
TEXAS AGRICULTURAL EXPERIMENT STATION 

BULLETIN No. 171 DECEMBER, 1914 

DIVISION OF CHEMISTRY 

LOSSES OF MOISTURE AND PLANT 
FOOD BY PERCOLATION 

POSTOFFICE: 
COLLEGE STATION, BRAZOS COUNTY, TEXAS 

~ 
VoN BOECKMANN-JONES Co., PRINTEJ>S 

AusTIN, TExAs 
1915 



BLANK PAGE IN ORIGINAL 



A70-315-10m 

TEXAS AGRICULTURAL EXPERIMENT STATION 

BULLETIN No. 171 DECEMBER, 1914 

DIVISION OF CHEMISTRY 

LOSSES OF MOISTURE AND PLANT 
FOOD BY PERCOLATION 

BY 

G. S. FRAPS, Ph. D., Chemist 

POSTOFFICE: 
COLLEGE STATION, BRAZOS COUNTY, TEXAS 

~ 
VoN BoECKMANN-lONES Co., PRINTEOO 

AusTIN, TEXAS 

1915 ' 



AGRICULTURAL AND MECHANICAL COLLEGE OF TEXAS 
W. B. BIZZELL, A. M., D. C. L., President 

TEXAS AGRICULTURAL EXPERIMENT STATION 

BOARD OF DIRECTORS 

E . B. CusHING, President, Houston..... ..... ... .. ........ . .. Term expires 1915 
JoHN I. GuiON, Vice-President , Ballinger... ... .... ........ ... ....... .. ... . .. T~rm expires 1919 
E. H . AsTIN, Bryan.... ... ........ .......... . ... .. Term expires 1919 
L. J . H ART, San Antonio.... ........ ........... .. ............. .............. . ... .... . Term expires 1919 
R. L. B ENNETT, Paris ........... .'..... .... .. .. ..... ................... .. ......... ......... ..... ....... ............. .Term expires 1917 
T . E. BATTLE, Marlin.. .......... ...... ...... . ............. ... ............ .. .. Term expires 1917 
J. S. WILLI AMS, Paris.... .. .. ......... ... ..Term expires 1917 
J. ALLEN KYLE, Houston........... . ........ ........ ......... ....... .... ..Term expires 1915 
WALTON PETEET, Waco.... .. .......... ...... .. ................... .. .................. .. ... Term expires 1915 

GOVERNING BOARD, STATE SUBSTATIONS 

P . L. DowNs, President, Temple .............. .. .. .. .... .. ........ .. ... .. . 
CHARLES RoGAN, Vice-President, Austin ...... .. .................. . 

.. .... . .Term expires 1919 
...Term expires 1917 
. .Term expires 1915 

Term expires 1915 
W. A. TYNES, Cooper ....... ........ .. ....... . 
RoBERT L. WARREN, T errell. .. .. .... ... . 

STATION STAFF* 
ADMINISTRATION 

B. YouNGBLOOD, M.S., Director 
A. B. CoNNER, B. S., Assistant Director 
CHAS. A. FELKER, Chief Clerk 
A. S. WARE, Secretary 

DIVISION OF VETERINARY SCIENCE 
M. FRANCIS, D. V. S., Veterinarian in 

Charge 
· H. ScHMIDT, D. V. M., Assistant Veter

inarian 

DIVISION OF CHEMISTRY 
G. S. FRAPS, Ph. D., Chemist in Charge 
J . W. CHEWNING, B. S., Assistant Chemist 
R. H. RIDGELL, B. S., Assistant Chemist 
FRANK HoDGES, B. S., Assistant Chemist 

DIVISION OF HORTICULTURE 
H. NEss, M. S., Horticulturist in Charge 
W. S. HoTCHKISS, Horticulturist 

DIVISION OF ANIMAL HUSBANDRY 
J. C. BuRNs, B. S., Animal Husbandman in 

Charge Feeding Investigations 
J. M. JoNES, M. S., Animal Husbandman 

in Charge Breeding Investigations 

DIVISION OF ENTOMOLOGY 
WILMON NEWELL, M. S., Entomologist in 

Charge 
F. B. PADDOCK, B. S. E ., Entomologist 

DIVISION OF AGRONOMY 
A. B. CoNNER, B.S., Agronomist in Charge 
A. H. LEIDIGH, B. S., Agronomist in Charge 

of Soil Improvement 
H. H. JOBSON, B. S., Assistant Agronomist 
------, Assistant Agronomist 

DIVISION OF PLANT PATHOLOGY AND 
PHYSIOLOGY 

F . H . BLODGETT, Ph. D., Plant Pathologist 
and Physiologist in Charge 

tDIVISION OF FARM MANAGEMENT 
REx E. WILLARD, M. S., Farm Management 

Expert in Charge 

DIVISION OF POULTRY HUSBANDRY 
T. J. CoNWAY, B. S., Poultry .Husbandman 

in Charge 

DIVISION OF FEED CONTROL SERVICE 
W. L. BoYETT, Supervisor 
J. H . RoGERS, Feed Inspector 
W. H. WooD, Feed Inspector 
T. H. WoLTERS, Feed Inspector 
S. D. PEARCE, Feed Inspector 
J. M. ScHAEDEL, Feed Inspector 
JAMES SuLLIVAN, Feed Inspector 
W. M. WICKES, Feed Inspector 

SUBSTATION NO. 1: Beeville, Bee County 
E. E. BINFORD, B. S., Superintendent 

SUBSTATION NO. 2: Troup, Smith County 
W . S. HoTCHKISS, Superintendent 
J. W. J ACKSON, B . S., Assistant Superin

tendent 

SUBSTATION NO. 3: Angleton, Brazoria 
County 

N. E. WINTERS, B.S., Superintendent 

tSUBSTATION NO. 4: Beaumont, Jefferson 
County 

H. H. LAUDE, B.S., Superintendent 

SUBSTATION NO. 5: Temple, Bell County 
A. K. SHORT, B.S., Superintendent 

SUBSTATION NO. 6: Denton, Denton 
County 

T. W. BuELL, B. S., Superintendent 

SuBSTATION NO. 7: Spur, Dickens County 
R. E. DICKSON, B. S., Superintendent 

SUBSTATION NO. 8: Lubbock, Lubbock 
County 

V. L. CoRY, B. S., Superintendent 

SUBSTATION NO. 9: Pecos, Reeves County 
H. C. STEWART, B. S., Superintendent 

SUBSTATION NO. 10: (Feeding and Breed
ing Sabstation) College Station, Brazos 
County 

T. M. REDDELL, Superintendent 

SUBSTATION NO. 11: Nacogdoches, Nacog
doches County 

G. T. McNEss, Superintendent 
D . T. KILLOUGH, B . S., Scientific Assistnt. 

CLERICAL ASSISTANTS 
STATION 

C. A. CASE, Stenographer 
MATTIE THOMAS, StenoJirapher 
C. L . DuRsT, Mailing Clerk 

*As of November 30, 1914. 

FEED CONTROL SERVICE 
DAISY LEE, Registration Clerk 
T. C. STROETER, Stenographer 
C. L. DuRsT, Tag and Shipping Clerk 

tin coop.eratiot.: with United States Department of Agriculture. 



TABLE OF CONTENTS. 

Page. 
Quantity of Water Needed .................................. , 5 

W·ater Available to Crops .................. ................ , . , 6. 

Percolation Apparatus ............................. .. ..... , . 8 

Description of Soils. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

Rainfall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

Percolation Water . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

Effect of Soil Type on Percolation and Evaporation. . . . . . . . . . . . . . 23 

Effect of Cultivation upon Evaporation and Percolation. . . . . . . . . . 25 

Effect of Sulphate of Potash and Manure on Percolation. . . . . . . . . . 29 

Quantity of Nitric Nitrogen Percolating. . . . . . . . . . . . . . . . . . . . . . . . 41 

Nitrates from Manure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

Percolation from Nitrates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

Percolation of Potash. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 

Phosphoric Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 

Lime . . .............. : ................... : . . . . . . . . . . . . . . . 48 

Acknowledgment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Summary and Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 



BLANK PAGE IN ORIGINAL 



LOSSES OF MOISTURE AND PLANT FOOD BY PERCOLATION 

BY G. S. FRAPS, PH. D., CHBMIST. 

Certain fundamental conrlitions are essential to plant life . These 
include light: water , favorable temperature, favorable soil conditions, 
and plant food. A deficiency of any one of these will limit the growth 
of the plant. From the standpoint of plant nutrition, no one is more 
important than the others. From the viewpoint of the farmer, however, 
the important condit ions are those which, under ordinary agricultural 
conditions, may be deficient anrl so control the growth of the plant and 
the crop produceo, and which. being d eficient~ may be suppli ed, to a 
greater or less extent, or the deficiency controlled, by the farmer. ·In 
other words, the practical farmer is not much concerned with condi
tions beyond his ·COntrol which limit p1ant growth, or those which are 
favorable under ordinary agricultural practice. He is much concerned, 
however, with deficiencies which he can correct or control. T empera
ture ::tnd light are litHe subject to control in agricultural practice, but 
water, soil co:raditi.on~ .. aud plant foodt-1 ordinarily <leficient-phosphoric 
ac:id, nitrogen and pota.sh-nre more m· less subject to control. The 
quantity of rainfall cannot be regulateo , but the amount of water stored 
in the soil and that lost by evapr,ration may, more or less, be modified 
by 2griculturai pra.ctices. 

QUANTITY OF WATER NEEDED. 

The quantity of water needed by the plant depends upon conditions, 
. but is very large. At::cording to estimations of King, corn requires 233 

to 272 pounds of water to produce one pound dry matter. This does 
not refer to the grain hut to the entire plant. Barley requires from 262 
to 774. pounds of water to proouce one pound dry matter, and red clover 
from 249 to 453 pounds. 1.'he qu:mtity estimated by different investi
gators varies., but we can assume, as a basis for calculation, that · one 
pouDd of dry .maHer requirf's 300 p01mns of water. This quantity of 
water is taken up by the roots of the plants and 'evapo·rated through 
their leaves. An a(1ditional quantity of water is lost by evaporation 
from the soil, during the period of Q:rowt~ of the plants. 

'Ihe amount of water required by plants* depends upon several con
ditions: 

(a) Dryness of the ah. Plants evaporate more water into a dry. 
atmosphere than into a moist. 

(b) The water in the soil. Plants evaporate more water from a 
soil when wet than from the same soil when it contains a fair quantity 
of moisture. 

(c) Light. More moisture is used in light than in darkness. 
(d) Fertility of the soil. Plants use less water when grown on a 

fertile soil than when grown on a. poor soil. The addition of needed 

*Fraps, Principles of Agricultural Chemistry, p. 120. 
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pl ant food to a poor soil decrea~es the consumption of water. Hence, 
the use of the proper kind of plant food will economize water. For 
example, the Nebraska Experiment Station found that corn grown on a 
poor soil used 540 pounds of water for each pound of dry matter pro
ducecl. "When same >::oil was manured; corn used only 350 pounds water 
per pound of dry matter produced. 

