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Soils for nutrient availability studies were sampled by layers as indicated in
the tables of data and used for chemical analyses or greenhouse tests. The
sunflower was used as the indicator plant in the greenhouse work. Chemical
methods used were those reported in previous publications (10, 13). Field plot
trials with fertilizers on cover crops as indicated were made on plots occurring
at random, 10 feet by 10 feet, with several replications. Samples of the cover
crops were harvested from a square, 25 inches on a side, in each plot, dried,
weighed, and the data calculated on an acre basis. Samples were taken always
where the stand of plants was good, from checks and treated areas alike.

The soils of this study were supporting walnut or filbert orchards, or were
chosen to supply data for comparison with the orchard soils. The filbert and
walnut orchard soils include representatives from the hills, valley floor, and
recent river bottoms. The soils from the hill formations are the Aiken and
Olympic series derived from igneous or lava parent rock, and the Sites, Carlton,
and Melbourne series derived from sedimentary sandstone and shales. The
valley floor soils are the Willamette, Salkun, and Amity series. The Chehalis
and Newberg series from the recently deposited river bottom soils are reported.

Chemical Composition and Responses
to Fertilization of Western Oregon
Nut Orchard Soils as Indicated

by Greenhouse and Field
Trials

By R. E. STEPHENSON, Soil Scientist, Oregon Agricultural Experiment Station,
and C. E. SCHUSTER, Horticulturist, Bureau of Plant Industry, Soils,

and Agricultural Engineering, Agricultural Research Admin-
istration, United States Department of Agriculture

WESTERN Oregon nut orchards are located on a variety of soils, some
highly productive and some of low productivity. Previous physical

studies indicate a wide difference in texture, structure, effective depth, charac-
ter of profile, and moisture properties. The present study deals primarily with
chemical properties and fertilizer responses of the same or similar soils.

METHODS OF STUDY

SOILS STUDIED

RESULTS OF STUDY
Two types of chemical methods are commonly used on soils. One type

indicates the total composition while the other indicates solubility, often labeled
availability, of important nutrient elements. The data of Table 1 are a sum-
mary of analyses indicating the average total nitrogen, phosphorus, sulphur,
potassium, calcium, and magnesium content of twenty-one western Oregon
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the major reason, as is indicated in later discussion.
The low calcium content of the hill soils correctly indicates the greater need

for a liming program. The low sulphur content of all groups may indicate
correctly a probable need for sulphur fertilization for certain crops. These
statements are based in part upon general knowledge of the characteristics of
the different soil groups. No group is significantly better supplied than others
with nitrogen, phosphorus, sulphur, or potassium. The group that is lowest in
nitrogen content is actually the most fertile soil. There is probably a signifi-
cance in nitrogen content of individual soils where the differences are marked
and the soils are of similar origin and texture, but when soils of different series
are compared total nitrogen content probably has less relationship to the fertility
of the soil.

The data of Table 2 represent a summary of the total analyses of fifty-one
hill soils of western Oregon (9), in three groups of seventeen each, arranged
according to nitrogen content. This arrangement is based upon the possibility
that nutrient supply may parallel the humus and nitrogen content of the soil.

These data indicate a strong tendency for the nitrogen, sulphur, and phos-
phorus to vary together. This condition might he accidental but it probably
exists in part because the organic matter acts as a carrier, not only of nitrogen
but of sulphur and phosphorus as well. No such relationship exists with mag-
nesium and calcium. There is no apparent explanation for the inverse relation-
ship of potassium. The sulphur follows nitrogen somewhat more closely than
does the phosphorus. Perhaps a greater portion of the sulphur than the phos-
phorus is held in organic combination. Sulphur in inorganic form is more
leachable than inorganic phosphorus, and plants and plant growth, through that
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soils (8). These soils are presented in three groups of seven each according to
formation or origin, using only those soils for which a complete analysis was
available. There was no other basis for the selection.

Table 1. AVERAGE COMPOSITION OF SEVEN SOILS IN EACH GROUP

(Expressed as pounds in 2,000,000 pounds of soil)

Soil group

Pounds Pounds Pounds

Recent river bottom 3,263 1,646 22,003
Valley floor ---------- 4,212 2,123 22,312
Hill ______________ _______ 3,907 2.137 20,431

Throughout this publication abbreviations used are:
N =nitrogen
P =phosphorus
S =sulphur
K =potassium
Ca=calcium
Mg=magnesium

The futility of judging soil productivity and fertilizer needs by total analy-
ses often has been observed in data similar to these. The composition of the
three groups, hill, valley floor, and recently deposited soils, is not greatly dif-
ferent except for the calcium and the magnesium content. In farm practice the
river bottom soils are most productive and the hill group of soils least

productive.
There is a significant difference in the calcium status of the soils. The

different groups according to calcium content are in the order of their pro-
ductivity. The greater calcium and magnesium content cannot be the only
reason for greater productivity of the better soils, however, and perhaps is not
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7WESTERN OREGON NUT ORCHARD SOILS

which remains in humus residues, should have a greater conserving influence
for sulphur than for phosphorus. Presumably organic sulphur would not be
lost readily from the soil.

Table 2. AVERAGE COMPOSITION OF FIFTY-ONE HILL SOILS, SEVENTEEN SOILS IN EACH GROUP

Pounds in 2,000,000 pounds of soil Relative composition

Nitrogen range N I S I P I Mg I Ca I K N/S I N/P I P/S
Pounds Pounds Pounds Pounds Pounds Pounds

2,
3,

960- 2,520 pounds -. 1,868 288 1,741 6,345 10,247 28,449 6.5 1.1 6.1
620- 3,600 pounds 3,145 375 1,819 6,594 8,903 26,041 8.4 1.7 5.0
640-10,800 pounds 5,125 525 2,660 5,383 9,331 15,520 9.8 1.9 5.1

Average .................. 3,279 396 2,073 6,107 9,494 23,337 8.2 1.6 5.4

The same relationship is observed in comparing the composition of soil and
subsoil. If the humus of the soil, as indicated by the nitrogen status, is influ-
ential in conserving sulphur and phosphorus, the effect should be indicated by
comparing the composition of surface and subsoil.

The data (Table 3) indicate a tendency for sulphur as well as for nitrogen
to accumulate in the surface soil. There is less tendency for surface accumula-
tion of phosphorus and little tendency for any other nutrient element to be
higher in the surface soil.

Table 3. AVERAGE COMPOSITION OF TWELVE SURFACE AND SUBSOILS*
(Pounds in 2,000,000 pounds of soil)

N

Pounds

S

Pounds

P

Pounds

Mg

Pounds

Ca

Pounds

K

Pounds
Surface 3,780 551 2,455 5,736 11,223 17,808
Subsoil ..................... _..... 2,161 276 1,955 6,021 9,963 15,816

Excess of surface over
subsoil .......................... 1,619 275 500 -285 1,260 1,992

Ratio (Surface/subsoil) .. 1.75 2.0 1.26 0.95 1.1 1.1

* Surface and subsoil here refer to the A and B horizons.

HUMUS AND NUTRIENT DISTRIBUTION IN THE
SOIL PROFILES*

The distribution of humus in the profile or layers of soil is indicated by
the data of Table 4. Two each of Olympic, Aiken, and Chehalis soils, five
Willamettes, and one each of Sites and Carlton soils are reported. On the basis
of humus and nitrogen content the hill soils (Tables 1 and 4) would have a
higher rating than their field productivity justifies (8). These are the oldest
soil formations and perhaps the humus is relatively inert. The productivity
also in many cases probably is decidedly limited by unfavorable physical prop-
erties (11).

Lack of significance of total organic matter and nitrogen is indicated by
data by Powers et al. on the Sifton soil, which is higher in nitrogen than any
other soil reported except the peats and mucks (8), but is unproductive and
relatively unresponsive to mineral treatment (4). When this soil received
fresh compost in greenhouse studies yields were increased over the best mineral

* Humus is the partly decomposed and somewhat stable portion of the organic matter
that remains in the soil. Active organic matter is that portion of the organic matter and
humus that is actively decomposing.



Table 4. HUMUS DISTRIBUTION IN NUT ORCtIARD SOIL Tve s

Soil type

Hill soils

Horizon

co inches ......................................
--....... ...................

............................ --'------
....................... ...-- -------'-°-

................. ........._.-..._....

........... ..--------------- .........
................................. ......
.....................................
....... .................................
.......................... ... ..

Olym-
pic I Sites

Aiken Carl-
ton

Recent river
Valley floor soils bottom soils

er
cent

Olym
plc II

Per
cent

er
cent

Aiken
I

Per
cent

er
cent

er
cent

Wil-
lametteI

Per
cent

Wil-
lametteII

Per
cent

Wil-
lamette

III
Per
cent

Wil-
lamette

IV

Per
cent

Wil-
lamette

V

Per
cent

Che- Che-
halis halis

I II
Per Per
cent cent

0-6 4.66 2.96 4.67 3.46 3.64 2.53 3.61 2.43 3.64 2.73 2.94 2.62 2.39
6-12 inches 3.89 2.57 3.62 2.24 3.19 1.09 2.72 1.45 2.69 1.36 2.22 1.87 1.52
2d foot 2.94 1.18 2.27 1.46 1.83 0.69 1.30 0.79 1.33 0.82 1.30 1.13 1.23
3d foot 2.00 0.48 1.33 0.74 1.40 0.54 0.41 0.51 0.36 0.71 0.68 0.72 0.97
4th foot 1.09 0.36 0.79 0.58 0.58 0.34 0.40 0.43 0.28 0.39 0.18 0.48
5th foot 0.41 0.25 0.56 0.48 0.40 0.34 0.18 0.22 0.20 0.18 0.21
6th foot 0.38 0.15 0.48 0.30 0.17 0.21 0.18 0.11
7th foot 0.11 0.11 0.33 0.27 0.17 0.10 0.13 0.09
8th foot 0.09 0.11 0.07 0.07
9th foot 0.04 0.11 0.03 0.03

10th foot 0.03 0.08 0.02
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WESTERN OREGON NUT ORCHARD SOILS 9

treatment. These data and the results of many greenhouse and field studies
indicate the value of fresh or active organic matter, such as a few tons of
stable manure, and the inefficiency of the old and inert organic matter in the
top foot, as found in the Sites soil with more than 80 tons of inert humus. The
Chehalis soil, with 2.62 per cent of largely active humus, is much more pro-
ductive than the Sites with 4.67 per cent of mostly inert material.

