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PHOSPHORUS REQUIREMENT OF RED HILL SOILS
AS SHOWN BY GREENHOUSE AND CHEMICAL TESTS

INTRODUCTION

The "red hill"™ soils of Western Oregon are fre-
quently low in aveilable phosphorus, and marked by their
high capacity to fix soluble phosphorus. These soils
give a definlte crop response to applications of soluble
phosphate fertlilizers. The problem of the availability
of phosphorus to plants growing on these solls is of
speclal Iimportance, particularly so in the production
of field crops. It was the purpose of this study to
obtain an estimate of the amount of soluble phosphorus
needed for increased crop production on these soils as
determined by chemical and greenhouse tests,

In most soils the phosphorus problem is threefold:
(1) the small total amount of phosphorus in the soil;
(2) the unavailability of this soil phosphorus; (3) a
marked fixation of soluble phosphates. In the solls

used in this study the latter two factors predominste.



HISTORICAL REVIEW

Phosphorus Requirement of the Soll. With the excep~

tion of nitrogen no single nutrient is more important in
general farming than that of phosphorus, Low erop yields
are frequently due to a lack of this nutrient in an avalle
able form, This lack of avalilable phosphorus in the soil
may be attributed to: (1) a low initial phosphorus con-
tent of the soil, (2) the fact that phosphorus ig tied

up in organic matter and in insoluble inorganic compounds,
and (3) the fact that phosphorus 1s removed from the soil
in rather large amounts by that portion of the ecrop which
is sold from the farm, |

When a soll contains adequate amounts of available
phosphorus to produce maximum yields under a given set
of eclimatic and soil conditions, the soil 1is then said
to possess sufficient phosphorus. Since varfing amounts
of the phosphorus which is applied are "fixed" in the
soll, the problem of determining the amount to apply to
deficient solls to obtain increases in vield has become
inereasingly important.

Noting the character of native vegetation according
to Welr (30,p.536) is the oldest means of judging the
potentlal productiveness of the soil. This method of
characterizing agricultural land still has value today.
Welr (30, p.537) points out that the next method used
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was that of analysis of plant ash, but that it cannot be
relied upon to indicate the need for fertilizers., Follow-
ing this conception was that of Sir Humphry Davy (England)
with the idea that there is a relationship between total
chemical composition of solls and soil fertility. Wwhile
there is some value to a total chemical anslysis in
revealing the chemical nature of the soils, Welr points
out that while Liebig et first valued this method highly,
later he was among the first to recognize that 1t seldom
gave a correct standard for measuring the fertility of
soils,

Our earliest records of growing plants in plots,
accordling to Bear (2, p.IX), go back to the time of
Johan Baptista van Helmont (1620), This is in agreement
with Welr (30, p.541) who points out that Home (1755~
1757) performed the earliest modern scilentific work
pertalning to plant nutrition,

Pot tests, according to wWelr (30, p.543), are
regarded as ranking second to field tests for relia-
bllity. Cox (6, p.97), shows that for the most accurate
experimentation under greenhouse conditions, a knowledge
of the varlation due to structure and location of the

greenhouse, and of the variability of the seed used is

of prime importance.
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Dyer (1894), according to Bear (2, p.XIII), conducted
the first availablility studies on soils. He used a one
percent citric acid solution as a means of measuring the
availability of soil phosphorus, It was his studies on
the acldity of plant sap thet led him to select a one
percent citric acid solution., Subsequent investigators
worked with weak solutions of oxalic, tartaric, aspartic,
acetle, and nitric acids.

According to Collings (6, p.429), the most popular
methods now used for determining the fertillzer needs of
soils ars?the recently developed rapld chemical soll
tests, When these tests are standardized against field
results and properly interpreted, they have a dlagnostie
value. Relliability for all crops on all types of soils
cannot be claimed for any single test. This is in agree~
ment with the view put forth by Smith (23, p.452), who
points out that no satisfactory method has been devised
to indicate the amount of phosphorus in an available
form in a soil,

The present chemical methods for evaluating the
avallable phosphorus content of solls are emperical,

They invelve the use of widely different types of extracte
ing solutions. Distilled water is being used by Martin
(4, p.2=4) in testing California grain land for availabld

phosphorus. Apparently good results have been obtained
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on both acid and alkaline soils., Smith (24, pp.l-9) has
recommended the use of CO0g in water for ths calcareous
soll of Idaho, Results up to the preseﬁt time have been
satisfactory, Of the methods employlng dilute aclds,
the procedure proposed by Truog (27, pp.879-3881) using
+O02N HpS04 has been widely used in this country, Accord-
ing to Collings (5, p.430) this method was one of the
three most popular methods used in the Unlted States in
1836, Inorganic acids, HNOz, HC1l, and H2804, in egquiva=-
lent concentration, according to Hibbard (9, PP.462-464),
dissolve approximately the same amounts of phosphorus
from soils. In recent years highly buffered acidic salt
solutions such as the sodium acetate solutions used by
Pennsylvania (16, pp.2-3), and by the Connecticut Agri-
cultural Experiment Station (14, pp.l4-15) have been
ﬁaed. As pointed out by Peech (2, pp.36=37), the maln
advantagegﬁf such highly buffered solutions over the
dilute insrganic aclds 1s that thelr solvent action
remalns relatively unchanged even upon prolonged contact
with soll centaining moderate amounts cf calciﬁm'carbanata.
It has been demonstrated according to Graham 4
P.8) and Jenny (10, pp.23-24)(11, PP.271-272), that the
exchangeable lons adsorbed on the surface of colloldal
particles are readily available to plants, A method

which 1s in common use now is that proposed by Bray (3



p.42). Ammonium fluoride .03N in an .025 hydrochloric
acid solutlion is used to measure the adsorbed or exchange=
able phosphorus in solls. Thils method as stated by Bray
(4, pp.83-84) meets all of the reguirements for a success-
ful soil test,