(e) Variety of plants. Different varieties vary considerably in their 
requirements for water. 

If we estimate that it requires 300 pounds water to produce 1 pound 
dry matter, to be evaporated by the plant, the following are the approxi
mate quantities of several crops which would be produced per acre by one 
inch water (227,000 pounds) used hy the crop : 

Cotton, pounds, lint. .. . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Corn, bushels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
\Vheat, bushels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Oats, bushels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Alfalfa, pounds . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 760 
Hay, pounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 760 

'J.1he supply of water is undoubtedly, at various times, the controlling 
concbti.on of plant growth, and unfavorable moisture conditions often 
have their effect upon crop production. Methods for decreasing the 
effect of unfavorable moisture conditions are, therefore, of great advan
tage in practical agriculture. 

\VATER .AV.AILABI"E TO CROPS. 

The amount of water at ,the disposal o·f the crop will depend upon: 
(1) The quantity of available water in the soil a.t the beginning of 

the growing season. 
(2) The amount and distribution of rainfall during the period of 

crop growth. 
(3) The loss from the soil by evaporation from its surface. 
( 4) The loss of the rain water which runs off on the surface of the 

soil. 
( 5) The loss from water which passes through the soil and into the 

ground water. 
The quantity of available water present in the soil at the beginning 

of tl1e growing season depends, in, turn, upon a number of conditions. 
These inclurle: (a) Character of soil, (b) depth of soil, (c) charac
teT and depth of subsoil, (d) rooting habits of the plant, (e) quantity 
and distribution of the previous rainfa ll, (f) previous treatment of the 
soil. 

The character of the soil determines the amount of water it will hold 
when P.aturated, its readiness to lose water by evaporation or percola
tion, and the quantity of water which, though presenrt, is held so £.rmly 
that plants cannot take it from the soil. .. 

The depth of the soil, together with the depth of the subsoil, deter
mines the volume of soil from which water may be drawn. It is ob
violls, for example, that when plant roots can occupy eighteen inches of 
the soil, they have more water a.t their disposal than when they occupy 
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only twelve inches of the same soil. The depth and character of the 
subsoil affect the soil volume occupied by the plants, the quantity of 
water retaillled in the subsoil, and the quantity of- water which can be 
moved by soil forces, from areas below the roots, to within rea:ch of the 
roots. 

'rhe rooting habits of the plant determine, to a certain extent, the 
soil volume which the roots will occupy. There is a great difference in 
plants in this respect. In arid. cJimates, plants eeem to send their roots 
deeper than in humid seC'tionl: .. 

'l1he quantity and distribution of the previous rain:fall determines the 
degree of saturation of the soil ai the time of planting. The soil may, 
or may not, be saturated at this time. In some sections, it is usual to 
speak of having "a good season in the ground," meaning thereby that 
the previous rains hnve placed the soil in a good condition of satura
tion at the time of planting the crop. 

rrhe previvus treatment of the soil may have some eifect upon the 
depth of rooting of the plant and .thm~ on the soil volume occupied. 
Subsoiling may, with certain !Soils, be of advantage in this respect. The 
previous treatment will also <:lctermine~ to a certain extent, whether the 
winter rains sink into the son or nm off on its surface. It will also 
determine whether the soil has been in goon condition to absorb the 
rains, and will affect the losses of water by evaporation. Shallow sur
face cultivation, previous to planting the crop, may be needed for the 
purpose of conserving soil moisture. Fall plowing may be needed to 
open the soil to the winter rains. On the other hand, fall plowing of 
other soils may he a disadvantage. Spring plowing may be all right on 
some soils and in some seasons~ ·rut, under other conditions, it may 
cause loss of moisture through the drying out of the soil. 

It is not our purpoRe to oiscuss fully any of the factors above men
tioned. 

The amount and distribution of the rainfall during the period of 
growth of the crops affect not onl~- th e quantity of water which pene
trates into the soil and the quantity which runs off, but also the length 
of the period between rains governs the length of the time ~uring which 
the plant must rely upon the ~tore nf water in the Roil. 

The loss of the rainwater which runs off fro·m the soil surface de
pends on the slope of the soil, the condition of its surface, and the 
character of. the soil. The average run-off, due to the a.verage precipi
tation~ is eonsidered to be approximately as follows:* 

Rainfall. 

5 inches ... . . . . . .... . ....... .. .... . . . ..... . . ... . . .. . .. ... . 
10 inches ... ... . . . .. ... . ...... . . .. .. .. .. . .. .. . . . ....... . . . . 
15 inches ......... . .. . . . ... . . .... .. ... ... . . . .... ... . . .. ... . 
20 inches .... ...... ... . ... . . . ... . ....... . ...... .. .. . ... . . . . 
25 inches .. ... . . . ... . . . . ......... . . . . . . . . . . .... . .. .. .. .. . . . 
30 inches .......... . ....... . . . ...... . ...... ... . .. . ... .. .. . . 
35 inches ........... . . . . . .......... .. .... . . ...... . .. . . .. . . . 
40 inches .... .. . .. .. .. ... .. . . . .... .. . . . . ....... .. . . ....... . 
45 inches . ... .. ..... . . . ....... . . . .. ..... .. .. .. .. . .. .. . . . . . . 

*Wilson, Irrigatjon Engineering. 

Run-ofi on 

Steep 
slopes. 

0 inches 
2 inches 
4 inches 
8 inches 

12 inches 
17 inches 
22 inches 
28 inches 

Gentle 
slopes. 

0 inches 
0 inches 
1 inch 
3 inches 
4 inches 
8 inches 

12 inches 
15 inches 
20 inches 
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The run-off in dry climates is less than in humid. It is, of course, 
difficult to estimate accmatdv the run-off from cultivated land s. The 
above figures may be an aid in forming an estimate. 'rhe run-off also 
depends on the rate of precipitation. There will be more run-off from 
a precipitation of one inch during three hours than from the same 
quantity during forty-eight hours. 

PERCOLATION APPARATUS . 

A percol::ttion apparatus . consists of a de flJJitc area of soil enclosed 
in a water-t ight r eceptacle, with an outlet tube at the bott om, and a 
Yessel t o receive the water which percolates. All the vvater which falls 
in t his apparatus must either evaporate or percolate through the soil. 
T hr,rc is no run-off. In some experiments, plants have been grown in 
such vessels. P ercolation apparatus are in use at the Rothamsted, Eng
:an Ci , Experiment Station, at the New York Cornell Station, and at the 
Flori da Stat ion. Other investigat0rs and experiment stations have also 
cnrri ed out experiments with this fnrm of apparatus. 

Description of Apparatus.- The percolation apparatus used in this 
work consists of 48 galvanized iron cans 12 inches in diameter and 
24 inches deep, with a block tin tube at the bottom. These cans are 
buried in the ground. Figures 1 and 2 are drawn to scale, and show 
the an angement of the apparatus. The cans are connected with the 
bottles to receive the water by means of a tight cork. The apparatus 
was set up and filled with soil in March, 1910. Six pots were filled 
with each soil. Each pot of the same soil receives a different treat
ment. Each of the pots received first ten pounds of washed gravel, 
which filled them to a depth of one and one-half inches. The sub
soil and surface soil were then placed in them. The :first forty-two . 
pots were filled in the middle of March, 1910. The last six pots 
were filled about ten days later. 1\s the earth settled considerably, fur
ther additions of soil, to the amounts shown in the table below, were 
made on Mar 24, 1910. The soil was in all cases in a moist condition 
as it was reOC.ived from the field. 

On account of various difficulties and for the purpose further of 
allowing the soil to settle and assume more or less its natural condi
tion, the percolation waters were not collected until January 1, 1911. 
At the end of December, 1910, a heavy rainstorm set in, whicl1 saturated 
the soils thoroughly; they therefore went into the experiment in a satu
rated condition. 

The following table shows the quantities of tbe soil added to the pots : . 
Pot~ N os. 1-6 inc.-Norfolk sand, surface soil about 117 pounds, 

No. 237'7. 
Pots ~08 . 7-1 2 inc.-Orangeburg fine sandy loam, 110 pounds, No. 

2:l78. 
Pots Nos. 13-18 inc.-H0uston loam, 57 pounds surface soil, No. 

3333; 57 pounds subsoil, No. 333'1. 
Pots Nos. 19-24 inc.-Houston black clay, 45 pounds surface soil, No. 

3335 _; 45 pounds subsoil, No. ~336. 
Pots Nos. 25-30 inc.-Yazoo clay, 47 pounds surface soil, N ci. 3341; 

47 pounds subsoil, No. ;3342. 
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Pots Nos. 31-36 inc.-Miller fine sandy loam, 56 pounds subsoil, No. 
3337; 56 pounds surface soil, No. 3338. 

Pots Nos. 37-42 inc.-Crawford clay, 50 pounds surface soil, No. 
3343; 50 pounds subsoil, No. 3344. 

Pots Nos. 43-48 inc.-Lufkin fine sandy loam, 55. pounds surface soil, 
No. 3631; 55 pounds subsoil, No. 3632·. 

Additions May 24, 1910: 
Pate Nos. 13-l8-35 pounds soil No. 3333. 
Pots Nos. 19-24-15 pounds soil No. 3335. 
Pots Nos. 25-30-12 pounds soil No. 3341. 
Pots Noe. 31-36-33 pounds soil No. 3337. 
:Pots Nos. 37-42-10 pounds soil No. 3343. 
Pot:-: Nos. ·13-48--33 pounds soil No. 3631. 
On September 16, J 910~ a small quantity of earth was removed from 

each of the pots, so that the surface of the soil would be brought to a 
di8tane:e cf 3 inches from the top of the pot. The object of this was to 
allow roo'll for the accumulation of a heavy rainfall. 

Treatment.-The objects of the experiment· were to ascertain the 
amount of percolation and evaporation from various Texas soil types, 
and the effect of cultivation, manure and fertilizers upon the amount of 
water pere:olating and on the losses of plant food in the percolating 
waier. 'rlw following table 8hows the treatment to which the various 
pot~ we1e subjected: 

TABLE NO .• 1. 

Plan of Treatment of Pots. 

!lll» >. 

