with sufficieat replicntion is

suggested. If several orchards of one veriety could be
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studled on any one soil type, the interpretation of
results would be simplified. This type of plot lavout
would vproduce equally efficient results whether anslyzing
yields, growth, keeping quality, chemical composition

or any other measure of response.

As far as the keeping guality results are con—
cerned, & difference of one pound or more at the end of
the storage period probably should be nresent in order
to be of much practical value. Any attemot to interpret
smaller values would not have commercial importsace. Some
of the 1933 results, using weighted averages did produce
differences as great as one pound, but until some other
factors such ag so0il and variety are evaluated over
several seasons, no definite conclusions can bte drawn.
Another difficulty in interpretation arises in that the
incressed firmnese of Iruits fertilired with sulfate of
potash-magnegisz as noted by Weinberger, was not chvious

in the later ycace of thisg study.

SUMMARY AWD CONCLUSIONS
1. The re- Lacentle potassium conteat of the orchard
soils of Marylsad decreased, gererally, with an lucrease
in denth, but the change wae noet werked whers comparing
tre Firet two six-iuach layers.
2. Applications of potassiun fertilirzers resultad in

s considerable fixation of potassium ia the upzer layers
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of 8ll soils. Soile of an extreme sandy nature exhibited
this phenomenon to » lesser degree than heavier soils,
Apvarently the replaceable potassium content of the soils
was & function of the colloid content. However, contrary:
to usual o¢pinion and some results from other sections, a
significant lucrease in the lower layers of all soils wes
caused by surface fertilizer aprlications.

3. When no fertilizers were armlied, "Neubauexr"
potassium was higher than replaceable potassium on the
heavier soils, and lower on the lighter ones.

4. The Neubauer results wer~ quite clogely cor—
related with the replaceatle potassium in a1l layers of
811 soll types studiel,

5. The injection of ten pounds of potassium sulfate
into the soil around eight-vear—old McIntosh trees in-
creaseC the potassium content of their tissues. The
injection of mrgnesium sulfate in like awounts tended to
decresse the potassium content.

8. The injection of thirty wcuads and seventy-five
pounéds of potassium sulfate into the soll around eleven-
vsar-o0ld Rome Beauty trees resulted in a merked increase
5f notassium in the tissues. However, the seventy-five
pound cpplic-tion did not meterially incresse the cor-
centration over that caused tv the thirty pound applicetiow,.
7. Surface applicatiouns of potassium~carrying ferti-

lizers for five vears increased the pota sium ceoztert of
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the bark, wood, and fruit of arwles and perches.

8. Potassium—carryving fertilizers over 7 six-year
»period have not significantly affected tre growth or
vield of apples or peaches in Maryland. Location of
crchard and season vroveld respousible for coasiderzbhle
variability in growth =24 vield.

9. The effect of fertilizers upon the Tirmness and
keeping quality of apples and peaches showed certein
differences in some seasons, especially under extreme
molisture conditics. However, since thege differences
were largely obliterated when several locations Were(
considered together, no definite counclusions can be drawn,
10. Red color and size were both correlated with
firmness and keepir; cuality in aonles and peaches and
suggest that weighted =verages, involving any treatment
Gifferences in size and color should te used in inter—
rreting fertilizer effects.

11. It is suggested that a more refined field vint
technicue be rTesorted to if any effects of potassium
fertilizers found in this study on keening cuslity of
fruits as well as growth and.yield recsoonses of mature
apple and mesch trees mre to e definitely demonstrated

as significant.
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II. The Absorption, Distribution, and Seasonal Moves
ment of Ppotassium in Young Apple Trees and the
Effect of Potassium fertilizer on Potassium

and Nitrogen Content and Growth of Tree.
INTRODUCTION

To comprehend more adequately the potassium
nutrition of fruit trees in Maryland, knowledge con—
cerning the absorption, distribution, and seasonal move=
ment of potassium was deemed to be a valuable adjunct to
the results involved in the first part of this work,
and also would aid in the conduct of future investigations,
S8ince young trees were more readily analyzed in entirety
than old trees, a study of the absorption, distribvution,
and segsonal movement of potassium in two year old Stayman
apple trees was inaugurated in the spring of 1933 with the
following objects in mind,

1, To determine the periéd = and rate of absorption

of potassium.

2, To study the relative concentration of potassium
in the tree tigsues as well as the actual amounts present,

3, To obtain an indication as to any seasonal
movements of potassium from one tissue to another,

4, To determine the effect of heavy applications of

potassium on the relationships stated above.
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5. To study the effect of heavy applications of
potassium on the total nitrogen content of the tree tissues
and the association of nitrogen with potassium in the tissues
throughout the sesson.

6. To determine any growth responses caused by

potassium fertilizer.

LITERATURE REVIEW

The only study of the seasonal movement of potas—
sium in apple treese under field conditions that the writer
was able to find was that of Butler Smith and Curry (12) con-
ducted at New Hampshire in 1916, Using seven year old
Golden Ball apple trees, they found that there was little
movement of potassium until about the period of bloom when
there was a translocation from the older branches to the
younger twigs, The young roots decreased in their per-
centage potassium from the dormant period until the {time
of bloom (May 18). From then until active growth ceased
(July 12) the concentration increased markedly, and then
fell off again. The concentration in the new growth was
a continually decreasing thing throughout the season. The
leaves were not included in this study, No absolute
amounts were reported.

Richter (45) working in Germany about 1909 studied
the potassium content of apple leaves throughout the growing
season, and determined that on a percentage basis, the potas—

gium content decreased es the season advanced, On an
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absolute basis, a maximum was reached at the stage of
maximum leaf size., Roberts (46) in 1895, Van Slyke,

et. al. (54) in 1905 and Thompson (53) in 1916 all
attempted to interpret the fertilizer needs of fruit trees
by chemical analysis of the entire tree and a calculation
of the total amount of any essential element rempved  over
a definite period. Their work did not lend any addition—
al information as to seasonal movements of potassium, but
did give an indication as to where potassium was located
in the apple tree, Since Roberts worked with a non-
bearing tree, even though it was mature, some of his re-
calculated data on the relative proportion of the potas—
sium located in the different parts of the tree, is
presented, The analyses showed that 15.0 per cent

of the trees. potassium was located in the leaves, 7.1

per cent in the current seasons twigs, 9.0 per cent in the
one year twigs, 58,3 per cent in the trunk and limbs and

10,5 per cent in the roots,

MATERIALS AND METHODS
Description of Plots.

out of a group of 400 two year old Stayman
apple trees growing in the nursery row, on a Bassafras,
sandy loam at College Park, 190 of the most uniform trees
were selected. The trees were allowed to remain in their
original places. The block of trees consisted of four

rows, about four feet apart, the trees being approximately
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eighteen inches apart in the row,

The block was divided in four plots, all of which
received an application of one~fourth pound of ammonium
sulfate and one~half pound of superphosphate per tree., Two
of the plots received an application of one pound per tree
of sulfate of potash. Thie was considered to be a heavy
application of potassium, The materials were applied
April 1, 1933,

The rows ran up & slépe and the plot boundaries
were perpendicular to the rows, so that each plot contained
a section of all rows, Since all trees were not used,
the numbers of trees in the p}ots were not equal, Howe=
ever, sufficient numbers were present in each piot to be
representative of the treatment, The plots were
numbered from 1 to 4, going up the hill, 1 and 3 receiving
the potassium,

Growth Records.

Since it wae desired to study the effect of the
heavy application of potassium upon the growth of the trees,
records were taken at weekly intervals during the greater
part of the growing season, although occasionally 1t was
necessary for a longer interval between measurements,

By means of a WaX pencil a mark was made at a
certain point near the base of the tree. The caliper at
this point was taken at each measuring date, The accuracy

of the measurement extended to .0l centimeters, The lon~
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gitudinal growth of the terminal shoots of each tree was

measured in centimeters,

Sampling Methods

Chemical samples were secured at twelve inter
vals between April 8, 1933 and January 8, 1934 inclusive,
Since the trees had not previously exhibited any potas—
sium deficiency symptoms, the treatment involving only
nitrogen and phosphorus was considered to be normal, and
since a study under normal conditions was desired, four
trees were taken as a composite sample from these plots
at each sampling date. The trees designated for chem—
ical sampling were never adjscent. From the plots receiv—
ing a heavy application of potassium only a single tree
was sampled at each date, with the supposition that if any
marked compositional differences existed, they could be
detected by the analysis of the one tree,

The entire trees were dug, care being taken to
preserve as many roots as possible. However, during the
latter part of the season, when the root systems were quite
extensive, some of the finer roots were lost, The trees
were dug between 7:00 and 8:30 A.M. following a sunny day.
They were never dug when it was raining, although in few
jpstances it was rather cloudy. After being dug as
rapidly as possible they were carried to the laboratory

for subsequent treatment,
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Method of Separating Tree Into Its Fraciions

After washing and weighing the trees, they were
separated into eighteen different fractions. (Fewer
fractions were present during the early part of the growing
season or when no leaves were present). The following

fractions were secured:

Leaves

1933 upper bark
1933 upper wood
1933 lower hark
1933 lower wood
1938 upper bark
1932 upper wood
1932 lower bark
1932 lower wood
1931 upper bark
1932 upper wood
1831 lower bark
1931 lower wood
Large root bark
Large root wood
Small root bark
Small root wood
Rootlets,

The fractions were designated in accordance with
the year of their first longitudinal extension. The upper
and lower classification designated the upper and lower half
of each section. The large roots were those one centi-
meter or more in diameter; the small roots ranged from one
centimeter to two millimeters in diameter, and the remainder
of the root system was designated as rootlets., (Figure 7
shows certain separated fractions ready for drying).

Since the time required to fraction five trees



Fig. 7. - Various fractions of the trees prepared for

drying.
1931 upper bark Rootlets
small root Food
1931 upper Food 0l1d rood on 1939 lower

ema.ll root bark
leaves Hew wood on 1339 lower
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considerable, the bark / wood ratio was obtained from the
tree fractioned for moisture determinations. (See under
Chemical Methods). Then the weight of the fractions,
including bark and wood for all trees, were recorded and
the dry weights of the individual fractions were later
calculated from the bark/ wood ratio and moisture contents
of the one tree,

Smaller samples were taken from the composite
sample of the four trees from the no—potassium plots, which
were peeled, dried, and ground for chemical anslysis as

described under part I of this report.

Chemical Methods

Potassium, The total potassium content of the tissues was
determined by the same method as described in part I,
Nitrogen. Total nitrogen was determined by the official
A.O.A.C. Kjeldahl Gunning Method. No nitrate nitrogen was
determined since it is generally considered to be absent from
apple trees, except in the roots,

Moisture. At the first three sampling dates, the moisture
content of all fractions of trees from both treatments was
obtained, but after an inspection of the results, it was
observed that the tree sampled first always exhibited the
highest moisture content, regardless of treatment. There—
fore, at subsequent sampling dates, the one tree from the

nigh potassium plots was ilmmediately cut up for moisture
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determinations, so as to avold unnecessary water losses.
All moisture calculations were based on this one tree,
The method of determining moisture was the same

a8 given under part I.

RESULTS OBTAINED
Absorption of Ppotassium by the Trees

Since some variability existed among the trees,
it was necessary to smooth out the dry weights of all
fractions by means“of a three figure moving average., Since
a moving average results in a reduction in the number of
figures, the first two sampling dates were averaged for
the first figure and the dry weight for the last sampling
date was left unchanged. Other than these modifications
a regular moving average was employed. After the correct-
ed dry weight figures were obtained for each fraction on each
sampling date, they were multiplied by their corresponding
potassium percentages, which gave the actual grams  of
potassium present in each fraction, (table 21).

It happened that the four trees of the sample taken
from the normally treated plots on October 4th were rather
small. Even though their dry weights were corrected by
the moving average, the amount of potassium in the trees
wag still low, indicating a lower concentration than would
5e expected at this time of the year. The potassium

values obtained on October 4th are not plotted on the
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graphs because the trees were considered as abnormal.

No potassium treated tree was dug on Jyne 25%h,

In connection with table 21, a note as to the
approximated physiological status of the trees at each
sampling date is appended. When comparisons are made
between the resulis of this investigation and that of
other similar ones, the use of the tree condition, rather
than the calendar dates would seem advisable, However,
in this report for the sake of brevity, all references to
time of sampling will be made in terms of the actual date.
Since the sampling dates were arbitrarily chosen without
reference to any expected changes in potassium behavior,
any difference between any two dates is only an approxi-
metion of actual change which occurred,

Table 21 shows the total grams of potassium in
the apple trees at the different sampling dates, Figure
& presents the same material graphically. The data are
given both including and excluding the leaves, so that the
potassium content of the tree can be studied without the
introduction of the rather large amount of potassium which
accumulates in the leaves, and apparently is lost &% leaf
fall. .

Considering the normal treatment (designated by
N) it is evident that potassium was absorbed slowly between
April gth and 25th. A portion of the potassium in the

woody part of the tree moved into the leaves during this



Table 21. Total Amount of Potassium in Grams Per Tree Under
the Two Fertilizer Treatments, Both Including

and Excluding the Leaves, 1933

Date : £ K* : N :
Sampled : + leaves : ~ leaves ! 4+ leaves ! ~ leaves ! Physiological state of trees.
April 8 : ,9348 : .9348 : ,88689 : .8669 ! Buds beginning to swell. Bark sticking.
: : ' : ! Terminal buds bursting. Some leaves &"
April 25 1 1.0781 y .8448 : .9945 1+ ,78612 ¢ long. Bark still sticking on roots.
: : : : ' Buds fully ovened and in some cases very
May 11 ¢ 1,5018 t 10542 ¢ 1.4308 ¢ ,97286 : slight terminal growth.
May 29 ° 2.e898 ‘' 1,5998 ‘' 2,08502 °‘ 1.2482 ‘' New growth 18-22 cms. in length.
: : : : ! Terminal growth 25-20 cms. Lower part
June 13 : 4,8985 r 2.4695 T 2.6993 1 1,5120 ¢ 1933 growth turning orown.
' : : ' ‘ Terminal growth 38~48 cms., Trees
Jure 25 - - : - + 3.5838 * 1.,8541 * 8till growing rapidly.
: : : : ' Terminal growth 50-~70 cms., Trees
July 23 1 €.0350 r 2,8332 ¢ 3.5388 1 1.9818 ¢ healthy and vigorous.
' ' ' ' ! Bark sticking on few upper twigs,
Aug. 16 + 5,8288 ' 3.2275 * 4.0807 -+ 2.3055 ‘ Growth slowing down.
' : ' :  Leaves falling some. Bark sticking on
Sept. 10 § 6.5827 } 4,0454 | 4.2855 1} 2.68027 ! all parts of tree except trunk and roots.
: . . : ' Many older leaves fallen. Bark sticking
Oct. 4 ; 6.0751 v 4,1834 ¢ 32,1832 § 2.3203 ' on all parts of tree,
: . . . ' Only & few of the younger leaves left.
Nov. 3 , 5.2896 , 4.4827 ., 32,6208 . 3,1518 . Some of them still green.
Jan. 8 i 4.3528 i 4.3528 1 : : Tree entirely dormant.