The Need for Phosphorus on "Red Hill" Soils. Studles

by Ruzek (20, pp.4,13)(21, pp.4,68) and Powers (18, pp.l5,
19) showed that these soils responded to phosphorus ferti-
lizatlion on fleld crops. Wheeting (SI,App.42¢47) carried
on fertlilizer trials in the field with ssveral crops on
several solls including the Olympic and Melbourne series,
He reported response from the use of nltrogen, phosphorus,
and potassium, Bhaskar (1, p.139), in the work he carried
on using Olymple and Melbourne soils, reported that small
inecreases in growth were noted when phosphorus or nitro-
gen was used alone, and a marked increase in growth when

phosphorus and nitrogen were used in combination,



DESCRIPTION OF THE SOILS

The Melbourne soll used in this study has been
mapped as a clay loam (28, p.,1722) and is from the Tark
farm in Polk County, section 1, R. 5 W., T. 9 S. This
soil 1s typleal of the Melbourne series of extensive
areas of the Coast Range Mountains in Western Oregon.
The Olympic soil has been mapped as a clay loam (12,
P.1702) and 1is from the Red Hill Branch Experiment Sta-
tion near Oregon City in Clackamas County. Thils soll is
typical of the Olympic series in Western Oregon.

These residual hill soils of Western Oregon occupy
extensive areas of the Cascade and of the Coast Ranges
and are known locally as "red hill" soils. These soils
are developed on consolidated rock material and have
been classified into two groups, (1) those derived from
basic igneous rock consisting of basalt and diabase, and
(2) those derived from sedimentary rocks consisting of
sandstones and shales, The Olymplc series is included
in the igneous group while the Melbourne series is in
the sedimentary group.

The Olympic soil series is the most extensive group
of soils in Western Oregon, comprising 898,304 acres
(20, p.5). These soils are characterized by a brown to
reddish~brown surface soil high in iron on red to brown

heavier subsoil on basalt. Iron enriched seepage veilns



8

are found in places in the subsoil. They are distinetly
acid in reaction, low in available phosphorus and in total
sulfur. There are variations in depth and slope. They
are usually well drained, can be worked early, and do not
srode seriocusly.

The Melbourne soll series is the second most exten=-
sive group of soils in Western Oregon, comprising 377,836
acres (20, p.5). These soils are characterized by a |
light-brown soil on yellowish-brown subsoll underlaild
with sandstone or shale. They are distinctly acid and
low in available phosphorus, They are higher in silica
and have less stable crumbs and fewer iron-bearing pel~
lets than the red soils of basaltic origin. Soil profile
studles (18, p.15) of hilly Melbourne indicate that in
places fra@ one-fourth to three-fourths of the original
top plow~depth soil has been eroded away. Twenty-five to
thirty percent of the native supply of soil organie
matter and of nitrogen have been lost from extensive

areas of old cultivated land,



PLAN OF THE ZXPERIMENT

Two types of methods were used to determine the
phosphdrus availability of the two soils: (1) biological
method, (2) chemical method. |

In the bioiogieal method sunflowers were used to
determine plant response to phosphorus treatments, In
the chemical method different solvents were used to
extract the avallable phosphorus in the soil,

The Olympic soll was used 1n this study because it
is representative of the solls derived from igneous rock,
and because of the extensive acreage this soll occupiles
in Western Oregon. The Melbourne soil was selected for
use in this study because it is representative of the
solls derived from sedimentary materials and because of

the extensive acreage it comprises.

Greenhouse ¥ethod

Biological methods involving usa-of small quantities
of soll on which plants are grewn under controlled condi-
tions in the greenhouse have been used in an attempt to
narrow the gap between soll analyses and fleld plot exper-
iments. Comparative yields from_the treated and untreated
portions of the soil are usually taken as an index of the
availability of certain plant mutrients. It is recognized

that this method does not give an accurate quantitative
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measure of the integrated effect of the physical proper-
ties of the soil in the fielﬁ, the cropping and soll
management practices, or the climatic environment to
which crops in the fleld are exposed. To thls extent
these biological methods are empirical, but they are still
valuable tools in soil fertility research.

The A horizons of both soils were taken at random
from uncultivated areas and allowed to alr dry in the
greenhouse until they reached a constant molsture con-
tent. They were then passed throush a 1/4 inch mesh
sieve, Two hundred and sixty clean Ho, 2 cans with four
holes punched in the bottom of each for drainage were
used. To 130 of these cans, one and one-half pounds of
Melbourne soll, calculasted on an oven dry basis, were
added. The same procedure was followed with the Olympie
soll, One~half of the cans from each soll series were
randomly selected and to sach was added 1.361 grams of
CaCO0gz. This 1s equivalent to two tons of lime per acre
on a welght basis.l

Sunflowers were used in this study because they are

a non=-legume and because of their short growth period.

l. The volume of soll occupying one acre te a depth of
8~7 inches or an acre-furrow-slice 1s commonly con=
sidered to weigh 2,000,000 pounds. All calculations
in this study are based on this figure.
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The following procedure was used in planting the
sunfloweras. The top one to one and one-half inches of
surface soll was removed from each can. The remaining
soll was thoroughly mixed and then watered. Ten sun=-
flower seeds of approximately the same size were placed
on the wet soil, following which the dry soil which had
previously bLeen removed was used to cover them, All the
cans were then gréupad together and covered with paper,
On February 1, five days after planting, nearly all of
the plants had sprouted.

