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The Significance of Soil Variation 
in Raspberry Culture 

M. B. HOFFMAN AND G. R. SCHLU BATI S 

Some y ear s ago the horticultural department of the Michigan Agri­
cultural Experiment Station began a raspberry fertilization experiment 
in a field at South Haven. So far as was determined by a surface ex­
amination, this field presented conditions as uniform as is ordinarily 
avai lable for plot experimentation. Accordingly, the field was planted 
to bl ack 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
t ai ned. T he first yi eld records showed very wide variations between 
plots fe rtilized alike and equally wide variations among the plots which 
had r eceived no fertilizer at all. To determine the causes underlying 
these incon sistencies, the investigation here reported was undertaken. 

Description of the Field 

Th e topographical map (Fig. 1) shows that the fi eld slopes very 
sl ight ly 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 apa rt. The surrounding fields present a similar topography. Cer­
tain ly they are no more rolling. The topography of the field is such that 
su rface water drains off well. \Vater 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 
g rey in color and ranges from fine sandy loam to loam. To all 
appearances it is uniform in composit ion. However, the surface soil 
alone reveals little information regarding the types of so il 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 
t extures and colors . The undulating surface of the clay substr atum 
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 a r e repr esented in this field. They 
a re designated a s follows: Napanee loam ; Brookston loam ; Brookston 
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Fig, I.-Topographica l a nd soi l map of th e raspberry field , showing the loca­

tion of the several s tations . 
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sandy loam; A llendale fine andy loam. a deep phase of Allendale san~y 
loam ; Newton fine sandy loam ; and Berrien fine sand. Detailed descrip­
tion of the se so il types are found in the appendix. This number of so il 
types, represented in hvo and one-half acre of ground. show the great 
variat ion that is of t en found in the o il. even in areas where there is 
a pparent surface uniformity. 

Methods of Investigation 

The inve. tigation was started in September, 192+, when a so il surv ey 
wa ' made of the entire field. J n making thi s surv ey, about 75 pro!1le s 
were obtained in the two and one-half acre area. The profile s were 
examined to a depth of 75 inches. The r es ult s of this survey led to the 
location of stations on the various types of oil, as indicated on the ac­
companying map (Pig. 1). ' ome . tation were loca ted rather close 
together, indicating a change of so il t y pe or a more shallow or deeper 
phase of the same t ype . As stated, part of the fi eld was planted to red 
raspbe rri e and part to black ra spb erries. An effort was made t o locate 
rat ions fo r study so that the behavio r of both species of plants could 

be observed on each type of soil. 
A "vell was es tabli hed at each s tation to facilitate measuring the 

he ight at which fre e so il water wa held throughout the season. This 
wate r leve l, as it i. t ermed through out the publication, i not the true 
wate r table but only the upper leve l of the free water held in the oil 
by the imperviou s clay sub stratum underlying the entire fi eld. 

These we lls cons isted of pieces o E thr 'e-fourths inch gas pipe which 
we re unk into the ground t o a depth below the water level. This depth 
wa ascertained by the us e of the oil auger. Each pipe was se t on a 
few pieces of coarse gravel, that were prev iously dropped into the hole. 
in order to permit the ri se and fall of water in the pipe . Other than 
the so il survey and th e records of the heights of the water level , nu 
data were taken until the spring of 1925. 

Beginnin g in the spring of 1925, the depth to the water leve l at each 
tat ion wa taken at weekly intervals througout the growing season. 

Wheneve r this m easurement was made, so il samples were taken for 
moisture det e rminations in each so il horizon down to and including the 
clay layer, provided the clay could be reached with the 70-inch auger. At 
interval ' of tw o w ee ks, similar se t s of samples were collected for 
laboratory determinatio ns of ni trates, total soluble salt s, collo idal ma­
terial, and the degree of acidity or alkalinity. 

Yield r eco rd s were obtained in 1924 and 1925 for eight or ten individ~ 
ual plant s immediately surrounding each station. These y ields are re­
ported in Table 1 in ounces of berries per plant. 

In August. 1925. the root systems of two or more r epresentative 
plants at each station \yere dug out, described. and photographed. The 
method used in making this study consisted of digging a trench, at the 
side of the plant t o be examined, two to three feet wide, five t o 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 w ith the 

oil texture, root syst em s were obtained almost in their entirety. Photo -
graphs were made \V hil e the root y tem wa till attached to one ide 
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of the excavation. Such photographs show the relation of root dis tribu­
tion to soil horizons and height of water level. 

A fter growth had ceased in the fall of 1925, cane measur ements were 
made of representative plants at each of the station s. The same plants 
hat furnished y ield records earlier in the season were used for these 

grO\:vth measur~ments. 

PRESENTATION OF DATA 

Yields 

Table 1 presents the y ields, recorded in 1924 and 1925, of the plants 
immediately adjoining th e various stations. On the basi s 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. 

T able I.- Yield records f or 1924 and 1925. 

Sta tion 

Yi eld per hill in onU('e~ 

_______ __ Classifica­
tion 

1924 1925 

- ------------------------------ ---1-----1- - --1 

I 
2 . 
:1 . 
4 
5 
Ii 
7 
I' 
9 . 

