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POTASSIITh1-SUPPLYING PO ER O F CERTAIN 
MAJOR OREGON SOILS 

INTRODUCTION 

The forn of' potas8ium tri the soil and their avail- 

ability to the plant has been a subject of much discuss- 

ion ror long ueriod of time. There is nuch said about 

nonexchangeable, exchangeable, and readily available 

foriris of potassium. Many research workers have tried to 

develop methods of distinguishing between them. Others 

have studied the effect of environmental factors on the 

processes of fixation and release which determine the 

potassium-supplying power of a soil. Although each worker 

has contributed only relatively little, each successive 

one brings us closer to a full understanding of the sub- 

ject. 

The object of this study has been to determine the 

rate of availability or change of potassium from its 

nonexehangeable to its exchangeable forms in four major 

soil types in Oregon, and also to study the potassium 

requirement of potatoes on several major soils in Oregon. 
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HISTORICAL 

The problem of potassium availability in soil is a 

complex one. At first it was assumed tiat al]. otassiuin 

added to the soil in the form of a fertilizer was either 
absorbed by the plants or leached out of the soil. 
Little was known of the availability of potassium from 

primary minerals. Bushnell (8) compiled o list of the 

relativo availability of primcry potassium. iany research 

workers have undertaken the task of solving the mystery 

of the processes of fixation and release with which the 

potassium supplying, )oi;er of a soil is bound. 

L:echanics of Fixation 

Dyer (10) and Frear and Erb (13) were among the 

first to show that a portion of the potassium fertilizers 
added to the soil were converted to a nonexohangeable 

form. Later Volk (37) suggested that potassium reacted 
with colloid silicates to form difficultly soluble 

muscovite. There is considerable'. evidence that potassium 

fixation takes place through the mechanism of the ex- 

change complex. This was advanced by Joffe and Levine 

(22) who showed that so long as the complex is saturated 

with potassium the magnitude of fixation will not be 

affected no matter how much additional potash is applied. 

The sano authors (23) found a linear relationship between 
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the amount of otassiwxi entering the exciiane complex and 

that fixed. The findins of Martin, et al. (24) seamed to 

indicate that the fixation of potassium involved first 

an absorption in exchange for other cations an then a 

fixation which resulted in a reduction in the total ex- 

chcne capacity of the soil. They stated also that the 

process as not dependent on the presence of clay minerals 

of the expanding lattice type, which as in contrast to 

the findings of Seats and Winters (32) and Hoover (18) 

who showed that the greatest fixation occurred in soils 

high in montinorillonite-type clay. The former authors 

used X-ray data to prove their findings. 

Wood and DeTurk (41) indicated that the potassium 

eq.uilibriuin of any soil can be represented as fol1os: 

Primary mineral -4fixed K (acid-insoluble K acid 

soluble K) z= replaceable Kwater soluble K. The 

removal of potassium from either one of the last three 

forms would cause displacement of the equilibrium to 

the right. Little chance will occur in tiie first form 

except over geologic time. Ättoe and Truog (5) have 

expressed potassiu.m in availability catagories whose 

dynamic relationships are indicated in the following 

diagram: 
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READILY AVAILABLE ' MODERATELY AVAILABLE 
Eìchangeable / Fixed IC 

IC in organic matter \ / Biotite K 
water-soluble sts \ / Pos sTbly cons t lt ut es 
Cften constitute about\ / about one to two per- 
one percent of total \ / cent of total 
in a fertile soli \ / 

DIFFICULTLY AVAILABLE 
Feldspar 
usoovito K 

UsuaTiy constitutes 
97-9% o total 

fettinß and Drying 

VolI (37) first showed tIIt alternate wetting and 

drying greatly increased the fixation of potassium while 

soils which were kept moist fixed very little potassium. 

Toffe and Kolodny (21) found that fixation increased to 

a maximum as soil was heated to 20000 and thereafter 

decreased with increase in temperatu.ree Bray and DeTuric 

(7) stored soil in the moist condition for fIve years 

and found that it showed no large Increase or decrease 

in fixation during that time. In anotheT suort time 

experiment it was shown that soil stored In the moist 

condition ith no potassium added increased in replaceable 

potassium; whereas the same soil stored under the same 

conditions with increased increments of potassium added, 

decreased in reilaceable potassium. rllhey also heated 

soils up to 200°C and fouiid that in most cases potassium 

was released from the nonexchangeable form. lost of 

their work was later confirmed by Attoe (3). DeTurk, 
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ood and Bray (9) found fixation tc occur gradually 

under moist storage conditions, reaching equilibrium 

in about six months. 

Martin, et al. (24), suggested that increase of 

fixation due to dehydration of the soil ay ossib1y be 

the result of an increased concentration of salts in the 

soil solution nd not so much a physical effect on the 

soil colloici. Attoe (3) observed that the amount of 

potassium which as fixed by the soils in the nicist con- 

dition was dependent on the pli of the soil, more being 

fixed as the pli inoreasad. On the other hand, potassium 

fixed by drying soils is independent of pli and is much 

more resistant to extraction. 

Free zin and Thawing 

In determining the effect of freezing and thawing 

on soils, Fine, et al. (12), found in a study of twelve 

soila that eight of then increased in exchangeable potes- 

slum as tuoh as 150 pounds per acre, one remained the 

saras, and three showed a decrease. Graham and Turley (15) 

showed that freezing and thawing was offect±ve in render- 

Ing potash replaceable in significant amounts from 

montmorillonitio type clay but of no significant aiount 

from ground granite. 



Organic Matter 

There has been very little work done on the rda- 

tionship oÍ organic matter to potassiwn fixation. Jenny 

and. 3hade (20) state tit biological material helps to 

hold otass1um in the soil and reduces its leaching out. 

Harris (16) round th3t there was no :relation between 

potassium fixation and the amount of organic ratter in the 

soil. wood and DeTurk (41) rule out the possibility of 

organic iiatter fixing potassiu. due to the fact that any 

leaching solution used i strong enough to break down 

organic iaterial and release any potassium held by it. 

Lixac-Potassium Relationship 

That lime was beneficial in releasing absorbed 

potassium frein soils was shown by Abel and Magistad (1) 

in experiments where 100 pounds of K20 per acre were made 

available annually oxi lined soils and about 75 pounds 

per acTe Ifl the case or natural acid soils. The results 

were the saine whether the soils were fallowed or cropped 

with legumes or non-legurnea. exmy and Shade (20) relt 

that linie liberated absorbed potassium in large quantities, 

probably due to 112003 

On the other hand, many authors found lima to be a 

factor in potassiwn fixations Fro several fields, Lllway 

and 2ierro (2) presented data to show t1at unproductive 
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(high-llne) soils had a greater potassium-fixing power 

than the productive (neutral) soile This was substan- 

tiated later by vans end Attoe (11). Levine and Joffe 

(23) felt ttat the increase in potassium fixation which 

followed liming was not due to calcium hut to the In- 

crease In alkalinity of the soil system. 

Volk (37) and Attoc (3) demonstrated that wetting 

and drying fixed a much greater amount of potassium If 
lime was added to the soil. Fine, et al. (12) realized 

the same conclusions with freezing and thawing expert- 

me n t s. 

Harris (16) concluded his work by stating that linie 

had little or no affect on potassium availability. 

xtraction by lants 

In their early work on potassium absorption by 

plants, Hoagland and artin (17) found that inny times 

plants absorbed more potassium fro.a the soil than was 

originally there in the available form. They concluded 

that potassium must be released from the "fixed' form 

and that "...as cropiIng continues, the proportion of 

potassium derived from norrep1acoab1e forms grows larger 

until a point Is reached ût which no further loss of 

replaceable potassium can oocu, at which point the 

solublilty of the non-replaceable form determines the 

supplying power of the soil". 



Stewart nd Volk (34) eontinuously cropped ten 

A1abatria soils with a se1e$ of different crops. They 

found that an average of two-thirds o± the potas$lu.ni used 

by the plants came from forras that were nonexehaneab1e 

et the beginning of the test, and the amount of nonex- 

ch8nteab1e potassium removed from the different soils 
varied between 39 and 89 percent of the total amount of 

potssiui consumad by the plants. However, they found no 

close correlatIon between the potissiuni removed by the 

crops and the tots? amount available in the soil at the 

beInnin of the experiment. 

Reiterîeirer, et el. (30) studied the release of 

nonexchaneab1e potessium by various methods which In- 
cluded the rowin of Ladino clover, moist contact, 
freezing and thawing, electrodialysis, an Neubaur methods. 

of thes, the Ladino clover, cver a period of 7L0 days, 

released the greatest ccount of fixed potassiuia. In 365 

days the Ladino clover released more than all but the 
electrodialysis method. This ias cisc noted in the work 

of Evans and Attoe (11) bero, v4th four crocs of oats and 

LaUno clover, more than half of the potassiun tehcn up 

by the plants as of the nonexchaneable form. when limed, 

all forms of potassium uptake by the plant were repressed. 
This substantiates the earlier work with lime. 

