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The Significance of Soil Variation
in Raspberry Culture

M. B. HOFFMAN AND G. R. SCHLUBATIS

Some years ago the horticultural department of the Michigan Agri-
cultural Experiment Station began a raspberry fertilization experiment
mm a field at South Haven. So far as was determined by a surface ex-
amination, this field presented conditions as uniform as is ordinarily
available for plot experimentation. Accordingly, the field was planted
to black and to red raspberries, plots were laid out, and fertilizers
were applied. It is interesting to conjecture what conclusions might
have been drawn from the experiments if the treatments had not been
duplicated and if several check (unfertilized) plots had not been main-
tained. The first yield records showed very wide variations between
plots fertilized alike and equally wide variations among the plots which
had received no fertilizer at all. To determine the causes underlying
these inconsistencies, the investigation here reported was undertaken.

Description of the Field

The topographical map (Fig. 1) shows that the field slopes very
shightly to the north and east, there being a difference of nearly seven
feet in elevation between the lowest and the highest points, about 240
feet apart. The surrounding fields present a similar topography. Cer-
tainly they are no more rolling. The topography of the field is such that
surface water drains off well. Water was never known to stand on the
surface of this field. Heavy rains disappear from the surface of the
lowest portions within a reasonable length of time. The air drainage
over the entire area would be considered uniform and good.

The surface soil varies in depth from four to nine inches. It is dark
grey in color and ranges from fine sandy loam to loam. To all
appearances it is uniform in composition. However, the surface soil
alone reveals little information regarding the types of soil found in this
field, using the term “type” to refer to the entire soil profile. At some
locations in the field, clay is found immediately beneath the surface
layer: at other points, it is found at depths varying from 12 to 75 inches
from the surface. Where the clay does not come in immediate contact
with the surface layer, this space is filled in with sand of various
textures and colors. The undulating surface of the clay substratum
connected with its imperviousness presents a logical condition for the
formation of subsurface water-pockets which drain very slowly.

A detailed survey of the soil, to a depth of 75 inches, shows that five
distinct soil types and two sub-types are represented in this field. They
are designated as follows: Napanee loam; Brookston loam; Brookston
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Fig. 1.—Topographical and soil map of the raspberry field, showing the loca-
tion of the several stations.
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sandy loam; Allendale fine sandy loam, a deep phase of Allendale sandy
loam; Newton fine sandy loam and Berrien fine sand. Detailed descrip-
tions of these soil types are found in the appendix. This number of soil
types, represented in two and one-half acres of ground, shows the great
variation that is often found in the soil, even in areas where there is
apparent surface uniformity.

Methods of Investigation

The investigation was started in September, 1924, when a soil survey
was made of the entire field. In making this survey, about 75 profiles
were obtained in the two and one-half acre area. The profiles were
examined to a depth of 75 inches. The results of this survey led to the
location of stations on the various types of soil, as indicated on the ac-
companying map (Fig. 1). Some stations were located rather close
together, indicating a change of soil type or a more shallow or deeper
ph'lse of the same type. As stated, part of the field was planted to red
raspberries and part to black raspberries. An effort was made to locate
stations for study so that the behavior of both species of plants could
be observed on each type of soil.

A well was established at each station to facilitate measuring the
height at which free soil water was held throughout the season. This
water level, as it is termed throughout the publication, is not the true
water table but only the upper level of the free water held in the soil
by the impervious clay substratum underlying the entire field.

These wells consisted of pieces of three- iourths inch gas pipe which
were sunk into the ground to a depth below the water level. This depth
was ascertained by the use of the soil auger. Each pipe was set on a
few pieces of coarse gravel, that were prcvmuslv dropped into the hole,
in order to permit the rise and fall of water in the pipe. Other than
the soil survey and the records of the heights of the water level, no
data were taken until the spring of 1925.

Beginning in the spring of 1925, the depth to the water level at each
station was taken at weekly intervals througout the growing season.
Whenever this measurement was made, soil samples were taken for
moisture determinations in each soil horizon down to and including the
clay layer, provided the clay could be reached with the 70-inch auger. At
intervals of two weeks, similar sets of samples were collected for
laboratory determinations of nitrates, total soluble salts, colloidal ma-
terial, and the degree of acidity or alkalinity.

Yield records were obtained in 1924 and 1925 for eight or ten individ-
ual plants immediately surrounding each station. These yields are re-
ported in Table 1 in ounces of berries per plant.