On February 2, the cans were grouped as follows:
the soils from each series were divided into three
groups of forty cans each. Each group of forty cans
contalned twenty limed and twenty untreated soils., HEach
group was then subdivlided into sight separate subgroups,
each subgroup contalning five eans of solil. Each group
1s then made up of four subgroups of five cans each of
untreated soil and four subgroups of five cans each of
lime-treated soll. The cans in each subgroup were
treated as follows: can #1, no phosphorus; can #2
received 7.5 ppm of phosphorus; can #3 received 15 ppm
of phosphorus; can #4 received 30 ppm of phosphorus;
and can #5 received 60 ppm of phosphorus. This is one=
fourth of the total amount that they received during

the course of the study. The four unlimed subgroups in
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each group were treated as follows: subgroup #1 received
no treatment; subgroup #2 received 25 ppm of nitrogen;
subgroup #3 received 12,5 ppm of sulfur; and subgroup #4
received 25 ppm of nitrogen and 12,5 ppm of sulfur, The
limed subgroups from each plot were treated as follows:
subgroup #5 éeeeived no treatment; subgroup #6 received
25 ppm of nigragsn; subgroup #7 received 12,5 ppm of
sulfur; and subgroup #8 receivgd 25 ppm of nitrogen and
12,5 ppm of sulfur, &g;in thié is one=fourth of the
total amount of each of these elements that they received
during the course of this study. These fertilizer treat-
ments are illustrated in the following table,

TABLE I.

Fertllizer Treatments Used

.
P

P Nutrients added”
(ppm) N S L NS NL  SL NSL
P, {0) NPo SPg LPo, NSPy NLP, SLPy HSLPg

?1(50) NPy §pp  LPy NSPy NLPy SLPy NSLPq
Po(60) NPg SPg LPg NSPg NLPg SLPg NSLPg
Pz(120) NPz SPz LPz NSPg NLPz SLPz NSLP g
P,(240) NPy SP4 LPg4 NSPy ‘NLPg4 SLP4 HNSLPg

# N » 100 ppm nitrogen
S « 50 ppm sulfur
L = 2 T/Acre CaCog

Solutions of monocalcium phosphate, ammonium nitrate

and of sodium sulfate were used as sources of the three
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nutrients, phosphorus, nitrogzen and sulfur. The phos-
phate solution was prepared by dissolving 10,375 grams
of monocalcium phosphate in distilled water and bringing
the total volume up to one liter. One 2 ml application
of this solution is equivalent to 7.5 ppm of phosphorus.
The nitrate solution was prepared by dissolving 24,275
grams of ammonium nitrate in distilled water and bring-
ing the volume up to one liter, One 2 ml application of
this solution is equivalent to 25 ppm of nitrogen. The
sulfate solution was prepared by dissolving 37.75 grams
of sodium sulfate in dlistilled water and bringing the
volume up to one liter. One 1 ml application of this
solution 1s equivalent to 12.5 pom of sulfur,

Use of the following formula will give the total
grams of any particular fertilizer that needs to be

applied to any one can,

{453.59 gma/#}taa.ﬁﬁ mole.wt., of NH4NOgz)
(28,02 wt, of N in NH4NOZ

= 0971 gms, NHg4NOz/can of soil.

On each of the following dates, February 16, 29 and
March 15, the groups were again treated. Each time the

plants were fertilized the cans in each group were re=

randomized,
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On February 6 the plants were thinned to six per can
and on Februery 16 they were thinned to four plants,

In the greenhouse the cans containing the plants
werse placed on large tables in rows. Those with the
Olympic soll were placed on one table and those ﬁith the
Helbourne soil on another. There were four incheés between
cans in the rows and ten inches between rows. Ten extra
cans of each soll series were placed at the south end of
the table as border rows to eliminate in part the varia-
tion due to placement.

Watering of the plants was done on the basis of
need as determined by visual observation. Many of the
cans needed to be watered twlce a day during the latter
part of the experiment; there were others which needed
water only once every second or third day.

March 26 the plants from all the cans were harvested.,
Two random samples of two plants each were taken from
each of the cans and placed in separate marked envelopes.
They were then placed in an oven and allowed to dry for
80 hours at 60°C. They were then removed from the oven
and the plants were welghed to the nearest .01 gram,

The welights were then analyzed statistically to determine

if there were any significant differences between

treatments.
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Chemical Methods

petermination of Avallable Phosphorus in Soils., Dur-

ing the last half century, soil scientists have been in
search of a chemical method that would accurately dif-
ferentlate the different forms of soll phosphorus for
the purpose of determining the phosphorus needs of soils,
Since Truog and Meyer (28, pp.l37-138) prasénted their
modification of the Denige's colormetric method for phos-
phorus daterminatioﬁs, a great amount of work has been}
done on phosphate datermingtions using different types
of solvents., In this studﬁ four different extractants
were used to determine available phosphates., These
determinations were made on esch of the treated soils
after cropping. The methods used are as follows:

(1) carbonic Acid Method., The method used

in Idaho and described by Smith (24, p.4) in which Cog
is bubbled through a soll water suspension was used,

(2) Sulfuric Acid (0.002N) Method, The 002N

suifuric acid method as described by Truog (27, PP.879-

88l) was used,

(8) Sodium Acetate Method. The method used by

Pennsylvania State College as described by Merkle (18,
Pr+5=6) was used,
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(4) Bray #1 Method. This method as suggested

by Bray (3, p.42) and which is used by Graham (7, pp.9=-
10) with slight modifications was used. A boriec acid
solution was used as suggested by Kurtz (13, p.855) to
eleminate the fluoride ion interference,

Determination of Readily Avellable Potassium. The

method used by Pennsylvania State College as described

by Merkle (16, p.5) was used.

Sell Organic Matter. The method proposed by Walkley

and Black (29, pp.36-37) was used to determine the

organic matter content of the soils.

ime Requirement, The modified Comber (25, p.40)

test as proposed by Harper (8, p.75) was used.

Soll Reactlon., The pH of the solls was determined

using a Beckman pH meter (glass electrode, thick paste).
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RESULTS

Greenhouse Results

Plant Response on Olympic Soil. There is a signi-~

ficent increase in the growth of the sunflowers which #re
treated with both nitfogem and phosphorus. Sulfur and
lime alone or 1ln combination with nitrogen or phosphorus,
or both do not increase the yield of the sunflowers,
Table III. It wlll be noted that nitrogen x phosphorus
has a signiflicant "f" value, A comparison of the mean
vields show that nitrogen or phosphorus when used alone
does not increase yield, Table IV. When nitrogen is
present increasing increments of phosphorus result in
significant increases in yields. See Figures 1, 3, and
5.

Plant Response on Melbourne Soll. Results on this
soil are the saée as shown on the Olympic soill., See
Tables V and VI; and Figures 2 and 4.

When nitrogen in combination with sulfur or lime,
or both was used at phosphorus rates of 60 ppm and above,
the sunflowers exhibited boron deficiency symptoms., The
plants in the two cans on the left in Figure 6 show the
typical boron deficiency symptoms. Typical symptoms
include stunted growth, a frosted appearance of the term=~

inal growth leaves which is followed by a back curling of
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the leaves, and a blackening of the terminal growth. As
shown in Table VII, 2 noticeable decrease in yleld was
observed at the 240 ppm phosphorus applicatlon.

Yield Comparison, The yield comparlison of the

plants grown on the Olympic soil with those growing on
the Melbourne soll shows that the Olympic soil is more
productive, Table 1II, Differences 1n total ylelds of
the plants grown on soils not receiving phosphorus were
30,35 grams, Differences in yield on those recelving
240 ppm of phosphorus amounted to 48,68 grams, All

yields on the Olympic soil were higher than those on the

¥Melbourne soll,

TABLE II.

Yield Comparison - Melbourne, Olympic Soil

Rate Total Yield

Phosggorus Olymple Melbourne Difference
ppm grams grams grams
0 68,80 58.45 30,35
30 03.36 50.10 435,26
60 107.21 74.27 32,94
120 118,59 80.81 37.78

240 127.40 78.72 48,68
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Nitrogen Deficiency. Nltrogen 1s more of a limiting

factor on the Olympic soll than it is on the Helbourne
soll as shown in Table VII, Visual nitrogen deficiency
symptoms were observed on the plants growing on the
Olympic solls before phosphorus was added. NWitrogen
deficlency symptoms appeared in the plants growlng on
the Melbourane soll only after they were fertilized with

phosphorus.

Chemical Results

Sodium Acetate. The phosphorus extracting range of

this solutlon is very narrow, Table VIII. The average
amount of phosphorus extracted from the Welbourne soil
where no phosphorus had been added, after cropping was
10.6 ppm as compared to 11.6 pom for the Olympic. The
average amount of phosphorus extracted from the Welbourne
soll which had received 240 ppm of phosphorus after crop=-
ping was 19,1 ppm as compared to 20 pom for the Olympie'
soll. The difference in the amount of phosphorus
extracted from these two treatments is 8.5 ppm and

8.4 ppme.

Carbonlc Acid. Similar results, Table VIII, were

obtalned with this extractant on the soils receiving no
phosphorus and those receiving 240 ppm phosphorus, alseo

indlcating a very narrow range for this method. For the
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Melbourne soil the range 1s 7.8 ppm of phosphorus and for
the Olymplc, 6.8 ppm,
Dilute Sulfuric Acid. The phosphorus extracting

range of this solvent is wider than elther the carbonie
aéid or the socdlum acetate method., For the Melbourne soll
the range 1s 38.7 ppm while the range on the Olympic soil
is 47,5, There is, however, considerable variation in the
amount of phosphorus extracted from soils which received
the same amount of phosphorus, Table VIII.

Bray #1 Method. This method has a wide extracting

range. The range for the Melbourne soil is from 18.1 teo
199.3 ppm or a difference of 181.2 ppm. The range for
the Olympic soil is from 18.1 to 169,1 ppm or a differ=
ence of 15l.1 ppm of phosphorus. Variation in the
amount of phosphorus extracted from soils which received
the same amount of phosphorus 1s not excessive, Table
VIII.