Hoover, et al. (19) determined nonexohangeable 

potassium b subtracting the decrease in exchangeable 



potasiuci brought about by cropping for 545 days froni the 
total amount of potassium reìoved by the millet crops. 
Two soils, one 01' which contained K-bearing minerals of 
the 2:1 type and the other K-bearing minerals of the 1:1 

type, released 376 pounds and 125 pounds 01' nonexehange- 

able potassium, respectively. Also as the pE increased 
fron values of 5.7 to 7.2 due to liming, the release of 

nonexohangeable potessium increased. 
Bray and DeTurk (7) and more recently, Attoc (4) 

nd Ghoiston end Hoover (14), hayo 

of the fixing power of the soil in 
in a non-ìvailabio form until such 

hes need of it. The!r experiments 

percent of the rotssium absorbed 

the nonexchngeable form. 

Response In Oregon 

shown the adveiitage 

that potassium is held 

a timo that the plant 
show that from 2 to 50 

by the plant comes from 

Previous vork in Oregon concerning potash Evailabil- 
ity wes carried on by flradiey (6) who found that ;otash 
released by sulfates were reabsorbed by heavy subsoils. 
A few years later, Powers (25) orked ith Desohutos sandy 

loar: where soil, tuber, and later leaf analysis of pota- 
toes s!ìowed increase in ootassiwn vith increase ix rate ol' 

applIcation. Peat soils of the Til1amette Valley are 

normally low in potassium end CIve rked responses to 

potash applIcations (26). 



EXPERIMENTAL 

Description or Soils 

lo 

In order to deterniine something of the potassium- 

supplying power of Oregon soils) it was decided to pick 

out four widely separated soil types and use then for 

experimental work. yost of the work reported herein will 

be on those foin soils, but soj additional experiments 

were carried on with other soil types. The aoils used 

were: (1) rillaiuette silty clay loam - an alluvial soil 

of wide extent in the «lilamette Valley, (2) Olympic 

clay loai - a residual "hill soil" of najor importance, 

(3) Powell silt loam - an intensely farmed loessial-like 

soil, and (4) Desohutes sandy loam - an extensive vol- 

canic esh soil in Central Oregon. Their descriptions 

are given briefly as follows: 

iliarnette silty clay loan - Consists of 10 to 14 

inches of light brown friable silty cisy loam over 

brown moderately compact subsoil. It is found on 

gently sloping or rolling topography and is well 

drained. It is derived from sedimentary materials 

and is classed as "old, valley filling". 

Olympio clay loam - Olympic clay loam is of residual 

origin, being derived from the weathering of basalt 

and associated igneous rocks. The surface soil is 

a brown to reddish-brown friable clay loam overlying 
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8 compact c1y or clay loani and this is underlain 

by inssive basalt. Natural drainage is very weil 

developed. 

Powell silt loam - The urfaoo of the Poell silt 

loam consists or a brown to yello1sh-brown smooth- 

textured silt loam extending to & depth of 10 to 

26 Inches. The subsoil Is a rather compact yellow- 

brown silt loazï. This soil is deiived from old 

water-laid or wind-borne deposits but may include a 

snhall portion or soil derived from basalt. Drainage 

is vex'y good from these soils wiion occupy rolling 

roothulls front elevations or 300 to 600 feet above 

sea level. 

Desohutes sandy loam - This is a light brown soil 

or sandy loam texture on pale brown subsoil over 

basalt. The surface soil varies greatly in depth 

as does the depth to basalt. It is a ell drained 

soil drived from puirioeous volcanic ash under 

juniper and sage. This soil, as a rule is highly 

leached. 

Some physical nd chemical properties of these four 

soils are given in Table I. 



r2ab1 I 

Some Physical srxd Chemical Properties of Four Oregon 3oils 

Moisture : Exchange : Organic : Exchangeable 
Soil Type : Reaction : Equivalent : Capacity : Matter : Potassium : Calcium 

n.e. per 
pH Percent loo g. Percent n.e. per 100 g. 

Willaraette silty 
olay loani 5.9 30.0 15.75 2.723 .778 12.60 

Olympic clay 
loam 5.8 29.1 18.95 5.15 .640 12.10 

Poell silt 
loan 5.7 30.6 14.60 5.10 .870 10.50 

Deechutes sandy 
loam 6.1 14.4 8.25 1.27 .731 7.75 
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Methods of Sampling and An.alysis 

Unless otherwise noted, ail leaf samples included 

both the leaves and petioles and were composed of the 

first niature leaf group back from the growing tip. All 

plant materials were dried at 60°C and ground in a Wiley 

mili to pass a 60-mesh sieve. They were then stored in 

small manila clasp-envelopes. 

Soil samples were air-dried, screened through a 

20-mesh sieve and stored in pint $eairight cartons. 

The potassium content of the soil was deterMined by 

the flame photometer method of Toth and Prince (35) with 

the following modifications: 100 p.pm. Li was used as 

the internal standard and a propane burner was employed. 

A new Model 52A Perkin-T!lmer flame photometer was used so 

it Was unnecessary to change photocell8. 

Plant materials were analyzed for potassium after 

the flame photometer method of Toth, Prince, allace and 

Mikkelsen (36) with the same modifications as noted above. 

Soil reaction was measured with a standardized 

Beckman pH meter with a glass electrode. 

Base Exchange Capacity was determined by a modifica- 

tion of the method of Scholienberger (31); organic matter 

by the method of Waikloy and Black (38); and exchangeable 

calciurr by the standard aiuraonium oxalate method. 
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oisture equivalent was determined with an Interna- 

tional moisture equivalent centrifuge. 

Laboratory and Greenhouse Experiments 

A number of different types of experiments were con- 

ducted on the previously mentioned soils in order to ain 

a more thorough knoilec1e of the processes of potassium 

fixation and release and the rate of availability of 

potassium to the plant from these aoils. 

Wetting and Drying. In order determine the effect 

of wetting and drying upon the fixation and release of 

potassium in the .i1lamette, Olympic, Powell, and 

Desohutes soils, 300 grams of each soil was stored in the 

moist condition in sìa1l glass jars. To one set s added 

potassium chloride at the rate of 200 pounds per acre, to 

another potassium chloride at the rate 01' 500 pounds per 

acre, an. a third set was left without any added potassium. 

During the period of the experiment, three samples were 

taken for analysis of exchangeable potassium, one at 2 

months, one at 7 months, and the last at 16 months, At 

the time of the first sampling each jar was divided into 

three equal parts. One third was left moist, one third 

was air-dried, and oria third was oven-dried (110°C). 

After a small sample was taken out of each of these subsets 

they were reniolatened and stored individually. At the 
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next sampling they were air-dried and oven-dried as before 

prior to analysi5. After sampling they were again ro- 

moistened end stored. This prooess was repeated for the 
third sampling. 

The data obtained from this experiment aro presented 

in Table II. It can be sacri that at the time of the 

first sampling (two months) there was a decided decrease 

in exchangeable potassium from the amount in the original 

soil, especially at the higher fertility level. After 

the first two months there was an increase in exchangeable 

potassium irregardless of the soll treatnient (whether 

sampled moist, air-dried, or oven-dried) or the amount of 

potassium added. 

The amount of potassium found in the soils at each 

sampling date 'did not vary greatly due to the soil treat- 

ment, although, after the first time or sampling, the 

moist treatment liberated slightly more than dici the dry- 

ing treatments for all of the soils. Air-drying the 

soil liberated a little more potassiu than oven-drying in 

the case of the Jillamette and Powell soils; but for the 

Olympic and Deachutes soils there was little difference. 

For each soil there was an increased liberation of 

potassium with an increase over the amount that was 

originally added as amendments, the increase being approx- 

linately in proportion to that added. By the end of the 

experinnt, all of the soil samples had increased in 



TABLE II 
LIBERATION OF NONXCHANGEABLE POTASSIUM FROM SOIL BY 7ETTING AND DRYING 

: : Exonangeable Potassiuzn 
: Potassium : in : Moist : Air-dry 

rrjme 
:Oven-dry (11O°C{ 

Type : Added : original : T1ine : : Time 
: : soll : i : 2 : 3 : i : 2 : 3 : i : 2 : 3 

ppm ppm ppm. ppm ppm 

Willamette None 304. 252 74.8 1328 330 644 1128 277 630 1124. 
silty clay 100 404 333 53 1672 357 77]. 1284 332 73 124.0 
loam 250 554 352 1012 1E94 550 839 1636 402 823 14.20 

Olympic None 250 187 565 752 236 515 704. 332 474 680 
clay 1oaiì 100 350 199 750 1128 326 719 1002 323 829 1004. 

250 500 236 821 1394. 325 974. 1168 393 717 1172 

Powell None 340 252 783 1368 368 659 1088 326 607 928 
silt loam lOO 44.0 305 970 14.78 361 802 1304 316 793 1148 

250 590 380 1210 2340 530 1044 1812 570 865 1560 

Desohutes None 286 239 690 1026 278 625 940 305 474 1088 
sandy loam 100 386 320 774 1308 362 732 1272 4.02 745 1140 

250 536 382 907 1694 475 843 1440 405 872 14.40 

* Time sampled is es follows: 1: 2 months, 2: 7 months, 3: 16 months. 
-J 
o' 
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exchaneb1e potassium frow. 3 to 3 times their oLiina1 

amount. Of the four soils, the Willamette and Powell 

liberated approximately the saine anoixnt of potassium. 

throughout the experiment. The Desohutes soil was next 

and the Olympic soil liberated the lsat. 

