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INTRODUCTION

Symptoma of potassium dsficleney in lesves of the pesch {Prunus
persica, Sieb.& Zuce.) were not recognized until comp:ratively recently.
Bince 193C, suech 2 condition hes been reported in orchards in South
Carolina, Maryland, Pennsylvania, New York, Indiana, and other areas.
Because of the economic value of the peach and the wide distribution of
production areass, increasing occurrences of deficiencies of this major
element are of concern to the industry.

Severe potassium deficisncy in voung pesmch trees was found in 1946
and 1947 in western Maryland. These tre:s recovered rapidly =8 a result
of potassium fertilizer applications in mid June. Pue to the deslrability
of more scourate informetion on the diagnosis of potassium deficiencies
under field conditions, a controlled greonhouse experiment was designed
primarily to gzin more smccurate information on the following pointa:

(1) to determine the earliest symptom and progression of symptoms assoceciat-
ed with potassium deficlency of young pemch trees; (2} to determine the
levels of potassium assoclisted with such symptoms; and (3) to determine
whether or not potassium could be absorbed by potassium deficient trees
equally well at different periocds during the growing sesnson. Due to the
nature of the experiment, other data could also be obtainsd on the effect
of varisble potassium nutrition on the growth response of the trees, and
on the absorption of caleium, magnesium, phosphorus, snd nltrogen.

Ip order to follow the effscts of potassium fertilizer applicztions
as well as the potessium level beling malntained by young peach trees which

had previously shown potassium deficiency symptoms, plots were lzuid out



in an orchard near Hancock, Maryland, Soil sampling in these plots was
also deemed important to gather information on so0il conditions that might
have been responsible for the previous deficlent condition of the trees,
It is well known that certszin nutrient elements c¢an dbe supplied to
various plants by means of sprays. In order to determine the possibility
of notassium being tsken up by peach leaves from sprays, trees in the same
orchard in which the fertilizer plote were located were chosen for foliar

spray applieations, using several sourees of potassium,



REVIEW OF LITERATURE

In this review, references will be made malinly to experimental
svidence which has been obtained from work with the pesch on the follow-
ing points: (a) the occurrence of potassium deficiency in the field;
(v) symptoms of potassium deficiency as obtained in greenhouse nutrient
culture experiments; (o) response of peach trees to soil applications of
potassiun; (d) levels of potassium assoclated with deficlency symptoms;
(2} influence of potassium on growth; (£} seusonal trends of potassium
concentration in leaves; (g) effectiveness of mulches in effecting in-~
creases in leaf potassium; and (h) the interrelation of potassium with
some other elements,

The Occurrence of Potessium Deficiency Under Fileld Conditions,

Prior to the esrly 1930%vs, there is no mention, to the author's knowl-
edge, of a known deficiency of potassium in peach trees under field con-
ditions. Rewl, 1936 (3l) reported on sbnormalities which developed in a
fourteen-year-old Elberta orchard in Bpartanburg County, South Carolina,
The symptomg occurred about two weeks before harvest in 1934 and were
described as followst
In the early stage of the abnormeal condition the lesves

first changed to & light, ysllowish-green color, later to s

very pals yellow, followed by burning or “scorching® of the

tipa and margins of the leaves., Finslly the leuves were con-

siderably curled, showing a bronzing or browning, eventually

resulting in a great scarcity of peach buds,

In the light of deseriptions of potassium deficiency later reviewed,
these sympioms described by Hewl, though not so stzted, probably were the
result of a deficiency of potasslum. The fact that trees which were given

apnlieations of nitrogen, phosphorus, potassium, snd dolomitic limestone



or basic slazg showed no symptoms the following yesr, wheress those re-
coeiving only nitrogen did not reecover, is still further evidence that =z
lack of potassium could have been the ecause of the trouble,

Probably the firat case of abnormal pench foliage that gave a
specific response to applications of potassium fertilizer was that report-
ed by Dunbar end Anthony, 1938 (17) in south central Pennsylvanis, near
the Maryland line, The foliage symptoms were described by these authors:

The ileaves were pale, olive green in color with the edges
bordered with red, with only an oc¢casion=al leaf showing mar-

gilnal disintegration. Nearly all lesves were crinkled along

the midrib and laterally rolled toward the midrib, forming a

¢ylinder in extreme cases with the under surface of the leaf

exposed and showing much light red to pink disecloration.

Anslyses of these leaves revesnlsd low levels of both potassium and nitro-
gen, 80 that the symptoms deseribed probably should not be attributed
solely to a lack of potassium,.

In the course of & fertilizer experimsnt with peach trees in the Sand-
hill area of South Carolina, Scott, 1938 (33) reported definite potassium
deficiency symptoms in minus-potassium plots after the trees had bhorne
their sscond crop. Rolling and yellowing of the folliage ss well as s
breakdown of the marginal iissue ocecurred in severe cases., According to
Seott: "Potash deficlency develops first at the tips of the shoots and
progresses inward toward the trunk....*®

Practically the same szymptoms which'have been described were repori~
ed to have oecurred in peach trees on the groumds of the United States
Horticulitural Station at Beltsville, Maryland by Cullinen and Waugh, 1940
{(14)+ In & number of orchsrds during 1938 snd 1939, these authors obtaine
ed leaf samples {rom yvoung pesch trees in Michigen, Delswsre, snd Maryland

which showed defiecienecy symptoms znd all contained less than 1 per cent

potassium,



Pesach trees exhibiting potassium deficiency symptoms were reported
by Boynton, 1944 (6) in & seven-year-old orchard in New York and in a
younger orchard in northern Indiens by Baker, 1948 (4).

Symptomg of Potagsium Deficlency as Obtained in Greenhouse Nutrient

Culture Experiments. Hoagland and Chandler, 1933 (22) described for peach

leaves potussium deficlency symptoms induced under srtificial conditions,
a8 being lighter in color and mottled with distinet vein patterns. Leoter
in the swmmer, the leal +ips died, wers rolled, and had scstiersd per
forations,

Davidson and Blake, 1937 (15) reported symptoms resulting from a
lack of potassium in the nutrient solution as followsi

Large and small necrotic, straw-colored spots developed
or the foliage. In many cases, the leaf margins were scorched
soverely. Abscisaioen zones usually developed around the ne-~
crotie areas and caused them %o break loose from the healthy
tissue.

Also reporting on symptoms resulting from omitting potessium from peach
trees growing in cuow culture, Weinberger and Cullinan, 1937 (41) stated:

The first symptoms produced by s lack of potassium wss
s puckering of the lamine, caused by relatively greater
growth of the intervescular tissus than of ths veins.... The
most marked symptom of potasslum deficlency was the "leafl
scorch®, develo ol when c¢ells in the extreme margin of the
blades browned and died, and entire serrations lost thsir
chlorophyll, Gradually the necrosis extended inward until
entire margina to e depth of one-gighth inch or more fell
off in ribbons., Minute brown spots appezred in the inter-
vascular areag, and enlarged, and the de=d tissue in the
center of the spots shrank and fell out, perforating the
blades,

Brown, 1945 (7) also noted on one-year-old Elberta trees in sand
culture that a lack of sufficlent potassium csused the intervelnal arsas
to have small necorotic lesions which dropped out, leaving a shot-hole
appesrance,

The typicenul Pleaf scorch® symptoms resulting from potassium defi-

clency had been reported earlier than sny of the above mentioned cases by



Wellace, 1925 (37) in England, Though not obtained in pesches, he did
describe "leaf scorch® ., as a result of omitting potassium from the
nutrient solution, in apples, blaeck currants, strawberries, gooseberries

and raspberries.

Response of Peach Trees to Soil aAupligetions of Potassium. Rewl,

1936 {31) reported recovery of abnormal peach foliage tlhe season follow-

ing applications of complete fertilizer., Ixn itrees given nitrogen only,
the symptoms resppeared the following yesr. In & later report, Rawl,
1940 (32), reported that with some of the deficient trees which were
given nitrogen omly, the symptoms continued to reappesnr until given =
complete fertilizer, znd recovery was then effected in one ssason.

Dunbar and Anthony, 1958 (17) observed marked recovery of leaf
symptoms during the same season in which potassium sppliestions were made.

Working with two-year-old trees, Cullinen and Weugh, 1940 (14)
found it possible to incremse potassium coneentrations in lesaves from
g0il applications of oge-half pound of potassium sulphate per iree. The
unfertilized trees had only 0.69 per cent potassium in the leaves, where-
ag after one seeson the fertiliged itrees conteined well over ¥ per cent
potassium in the le.vee. Wwauglk and Cullinen, 1941 (39) reported a marked
regponse resulting from two pounds of potassium sulphate applied to foure
year-old trees on June 1l2. Seven weeks later the poitassium concentra-
ticn in the lenves was three times that of the check and by September 3
wasg four times es mue¢h as the echeck,

In 8 sevene-year-old orchard showing potassium deficlenecy symptoms,
Boynton, 1944 (6) =applied three pounds of 60 per cent muriste of potssh
per tree in October, &and again the following April, Analyses of the leaves
sampled on July 25 showed some of the fertilized trees had over 2 per cent

potassium in the leaves, whereas the check had slightly above 0.5 psr cent.



Levels of Potassium Assoclated with Deficiency Symptoms. Cullinen,

Scott, and Waugh, 1939 (13) in reporting on peach leesves showing potassium
deficiency under field conditiomns, found less tham 1 per cent potsssium
in all instsnces. The seme authors reported that leaves from peach trees
in sand culture at five and two parts per million in the putrient soclution
had 0.55 and 0.59 per cent potamsium, respectively. Trees receiving zeroc
parts per million had 0.46 per cent potassium in the leaves., Trees re-
ceiving up to five parts per million showed marked deficlency symptoms

on the foliage and the leaves on terminels of trees receiving ten parts
per million were rather characteristic of potassium deficient trees, but
no severe symptomz of lesions or marginsl secorch apoesred,

Leaves from orchard trees containing less than one per cent potas-
sium were reported by Cullinan and Waugh, 1940 (14) to be showing defi-
ciency symptoms, whereas the lesves containing from 1 to 1.25 per cent
potassium showed no symptoums.

In & report of a survey of 130 peach orchsrds in California, Lille-
land and Brown, 1941 (27) found one ninetesn-year-old orchard in which
the leaves contained only 0.45 per cent potassium in July, yet the
foliage appesred to be healthy, In October, the potassium percentags
hed fallen to 0.27 per ¢ent and at this time no distinctive scoreh or
leaf rolling was observed. Most of the orchards, however, showed over
1 per cent potassium in the leaves,

Baker, 1948 (4) reported the potassium concentration in the leaves
from potassium deficient trees growing in loamy fine sand to be as low as
0.26 per cent. Two years lster, Baker, 1949 (5} reported thet some of
the same trees left as checks contained omnly 0.4 per cent potassium and

as in ths two previous sessons, showed typlesl potassium starvetion symp-

tomde



Influence of Potassium on Crowbth. Hoagland and Chandler, 1933 (22)

reported peach trees as making more growth under potassium deficient con-
ditions than the trees receiving complete nutrient solution; the leaves,
however, were light in color and mottled,

From studies extending over a period of six years, Chandler, 1934
{10) reported that potassium applied to peach trees in Maryland had no
consistent effect on the growth. Ueinberger and Cullinan, 1937 {41) in
reporting on nineral deflciencies of peach trees in sand culture, stated ’
that trees not receiving potassium in the nutrient solution made almost
as much length growth as did the control, but ithe branches were smaller
in diameter., another experiment with young peuch trees in sand culture
by Cullinan, Scott, and augh, 1939 (13) showed that as much linear
growbth was made by itrees receiving 2 parts per million potassium as by
those receiving higher concentrations. The diameter of the laterals and
main stem were, however, somewhat smaller in the lower potassium ranges.

Scott, 1939 (33) reported on a field fertilizer experiment with peach
trees and stated that trees not given potassium fertilizer applications
actualily produced more trunk growth than did trees which received a com~
plete fertilizer, UDifferences in length of shoot growth were not pro-
nounced, but the shoots from trees not supplied with potassium were more
slender than those from nomally fertilized trees. Slender termminals were
also reported in potassium deficient trees by Dunbar and snthony, 1938
{17) even though growth in length was nearly normsal.

In bearing nine-year-old peach trees adequately supplied with
potassiun, \augh and Cullinan, 1941 (39) reported greater total growth
and a much greater leaf area than in trees given no potassium. Boynton,

1944 (6) reported a striking increase in sheot growth and leaf size in



seven-year-old potassium deficlent peach trees after potassium ferti-
lizer applications.

Seagonal Trends of Potassium Concentration in Peach Leaves. .ille-

land and Brown, 1339 (26) found a decreasing potassium concentration in
the leaves of non~bearing orechard trees as the season progressed. How-
ever, when placed om a milligram per lesf basls, there was no trend up

or down between June 10 and October 1. The same authors, 1941 (27) later
reported & seasonal decrease in potassium concentration in leaves from
slghteen-year-old as well as ten~year-old trees. Similar results were
obtained in nine~year-old trees by Waugh end Cullinan, 1941 (39) and by
Baker, 1941 and 1949 (2), (5) in trees growing under field conditions.

Effectiveness of Mulches in Effecting Increaszes in Leaf Potassium.

Baker, 1941 {2) reported an ineressed potassium in terminal peach leaves
when mulched with straw or alfalfa. There were no potassium deficiencies
apparent in these trees. In a Turther report on the effectiveness of
mulches on potassium uptake, Baker, 1943 (3) stated that some inorgasniec
mulchas such as glass wool and ecinders caused practically the same in-
crease in potassium leafl content of spple leaves as did organie mulches.
Mulehes were effective in a period of ons season in correcting

potassium deficiency whieh sppeared in peach trees at the end of their
second growing year according to Beker, 1948 (4). In this work the level
of potassium in the leaves wazm found to average 0.26 per cent the fall
the mulches were applied, =nd one year later, the manure mulch had raised
the level to 2.58 per cent, the straw mulech to 1,93 per cent, and the soy-
besn hay mulch to 1,83 per cent. The leaves of the check irees one year
later had only 0433 per cent potassium and had again developed deficiency

symptomae, Five pounds of potzssium chloride were apglied to each of
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several of the mulched 4rees but appesred unnecesssry &3 muleh alone
anpesred 0 correct the deficlency. These conelusions were later con-
firmed by Baker, 1749 (5) when hs reported that check tress showed defi~
ciencies for the third yssr and leaf potassium was below 1 per cent,
Mulches only, brought the potassium rangs up and kept it up for two years
in sueccession.

Interreiation of Potassium with Othor Elements. Hoagland snd

Chendler, 1933 (22) in working on defieciencles in French prune reported
that, ¥Increased absorption of potassium conseguent on fertilizstion of
the 801l with this slement is sccompanied by decreassd abscrption of
calcium or magnesium, or both....® Colby, 1933 (12) showed that a potas~
sium deficiency rssulted in reduced nitrate absorption in the French
prune. Thomas, 1933 (36) grew Staymsn ¥Winesap apple trees in cylinders
undér applications of nitrogen, phosphorus, and potussium. The entire
trees were removed and ananlyzed after a growth periocd of six yesrs. The
omission of any one element from the complete fertilizer was followed by
g deereassd absorption of the remeinipg elements,

Chapndler, 1936 {(11) found that a heavy application of potassium
resulted in = signifieant inerease in totol nitrogen content in Stayman
Winesap apple trees. He zlso stated:

The reletion of pokagsium to nitrogen seems to be large-

ly 2 common cmuse assoeiation; thet is, nitrogen and potessium

both being essential to the life of the ecell, more nitrogen znd

potassium occur where more livipg c¢ells exish,.

Davidson and Blake, 1938 (16) have shown thst high calicurm and low
potassium indueed potassium deflelency symptoms in the peseh in sand
culture, In treatments reseiving two pards psr million potessium, an in-
crease in ealeium concentration from 180 to 410 parts per million caused

about 70 per cent reduction of soluble potessium in the stem tips as

determined by rapid tests.
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No marked difference in nitrogen concentretion was foundéd by Cullinan,
Scott, and Waugh, 1939 {13) in leaves from young peach trees in sand
culture which received 0, 2, 5, 1C, 30, and 60 parts per million potassium.

That the concentration of one element might exert some influence as
to whether znothsr element wes present in concentrations low encugh to
cause deficlency symptoms was noted by Waugh, Cullinsn, and Secott, 1940
(40). 1In young peach trees growing in sand culture at low levels of
eithser nitrogen or phosphorus, no potassium foliage symptoms were seen,
but low potmssium trees showed doficlency symptoms at intermediate and
adeguate levels of nitrogen and sdequate level of phosphoruse.

Vaugh end Cullinan, 1941 (39) reported that potessium applications
had no signific&nt offact on nitrogen leasf content inm nine-year-old pesach

tress in the field. The scame wms found to be true for phosphorus.



PART I
POTASCIUM NUTRITION STUDIES UNDER GRE:NHOUSE CONDITIONS
MATERIALS AND METHODS

Cultural Trestments. One-year-old budded peach trees of the
Shippers Late Red variety were obtained from a commerical nursery and
hesled-in for several days before being planted in the greenhouse,
From a lot of 200 {Yrees, approximately ninety were seleeoted on the
basis of uniformity and vigor, Root: were trimmed back to about thrsee
inches and tops removed at fifteen inches above the bud union, as well
as sll branches from the remaining trunk, Weightes of the tress as they
were to be planted and the welight of the parts removed were recorded,

On April 10, 1948 the trees were planted in two-gzllon glazed
crocks filled with 18-mesh white quartz ssnds, All shoots which came
out above the bud union were allowed to develop. Drainsge was provided
by placing glass wool over the hele in the bottom of the eroek. The
trees were watered with tap water until nutrient treatments were begun.
The trees were divided into nine bloecks of nins trees each, the trees
being rendomized in the blocks and tagged with numbers from one t0 ailne
t0o designate the treatment to be received, The trees within each block
were as near the ssme weight ss possible, the originsl weights as re-
ceived from the nursery being taken ag & measure of uniformity. On this
bagis the trees inm bloeck 1 cont ined the nine lightest trees, block 2
the nex: pins, and 80 on %0 bloek 9 whieh contained the heaviest trees.

These blocks were then randomized, ths c¢rocks being placed on

1z
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econventional greenhouse benches, Trees were srranged diagopaliy in s
single row on both sides of the benches, 80 that all wers about two feet
spart in and between rows, The extrs trees were alsoc potted and set
aside and used as replagements for a fow trees which did not meke a good,
early start.

On May 1, the treatments were begun using three different nutrient
solutions with potascium 28 the only variable, other elements being equsl
in amounts present, execept sodlum, and with only & very minor varisnce
in sulphur. These were designated as plus-potessium (100 ppm), minuse
potassium (O ppm), and lowepotassium (2 pym). The chemicsls used are
shown in Tsable 1. All solutions were &lso supplied with minor elements
in & supplementary sclution containing aluminum, bromine, iodine,
selenium, 1lithium, mangesnese, eoppsy, nickel, and cobalt as ussd by
Hoagland and Snyder, 1934 (Z3). One milliliter of a 0,5 per cent solution
of iron clitrate was added per liter of soclution.

All trees received nutrient sclution three times weekly and wers
watered with distilied water on other days. Earlier applieations con-
sigted of appreoximately 350 milliliters of solution, but later when the

2

trees began to reguire more, the amount was inereased to 500 milliliters
per day.

Some interveinal chlorosis soon occcurred and the zmount of iron
citrate was doubled beginning May 26 and continued thereafter. Toward
the ladter part of July some of the itrees appenred to be lacking in
nitrogen, so the amount was doubled for all trees for a week or two and
then returned to normal, since the irees aypeared to reeover within this
brief period,

In order to keep the temperature from going too high during the

hottest part of the summer, the greenhouse was shaded and the alsles



Table 1. Nutrient Solutions Applied to Psach Trees in the Experiment
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Parte Per Miliion

Balts Used N P K Ca Mg S C1 Na
(Plus Potassium)
KHy PO, - 50 63 - - - - -
Mg S0,-T7H0 - - - - 25 33 - -
Ca Clp-2H0 - - - 150 - - 265 -
Kz 80, - - 37 - - 5 - -
Hag S0, - - - 26 - 37
TOTAL o 100 50 100 150 25 74 265 37
{Minus Potassium)
MEIA N{)B 1.00 - - - - - - -
Mg So,-THO - - - - 25 33 - -
Ca Clp-2Hz0 - - - 150 - - 265 -
Naz SOy - - - - - 41 - 59
TOTAL 100 50 0 130 25 74 265 96
(Low Potassium)
NH, ﬂOB 100 - - - - - - -
Na HQ PQA—HQQ - 1] - - - - - 37
Mg S0,-7H0 - - - - 25 3 - -
Ce Clp-ZHo0 - - - 150 - - 25 -
Nap 80, - - - - - 41 - 59
1

TOTAL
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were Sprinikled with water, scometimes several times & day. 4L hygro-
thermograph was useld to record humidity snd temperature from May 24
through September 12. The minimum night temperature usually reached no
lower then 60 degrees ¥ and rarely was zbove 8C degrees F., 'The maximum
day temperature was usually no less than 90 and on several oc¢casions
exceeded 110 degrees ¥, hut on most days fell within this range. During
the hottest part of the day, between 2 amnd 5 P, M., the relative humidity
fell a8 low as 20 per cent on & Tew occasions, but was usually lower

than 40 per cent. During the coolest part of tie night, between midnight
and 8 A. M., the relative humidity was usually 80 per ceut or above.

On May 1, four trees in sach block were started on plus-potassium
snd four on ninus-potassium nutrition. The ninth tree was not given any
alternation 1n treatment, but received low-potas:ium (2 ppm) continually.
On June 1, one of the four tress in the plus-potassium series was chang-
ed to minus-potsssium. On July 1, =snother was chenged to minus-potassium,
end on August 1, = third was likewise changed. This left one tree of the
original four, on plus-potassium for the durstlion of the experiment,

Msy 1 to September L. Similarly, of the four irees in t%e minuas-potaasium
series, one was changsd to plus-poiuassium on June 1, July 1, and August 1,
raspectiively, thus lsaving one tree per block on minus-potassium through-

ocut, Table 2 shows the treatmenis received with the time each tree vas

on plus or minus-potsssium nutrition.

