
••u 
Ceflectlen 

Oklahoma Agricultural 

JPULL.E.'I'IN NO. 42. 

JUNE, 189S:i 

Oklahoma Soil Studies. 

J. H. BONE. 

BULLETINS OJ<, THIS STATION ARE SENT FREE TO RESIDENTS 

OF THE TERRITORY ON REQUEST. 

STILLWATER, OKLAHOMA. 



Oklahoma Agricultural and Mechanical College. 

Agricultural Experiment Station. 

BOARD OF REGENTS. 

HON. C. M. BARNES, GOVERNOR, ex-officio, 

HON. F. J. WIKOFF, PRESlDENT. 

HON. C .. J. BENSON, TREASUREH, 

HON. J. C. TOUSLEY, 

HON. J. D. BALLARD, 

HON. J.P. GANDY, 

Gu•rRRIE. 

~TIJ,J,W ATER 

SBAWNKE. 

WEATHERFORD. 

WEATHERFORD 

ALVA. 

STATION STA.F~'. 

GEORGE E. MORROW, M.A., 
HENRY E. GLAZIER, 
GEO. L. HOLTER, 1:1. S; 
E. E. BOGUE, M. S, 
L. L. LEWIS, M. S., D. V. M., 
JOHN FIELDS, B. S., 
J. H. BONE, B.S. 
OSCAR M. MORRiS, B. S., 
A. G. FORD, B. S., 
H. M. HAND, • 
MISS G. M. HOLT, 

DIRECTOR AND AGIUCULTUHIS'l', 
Yrm:-DIREC1'0R AND HORTlCIJT!I'UHlST. 
CHEMIST, 
Bo•.rANIST ANH ENTO'l'MOLOGIST. 
\""E'J'ERINARJAN, 

ASSOCIATE CHEMIST. 
ASSOCIATE AGRICU'ITt:'RIST. 
ASSISTANT IN HORTICt:LTURE. 
ASSISTANT IN CHEMISTRY. 
CLERK. 
STENOGRAPHER. 



OKLAHOMA SOIL STUDIES. 

J, H. BC)NR. 

SUMMARY. 

Cultivation largely determines crop yields but they depend 
also in a large degree on heat and moisture. By cultivation we 
can help conserve the soil moisture and to some extent affect 
the heat of the soil. Uncultivated soil under similar crop con
ditions usually contains about 2 per cent. less moisture than 
cultivated soil when both are kept free from weeds. 

In most Oklahoma soils the moisture question is of more 
importance than that of direct plant food. Compact soils are 
helped by deep or subsoil plowing. Surface cultivation checks 
evaporation. 

Increasing the supply of decayed vegetable matter is de
sirable for most Oklahoma soils. In one case there was an 
average difference of 2. 5 per cent. of soil moisture in the first 
foot of soil during the period of most active growth, in favor of 
the soil manured and subsoiled. 

The frequency of the cultivation of crops depends upon the 
sea:mn. Plats having two cultivations gave larger yields 
than others having nine cultivations. Enough cultivation 
should be given to keep the weeds down and the soil in good 
condition. Poor cultivation ·affects Indian corn more than it 
does Kafir corn. 

Soil plowed in March contained more moisture than that 
plowed about the middle of April. Shallow plowing did not 
maintain as much moisture in the soil as deep plowing. Sub
soiled land contained more moisture than land not so treated. 
The yield of corn on a plat subsoiled in the spring was less 
than on a plat not subsoiltd. Stubble should be plowed as soon 
after harvest as is convenient and harrowed occasionally until 
sown to wheat. Stubble plowed early will cost less to put in 
c.>ndition for planting, will be in better condition for the crop, 
the seed will germinate better and the crop will yield better. 

Rolling does not tend to conserve soil moisture or increase 
the crop yield at this station. Rolled soil is blown by winds 
more readily and is not in condition to receive the rainfall to 
the best ad vantage. 
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Bottom land does not dry out so completely as upland, nor 
does it hold as much moisture when full. The surface three 
feet of bottom land will contain more moisture during a drouth 
than the same depth of upland. 

There are several distinct types of soil in Oklahoma Ter:::i
tory. The physical properties of the~e soils vary because of 
varied conditions, but among the most important are the size 
of the soil grains and their relation to each other. The more 
sandy a soil is the less water it will hold and the more thor
oughly will it dry out, other conditions being equal. 

The soil moisture was much higher during the year of 1898 
than during the year of 1897. Upland prairie contained a 
yearly average of 1~.5 per cent. in 1898 and 16.6 per cent. dur
ing the year of 1>397. Upland plowed soil at the depth of from 
3 to 12 inches contained 18.2 per cent. of moisture during 1898 
and 16.6 per cent. during 1897. 

During the year the soil moisture may range from 4 or 5 
per cent. to 26 or 27 per cent. Ordinary crops do well when the 
soil contains from 12 to 20 per cent. of moisture. Indian corn 
begins to suffer when the moisture gets as low as 10 per cent. 
while Kafir will do fairly well with that amount of moisture. 

This bulletin presents work done in the study of soils for 
the past three years. It deals mainly with the question of soil 
moisture as influenced by soil culture and the influence of soil 
moisture and soil culture on the crop yield. Much of the work 
could not be discussed fully for lack of space. In the soil work 
there have been taken over 6,000 separate samples in the study 
of the experiments reported. 

The soil of the Oklahoma Experiment Station farm used in 
these experiments is medium upland of average fertility, rather 
light in texture and easily worked. The mechanical analysis 
of the surface foot of this soil is given in Bulletin No. 24 of this 
Station. The soil is from 6 to 15 inches deep underlaid with a 
sticky subsoil which soon crumbles when exposed to the atmos
phere. The soil is not very dark in color. The subsoil Is light, 
somewhat yellowish. When the subsoil crops out at the surface 
it is often called gumbo. 

In the calculation of soil moisture the weight of the soil as 
sampled in the field was taken as the basis for finding the per 
cent. of moisture. 'rhe calculation is as follows: If a sample 
of soil taken weighs 140 grams when fresh and weighs 112 grams 
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when dry it has lost 28 grams of moisture. The per cent. of 
moisture is found by dividing 28 by 140, which gives .20 or 20 
per cent. There is therefore 20 per cent. of moisture in the soil. 

We may broadlydefine cultivation as the preparation and 
care of the soil for the growth of plants. It ought to be of 
such a nature that it will cause the soil to more readily respond 
CHARTS/, 2, 3.-Soil Moisture in Swjace •Foot During May, June 

and JuZ.y. 
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to the needs of the plant and to better maintain normal con· 
di tions under ad verse circumstances. It is necessary that the 
soil be cultivated for our ·various crops; yet the crops do not all 
demand the same attention. After wheat is sown we giye it no 
further care so far as the soil is concerned. During the most 
of the growing· period the soil is usually damp and cold. Tile 
evaporation is slow and weeds do not interfere. On the other 
hand corn is a crop that requires much attention during the 
early part of its growth. The crop does not cover the ground 
and weeds must not be allowed to grow. The soil is warm and . 
evaporation, which is rapid at this this time of the year, must 
be checked as much as possible. 

While cultivation is of the utmost importance, the character 
of our seasons has much to do with the yield bf our crops. It is 
true that our crops do not all demand the same conditions as 
regards moisture and heat. This poir:t is well illustrated wllen 
we compare the yield of Kafir and Indian corn grovvn upon the 
uplands during the season of 1897. The Indian corn was very 
poor and almost a failure in places while Kafir generally made 
good yields. Charts 1, 2 and 3 show the record of soil moisture 
during the years 1896, 1897, 1898 for the months of May, June 
and .July on a plat that was kept free from >vcecls and crop but 
not cultivated. During May and until .Tune 20, in 1897, there 
was more moisture in the soil than in 1896. From that date 
until the last of July there was far less in 1897, usually from 3 
to ;) per cent. In 1896 there was a fair yield of Indian corn on 
the uplands, while not much more than the stalk grew in 18117. 
In both years there was a good yield of Kafir. In 1898 the soil 
moisture was ample and more uniform than in the previous two 
years and yet the general average is less than in either of the 
previous years. The crops of Indian and Kafir corn were ex
cellent. Kafir corn has a little later season but the leng·th of 
the period of growth is about that of Indian corn in most 
seasons. The period of growth rn 1897 was somewhat longer 
than is usual for Kafir. In this respect Kafir corn is different 
from Indian corn. It grows slower in a dry time but does not 
die, even if the soil moisture becomes quite low. As soon as 
the soil receives a supply of water it will begin growing. Indi<w 
corn cannot do this, but must perish before hot winds and with 
dry soil. The latter apparently has more influence than the 
former, as bottom lands produced excellent yields of Indian 
corn in both seasons mentioned. 
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The season of 1897 was quite favorable for the cotton plant. 
The months during which the bolls were opening were dry and 
warm. The rainfall was less than an inch at the station during 
each of the months of September, October and November. Over 
the greater part of the territory less than two inches of rainfall 
is reported during- each of these months. 