The relesse of cotassium from each of the four soils 
while kept moist over a period of time is shown graph- 

ically in Figures 1 and 2. The curves tor the air-dry 

and oven-dry treatments would follow practically the same 

pattern. 

The effect cf the three soil treatments prior to 
sampling on the release of nonexchaneable potassium from 

each of the four soils Is shown graphically In Iures 

3 and 4. Only one fertilizer treatment is represented 
as the curves for the other two treatments will also 

follow the same trend. 

Formation of xchangeable Potassium frein Lesehed 
Soils. This experiment was designed to detr.mine the rate 

of availability of potassiun from primary minerals. In 
order to deterIne this all ree'ìily available potassium 
was first removed from the soil. This was done by 

thoroughly leaching two kilograms each of Willamette, 

Olympic, Powell and Deschutes soil ith normal neutral 

ammonium acetate in order to replace all exchangeable 

cations ith the ammonium ion. The excess ammonium 
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acetate ws t . eri removed by leachin with ethyl alcohol 

wLiich was in turn removed by drying the soil. These soils 

were then placed in cans which had previously been treat- 
ed with Vaispar. The cans vere then divided into two 

sets, one set containing an equivalent of two tons of 

line per acre and the other set havirx, no added material. 

For the first 5 months they were kept moist after which 

time they were sampled and analyzed for exchangeable 

potassium. From this point on they were hiternately 

wetted and dried and after 12 months they were aain 
sanipled and analysis made for potassium. All potassium 

found would have had to come from the breakdown of the 

primary minerals and then enter the exchange complex. 

These results are recorded in Table III. 

Lfter five months of storage in a moist condition, 

the soils had releasea very little iotassium froni the 
primary minerals or other nonexchangeable forms. In most 

cases the soils to which ari equivalent of two tons per 

acre of lime had been added gave the largest amount of 

liberated potassium. Although the soil was moistened, 

the concentration of the a1;monium ions was very r:reat and 

this may account for the very low quantity of liberated 
potassium. The soil samples were then subjected to a 

series of wettinps and dryings which covered a period 

of seven montns. hon these soils were analyzed again 



TABLE III 

FORMATION OF EXCHANGJABIJ POTASSIUM FROM LEACHED SOILS 

Exchaneab1e Potassium : Reaction 
Soil : After 5 months : __ eI2onths : in : in : After 12 months 
Type : :0rigina1:Oriina1: 

Ljd* 
¡ 
Unlimned:Lilied* : Unlimed : Soil : Soil : 

Lied* 
: Unlimed 

Pounds per Acre pH pH pH 

Willaniette 
silty clay 
loam 7.4 6.8 168.8 158.4 608 5.9 6.0 5.5 

Olympic 
clay loam 4.4 4.4 57.6 4.4.0 500 5.4 6.1 5.9 

Desohutes 
sandy loam 5.8 5.6 57.6 54.4 572 5.7 7.0 6.]. 

Powell 
silt loam 5.2 4.6 100.8 95.2 680 5.2 5.8 5.7 

* Limed at the rate of 4000 pounds per acre. 

Ii 
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it wes found that the ount of exchngeab1e otessium 

liberated hd mriced1y increased. 7etting end drying iay 

have caused a rep1aoeiient of the ammoniuui ions by the 

hydrogen loris on the exchange complex, and this more 

acid condition havin, favored the breakdown of the primary 

minerals. sin the limed soils Ehewed an increase in 
the amount of otassium liberated... 

Although there viere sll&,ht differences in the amount 

of potassium liberated by each soil during the first five 
months, this condition was changed after a year's time. 

«illeitìette silty clay loam liberated more than the other 
three soils in each case. Olympic clay loam, which started 
out slovdy, contained as much exchangeable potassium as 

the Desehutes sandy loam at the close of the experiment. 

Powell sUt loam end Desohutes sandy loam contained the 

same amount of potassium at five months but afte a year 

the former soll had accumtuleted almost twice ¿s much es the 
latter. In the twelve months period the soils had attain- 
ed from 10 to 25 percent of their original exchangeable 

potassium content. 

Of the four soils, all but illamette increased in 
reaction durina the year. Tìe limed soils had higher pH 

values than did the unuimed soii, although the difference 
was not very great. 
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Potassium Libexation by Continuous Cropping. Twelve 

one-gallon glazed ceramic jars were filled vth soil from 

each of the "Tillamette, Olympic, Poveil, nd Desohutes 

soll serles. Three jars fi'om each set were used ís checks. 

To each of three renainin jars was added ctassium chlor- 

ido at the rate ot 100, 200, and 300 pounds per acre. 

Bountiful Beuis nd Red C.over were planted at the same 

tinie 3t the beg1nri1n of the experiment. The beans grew 

rapidly and were harvested while the clover as getting 

established. Nothing else ws planted and during the 

experiment rour crops of clover were harvested. The 

potassiuni content of the original Eoll was known and the 

yield in weight and content each crop was 

debernined. At the close of the experiment the soils were 

again analyzed for exchangeable potassiuia. Knowing the 

exchangeable potassiwi content oÍ the original soil, the 

amount o:r iotassium added as fertilizer, the amou.nt re- 

noved by the crops and the exchangeable potassium in the 

soils at the close of the experiment, tile amount of potes- 

siu.z derived from the originel nanexchangeable form in 

the soil was calculated. This data will be found in Toblo 

Iv. 

The amount of potassium. which was liberated from the 

nonoxehangeable form by continuous cropping differed for 

each of the four soils. The illanette soil liberated 

the most, followed in turn by the Deechutos, Olympic and 



TABLE IV 

LIBIBATION OF TOTA$SITJM FRC!'! NONEXCHANQEÂBLE FORM BY C ONTINYJOUS CROPPING 

xcnangeaDie .ioiassiuiiì 
Soil :Treatment and: in :reiuoved troni aoil by: in soil : liberated £ro 
Type :ate per acre: original : at end ot : nonexohange- 

- : soil : Beans : Clover : experiment : able form 

Pounds Pounds per Acre 

V;illarnette Check 608 69 701 220 382 
silty clay 100 K 708 75 737 200 304 
loam 200 K 808 76 799 276 343 

300 K 908 70 873 300 335 

Olympic Check 500 64 677 55 96 
ola3- loam 100 K 600 66 575 54 95 

200 K 700 66 625 70 61 
300 K 800 65 651 72 -12 

Powell Check 680 80 619 74 93 
silt loam 100 K 780 74 665 74. 33 

200 K 880 75 o69 82 -54 
300 K 980 81 709 146 -44. 

Deschutes Check 572 94 597 106 225 
sandy loam 100 K 672 81 644 100 153 

200 K 772 61 645 124 58 

300 K 872 78 624 144 -26 
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Powell soils. i'ot only did the clover liberate rore 

potassium from the illamotte soil but there was a larger 

amount present in that soil at the end of the experiment. 

4th the 2oell and Olynpic soils there was not much 

potassium left et the end of the experiment, indicating 

that the plants absorbed it as fast as it was liberated. 

The Desehutes soil was interrediate between the Wiflamette 

and ti other two soils. 

In all but the 4llamette soil, the higher the 

fertility level of the original soil the less potassium 

as liberated from the nonexohangeable Corm by the crops. 

At the higììust fertility level (300 pounds per acre of 

potassium) ith 

the plants did not re. ove all of the potassium which was 

available ¿t the beginning of the experiment. 

Analytical Studies vith iotatoes and Tomatoes. In 

1948 an experiment was conducted in the greanhouse tu ob 

tain data relative to the rotassium content of soils and 

leaves during the growing season for potatoes and tomatoes. 

The crops were grown on Desehutes sandy loai and consisted 

of seven different fertilizer treatments. Due to the 

absence of the autLor durinp the greater part cl' the sum- 

moi, only two samplings were nade for each crop. 

In his work with berries, Wood (40) found that the 

potassiw content of be leaves was highest at tite full- 



bloom stage and 1oiest in the post harvest period. With 

potato leaves (Table V) the pottas1uxri. content was found 

to be auoh higher during the pro-blossom period thaxi at 

full bloom. The aniount of soil potassium. was also much 

lower at the bloona stage. Although the percentage of 

potassium in the plants was lêS at the bloom. stage, there 

was much more green in&terial and oonsequeiitly it depleted 

the soil or its potassium content. Vith tomato leaves 

(Table VI) the opposite effect was noted. During late 

harvest there was a hiber percentage of potassium in the 

leaves than during the pro-blossom period. As would be 

expected, the potassium content of the soil also dropped 

during this period. It can be noted that with both the 

potatoes and the tomatoes the potassium content of the 

leaves increased with the increase in potassium fertilizer 
and also correlated with increase in yield. This was 

true at both sampling dates. 

As early as the pre-blossom stage, there was no 

apparent correlation of tue potassium content of the soil 

to that of the leaves or even to yield, with either the 

potatoes or tomatoes. This seems to indicate that only 

a certain amount of potassium is available in the exchange- 

able form and the rest is either fixed or leached out. 