10 . 
11 
12 
]3 

Soluble Salt Content 

. i 

. 9 
4 .2 
9.4 

15.0 
18.6 

.3 
16 .4 

Plants dead 
17 . 6 
27. 1 
12 .9 

Plant s dead 

.5 
8 

4.8 
16 .1 
20.0 
34 .7 

Plants dea.d 
10.4 

Plants dead 
10 .9 
8 .5 

21. 2 
Plants dead 

poor 
poor 
poor 
good 
good 
good 
poor 
good 
poor 
good 

. ' g~~ci 
poor 

The amount of soluble material expressed in parts per 1,000,000 is 
sometimes used as a rough measure of "general fertility," that is, avail­
ability of various materials present in soil, including the essential ele­
ments. Thu s 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 in 
Table 3, exhibited the same lack of consistent relationship, both the high­
est and the lowest figures for the second horizon occurring in the group 
of locations classed as "poor" for raspberries. 

SIG.\TIFIC-\~C E OF SOIL ' 

Table 2.-S oluble material (in pc 
mined by t 

fi . . 
5 . 

12 .. 
10 .. 
8 . . 
4 . 

11 

3 
2 . 
1.. 
7 .. 
9 .. 

13 . 

Station 

Note :-In this and the following tablE 
stations, they are arra nged in order, b 
rec ords and ending with th e one ha vill! 

Table 3.-Soluble ma terial (in p 

6 
.~ 

12 
10 
H 
-l . 

II 

:3 
2 . 
I 
7 . 
n 

n . 

Station 
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T able 2.-Soluble material (in parts per million) in surface soils , in 1925, a s det er­
mined by the freezing point depression. 

" GOO D" SOILS 

_____ _ ____ s_'ta __ t._io __ I1 ______________ AP'i12~ ' _ M,y 26 ~"' 23 _~:2~1 ",",<20 

6 . 
5 . . 

12 . 
10 .... 
8 .. 
4 . 

500 62,5 725 500 475 
450 52.5 675 450 425 
475 600 725 47.5 4.50 
425 600 72.5 67.5 400 
425 625 72.5 47.5 500 
475 425 525 475 450 

--------------------------[._--- ------------ - ---
11 . 

3 ... 
2. 
1.. 
7 .. 
9 .. 

13 ... 

" POOR" SOILS 

575 

400 
325 
475 
500 
400 
650 

650 

475 
425 
575 
62.5 
.5.50 
675 

800 800 5·50 

550 575 37.5 
575 475 500 
500 450 375 
67.5 67,5 .57,5 
700 750 600 
750 625 400 

Nat e ;-1n th is and the fol lowing tables, where figur es are given for groups of "good" and " poor" 
stations, they are arranged in order, beginning with the one having th e highest yie ld and gl"Owth 
records and endin g with th e one ha vi ng the lowest yie ld and growth record . 

Table 3.-Soluble material (in parts per million), of profile at eac h station, June 
23, 1925. 

Horizoll 

Station 

I Surface Second Third I Four th 

--~-------------------.-------------------

(j 
:; 

12 
10 
8 
4 . 

LL 

3 
2 . 
I. 
7 . 
n 

U .. 

...... .... . 

Nitrate Content 

72.5 
675 
725 
72.5 
725 
525 

----
800 

.5.50 
57.5 
.500 
67.5 

700 I 750 

42.5 500 47.5 
.575 
.5.50 
600 
.5.50 6.50 
475 62.5 

---------
475 700 7.50 

675 [ 
6.50 I 
.550 
42.5 . 
47.5 t 
525 

. . . . I .. .. 
... 

I . 

Acquaintance with the r emarkable result s secured in recent years 
by fertilization of orchards is likely to suggest nitrogen as the limiting 
fac tor to crop product ion in raspberries. The complete data on soi t 
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 
quan titi es, ' bo th in surface so il and in subsoil. Even with allowance 
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made for generally deeper penetration of roots in the m ore productive 
locations, a comparison of th e subsoil of the better location wi t h t he 
surface soils of the poorer, shows no constant relat ionship. In general. 
the poorer locations appear t o hav e been rather better supplied ,,·ith 
nitrates than th e more productive spot s. 

Table 4.-Nitrate in dry soil ( parts per 1,000,000 of water extr act ), 1925. 

"G OOD" SOILS 

Stat.ion 
Apr. 28 9 inch May 26 9 inch JUlie 23 9 in ch July 21 I g inch Aug. 20 9 inch 
surface depth surfac.e depth surfa ce dr pth surface depth surfa ce depth 

6 . . 2 . 1 T 2 . 1 1.5 5 .0 1.6 8 . 6 2 .4 3 .5 o !f 
5 .. 1.9 1.!J 1.'.i 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 I J 5-
10 . 1.3 2 . 2 ]5 T 4 .5 3.8 1.0 1.0 1.1 1 Z 
k . 2 .3 2 .8 3 .3 2.1 5 .4 1.5 11.0 1.5 3 . 2 o !l 
4 .. 2 .3 1 8 1.8 1.5 T ]1 3 .8 1 4 T 1.0 
-----~-------------------------
II ... 2 .0 1 :; 1.5 1. 3 7 .3 1.5 5.5 5 1 3 0 1 5 

"POOR" SOILS 

3 : 1 9 1.8 2 0 T T T T T 2 5 I Z 
2. 1.9 2 . 1 :l I 3 .3 7 3 3 .0 7 . 5 (i 5 1.g 3 3 
1. .'i .0 2 .3 3 2 2 .0 1.0 1.9 6 . 0 3 . 1 6 .4 ,) 4 
7. 4 0 5 .4 ;{ .4 (i 8 0 .0 5 .0 () 7 7 . 4 4 3 
!) T 2 9 1.4 I 2 7 . 0 T 12 . 1 3 .0 5 5 2 .5 

*T signifies trace. 