While our seasons may produce a certain crop during one 
year to perfection, the farmer cannot depend upon it to be so 
continually. Crops ought to be grown in rotation, so that the 
soil will not become impoverished. By proper arrangement of 
some of the numerous crops that we might raise in Oklahoma, 
the farm work can be arranged so that it will continue througll
out the year, and a failure in a single crop will not mean the 
loss of the year's work. 

The fact that the bottom lands yield good crops even in 
unfavorable years, leads to the thought that there must be a 
difference in the conditions. Although the question has not 
been carefully studied, it is probable that the difierence here is 
not so much on account of fertility as other conditions. Under 
the bottom lands there is, even in the dryest times, what is 
known as the water table. The height of the water in a well 
gives some idea as to the height of the water in the soil. This 
supply of water under the soil in river or creek bottoms is close 
enough to be available to the crop. 'l'he soil being coarser, 
gives up its water supply more readily. On the upland farms 
the conditions are not similar. The water table is far below 
during most of the year. The soil is finer and holds its water 
supply more closely, and at the same time can hold a larger 
amount of water. 

CULTIVATION, SUB-SOILING, MANURING. 

Where our soils are of a compact nature with a more compact 
sub-soH, it is advisable to plow deep and use a sub-soil plow. 
This must be done at the proper time, else the crop may be 
injured. The soil readily dries out when loosened, and the 
deeper the plowing the more easily will it dry out to greater 
depths. Compact soil will hold moisture better than loose soi 1 
because the air cannot pass through it so rapidly. Yet, after 
the soil becomes saturated with water, it is usual to find a 
larger amount of moiatm e in sub-soiled than unsub-soiled ground. 

A valuable adiunct to sub-soiling is barnyard manure. Too 
much cannot be said in advocating its use in our territory. 
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Prairie fires have deprived the soil of the humus matter that 
properly belongs to the soil. Barn-yard manure adds plant 
food and affects the physical conditions of the soiL Where soil 

CHART 1,..-Injtuence of Manure and Subsoiling on Soil .Woisture. 

llll!.v .T11n.a 

Manured and Subsoiled.--
Ordinary Plowing. 

has been manured it usually shows a larger per cent. of mosture 
in the first foot. Chart No. 4 illustrates these points. 

The heavy line represents the soil moisture in surface foot of 
soil in a field thiJ,t was manured in 1895 and subsoiled in the fall 
of 1896. Indian corn grew on this field in 1897. The dotted 
line represents the soil moisture in the surface foot of soil in an 
adjoining field which was neither manured nor sub-soiled. The 
samples of soil were taken on these fields on the same date and 
the plats from which they were taken received like treatment, 
except that the latter field was planted in Kafir corn, and for 
this reason, up to the date of the last sample, June 17, the soil 
moisture was not so much affected by the crop as in the former 
field. There was an average difference of two and one-half per 
cent. of moisture in the first foot of the field that had been 
manured and sub-soiled. The lines run very uniformly through
out and only begin to approach each other at the end of the 
experiment when the Indian corn was no doubt drawing a far 
larger supply of water from the soil than the Kafir corn. 

Charts 5 and 6 represent work done in 1896 to determine the 
influence of barnyard manure and cultivation on soil moisture. 
The plats are as follows: 

Plats 1, 3,4, cultivated shallow, weekly. 
Plat 2, cultivated shallow, weekly. 
Plat 6, no cultivation. 
Plat 8, cultivated shallow, frequently. 
The plats were all manured except number 2. The cultiva

tion was done with an ordinary spring-tooth cultivator. 
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The charts show the details of the work. An average of 
all the samples taken gives the following per cents. of soil 
moisture: 

Plats l, 3, 4, aver?.ge ....... ................. . ..................... 17.0 
Plat 2 ........... .... . ............................................ 16.4 
Plat 6............... ..... ........ ........ . ................................................... Ifi.7 
Plat 8 ...................................................................................................... .16.3 

Under like treatment the manured plats gave the highest 
per cent. of moisture, while the uncultivated plat though man
ured showed less moisture than the unmanured one. 

There are many things that cultivation does, but the object 
of many who cultivate the soil i.s to kill the weeds. It i.s almost 
fortunate that weeds grow. They have taught some of the les
sons of cultivation. We should cultivate to grow our crops, and 
if we do i.t properly there will be no weeds under ordinary cir
cumstances. As soon as the surface soil becomes dry enough 
after a rain to cultivate it should be dried out to the depth of 
two or tbree inches by stirring. This serves two important 
purposes; it checks evaporation and kills the weeds as they are 
germinating. Cultivation causes the soil moisture to be more 
uniform in its supply to the plant. An uncultivated bare soil 
dries out r tpidly and a crop will suffer much sooner when not 
cultivated. 
CHARTS 5 and 6.-Injluence of Cultivation and ManuTe on Soil 

MoistuTe . 

. Tnn• 

Pla.tsl, 8, 5,-Cultivatecl shallow, weekly. manund.-----
Plat 2,- Cultivated shallow, weekly. - - - - - - - -
Plat 6,-No Cultivation, mamued. -- ---
Plat 8,-Cultivatecl shallow, frequently, man?17"ed. - - - - -
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CULTIVATION OF INDIAN COUN.-1897. 

An experiment was conducted in 1896 to determine the 
effect of deep and shallow cultivation on the yield of Indian corn, 
There was a decided difference in favor of shallow cultivation. 
'rhe yield of grain on three plats cultivated deep was 37 bushels; 
on five plats cultivated shallow, 44 bushels; on one plat not 
cultivated except that the weeds were scraped off with a hoe, 
42 bushels per acre. 'rhe yield of stover on three plats culti
vated deep was 2,835 pounds; on five plats cultivated shallow, 
B,348 pounds; and on one plat not cultivated, 2,904 pounds per 
acre. 

In 18\J? experiments were conducted to determine the 
influence of cultivation on the yield and content of soil moist
ure. Owing to the character of the season the work was inter
fered with, no plat being cultivated more than four times. 
Only the yield of fodder. which includes the grain, is given: 

Table I. -Soil Moisture and CTOJJ Yield. Intlian CoTn. 

I 
"" :Soil :Moisture, 1>er ct. 
t 

~-~ 
.r. ::; 

I 
::; 

,_ I ,_ Yielrl 
PLAT. 1\fE'I'HOil, I of 

I s~ 
,._;c;;..... ~.3 ~ 

v J"odder <=: 
·~" .. ~"' 

'" " I " I 8v ~ ~ "" "? 
..., 

~-----~ 

I I 
I 

97 Shallow, weekly . ... ----· ........ 3 16.7 18.7 18.7 7o.:u 
H8 ___ Scrape<! with hoe ...... ....... 

: ... I 
2 li.B 

I 

16,1 15.8 t>uflu 
U9 ____ Deep, weekly ...... ~. 3 16.'1 18.5 19 5 fifl5<1 

100 .... Shallow, weekly .. ~~~~ 3 17,8 18.3 16.4 7450 
JUL .. Shallow, twice a week ~ . . . . . . --. I 4 17,0 18.4 19.7 5~oo 

102 I 
Shallow. twice a week ________ 4 16,:1 18.3 18.! H8fl J 

103~ ... Deep twice, then shallow.~ __ -________ 3 17,'-) 