There was no correlation between the potassium con- 

tent of the potato tubers and potash treatment. The potas- 

sium content of the tomato fruit was not obtained. 



TABLE V 

POTAÙ'SIUM CONTPNT OP SOIL AND LEAVES IYCJRING GRH OF POTATOES 

Jfotasslum Gontent 
Treatment and : Soil : Leaves 
Rate per Acre : Pre- : : Pre- : : 

blossom : Full bloom : blossom : Full bloom : Tubers : Yield 

Pounds ppm ppm Percent Percent Percent Grams 

5-10-0 500 134 98 3.31 2.60 1.91 348.3 

5-10-10 " 148 82 3.62 2.82 1.80 360.1 

5-10-20 " 154 95 3.88 3.04. 1.80 381.2 

5-10-O 1000 135 127 3.20 2.65 1.74 405.6 

5-10-10 167 130 3.70 3.20 1.99 430.8 

5-10-20 " 201 98 3.97 3.46 1.94 434.5 

5-10-20 500 +13 25 205 110 3.91 3.10 1.88 4.81.9 

Average 3.66 2.98 

'o 



TABLJ VI 

POPASSIU CONTENT OF SOIL AND LEZVES DURING GROTH OF TOMATOES 

- 

: : : 

Treatment nd : Soil Potassium : Leof fotassiuin 
Rate per Acre : l're- : Lette : Pre- : Late :Fruit 

: blossom : Harvest : blossoiii :_ Harvest :Yleld 

Pouiida ppm ppm Percent Percent Grams 

5-10--O 500 160 50 4.00 4.08 301.0 

5-10-10 n io 95 4.6e 5.00 362.0 

5-10-20 t? 1O 110 4.40 5.50 

5-10-0 1000 95 65 4.10 4.65 ¡f16.0 

5-10-10 " 170 115 4.22 4.68 495.7 

5-10-20 " 1fO 100 4.90 5.12 546.4 

5-10-20 " -i- B 25 1O 90 - 4.66 522.4 

o 
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In their wox'k with potatoes in 1947, Jowera and 

Warner (28) found that the potatoes grown on Desohutes 

sandy loam contained e higher percentage of potassiu.t in 

the 1eves and tubers than did potatoes crown ori i'owell 

silt loam. In 1948, i'esults showed that one field or 

potatoes gaown on Desohutes soil save higher and another 

field on the same soil type av lower percentages or 

potssiwn in the leaves and tubers thin as found froni 

potatoes grown on Powell soil. In the fall of 1948 these 

two soil types were brought into the greenhouse nd riant- 

ed to potatoes with varying rates of otassiuin rertilizer. 

They were grown under identical conditions in order to 

rule out any errect due to environment. Soil and leaf 

saniples were taken at Lull-bloom to correspond with the 

field triais. As can be seen trom Table VII, the soil 
and. leaf potassium as considerably higher in tne Powell 

soil than in the Desohutes soil. The hihoi' conont of 

potassium in the leaves as no doubt directly due to be 

niuch higher potassium content of the soil. The ueschutes 

soil is very susceptible to leaching and herefoie a ioer 
potassium content would be expected, especially when 

waterea under dreenhouse cono.itions. Under normal con- 

ditions in the field where irrigation is not carried on 

so intensely, this would not be the case. The potassium 

content of the leaves í:rom tue two soils is in direct 

Droportion to the yield, confiriiing what was noted earlier. 



TABLE VII 

EFFECT OF AND SOIL TYPE ON POTATOES 

. 0 

Treetment and : Desohutes Sandy Loam Powell Silt Loam 
Rate per Acre : :_Potassì __ Content 

: Yield:S611 : Leaves : Tubers : Yield : Soil : Leaves Tubers 

Pounds crams ppm Percent ranis ppm Percent 

5-10-O 500 140 271 2.50 1.698 252 396 4.95 1.642 
5-lo-lo 1 169 280 222 1.722 431 382 3.73 1.732 
5-10-20 n 160 311 3.01 1.782 494 385 3.73 1.856 
5-10-0 1000 188 270 1.70 1.644 303 390 3.77 1.684 
5-10-10 " 216 34.1 2.61 1.762 380 405 4.50 1.784 
5-10-20 " 286 380 3.36 1.504 390 510 4.95 2.044 
5-10-20 500 B 25 197 378 3.81 2.044 348 530 4.60 2.080 
5-10-20 " +liiue 

4000 357 431 4.75 1.920 
5-10-20 " on sub- 

3011 206 310 3.72 1.836 
5-10-20 " with 

White Rose* 432 429 4.2b l.9L4 

Average** 194 310 2.80 1.736 371 27 4.32 1.832 

* All other pots planted with Netted Geni varie. 
** Average includes only the first seven entries. 
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The potassium content ol' the tubers increased with in- 
crease of potash treatment, 

;ith tomatoes grown on the same two soils, the dif- 
ference between potassium content of leaves was not so 

greet although the weight of the vines varied markedly 

(Table VIII). The potassium content of the leaves did, 
however, increase with an increase in potash fertilizer. 
Much of the velue of the experiment was lost Lecause yield 

could not be obtained. 

Analyses of potato leaves and. petioles frox two 

different parts or the plant were ¡nade and. the respective 
potassium contents noted in Table IX. Lined and unlined 

plants on three soil types were used. The samples were 

taken from the first mature leaf group beck from the 

growing tip end the third or fourth mature leaf group from 

the bottom of the plant. The samples were taken at the 

early bloom stage from plants on Willanette silty clay 
loam end Labish peat*. The plants were entirely green 
end growing normally. The samples taken from plants on 

Deschutes sandy loam were at the late bloom stage and 

though the young leaves were green and growing, the older 
leaves had matured and turned yellow. In every case the 

petioles contained more potassium than did the leaves, 

Lcb1sE peat is a willow-sedie teat with a pH of 5.2 to 5.6. 
The surface 12 to 16 inches is black and this rests on e 
dark-brown subsoil. It is lo in aveilable potassium. 
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TABLE VIII 

FFEOT OF ]OTASH AND SOIL TYPE ON TOLIATOES 

Treatment end 
Reite per Acre 

:Desohutes 
: : 

: Vine : 

: Weight : 

Sandy Low: 
?otassiw: 
Content : 

o Leaves : 

Poe11 

Vino 
Voight 

Silt Loai 
z Potassium 
i Content 
: of Leaves - 

Pounth Gi'anis Pei'eent Grams Peiioent 

5-10-O 500 1543 2.36 2360 3.05 

5-lo-lo " 
:168o 2.65 2270 2.6 

5-10-20 " 1815 3.4.5 2222 3.07 

5-10-O 1(00 1271 2.51 199e 3.35 

5-10-10 " 1770 2.97 2222 3.51 

5-10-20 " 2O5 3.46 2g60 3.72 

5-10-20 500 +B25 2042 

5-10-20 " 4- hue 
4000 

5-10-20 

Ave rage* 

" on sub- 

soil 

1744 

3.40 3041 3.32 

2516 3.00 

908 3.17 

2.97 2J25 3.28 

* Average includos only the first seven entries. 



TABLE IX 

POTASSIUM COWI'ENT OF POTATO LEAV1.S íND 7E1IIOLES 

Soil : 
Type : 

Treatment and. 
Rate per Acre 

: 

: Reaction :_________________________ 
Leaves : Petiolos 

Potassium 

: 

Content 
tuxe 

Leaves : Petioles 
Pounds pH Percent Percent 

Willamette Lise, 4000 7.48 4.60 7.10 5.47 10.66 
silty clay 
loan None 5.98 5.10 7.20 5.95 12.34 

Desobutes Line, 400() 8.11 2.00 2.65 1.05 1.40 
sandy loam 

None 6.76 3.25 6.30 0.70* .1.10* 

Labish peat Line, 4000 6.92 6.23 9.20 7.55 10.60 

None 5.56 7.50 10.90 7.72 12.00 

* Leaves and petioles id turned ye11o. 
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in some eases over twice as niuch xcept for the yellow, 

matured loaves, the older leaves and petioles contained 

more potassium than did the younger leaves end petioles. 

With the exception again of the yellow, matured leaves, 

the leaves and petioles from the unlimed pots had a 

higher potassium content thon did the limed ones. 

Field 1xperiments 

In 1946 and again in. 1947, potash fertilizer studies 

were nade with potatoes in Central Oregon. 2rogress re- 

ports for those two years have been prepared in mimeo- 

graphed form (2e) (39). The work reported hero is a more 

extensive study of this important problem. This is follow- 

od by a potash fertilizer experiment with cranberries. 

Potash Fertilizer Studies tb Potatoes, 1948. In 

1948 experiments viere conducted on four separate soil 

types in Central Oregon and on one near Gresham, in 

Multnoinah County. These experiments were designed to 

determine the availability of potash applied to potatoes 

at planting tiiïie. 