3.2686 1 3,26886

*

# K = Treated with one pound potassium sulfate April 1, 1933.
N = No potassium fertilizers added.

All trees received a basic application of (NH4)2 S04 and Superphosphate.
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pPeriod as indicated by the fact that the potassium content
of the tree, minus the leaf content, decreased.

From April 35th to May 1lth, the intake of
potassium was sufficient to cause an increase in all parts
of the tree, and the rate of absorption continued rather
uniformly from May 1lth to September 10th, Leaf fall was
beginning at the latter date, and from then on the potas—
sium content of the tree as a whole decreased. However,
considering the tree, excluding leaf potassium, the increase
in potassium continued at a uniform rate until November 1lth,
From then until January 8th, there was little change,

The absorption curve from the potassium fertilized
trees (+K) was similar to that for the normal treatment ex—
cept that considerably more potassium was absorbed over the
same period of time. Considering the large differences
and the lack of growth response of the trees there can be
no doubt that luxury consumption of potassium occurs with

the apple. Thie point will be discussed later,

Seasonal Movement of Potassium Among the Different

Tigsues and Parts of the Tree

In considering the seasonal movement of potassium
among the different tissues, all eighteen fractions could be
considered separately. However, to simplify the problem,
only the different aged portions of the tree were considered
geparately. The fact cannot be disregarded that the growth

1gzid down the previous season, and designated here as 1932
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growth, has within it new tissue added on by the cambium.,
This tissue ie probably of entirely different composition
than that formed the previous year. Therefore, if
tissues decrease in potassium with age and young tissues
high in potassium are being deposited, the interpretation
of the results is somewhat difficult. Some experimental
evidence obtained on this point will be presented later,
Meanwhile, the data for the potassium content of the tree
tissues will be presented disregarding the fact that the
1931 wood, for example, contains new wood added in 1933
and still younger tissue laid down in 1933.

The question arose whether to use the per cent
fresh weight or pner cent dry weight figures in inter—
preting the relative potassium concentirations in the
different tissues, An inspection of the fresh and dry
weight curves for the entire tree presented in fig. ¥
indicates that the dry weights present a more stable
basis on which to calculate the results, Dry matter
accumulated constantly throughout the season, The fact
that the fresh weight curve fluctuated somewhat, even
though the general trend was the same indicated changes
in moisture content at the different periods, rather than
any appreciable change in dry matter,

Another problem which arose in connection with

the study of the potassium status of the tissues, was the
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question of how to consider the leaves with the other
tissues. They are not a permanent tissue, are extreme-
ly vegetative, and contain a large proportion of the
tree's potassium. Becsuse of these conflicting features
the leaf data are presented separately.

The complete data for the potassium determinations
are presented in the appendix in tables 1 to 17. Certain
selections and combinations from these tables will be
incorporated in the text.

Proportionate Distribution. Table 22 presents the potas-—

sium content of the different tree tissues as per cent of
the total. These data give an indication &s to what tiss-
ues contain the bulk of the potassium at the different samp-
ling dates. Fig. 10 presents the results graphically.

The roots started off carrying sbout 40 per cent
of the tree's potassium. By June 13th they had dropped
so as to carry only 27 per cent. By October the roots
contained about the same portion of the total potassium
as they did at the start of the growing season.

During the month of May the 1931 wood lost in
its proportionate amount of potassium, and the 1932 growth
showed an increase. Butler, et al(12) stated that such
an upward movement occurred at the same period. Apparently
there is an upward movement of potassium at this period for

the purpose of utilization in growth.



Table 22. Potassium in the Different Aged Portions

of the Trees Expressed as Per cent of the Total. (Normal
treatment,) 1933
Part of v April April May May June June July Aug. Sept. Oct. Nov. Jan.
tree : 8 25 11 29 13 25 23 18 10 4 3 8
1933 growth : —- — -—- 10.5 16.4 16.8 18.5 17.2 ©20.9  18.8 16.9 18,0
1932 growth ; 17.1 18.86 21.9 20.7 18.0 17.1 18.7 13,7 12.7 13.1 13.0 12.8
1921 growth ; 43,7 38.6 42,7 36.5 38.9 36.5 38.5 34.5 30.7 29.3 20.6 31.1
Roots : 39.0 42,7 25,3 32,4 27.3  29.5 28,4 34,6 37.2 38,9 39.2 37.9
Table 23. Total Amount of Potassium in the Different Aged
Portions of the Trees under Normal Treatment (X in gme.) 1933
Porticn of : April April May May June June July Aug. Sept. Oct. Nov. Jan.
tree : 8 25 11 29 13 25 23 18 10 4 3 8
193% growth : —- - -~ L1306 .2473 ,3128 .3854 ,3964  .4961 ,4388 .5280 .5902
1932 growth ; .1498 1413 2137 .2571 .2718 .3158 ,33l2 L3171 2277 .3048 ,4118 ,4188
1931 growth : ,37382 . 2944 .4151 .45853 5848 .87%5 L7235 , 7957 .8158 .88l12 ,9689 1.,0171
Roots . 3379 . 3255 . 3498 ,4032 ,4083 ,5480 ,5828 7963 L9631 .9055 1,2442 1.2425
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The 1933 growth continually increased in its
proportional amount of potassium. This might be expec-
ted since new tissue was being added throughout the season.

The bark of the trees under the normal treat-
ment on June 13th contained 47.5 per cent of the tree's
potassium, while the wood contained 52.5 per cent, but
under the potassium treatment 57.9 per cent of the potassium
was in the bark and only 42.1 per cent in the wood. This
would indicate that luxury consumption takes place more
readily in the bark than in the wood. Other figures will
bring this out more emphatically

Absolute Distribution. Considering the same material

expressed in grams per fraction, the actual movement
of potassium from one portion to another can be traced.
Table 23 gives the figures while fig. 11 presents them
graphically. It is immediately evident from the graph
that all parts of the tree gained continually in their
potassium content. The roots did not increase in potas-
sium during the period of early growth activity at a rate
similar to that of other fractions, but from July 23rd
on through the season the roots increased greatly in their
potassium content. The possibility of attaching some
importance to this phenomenon will be considered in the
discussion.

The fact that the 1933 growth increased in its
potassium content more rapidly than the 1932 growth might
pe attributed to a greater proportion of meristematic

tissue in the 1933 growth. Dowding(19) as well as many
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others has pointed out the high concentration of potassium
in the younger tissues.

The total amount of potassium in the 1931 and
1932 growth followed very closely the dry weight as
evidenced by comparison of figures 11 and 12. However,
the roots and new growth increased in potassium during
the latter part of the growing season at a different rate
than they accumulated dry méatter.

Concentration of Potassium, The amount of potassium in

each portion was expresséd as per cent of the dry matter.
The results are shown in table 25 and are presented graph-
ically in fig. 13. The data indicate that the concentration
of potassium in the new Browth was very high at start of
season compared with other portions of the tree, but decreas-
ed suddenly between May 29th and July 23rd. After this
period it gradually decreased throughout the growing seas-
on. The 1932 growth, after May 29th, showed & gradual
decrease throughout the season, while the 1931 wood re-
mained fairly constant, only decreasing slightly.

The roots remained quite constant until the latter
part of July when they increased until September 10th, and
remained high throughout the remainder of the sampling

period.
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Table 24, Total Dry Weight in Grams of
Each Portion of the Apple Trees at the Different Sampling

. Dates, 12333

Portion of

April  April May May  June June July Aug. Sept. Oct., Nov. Jan.,
tree

8 25 11 29 13 25 23 18 10 4 3 8

1333 growth —_— —— - 13.5 40.7 45.4 74,0 8.2 101l.7 122.,7 131.,2 138.,5

1932 growth 46.5 46.8 57.7 87.1 88.4 89.7 118.2 123.3 136.6 132.9 151.5 183.5

1931 growth 184.0 185.0 193.7 209.6 255.0 288.1 3492.6 382.5 429.0 42,8 486.1 498.0

re ®B S5 *® B S8 BB PO |SE e

Roots 121.8 1°24.6 122.4 1457 183.2 193.0 222.5 258.8 296.5 336.8 375.8 410.5

Table 25. Potassium Content of Different
Portions of Young Apple Trees Expressed as Per cent
Dry Weight,

b
o]
=
H-
=4

Portion of April May May June Jure July Aug. Sept. Oct. Nov. Jan.
tree H 8 25 11 29 13 25 23 1e 10 4 3 8

1233 growth . = —— -- .967 . 808 .689 .484 . 480 . 488 . 358 . 403 » 426

~e ao oo

1932 growth : .322 . 302 . 370 . 383 .314 . 352 . 280 . 257 . 240 .218 273 . 228

1931 growth . 206 . 159 .214 .217 .229 . 235 .207 . 208 .190 . 147 .199 . 204

-y o8 sv oo

Roots . 277 281 . 264 277 . 249 .284 .2b3 . 308 . 325 . 269 . 321 . 303
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It is evident that the percentage composition
is an expression of the relation between the absolute in—
crease in potassium and the increase in dry matter. If
dry matter.and potassium increased proportionately, the
percentage composition would remain the same. There—
fore, as the graphs bear out, in the roots the tncrease
in potassium was greater than the increase in dry weight,
while in the 1933 growths the reverse situation existed,

Distribution of P~tassium Between Basal and Apical Portions

of Growth, The question now arises —— did both basal and
apical portions of the different aged parts of the tree act
similarly throughout the season? From the data in the
appendix, on a percentage basis the bark and the wood,

both upper and lower, of the 19323 and 1931 growth did act
very similarly, but in the other tissues differences
existed.

The trends for potassium, a8 per cent dry weight
of the upper 1933 wood and lower 1933 bark, as well as those
for the large root bark and root wood are presented in fig,
14,

The large increase in the roots after July 23rd
was principally caused by increases in the bark rather than
in the wood. The root bark and wood seemed to exhibit
gomewhat of a reciprocal relationship during the early
part of the growing season, thus accounting for the constant

percentage compositions of the roots as a whole, The ceusal

factors are unknown,
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Some other changes are not presented in fig, 14.

The upper 1933 bark decreased only slightly
during the season, The 1933 wood, upper and lower, were
quite highly correlated. The large roots and small roots
acted much alike but the root bark and root wood responded
differently. The chart brings out the fact that the de-
crease in percentage composition of the 1933 growth was
largely due to the wood fraction, since the bark did not
materizlly decrease,

On an absolute basis the bark and wood fractions,
both upper and lower, maintain similar trends to those of
the entire seasons growth, the only differentisl response
being that the bark increases in potassium relatively
faster than the wood,

From the data in the apvendix it appears that
the woody portion of the tree is relatively inactive with
respect to potassium. 0f course, if potassium were only
passing through the conducting elements of the xylem, one
should not expect marked seasonal differences. However,
the new wood laid down by the cambium should be relatively
high in potassium, if the number of living cells in a tissue
js correlated with its potassium content. In order to study
this point, the new wood laid down by the cambium on the
lower 1932 section of the tree was separated at each sampling

date and subsequently analyzed for potassium, The curves

as per cent of dry matter are plotted in fig, 15,



g/VEW wood
/N

Sone! ety s ey Sephs Ot/

ey

Fig., 15. — Potossium content of the
to the lower portions of
as comparec with the old
down the previoue season.

P LEcr ey

lateral growth odded
the 1332 wood,
wood which was laid



69.

The curve for the new wood on lower 1932 growth
very closely resembles that for the upper 1933 wood., This
would tend to indicate that the decrease in concentration
of potassium in new wood was quite similar whether it
initiated from the cambium or a combinatior1%ﬂ??§g;¥§%em and
the cambium. The old wood laid down the previous year
tended to decrease in its potassium concentration during the
early part of the growing season, and then increased gradually
from the latter part of July on through the season, The
nunber of living cells in this section of the wood were
decreasing rather than increasing, yet the potassium con—~
tent increased during the latter part of the growing season,

This would indicate a storage of potassium in this tissue.

Potassium Changes of the Leaves, The leaves, at thelr

ma#imum weight contained 44 per cent of the trees potassium,
The fact that the seat of photosynthetic activity is in the
leaves may be a factor in causing this high concentration,
since potassium is considered to play a part in carbohydrate

metabolism,

Fig., 16 shows the potassium composition of the
leaves on a per cent Ary weight and absolute amount basis
throughout the season.

The curvee indicate that on a percentage basis
the potassium content of the leaves fell rapidly until June

13th and then suddenly rose and fell again by July 23rd.
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The concéntration of potassium increased from this period
until leaf fall, The sudden rise between June 13th and
June 25th cannot e explained. It is doubtful that
sampling error could account for such & large difference.
The chemical determinati on was checked accurately,

On an absolute basis the potassium content in-
creased until June 13th, remained fairly cons tant until
September 10th, and then fell off as leaf fall began.
This curve is what one would expect since it conforms

quite well to the total dry weight curve of the leaves,

Table 268 —— The Potassium Content of 0ld:.and
Young Leaves at Three Sampling
Dates, 1933,

Date, : Leaves, 3 K as Per cent i Gms. K. per 100
: s Dry Matter, 5 Leaves,
July 23 i Young % 1,539 : .529
! o1d i 1,102 § . 337
Aug. 16+ Young i 1,632 g ,614
: o1d : 1,320 § . 459
Sept. 10 + Young i 1,639 g . 590
i old i 1,293 : .383

Unfortunately the grams of potassium per 100

lLeaves was not calculated for the first part of the season,
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The data in table 26 were obtained from July 23rd to

September 10th and indicate that on an absolute basis
the potassium content of the leaf was rather constant
from July 23rd until September 10th,

To substantiate the fact that young leaves
contain more potassium than/older ones, on three sampling
dates the leaves growing on the upper end of the current
season's growth were separated from those growing on the

lower portion, The results are reported in table 26,

Relative Potassium Content of the

Different Tissues,

Obviously the different tissues vary in their
potassium content at the different sampling dates. How—
ever, there are certain relationships among the different
tissues which hold true generally throughout the season.