The fact that the soil at some of th e s tations where the raspberries 
made the best growth a nd yielded the heaviest showed a somewhat 
lower nitrat e content than those where the plants were making unsatis­
fa ctory g rowth does not ind icate that nitrates are unimportant in the 
culture of this fruit or tha t th ey \ve r e present in injurious amounts at 
any of the stations. It simply indicates that , in thi s field, nitrate supply 
was not th e m ain limitin g factor of growth, th e smallest supplies of 
nitrate apparently being \,vell above the minimal r equirements. The 
somevl hat lower amounts found in th e soils where th e growth was best 
may have been due t o th e r emov al o f the nitrates by the more vigorous 
plants . It is probable, t oo . that th e de eper root penetration in th e better 
soil s made available t o the plant s growing in them a total supply of 
nitrate considerably greater than that accessible to the shallow rooted 
plants growing in so il s of a higher nitrate content. Incidentally , the 
data suggested that. at least in soil s of medium fertility, nitrat e appl ica­
tions will no t compensate for the absence of a de ep r oot syst em . 

Soil Reaction 

Soil acidity, as measured by hydrogen-ion concentration (Tables S­
and 6), appears not t o have been closely related t o raspberry perform­
ance. The so il a t stations 1 and 2, where plants produced rath er poorly, 
was slightly alkaline; and, at stations 5 and 6, where yields were best, 
the so il was uniformly highe st in acidity. However , stations 7, 9, and 
13, the poorest location s of all, occupi ed intermediate position s so far as 
acidity \\"as concerned. The 10\ver str at a, as shO\\'n in TabJe 6, generally 

,..I 
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varied as the surface soil al 
productiveness of the raspt 

6 
5 . . 

]2 . . 
10 . . . 
8 
4 . . 

lJ 

Table 5.-Hydrogen- ion 

Station 

Table 6.-Hydrogen -io n concenh 

n 
5 

12 . . 
]() 

8 . 
4 

J1. 

:{ 
2. 
1. 
7 . 
H . . 

]' 

Sta t ion 

The soil moisture determi 
are reported in full in Tabl 
these data which will serve 
in Table 7. A careful stue 
sistent influence of the soil 
fo rmance. Certainly, moist 
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relationships , it may almost be sa id that height of \vater le vel was the 
lim iting 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, y ields were low, and the plants were 
short lived. This r elationship 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 
ea rlier 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 
grow th by branches when the tips are killed back. In most of the 

10 , '5 teet 20 25 30 

Va riations 1tl Height of Water Table 

" poor" locations, the roots had been killed back three or four inches 
fro m the tip . That it was the he ight of the water level rather than a 
h igh 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 (S tation 6) the working level ot 
the roots ranged t o within a few inches of where the water level stood 
for a number of days. Presumably the sandy subsoils which the roots 
d id not penetrate would have proved as good as those which they did 
penetrate had proper drainage been provided. 

The ability of the roo t s 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 pe netrat e where high water interfered 
seriously with . aeration. They may not have been able t o secure much 
of their nutrient suppl y from these subso ils. although the deep penetra­
t ion placed w ithin their range a greatly increased water supply in 
periods of drought and made possible vigorous growth and heavy pro­
duction. The data do not war rant the statement that the raspberry 
plant is more or less independent of the character of the surface so il in 
which it is growin g although they do war rant 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 on ly 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. 

SIGN I FICA~CE OF SOIL 

Figs. 4 and S.-A general 
in the entire field, and a vie,; 
plant at that point. Few oj 
alive at the close of the 1 92~ 
relatively high , but the "worl 
and their maximum penetrati 
within nine inches of the sur 
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Figs. 4 and 5.-A gen eral view at Station 7, one of the poorest locations 
in the entire field , a nd 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 th e 1925 season . Th e 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 wa s 
wi thin ni ne inches of t he su rface for a peri od of nearly a month in th e sprin g. 
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Figs. 6 and 7.-A general view at Station 6, one of the best locations in the 
ent ire field, and a view showing the root system of a typical raspber ry plan t 
at that point. The "wo rking level" of the roots was 16 inches deep. thei r 
maximum penetration wa s 34 inches. At no time during the season did the 
wat er level rise to within two feet of the surface. 

6 . . 
5 

12 .. 
10 
8 
4 

IGNIFI CAKCE OF SOIL 

Table 8.-Root distribu' 

S1a1ion 

Average 

3 ... 
2 . 
1 .. 
7 . 
\) . 

13 .. 

AYerage ... 

plant thrives o r faj]s to thri 
soil formations which tend t 
age. 