On each of the experimental farms in Central Oregon 

seven different treatments were applied. They consisted 

of a check, three rates of potash, low, medium and high, 

medium potash consisting of the chloride instead of the 

sulfate salt, medium potash ith an application of boron, 
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and iiediuni potash with zinc app1ed &s a foliar spray 

dur1n the crowing seasoit, The rates are given in the 

acconipanymn tables. The plots on each farm were ran- 

doi;ìlzed and replicated bhree times. Each plot consisted 

of four rows, the two center rows tein u8ed for yield 

data and leaf analysis. Certified Netted G-ezn seed 

potatoes were planted on each of the experimental plots. 

On all oJ: the ferns the cultivation and 1rriation was 

left to the discretion of the individual fariaer. Tuis 

was done in the sa manner as the rest of the field sur- 

rounding the ecperiznenta1 plots. Soil and leaf samples 

were taken at intervals throughout the growing season and 

zinc was applied t1ce during the £rowth of the plants. 
Harvesting of the plots was done by machine and the two 

center rows were taken for yield data. Twenty-five to 

fifty pounds of potatoes were picked at random. from the 

plots end field graded. Samplos were taken at this time 

for laboratory analysis of potassium content, percent 

moisturo, pressure test and baking tests. A brief 
description of the experinent on each soil type and the 

results obtained are as follows: 

Deschutes sandy loan. The experiient on this soil 

type as on the farn owned by 3. L. Fleck and was located 

one nile northwest of Redmond. This was the third con- 

seoutive year that I.otatoos were grown in this field. 



aoh Idot was 300 feet 1on and oonsited of O.O8 acres. 
An Iron-Ace one-row planter with a fertilizer attachnient 

was used. The fertilizer W8S naced about two inches to 
ech side and at approxitely the sane level as the seed 

pieces which were in turn planted about four inches deep 

and one foot apart in the row. 

The yields within replicates viere too eriatio to 
show sinificance (Table X). 1th the exception of the 

low and high potash treatments, all of the potash treated 
plots ;ielded less than the cheok. The boron and zinc 

treatnents produced the lowest yields. There was general- 
ly a higher percentage of o. 3. potatoes than normal. 

The tubers with the highest moisture content were produced 
on the boron-treated plots, while the firmest tubers 

were found in the plots receiving 500 pounds per acre of 

10-16-16 and 10-16-24. The boron-treated plots also pro- 

duced the highest potassium content in the leaves, 3.73 

percent, the average of which was 3.53 percent for all 

treatments. The soil potassium was relatively low with 

an average of 204 p.p.m. 

Desehutes sandy loan1 gravelly subsoil phase. This 

soil type was located on the ii. Strangfield farm in the 

Cloverdale oomnunity a few miles east of Sisters. The 

experimental fieid was in grain the previous year. The 

plots were not uniform in length and therefore varied in 



TABLE I 

THE EFFECT OF POTASH ANT) OTThR iERTILIZERS ON YITLD, QUALITY, 
AND POTASSItJM CONTENT OF POTATOES 

Desehutes Sandy Loam, B. L. F1eo. Redmond. Oregon. 19Ii 

: : Available 
Yield ulity : Potassiwa 

reatnient and : : fres- : 

Rate per Acre : Grade :Iois-: sure 
i : 2 : 3 : Ave.:No.1:No.2:cufl:ture : Test : Soil : Leaf 

Per- lbs. per Per- 
Pounds Bushels per Acre Percent cent sq. in. pp. cent 

10-16-O 500 448.1 370.4 375.0 397. 86 12 2 75.2 22 194 3.30 
lo-i6- ,, 559.1 361.4 287.9 4O2. 6 6 75.3 22 203 3.10 
10-16-16 " 479.5 342.5 341.7 37.9 6 6 7i.8 26 171 3.63 
10-16-24 467.t. 374.6 390.9 410.9 8 10 2 76.1 26 177 3.71 
10-16-16 " K as 

KC1 1+00.7 350.8 353.1 368.2 80 20 0 76.5 22 203 3.56 
10-16-16 " B2O 325.0 340.9 356.8 340.9 84 14 2 76.9 25 294 3.73 
10-16-16 " +Zn 

spray 339.4 349.2 342.4 343.7 86 12 2 76.1 24 185 3.67 

Average 76.0 24 204 3.53 

F 2.06 F at 5% level : 3.00 

* Soil leaves sampled during fui.l bloom. 
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size from 0.2240 to 0.3200 acrs. A two-row Ion-Ae 

picker-planter with a fertilizer attachtient was used. 

The fertilizer was placed in bands on each side of the 

seed row about one inch sway end slightly below the 

seed pieces. 

Table XI shows the yield, quality and potassium 

content of the potatoes grown on tliis soil type. The 

hiiiest yield was obtained with the application of 500 

pounds per acre of 10-16-16 with tue potassium added as 

the chloride rather then the sulfate salt. The largest 
proportion or To. i potatoes, or 38 percent, was produced 

on the plots recaivìn 500 pounds per acre of 10-16-24, 

while the lowest arnount, or 66 percent, was produced on 

the plots receiving KOl as the potassiui carrier. The 

highest nioisture content, or 79 percent, was from potatoes 
grown on the KOl-treated plots. The nediuin potash plots 

receiving 20 pounds per acre of boron produced the firmest 

potatoes as tested with a pear tester. The average soil 

and leaf potassium as measured at the full-bloom stage 

was 245 p.p.m. and 4.59 percent, respectively. The Cl- 

treated plots produced plants with the highest potassium 

content, or 4.69 percent. 

Deachutes sandr 1oaia coarse subsoil phase. Potato 

trials on tuis soil type were conducted on the Peter 

Hohenstein farm northeast of Bend in the comnuinity of 



TABLE XI 

THE EFFECT OF POTASH AND OTHER ?ERTILIZERS ON YLLD, (1JALITY, 
AND POTASSIUM CONTENT OF POTATOES 

Deschutes Sandy Loan, p.ravelly subsoil thase. H, Strangfield Sisters. Orepon. l9A 
: : : Available 
: Yield : Quality : Potassiuni* 

Treatuent and : : : : Pres- : 
Rate per Acre : : Grade :1ois-: sure : 

: i : 2 : 3 : Ave.: No.!: No.2: Cull:ture : Test : Soil : Leaf 
Per- lbs. per Per- 

Pounds Bushels per Acre Percent cent aq.in, pp cent 
10-16-O 500 278.1 290.0 226.S 265.1 82 16 2 76.4. 25 252 4.60 
10-16-8 " 25S. 257.1 223.3 246.4 82 16 2 77.2 27 256 4.55 
10-16-16 " 354.6 295.2 297.8 315.9 4 13 3 78.3 26 268 4.60 
10-16-24 " 2EO.9 306.6 237.3 274.9 88 12 0 78.3 29 225 4.4E 
10-16-16 " K as 

KC1 260.4 - 383.8 322.1 66 30 4 79.3 29 224 4.69 
10-16-16 " +B 20 276.9 319.4 237.0 277.8 84 16 6 77.1 31 222 4.65 
10-16-16 "zn 

spray 330.6 297.9 214.0 23O.a O 1 2 76.9 30 270 4.59 

Average 77.6 28 245 4.59 

F 2.71 F at 5% level 3.33 

* Soil and leaves sampled during full bloom. 
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Alfalfa. Clover was grown the previous year on the ex- 

perimental field. The plotE v;ere 220 feet in length nd 

consisted of 0.064 acres each. A two-rov sohn Deere 

picker-planter with a fertilizer att8chment was used and. 

the Lertilizer 'laced in bands about two inches to each 

side and slightly be10 the seed pieces. 

As seen rrom Table XII the highest yield was obtained 

with 500 pounds per acre of 10-20-20 with potassiu.i added 

as the chloride salt. '1th only one exception, all of 

the yields were significantly different the cheek 

plot. The medium potash plots plus boron and zinc amend- 

ments both show a significant increase over the rasdiu. 

potash plot, The iCl-tT&ted plots produced the largest 

percentage of No. i potatoes. The low potash treatment 

yielded potatoes of highest ioisture percentage and the 

zinc-treated rlots produced the firmest tubers. The soil 

potassium averaged 373 p.p.m. while the leaves and. tubers 

averaged 4.58 and 1.76 percent, respectively. The potas- 

slum content of the leaves and tubers, while highest in 

the zinc-treated plo's, increased with the increase in 

potassium fertilization. 