I 
>. s..'O ro Q) Q) 

::;lQ 0 ro Q '0 Q 

.!.<:· .oro ~ §~ C3 <j:l » . 1-< <j:l » . 
--o ~~~ .ss 0 ~-.'0 s ~~ .S]§ ,BQ tllro ~ro 0 Q)~ro 
~-.ro ~c§.s . 5.£ :::1- N =roo f!U .;lro o 

Treatment. otll o.O ro ...... rn,....... ::ltll ..... 
z 0 ::r:: ::r:: :>< ~ u ....:l 

---- ~1--p;-Pot Pot Pot Pot Pot Pot 
No. No. No. No. No. No. No. N o. 
--------------'--

No treatment. ............ .. .... 1 7 13 19 25 31 37 43 
Cultivated two inches . ... . ....... 2* 8* 14* 20* 26* 32* 38* 44* 
Cultivated three inches .... . ...... 3 9 15 21 27 33 39 45 
Sulphate of potash .......... . ... 4 10 16 22 28 34 40 46 
Manure, October 15 ............. 5 11 17 23 29 35 41 47 
Manure, March 15 .............. 6 12 18 24 30 36 42 48 
Soil numbers ........ ... .. ... ... 2377 2378 3333 3335 3341 3337 3343 3631 

*Nitrate added March 15, 1912. 

The cultivation was done by means of a trowel, to · the depths given, 
every week, and as soon after every rain as the soil reached the proper 
condition. The pots which received the manure and sulphate of potash 
were not cultivated. 

A.dditions.-Additions were made as follows: 
Potash additions to pots 4, 10, 16, 22, 28, 34, 40, 46. 
Oe:tober 15, 1910-J gm. sulphate of potash No. 13274. 
October 15: 1911-1 gm. sulphate of potash No. 4563. 
March 15, 1912-2 gm. sulphate of potash No. 4563 to 4, 10, 16, 22. 
~farch 15, 1912-4 gm. sulphate of potash No. 4515 to 28, 34, 40, 46. 
October 15; 1912-1. gm. sulphate of potash No. 4563. 
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October 15, 1913-1 gm. sulphate of potash No . . 4563. 
Manure additions to pots 5, 11, . 17, 23, 29, 36, 41, 110rkecl in to the 

depth of 3 inches. 
October 15, 1910-30 grams excrement No. 3223. 
October 15, 1911-::30 grams excrement No. 4561. 
October 115, 1912-30 grams excrement No. 3258. 
October 15, 1913-30 grams excrement No. 3258. 
Manure additions to pots 6, 12, 18, 24, 30, 36J 42, 48. 
:rvrarch 15, 1911-30 grams excrement No. R223. 
March 15, 1912-30 grams excrement No. 3258. 
~{arch 15, 1913-30 grams excrement No. 3258. 
Nitrate additions: 
March 15 and November 15, 1912-Adcled 1 gm. nitrate of soda No. 

13967 to 2, 8, 14, 20; added 2 gm. to 26, 32, 38, 44. 

DESCRIPTION OF SOILS. 

The soils and subsoils used are described as follows : : 
2377-N orfolk sand; gray sandy soil, surface; Jacksonville; culti

vated 15 yea.rs; has been idle ·6 years. 
2378-0rangeburg fine s::tnily loam; red sandy soil; surface; on C. 

D. Jarrett's farm nea:r Dial ville; cultivated since 1855. 
3333-Houston loam, 0-10"; J. N. W-o~thy's farm, 4f miles from 

Waco; good· upland, rolling prai1-ie; produces 25 to 30 bushels corn 
ancl ~ to ~ bales cotton per acre; light hro·wn sandy soil; suffers from 
drought _: known as mesquite and post oak land; cotton and corn are the · 
principal crops _: cultivated since 1882; no fertilizer used; no green 
crops plowed under, and no manure used . . , 

3334-SubP.oil to 3333, 10-22"; dark brown loam. 
33Rt5-Houston black clay, 0-1.2"; black clay; sticky when wet; Mrs. 

Ellis Blake, Waco; known as "black waxy land"; very good soil; pro
duce~ t bale cotton aml 35 bushels corn; cotton and corn chiefly grown; 
no fertilizer used; soil packs, dries into clods; does not wash, and dirt 
clocs not wash onto it; cultivated 30 to 40 years; no green crops or 
manure ever plowed under. 

3336-SubsoH to 3335, 12-2±"; black clav. 
3341-Ya:wo clay, 0-12"; 6 miles east of Waco; farm of Dr. Sander

son; black clay; fertile bottom land, subject to overflow; produces 1 
bale cotton, 40 tc' 50 bushel~ oats, 45 bushelH corn; cotton, corn and 
oats chiefly grown: no fertilizer used; sticky in wet seasons; works well 
in dry; does not pack or crack; crumbles on drying; does not wash; 
cultivated 50 years _; no green crops or manure plowed under. 

:=l342--Su b.~oil to 3341, 12-24". 
3337--Miller. :fi~e sandy loan~, 0-12"; Mrs. Ellis Blake, Waco; light 

brown sandy so1l; behaves well 1n wet and dry seasons; good soil; level; 
produces 30 to 35 busl1el.s corn and .;!, to 1 bale cotton· cotton corn 
fruit and vegetables are grown; no fertilizer used; soil ' crumbl~s and 
docs not pack, crack or wash; nor does dirt wash onto it; cultivated 30 
to 40 years; no green crops or manure plowed under. 

33B8-SuhsoH to 3337, 12-24"; yellow clay. 
;-W13-Crawford clay, depth 0-7"; 6 miles east of Waco; farm of Dr. 

Sanderson; rolling, dark bro·wn clay; poor yields except in wet seasons; 
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behaves poorly when dry; grain chiefly grown; 15 bushels· corn and 25 
bushels oats per acre; no fertilizer used ; does not crack, pack or run 
together; dirt does not wash onto it; does not wash; has not been cul
tivated much: no manure used . 

3344--Subsoil to 3343, 7-14"; black clay. 
3fi01-Lufkin fine sandv loam, 0-6"; moderate upland; 1-! miles 

southwest of Giddings; produces 1200 pounds seed cotton, 45 bushels 
corn ; well clraineil ; moist in dry seasons; does not wash; crumbles; 
commercial fertilizer and manure tripled the yield; mellow in wet sea
sons; does not crack on drying; cultivated 25 years; 8 tons manure 
applied per acre. 

3632- Subsoil to 3631, 6-12". 
Composition of Soils.-'l'he chemical composition of the soils is given 

in Table No. 2 following: 



TABLE NO. 2. 

Composition of Soils Used in Percolation Work. 

..,» ;;, ;;, """ "' " "" " "' " ..>:· . ..oro. 0::: 0 

2~ " <::!;>,· 
~:§ .sa """ 8 

--o 0 ,£<=l "'"' "'"' 0 """' ""' eca.Q ::Jo ,- N ;::::C"::o 
o"' o- o..<:l "' ·-en-z 0 :r: :r: :>-< :.'S 

Surface Subsoil Surface Subsoil Surface Subsoil Surface Subsoil Surface Subsoil 
2377 2378 3333 3334 3335 3336 3341 3342 3337 3338 
--- --- -------------------------