Potassium., Both soils have an abundant supply of
potassium. Avallability for the Olympic soll is 128 ppm
as compared to 135 ppm for the Melbourne,

Lime Requirement. The Olympic soil has a one ton

lime requirement, The Melbourne soll has a two ton lime
requirement,

Soil Reaction. The Olympic soil has & pH of 5,01.

The Helbourne soll has a pH of 4.95. Application of
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2 Ton/Acre of CaCOz raised the pH of the soll at least
0.5 pH,

Correlation of Greenhouse Results and Chemical Results.

Bray #1 vs, Yield. This correlation as shown in

Table IX 1s highly significant. The amount of phosphorus
extracted by this method increases as the yleld of the

sunflowers grown on the Olymple and Melbourne soils

increases.
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TABLE III.

Analyses of Variance of Yield in Grams of

Sunflowers Grown on Olympic Soil

VSQurca of Sum of Degree of ﬁsaﬁ | £

Variation Squaras Freedom Square

Replication 286 2 «143 -
P 44.139 4 11.035 1.48
B 99.662 4 29,562 13.38
8 «285 1 265 2,64
L 1,014 1l 1.014 2.21
PxN 29,758 4 7.439  74.06%
PxS «159 e 040 .40
PxL .141 4 035 «35
Nxs .186 1 .186 1.85
NxL « 460 1 +459 4,57
SxL « 333 1 . 333 3,32
PXNxS 508 4 +126 1.26
PXNxL «050 4 .012 «12
PxSxL . 209 4 052 .52
NXSXL 005 1 . 005 .05
PxHxSxL .089 4 022 «22
Exp. Error 7.122 78 091 <91
#ithin Plot 12,054 120 100 -

TOTAL 196,337 239

# Slgnificant increase in yield,



TABLE IV.
lMean Yields in Grams - Olymplc Soil

23

Phosphorus

Hitrogen
O ppm 30 ppm 60 ppm 120 ppm

240 ppm

O ppm 1.365 1.477 1.538 1.545

3,718

L8D s * 0.181
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TABLE V.

Analyses of Variance of Yield in Grams of

Sunflowers Grown on Melbourne Soil

s : g

S i

Source of Sum of Degree of Hean

Variation Squares Preedom Square f

Replication + 456 2 «228 -
r 26,138 4 6.535 1.87
i 76,309 1 76,308 14,79
s « 326 3 « 526 .58
L 4,243 1 4,243 7.30
PxN 20,636 4 5.159 80,44%
PxS «131 4 «033 « 81
PxL 485 4 «+121 1.89
Nxs .082 1 .082 .14
NxL 1,089 1 1,089 1.87
3xL «231 1 231 +«40
PxNxS » 389 4 +097 1.52
PxNxL 268 4 087 1.08
PxSxL «275 4 .069 1,07
HxSxL +581 1 «581 9.06
PxNxSxL «296 4 074 1,18
Exp. Error 2,668 78 . 034 «53
Within Plot 7.897 120 064 -

TOTAL 142,304 239

# Significant increase in yield,



TABLE VI.

Mean Yields in Grams - Melbourne Soil

25

—

i
fl

o

Phosphorus
Hitrogen "
Oppm 30 ppm 60 ppm 120 ppm 240 ppm
O ppm . 745 . 802 . 874 « 847 +815
2,465

100 ppm . 858 1.6690 2.220 2,520

L3D = 0,145

05
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TABLE VII.

Yield i d Deficiency & oms &8 Related

to Phosphorus Supply

e

e

Melbourne Clay Loam Olympie Clay Loanm

Phosphorus

() Yield Visual® Yield Visual®
(3 Plots) pH Def. (3 Plots) opH Def.
grams Symptome grams Symptonms
Check Subgroup
0 301»2 45'097 e 7039 5326 H -
30 3.75 4£:95 H - = 2.00 5420 W = =
60 3?84 ‘fb'% § - - 30—’!}3 5;22 E -
120 403 4,90 N - - 2.18 5.19 KN - -
240 3.76 491 H = = 8.69 5.13 W -~ =
Total  18.49 40,69
éverage 3.% 4’0093 8‘13 5~2{3
S ' Subgrou;
0 3490 be94 =~ - 7.50° 5,20 WP -~
60 3.70  4.98 W - - 8,97 5.20 N ==
120 3074 4095 E-- 8-98 5019 E - -
240 3455 £.86 H - - 8.49 5.15 H - -
Total 18950 4‘2698 -
Average 3,70 4495 8.60 5.19
L Su
O 5.21 5073 - .- 8‘58 5.71 E P -
30 5.23 5.7 N = - 8.94 5,80 NP -
60 6.72 585 N = = 10.23 5.80 N = =
120 6.38 5.8, N - = 9.72 5.7L. KN - =
240 _ 5.88 5.7 K = = 11.71 5.80 N - -
Total 2942 49.18
hverage 5.88 5.81 9.84 5.76

# K = Nitrogen deficient

P = Phosphorus deficient

B = Beron deficient



TABLE VII. (Cont'd,)
Yield, pH, and Deficiency Symptoms as Relsted
to Phosphorus Supply