I 
19,0 19.3 fiOOO 

101 Shallow, weekly ......... 

I 
a lo.5 18 .t\ 18,9 6900 

105 Shallow, weekly .................... .. a Hi 8 18.0 17.6 6900 
106~,. Deep, wee"IY 

·rai;i·s-olil)~·. 
3 16.7 

I 
18.8 

I 
21.0 0~00 

107. ~ .... Shallow, after 4 ]6,3 18.:! 19.2 53oO 
IOH. Shallow. ,yhen needed 2 1ti.3 17.U 19,2 7500 

--~-------"-- -- --------- -- ------~ 

Plats 97, 101, 107, were cultivated with a spring-tooth 
cultivator. whi.ch runs shallow and stirs the first two or three 
inches of soil, though it can be run deeper. It is an excellent 
implement for killing weeds and leaving the the soil in good 
condition. Plats 100 and 102 were cultivated with the Tower 
cultivator. 'rhis implement stirs the soil to a uniform depth by 
me<tns of fiat shovels, Plat 105 was cultivated with a disc cul
tivator. Plat 106 was cultivated with a five shovel cultivator 
on which there was fastened a drag to smooth the soil after it. 
Plat 103 was cultivated the first two times with a double shovel 
and then with the Tower. Plats 99 and 106 were cultivated 
with the ordinary double shovel plow. Plat 107 was cultivated 
with the spring--tooth as soon as the soil would would permit 
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and plat 108 was cultivated enough to keep the weeds down. 
Five samples of soil were taken from April 15 to :May U 

and their average is given above showing the plats to be quite 
uniform in regard to moisture. This record of soil moisture was 
kept during the time and a few days after cultivation ceased 
and the average is given in the second column. 

The average yield of two plats cultivated deep was 5,929 
pounds of fodder; nine plats cultivated shallow, 6,tl25 pounds; 
and one plat not cultivated, 6,650 pounds of fodder per acre. 
The average per cent. of soil moisture in the surface foot Of 
soil in the two plats cultivated deep was 16 7; nine plats culti. 
vated shallow, 18.3; and one plat not cultivated, 16.1. 

A comparison of the soil moisture with the yield shows that 
the plats having the most moisture in the surface foot of soil 
gave the smallest yield. This would seem to indicate that the 
deep cultivation injured the crop by destroying the roots, thus 
preventing the plants from availing themselves of the water 
supply. 

CULTIVATION Olf KAFIR CORN.-1897. 

1n 1897 an experiment in the cultivation of Kafi,r corn was 
conducted with practically the same resu ts as those obtained 
in the cultivation of Indian corn, so far as the soil moisture 
was concerned. The experiment was a duplicate of that on the 
Indian corn. Two plats cultivated deep gave an average of 
i3. 9 per cent. of soil moisture; nine plats cultivated shallow, 
13. 7; and one plat not cultivated, but the weeds kept scraped 
off with the hoe, 11.9 per cent. of soil moisture. In this case 
the plats cultivated deep g·ave the smallest yield. It would 
seem probable from these experiments that it is not so much a 
question of soil moisture as it is the preservation of the plant 
roots. The plat giving the highest average of soil moisture in 
both cases was cultivated weekly; the first two weeks with a 
deep working cultivator and then followed by a shallow work
ing cultivator. The table gives the details of the work. 
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Table ll. -Soil Moi8t11Te and CTop Yield, KajiT Corn. 

.,; Soil Moisture per ct . Yield per acre 
~ 
<11 

r~ 00 

I 
... 

I 
PLAT. METHOD. 00~ .,. ... 

"" 
~ r:'-! 00 c .,.~ 

QJ " s~ » >,O'-' i< ·;;= EE -~"' ·ro ro~>= 
0 c'5i!i E-<0 ~ ~ ~ ...:! [JJ~ 

70-- ·---···· Shallow, weekly ................ 9 15.0 13.:1 6.9 35.8 6768 
71 .... Scraped with hoe ... 2 15.0 11.9 4.6 3~.9 6298 
72 ---···· Deep, weekly ...... 10 15.2 13.5 7.4 31.3 4fi08 
n Shallow, weekly 9 15.5 12.8 6.9 26.1 4778 
74- Shallow, twice a week ... 15 Hi.9 13 1 7,6 30 4 i\676 
75 .. Shallow, twice a week .... 15 15.9 14.4 7.fi 26.0 4766 
76- Deep twice, then shallow ... 9 16.9 14.5 11.6 28.8 5226 
77 Shallow, weekly ... 10 15.3 13.7 8.2 30,3 5242 
7H __ Shallow, weekly ......... 10 16.9 14.3 7.9 31 3 5:!88 
7B .. Deep. weekly .......................... 10 16.0 140 8 ., 26.2 4292 ·" RO Shallow after rains only 6 15.4 14.1 8.4 27.5 4262 
81 Shallow, when needed 3 15.7 13.7 8.2 32.5 4818 

In this experiment the ordinary cultivators were used. For 
deep cultivation the double shovel was used. On plats 70, 74, 
80 and 81 the spring-tooth was used, and plats 73 and 75 were 
cultivated with the Tower cultivator. Plats 77 and 78 were 
cultivated with a five-shovel cultivator. Plat 78 was leveled by 
a drag fastened to the cultivator. Plat 80 was cultivated as 
soon after rains as the soil would permit, and 81 was cultivated 
just often enough to keep the weeds down. 

The first column under soil moisture gives the per cent. of 
moisture in the first foot of soil on the date that the cultiva· 
tion began. The second column gives the average per cent. or 
moisture in the first foot during cultivation and the last gives 
the lowest per cent. found on the plats during cultivation. 

CULTIVATION OF INDIAN Al\TD KAFJR CORN.-1898. 

The experiments of former years were continued with some 
modifications. The following plan was <~.dopted: Twelve plats 
were planted to Indian corn and twelve to Kafir corn and culti
vated in the same order. 

Plat 1.-Cultivated•weeklv with a spring--tooth cultivator. 
Plat 2.-Cnltivated weekly with a level working cultivator
Plat 3.-Cultivated weekly with a double shovel cultivator. 
Plat 4.--No.cultivation, weeds scraped off with a hoe. 
Plat 5.-Cultivated weekly. Double shovel was used first 

two times after which the spring.tooth was used. 
Plat 6.-Cultivated after rains only with the spring-tooth 

cul ti va tor. 
Plat 7.-Cultivated twice a week with a spring-tooth culti. 

vator. 
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Plat 8.-Cultivated twice a week with a level working cul-
tivator. 

Plat 9.-Cultivated weekly with a double shovel cultivator. 
Plat 10.-Cultivated only as needed with the spring-tooth. 
Plat 11.-Cultivated weekly with a five-shovel cultivator 

with a leveler attached. 
Plat 12.-Cultivated the same as plat 5. 
'rhe following table gives the moisture content of the plats 

planted to Indian and Kafir corn during the growth of the crop 
and the yield of both crops under similar cultivation: 

Tavle III. -Soil Moisture and Crop Yield. Indian and Kajlr ConL 

Times Cultivated Av. Moisture Yield of Grain. 
per cent Bu. per Acre. 

PLA'l'. 

Corn Kalir Corn Kafir Corn I' Kalir 

1. ..... ..... ..... .. ....... 5 5 14.6 15.9 55.2 43.4 
2 . 5 5 15.4 16.7 46.1 3R.9 
3.. ...... ............. .. .............. . 5 5 13 7 15.3 55.6 47.4 
4 .............................. . 1 1 13.4 15.6 39.3 45.3 
5 ............................. .. 5 5 14.3 16.5 45.8 48.4 
6 .................................................. .. 6 4 14.0 15.4 44.7 58.3 
7 ...................................................... . g 9 13.9 16.3 46.0 51,1 
8 ................................................. .. g 0 14.3 16.3 46,0 47.8 
0 ................................................. .. 5' 5 14.6 15.8 50,7 48.1 

2 2 14 3 15,7 54.2 47.6 
5 5 14.6 15.7 47.11 43.5 
5 5 14.1 16.5 50.4 38.6 i~··•:::::::::::::::::::::•::::::::::::::::::::::::::••::::f 

------------------~----~----------

Plats 1, 2, 6, 7, 8, 10, 11, were cultivated with shallow 
working implements and gave an average yield of 48.7 bushels 
of Indian corn per acre, while plats of the same number gave 
an average yield of 47.2 bushels of Kafir corn per acre. Plats 
3 and 9 were cultivated with deep working implements and gave 
an average yield of 53.1 bushels of Indian corn, while plats of 
the same number gave an average yield of 47.7 bushels of Kafir 
corn. 'rhe figures show the first decided difference in favor of 
deep cultivation for the past three years. The largest yields of 
cotton and castor beans were also found on plats having deep 
cultivation. It is probable that the character of the season had 
much to do in producing this result. 'rhe decided variations in 
in the yields of some of the Kafir plats can in part be accounted 
for from the fact that chinch bugs were very bad on all the plats 
but affectea some more severely than others. Plats 2 and 12 
are noticeable examples. Lack of cultivation is more detri
mental to Indian corn than it is to Kafir corn. 