Percent. -
Phosphoric acid . . . .. . ...... . ······· .02 .02 . 012 .11 .093 .254 .249 .05 .039 

~~~~~~en .. :::: :: ::::::::::: : 
.03 .043 .034 .040 . 119 .079 .149 .152 .05 .035 
.11 : 12 . .21 .19 .79 .78 .70 1.04 .202 .28 

Lime ................... .. .. .09 . 11 . 17 .195 3.30 4.40 2.86 2.57 . 15 .15 
Magnesia ..... .. .. . ......... .09 .13 .17 . 155 1.12 1.05 .76 .81 . 18 .285 
Alumina and oxide of iron . . .. 1.21 4 .16 2.73 3.59 11.67 11 .85 8.23 9.14 2.51 3.84 
Insoluble and soluble silica ... 97.22 93.69 94.84 92.68 69.78 67.67 75.28 73.65 94.87 93 .20 
Loss on ignition .. . ... . ...... .... ... 1.49 1.99 8 .25 8.17 .. '3:24 . '4:25 .. . .... ... :87 Moisture .. . ........ -........ . . . . . . . ;54 1.09 4.60 5.21 . . .... . 

Parts Per Million. 
Active phosphoric acid ....... 30. 8. 21. 10. 379. 259. 1116. 649. 122. 90 . 
Active potash .... . .......... 69 . 153. 155. 113 0 147. 288. 997. 849. 309. 240. 
Acidity .... . ......... . ...... 0 0 0 0 0 0 0 0 0 0 

"" ... 
0 0 

~~ 
~C) 
u 

Surface Subsoil 
3343 3344 
------

.21 .137 

.151 .098 

.84 .77 
1.12 1.29 

.54 .60 
8.50 10. 82 

79.83 76.79 
5.53 5.67 
3.27 3 .78 

414. 462. 
568. 461. 

0 0 

" " <::!:>. 0 

.s-g§ 
C::C"::o 
~v.:-

..,.l 

Surface Subsoil 
3631 3632 
------

.035 .045 

.056 .063 

.185 .39 

.59 .53 

. 16 .43 
3.09 11.64 

91.93 76.22 
. ..... . ....... 
. ...... ..... . . 

94. 10. 
250 . 310. 
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RAINFALL. 

The rainfall by months ancl by quarters 1s shown m Tables Nos. 
R and 4. · 

On December 4, 1913, there was a rainfall of 7.54 inches, following 
a steady rain of 1.39 inches the previous clay. This greatly exceeded 
the capacity of the apparatus., as the cans overflowed at the top, and 
the percolating bottles were also full. For this reason, December, 1913, 
is excluded from the discllSsions in this Bulletin. 

TABLE NO. 3. 

Rainfall in Inches, 1911. 

:>. 
...: ...: ...: 

~ "' "' "' ... 
"'iii 

,c ...: ,c ,c 

D ays of Month. "' ..d E "' E E 
"' " .0 

" ... !: ·;:: :>. .; :>. " !:l .8 "' "' 
" 

,c 
"' "' " "" "" 

> " 
"' "' ~ "" ~ " :; " "' " 0 "' ..., tt. < ..., ..., < Cll 0 z Cl 

----- ------------------------
1. . ... ·. ... ... .. .. .. . .. .. .02 . 75 33 ... .... .. . L : : : : : : ·. : : : : : :y:~aaccee : : ·. ·.· . 1 .. · 22 . 98 . . : o3 : : : : : .. : o7 : : : : : . . o7 .. .. . .. .. . .. .. . .o8 .... . · :oi :::: : 
4..... . ........ .44 .02 . . . . . .01 ... . .. .. . . . ... . 
5...... ..... .. . .... .... . ..... .. ... .. .. ... .. . 
6.............. .. .. . .. .. 1.14.. ... .60 
7 .... .... . ..... .. .. . .. .. . .09..... .03 .45 .06 
8 .. .. .. .. .. . . .. . 1 9 .. .. . 1 . 42 .. .. . . 82 .. .. . .. .. . 1. 11 . 02 
9 .... .. .... .... . 11 ...... 03.... . .01 ..... 

10.. .... . ....... .3o .. .. . .. :2o ::::: .. .. . . 02 1.88 
11 .......... .... . 20.. ... .08..... .16 ... .. .01 
12 ..... ... ..... . .. .. . .. . . . . .. .. 1'.29 .. .. .. . .. .. . 1.83 .01 ..... 
13........ . ..... .09 .. .. . .. .. . .. .. . .11 .. .. . .. .. . .53 ..... 
14.... .. .. . .. ... .. .. . .02 .01..... .. .. . .01 1.25 .. .. . .. .. . .75 
15 ......... .. ..... ... Trace .09 .02.. ... .17 ............ :i6 :: : :: .. :~~ 
~~ :::::: :: ::::: : .. :o3 ··:a6 ::::: jg ::::: :n ::::: ::: :: .16 .... . 
18....... .. .. ... .. .. . .41 .05.... 2 . 74 .06 .. ............ . 
19 .... .... .. .. .. 2.33 .35.. ... ... . 14 .... . .. .. ... ... 1.15 
20.......... .... .04 .03 .. .. . .. .. . .. .. . .. .. . .. .. . .. .. . .24 
21.. .. .. . .. . .. .. .. .. . .. .. . .31 .20.... . ..... .03 .28 .. .. . 
22.............. .25 1.26..... .04..... .03 .01.... .12 
23.............. .. . . 36 .03..... .. .. . .. . .. .41 .. .. . . 07 .20 
24........ .. .... .18. 1.53.... . .. .. . .. . .10 . 24 ..... .02 
25.. .... .. .. .... .05. .01 . 13....... 1.78. .20 
26.......... .92 .01.. .47 
27 .. .. .. .. .. . .. . 05 Trace .. .. . · · : i 2 : : : : : : : : : : . 03 ..... 
~--······· .... .20. ... . .01 - ~- · ·· · ···· ·· 
29.............. .. . .. .. . .. . 75 .06..... .74 

~?::::~o:t~ls .:_::. ·~:~; :3:50:3:03 -~ . :: :2:701. :~~ ·~:~~ ·~:~~ ·;·:; 3:~: : 1.8~ -~::: 
; 

Rainfall in Inches, 1912. 

1 .............. .. .. .. ... .. .. . .10..... .37... .. ..... . 15 .... ·[· .... Trace 
2........ .. .... .02 ..... .47 .27 . 19 ..... .. .. . .. .. . .. .. . . 02 
3.. .. .......... .. .. . . .. .. .02 ..... Trace .03..... .02 .09 ... .... ... 1.29 
4.............. .. .. . .. .. . .01..... .89.... . . .. .. . . . .. .. .. . . .. . . .. .. . .30 
5...... .... .. . . 1.60..... .01 .34..... .. . .. .. . .. .. . . . . .. .. .10 
6........... .04 ...... .. .. Trace .42 .08 . . . . . .01 . .... . ... .. . .. . 
7.... .. ........ .01 .. .. .02 1.49 .. .. . .. .. . .. . . . .. . . . .. .. 
8............. . .02..... . 05 .10..... .. .. . .. . . . .. .. . . ... . ....... 04 
9............. .. ... .. ... Trace .15 . ...... ... . . . .. . .... . .. .. . .... .09 

10 ........ .. . .. .. . .. .. . .03 . 06 .. .. . . . . .. . . . . . .24 
11 . . . . . . . . . . . 61 . . . . . 23 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 01 
12....... .... ... .05 .... . .. .. . . 10..... .. .. . .. .. . .35 
13............ .. 1.07 .... . .. .. . .. . .. .. . .. .. . .01 
14........ .43..... .. .. . .. .. . .. .. . . .. .. .. . .. ... 
15..... . ...... .. .. ........ .. . , .27.. . .. :i3 ... : : Trace 
16.... ... . .. .. .. .. .. . . ..... . Trace .. . .26 .26 . 76 .. .. . .01 
17 ..... . ........ ,.. .. . .. .. . . .. . . .. . 06 .84..... .05 .55 .... . Trace 
JL::: ::::::: :: ::: :. . .. .. . · .· .· ... . :. .82 .o2 .. .. . .48 .o8 ......... . . 10 1.85 .... ... .. . ............ .. . 
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TABLE NO. 3-Continued. 

Rainfall in Inches, 1912. 

~ 
..; ..; ..; 

>, " 
., 

" 
~ 

.0 ..; .0 .0 

Days of Month. ... " .d E " E El "' ::l 
'"' >, oi ::l 

., .0 ., 
::l ... ... ·;::: >, 00 0. .8 > 

., 
" .0 "' "' " '"' " " :s "" :s ::l -a ::l 

" '"' 0 ., 
...., ... < ...., ...., < Ul 0 z Cl 

----------------------------------
20.. ...... ...... .01 .. .. . .04 .. .. . 04 .. .. .. .19 
21. . . . .. .. . . . . . . . . .. . . . . . . . 09 Trace . .. . . · ::: : : : : : : : .11 · .. · . 01 . 72 
22.............. . 06 .... ·. 2.28 .. .. . .. .. . . 08 .01 .. . .. .07 . 73 .26 
23............ .. .06 .11 .85..... .. .. . .. ............ . Trace .44 
24.. ... ......... .. .. . 1.33 .. .. . .. .. . .. .. . .16 .. .. . .04 ... .... .. . 
25.............. .. .. . .01 ..... Trace..... .01 .. . .. .12 .... . 
26 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace . . . . . . .... Trace .. .. . 
27.............. .02 .. ... Trace . . . . . . . . . . .05 . ... . 
28..... ......... .05 ... .. . 92 .10..... . 10.. ... .. ............ . 
29 .................. . ............... 2.00.... . .. .. . .. . .. .. .. . .. .. . .26 
30. .. . ... . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... Trace . · ........ . 
31.............. . .. .. .. .. . .06 .. .. . .. .. . .. .. . .. . .. .01 . 01 .... . 

Totals .... --:92 2.53 6.58 2.11,4.12 2 . 21 2.98---:-211.14 1.64---:92 5.33 

Rainfall in Inches, 1913. 

L::::::: :::::: :g~::::: ::: J:::: ::::: ..... Trace . . ... 
.04 

.. ... .02 

.. . . . Trace 

1.13 ..... Trace 
1.24 .. . .. .20 

.04 .... . 1.39 

.45 .07 7.54 

.02 1.22 .75 

3............... .01 .. .. . .85 .15 .... . 
4........ ... .. .. . . ..... . .. Trace .08 .... . 
5............... ..... .... . . .... ..... . 10 ... .. 
6 ............... Trace .... ... .. . ...... .. .. 
7....... .... .... .07 .49 .02 ......... . 
8.... ...... ..... . .. .. .20 .02 .05 ... .. 
9. . . . . . . . . . . . . . . . ... . Trace 1 . 73 . 73 .. .. . 

10 ................ 16 1.62 .04Trace .... . 
11 .... ............ 54 .15 ......... . 
12... . ...... .. ... .01 .02 1.11 .... . 
13 ............. . ..... . Trace .03 .... . 
14 .. ......... .... .... . .... . 
15 ...... .. .. ..... . ........ . 
16 .. ..... ........ Trace .... . 
17... .. .......... .01 .... . 
18.... ..... . .... . .01 .... . 
19 ............... Trace . .. .. 

.03 Trace 
.. :28 Tr~~~ .02 .. .. . 

:6~ .. :oi Trace .. :~~::::: ·· :o3 
.01 .01 Trace .. .. . .. ... 

.. . .. .. .. . .01 Trace .. .. . .01 

.. .. . .. .. . .31.... . .24 

.02 .. .. . 

.04 .... . 

.01 .... . 

.07 .... . 

.04.. ... .. .. . .01 

.. :o~ Tr~f~ ::::: .. :o9 
.06 .08 1.03 .. .. . .66 
.07 . . . . . .05 .01 Trace 

.01 Trace .... . 
20............... .02 .. . .. .07..... 48 .... . .07 .. .. . 
21........... ... . . 03 . 06 .17 .. ... Trace ... .. ... .. 
22............... . 50 Trace.... . .. . .. . 63 ... .. .. :o9 :M .. :3o 
23 . .. . . . . .. .. . . .. . 07 .... . Trace 1 . 34 . .. .. . 24 .86 ..... 
24 . .............. Trace .. .. . .. .. . . 01 
25.. ...... .... .. . .. .. . .. .. . .04 ..... .o7 .. :oi .. :3o:: :: : .. :~~ .. :~~ 