The treatment alternstions ended on August 31, but the trees were
continued irn the greenhouse throughout September on the same treastment
they had received during August. At the end of September, all treatments
wore discontinued with the trees receiving only tay water until December

11, A% this time, five blocks remained, znd one was saved for & dormant
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Table 2, Differential Potsssium Treatments Used in the Experiment

Treatment
Designation *

Duration of Treatments

£ 444 -Plus X May
AL F - Plus K May
g f - Plus X May
£ - - Plus £ May
- - - - Minus K May
-4 44 Minus K May
-~ 44 Minus X May
---f Minus K May
Low K

i,
1y

i,
1,

to
to

»to

to
to
to

t0
to

Sept. 1
Aug. 1,
July 1,

Juns 1,
Septs 1
June 1,

July 1,
Aug. 1,

Low K ¥Msy 1, to Sept. 1

¥inus X 0 Sept, 1
Minus X to Sept. 1

Minus X to Sept. 1
Plug K to Septs 1

Plus K to Sept. 1
Plus K 10 Sept. 1

* Rach plus ( £} symbol represents one month on plus potassium nutritions
each minus {-) symbol represents one month on minus potaszium

natrition,.
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sample., The other four blocks were set out, in a fleld of sundy loam
s0il considered to bse of good fertility, four feet ampart in eight-Tfoot
rows, A ssmple of the topsolil znd subsocil was teken for snulysis. Boe-
fore pluhﬁing, the gresn welgbts were recorded. These trees recelived
no fertilizer during the growling seuson of 1949 with the exeepticn of onew
guarter pound of nitrate of sodu per tree spplied on June 23, Lesafl
sumples were collected Irom these trees during ths swmer, snd as soom
as leal fall occurred, the trees were dug and the weights of roots aznd
tops recorded. For weighin:, the trunks were cut &t the point of bud
union, all wood below this point being considered as root, &ll above as
tCp,

Leagth of terminal growth of the trees growing in the greenhouse
was messured twice monthly beglnuing on June 1 «pd ending on September 1.
Truok diameter was obtained on the date of planting, and at monthly
intervals thereafter, at & point above the bud union which was murked
with a wax pencil, Two measuremeuts were taxen on e.ch date nt right
angles to eaxceh other and the average reccorded.

Scmpling Methods. In order to Jetermine the mineral content of the

trees at the time they were set out, wix tress other then those used in
the expsriment, were selected and trimmed just ms those thet were used

by removipg all limbs on the trunk and cutting the trunk off at fiftecn
inches above the bud union. Koots were trimmed back to apyroximately
three inches. With these portions removed, thae part of the trees remsin-
ing was the same a8 the portions set out in the experiment. This portion
was then divided into thres ssctions, the trunk above the bud union,
designated a2 “scion trunk®™, the trunk from the roots upy to the bud unien

a8 Ystock trunk%, and the remaiuning roots as "roots®, Thus, these six
) g
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dormant trees were each divided into three portiocas, such portion from
sach tree being maintained sas 8 separate sample for chemical analysis.
Determinations were made for calcium, magnesium, potassium, phosphorus,
and nitrogen on all of these samples,

From the trees growing in the greenhouse, leal samples consisting
of two lesves per tree from the medizn portion of the shoots, were taken
on May 17, June 1, July 19, and July 1, 1948. The leaves were taken
from trees which had been eithsr on plus-potassium or minus-potassium
treatment from the begilnning, and the lesves were composited into two
samples only, pluse-potassium and minus-potassium leaves,

Aftor trestments had been in progress for one month, monthliy sampling
of whole blocks began, one block being removed on June 1, July 1, August 1,
and September 1., One block was also sampled in the dormant state on
Decenber 18 in ths sume manner as will be presently deseribed for the
other blocks, with the exception of leaves, as leaf fall had occurred
before this time.

On emech of the sampling dmtes, the trees were csrefully removed
from the erocks, the sand being washed from the roots with tap water.
For chemical snzlyses, the trees were divided into seven portions as
follows:

1. Distal leaves--leaves from the distal half of all the

terminal branches,

Z. Basal leavege-lesves from the basal hall of sll termi-

nel branches.

3. Limbs

Le SBeion trunk--that portion from bud union up.

5. Stock trunk--that portion from trensition zone, where first

roots were attached, uy to bud union.
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6. 013 rootse-sll woody tiscue, being the same roots that

were present st plsnting.

7« Xew roota--those produced during the 1948 growing

S0a80N.

Greon weights of =1l ssmples, except nsw roots, were recorded
and the samples pluced in paper bags for drying., Ths nsw roots were
50 succulent that it wesa counsidered imprectiesnl to try to obtain green
weighte accurately. 4All ssmples were dried in = Torced-draft oven at
80 degrees C and dry weigbts recordsd. The woody fractions, especially
the rToots and stock trunks, were very tough and were split into smaller
sections with & puir of hand loppers. They were then ground in s large
Wiley mill and later reground in a smaller Wiley miil equipped with a
LO-mash sereen., Leasves und limbs wers ground only in ths smaller mill,

Chamiesal Methods. Chemic:sl snalyses were determined on sll samples
for the following olemantsd eslelum, mesgnesium, potas-ium, phosphorus,
and nldrogen.

Culelum, magnesium, potessiwe, snd phosphorus determinastions were
made from aliguots taken from sn ash solution whieh wes prepared in the
following wanner: Two-grum samples of the ground materiasl were weighed
out just after removel from a drying oven at B0 degrees C, These were
ashed overnight in an electric mutfle furnsce at 525 degrees C, The
ash was taken up with hydrochlorie saeid, filtered through filter psper
into 100 miliiliter volumetrie flusks and washed fre% of meid with kot
distiiled water., After ccooling, the solutions were brought up to volume
and then transferred to ordinsry preseripition bottles until used.

Cslelum and potaszium were determined photometriezlly on & Becknan

{Model DU) fuartz Spectrophotometer egulpped with = Flume ﬁpaétrophetomater
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(Serisl number 220) manufuetured by National Technical Laborstories.,
The ash solution to be analyzed by this instrument is fed, in sn atomized
state by air pressure, into s high intensity oxygen-natural gas flame,
which sxeltes the elements, causipg them to emit their charseteristic
speetra. The light thus emitted by the flame is dispersed by the guartz
prism, and the intensgity of light of the deslired wuavelength is measured
by a photo-electric cell. This method for determining calecium and mag-
nesium in leaf muaterisl has been reported by Brown, Lilleland, and
Jackson (8), who compsred results obtained by this method with chemiocal
methods and reported u satisfactory correlation. These authors slso re-
ported that other ioms in the sample solution exert an influence upon
the one being determined, the rate of interfereunce being most noticeable
with the first few parts per million of the interfering element, with
less interference upon ilnereasing coancentrations., In flame photonetry,
the concentration of ap unknown element is determined by comparing the
reading with a known standard solution, and due to interference of other
ions, more correet values ean be obtained 1T thg known standard soclution
also contains soms of the ssame interfering ions, which are present in
the plant msterial being snalyzed. Thus, Brown znd his co-workers (&)
concluded:

ese if the standard solution contains only & few parts

per million of the interfering loms, it can be used for com-

paring with unknown soluticna which may vary counsiderably

in the smount of interfering ions present,

Considering the asbove ipformation, esleium standsrds were used con-
taining 100, 80, 60, 40, 20, and O pum calcium. HKach of the ebove
concentrations slso contained 200 ppm potvassium, 50 ppm magrnesium, and
20 ppm sodium. With the sensitivity knob set st two oomplete turns from

counter-clockwise, slit width st about 0.9 mn., oxygen at 35 inches of
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water, sir pressure at 20 pounds per squsre inch, znd using = wave
length of 650 millimicrons, a curve wes obtsined which weas a streight
line Tenging from 1& on the photometer scale (zero calecium) to 100 on
the sczle (100 pom eslcium}.

Potassium standards were used containing 100, 80, 60, 40, 20, and
O ppm potassiuvm with each concentration containing 50 pom ecleium and
<0 pym sodlum, With the sensitivity knob set 2t two complete turns from
counter~clockwise, the slit width at 0,02 nm., oxygen st 30 inches of
water, air pressure al 20 pounds per sqguare inch, snd using = wave length
of 767 millimicrons, a curve was obtained whieh slightly @u¥v~d upward in
the middle and renged from a reading of two on the photometer secale
{zero potassium) to 100 on the seale (100 pum potassium}).

The plant material used included woody as well as lexafy tissue.
The ash solution from the woody tissues wes injected directly into the
flame without dilution, with few exceptions, but the leaf ash solution
was too concentrated and had to be diluted several times to bring the
readings within the ranges of esleium and potessium set by the standards,
In snalyzing ssmples with the photometer, each semple wes read twice,.
Between the Tirst snd second re:uding, = check was made, using a stsndard
solution of a concentration whers the most steady readings were obtained,
in order to be sure the instrument had not drifted from the originsl
standardization., The concentration of the unknown solutions was computed
by comparing thess resdings with readings of the known standards,

Phosphorus determinations were made by taking an alliquot from the
ash sclution and following the method as outlined by the Associztion of
Officlal Agricultural Chemists (1).

Msgnesium determinations were mude colorimetrically with titan

yellow, following the method as cutlined by Gillam (19), using a Beckmen
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Spectrophotometer o measure color diffarancos‘.

Total nitrogen was determined by the Ranker (30) salieyliec-
thiosulphate method, using the Kemmerer-Hellatt (25) distillatiom unit,
modified by using boric acid to cateh the distillste as used by Stover
and Sandin {35), and using brom cresol green-methyl red indicator as

suggested by Gauch (18),.



EEPHRIVENT AL RESULTS

Appearance and Deseription of Potassium Deficiency Symptoms. Yost

of the trees started new shoot growth within two weeks after planting.

On May 17, thirty-seven days after planting, marginal neerosis affecting
one or more leaves on seven of the miﬂus—potassium trees was present,
This first symptom appeared, usually on both edges of the affected
leaves, as a narrow, light colored, rather uniform strip, though not
necessarily continuous, since some portions along the margins contained
healthy tissue interspersed among the necrotic areas. The first leaves
affected were not the youngest ones, This same symptom showed up on low~
potassium trees, being first noticed just five days later than on the
minus-potassium trees, ‘Figure 1, leaf 1, shows the marginal necrosis on a
leaf taken from a low-potassium tree, 4 similar condition is shown in
leaf 1 of Figure 2, taken from a minus-potassium tree. Even though the
low-potassium trees first exhibited symptoms slightly later than minus-
potassium trees, the types and progression of symptoms were similar,

Leaves early affected by marginal necrosis most acutely, seemed to be
of smaller than average size, These marginal necrotic areas later became
loose and fell out, leaving the leaf edges jagged, as shown in Figure 1,
leaf 2 and in Figure 2, leaf L.

A further symptom, which appeared later than marginal necrosis, was a
scattering of pin-point necrotic spots on the leavea, This condition
showed up on some leaves which had not previously shown marginal necrosis,
as shown in leaf 2 of Figure 3. Some such leaves did not develop, to any

great extent, any other type of symptoms, with the necrotic pin-point spots
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Figure 1#

Peach leaves from: (1) low-potassium tree showing early
symptom of marginal scorch! (2) minus-potassium tree
showing ragged edges caused by falling out of marginal
necrotic areas! (3) plus-potassium tree showing no
symptoms; (4) plus-pot&sslum tree showing crinkling#
Photographed on June 17, 1946#
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remsining as the outstanding symptom as shown in Figure 14, photographed
on July 24. Note the two leaves at centreal lower left, showing some
narginal necrosis snd a few amall holes in one of the leaves in addition
to the pin-pointse.

The most yramineﬁﬁ symptom of potassium deficlency wus the development
of large necrotic lesions within the leaves, which later broke loose from
the surrounding live tissue and dropped out, leaving ragged, irregular
holes. This symptom however did not appsar independently, but concomltant-
1y with &arginal as well as with pin-point neerosis, A1l these symptoms
appearing on the same leaf are shown in Figure 2, lsaef 3, and in Figure 3,
leaf L. Both photographs show the severity of symptoms present by June 22,

By ¥ay 29, 22 out of the 36 minus potassium trees in the experiment
had developed signs of potassium deficiency. ﬁnlJuna 19, all but two had
become symptomatic., These two had made rather poor growth, perhaps result-
ing in less dilution of the potassium present in the tres,. Since some
ninus-potassium trees were affected as early as ¥ay 17, and practically all
bé June 19, it may be assumed that the potassium reserve in the trees had
been reduced to a concentration below thal required for normal metabolism,
This is indicated in the data presented in Table 3, which show the potassium
levels on June 1, in basal and distal leaves, from four minus-potassium
trees, In all the trees, the potassium concentration in the basal lsaves
was lower than in the distal leaves, It is interesting to note that the
trend toward lower concentrations is correlated with the greater number of
symptometic leaves per tree, with the exception of the last value in the
tables Since the highest level of potassium was under 1 per cent in all
cases, it is suggested that this concentration was near the deficiency

levels, & composite leafl sample, teken on June 1 from all minus potassium
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Leaves from minus-potassium trees: (1) showing marginal
burning with few interveinal spots; (2) showing upward and
inward rolling; (3) showing all main symptoms, marginal
burning, large necrotic areas within the leaf, and pin-
point necrotic spots; (4) mainly showing marginal burning
with dead tissue sloughing off* Photographed on

June 22, 194&»



Figure 3*

Leaves from low potassium treest (1) showing
marginal scorch and email necrotic spots within the
leaf; (2) showing pin-point necrosis; (3) showing
Xeaf-roll and few small necrotic spots; (4) showing
severe deficiency symptoms with much dead tissue.
Photographed on June 22, 1943.



Table 3, Relativnship Between Severity of Potassium Deficlency
Symptoms and Potassium Content

Potassium Content of Distal
and Basal Leaves on June 1,

Number of Leaves on Four
Individual Minus K Trees

Showing Deficiency Symp-

:
:
3 H 3
toms on Kay 29 3 Distal Basal H Average
k] . .
: % 3 % 3 %
: : s
3 H .96 3 .88 H .92
13 : o72 : «60 2 .66
H : :
17 : + 64 ] N'VE H 53
27 : +68 3 ohily : «56
2 3 !
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trees contained 0.8 per cent potassiume. These leuves were taken whether
the individual trees were visibly showing potassium deficiency or not,

This is a further indicution that 1 per cent potassium wns about the
critical level,

Upward and inwar& rolling of some of the uppermost leaves was also
noticed on minus and low potassium trees. This rolling was not generally
associated with the previously described symptoms @5 is shown in Figure 2,
leaf 2, and Figure 3, leaf 3.

Crinkling along the midrib has been described as a potassium deficiency
symptom in peach leaves, A form of crinkling was found on healthy trees
receiving potassium. Since none of the other symptoms which were found on
minus and low potassium iress were present, it must be that thiz was not
due to a deficiency of potassium, Such & leaf from a plus potassium tree
is shown in Figure 1, leaf L. Healthy leaves from plus-potassium trees are
shown in Figure L.

“hotographs of entire irees were %“aken on June 9 to show the effects
of the various nutrient treatments on this date, Figure 5 shows a tree
which had received potassiun from the start; all leaves were a normal green
color and healthy with no deficlencies evident. 1 tree having received low-
potassium is shown in Figure 6. it least one leaf, near the end of the
branch extending to the left, plainly shows necrotic areas which do not
appear to have fallen out by the time photographed on June 9, Figure 7
shows a trée also photographed on Juns 9, which had received no potassium
to this datee. Several leaves can be seen from which the margins as well as
other necrotic areas within the leaves have fallen oute Other dead spots

appear to be still intact,

48 the season progressed, leaves on trees showing severe effects of a

lack of potassium gradually lost their nomal green color, becoming much
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Figure 5.

Tree fro® full nutrient (plua-
potassium) treatment* Photographed
on June 9> 1948x»
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Figure 6.

Low-K

Tree from low-pot&ssitaa treatment. Mote
deficiency symptoms appearing on leaf near
the end of branch extending to left side of
picture* Photographed on June 9, !'%&e



Figure 7*

Tree from minus-potagsium treatment*
Note holea left by fallen-out necrotio
tissue as well as ragged edges result-
ing from the same* Photographed on
June 9% 194&«
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lighter and assuning a2 greenish~tan to bronze color. The new leaves
which emerged on such trees were always normal, though perhaps lighter
green in color than trees receiving potassium. It was not long, however,
until they too became symptomatice That such was the case in all leaves
except the very young ones, is shown in Figures 2 and 9, photographed on
July 24, each of which shows a single branch from a low and minus-potasse-
ium tre®, respectively. All of the foliar symptoms previously described
can be observed in these two figures, with many individual leaves
exhibiting all types of symptomse OSome of the most severelyvaffected
leaves had become so wrinkled and twisted that instead of the upper
surface facing out, as nomeally, part of the underside faced out as is
shown at about the center of Figure 9,

Trees which received potassium for one month (ay) and then changed
to minus-potassium were slow in developing potassium deficiency symptoms,
Only two such trees were found in the experiment and these were only
slightly affecteds In Figure 10, photographed on July 20, one leaf can
be seen near the tip of the branch, which shows two or three Aindentations
in its margind where necrotic tissue has dropped out. In the same leaf
may be seen two or three small cireular spots, the dead tissue having been
lost from only one of them, A branch from the other tree is shown in
Figure 11, photographed July 24e. The three‘largast leaves near the
terminzl end, with upper sides facing out, are faintly showing pin-poiat
necrosis. One other leaf can be seen with two small holes, from which
dead tissue has fallen,

In no case did a tree show any visible symptoms if it received
potassium for two months or more before change to minus-potassium nutri-

tion. Figure 12 shows a typical branch from such a tree, which appears



Figure 8*

Branch from a tree receiving low-potassium
treatment from May 1 to date photographed,
July 24* Note severe symptoms ‘on leaves just
back of nmly emerged ones, also leaf near

center of photograph whose main sympton is pin-
point necrosis*
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Figure 9*

Branch from tree receiving no potassium from date
set out, April 10, to date photographed, July 22m

In addition to the regular symptoms, note twisting
and wrinkled appearance of the leaves¥*
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Figure 10#

Branch from tree receiving plue-potassium from
U&y 1 to June 1, then changed to minus-potassiuai
to date photographed, July 20* Note one leaf
(right center) sho-wing indentations and three
necrotic spots within the leaf.
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Figure 11*

Branch from tree receiving plus-potassium from May 1
to June 1, then changed to mlnus-potassium nutrition
to date photographed, July 24« Note two largest
leaves near terminal end showing faint pin-point
necrotic spots; also, leaf (near center) having two
holes resulting from fallen-out necrotic tissue*
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Figure 12*

Branch from tree receiving plus-potassium from May 1
to July 1, then changed to minus-potassium to date
photographed, July 20, This branch is apparently
normal as no visible symptoms have appeared*
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to bhe normal in every respect,

Recovery from Potassium Deficlency., s previously outlined, one

tree per block, of those which were begun on minus-potassium, was changed
to plus-potassium at meonthly intervals, Since many of the minus-potasse
ium trees had produced syuptoms by June l? the response in these trees

to & change to plus-potassium indicated that they were able to ubtilize
the new potassium supply in producing new, healthy growthe One branch
from a tree changed to plus~potassium‘5n June 1 is shown in Figure 13,

as it appeared on July 20. Sever;; inches of new, healthy growth were
produced after the change, the new growth being subtended by symptomatic
leaves resulting from minus-potassium nutrition up to June 1, This same
ability of the tree to utilize potassium, even when changed from minus to
pius-potassium nutrition on July 1, is demonstrated in Figure 14, The
photograph was taken 2i days following the change in nutrition,

Not only dld these trees develop new growth, but regardless of the
time of change from minus to plus~potassium, whether June 1, July 1, or
sugust 1, the leaves of such trees regained some of the green color which
they had lost, This occurred even though holes were present in the leaves
from which necrotic tissue had fallen, The extent to which normal green
color was approached was dependent on the Severity of off-color at the
time the change was made to plus-potassium nutrition. The trees undere
going this change to plus-potassium early in the season were not as badly
discolored, and also had longer.to recover, than did the trees which
were changed at a later date,

Growth Response. Tree growth response was determined by nmeasuring

new shoot growth, increase in green weight as well as dry weight, and

inerease in trunik diamneter,



Figure 13*

Branch from tree receiving no potassium from May 1 to
June 1, then changed to plus-potassium nutrition*
Photographed on July 20, this branch shows several
inches of growth with healthy leaves having grown out
beyond the area of symptomatic leaves (bottom center)*

41



Figure 14%*

"fc

Branch from tree receiving no potassium from May 1 to
July X, then changed to plus-potassium nutrition*
Photographed on July 24, note new growth having emerged
fwhich shows no signs of deficiency, but subtended by
leaves showing severe deficiency*
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Some trees developed several well~-spaced branches with few laterals,
whereas others put out only one or two branches which, in turn, pro-
duced lateral branches throughout their entire length. For a comparison,
it was thought best to use the comb:ined total length of both the primary
branches snd thelr laterals. Since existing branches were removed when
the trees were set out, all branches were current season's growbh,

Table 4 shows the total shoot growth which accrued up to September 1 in
the various treatments (designated in Table 2) for the five blocks which
were carried throughout the summer in the greenhouse., An analysis of
variance of the data revealed a significant differehee between some of the
treatments, but there was no consistent relationship between shoot

growth and potassium nutrition.

It was possible to obtain the green weights of four blocks of trees
on December 18, when they were removed from the greenhouse to be planted
in the field, 35ince the original green weights of all the trees were
recorded (ippendix Table 1), weight increases could be easily determined,

-These increases are recorded in Table 5, The date of change from plus to
minus or minus to plus-potassium nutrition is reflected cl:sely in the
increase in green welight of the trees, with highly significant differences
among treatments.

The increases in dry weight made by the trees, which were sampled
as the season progressed, are presented in Table 6, These increases
were calcul:ted from an estimate of their original dry welghts, derived
by using as a basis the dry matter content of the six extra trees, which
were sampled énd analysed at the beginning of the experiment, ‘/hen the

increases, which were made up to each sampling date,are expressed as a

total, it is seen that the accumulation of dry matter was definitely



Table L. Total Growth of Shoots Including Lateral Branches Prosduced
up to September 1 by Trees Growing in the Greenhouse.
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Table 5. Increase in Green eight Produced by One-Year-0ld Peach

Trees from Planting (4pril 10) to December 18 in Sand

Culture.
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Table 6., Increase in Dry .eight Produced by Individual Peach Trees,
under Different Potassium Treatments, between April 10 and
Each Date Given in Table.
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inereased with the longer periods in which the itrees received potassium.
Potassium nutrition for a short perdod at the beginning of the senson
resulted in greater increases than did potassiuwm nutrition for the same
iength of time when applied st the latter part »f the season.

Thus it is seen that increases in both green and dry welight seam to
definitely indicate that potassium had a ajgnificant effect on growth,
the increases in both cuses being in preportlon to the length of time
the trees received pluas potassiux nmutrition.

The increaases in trunk dismeter from Juns 1 to September 1 from all
treataent.s were very small (Table 7). The greatest average increcse was
0.064 centimeters, which occurred in both the (£ £ £ #) and (- # £ )
treatments. In the trees started on minus-potaasium autrition and
subsequently changed to plus-potassium, dlameter inereases were made in
proportion to the length of time potassium was received, On the con-
trary, trees started on plus-potassium matrition and later changed to
ninus, showed no correiation with the period of time potassium was
applied in ihe nutrient solution. ilthough significant diffsrences be-
twean the extreme treatments were obtalned, the results do not follow the
treatments neurly as well as did the increases in green and dry welight.