Available nitrogen in the organic matter rather than the total supply in-
fluences plant growth. Fresh materials, therefore, such as green manures, crop
residues, farmyard manure, and compost, which supply only 2 or 3 tons of
organic matter per acre, may have a greater influence on production than many
tons of inert humus in which the nitrogen is tightly held. These materials con-
tribute substantially to the supply of active humus.

In any particular soil type, such as the Willamette, the soil with higher
humus content, 3.64 per cent, is likely to be more productive than the one with
a lower content, 2.43 per cent. The high humus level, when soils are similar in
age and formation, is probably the result of consistent humus renewal, rather
than the result of ages of accumulation of a resistant and ineffective humus
residue such as may be found in some old uneroded soils. There is no conflict
of statement in the assumption that active humus is conducive to high avail-
ability of nutrients and that a high level of old and inert humus residue may be
found in some of the poorest soils Active humus is that which is more readily
rotted, and therefore is of greater effect in liberating nutrients

Table S. NUTRIENTS PER ACRE IN A 3-FOOT SOIL DEPTH

(4,000,000 pounds soil per foot)

Nutrients per acre

oil and sample number

Hill Group

rganic
matter

Tons

Calcium
soluble in

0 05
N HCl

Pounds

Potas-
slum

soluble in
0.05

N HCl

Pounds

Available
phos-

phorus

Pounds

1. Sites silty clay loam -- 234.6 24,494 4,464 148
2. Melbourne clay loam-I ------------------ 182.2 1,510 508 132
3. Melbourne clay loam-II 284.2 2,384 984 136
4. Olympic clay loam .. 112.2 10,636 942 276
5. Melbourne clay loam-III ------ _----- 67 1 29,300 2,640 74
6. Melbourne clay loam-IV .............-- 44.2 8,306 1,828 240
7. Aiken clay loam --------------_---..___-... 105 4 14,990 1,912 150

Average -..-.---._._-..------.-.__--._-_- 147.1 13,089 1 897 165

Valley Floor
8. Willamette silty clay loam-I ---.....- 116.2 46,306 5,948 2,478
9. Salkum clay loam -.---.. ..---.-. 113.5 4,340 1,248 144

10. Amity silty clay loam ..----- 89.1 27,762 2,440 1,136
11. Willamette loam - 46 5 15,014 2,334 69212 Willamette silty clay loam-II ----- 82 3 24,486 2,772 1,882

Average ..-----. ------------------------------ 89.5 23,582 2,948 1,266

Recent River Bottom
13. Newberg silty loam-I ------------ ------- 112.9 45,498 3,768 2 61214. Newberg fine sandy loam ----------- ---- 76.4 58,208 4,310

,

1,49415. Chehalis silty loam ..---.. 92 8 42,840 1,870 3,17616. Newberg loam -------------------------- 120.7 46,788 2,596 2 77217. Newberg silty clay loam ------------------ 120 8 47,476 2.636
,

2,070
Average -------------------------------------- 104.7 48,162 3,036 2.425
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10 STATION TECHNICAL BULLETIN 3

Most of the nutrients used by plants probably come from the top few feet
of soil. The data of Table 5 show the available calcium, potassium, and phos-
phorus, as indicated by chemical methods (13), to a depth of 3 feet, which is
probably the principal feeding root zone. Samples from the top 6 inches, the
second 6 inches, the second foot, and the third foot were analyzed separately,
added together and converted to pounds or tons per acre.

Many of the soils of this group have been used for greenhouse studies. The
Melbourne clay loam II proved to be very unproductive and unresponsive both
in the greenhouse and in the field. Available calcium, potassium, and phos-
phorus are very low. Greenhouse studies indicated low availability of sulphur

Table 6. DISTRIBUTION OF SOLUBLE NUTRIENTS IN A 3-FOOT SOIL DEPTH

oil

otal
organic
matter

Per cent

Potas-
slum

soluble
in water

ppm

Potas-
slum

soluble
in 0.05
N HC1

ppm

Nutrients

Calcium
soluble

in water

ppm

Calcium
soluble
in 0.05
N HCl

ppm

vailable
phos-

phorus

pp-
Sites clay loam

0-6 inches 4.67 21.4 270 89 1,531 15
6-12 inches 3.62 14.2 149 143 1,287 13
2d foot .-.-.- 2.27 7.4 108 94 906 30
3d foot ...... 1.33 2.3 86 18 465 16

Average 2.972 11.3 103 86 1,047 18.5

Melbourne clay loam
0-6 inches 2.43 43.8 213 107 832 43

6-12 inches ----- ---------- 1.45 36 4 174 104 988 23
2d foot ------------------------- 0 79 27.7 180 60 1,162 22
3d foot ----------------------- 0.51 24.1 135 25 1,190 32

Average .-- 1.295 33.0 175 74 1,043 30

Willamette loam
0-6 inches ------------- ------ 3.64 41.3 421 33 4 419 357
6-12 inches ------------------ 2 69 25.2 340 18 4 671 266
2d foot - ----------------------- 1 33 19.0 267 11 4 716 266
3d foot ----- ------- ------------ 0.36 7.2 66 2 5 559 266

Average -..---_.......... 2.005 23.2 273 16 4.841 289

Willamette silty clay loam
0-6 inches 3.61 51 0 192 256 2,040 208
6-12 inches 2.72 33.0 183 200 1,994 179
2d foot ----- 1.30 27.0 168 96 2,160 308
3d foot ----- 0.41 19.0 172 54 3,466 196

Average 2.010 32 5 179 152 2.415 223

Newberg silt loam I
0-6 inches ......... 2.75 26.6 357 176 4,924 345
6-12 inches --------- 2.56 8 9 136 166 4,881 250
2d foot -------------------------- 2.00 6 6 136 161 4,536 232
3d foot -------- ----------------- 1.11 3.9 53 40 3,652 208

Average 2.105 11.5 170 136 4,498 259

Newberg silt loam II
0-6 inches -. 3 20 29.6 556 146 4,301 195
6-12 inches -- 1.12 23.5 540 69 4,256 90
2d foot ------------ 0 34 9.0 238 23 4,225 89
3d foot ....------- 0.29 7.4 234 19 4,046 89

Average ---.. 1.238 17.4 64 4,207 116
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WESTERN OREGON NUT ORCHARD SOILS 11

and boron (13). This soil became responsive only when complete nutrient
(containing nitrogen, phosphorus, sulphur, and potassium) with compost and
boron were supplied. The humus that it contains in adequate amount must be
very inert, as the soil in a greenhouse trial appeared to lack nearly everything
necessary for good plant growth.

The hill soils are characteristically relatively low in available phosphorus,
and many are low in available calcium. The valley floor soils with one excep-
tion are much better, and the recent soils are decidedly the best in this respect.
The general productive capacity of the soil in the field is in the above order.
There are, of course, some poor valley floor soils and some good hill soils, but
group characteristics are rather consistent.

The data of Tables 6 and 7 indicate the distribution of soluble calcium,
potassium, and phosphorus in the soil layers. Water-soluble calcium and
potassium in a general way follow the distribution of humus. The acid-soluble
potassium shows a similar tendency. The acid-soluble calcium, however, is just
as likely to increase with depth. These variations are characteristic of many
soils that have been analyzed, and hold equally well for hill, valley floor, or
recent soils. The data corroborate the assumption that active humus is impor-
tant in contributing to availability of nutrients, especially the bases, in the soil.

Since most of the nutrient for crop production must of necessity be taken
from that part of the soil in which the feeding roots are most concentrated,
nature must provide a mechanism for renewing the nutrients that otherwise
soon would become seriously depleted. The constant return of residues of plant
growth to the soil appears to be the chief means by which nutrients are re-
plenished in the root zone The effectiveness of this replenishment is indicated

Table 7. DISTRIBUTION OF SOLUBLE NUTRIENTS AND ORGANIC MATTER IN THE DEEP PRO-
FILES OF TYPICAL ORCHARD SOILS

Soluble nutrients and organic matter

Total
organic

Soil layer matter

Per cent
Newberg silt loam

Potas-
sium

soluble
in water I

slum
soluble in

0.05
N HCl

ppm

Calcium
soluble

in water

ppm

Calcium
soluble in

0.05
N HCl

pp-

Avail.
able
P*

ppm

0-1 foot 3.03 34.6 594 5,150 195
1<-1 foot -- ------------------ - 1.20 22.4 375 41.0 5,048 130
1-2 feet 0.58 4.9 160 19.0 4,876 112
2-3 feet 0.51 18 160 18.0 5,106 142
3-4 feet 0.40 1.1 145 11.0 3,866 120
4-5 feet 0.37 180 9.0 4,070 120
5-6 feet -------------- -_--._- 0.30 98 15.0 4,576 130
6-7 feet 0 27 133 12.0 4,516 142
7-8 feet 0.21 117 12.0 4,620 142
8-9 feet - 0.10 141 15 0 4,832 104

Amity silty clay loam
0-4 foot ---------------------- 3.71 29 4 176 132 1,968 91
i-1 foot 2.93 7 7 145 99 2,440 80

1.51 7.1 172 65 2,556 77
0 34 1.7 176 14 3,386 96
0.29 1.7 196 4 3,796 213
0 25 1 1 153 2 3,098 213

1.0 196 2 3,598 237
0.20 8.0 160 2 2,898 128
0 09 15.8 176 42 5,658 68
0 07 16 9 184 63 7,336 48
0.07 20.9 211 69 9,230 36

*Truog method
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IL STATION TECHNICAL -BULLETIN 3

by the data on both total and available nutrients (Tables 3, 6, 7) that show
more nutrient in the most important root zone in spite of continued crop
removal.