In August, 1925, the root systems of two or more representative
plants at “each station were dmr out, described, and photographed. The
method used in making this study consisted of digging a trench, at the
side of the plant to be examined, two to three feet wide, five to six feet
long, and about four and one-half feet deep. This provided an open
face into which one might dig with a hand pick equipped with a sharp
point on one end. After sufficient practice and acquaintance with the
soil texture, root systems were obtained almost in their entirety. Photo-
graphs were made while the root system was still attached to one side
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of the excavation. Such photographs show the relation of root distribu-
tion to soil horizons and height of water level.

After growth had ceased in the fall of 1925, cane measurements were
made of representative plants at each of the stations. The same plants
that furnished vield records earlier in the season were used for these
growth measurements.

PRESENTATION OF DATA

Yields

Table 1 presents the yields, recorded in 1924 and 1925, of the plants
immediately adjoining the various stations. On the basis of these
figures, the locations are grouped as “good” or “poor”; the “good” loca-
tions are represented by stations 5, 6, 12, 4, 8, and 10, while stations 3,
2,1,7,9,and 13 are classed as “poor” locations. Station 11 presents such
wide differences in performance that it is not included in either group.

Table 1.—Yield records for 1924 and 1925.

Yield per hill in onuces ‘
Station Classifica-
tion
1924 1925

1 ol 5 poor
2 9 & poor
a 4.2 4.8 poor
4 9.4 16.1 good
5 15.0 20.0 good
6 18.6 34.7 good
7 3 | Plants dead poor
8 16.4 good
9 Plants de d Plants dead poor
0 e .00 75, 5 ST B EE BT TBIETES TE DA 1 mngs S Ao o5, ST g S8 AR08 5 good
1 0‘ 1 f« 5 st s
B ey g s S S 5 & ERETYEeASEIrERaRY VESEAS) $ SREAA 1 s e B e s 12.9 21.2 good
L T S T T T Plants dead | Plants dead poor

Soluble Salt Content

The amount of soluble material expressed in parts per 1,000,000 18
sometimes used as a rough measure of “general fertility,” that is, avail-
ability of various materials present in soil, including the essential ele-
ments. Thus a soil that contains less than 200 to 300 parts per 1,000,000
of soluble material, as determined by the freezing point depression,
would generally be considered rather infertile. Determinations made
at the various stations studied in this investigation, and reported in
Table 2, show no consistent relationship between the total soluble ma-
terials in the soil and the yields of the raspberry plants. The group of

“poor” locations contains, for every set of determinations made, both
the highest and the lowest values. Lower soil strata, as reported n
Table 3, exhibited the same lack of consistent relatlonshlp, both the high-
est and the lowest figures for the second horizon occurring in the group
of locations classed as “poor” for raspberries.
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Table 2.—Soluble material (in parts per million) in surface soils, in 1925, as deter-
mined by the freezing point depression.

“GOOD™" SOILS

Station | April 28 | May 26 June 23 July 21 | August 20

- ( \
6.:- . : . X 500 625 725 | 500 | 475
(. . . . A 450 525 675 1 450 | 425
1. .. R e v R SV T | 475 600 725 475 | 450
10.... . 5 sl 425 600 725 675 | 400
8. 5 a —_— . . o 425 625 725 475 500
L TP e - P . 3 475 425 525 475 | 450
i (|| PR, N L g —— 575 650 800 800 | 550

“POOR” SOILS

3.4 . 400 475 550 575 [ 375
2.. N30 i IRy — , 325 425 575 475 500
s 05.60000.00.008 0 .0 Bl § g ssibions s SR - 475 575 500 450 | 375
Ta s i & i ] PR P 500 625 675 675 | 575
0 54 50 8 o B A s e ® § R e e R B e B8 § 144 A 400 550 700 750 ‘ 600
13... 400

FER 650 675 750 625

Note:—In this and the following tables, where figures are given for groups of “good” and “poor”
stations, they are arranged in order, beginning with the one having the highest yield and growth
records and ending with the one having the lowest yield and growth record.