Soil moisture was determined for the surface foot on all the 
plats of corn from April 23 until August 19, and the figures 
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giving the average moisture content are averages for 18 samples 
taken on eacb plat, the plats all being sampled on the Eame day. 

Soil moisture was determined on Kafir plats from May 27 
until August 31, during which time 20 samples were taken on 
each plat. Plat number 2, cultivated weekly with a level 
working cultivator, gave the highest per cent. of soil moisture 
with both crops. Frequent cultivation did not conserve soil 
moisture nor increase the crop over other plats cultivated with 
tl1e same implement. A plat cultivated twice showed a higher 
moisture content and gave a larger yield when the crop was 
Indian coro. The results were slightly in favor of frequent 
cultivation of Kafir corn. 

If the soil is put in good condition when the crop is planted 
one good harrowing at the time the Indian corn is well up and 
two or three cultivations at the proper time is sufficient to 
insure a good crop if other conditions are favorable. Kafir co.rn 
is more tender and slower in growth than is Indian corn. It 
cannot be harrowed after it is up without danger of killing 
many of the plants. For these reasons the soil should be put 
in better conditi.on before planting: Cultivation should be fre
quent enough to keep ·the soil in good coodition. Frequent 
cultivation does not materially change the crop yield or content 
of soil mosture. · 

DEPTH OF PLOWING AND SUB·SOILlNG. 

The purpose of this experiment was to determine the best 
depth of plowing in the spring for corn and to study the influence 
of the different methods of plowing on soil moisture. Seven 
plats were plowed on April 1 and 2, 18!J8: 

Plat 1.-4 inches deep. 
Plat 2.-6 inches deep. 
Plat 3.-8 inches deep. 
Plat 4.-10 to 12 inches deep. 
Plat 5.-8 inches deep and sub-soiled in each furrow to 15 

inches deep. 
Plat 6.-6 inches deep with a disc plow, sub-soiled 10 inches 

deep. 
Plat 7.-6 inches deep with disc plow, sub-soiled 12 to 14 

inches deep. 
' Plat 8.-8 inches deep. as plat 3, but one week later. 

Samples for soil moisture were taken from March 1 to Au
gust 22. It was planned to sample the surface foot four times a 
week, the second foot twice a week and the third foot once a week. 
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This was carried out with few exceptions for the surface foot, but 
the second and third feet were not sampled during June and July. 
Soil moisture records were }s:ept during March to note if any 
difference existed in the plats in regard to moisture. The plats 
were found to be as uniform as might be expected. Tbe plats 
were all put in g·ood condition and planted to Indian corn on 
April 11. The corn was up on April 22. A few days later the 
plats were rolled and harrowed. They were each cultivatEd on 
May 14, 27 and June 17. The crop was mature on August 22. 
After May 1 the season was an unusually wet one and the corn 
made a good yield. The effects of the different methods of 
plowing was not so marked on the soil moisture as one wou1d 
expect in a dryer season. The difference of a week in the time 
of plowing plat 8 had a marked effect on the per cent. of soil 
moisture contained in the surface foot during April. The effect 
was not so marked during the remainder of the season,although 
plat 8 contained less moisture than any other plat during the 
whole period. The surface three feet contained on the average 
one-half per cent. less moisture during the period than plat 3. 
Chart number 7 shows the per cent. of soil moisture found in 
plats 3 and 8 during the month of April. These plats contain 
the same per cent. of moisture in the surface foot during March 
while during April plat 3 contained 2.2 per cent. more moisture 
than plat 8. Table number IV gives the average per cent. of 
soil moisture in the first three feet of soil of all the plats for 
each month and a summary for the whole period: 

Table IV.- .A vcrage per cent. (~f Soil 'JJ[oisture 011 Months, 1898. 

~ -~ 1---. ·----PLAT ~U_~_IB_E_R_. --
a.u I 85 ' 1 2 

_.c... __ _;:.l . 

March... 0-1~ 17.3 17.5 17.6 I 18.0 17.6 lo 0 -1;:-;-]---;6 
March ................ 12-21: 18.6 1H.5 18.4 19.0 18.1 19:0 18.4 18.8 

MO:\TH 

5 

March 24 :lti. 15.0 16 6 15.7 17.6 18.0 17.9 17.7 16.8 
April ......... ....... 0 1:~. 16.4 1';:;; 16.3 16.7 16.4 16.7 16.1 14.1 
April 12-24. 18.fi 17.9 17.6 18.8 ,g_g 18.2 19.1 17.\l 
ApriL 24-:lo. 17.5 16.6 17.7 16.8 17.6 17.3 17.5 16.8 
Mav . .. ................. I 0-12 19.7 ''0 2 ~0.3 20 5 19.!l 20,2 !11.6 20.2 
May •... ··J 12-24: 1~ :l is:3 18.0 1~:9 19.4 17.ll 17.7 17.9 
May__ 24-36 17.7 16.8 17.4 1/.!l 17.4 JS.O 1'/.t 17.2 

August.. 0·12. 16.6 17.3 16.4 !H.z 17.9 1o.4 15:3 15.9 
~~r}~.. · ·-·1 g~g: ::;~ :u :~:~ I' :n :u ~~ j 

1 

ii ~ lt~ 
August.. 12-24. 17 o J.\.2 15.i 16.8 15.9 15.\1 1ii.O 14.0 
August 21-~6. 20.1 15.7 15.2 15.3 16.9 16.7 i 16.2 11.2 

Total A?Jerage for Period, 1cfarch I to August 22. 

24-36. 17.0 11\.6 16.7 17.0 17.6 17.6 17.4' 16.7 I 
Jgj~·21 :~:~ I :_~:~ :~_J I :t~ I ~~ .. :~ .. 1 l~j I :u I ~~:~ .. 

Average.......... -- o::lti."' "lif.9 -169 -I7.o -----w:2 ----r7:4j-----rflll6.7j~....-;c, 
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No implement is more useful in conserving soil moisture 
than is the ordinary plow. The difference of a few weeks in 
the time of plowing has much more to do with the condition of 
the seed bed than the depth of plowing. Unplowed land will 
lose moisture much more rapidly than plowed land. 

About the middle of June '98, a part of aplat of ground was 
plowed immediately after harvesting the wheat crop. So far 
as could be seen there was no difference in the plat at that time. 
One month later, July 15, the moisture was determined both in 
the plowed and the unplowed parts. The samples were taken 
within about ten feet of each other. The plowed part contained 

CHART 7.-In.flnence of Late Plowing un Soil JY[oisture.- Upper line 
plowed, April 8; lower line, plowed April 11 

14.9 per cent. of moisture and the unplowed part 10.9 per cent. 
The plowed land had over one third more moisture in the 
surface foot than the unplowed land. 

Much moisture is lost by the soil during the summer months, 
especially if the soil is not plo\ved. If a portion of this 
moisture can be retained in the soil the following crop will be 
materially benefited. Any observing farmer knows that stubble 
will plow better, as a rule, soon after harvest than later, and 
that early plowing will be easier to put in condition for sowing 
It is quite probable that the extra amount of soil moisture re· 
tained by early plowing causes the land to be in better condi-

Table V.-Per Cent. Moisture in Sw:face Foot of Plowed Land. 
--- ----·- ·---·-·---

DATE. 
.[ Plowed July 26. Plowed Sept. 1 Plowed July :2~ 

I Plat 1 I Plat 2 Plat 4 I Plat 5 Plat 7 I Plat b 

-------------------:-------.----------· -----------

July 28. 
August 30 ... 
September 9 .. 
September 13 ....................... . 
September 16 ............................. . 