Table 37 gives the average potassium content of
the different fractions, all sampling dates being averaged.
The results are expressed both as per cent dry weight and
as absolute amounts of K.

The data are shown graphically in figs. 17 and
18, On a percentage basis the leaves are the richest in
their potassium content. As percent of dry matter, fhere
is a decreasing gradient of potassium from the apical end
of the tree to the smallest roots, The wood acts simi-

larly until the base of the tree is reached and then the
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Table 387 -— The Potassium Content of the Different
Fractions of the Stayman Apple Trees.

(Average of All Sampling Dates).

Tissue, K as Per Cent

Dry Weight.

Absolute Amount
of K in Grams

Leaves, : 1.262 : 1.078
Upper 1933 bark : .868 s .141
Upper 1933 wood : « 439 : .048
Lower 1932 bark : 681 : « 145
Lower 1933 wood : . 249 H .082
Upper 1932 bark : . 837 : 073
Upper 1932 wooll : . 319 : . 057
Dower 1932 bark : .818 : .082
Lower 1932 wood : . 164 : .076
Upper 1931 bark : . 590 : « 109
Upper 1931 wood : .1861 : .153
Lower 1931 bark H .Db3 : 135
Lower 1931 wood : . 137 : .61
Large root bark : . 534 : .173
Large root wood : » 194 : .R71
Small root bark : . 5883 : «195
Small root wood : .43 : 072
Rootlets. : 421 : . 047

large roots have an increased potassium concentration and
the small Toots are even higher,

Comparing the percentage results with the
absolute amounts of potassium in the tissue (fig. 18) the
leaves are highest on both bases, and the 1933 bark con—
tains a comparatively high potassium content, From the
1932 bark down to the small root bark, inclusive, there
is an increasing gradient of potassium on an absolute
basis. Thus the absolute amounts are negatively corre—

1ated with the percentage compositi ons,. The wood generally
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exhibited an increasing amount of potassium from terminal
portion to root portion of the tree. The small roots
were exceptional and the 1933 lower wood was somewhat
higher than the 1932 wood. However, in general, both
with the bark and wood, where the concentration of potassium
is the greatest, the absolute amounts are the least. This
can be most logically explained in that the potassium is
highly concentrated in the young, active tissue, while the
bulk of the tree is made up of woody, structural material
which has a low concentration of potassium, This point
has not received proper consideration in the literature,
many investigators reporting that the majority of the
potassium was located in the bark.

Although there are interactional effects between
sampling date and tissue with respect to potassium content,
the different tissues showed approximately the same rela~

tionships throughout the season.

Effects of Heavy Applications of Potassium Fertilizers

on the Potassium Content and Distribution.

Fig. 8 showed that potassium had entered the
tree in considerably greater amounts under hesvy appli-
cations than under normal treatment. Fig. 19 shows
the potassium content of the tree tissues on June 13th
for both the potassium fertilized and normally treated

trees. Note how greatly the leaves have increased in

their potassium content, and how much more the bark in-
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increases, due to treatment, than the wood.

A similar relationship exists in the case of
the absolute amounts (fig. 30), the leaves increasing
about 100 per cent due to treatment. The bark in-
creases more than the wood in relation to the amount
present in the untreated tissues, The same general
tissue relationships exist here as shown in figs, 17 and
18 except that the root bark is relatively low in potas—
sium, It will be recalled that the increased movement
of potassium into the roots did not take place until after
June 13th.

It apparently required between one and two
months for the applied potassium to enter the tree and
move up to the leaves and upper twigs. Fig. 21 shows
the seasgonal trend of the leaves and 1932 upper bark for
both treatments, Note thet in both cases the treated
(+K) and normal (N) curves cross between the May 1lth and
May 29th sampling dates, From this period on the leaves
from the trees treated with potassium fertilizer always
maintain a higher concentration of potassium.

All tissues exhibited luxury consumption, but
the leaves exhibited it to a greater degree than any other
part of the tree, The leaves from the +K treatment ab—
gcissed somewhat eallier in the fall indiéatingfgﬁif certain

toxic or at least detrimentel effects occurred / the heavy

epplication of potassium.
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Effect of Potassium Applications Upon the

Total Nitrogen Content of the Trees,

Table 28 shows the total nitrogen content of
the trees under both treatments throughout'the season,
both including and excluding the leaves, Fisher's 4
comparison made between the nitrogen content of the trees
from the two treatments shows that the hee vy application
of potassium caused the total nitrogen content of the
trees to be significantly increased. The material is
presented graphically in fig. 22. That the curves for
the nitrogen content of the treated and untreated trees
move further away from each other as the season advances,
also indicates that the difference was due to treatment
rather than chance, This agrees with the work of
Gildehaus (22) showing that a high concentration of
potassium in the culture solution resulted in a higher
nitrogen content.

In an effort to determine what tissues are
responsible for this phenomenon, the differences for each
tissue, averaging all sampling dates, were calculated, and
expressed as per cent of the nitrogen content (absolute
amount) of the tntreated trees. This material ise

presented in table 29.

Any exact statement concerning the tissues con—

cerned is impossible. However the current season's growth
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Table 2g, Total Amount of Nitrogen per Tree
Under the Two Fertilizer Treatments, Both Including

and Excluding the Leaves. 1933

Date

: £ K* : i
Sampled : 4 leaves P = leaves : + leaves A leaves
April 8 g 2.3384 é 2.3384 é 2.1233 E 2.1233
April 25 % 4,3412 % 3. 7627 % 2.7101 : 2,1315
May 11 % 3.7784 g 2. 4508 é 3. 6989 g 2.1489
May 29 & 3.8382 : 1.9130 : 3.8050 : 1.8281
June 15 : 4,9559 + 2.1629 + 4.6502 : 2.0048
June 25 i - ; - ; 5.0258 ; 2.2919
July 23 ¢ 6.6398 ¢ 3.4250 E 6.8996 E 3. 4856
Aug. 16 P 7.1108 ¢ 4.2675 E 8.5503 5 7. 8200
Sept. 10 & 7.7134 ¢ 5.2495 E 8.7189 ! 4.2601
Oct. 4 ¢ 6.7449 ¢ 5.0522 AE &.4094 % 4.7159
Nov. 3 + 6.4028 i 5.7405 § 5.8270 é 5.0390
Jan. 8 + 6.7755 + 6.7755 i 6.3959 i 6.3959
* L X = Treated with one pound potassium

sulfate April 1. .
Received no potassium fertilizers,

A1l trees received a basic treatment of
(NE4)pSO, and Superphosphate.

"
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Table 82 —— A Comparison of the Nitrogen Content
of Trees Fertilized With and With-—
out Ppotassium Sulfate, (Absolute

Basis Averages for Entire Season,

Treated Minusg Increase or De—

Tissue, : Untreated, :+ OCOrease in Per
' : : Cent,
Leaves H -,018 : -0.9
Upper 1933 bark : +,062 H +35.0
Upper 1933 wood : +,053 : +46,9
Lower 1933 bark : #%,023 : +10.1
Lower 1933 wood : +,180 : +109,7
Upper 1932 bark : +.004 : 13,4
Upper 18932 wood : =,001 : T -6,8
Lower 1932 bark : =,005 : =4,0
Lower 1932 wood : +,016 : +10,4
Upper 1931 bark : -,001 : -0,7
Upper 1931 wood : +.0231 : “48,8
Lower 1931 bark : +,008 : +4,1
Lower 1931 wood : +.091 : +19,5
Large root bark : +.026 : +12,3
Large root wood : +,013 : "42.0
Small root bark : +.038 : +21.0
Small root wood : +,012 : +4,9
Rootlets : 5.004 : —3.8

showed the greatest difference, with the root bark being
next in order of importance, In general, excepting the
roots, the wood exhibited greater differences than the bark.
There was essentially no difference between the leaf fissues.
The importance of this relationship could hardly be con-
jectured, yet it might designate some relati onship between

otassium supply and protein synthesis,

o]

Agsociation of Potassium with Nitrogen in the Various

Tissues Throughout the Season,
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Association of Potassium with Nitrogen in the Various

Tissues Throughout the Seagon.

Nitrogen énters into many organic compounds in
the plant while potassium is believed to be largely in
solution as inorganic salts, However both elements are
associated with living tissue and it is of interest to
compare their behavior in apple trees, |

The total absorption curves of potassium and
nitrogen have already been presented in figs, 8 and 23
reSpectively. Comparing the normal treatment in both
cases, the curves are similar except for two differences,-
one difference being that although nitrogen and potassium
moved into the leaves rapidly during the latter part of
May, absorption of nitrogen from the soil was much slower
at this time., The other difference is that the nitrogen
incregsed from November 3xd to January 8th whereas
potassium remained rather constant., This result seems
a significant one, although it would require duplication
before it could be deemed valid,

Table 30 presente the percentage of the total
nitrogen in the tree that exists in each portion through~
out the season. The material is presented graphically
in fig. R3. The data were guite similar to the corre—
gponding potassium results shown in fig 1) the only ex—
ceptions being that a larger proportion of nitrogen
regided in the roots than in- the 1831 growth at the

beginning of the season; also nitrogen seemed to move
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Table 30, Nitrogen in the Different
Portions of the Apple Trees Expressed as Per cent

0f the Total.

Tissue t April  April  May May June June July @ Aug. Sept. Oct. Nov. Jan,
: 8 25 11 29 13 25 od 1€ 10 4 3 8
1933 growth ; - - -- 12.7 19.1 18.2 20.8 17.3 15.8 16.6 16.2
1832 growth; 17.0 18,1 1.9 17.2 20.8 16.3 13,9 13.3 13.4 12.7 12,4
1831 growth; 38.0 36,0 2R, 32.3 32.8 31.0 27,2 28.8 35.0 31.0 7.4
Roots : 44.9  47.9 51,3 37.8  27.3 34,5  38.1 40.8  35.8 29.7 _ 43.0
]
Table 9}, Amount of Nitrogen Present
in the Different Portions of the Apple Trees Throughout the
Season. (Gms. K per fraction.) 1931
Tissue ¢ April  April May May June June July Aug. Sept. Oct, DNov. Jan
H 8 25 _ 11 29 1Z 25 23 16 10 4 3 8
1933 growth; - - — 231  .384 . 417 .724 . 581 .B75 . 878 .835 1.03%9
1932 growth; . 361 243 . 428 313 L,417 « 373 . 484 . 508 .H71 .B83 .B838 . 858
1931 growth; . 807 .768 . 619 .588 ,858 . 710 .948 1,101 1,493 — 1.560 1.754
Roots ; 953 1.022 1.101 .6888 ,.547 L7792 1,331 1.550 1,523 1,990 2,008 2,747
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out of the roote and into the upper portion of the tree
more rapldly during May. During'the letter part of
June the roots started increasing in their relative
amount of nitrogen, as well as potassium, and continued
to increase generally throughout the remainder of the
sampling period.

The data calculated on an absolute basis are
shown in table 31 and fig. 24. Here the results closely
resemble the potassium data, the only conspicuous differ-
ence being that there is a low point in the nitrogen con—
tent during June and the nitrogen content of the root
fraction increases greatly after November 3xd, In the
case of potassium, the increase on an absolu;e basis was
rapid in all fractions during June and there wae no in—
crease in the roots after Nov. 3rd.

The data on & per cent dry weight basis are
shown in table 33, and fig.35 The curvee for nitrogen and
potassium again are similar, excepting that the roots de-
creased greatly in their nitrogen content during May and
early June, and increased after November 3rd. Also the
concentration of nittogen in the 1932 growth dropped off
during May much more raﬁidly than did the potassium con~—
centration,

When the same date were calculated for the bark

and wood separately, it revealed that the decrease of
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Table 32, Nitrogen Determinations on
Different Portions of Stayman Apple Trees Expressed as
Per cent Dry Weight. 1933

April  April  May May June June July Aug. Sept. Oct. Nov, Jan.

Tissue é 8 25 11 29 13 25 23 1e 10 4 3 g
1833 Growth ; - - -- 1.711 .943 919 .278 . 766 .664 . 718 838  .750
1932 Growth ; . 776 733 . 742 485 .483 . 418 . 409 . 410 .418 . 488 . 421 . 4686
1931 Growth ; . 439 415 . 320 .281 .258 . 248 o271 . 288 . 348 —~— . 321 . 352

Roots . 782 . 820 . 832 472,334 .410 .5388 . 599 .514 .581 534 . 869
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nitrogen on a percentage basis in the 1933 wood was largely
caused by changes in the wood rather than the bark, In
the lower portions of the tree the bark and wood were

guite highly correlated in their nitrogen changes.

Lincoln and Bennett (32) report that with pesgr
trees the nitrogen content on a per cent fresh weight
basis remains quite constant for the entire tree through-
out the season. But when the leaves are excluded from
the calculation, the percentage composition drops to low
values during the middle of the summer, In view of these
results, it is interesting to compare similar data with
apple trees, and also to see if potassium presents a
similar picture,

Table 33 gives the percent fresh weight for
the nitrogen and potassium contents of the tree through=-
out the season., Figs?6 and 87 present the material
graphically.

In general the principle reported by Lincoln
and Bennett holds in the case of nitrogen. However the
percentage composition of the tree as a whole increases
during the early part of the season and decreases gener—
ally from lay to November, In other words the increase
in nitrogen during April and early llay is greater than
increase in fresh weight, while cduring the sumuwer the
reverse is true, During the winter, after weight in-

crcase has ceased, nitrogen apparently is absorbed to
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Teble 93— The Potassium and Nitrogen Contents
of the Entire Trees Expressed in
Per Qent of Fresh Weight, Both

Including and Excluding the

Leaves,

$! Per Cent ¢ Per Cent : Per Cent : Per Cent
Date, : K H K : N : N

t Leaves : Leaves : Leaves H Leaves

tIncluded, : Excluded., : Included : Excluded
April 8 ¢ .138 : . 138 : 2038 : » 238
April 35 ¢ .138 : 113 : 376 H .318
May 11 : .1B6 : .120 : . 287 : . 266
May 29 T 196 : . 143 : . 364 : 208
June 13 : .180 H .110 : . 311 : . 167
June 286 : .216 : . 134 : . 302 : .166
July 83 : .165 H L113 : .323 : . 199
Aug. 16 ¢ ,196 : . 131 : .0L6 : .218
Sept. 10 ¢ ,182 : . 128 : . 286 : .210
Oct. 4 i .138 H e111 : « 377 : . 224
Nov, & : 164 : .148 : .55 : 237
Jan. 8 s .148 : . 148 : » 290 : . 290

account for the increased percentage composition,

The potassium percentages did not act similarly,
the potassium content of the tree, excluding the leaves,
tending to remain somewhat constant throughout the season,
while the tree as a whole increased during the summer.,

In comparison, nitrogen moves into the leaves without
being replaced in the tree proper until later in the
season, while potassium is replaced sufficiently in the

bark and wood to make up for any potassium that moves

into the leaves,
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Fig. 28 shows the seasonal trend of the
leaves throughout the season, The curve slopes
generally downward throughout the sesson denoting that
the nitrogen concentration was on the decrease with in-
crease in age of leaf, The increase on October 3rd
coutd be accounted for by the change in proportion of
young leaves to old leaves, This trend in nitrogen
is entirely different than potassium, since the latter
increases rather than decreases during the last few

months of the season.