An obvious response to potassiwm autrition was noted in the amount of
new root growth. Up to July 1, only one of the chanpes from minus to plus-
potassium and vice verss had been made. In the block sampled on this date,
the dry weights of roots produced by trees under the different treatments

were s follows:
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Treatment Grams
Plus potassium May and JuN@e.ceiesescsceosconsereaceield
Plus potassium May; ninus potassium Jun€eee..eeseee.a360
Hinus potassium Vay; plus potassium JuNCeeseesecsssces3ed
Low potassium May and JuN@eeeveceesssescsncccccsssesInl

¥inus pataﬂaim L{ay' and J!lfle...o.............-....-.lgB

At the end of the four months of differential potassium treatments,
the effeet of all nine treatments could then be noted on root growth.
Photographs of roots as sampled on September 1 are shown in Figures 15
and 16, Figure 15 shows the contrast in root growth made by the continue-
ous plus (¥ ¥ # £) potassium and continuous low-potassium trees, Figure 16
denctes the difference in root growth made by the (¥ # # ~) and the
(= = = §) trees, which shows that the longer the trees received potassium
the greater wus the root growth. The actusl dry weights of the new roots
produced by the trees in Figures 15 and 16, as well as for the rest of the

trees sampled on Jeptember 1, were as follows:

Treatment Grams
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Table 7. Increase in Diameter Produced between June 1 and September 1
by Peach Trees Growing in Sand Culture,

:Dizmeter @

Treatment :Increase

. .
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FIgore 15. Hoot growth produced bgr poach trooo after four months
under differential potassium treatments in sand culture
Ieft, plus-potassiunMap 1 to September 1. Right, low-

Figaro 16. Root growth produced by poach trees after four months
under diffexgntial poli:gssiun treatments in sand culture*
Ioft, plus-potassiunMay 1 to August 1, changed to mlnum-
potasslum to Septarber 1* Right, mimns-potaealun May 1
to August 1, changed to plus-potassium to September 1*
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Potassium Concentration as Affected by Chunges in Potassium

Nutrition. Sinece the sompling method smployed utilized an entirs tree,
reprosentative of s given trsatment, analyses at different dutes are
from separate ireses rather than from periodic anslyses of the came tres.
In the following figures, 17 through 24, the continuous minus-potassium
(-~ « = <) treatment is included with the plus to minus-potss-ium series;
also, the continuous plus-potassium (¢ £ £ #£) trestment is included
with the minus to plus;potagsium series,

Hutrient treatments were begun on May 1 apd the first block w&g
sampled one month later; thus, the conmcentraticne found on June 1 repre-
sent the effect of the treatments during the month prior to this date.
The same holds true for the later sampling dates, with the exception of
December 18,

The alternation of trestments from plus to minus-potéS$ium nutri-
tion and vice versa was raflactaa?very closely in the uptaske of potas-
siwn by. the leaves, For the most part, potessium levels showed = steady
increzse ag iang ag potassium was supplied and dropped sharply when
potassium was withheld, regardless of the time of changs. Figure 17, A,
shows that the distal lesves from all trees started on pslus-potassium
nutrition on Msy 1 were very similar in potassiom cﬁncantrat;on when
sampled on June 1, =ll falling betwsen 1.5 and 2.0 psr cent, and were
mueh bigher in concentration thsn those started on minus-potaszium, The
sprosd in the ranges in potussium concentration on September 1 shows =2
positivs correlati@n with the time of change from plus to minus~potzssium
nutrition; the sarlier the change the lower was the final concentration.

The effects of chaznging from minus to plus-potassium nutrition on
potassium concentration in the distal leuves are shown in Figure 17,B.

The potsssium concentration on June 1 for zll tress begun on minus-potascium
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wes about the ssme, all f»lling within 0.6 to 1,0 per cent, Trees on
minus-potessium autrition remsined at about the ssme potassium level until
chunged to plus-potassium, then nade consigtent and significant increases
regardless of the time the change was made. One month after euch change,
the potassium concentrstion spproximated l.5 per cent, with lster in-
crenses taking place 28 is shown in treatments (- # £ £) and (- ~ #£ #).
This indicotes thst potsssium cun be absorbed ecually well any time dur-
ing the sssson. The gprezd in the rauge of potassium concentration on
September 1, shows a positive correlation with the time of change from
minus to plus-potasssium nutrition; the earlier the chunge the nigher wis
the final concentration. None of the minus to plus troastments resulted
in 858 great a potassium sccummlation in the distul leaves by September 1
as wag present in the continuous plusepotassgium (£ £ £ £) treatment,

Similar dsta for bassl lesves to that Just deseribed in distal leaves
are presenied in }.xgures 18, The trends are very much the ssme as those
noted in distzl ls-ves. This is especially true in the sprend of the
values found opn Avgust 1 =nd September 1 in the series chauged from plus
to minus-potussium, (Compare Figure 17,4, with 18,4). In both serisg, the
potassium concentration in the basal leaves varied more widely on June 1
than those of the distal leaves on the same dute,

The sharp drop in potassium econcentration in both basal and distsl
leuves from the ocontinuous minus (- - - -) series, between June 1 =nd
July 1 may be due %0 a rapid increase in growth during this period, Dur-
ing the same yeriod, the potassium concentrstion in the dist:l lesves tend-
ad to incresase in trees receiving potassium, whereas, in the bosul leaves
receiving potassium, there wss no such tendency.

A8 hss been stated, one block wes sampled on December 18, after leaf

full had occurrsd. The changes in potsassium nutrition had ended on



Septenber 1, but for those blocks etill remaining after this date, treat-
ments were continued for another month (September) just as they had been
applied during August. The potassium levels found on Dzcember 18 are thus
presented along with othsr data in Figures 19 through 24 to show the
potassium concentrations present after lsaf fsll,

Data on potassium concentration in the brunches, or limbs, in ths
series started on minus potessiwm nutrition, are shown in Figure 19,A.
The concentratien of potsssium on June 1 was very similar from sll trees,
Limbs from those trees receiving pobassium after June 1 did not inersase
in potessium concentrstion, but decressed each month, Jjust as did those
changed to minus-potassium putrition. The levels present on September 1,
however, revealed a positive correlation with the time of echange from plus
t0o minus-potassium; the eariier the chsnge the lower was the final con-
centration, Levels present on December 18, after lesf fall, further showed
a seasonal trend downwsrd., This seasonal downward trend indicates that
the limbe acted more &z a medium for transportiﬁg potassium to the lesves
rather than as a storage ares. In the series chauged from minus to pluse
potassium, (Figure 1?,3) the choanges in putrition were mot noticeably re-
flected in the potzsalum econcentrations present. The a&ditién of potas-
sium 4i1d prevent the potassium conesntrstion from dec¢ressing sns the season
progressed, the levels present on September 1 being rstheyr closs to those
present on June 1, The potassium concentrastion present on December 18
gives little indic=tion that the leaves trsnsported any of their potasg-
sium into the limbs prior to leaf fall.

Potassium levels in the new roots are given inm Figure 20. On June 1,
the conecentrestion from thosme trees recelving potassium wss 2.5 per cent

or mors, but by July 1 a2ll hed dropped to spproximately 0.5 per cent,
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regardless of whether or not they received potassium during the interin,
This sharp drop in potassium level during this period indicates thot
potassium was absorbed by new roots in large amounts early in the sssson,
but wes later translocated to the upper portions of the tree. After
July 1, there was still a 8light trend toward lower potassium concentra-
tions except in fhe continuous plus—potasszium (£ 4 # #) treatment, the
potussium level for this treatment on September 1, being over 100 per
cent grezter thsn in apy other trestment in the plus to minus series,

4 sengonzl decresnse was also esxhiblied by new roots in the series
changed from minus to plus-potaessium {(Figure 20,3), the concsntrations
of potessium on September 1, as well ag on Dscember 1&, being lower than
those yresent on June 1, despite changes to plus-potassium in the inter-
voning periocd. Those roots grown without potzssium 2% the first of the
geason =nd subseguently changed to plum—ﬁotassium, should have shown =n
incresse in concentration by Deccmber 18 if storage of potassium in root
tissue were to occur. Thus the results indicate thot the new roots were
meinly functioning in'absorptien and traasport.

£s outlined in "masterisls and methods®, 8ix extra trees were selected
on April 10 to serve as checks. These were cut Back in similar fashion
to those trees used in the experiment. Analyses were then made of scion
trunk, stock trunk, and old roots to determine the average potassium con-
centratlon in the various parts at the beginning of the experiment,
Potassium concentramtion from those sections are indieated in Figures 21, 22,
and 23 in comparison with levels of yotassium present in similar parts
following the various treatments, Thus the potascium concentration in
old roots (¥igure 21,A) was higher on Jume 1, than the everage for the

same tree part on April 10. Poisssium levels on December 1€ were lower

for 21l plus to minus trestments than om April 10 bsfore growth began. In
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eontraat, =ll frestments ebanged Trom minus to slus-potrzesiun nutrition
(Pigure 21,B) showsd = marked respomse frew @b monthly ehonge esd hed
a hisher potazsium ¢oncenteation on Daecesber 18 tusn on Aprll 10, In
trastnents recaiving sotssoliuwm dueing She ladter part of the sesson, the
lavels found on Decasbar 18 ware lower thup on Bepltember 1, indiesting
thaet some of the potsszium in the 0ld veotes was trunslocsted $o sone
athar part of the tress during this pariod,

. In esmtreat t2 the conditionm fsund in the old roots, the poltuexium
coneentretion of the selen trunk on April 10 (Figure 22) w-s mueh higber
than $het pressnt in any of the treatments on Juss L, shich indiesnted
thet the voung tress as ithey wers regeived from the nursery hud 2 e~
zarve of pobtoseiuwm whleh wee uwsed rapidly in the aew growth., The potsse
glwn conesntrations 414 ot in 211 ezxpes show s deersage in coucentration
Just after the ghonge wes nmede to milmuse-potasaivm (Figure 24,4}, Put the
gousonsl trend woe dowdwerd s w result of sueh changes. The potasaium
lawel fousd in tha selon frunk in the sontinucus mimie (= - = =) “rent-
went on dAnoust 1, wae Tound 0 be 0.17 por esnt, bud thiz wre not oone
eiderad volid ~y the new growth hed odue out nesr the bage; the portion
sbove disd and spusrently trenaloeated 1itvtie or no potossium to heow
growth, Thoush akowing n eessonsl trend upwsrd, meither the ivess changed
to plus-sotazeiun nor the sontinmous plusenctossium tvoes, uitslined as
high & potazeium concentrstion by Decembay 18 sa was vrassnt on April 10
{Pigure 2,8}, Tme, undsr the condiltions of the sxvperiment, the sclon
Trunk 434 not atteln w8 high s pevcentage of potasslwn by the ond of the
£a 80N n8 wels present nt the stert, sven tbhough potasslum wes suuplied
continu«lliy.

The atoek trunys (Figure 23} contsined anly «bout ong-holf the

poetrssium eoccentrntion of the solon srunke on April 10, In the plus teo
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minus series (Figure 23,A) the tronds in potassium concentration were
rather similar %o thut occurring in the scion trunik, except that on
Deacerber 1€, the levels were c¢loser to the concentration on April 10 than
wasg true for the scion trunk.

In the winus to plus series, (Figure 23,B) the potassium concentra-
tion in the stock trunk wes higher on September 1 as well as December 18,
in the trees receiving potassium for the longer periods of time, but this
was not true in the scion trumis, Although the trends were upward in
both secion =snd stock trunks, the effects of the changes from minus to
nlus~potnssiun nutrition were reflected much betier in the stock trunks.

S8ince the potacsium concentrztion and actual weight of the several
component peorts of the trees were known, the per cent of potassium in
the trees ag r whole could be determined. These data are shown in
Figure 24. The netual potussium concentration ip the individusl tree
during the growirg serson was much lower tham in the lesves, but higher
then some other portions, l.e., old roots, stock trunk, and seion trunk.
Figure 24,4, cshows that the trees started on plus-potassium nutrition wers
very similar in potassium levels on Juns 1, This was slso true for those
trees gtarted on minug-potassiwa, when sampled June 1 (Figure 24,B). The
changaes made in sotassium nutbtrition, whether from plus to minus or minus
t0 plus, were closely reflecied in the potassium levels found after the
chrnges were nede. HWhepn chenged from plus to minus, the potassium con-
centrotion decrercad thereafter as tThe sesson progressed, When gtarted
on minus-potagzium {(Figure EL,B), the levels 1lp sll trses were very sinilar
until changed t¢ plus-potassiun, then incrozsed thereafter until Septem-
ber 1. In =1l trestments receiving late season potassium nutrition the

potassiun percentage in the trees decrsased sharply betwesn Septembsr 1
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and December 18, Treztment dillersuces ilun goltussium content were large-~
ly detsrmined by leuf content, since the potassium concentrztions on
December 1&, in esch of the two series, were remarkably similar, despite
the faet that the concentraiions present in trees from the same treat-
ments were remarkably dissimilar on beptenber 1. In the continuvous minus
as well as the plus to minus tre=mtments, the potassium concentrstions on
December 18 were slightly lower than tlLe estimated value on April 10.
This was not true in the continucus plus end minuse to plus trestments,

all thsse being higher thsn the April 10 level., The eontinuots plus trest-
ment resulted in the highest potaswium concentration on December 18, Con-
sidering this particular tree as having received normal auirition, and
since the potassium concentration after leuf=fsll was muceh lower than
before, we muy assume thut moat of ths increzsed potassium concentration
present during the xgrowlng seasgon is accounted for by that present in the
leaves and that it is lost frowm the trse when the leaves fall,

The concentrations for the low-potassium trestment have not been
inciuded in the roregoing trigures,. since no alternations were made in this
treatment, aund tiae levels were rather similar to those in the continuous
minus-potassium treatment, Taey are, however, included in the appendix

tables along with the other potassium percentsges,

Concentration of Mineral Elements in the Treesg Resulting from Differ-

entinl Potsssium Nutrition., In order to mscertsin the effeet of potassium

nutrition on the mineral concentrmtion of pesch leaves early in the season,
two leaves per tree were taken from the milddle portion of limbs from sll

trees receiving plus-potessium znd from all trees receiving minus-potassium

mitrition, Fach group waz composited into a separate sample, These
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szmples were " ken at approximastely two-weaek intervals beginning Msy 17,

the lsst being taken on July 1, but no lesves were taken from tress

which had undergons & change in treatment on June l. Thus the duta pressct-
ed in Table 8, represent the effsct of a two-month period without a change
in nutrition,.

The potassium concentration in the leaves from plus-potassium trees
remained about the same during this period, but in minus-potassium trses
it decreased rapldly, the per cent on June 1 being about one-helf, and
on July 1, about one-fourth that present on May 17. Caleium concentration
increased rapidly, whereas magnesium and nitrogen councentrations dscrezase
ed and pheosphorusg concentration remained sbout the same in the leaves
during thie period (Table 8). These changes apparently were quite in-
dependent of potzssium concentration, since about the same change took
place in both plus and minus~potesasium treatments. The actuml percent-
ages present on each sanpling date, isdicated that minus-potsssium putri-
tion caused & slightly greater per cent of magnesium, phosphorus, and
nitrogen in the leaves.

Table 9 shows leaf analysis data from trses receiving continuous
plus-otassium and continuous minus-~potassium nutrition, &s they were
sampled throughout the surwer, In comparing the asctual percentages
present in both trestments on each sampling date;, 1t appears that a2 lack
of potassium in the nutrient solution resulted in a smsller per cent of
caleium and a greater per cent of phosphorus and nitrogen than cccurred
in the leaves from the plus-potassium treatment.

The periodic ch:uges in concentretion of the different elements re-
sulting from plus and minus-potassium nutrition can also be sgeen in

Table 9. Ozleium incre=sed during the season in both plue and minuse
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potassium leaves, but inerezsed to a higher concentration in the pluse
potassiun leaves. The concentration of phosphorus increased consistent-
1y on eneh szmpling date under both plug and minus-potassium natrition,
but the increasse was greater in the letter, Magnesium ccncentration
decreesed slightly in minus-potsssium lezves, but showed no definite
trend in plus-potassium lesves. Nitrogen concentration alsc deereased
on each sampling date, with potassium putrition appzrently having little
or no effect.

Data similar to that presented in Table 9 are shown in Table 10,
excapt that the levels ol the various slements are those found in whols
trees instead of in the leaves only. In comparing the concentration of
the elements present in whole trees under both treatments on ths individ-
ual sampling dates, it is asppsrent that a lack of potassium irn the
nutrient solution resulted in s smaller percentage of csleium, megnesium,
phosphorus, and nitrogen. The smaller percentage of calcium upder minuse
potassium nutrition parallels the results obtained im the lezves; however,
the smalleyr percentsge of phosphorus and nitrogen is contrsry to results
found in the leaves,

The changes occurring in the concentration of the various elements
a8 & result of plus =nd minus«potassium nutrition cz=u elso be seen in
Table 10. Calelum decressed with time in the minus-potassium trees, but
in the plus-potassium trees the cslcium level on September 1 was higher
then on previous dates, even though no sessonal trends were noted, This
decronses in the minus-potassium trees is, as a whole, the reverse of thmt
found in the lesaves only from the seme trees, which indicetes that ealeium
meved from the woody tree parts into the lesvea, MNagunesium concentrstion

wes higher on September 1 In the plus-potsasium trees, but 1t is difficult
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Tsble 10. Concontration of Diffeorent Elements in Whols Pecch Trecs as Affected by Plus and
Minus-Potassiun Nutrition.

Elements as Per Cent of Dry Weight

Calcium Magnesium Potassiun Phosphorus Hitrogen
Date Plus K H#ipus K Plus ¥ Hinus K Plug £ Minus 8 Plus X Minus X Plus K Minus X

7 Z 7 7 7 Z A % A 3

June 1 «233 TR 080 84, oL h8 187 146 .135 «G44 951
Juiy 1 225 « 201 071 065 o439 141 .175 2153 918 887
Aug. 1 <731 192 071 065 537 166 238 202 1.075 <961
Sest. 1 o270 L1856 0,101 L0770 764, J169 285 <220 1457  1.151
Average o240 « 206 0.081 SO .54 o 164 211 177 1.098 0.987

Y g
RN

i e

*Forcentuges on June 1 are sversges of four treesg, on July 1 for three trees, ou
fugust 1 for two tress, and the Seotesnber 1 percentuges from one tree,
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to note any seasonzl trends, Phosphorus concentration increased progrese-
sively in both the plus and minus-potassium trees, whieh corresponds %o
the resulte obtained in the leaves, Nitrogen concentration incroeased
seascnelly in trees receiving both plus and minus-potzassium nutrition
with the exeception of the first month, June 1 %o July 1. This incresse

in nitrogen is eontrary to results obtained in the leaves of the same trees,
where nitrogen decreased on each sampling date. The fact that the per-
centage of nitrogen in the trees decreased between June 1l snd July 1 in
both treatments may be due to a more rapid increase in dry matter during
this period of active growth. The greater increese in nitrogen percentage
in the trees between August 1 and September 1 may be due to slower growth
with continued absorption of nitrogen during this period. The decresse

in potassium percentege in this periocd between June 1 and July 1 suggests
that dry matter content ineressed more rapidly then potassium uptake,

The concentrations of potassium in different tree fraetions from both
plus and nminus~-potassium treatments are sh?wn in Figure 25, Upper, and arve
expressed as an average of four monthly ssmples, June 1 {o September 1,
inclusive, The greatest differences between treatments in potassium con-
centration were in the lesves, followed by the pew roote spnd limbs., The
smallest difference between treatments was in the old, woody peortions, It
is interesting to note that the same order obtzined in the Iractions from
the minus-potassium trees,

The setual emount of potassium in the sazme trses is shown in Figure 25,
Lower. Gresnter uptake of potasszium in plus-potsssium trees vas secounted
for largely by incrsased potassium content of leaves, with comparatively
snall amounts being sceounted for in other tree Trac¢tions,

The per cent of czleium in various tree fractions from both plus-

potassium and minus-potassium troee are shown in Figure 26, Calcium



69

DISTAL LEAVES o
BASAL (EAVES L - 1

NEW ROOTS

._LimBs

- - - oLD ROOTS
- - - SGION TRUNK

- - STOGCK TRUNK

| | . ! | ! ! | |
0a o6 os Lo |2 L4 [ ) 20

K AS PER CENT QOF DRY WEIGHTY

ALL LEAVES _

NEW ROOTS

LiMB S

OLD ROOQOTS

SCION TRUNK

STOC K TRUNK

5 020 0 25 o 30 O 35 O .40 0 4% .50

Figure 25,

Potassium content of wvarious varts of trees showling
incresases resulting from plus-potussium over con-
tinuous minus~poteassium, Upper, per cent of dry
waight, Lower, amount in grams, DBoth are averages
of four ssmplesz at monthly intervels, June 1 to
September 1, inclusive, Black bars denotes minus-
potassium trees; white bars show accumulatlon due to
plus~potsgsivm nutrition.
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concentration in the distzl lesves from the plus~potassium trees wss
almost two times =8 high as 1in the minus-potassium treee, The same was
true in the limbs. The calcium concentration in the new roots, as well
as in the older wocdy portions, was very close to the same under both
treatments,

Basel lenves from plus-potassium end minus-potassium trees were highsr
in magnesium econcentration than distal leaves from both treatments, this
being much more evident in the minus-potassium treatment (Figure 27).
Limbs Trom both treatments contained almost the sume coﬁeentraticn, where-
a8 the new roota were higher in megnesium conesntration from minus-potas-
sium “reas,

The greatest difference in shosphorus ;oncentratioa among the tres
-parts was in the two leafl fraetious, the highest level bsing in those
from the minus-potessium nutrition trees (Figure 28). Limbs from the
minus-~potassium treee were slightly higher in shosphorus thsn those from
the plus-potsssium trees. On the eo£trary. the new roots from the plus-
potsssium trees contained & higher ner cent of phosphorus than ninus-
potassium trees., Differences were very amsall in the woody tree fractions
from the two treatments.

Figure 29 shows the nitrogen pereenisge in the various tres fractions.
Both bassl and distal lerves from rinus-potassiwa trees contzined & higher
conecentration of nitrogen than did the s:me frsetions from plus-pctassium
trees, The nitrogen level in the other tres parts was very close to the
ssme from both plus end minus-potassium trees,

Relative Concentration of Minersl Elements in Lesves and Whole Troes.