.:eto1ius sandy loam. A light brown, light-textured 

soil with a deep light-textured. subscil and found on 

inwash flats. The experiment on this soil type was 

located on the A.. V. Stevens farm at Trail Crossing Flat, 



TABLE XII 

THE EFFECT OF POTASH AND ÜTiI!R FERTILIZERS ON YIELD, QUALITY, 
AND POTASSIUM CONTENT OF POTATOES 

Deachutes Sandy Loam, coarse subsoil ohase. Peter Hohenstein. Bend. Oregon. l9/8 
AVS1.LSb.L$ 

Yield : Quality : Potasaiu1* 
Treatment and : 

: Pres- : 

Rate per Acre : Grado :Mois-: sure : i : 2 : 3 : Ave.:No.l:No.2Cul1:ture : Test :Soil:Leaf:Tuber 
Per- Thsper 

Founds Bushels per Acre Percent cent sq. me pp Percent 

10-20-O 500 241.7 211.5 334.4 262.5 78 16 6 79.3 24 27 ¿.i2 151 10-20-10 " 289.6 362.5 385.4 345,**75 19 6 24 413 4.64 1.75 10-20-20 " 240.6 300.0 378.1 306.2 7 5 17 79.4 24 4.23 4.E2 1,87 10-20-30 " 340.6 353.1 ¡22.9 372..2**73 14. 13 O.7 23 37b 4.46 171 10-20-20 "+B 20 313.5 326.0 324.0 321.2**80 10 10 80.1 23 326 4.84 1.78 
10-20-20 "+Zn 

spray292.7 315.6 415.6 34L.3**81 7 12 80.8 25 383 .90 1.90 
10-20-20 " K as 

KC1 329.2 429.2 407.3 388.6 86 7 7 79.9 24 403 4.30 1.79 

Average 80.2 24 373 4.58 1.76 

* Soil and leaves aiapled during full bloom. ** Significant. F:4.91. F at 5o level = 3.00. L.S.D. at 5% = 58.6 
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east of Opal City. Austrian winter peas were grown as a 

green manure crop on this field and plowed under just 

prior to planting. Ammonium Sulphate, 150 pounds per 

acre, was applied to the peas before plowing then under. 

The plots were 420 feet long and consisted of 0.122 acres 

each. An International two-row picker-planter with a 

fertilizer attachment was used. The :rertilizor was 

placed in bands about 2 to 3 inches to each side and 1 

to 2 inches below the seed pieces which were planted 

about two inches deep. 

ven though the yields did not show a statistical 

significance, 500 pounds per acre of 10-16-24 produced 

sixty bushels per acre more potatoes than did the cheeks 

(Table XIII). The largest percentage of No. i potatoes 

was produced in the plots receiving 500 pounds per acre 

of 10-16-16. rfhere was very slight difference in mois- 

turc content and firmness between the various applica- 

tians. The leaves end tubers averaged 4.32 and 1.78 

percent potassium, respectively. The lacic of corrola- 

tion between potassium content of the leaves end tubers 

and the amount of potash fertilizers added was probably 

due to the high potassium content of the soil, which was 

593 p.p.ni. in the check plot. 

The experiment near C-resham as on owol1 silt loan 

on a farm owned by il1iam 3ester. The field used for 

the experiment had e cover crop of clover on it the 



TABLE XIII 

THE EFFECT OF POTASH AND OTHER FERTILIZERS ON YIELD, QUALITY, 
AND FOTASSIUM CONTENT OF POTATOES 

Metolius Sandy Loarn Art Stevens1 Opal City1 Oregon 1948 
: : : Available 
: Yield : .taiity : Potas1um* 

Treatraextt and : z : : Pres- 
Rate per Acre : :: Grade :1ois-: suro : 

: i : 2 : 3 : Aye.:No.1:No.2:Cull:ture : Test :Soil:Leaf:Tuber - - 
ìer- lbs. per 

Pounds Bushels per Acre Percent cent scj.in. ppm Percent 

500 430.1 376.2 339.9 382.1 81 17 2 74.6 22 593 4.34 1.'O 
1O-16-E " 430.0 429.8 447.6 43.8 67 18 15 75.0 24 639 3.82 1.89 
10-16-16 ' 436.1 412.3 3só.7 411.7 86 10 4 75.0 24 563 4.34 1.59 
10-16-24 " 490.8 41.3 416.3 441.8 81 13 6 76.2 25 698 4.22 1.81 
10-16-16 " +B 20 423.9 412.2 366.8 400.7 79 14 7 76.0 25 61 4.52 2.02 
10-16-16 "+Zn 

spray 4.11.1 412.5 428.2 417.3 73 25 2 75.9 25 633 4.46 1.83 
10-16-16 K as 

1CC1 343.9 402.6 457.4 401.3 83 16 3 75.7 25 672 4.52 1.74 

Average 75.5 24 633 4.32 1.78 

F 1.04. F at 5% level 3.00. 

* Soll and leaves sanapled during full blooni. 
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previous year. The tretment here consisted a1 low, 

inediu.ni and high rates 01' potash, medium potash plus boron, 

and medium potash usine the sulfate instead of the chic- 

ride salt. flach plot was 1272 feet ion and consisted of 

0.347 aGros. Certified fliite tose seed potatoes were 

planted. 

As Table XIV shows, there was very little difference 

in the yield for the applied treatnents. The highest 

yield of 441 bushels por acre was obtained on the mediuni 

potash plot where K2SO4 was used as the potassium carrier 

in the place of KC1. This soil produced higher average 

yields than any of the Centrai Oregon soils. At the eame 

time it had the lowest average soil potassium content. 

This soil also produced a higher percentage of No. i 

potatoes. The average moisture content of 83.7 percent 

was very high. The K2304-treated potatoes were firmer 

than the rest. The potassium content of the leaves in- 

creased vith the incresse in rate of potch added as a 

fertilizer. The leaves from the check plots contained 

3.62 percent and those from the high potash treatment con- 

tamed 4.33 percent potassium; the average was 4.08 per- 

cent. The potassium content of the tubers averaged 1.SB 

percent. 

The analysis cf the soli and leaf samples taken 

during the growing, season on three of the farms is shown 

in Table XV. This substantiates the work done in the 



TABLE XIV 

TEE EFFECT OF POTASH AND OTHER FERTILIZERS ON YIELD, QUALITY, 
AND POTASSIUM CONTENT OF POTATOES 

Powell Silt Loas. '1m. Sester. Greshani. Oregon. 19/4.8 

: : AvaiiaD.Le 
Yield Çuality : Pota5siw.* 

Treatment and : : Preti- 
Rate per Acre : Grado :Mois-: sure : 

i : 2 : 3 : Ave.:No.l:No.2:Ou.11:ture : Te2t :Soil:Leaf:Tuber 

Pounds Bushels per Acre 
Per- lbs. per 

Percent cent sq. in. ppm Percent 

3.2-13-9 500 436.8 388.6 448.5 418.5 94.0 
3.2-13-18 " 427.6 424.4 408.9 420.3 93.0 
3.2-13-27 " 426.5 424.0 448.0 424.6 95.5 
3.2-13-18 "B12 430.6 401.1 418.2 416.6 95.0 
3.2-13-18 K as 

K2SO4 433.2 434.4 454.9 440.8 95.0 

Average 

F = 1.26. F at 5% level 3.84. 

* Soil and leaves sampled during full bloom. 

4.5 1.5 84.7 22 200 3.62 1.97 
5.5 1.5 84.1 23 220 4.23 2.18 
4.0 0.5 82.8 23 210 4.3 1.83 
4.0 1.0 83.9 24 175 4.16 1.77 

4.0 1.0 83.1 25 138 4.06 1.66 

83.7 23 189 4.08 1.88 
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reenhowe which showed that the potassium content or 

th9 iOEV W8,S highest at the pre-b1o3om stag and de- 

creasel with the maturity oÍ' the plant. The average 

potasiurn content or tia leaves at 31x weelca nearly 

the saze in two or the soils de$pite their wide differ- 

enoes of soi]. potassium content0 But as the season 

progressed, the decline in totsssiuni content in the 

loaves was much greater ori the soils where the potasslun 

content was lower. Despite its low potassium content, 

the rowe].]. silt loam roduced potato leaves which were 

high in potassium even at the end of the season. 

Potash Fertilizer Studios with Potatoes, l94. In 

1949 only two soil types were used to carry ori this work, 

both of which wore located, in Central Oregon. The treat- 

ments were the same as those of the previous year except 

that zinc waS added to the fertilizer mix in place of 

the potassium chloride treatment. The soils arid the 

results obtained are as follows: 
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TABLE XV 

POTASSIUM CONTENT O? SOIL AND POTATO LEAVES 
DURING ThE 1948 GROWING SEASON 

Potassium Content of Soil 
and Leaves 

Soil : :ô weeks: : 

Type : Treatment : early : 10 weeks : 13 deeka 
:growth :full blooni :post bloom 
:Leaves :soil:leavee:soil:leaves 

Per- 
Percent ppm cent ppm cent 

Deschu.tes Check 4.42 194 3.30 177 2.23 
sandy Low K 3.66 203 3.10 177 2.25 
loam Med. K 4.48 171 3.63 159 2.52 

1-ugh K 4.30 177 3.71 1O 3.15 
Med. K as KC1 4.29 203 3.52 188 2.91 
Med. IC +B 4.32 294 3.73 161 2.76 
Med. K + Zn 4.13 16 3.67 177 2.97 
Average 4.23 204 3.52 174. 2.68 

Metolius Check 4.68 593 4.34 570 4.32 
sandy Low K 4.39 639 3.82 549 4.05 
loan Mod. K 4.58 583 4.34 575 3.89 

High K 4.51 698 4.22 54o 3.73 
Med. K + B 4.53 613 4.52 562 3.89 
Med. K Zn 4.73 633 4.46 543 4.10 
.1ed. K as KC1 4.45 672 4.52 862 4.10 
Average 4.55 633 4.32 601 4.01 

Powell Low K 200 3.62 3.05 
silt Med. K 220 4.23 4.11 
loam High K 210 4.33 4.00 

ied. K +ß 175 4.16 3.75 
Med. K as K250 138 4.06 3.90 
Average 189 4.08 3.76 
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Redmond sandy bain. This soil type was located on 

the A. E. Elson ar one mile northwest of Redmond. It 

is siniilar to Desohutes sandy 1om in the surface but hes 

a slightly coiupact subsoil. Grain was grown for feed on 

the experthental field the year before. The plots were 

45 feet long and consistod of 0.141 acres each. Four 

randomized and repileated :1ots were laid out. A one-row 

planter with fertilizer attachment was used. The fer- 

tilizer was placed In bands about one Inch to the side and 

even with the seed pieces. 