SOIL ACIDITY

Soil acidity may become an important plant growth factor. The acidity of
the soils as indicated by the pH determinations (Table 8) probably has most
significance for what it indicates about other properties. As a group, the hill
soils, pH 4.6 to 5.3, are most acid and those of the river bottoms, pH 5.5, to 5.9,
are least acid.* The availability of phosphorus as indicated by chemical methods
and also by field responses varies in the same order. Low phosphorus avail-
ability is assumed to result in part from the effect of soluble iron in the acid
soils that changes the phosphorus to an unavailable form. Iron pellets in these
soils have been found to be high in phosphorus. Available calcium and potas-
sium vary in the same way. Total calcium also varies in the same order as the
pH. Since acidity is the result of leaching and loss of calcium, and to some
extent of other bases, magnesium and potassium, which keep the soil neutral,
these variations are to be expected.

Variations of acidity within the soil profile appear to be without great sig-
nificance. In many cases the immediate surface soil is more leached and acid
than the soil next below. Quite commonly, however, at depths of 4 or 5 feet
and beyond, there is somewhat greater acidity than in the surface. The parent
materials, such as the lava formations, sandstone, and shale, of the hill soils,
which are pH 43 to 5.3, are quite evidently acid. There are no alkaline soils
in western Oregon.

Table 8. REACTION OR PH OF WESTERN OREGON ORCHARD SOILS

Hill soils

Reaction

Valley floor Recent river bottom
soils soils

Horizon depth

pH pH pH pH pH pH

Che-
halis

pH

New-
berg

pH

New
berg

pH
0-6 inches ------------ 4 65 5.15 5.30 5.00 4.45 5.30 5.90 5.48 5.90
6-12 inches --------- 5.15 5.00 5.05 5.40 4.60 5.30 5.65 5.65 5.65
2d foot -------------- 5.25 5.45 4.95 5 30 4.85 5.45 5.85 5.15 5 90
3d foot 4 80 5.15 5.05 5.55 5.00 5.60 6.00 5.50 5.74
4th foot 4.30 5.05 5.25 5.55 5.00 5.95 6.00 5.65 5.65
5th foot 4.65 4.95 5.13 6.00 4.97 6.00 5.95 5.72 5.42
6th foot 4.65 4.65 5.30 5.35 5.00 5.30 5.85 5.85 5.99
7th foot 5.00 4.65 5.35 5.00 5.45 6.25 6.65 5.99
8th foot 4.25 4.65 5.17 5.60 5.70 5.99
9th foot 4.30 4.95 5.23 5.65 5.70 5.89
0th foot 4.80 5.65 5.30

5.85 6.15
1

z Neutral soils are pH 7.0, soils below pH 7.0 are acid, while those above pH 7.0 are
alkaline. The range reported here may be described as follows:

pH 4.5 to 5.0, very strongly acid
pH 5.1 to 5.5, strongly acid
pH 5.6 to 6.0, medium acid
pH 6.1 to 6.5, slightly acid
DH 6.6 to 7.3. nearly neutral.
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WESTERN OREGON NUT ORCHARD SOILS 13

PHYSICAL PROPERTIES AND ROOT DISTRIBUTION
IN SOIL LAYERS

Some of the important physical properties of the soil that affect growth are
texture, structure, and depth. These properties influence moisture capacity,
usable water, drainage, aeration, root penetration, and the capacity of the root
system to function normally in the absorption of moisture and nutrients.

Newberg loam, supporting a walnut orchard (Table 9), has favorable
physical properties throughout a deep profile. There is enough fine silt and
clay to give body to the soil and to hold moisture and nutrients. There are no
obstructing layers. This soil in this particular locality, however, has sandy
spots that are droughty. At a depth of 7 or more feet the soil becomes very
sandy. The only data obtained beyond this depth were on the root distribution
of walnut. The average field moisture capacity of 29 per cent and the average
Table 9. PHYSICAL PROPERTIES, MOISTURE RELATIONSHIPS, AND ROOT DISTRIBUTION IN

TYPICAL ORCHARD SOILS

Non-
Capil- capil- Mois-

Fine Total lary lacy ture Wilt-
silt por. por- por- at field Ing Root
and osity osity osity capac- coeffi- Usable distri-

Soil layer clay volume volume volume ity dent water bution

Per Per Per Per Per Per Per Per
cent cent cent cent cent cent cent cent

Newberg loam
0-1 foot* 37.3 53.5 38.6 14 9 30.6 16.3 14.3 1 6
f-l foot ------------ ----- 34.3 54.6 37 6 17.0 30 6 16.3 14.3 17.7
1-2 feet 26.3 57.3 38.0 19.3 32.5 17.5 15.0 24.2
2-3 feet --------- _------- 26.7 60.2 35.8 17.0 32.8 16.7 16.1 7.9
3-4 feet -------------------- 16.3 57.8 31.3 26.5 27.0 13.1 13.9 3.8
4-5 feet 28.1 58.9 30.3 28.6 26 8 13.6 13.2 11.5
5-6 feet -__-------- ---- 19.3 59.2 25.8 23.4 23 0 12.2 10.8 3.7

`6-7 feet 9.4
7-8 feet .. 11.0
8-9 feet .-.--- 2 4
9-10 feet 6.8

Average .----- --------- 25.4 57.9 33 3 21.8 28.8 14.9 13.9 9.1

Salkum silty clay loam
0-f foot* --_--_----------- 48 8 52 8 45 6 7.2 35.9 15.8 20.1 Culti-

dt
f-1 foot --- 53.8 52.7 46.3 6.4 35.9 15.8 20.1

va e
38 0

1-2 feet .-_ 66 2 50.7 46 6 4 1 34.8 140 20.8 27.4
2-3 feet --- 67.2 56.1 46 9 9.2 39.3 26.0 13.3 18 3
3-4 feet --- 51.8 57.9 57.5 0 4 50.4 21.8 28.6 15 2
4-5 feet --. 52 3 60 2 56 7 3 5 53 0 21.9 31.1 0 3
5-6 feet --- 44.6 62.7 61.0 1.7 61.0 23.3 37.7 0 0
6-7 feet --- 38 2 59 4 55 6 51 5 0 5
7-8 feet ---- 49 8 60.5 55.6 53 0 0.1
8-9 feet --- 43 6 59.9 57.0 53.3 0.2

Average ------- 51.7 57.8 53.7 4 3 46.9 20.5 25.3 11.1

ites clay
0-1 foot :----- __- 66 4 55 0 43 0 12.0 35.0 22 0 13.0 8.1
1-2 feet ----------- 71.3 57.0 43.0 14 0 36.0 23 0 13.0 30.0
2-3 feet ----------- 70.3 57.0 49.0 8.0 40.0 26 0 14.0 31.7
3-4 feet ----------- 82.3 57 0 52 0 5 0 42.0 30.0 12.0 21 3
4-5 feet ------- 70.3 58 0 58.0 0.0 49 0 32.0 17.0 5.2
5-6 feet ---------- 70.0 58.0 60.0 -2 0 50.0 44.0 6 0 0 7
6-7 feet ------------ 64.6 55.0 51.0 4.0 42.0 0.6
7-8 feet ------------ 56.6 58 0 52.0 6.0 46.0 2.4

Average ------- 68.9 56.8 51.0 5.9 42 5 29.5 12.5 12 5

* The surface 6 inches and the second 6 inches are averaged as 1 foot.
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wilting point of 15 per cent, giving 14 per cent of usable water as the average
for each foot of a 6-foot profile, compare favorably with findings for the better
soils devoted to nut culture. Salkum silty clay loam has a high moisture-holding
capacity and carries a large percentage of supposedly usable water. Other
properties, however, (lack of noncapillary porosity and aeration) are unfavor-
able in this soil and much of the moisture is unavailable to the crop because
roots cannot penetrate and function in the deep soil. This soil is typical of
those that have not proved satisfactory for nut culture.

At the present time there is no method for adequately measuring soil struc-
ture. From the practical standpoint, the determination of the distribution of the
pore space into capillary and noncapillary portions has considerable value (2).
Capillary porosity, or the very small pores, gives moisture-holding capacity to
the soil. Noncapillary porosity, or the large openings such as root and insect
channels, provides for aeration or oxidation and a condition favorable to root
penetration and development, make ing possible the utilization of the soil moisture
by the crop. Water penetrates the soil through noncapillary openings and is
absorbed and held by the capillary pores as capillary water. When the capillary
capacity of the soil is satisfied, any excess water drains away by gravity through
the larger noncapillary openings. Roots likewise penetrate and develop prin-
cipally in noncapillary spaces. Soils with few or no noncapillary openings allow
only sparse root development with few fine roots and root hairs for absorption.
The sparsity of roots in the Salkum soil is characteristic of soils lacking in
noncapillary porosity. Trees on this type of soil may wilt when the deep soil
still has a large supply of-moisture. This relationship is brought out by com-
paring the data (Table 9) for the noncapillary porosity and the root distribution
in the Newberg and Salkum soils, the one well suited and supporting a good
walnut orchard, the other unfit and a failure for orchard production

The Salkum and the Sites soils show a considerable increase of fine material
in the subsoils, a condition pointed out by Oskamp and Batjer (7) as unfavor-
able to drainage, aeration, and root development in orchards (11). The authors
have found poor root development and poor moisture usage in soils of this char-
acter. Soils such as the Newberg, which show no tendency for the clay to
concentrate in any horizon, have permitted good root development and penetra-
tion and the efficient use of soil moisture. These physical properties no doubt
have great significance in orchard production.