Growth Responses.

Fig. 29 shows the growth curves of the
trunks and terminals of the trees, It is evident that
potassium fertilizer had no appreciable effect upon the
growth of the trees, This conformity of growth under
the two treatments is somewhat surprising since the
treated trees contained so much more potassium than the
untreated ones, However these results sunnort the
findings of the work on bearing treesreported in Part
I where the potassium content was not so markedly in—
creased,

I4 is interesting to note that the terminal
growth curve corresponds quite well to that conforming
to the monomolecular autocatalytic equation. The trunk

diameters, however, fitted the equation of a straight
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line more closely than that of an S—-shaped curve. In
other words, terminal growth started off at a slow

rate, increased to a maximum the latter part of June,
and then decreased until it practically ceased about
September 1st. There were no definite changes in rate

of diameter growth until September 10th, when it essen-

tially ceased.

GENERAL DISCUSSION OF RESULTS

In the light of the findings of this study,
the absorption of potassium by apple trees is quite
proportional to the accumulation of dry weight. Under
the high potassium treatment, potassium was absorbed at
a greater proportionate rate than dry weight accumulated.
Apparently potassium was absorbed lasrgely during the
growing period, although certainly potassium is abundant
in the so0il solution during the winter. The trees
apparently were able to absorb nitrogen after the first
part of November indicating that the tree is able to
absorb certain nutrients even when its metabolic rate
is considered to be rather low.

The rather outstanding tissue relationship in
connection with potassium movement was that the roots in-
creased markedly in their potassium content during the
latter part of the growing season. A conjecture as to

the causal factors involved is problematical, yet if

potassium 1s connected with carbohydrate metabolism, and

since Butler, et al (12) reported an increase in starch
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and sucrose in the roots at this period, there is a
possible utilization of additional potassium in the
roots at this time, perhaps in a a role of aiding trane—
location as suggested by some workers. Also the same
potassium might function anew in the spring when the
stored carbohydrates were broken down and translocated
to more active parts of the tree,

This investigation has substantiated the
fact, already found with other plants, that potassium
is defi nitely associated with meristematic tissue, is
very mobile, and seems to accumulate in certain tissues
during the close of the season.

The extremely large proportion of potassium
located in the leaves is interesting and may add to the
importance of leaf area relationships in fruit tree
responses, The fact that the leavee on the trees from
the potassium treated plots abscissed earlier in the fall
might indicate that any exceift potassium is translocated
to the leaves for disposal, thus partially accounting for
the large luxury consumption in the leaves,

The concentration gradient of both nitrogen and
potassium from the apex to the base of the tree is most
logically accounted for by the decrease in proportion of
living to dead cells, The absolute gradient, in the

opposite direction, is largely explained by the fact that

the dry weight gradient in the same direction is sufficient
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to obliterate any concentration differences,

The relation of potassium to nitrogen seems to
be largely a common cause association. That is, nitrogen
and potassium are both essential for the 1life of a cell,
therefore where more living cells exist, more nitrogen and
potassium exist, However, the depletion of nitrogen from
the bark and wood of the tree as léaf formation-.takes place,
is very marked, while such & phenomenon hardly exists with
potassium, This may be entirely an absorption.phenomenon.

The fact that the nitrogen contenf of the trees
was increased by potassium fertilizers was an unexpected
relationship. If more growth had been produced by the
fertilized trees, possibly it wodld account for the in~
creased nitrogen content, but no such increased growth took
place, The fact that the increased nitrogen was largely
in the wood. and root bark might suggest a relationship
between potassium, and the storage of nitrogen. However,
any increased supply of nitrogen in a plant, without in-
creased growth, would possibly result in increased reserve
nitrogen, Possibly the increased potassium content of
the soil had an effect upon the soil microflora, thus
causing an increased supply of nitrate nitrogen in the soil.

The increased absorption of nitrogen subsequent
to leaf fall is in keeping with the findings of Bauer (6)

working with horse chestnut and of Combes (15) working with
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the beech tree, However, other forest tree species show

other periods of nitrogen absorption.

SUMMARY AND CONCLUSIONS

l., The absorption of potassium by young apple
trees was quite proportional to dry weight accumulation,
started off slowly, maintained a rather rapid rate during
the growing season, and slowed down as cessation of growth
approached in the fall,

2. Approximately 44 per cent of the potassium
in the tree was located in the leaves, At the end of the
growing season, when no leaves were present 18 per cent of
the potassium was in the current season!s growth, 12,8
per cent was in the 1932 growth, 31,1 per cent in the 1931
growth, and 37.9 per cent in the roots. The seasonal
trend for these relationships were that the new growth in~
oreased, while the 1932 and 1931 tissues decreased in their
relative proportions. The roots started off similarly to
the way they ended, but had a low period during the time of
rapid growth,.

3, The absolute amount of vpotassium in gll
portions of the tree generally increased throughout the
seasoin. This does not apply to the leaves, after leaf
absclssion began. the potassium content of

4, On a per cent dry weight basis,/the current

season's growth decreased throughout the season. The

in .
roots tended to increase/their potassium concentration
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during the last few months of growth. The 19323 growth
increased in per cent potassium during May but later de—
creased, The 19381 growth remained quite constant in
its potassium concentration,

4, The new wood added by lateral growth corre—
spondea very similarly to the current seasonts twig
growth with respect to potassium concentration.

5. Young leaves contain much more potassium
than old leaves, This difference may be due to either
leaching or migrati on.

6., Generally the concentration of potassium
decreases from the apex to the base of the tree, while the
actual amount present is in reverse order,

7. The application of potassium to the soil
caused an increased intake of potassium by the tree, and
an increased concentration in all tissues. The increase
was greatest in the leaves, next in the bark, and lowest
in the wood.,

8, Heavy applications of potassium increased
the nitrogen content of the trees,

9, Nitrogen and potassium were rather highly
correlated in the trees. The most noticeable differences
were that nitrogen was absorbed late in the season while
potaesium absorption stopped at leaf fall, and the nitrogen

content of the tree was depleted considerably during the

summer by the movement of nitrogen into the leaves. In
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the case of potassium, absorption from the soil was able
to maintain a uniform concentration in the wood and bark,
and still maintain the content of the leaves.

10, There were no growth differences among the

trees which could be attributed to potassium fertilizer

influences.



88

ACKNOWLEDGMENTS

Kind acknowledgment is made to the N. V. Potash
Export My. Inc. for providing certain funds necessary
for this investigation; to Dr. E. . Auchter under
whos8e direction the project was initiated:; to Dr,

A. L. Schrader who supervised the work during the
entire period and reviewed the manuscript; to Dr.

J. H. Beaumont for many kindly criticisms snd sug-
gestions; to Dr., F. B. Lincoln for special assistance
in planning the second part of the report; to Dz,

W. B. Kemp for many helpful suggestions in the use

of statistical methods, and to Dr. R. P. Thomas for
suggestions as to technigue in making the potassium

determinations,



89

LITERATURE CITED

1., Alderman, W. H, The fertilization of peach orchards.

W. Va. Agr. Exp. Sta. Bul. 150.
1915,

2, Alderman, W. H. and H. L. Crane, The fertilization of

apple orchards, W. Va. Agr. Exp. Sta.
Bul. 174, 1920.

3. Auchter, E. C. and A. L. Schrader, A preliminary
report on peach fertilizers in Mary-
land, Proc. Amer. Soc. Hort. Sci.
86: 263«268, 1928,

4, Ballowm, F. H, The rejuvenation of orchards. Report
of spraying, fertilization and thinning
experiments in southeastern Ohio.

Ohio Agr. Exp., Sta. Bul. 240, 499-
510, 19182,

5. Bartholomew, R. P. andGeorge Janssen, Luxury consumption
by plants and its significance, UJour.
Am, Soc, Agrom, gl: 751-765, 1929,

6., Bauer, H. Stoffbildung and Stoffanfnghme im
jungen NadelWolzern, Naturw, Zeitschr,
Forst. u. Landw, 8: 457-498. 1910,

7. Beach, S. A. Wood ashes and apple scab. N. Y.
(Geneva) Agr. Exp. Sta., Bul. 140,
1897,

8., Beckenbach, Joseph and J. H. Gourley. Some effects of
cultursl methods upon root distributiond
of apple trees, Proc, Amer. Soc, Hort,
Sci. 29: 202~304. 1933,

9, Blake, M. A. Some results of flesh texture tests
with peaches, Proc. Amer, Soc, Hort.
Sci., 26: 300-305. 1928,

10, Blake, M. A., O. A. Davidson, R. M. Addoms, and G. T.
Nightingale., Development and Tripening
of peaches as correlated with physical
characteristics, chemical composition,
and histological structure of the fruit
flesh, I. Physical measurements of
growth and flesh texture in relation
to the market and edible qualities of
the fI'U.it. N. J. Agr. Exp. Sta. Bul,
585, 1931,



11,

12.

13,

14,

15,

16,

17,

18.

19,

20,

2l.

Brown, Jd. W.

Chemical studies in the physilogy of
apples, XI, The relation between

the mineral constitution of apples and
the soil on which they are grown. Ann,

Butler, O. R., T. O, Smith, and B. E. Curry. Physiology

of the apple. Distribution of food
materials in the tree at different
periods of vegetation., N.H. Agr. Exp.
S8ta. Tech. Bul. 13, 1917.

Chandler, W. H. Fruit Growing., Houghton=Mifflin Co.,

Colby, H. L.

Combes, R.

N. Y. 1925,

Seasonal absorption of nutrient salis
by the French priine grown in solution
cultures, Plt.Phys, 8: 1-32, 1933,

Absorption et migrations de ltazote
chez les plantes ligneuses, Ann,
Physiol. 33 333-376, 1937,

Cooper, J. R, and C. B. Wiggans, A study of the effect

Crane, H. L.

Davis, M. B.

Dowding, E. S.

Dyer, B. and F.

Fisher, R, A,

of commercial fertilizers on the perfor-
mence of peach trees, Ark. Agr. Exp.
Sta. Bul, 239, 1929,

Experiments in fertilizing peach trees,
W. Va. Agr. Exp., Sta. Bul., 183, 1934,

Investigations on the nutrition of
fruit trees, OSome effects of deficien~
cies of nitrogen, potassium, calcium,
and magnesium, with special reference
to the behavior of certain varieties

of apple trees., Jour, Pom., and Hort,
8ci. é: 316"’3440 1230,

The regional and seasonal distribution
of potassium in plant tissues, Ann,
Bot, 39 459474, 1925,

W. E. Shrivell, The manuring of market

garden crops. Vinton and Company,
London. 1813,

Statistical methods for research workers,
4th mEdition., Oliver and Boyd, London.
1932,



32,

23,

a4,

R0,

26.

27,

28,

29,

30,

31.

32,

Gildehaus, E. J. The relation of nitrogen to
potassium in the nutrition of fruit
trees. Bot. Gaz. 93: 384-395, 1931,

Grubb, N. H. An analysis of the effects of potash
fertilizers on apple trees at East
Malling, Jour. Pom. and Hort. Soi.
7: 33-b8, 1928,

Hedrick, U. P, The effect of wood ashes and acid
phosphate on the yield and color of
%88%68. N. Y. Agr. Exp. Sta. Bul, 289,
]

HofMann, F. W. 8oil management experiments with the
application of fertilizers in apple
orchard, -Va. Agr. Exp. Sta., Bul.
269, 1930,

Hopkins, E. F. and J. H. Gourley. A study of the ash
constituents of apple fruits during
the growing season, Ohlo, Agr. EXp.
Sta. Bul., 519. 1933,

Kimball, D. A. The influence of soil moisture
differences on apple fruit color, and
condition of the trees. Sci. Agric.
13: b566-=575, 1933,

Larson, C. A. Effect of fertilizers on irrigated
Epprata fine sand and apple tree
response in the Wenatchee orchard
district. Jour. Am,. Soc, Agron,
8b: 653-853. 1933,

Liebig, Justus Les lois naturelles de ltargriculture.
ed. 2, Chap. 2. Pons, 1863, (Cited by
W. Thomas. Soil Sci. 33: 1-20. 1932.)

Lilleland, O. The distribution of potassium in
deciduous orchard soils in California,
Soil Sci. 34: 11-18., 1933,

Lilleland, O, Does potassium increase the sugar con—
tent of prunest? Proc, Amer. Soc. Hort,.

Lincoln, F, B. and J. P. Bennett. The distribution of
total nitrogen in the pear tree., Proc,
Amer., Soc. Hort. Sci., 23: 853~255.
19286,



33.

o4,

38,

36,

37,

37a.

38,

38,

40,

41,

Magness, J. R. and G. F. Taylor. An improved type of

McCue, C. A. and

McGeorge, W, T,

McKinnon, L. R.

Morris, 0. M.

Morris, 0. M,

Murphy, H. F.

Neubauer, H.

Overley, F. L. a

Pickett, B. 8.

pressure tester for the determination

of fruit maturity. U.8.D.A. Circ. 350,
1925,

L. R. Detjen, The effect of different
fertilizing elements, viz,, potash,
phosphoric acid, and nitrogen on the
production of apples, Del. Agr. Exp,
Sta. Bul. 147, 233, 1928,

The base exchange property of organic
matter in soils, Ariz. Agr. gxp. Stas
Tech. Bul, 30, 1930,

and O, Lilleland, A method of gppli~
cation designed to insure proper
distrivution of fertilizers in field
trials with fruit trees, Soil Beci,
31l: 407-409, 1931,

Fertilizers and cover crops on soils
in the irrigated orchards of Washington,
WaSh. 001. Sta. Bulo 217. 19370

Studies in apple storage. Wash. Agr.
Exp. S8ta. Bul, 535, 1931,

The replaceable potassium content com—
pared with field response to potash
fertilization of some Oklghoms soils,
Jour. Am. Soc. Agron. 26: 34-37. 1934,

(Laboratory method for determining the

available guantities of phosphoric acid

and potash in soil)., Laudw, Vers, Sta.