Of the elements for which the lesves were analysed, the relative concen-

trations under plus-potassium nutrition in ascending order were: megnesium,
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phosphoerus, ealceium, potessium, and nitrogen, shown in Figure 30,4,
Hitrogen snd potassium were present in Bigher eccncentrations than
caleiunm, phosphorus,‘and magnesiun, the three latter being less than

1 per cent of the dry weight throughout the samplinge pvricd. Hagnesium
increased slightly in the leaves between Jure 1 and July 1, but no
inerease occurred considering the season ss a whole, The concentration
of phosphorus inersaasd slightly bstween June 1 and September 1, but most
of the increase occurred between June 1 and July 1. HNitrogen decreased
from 3.9 to 3.3 per cent from June 1 to July 1 snd then remained approxi-
mately the same. PFPotessium concentration increased rather unifarmiy
throughout the sampling period from l.6 per cent on June 1 to 2.6 per
cent on September 1., Caleium concentration was very low throughout the
sampling period, but more than doubled in concentrstion from June 1 to
September 1, the greatest inereass occurring during June. The coneentra-
tions of theese elements in the lesves from minus-potassium nmatrition
trees are shown in Figure 30;8, for comparison, The dnta shown in Figuvre
30,A, and B, sre the zsme a5 those prssented in tebular form in Taeble G,
) The relative concentration of different elements in the trees ss a
whole, which received plus-potassium nutrition, sre presented in Figure 31,
The magnitude of the different concentrations from June 1 to Septenmber 1,
inclusive, was calculated from ihe same trses from whieh the leaves were
téken, as was presented in Figure 30,A. The percentage levels at the
beginning of the sesson, when the itrees :ore planted, were in the followe
ing ascending order; magnesium, phosphorus, calcium, potassium, snd
nitrogen. Of the several dates on which samgles were taken, each element
was present in its highesi coneentration on September 1, Both nitrogen

and potassium increased in cencentration rather rapidly from April 10 to
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June 1, then inereased slowly during June and July. During August a
rapid increase in concentration of these two elements sgasin occurred;
nitrogen concentration inereansged about 0.4 and potassium about 0.25 per
cent during this month., The pericd of slow increase Trom June 1 to.
Avgust 1 indicates that the proportion of dry matter iﬁereaae %o nitrogen
and potassium increase wes grester during this time then the preceding
or succeeding periocd. The curves for calelunm end magnesium showed & much
smaller seasonal chenge on a percentsge basis. Phosphorus, though
present in considerably lower concentration than nitrogen or gotassiunm,
increased steadily between June 1 and September 1, practically doubling
in concentration during this time. In the tress considered as s whols,
the concentrations of «ll elements were lower on December 18, which was
after lesf fall, than on September 1, The grestest decreases during this
period were in potassium and nitrogen.

A comparison of seasonal trends in the leaves and whole trees re-
ceiving plus-potassium nutrition cen be seer in Figures 30,4, and 31,
The outstanding contrset wss in the aitrogen concentration, whieh increszsed
considerably in the whole trees from June 1 30 September 1, whereas, a
deersase occurrsd in the lesves during this time. In both lesves and
whole trees, magnesium showed practiceally po incresse, whereas jotas-
siun increased conelderably. Phosphorus concentratlion increased season-~
zlly in whole trees more than in the lesves oply, but caleiun incressed

more in the lesves then in whole trses,

Amount of Mineral Elements in Entire Trees and in Trees Excluding

the Leaves, Table 1l shows the total amount of potassium, ezlcium,
magnesium, phosphorus, and nitrogen, both ineluding and excluding leaves,

from tres=s which recsived continuous plus snd continuous minus-potussium
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nutrition., These data show that the plus-potassium nutrition resulted

in a grester quantity of these elements being present, on praetically
all sempling dates, in the plus-potessium trees as compared to the minus=
potassium trees, This was true whether or not the leaves are includsd.

The same dsta Tor potassium are presented graphicnlly in Figure 32.
The amounts present on different dates throughout the seagon in the minus-
potassium series, indicate that no incresase in total potassium occurred,
sinee the curve representing the entire tree zg well as that for tress
exeluding the lesaves, are approximatsly parallél. Haed the minus-potas-
sium trees all been exuctly the sams in potassium content &t the beginning,
the curve for the entire tree would ecneeivably have been entirely
straight, since they recelved no additional potassium.

The curves for the plus-potassium trees show that the greaster amount
of the potassium absorbed by the trees moved into the leaves. The moat
rapid increese in potassium content occurred in the month of August. If
additional samples had been taken between September 1 and December 18,
the straight curve for the whole tree during this period msy not have
obtained, but the facet that no inerease tock place after September 1 in
the portion exeluding the leaves, indicates that little or no potessium

weg translocated from the lesaves to the woody portions prior to leaf fsll,

Mineral Uptake by Trees Expressed in Absclute Amounts. Data in

Table 12 show the percentage of the various selements and the per cent dry
weight of the six extre trees, which were sampled and analyzed at the be-
ginning of the experiment. The meun yalues for these trees were used in
estinating the per cent dry welght and the smounts of each element present
in experimenial trees ot the time they were planted, Although it is

recognized that this would not give absolutely eorreet values, it should
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’

eluding

leaves, receiving contimuous plus-potassium and continuous

ninus~potassium nutrition,



Table 12,

at Beginning of Experiment.
Were Planted).

Mineral Content and Dry Weight of Six Individual Trees

{Based on Trees as They

Tree Calcium Magnesium Potassium Phosphorus HNitrogen Weight
% % % % % %
1 +130 082 « 202 »120 +758 484
2 «167 «053 162 +105 826 5041
3 162 068 211 <111 $T76 48,3
4 o214 + 059 248 096 «817 4943
5 «194 «08%1 +206 091 718 48,8
6 913@ 104-1 ¢2ﬂ QOG‘A ‘711 5602
Average .166 0K/ »208 097 <767 L9.2

79
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furnish a feirly asccurate method of determining increuses in nineral
content and dry weight of the individual trees as they weres periodically
2 mpled through the season., By such casleculstions, the estimated dry
welght and mineral content in the tress at the beginning of the test
were derived and are recorded in Appendix Tables 2 and 4, respectively.
In these tables, such values are given only for trees which were sub-
seguently sampled,

The amounts of the various elements contained by the trees on all
sempling dates are recorded in Appendix Taeble 5, Increases in potassium,
‘over the estimated origimel smount, throughout the seasson in the various
treatments were in sccord with the changes made in potasssium nutrition.
Thege inerecases are recorded, as well ag the increases of the othsr
elements in the same trees, in Appendix fahle 6. Ineresses in potasg-
sium occurring in trees from five of the nine trestments are shown in
Figure 33, The fact that the trees reprssented in this figure showed a2
logs of potassium on July 1 and August 1, may be accounted for by the
faet, as has slresdy been stated, that the original estim&tes of amounts
of elements present at the start are likely to be slightly inaccurste
for sny individual tree. When potassium was supplied t0 or withheld
from a tree, the amount of potassium increased or deereased asccordingly.
In the (- = £ £) =2nd (- - - £) treatments, the potassium increased
to about the same extent one month followling each change to plus-potassium
nutrition.

The actual incresses in eslelum, magnesium, phosphorus, and nitrogen
that had accumulated by September 1 in sll treatments are presented in
Figures 34 and 35. Potassium 1s plotted in both for comparative purposes,

On September 1, after sll treatment alternstions had been made, the amount
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-of potassium accumulation that had occurred was higher, corresponding

1¢ the length of time the trees had received potassium. Doth caleium
and magnesium increased 10 a lesser extent in trees that received the
least amount of potassium. In other words, when the pobassium accumula-
tion was high or low, the accumulation of esleium and magnesium was,

in most instancés, correspondingly high or low. The sume was true of
phosphorus and nitrogen asg is shown in Figure 35. From the data imn
Figures 34 and 35 it can be seen thait potassium nutrition dﬁring the
early part of the season resulted in grester inoreases in calcium, msg-
nesium, phosphorus, end nitrogen than when spplied lster in the season.
For e?ample, in the (£ £ £ =) series, these eclements increased in grester
quantity by September 1 than in the {- £ # £} series,

The seasonal increases of all selements thst occcurred above the
egtimated originsl amounts under normal eontinuous plus~-potassium
nutrition .are shown in Figure 36. The increascs of the various elements,
for the season as a whole, in sseending order were magnesium, csleium,
phosphorus, potassium, snd nitrogen, Nitrogsn wss sbsorbed in consider-
ebly grsster guantity thon the other elements., The amount of the total
increase that remained in the trees after leaf fnll was alsc much grester
for nitrogen than for sny other element. Practically all the increase
in magnesium was lost at leafl fzll, but sas for the othsr elements, the
trees maintained at least = part of the incrszased amounts after leuf fall,
Potassium was lost in phe falling leaves in relatively greater amouuts
tusn the other slements.

The actual incresases of the various elements in whole trees under
minus-potassium nutrition are shown in Figure 37. By comparing this with

Figure 36, it is easily seen that the various elements were absorbed in

“
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Increase in grams of various elements occurring in whole
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much smaller quantities by the minus-potassium trees. The inersass of
the various elements in ascending order was similar to thé% which occurred
in the plus-potassium trees, excspt for potassium which did not increase,
since none was supplied. The patésaium curve shows that in the fulling
lesves ths trees losgt potassium, which resulted in an actual seasonal
decresse, Both ealolum and msgnesium ineressed slightly in the minus-

potagsium trees throughout the sesson, but lost this incresse in the fslle-

ing leaveg, thus resulting in no seasonsl increasse.

Proportionate Distribution of Minerals in Various Tree Fractions,

In the following grsphs (Figﬁres 38 through 42), data sre presented on
the proportionate digtribution of different elements in variocus tres
ffactions, the amounts being expresszed as the percentsge of the sbaolute
total in the whole tree. The propertionste amounts for June 1 =and
September 1 of the econtinuous 2lus-~potegsiuvm and minus-potassiun trees
are pregented graphically se typleal of treatment and seasonal trends.
Since thesa graphs sre self explanstory, only brief consideration will
be given them in the text. The numerical data for =1l treatments are
given in detsil in Appendix Tables 16 through 20.

For 21l slements except phospgherus, the proportion present in the
leaves on both June 1 and September 1 was higher from plus-petzassium than
from minug-potassiun trecs, phosphorus showinz uo eppreciable difference
betwser the ireatments, New growth, other then th=t of the lesvem, i.s.,
naw roots and limbs, in general, contsinsd all elements in larger propor-
tion in trees under plug-potassium nutrition than under minus~potassium
nutrition, In contrast, the older portiouns, i.e., sclon trunks, stock
trunks, and old roots, in some instsnces eontanined 2ll slements in larger

proportions in minus-potassium thasn in plus-potsssium trees.
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Ap is easily noticed in the pie-graphe, the proportionate smounts
of the eslements presert In the lesves under both plus zund nminus-potas-
sium nutrition, normslly inecressed from June 1 to Seitember 1. "Hitrogen
wze sn exception, which decremsed under both trestnents, 4n increzse
wzg also generally noted for other new growth, i.e., limbs acd new roots,
under both treustments. ~rotassium in new roots was the notable exception,’
which decrsvsed under both treatments between June 1 and September 1.
This might be expected in li_ht of the fasct th.t the actual per cent of
potassium 1In the new voots decreased rspidly between June 1 sud July 1,
es wae ghown in Figure 20, 4, =nd B,

More detailed dstz on the psrcentage of the uvotal elements present
in whole trees found in the lenves on different dstes are shown in
Table 15. The proportion:te percentage of czleium present in the leaves
incrensed seszscnally in both plus snd minus-potassium treztments, the
greater inereszse being in the former. The yroportionste percentage of
magnesium ineressed under both treztnents, being élighﬁly grezter under
plus-potassium nutrition. The per cent of total potassium ip the tree
present in the lezves, increased about 20 per cent between June 1 azad
September 1 in the plus-potassium trees, but leaves from minus-potassium
troes showed very little incresse bLetween these dstes., Ths per cent of
the tei=l tree jhosphorus jresent in tlhe lesves on Septembar 1 was slight-
1y higher thsn on June 1, but the increase wes not manifested sezsgonally.
The proportionate percentage of the totul tree nitrogen present in the
lecves decressed &s the season progressed to about the same exient under
both plus and minus-pctassium nutrition.

In comparing the proportionate smounts of the elements present in

the leaves under both plus =nd minus-potassium nutrition oo the same dates,
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it can be noted (Table 13) that a swaller .rogortionate percentuge of
cgleium, magnesium, potassiuxn, and nitrogen zccumulated in the leaves
under mipus-potassium nutrition.

Table 14 shows the propertionste comcentration of potsssium in
different tree fractions from both plus and minus-potassium treatments.
It is evident that the scion trunk, stock truank, and old roots from trees
under minuves-potassium nutrition contained a highesr proportion of the
total potassium than the ssme fractions from trees which received plus-
potassium antrition. Thess three fractions consigted of the ectual
tree as it was pluented, the other fractions being the current season's
growth. In the new growth of leaves and new roots, tue proportionate
parcentage of the total poteseium in these parts was hizgher in trees
from the plus-potassium than in minus-potmssium trees. This, howsever,

was not the cuse in the limbs.

Field Growth Response in 1949 of Certain Trees Used im Greenhouse

Experiment in 1948. After all samples were obtzined from the gresnhouse

experiment in 1948, Tour blocks (36 trees) remained, These trees were
planted in the field on December 11, 1948 to determine differences in
growth and potassium content, whieh might be csused by the previous
season's treatments in sand culture.

In the spring of 194G, all of the trees started growing vigorously,
except Tor s=n indiestion that they needed nitrogen; therefors, about one-
fourth pound of nitrate of scda was spread sround each tree. From then
on all of the treses mude excellent growith; the foliage was normel green
in color =nd no symptoms of potassium deficiency were wppavrent in any
of tha trees, There were no vigible differences between the trees which
had received gotassium the previous swwier in sand culture and those whiech

had not.
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Leal pamples were taken from the trees on three dates during the
sumrer. Ten leaves were taken per tree from the median portion of the
shoots, and leaves from treee»which had received the same potassiun
treciments in the greenhouse were composited inte one sample. The rew
sults of the potassium determinations sre preseunted in Table 15, It is
plainly evident, siuce leaves from =211 the treatments were very similer
in potaseiun coucentiration, thut the tress which had received no potassium
the previous swumey were able 1o sbsorb adequate potassium for thelr
needs.

The trunk dismeters of these trees after a years growth in the field,
a8 measurad an.Seﬁtemhe: 28, 1549 are presented in Table 1l&é. An anslysis
of varisnce of these data revealed no significant differences which might
have been caused by the treostments in tlhs grsenhouse the previouz sumner.
It hss been shown previously (Table 7} that the tree trunke made very
little growth in sand culture in the greeanhouse, whereas the asume trees
planted in the field for one seascn made good growth.

Since it was found in the greenhouse study that incrsase iun weight
gave the best measure of the effect of potassium on growth, 21l of the
troes were dug in December 1949, after one year in the field. Digzing
was begun about twoe and one-~half feet from the trunks and as many of the
roots were saved as wes possible, The roots had made good growth, and
extended beyond the spread of the branches. The total weights of the treces
are shown in Table 17. An anslysis of varisnce of the data showed that
there was no gignificant differences among the verious treatments.

In order to determine if a lack of potassium in young ceach trses
when set out might result in a small ratio of roots to tops, the trees,

when dug, were sawed in two at the point of bud union snd the weights of



Table 15. Potassium Percentage in leaves from Pesch Trees Grown in
Field During Summer of 1949, Which Had Received Different
Potassium Treatments in Sand Culture the Previous Year, 1948,

June 23, Aug. 22, Sept. 28,
Greenhouse Trestment - 1948 1949 1949 1949
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Teble 16. Trunk Diameter of Peach Trees on September 28, 1949 Afier

One Year in the Field, Having Grown in Sand Culture

Experiment in 1948.
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Table 17. Total Weight of Peach Trees in December, 1949 After One Yesr
in the Field, Having Grown in Send Culture Experiment in 1948,

Weight
Treatment in Greenhouse, 1948 {Kg)
###%.Q.C.‘ﬂ.‘r".d&""t&".%..‘ 3046

7‘)"DOOOQoOQOQQ.o‘QQOQOQOOOOQVO! 3ehl
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the two portions recorded., The top-root ratiocs proved 10 be quite

similar in 2ll %restments, es shown below, Eseh ratio is sn average of

four trees.

Traatment Top-Root ratio
# ; % } . L . - - - « ¢ = e « ¢ & & 130)?79
; f, 7[ - a & « 13 . - Ll . = . - . L I} l: 10105
% 7’ bl SN D 2 I T D D D B L R N D B 1: 10172
{ el S T T S Y - [] . . e @ . L ) LI lz 1&027
- 7{. 71 ]l 5 & = 8 9 3 * s e & e o B l: 10652
- - % % ® ® & & # ® & e & = &« @ % = 1: 10123
.- - # €« 9 & s+ 2 & 3 8 o * 2 e & @ 1= 1!1-}-“:
bl 2 ] LI ) - Y . . . e . - . . l: 11165

The following fzets were revesled by the anslysis of the topsoll
and subscil samples whick were token from the plot where the trees were
plunted, The pH of the topsoil was AL.9 ond the subsoil, 4.5. There was
0.6 per cent organie matter in the topscll and praeticelly none in the
subsoil, Czlecium was available in very small smounts, magnesium in medium
emounta, nitrate nitrogen in sm=ll amounts, amuoniz  nitrogen in very
smell amounts, and phesphorus in very smsll smounts in both topsoil and
subsoil. Aluminum was avasileble in small amounts in the topsoil and in
kizh amounts in the subsoil, whereas, masngenese was asvailable in medium
amounts and small amounts in the sams soll Traciions, respectively. As
has besn shown previocusly, no evidences of potasaium deficlency wss
appsrent either from visual symptoms or chemieal analyses, yet according
to the soil tests, potassium was available only im emell amounts in the
topscll and in very small amounts in the subsoil. These facts would seem
to indicate that If potassium is present in available form in the soil,
young peach trees will absorb it and the roots will develop pormelly

seven though low cr defleient in potamesium when planted.



PART 2
POTASSIUM NUTRITION STUDIES UNMDER FINLD CONDITIONS
MATERTALS AND NETHODS

Fertilizer Plots, The fertilizer study was conducted in s block
of Shippers Late Red peach trees in the R, S. Dillon orchard near Haneock,
Maryland. The study wss begun in the summsy of 1947, at which time the
trees were in thelr sscond year of'growth. Some of these trees hed shown
foliar symptoms the previousg year, believed to be caused dy & luck of
potassium, and the same season responded within = pesriod of a few weeks
tc an applieation of potassium fertilizer,

Previous cultural practice, which was continued throughout the ex-~
periment, consisted of cultivation elose to the trees with s sumier cover
erop growing between rows, The trees recelved annusl apslications of
nitrogen, but were given no other fertilizers, except those which werse
ap.lied for purposes of the experiment. The cover erop, however, was
given applications of a complete fertilizer comparsbls to stapdard proctice.

The orchard was planted in straight rows regardless of the eontour
of the land. Part of thes orchard was fairly level, but a portion sloped
off to & wooded area., In selecting the trses for the experiment, the
lower areas werae avoided, as well ss trees which wers smaller than average
in size.

Four blocke were laid out contalping thirty-six trees each, with six

treatments per block, making six trees per treztment as given in Table 18,

99
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Table 18. Trestments Applied to Fertilizer Plots on August 14, 1947*

: ¢ NUMBER :
H : OF :
1 BLOCK: THELATMENT PER TRIE : TREES :
: 3 . : s
: : 1. Straw muleh, 40 1b8., —c—e—mmmaax e et e o i : 5 3
: : 2. 20% Super phosphate, 5 lb8. =~——m——rmemecommee e : 6
+ J t 3. Potassium chloride, 1 1b. ! 40 1lbs, straw nulch : 6 :
: 1 2 s
: ! 4. Potassium chloride, 1 1b. ==—memmmmemcmc e : 6
: i 5, Potassium chlorids, 1 1b. ¢ 20% Super phos., 5 lbs. : 6 :
: ! 6. ChOEK ——mm e e : 6 :
: i H :
: K ¢ DUPLICATE OF BLOCK J wecmcmm e i n i e o v v ot : 36
: : ‘ : :
: ! 1. Potassium chloride, & 1D ==em—emeemm— e : 6 1
: : 2. Potassium chloride, 1 1lb, =wremmmmecc e : & 1t
i L : 3, Potassiun chloride, 2 lbs, ——=-—emmmemcm— e - : 6
s $ H :
: ! 4. Potassium chloride, 4 1lbS, =—mm—memeemme e : &
s ¢! 5., Ammonium nitrate, 2 1b8y =—memmcmme e ——— ! 6 :
: 1 6e CHEOK mmmmoe mm e e e : 6 3
s M o DUPLICATE OF BLOGK L —-vmmecmmcn—- o o o o e e o 2 e 2 e e H 36
: H H H
H 3 : H
: : Total ruber of treed ———-mmemcer o e : 144 ¢
: : 3

#

The szme fertilizers were applied again on June 25, 1948 with the
exception that no additionsl straw was added,
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The treatments were ap:lied on Auguet 14, 1947 snd were repsated on
June 25, 1948, with the exception that no additionsl straw was added to
those trees which recelved it in 1947.

Leaf samples were teaken on the same duy the first treatments were
applied in 1947. Two subsegquent samples were taken the szme f=11 sand two
samples each of the Tollowing two years, 1948 and 1949, The leaves were
taken from the median portion of well 3Jeveloped terminal branches zround
the periphery of the trees at a heighi of sbout four to six feet, Fifteen
leaves were taken per tree, Lesves from the 8ix trees in ezch treatment
wera composited into a single sample. On sampling dutes when there was
any viglble evidence of spray residue, the leaves were wzsied for one
minute in 1 per cent hydrochloric acid solution, If they could not be
washed the same day, they were stored overnight in a8 A0 degree F room
until the mext day. The leaves were dried in s forced draft oven at
80 degress C and dry weights recorded, Grinding wss done in & Wiley Kill

equlpped with a 40-mesh sc¢reen.

Potassium Bpray Applications. In the same orchard in which the ferti-

lizer plots were located, five blocks of twelve trees sach were selected
for applieations of potassium~carrying foliar sprays. The following
materials were used in amounts to equal 1 per cent potassium in the spray
solution: potassium nitrstie, potassium chloride, potassium phosphsate, and
potegssium tartrate, The fifth block wae a check, ZEach spray material
was applied to twelve trees, esch tree being thoroughly sprayed three
times, with time being sllowed between applieations for the leaves fo dry.
On the day the sprays were applied, September 11, 1947, but before
spraying, leaf sumples were taken from each block consisting ¢f the lowest

leaf on thrsee~inch terminsl twigs, the twigs =lso being tsken for chemical
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analyais. Twelve such twigs were tuken per tree making 72 twige zand leaves,
respectively, per sample. A series of leaf and twig samples were taken
again on October 17, 1947. The following spring, on April 3, 1948, more
three-inch terminsl twlg samples, consisting of 1947 growth, were taken
just prior to time of blooming.

On the day the sprays were applied, but after the leaves had dried,
duplicate leaf samples were taken from esch spray treatment. The purpose
of these duplicate samples was to run snslyses on one which was washed 1n
1 per cent hydrochloric acid solution, and on the othsr without washing

to determine the effect of washing on potassium concentration.