26............... .61 ......... . 
27 .... ........... . 95 1.00 . ... . ..:o2 ::::: :~i .. :~~ .. :85 .. :79 
28 ... ........... . .58..... .. .. . .. .. . .11 .11 
29 .. ......... ... . .44 ... .. .. .. . .. . . . .94 . 01 
30 .............. . .01..... .73 . 74 .... . .04 .... . 
31 ..... ... ... . .. . .04 ..... .... ... .. . ......... . 

Totals ..... 2.981 3.63 3.23 2.98 2.44 1.53 .06 .88 3.15 4.43 4.7412.66 
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TABLE NO •. f. 

Rainfall in Inches, College Station, Texas-1911, 1912 and 1913 • 

;;, ...: ...: ...: 

~ " " " .... 
-;,i 

..0 ...: ..0 ..0 

"' ..: s " s s 7J "' E " ;;, .,; ::: 3 ..0 
" ;::! ;;, ..'3 " ..0 

.... ·;:: 
" "" > " .... 

" "' c. "' :; ;::! c. 
" 0 " 0 

"' " ;;E ;;E ;::! " ...., "' < ...., ...., < "' 0 z Q !-< 

1911 ............... ·10 .. 3113 .. 5013 .. 0517 .. 0812 .. 7010 .. 3815 .. 6712 .. 6411..6113 .. 5511..871 7 .. 25139 .. 61 1912 . . ... . .. . .. . .. . . 0 .. 92 2 .. 53 6 .. 58 2 .. 11 4 .. 12 2 .. 21 2 .. 98 0 .. 21 1..14 1..64 0 .. 92 5 .. 33 30 .. 69 
1913 . ... ............ 2 .. 98 3 .. 63 ,3 .. 23 2 .. 98 2 .. 44 1..53 0 .. 06 0 .. 88 3 .. 15 4 .. 43 4 .. 74 12 .. 66 42 .. 71 

1911 .... ..... .. . .... 
1 

6 .. 86 I 10 .. 16 I 9 .. 92 I 12 .. 67 I 
1912. . . . . . . . . . . . . . . . 10 .. 03 8 .. 44 4 .. 33 7 .. 89 
1913. . . . . . . . . . . . . . . . 9 .. 48 6 .. 95 4 .. 09 21..83 

THE PERCOLATING WATER. 

'rhe following table-Table No. 5-shows the quantity of water which 
percolated from the various pots, by months, during the calendar years 
1911, 1912 and 1913. The symbols after the names of the soils refer 
to th~:; treatment clescribed on pnge ] 0. 



' 
'fABLE NO. 5. 

Water P ercolated in Inches, 1911. 

I I I 
~ 

,_; ,_; ,_; t" " " 

~ I 
>. .c ,_; .c " 0 .c 
" " .Q .... Ei " Ei Ei ..; rn 
" " ~ .c rn 
" " 

u >. .; .0 " 0 " " t;j " ·;::: .... > 0:: .c " " 0:: "" .... u .... 
" " ~ "" ~ " " " " u 0 " 0 rn ..., ll:. < ..., ..., < C/l 0 z Q f-< 0 

~ 
1 Norfolk sand-0" . . ........... . .. . ... . . . ....... .. . ·· ·· · . .34 .81 1 .66 .15 . . . . . . .20 . . ... . . ... .. ... . . . .01 2 .55 15 .72 

~ 2 Norfolk sand-0 2" ...... . .. . ... . . . . .. ... .. ... . .. . . .. .. . . 1.61 1.63 4 .03 1.16 . . . .. . 1.89 . .... . .. . . .. .80 . 77 5 .05 16.94 
3 Norfolk sand-0 3" ... . . . . ...... .. . ... ... . . .. ... .. .... .. 1.89 1.41 4.48 1.27 . . .. .. 1. 70 . .. . .. .. .. . . .11 .04 3 .07 13 . 97 0 

H 4 Norfolk sand-0-K,so ......... . ... .... ... . . .. . ... ... .76 . 18 2. 87 .58 ... . .. .23 .. . . .. . . . . . . . . . . . . .31 4. 38 9 .31 rn 
5 Norfolk sand- 0-manure, October ...... ........ . . . .95 .65 2 .98 .53 .. . . . . .31 . . .. .. . . . . . . .03 .99 4 .98 11 .42 ..., 
6 Norfolk sand-0-manure, March. . .. .. . ... .. . .. ... . .53 .45 3.61 1.02 . ..... .84 . .... . .. . . . .98 1. 03 5 .13 13 .59 q 
7 Orangeburg fine sandy loam-0" .. . .. . ... .. . . ... . . . .65 .09 3 .11 .59 .04 .01 .01 2. 95 7 .45 ~ . . . . .. . ... . . t;j 8 Orangeburg fine sandy loam-0 2" .. ... . ...... ... .. . . . . . 1. 34 1.07 3.32 .90 ..... .77 . . .... .. . ... .1 2 .27 5.43 13.22 
9 Orangeburg fine sandy loam- 0 3" .... . ... . ... . . ..... . .. 1. 50 1.03 3 .55 .91 ...... .62 ... . . . . ... ... .04 .46 5 .15 13 .26 P> 10 Orangeburg fine sandy loam- OMK, SO..... . . . . . . .. . . . .54 . 11 3. 15 .57 ...... .03 . . .. . . ... .. .01 .01 3.91 8 .33 z 11 Orangeburg fine sandy loam- 0 -manure, October .... .... 1.35 .81 3.97 .96 ... ... . . . . . . . . .. .... . .. . . :62 .32 4 .98 12 .39 t::l 

12 Orangeburg fine sandy loam-0-manure, March. . . . . . . .51 .21 3.39 .54 ...... .05 . . . . . ... .01 3.61 8.94 
l;j 13 Houston loam-0" ...... . .... . ... . ............... . . . 1.42 1.06 3 .63 1.31 .. .... 1. 50 .24 1. 04 .81 5.06 16 .07 

14 Houston loam-0 2" ...... . .. .. . .. .. . ... . ... · ... . . . . .. . .. . . . 1.16 1.18 3 .30 1.30 . . . . . . 1.03 .27 . ... .. .99 .61 5. 23 l !l.07 !:'< 
15 Houston loam-0 3" ........... ... . .. ... . ....... . . . . . . 1.65 1.40 2 .87 1.55 .. . .. . 1.79 .44 . . . . . . 1.07 . 76 5.07 16.60 P> 
16 Houston loam-0-K,so.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : : : :: 1.16 1.00 3.12 1.02 . . . ... 1.27 .24 . .. ... .99 .81 4.93 14.84 z 
17 Houston laom-0-manure, October . . . . . . . . . . . . . . . . . . . . .. . 1.92 1. 36 4. 14 1.26 1. 57 .40 1.32 1.28 5 . 55 18 .80 

..., 
... . . . . ... . . 

18 Houston loam- 0 -manure, March . . . . . . . . . . . . . . . . . . . . . . .. .. . 1.45 1.12 3.53 .97 . . .. .. 1 .65 .32 . ... . . 1. 14 .81 5. 12 16. 11 f:rj 19 Houston black clay-0" . ..... . . . .. ..... . . . . . . ...... . . . ... . 1. 94 1.54 3.46 1 .26 . . .... 1. 72 .44 . .... 1.31 1.02 5. 23 17.92 0 20 Houston black clay-0 2"... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1. 74 1 .57 4.27 1. 36 . .. . . . 1 .85 .38 . . . . .. 1. 24 .95 5 .16 18 .52 0 
21 Houston black clay-0 3" •.... . . .. . ..... . ... . . .. ..... . . . ... . 1 .95 1 . 57 4.58 1.41 . ... 2.01 .38 . ..... 1. 28 .89 5 .06 19.1£ t::l 
22 Houston black clay- 0 -K , SO.... . . . . . . . . ... .. . . . . . 28 .55 1.13 . 19 .95 . . . . . . ... . . . .09 .03 1.47 4.69 td 23 Houston black clay- Omanure, Odobcr. . . . . . . . . . . . . . . . . . . L 91 1. 54 3.99 1.29 .... .. 1.55 .40. . .. 1.43 1 .09 1. 51 14.71 >1 24 Houston black clay- 0 -m anure, M arch . . .. . ..... ... ... . ..... .97 1.27 2.03 .41 ... .. 1 .66 .38 . ... 1.27 .68 4.02 12 .69 

~~ ~:m ~~:~ -8,~::·::·:::: ·: :::::::: • : : . : • . : : : :::: :::: ::: • :::: : 
1. 23 1.20 3 .1 0 .93 ...... 1.05 .26 1. 10 .72 4.77 14.36 l;j 
1.69 1 .40 3.90 1.10 

:: :: :1 
.09 . . . 

:29 
.06 .58 5.09 13.91 t;j 

1. 75 1. 52 3. 92 1. 31 1 .62 1. 01 .85 4.93 17. 20 ~ 
28 Yazoo clay-Q-KrSOr...... . ... . . . . . . . . ... . .. . . . . 1.25 1.04 3 . 11 .83 .. . .... 1.27 .20 . . . ... .92 .73 4.91 14 .26 0 
29 Yazoo clay-0-manure, October. . . . . . . . . . . . . . . . . . . . . .... . 1. 30 1.21 3.23 .98 1.39 .28 1. 06 .91 4.81 15. 17 0 .. .. .. !:'< 30 Yazoo clay-0-man!lre, M arch . . . :. . . . . . . . . . . .... . 1.43 1.31 3.47 .98 1 .31 .30 ...... .89 .85 4 . 71 15.25 I> 31 Miller fine sandy Joam- 0" . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . .53 .35 3.92 . 54 ... . .. .54 . .. ... . . . .. . .19 . 15 4.53 10.75 ..., 
32 Miller fine sandy l oam-0 2".. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .85 .59 2.66 .71 .. . ... 1 .1 1 . ... . . .. .. .. .40 . 19 4.41 10.92 H 

33 Miller fine sandy loam- 0 3" .. . . . . . . . . . . . . . . . . . . . . . . ... . . 1.13 .85 3.08 . 85 1 .30 .45 .25 4.94 12.85 0 ...... . .. . .. .. . .. . 
~ 34 Miller fine sandy loam- O-K, S04 ••• • • • ••. •....•..••. .42 .12 2.68 .48 . . .. . . .18 . .. .. . ... ... .08 .04 3 .93 7 .93 

35 Miller fine sandy loam- 0 -m anure , October. . . . . . . . . •· .45 .35 2.73 .55 ... . .. .78 . . . . . . .. .. .. . 25 .81 4.63 10.55 
36 Miller fine sandy loam- 0 -m anure , March ........ :.· . .. . .... .11 .03 .35 .04 ···· · · . 13 . .. . . ... .. . .07 .02 .44 1. 19 

3~ 8~::~~~~ ~~:~=8'~,;:.: ::: :: ::::: : : :: : ::: : :: ::::: .. ... ::::: . 1. 91 1 . 69 3.96 1 .45 . . .... 2.24 .63 1.43 .99 5.22 19.52 
2: 33 1.65 2 .92 1 .30 . .... . 1. 94 .40 . . .... 1.17 .73 4.61 17. 05 ""' -~ 



0 z 
~ 

0 
ll. 

39 Crawford clay-0 3" .... ....... ....... ...... ..... . . 
40 Crawford clay-0-K,SO. . . . . .... . ... . 
41 Crawford clay-0-manure, October. 
42 Crawford clay-0-manure , March 
43 Lufkin sandy Joam-0" ... ... .. .. ........ . .. . . 
44 Lufkin sandy loam-0 2".... . . . . . . . . ........ ....... . 
45 Lufkin sandy Joam-0 3".... . . . . . . . . . . . . . ... . 
46 Lufkin sandy loam-0-I< ,SO, .. ....... . . . 
47 Lufkin sandy loam-0-manure, October .. . 
48 Lu(kin sandy loam-0-manure, March . . . . 

TABLE NO. 5-Continued. 

Water Percolated in Inches, 1911. 
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TABLE NO. 5-Continued. 

Inches of Water Removed from Percolation Pots, 1912. 
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0.. ..., < ..., 

1 Norfolk sand-0". .. . . . . . .. . .......... . .... . ... . . ·I .03 .23 2.60 1.40 .01 . . . . . . 
2 Norfolk sand-0 2". .. . . . . . . .. ..... .11 1.05 3.69 1 .49 .67 1.03 
3 Norfolk sand-0 3"... . . . . . . . . . . . . . . . . . . . . . . . . . . . . I .08 .27 3.11 . 66 .40 . 77 
4 Norfolk sand-0-K,SO. . . . . . . . . . . . . . . . . . . . . . . .11 .35 3.70 1.43 .01 .08 
5 Norfolk san d-O-manure, October. . . . . . . . . ... .13 .50 3.11 1.80 .01 .11 
6 Norfolk san d-O-manure, March. . . . . .. . . . ... ..... .. .14 .50 3.59 1. 70 .05 .40 
7 Orangeburg fine sandy loam-0". . . . . . . .. .04 .09 3.51 1.62 .01 ...... 
8 Orangeburg fine sandy loam-0 2" .... ... .... ........ .13 .61 3.94 1.97 .31 .79 
9 Orangeburg fine sandy loam-0 3"............. . .. . .07 .67 3.90 2.09 .21 .54 