Table 3.—Soluble material (in parts per million), of profile at each station, June

23, 1925.
Horizon
Station —_—
Surface Second Third Fourth

6 . 5 3 PP 725 425 500 475
5 675 575 ||
12 725 550

10 —— eSS 725 600 2 -

8 . " 725 550 650

4 5 s 525 475 625

11 : gy . s 5 800 475 700 750
3 550

2 575

: 500

7 675

: 700
13 750

Nitrate Content

Acquaintance with the remarkable results secured in recent years
by fertilization of orchards is likely to suggest nitrogen as the limiting
factor to crop production in raspberries. The complete data on soil
nitrates secured in this investigation are published in the appendix
(Table 9). For ready comprehension, they are presented in simplified
form in Table 4. Clearly, there is no close relation between the nitrate
content recorded at any time and productivity. The group comprising
the poorest locations generally has both the highest and the lowest
quantities, both in surface soil and in subsoil. Even with allowance
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made for generally deeper penetration of roots in the more productive
locations, a comparison of the subsoil of the better location with the
surface soils of the poorer, shows no constant relationship. In general,
the poorer locations appear to have been rather better supplied with
nitrates than the more productive spots.

Table 4.—Nitrate in dry soil (parts per 1,000,000 of water extract), 1925.
“GOOD™ SOILS

5 . : (-
P Apr. 28 | 9inch | May 26 | 9inch |June 23| 9inch | July 21 | 9inch | Aug. 20| 9inch
Station surface | depth | surface | depth | surface | depth | surface | depth | surface | depth
|
BN | B S S S DR, S
|
6 2.1 T 2.1 1.5 5.0 1.6 8.6 2.4 3.5 09
5 1.9 1.9 L.5 T 6.0 1.3 5.4 2.3 1.8 1.1
12 2.8 4.5 1.5 T 5.5 1.0 1.4 T 1.1 1.5
10. . 1.3 2.2 1.5 T 4.5 3.8 1.0 1.0 1,1 1.2
& 2.3 2.8 3.3 2.1 5.4 1.5 11.0 1.5 3.2 09
4 2.3 1.8 1.8 1.5 T 1.1 3.8 1.4 T | 1.0
Blissommcanssansn 2.0 1.3 1.5 1.3 7.3 | 1.5 5.5 5.1 301[ 1.5
! e ————
“POOR"” SOILS
3 9 1.8 2.0 ‘ T T ! Yy T T 2.5 } 1.2
2 9 2.1 3.1 3.3 7.3 | 3.0 7.5 6.5 1.9 3.3
1 .0 2.3 3.2 | 2.0 1()1 1.9 6.0 3.1 (i4‘ 5 4
7 4.0 5.4 34‘ 6.8 6.0 5.0 | 6.7 7.4 | 4.3
9 T 2.9 Hi 1.2 761 T’ 12.1 3(»‘ 5.5 2.5
! )

*T signifies trace.

The fact that the soil at some of the stations where the raspberries
made the best growth and yielded the heaviest showed a somewhat
lower nitrate content than those where the plants were making unsatis-
factory growth does not indicate that nitrates are unimportant in the
culture of this fruit or that they were present in injurious amounts at
any of the stations. It simply indicates that, in this field, nitrate supply
was not the main limiting factor of growth, the smallest supplies of
nitrate apparently being well above the minimal requirements. The
somewhat lower amounts found in the soils where the growth was best
may have been due to the removal of the nitrates by the more vigorous
plants. It is probable, too, that the deeper root penetration in the better
soils made available to the plants growing in them a total supply of
nitrate considerably greater than that accessible to the shallow rooted
plants growing in soils of a higher nitrate content. Incidentally, the
data suggested that, at least in soils of medium fertility, nitrate applica-
tions will not compensate for the absence of a deep root system.

Soil Reaction
Soil acidity, as measured by hydrogen-ion concentration (Tables 5
and 6), appears not to have been closely related to raspberry perform-
ance. The soil at stations 1 and 2, where plants produced rather poorly,
was slightly alkaline; and, at stations 5 and 6, where yields were best,
the soil was uniformly highest in acidity. However, stations 7, 9, and
13, the poorest locations of all, occupied intermediate positions so far as
acidity was concerned. The lower strata, as shown in Table 6, generally
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relationships, it may almost be said that height of water level was the
limiting factor of growth and productivity in this field. Where the
water level remained low throughout the season or where it approached
the surface for only a few days in the spring, the roots penetrated
deeply and branched profusely, shoot growth was vigorous, and yields
moderate to heavy. Where it was high throughout the season or for
a comparatively long period in the spring, the root system was shallow,
cane and shoot growth was poor, yields were low, and the plants were
short lived. This relationship is well brought out in Table 8. The roots
seemed unable to penetrate a waterlogged layer in the spring and
showed little tendency in mid-summer to grow down into soil which
earlier in the season was saturated with water, even though moisture
and aeration conditions were favorable during the summer. Roots have
no lateral buds as stems do and do not have the same tendency to extend
growth by branches when the tips are killed back. In most of the