RELATIVE CROP-PRODUCING CAPACITY OF SOILS FROM
THE HILL, VALLEY FLOOR, AND RECENT RIVER

BOTTOM GROUPS

The most useful measure of soil fertility is the crop yield under field con-
ditions. The data of Table 10 include average walnut yields for eighty hill-land
and forty-two valley and bottom-land orchards for 1929, and seventy-nine hill-
land and thirty-seven valley and bottom-land orchards for 1931. The trees
ranged from 19 to 22 years old. The filbert yields represent data in 1933 from
forty-five orchards, varying from 8 to 12.5 years old. Yields are in general
accord with chemical and physical properties of the soils. Yield variations can-
not be explained on the basis of either chemical or physical properties alone,
however. Both types of properties must be considered together. In the above
study, yields from valley floor and river bottom soils were not segregated. Bur-
rier and Schuster (5) report data which indicate filbert yields nearly 66 per cent
greater on the valley floor and 98 per cent greater on river bottom than on the
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hill soils. The average age of the orchards was 10.4, 10, and 11.6 years for
hill, valley floor, and river bottom soils, respectively. The crop yield integrates
all soil properties as well as other factors affecting production.

Table 10. ACRE YIELDS OF WALNUTS AND FILBERTS ON Two GROUPS OF SOILS

Hill soils

Difference in favor
Valley and bottom of valley and bot-

soils tom soils

Average Average Percent-
Crop Orchards yield Orchards yield Yield age

Number Pounds Number Pounds Pounds Per cent
Walnuts

1929 ---- 80 297 42 589 292 98.3
1931 ----- 79 569 37 1,158 584 103.5

Average 433 874 438 100.9

Filberts*
1933 ..... 15 516 30 912 396 76.7

*Data from Bulletin 351, Oregon Agricultural Experiment Station.

Hill soil types similar to those of this study are rated by Powers, Jones,
and Ruzek (7) at 34 to 57 on the basis of 100 for perfection. The Willamette
rating is 71 to 86 and the Chehalis rating is 79 to 95. This is a general pro-
ductivity rating. This rating together with the data of Table 5 indicates that
the productive capacity of the soil follows fairly closely the available calcium,
potassium, and phosphorus when different soil groups are compared and when
the chemical data do not lose their significance because of unfavorable physical
properties. The productive soils are those of good structure, aerated and oxi-
dized, and favorable to the development and functioning of roots (9).

GREENHOUSE STUDIES OF AVAILABLE NUTRIENTS
IN THE DIFFERENT LAYERS OF SOIL

Available nutrient materials at different depths in a 9-foot Newberg soil
profile, as measured by the capacity of the soil to support growth of sunflowers,
are indicated by the data of Table 11. The data show that the surface 2 feet
are capable of contributing most nutrients for plant growth. Below this depth
there is a gradual decrease in the capacity of the soil to support plants. Nitro-
gen is probably the most important limiting nutrient element, sulphur next,
phosphorus next, and then potassium. Lack of available boron limits growth
in most soils, particularly when other nutrients are supplied in adequate
amounts. The greenhouse procedure has been valuable for bringing out sulphur
deficiency, which in many soils is nearly as great as the deficiency of phosphorus.
No satisfactory chemical method for determining available sulphur has been
developed. Compost to a large extent corrects all deficiencies. This highly
fertile river bottom soil supports a very productive filbert orchard.

The data of Table 12 indicate plant growth for similar depths-of Aiken
clay loam, a hill soil less fertile than the Newberg. The top 2 or 3 feet con-
tribute most nutrients to the plant, but in some cases where no supplemental
nutrient is used even the 5-foot horizon is nearly as good. In this soil nitrogen
is the most important limiting element for sunflower growth, phosphorus next,
then potassium, and last sulphur. Lack of available boron is an important
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Table 11 DRY WEIGHTS OF TEN SUNFLOWER P LANTS GROWN IN NEWBERG LOAM SOIL WITH VARIOUS TREATMENTS

Weights of ten sun )wer pla is

Grown
in soil
from
depth

Grown
in soil
from
depth

Grown
in soil
from
depth

Grown
in soil
from
depth

Grown
in soil
from

depth

Grown I Grown
in soil I in soil
from from
depth depth

Grown
in soil
from
depth ela-

of of of of of of of of tive

Treatment 2 feet 3 feet 4 feet 5 feet 6 feet 7 feet 8 feet 9 feet yields

Grams

--------------------------------------------- 9.7

Grams Grams

6.9

Grams Grams Grams Grams Grams

5 7 4.9

Grams Grams

59.6

Per
cent
22.9

--------------------------------------- - 28.6 25.3 14.5 14.2 14.3 13.6 11 4 11.3 11 1 144.3 55.6
-------------------------------------- -------- 28.3 28.3 29.0 28.3 27.9 28 9 30 7 30.5 27 6 259.5 100.0

---- -- ° ............................... 13.9 11.3 5.4 6.9 5.9 4.6 4 4 4.0 4 6 61.0 23.5
11.8 11.5 9 7 9.5 8.3 8.9 8 4 8.8 8 4 85.3 32.9

-- ----------- ---------------------------
5.2 3.8 4 3 4.2 4.6 3.8 3 8 3.5 3 1 36.3 14.0

------- ----------------- .............. 5.1 4.5 3.8 4.7 4.2 3.4 4 2 4.4 4 1 38.4 14.8
- ------------------- -------------------------- 9.6 8.7 7 4 7.0 7.4 6.0 5 6 5.3 5 5 62.5 24.1

-------------- -------------------------------- 9.5 7.5 8 3 8.5 8.6 7.7 8 4 8.3 7 6 74.4 28.9

-------------------- ----------- ---------- 6.0 4.8 5.0 5.2 5.0 4.2 4 2 4.7 5 0 44.1 17.1

------------ ----------- -------------------- 5.0 4.6 4 1 5.5 4.6 4.1 4 4 4.8 5 5 42.6 16.4
20.6 20.2 21.1 19.5 20.1 23.5 25 9 ...... 17 9 168.8 65.0

Total 163 3 139 6 119 5 120 2 117 1 114 6 117 1 90 5 104 9

ve treatments without B ...... ............ ................... .. 63.3 53 9 36 6 37 5 37 2 32 2 29 4 28 8 29 3
me treatments with B added -- ----------- -------------------- 59.7 56 4 54 9 56 5 53 6 53 0 56 1 56 8 53 2

Difference ----------------------- -------------------------- -3.6 25 183 190 164 208 267 280 239

Fi
Sa

9.1 6.7 6.2 4
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Table 12 DRY WEIGHTS OF TEN SUNFLOWER PLANTS GROWN IN AIKEN CLAY LOAM SOIL WITH VARIOUS TREATMENTS

Weight o ten on ow plants

Grown
in soil
from
depth
of 0-1

Treatment foot

Grown
in soil
from
depth
of i-1
foot

Grown
in soil
from
depth

of
2 feet

Grown
in soil
from
depth

of
3 feet

Grown
in soil
from
depth

of
4 feet

Grown
in soil
from
depth

of
5 feet

Grown
in soil
from
depth

of
6 feet

Grown
in soil
from
depth

of
7 feet

Grown
in soil
from
depth

of
8 feet

Grown
in soil
from
depth

of
9 feet otal

ela-
tive

yields

Grams Grams Grams Grams Grams Grams Grams Grants Grams Grams Grams Per
cent

Ch 2.79 2.75 2.42 2.07 2 00 2.25 1 61 1.41 1.29 1.27 19.8 15.8
Bo 2.96 3.21 3 10 2.36 2.15 2.26 1.39 1 76 1.54 1.46 22.1 17.6

9.49 9.90 9 28 8.11 6 32 9.78 6.39 5 54 5.54 4.05 74.4 59.3
9.29 9.88 10 22 9.86 10 93 10.29 10.46 10 40 10.44 9.30 101.1 80.6

S 9.00 9.85 9 18 7.79 5.44 6.52 4.17 5.31 3.99 3.63 65.9 52.6
S 9.60 9.71 8.95 6 87 7.56 8.83 9.48 8.98 9.16 79.1 63.1K 103 7.36 723 5.36 5.33 -------- 3.71 2.91 2.52 2.27 46.7 37.2

8 56 6.02 7 35 5.05 5.23 5.07 7.31 4 85 5.27 4.36 59.1 47.1
5 12 4.40 4.84 5.28 4.55 4.98 4.20 3 85 3 83 3.43 44.5 35.5
5 35 5.20 5.40 4.77 5.00 5.45 5.27 5 93 4 91 4 90 52 2 41 6
5 44 5.13 4 76 4.85 3 28 4.96 2.69 2.64 2.37

.

2.88
.

39.0
.