17.3 
17.7 
17.6 
16.3 
17.1 

15 .n 
17.4 
17.9 
16.5 
16.6 

15.3 
15.1 
11.0 
13.1 

1),6 

1fd Fi.1 14.g 
12.5 lo.ll 1~.0 
11.1 11.4 6.8 
13.1 16 9 15. ~~ 
9.6 15.1 16.8 
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tio11. 'rhe following table will illustrate this point better than 
it can be told. 'rhe elates refer to the year 1898. The fi g·u, es 
given under the plat numbers show the per cent. of soil moisture 
found. 

Plats 1 and 8 were plowed four inches deep. Plats 2 and i 
were plowed eight inches deep as were also plats 4 and 5. In 
a more striking way the ill effects were shown in the field con
ditions. The plats plowed on September 1 were cloddy and 
hard to plow and put in condition for sowing- to wheat. The 
seed did not germinate well and did not do well for some time 
after coming up. By the middle of September the plats plowed 
on the first of that month contained slightly more than one half 
as much moisture as those plowed one month earlier. It is 
much better farm practice to plow as soon after harvest as is 
convenient. It will usually require less labor to plow the land 
and put it in condition for sowing. Unplowed land will allow 
more rainwater to run off the surface than plowed land. Cloddy 
dry soil will allow much more moisture to be lost than will 
moist mellow soil. A few per cent. more moisture in the soil 
will cause wheat to germinate better and come up sooner. 

INFLUENCE OF THE ROLI ... ER ON SOIL MOISTURE. 

Three plats were put in good condition for planting June 3. 
Plat 11.-H.eceived no further treatment. 
Plat 13.-Was rolled. 
Plat 16.-Was rolled anu harrowed. 
The plats were drilled in S'Jrghum on June 3. Soil samples 

were taken to the depth of one foot from that date until Augnst 
11. On June 3, three samples were taken to the depth of one 
foot and gave the following percent. of moisture to each plat: 

Plat IL ... 
Plat ~~
Plat 16 

PLA'l' ~0. 

I 

.8~ 
"' <!) ·~ bJ:l ., 

"" " ,;< ...., 
----··-

13.61 14.1 I 12.9 13 8 
l'.!,fJ 13.5 

~ :....~. 
o~ ~1~ o-

!=< 
.bfJ ~~..; 

U;j .~~,S 
~~ ""' ~ 
-----

19.0 

I 

lH:iO 
1 i ,f) 1~21) 

16.5 !1:)0 

It is evident from these figures that there was a difference 
in these plats at the beginning of the experiment. This differ
ence contin'Jed throughout the experiment and is expressed 
almost exactly in the average for the period and in the per cent. 
of soil moisture found in the second foot on August 11. rrllese 
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figures would seem to indicate that there was no influence on the 
soil moisture in the surfaC'e foot. If there was any influence it 
was on the second foot and the rolled plats lost moisture, at 
lea:;;t they contained much less_ at the end of the experiment 
than the unrolled plat. This fact was shown in a more striking 
way in Bulletin 24 of this station. 

MOISTURE CONTENT OF UPLAND AND BOTTOM LAND, JULY AND 

AUGUST, 1898. 

The bottom land sampled was that of Stillwater creek, a 
considerable distance from the creek bed. The soil is that of 
typical bottom land, red in color, darker for about 12 inches 
than deeper on account of organic matter. becoming sandier in 
the second and third feet. The field from which the sampleS 
were taken was supposed to have been plowed about 6 inches 
deep. It had been in corn for several years The upland soil 
in comparison with this was typical upland dark prairie soil 
plowed about 6 inches deep. Both fields were planted to Indian 
corn The crop was at about the same stage of maturity during 
the experiment. The corn in both fields was fully developed 
and ready for cutting at the time the experiment closed, August 
16. The table gives the per cent. of moisture found in both 
fields from July 11 to August 16: 

Table Vl.-Soil Moisture in the Swjace Foot. 

__ M_O_N_;;~---~ Bo tom l,_u_p_la_n_d-'1-'--I ___ M_o_N_T_I_f._ 

July 11 ............. . - ____ ! 
.July 12 ____ _ 
July 13 ________ ....... . 
,July 14......... . ................ . 
July 15 .................. ________ _ 
July 16 .......... . 
July 1~ ...... . 
July 21.. ...... . 
,July 22 ...... . 
July 23 ........ ·-···--
.Tuly 25 ..... . 
July 2~ ......... . 
July 27 ........ . 
July 28 .... . 
July 30 ........ ····~·· 

Average 

13.4 
11.7 
14.2 
13.8 
12.1 
HA 
14.5 
18.9 
17.8 
17.4 
15.9 
16.2 
l'i.P 
15.2 
14.4 

Average for July and August, 

9.0 
7,7 
8.2 
9.3 
s.3 
7 ., 
7'9 

18:6 
19.7 
20.6 
lti.J 
16,6 
14.6 
13.6 
10.8 

August L ....... . 
August 2 ........... . 
August 3. ______________________ _ 

18.0 
20.3 
20.3 
16.4 
1~.0 
16,7 
16.7 
16.3 
1->.9 
1R.O 
15.4 
11.2 

16.8 
22.0 
19.5 
18.6 
16.4 
19,6 
21.5 
17 9 
18:5 
16 7 
16:4 
13.1 

August 5 ........ . 
August 6 ....... . 
Au~ust 8 ........ . 
August 9 ...... _______ ....... 
August 10 ............ . 
Auguslll.. .... __ 
August 12 ..... ____ . 
August 13 .......... . 
Augu't 16 ......... _ 

·:_~~~i6 9 -- -. -- ~-~ I 

.... I_5.8 IS-5 

On August 11 the surface two feet Wt>re sampled and on 
August 16 the surface three feet were sampled with the following 
results: 
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--~--·------~ ---~-----

1 
August 11 I August 16 

Bottom I Upland Bottom I Upland 
-----~---

· First foot .......... . 11i.9 18.5 14.2 1~.1 
SecoJllt fooL .................... . 17.4 17.1 17.0 16.6 
'rhird foot ................... . ..... .. . 20.6 15 7 

Average ..... . --rtf7 ~ ----rr:3 ~ 

It will be noticed that during July the upland contained 
2.4 per cent. less moisture in the surface foot than the bottom 
land. From July 11 to 18 the soil mosture in the upland ranged 
from about 7 per cent. to a little more than 9 per cent., while 
the bottom land ranged from about 12 to nearly 14.5 per cent. 
During August the surface foot of upland soil contained 1.2 per 
cent. more moisture than the bottom land. In either case the 
soil moisture was abundant for crop growth except in the upland 
during the first half of July, but this was the only time that 
the moisture was low during the whole growing period. 

That there is a marked difference in the water supply avaiL 
able in these soils is ·well shown in the amount of muisture 
contained in the surface three feet of soil on August 16 when the 
crop was maturing. 'rhere was a difference of 2. 2 per cent. in 
favor of the bottom land and the third foot of the bottom land 
was almost saturated while the same depth of upland was but 
little more than half saturated. It is maiuly on this account 
that the bottom lands can with3tand a drouth better than the 
uplands. From August 11 to 16 the surface foot of upland lost 
three times as much moisture as the bottom land. 

IRRIGATION, 1tl98. 

The unusually wet season made the experiment in irrigation 
of no avail. One plat of Indian corn and two plats of sugar 
beets were irrigated as it was thought necessary. During April 
and May the irrigated plats showed more moisture, but duriug 
June, J u 1 y and August the reverse was usually true. In every 
case the yield was slightly larger on the irrigated plats. 

The five soils the analyses of which are given above are 
types of well known soils in the territory. They are distinct 
not only in their color and appearance, but in their relation to 
plant growth. In the analyf'es the grains.of soil are measured 
millimeters. It takes about ~5 millimeters to make one inch. 
The coarseness or fineness of a soil is determined by tlle size of 
determined by the size of the soil grains, while the size of these 
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grains and their relation to each other determines most of their 
properties in relation to water. A clay soil contains much of 
the finest materials while a sandy soil has much of the coarsest 
materials. The table shows that the black jack soil is the 

Table VII. -JYiecllanical Analysis oj SoilB. 

CONVEN'l'IONAL NAMES. 