If the total solubJe salt COl 

fertility, the determ inations 
factor in the growth of thes 
found were insignificant. 

Although the variations in 
this ,vas not a factor which 1 
some of the most vigorous 
most acid soils sho'ws that 1 
degree of acidity. 

The appearance and perfor 
resemblance to that of hul1C 
Michigan and, indeed, to th: 
other kinds. It seems conch 
a relatively low ,;\'ater level 
lishing an orchard. There ar' 
but without deep rooting, w 
both growth and yield will bt 
to be short lived . Determinir 
level before selecting the sit( 
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Table 8.-Root distribution and water levels at various stations. 

"G OOD" SOlLS 

Roots Depth to free water Difference 
between 
working 
level of 

Station Working 

I 
level 

(i nches) 

Maximum 
penetration 

(inches) 

Av.3 
highest 
readings 
(inches) 

Av.3 
lowest 

readings 
(inches) 

roots and 
average of 
3 lowest 

water level 
readings 
(inches ) 

- - - - --------

6 . . 
5 

12 .. 
]0 . .. 
8 .. 
4 ... 

16 34 
10 20 
]4 28 
]2 30 
19 28 
13 34 

26 65 49 
]5 42 32 
18 60 46 
J4 25 13 
]5 38 H} 

15 38 25 

--- - -- - -- - - -

Average . . 

3 ... 
2 . 
1.. 
7 . 
(I . 

13 .. 

14 

" POOR " BOILS 

29 

15 
14 
10 
II 
10 
17 

] 7 

14 
10 
8 
8 

10 
13 

45 

45 
25 
30 
33 
25 
48 

31 

36 
17 
23 
28 
19 
4] 

Average... .... . . ... .. . . .... ................ 7 '--1-3 - --1-1 34 27 
- - ------- - - -------------1----1 -------

plant tl~rives 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 determ inations then show that this was not a limiting 
factor in the growth of these raspberry plants because the differences 
found were insignificant. 

Although th e variations in soil acidity were wide, it is 
this ,vas not a factor which limited growth in this field. 
some of the most vigorous and productive plants were 
most acid soils shows that the raspberry is tolerant of 
degree of acidity. 

apparent that 
The fact that 
found on the 
a rather high 

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 kind s. It seems conclusive, therefore , that choice of a soil with 
a relatively low v;a ter 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 yield 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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cons ide rab le time a nd la bo r bu t it is a p recaution t hat IS \\'ell \vo rth 
while, for it m ay r es ult in p reve nting a n a lmos t endless amo unt 0 

troub le a nd expense la t e r o n, A s tudy o f so il a nd sub so il co ndi t ions in 
o rcha r ds tha t a re alr eady planted. but \\'he re t he tr ees are not t hriv ing. 
m~y res ult in the a bando ning ot so me o rchard enterpri ses that other­
\V lse wo uld con tin ue to be m a i n t a i ned a nd cleve loped , onh- to end it 
fai lure eventua lly . ~ 

F ina lly, the lack of r e la tio nship preva lent in thi s caSe be t wee n plant 
performance a nd so il nitra t es, so il mo isture . and th e like does not d imin­
ish the ir import a nce unde r o th e r co nditions . vVer e d ra inao'e made 
perfect in thi s fie ld , y ields w o uld be likely to ya ry so mew ha t f~om spo 
to po t a nd perha p ' a close r elat io nship w ould be es tabli sh ed be t w ee n 
raspb erry y ield s a nd so il nitra t es o r so il m o istur e o r so m e o ther 
~o i l condition s . \ Vithout doubt the re are m any fi elds in which lra inage 
1 good and so m e of these othe r fac to r s ac tua lly limit v ields . T here are 
many, how ever , in w hich poo r d r a in age. so me'tim es l; la inly, so met imes 
les. obv io usly, as in t h e case he re r eco unted . is t he chief lim ­
iti ng fac t o r: in th ese fi eld s . fe r t ili zat io n cannot be succ essful until drain­
a g e is im prov ed. 

SUMMARY 

1. On a t w o a nd on e-half acre fi eld of raspberrie , \\-hich had what 
appear ed to be a r easonably u niform surface so il, five dis tinct soil types 
,:ll1d two subtypes wer e fo und . T hese types a r e m arked by diffe rences 
111 depth t o clay substra tum, in texture, amount of orcra ntc matte r in 
the surface so il , r eaction , a nd average m o isture co nt e nt~ 

2. H eig ht of wat er l ev~ l va ried g reatly fro m place t o p lace in th is 
fi e ld, marked va riation s often b eing fo und be tween po ints 2S to 50 fee t 
apa rt. These variation w er e fo und to be correlated w ith the so il t ype. 

3. E qu ally marked va riatio ns in the ext ent of the roo t develo pment 
o f t he raspberry plants w er e fo und in differ ent pa rt s of thi s ar ea . 

4 . The root varied in depth of penetration fro m a minimum of 10 
o r 11 inches, w ith m os t of the roo t s a t S t o 7 in ch es fro m the surface, 
to a max imum p en etratio n of f rom 30 to 3S inches, with the roo t s mo re 
o r less complet ely fillin g the so il t o a depth of f ro m 16 to 19 inches. 