31.1
4 81 4.99 4.84 4.82 3.01 5.39 3.21 3 36 3 45 2.29 40.2 32.1
3 84 3.63 3 69 3.16 2 97 3.32 3.01 2.39 1 69 1.85 29.5 23.5N 3 95 4.07 3 60 3.29 3 03 2.89 3.15 3 87 2.14 2.51 32.5 25.9

Ci 13 28 13.18 13.88 11..50 12.10 11.20 10.90 11 51 11.29 10.60 119.4 95.2
C 13 24 13.52 13.08 12.72 12 23 12.35 12.33 12.40 11 80 11.78 125.4 100.0Li 3 07 2.77 2 10 1.98 1 19 1.47 1 01 0.88 0.97 0.86 16.3 13.0
Li 2 24 2.88 3.46 2.55 1.67 2.16 1.77 1.78 1.85 1.77 22.1 17.6

Tota 112 73 118 34 118 14 114 47 93 30 97 89 92 95 90 27 83 77 78.38 ......_-

* B = boron used.
S omitted = same as basal nutrient with
K omitted = same as basal nutrient exce e instead of potassium phosphates
P omitted = same as basal nutrient with assium phosphates
N omitted = same as basal nutrient with



Table 13. DRY WEIGHTS OF TEN SUNFLOWER PI.ANTS GROWN IN SITES CLAY SOIL. WITH VAR10U5 TREATMENTS

tell

Treatment

. .......................... ............
and B added ...................

-- --------------
P omitted and B added ....__-.-.-....-
S omitted .... __...... _..........
S omitted and B II 11 ] .......-..

t

4
4

0

2
7
7
3

8
3

59.4 ------ ......

26.1 ...... ...

3331.1 1.9 6.3 3.9 . ...

t-

Weights of sunflower plan

Soil
from
depth

of
0-j

foot

Grams

Soil
from
depth

of
1-1

foot

Grams

Soil
from
depth

of
2

feet

Grams

Soil
from
depth

of
3

feet

Grams

Soil
from
depth

of
4

feet

Grams

Soil
from
depth

of
5

feet

Grams

Soil
from
depth

of
6

feet

Grams

Soil
from
depth

of
7

feet

Grams

Soil
from
depth

of
8

feet

Grams

Soil
from
depth

of
9

feet

Grams

Soil
from
depth

of
10

feet

Grams

otal

Grams

ela-
tive

yields

Per
cent

Check ---------------------------------------------- 4.2 3.4 3.3 2.4 2.0 1.4 1.3 1.0 1.0 1.0 1.0 22.0 18.
Boron ................................................ 4.2 4.5 3.8 2.1 2.2 1.6 1.7 1 5 1,5 1.3 1.2 25.6 21.
Basal nutrient .................................. 12.0 9.0 11.0 9.1 8.3 4.8 4.5 3 9 3.6 4.5 4.1 74.8 62.
Basal nutrient and B ---------------------- 12.5 10.2 12.2 11.3 11.6 9.8 10.9 9.2 7.3 7.7 6.7 119.4 100.
Compost ........................ ...... 8.0 7.6 6 0 5.7 11.0 11.5 10.9 11.1 7.6 11.7 12.2 103.3 86.
Compost and B ... ................ ........... 7.5 6.9 5.8 6.2 10.6 11.5 10.2 11.6 10 6 11 4 11.8 104.1 87.
K omitted 8.9 7.6 5.1 5.3 4.9 4.5 3.8 3.0 3 0 2.3 2.6 51.0 42.
K omitted 9.9 8.0 7.2 6.4 5.5 4.8 4.5 5 0 4.3 4.0 4.5 64.1 53.
P omitted 8.6 7.7 6.6 7.0 4.7 4.5 4.5 3.3 4.1 3.5 3.2 57.7 48.

7.9 5.3 7.1 6.4 5 7 5.4 5.5 4.2 5.2 5.3 4.7 52.7 44.
9.9 8.0 8.9 8.7 6.5 4.6 4.1 4.4 3.4 2.7 3.0 64.2 53.

10.7 10.3 11 1 9.6 7.6 6.1 5.5 5.8 4.9 4.3 4.4 80.3 67.

Total 104 3 88 5 88 1 80 2 80 6 70 5 67 4 64 0 56 5 59 7

Five treatments without B -------------- 51 6 43 3 40 9 38 2 37 4 31 3 29 1 26 7 22 7 25 7
Same treatments with B added 52 7 45 2 47 2 42 0 43 2 39 2 38 3 37 3 33 8 34 0

Difference ................................... 5 8 7 9 9 2 10 6 11 1 8 3 7 2
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Table 14 INDICATION OF DISTRIBUTION OF AVAILABLE BORON IN THE SOIL PROFILE, BASED ON GROWTH RESPONSE OF THIRTY SUNFLOWER PLANTS

Other treatments

Soil and depths*
Boron

treatment
Basal S K P N

nt omitted omitted omitted omitted N only

Aiken clay loam
Grams Grams Grams Grams Grams Grams Grams Grams

0 foot No B 7 96 28.67 28.03 24.61 14.39 12.33 11.16 40.34 7.84
-1 foot B 9 27 29.39 29.31 21.39 15.95 14.64 11.62 39.83 8.58 1.03

1-2 feet Difference 1 31 0.72 1.28 -3.22 1.56 2.31 0.46 -0.51 0.74
3-4 feet No B 5 85 22.48 17.13 14.11 13.73 10.93 9.30 34.20 3.67
4-5 feet B 6 33 31.67 23.26 17.62 16.72 11.61 9.06 36.90 5.61 1.25
5-6 feet Difference 0 48 9.19 6.13 3.51 2.99 0.68 -0.24 2.70 1 94
6-7 feet No B 3 93 15.13 12.93 7.70 11.11 7.89 5.93 33.40 2.70
7-8 feet B 4 76 30.14 27.62 14.48 15.73 9.10 8.52 35.97 5 40 1.718-9 feet Difference 0 83 15.01 14.69 6.78 4.62 1.21 2.59 2.57 2.70

Amity silty clay loam
0-j foot No B 6 84 13 77 8 29 12 28 10.42 8.60 7.93 19.90 5.56
'-1 foot B 6 18 26.98 8 90 17.60 11.91 9.68 8.36 20.33 6.31 1 30
1-2 feet Difference -0 66 13.21 0 61 5 32 1.49 1.08 0.43 0.43 0.75
3-4 feet No B 5 00 7.51 5 35 8.78 6.74 5.55 5.02 21.29 4 48
4-5 feet B 5 76 28.73 5 67 19.20 15.52 7.46 6.12 20.41 5.79 1 94
5-6 feet Difference 0 76 21.22 0 32 10.42 8.78 1.91 1.10 -0.88 1.31
7-8 feet No B 5 13 8 02 7 27 9 02 6.65 5.50 5.54 19.05 5.62
8-9 feet B 7 05 26.77 10 36 19.77 12.81 7.56 8.24 19.11 6.70 1 88
9-10 feet Difference 1 92 18.75 3 09 10.75 6.16 2 06 2.70 0.06 1.08

In each grouping the yields on samples of the three horizons are added together.
j The compost treatment was not included in figuring the ratios.



cover crops were planted using measured 10 feet by 10 feet plots. The small
plots are easily cared for and may be placed in great numbers. The results are
as definite as with larger plots. The area represents about 1/435th of an acre.
A sample from this plot 25 inches square harvested,. dried, and weighed and
multiplied by 10,000 gives the approximate acre yield. Table 15 (Supplement)
gives the amount of fertilizer for a 10 feet by 10 feet plot when using equiva-
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growth factor only in the soil from the deeper layers when other nutrients are
supplied. Compost is very effective in supplying all nutrients including boron.

The Sites soil is probably somewhat less productive in the field than the
Aiken soil. Both chemical test and greenhouse trials indicate that this soil
needs complete fertilization for maximum production. The omission of phos-
phorus, potassium, sulphur, or boron causes a marked reduction in yield, as indi-
cated by the data of Table 13.

The data of Tables 11, 12, and 13 indicate the futility of trying to raise
the productive capacity of these soils to a high level as long as any one impor-
tant nutrient element is deficient.

The effectiveness of compost in correcting all deficiencies indicates the im-
portance of humus renewal in building and maintaining all the soils. The use
of nitrogen fertilizers alone, on the other hand, often gives unsatisfactory re-
sults. The lack of response from nitrogen alone is characteristic of many trials
not here reported.

The distribution of available boron in two soil profiles is brought out by
the data of Table 14. In each grouping, the yields of sunflowers on samples of
the three horizons are added together and the boron and no boron treatments
are compared. The data indicate that boron deficiency increases decidedly with
soil depth. The data indicate also that boron deficiency scarcely can be ob-
served until other nutrients are supplied to stimulate increased plant growth.
Those treatments that give the greatest growth of plants also show the largest
difference between the boron and no boron treatments.

The authors postulate that the greater amount of available boron in the
surface soil is clue to the organic matter. Vegetation and soils develop together
over a period of years. A residue of humus that may amount to 200,000 or
more pounds per acre accumulates in the surface 2 feet. In this humus residue
much of the boron is found in organic form and is more available to the plant
through decomposition processes than are the mineral forms of boron found in
the deep soil. The efficacy of compost and other organic materials in correcting
boron deficiency is evidence of the truth of the postulation.

FIELD TRIALS WITH FERTILIZERS ON COVER CROPS

In farm practice, only those fertilizers showing economic returns will
receive much attention. Lack of control under field conditions, however, makes
it difficult to interpret field trials and sometimes leaves an open question as to
the reason for certain responses.