Gravel ········--·· ··- ............ 
Coarse sand .. 
Medium sand .. 
Fine sand ... 
Very fine sand -·····-
Silt 
Fine silt ----- .... - ---------
Clay• ----------------··· --
Moisture in a1r dry sa1nple 
Org:wic Matter ... -··· ...... 

I 

Diameter 
ot Grains in 
Millimeters 

2-1 
1-0.5 
0.5-0.25 
0.25-0.1 
0.1-0.05 
O.Oo-0.01 
0,01-0 001\ 
0. 005-0.0001 

····---

··--· -··· .... 

o.co 0.00 0.00 0.00 
0.08 0.00 O.O:i 0.02 
O.ii9 0 02 0.11 0.07 
9.81 40.11 18.77 10.47 

63.65 44.76 10.07 r26.2f) 
16.78 9.04 48.85 :Ji\.44 
2.43 1.78 5,67 :1,06 
3 44 2.9G P.H7 19.H2 

I 
0.70 0.25 2.23 1.69 
3 Hl 1.52 4,ii8 3.9\J 

I 

0.00 0.0!'> 
o·oo 0.20 
0.00 4.11 
8.07 71.00 

iJ5_(}2 18.91 
27.73 3.34 
6.03 0,41 

Hi 91 0.00 
1 20 0.10 
5.29 :J,70 

coarsest and the upland soil containmg· a larg·e amount of silt 
is the finest. The former soil allows the water to pass down 
through it, is almost always in a condition to work and allows 
the water to evaporate readily. It cannot hold so much water 
about its soil grains because of their size. As the grains become 
smaller they have more surface to the same amount of soil· 
Thus it is that upland light soil or a clay will hold more water 
than a sandy soil. But at the same time the clay soil will hold 
its mosture more tenaciously and prevent evaporation. Neither 
can the plant withdraw the water so thoroughly as in a coarser 
soil. In a laboratory way these analyses show the relation of 
the soils to water, but their natural position determines very 
largely their adaptability to crops. It is not so much because 
bottom land is a sandy loam that it will raise good corn as it is 
that there is in reach of the plant a supply of water which is 
not available to plants growing on uplands. If the uplands 
were as coarse as the bottoms they would be much the worse 
off. The uplands must have a water supply and this can be 
had more abundantly than the bottom lands only through their 
power to hold the water they receive. That they do this is 
clearly shown in the following experiment: 

In this experiment the soils were ~ut in to a. tube of known 
dimensions and tapped till the soil would not settle any more 
and then weighed. The we1ght of this amount of soil (water 
free) when compared with the weight of the same bulk of water 
gives its apparent specific gravity. These tubes after being 



34 
35. 

No. 

( 21) 

Table T7TI.-Relation r~i Soils to Water. 

DESCRIPTION. 

Clay soil ____________ . . . 
River bottom, Guthrie 
River bot tom, Cleo 

-~--

36. 
37 
38 
39 . 

_________ Upland . .. ................. .. 

1.2() 
l.f>~ 
1 .OH 
1.2:1 
I .f>4 
1.3fi 
t.:lo 
1.4;; 
l.lR 
1.27 
1.66 
1.71 

8tl.67 
22,53 
14.42 
34.02 i 
~~ R3 
30.1X 
30.20 
21.1 
40.1 
3:1.3 
19.1 
15.\l 

40 .. 
41 
4" 
43 
44 ·····--
4fl ... 

River bottom. F;<lmoncl ____ __ 
C'pland, Xorman ......... ----------------- _______ __ 
Upland, Okla. ·Exp. St1.. Stillwater. .... .. 
Bottom, two miles ea't of Lamont.. ..... .. 
Me<linm cornland ________ .. _____________ _ 
Upland, three miles east of Fairview 
Secon<l bottom. Perkins 
Sand, rather fine. 

fl2.84 
68.14 
70.10 
6'1 .23 
67.24 
fi7 .t\0 
!'>9,46 
!i3,49 
fl.fi 
fi2 8~ 
RO.flfl 
91.14 

17.27 
7.09 
fi.20 

13.Rfi 
7.70 

12. 7:l 
12.24 
7,7 

15.40 
12.40 
;~. 7 
l,R 

weighed were set in water until the soil in them had taken 
up all the water it would, or until they came to approximately 
constant weig-ht. From the last weight the amount of water 
absorbed, or the full water capacity of the soil is determined 
The tubes containing the soil full of water were then set in the 
open air and so arrang-ed that nothing but the top of the tubes 
was exposed. Their weighte were determined from time to time 
and from these their evaporating power was calculated. 



CHART 8. 

Jan. to March ..... . 

April to June .. 

July to Sept .... 

Oct. to Dec ..... 

Jan. to March ...... 

Apr. to June ........ 

July to Sept ... 

Oct. to Dec .... 

Jan. to March ....... 

Apr. to June ... 

July t' Sept... 

Oct. to Dec .... 

(8[17. Soil llloistw:e. 1898. 

Per cer!t.j 1[0 115 2':,o Per cent. I 1lo 11-"i 2:0 

:I 1 1- I I I 1-l 
I I I I I I I 
I I I I I Prairie SJd I \ \ 

l-~1 -1 I I !, r- I I 

I I I I I I 
l--1-~ -i Alkali Sod I, : 

I I I I 

·- I 'I I I I 

I I • Plowed Land \ j _,-
I i I : 

I I I ~-~~--~~--~~--

,.-.. 
['.!) 
['.!) 
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Chart 8 shows the average condition of the soil moisture for 
the years or 1897 and 1898. 1-"oil moisture was taken on three 
plats. One was plowed land that was kept free from weeds but 
not cultivated. The plats of prairie and alkali land were not 
pastured and represented ordinary upland. 

Table IX.-Monthly Average8 of Soil1Jfoi8ture in Per Gent., 1897. 

Prairie Sod 

MONTH. 
Ordin'ry'l Alkali 

0-12 in . 0-12 in. 
--------- ~-------------------------~------~'-----
January.... ... I 23.7 20.:) 
]'ebruary...... · ~2.8 22.2 
March ... :

1

· 24.5 19 o 
April............. t4 2 1e:s 
May --------······ .... _ .. zo!:n 16.0 
June.......... 1n.o 12.7 
July . ..... ........ 8 2 , 8.3 
August 13:0 ' 12 6 
September. . .............. 8.6 9:4 
October..... ........ ... ........... 8.6 8.9 
November ...... .,. ...... ............... 10.5 11.9 
Decembtr............... ...... .................... .................... 13.3 14.31 

Plowed Land 

0 3 • [·• JO • . lll. ,J- .... lll. 

16.4 
20.7 
18.1 
16.1 
18.2 
15.0 
l2.o 
t:u> 
1~!. ~~ 
9 I 

ll.H 
15.4 

16.1 
20 8 
]~_tl 

18 I 
19.7 
1B.1 
15.2 
15.fi 
15.0 
13.-1 
13.5 
l4.7 

llfontldy Aperage o.f Soz'/ Moisture £n Per Cent .. x8g8. 

~~Eci~Y:-::::::· ::::_:·:: ... ::-::: ... -.·.·.·-~·.:~:-~·-::·::-::-:.-:·:::_::.::::-'::::::::·::::::· 
ApriL................. .. ................................................. .. 
May.................................. . ..................... .. 
June....................... . ......................................... .. 
July........................ . ............ .. 

18.7 17.5 14.6 17,0 
2U 21.3 20.8 21.8 
23.0 21.6 17.8 18.7 
21.7 17.4 13,0 15.0 
21.1i 16,2 15.5 18,8 
14.7 13.5 12.1 15.1 
13.2 11.5 11.9 16.4 

August............. ....... ......... ................. .. ............. .. 
September......... .. .......................... . 
October .......... .. 

16 .. 7 12.9 13,4 17,8 
12.6 12.5 11 .2 li\.4 
13.4 10.7 10.4 lo. o 

November ............ . 21.0 16.6 11.9 15,0 
December ................................................... . 22.6 16.8 16.7 18.7 

-------

HUMIDITY AND RAINFALL. 