S. R oo t deve lopment and d epth o f pe netra ti o n w e re close ly co r­
re lated \,~ith the heig ht of th e water level. Loca tion s with a rath ~r pro­
l(:m ged hIg~ \V a t e ~- level had poor root development and sha llow pe netra­
tIO n ; locatIon s WIth a low water level had extensive root development. 

7. R oo t s pen etra t ed a nd branched fr ee ly in sandy well aer a t ed ub­
so il laye r s, whe r e t h ese sub so il laye r s we r ~ no t w a t ; rlog ged. 

8. Top grow th , y ields of f ruit. a nd lo ngevity o f the p lants w e re 
di rectly propo rtion a l t o th e roo t de velo pme nt and con seq uently co r­
related w ith th e h eig ht of the wa t e r level. 

9. No correla ti o n w a s fo und t o ex is t between . o il ac iditv ni tra t e 
content of th e so il o r t he co ncen trat ion of it:; so luble salts' 'and t h 
plant g row th in th is fie ld . 
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APPENDIX 

Description of Soil Types 

The following descriptions , which are supplied by J. O . Veatch of 
t he Soils Section, Michigan State Agricultural Experiment Station, 
br ing out the more important differences between the several soil types 
fo und in this field. (T'he figures refer to the numbers by which they 
are designated on the topographical and soil map (Fig. 1). 

5. The Napanee Loam consists o f a grayish, fine or heavy loam 
urface soil underlain by pale yelluw or gray and yellow mottled, 

compact, highly retentive clay to depths of -t- feet or more. The 
humus content is mediulll; the soil is acid to neutral at surface , 
but conta ins free lime at shallow depths; the fertillty 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 ent irely . penetration by plant roots. 

27. The Allendale fine sandy loam cons ists of a thin covering of fin e 
sand over relat ively 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 fert ility medium. The sandy port ion of pro ­
file commonly exhibits an acid reaction, while the underlying clay 
conta ins 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 and a r t ificial drainage , poorer during wet years . 
fair to good during dry years. 

35. The deep 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 a nd saturated near the contact with the clay. 
Grovvth is variable, depending upon the season, the thickness of 
the sandy part anel the efficiency of the artificial drainage. 

29. The Newton fine sandy loam is characterized by a gray or nearly 
black (when wet) sanely surface or plow soil, underlain by dingy 
gray sand, wh ich 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 j\llt ndale 
are closely all ied and grade into each other. The first g enerally 
is higher in organic matter and has a higher ave rage conten t of 
moisture. 

20. and 32. The Brookston loam consists of a dark gray, high hum u s 
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. 

9. The Berrien loamy fine sand is a penetrable yellmvish 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 pl ant growth. 
The soil is commonly acid to depths of 3 feet or more. The 
texture and structur e is favorable for free root development t o 
3 feet or more. The organic matter is low to fair and the 
natural fe rtility 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 _ ___ - --- - - - - ---- ----

1 Su rface 0- 7 .. . 
Sand 7- 34 . .. . 

2 Surface 0- 8 . . 
Clay 8- 48 . .. 

3 Surface 0- 8 . . 
Sand 8- 75 .. 

4 Surface 0- 5 ... 
Sand 5- 17 
Clay 17- . . 

5 Surface 0-.5 
Sand 5- 56 . . 

6 Surface 0- 4 .... . 
Red Rand 4-20 .. . . 
Hard Layer 20-30 . 
White Sand 30- 75 .. 

7 Surface 0-5 .. . 
Clay 5- ... . . . 

R Surface 0- 7 . . . ... .. . . 
White Sand 7- 21 .. . . 
Red Sand 21- 30 . 

9 Surface 0- 9 ..... . 
Gray Sand 9-30 . 

10 Surface 0-8 . ...... . 
Gravelly Sand 8- 16 . . . . . . ... .. .. . . 

11 Surface 0-5 . ... . . 
White Sand 5- 16 . . . 
Yellow Sand 16- 28 . . 
White Sand 28- 56 . . 

12 Surface 0-8 . .. . . . .. . 
Yellow Sand 8- 72 .. . 

13 Surface 0-8 .. . ... . 
YelJow Sand 8- 60 .. 

'Foreign materilll present in sample. 

5 .0 
2 .3 
l.!1 
2 . 1 
U ) 
1. 8 
2 .3 
1.8 
4 .8 
1.9 
1.9 
2 .1 

Trace 
Trace 
Trace 

4 .0 
.5 .4 
2 .3 
2 .8 
3 .5 

Trace 
2 .9 
1.3 
2 .2 
2 .0 
1.3 

Trace 
5 .2 
2 .8 
4.5 
6 .0 
5 3 

3. 2 
2 .0 
3.1 
3. 3 
2 .0 

Trace 
1.8 
1.5 
3 .3 
1.5 

Trace 
2 .1 
1.5 

Trace 
1.5 
3.4 
6.8 
3 .3 
2 .1 
3. 0 
1.4 
1.2 
1.5 

Trace 
J.'i. 
1.3 
1.8 
1.8 
1.5 

Trace 
1.4 
2.4 

1.0 
1.9 
7.3 
3 .0 

Trace 
Trace 
Trace 

1.1 
2 .0 
6 .0 
1.3 
5.0 
1.6 
1.4 

Trace 
6 .0 
5 .0 
5.4 
1.5 
3.1 
7 .6 

Trace 
4 .6 
3 .8 
7 .3 
1.5 

Trace 
1.5 
5 .5 
1.0 

13 .0 
4 . 1 

n.O 
3. 1 
7.5 
6.5 

Tra ce 
Tra(;(' 