100: 119-128, 1933. E.S.R. 5Q: 118,
4,

nd E, L, Overholser. Some effects of
fertilizer upon storage response of
Jonathan apples., Proc. Amer, Soc. Hort,
Sci, 38: 578-577. 1931,

Response of a young peach orchard to
certain cover crops and fertilizer
experiments, Proc. Amer. Soc. Hort,
Sci. 17: 193-197, 1930.



42,

43,

45,

46,

47,

48,

49,

50.

51.

52,

Proebsting, E. L.

Proebeting, E. L.

Richter, L.

Roberts, I. P.

Ruth, W. A.

Sax, Karl

Schollenberger, C.

Absorption of potassium fertilizers
by peach and prune trees. Proc.
Aggg. Soc, Hort. Sci. 37: 249-252,
1930, Bl

Absorption of potassium by plants

as affected by decreased exchangeable
potassium in the soil, Jour, Pom,
and Hort, Sci. 1l: 199-204, 1933,

Mineralstoffgehalt der Obsthaumblatter
in verschiedenen Wachstumszeiten
Gehalt der Blattknospen verglichen

mit demjenigen der Blutenknospen,
Beitrag zur Frage der herbslichen
Entleerung der Blatter, Landw,
Versuch, Stat. 73: 457-78. 1910,

80il depletion in respect to the case
of fruit trees. Cornell (New York)
Agr. Exp. Sta. Bul., 103, 1895,

The effect of certain potassium and
nitrogen fertilizers on the shoot
growth and flower formation of the
peach., Proc. Amer, Soc, Hort. Sci,
18: 153-160, 1921,

Fertilization of apple orchards in
Maine, Maine Agr. EXp. Sta. Bul,
332, 1925,

Je and F., R. Dreibelbis, Analytical
methods in base exchange investigations,
Soil Sci. 3Q0; 161-173. 1930,

Schueler, J. E, and R. P. Thomas., Determination of

Sh&w, J. K.

Stuckey, H. P,

potassium by sodium cobaltinitrite,
Ind. and Eng. Chem. (Anal. Edit.) 5
163-165. 1933,

Further evidence of a potash~lime
deficiency in a sandy loam soil, Amer,
Soc, Hort. Sci. 27: 12-14, 1930,

Fertilizing peaches, Better Crops with
plant foods, Feb, 1928, p. 20-22.



55.

54,

55.

56.

57.

58,

59.

Thompson, R. C,.

The relation of fruit growing to
soil fertility. Ark. Agr. Exp. Sta.
Bul. 123. 1gl86.

Van 8lyke, L. L., O. M. Taylor, and W. H. Andrews,

Wallace, T.

Wallace, ™T.

Wallace, T.

Weinberger,

Weinberger,

and E,

Je

J.

H,

H.

Plant food constituents used by
bearing apple trees, N.Y. Agr.
Exp. Sta. Bul, 265, 1905,

Experiments on the manuring of
fruit trees, II. Jour. Pom. Hort,
Sci. 5: 1~33., 19235,

Factors influencing the storage
qualities of fruits. (Unpublished
papeTr presented at Botanical
Uonference in London, 1930. Long
Ashton Research Station, University
of Bristol).

Proebsting.
L./ The potas8sium status of soils and
fruit plants in some ¢ases of
potassium deficiency., Jour. Pom., and
Hort. Sei. 1ll: 120=148, 1933.

The effect of various potash fertie-
lizers on the firmness and keeping
quality of fruits, Proc. Amer, Soc.
Hort, Sci. 87: 174-179, 1929,

The effect of various potash ferti~
lizers on the firmness and keeping
quality of apples, peaches, and
strawberries, (Unpublished thesis,
University of Maryland, 1931).



APPENDIX




Table 1. Replaceable Potassium in Soil
from Fertilizer Plots (expressed as X in ppm. ) g

Treatment Apple Variety, Soil Type, and Location
per tree, ! v Tork * Rome t+ Williams 1 Stayman
per year™ : Depth ¢ Hagerstown cla{ ! Penn gravelly loam ! Sassafrss fine sandy ! Sassafras loamy sand
: t loam (Hancock : (Frederick) : loam (Berlin) ¢ (salisbury)
104 1 0% g% 1 268 601 1287 1381 : 652 855 345 387 : 271 452 235 204 114 137 65 104
X C1 s 612" 3 189 101 767 318 : 215 208 102 229 ¢ Q6 222 179 320 T 78 99 58 82
.12"—18" ¢ 136175 302 197 78 61 40 51 ¢+ 38 44 54 71 i 83 74 49 73
54 10" ef i o389 173 120 293 : 301 362 336 264 : 136 428 247 427 ¢ 81 134 99 95
X Cl1 ¢ 8"-12" @ 104 65 73 129 ¢ 183 34 40 32 : 87 132 83 117 ' 86 119 112 105
$121-38" 1+ 93 43 83 49 + 51 39 49 70 ¢+ 40 35 38 40 : 108 110 118 120
Yo 1 OM. 8" ; 168 156 205 80 : 37 65 €3 74 : 51 53 69 56 : 52 68 37 28
K 1 8n-12" ¢ 93 58 134 49 : 27 23 19 24 ¢+ 19 30 28 23 1 51 72 30 16
112"-18" : 80 83 105 46 18 36 25 47 '+ 24 21 22 31 ¢ 39 54 35 15
Peach Variety, Soil Type, and Location
! Elberta ! Elberta ! Elberta i Belle of Georgia
: ! Upshur gravelly loam ° Manor loam ' BSassafras fine sandy ° Sassafras loamy sand
: : (Hancock) : (Mount Airy)* : loam (Berlin) : (salisbury)
64 i 0" &% : ss2 575 380 435 : 340 230 532 486 ! 70 183 494 309 ! 56 4B 87 49
K C1 r gU"-12" : 201 312 435 141 @ 38 30 140 106 : 140 223 416 244 t B2 % 109 65
r12f-1e% 3 47 109 98 50 : 35 29 84 73 _: 128 201 208 185 :__bb 59 83 59
. + + q T
s 0"~ 8" @ 243 339 273 310 : 258 460 265 564 + 64 135 121 186 : 24 39 96 70
a4 1 6"-12Y : 111 154 157 210 : 106 3¢ 65 249 : 75 131 135 183 : 34 93 102 64
K 01 __;12"-1g" : 40 52 56 57 : 48 52 36 127 + 93 136 91 129 : 3> 94 75 __ 54
+ n + T g
$ 0~ g% i 84 106 79 9o : 73 83 41 87 :18 72 8 57 : 17 3l 45 21
Yo tgre12" r 37 39 54 Bg: 23 %0 24 34 ; 73 38 32 50 : 20 36 28 38
X 112M_18% : 47 45 28 88 : 36 25 30 33 _: 25 58 27 58t 24 35 26 41
# All plots received a basic * Both treated plots ## Sampled in July, 1931, after

application of NaNO3. received only 3# KO1. 4 annual fertilizer applications.




Table 2.

Results of Potassium Determinations by the Neubauer Method on Soil Samples
from the Different Apple Fertilizer Plots.

1931

(Expressed as K in ppm.)

: Variety, Soil Type, and Location
: Stayman : Rome : York
! Sassafrss loamy sand :Penn gravelly loam ¢ Hagerstown clay loam
: (Salisbury : (Frederick) : ( Hancock
No : Oh— gt + 25 40 -—- 15 v 71 52  9b 78 + 152 109 266 125
otaseium : : : :
check) : ah-12" : 256 56 35 5 : 95 20 49 56 + 117 110 257 105
t12M-18" v 10 40 20 25 ¢ 29 100 78 25 110 143 276 130
¢ Ol gt ¢ 59 83 56 83 : 248 268 321 251 : 372 181 166 le4
5# KC1 per H : : :
tree : Bh-12" ¢ 59 79 58 78 : 201 40 84 75 : 251 A5 125 114
(single) : : : : .
112%-18" : 64 93 89 83 y 100 56 140 1320 t 238 68 90 B3
¢ Ot gh : 100 120 76 61 ! 288 342 271 301 t 348 408 390 432
10# KC1 per : : : :
tree I O oA T 76 85 30 45 T 246 235 151 276 ¢ 177 193 287 309
(double) : : : :
112"-18" + 80 85 56 68 : 105 108 71 71 : 192 251 346 308




Table 3.

Results of Potassium Determinations

on Portions of Eight Year 01ld McIntosh Trees Under Differential
Fertilizer Treatment at College Park During 1932

T Tissue ## April 24 H June 25 : Aug, 20 ? Tov. 11
# ¢ Dry X as Xas % : Dry X as X as t Dry X as K as :Dry X as K as
Treatment 7: Sampled : matter % ary + matter % b ! matter % :matter % %
H tas % fresh weight : as 4 fresh dry : as % fresh dry :as % fresh dry
B ¢ fresh weight + fresh weight weight ! fresh weight weight:fresh weight weight
H :_weight ¢ weight - :_weight sweight
t leaves RS —_— 1280 .847 2,173 r 43.7 .859 1.966 : 44.8 .542 1.210
10# 11932 bark HE - 37,2 476 1.280 1 43.9 .553 1.260 : 47.3 .430 .810
KpS04 11932 wood E - —-— T 43.% .237 .533 : 52.6 .200 .380 ¢+ 55.8 .124 222
11931 bark + 41.0 . 330 .805 v 4l.5 . 407 .980 : 48.0 .542 1.200 : 48.1 .510 1,060
11931 _wood :+ 55.7 2177 .318 : 50,0 221 2441t 55,9 . 158 .282 : 57.1 .091 2180
¢ leaves 1 e~ — -= 1 3.0 597  1.531 ¢ 43.7 .733 1.677 + 44.8 ,468 1.040
104 11932 bark e - - 32 .429  1.152 : 43,9 .509 1.180 : 47.3 L4286 .900
MgS04 11932 wood -~ - ~~ 1 43,5 .204 .488 + 52,6 -.184 .350 : 55.8 ,109 ,198
11931 bark t 41,0 .308 . 7650 T 41,5 . 320 .772 48,0 . 451 980 : 48,1 .426 .886
11931 wood 55,7 .184 - 330 t 50.0 .158 2317 : B5.9 .132 -237 * 57,1 .091 .160
+ leaves P e— - - + 33,0 B39 1.839 @ 43.7 .818 1.874 : 44,8 ,600 1,340
104 11932 bark 1 -— - -~ 32 ,431  1.158 : 43.9  .421 .9B0 : 47,3 ,359 .780
X280, +1932 wood i —— - — t 43,5 .198 .451 1+ B2.6 .189 .360 : 55.8 .103 .185
11631 bark : 41.0 .337 .822 1 41,5 .299 .720 : 46,0 ,460 1.000 : 48.1 .488 1.015.
11931 wood £ 55.7 2175 -318 1 50.0 .144 .288 ¢+ 55.9 2156 2280 1 57.1  .097 -170
! leaves PR . —  : 39,0 ,590  1.514 : 48,7 .735 1.683 : 44.8 ,528 1.173
Yo. 11932 bark 1 e — — 1 32 .398 1,056 @ 43,9 .511 1.185 : 47.3 .489 1.033
treatment 11332 wood e - - + 43,5 .207 476  52.8 173 .38 + 55,8 ,097 .174
11931 bark + 41.0 .358 873 t 41,5 « 304 L7321 46,0 .486 1.057 : 48,1 .478 .99%
+1931 wood t_55.7 .180 £ 323 + 50.0 -159 2317 ¢ B5.9 2156 2279 ' 57,1 ,093 .162

# 411 treec received a basic treatment of NaNO3,
## Each determination made or a composite sample from 5 trees.



Table 4. Results of Potassium Determinations on Portions
of ‘Eleven Year 0ld Rome Apple Trees Under Differential Fertilizer
Treatment at College Park During 1932.

7 T April 25 ; June 30 : Aug, 26 : Oct, 28
: Tigsue D7y X as X as 1 Dy K a6 K as 1 DIy K as K as DTy Kas K as
Treatment ¥ Sampled tmatter % A : matter % : matter % 7 imatter %
s tas 4 fresh dry a8 % fresh dry : as % fresh dry tas % fresh  dry
: ifresh weight weight : fresh weight weight : fresh weight weight :fresh weight weight
: tweight i weight 1 weight iweight
s leaves 1 -~ — - T 41.0 .56 2.086 @ 45,0 .945 2.100 ¢ 45.5 .783 1,740
754 11932 bark ! ~— — t41.1 ,353 L8738 : 48.1 : 45.1  .564  1.250
K2804 11932 wood @ -~ - -= T47.4 .207 .436 1 55,9 1 68.0 200 «345
11931 bark ! 41.4 . 305 « 736 : 43.4 .334 7700y 47,7 t 42.5 412 .970
$1931 wood ¢ 56.7 251 267 54,4 147 270 BB.5 ¢ 61.1 .185 .270
t leaves P - - —_— t 41,0 L7724 1,766 1 45,0 1 45.5 .837 1.840
304 11932 bark - - - r 41,1 . 399 970 1 48,1 ¢ 45,1 .559 1.240
KpS04 11932 wood ¢ —— —— —-— 1 47.4 .182 .383 1 BB5.9 1 58,0 .180 310
11931 bark : 41,4 . 383 .925 T 43,4 . 332 L7661 47,7 T 42,5 . 442 1,040
$1931 wood ¢ 58.7% 2151 . 267 t 54.4 2144 «265 : 58.5 3 81,1 2137 224
! leaves 1 - - -~ 1 41,0 .500 1.219 : 45,0 ! 45,5 .478 1,050
NO‘ . 11932 bark - - —— s 41,1 .233 587 1 48,1 T 45,1 312 .690
Fertilizer 11932 wood - - — i 47.4 142 300 : 55,9 1 58.0 .136 -235
11931 bark : 41.4 .298 L7201 43,4 .227 528+ 47,7 1 42.5 .238 550
£1931 wood : 58,7 .201 . 355 : 54.4 .087 .160 : 58.5 :+ B1.1 L117 182

# a11 trees received a basic eprlication of Nall03.
All potassium fertilizers were injected into the soil in solution to a depth of 3 feet.




(Annval trunk increment in cms.)

Table O+ Growth Records from Apple Treee in the Potassium
Fertilizer Plots.
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Table (.