The results for the exeriment on this soil type are 

shown in Table VI. The yields from all of the plots are 

very and so uniform as be of no significance 

statistically. Even at that, the mediw potash plot plus 

35 pounds per acre of zinc yielded 24 bushels per ìcre more 

than did the check ánd 14 bushels more tnan the mediui 

potash plot alone. The boron-treated plot produced the 

smallest quantity of No. i potatoes, with 72 percent. The 

rest of the treatments averaged 80 percent. t the pre- 

blossom stage the hIghest content of leaf potassium was 
found on the potatoes from the medium potash plots while 

at the full-bloom stage the highest content was found on 

the boron-treated plots. As was expected, the potassium 

content of the leaves decreased during the growing season, 

averaging 4.5e percent at the pre-biossom stage and 3.45 

percent at the full-bloom s&age. 



TABLE XVI 

ThE EFCT CF i'OTASH AND OTHER FERTILIZERS ON YIELD, GRADE, AND prj5(3flJ C ONTENT OF POTATOES 

Redmond Sandy Loam, A. E. Eison Redmond, Oregon, 1949 
:Potassii Con- 

Treatment and : Yield : Grade :tent of Leaves 
Rate per Acre : : ¡ Pre- : Full 

i : 2 : 3 : 4 : Ave.: No. i : No. 2 : Cull :Blossom: Bloom 

?ounds 

10-20-O 
10-20-10 
10-20-20 
10-20-30 
10-20-20 
10-20-20 
10-20-20 

Average 

500 603.8 
t, 591.0 
t, 563.3 
t, 578.7 

+ B 14 566.8 
't Zn 35 621.7 
" +Zn 

spray 596.7 

Bushels per Acre 

564.5 563.3 
541.8 521.5 
577.8 584.0 
564.0 5o6.5 
537.2 
575.5 585.3 

559.3 577.8 

F 1.84. F at 5% level 2.66. 

Percent Percent 

513.5 561.3 84 14 2 4.20 3.19 
509.2 540.8 84 12 4 4.58 3.56 
560.8 571.5 80 16 4 4.82 3.40 
582.0 572.8 80 16 4. 4.71 3.52 
585.8 563.3 72 24 4 3.74 
558.8 585.5 80 14 6 3.16 

574.5 577.2 80 16 4. 3.60 

80 16 4. 4.58 3.45 

j-J 
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Metolius sandy loam. The experinient on this soil was 

conducted on the sann farm es the 1948 experiment, but 

in a different location. A cover crop of peas and oats 

was brown in the previous year on the area used for the 

experiment. The plots wore 500 feet lonß and comprised 

0.140 acres each. Fertilizer was applied in the same 

manner as the year before. The results are reported in 

Table XVII. 

Duo to the wide variation in yield between repli- 

cates, the results did not show any significant difference. 

The average yield troie the plots which were sprayed twice 

during the season with zinc sulphate ws 37 bushels 

higher than the ohecic plots. At ful]. bloom the boron- 

treated potatoes had the highest leaf content of potas- 

siuii with 3.52 percent. The average potassium conient of 

the leaveswas 4.67 at the pre-blossom stage and 3.46 at 

the full-bloom stage. The boron-treated potatoes also 

yielded tubers with the highest potassium content of 2.04 

percenc. The average for all treatments was 1.81+ percent. 

B&drig Quality of Potatoes, In the fall o! 1948 and 

1949, bakin, test9 were conducted on the potatoes from the 

fertility î1ots in Central Oregon. Members of the Soils 

Department staff cooperated in this experiment. DotatoeS 

from each or the seven treatments were baked in a moderate 

hot oven for one hour arid then judged &or color, flavor, 



TABI XVII 

TH EFFECT OF POTASH JtND OTHBR FERTILIZERS ON YIELD AND 
POTASSIUM CONTENT OF POTATOES 

-- Metolius 3aMy Lorn Art Stevens Opa1City,Oreon 1949 

Treatment and : Yield : Potassium Content 
Rate per Acre : : Leaves : 

: i : 2 : 3 : Ave. ¡ Preblossosn : Full Bloom :Tubors 
- 

Pounds Bushels per Acre Iercent Percent 

10-20-O 500 395.5 351.a 348.5 365.2 4.76 3.65 1.74 
10-20-10 " 427.2 32.2 4O.5 38.O 4.79 3.50 1.71 
10-20-20 " 416.2 357.2 317.2 63.5 4.50 3.52 1.9]. 

10-20-30 " 341.5 349.8 335.2 342.2 4.64 3.60 1.89 
10-20-20 " + B 20 400.0 3c6.2 292.3 352.8 3.52 2.04. 

10-20-20 " Zn 20 391.2 394.8 363.8 383.3 3.42 1.60 
10-20-20 " + Zn 

spray 400.5 399.0 407.7 402.3 3.01 2.00 

Averee 4.67 3.46 1.84 

F 1.38. F at 5% level 3.00. 

'J' 
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tenierness of skin, and texture, a given in the accom- 

panying USDA forni (Table iflhi). A series of twelve 

tests were zr3cde in 1948 and five tests in 1949. The re- 

suits are given in Teble XIX. 

The result of the baking test for potato quality 

was not very conclusive in 1948. None of the treatxaents 

gave Eil outstanding quelity to the potatoes which as 

preferred by the judges. The use of potassium chloride 

instead of the sulfate rated little hiher than the rest. 

Potatoes from the zinc treatment scored slightly above 

normal, while those from the boron treatment uere slight- 

ly below norrsl. 

In 1919 the application of 20 pounds por acre of zinc 

sulfate to the potatoes increased their baking, quality 

considerably, as scored by the judges. The potatoes with 

no treatment vere second in preference. The boron-treat- 

ed potatoes again scored slightly belo normal and the 

ones which hd the zinc sulfate foliar spray also failed 

to show increase of' baking quality. The rest of the 

treatments viere all Fòout the same in preference. 

Cranberry Response to Potash. Fertilizer trials with 

cranberries were conducted during 1949 on the Leslie 

Kranick and Harry 3ackmari bogs near Bandon, Oregon. 

County gent iack Wood end. T'xtension Soils Specialist 

Leroy Värner cooperated with the Soils Department on this 



Name 

TABLE XVIII 

FORE DSED FOR UDGIi'TG BAKING Q.UALITY OF POTATOES 

Da t e 

e s s , * . 

Sample ; 
: : : : : 

1tyFactor ; ; ; ; ; ; 

Color-interior . . : . . 

3-Cretniy white : : : : : : 

2-Slightly yellow or gray : : : : : : 

1-Ye11oorgry : : : : : : 

1'1avor - - : : : : : : 

List order or preference for ali : : : : : : 

saniples: ¡ : : : : : : 

Preferred 1, least preferred 7: : : : : : : : 

Identify fl6vors present such s noriva), : : : : : : : 

raw, earthy, green, nutty, bitter, acid, : : : : : : 

sweet. : : : : : : : 

¶énderness of skin : : : : : : - 

3-Tender (may be crisp) : : z : : : : 

2-Slißhtly tough OT slightly hard : : : : : : 

1-Tough or hard : : : z : : 

Texture : 

3-r:ealy thioughout : : 

2-S1iht1y soy, or slightly hard un- : : : 

cooked center : 

1-Soggy or center uncoolced : : ¡ 

From U. S. Dept. of Agriculture. Supplied by oyce Dunn, Food Research, 
Home Economics Room 2. 



TABLE XIX 

QUALITY FACTORS IN BAKED 10TATOES 

Factor : Placement 
1 :_2 : 3 : 4 : 5 

Treatments4 

i 948 

Flavor 5 1,6 7 3,4 2 

Tenderness 5,7 1,2,3,6 4 - - 

Co1oi 4 5 7 2,3 1,6 

Toxuro 2 1 5 3,4,7 6 

1949 

Flavor 6 3,2,4 1,7 2,5 

Color 
(inerior) 6 1,2 3,4,5 7 

Tenderness of 
skin 1,3 2,6,7 4,5 

Text uro 
(mealiness) 1,5 2,6 3 4,7 

* Treatilients aro as follows: 
1. Chock 
2. LowK 
3. Medium K 
14, High K 
5, Medium K as KOl (1948) Medium K - B (1949) 
6. Medium K + Boron (1948) Medium K + Zn (1949) 

7. Medium K + Zinc spray 
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experinient. The Xrcriick pl8ntin Is niature and located on 

inediu.m depth peat hIIe the cuan p1antin Is yow and 

on rather sha110 peat. Potash was applied at threo 

ratos, low, medium and high, and at the low rate with 

boron sdded. The cranberries were harvested by herid. 