Chemical Procedure. Samples were sshed in the same menner as was

described in Psrt 1 for the gresnhousse materisl snd snalyses were determined
for the s=me elements, i,.,s., ealelum, megnesium, potassium, phosphorus,

and nitrozen. The methods of determinstion were the ssme as used in the
greenhouse study, except fcr the ssmples taken from the fertilizer and

spray plots in 1947. On these gamples, ealecium was determined by the
method as outlined by the Assoeimition of Officizl Agricultursl Chemists

{1) and potmesium wzr determined with e Perkin~Elmer Model 18 Flame Photo-
meter. Magnesium, phosphorus, and nitrogen wers determined by the same

methods for sll samples, both in field and greenhouse studies.

Soil Bampling. Soil ssmples were taken on November 11, 1947, ap-

proximately three months after the first fertilizer applieation., These
were tazken around the trees where the fertilizers had been applied, and
also, a representative sample was taken from the middles of the rows in
eech block, Twenty ssmples were teken to a depth of twelve inches and
were divided into three portions, 0-3 inches, 3-6 inches, and 6-12 inches,

These were analyzed for availsble ealeium, megnssium, sluminum, irom,
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nitrate nitrogen, ammonis nitrogen, phosphorus, potassium, and manganeses,
by the methods used by the Soll Testing Serviee of the Agronomy Depart-
ment at the University of Maryland. The results of the teasts are dis-
cussed, using the availability designations employed by the Soil Testing

Service., No specific quantities are associated with these designations.

The per cent of organic matter and pH was also determined.
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EXPERIMENTAL RLSULTS

Effect of Fertilizer Treatments on Potessium Content of lLeavea., The

data from all the snalyses of the leaves from the fertilizer plots are
presented in Appendix Tables 21 to 25. The results of the potassium
snalyses only are shown in Table 19, The figures for the duplicate blocks
are given as aversges of the two., 4t the first sampling, on August 14,
1947, the potassium vercentage renged from 1 to 1.5 and incrzased subse-
quently, being higher on October 17. It is not bslieved that these increases
were due to the fertilizer appliestions, since the inecresses were of about
the same nagnitude in plots which received no potassium as for those which
received potascium. The effects of the potassium fertilizer was evident,
however, in the 1948 samples. In blocks J and K, no tree in any plot re-
ceived over one pound of potassium chloride, yet on both June 25 and Sep-
tember 10, 1948, these trees had a higher per cent of potassium in the
leaves than the check. The lesves from the plots which received straw
mulch were slso slightly higher in potassium pereentsge than those which
received no potassium, indieating that the muleb had the effect of making
more potaszium availaeble from the soil. The same influence of the mulch
was also shown in the plots whieh received straw mulch in addition to one
pound of potsssium chloride,

In blocks L and ¥, trees in the plots which received from one-half
up to four pounds of potussium chloride, contzined a higher per cent of
potassium in the leaves on both June 25 and September 10, 1948, in line
with the higher potassium spplications., On both dates the per cent of
potasgsium present in the leaves of trees which had received four pounds
of potassium chloride was over 1 per cent higher thar for the check tress
on the same dates, As in 1947, the potassium concentration was higher on

the lsater ssmpling dates in sll treatments,



Toatle 19 Potuss rercentoge in Pe-ch Lesves Frow Trees in Vertilizer Plote® (Dry Weight Besis)

Traeatment Alggs Lég June 25 Sept. 10, June 5, Sept. 15,
Per Tree 1¢47 1948 1948 1949 1946
G . E [
“ % % %

Strow mulch -~ 40 lbs. 1.19 Yedw 160 1.6 1.68 1.62 1.70
P2 08, 5 ilbs, 1e50 L.45 1,78 1.21 1.40 1.45 1.37
KC1 1 1b, F L0 lbs. straw 1.1 127 1.56 %4073 Ze23 “e33 “eld
£C1L 1 1b, | A le52 Leé2 1.76 <el7 2«00

1.60 1.9z 2ol 2400

KCL 1 1b. - v O, 5 lbs.
Cneok (Wo fertilizer) 7 1.6 l.41 1.51 1.51 1.62

Moo H

o ey

B
L
C EC1 » 1b,
C

; 142G Le32 1.56 170 1.70

KCi 1 1b. AR le51 1.81 Ze20 2.00

K ECL 7 lvs. 1.5% 1L.98 207 Ze58 234

L 1lbo. 1.6 T3k Zeb¥ 294 Z.66

L Ly NOq o 1be, , lede Lo 1.75 1,51 1.56

& Chaeck (No fertilizer) 1.5% Le 36 120 1.33 1.54 1.51
¥

rovescating twelve treos,.
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The straw applications, whiech were made in August 1947, were apperent-
ly s8till somewhat effective in affecting potassium availability in 1949,
This was evident in the plots which received one pound of potassium chloride
plus straw muleh in blocks J and X, as the leaves from these nlota had a
8lightly higher concentration of potassium on both sampling dates than did
those plots which received one pound of potsassiwn chloride per tree but
no straw.

The hesnvier applications of sotassium fertilizer to some plots in
blocks L and M were still very noticeable in the potassium levels present
in the leaves in 1949, even though the last fertilizers were applied in
June, 1948, The leaves from trees in plots which received four pounds of
potassium chloride per tree contained almost 3 per cent potessium on
June 25, whiech was practically double the concentration present in the
leaves from the check plots or in the ammonium nitrate and supsr phosphste
plots,

One striking difference in the potessium concentrations in 1949 was
the lower level on the later sampling date in most instances, whereas, in
the two previous years the concentrstions were higher on tne later dates.

None of the samples taken in 1947 showed potesasiuvm concentrations as
high as 2 per cent, On both sumpling dates in 1949, lesves from all plots
having received as much &8s one pound of potassium chloride per tree per
fertilizer applieation, contained X per cent potassium or more, whereas
leaves from all other treatments contained less tham 2 per cent, The trees
that received no potassium were maintsining a potassium level of about
1.5 per cent in their leuves,

The number of lesves and dry weights of the lea? semples taken from
th? fewtilizer plots were recorded. The aversge weight ver losf from the

different treatments on =211 sampling dates 1s shown ip Table 20. In 1947,



Lenves on Different

Table 20. Aversge wWelght Per Leafl e
Dates . com Fertilizer Plots

: tAUg. L4, ¢ Seot. 12, ¢ Oet. 17, ;o Sept. 10, ¢ June 25, @ Sept. 15,:
Trestuent Ter Tree : Block ¢ 1947 : 1947 : 1447 3 : 1945 1949 : 1949 ¢
: : g . H Wil : Mo H : 1T : M e : M e :
Straw muleh SO 24 % 350 @ 3030 2710 s L : 255 3 368
" # L 81 17 314 @ BT g L1 ¢ 265 A07
5 lbs. Super phosyhate 0 J ¢ 297t 5477 8 526 s 276 L26 ¢ 255 3 33
" ¥ " : K 2735z 281 27T s 286 3 L300 3 247 ¢ 3Gz @
KC1 1 1p. olus straw : J : 241 : “0z : : 3000 A S 22 i 398 @
"ooon " » : K 261 352 : 288 @ 41 : 256 396
XC1 1 1b. : J H 293 : 37 : : 277 430 3 2,8 377
wow i K 290 b : 288 L6O 290 42 :
KCL 1 1b. # 5 ibs.
Super phoschate H J : Z51 : : H =B 2 431z 273 @ 390 @
i it n s T B =67 s : : 5010 s L52 i 271 ¢ 411 ¢
Check s J EESTRE H : 271 % 435 3 253 3 380 ¢
" : K 29t : H ZBL 2 411 s 264 386 i
v 1b. L wbz : H e 3 405 258 394z
wooE oW FI " S €3 : H 66 3 456 s 251 @ 372
£C1 1 1b, ¢ Lo o281 : 8 : 454 ¢ 267 386
wovoon S S 230 ¢ : : : L56 @ 265 390 @
KCl 2 lus. : L 260 : : 250 1 458 6L 393 ¢
Woowoom s 0¥ 295 s : : 3110 L78 3 256 @ 385 ¢
RC1 L 1b8e : Lo =68 : : 297 433 66 90 3
oo ow PO VA 263 : o7 s LS 480 3 216 376 ¢
2 lba. bAmm. nitrate S 271 ¢ : : <68 475 ¢ 238 387
v # " s M 3 <7 : : 295 ¢ Ll 264 s 395 3
Check H L : 2z : : : <80 : 431 ¢ <55 : g8
Cheeck : M : a7y : 2 : 275 s 481 3 z53 @ 378 ¢
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the leaves increased in dry weight between August 14 and Septewber 12,
but by Oetober 17 the leaves from a large msjority of the plots had de-
creased somewhat in dry welght. The results of 1948 and 1949 showed thet
the dry welght of lesnves incressed considerably betwsen the lstter psrt

of June and about the middle of September.

Potassium Spray Applications. All samples taken in comnection with

the spray applications were snalyzed for calcium, magnesium, potassium,
phosphorus, and nitrogen. These data are presented in Appendix Tables 26
and 27, OFf especisl Iinterest were the results of the potassium anslyses,
to determine if there was any indiestion thet poteasium was absorbed by
the lemves or terminal twigs. These data are shown in Table 21, Before
sprays were applied on September 11, the leaves from all five blocks wsre
uniform in potasszium concentration., On the same day, but after the sprays
were applied, the lesves were spproximately 0.6 per cent higher in potes-
sium than before the sprays were applisd; the potassium concentration was
about the same, whether the leaves were washed in 1 per cent hydrochloric
aeid or not. On Oetcber 17, the lsaves from trees which had been sprayed
Btill contained a alightly higher conecentration of potassium than did the
checi.

The three-inch terminal twigs contained ayproximately 0.5 per cent
potassium before sprays were applied on September 11, and 211 had increas-
ed somewhat by Octobsr 17, but it is doubtful if the C(ifferences were
caused by the sprays, since the check increcsed almost as much., Potassium
concentration in the twigs on April 3 of the following yesr was slightly

higher in the sprey plots than in the check plot.
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Table 21. Potassium in Leeves and Three-inch Terminal Twigs Before and
After Potassium Spray Applications. Expressed as Peveent of

Dry VWeight.

Lsaf Samples

Septe 11, 1947

Oct. 17, 1947

Potassium Tartrate

: : H :
K : ! Washed ¢ Unwashed : :
t Spray Treatment : Laelore @ after : after :
: ¢ Sprays ¢ Sprays : Sprays : :
: 3 : : H :
% * % o :

Cheek 1,33 - - 1.51 :
Potassium Nitrate l.46 ~el2 2,16 1.95 :
Potassium Chloride 1.31 2.06 2.18 1.76 :
Potassium Phosphuate 1.38 241l 2.03 1.76 :
1.47 1.94 2.09 1.95_ :

Twig Semples

Spray Tr&atmsnt

s ev

Bept. 11, 1947
Before Spraysa

ar e

Oct. 17, 1947

*e o2

AP}?. 3, 19483

Check
Potassium Nitrate
Potassium Chloride
Potessium Phosphate
Potassium Tartrate

W

00000
BSEEv
0 O ™ i~ -3

%

Ce54
055
0.59
0.58
056

%

3

0.92
0.97
0.97
0.97

s 28 o HF &+ 3 ed e s
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Soil Samplese The fertilizer mﬁtaria;s, when applied in August 1947,
were scattered uniformly under and beyond the spread of the branches, On
November 20, 1947 soll asmples were teksn around the trees where the ferti-
lizers bsd been applied =znd also from the middles of the rows in the various
blocks. Twenty samples were taken, which were divided into thres sections
recording to depth, i.e., 0 to 3, 3 to 6, and 6 to 12 inches, The purpose
of trking soil s=mples was to gein some information sm to the general cone
dition of the soil, as well as available nutrient slement constituents,
and also, to determine whether Or not the epplied potaszium Tertilizer
materials had penetrsted into the scil to any extent.

The soil type was elassified as s8ilt loam, The pH of the upper three
inehes of soil was, in most instances, between six and seven. Soil from the
3 %o 6 inch level was much lower, being close %0 4.5 in most ssmples, The

”~y

organic matter content of the upyer 8ix inches ranged from 1 to Z per cent,
but in some inst=znces was below 1 per cent in the 6 to 12 inch level.
Nutrient elements were messured in terms of availability and expressed
by the following terms: very high, high, medium, small, very small, detecta-
ble, and none. No potassium wss available st the 6 to 12 inch depth; hence,
only the data for the 0 t0 3 and 3 to 6 inch depths are presented (Table 22).
These results show that the potassium fertilizers applied approximately
three months earlier hsd inereused the amount of availsble potassium in the
soil. This effeet was most pronounced in the upper three inches. In blocks
L snd ¥, only where four pounds of potassium chloride were applied, & very
small smount of potassium was found to be availsble at the 3 to 6 inch depth.
The only places where medium amounts of potassium were available were in
the plots having received two =nd four pounds of potassium chloride in

blocks L and M, snd in the middle of the rows in block X, where fertillzer
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22. Available Potassium in Field Plots Approximztely Thres Months

After Potaesiun Fertilizer Applications *

5LOCK :

Loeation from which sample was taken 1 J J K K :

: 0 to 3t 3 to 62 0 to 3 3 to 6

¢ inchest inches: inches! inches @

H H H 5 :

H H s H H

KCl 1 pound plus straw mulch —meweem- H L H - : L H - :
KCl 1 pound ~wvemmmm e H L t - : T H T s
] : : b1 H

Straw ERleh ~—eemec e e H L H - 3 T 2 - 3
: 3 H : 3

Chetk —-—emmem e e e : T H - H T : - H
H : : 2 H

Middle of POWS ~w—wemwram—c————— : T - 3 M H - H
$ H : : :

H BLOCK t

: L 1 L 3 4 : B :

: O to 3t 3 to 62 0 to 3 3 to 6 ¢

: inches! inches: inchesat inches @

$ 3 ¢ i :

H : B : :

EClL 1 pound —~meme—e—- = o e o o o st - 3 L : - H T H - H
: s : H g

KCl 2 pounds m—o—memwrceamm o e e s M : - : ¥ o - :
KCl 4 DPOUNAS ~=—wcommcmcmanc o ————— : M : T : ¥ T :
: : : $ :

Check me-memmc e - ————— ————— : T H - : T : - :
: : : H H

Hiddle of rows ———-wme—cem————— —————§ T : T H T b - §
: : H : :

* Key to availability test symbole

i e

Moedium smount
Small amount
Very small amount
None
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had been applied t0 the cover cron. In]the check plots, where no potzs-
sium was sgplied, only the O to 3 inch level had any available potassium
and that in very smzll amounts only.

Avallable caleium was high in the upper six inches of blocks J and K
and was present mostly in very small amounts at the 6 to 12 inch depth,

In blocks L and ¥, available ecalcium was more variasble in the upper levels,
but was hizh in the majority of cases in the 0 to 3 inch depth. A8 was
true in blocks J and X, only a very smasll amount of calcium was available
at 6 to 12 inches,

Available megnesium was present in high to very high amounts in the
upper six inches of soil and in low t0 medium amounts in the 6 to 12 inch
depth in blocks J snd K, In blocks L and M, avalleble magnesium was
medium in most instances in the upper six inches and low in the next six
inches,

Avallable aluminum was found almost execlusively in the 6 to 12 inch
depth and ranged from high to low,

Both nitrate apd smmonia nitrogen were aveilable in praeticslly »ll
szmples at all depths, but usually in only detectable or very small amounts.

Phosphorus was present, available in detectsble to small amounts, being
found in blocks J and K in more instences than blocks L and M} in the
latter block, even a detectable emount was found in only one instance,

Manganese was found in all s:=mples at all depths, ususlly in detectable

amounts only.



DISCUSSION

It was fovrmerly the concensus of those engaged in fruit growing that
nltrogen was the only slement needed in fertilization of fruit trees,
Recom+endations to this effect ars still given for orchards in deep,
fertile soils where no symptoms have suypeared indicating the lack of
other elements. Certain investigators in this country failed to show any
definite beneficial response from the application of potassium to fruit
troes under orchard conditionse, Chandler, 1934 and 1936 (10), (11),

Potter and Percival, 1938 (29) and Potter and Fisher, 1939 (28). Other
workers, however, have obisiped a favorable vresponse from soil sppli-
cations of potassium carrying fertilizers, Rawl, 1936 (31), Dunbar and
Anthony, 1938 (17}, and Burrell =nd Boynton, 1943 (9). These workers
observed an sbnormal condition of the foliage on the trees and obitzined
a beneficial response from potassium appliestions.

It is perhaps true that in the esrlier work in which no bemeficial
responee was obiained, the trees under investigation wers zlready receiving
ample amounta of potassium from the scoil. In some aress where potassium
deficiency has beson found, the orchsrds had been planted in socil that had
been cropped for many ye=zrs and was in & low state of fertility. Under
such conditions, it is not surprizing to find & lack of eertsin essential
elements.

The trees in the orchard fertilizer plots in the present investigation
had shown symptoms of potassium deflieiency their first ye:zr in the orechard,
1946, and had responded the sume season to potassium applications in June.

There is evidence in the llterature that potassium deficient pesch trees

113
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are able to utilize potassium rather quickly after it is applied to the
soil, Such results have been obtzined by Dunbar and Anthony, 1938 (17),
Waugh and Cullinan, 1941 (39), and Boynton, 19/4 (6). In some instsnces,
the potassium perceninge in the lenaves incrsased to three or four tines
that found in the checks during the ssme season in which applications were
nade.

Even though the trees used in this study were not showing any evi-
dences of a lack of suffieient potassium at the time the fertilizer itreat-
ments were applied, un inersase iu the potassium concentration in the
leaves was evident in the following two seasons. Exceptionally large
increases similar to those mentioned above could not be expected, since
potassium was slready present in adequate amounts, as shown by leaf analy-
sis. When trees sbsorb potassium to a polnt above which no appsrent bene-
fites avre obtnined, the term *luxury" consumption has been applied. Such
consumption may occur in the instsnce of pesch trees, but it would be
difficult to prove that the tree was not benefited by at least resesonsble
amounts above the so-called adequate level. This, however, might be termed
28 an unbalanced nutritional condition, according to the concept of SBhear,
Crane, snd Myers (34).

The results of the gresnhouse exyeriment showed that potassium
could be sbsorbed eyually well at different times during the growing sesson,
If & similsr response could be obtained in the field, then potascium could
be applied at practically =any time during the growing season and expected
t0 be taken up by the trees, provided there was sufficlent rainfall %o
cause it t0 go into solution. Terminal growth in bearing pesch trees
may cease sbout July 1 or possibly earlier, It is important that the trecs
have asdeguate available potassium during the sctive growth period in order

t0 have good Truit bud formation and adequate diameter of ecurrent shcot



115

growth., When the fruit ripens, there is evidence that potasgsium is trans-
located from lesves to the fruit (26). Such a transfer was also suggested
by results obtained in the present fertilizer plot studies, For this rsason
an apylieation of jotsssium in mid-suer might be feasoble in some in-
stances in order to kesp the lexl potassium concentration at an adsyuate
level, KEven though terminsl growth ceases compuratively early, & messure-
ment of welight of leaves in the fertilizer plots, reveanled thet they continued
to increase in dry weight as late as sometime in September, Similar resuits
were obteined for sentire trees in the gresnhouse experiment. These facts
suggest the continued activity of the lesves in their funetion of ghoto-
synthesis in supyplying carbohydrates for growth as well as Ior regerve food
material, even though aspparent vegetative growth hes ceased and fruit
maturation taken place.

The foliage of the trees grown ir the greenhouse in the present
experiment showed no yellowliug of the foliage as a first symptom of potas-
sium deficiency, as has been reported from field observations, (31), (17),
(33)« The first symptom observed was marginal scorch of the leaves, which
was later followed by & yellowing =znd bronzing of the leaves. This
synptom was csused by & complete lack of potassium in the nuirient soclution,
resulting in a more sbrupt appesrance of the deficiency than would happen
under field conditions, in which graduzl depleticn of zmvailable potassium
cecurs, The sppesrance of necrotic areas inside the lesaf, as well as
around the margineg, agrees with the symptoms obtained by other workers
using controlled nutrient culture, (13}, (41), (7).

Crinkling slong the midrib hes been described as a synptom of potase
sium deficiency under field conditions by Dunbar and Anthony, 1938 (17).
Puckering of the lamina as sn early symptom under nutrient culture con-—

ditions was reported by Weinberger and Cullinan, 1937 {4l). The leaves
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from minus-potassium trees in this experiment, however, did not show such
& symptom. On the eontrary, a puckering of the lamina wasg noted in some
leaves from plus-potassium tress as was shown in leaf 4 of Figure 1, This
puckering may not have shown the reguliarity and number of individusl folds
or wrinkles ag had been found in the field, In this parbicular instance,
the condition could not have been due to s lack of potassiun snd must have
been caused by an sbnormal amount of growth of intervascular tisosue in
proportion to the veins.

In recent years, much attention has been focused on the use of leaf
analysis &8 an indicator of the nutritional status of fruit trees. Since,
in the preseat greenhouse study, entire trees were divided into various
parts for chemiegzl analysis, the mineral coneentrstion of wvarious parts
could be compared with that of the entire tree, in regard to the nutrition-
al status., The potassium concentration in the lesves showed them to be
very responsive to the changes in potesssium nutrition. Other tree portions
also reflected the changes, some parts better than others, but none por-
trayed ths changes ag well ag the leaves. There are advantages to the use

"of the leaves as a measure of nutrition, such ss the ezse in collecting
the leaves as compared to any othsr tree part, Also, the various elements
are ordinerily present in much higher concentrstions there thsn elsewhere,
expediting the chemical analyses.

It is very difficult to say with sny degree of certuinty what the
eritical level of potassium percentsge is in peach lesves. There seens to
be fairly good agreement in the literature that leaves containing 1 per
cent or more of potassiuwm are unlikely to show any visible deficiency
symptoms, Where symptoms have occurred, the level was found to be less

then 1 per cent as reported by Cullinan, Scott, snd Waugh, (13) and Baker, (4).
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The results obtained in the greonhouse in this study agree with the fore-
going statement in that foliage of a tree with only a very few leaves show-
ing deficiency symptoms conteined slightly less than 1 per cent potassium,
whereag, other trees with more pronounced symptoms showed potassium con-
centretion as low as 0.5 per cent.

In some cases, even though the leaf potassium may be far below 1 per
cent, no defic¢iency symptoms occur. Thus, it has been reported by Lilleland
and Brown, (27), that 0.45 per cent potassium in the leaves in July caused
no foliage disorders in a California peach orchard., In October of the same
year, the level was as low as 0.27 per cent and yet no distinetive symptoms
occurred, Just why such a low level of potassium would not cause a visible
deficiency, possibly may be due to the ratio of potassium to other elements
in the leaves, s0 that a severely unbalanced nutritionzl status m=sy not
have existed. From the avallable evidence, it would appsar that under
most conditions, 1 per cent leaf potassium might be regarded 28 approsaching
the eriticeal point,

Little or no effect on length of shoot growth of the peach due to &
lack of potassium has been reported, (41), (33). Although = significant
difference in shoolt growth was obtained between some of the treatments in
this experiment, there was no consistent relationship between shoot growth
and potassium nutrition. A possible explanstion would be that the amount
of potassium necessary in the terminal nmeristem for elongation is very low,
or that the avesilaeble amounts keep moving up to the growing point in suf-
ficient concentration to effect cell divieion. It ie known that potassium
accumulates at growing pointis and is translocsted from older tissues to
meristematic areas (21). Thus, even under conditions of & severe lack of
potassium, the growing polnts anparently are able to funetion rather ef-

ficiently. For increase in dismeter, more potassium may be reguired, for
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in the minus~potassium trees, the new growth was very slender, This has
also been absgrved by other workers (41), (13).