10 Orangeburg fine sandy loam-O-K,S04 . ••.•..... .05 .04 3.60 1 .80 ... .. :26 11 Orangeburg fine sandy loam-0-ma nure, October .. ... . . 13 .86 3.52 1.89 .01 
12 Orangeburg fine sandy loam-0-manure, March ...... .07 . 18 3 .78 1.61 .02 .01 
13 Houston loam-0" . .. ................. . ........ .20 .128 3.31 2.19 .42 1.11 
14 Houston loam- 0 2" ....................... .......... .1 8 .82 2.30 2.43 .56 I. 21 
15 Houston loam-0 3" .. ... ... .. ..... .... . .......... . .35 .79 2.08 2.52 .43 1.04 
16 Houston loam-0-K,SO.. . . . . . . . . . . . . ... . ... .. . ..... . 12 .75 3 .37 1. 93 .23 .97 
17 Houston loam- 0-manure, October ............ .. ... .. .16 1. 21 3 .88 2.15 .49 1.31 
18 Houston I oa m- 0-manure, March ........... .... . ... . 11 . 7o • 3.41 1. 72 .35 1.14 
19 Houston black clay-0" .. · .................... .. . ..... . 11 1.37 4.01 2.13 .52 1.17 
20 Houston black clay-0 2"... . . . . . . ..... .13 1. 36 3.91 1.79 .55 1.15 
21 Houston black clay-0 3" ................. .. . ...... ... .13 1.29 4.05 2.15 .55 1.12 
22 Houston black clay-0-K,SO... .. . . . . . . . . . . .. . .. .03 .15 1.64 .42 .07 .56 
23 Houston black clay-0-manure, October ..... . . ... .. . . . .14 1 .42 3 .91 2.10 .54 1. 24 
24 Houston black clay-0-manure, March ................. .01 .64 3.26 1.53 .33 1.08 
25 Yazoo clay- 0" ............. ............. . . .. .02 .97 3.37 1. 75 .29 .79 
26 Yazoo clay-0 2"..... . . . . . . . . .... ..... ...... .. . ... . . .08 .99 3.83 1.89 .46 .98 
27 Yazoo clay-0 3"... .. . . . . . . . . . . . . .... .. . . .06 1 .15 3.87 1.89 .38 .86 
28 Yazoo clay- 0-K,SO • .. ............ ... . ... . ... ... . .. . .02 .86 3.53 1. 60 .33 .82 
29 Yazoo clay-0-manure, October .... .... ... .04 1.17 3.33 1.85 .40 .97 
30 Yazoo clay- 0-manure, M arch ..... . .. . . . .04 .93 3 .!>5 1.52 .29 .79 
31 Miller fine sandy loam-0" . . . . . . ... .. ..... . ...... .. .10 .23 3.21 1 . 92 .01 .10 
32 Miller fine sandy loam- 0 2" ... .. .... . .03 .02 2.59 1. 59 .22 .43 
33 Miller fine sandy loam-0 3" .. ................ ... .03 .28 3. 12 2.08 . J9 .21 
34 Miller fine sandy loam-0-K,~O •.... · ..... . .... . . · ...... .01 .05 3. 03 1 .45 ·.02 .03 
35 Miller fine sandy loam-0-manure, October. .02 .2J 2.93 1. 91 .OJ :02 
36 Miller fine sandy loam-0-manure, March ....... . ... .. . . 89 .57 . 21 03 
37 Crawford e!ay-0" ..... ........... ...... . 11 2.53 2.08 .58 1.31 
38 Crawford clav-0 2" ...................... . ... .04 1.36 3.67 1.80 .42 .67 
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TABLE NO. 5-Continued. 

Inches of Water Removed from Percolation Pots, 1912. 
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39Crawfordclay-03" .............................. ... .. 12 1.38 2.89 2.13 .55 .23 .36.... . . . . .. . . .07 3.15 10.88 
40 Crawford clay-0-K,SO,. . .... . ... .. . . . ... . .. . . . . .. .04 .93 3.67 1.84 .33 .16 .11. . . .01 3.17 10.26 
41 Crawfordclay-0-manurc,October...... ... . ... . . .... . .13 1.46 2 . 53 2.21 .57 1 , 42 .34. ...... .. .... .01 3 .11 11.81 
42 Crawforrlclay-0-rnanure, March...... .... .0\J 1.13 2.26 1.77 .47 1.16 .26.. .. .......... 2.95 10.09 
4:lLufkinftnesandyloam-0"...... . . .. ........ 31 .27 1.56 1.9\l .15 .54 .0\J. ..... .09 2.17 7.17 
44 Lufkinftnesandy loarn-02"................ ... . .. .... .11 .20 1.84 2.29 .27 .51 .14 .... .. .. .. .. .01 2.50 7.87 
45 Lufkinfinesandy loam-03"..... .. .. ... .19 .28 1.94 2.88 .21 . 74 .11 .... .. . ..... .05 2.78 918 
46Lufkinftnesandyloam--K,S0'4 .............. .. ........ 12 .40 • 2.95 1.7.3 .14 .56 .02 ...... .. .. . ........... 2.31 8.23 
47 Lufkin ftne sandy loam-0-manure, ·Octobcr........ .. .. .06 .22 2 . 31 2.92 .01 1.27 .01 .. . .. .. .. .. .. .05 2.01 8.86 
48 Lufkin ftnc sandy loam- 0-manure, March.. .. ..... .02 .21 2.81 1.87 .02 .41..... .. . .. . . . .70 6.04 
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TABLE NO. 5-Continued. 

Inches of Water Percolated from Percolation Pots, 1913. 
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1 Norfolk sand-0" .. . ......................... .08 .01 .12 .01 .01 ...... ..... . .03 .02 .28 
~ 2 Norfolk sand-0 2" ...... 1.58 1. 69 2.06 .42 .17 . . .. .. ...... 2.13 .88 8.93 

3 Norfolk sand-0 3".: . . ..... :::::::::::: :: ~::: . . ...... .04 .05 .08 .03 .01 .05 .05 .31 0 
:o2 H 

4 Norfolk sapd-0-K2 S0 4 •• • • . • . . . . . . • •. 1.53 1.68 1.72 .02 .. .. .77 .03 5. 77 en 
5 Norfolk sand-0-manure, October ...... . . . .... . .. 1.43 1. 73 2.29 .37 .22 .02 1.11 .04 .... 7.21 f-3 
6 Norfolk sand-0-manure, March . . . . ... . . .. . .... 1.33 1.42 2.11 1.00 .52 .01 2.54 1.43 .. .. 10 .36 q 
7 Orangeburg fine sandy loam--0". . . . ........... .. . . 1.39 1.24 1. 75 . 03 .01 .02 ..... . . . .. . . . . . . . . .38 .03 . ... 4.85 ~ 

8 Orangeburg fine sandy loam-0 2"... . .... .. .. .. . 1.66 1.67 1.77 .03 .01 .01 1.14 .19 6 .48 t<J 

9 Orangeburg fine sandy loam-0 3" ............. ... 1.68 1.82 2.00 ·· ··" · .... · · :oi 1.72 .78 ..... 8 .00 > 
10 Orangeburg fine sandy loam-0-K2 S0 4 • . •••.•... 1.09 1. 56 1.39 .02 .. . ... .. .. . . . ··· - .20 .01 . . . ... 4.28 z 
11 Orangeburg fine sandy loam-0-manure, October. . . . .. . 1.40 1. 75 2.51 .53 .17 . 01 1.22 .09 . 7.68 t;j 

12 Orangeburg fine sandy loam-0-manure, March .. 1.38 1.65 1.80 .42 .1 5 · · :o2 ... . . . . .... 1. 39 1.1 3 7.92 
'"d 13 Houston loam-0" .................... . ............ . l.43 1.94 2 .28 .46 .16 . .. . .. 2.48 .76 . ··· ·· 7.53 

14 Houston loam-0 2" .. . . . . . . ... 1. 25 2.11 1.90 .63 .17 .01 2.65 .89 .... . 9 .61 t< 
15 Houston loam-0 3" .. ..... .96 1. 94 1.70 .49 .15 . 04 . ... .. . . .... . .. . 2.85 .96 . . ·-· 9.09 I> 
16 Houston loam-0-K 2 SO •.. . . ::::::::::: :: : : :: :: :: .. 1.18 1.95 1.95 .57 . 14 .05 .. ·-· 2.36 .68 8.88 z 
17 Houston loam-0-manure, October ... . .. ..... 1.53 2.05 2.65 .90 .37 3.01 1.16 11.67 f-3 . . .... ..... 
18 Houston loam-0-manure, March . ... .. . .. . 1.32 1.82 2.08 1.02 .16 .04 . . . ... . . ... . ... . . 2.67 1. 22 . . ... 10.33 hj 
19 Houston black clay-0"- . . . . .. . . .... . . . .. . ..... 1.60 1.99 2.69 . 79 .31 .05 2 .83 1.03 .... . . 11 .29 0 
20 Houston black clay-0 2" .. ............. . . . .... . . 1.67 2.01 2 .59 .76 .25 .03 ...... 2.59 .90 10.80 0 
21 Houston black clay-0 3" ............... 2.72 2.06 2.86 .79 .25 .02. . ... . . . . . . 2.30 1.26 ..... 12 .26 t;j 

22 Houston black clay-0-K 2 ::; 0 •........... .... . . . .... . . . 06 .25 .04 .1 4 .03 .01 .06 .05 .64 b:l 23 Houston black clay-0-manure, October . . 1. 78 2.04 2.76 .77 .25 .03 . . . . . . .. . . . ... . 2 .83 1.10 . ..... 11.56 ><l 24 Houston black clay-O~manure, M arch ..... . . . ........ . .93 1. 37 1. 43 .22 .01 ..... . 14 .06 4.16 
25 Yazoo clay-0". :. . . . . . . . . . . .... .. . 1 .42 1.82 2.26 .37 .04 .02 2 .70 .92 9 .55 '"d 
26 Yazoo clay-0 2" ..... 1.56 1. 86 2.38 .85 .18 .02 . . .. . .... . . . . ... 1. 45 .01 8.31 ·t<J 
27 Yazoo clay-0 3" .. .... : : ... :::: · ·:: : : : : :::: :: : : .. .. .. 1. 68 2.05 2.71 .69 .1 9 .03 ..... . 2 .54 1.14 11.03 ~ 
28 Ya20o clay-O-K2 SO.. . . . . . . . . . . ... . ... . .... . . . 1. 35 1.69 2.17 .22 .08 .02 ...... . . .. .. 2.75 .80 . . 9.08 0 

29 Yazoo clay-0-manure , October ........... . .... .... . . 1.47 1.88 2.44 .65 .04 .02 . . . . . 2.81 1.04 10 .35 0 
t< 30 Yazoo clay-0-manure, March. . . . . . . . .. .. .. . ... . . 1.06 1.22 1.66 .68 .02 .02 .87 .28 5.81 I> 

... Miller fin e sandy loam-0" . . . . . . . .... 1.39 1.86 1.85 .04 .02 .01 . . .. .. . . .. .. .... .. .62 .05 . . . . . 5.84 f-3 
32 Miller fine sandy loam-0 2" ........ ... . .... . . .. .. . 1 .48 1.63 1.58 .27 .04 .01 ..... 2.08 .65 7 .74 H 

33 Mill er fine sandy loam-0 3" .... .. .. ............... 1.44 1. 83 1.90 . 13 2 .30 .67 8.27 0 ..... . . . .. . . ... . . . ... 
~ 34 Miller fine sandy loam-0-K 2 S04 .•.•..• . . . . .89 1.52 1.24 .03 .01 .02 . .. .. . 1 .22 .01 4.94 

35 Miller fine sandy loam-0-manure, October. . . . ... . .... .7!'! .57 .28 ...... ······ ·····. . .. . . . .36 . . . ... . .. ... 2.00 
36 Miller fine sandy loam-0-manure , March. .04 .01 .03 . ..... ... . . . ...... . .. . . .. . . . . .. 1.14 ..... 1.22 
37 Crawford clay-0". . . . . . . . . . . . . . . . . . . .... . 1.49 1.97 2.56 .80 .02 :oi . . . .. . .. .. . . 2 .90 1.18 .. .. . . 10 .92 
38 Crawford clay-0 2" .. ..... . .. ......... ....... ... .. .. . 1.44 1.87 2.41 .53 .04 ······ ........ . . . . 1. 77 . 18 ······ 8.25 ~ 
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TABLE NO. 3-Continued. 

Inches of Water Percolated from Percolation Pots, 1913. 
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LOSSES OF MOISTURE AND PLANT FOOD BY PERCOLATION. 23 

EFFECT OF SOIL TYPE ON PERCOLATION AND EVAPORATION. 

'.rhe soils may be divided into two groups with respect to the quan
tity of water which passed through them when uncultivated: (a) Those 