station 8. Height of wotertable Stotion 7.
o
Mcnj 2

77 ‘ «@”w““"”’ v
‘ . 7;:3:;31:3" %

7 7 S an 7 7%
7 ////////////:///S»‘aj ¢y

5 10 5 reet 20 25 30 35

Variations in Height of Water Table

“poor” locations, the roots had been killed back three or four inches
from the tip. That it was the height of the water level rather than a
high soil moisture content in the layers above the water level which
usually limited root penetration and growth is evidenced both by soil
moisture determinations through the season for the different layers and
by the fact that in all cases but one (Station 6) the working level of
the roots ranged to within a few inches of where the water level stood
for a number of days. Presumably the sandy subsoils which the roots
did not penetrate would have proved as good as those which they did
penetrate had proper drainage been provided.

The ability of the roots thoroughly to penetrate the subsoil where its
texture was sufficiently open and where the water level was low was
as marked as their inability to penetrate where high water interfered
seriously with aeration. They may not have been able to secure much
of their nutrient supply from these subsoils, although the deep penetra-
tion placed within their range a greatly increased water supply in
periods of drought and made possible vigorous growth and heavy pro-
duction. The data do not warrant the statement that the raspberry
plant is more or less independent of the character of the surface soil in
which it 1s growing although they do warrant the statement that the
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Figs. 2 and 3.—A general view at Station 1, one of the “poor” locations,
and a view showing the root system of a typical raspberry plant at that point.
Plants at this location produced on the average only half an ounce of berries
apiece. The “working level” of the roots at this station was only seven inches,
their maximum penetration only 10 inches. The water level was high—nine
inches from the surface at two different times during the spring.
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Figs. 4 and 5—A general view at Station 7, one of the poorest locations
in the entire field, and a view showing the root system of a typical raspberry
plant at that point. Few of the plants in the vicinity of this station were
alive at the close of the 1925 season. The nitrate supply at this station was
relatively high, but the “working level” of the roots was only five inches deep
and their maximum penetration 11 inches. The water level at this station was
within nine inches of the surface for a period of nearly a month in the spring.

1

i J
o
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Figs. 6 and 7.—A general view at Station 6, one of the best locations in the

entire field, and a view showing the root system of a typical raspberry plant
at that point. The “working level” of the roots was 16 inches deep, their
maximum penetration was 34 inches. At no time during the season did the
water level rise to within two feet of the surface.
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Table 8.—Root distribution and water levels at various stations.

“GOOD” SOILS

|
Roots Depth to free water | Difference

; between
| —| working
| | level of
Statien | Working | Maximum | Av.3 Av. 3 roots and
| level penetration| highest Jowest | average of
| (inches) (inches) | readings | readings | 3 lowest
(inches) (inches) |water level
| readings
(inches)
|
Bieans 16 34 26 65 49
8.44 10 20 15 42 32
12.. 14 28 18 60 46
10.. 12 30 14 25 13
8. 19 28 15 38 19
4 13 34 15 38 25
|
1
Average. ... .. 5 | 14 29 17 45 31
|
“POOR” SOILS
3 9 15 14 45 36
D e e vemse e i & 14 10 25 17
1. 7 10 & 30 23
7 5 1l 8 33 28
9. 6 10 10 25 19
13.. 7 17 13 48 41
AVEFAFR. .y svvscsasnnmmwvarssosn 7 13 11 34 27

plant thrives or fails to thrive depending on the character of the sub-
soil formations which tend to bring about varying conditions of drain-

age.
Discussion

If the total soluble salt content of a soil is indicative of the available
fertility, the determinations then show that this was not a limiting
factor in the growth of these raspberry plants because the differences
found were insignificant.

Although the variations in soil acidity were wide, it is apparent that
this was not a factor which limited growth in this field. The fact that
some of the most vigorous and productive plants were found on the
most acid soils shows that the raspberry is tolerant of a rather high
degree of acidity.

The appearance and performance of this particular field bears a close
resemblance to that of hundreds of other raspberry plantations in
Michigan and, indeed, to that of many scores of fruit plantations of
other kinds. It seems conclusive, therefore, that choice of a soil with
a relatively low water level is a matter of first importance in estab-
lishing an orchard. There are, of course, other prerequisites of success,
but without deep rooting, which is conditioned on a low water level,
both growth and vield will be seriously limited and the plants are likely
to be short lived. Determining the variations in the height of the water
level before selecting the site for or planting the orchard may require
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considerable time and labor but it is a precaution that is well worth
while, for it may result in preventing an almost endless amount of
trouble and expense later on. A study of soil and subsoil conditions in
orchards that are already planted, but where the trees are not thriving,
may result in the abandoning of some orchard enterprises that other-
wise would continue to be maintained and developed, only to end in
failure eventually.