The followinl{ table gives the humidity of the air and tbe 
rainfall for each month of the year of 1898. Dy humidity is 
meant the amount of water in the air. The figures give the per 
cent. of water in the air and if the humidity is 50, the air is half 
full of water at the time of observation. On a damp foggy 
morning the hygrometer would show that the air was at the 
point of saturation and the reading would be 100. The readings 
change with the temperature and the amount of water in the air 
and there is a marked difference in the forenoon and afternoon 
readings. The table gives the average daily readings for both 
forenoon and afternoon and the general average for each month. 
The readings were taken about 7 a. m. and 2 p. m. each day: 
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Table X. -Humidity ancl Rainfall at Okla. Exp. Station, 1898. 

Humidity. ~ 
MONTH. 

..... 
.:: 

A.M. P.M. Av. ':;j 
~ 

---·-· 
79,5 55.1 67.3 3.53 
7:l.6 41 5 57.5 3.00 

Jauu1.ry .......... .. 
.l<'ebruary ............ . 
March .............. . 73.7 56.2 64.9 2.75 

68.4 48.6 58.5 0.58 
78.1 64.9 71.5 8.56 
86.3 65.1 75 7 4.72 

April ..................... . 
M-ty ..................... . 
June 
July ........................ . 81.0 58.0 69,5 6,35 

84.3 58.2. 76.2 2.~6 
82.1 546 68.3 2.72 
75.4 49.2 62.3 4.19 

August ........... .. 
September .. . 
October ............ . 
November ...... .. 69.4 48.3 58.8 0.68 
December ................ .. 77.9 59.0 68 4 2.es 

Table Xf.-Soil Tempe1·•xture at Different Depths tor 1898. 

'MONTH. 

Air I Surface! 

January-

Month!£ mean .. 35,6 4t.a 
Highes ........... lith 11th 

71.0 74.0 
Lowest ............. lst&2d 1st 

12.0 lli.O 
Range in 

Temperature-
Monthly range .. 5g.o 59.0 
Mean daily ........ 20.5 18.35 
Greatest daily .. 2d 2d 

44 0 42.0 
Least daily ...... 14th 19th 

50 1.0 
February-

Monthly mean .. 43.6 44 95 
Highe~t ............ 16th 16th 

73.0 70.0 
Lowest ............. 2&3rd 3rd 

15.0 20.0 
Range in 

Temperature-
Monthly range .. 58.0 50.0 
Mean daily ........ 26.9 22.3 
Greatest daily .. 16th 27&28th 

38.0 37.0 
Least daily ...... 20th Jth 

13.0 .0 
March-

Monthly mean .. 47.8 49.7 
Highest .. --------- 18&21st 16th 

75,0 79,0 
Lowest ............. 23rd 24th 

21.0 30.0 
Range in 

Temperature-
Monthly range:. 54.0 

1lg I 
Mean daily ....... 24.7 
Greatest daily .. 22nd 15th 

51.0 44,0 
L,east daily ...... 12th 12th 

7.0 3,0 

Son, DEPTH lN INCHES. 

2 
I 

4 
I 

6 
I 

12 

39.2 38.65 39,()fj 41.35 
11th lltb lith 12th 
61.0 51.0 50,0 48.0 

2d 2d 2d 26&27th 
29,0 33,0 35.0 38,5 

32.0 18.0 15.0 9.5 
7.0 3.9 1,7 .4 
6th 5th 19th 1st&l2th 

17.0 13,0 5.5 1.5 
26&27th 3 days 4 days 12 days 

.0 I .0 ,0 .0 

41.7 41.35 41.6 42.9 
8th 9th 9th 9th 

55.0 51.0 50.0 48.0 
3rd 4th 3&4th 4th 

30,0 33.0 34.5 37,5 

25.0 18.0 15.5 10.5 
9.6 4.6 2.7 .5 

27th 12th 8th 8th 
20.0 10.0 5.5 2.5 

3 days 21st 4 days 11 days 
.0 .0 ,0 .0 

47.2 46.8 46.95 48.15 
18&21st 18th 18&21st 21st 

66.0 61.0 58.0 55.0 
3&15th 3rd 2&5th 6th 

33.0 36.0 40.0 44,0 

33.0 25.0 18.0 II .0 
9.13 4.9 3.0 .6 

15th 6th 22nd 22nd 
23.0 10.0 7.5 2.5 

12&26th 18th 2nd 9 days 
.0 .0 .0 .0 

'· 

I 
24 

I 

44.9 
14th 
47,5 

4 days 
43.0 

4.5 
.03 

8th 
1.5 

16 days 
.0 

45.0 
18th 
47.5 

5th 
42.0 

5.5 
.02 

13 days 
.5 

15 days 
.0 

49.05 
21 -t 

53.0 
6th 

45,5 

7.5 
.04 

7 days 
,5 

21 days 
.0 

.. 
36 

47,2 
21st 

49,0 
3 day 

45.5 

3.5 
.0 

4 day 
.5 

25 day 
.0 

3 
s 

50.7 5 
18th 

48.0 
5, 6, 71 11 

44.5 

3.5 
.o· ! 

s 13 day· 
.5 

1i days 
.0 

48.fi5 
2 ·.<24th 

52.0 
6th 

4i.O 

5.0 
.03 

10 days 
,5 

21 days 
.0 



\ :::) I 

'l'a/Jle IX.-Crmtimted. 

Sou, DEPTH IX !NCHE!". 

MONTH -~---
--------~-----

.Air I Surface I 6 12 24 26 

---·~ ----
April~ 

Monthly mean .. ;)\) .5 H:!.5 58.61\ 56.5h fi5.1J 55.7 54.3 53.2 
Hl~he•t 16th 16th 25th 25th 17th I6&28th 29&30th 30th 

86.0 98.0 78.0 70.0 66.0 62,5 60.0 58.0 
Lowest 6th 1st 6th 6th 6th 6th l&~nd 2nd 

26.0 36.0 36.0 :lR,O 41.0 46.5 48,5 4>1.5 
Hauge in 

•remperatu re-
Monthly range .. 60.0 62Jl 42.0 32.0 %.0 16.0 11.5 8.G 
Mean daily ....... 26.9 27> (if) 17.06 9.9 fi.:1 ,86 .0'2 .tfZ 
Greates daily .. 26th 16th 9th 15th tl&9th 16th lOth 17th 

4o.o 48.0 :13.0 15.o 9.0 5,0 1.0 1.0 
Least daily 30th 4th 4tll 4th 16&12 14 days 14 days :!2 days 

9,0 1.0 1.0 1.5 .0 .0 .0 ,0 
May~ 

Monthly mean 77 .:~7 72.5 69.49 67.4fi 67.0 ll6.0 63.1 60.95 
HighesL ......... 28th 25th 29&30th 2n11 31st 23rd 31st 30th 

90.0 99.5 94,0 84.5 85.0 77.5 70.5 611.5 
Lowe•t 6th 6th 6th 6th 6th 6&7th 8th 7, R, ~lth 

' 41.0 47.0 47,0 i\0.0 ~~.0 57,0 i\8,0 58.0 

Range in I 
•:re1nperature-
iviouthlyrange. 49 0 fi2.~ 47.0 31.5 33.0 :W.il 12.il R.5 
Mean daily ... : ~0.1 17.14 12.9 .. 8.7 6_;) ,7 .02 .02 
Greatest (!aily. :lOth 30th :lOth 28th :Jl't 23rd 14 days !:? days 

32.0 :12.0 :!7 .0 2~.0 1:!.0 10.0 .5 .R 

Least dai y ..... I 4th !9th 4&5tll nth 4&f>tli 13 davs 17 flays HI days 
3,0 ,5 .0 .0 .0 .-0 .0 .0 

June-
Monthly mean .. 771 R2.3 R0.4 7R.3 77.3 7f>.9 7:J 25 ti(J,3 

Highest ........... i 2fith Jst l8&~5tl! 3 dajs 2:i&26l11 2tlth 24&28th 28th 
115.0 100.0 95.0 88.5 85.0 ~0.0 75.0 'ii!.CJ 

Lowest I 2nd 12th 13th 13th lOth roth 4th · Jst 
··········I 

I 61.0 67,5 68,0 68.5 70,0 1:2.fl 70 5 116.5 
Range in 

'rempera t u re-
Monthly range I 34.0 32.5 :.!'1 .0 20.0 15.0 8.fi 4.5 i'i.5 
Mean dailY ..... 1 19.6 19.ii 15.3 6. 7 6,4 ,5 ,0:? .02 
Greatest dally. ! 2nd 2nd lst 1st 24th 24th 13 days 14 days 