who~e ·average annual percolfltion is less than 10 inches, and (b) those 
who~e average annual percolation is over 10 inches. 

'.rable No. 6 contains a summary of percolation from the uncultivated 
1:1oils by groups. · 

Pot No. 

1 
7 

31 
43 

13 
19 
25 
37 

TABLE NO. 6. 

Total Percolation in Inches from Uncultivated Soi Is. 

1913 Aver~ 
Name. 1911. 1912. (Decem-

ber ex-
age. 

eluded). 
------------

Norfolk sand ...... < • • • •• ••• 5.72 4 .52 .28 3.51 
Orangeburg fine sandy loam .. 7.45 6.32 4.85 6.21 
Miller fine sandy loam ...... 10.75 7.98 5.84 8.19 
Lufkin •andy loam .. 10.74 7.17 4 . 69 7.53 

------------
Average .... 8.67 6.50 3.92 6.36 

Houston loam .......... 16.07 11.56 7.53 11.72 
Houston black clay ...... 17.92 12.77 11.29 13.99 
Yazoo clay ..... . ..... . . . . . 14 .36 9.98 9.55 11.30 
Crawford clay .. ........ . 19.52 11. 14 10.92 13.86 

Average .................. 16.97 11.36 
Average rainfall, December, 1913, 

excluded ........ ... . ... .... . . 

9.82 12.72 

Evapo- i 
ration. 

~ 
---

---
27.09 

20 . 73 

33.45 

The a-verage percolation from the clays is oouble the quantity from 
the sands or sandy loams. Conversely, the sands and sandy loams lost 
much greater quantities of water by evaporation than did the clays. 
The above refers to the uncultivated soils. 

The average annual rainfall for the three years (December, 1913, 
excluded) is R3.45 inches. According to the table previously cited, we 
may expect a loss by run-off of about 8 inches on gentle slopes and 17 
inches on steep slopes. As a portion of the Texas rainfall comes in 
heavy rains of short duration, we may consider a loss of 8 inches by 
run-off as a moderate estimate. 

The run-off of 8 inches is, however, less than the amount of perco- · 
lation from the sands and sandy loams. In other words, there would 
be no percolation if we deduct this quantity of run-off. 

The percolation from the Houston loam and the clays exceeds the 
estimated run-off bv 6 inches. 

The quantity of "percolating water may be assumed to represent that 
at the oisposal of the crops. This is not stricti}• true, for the shade 
and presence of the growing crop decreases evaporation from the soil; 
while, on the other hand, a large portion of the percolation comes dur
ing the winter season when there is no crop on the ground. Hence, 
this water can be of advantage only if it remains in the soil, instead of 
percolating. These facts must be duly considered, and also that the 
uncultivated Hoil only is being considered. ,The following is the crop 
yield for which tbe average amounts of percolating water given above 
would suffice, based upon the ass'llmption that the water required is the 
quantity given on page 6 of this Bulletin. 
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Water for Crop Production. 

Sands and loams. Clays. 

No run-ofT assumed-
Cotton .. ... . . . 
Corn . .. . .......... . . . .. . ... . 
Oa~ ....................... . 

510 lhs. lint 
38 bu . 
57 bu. 

1,016 lbs. lint 
76 bu. 

Alfalfa or hay .. . .. .... . ..... . . 4,860 lhs. 
114 bu. 

9,650 lbs . 

Run-ofT of eight inches assumed-
Colton . .. ..... . .. ...... . ........ . . . . .... . .. . 
Corn................ . ........ . . . . 
Oats................. . . .......... . ...... .... . . . . . . . . . . .. 

376 lbs. 
28 bu. 
43 bu. 

3,570 l.bs. Alfalfa or hay .... . ... . . . ... . . . .. ........ . . .. : .. . . ... ...... . . 

It must be remembered that these are uncultivated soils, and that, 
Vi' hen cnlt i vation is given, much larger quantities of water are retained 
by the cultivated soils. 

Tlw rainfall, percolation and evaporation at Rothamsted, England, 
for an average of tv;'enty years, are given below, together with similar 
reeults of thto Texas experiments: · 

Rothamsled .... . 
Texas , light soils .. . 
Texas, heavy soi ls .... . .. . .. ... ... .... . .. . 

Rainfall. 

28.5 
35.15 
35. 15 

Percolation. 

15.0 
7.67 

11.15 

Evaporation. 

13.5 
27.09 
20.73 

The Rothamsted soil is a heavy clay, and · is not cultivated. Evap
oration at Rothamstecl is much less than in Texas,· but the percolation 
thro11gh the heavy soils of Texas is remarkably close to that through the 
one at Rothamsted. 

Evaporation and Percolation by Quarters.-The following table, No. 
~·, shows the evaporation and perr.olation from the uncultivated soil 
types by quarters. The results given are the average of the three years. 

TABLE NO.7. 

Percolation by Quarters. 

.Jan., 
Feb., 
Mar. 

April, 
May, 
June. 

July, 
Aug., 
Sept. 

Oct., 
Nov., 
Dec. 

------------------- ------ ,------
Norfolk sand ...............•..... 1.41 1.08 0.07 0.95 
Orangeburg fine sandy loam . . . . . . . . . . . . . ..... . 
Miller fine sandy loam. . . . . . . ..... .. . .. . 
Lufkin fine sandy loam . ............. . 

2.92 1.80 0.02 1.47 
3.17 2.19 0.19 2.64 
2 . 23 2 . 31 o. 26 1 2 . 73 

~ 1.85 ----o.141--u5 
4. 64 3 . 43 0. 59 4. 39 
5.08 3.56 0.76 4.96 
4. 10 2 . 43 0 . 45 4. 32 
4. 05 3. 40 1. 09 4. 99 

Average .... ..... . ...... . . . .. . .......... . 

Houston loam . .......... . . .. ... .. . . . . . . . ..... . 
Houston black clay. 
Yazoo clay ........................... . 
Crawford clay .......... ... .... . . . .. . 

Average ..... . . . .. . 4.47 3.21 0.72 4.67 
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anuary , February, M arch . J 
A 
J 
() 

... ' .. . . 
pril, May, June . . ............. 
uly, August, Sebtember .......... 
ctober, Novem er, December ... .. 

January , February, March. . . . ... . 
April, May, June... . . .. 
July, August, Sebtember .. ...... 
Qctober, Novem cr, December . . . .. 

TABLE A. 

Group l, Sands. 

Precipitation. Percolation. Evaporation. Per cent 
evaporated. 

8.91 2.43 6.48 n 
8.52 1. 85 6.67 78 
6. 11 0.14 5.97 98 
9.9 1 1. 95 7.96 80 

Group 2, Clays. 

Precipitation. Percolation. Evaporation. Per cent 
evaporated. 

8.91 4.47 4.44 50 
8.52 3.21 5.31 62 
6. 11 0. 72 5.39 88 
9.91 4.67 5.24 53 

If we assume that all the water precipitated during the quarter 
€ither evaporates or percolates during that quarter-an assumption 
which is not true, as some of the water may be stored up, or some stored 
up may be evaporated-the results would be as given in _Table A. 

Attention should he directed to the high percentages of water evap
orated, especially during the summer months. This emphasizes the need 
[or storing water in the soil. 

:E:FFECT OF CULTIVATION UPON EVAPORATION AND PERCOLATION. 

Table No. 8 shows the annual percolation from the soils, uncultivated, 
and cultivated, to the depth of two or three inches. The cultivation 
was .made every week throughout the year, or, in case a rain intervened, 
as soon as the soil became in condition suitable for cultivation. 

The soils are divided into the same two groups as in the previous 
discussion. The average gain in percolation, due to the cultivation to 
a depth of 2 inches was, with the first group, 3.52 inches, and in the 
second group, zero. Cultivation to a depth of two inches caused a gain 
in pl:>rcolation from all the soils in Group 1. 

TABLE NO.8. 

Percolation in Inches from Soiis. 

N-orfolk sand-
1911. . .. . . ....... . 
1912.. . . . . . . .... . .. . . .. . 
1913 .... .. ........ .. . ........... . . .. . . . 

Average ...... . 

()rangeburg fine sandy loam-
1911. .. . . 
1912 . .............. . ; i 

No 
cultivation. 

5.72 
4.52 
0.28 

3 .51 

7.45 
6 .32 

Cultivated. 

2 inches. 3 inches. 

16.94 13.97 
11.12 5.64 
8.93 0.31 

12. 33 6.64 

13.22 13.26 
9 .51 9.65 

4.85 6.48 8.00 

6.21 9.74 10.30 
. 1---1---1----191:3 . .. . 

Average ..... . . ... . 



26 TEXAS AGRICULTURAL EXPERIMENT STATION. 

TABLE NO. 8-Contlnued. 

Percolation in Inches from Soils. 

No Cultivated. 
cultivation. 

2 ii,1ches. 3 inches. 

Miller fine sandy loam-
1911. ............................... . 10.75 10.93 12.85 
1912 ................. . ....... ... .... . 7.98 7.17 8.62 
1913 .. . .. .............•..... ..... 5.84 7 . 74 8.27 

Average .. . . . ..... .......... .. ... . 8.19 8.61 9.91 

Lufkin fine sandy loam-
1911. ........... . . ...... .. . . . ... . . .. . ... . . 10 . 74 13.05 13.62 
1912 . .. .............. ....... .......... ... . 7.87 9 . 18 8.23 
1913 .. .. .. ..... .. .......... .. .. . . . ... .... . 4.69 5.01 7.78 

Average .... ............... . .. · .· .. . 7.77 9.08 9.88 

Group average ................ . . . ... . 6.42 9.94 9.18 

Houston loam-
1911 ........ . ............ ........ .. ... . 16.07 15.07 16.60 
1912 .... .... .... . ... .... . ........ . .... . . . . 11.56 10.32 10.76 
1913 . . ............................. ..... . . 7.53 9.61 9.09 

----
Average ... . .. .. . .. .... . .... . .. . . .. . 11.72 11.67 12.15 

Houston black clay-
1911 ............. . ... . ...... .. . . . . . .. . . .. . 17.92 18. 52 19.13 
1912... ....... . . . . . . . . . . .. . . ... . . .. . 12 . 77 12.20 12.76 