Finally, the lack of relationship prevalent in this case between plant
performance and soil nitrates, soil moisture, and the like does not dimin-
ish their importance under other conditions. Were drainage made
perfect in this field, yields would be likely to vary somewhat from spot
to spot and perhaps a close relationship would be established between
raspberry yields and soil nitrates or soil moisture or some other
soil conditions. Without doubt there are many fields in which drainage
is good and some of these other factors actually limit yields. There are
many, however, in which poor drainage, sometimes plainly, sometimes
less obviously, as in the case here recounted, is the chief lim-
iting factor: in these fields, fertilization cannot be successful until drain-
age 1s improved.

SUMMARY

1. On a two and one-half acre field of raspberries, which had what
appeared to be a reasonably uniform surface soil, five distinct soil types
and two subtypes were found. These types are marked by differences
in depth to clay substratum, in texture, amount of organic matter n
the surface soil, reaction, and average moisture content.

2. Height of water level varied greatly from place to place in this
field, marked variations often being found between points 25 to 50 feet
apart. These variations were found to be correlated with the soil type.

3. Equally marked variations in the extent of the root development
of the raspberry plants were found in different parts of this area.

4. The roots varied in depth of penetration from a minimum of 10
or 11 inches, with most of the roots at 5 to 7 inches from the surface,
to a maximum penetration of from 30 to 35 inches, with the roots more
or less completely filling the soil to a depth of from 16 to 19 inches.

5. Root development and depth of penetration were closely cor-
related with the height of the water level. TLocations with a rather pro-
longed high water level had poor root development and shallow penetra-
tion : locations with a low water level had extensive root development.

7. Roots penetrated and branched freely in sandy, well aerated sub-
soil layers, where these subsoil layers were not waterlogged.

8. Top growth, yields of fruit, and longevity of the plants were
directly proportional to the root development and consequently cor-
related with the height of the water level.

9 No correlation was found to exist between soil acidity, nitrate
content of the soil or the concentration of its soluble salts and the
plant growth in this field.
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APPENDIX

Description of Soil Types

The following descriptions, which are supplied by J. O. Veatch of

the

Soils Section, Michigan State Agricultural Experiment Station,

bring out the more important differences between the several soil types
found in this field. (The figures refer to the numbers by which they
are designated on the topographical and soil map (Fig. 1).

15.
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The Napanee Loam consists of a grayish, fine or heavy loam
surface soil underlain by pale yellow or gray and yellow mottled,
compact, highly retentive clay to depths of 4 feet or more. The
humus content is medium ; the soil is acid to neutral at surface,
but contains free lime at shallow depths; the fertility is relatively
medium to high; the average moisture is relatively high, but
not excessive. The subsurface clay is dense and compact, but
not sufficiently so to prevent entnch penetration by pl'mt roots.
The Allendalc fine sandy loam consists of a thin covermg of fine
sand over relatively impervious clay; the sand in contact with
the clay is more or less bleached, generally moist, and frequently
saturated or water soaked, at 15 to 24 inches. The humus con-
tent is fair and the fertility medium. The sandy portion of pro-
file commonly exhibits an acid reaction, while the underlying clay
contains lime but may exhibit acid reaction. The excess of water
in contact with the clay inhibits root development and successful
plant growth. The growth of field crops is poor to good, depend-
Ing upon season 'md artificial drainage, poorer dutmg wet years,
fair to good during dry years.

The (leep phase of “the Allendale sandy loam consists of 30 inches
or more of sand over heavy clay. The sandy part of the soil is
generally wet and saturated near the contact with the clay.
Growth is variable, depending upon the season, the thickness of
the sandy part and the efficiency of the artificial drainage.