As has been shown, the peach trees in sand culture increased in green
welght in proportion to the length of time the trees received potassium.
On the September 1 scempling dste, the amounts of the various elements which
bhad accrusd to this tiwe in ths whole trees were determined, fach of the
alements, calecium, magnesium, phosphorus, snd nitrogen had incressed in
proportion to the period of time that potessium was supplied to the trees.
This is in agreement with results obtained with apple trees by Thomas,

(36) who found that the omission of either phosphorus, nitrogen or potas-
gium resulied in a decreassed absorption of the remaining slements, It
appears that the increases of the various elements were merely sssociated
with the incre=zse in green weights made by the trees; thus, on a weight
bzsis 1t is likely that a lack of potassium deeressed growth which, in turn,
resulted in less mccumulation Sf the various elements, Hoagland, (21)
conecurs with the sbove results in the following statement:

Moreover, within the plant itself the balance that is
determinative of plant growth is not confined to the proportional
relationships of inorgenic nutrients. The significant balance
i3 rather governed by the interrsctions of inorganie nutrients
with the carbon compounds synthesized and metaboligzed.
¥hen the effects of plus or minus-potassium nutrition on the concentra-

tion of cwleium, magnesium, phosphorus, and nitrogen in the leaves verse
conslidered, 1t was found that caleium was present in higher percentages in
the plus-potassium leaves than in minus-potassium lesves, On the contrary,
nitrogen and phosphorus was present im higher concentration throughout ths
sampling period in the minus-potassium leaves, the difference amounting to
about 0.5 per cent in the case of nitrogen., These results with nitrogen
are not in agreement with & report by Cullinan, Scott, and Waugh, (13),
who Tound no marked difference in nitrogen concentration in perc¢h lesves

from sand culture experiments as s result of using from zero to sixty parts
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per million potas:sium., The results however, do agree to a general state-
ment made by Hoagland (21): "...a large smount of evidence...indicates

that soluble orgunle nitrogen is often higher in concentrution in low potus-
sium plants than in high potassium plants...®

When the effects of plus or minus-potassium nutrition on the concen-
tration of calelum, megnesium, phosphorus, end nitrogen in whole trees
are considered, aversges for all sampling dates revealed a higher concen-
tration of esech elemont in the plus-potassium trecs as compared to minus-
potassium trees, Even though the lesves showed a higher concentration of
nitrogen and phosphorus from minus-potassium nutritien, the results in
the trees as & whole, show that & lack of potessium ceused & lower con-
centration of all the elements for which analyses were made. Thus, it
would seem that in the tree as = whole, these resulis ars indicative of
the faet that a lack of potassium lowered the metabolic activity of the
traes,

At the present time there is interest in the matter of supplying
nitrogen to apple trees by means of foliar sprsys. Burrell and Boynton,
(9) have reported a doubling of leaf potassium in six~year-old MecIntosh
ap:le trees as a result of several sprays using s 1 per cent potassium
sulphate solution. However, Weinberger, Prince, andé Havis (42) obtained
no definite response in nitrogen content of follagxe or on terminsl growth
by spraying pesch trees with urea sprays. In the potassium foliar sprays
applied to the peach trees in this experiment, the question arose as to
whether or not an apparent increasse in lesf potassium may be due simply
to the dried spray materisl which may be adhering to the surface of the
leaf only, and not actually absorbed by the leaf. In an attempt to determine

whether or not this might be the case, duplicate samples were taken from
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the ssme tress on the game dsy after apray applications were soplied.

Ons of the ssinples was washoed for one minute in 1 per cent hydrochlorice
acid solution, snd the other sample was left unwashed. The potassium con-
centration found in the two samples was guite similar, whether washed or
unwashed, but both were about 0.6 per cent higher in potassium thun were
lesves taken from the seme trees before the sprrys were syuplied. This
suggests two poscibilitises, elther the potassium entered the lesves and
was not removed by washing, or the potassium merely adhered to the lasf
surfeces and was not removed by the wash bath., Apvroximately five weeks
later, the potassium concentration in the leuves from the check trees hed
inere=ssed slightly, wheress leaves from the sprayed trees showed & slight
decrease, At this time however, leaves from the eprayed trees contained
approximately 0.3 per cent move potassium then @id the check treses. No
definite coneclusion c=n be drawn and further work would be Jesirable.

It might be stated that if the incouclusive results were due to the
washing procedure used, a more effective method might be employed., 4
longer washing period or a stronger acld solution might be more effective,
but such a procedure also may result in & severe loss of potassium from
within the lesf tizsue (38),

In the young pevch plantings in western Maryland which show:i potas-
silum deficiency their first year in the field, it was thought thet possibly
the condition might be due t¢ a iack of available potassium in the soil
or to poorly fed nursery trees, Ons factor leading to the belief that it
might be due to the trees themselves, wasz that deficlent young trees seemed
to racovser somewhot in a year or two without any potassium applications,
indieating that potassium was avazileble in the scil but not taken up by
newly plented trees. Four of the trees in this experiment, which were
grown in the greenhouse one sumner and later removed to the field, had re-

celved no potassium whatsoever., If these particular trees were able to
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absorb enough potassium from the s80ll for normal growth in the field, it
would indieate that young itrees showing potassium deficiency in the [leld
did not have access to potassium from the soil, The results confirmed this
point, for regardless of the previocus season's trestment in the greenbhouss,
all the trees when moved to the field made excellent growth the following
season. The leaves from all these trees contained adeguate potassium of
ap.roximately 2 per cent. Thus it would seem that potassium defieiency
showing up in newly planted peach trees is due t0 the lack of aveilable
potasaium in the 801l rather than to a poorly nourished trse s it i8 re-
coived Trom the nursery,

Furthermore, it was found that the top-root ratios of the tress at
the end of the growing season in the field were guite similar, regardiess
of their previous nutritional status in the gresnbouse. Thus 1t would
gseem that even those trees which had very poorly developed root systems
when transferred to the field, were asble to obtain potessium efficiently
. from the soil under the prevailing conditioms. It had been shown in the
greenhouse work that a leck of potsssium in the nutrient solution grsate
ly inhibited the amount of roots produced., A possibility as to the failure
of young trees to obtain adequste potasgium during their early growth might
be due to a failure to surround the roots with topsoil containing sveilable
potassgium at planting time,

Seversl factors may have entered initc the results obteained from the
voung pesch trees taken from the greenhousse and set in the field., Since
all of these treses grew well and contained adequate potassium in the leaves,
it was evident that{ they obtained enough potassium from the soil. An
anelysis of this e0il showed only a small amount of available potsssium,
Caleium and magnesium were present in smsll and medium amounts, respecs-

tively, and the pH was relatively low, being 4.9.



A comparison of this soll with that in which the fertiliger plots
were located near Hancock, Maryland, ip interesting, since pesach itress
growing in the latter s0ll exhibited potassium defieciency during their
Tirst yeur in the orchard., Soil tests showed that potassium was available
only in very small =smounts where no fertilizer had been applied. This
might be sccounted for by the fact that the pH was rather high, renging
batween six and seven, and by the fact that calecium was aveilable in
high and magnesium in medium to very high amounts. Such & condition
could possibly be conducive to meking potassium unavailable, Another
faetor which probably contributed to the appearance of potassium defi-
ciency symptoms was that in only very few instences wss any available
potassium present lower than three inchea, and most of the peach feeding
roots were below thia depth.

The present work was not designed to investigate the funetion of
potassium in plents. Hoegland (21) and Hoffer (24) have presented the
theories as to the role of potassium in plant nutrition. The report of
Gregory (20) showed a higher respirstion rate in barley plants %0 be
correlated with = lack of potassium, I% would be interesting to know if
this holds true .in peach leaves as well, It is poessible that = high
rate of respiration may be responsible for the so-ealled leaf ®szeorching®
in caasss of potassium defieiency in that the high respiration rate may

use up ressrve carbohydrates, resulting in desth of the affected ocells,



SUMMARY AND CONCLUSIONS

The greenhouse gtudies were conducted in the horticultural green-
houses at the University of Marylsnd, College Park, Maryland during 1948,
The pesoh trees were grown in sand culture using a nutrient solution with
potassium as the only variable. The chenges in nutrition were so arranged
that certain trees were started on plus-potassium nutrition and st suc-
cossive monthly intervals were changed to minus-potassium, Other trees
were started on minus-potassium nutrition sand then changed to plus-potas-
sium at comparable intervals, There were also trees which received either
continuous plus-potassium or continuous minus-potassium throughout. A
low-potassium (2ppm) treatment was carried throughout the experiment.
Entire trees were sampled at the time of the monthly changes in nutrition
and were divided into several parts for chemical analyses.

Field fertilizer studies were conducted in an orchard near Hamcock,
Maryland. Leaf samples were taken over & period of thrse gezsons to de-
termine the effect of the potassium fertilizers applieds. In the same
orchard socme trees were sprayed with several potassium-earrying compounds,
and leafl and twilg sanples teken to determine the effect of the sprays.

From the results obtained from these investigations, the following
conclusions may be drawn:

l. Trees which received potassium for one month only (Msay) and
subsequently grown without potassium, were slow in showlng potassium
deficiency symptoms, No such trses exhibited severe foliar sbnormalities,

2, Leaves from trees which were grown without potassium =t the

beginning of the experiment =znd later changed to glus-potassium nutrition,
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regained much of their normal color despite the loss of necrotic tissus.
New leuves which emerged following the change in nutrition were normsl,
although subtended by sympitomatic leaver caused by previous minus-potase
sium nutrition.

3. The low-potassium (2ppm) treetment wus insufficient for the
maintensnce of normal metsbolism, Leaves from such trees exhibited the
same follar symptoms as did the minus-potsasium trees, although the first
symptoms appeared a few days later,

4e There was no consistent relstionship between shoot growth and
the length of time during which the trees received potsssium in the nu-
trient solution.

5« Ipcreases in green and dry welght, as obtained in the gresnhouse
tress, showed z conasistent correlation withn the periods of time thst
potassium wa: supplied, Supplying potassium during the esrly or latter
part of the season for comparable periods of time hed 1little effect on
the results.

6. Young pesch trees growing in sand culture without potassium,
absorbed this element equally well st sny time during the sesson, when
subsequently supplied. The effect was spperent in both basml and distal
leaves,

7. Potassium concentration in distal leaves clearly reflected the
effect of changing from plus-potassius to minus-potassium nutrition.

8. On the baeis of the potassium concentrations found in the distal
leaves and by the fact that they closely reflected all changes in potas-
sium nutrition, it is suggested thet the younger leaves would be the most
relisble index for use in determining the potassium nutritional status

of peach trees.
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9. Potassium content, whether expressed in per cent or on an
actual weight basis, wse much higher in the leaves than in any other
tree fraction.

10. Nitrogen concentration in leaves from both plus =znd minus-
potesgium trees decrezsed seagonally, but when expreased for entire trees
on the same detes, the reverse was true,

1l. In leaves from minus-potassium trees, the per cent of nitrogen
was higher then in the glus-potassium trees., However, nitrogen con-
eentration in sntlire trees waes slightly higher under plus-potassium nu-
trition, The seme relstionship existed in regard to phosphorus. Calcium
concentration under plus-potassium nutrition was higher in both leaves
and in the entire tree as compared Yo minus-potassiwm nutrition trees.

12, Continuous plus-potzasium nutrition resulted in higher per-
centages of calcium, magnesium, phosphorus, and nitrogen in entire trees
as compared to minus-potassium nutrition, when considered as an average
of four sampling dates.

- 13, Of the varlous dates on which samples were tsken, onlcium,
magnesium, potassium, phosphorus, and nitrogen were present in continuocus
plus-potassium trees in grestest smounts on September 1,

14« The longer the period during which the trees received plus-
potassium nutrition, the greater was the sctual increase of the other
elements: caleium, msgnesium, phosphorus, and nitrogen. This wes shown
by trees sampled September 1, whieh had undergone the complets cycle of
potassium nutrition changes as used in the sxperiment.

15, The greater amounts of calcium, magnesium, phosphorus, and
nitrogen absorbed by the trees under plus-potassium nutrition appeared
to be more Oof a function of incressed growth as it was correlatsed with

potagsiwn nutrition, rather than the result of any dirset effect of the

nutrition.



126

16, Trees which received plus-potassium as well ss those which
received minus-potassium nutrition, dsposited mueh greater smounts of
thelr total ealelum in the leaves s8 the season progressed, but a much
larger proportion was deposited in the leaves of the plus-potassium trees.

17« Over 50 per cent of the total ealeium, magnesium, snd potas-
sium found in the plus-potassium trees on September 1 was in the leaves,
with a smsller proportion being present in the minus-potmgsium leaves
on the same daste, At no time was over 50 per cent of the total phospho-~
rus or nitrogen present in the leaves from the plus or minus-potasssium
treatments,

18. When some of the differentially treated experimental trees
were transplenicd to the field, no significant differences in trunk
diameter or total welght were found, regardless of the previocusly re-
ceived treatmentﬂ:‘ Laaf snalyses showed all to contain adeguste potas-
sium, No significant differences in the ratio of roots to tops were
found after one year's growth in the field.

19, Analyses of leaves from the fertilizer plots revealed greater
percentages of potassium with greater amounts of potassium fertilizer
applied to the soil.

20. The results of the soill ssmples taken from the fertilizer
plota suggested that low potassium aveilability may have been due to a
high pH as well as t0 comparatively high amounts of available calecium
and megnesium,.

21, Results from spraying peach folisge with various potassium-

earrying sprays were inconclusive,
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Appendix Table 1., Oreen ¥elght of the Trees as They Were Set Cut at Beginning of BExperiment

Treatment Plock Bloek Block Bloock PBlock Bloek Bloek Blosk Block
1 2 3 4 5 8 7 8 9

g8 e &Fs, gmns, 8. g, £ns, gms, g, &8,

FELS 103.,4 109,0 138,.5 13,0 138,3 187.4 146,86 185.8 169.8
- 101.5 122.0 138.8 131,8 133.8 140.% 128,0 119.5 1v2.8
Y S 118.,0  132,5 124.,2 121,0 143.4 182,1 157.0 147.2 163.8
a3 116,4 116.1 115,86 134,4 129, 166,97 146,282 191,0 175.8
- - - 100.0 102.6 120.6 148,5 1290,0 1B0,8 145.8 154,1 189.1
-t A4 07,1 112,06 117.1 118.% 102,3  151.3 171,82 159,0 182.3
--f 4 105,0 113,0 120,8 127,0 137.8 148.,7 148,85 174.,3 173.6
---f 00,7 113,0 1185,5 118,0 130.0 144.4 140,0 148,0 191,0
Low K 117.7 107.8 126.8 171.5 147,0 129.1 135.,7 1687.1 214,0
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Avpenddn Tntls U, Dry lelchd of Veriouz Tree Fractlons for sll Uvedctments of Hlocka tarple@ Throughout the Bxperiment

Block 6 ~ 3ampled December 18, 1yi8

Jlock O e Gaanded June 1, 1945 Tlock O « Sampled July ‘l, 1948

Total Distal ¢ Basal : Seion ¢  Stock Limbs 1 Jld : Hew Seion ¢ Stoek : Links 5 Md 3 New ¢ Total

-

Proatieinb:
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o2
[
F
»e

s Tasul T Helon o Stoelk ¢ Lidbs @ 014 ; Hew H
: ;. hoobg; Rooks ¢ ey

YR a0 wR

1 Locves 0 Dhank 1 Tmank _ : Jloaves : Leaves t Trunk 3 Trunk s+ Roots : Roots ey % Trunk @ Trunk : Roots s Noots @ Dry

> ] » welpht ¢ v , ielght <eight
MG e f:tlf:‘p s - 1Y s g {FBe é"m. iBe ¢ HRB8 o {;’x‘fﬂ. ' .’:‘m . FHIS o m? . 28, Fii8e 848, s 18 &8. Fibe B #Ra8e GhSe
' EEE el Gl 1245 laé et S5e0 2.3 B2, 78 Sed 28,9 27.2 2.7 5l.8 5.3 1.1 8.8 2040 Te5 45.0 17.8 119.1 |
foww- 5,7 4,9 D 02, S8 015 2.1 84,5 Beb 349 24,3 15,0 53 22.6 3.0 82.7 , 22.8 1945 9e5 33.0 105 95.3 .
Ff=-- el Galh DB 17,9 240 2047 245 789 : 103 543 30,49 24,5 - be8 27,1 L6 1075 ; =~ 275 23.5 Te5 371 11.0  106.6
. _ : ‘ t : .
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: , ' e i :
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avrendix Table 4. Vineral Cuwmeosition of Uhole PTroen op Dol Oud in Greenhouse, Hxpressed as absolute ssount
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Appendix Table 5. Mineral Composition of vhole

Trees at Time of Sampling Expressed as Absolute Amount of Elements in Grams

Per ‘a0,
Calciunm Magnesiun . Potassium
Troutment & Tune T July & Auc. + Fect. : Decs : Juno : July 1 Auge t BSepte § Ded, : June : July f Aug. ¢ Sept. ! Dee,
I S S | : 1 : 18 = N I SO A § L 1l : 1B 3t 1t 1 : 1 1 18
H : ‘ o H o
AL LS J202 .29 ,267 <366 202 ¢ 056 .080 078 #2137 D088t 409 442 598 1,034 37
oo 178,208 280 <214 L1683 31 064 064 090 088 045 3+ 389 303 545 223 2152
A SR 205 L2228 L2153 » 380 Jd76 ¢ 069 .088 068 «117 OB55 1+ 321 ,L,B81 209 «481 «189
. . , D . . . , P . . .
At 4= <140 ,296  .297 331 164 @ 049 084 <096 138 QD41 1 G387 583 711 1B 169
- - 164 167 .Bh2 182 Jd24 ¢ 080 L71 079 088 O34 ¢+ 130 137 «208 L1885 2106
- " # } .186 .245 .Eﬁﬁ .392 .230 H 0063 ¢0?8 .0% .m .050 H ) .132 st .‘?3 .?55 .5?0
. . ~ . . . . . - . . , .
--hd 171 L2261 L213 207 217 ¢ 038 <056 082 .o8g HO49 ¢ 37 L1283 «458 .518 « 326
- - J1B7 L1868 204 »190 2101 ¢+ 082 060 0861 +O0B3 D29t L1285 L4l .168 «460 «186
low ¥ JA69 835 L2584 <147 Jd17 ¢ 070 075 »106 069 O34 1 182 172 o247 +1B4 2119

Phosphorus

.

W irogen

Trogtment ¢ June : July ¢ Juse. ¢ Sepi. : Dece
: 1 o+ 1 s 33 3 18

: Juno : July : Auge ¢ Sept. & Dec,
: i 1 : 1

3 _i H ._}_,LB ¢ on July 1, Block 9 on Angust 1,

Block 3 sampled on June 1, Bloak 8

A4S 35 L2086 275 D86 L2877 1 J791 1,081 1.878  1.978 1,488 :  Block 7 on September 1, and Block 6
fooe - L18  L180 L310 o269 804 1 821 +908 1.382 14386 1.160 : '
N S J108 200 207 346 0251 1 759 1.090 583 1.887 1,278 ¢t on December 18,
’ ) ) 3 ' ‘ ’ ) 4
AL fa 002 L8218 504 378 78 1 JBA5 1,047 1.341 2,083 1.038 :
- - JBL (183 230 o216 J140 ¢ JBS4 884 1.128 1.122 811
-L 44 L9899 L,188  ,244 315 207 1 J67H 546 1,199 1.787 1.597
_ . y . S . . . X
-—-fgd 091,129 L2873 L2628 o243 1 783 JTTE 1.832 1,396 1.378 3
-p A4 J01 Ll44 217 .59 JAB0 1 L5696 557 1,039 1.390 «548

S0 6B 4P S8 AP G SR N8 WS ob 09 ¥ o8 e



Appondix 6.

Increase in Minersl Composition of Whole Trees From Time of Planting to Sampling Date, Zxpressed in Crame of Ingrease

of each Element Per Tree.

Potasslun Increase '

Calciun Inerease

Hitrogen Incroase

Fune : July t Aug. | Sept, t Deo.