Field trials were made with fertilizers broadcast on top of the soil after

lent amounts of different kinds of fertilizer.
The data of Table 15 give the rates of treatment and field results with

cover crops grown on the same Aiken clay loam used to obtain the data in
Tables 12 and 14. Superphosphate produced no significant responses in barley
and vetch as a cover crop. Calcium nitrate caused some increased growth, with
little additional response when gypsum was added. The best response was from
use of Ammophos, indicating that nitrogen and phosphorus are important to
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the growth of these cover crops. The presence of-an appreciable but undeter-
mined amount of sulphur in the Ammophos makes it impossible to say to what
extent the good returns from Ammophos may be influenced by the sulphur
contained. Likewise boron as an impurity in the Ammophos made it impossible
to check the effect of this element. A boron-treated series, unreported here,
showed no increase from the additional boron supplied. There was no appre-
ciable response when potash was added to the Ammophos on this soil.
Table 15. EFFECT OF FALL APPLICATION OF FERTILIZERON GROWTH OF BARLEY AND VETCH

AS A COVER CROP ON AIKEN CLAY LOAM

Treatment

Acre rate
of

treatment

Acre
yield dry
matter

Yield increase over
untreated check

Pounds Pounds Pounds Per cent
Check 791
Calcium nitrate --- 653 2,075 1,284 162
Calcium nitrate .- 653
Gypsum --------------- 314 2,520 1,729 218

Ammophos 16-20-0 697 3,354 2,563 324
Ammophos 16-20-0 --------------------------------------- - -- 697
Gypsum ----.----------------------------- -------- 314 3,777 2,986 377

Ammophos 16-20-0 697
Muriate of potash 200 3,828 3,037 384

Superphosphate 0-18-0 871 862 71 9

Table 15 (Supplement). APPROXIMATE WEIGHTS OF FERTILIZERS TO SUPPLY NEARLY EQUIV-
ALENT AMOUNTS OF NUTRIENTS IN USING DIFFERENT KINDS OF FERTILIZERS

Quantity required for 10 feet by 10 feet plot

Phos- Potas-
Nitrogen phorus slum
equiva- equlva- equiva- Other

lent lent lent mate-
Rate per acre and kind of fertilizer* basis basis basis rials

500 pounds per acre
Sodium nitrate 15 per cent N -----
Calcium nitrate 15 per cent N ..
Ammonium sulphate 20 per cent
Calcium Cyanamid 21 per cent N

500 pounds per acre
Superphosphate 16 per cent ----.---.
Superphosphate 18 per cent ...-.----
Superphosphate 20 per cent .....----
Treble phosphate 48 per cent --...--
Calcium metaphosphate 61 per cent
Ammophos 16-20-0 .........................
Ammophos 11-48-0

200 pounds per acre
Muriate of potash 50 per cent
Complete fertilizer 5-10-5 ......

25 pounds per acre
Borax 11l per cent boron ......
Boric acid 171 per cent boron

200 pounds per acre
Landplaster ----------------------------

Pounds Pounds Pounds Ounces

I

(a
pound)

One pound is 453.6 grams, or 16 ounces.
One ounce is 28.4 grams.
The above weights are convenient approximations for rates that could be used in fieldtrials.
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The data in Table 16 indicate the response from fertilizers on barley and
vetch as a cover crop on a soil much like Salkum clay loam. In this case nitrate
produced a marked response in cover crop growth. Ammophos, as before, pro-
duced the best yield, and applications of potash showed little or no increase in
growth. The good. response from stable manure indicates the value of organic
materials and humus renewal in this soil. Manure and superphosphate com-
bined gave the best yields of any treatment.

Table 16. EFFECT OF FALL APPLICATION OF FERTILIZER ON GROWTH OF BARLEY AND VETCH

AS A COVER CROP*

Treatment

Acre rate Acre
of yield dry Yield increase over

treatment matter untreated check

Pounds Pounds Pounds Per cent

Check 1,241

Calcium nitrate 653 4,893 3,652 294

Calcium nitrate 653 4,110 2,869 231
Gypsum .......... 314
Ammophos 16-20-0 .------------ _- ---------------------------- 697 7,711 6,470 521

Ammoohos 16-20-0 -------------------------- 697 7 316 6 075 490
Gypsum ----------------------------------------------- --------------- 314
Ammophos 16-20-0 697
Gypsum 314 7,457 6,216 501
Muriate of potash 200
Superphosphate 0-18-0 871 2,811 1,570 127

Manure ---- lot 5,038 3,797 306

Manure - lot 8,189 6,948 560
Superphosphate 0-18-0 871

* Soil unsurveyed and unidentified but much like Salkum clay loam.
t Tons.

The data of Table 17 indicate the response from cover crop fertilization on
Melbourne silt loam, a typical soil of sedimentary formation. Both nitrogen
and phosphorus produced a response on this soil. Other trials on this soil type
indicate that as usual phosphorus alone is of little benefit to the cover crop
Since Ammophos alone gives nearly as high a return as any treatment there it
apparently little need for potassium fertilization.

Table 17. EFFECT OF FALL APPLICATION OF FERTILIZATION ON GROWTH OF VETCH ANI
BARLEY. MELBOURNE SILT LOAM.

Acre rate
of

Treatment treatment

Acre
yield dry

matter
Yield increase over

untreated check

Pounds Pounds Pounds Per cent

Check 1,479
Ammonium sulphate . 520 3,633 2,154 146

Ammonium sulphate . 520 1
Treble superphosphate 321 6,587 5,108 345

Muriate of potash ----. 200
Ammophos 16-20-0 .-_----_------------------ .. 697 6,386 4,907 332

697 1
312 6,181 4,702 318
200

6531
312 } 4,854 3,375 228
200 I
191 I

,



Check ............................................... ........---.........
,Nitrate of soda .................................... .......°---...

Ammonium sulphate ...........................................
Sunerphosp[hate 18 per cent ..................................
Alctaphosphate ......................................................

........... ........... -....

---------------------- ----................
...... ....... ....... .....-...... ....... .............

potash ....................... _....................
Ammophos 11-48.0 ................................................

..... .................... .......------.......
---- ........._....... --°---....-----

°- .................... ..----------------

----- ..................... .. --------------
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...
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Table 18 indicates fertilizer response on a badly run-down Willamette silt
loam. The greatest response again is from nitrogen and phosphorus. The
nitrate form of nitrogen is much less effective than the ammonia form. Phos-
phorus without nitrogen is ineffective, and the use of potash appears unwar-
ranted. The apparent depressing effect sometimes observed from muriate of
potash is thought to be due to some accidental cause, possibly burning from the
surface application, and is not considered significant.

Table 18. EFFECT OF FALL APPLICATION OF FERTILIZER ON GROWTH OF VETCH AND BARLEY.
WILLAMETTE SILT LOAM

reatment

Acre rate
of

treatment

Acre
yield
dry

matter
Yield increase over

untreated check

Pounds Pounds Pounds Per cent
430

694 609 179 42
520 2,980 2,550 593
653 576 146 34
200 441 11 3

Ammonium sulphate 520 ,,-...---------------------- --------
Superphosphate 18 per cent _- -- ----------------- 653 2,108 1,678 390

Ammonium sulphate ----------------- .---------------------- 520
Superphosphate 18 per cent ------------------------------ 653 } 2,604 2,174 506
Muriate of potash --------------_--------------------------- 200
Ammonium sulphate ----------------- - 520-------- ------------
Metaphosphate -------------------------------- ------------- 220 3,086 2,656 618

Ammonium sulphate 5201
Metaphosphate ... 220 } 1,578 1,148 267
Muriate of potash .. 200 j
Ammophos 16-20-0 - 697 3,002 2,572 598
Ammophos 16-20-0 6971
Gypsum - 312 } 1,282 852 198
Muriate of 200 JJJ

989 3,532 3,102 721
Ammophos 11-48-0 -- 9891
Gypsum ----------------- 312 1,796 1,366 318
Muriate of potash --

1
200 J

Ureor 40 per cent -- 260 2,211 1,781 414
Ureor 40 per cent -- 2601
Metaphosphate -------- 312 772 342 80
Muriate of potash --

1
200 J

The data of Table 19 indicate that responses to fertilizer treatments on a
good river bottom soil of the Newberg silty clay loam are relatively less than
on the poorer hill soils or the run-down valley floor soils. The nitrate form of
nitrogen is not effective in this case even though applied in the spring. Both
Ureor and sulphate of ammonia have given somewhat better responses than
Ammophos, though the difference is probably without significance. There is no
gain from the use of potash.

The data of Table 20 indicate comparative results from fall and spring
applications of fertilizer. The fall applications appear to have a slight ad-
vantage, particularly where a phosphorus carrier is used. The nitrate form of
nitrogen has given better results from spring use, whereas the ammonia form
may be nearly as effective when used in the fall. This comparative response
has been characteristic of d-iany trials unreported here. Fall applications are
usually made after the cover crop is seeded and up, and the spring applications
sometime in February.
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cent ..._......................

..................... ...... ..........
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Calcium nitrate ........_. ....................
Amutophos 16-20.0 _ ..........................
Ammophos 16-20-0 ............................
Gypsum ..............................................
Anuuophos 16-20-0 ..............................
Gypsum ..............................................
Muriate of potash ..............................
Ammonium sulphate ..........................
Treble superphosphate .---..-----------------
Ammonium sulphate .........................
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Superpho.sphate lR per cent .............
Calcium nitrate ...................... _......_..
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Gypsum ........ ..........................................
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The data of Table 21 indicate the difficulty of obtaining consistent and
reliable results from fertilizer applications on cover crops under field conditions.

Table 19. EFFECT OF SPRING APPLICATION OF FERTILIZER ON GROWTH OF VETCH AND PEAS
AND GRAIN. NEWBERG SILTY CLAY LOAM.