The Newton fine sandy loam is characterized by a gray or nearly
black (when wet) sandy surface or plow soil, underlain by dingy
gray sand, which is wet or saturated at a depth of a foot or two.
The fertility is low to medium and plant growth is likely to be
poor due to high water level and excessive moisture. The soil is
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generally acid. The Newton and the deep phase of the Allendale
are closely allied and grade into each other. The first generally
is higher in organic matter and has a higher average content of
moisture.

and 32. The Brookston loam consists of a dark gray, high humus
surface soil over a dingy gray subsurface loam or sandy loam,
which in turn is underlain by a mottled gray and yellow clay.
The fertility is medium to relatively high; the surface soil gen-
erally is not acid and an abundance of lime is present in the un-
derlying clay at shallow depths. The clay is penetrable when
artificially drained. Poor drainage is the chief limiting factor
in growth. No. 32 appeared to be a little sandier than 20, but
the division is perhaps of no considerable significance.

The Berrien loamy fine sand is a penetrable yellowish sand to
depths of 3 feet or more. In places there is a fairly well marked
rust colored or brownish horizon. The water level is 3 feet or
more; the average moisture is relatively high, increasing with
depth but generally is not high enough to inhibit plant growth.
The soil is commonly acid to depths of 3 feet or more. The
texture and structure is favorable for free root development to
3 feet or more. The organic matter is low to fair and the
natural fertility low to fair.

Table 9.—Nitrates in dry soil, parts to the million of water extract, 1925.

Station April 28 May 26 June 23 July 21 | August 20

1 Surface 0-7...................... 5.0 3.2 1.0 6.0 64
Sand 7-34............... " S GREE P 2.3 2.0 1.9 3.1 &4

O BUTEA0EI08 0 5 5 55 5 6 w5 s o 5 55 5 5t s o6 e & st o 6 b 1.9 2.1 7.3 7.5 19
Clay 8-48......... . . 2.1 3.3 3.0 6.5 3.3

3 Surface 0-8 PP 1.9 2.0 Trace Trace 2.5
Sand 8-75...........cinin.a g 1.8 Trace Trace Trace 1.2

4 Surface 0-5........... . o 2 S o NPT b 2.3 1.8 Trace 3.8 Trace
Sand 5-17 gz Sy SR o & G 1.8 1.5 1.1 14 10
Clay 17=...0:+ . R i RS e S B ST " 4.8 3.3 2.0 3.3 16

B BUEEROBI0 B o 5 v s 00 o ot s oy 45 Bisiomies 5 08 55 8 SRR S ¢ 8 ST Sn T 1.9 1.5 6.0 5.4 18
AT DB o e v s 00 oo 18 5 i S A & 8 W6 RS EE 95 1.9 Trace 1.3 2.3 Tl

6 Surface 0-4......... ... ... G 200 03 P y 2.1 2.1 5.0 86 3.5
Red:SAnd 4205 s v« v o ssssmions w6 v g o s simiosonss s 45 2 5 inmipiarm s o s » Trace 1.5 1.6 2.4 9
Hard Liayer: 2030t s o s s 3 2w amise s oo s s s an s Trace Trace 1.4 2.9 9
White Sand 30-75.......... .. S SRR s A B Trace 1.5 Trace 2.6 15

T SULRACEI D0 5 535 sipraidinn's & 6. 3o aon & 53 § P ndsas 85 o 4.0 3.4 6.0 *27.3 7.4
Clay 6—...coovvvviiieneninnnn : 5.4 6.8 5.0 6.7 4.3
S EUHATR 0T 5 o+ o x5 san wmishs 0 § § .5 355 8o s § s 5,00 2.3 3.3 5.4 1.0 3.2
White Sand 7-21.................... 2 B B ST A BT 153 4T 2.8 2.1 1.5 1.5 9
Red Sand 21-30 . 55655 sewars 3.5 3.0 3.1 3.2 2.6

9 Surface 0-9..... oes s Trace 1.4 7.6 12.1 ]
Gray Sand 9-30................. L . 2.9 1.2 Trace 3.0 2.5
10 SHEEABRI0-S . o« 1 mviiiors o 000 p orisimioss & 5.4 08 & iwspnshin o o i 1.3 1.5 4.6 1.0 11
Gravelly Sand 8-16................. ... ... ..o 2.2 Trace 3.8 1.0 1.2
T BOrf a0 08 s o siweammnn s oisnasnien sl g0 v aisend 4 § £06 8 FASwLHS 2.0 1.5. 7.3 5.5 3.0
WhiteSand: 510 cvomnaan s s 45 s ammmme s su s SRmen s g s s s i 1.3 1.3 1.5 5.1 1.5
Yellow Sand 16-28............ ... NP —— Trace 1.8 Trace 3.1 1.3
WhiteSand. 28-56. «.cvsvs - mermmosnssnsssmpmas piasns 5.2 1.8 1.5 1.4 2.5
12 SUTEATE 08 v oo s oo ovpisimic 3 55 B s drsssniBion s s o a°s oibmsm . 2.8 1.5 5.5 14 1.1
Yellow Sand 8-72. . ....covimiiiiniiiiiiiiiiaiii i, 4.5 Trace 1.0 Trace 1.8
13 Surface 0=8. . ... senmevizvssun 8 B e g e AT 6.0 1.4 13.0 13.6 3.6
Yellow Sand 8-60............ 53 2.4 4.1 2.7 3.5

*Foreign material present in sample.