3.E-
1 4 
3 3 
.'> .4 
2 .3 
8 6 
2 . 4 
2 9 
2 .6 

*27 .3 
6 .7 

]] 0 
1. 5 
3 .2 

12 .1 
3 .0 
1.0 
1.0 
5 .5 
5 .1 
3 .1 
1. 4 
I 4 

Trace 
13 .6 
2 . 7 

6 4 
Ii 4 
1 9 
3 3 
2 5 
I 2 

Tlace 
I 0 
1 6 
1 8 
11 

!i 
/) 

9 
] .'l 
7 4 
4 .3 
~i 2 

9 
2 f) 
.'l 5 
2 5 
] 1 
1. 2 
3 0 
1.1 
I 3 
2 5 
1.1 
] 5 
3 .6 
3 5 
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Table to.-Soil moisture deter 

Station IHlmbcr Sample number I 4- 22 

1. .. " . . . . 1. 22 .2 
2 .. 16 .2 

2 .... 3. IG.9 
4 ... 21.3 

3 . . .. 5. 18.1 
6 .. 

4 . 7 . 18. 7 
8 . 14.8 
9 18.4 

5. 10 14.6 
11. 18 .3 

6 .... . . 12. 17 .7 
13 . 17.4 
14 . 14 .1 
15 .. 

7 .. . 16. . .... .. . . . .. 14.8 
17 . . . 18. 7 

8 .. 18 . . 23 .6 
I!). 
20 

9 .. . 21. .. . . ..... . . . 21.5 
22 . 

10 .. 23 .. 22 0 
24 .. 17 .8 

11. 25 . 13 .3 
2B. 10.4 
27 . 20 .0 
28 . 

12 . . . 29 . 20.1 
30 . .. . . .. .. . . .. 22.0 

13 .... 31. 16.0 
32 . 14 .9 

_ Stati: number 1_ Sample number I~ 

1. 1. .. . ... . .. .... IE 
2. 2 . .. £ 

3 .... 13 
4 . . .. IE 

3. 5. 1 ~ 
6 . 2 

4 . 7. 1 ~ 
8 . E 
9 .. IE 

5. 10. lC 
11. E 

6 . 12 . . . . . . . . . . . . . . 12 
13 . . . lC 
14. 
15 .. E 

7. 16 .. . IE 
17 .. 1 ~ 

8. 18 . .. Ii 
[9. 
20 .. U 

!) 21. I t 
22. I 

10 . 23. 14 
24 . [ 

11. . . . . . , . . . . . . 25 . 12 
26 .. E 
27 .. 11 
28. I t 

12 .. . 29. IE 
30 . 1 ~ 

13 . .... . 31. 1~ 
32. E 
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Table 10.-Soil moisture determinations at weekly intervals during the growing 
season of 1925. 

Station number 
I 

~ ~ 
Sample number 4- 22 4- 28 5-8 5- 15 5-22 5-29 G- G G- 11 6- 19 

------- --------- --------------- --

I. .. ..... . . .... 1. . . .. 22.2 22.2 20.9 20.5 23. 7 20.2 19 .3 18.8 20 .8 
2. . ..... .. . . . 16 .2 18.5 17 .3 12.2 13.2 11 .4 11. 2 10 .1 11. 7 

2 . ... .. . . . . .. 3. .. . . . . . . . . . IG 9 17 .0 13.4 12.2 12 .1 11.0 13.9 12.1 12 .9 
4. ... .. ..... 21.3 21. 7 20 .8 20.0 20.6 20.0 19. 1 19.3 19 .8 

3 . . .. .. . . ... . . 5 . .. . . . . . . . . 18. 1 18.4 17 . 7 15 .2 14 .1 1.5.8 14.5 12.3 14.9 
6. - . ... . .. 35.3 1G .9 13. 0 21.4 16 .0 15.3 8.7 12.4 

4 . . . .. . .. ... . . 7. . .. .... .. . . 18. 7 20.3 19.5 15.2 16 .3 160 13.6 11.4 12.3 
8. . . . .. . . .. . . 14.8 16 .8 16 .0 13 9 11 .8 10.9 8.4 5.9 5 .8 
9 . ..... . .. 18 .4 20. 8 19 .0 18.4 15.9 15.7 18.9 17 .9 22.2 

5 .... .. .. ... ... 10 ... . .. . ... .. 14.6 17.4 18 .1 14 .3 14.0 12 .9 11 .8 10. 8 10 .5 
11. ... . . . . .. .. 18.3 18.0 18 .6 12.3 13 .7 11 .4 8 .6 13.8 8.3 