Treatment

Acre rate
of treat-

ment

Acre yield
dry

matter
Yield increase over
untreated check

Pounds Pounds Pounds Per cent
Check 2,220
Ammonium sulphate ._-- 520 4,796 2,576 116
Ammonium sulphate .-- 520 4 761 2 541 114
Superphosphate 18 per 653 , ,

Ammophos 16-20-0 697 4,536 2,316 104
Ammophos 16-20-0 697 4 304 2 084 93
Gypsum -------------- 312 , ,

Ammophos 16-20-0 697
Gypsum ----------------- 312 } 3,841 1,621 73
Muriate of potash --- 200 J
Ureor 40 per cent .- 260 6,311 4,091 184
Ureor 40 per cent ---- 2601

3 538 3181 59
Superphosphate 18 per cent 653 J

, ,

Ureor 40 per cent 260 1
Superphosphate 18 653 } 3,889 1,669 75
Muriate of potash 200 J
Calcium nitrate --- 653 2,169 -51

Table 20. EFFECT OF SPRING AND FALL APPLICATIONS OF FERTILIZER ON GROWTH OF VETCFI
AND BARLEY AIKEN CLAY LOAM.

Acre yield Yield increase over
Acre rate dry matter untreated check

f
Treatment

treat-o
ment

Pounds

Fall

Pounds

Spring

Pounds

Fall

Pounds

Spring

Pounds
1,545 1,780

3211 971 3621 -574 -418312 f ,

321 1
312 } 1,660 3,090 115 1,310
653 J
697 5,735 2,490 4,190 710
6971

3 752 4723 2 207 6921312 f , , , ,

697
312 3,554 3,333 2,009 1,553
200 J
520 2586 2 556 4 713 776
321 , , ,

520 1
321 } 2,916 3,902 1,371 2,122
200 J
653 1,615 1,472 70 -308
6531

1 373 4 392 -172 2 612653 f , , ,

313 1
}312 1,761 2,196 216 416

653

Total . 29,565 28,265 14.891 11,191

Average 2.957 2.827 1,861 1,399
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The yields of duplicate plots vary widely in some cases. On this Aiken silty
clay loam soil, only the treatments that provide nitrogen in the ammonia form
show much effect on cover crop growth, and this was mostly on the barley.
Possibly the nitrate form of nitrogen leaches and is lost before the crop can
use it. A nitrogen, phosphorus, potash, and sulphur combination gave the
greatest growth. Ammophos, not only on this soil but on many others of the
same type, has been consistent in giving a good response. Neither sulphur nor
potash carriers appear very consistent on this soil in the responses obtained.
Only when the fertilizers give large increases in yields are the results con-
sidered significant and reliable. Any observer would recognize easily the very
significant and marked response to those fertilizers that have been most effective
in these trials.

Table 21. EFFECT OF RATE OF FERTILIZER APPLICATION ON MIXED BARLEY AND VETCH.
COVER CROP GROWTH ON AIKEN SILTY CLAY LOAM SOIL.

Dry weight yields at different
rates of treatment; fall

application

Treatment

Pounds
Check ------------ -------------------------------------.

Treble phosphate
Gypsum -------------
Treble phosphate

321
312 }

3211
Gypsum --- ----------
Sodium nitrate
Ammophos 11-48-0

Ammophos 11-48-0 ----------- ------------ --_-
Gypsum -- --- ---------------------------------------------------
Ammophos 11-48-0 --_-
Gypsum -------- -- ---------
Muriate of potash ----

Ammonium sulphate ..

312 }
694 J
989

989 1
312 J
9891
312 }
200 J

- 520

Ammonium sulphate 520
Treble phosphate ------ 321
Ammonium sulphate 520
Treble phosphate ...... 321
Muriate of potash ------ 200
Superphosphate 18 per cent .. 653

Superphosphate 653 1
Sodium nitrate ------ 694 f
Superphosphate ------ 653
Sodium nitrate ------ 694
Gypsum 312
Sodium osphate

nitrate
653

Sodium }694
Gypsum 312 J
Muriate of potash 200

Full rate Half rate

Pounds Pounds
*a. 1,418
b. 1,766 b. 1,240
a. 1,317 a. 832
b. 1,002 b. 1,174

a. 1,969 a. 1,805
b. 1,816 b. 1,883

a. 3,220 a. 2,112
b. 4,410 b. 1,940
a. 2,415 a. 1,871
b 2,750 b. 2,640

a 3863, a 3556. ,
,b. 5,812 b. 2,704

a. 3,986 a. 2,041 1,249b. 3,233 b. 1,958
a. 2,878 a 2,962 1,536b. 4,072 b. 2.684

4,326 a. 3,317a. 1,805b 4 , 415 b . 2 , 695

a. 1,547 a. 1,373

Quarter
rate

Pounds

1,153
1,384

1,114

2,055

1,781

1 116

902b. 1,450 b. 1,653
a. 1,969 a. 1,852
b. 2,110 b. 1,624 1,375

a. 2,183 a. 1,105 710b. 1,487 b. 3,225

a. 2,713 a. 1,490
b. 1,057 b. 1,258 1,275

* a and b indicate duplicate plots.

The primary purpose of this study was to obtain data on rates of fertiliza-
tion. With due allowance for inconsistencies, the half rate has given rather
good responses whenever a response was obtained from the full rate of applica-
tion. In most cases the quarter rate has shown little effect. In several unre-
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ported trials similar to this, cover crop growth has been greatest with the full

rate of fertilization, but usually no appreciable increase over the checks was

obtained with the quarter rate.

DISCUSSION

The soil is more than a storehouse of potential raw material for growing
plants. It is an environment in which plant roots, microorganisms, and biotic
activity in general must carry on.

Not only the microscopic organisms but the insect and animal life natural
to the soil may have a pronounced effect on productivity. Preliminary studies
with earthworms, locally known as night crawlers, that were introduced into
35 pound cans of soil, treated with straw and chemicals, showed increased plant
growth over cans similarly treated except with the earthworms omitted. The
stimulating effect may have been due to mechanical or chemical mixing by the
worms or to improved aeration from channeling. Physical soil properties are
modified beneficially by this natural animal life.

The data, presented from typical areas, indicate that the better soils
usually contain more readily soluble plant nutrients than the poorer soils. Such
reliability as chemical tests may possess undoubtedly rests upon this fact.
Availability of a nutrient material is more important than the total supply. Even
the poorest soils contain sufficient of the nutrient elements within a reasonable
root zone for several large crops. The average total phosphorus content for
seven recently deposited river bottom soils to 40 inches depth, as reported by
Powers et al. (8) is 9,205 pounds an acre. Seven hill soils average slightly
higher. The lowest figure for one of the hill soils is 3,816 pounds an acre,
enough for more than 250 crops of wheat yielding 50 bushels an acre or for
many crops of nuts, if the phosphorus could be made available.

Because physical properties of the soil are equally as important as chemical
properties, as previously discussed, no chemical test can be given a proper value
without first appraising the physical status of the entire soil depth and root zone
as it may be related to the development and functioning of the roots of what-
ever crop is grown. Soil samples sent in by farmers for chemical tests to be
used as a basis for judging the suitability of a soil for nut production are of
little value. A careful field examination and a knowledge of the characteristics
of the particular soil type are most useful.

That chemical methods are not very reliable for indicating availability of
phosphorus (and probably other nutrients) is indicated by data of Table 5,
which show a total of 148 pounds of available phosphorus an acre for the Sites
soil in a 3-foot profile, or enough for ten crops of wheat of 50 bushels each ; yet
this soil is one of the poorest and responds to phosphorus fertilizers. Orchard
cover crops respond to Ammophos on many soils to a more marked extent than
to nitrogen fertilizer such as ammonium sulphate, indicating that phosphorus in
a more available form is favorable to cover crop growth. Thus, though there
may be an abundant supply of nutrients, soluble and indicated available by
chemical methods, crop response to fertilizer treatments and low yields without
fertilizer indicate that plant roots do not absorb the needed nutrient.

There is ample evidence that plants to a degree reflect the composition of
the soil not only in yield, but in composition and quality of growth (3). In a
similar way, plants reflect fertilizer treatments. Plants reflect also the physical
soil properties, effective depth, aeration, permeability, and moisture-supplying
power. There is, therefore, a rather definite plant availability represented by
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that portion of nutrients in the soil, which the plant may use and which depends
upon both the plant and the physical and chemical soil properties.

Adequate noncapillary porosity for drainage, aeration, and root penetration
is necessary. Effective soil depth is the depth to which roots are able to pene-
trate and function normally. Tight subsoils and claypans may limit soil depth
as effectively as bedrock.

The first requisite to the successful use of fertilizers is a soil with physical
properties that adapts the soil to the crop that is produced. A soil such as Sites
clay, which often has unfavorable properties, both physical and chemical, is not
highly valuable for most cultivated crops (Tables 6, 9, and 13). Walnut
orchards on this and similar soils are failures. Availability of nutrients to
plants is contingent upon the presence of roots and also upon the ability of the
roots to function in absorbing these nutrients. McGeorge (6) has shown that
roots may be present but unable to function after a waterlogged condition has
developed. Roots in a waterlogged soil in the presence of an abundance of
moisture may fail to absorb sufficient moisture-to meet transpiration needs.

Even in good soils most of the nutrients for the growing plant probably
come from the surface layers. The deep soil serves to supply moisture prin-
cipally through the deep portions of the root system. Shallow-rooted crops,
therefore, may thrive on wet soils if there is moisture in the upper portion
during the growing season. Deep-rooted plants, such as walnuts, that produce
their crops during the months of dry weather in the Pacific Northwest, are
dependent upon stored soil moisture. Probably 10 feet of soil depth is needed
to allow sufficient soil volume and moisture storage, since only storage in the
root zone is of much help.

Recognition of the fundamental relationship between physical soil proper-
ties and the types of root systems of various crops would have avoided orchard
failures on many soils, and might contribute much to better utilization of soil
resources in the future.