SIGNIFICANCE OF SOIL VARIATIONS IN RASPBERRY CULTURE 19

Table 10.—Soil moisture determinations at weekly intervals during the growing
season of 1925.

. u My
Station number | Sample number | 4-22 4-28 5-8 5-15 5-22 5-29 6-6 6-11 6-19

22.2 20.9 20.5 23.7 20.2 19.3 18.8 20.8
18.5 173 12.2 13.2 11.4 11.2 10.1 i3
17.0 13.4 12.2 12.1 11.0 13.9 12.1 12.9
21.7 20.8 20.0 20.6 20.0 19.1 19.3 19.8
18.4 17.7 15.2 14.1 15.8 14.5 12.3 14.9
35.3 16.9 13.0 21.4 16.0 15.3 8.7 12.4
20.3 19.5 15.2 16.3 16.0 13.6 11.4 12.3
16.8 16.0 13.9 1.8 10.9 8.4 5.9 5.8
20.8 19.0 18.4 15.9 15.7 18.9 17.9 22.2
17.4 18.1 14.3 14.0 12.9 11.8 10.8 10.5
18.0 18.6 12.3 13.7 11.4 8.6 13.8 8.3
17.8 17.9 16.3 16.1 16.0 15.6 14.0 13.8
28.5 22.1 14.7 23.6 17.4 18.0 18.6 9.8
17.3 15.2 9.4 9.0 7.4 8.3 7.4 6.2
27.2 213 |ooennn. 15.0 10.4 8.5 9.2 8.4
19.0 17.2 15.0 12.4 13.1 6.6 11.4 13.2
16.5 23.6 21.3 20.4 19.8 17.5 19.2 16.8
22.5 20.6 22.6 22.6 22.3 15.4 19.3 19.4
22.5 19.8 16.8 14.6 13.5 9.1 10.6 8.1
22.8 20.1 18.1 17.8 18.0 15.0 16.4 14.8
20.2 17.6 19.1 18.7 18.0 17.1 18.4 17.2
19.2 12.9 15.2 12.4 11.7 9.6 9.2 10.1
22.0 19.0 16.4 16.0 15.7 14.3 14.8 12.7
20.6 14.6 12.8 10.3 10.1 7.9 6.2 10.5
15.9 18.2 17.8 12.5 18.4 14.8 16.1 20.0
Tl esossissnsosiis 19.4 10.6 11.2 7.9 10.4 11.4
15 N 19.7 17.9 14.9 12.8 10.5 14.9
21.4 7.7 14.5 18.1 13.9 17.5

21.2 17.6 19.3 20.8 18.2 19.7

14 .4 12.2 11.0 11.6 13.0 14.7

18.9 15.2 16.4 15.4 14.9 14.3

14.1 10.5 9.0 8.3 8.5 8.5

Table 10.—Continued.