G .... . . . . . . . . . , 12. ... . .. ..... 17 .7 17. 8 .17 .9 16.3 16 .1 16 .0 15 . 6 14 .0 13. 8 
13. ... . . .... . . 17 .4 28.5 22.1 14 .7 23.6 17.4 18. 0 18.G 9.8 
14 . . . . . . . . . . . . . 14. 1 17 .3 15 .2 9.4 9.0 7.4 8.3 7.4 6.2 
15 . ..... .. .. . . 27.2 21.3 . ... 15 .0 10.4 8.5 9.2 8.4 

7 ... .... .. . . .. . 16. . . . . . . . . . . . 14.8 19.0 17 .2 150 12.4 13. 1 6. G 11.4 13.2 
17 . ...... ... . . 18 .7 16 .5 23 . 6 21. 3 20.4 19. 8 17.5 19 .2 16 .8 

8 .... .. .. . .... 18 .. ... . . . .... 23.6 22.5 20.6 22.6 22.6 22.3 1.5.4 19.3 19 .4 
19 . . . . . . . . . . 22.5 19 .8 16 .8 14 . 6 13.5 9 1 10.6 8.1 
20 . ... . . . .... . 22.8 20 .1 18. 1 17.8 18. 0 15 .0 16. 4 14 .8 

9 . ...... . . . . 2l. . . . . . . 21.5 20. 2 17 .6 19.1 18.7 18. 0 17 .1 18.4 17 .2 
22. .... ... . . 19.2 12 9 15.2 12.4 11 .7 9.6 9.2 10.1 

10 .. .. .. .. . 23. ... . . .. . . . 22. 0 22.0 19 .0 16.4 16 .0 15 .7 1'1 .3 14.8 12 .7 
24. ..... 17.8 20 .6 14 .6 12.8 10 .3 10 .1 7.9 6.2 10 .5 

11 . . . ... ... 25. .. . . . . .. ... 13 .3 15 .9 18.2 17 .8 12,1 18 .4 14 .8 16.1 20 .0 
25. ... . .. .... . 10 .4 17 .7 . . 19 .4 10 .6 11 .2 7.9 10.4 11.4 
27. . ..... ... .. 20. 0 25.0 . .... 19 .7 17 9 14 9 12 .8 10 .5 14 .9 
28. . ... . . ... .. . .. 21.4 17 . 7 14.5 18 .1 139 17. 5 

12 .. ... . . . . ... 29 . . . . . ... ... . . 20 .1 22.3 21. 0 21. 2 17.6 19 .3 20.8 18.2 19 . 7 
30. .... . . ... . . 22.0 17 .4 17 .1 14.4 12 .2 11 0 11 .6 13.0 14 .7 

13 ... . .. . .. . .. .. 3l. . ... . .. .. 16. 0 13 9 17 .9 18.9 15.2 16.4 15 .4 14 9 14 .3 
32. ... . . . . . .. . . 149 17.8 14 .5 14 .1 10 .5 90 8.3 8. 5 8.5 

Table 10.-Continued. 

Station number 

I 

Sample number 
_1

6
-

27 7-2 7- 10 7-17 7- 24 7- 31 8- 7 8-15 8-28 1 0-10 9- 25 

- ------

1. ... . .... .. .. .... 1. . .... . . .. 18.3 17. 1 18 1 19 .9 21. 3 15.7 208 21. 0 18 6 16.8 19.5 
2. . . . .. . 2. . ...... . . . 9 2 8 9 9.2 10 .2 93 98 10 .1 18.5 119 13.4 10 .5 

3 . ... . . .. . . 13 .5 160 9 .3 10 .7 9 5 12. 7 10 .5 15 9 12 9 12.1 16.5 
4 . .. .. . . 18.4 12. 0 16.4 18. 0 17 .0 18.6 17 .3 19 .5 14.3 15 . 6 13 .7 

3. . ... . . . . . .... . . 5 .. .. .. . . . . . . . . . 12. 1 12 9 13 .6 13.5 12. 5 I G 9 10 . 7 15 .0 11 .3 16 .3 Hi.1 
6. . . . . .. . . . . . 3.4 7.7 7.9 7.0 4.4 10 .2 7.7 12.3 7.0 9 .2 10 .0 

4 . . ..... . . .. ... . . . . 7 ... 12 .1 8 .8 12.7 ! ]0 .7 7.6 13 6 13. 0 14 .3 12 9 13. 8 14. 0 I 
8. ..... . .. . . ... G 9 7.4 6 .8 5.7 5.5 96 8.6 12. !l 5 6 94 7.2 
9 .. ... . , . . . .. 16.0 16 .1 15.5 12.3 13.5 13.2 10 .8 16 9 15 .3 14.5 17. 3 

5. . . . . .... lO. ... . . . . .. . . 10 .2 11 .3 10.0 109 9 9 10 .7 !l.6 14 .2 17 .7 11 .0 98 
11 . ... . . . . . . .., . 8.6 9 1 7 .8 10.8 12. 7 9.4 90 I 12 . :1 10 . 7 9 6 8.3 

6 .. . .... .. 12 . . .. . .. ... . . 13.6 10 .1 11 . G 12. 6 8. 1 14.2 9 7 14 .1 11 .0 15.0 14 .2 
13. .. .. . . . . . . . 10 .2 12.2 39.8 15 .5 9 .0 14.2 8 7 14 .2 14 .6 17.5 12.0 
14. ... " . . . . . . . . . .'i.6 4.8 7.0 5 .3 5 9 5 .8 3.8 5.3 5.5 7 G 7.1 
15 . .. .. . ... . . 8.2 4 . 6 5.2 4 .7 5.5 4 . 9 3. 1 4.3 3 9 4 2 4 .0 