PRV E Y S )

i, EMD, gme, ante
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- - L06  «,020 015 D018 ~,048 1 065 042 077 083 H01
-FEE 003 L217  LB07 L8580 L2168 : L0980 113 L1Z3 L1838 L106
- -t ¥ 013 -,086 .278 L3685 177 1 073 078 072 086 098
--- 009 =,011 ~,027 o317 038 ¢ L0653 L0865  .047 075 «,017
LW K .0%‘2 .001 .028 ‘04:5 ‘0614 b .066 .{}QB .lf)? 095? .Q}.g
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Appendix Table 7. Mineral Oamposition of Distal lLeaves on Dry Welght Basis., (All Treatments on All Sampling Dates),
Potagsiun Culcium Megnesiun

Treatment : June : July : Aug, : BSert.e — : June July : Auge Sapt,. s June @ July ¢+ Aug. 3 Sept, !
t 1 1 1l 3 1 : 1 ! A 1 : 1 H i » 3 i 13 b 1 : i
% % % % : % % % % : % % % % ¢
’,: £ A 1.84 1,80 2,13 2,60 : Y 87 78 87 : 29 «40 «26 29 !
- .- 1.68 86 «39 »56 : W26 51 .58 «AB 26 <26 .26 .28 °
Ai-- 1.62 2,01 1,36 1.26 : o34 A7 J79 o753 : «30 B4 30 38 ;
£ dt- 1.66 2,06 2,28 1.7 ¢ .38 76 «79 o3 «26 39 .28 29 :
- e s - .96 .43 051 .56 ¢ .22 .4‘1 054 045 * .33 .56 -.50 .%
~FtEF .64 1.47 177 2,02} .28 .63 75 86 ! .33 «34 .28 27}
-=f 4 72 A2 1,42 1.78 G .22 .66 49 49 <31 43 .24 22
- .. ; .58 .4?1 .54 1;48 f .30 g&l .& E J * .56 0;; .m Qz? $
Low K .78 47 e © .69 G 24 49 i? #31 : «38 . 29 28 :
Kitrogen Thosphorus
Treatment ¢ June ¢ July ¢ Aug., ¢ Sept. ! June : July : Auge ¢ Sept, ¢
: 1 : 1l s 1 3 1l ¢ 1 1 : ) H 1 §
s H
% % % e % % % % .
% ; # % 3.?8 5'66 3.53 3.41 H .49 .53' .~52 QM g
{ Lol 4015 3'7‘7 5.89 3.58 1 ° & .54 .’a? ‘6& 3
FFr-- 4.62 Be34 3,71 3.31 43 46 57 «61 :
H H
FE L~ 4,02 3,45 3435 3.65 . 047 .59 o5 «53 :
: s
- - } { 4:‘64 3.98 5.98 3.65 . .45 .!" Q64 -‘& :
---f 4,57 4,40 4,29 3.56 . o5 W48 61 57 .
'

Low ¥ 4,53 4.10 4,06 4,06 . &7 «58 «758 «83
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Appendix Table 9. Mineral Composition of leaves (Basal Flus Distal) on Dry Weight Basis, (All treatments on all
sampling dates), Data given were derived fraom tables 7 and 8 by using actual leafl weights and
percentages of potassiuwg in dissal and basal lesves,

Potassium Caleium o o Magnesiun
June t July t Aug. ¢ Sept. \

Troatnent : June : July ¢ Aug, ¢ OSept. ¢ : June t July s Aug. : Sept.,
¢ 1 ¢ 1 1 1 : 1 : 1 LR | ¢ 1 1 ! 1 t 1 1 s 1,
% % % % : % % % % s # $ % £
FhEA 1,91 1.76 2,13 2,58 ! 46 .84 L .82 ! o351 AL 37 W30
- 1.67 97 95 56 G .29 .59 63 50 ! 26 +37 30 W39 F
Fi-- 1.49 1.76 1,01 1.26 «37 49 o8 2 N .33 35 .24 .28 !
yyE 1.51 1.98 2,19 179 ¢ .34 72 .79 £8 .27 38 50 .29
.- .93 38 48 53 G o33 45 .58 4o 251 0T I - B B
~FF4 .56 1.39  1l.61 1.95 ! 31 .63 .86 59 «40 37 .29 .28
.-t 67 38 1,37 1.66 .28 .57 53 49 36 A 38 .23
- * .5‘? .35 353 1.4&5 ) .34 05‘? .58 Q‘? . .57 .aG .59 .88
Low K 75 44 39 R I .24 .50 A48 36 F 39 54 I N U
Hitrogen | Phosphorus
Treatment 1 June : July : Aug, ¢ | Sppt. June : July ¢ Aug, ¢ Sepb. ¢
t 1 : 1 s 1 : 1 1 1 : 1 : 1 i1 1 3
% % % % s % % % %
I 3,67 3.42 3,34 3.29 1 .33 .52 B3 .7 I
;‘ LR 3,92 3.51 3.38 B.45 H 30 o582 Q&ﬁ 063 H
; } - - 4:«3-1 3.28 3.64 3.13 H .43. .43 .45 963 $
t :
AFtE- 8467 2.28  3.16 3,48 42 .56 53 N .
- g - - 4.0’? 4.99 3.92 3.?2 H .4!5 .53 .?& 0% H
-t AP 4,12 3,36  5.19 3439 -t W46 .48 .52 BS54 1
H H
-t 4 4,22 3,75 3,67 3.44 @ Al .48 .64 583
- - - }‘ *919 *ole 4.03 3;6‘5 H .4% .433 .60 .5’7 $
Low X 4.13 2,84 3,60 3.86 1 43 57 .78 63 3
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Appendix Table 10, Mineral Composition of Limbs on Dry ¥Welsht Basis. (41l treatments on all sampling dates).

Totassiun Caleium Hagnesium

June + July : Aunge @ Sent.: Dec, June ¢ July & Aug. Sept. § Dec, June 1 July : Auge.: Sept.: Dec.!
1 I I T 1 s 18 i : 1 : 1 : 1 ¢« 18:

% A £ . % 9 £ % &, % & 4 € %

Treatment

o e

- r =
™)
$t
[sa)
L e
oy
.- *h

A AhAA 1,36 1,00 .90 .89 0 1 .64 o568 460 49 T4 i 270 J14B  .110 L145 L1156
SRS 1.34 W70 «58 o34 38 o5 .56 B8 «30 IR I 2370 L0895 L1100 L1828 ,145
FF-- 1.40 <90 .68 «50 45 .62 o4 «40 o34 .66 @ .880 L,080 130 ,L130 .145
F AL - 1.40 .88 36 .59 52 .52 W58 52 6 .98 . o280 L0800 120,130 L1853
- - - .6@ .3‘1‘ 039 030 -2{‘2 H 53 .2% laO 052 Q% : 0345 0100 .1-00 .1}-8 .115
-g A4 54 .78 74 .50 b7 . AS A2 .22 .62 .68 o345 G100 ,110 L1100 ,.135
--f 4 .55 .46 74 .62 -V SR .52 «30 W42 1,00 : 260 o150 L110 118 135
- - - 5B 36 o3 55 o756 35 o2 22 o 30 85 260 L080 ,L120 L110 .,18%
1(‘"‘1‘ E‘; .5’.‘% .50 .34 .52 .24 : .'gi() .5@ .23 .24 .38 : .290 0090 0120 .100 .O?@
Mitrosen Phosphorus
Troatnent ¢ June 1 July ¢ Auge ¢t Sepbe: Dec, ¢ June : July ¢ fuge 1 Sept. ¢ Dec.:t
: 1 : 1 H 1 H 1 : 18 : 1 : 1 3 b $ 1l : 8 :
% % % % % : % 4 % % % 1
F A LAE 1.8% 1,57 1.67 1,72 2,05 367 520 «563 o241 o281
R 1.65 1.36 1457 1.95 2.81 JO67 465 528 502 502
£ f-- 2,04 1o 1.94 1.72  2.25 AT L4441 . 568 497 Sl4
AL 4= 2,04 1.2 1,59 1.92 2,38 oA71 428 »586 o477 490
- .- 2.2% 1.72 1.49 Se00 2446 L0855 .490 #4980 +526 502
- F A A 2e23 1.35 1.7€ 2,12 1,90 555 G409 514 502 382 3
- g 2,07 2,23 1e57 165  1.99 LA05 538 «551 A4l 379 2
- - g 2,07 1.6Y 1.92 010 B.EE 3 LA95 L4977 575 514 441
I;Q\“‘E ¥ 8.5’1 199% EQBB 3.553 2;&5 : .5}.& .5‘5‘;{; .575 » v .4:41 .




Apnenddx Table 11,

Wineral Composition of Seion Trunks on Dry Yelght Basis,

{All Treatments on All Sampling Dates),

Yotasaian Calcium
Treptrnent : June - July 3 Auge 0 Sent, @ Dee. June : July : ‘ugz. ¢ Sept. ¢ Deec.
: 1 1l L 1 18 1 1 1 1 : 1 s 18
g 5 3 o A % “ G % %
AL L1800 ,160 L1860 L2085 210 L1890 170 L1598 .124 . 140
A== L180 .220 L0895 150 L1058 ¢ L7000 160 L110 585 145
A S L1680 190,105 165 115 L2820 .120 L1850 <140 <145
AL - L1890 .210 L1980 J155 J157 190 L1700 L1556 .150 .135
- - L180  L090 L172 100 L0785 3 L1580 L1100 L1885 L1685 2140
- fAA L1100 .120 L1850 L1728 .185 00 140 L1980 .1186 135
- -t 4 L1000 120,155 L1685 L1172 ¢ .20 .810 L1095 L1186 .180
- - f L1000 J120 0 L0985 4B 172 s $220 L1770 L140 108 <135
LOW Z'; . l 70 * llﬂ - 105 [ }!523 1995 : 0376 a l:JQ - 156 . 165 ol?o

Wltrogen

Treatment : June : July : aug. Sevt, ¢ Dec,
I 1 1 : 1 1 18

w %o
FAAL .3B2 L4873 408 503 636 ¢
- - <382 L4008 382 <563 J745
A S JBAE LADE LB90 JAlLL 703 1
FAF - JETE B0 LA09 o4 <678 ¢
- - = - J299 L3582 L4086 W A3 616
-4 44 L3810 L4085 L B04 o420 BBG :
- - o306 406 408 400 604
- - £ é TE91 387 L3090 T592 i574 :
Tow ¥ A3 LAB0 L415 542 707

P

e o9 ar

e 8 g% wx RS Fe e»

»" se as

».

.05;3

«060
050
L0568

040
2047
O62

025

.030
060
020

030
025
«030

2045

«04b
« 040
»038

«040
0385
045

Magnesiun
Fune : July : Aug. : Sept. ¢ Dec.
— I 1 s o3 & 18
& @ NN
+040 058 #8030 45 045
L0458 L0357 JOZ8 085 043

+042

032
«040
<038

<030
LOB%
« 037

“hozphorus

June :

- .
R B I T

S
« OG7

2079

Nelats

L0585
0061
LOGL

SOH5
+OBD

075

e

177
LAY .

J104
J110

» 120

061
81
o 104

O

1

G
» 1 ‘.AL..'?
122
« 110

.153
.081
« 154

.110
104

104

t Septs @ Dec,
: 1 . 18

<183
104

134
«110
«116

«128
122
«098

144
o147
128

<116
085
098

+081
+098

«104

L

e ew

2 38 83 IR Ge S0 4¢ 28 I P us

R ge L% EE W BE uh OF @4 €& &

s 3= w8

s
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Arpvandix Teble 12. Mineral Cormosition of Stock Trunkoe on Dry Woirht Basis, (/11 Treatmente on All Sampling Dates).

Totagsiun Caleium Magnesium
Troationt : June i JULY & idice 3 Gepb. : Dec, @ June i Julv :  Aige § Sepbe : DeG. @ June : July : Aug. ¢ Septe : Dec.
I e i 418 1 R T L . S I = N I+ 1 3 1 L W 1=
g 7 et S A % % % % % 4
FEES JA50 L1800 L1680 L LB00 L2700 100,180 L1855 ,210 040 L0368 ,022 J030 037
Ao~ - = .110 «1220 2085 o 155 085 210 o« « 135 . 178 «208 3 2032 L0388 2020 032 o027
;1 f( - - 105 « 170 o115 o 13% o118 2 o 33 20 #1085 « 500 «180 040 035 02 035 +035

¥® 2% Be $F D3 BE BL XE fs B BE B 23 B4

A AFA- L1100 ,180 L1380 o145 LILE 1 G2B0 Lush L,190 <155 «200 : 035 035  ,082 032 032
- L080 070 L0795 100 JOBD 1 JBB0 0 L0300 L180 .185 L1865 L0382 030 .020 026 08B
- L A4 L0660 J140  JLW W172 LV 1 BT L0230 L2210 .180 2228 L0482 L0358 L0820 029 030
- -t 4 LO70 L0680 L1B8 o145 LBD ¢ 3B0 L2800 180 .172 #2565 048 027 020 030 D025
-~ £ L0680 060 LO8C 137 L45 1 LBBO 280 L240 .185 «135 O30 L0358  ,022 o037 015
Tow ¥ 075 060,092 SOB5 L100 1 L2300 L5000 L1B5 172 .165 L040 035 L0820 035 040
¥Mitrogen Fhosphorus
Tpoatment § June § JULYy @ Ufe : cente f Dec, :  June : July : Auge ¢ Sepbta. : Dec.
T S S A SR | N S L I W : 1 3 18
2 % %
AL ALF o3IB G335 L4A3D 560 LB87 1 001 L0VD L1208 134 2122
£ - - = 356 354 W363 W510 LG s J049 L0910 L1u2 .162 091 ¢
A F-- 368 JBBY W35 L3053 L7020 1 G081 L,104 L102 <116 110
£ AL~ G341 LOBL 396 o OBL L33 1 L0811 L0061 L1116 .122 2104
- - - JHAD GJBED W04 A21 HAB0 1 J049 L0773 L1310 091 2091 ¢
“- A A BB L3256 LG74 #5491 L7071 J044 L0911 110 0110 #1186 :
- -4 f W85 D49 559 AB5  J705  W020 L0067 J118 2104 L1210
- - - 317 LB3 o35 A2 648 1 LG8 G085 079 116 098
low ¥ JA07 W30 $ 318 ALY L5451 L0870 091 .110 L1288




Apnendix Table 13,

¥ineral Composition of 014 Roots on Dry Weicht Basis, {41l Treatments

143

on All Sampling Dates).

¥agnesiun

.e 8
Fra il
- s
243
e e

Dec.
18

Caloium

June : fu?y : g. . Sept, Dec,

1 1 1 i 1 14

TR I
160 <155 . 100 078 + 100
« 140 10T « 105 +OB0 L0785
310 ol5D 070 080 +088
« LE0 o158 075 060 #1086
w5230 155 « 100 080 « 100
« 150 105 « 100 050 #»110

. 190
« 180

<158
« 100

0G0
2080

145
<067

+1085
075

s 3 s o e s 8 43
8% 888 8588+-g

B8 S%8 Sg8W7%
L ]

% BN SA S P EE AW B0 B WY B eF

040
087
045

037
032
w037

040
030
037

Potassiun
Troatuent : June : July : aus, : Dec,
1 1 1 18
AL FF 270 215 258 o245
oo - L2700 J2BB 0 L1V o137 1
P SR 220 L8295 170 L1580
LA f- 220 295 Lu70 +150 :
- 01:’30 -1"‘%«'0 w}*éﬁ QISF) M
- LA A B0 L2065 LB00 W585
- -4 F 130 L1158 L1956 L2820 ¢
B 4 L1300 L1450 105 L1956
Tow ¥ LB0 0 135 140 142
Mitrogen
Treatrent : June : July : Aug. : Dee. :
T T | 1 16
% P2 4 ‘
F 4 725 586 859 1.179
- LB13 J6B7  JTAY 1.1228
- c’?ll .698 06141 :L‘i;:.!_mj

1 S T S
h N N N B S
[ I S S B
h 2 N LR

t

Low K

o754

o554

« 796
o807
<5565

- 550
‘58\?{
618

«715
574

710

#5641
» 683

2011

<760

e e

<« 160 o120 eit)s 048 075
“heogphorus
June : July : /ug. : Bept, ! Dec,
1 1 1 s 1 18
G ¢ % % %
<158 o188 L1658 e 1A + 280
1.8 edid o 140 <188 . 189
o134 o 140 171 186 «171
. }-4‘6 - :’nft‘; . }.&5 . 153 . lﬁs
146 o 3AC 134 « 147 « 539
#1134 .1 134 o177 #2308

13&
o181

.159
.185

«196
«159

.218
«245

SR BE BP B EF 29 A &% SR &% B B ¥R W

R S PR BE GF ¥ B8 gu S $4 BE s T @b
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owmendix Table 14. dnenal Conposition of few Roota on Doy Yelsbt Jasis. (A1l Treatments on ALl Sampling Dates}.

£.00

Potassiug Caloium Yagnesiun

P - o S s L S . o ST s By, o T S - - -

Treatment ¢ June t July @ e Zont. o Dee, Jane : July @ ing. ¢ Sept. t Dec, @ June : July : Auge ¢ 89595. i Dec, @
: 13 1o 1 : i 18 1 1l 1 : 4 $ 1l 3 18 1 1 3 1 3 1L 3 1 3 18 3
b f o 2,050 2 5OD « 10 RYLS) e 3 » 170 o 110 50 JO70 2110 1 « 150 <OBO 080 9085 060 3
£ === 2,550 500 L3530 » 265 SHAD T G170 L1000 080 020 090 : 175 L1155 ,080 085 075 :
£ F - 2.490 480 L850 #3530 LITO 1 LAT0 L1000 080 020 «120 ¢ LS00 L0680 ,080 .080 070 1
H H H
A AL~ B340 JO90 780 «410 LA5B 1 L1400 L1110 L08D L070 L100 ¢ L8004 065 «100 L85 ¢
- 1240 260 L2756 «210 LIV0 1 G080 L0890 L1040 L0860 090 L360 L0700 L075 080 070
- A A4 .92 75 <550 #7560 L0580 1,080 100 50 075 L130 2250 L0700 065 090 070 3
H : :
- - 44 2020 310 WO 470 JIZO 1 LOB0 L170 L090 J045  L130 : 260,080  L100 L0865 L0703
R & 720 L3200 W3E0 o450 B30 1 LI00  JIT0 L040 035 J130 3 260 080  ,065 .058 L080 :
low X 1.020 300 L300 » 25 L300 3 JUBD LJLBO 070 085 2130 L8860 L0800  ,080 080 055 3
H : H
HWitrogen
Treatment @ Juze @ July ¢ AUg. 2 Sont. H 1 Bept. : Dec,
S SR T S R - : 1 : s 1 2 18 s
% %
L4 L2 .44 2.8 2,08 IRy : LA65 514
A 2,33  2.33  2.51 2,90 : 3555 B8 &
VA SRR 2,17 B.S9 RS 5,15 : 416 - &
2 :
A AL 2.00 2,62 B.E 2,00 2.75 1 AGE AT 2
- - 2.44 2,04 82,00 3.07 2,69 »294 #4590 &
- L4 A 2.88 B.47  2.05 2.98 2.68 465 o514 ¢
S 4 2,87 8,71 2.91 2.97 279 s <379 .539
- A 2.53 0,49 2,51 2.0 8.0% « 416 514 2
Tov X 2.80 2.4b  2.88 5410 2,85 « 563 ABS 3
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Appendix Table 15. Minsral Composition of Whole Trees on Dry Weight Basisa, {All Treatments on All Sampling Dates)

Caleiun Magnesiunm Potassium
Treatment : June : July t Aug, : Septe. : Dec, June : July ' Aug. ¢ Sept. ' Dec, Fune ¢ July ¢ Aug. ¢ Sept. : Dec,
i 1 o+ 31 s 1 0+ 1 3 18 i 0: 1 ¢ 1 ¢ 3 3 18 i ¢ 1 ¢+ 1 s+ 1 ¢ 18

SR S 7k
.L43 L2384 224 27 «169

KA * % % % % % % * ®

: H H
b H H
3 $ H
FAAA : JO79 064 088 +101 L48 1 494 356 <508 764 «313 3
} - - - 0203 .S% tlga .215 .l’?l H 0075 .vi -0?1 0088 .M? H .4:50 ‘366 02?5 ‘22‘ '15’9 H
f - 269  ,206  .200 »218 L1658 3+ 090 2081 05 086 LOBL 1 483,484 » 280 2378 J177 3
' : H ' ‘ H
Vo 3 I 218 246  .239 242 W62 1 076 <089 077 098 L040 1 414 L460 <573 «525 187 3
- - .- li‘gm ulvg .301 0186 .3,45 H .0’?6 .075 0069 .O?ﬂ .Qﬁg : 0198 0145 .181 .169 .124 H
-pg b4 «274 231  L231 W13 187 1 093 074 084 079 049 5 L1800 ,361 A12 « 580 #5300
H H H
- g 235 L2820 179 174 292 ¢ 07 058 069 +069 043 ¢+ 188,127 «383 436 288 ¢
- 4287  L197  .184 74 W37 ¢ 090 LOB3 L0858 078 039 ¢ L1881 149 «152 L4235 #2582 3
low K <230 0837 0193- ,163 01&4 : R81215) .0?2 aG?l .575 .343. H oggl OLS? .155 om qlﬁﬁ }
Fhosphorus Hitrogen
Troatment : June : July ! Aug. : Sept. : Dec, : June : July : Aug. ! 3&1&. : Deo.
. 1l 1l 3 \ 1 i 1 18 1 : 1 : 1l ] 1 ¢ 18
% % % % % u % % % % % 1
FELF .16 168 231 « 285 232 1,956 871 1,070 1.457  1.249 :
S WJ130 J217 245 <270 <214 1 971 1,093 1,087 1,396 1.817 @
F - Jd42 L1855 L194 267 206 ¢+ 1,000 1,013 «923 i.414 1.199 @
y X ' , . .
£iddt- W43 ,1B1 L2458 o271 L176 : L850  .871 1,080 1,508 1,026 :
- - - Jl24 174 207 «220 J164 ¢ ,802 .9456 981 1.151 <953 1
I WE L1458 L7828 o250  .242 1,995  ,901 1,043  1.308  1.301 :
--ddf L1256 133,229 221 L8215 @ L9956 L8055 1,037 1,178 1,217
- -y J46 L1535 L197 238 J203 @ 1,010 .909 942 1.280 1,151
H

low K JA66  L192 L.246 ‘216 .209 : 1.054 1.067 1,080 1,280 1,103
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Appendix Table 16, Distribution of Caleium in Peach Trees, Ixrrossed as Per Cent of Total Aamount in Tree Found ian Varioue Tree Parts.