Station number Sample number | 6-27 | 7-2 | 7-10 | 7-17 | 7-24 | 7-31 | 8-7 | 8-15 | 8-28 | 9-13 | 9-25
17.1 1 18.1 { 19.9 | 21.3 | 15.7 | 20.8 [ 21.0 | 18.6 | 16.8 19.5
8.9 9.2 | 10.2 9.3 9.8 110.1 | 18.5 | 11.9 | 13.4 10.5
16.0 9.3 | 10.7 9.5 | 12.7 | 10.5 | 15.9 | 12.9 | 12.1 16.5
12.0 | 16.4 | 18.0 | 17.0 | 18.6 | 17.3 | 19.5 | 14.3 | 15.6 13.7
12.9 |1 13.6 | 13.5 | 12.5 | 16.9 | 10.7 [ 15.0 | 11.3 | 16.3 15.1
Tl 7.9 7.0 4.4 |10.2 7.7 | 12.3 7.0 9.2 10.0
8.8 | 12.7 : 10.7 7.6 13.6 [13.0]14.3|12.9 | 13.8 14.0
7.4 6.8 5.7 5.5 9.6 8.6 | 12.9 5.6 9.4 7.2
16.1 | 15.5 | 12.3 | 13.5 | 13.2 |1 6.8 [ 16.9 | 15.3 | 14.5 17.3
11.3 | 10.0 | 10.9 9.9 1 10.7 9.6 14.2 | 17.7 | 11.0 9.8
9.1 7.8110.8 | 12.7 9.4 9.0!12.0 | 10.7 9.6 8.3
10.1 | 11.6 | 12.6 8.1|14.2 9.7 | 14.1 | 11.0 | 15.0 14.2
12.2 1 39.8 | 15.5 9.0 | 14.2 8.7 14.2 | 14.6 | 17.5 12.0
4.8 7.0 5.3 5.9 5.8 3.8 5.3 5.5 76 Tl
4.6 5.2 4.7 5.5 4.9 3.1 4.3 3.9 42 4.0
8.5 (12.2 | 14.7 | 13.6 | 16.8 | 14.0 | 18.4 9.9 (143 15.2
15.6 | 20.4 |1 20.0 | 17.6 | 16.8 | 15.0 | 22.0 | 18.1 | 14.8 16.1
15.9 | 16.8 | 19.6 | 14.1 [ 19.6 | 16.6 | 19.0 | 16.1 | 20.0 19.1
s 5.6 4.6 9.8 6.4 6.3 | 11.0 8.5 |11.4 10.0
13.5 1 13.0 [ 11.4 (11.1 ( 11.8 | 11.5 | 14.2 | 15.7 | 13.2 13.5
16.5 | 15.6 | 16.0 [ 14.1 | 17.6 | 14.3 | 17.8 | 17.7 | 15.9 17.2
8.8 6.5 7.5 6.7 9.1 7.1 | 14.0 | 10.3 8.6 10.2
13.8 | 12.2 | 13.8 | 10.1 | 13.4 | 12.7 | 15.1 | 14.3 | 16.1 14.7
5.4 5.6 6.0 4.9 6.6 7.0 |12.1]10.3 | 10.1 8.8
10.6 | 11.5 | 10.2 8.7 | 1.2 9.6 |12.2 | 12.1| 15.6 11.2
7.4 7.8 6.9 7.4 9.7 | 10.0 6.9 5.3 9.9 9.3
8.1 11.6 8.5 6.1 7.8110.3 | 13.6 9.4 12.2 8.6
12.2 | 11.9 5.5 4.4 9.0 8.8 [17.5|13.3 | 11.3 9.8
15.7 | 17.1 | 16.9 | 16.1 | 16.4 | 16.8 | 18.6 | 18.0 | 17.6 15.1
12.5 | 11.2 | 16.7 | 14.7 | 12.1 | 12.8 | 16.6 | 13.6 | 17.1 12.1
14.8|114.4 | 13.2 | 12.4 | 14.0 | 12.9 | 15.0 | 12.7 | 12.0 12.8
7.3 7.8 5.1 8.3 | 10.2 6.1 | 118 7.3 ]10.5 7.5




Table 11.—Depth to free water at various locations (inches).

Station

13

April May June July August
22 28 2 8 15 | 22 29 6 11 19 27 2 10 17 24 2 7 15
17 17 15 15 16 16 17 19 20 20 24 24 25 24 25 25 32 29
300 29 24 24 31 30 41 46 49 55 53 53 54 56 56 57 70 58
21 27 15 18 28 32 35 55 55 51 50 50 50 49 50 47 47 38
18 \ 23 12 15 25 30 ‘ 33 34 38 37 36 37 37 34 37 38 38 36
15 20 10 19 27 30 32 36 36 37 37 38 38 38 38 38 38 25
14 ‘ 18 9 19 26 28 29 30 30 30 32 32 33 33 33 33 30 21
27 28 28 24 21 24 21 26 28 23 30 32 36 40 45 47 45 40
18 5 12 15 21 26 30 34 36 37 37 39 41 43 45 45 45 37
11 11 10 10 ilo 12 13 14 18 17 17 18 20 20 24 23 29 16
9 16 9 13 21 22 25 28 30 29 27 29 31 23 25 18 24 T
10 9 7 8 9 11 12 12 14 16 22 24 25 25 25 25 25 24
11 14 6 16 16 20 21 23 23 23 23 23 25 24 26 22 23 19
16 21 13 21 29 35 40 41 42 42 44 44 46 45 48 48 47 31