Dry Weight in Grams (Moving
Average) of the Different Fractions of the Young Stayman

Apple Trees at the Various Sampling Dates. - 1933,
Tissue VApril  April May May June June July Aug. Sept. Oct. Nov. Jan.
; 8 25 11 29 13 25 23 16 10 4 3 8
leaves : 14.5 42.2 73.0 113.4 121.4 151.6 132.3 128.6 77.4 32,2 ==
upper 1933 bark#: - - - 8.2 9.5 9.8 15.1 18.0 19.5 22.8 24.4 25.8
upper 1933 wood : - - - 5.3 6.1 6.5 10.5 12.7 186.1 20.8 23.0 24.8
- lower 1933 bark : - - - - 11.0 12.3 18.9 20.8 23.1 28,0 27.5 30.2
- lower 1933 wood | = - - - 14,1 17.0 29.5 3B.7 43,0 53.1 56.3 ©58.1
upper 1932 bark : 8.5 6.8 7.8 8.7 10.8 10.9 13.8 14,4 16.0 18.1 15.7 15.8
upper 1932 wood ! 8,3 8.4 11.2 16.0 23.0 24,9 35.7 38.9 42.8 43.4 48,4 80,3
lower 1932 bark : 8.5 8.5 10.1 10.5 12.4 12.4 14.8 18,0 17.1 16,5 16,1 17.9
lower 1932 wood :23,2 23.3 27.9 31.9 40.2 41,5 54,1 56,0 80.7 83,9 71.3 89.5
upper 1931 bark :10.5 10,6 11.5 12.2 14,9 16.4 21,6 20,5 21.9 22.7 22.9 23.5
lupper 1931 wood :48,3 48,6 3.3 58,4 73.5 83.8 102,.5 113.5 1l27.9 139.7 151.4 162,7
- lower 1931 bark :15,7 16,0 18.3 17.3 20,7 22.9 28,0 28,1 30.9 33.6 34.0 32.2
lower 1931 wood 109.5 109.8 112.8 121.7 145.9 185.0 199.5 220.4 248.3 286.8 277.8 278,92
large root bark® 10.7 11.1 12.9 18.5% 20,0 23.9 28.3 37.7 43,0 53.4 54,0 52.4
large root wood: 55.8 55.7 59.6 69.3 86.2 109.3 132.9 161.7 187.4 218.8 237.6 2498.5
small root bark: 18.0 18.1 18.4 18,7 18,6 18.3 17.7 17.7 19.9 21,1 25,8 32.1
small root wood: 286.5 26,9 27.7 26.5 26.6 22.2 33.9 32.9 6.5 35.3 48.5 64,3
rootlets v 11,0 12.8 13.8 14.7 12.5 11l.8 8.7 8.8 9.7 8,2 2.9 12.2
# The year assigned to each fraction indicates

the season during which its first longitudinal growth
was made,

Large roots =~ 1 cm. or above in diameter.

Small roots = between 1 cm., and 2 mm,
or less in diamger,

Rootlets

~ 2 mm,

in diameter.



Table 8.. Dry Weight of Each Fraction
of Young Stayman Apple Trees Expressed as Per cent
of Fresh Weight. 1933.

April April May May June June July Aug. Sept. Oct. Nov. Jan.
8 25 10 4 8

11 29 13 25 23 18 3
leaves - 31.4 29.0 47.0 38.4 42,3 38.7 43.9 40.1 37.9 40,5 e
upper 1933 bark# - - - 40.5 41.8 32.4 231.3 35.8 38.3 41.3 44.4 45.2
upper 1933 wood - - - 43.6 41.9 33.3 3%.6 41.3 45.2 47.1 655.6 58.8
lower 1933 bark -- = == - 38.7 35.1 35.2 37.6 39.7 42.5 47.3 48.1
lower 1933 wood —— —— —— - 43.2 42.3 43.5 47.1 51,0 50.1 B57.0 58.7

upper 1932 bark 50.0 42,1 36,0 44.3 38.4 35.0 35.7 39.0 42,3 42.56 44.4 45.8
upper 1932 wood 62.4 54,3 45.0 50.3 48.3 44.1 44.2 48.3 50,4 48.7 55.4 54.8
lower 1932 bark 51.8 43.0 36.0 43.5 38.1 36.5 37,3 37.3 41.7 43.9 47.2 45,1
lower 1932 wood 67.3 59.1 52,4 51,2 47.9 48.6 46.8 49,3 50.1 50.5 54,9 55,8
upper 1931 bark 49.3 41,0 37.0 42.8 35.6. 35.7 38.0 38.5 37.2 42.2 44,8 45.5
upper 1931 wood 59.0 54.8 49,7 45.0 48.4 46,1 44,0 47,7 47,0 48,3 55.2 57.0
lower 1931 bark 51.0 42.7 39.3 42,7 36.5 37.0 38.8 38.6 39.0 43.7 47.0 45.7
lower 1931 wood B1l,1 57.4 54,3 57.1 51,9 49.3 44,0 87.3 51.7 52,4 59.1 57.9
large root bark* 43.3 42,3 36,9 40,7 33.7 33.9 35,6 41,3 42,2 46.9 55.8 42,1
large root wood 55.2 53,2 51,2 51,3 48.8 49.4 52.9 49.3 51,4 56,4 52.9 66.3
small root bark 41,9 49,5 38.4 42.8 33.9 38.7 38,3 39.2 40.3 49.8 41.4 44,0
small root wood 53.8 56,1 49,6 51.8 49.2 51.8 54,1 48,5 49,1 56,6 52,8 55,2

Tootlets 51.9 51.5 38,1 57.3 40.8 45.5 42,0 46.3 38.8 48.9 37.5 44.4
# The year assigned to each fraction * lLarge roots = 1 ..cm or above in diameter,
indicates the season during which its first Small roots — below 1 cm. to 2 mm, in diameter.

longitudinal growth was made. Rootlets — below 2 mm, in diameter.




Table. 9, Fresh Weight in Grams (Moving Average)
of the Different Fractions of the Young Stayman Apple Trees

at the Various Sampling Dates {1933)

Tissue «April April May May June June July Aug. Sept. Oct. Nov. Jan,
. 8 25 11 29 13 25 23 16 10 4 3 8

leaves HEE 4.1 145.3 167.4 295.1 287.1 391.,9 317.4 320.8 204.3 79.5 -

upper 1933 bark# : - - - 17.5 22.7 29.7 48.3 44.7 50,9 55.0 55.0 56.6
upper 18933 wood : =~ - - 13.1 14.5 19.86 3l.2 30.7 35.7 44,2 41,3 41.7
lower 1933 bark : - - - - 28.4 325.1 53.7 55.4 58.2 gl.2 58.2 62.8
lower 1933 wood : - - - - 32.7 40.1 7.8 77.7 84.1 105.8 ©99.0 29.3
upper 1932 bvark :13.0 15.7 21.7 19.7 28.2 3l.1 8.7 38.9 42.8 37.9 35.4 34,5
upper 1932 wood :13.3 15.4 26.5 31.8 49.6 56.3 80,8 78.2 85,3 88.9 87.4 110.1
lower 1932 bark :18.4 19.8 28.1 24.1 32.8 34,0 39.1 43.0 41,0 37.8 34.1 32.7
lower 1932 wood :34.8 33.4 53.3 2.3 84.0 85.5 115.8 113.0 120.9 126.0 129.4 160.4
upper 1931 bark :21.3 25.9 31.0 28.86 41,9 45.9 57.2 53.3 58.9 53.8 5l1.1 5l.8
upper 1931 wood :81.7 88.2 108.4 130.1 152.2 181.8 232.8 237.4 272.5 289.1 269,7 284.7
lower 1931 bark :30.8 37.6 41.4 40,5 b586.7 62.0 €6.9 1058,0 79.1 76.9 72.3 72.0
lower 1931 wood 178.3 192,7 207.2 212.5 281.8 335.5 454,1 328.4 482.2 506.1 469.8 478.0
large root bark*: 24.7 28.3 34,9 40,5 59,1 70.5 79.5 91,2 101.8 114.0 Q8.7 124.5
large root wood $100.0 105,0 116.8 134,7 176.7 221.7 250.9 327.8 365,68 388,2 447.3 376.1
small root bark : 42.8 36.6 48.0 43,7 54,9 47.4 48,3 45.2 49.4 42.3 82,3 72.8
small root wood ¢ 49.4 47,9 55,9 51,5 54.1 57.9 g2.9 87.8 74.5 g2.4 91.8 11€.6
rootlets ' 21.2 24.9 38,2 26.9 30.8 25.5 23.1 19.0 25.0 16.7 26.4 27.5

# The year assigned to each fraction indicates the season

during which its first longitudinal growth was made.

large roots = 1 cm., or above in diameter.
small roots — between 1 cm, and 2 mm. in diameter.
rootlets -= 2 mm. or less in diameter,



Fertilizer Applications.¥

Table '10., Results of Potassium Determinations
on Young Stayman Apple Trees which Received No Potassium
(Absolute amount of K in grams

in each fraction.) 1933

tApril April May May June June July Aug. Sept. Oct. Nov. Jan,
_ I 25 11 29 13 25 23 18 10 4 3 8
leaves ¢ - L2333 .5182 .804 1.1873 1.7397 1.555 1.7552 1.6B828 .8529 .4690 -
upper 1933 bark* : -- - - .0918 .0889 .1130 .11¢9 .1120 .1773 .1689 .1784 .2125
upper 1933 wood e - - .0388 .0377 0397 .0579 .,0491 ,0440 .042e .0523 .0585
lower 1933 bark HE - - - .08697 .0947 .1083 ,1421 ,1789 .1508 ,1878 ,2268
lower 1933 wood I ~— - - .0510 .0854 ,0814 ,0882 ,0959 .0785 .1025 .0824
upper 1932 bark +.,0498 ,0454 .0475 .0590 .0619 .0708 .0718 .,0878 ,0802 .0892 .1072 .1079
upper 1932 wood :.0151 ,0223 .0450 .0470 .0538 ,0715 .0875 ,0827 .0779 .0880 .0731 .0826
lower 1932 bark :.0576 .,0428 | ,0885 .0742 .0711 ,O737 .0815 .,0899 ,1077 .0789 .1238 .1128
lower 1932 wood $.0273 ,0310 .0547 0769 ,0848 .1000 .1104 .0787 .0819 .0677 .1077 .1l155
upper 1931 bark 1.0763 .0825 . 06858 .0791 ,0787 L0971 .1123 .1105 ,1285 .09939 .,1548 .1570
upper 1931 wood :.0710 .0848 . 083 .1121 ,1448 .1609 ,2009 .1895 .1458 ,1890 .2074 .2847
lower 1931 bark ¢.0972 .0817 . 1082 .0901 ,1031 .1208 ,L,1310 .16807 .1686 .1482 .1998 .2073
lower 1931 wood :.1347 ,08586 .1543 .1740 ,2582 .2986 .2793 .33B0 ,.3749 .2841 .4053 .3681
large root bark## :.0504 ,0545 .0833 .0713 ,0844 .1262 .1367 .2202 .2675 .2675 .36888 ,3899
large root wood :.0817 .0684 . 1055 1719 .1689 .2308 .2405 ,3185 ,4273 .4376 .5298 ,4815
small root bark :.1037 .0958 . 0469 .0682 .0701 .0829 .,0786 .1209 .1329 .0887 ,2193 ,2099
small root wood :.041e ,0478 .0812 0519 ,0548 .0319 .0814 .1033 .0942 .0805 ,0732 ,1318
rootlets :,0805 ,0591 . 0858 .0419 .0301 ,0464 .0454 ,0334 ,0412 ,0332 .0540 ,0494

# All trees received a basic application of (NHy)» 50, and Superphosphate,
* Year assigned to each fraction indicates season of first terminal growth.

## Large roots - 1 cm. and up in diameter,

Small roots ~ between 1 cm. and 2 mm.

Rootlets - below 2 mm.

in diameter.

in diameter.



Table 11, Results of Potassium Determinations on the

Different Fractions of the Young Stayman Apple Trees Treated

With One Pound Potassium Sulfate per Tree.
of K in grams per fraction). 1933

(Absolute amount

T April April May May June July Aug. Sept. Oct. Nov. Jan.

: 8 25 11 29 13 23 18 10 4 3 8
leaves : -— .2333 .4477 1.0900 2.4290 3.2018 2.5993 2.5373 1.8917 .8009 -~
upper 1933 bark* : -— - - .1138 . 1367 L1778 . 1988 . 2457 .3108 ,3074 .2870
upper 1933 wood - -— -- .05272 . 0508 .0784 0771 0713 ,0936 .0837 .0839
lower 1933 bark : - - - - . 1328 . 1854 .2305 . 2878 , 3492 .3583 .3047
lower 1933 wood -- - - - .0N883 .1092 .1057 .2154 .1450 .1070 .1249
upper 1932 bark : .0479 . 0307 0380 . 0820 . 1092 .1187 .1158 . 1457 .1882 .1490 .13586
upper 1932 wood : .0182 .0123 .0339 .0651 .0927 . 1050 .0987 . 1083 .1085 ,1137 .1327
lower 1932 bark : .0559 .0451 . 0508 .0848 .1215 .1258 .0138 .1882 .1790 .2322 .1507
lower 1932 wood : ,0318 » 0343 .0410 .1091 .1487 . 1309 .1187 .1354 .1323 .1540 .1835
upper 1931 bark : L0680 .0572 . 0599 .0922 . 1304 . 1504 . 1449 . 3922 .2411 ,1738 ,1845
upper 1931 wood : .08886 0573 . 0997 .1145 . 2181 . 2398 . 2588 .2918 . 3325 .3210 .3205
lower 1931 bark : .1002 .0944 .1152 L1173 . 1793 .1841 .2192 . 2738 . 3081 .2502 .2250
lower 1331 uood##: .1533 .0887 .1969 L2337 « 3633 . 3481 . 3350 . 4147 L3442 ,4417 .4435
large root bark™ : .0673 .0764 .08486 .0973 .1418 . 2649 . 4004 . 3728 .5345 ,82868 ,5250
large root wood : .1800 . 1092 .1085 .1414 L2474 .2911 . 47886 . 4480 .4814 .5417 ,6063
small root bark : .1l474 .1218 . 0959 . 1395 .1319 . 1522 . P287 . 2513 . 2498 ,3884 ,3508
small root wood : .0439 .0503 .0828 .0530 .0720 .08868 . 1349 . 1487 .1098 .1707 .2051
rootlets v .0713 . 0691 . 0894 .1039 .0998 .0878 0735 .0780 0774 ,0807 .1091

# All plots received a basic application of(NH4) (0] and Superphosphate.
* Year assigned to each fraction indicates seasofi of%first terminal growth,
## large roots - 1 cm. or above in diamder.

Small roots — between 1 cm. and 2 mm. in diameter.

Rootlets - below 2 mm,

in diameter.



Table \12. Results of Potassium Determinations
on the Different Fractions of the Young Stayman Apple Trees which
Received no Potassium Fertilizers, # (X as per cent dry weight). 1933

.