Louves Seion Trunk Stock Trunk

s L i A v s

Dec, June i July Mg

Treatent : June : July : Auge : oepbe ¢ Tune : July : Auz. ¢ Sept. : : : 1 Be : Dec, :
T SR S S o1 D N T - : 1 ¢ 18 1 o 1+ 1 s 1 3 18 ¢

s % A i % % ;4 % 3

FAAEA 973,085 .8 42,1 7.5 2 21.1 15,0 19,8 11.0 1,99 28,3 18,5 15.8 10.8 20.7 :
- - - 7.7 35.4 44,7 36,1 24,4 18,5 17.3 33,0 20,2 3 27,5 16,3  17.3 14.2 24.5
F A - 15,5 34.4 39,6 50,15 26,1 18,7 83,0 11.8 22.6 : 28,86 24,2 21,7 18,8 24,0 :
LA 4= 15.7  2%.1 483.9 STEPY S 30,9 16.7 17,6 16,3 23.5 : 26.9 24.0 12.6 9.1 26,6
- - - - 9.9  £6.2 28,0 0.1 s 8.5 20,7 21,3 28,7 6.7 ¢ 36,3 22.0 24,7 19,3 28,8 :
- LA S 11.9  S1.4 40,0 Ad,4 36,1 17,7 Di.0 12.8 16.2 @ 31,0 23.2 19.4 19.5 19.4
-~ FF 11.6 17.4 42,5 39,4 ¢ 2548 21,1 17.5 18,3 87.1 32,9 30,7 82,3 21,7 19,9 ¢
- - 18,5 17.8 29.1 41.0 31,5 29.0 20,0 20.3 18,0 ¢ 26,9 25,0 Bleb | 215 Bh.4
Low ¥ 10.6 28,9 32,1 28,0 41.0 57 1644 34.3 3642 87,6 39.4 30.8 23.0 25,0 @

Linmbs 014 Zoots Hew Roots

Treatnent ; June : July @ Aur. : Dente ¢ Dec. @ June ¢ July : AU e : Sept. : Dec, : June : July : JAug. ¢ Sept. : Dec, :
. U T S 1 18 A S : 18 18 ¢ 1 : 31 : 1 i 1 3 18 ¢

A e o g G < 2 o % s % % 4 % % ot

FrEA 5,9 6.6 9,5 120 27,4 1 19,0 PE,2 10,8 6.1 22.2 1.8 2,1 1.5 2.4 9.7 :
- - 16,8 14.7 Ced 10.2 84,3 1 17,7 11,7 15.2 5,7 15,1 ¢ 2.1 1.5 1,5 0.6 5e8 ¢
A S 6.2 7,05 447 11.8 20,1 1 21,8 1L,D 9,7 7.1 17.9 2.1 2,1 1.3 0.8 75 3
A AL - 7.3 18,5 9, 10,5 19.8 1 18,0 $.8 6.5 25,0 1.5 2.2 1.6 2.4 0
- - - 1.7 5.6 700 £ 16.6 @ 283 24,0 15,9 11.1 23,5 0.5 0.9 2.4 1.8 4.3 3
- A A F 5.8 7.2 Faf 10,9 31,4 ¢ 1.5 18,2 10.8 2.8 21.8 0.6 1.6 1.2 2,5 11,3 ¢
: H H

-~ 44 4,0 Ded 7 o4 18, 23.0 3 25.0 25,1 Oed 8,2 20,1 : 0.7 1,3 1.8 1.7 9.9 ¢
- - -g 6,0 Ded 4,0 8a2 2047 3 18.0 2l.4 14,0 7.8 24,1 ¢ 1.0 1.4 0.8 1.1 8.6 1
Low K 4,7 546 6o el 16,0 ¢+ 15.1 G.8 13,0 6.3 16.2 : 0.8 1,9 13 1.4 6.5 ¢
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Appendix Teble 17. Distribution of Nagnesium in Peach Trees, Uxpressed as Per Cent of Total Amount in Tree Found in Various

Troe Parts,
Leaves Seion frunk _ Stock Trunk
Treatment : June : July : Awf. : Gepts @ Tune ¢ Juiy @ Auge 3 Gept, § Dec. ¢ June : July : Aug. : Sept, : Dec, ¢
UL S S T " I 1 o+ 1 : 3 : 1 3 318 N N S I
FAAEE 47.4  B6.7 58D 8545t 137 10,3 12,9 10.6 22,5 : 2.8 11,9 6.6 545 12.8
- - 43,8 53,2 58,9 01L.5 ¢ 18.2 14,0 9.7 17,3 £1.1 11,2 8.2 5.2 Sod 11,8 1
H H H
FAF- 34,7 Bl.6 B7.9 57,2 27,8 15,1 10,6 12.0 28,3 : 10.4 11.4 4.5 4.6 17,0 @
- - - 40.5 BY.4 46,1 52,1 ¢ 2o, 178 20,2 18,5 28,82 3 11.6 6.7 7.6 7.2 16,1 :
- A A4 45,6 B7.1 68,3 56.0 3 12.4 13.8 .4 10.4 15,9 : 10.6  10.9 6.6 844 9.5
I A 45,2 50,3 58,06 4G.8 1545 59 13,0 18.1 2040 : 12,8 13.1 6.4 9.6 8.7 :
- 468.3 44,8 51,7 5548 : 17.0 84,0 12,5 15.4 14,3 : 8,1 12.2 9,7 9,8 9.9 3
Low ¥ 43..9 60,4 5048 Ble7 = D28 1le4 Fed £0.1 27.2 11l.6 12.3 8.9 10,0 21,0
Limbs 014 Roots Yeow Roots
Treatmont ¢ June : JUly :  Alge : (epbe § DoC. 1 June : JULY & Algae ¢ B0pte t Dec. June : July : Aug., ¢t Sept. : Dec, @
D SRUC S SN SN I S A = S S S S, t 1 s+ 18 i : 1 : 1 $ 1 3 18 ¢
& 4 4 A 7 4 i A o i . 7 AP
£ A A A 7.6 4.9 548 9.5 14,9 @ 15.3 12,9 11.8 10,9 31.2 : 540 3.3 8.3 7.8 18,5 :
o= - - 12,2 78 G 10.8 3045 1 10.2 11.2 113 Ge7 18.6 @ 5,7 Bod &.6 4.4 17,3 ¢
# % - - 8.3 4.4 {:fol. lGo'? lg.’? : 3.500 2’1.3 :‘ng'? 13;1 %.3 H ?.2 3.1 ?.1 8.2 14.8 H
£ L4~ 9.4 6.8 67 7ol 103+ 12, 1l.9  15.0 10.6 5.2 1 5.5 B2 Bad 8.4 13,8 ¢
L A ﬂ:gﬁ 5.5 ?.4-' G.l 15.4? 3 :‘3;6 3.?’ :&-«",9 10.6 2‘7‘8 : 7.9 1.9 5‘8 4.0 130.5 g
A 9,2 Se3 B.4 5ed SEG7 1t 1046 L 9,6 11.5 27.8 5.5 Bk Be7 749 23,0 3
: : .8
R .1 o7 740 .9 1%.8 1 11,7 14,6 9.8 12,2 34,0 8.8 2.4 5.2 6.3 83,5 ¢
- - g 10.4 5.6 7.3 5.8 2344 @ 1la4d  1le1l 14,7 7 ¢9 33.8 3 8.7 2.1 4,3 4.2 18,6
Tow K 3,3 4.1 F.1 844 15,8 ¢ F.1 SN 12,8 8.8 27.6 1 6.3 Bl 4,7 2,8 10,4 :
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Ampendix MTable 18, Diatribution of Totagaium In Peack Trees, ryrecsed ae Per Oent of Total Amount Llu Tree Found in Various
Tree Parta,

leaves Celon Trunk Stock Trunk

Treatnent : June : July : Auge : Sepbe Juune s July ¢ Aug. 8 Septs @ Dec,

D . Aug, : Sept. : Deec,
i : 1 : 1 i 1:113::1::18

1 H 1 Tt 18

July

b
s

A 4 i 7 : A T g A % 2 % o A

A A EF 47.1 44,7  56.3 £440 3 T a9 Q.4 940 6.4 16,2 ¢ 647 74 €3 4,2 10,7 3
f - - 45,5 40.2 48,3 2.6 11.4 17.6 10.8 18,6 18,7 ¢ 8.3 5.9 fed 43 10.9 ¢
A . 50,6 DELS 49,6 Ble6 @ 12,1  11.3 11,5 8.1 16.7 : 548 8.0 946 7.3 14,3
A 56.5 41,2 56,7 6547 8 16,3 10,7 9.0 7.7 23.1 : 8.1 £.9 4.4 2.8 14.3 @
- - 3548 27,2 25,7 8.1 21.0 20,7 82, 19.2 16,7 11.1 2.1 10.9 11.5 16.7
- - 32,3 44,7 54,5 B7.1 @ 20,1 2.7  11l.1 7.4 13.8 3 7.8 9,0 6.2 7.8 B8 1
M H H

-~ i 4 35.2 20,8 50,5 53,1 18,1 1.0 12.1 10,5 17.2 2.0 13.2 72 743 7.8 1
- - f 35,2 28,5 51,9 51.6  : 18,0 87,0 18,9 19.6 10.4 3 8.1 9,0 12,7 €.,6 14.8 1
Low ¥ 34,6 54,7 30.2 450t 27,0 15,6 12,4 21.9 20,0 @ 9.4 9.8 17,7 9.1 15,0 :

Limbe 014 Roots New Roois

S - o om ——

Treatment ¢ June : July ¢ z’fugs. : Sent, 1 Dec, : June : 3“1{'1&; : Auge ¢ Sept. t Dec, : June : July : Aug. : Sept. 1 Dec,
: 1 1 o 1 : 1 R 1 1 1 : 1 : 18 1 : 1 3 1 3 1 : 18 1
i o & o R “ o o % % 3 % % 4 % % 1
A ALE 540 Bl 545 540 14,0 1 16,5 85,2 34,06 B 29.5 3 13,7 7.3 8,3 10,7 29.5 3
- - 10,0 12,2 11.3 11.1 19,9 ¢ 12,9 18,1 15,0 14.9 89.7 13.8 4.9 7.1 8.3 23,8
ff = 3.9 Fe Se7 Fad 1759 14,2 1543 16,9 15,7 89,5 ¢ 19.4 4.2 546 Vo8 21.6 1
AL 4 - Sa% 1l.4 5e5 £ o0 10,1 ¢ 14,1 21,5 14.8 9.2 34,6 ¢ 18.3 6.3 8,5 8.5 i7.4 ¢
- - P 9,6 11,0 3B 10,2 @ 18,1 51,0 25,1 17.6 34,3 3 11.4 3.2 53 7.0 22,0 :
- FFF (3,9 8.6 Go? 4,7 18.2 1 2044  20.7  15.9 13.8 27.7 10.5 73 7.6 9.7 304
I N Sl B 7ok G431 21,5 BAS 18,0 14.4 28,1 ¢ 11.1 4.3 8.7 7.8 36.9 1
i 1140 1046 Led Gef 15.9 104 29,5 28,0 10.1 4,1 9.8 348 7.8 5,9 238 1
Low X 9.6 10,0 11,0 7 ob G661 4.8 25,2 28,1 14,5 30.3 = 4D 5.8 6.7 4.9 21l.1




Appendix Teble 19. Distribution of Fhosphorus in Teach Trees, Ixrressed as Per Cent of Total Amount in Tree Found in Varlious
Troe Turts.

Leaves Seion Trunk Stock Trunk
Treatment : June ¢ July :  Abf. ¢ Gent, : Tune : July @ 5. ¢ Septe & DecCs : June : July : Aug. : Sept, : Dec,
: 1l 1 1 : 1 : 1 1o 1 3 1 18 Y 1 : L ¢ 18 1
% % koo i e % % b ® % % :
FAEEF 32,5 28,4 30,5 36,1 11.2 13,1 8.0 12,8 14,9 3 9.6 10.4 10.4 8.8 8.8 ;3
£ == 3545 B6e5 30,48 3544 18,5 1449 15.5 10.1 1644 ¢ Pe3 7.6 9.2 10,6 8,7 3
% 7l - 58 o & 3Ded 30.5 307 : 12,3 17.0 17.3 7.1 1502 H 10,1 12.7 14,7 86 11.7 ¢
< H b
VAP . 28, 29,7 32,1 35,0 13,6 11.8 6.9 12,9 18,5 : 9.7 7.6 7.6 8.4 12.7 :
- - - 07,5  Blel3 3445 5,7 - 17.0 176  10.2 16.2 14.4 : 10.8 7.7 13,9 8,0 14,1 ¢
-F A4 3344  Ol. 33,3 5y 13,8 17,1  19.2 12,0 9.1 @ 7«1  1l.9 11,0 11.0 745 ¢
- -4 4 32,5 PB5.1 40,5 3541 2 13,5 14,56 14,4 15.3 12.2 3 3.8 14,0 11,2 10,4 77 ¢
S 37,1 26.6 28,5 36l : 12,2 187 10.% 17,3 7.3 Ge3 12,2 9,7 2.3 1244
Tow K 2844  3BJ7 40,7 3647 16,4 1346 Be3 15,3 15,3 : 11.9 7.3 11.8 1.1 1344 1

Limbs 01d Roots ew Roots

Troatment : Juns® : July : AUge : C0Dte : DOC. :  June & July . iure § Sept. § Dece @ June : July : Aug. ¢ Sept. t Dee, @
_ i 1 0z 1 o+ 1 LI S I - 1 1 : 1 s 4 3 38 i : 31 : 1 s 1 1 18
7 i 4 7 T 7 T % A 4 4 4 % CA
£ AEA 5,0 6.9 7 o6 10,3 7.6 ¢ 29,3 30.7 205 16.8 3547 3 12,2  10.5 13,0 15.3 33,0 3
- 9,0 13,7 1ll.4 15,6 2343 1 80,1 SD,0 16,2 20,9 29,6 3 9 et 7.4 10,9 9.2 22,0
ff-- 8,9 10.6 71 1342 17.5 1 83,8 18,8 20,0 21.7 51.8 ¢ 13,0 8.2 10,3 13,7 23.8 1
: : H
FAE- 8.4 14,1 943 G5 9.1 ¢ 24,8 25,7  21.8 18,9 B7ed 3 14.6 11.0 12,2 14,2 28,2
- - 4.4 11,7 12,1 11,5 16,1 ¢ 33,3 27,4 2,1 18,0 344 3 749 B¢6 7.8 7.5 21,0 1
-F L F 2.5 G0 9.0 B,3 1440 ¢ 88,3 20,1 15,7 16,7 BG40 ¢ 77 8,4 11.2 14,2 34.4
- - g 4 0.8 Ged 1040 1044 745 1 AB3,0 35,1 14,7 19,9 BB.7 2 75 4.7 8.5 11.4 36.8 3
- - 12,2 1347 9,83 1043 12,1 1 53,4 24,7 2941 16.7 45.1 846 4,1 7.4 9.7 23,0 1
low X .1 10.3 Z a8 T2 1744 1 85435 24,9 16,5 16.4 3644 3 8,8 5.8 7.0 7e2 17,5




Appendix Tuble 20, Distribution of !itrogen in Peach Trees, Ixrressed as Per Cent of Total Amount in Tree Found in Various Tree

Partse
Leaves Selon Trunk Stock Trunk

Treatnent @ June : July : Aug. : Bend, : June : July t Auge. : Sept, : Dec, : June : July : Aug. § Sept. 1 Dec, :
1 0+ 1 s o1 : 1 s L s 1 o 1 ¥ 1 : 18 1 3.1 :+ 1 1l 1 18

A % %t % % K

A A AA 46,9  BB.4 41,5 42,9 @ 16,0 10,1 10,8 843 12,3 9.5 8.4 7.9 7.2 11,1 :
’c - e 0.7 A5 .5 43,0 3.1 @ 11,5 13.4 10,9 11l.4 14.6 : 9.7 5.9 6.5 S 919 H
£ { - - 45 45 47 .0 58.8 537 % 1l.1 11,5 13,0 5,7 18.1 @ 8,6 8.0 8.9 1% 12,9
F AL - 43,0 36,0 43,5 45,1 15,6 10,8 10,3 9.3 18,7 9,2 9.1 548 5.2 12.4 :
- - 50,0 45,4 38,9 57e4 1t 12.9 12.6 a6 12.8 18.0 15.2 5.9 10.8 7.1 12,8 3
-t b L 43,3 43,2 42,6 41,9 12,6 15,1 11.5 7.7 9.6 : 9.1 8.4 7.6 8,7 9.2
- -4 4 42,0 32.9 5le.2 50.6 % 11,8 1l1.6 11.3 Stk b4 2 10,3 12.2 Te? Beb B,7 ¢
-—--d 46,4 43,9 39,9 40,4 1 12.6 14.4 11,2 15,7 746 77 Be2 8.8 7eD 14,5
ITow X 40,8 47,1 46,3 40.0 16,4 10,0 75 15.1 20.5 3 16,7 G2 D4 74 1848

Linbs 01d Hoots Hew Roots

Preatment @ June : July @ Mug. ¢ Sent. : DoC, ¢ June : July : Auz. ¢ Sepbe $ Dec. @ June : July : Aug. ! Seph. : Bec.:
— I N U S N | i =318 R I S $ 1 o+ 18 it i : 1 i 1 1 18
7 x . 7 7 % T 3 % % % % K2R

AEALE 3,9 349 4.8 749 10.3 ¢ 82,9 28,1 17.9 15.2 38,7 6o 14,0 16,9 18,5 30,6 :
fo- - 548 7e9 7.6 10,3 18.1 : 16.3 18.4 17,9 18,6 31.9 @ 5.9 7.9 14,0 15,0 20.5 ¢
£ F-- GeB D9 49 B47 13,2 3 19.4 17.5 18,9 2440 358 7l  10.9 15,9 19.%7 23,6 1
FEA- 6,2 8,3 8.1 649 7.6 1 18,8 Sl.4 13,6 17.4 39,3 : 7.1 14,9 15,8 16,1 22,0 s
- - 2.8 748 7 o83 8.7 1346 ¢ £85,9  83.5 23,5 19.4 35.6 ¢ L Bul 10,4 15,0 19.9 ¢
-4 gL 546 5,9 B o 6.1 18.6 1 23,7 19,3 16,2 19,6 366l 546 9.8 15,7 16,0 3344 1
- - % # &.l ‘fnoo {f‘).'i ?.3 7.2 H 24.7 3&.1’3 ;3.'{ ll?p?.v %.2 H 5.9 5'0 1001 16‘3 35.5 :
- - 7.4 el 648 8.1 11.0 ¢ 20,5 20,9 22,4 15,6 44,5 @ - B3 4.5 10.8 12.6 2244 1
Iow ¥ 645 5.2 S.4 T8 1343 1 20,0 20.8 i34 17.0 28,4 ¢ B2 637 9.7 11,0 20,2 1




Armendix

R

Plote,

(hry Welght Basis).

: : : Bepte 182, 1 Ocbe 17, t June 28, : Oept. 10, : June 25, : epbe 15,
Treationt : Mock : 1947 H 1049 : 1948 H 1948 H 1949 H 1849

- L s H : i s : : 1
Straw smaleh : J : H F'GQ : : 1455 H 1490 : l.54 H 2.97
: ¥ : : 1.94 : H 145 H Sel7 : 1437 H 2e86
H 1bo, Tansr phosphato : J : H 1534 3 H 1.00 : 217 : 1,76 H 2,47
: i H : 2418 : H 1,45 H 210 : 1,37 : 2 20

: : : : : H H :
¥CL 1 1o, nins abraw : J : 1722 : 133 : H 1,30 H 1,87 H 121 H 2eld
: kY 3 o35 : 2401 H : 1.45 H 2408 H 1.21 H 2298
C1 L 1h, H 7 : 1.70 : 1,75 : H 136 : 2487 H i.21 : 2420
: i H 1e75 : P : H 1,57 : 1.72 : Ye37 : 247

: : H : : H H :
B0 1 1be £ U dboe SUDET T A ¥ D 1G7E 1 1,85 : i 1.40 ¢ 1,72 t  Le6B 1 2,75
: i 3 1,063 : 2401 3 : 140 : 2e88 3 1426 H 2469
Chaclk H J : 1,68 : el s H 1445 : 2408 H 1,54 : 2485
: i : 176 : 1690 : H 1.50 H 2410 H L1e43 H 2456

H : : $ H $ H

M H M : . M M
Yol T db, 1 T 139 1 2,00 : 1 1,65 : 1.90 t 1.54 : 2.58
H M : 1e70 : el H H 148 : 1.95 H 1.21 H 2,68
7oL 1 1b, 1 1 : 1,70 : 08 : : 1.50 : 1,90 : 1.4 : 2e306
: : 4 1,71 : A : H 1.80 : A H 1.10 H 2469

: : : : H : H :
WG 2 1bg. : % H o' : H H 1440 : 1,90 HE W Y : 2480
: i H 1a7 : 3 H 1.78 H 165 H le21 : 236
T01 4 1bs. : L : 1,91 H : : .37 H 2,08 H 1.21 H 2.75
PR H 1e58 : Y : t 1.76 : 1.75 H 0,99 : 1.8

: : : : : H : :
2 1bie firie niBvate : 1. : le71 : D00 : H 1,38 : 2,10 : 1426 : 275
: t : 1eill s 7 oG 2 : 1.6D : 215 : 1,3% : 3e4l
Ghock L SR 4B S S 4 : T 135 P 2,85 1 1443 t 2,75
: i : Lol : ; : : 1.54 : 2420 : 1,54 $ 3,30

.. ne e

S SF 0p B 44 EP IS GD %8 46 S+ S8 58 eb SE S6 g4 &8 4E D 08 g BE 2w "

.o

s a® a6 e




O UaTTn o

:
— .

Thray cmdeh :

k's) :

5 lbg. Super mhonvhuio :

Do s

3

AL L 1he mino olivaw :

Do :

el L 1b, :

jo5s) 3

:

ICL 1 1b, £ U Iboe lupOr Te o :

el :

Chaclk :

oo :

:

Yol [ 1b, :

Do H

¥C1L 1 1lb. H

Do H

H

HOL 2 1lbs, H

ey H

01 4 1ts, :

o :

.

H

o Ihrate :

.

:

o :

.

:

N

o

Plots. (Dry

vielght Basis),.

t June 25, : Sept, 10, : June 25, : Sept, 15,
: 1949 : 1947 H 1943 : 1948 3 1949 : 194¢
: : 3 : : : H
i o e o A 4 : &

: 0a57 H : () gi32 : 033 b 053 :

: (605 3 : (.62 : 0956 H 0,43 H

H O ol : : 5o S0 : 57995 H 0,50 :

: CetB : : O ot : D43 H 043 H

H : : : : t

H 0457 3 : H 0,40 : 0,46 :

: : : H 0,36 H 0,40 H

: : : H 0436 H 0,46 :

! : : : 0,40 H 0,38 :

: : 2 3 H H

: 0ol : : 0 eB7 : 040 : 043 :

: 050 : : a8 : 0,36 : 040 : i

: ) o533 : : Gell : 040 8 0,40 H

: o % : : e tih : 043 3 0443 :

: ' : H ’ : ' H H

: {3 ¢ 56 : ST : a7l : 0443 H 046 :

: 0 42 H 0458 : O gkt : 0,40 H 0,50 H

H 053 H [SPRyts : IR IA) H 0443 H 050 H

: A PREH) 3 0 B0 : DY H 0,46 H Qg40 H

: : : : H H

: (3407 : 0 ¢ 1353 : (066 : 0440 : 0,38 H

3 000 : (o4t T (3,00 : 04682 H 043 :

H (e85 : PRei H Dol H 0,87 H 0,40 H

3 S5 55 2 O a3 : 3650 H 0.32 $ Qa3 H

: 3 : : : :

H (1 ¢ I35 H 3 g7l H 0 43 : 080 H

; Dok H : GVl : N ) H 0,50 $

5 0 ¢ &5 3 1 0,68 H Q43 : 040 H

: 0910 H : Ueth H 0.59 H 0,50 :

s @8 e
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rondix Tble 83, Der doat

e

in PYertilizer Plots, (Dry Weisht DBasis).

It S o . S

: : ; ( 17, 3 Juae 25, : Sept. 10, : June 25, : Sept, 15, ¢

Treastiont : 3 1947 : 1947 3 1948 H 1948 3 1949 : 1948 :

- : LI e . e b : : . L :

Streaw rmlceh : s : : 1,28 : H 1,45 H 1.45 : le43 : 1,48 :
) : i : le25 ¢ 1466 : : 1.85 : 1.98 H 1.81 H 1,92 t

L lba. Junper nhosuhnte : J : 118 H etiS : H 1,10 : 1.28 : 1436 H 1.26 -
Do s : 1k 3 1a87 H : 1,58 H 1,85 : 1,65 P l.48 H

H s : : t s H : s

FCL 1 1he miuz straw : J H 06530 : l.11 H s 2408 : 228 H 223 : 2403 H
jE) : ji8 : 125 : 1ed4 : H 2,02 : 2,85 : 242 : 2.25 H
11 ib, 3 hi : 1440 : 1,00 : H 1,67 : 1.98 : 6220 : 1,98 :
o : e : 1e4H : 1e%i0 : : 1.5% H 1.6C : B.14 : 2,09 :

: : : : H : : 3 3

¥G1 1 1b, £ 8 1bs, Suner n, : T P ¢ D+ B Lol : t 1440 : 1.82 : 1.22 s 1,87 :
Do H ¥ : 1ot 158 3 H 1.80 : 2,08 H 2,36 : BJl4 H
Chook : J 