Phosphorns Melbourne Clay Loan Olympic Clay Loam
(ppm) Yield Visual® Yield Visual®
(3 Plots) pH Def. (3 Plots) pH Def,
grams Symptoms grams Symptoms
Sulfur and Lime (2 Subgrou
G 5!65 5071 - 9'28 5-’;"5 E. P -
120 6.19 5:75 K = = 10.41 5.75 K = =
240 6.37 5.61 N - - 9.28 5.62 N = =
Tst&l 31;61 47054
Aver&ge 6.32 5.67 ?lSl 5073
Hitrog 00 Sub
30 949 489 ~F - 14.09 503 =P =
120 13.01 48T - =« - 19.72 50, = = =
240 l&old} 4085 I 20*97 5-‘01 -
Total 52.30 80.02
hverage 10.46 486 16.00 5.92
Hitrogen (100 and fur Subzrow
G 4‘76 4.92 - P o 9(42 5.13 b P e
60 14614 LeB8 - =B 18.50 509 =« P =~
12(3 15056 4.82 - - B 20.-72 5‘03 - R
240 _ 15039 4080 - - B 22099 5-03 e -
Total 60.44 86.19
&verage 12@69 4087 17 . 24 5 QQ?

* N = Hitrogen deficient
P = Phosphorus deficient
B = Boron deficient
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TABLE VII, (Cont'd.)
Yield, pH, and Deficiency Symptoms as Relsted

to Phosphorus Supply

Phosphorus Melbourne Clay Loam Clympic Clay Loam
(ppm) Yield Visual®™ Yield Vieual®
(3 Plots) pH Def. (3 Plots) pH Def.
greams Symptoms grams Symptoms
¢ 537 551 =« P = G.12 5,68 -P -~
30 9.89 5451 =P = 14.50 5,62 =P =
60 14463 5.9 = =B 16.86 5,66 ~ P -
120 15:71 545, - - B 20.60 5405 = = =
240 1504{)-5 5.4{} - - B 22-72 5:6-{& o -
Total 61.05 82.80
Average 12 .-21 5 01}8 16; 56 S - 65
Hitroge O and Sulfur (50 and Lime (2000
Suberoup
G 5'71 5049 - ? T 9!01 5172 o F -
30 9.87 5.7 = F - 1475 5,62 =P =
60 13.91 5048 = = B 18,19 5453 <~ F =
120 16.19 5.5, - - R 20.46 5287 o= = -
240 13.88 5454 = - B 22.55 5.7 = = =
Total 59:46 $£§c96
Average 11.89 5454 16.99 5.64

# § = Nitrogen deficient
P = Phosphorus deficient
B = Boron deficient



TABLE VIII.

Melbourne Clay Loam Olympic Clay Loam

Fertilizer , n
Sodium « +O02N «03N NH,F Sodium +O02N O3 HR,F
freatuent  fcetate  °2  HzS0, in ¥ Aoetate 02 80, in
+0258 HC1 0258 HC1
Phosphorus -« 0 ppm
Check 745 17.5 15.0 12.5 12.5 2245 10,0 19.0
8 10,0 175 150 1745 10.0 15,0 20,0 21,0
N 10,0 175 10,0 2340 125 15.0 2040 16.0
SL 100 12.5 15,0 225 10,0 15,0 20.0 13.0
i f5] 12.5 2245 10.0 14.0 12.5 25,0 15.0 23,0
BL ' 10‘0 1509 30&9 17:5 10.0 1'7.5 2040 1650
HSL 0.0  15.0 15.0 15.0 12.5 17.5 £5.0 19.0
ﬁverage 1006 15.0 15,0 18,1 11;(3 1706 18.7 18,1
Phospho -
P 10,0 15.0 20.0 2445 12.5 2245 15.0 38.5
S 10.0 1745 20.0 3345 10.0 17.5 25.0 32.0
L 10.0 1540 15.0 4045 125 17.5 20.0 2645
H 10.0 15,0 15.0 40.0 15.0 175 2540 3040
8L 10.0 15,0 20.0 52.0 10.0 15.0 25,0 23.0
Hs 12.5 2245 15.0 33. 10,0 2245 20,0 32.0
NL 12.5 17.5 25.0 55.0 10,0 2040 25,0 27.0
HSL 15.0 17.5 20,0 31.0 12.5 17.5 2540 27.0



TABLE VIII., (Cont'd.)

Melbourne Clay Loam Olympic Clay Loam

Fertilizer - ‘
Pishtmeat Sod ium 2 0028 03N NH,F Sodium - 002§  ,03N NH,F
Acetate 2 Hg80, in Acetate < Hy80, in
+0258 HC1 0258 HC1

Phosphorus -~ 60 ppm
4 15.0 17.5 2040 52.5 15.0 22.5 25.0 5245
8 12.5 17.5 20,0 46.0 10.0 17.5 25.0 44,40
L 12.5 15.0 20.0 60.0 15.0 17.5 25,0 52.0
H 15,0 17.5 2040 66.5 15.0 17.5 30.0 51.0
& 10.0 15.0 &000 66‘0 1215 15.0 25.0 55¢0
K8 12.5 Ree5 30,0 62,0 15.0 25.0 2540 4940
NL 15.0 20,0 25.0 5940 10,0 17.5 3540 50,0
NSL 12e5 175 45.0 57.0 12.5 20,0 30.0 51.0

Phosphorus -~ 120 ppm
P 10.0 17.5 25.0 67.0 12.5 20.0 50.0 78,0
S 15.0 20,0 30.0 69,0 12.5 20.0 5040 79.0
L 15.0 15.0 2540 80.0 15.0 20.0 45,0 83.0
N 15.0 17.5 25,0 95.0 12.5 17.5 35.0 97.0
NS 15.0 25.0 3540 91.0 17.5 2040 3540 88.0
NL 15.0 17.5 4040 6340 15.0 175 40,0 87.0
NSL 12,5 17.5 4040 99.0 17.5 20.0 4040 7940