7. .. .. ..... 16. . . . . .. 15.3 8.5 12.2 14.7 13 G 16.8 14 .0 18.4 9 .9 14 3 15.2 
17 . .. .. ... . . . . . . 19 .8 15. G 20.4 20 .0 17 .6 16.8 15 .0 22 .0 18 .1 14.8 16. 1 

8. .. 18. . . . . . I? .2 15 9 16.8 19 .6 14 . 1 19.6 16 .6 19 .0 16 . 1 20 .0 19 .1 
19. . ... . . . . 94 7 .3 5.6 4.6 9.8 6.4 6.3 11 .0 8.5 11.4 10.0 
20 . .. . ..... 14.5 13.5 13. 0 11 .4 111 1l .8 11 .5 14 .2 15 .7 13.2 13.5 

9 ...... .. . .. 2l. . .... 15.8 16.5 15G 16. 0 14.1 17.6 14.3 17 .8 17 .7 15 9 17.2 
22 . . . .. . 7.3 8.8 6.5 7.5 6.7 9 1 7 .1 14 .0 10.3 8.6 10 .2 

10. .. ..... . . . 23 .. . . .. . . ... 14.4 13.8 12.2 13.8 10 .1 13.4 12. 7 15 .1 14 .3 16 .1 14 .7 
24. ... .. 9 2 5.4 5 .6 6. 0 4.9 6.6 7 .0 12 .1 10 .3 10 . 1 8.8 

11. .... ... . . . . 25. . . . . 13 .2 10 .6 11.5 10 .2 8.7 11.2 9 G 12.2 12.1 15.6 11 .2 
2G. .. .. .. 60 7. 4 7.8 69 7.4 9. 7 10 .0 6 9 5.3 9 9 9 3 
27. 1l .3 8.1 11 .6 8.5 6.1 7 .8 10 .3 13 G 94 12 .2 8 G 
28. . . .. . . . . ... . 15.4 12.2 11 .9 5.5 4.4 90 8.8 17 .5 13.3 11 .3 9.8 

12. .... .. . .. . . ... 29. . . . . . ... 16.7 15.7 17 .1 16 9 16 .1 16.4 16 .8 18G 18.0 17.6 15 .1 
30 . . . . . . . . . . 12 .6 12.5 11. 2 16.7 14.7 12. 1 12.8 1G .6 13.6 17 .1 12.1 

13. ...... . . ... . . . . . 31. . ..... .... ... 14 .7 14.8 14.4 13 .2 12.4 14.0 129 15 .0 12.7 12. 0 12.8 
32. ... . . . . .. .. 8.2 7.3 7.8 5 .1 8.3 10 .2 Gl 11 .5 7 .3 10 .5 7 .5 



Table ll.-Depth to free water at various locations (inches) . 

Apri l May June July August September 

Station 

22 28 2 8 1 15 22 39 6 11 19 27 2 10 17 24 2 I 7 15 21 28 5 13 21 25 

------1-- - -- -------------------------------------- - - ----

17 17 15 15 16 16 17 19 20 20 24 24 25 · 24 25 25 32 29 42 42 43 41 39 39 
30 29 24 24 31 30 41 46 49 55 53 53 54 56 .')6 57 70 5R 59 61 62 62 61 61 
21 27 15 18 28 32 35 55 55 51 50 50 50 49 50 47 47 38 60 61 59 57 55 56 
lR 23 12 1.5 25 30 33 34 38 37 36 37 37 34 37 38 38 36 36 36 37 36 37 37 
l.i 20 10 19 27 30 32 36 ~6 37 37 38 38 38 38 38 38 25 31 36 37 36 38 38 
H 18 9 19 26 28 29 30 30 30 32 32 33 33 33 33 30 21 28 29 30 28 30 24 .\ . , - , - , - , -l ~ _ , _ , _ , _ , _ , _ , _ 

4 . , __ 1~ _ __ I _ , __ , _ , _ , _ , _ 
11. 
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1. 
7 
\1 

13 
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1 ;) 
11 
16 
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14 
21 

28 24 21 

12 15 21 
10 10 11 
9 13 21 
7 8 9 
6 16 16 

13 21 29 

24 21 26 28 23 30 

26 30 34 36 37 37 
12 13 14 18 17 17 
22 25 2S 30 29 27 
11 12 12 14 16 22 
20 21 ~ 23 23 23 
35 40 41 42 42 44 

32 36 40 45 47 45 40 37 36 37 39 37 37 

39 41 ~ 4.5 45 45 37 35 3.5 37 ~ 39 41 
IS 20 W ~ ~ 29 16 16 19 W 17 33 19 
29 31 ~ 25 18 ~ 7 15 22 26 9 20 ~ 
~ 25 25 25 2.'i 25 U M 23 ~ 25 M ~ 
23 2.'i M 26 22 ~ 19 18 22 22 21 ~ n 
44 46 45 ~ 48 47 31 36 41 4:) 42 42 « 
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