The efoct of potash on yield, spoilage and potassiun 

content of the cranberries is tound in Table X. 

The application of potash to the Lraniok bog incroas- 

od the cranberry yield froni 183.5 to 233.6 barrel. with 

the addition of 40 pounds of borax per acre, another ten 

barrels were secured, The amount of spoilage in one 

month was the hithest where the boron was added, nd 

lowest per of 5-10-10 was used. In 

the young Tackxnan bog, the highest spoilage occurred 

whore the least potash was used. Sulfur on other plots 

not shown in the table increased the acidity of trie 

berries and produced the largest berries wltn least 

spoilage. There was no apparent relationship between the 

yield of berries obtained and their potassium content, 

nor between the latter and spoilage. 



TABLE XX 

CI[BRRT 1SONSE TO POTASH 

Bandan, Oregon, 1949 

Treatment and. : Yield : Spoilage : Berry :Potassium 
Rate per Acie :per Acre: ist îonth : Acidity Content 

100 lb. 
Pound8 barrels Percent (pH) Percent 

Leslie Kranick Bog 

-lO-lO 500 13.5 1.0 3.53 0.643 

5-10-20 " 196.7 4.1 3.48 0.670 

5-10-30 " 233.6 2.5 3.43 0.642 

5-10-10 " + B 40 244.1 6.5 3.58 

Harry acknan Bog* 

5-10-10 500 12.2 3.49 0.770 

5-10-20 " 8.5 3.64 0.882 

5-10-30 ' 8.5 3.72 0.681 

5-10-10 " -- B 42 9.3 3.67 

* Jackman bog was new so yield data vere erratic. 
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As es noted earlier, there i quite controversy 

over th effect or wetting and drying on the capacity of 

soils to fix or release potassith. The data from this 

experinent indicate that in a short storage period, cone 

otasium will 1aoone fixed, but over s lone period of 

time the process will be reversed. This iield true for 

both the moist storage and vettng and drying ti'eetrrtents 

under all levels of potassium fertility. iiere the period 

of .nnìximum fixation occurs was not doteridned but it may 

not be far froir the six months as deteriained by DeTurk, 

Wood and Bray (9). Attoe (3) and Stanford (33) fouzid that 

increasing the potassia content o the coil resulted in 

n increase in potassiwii fixation upon wetting and drying. 

This did not occur with this experiment, but a soil ;ith 

a low potassliam content should have been used in order to 

see what would have hapened under such a condition. 

Bray and DeTurk (7) leached soils with 0.1 N HC1 an 

then stored them in a moist condition for six nonths 

During that time from 21 to 28 pounds of potassiwn per 

ecre were liberated. In. the 3xperiìuent conducted on four 

Oregon colis, fror 44 to 169 pounds of potassium per acre 

were released over a period of 12 months, after leaching 

with ammonium acetate. The fact that very little potassium 

was released until the soils underent wettln, and drying 



would indicato that the aïunoniuni ion s replaced by the 

hydrogen ion and that the letter ion was responsible for 

release of the potassium. Allaway and Pierre (2) leached 

soils vith aimonium acetate, replaced some of the aimonium 

ion with the calcium ion, and then incubated them for 80 

days at 30 percent moisture. They obtained e release of 

potassium from 45 to 117 pounds per acre. The soils which 

were limed showed an increase in the amount of potassium 

liberated. This is in contrast to most of the work re- 

viewed earlier but in agreement with enny and Shade (20). 

From the literature reviewed and the results o. tìijs ex- 

periment, it appears that liming to partial neutrality of 

acid soils helps while 

unnecessary liming of neutral or basic soils has the 

opposite effect. 
The continuous cropping experiment showed conclu- 

sively that, when necessary, a plant will ue potassium 

from the nonexchangeable form for its own needs. The 

amount of potassium removed by the crops was up to 20 

percent more than was originally present in the soil in 

the available form. Toward the end of the experiment the 

clover was beginning to thin out rapidly, but this was 

believed to be due to root-binding in the smell jars 

rather than to lacic of fertility. A method hereby a 

longer cropping period could be maintained, probably by 

a rotation of crops, would be of great value in a study 
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or tuis kind. Here again it would have been or nore 

value to have started with a soil of lower oriina1 

potassium content. As it was, the d1ferene in potassivai 

content of the p1mts at the various fet11ity 1ev1s was 

practically neg1ig1b1. The differences in yield, as 

told by the aniount of potassium removed by the crop, were 

not significant due to the high potash content of the 

oriina1 soils. Data by Poers and Albari (27) indicate 

that soils with over 200 p.p.xa, (400 pounds per acre) of 

potassium will not respond readily to further applications 

of potash. 

The woric vith potatoes in the greenhouse showed that 

during the growing season the 

in the leaves decreased. This ry have been due to the 

fact that at the start of the growing season the potassium 

accumulates in the green parts of the ;lant but as the 

tubers formed and grew, there was a shift of potassium in 

that direction. This would Le in keeping with the find- 

inr,s of (4.0) who states that the potassium content 

of berry leaves is highest t full bloom but decreases 

rapidly s fruit sets on. With potatoes the growth of 

tubers is continuous. It was also shown that leaf analysis 

at both periods of growth varied with the potash applica- 

tions and also with the yield. Soll analysis during the 

growing season gave no indication of what the yield 

dirferences might have been. It appears, then, that leaf 
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analysis during the season is a euch better indicator of 

a crop's needs than is soil analysis, unless the soil 
potassium is known to be dangerously lo for the crop. 

As yet there seems to be no good reason for the high- 

er potassium content in toiito leaves during the fruit- 
ing period. 

The experiment to determine the potassiuii oontent 

of potato leaves and tubers for the Pove1l and Desehutes 

soils under the sanie climatic conditions did not work 

out satisfactorily. This might have been due to leaching 

of the Desohutes soil by intensive greenhouse watering 

during warm weather. A study of this type could probably 

be carried large outside of the greenhouse 

during the summer months. 

The analysis of the potato leaves and petioles show- 

ed very interesting results in that the nore nature 

leaves contained moro potassium than did. the youner 

leaves of the green plants. As these samples were taken 

only once during the growth of the plant, they were not 

too conclusive. Leaf and petiole samples should be taken 

throughout the growing season of a crop grown in the field 

and the3e results in turn correlated with the yield data. 

Then definite conclusions could be drawn as to where and 

when to sample a given crop. 

Although the potato yields on only one of the 

Central Cregon soils waS statistically significant for the 
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two yeai's of o xperientat1on, there wore some general 

trends. The hiÌiest yields were with the high potash 

application ond with the mediwn rate of Dotash where KC1 

wa3 used .s the potassiuii carTier in l94, and with the 

zinc-treated riats in 19L9. The boron-treated plats were 

generally higher in potassiwn. content of the leaves and 

tubers. Th1 is in agreement with the work done by 

fleeve and Shive (29) who show that a direct re1at1oruhip 

exists between thc boron and potcssium content of the 

plants to that in the soil. The moisture content averaged 

highest in the KC1-trested plots. Leaf samples taken from 

the field show the sanie enoral trend as found in the 

greenhouse. In all of the soils except Powell silt loam, 

the potassium content was above 200 p.p.ni. (400 pounds 

per acre) and some were ovex twice as high. 
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STWMARY AND CÛNCLJ8ION5 

1. Moist storage and ettin and drying of 4fla- 

inette, Olympic, iowe1l and Deschutes soils released 

potassiuni from the nonexohangeable form up to 3 times 

their original amount, at three fertility levels. 

2. Soils which were completely leached of potassium 

by ammonium acetate, liberated very little potassiuia from 

the primary minerals or other nonexchangoable forms until 
they were subjected to alternato wetting and drying. 

This apparently released the aiirnoniuni ion from the ex- 

change complex and replaced it with hydrogen, or, in the 

case of the limed soils, calcium and hydrogen, which 

favored the breakdown of the priniary minerals. 

3. Continuous cropping of four major Oregon soils 

by clover gave evidence that plants extract potassium 

from the nonexohangeable forms in the soil. It appears 

quite evident from tiis experiment and the literature 
revieod that the best and most conclusive method or 

determining the potassium-supplying tower of any soil is 
by the continuous cropping method. 

4. Greenhouse studies with potatoes showed that the 

potassium content of the leaves decreased throughout the 

growing season. It was concluded that leaf analysis 

could be used to determine potash needs of a potato crop. 
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5. E.xtensive potah fertilizer stud1e were cirr1ed 

on in Centr1 Oregon 8nd near Creshni, in u1tnornh 

County. Because of the high potash content of the soils 

used, e statistical significance in yield ws obtained on 

only one soll. Nevertbelefs, incTeses in yield u. to 

sixty bushels per sore over the check plots were obtained 

with potash and other mondients. Zinc treatments in- 

creased the quality of the potatoes while boron applIca- 

tions increased tue potassiu1\ content of the ieQV8 end 

tubers. 

6. Application of potash to cranberry boss near 

Bandon, Oregon, increased the yield by fifty barrels. 

with the addition of 40 pounds of borax per acre, another 

ten barrels ero secured. 
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