'Aorll Aprll May May June June July Aug. Sept. Oct. Nov. Jan.

8 25 11 29 13 25 23 16 10 4 3 8
leaves ;- 1.611 1.288 1.102 1.047 1.433 1,028 1.280 1.293 1.102 1.457 -
upper 1933 bark* ¢ - - -—- 1.120 .936 1.177 . 792 . 744 . 728 . 744 . 731 . 830
upper 1933 wood I —_— - L7%2  .819 611 . 551 . 387 . 273 .205 . 258 . 238
lower 1933 bark RS ~— - - . 634 . 770 .B73 . 683 .774 .580 .R83 . 751
lower 1933 wood I -= -~ - . 362 . 385 .278 . 235 . 223 .144 .182 .159
upper 1932 bark :+  .766 .688 .309 ,878 .573 . 5848 . 528 . 810 . 501 . 554 . 883 . B83
upper 1932 wood ¢+ .182 .285 .378 .284 ,234 . 287 .189 .170 .182 .159 .151 .137
lower 1932 bark : .878 .580 .B858 .707 ,B73 .594 . 558 .582 . 630 478 . 769 . 830

lower 1832 wood
upper 1931 bark
upper 1931 wood
lower 1931 bark
lower 1931 wood
large root barkf#
large root wood
small root bark
small root wood
rootlets

.118 .133 .1968 .241 .211 .241 .204 137 .102 .108 .151 .129
.727 .590 .570 .648 ,528 .592 . 520 . 539 .587 . 440 . 875 . 668
.147 .133 .182 .192 .197 .192 .198 .187 .114 .121 . 137 .175
.619 .511 .588 ,521 ,498 .528 . 504 .572 539 .441 « 587 » 830
.123 ,078 L137  .143 177 .181 .140 . 152 .151 .089 «137 .132
+471 .491 .491 .432 .422 .528 483 . 584 .822 .501 . 683 . 706
.147 ,123 177 .248 .196 211 .181 . 197 .228 . 200 .223 .193
.576 .530 .2B5 .354 .377 .453 . 444 .B683 . 668 411 . 850 «654
157  .177 .221 .196 ,208 . 207 .181 314 .258 .228 .151 . 205
.550 .462 .485 .285 ,241 . 400 468 . 379 .425 . 405 .546  ,405

SP S0 S8 48 0 28 b vk ew ww

# All trees received a basic application of (NH ) S04 and Superphosphate.
* Year assigned to eackh fraction indicates season of first terminal growth.
## Large roots — 1 cm. or above in diameter,

Small roots -~ between 1 cm. and 2 mm, in diameter,

Rootlets ~ below 2 mm. in diameter.



on Young Stayman Apple Trees which Received No Potassium

Fertilizer Applications.# (K as per cent of fresh weight)

Table 13. Results of Potassium Determinations

¢ April April May May June June July  Aug. Sept. Oct. Nov. Jan.

: 8 25 11 29 13 25 23 18 10 4 3 8
leaves : - - . 3586 . 480 . 402 . 8086 . 397 .5583 .518 418 .590 -~
upper 1933 bark: - - -— .528 391 . 301 . 248 .2R5 .281 . 307 .325  ,375
upper 1933 wood: - —— —_ .296 .259 . 203 . 185 .1e0 123 .097 .143  .140
lower 1933 bark: - - —_ -— . 245 .270 .202 . 256 . 307 .247 .323  .381
lower 1933 wood: - - ~-— -— . 158 .183 .120  ..111 .114 .072 .104 .0293
upper 1932 bark: .383 .290 .219 300 .220 . 227 .188 .238 212 . 235 .303 .313
upper 1932 wood: .114 .143 170 .148 .108 127 084 .082 .092 077 .084 .075
lower 1932 bark: .351 249 237 308 .218 ., 217 ., 208 .210 ., 263 .210 .363 .284
lower 1932 wood: ,079 079 ,103 . 123 .101 117 . 095 . 088 . 051 .054 .083 o772
upper 1931 bark: .358 242 .211 276 .188 . 202 .198 .207 .218 .1868 . 302 304
upper 13931 wood: .08%2 ,073 .08l 08e . 085 .0885 . 086 . 080 .04 . 058 077 .100
lower 1931 bark: .318 .219 ,270 .222 .182 . 195 . 198 .221 ,210 123 .2768 .288
lower 1931 wood: .075 . 045 .014 .082 .0920 . 089 .061 .102 ,078 ,052 .081 ,077
large root barldf .204 .208 .18l .176 . 142 .179 . 172 241 . 282 235 .381 297
large root wood: .081 065 .091 .127 .096 104 .0968 027 117 .113 .118 ,128
small root bark: .241 .262 ,098 .152 .128 175 .170 . 268 . 269 .205 .552 288
small root wood: .084 099 .110 101 » 101 . 107 ., 098 .152 «127 ,129 .080 .113
rootlets t .285 238 L.175 156 . 098 .182 <197 .1(5 .165 .198 .2056 ,180

# All trees received a basic application of (NH4)2 SO4 and Superphoephate,
* The year assigned to each fraction indicates the season of first terminal growth,
## Large roots — 1 cm. and up in diameter.

Small roots = between 1 cm. and 2 rmm.
Rootlets - below 2 wmm.

in diameter.

in diameter.



Table 14, Results of Potassium Determinations
on Young Stayman Apple Trees Fertilized with One Pound
Potassium Sulfate per Tree.# 1933 (X as per cent dry

large root bark##
large root wood
small root bark
small root wood
rootlets

. . 580 . 709 .9368 1.082 .867 1.001 1.164 1.002
.108 .196 .182 . 204 . 287 .218 . 296 . 238 .220 ,228 .243
.819 .873 .521 . 748 . 709 .860 1.281 1.283 1.184 1,428 1,093
177 .187 .226 . 200 . 297 . 256 .410 . 402 .311 .352 .319
. 648 « 540 . 5848 . 707 . 799 .205 . 835 . 804 .944 .815 ,894

weight.)

: Aoril  April May May June July  Aug. Sept. Oct. Nov. Jan.

: 8 25 11 29 13 23 16 10 4 3 8
leaves L ¢~ 1.611 1.061 1.494 2.142 2.112 1.866 1.973 2.444 2.488 —
upper 1933 bark™ : -- - -~ 1.385 1.439 1.177 1.230 1.280 1.389 1.280 1.043
upper 1933 wood @  -- - - .993  .830  .747  .e07 . 443 L4580 U390 L, 341
lower 1933 bark : —— - - -~ 1.207 .981 1.108 1.245 1.343 1.%05 1.009
lower 1933 wood ¢ —- - - - .626  .370 ,288 .501 .273  .190 .215
upper 1932 bark : .737 .486  .482 .943 1.011 .880 .804 .911  1.189 .948  .858
upper 1932 wood : .196 .147  ,285 .407  .403  ,294  .262 .253 .250 ,235 ,220
lower 1932 bark : .658 .530  ,B01 .80 ,980 .860 .850 .987 1.085 1.442 ,842
lower 1932 wood : .137 .147  .147 .342  .370 .242 .212 .223 .207  .218 .205
upper 1931 bark : .B848 .540  .521 .756 .875 .89 .707 1.791 1.082 .759  .785
upper 1931 wood : .142 .118  .187 .196  .294  ,234  .228 .228 .238  ,212  ,197
lower 1931 bark ~ : .638 .590  .707 878 .866 .708 .780 .886 911  .738 .B684
lower 1831 wood : .140 079  .174 192 .249 ,173 ,152 .187 128 .19  .159

: .629 .588 501

*Year assigned to each fraction indicates season of first terminal growth.
# Each tree received a basic application of (NHy) 5 S0, and Superphosphate.

## Large roots - 1 cm. and above in diameter.
Small roots ~ between 1 cm. and 2 mm. in diameter.
Rootlets ~ below 2 mm. in diameter.



Table 1B5. . Amount of Potassium in Each Fraction of the
Young Stayman Trees Expressed as Per cent of the Total Data for
Trees which Received No Potassium Fertilizer# (Leaves excluded.) 1933

v April April May May June June July Aug. Sepnt. 0Oct. TNov, Jan

T 8 25 11 29 13 25 23 18 10 4 3 8
upper 1933 bark *: —- - — 7.4 5.9 8.1 6.0 5.2 8.9 7.2 5,7 B.5
upper 1933 wood | == - - 3.1 2.5 2.1 2.9 2.1 1.7 1.8 1.9 1.8
lower 1933 bark ¢ ~- - —— —— 4,0 5.1 5.6 8.2 B.7 B.5 £.0 6.9
lower 1933 wood : ~-— - - - 3.4 3.5 A1 3,7 3.8 3.3 3.3 2.8
upper 1932 bark : 5.7 6.0 4.9 4.7 4.1 3,8 3.6 3.8 3.4 3.8 3.4 3.3
upper 1932 wood ¢ 1.7 2.9 4.6 3.8 3.8 3.9 3,4 2.7 3.0 3.0 2.3 2.5
lower 1932 bark :+ 8.6 5.8 6.8 g.0 4.7 4,0 4.1 3.9 4.0 3.4 3.9 3.5
lower 1932 wood ! 3.1 4.1 5.6 8.2 5.6 5.4 5.6 3.3 2.3 2.9 3.4 3.5
upper 1931 bark : 8.8 8.2 6.7 6.3 5.2 5.2 5.7 4.8 4.8 4.3 4.9 4.8
upper 1931 wood : 8.2 8.5 8.9 2.0 9.8 8.7 10.1 8.2 5.5 7.3 8.8 8.7
lower 1931 bark : 11.2 10.7 11.2 7.2 6.9 6.5 B.6 7.0 Rod .4 8.3 6.3
lower 1931 woocd @ 1B.5 11.2 15,9 14.0 17.2 18,1 14.1 14.5 14.1 11.3 12.8 11,2
large root barkff: 5.8 7.1 6.5 5.7 5.8 6.8 6.9 9.2 10.5 11.5 1l.¢ 11.3
large root wood : 9.4 2.0 10.8 13,8 11.2 12.4 12.1 13.8 168.4 18.8 16.8 14,7
small root bark : 12.0 12.6 4.8 5.3 4.7 4,5 4,0 5,3 5.1 3.7 6.8 B.4
small root wood : 4.8 6.2 e.3 4,2 3.7 3.3 3.1 4.5 3.6 3.5 2.3 4.0
rootlets + 7.0 7.8 6.9 3.4 2.0 2.5 2.3 1.4 1.8 1.4 1.7 1.5

# All trees received a basic application of (NHg)o 80, and Superphosphate.

The year assigned to each fraction indicates the season of first terminsl growth’

## Large roots — 1 cm. and up in diameter.
Small roots —~ between 1 cm, and 2 mm. in diameter.
Rootlets —~ below 2 mm., in diameter.



Table 18.

Results of Potassium Determinstions on

the Different Fractions of the Young Stayman Apple Trees,

Treated with One Pound Potassium Sulfate per Tree. #
( X as per cent of fresh weight). 1933

¢ April  April  May May June July Aug. Sept.” Oct. TYov. Jan,

: 8 25 11 - 29 13 23 le 10 4 ) 8
leaves H - 508 .308 .851 .823 . 817 . 819 731 .92¢ 1.007 -
upper 1933 bark*: - —— -~ L6651 .601 . 368 . 440 .483 .BfES . 559 .471
upper 1833 wood : - - -—-  ,402 . 348 .251 .251 .200 .212 217 .203
lower 1933 bark : —— - - — 487 . 345 . 418 .494  ,571 .B817 . 485
lower 1933 wood : - - —— - 270 161 . 136 .256  ,137 .108 . 128
upper 1932 bark . 3688 . 188 166  ,417 . 388 . 307 .314 .385 .497 L4271 . 393
upper 1932 wood : .122 .080 .128 .205 . 187 . 130 .127 127 .122 . 120 .121
lower 18932 bark : .341 .228 180 .351 . 373 . 321 . 317 412 .478 .R81 . 378
lower 1922 wood : .082 .087 077 .175 L1177 113 . 105 112 .105 .119 .114
upper 1931 bark : .319 221 .193 ,322 311 . 264 272 .B668  ,448 . 340 . 357
upper 1931 wood : .084 . 085 .092 .088 .142 . 130 . 109 .107  .115 .119 .113
lower 1931 bark : .3225 .252 .278 .290 .318 .275 . 301 .348 398 . 348 . 313
lower 1931 wood : .086 .045 095 .110 . 129 078 .102 .086 ,068 .094 .092
large root bark#: .272 ,291 .185 .240 .240 .333 439 L3668 489 .650 L4292
large root wood : .080 .104 .093 .105 . 140 .1186 . 148 122 .124 .121 181
small root bark : .344 . 333 .200 .319 . 240 . 329 . 502 508 .530 .591 .481
small root wood : .095 . 105 112 ,.103 . 148 . 138 .199 L1197  .176 .188 .178
rootlets t L3368 .278 .234 ,386 . 324 . 380 . 387 312 ,482 . 308 . 397

# All trees received basic treatment of (NH4)2 SO4 and Superphosphate.
*

Rootlets - below 2 mm.

The year assigned to each fraction indicates the season of first terminal growth.

## Large roots ~ 1 cm. or above in diameter.
Small roots — between 1 cm. and 2 mm. in diasmeter.

in diameter.