TABLE VIIX,

{Cont'd,)

Fertilizer® Melbourne Clay Loam Olympic Clay Loam
PR Sodium co. <002 03N NH,F Sodium co. <00 03N HHF
Acetate 2 32304 in Leetate 2 ﬁQSOA in
‘ 025N HC1 L0250 HC1
Phogphorus - 240 ppm
P 12.5 2245 5540 168,0 2245 2540 60,0 158.0
8 15,0 25,0 55.0 150.,0 20.0 2245 70.0 167.0 -
L 25.0 20.0 50.0 238.0 2245 2540 700 168.0
N 20.0 20.0 45.0 197.5 17.5 2540 7040 168.0
SL 20,0 20.0 5540 222.5 2245 2540 65,0 178.0
N& 1745 30.0 60.0 217.0 17.5% 25,0 55.0 171.0
NL 22.5 2245 5540 197.5 20.0 2245 700 159.0
NSL 20,0 22,5 55.0 20440 17.5 25.0 70.0 184,0
ﬁV&mg@ 19.1 22,8 5347 199.3 20.0 el 66,2 169*1

#* Fertilizer Traatment:

N = 100 ppm nitrogen = 200 lbs per scre
S = 50 ppm sulfur = 100 lbs per acre
L= 2 T/hcre CaCos

4



TABLE IX,
Anzlyeis of Co-variance

=
Melbourne Soil - Phosphorus Extracted ve., Plant Growth
Variation due to a.f. x* xy yz = xy : y2
Total 19 86,732.55 3,391.97 298 .40
Between Treatmsnts A B5,224443 3,428.57 279.27 21,306.11 857,14 69.82
¥ithin Treatments 15 1,508.12 -36,61 19.13 100.54 w24 o 40 1.27
~——ﬂ——f- - = 70 **Highly significsnt
Vs )5
Olympic Soil - Phosphorus Extracted vs. Flant Growth™
Variastion due to d.f, x* Xy yz xg xy y2
Total : 19 61,156.11 4,5390.86 Lbhe69
Between Treatments 4 60,617.93 49394422 438449 15,154.48 1,098.55 109.62
Within Treatments 15 538,19 - 3,36 6420 35.88 - e22 o4l

w;ﬂv-?- e r = .85 ¥¥iighly significant
L

# Phosphorus extracted by Bray #1 Method

F4



TABLE X.

Chemical Analysis of Olympie Clay Loam

and Melbourne Clay Loam

33

Lime Avail~ Avail=-

%
Soil Depth Organic pH Requige- able X ablagg
Inches Matter ment ppm ppm
Olympic O=7 4,08 5.01 Slight 128 29,0
Melbourne 0=7 3.09 4,95 Medium 135 12,5

* Slight lime requirement = 1 Ton/Acre CaCOg
2 Tons/Acre CaCOzx

i

Medium lime regquirement
#% Bray #1 Method



Figure 1.

Olymplic Soil - Check Group



Figure Se

Melbourne Soil -« Check Group



Figure S,

Olympic Soil - Nitrogen Group



Figure 4,

Melbourne Soll - Hitrogen Group

o7



Eigure 5,

Olympic Soll =~ Nitrogen-Sulfur<Lime Group

38



Figure 6,

Melbourne Soll - Nitrogen-Sulfur-Lime Group

39
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DISCUSSION

Phosphorus Requirement., Haximum plant growth under

a glven set of environmental conditions is produced only
when all essential nutrients are present in adequate
amounts of avallable forms. A soil which 1is laeﬁing in
any essential nutrient in the required amount is said to
be limlting in that nutrient, A soil that contains suf-
flcient avallable phesphorus for maximum yields has a
zerc phosphorus requirement,

The determination of the available phosphorus
requirement and of other essential nutrients by chemical
test 1s a phase of soll research that has received much
attention. In the mind of the general public these tests
are frequently overrated. They are of distinect value,

though, when properly interpreted.

Greenhouse Raaults

The significant interaction between nitrogen and
phosphorus on both the Olympic and Melbourne soils,
Tables III and IV, can be attributed to the low avail-
able supply of both of these nutrients. Nitrogen and
phosphorus are both so deficient in these soils that the
addition of either one alone did not inerease yields,
This is in agreement with the results obtained by Baskar

(1, p.139). When nitrogen is supplied, increased
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increments of phosphorus result in increased ylelds. The
phosphorus requirement for both the Olympic and Melbourne
soils at & 100 ppm level of nitrogen, disregarding the
effect of boron deficiency, is above 240 ppm., The esti-
mated minimum level, Table VII, to produce plants not
exhibiting any signs of phosphorus deflciency, is 120 ppm
of phosphorus.

Nitrogen is more of a limiting factor on the Olympic
soil than on the Melbourne soll. The sunflowers grown on
the Melbourne soil showed nitrogen deficiency symptoms
(light green color) only after phosphorus was added,
Table VII. The:plants grown on the Olympic seil in all
cases showed characteristic nitrogen deficiency symptoms
before phosphorus was added to the soll,

Boron Deficlency. The sunflowers grown on the Mel-

bourne soil receiving nitrogen, and phosphorus, at the
higher rates 60-240 ppm, plus lime or sulfur or both,
showed marked boron deficlency symptoms, Table VII. The
plants were stunted and had malformed terminal leaves.
This type of boron deficiency in plants 1s described by
Schuster and staphanQen (22, pp.609~516), Boron deficien-
cies develop and are more marksd at the upper levels of
phosphorus application when nitrogen in combination with
lime or sulfur or both is supplied. '
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Yield Comparison, The total ylelds of the plants

growlng on the Melbourne solls are lower than those on
the Olymplec, Table II, indlcating the Olympic soil to be
more productive. In all the greenhouse work the Olympie
soll was consistently easier to work and more friable
than the Helbourne. This may be due in part to the
higher organic matter content.