29,0 29.0 23.0 Hi.5 13.5 4 5 ,5 5, 
Least daily loth /tll ith 13th 15th 13 days 18 days 17 daYS 

l:l.O :l.O 2.0 3.0 3.0 .0 .0 :o 
.Tuly-

!\.J~Jnt1llymean 78,0 86.4 83.6 80.6 79.7 78.3 75.5 7:l.O 
Highest .......... 28th 19th 19th 19th 19th '~6&30th :!o&:JOth 28&:llst 

97 0 111.5 101,11 H:?.O 86,0 Rl.O 17.0 74.5 

Lo""est 12th 14th 12th 12th 1?th 15&16th 12th ;; davs 
fi4.0 t;) .0 68.0 70.0 7:1.0 75}1 74.0 72.·o 

Range in 
'l'emperatnre-
Monthly range .. 43,0 50.5 33.0 22.0 13.0 3,0 8.5 2.5~ 

Mean daily . 7·!1.2 25.3 14.9 8,fi 1.6 3 ~") ,5 .2 
Greatest daily .. 1:?th 17th 12th 9th l:?th 31st 12th 10 flays 

:Jl.O 39.fi :!6.0 16,0 7,0 3.0 l.o .fi 

Least daily ..... 20th :Jrd 30th 31st 31st 16th 16 days :~1 days 
10.11 .0 2.0 .0 2.0 .0 .0 .0 

Aug-ust-
Monthlv mean 76.5 82,5 81.5 79,5 78,5 j'j .8 75.5 73,7 

Highest . 19&1:lrd 30th I 9th 23rrt U&23rd 2:l&24th 5 days 25&3Jst 
96,0 1 1:1.o JOO.o 94.0 ~9.0 82,0 78,0 7;'1,0 

Lowest 12th 12th loth 2&12th 2nd 3rd 14th ~flays 

[)8.0 6.1.0 66.0 70.0 70,0 73." "i:J.O 72Jl 
Range in 

'l'emperature-
Monthly range .. 38.0 r;o.o B4 -~ 24.0 JQ.O H.;) 5.0 2.ii 

Mean daily ....... 2~.8 ~f>.!-i Hl.4 10.4 ·" .:1 ,03 .02 
(j rea test daily 30th :lOth 27th 31st 21st 7th 3 days 10 flays 

35.0 46.5 )!6.0 -~1.5 11.0 :!,0 1.0 .5 

Least rlaily ..... 3rrl 1st I 1st lst 7th 17 days l:l rlays 21 days 
12.0 4,0 3,f> 2.fi .fi .0 .0 .0 

September-
80.6 74.4 73.6 Monthly mean 72.U 77.5 76.1 ;:~.5 72 4 

Highest ..... 16&26tll 4th 5th :Jrd 3rd 4~<5th 4&oth !&6th 

97.0 107,0 96,0 88.5 85.5 81.5 78.0 'ifi.O 

Lowest 3 rlays 8th ntb 7&Hth 7th 12th 13th 15th 

·ln.o :,o ,0 'iO.O C5.1l 6;1,0 6R.f> 'iO.r1 70.fi 



( ~li ) 

1hiJle IX.-Uontinurd. 

SOIL DEPTH IN lXCHES 

MON'l'Il --·-------

Range in I 
'l,f'TII})erature --1 

·Monthly range I' 

,\lean daily ...... . 
Greatest daily .. i 
Least daily . 

October
Monthly mean .. 
Highest .... 

T,owest .. 

Hangein 
Temperature-

i\ir 

n1.o 
25.0 
14th 
35.0 
11th 
H.o 

57.1 
3rd 

99.0 
26th 
2ti.O 

M<mthly range 73.0 
Mean daily.. 26.7 
Hreatest daily. 28th 

4·!.0 
Lowest daily. 17th 

14.0 
Noveinber-

Monthly mean 44.7 
Highest 19th 

R:l.O 
Lowe~t _ _ :!2n(_1 

l~ange in 
Temperature
Monthly range 
Mean daily. 
C rea test tlaily. 

uo 

66.0 
2:-:L7 
19th 

ill 0 
Least daily ..... ! 1t.~~ 
December-~ 

Monthly mean.. 40.8 
Highest.. .... ... 2i&28th 

6.'\.0 ' 
Lowest lOth 

Range in 
Temperature
Monthly range. 
Mean dailY ... 
Greatest daily .. 1 

Least daily ...... i 

8.0 

f)j .0 
:20.4 
30th 
38.0 
19th 
8.0 

1 Surface! 

57.0 
21'>.11 

9th 
43.0 
18th 

.0 

63.8 
3rd 

107.0 
22&26th 

32.0 

75,0 
27.6 
28th 
47.0 
19th 
2.0 

ii0.2 
19th 

B7.0 
tnth 

22.0 

6.'\.0 
26.8 
Hlth 
50.0 

9&27th 
4.0 

!3 I 
llttl 

66.0 
lOth 
12.0 

fi4.0 
19.4 
27th 
3r\.O 
lith 
1.0 

46.0 
IlL 1 
25th 
29.5 

10&18th 
.o I 

62.3 1 
2nd 

98.0 I 
22nd 
39.0 ' 

;;g_o 
tn.6 
~8ttl 
29.0 
19th 
2.0 

49.1 
4th 

72.0 
loth 
32.:1 

39.1i 
13.7 
19th 
28.0 
23rd 

.0 

37.1 
2nd 

04.0 
14th 
27.0 

27.0 
7 ,;! 
2nd 

17.5 
11&19th 

0 

I !:! I 24 

-~------~~--

23.5 I 
9.1 
16th 
1:..o 
lOth 

·" 
60.7 

4th 
85.0 
:!2nd 
43.fi 

41.5 
8.2 
5th 

17.0 
24th 

,5 

4B.3 
-i&fith 
63.5 
24th 
36,0 

27.5 
7 1 

zo'th 
15.0 

8&21st 
.0 

37 7 
zed 

49.0 
14th 

31,5 

17 _;; 
3.0 

22nc1 
l:{.o 

4 days ·o 

20.5 
4.9 
13th 
f(,!) 

!O&llth 
.0 

61.1 
4th 

80.5 
26th 
46.0 

:16.5 
:l.'i 
4th 

6.fi 
17&2.'ith 

.fi 

48.7 
7th 

68.0 
23rd 
37.fi 

80.5 
2.9 
21st 
6.5 

10&2lst 
.0 

38.6 
2nd 

46.0 
14&16th 

:J3.f> 

12.5 
1.2 

27th 
!\.0 

8 days 
.0 

13.0 
.6 

25th 
3.1i 

12 days 
.0 

ll4.fi 
4th 

76 0 
28'th 
52.5 

23.5 
1.4 

17th 
2.0 

9 llays 
.0 

50.8 
nth 

i'i9.fi 
28th 
43.0 

to.;; 
.9 

I, R, 2'2d 
2.0 

11 days 
.0 

; .5 
.03 
1st 

2.0 
17 days 

.0 

o;,_s I 
4th! 

72~-th i 
!ltl,5 i 

17:~11 
27th 
Ui 

11 days 1 
.o I 

54.5 I 
4&5th 

2H.~~it"n I 
·~K .fi ! 

11.0 
1.1 

l&t:Jth 
1.5 

13 days 
.0 

41.1 45.2 
2&3rd 1&3rd 

16.5 4\l.fi 
14&16th 15&17th 

s- o 42.5 

::51' 7.0 
.2 .06 

"llns 1 1 d .. ~s 

2;! Ua.YR 127 days :o .0 

1.;, 
.01 

6 days 
.;l 

24 days :a 
Ht_i,9 

3, 4, nth 
7'2.0 
31st 

Zl\l.!l 

12.:1 
.:l 

20th 
1.0 

1-1 clays 
.IJ 

fi6.6 
4&8th 

ftO.O 
~Rth 

i'J.:!.O 

8.0 
.()-2 

t:l&lflth 
1.0 

:!1 day~ 
.ll 

48. ;! 
1st 

o:?.o 
17th 
46.0 

6.6 
.14 

9 tla vs 
.-o 

22 days 
.II 
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