Table 17¢ Amount of Potassium in Fach Fraction of the
Young Stayman Apple Trees Expressed as Per cent of the Total. Data
is for Trees which Received One Pound of Potassium Sulfate.f (Leaves excluded.) 1933

: April April May May June July Aug. Sept. Oct. Nov. Jan,

: 8 25 11 29 13 2b 16 10 4 3 8
upper 1233 bark* : — —— —_— 7.1 5.5 6.3 3.1 6.1 7.4 6.8 €.1
upper 1933 wood : - —— - 3.3 2.0 2.3 2.4 1.8 2.2 2.0 1.9
lower 1933 bark : - e —— - 5.4 6.5 7.2 7.1 8.3 2.0 7.0
lower 1933 wood : -— —-— - —— 3.6 3.2 3.3 5.3 3.5 2.4 .2
upper 1932 bark 5.1 3.6 3.4 5.1 4.4 4.2 3.7 3.6 4.5 3.3 5.1
upper 1932 wood s 1.7 1.5 3.2 4,1 3.8 3.7 3.0 2.7 2.6 2.5 3.0
lower 1832 bark t 6.0 5.3 4,8 5.3 4,9 4.4 4,2 4,2 4.3 5.2 3.5
lower 1932 wood ¢ 3.4 4.1 3.9 6.8 6.0 4,8 3.7 3.4 3.2 3.4 4.2
upper 1931 bark v 7.3 6.8 5.6 5.8 5.3 5.3 4.5 9.7 5.8 3.9 4.3
upper 1931 wood r 7.3 6.8 9.4 7.2 8.8 8.5 8.0 7.2 7.9 7.2 7.4
lower 1831 bark : 10,7 11.2 10.¢© 7.3 7.3 8.5 €.8 6.8 7.3 5.6 5.2
lower 1931 wood,, : 16.4 10.3 1g8.86 14.6 14,7 12.2 10.4 10.2 8.2 3.8 10.1
large root barki : 7.2 9.0 6.1 6.1 5.7 9.4 12,4 9.2 12.8 14.0 12.1
large root wood v 6.4 12.9 10.2 8.8 10.0 10.3 14.8 11.0 11.5 12.1 12.9
small root bark : 15.8 14.4 2.0 .7 5.3 5.4 7.0 6.2 6.0 8.2 8.1
small root wood : 5.0 6.0 5.9 3.3 3.2 3.0 4,2 3.6 2.6 2.8 4.7
rootlets : 7.6 8.2 8.4 6.5 4,0 3.1 2.3 1.9 1.9 1.8 2.5

# All trees received a basic application of (NH4)»o S04 and Superphosphate.
%

The year assigned to each fraction indicates the season of first terminal growth.

## Large roots - 1 cm, and up in diameter.
Small roots - between 1 com, and 2 mm. in diameter.
Rootlets - below 2 mm, in diameter,



Table 18, Results of Nitwxgen Determinations on Young

Stayman Aﬁple Trees which Rece ved No Addition of Potassium
Fertilizer.”™ (Absolute amount of N in grams per fraction.) 1933,

April April May May June June July Aug. Sept. Oct. Nov, Jan.
8 25 11 29 13 25 23 16 10 4 3 8
- .b79 1.560 1.984 2.645 2.734 3,414 2.730 2.458 1.693 588 -

- - 114 .122 .148 .250 .181 .215 . 281 .253  ,348

leaves
upper 193% bark*

upper 1933 wood - - - .117  .0e3  .047  .151 .106  ,099 .155  .101 .130
lower 1933 bark - - - - .102  .122  .187  .202  .195 .257  .304 .342
lower 1933 wood - — - - .097  .100  .136 .172  .186 185  .177 .217
upper 1932 bark .097 .095 .106 .056 .095 ,095 ,103 .128  .122 .151  .147 .171

.045 .054 .135 .084 . 093 .081 111 .101 . 135 .178 .164 ,195
122 113 .103 .090 .107 .096 .116 .109 . 138 .144 154 .171
.098 .081 .084 103 123 -101 .154 .168 177 .212 173,319
.115 .1192 . 105 097 111 .151 .203 . 130 .181 - 222 ,228
.162 .167 .120 .161 .1565 .131 .160 227 . 317 .218 .459 ,488
.169 . 153 117 .123 . 141 . 147 . 1684 .191 .280 . 229 .269 ,293
. 361 . 329 277 .207 .251 .281 421 .BB3 o 745 .648  ,8l0 ,745
.100 .120 . 165 .104 . 107 .170 .211 .232 . 237 . 381,313 ,348
.294 . 319 .310 174 .182 . 301 .613 .0894 .804 1,171 1.075 1.455
221 .205 .209 .151 .100 .122 . 209 132 .1680 .148  ,183 .298
.218 .213 . 220 .118 071 . 099 .195 . 250 . 24E .215 372 .583
.121 .165 .197 143 . 087 .102 .102 . 242 077 0786 .083 .086

upper 1932 wood
lower 1932 bark
lower 13232 wood
upper 1931 bark
upper 13%1 wood
lower 1931 bark
lower 1931 wood
large root barki
large root wood
small root bark
small root wood
rootlets
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# All trees received a basic application of (NH4)p SO, and Superphosphate.
* The year assigned to each fraction indicates the season of first terminal growth.

## Large roots — 1 om. and up in diameter.
Swall roots - between 1 cm. and 2 mm, in diameter,
Rootlets — helow 2 mm, in diameter.



Table 19. Results of Nitrogen Determinations
on Young Stayman Apple Trees which Received No Potassium
Fertilizers. (N as per cent dry weight.) 1933

April April May May  June June  July  Aug. Sept. Oct. DNov. Jan,
8 25 11 29 13 25 P3 18 10 4 3 8

leaves

upper 1933 bark *
upper 1933 wood
lower 1333 bark
lower 1833 wood
upper 1932 bark

-- 3.990 3.873 2.719 2.333 2.252 2.252 1.960 1.912 2.188 1,814 -
- —— 1,389 1.280 1.53¢ 1.652 1.134 1.102 1.231 1.053 1.361
- -- —- 2.200 1,037 . 721 1,434 .834 .616 . 745 437 .527
it 0923 0988 0988 9972 !842 .988 1;11 1.134
-- - e . 688 .587 . 462 470 . 385 . 348 « 307 . 373
1.488 1.432 1,360 . 648 » 875 . 875 . 745 . 891 . 761 . 940 .241 1.085

St e — ——

——
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upper 1932 wood : .539 847 1.135 . 397 . 405 . 524 . 316 . 275 . 316 . 405 . 340 $ 324
lower 1932 bark v 1.437 1,330 1,024 .859 . 858 . 778 . 794 . 680 . 794 . 875 . 956 .356
lower 1932 wood : .424 . 347 . 300 . 524 .292 . 243 . 284 . 300 . 292 . 332 . 243 « 366

1.095 1,118 .909 . 734 . 745 .923 .940 . 632 .828 - .891 .972
. 335 « 343 .226 .276 .211 .158 .156 . 200 . 248 . 156 . 300 . 300
1.079 . 957 . 719 . 713 . 680 . 664 .632 .680 .810 . 821 . 794 .891
« 330 . 300 .248 » 170 172 .170 211 . 251 . 300 . 243 .219 . 287
.933 1,079 1,278 .632 .535 .713 .745  .816 .551 . 713 . 583 . 664
.528 .572 .520 .251 .211 275 . 462 . 429 . 429 . D35 . 454 583
1.230 1.134 1.136 .810 535 .664 1.183 . 745 . 805 . 700 .832 .923
.823 . 791 . 796 L 437 . 287 . 332 .575 761 . 670 . 808 . 778 .875
1.100 1.288 1.429 .972 . 697 .875 1.0B3 2.754 . 794 .923 . 842 .907

upper 1931 bark
upver 1231 wood
lower 1931 bark
lower 1931 wood 4l
large voct bark
large root wood
small root bark
small root wood
rootlets
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# All trees received a basic application of (NHa), S0, and Superphosphate.

* The year assigned to each fraction indicates the season of first terminal growth,

## Large roots - 1 cm. and up in diameter.
Small roots - between 1 com. and 2 mm. in diameter.
Rootlets - below 2 mm, in diameter.



Table 20 Results of Nitrogen Determinations

on Young Stayman Apple Trees which Received One Pound of

Potassium Sulfate.# (N as per cent dry weight.) 1933,

P April  April May May June July  Aug. Sept. Oct. Nov. Jan.

: 8 25 11 29 13 23 18 10 4 3 8
leaves : - 3,980 3.148 2.635 2.448 2.122 2.041 1.916 2.187 2.057 —--.
upper 1933 bark * : - - - 1.182 1.150 1.458 1.280 2.124 1.085 1.199 1.247
upper 1933 wood : - - - 2.300 1.199 1.450 1.004 2.041 .858 .518 1.102
lower 1933 bark : - - - - .923 1.188 .907 1.089 1.037 1.247 1.266
lower 1933 wood : - -— —= - . 589 . 583 . 381 .875 .510 . 348 . 4886
upper 1932 bark + 1,493 1,373 1,088 .925 1.085 1,037 .907 .859 ,907 1,004 .828
upper 1932 wood ¢ .581 . 500 . 524 .519 .413 .510 . 405 315,049 . 275 . 397
lower 1932 bark + 1.026 1.156 .978 .925 794 . 680 . 891 .965 .880 1,037 .684
lower 1932 wood L3687 . 450 . 640 .224 . 287 . 287 .283 .437 ,318 . 318 . 365
upper 1931 bark ¢+ 1.118 1.031 . 968 . 751 .778 . 648 .842 .761 .810 .859 1.021
upper 1931 wood ¢ 351 . 268 .SOO .219 . 287 .156 .219 .340 ,300 . 227 .292
lower 1931 bark : 1.079 .964 . 810 .210 .778 . 548 .826 .848 ,778  ,875 .988
lower 1931 wood r .550 .278 .232 .1986 . 203 .164 . 300 L4770  .275 . 2687 . 292
large root bark ## : 1.0864 1,254 1.064 . 432 .664 . 680 . 700 .821 .702  .700 .880
large root wood ¢+ .588 .527 . 566 .200 .165 LA37 575 .219 .5B51 .583 .587
small root bark + 1,083 1.368 2.688 . 781 .5B87 . 859 .897 .745 .664 ,826 1.118
small root wood : .828 . 827 771 . 539 .284 ,721 .875 .807 .6684 .931 .802
rootlets + 1.0591 1.418 1.240 ,920 1.102 1, 280 1.188 .810 .778 1.004 ,907

# All trees received a basic application of (NH4)2 S0, and Superphosphate.
* The year assigned to each fraction indicates the season of first terminal growth,
## Large roots -~ 1 cm, and up in diameter.

Small roots —~ between 1 cm and 2 mm,.
Rootlets - below 2 mm,

in diameter.

in diameter.



Taeble 21. Results of Nitrogen Determinations
on the Young Stayman Apple Trees which Received One
Pound of Potassium Sulfate. # (N as per cent fresh weight) 1933.

‘TApril April May May June July Aug. Sept.  Oct. Yov.  Jan.

P8 25 11 29 13 23 16 10 4 3 8
leaves + - 1.253 .912 1.23%9 .933 .821 .896  .480 .829 .833 -
upper B33 bark* : - - - 479 .481 .4586 . 458 . 813 .448 .532 .564
upper 1933 wood @ -- — - 1.003 .502 .487 .415 ,923 . 309 .288  ,648
lower 1933 bark @ —- - - — 357 .409 .340  .424 . 441 .590  .809
lower 1933 wood : - - - — 298 .254 L1732 448 . 256 .188 . 285
upper 1932 bark : .747 .578 ,392  .410 .417 .370 .354  .383 . 385 .448 378
upper 1932 wood @ .39 .272 .287 .28l .191 .225 .196  .159 .024 .152  ,218
lower 1932 bark : .531 .497 ,351 .402 .303 .254 .332  .402 .378 .489  ,299
lower 1932 wood : .24%7 .28 ,335 ,115 .128 .125 .140 .219 .160 172,203
upper 1931 bark : .551  .423 ,357 .320 .277 .246 .324  .283 . 342 .385  ,485
upper 1931 wood : .208 . .147 ,149 .099 .129 .069 .104 .160 .145 .127  .1es
lower 1931 bark : .550 .412 ,318 .389 .284 .251 .319 .253 . 340 L4111 L 452
1lower 1931 wood : .338 ,158 .1l26 .112 ,105 .072 .202 @ .243 .144 .18 .169

481 .530  ,393 178 .224 ,242  ,289 . 348 . 329 . 391 .362

large root bark ## .
. 325 . 280 .290 .103 .081 .231 .283 .113 . 311 . 308 376

large root wood

small root bark . 445 .B77 434 .334 ,192 .329 273 . 300 . 331 . 342 :492
small root wood .444 . 352 . 582 . 330 .140 .391 .424 . 298 . 376 . 492 . 443
rootlets .550 .729 . 448 .567 .447 .538 .540 .3l4 . 580 .77 . 403

ee ew ¢® a® s® =@

#  All trees received a basic application of (NHg)p SO, and Superphosphate.
* The year assigned to each fraction indicates the season of first terminal growth.

## Large roots — 1 cm. and up in diameter.
Small roots -~ between 1 cm. and 2 mm, in diameter.
Rootlets — below 2 mm. in diameter.



Table 22, Amount of Nitrogen in Each
Fraction of the Young Stayman Apple Trees Treated with

One Pound of Potassium Sulfate. # (Absolute amount of N
in grams per fraction.) 1933

April April May May June July Aug. sept. OQOct, Nov, Jan,

- 25 11 29 13 23 16 10 4 3 8

leaves —— »579  1.327 1.923 2,773 3.218 2.843 2,463 1.692 .B82 ——

upper 1933 bark* : -- - - 097 .109 .220 .208  .414  ,247 .293 .319
upper 1933 wood ! - —— - .122 .073 .152 .128  .329 ,137 .119 .271
lower 1933 bark R -- - —— .102 .220 189 .247  ,270 .343 . 382
lower 1933 wood - - -- —= . 097 .172 .140 .378 .271  .19% .282
upper 1932 bark ¢ 097  ,807 .085 ,085 .117 .143 .131 -137  .148 .158 .131
upper 1832 wood 041 .042 071 .083 .095 .182 . 149 . 135 021,133 . 239
lower 1932 bark : .087 .983 .099 .097 . 098 .099 .143  ,165 ,142 .,187 .119
lower 1932 wood ¢ .085 .105 179 .071 .107 .144 .158 .,265 ,202 ,225 . 327
upper 1931 bark L1170 .109 .111 .092 .1186 . 140 173,167  .184 ,197 . 240
upper 13931 wood : .170 ,130 .160  .128 . 1986 .180 .249  .435 419 ,344 . 475
lower 1931 bark ¢ .1869 .154 «132 157 161 . 169 .2%2 .200 ,261 ,298 . 325

lower 1931 wood . 802 . 303 .261 :239 :296 . 327 .6681 1.187 734,742 .814

large root bark## : .114 .139 +137 071 . 133 .192 . 264 . 353 375 .378 .451
large root wood v L327 . 294 « 337 .210 .142 .580 . 930 .410 1.206 1.385 1.415
small root bark ¢ .191 . 248 . 495 . 143 .108 152 .123 .148 .140 ,213 . 359
small root wood : .219 .169 .214 . 169 .078 244 . 288 .222 .234 ,452 .518
rootlets ¢ W117 .181 .171 .148 .138 .124 .103 .079 .084  ,093 .11

All trees received a basic application of (NH4)2 504 and Superphosphate.

* =

The year assigned to each fraction indicates the season of fimt terminal growth,

## Large roots — 1 om. and up in diameter.
Small roots -~ between 1 cm. and 2 mm. in diameter.
Rootlets -~ below 2 mm. in diameter.
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