The Olympic soil has approximately one percent more
organic matter than the Melbourne. Chemical analyses of
these soils, Table X (p.33) show that the Olympic has
16,5 ppm more avallable phosphorus than the Melbourne
soll, and a one ton lime requirement, The Melbourne soil
has a two ton lime requirement., Difference in yield can
be attributed in part to the higher percent of organic
matter, more readily avallable phosphorus, and a lower
lime requirement.

The sunflower seeds planted germinated and came
through the solls at about the same time, but the rate
of growth of the plants on the Olympic soil was much
faster than that of the plants on the Melbourne soil,

It should be emphasized that in all of the work
that has been done on these two soils the top layer of
soil (6~7 inches) was used. While the conclusions which
can be drawn from this study will be indicative of what

can reasonably be expected in the fleld, the importance
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of the subsoil should not be overlooked, since the entire

root zone area is important 1ﬁ the production of a plant,

Chemical Test Results

There are many different extraction reagents being
used with varying success in different parts of the
country. The first requirement of a good extracting
solution is that it should extract the total amount
(or a proportionate part) of the available form or forms
of a nutrient from soils with variable properties., Four
solvents, e&rbog dioxide, sodium acetate, dilute sulfuriec
acid, and ammonium fluoride, were used in this study to
determine their relative efficiency for determining
available phosphorus in the soills.

Of the four chemical methods used in this study the
ammonium fluoride method proved satisfactory. This |
method has a wide extracting range and a relatively small
variation in the amount of phosphorus extracted from
solls receiving the same amount of phosphorus fertilizer,
Table VIII,

As mentioned previously, the "fixation" of phog=-
phorus on the red hill soils 1s not uncommon. The Bray

#1 method as developed by Bray (3, p.42) removes
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& part of this fixed phosphorus. The mechanism is one of
replacement or exchange. The fluoride lons replace the
phosphate ions held in the solil., It is, therefors, the
result of the replacement actlon of the fluoride ion in
the ammonium fluoride method that makes it so effective.

The highest ylelds on the Melbourne soll were pro-
duced on those solls which according to the ammonium
fluorlide method tested in excess of 63 ppm available
phosphorus. Highest ylelds on the 0Olymplc were obtalned
on solls that tested above 159 ppm available phosphorus,
The figures 63 and 159 are used because yield increases
are most significant above these points,

Correlation of Phosphorus Extracted vs, Yield. The

correlation figures or "r" values shown in Table IX are
significant. As the amount of phosphorus extracted from
the Olympic and Melbourne soil increased, the yield of
the sunflowers grown on these solls inereased,

In running the correlation, Table IX, the following
factors were considered: (1) ammonium fluoride was the
only method used since 1t seems to more nearly character-
ize the available phosphorus conditions in the soil; (2)
the correlation was made with only those samples which
had been treated with nitrogen, since these were the
only treatments that showed a slgnificant increase in

growth with increased additions of phosphorus, The
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Bray #1 method 1s an excellent method for estimating the
phosphorus needs of the Melbourne and Olymplc soils,

This method should be of considerable value for estimating
phosphorus needs in the fleld when the necessary correla=

tion work is avallable,
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SUMMARY AND CORCLUSIONS

1. An estimate of phosphorus availability on two
“red hill" soils of Western Oregon was obtained by:

(1) growing sunflowers on these soils in the greenhouse
and determining thelr response to increments of phos-
phorus alone and in combination with other nutrients}
(2) comparing plant response to the amount of phosphorus
extracted by four different solvents.

2. For determining available phosphorus on the
Olympic and Melbourne soils, the Bray #l method is
superior to the carboniec acid, to the dilute sulfurie
acid, or to the sodium acetate. It has a wide extract~
ing range and less variation in the amount of phosphorus
extracted,

3« The highest yields on the Melbourne soills were
produced on those soils which according to the Bray #1
method tested in excess of 63 ppm available phosphorus,
Highest ylelds on the Olympic were obtained on soils
that tested above 159 ppm avallable phosphorus,

4. The correlation of plant growth versus phos-
phorus extracted from the soil using the Bray #1 method
was highly significant,

S, When nitrogen is added, the Olympic soil has a
phosphorus requirement above 240 ppm and the Nelbourne
801l has a phosphorus requirement above 120 Ppm.



47

€, There was a slgnificant response to the nitrogen
x phosphorus combination on both soils.,

7. There was no signifiecant plant response to
nitrogen, phosphorus, sulfur, or lime, when used alone.
There was no significant plant response on either soil
to the following combinations: niltrogen x sulfur;
phosphorus x sulfur; nitrogen x sulfur x limej;
phosphorus x sulfur x lime.

8. When nitrogen is added, plants growing on the
¥elbourne s0il exhibited boron deficlency symptoms at
the three highest rates of phosphorus when in combination
with lime, sulfur, or both.
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