When plants are grown in the greenhouse on samples of soil taken at dif-
ferent depths, the best growth is obtained from the surface 2 or 3 feet. The
amount of growth gradually diminishes as the soil is taken from greater depths.
This gives some idea of the portion of the soil profile that is capable of con-
tributing nutrients for plant growth. The surface horizons are more responsive
to nutrient additions, except to those of boron. Soil from the deeper layers may
show a large percentage increase, but total growth is small without boron.
Boron is so decidedly the limiting nutrient element for sunflower growth in
soil from the deeper layers that plant response from other nutrients is con-
tingent upon the correction of the boron deficiency. These results indicate what
may be expected when erosion is permitted to remove the fertile and responsive
top soil.

The efficiency of compost and other organic materials for correcting
nutrient deficiencies in the soil indicates the importance of providing for ade-
quate humus renewal. Annual cover crops, stable manure, waste hay, and com-
post may well be utilized foe soil improvement. To date, however, no system
of fertilization or management appears to offer much compensation for lack of
depth and aeration of the soil. The physical nature of the soil profile is just
as important as the chemical content.

When the soil is physically suited to deep-rooted orchard crops, the ade-
quacy of the fertilizer program becomes important. The average orchardist
using good soil can probably well afford to practice both more liberal and more
complete fertilization than is commonly practiced. Over a period of years a
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fertilizer program that assures satisfactory cover crop growth probably will
give satisfactory results with the trees (1).

Grains or grasses in the orchard must have a fertilizer that furnishes
nitrogen, in nearly all cases the most important limiting nutrient element. Non-
leguminous crops are likely to respond to phosphorus, and sometimes to sul-
phur, used with the nitrogen. Legumes, if fertilized, probably should receive
a phosphorus and sulphur combination with the nitrogen omitted. Vetches as a
rule, unless grown nearly to maturity, have not shown much response from any
fertilizer. When grain and vetch are grown together liberal use of nitrogen
fertilizer may stimulate the grain sufficiently to smother the legume. Not infre-
quently the nitrogen-phosphorus combination of fertilizer stimulates weeds to
such an extent that nearly the entire planted cover crop is smothered. Chick-
weed, which grows vigorously in the fall and dies in the winter, has been a
particular offender in this respect. Some of the inconsistencies in the field data
are due to the afore-mentioned responses.

Probably not quite the same results are obtained in the fertilization of crops
grown for cover as would follow if the same crops were grown to produce
grain or seed. In western Oregon, without irrigation and with little summer
rain, orchard cover crops must be worked down early, often the first part of
April, to save moisture. The chief object in fertilization, therefore, is to pro-
duce a large vegetative growth early in the season. Neither superphosphate nor
treble phosphate has shown any appreciable effect when used alone for this
purpose even on vetch. If used to produce grain or vetch seed, the results
might be quite different.

Only long-time trials in the field, extending through at least several years
of the life of the orchard, can definitely determine the responses from fertilizers
used under field conditions. The use of the physiologically acid fertilizers such
as Ammophos and sulphate of ammonia gives excellent results for a time, in
fact, the best results obtained thus far. But what will be the effect after sev-
eral years, when a gradually accumulating acidity may attain injurious propor-
tions in the soil? Probably a liming program will become necessary to correct
the acidity. Only a prolonged program of study can provide the necessary in-
formation for handling such problems.

There is an advantage in using small and somewhat temporary field plots in
preliminary studies to give opportunity for many replications and to eliminate,
to some extent, the difficulty of dealing with soil variability. Responses are as
definite on an area of 100 square feet as on an acre. Unless the treatments
double the yields, the responses from the fertilizers are probably of little sig-
nificance. The expense of field trials is greatly reduced by using small plots
that may be continued easily or abandoned according to circumstances. This
type of work is largely of exploratory nature, and the results may be used in
ultimately setting up long-time trials that may be carried out on a larger scale.

RECOMMENDATIONS

The first limiting nutrient element for cover crop growth on all soils
studied has been nitrogen. Any fertilizer that does not supply nitrogen, there-
fore, is without very great stimulating effect. This is true on both the good
and the poor soils, though the poor soils give larger percentage increase in
growth than are obtained from the better soils.

When the nitrogen deficiency is corrected, additional response may be ob-
tained from phosphorus or sulphur or both. Very little response is obtained



Nitrate nitrogen should be applied in the spring rather than in the fall. The
ammonia form of nitrogen is often quite satisfactory when applied in the fall.
The Annnophos 16-20-0 has given the most consistent response of any combina-
tion used, somewhat better than an equivalent combination of sulphate of am-
monia and superphosphate. Phosphate probably gives somewhat better responses
when applied in the fall, though there is little response from phosphate alone
applied at any time. Phosphates are not leached from the soil as nitrate is,
and phosphate absorption by the plant is slower. Fall applications give a longer
period for phosphate absorption.

grass makes a dense sod that holds the soil but the quantity of organic matter
contributed by such a growth is probably small.

Most of the response from fertilizers .on the mixed cover crop is from the
nonlegume constituent. Vetches are the most reliable legumes, but growth of
common vetch, which has a definite rest period, is so slow that the cover crop
must be worked down to save moisture before there is time for a fertilizer
response. Some vetches, like the Willamette vetch, with a short rest period and
with warm winters show a fertilizer response. When seeding to vetch and
grain, therefore, the grain responds well to a good fertilizer, such as Ammophos
16-20-0, which supplies both nitrogen and phosphorus and some sulphur. Under
favorable conditions, common vetch may respond also, but usually the response
is not noticeable in this vetch unless the (late of working down the cover crop
is undesirably late. The nitrogen is of sufficient importance to the notilegume,
which produces the bulk of the cover crop growth, that under no circmnstances
is omission of the nitrogen justifiable on the ground that the legume will bring
about nitrogen fixation. Possibly if only a legume, either vetch, peas or clover,
were grown and the growth could be allowed to reach near maturity, only phos-
phorus and sulphur would need to be supplied and nitrogen could be omitted.
No data are available, however, to answer this question.

Though no data are presented on the effect of acid fertilizers such as am-
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from phosphorus or sulphur unless the nitrogen deficiency is first corrected.
Only the very poor soils give any additional response when potash is added to
the above three nutrient elements. Boron has not caused a response in cover
crops on any soil studied.

One objection to fall application of fertilizer is the big response obtained
from weeds. Chickweed is often so stimulated that the growth smothers the
seeded cover crop. When cold weather comes, the chickweed dies and the soil
is left without a cover. Annual bluegrass responds to phosphorus and nitrogen
and may grow so profusely as to smother the seeded cover. The annual blue-

monium sulphate and Ammophos, the known behavior of these fertilizers justi-
fies the conclusion that a liming program will become necessary with their long-
continued use. The urgency of the liming program will be governed somewhat
by the severity of the present soil acidity and by the rate at which the fertilizers
are used.

The rate of application of fertilizers on orchard cover crops must be con-
siderably increased, particularly in old orchards, over that in common practice if
satisfactory results are to be obtained. In the studies reported the lightest rate

of application has seldom given a satisfactory response. Nearly all studies
have been on old orchards or worn-out soils. The heaviest rate on the other
hand has nearly always given a good response.

In this study all fertilizers were broadcast on the surface of the soil to be
carried into the root zone by winter rains. The more effective machine methods
of fertilizer placement may result in greater responses from fertilizer used, and
might make it possible to reduce somewhat the rates of application. No data are
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available at present for answering this question. At present very little machin-
ery is available for applying commercial fertilizers, and nearly all the fertilizer
that is used is broadcast on the surface of the soil.

These tentative recommendations are based upon the results of several
hundred trials, only a few of which can be reported. Those trials reported are
selected as representative of what many similar trials have indicated.

Regular humus renewal is as important as fertilization of the soil. A most
effective way to fertilize the orchard soil, therefore, is to use the fertilizer to
grow a green manure cover crop for humus renewal. The known value of
green manuring does not need further proof. The humus level or total content
in the soil is relatively unimportant if regular renewal is provided. Some of the
old soils, highest in humus, have given the best response to addition of humus
materials in greenhouse trials. Such soils respond much better to fertilizers
when the humus is renewed. The residue of organic matter in old soils is very
inert and fresh materials are necessary to supply active humus.

CONCLUSIONS

Chemical tests for measuring available plant nutrients in the soil that may
serve as a basis for a fertilizer recommendation have only a limited value in
the case of fertilization of cover crops in western Oregon nut orchards.

Greenhouse trials, on small soil samples, are more valuable than chemical

tests. The greenhouse trials require 6 to 10 weeks and give rather definite in-

formation as to soil deficiencies for any particular plant. The sunflower has
proved to be a good indicator plant for greenhouse studies. In field trials,
orchard cover crops are affected by deficiencies of those elements found to be
most deficient by greenhouse methods using the sunflower as an indicator.

Small field plots have been very helpful in quickly obtaining data that may

tentatively serve as a basis for a fertilizer recommendation.
No type of study that fails to give adequate consideration to the physical

properties of the soil can be considered a proper basis for orchard soil manage-
ment practices.

The tentative conclusion to date is that orchard soils should be subjected
first to physical studies throughout a 10-foot profile, particularly with reference
to the depth, capillary porosity, and noncapillary porosity, which may control
aeration and moisture relations.

The physical studies, supplemented perhaps by chemical studies, should be
accompanied by greenhouse trials to establish major and minor soil deficiencies.
These should be followed by long-time trials in the field where the cumulative
effect of the use of various fertilizers over a period of years may be established.

Based upon results to date, a fertilizer program for nut orchard soils must
provide nitrogen, phosphorus, and probably sulphur. These fertilizers should
be used with a humus renewal program in which the cover crop may receive a
major portion of the fertilizer. The rate of fertilizer application must be
liberal to get satisfactory responses.
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