1913....................... . . ... .. ... .. . 11.29 10.80 12.26 

Average. 13.99 13.84 14.72 

Yazoo clay-
1911. .......... . . . . .. . 14. 30 13.91 17.20 
1912 .. ..... . .. ... ........ . . .. .. .. . .. . . . 9.98 10.89 11.21 
1913 ....... .... .. ................. ... . 9.55 8.31 11.03 

Average .... . .. . .... . .... ........ . 11.30 11.04 13.15 

Crawford clay-
1911. ... . ..... .. .. ....... .. ... . . .. . . .. . . . . 19.52 17.05 19.55 
1912 ........ . ... . ... . 11.14 10.57 10.88 
1913 ..... ........ . ... . . . .. ...... . .. . . . . 10.92 8.25 11.45 

Average ................ .... .... . .. . 
Group average ....... .... . . ...... ... . 

11.86 11.96 13.96 
12.22 12.13 13.50 

On the other hand, cultivation to the depth of 2 inches did not cause 
a gain in percolating water with any of the soils in Group 2. 

OnltiYation to the depth of three inches caused a less average de
crease in evaporation with the sands and loams than did the two-inch 
cultivation. There is a decrease with two of the soils, and an increase 
with the other two. Cultivation to the depth of three :inches decreased· 
evaporation on an average, from all the loam and clays of Group 2. 

Water· was observed to stand upon pots 14 and 15 of the Houston loam, 
and on pots 43, 44 and 45 of the I1ufkin fine sandy loam more fre
quently than on other pots in the series. This is reflected in the table, 
by the decreased percolation from these two soils in 1912 and in 1913. 

The following table shows the average evaporation from the two 
groups of soils: 

Evaporation from Uncuitivated and Cultivated Soils. 

Four sands and loams .. . . 
Four loams and clays . . .. . 

No 
cultivation. 

27.03 
21.23 

Cultivated. 

2 inches. 

23.51 
21 .32 

3 inches. 

24.27 
19.95 
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It is evident, from the foregoing discussion, that cultivation is much 
more effective in decreasing evaporation from some soils than from 
otht.rs. and that those on which it is effective are the sands or loam 
soils '~hich lose water rapidly by evaporation from the uncultivated soil. 
The difference, however, may be due to some other factor operating. 
during wet periods, and not to natural evaporation differences. 

The average evaporation from the clays and loam is much less, even 
from the uncultivated soils, than it is from the sands and loams. A 
three-inch cultivation mav also be effective on the heavier soils, where 
a two-inch cultivation has' little or no value. 

The gain of water due to the checking of evaporation by a two-inch 
cultivation of the sands or loams a:verages 3.52 inches per year. If this 
saving of moisture occurred during the crop season, and could all be 
utilized hy the crop, it would be sufficient approximately for the fol
lowing production : 

Cotton, pounds lint. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280 
Corn, bushels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Wheat, bushels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Oats, bushels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

Tahle No. 9 shows the percolation by quarters from the cultivated 
and uncultivated soils. 'I'able No. 10 shows the increased quantity of 
water percolated, due to the cultivation. The table brings out clearly 
the low percolation during the summer months. Part of the diminished 
percolation dnring the winter months may be due to the replacement of 
water evaporated during the summer. 

These tables again emphasize the necessity of storing water in the 
soil and subsoil for use during the growing season. They also bring 
out the very slight effect of the cultivation of the clay group of soils, 
on the loss of water in percolation pots. 

TABLE NO. 9. 

Percolation in Inches by Quarters. 

No 
cultivation. 

January, February, March, 1911-1912-
Norfolk sand..................... . .. . ... 1.41 
Orangeburg fine sandy loam. . . . . . . . . . . . . . . . . 2. 92 
Miller fine sandy loam.. . . . . . . . . . . . . . . . . . . . . 3. 17 
Lufkin fine sandy loam. . . . . . . . . . . . . . . . . . . . . 2. 23 

Cultivated. 

2 inches. 3 inches. 

4.47 2.31 
4.10 4.19 
2.92 3.53 
2.26 2.82 

---------1----------1---------
Average. . .. . ............... ........ 2.43 3.44 3 . 21 

Houston loam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 64 3.60 3.59 
4.99 5.54 
4.56 4.93 
4.92 4.79 

4.50 4.71 

Houston black clay...................... . .. 5.08 
Yazoo clay... . . . .......................... 4.10 
Crawford clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 05 

--------1---------1--------
Average... . ....... . . ............... 4.47 

April, May, June, 1911-1912-
Norfolk sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 08 2.99 2.54 

2.45 2.43 
1.98 2.18 
2.51 2.94 

Orangeburg fine sandy loam. . . . . . . . . . . . . . . . . 1. 80 
Miller fine sandy loam. . . . . . . . . . . . . . . . . . . . 2.19 
Lufkin fine sandy loam........ ... . . . . ... 2.31 

Average. . . ... . ....... .. ..... .. ..... 1.85 2.48 2.52 
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TABLE NO. ~Continued. 

Percolation in Inches by Quarters. 

Houston loam ...... . 
Houston black clay . .... . ... . .. . . . .. . .... . . . 
Yazoo clay ...... . 
Crawford clay ... . 

Average ......... ... .. ........ ..... . 

July N~~folt\~t';~~ember : 19:11~1912-:--:- . . ..... . ... . 
Orangeburg fine sandy loam . .. .. .. ..... .. .. . 
Miller fine sandy loam ........... .... . ..... . 
Lufkin fine sandy loam . . . . . . . . ...... . .. .. . . 

Average ............. ... . .. . .... .. . . 

Houston loam .... .. ... . . .. . . . . . ..... . . ... . 
Houston black clay . . .. .. ..... ...... . . . . . .. . 
Yazoo clay . .... . .............. . . ..... . . . . . 
Crawford clay ... . ........ . . . . . 

Average .... . .. . 

October, November, December, 1911-1912-
Norfolk sand ...... • ........ 
Orangeburg fine sandy loam . . 
Miller fine sandy loam.. . . . . . . . .. . ...... . . . 
Lufldn fine sandy loam. . . . . . . .......... . 

Average .. ... ..... . . . . . ... . ... . ... . . 

No 
cultivation. 

3.43 
3.56 
2.43 
3.40 

3.21 

.07 

.02 

. 19 

.26 

.14 

.59 

.76 

.45 
1.09 

.72 

.95 
1.47 
2.64 
2.73 

1.95 

Houston loam ........... . . . .. ............. 4.39 
Houston black clay. . . . . . . . . . . . . . . . . . . . . . . . . 4. 96 
Yazoo clay.... .. .. .. . . . . . . . . . . . 4.32 
Crawford clay. . . . . . . . . . . . . . . . . . . . . . 4 . 99 

Cultivated. 

2 inches. 3 inches . 

3.20 3.06 
3.39 3 .62 
:3.13 3 .09 
2.56 3.31 

3.08 3.27 

.72 .66 

.26 .21 

.37 .44 

.43 .44 

.45 .44 

. 50 .86 

.83 .90 

.64 . 66 

.78 .98 

.54 .85 

4.15 1 .13 
3 .30 3.44 
3.34 3 .77 
3 .44 3.99 

3 .56 3.08 

4.33 4.41 
4 .63 4.65 
3.28 4.47 
3.69 4.88 

1--------·1--------1--------
Average . .. . .. .. ....... .. . .. .. . 4.67 3.98 4.60 

TABLE NO. 10. 

Increase in Quantity of Water Percolated, by Quarters, Over Uncultivated Soil. 

Sand Group-
January, February, March .... .. . ......... . . ... . . . . . ...... . 
April, May , June . .......................... , ... . ......... . 
July, August, September. . . . . . . . . . . . . ...... . . .. ......... . 
October, November, December .. ... . .. . . .. . . . . . . . . . . .. .. . . . 

Clay Group-
January, February, March . ... . .... . . . . . . .. .. . ... .. ... . 
April, May, June ...... .. ...... . . 
July, August, September ........ . 
October, November , Decen1ber . . .. .. . . .. ..... . . ..... .. .. . . . 

Cultivated Cultivated 
2 inches. 3 inches. 

1.01 
0.63 
0.31 
1. 61 

.05 

.13 

.18 

.69 

0.78 
0.67 
0.30 
1.13 

.24 

.06 

.13 

.07 

'rhe decreased loss in evaporation, due to the cultivation during the 
six crop months, is nearly an inch of water, which would be sufficient 
for about 80 pounds cotton, 6 bushels corn, or 9 bushels oats. The 
average production of cotton in Texas in 1909, according to the U. S. 
census, is 125 pounds cotton lint, and 14.7 bushels corn. The gain of 
water by cultivation would thus be two-thirds of the average cotton 
crop or two-fifths of the average corn crop. It might, indeed, be much 
more. 

Tabh: No. 11 shows the percentages evaporated, based upon the as
sumption that all the water which fell during the season either evap-
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-orated or percolated. This assumption is, of course, not true, but the 
table emphasizes the high p0rcentage evaporation during the summer 
rrwnths, which are probably 1eally higher than the figures given. 

TABLE NO. 11. 

Percentages· Evaporated and Percolated (estimated). 

c-, 

" ·§ 
'" ... 
0 
0. 

'" > w 
--------------- ------------------
:Sandy Group-

January, February, March. ... .. . . . .... 8.91 :'1.44 5.47 61 72 
April , May, June . . .............. .... . 8.52 2.48 6.02 71 78 
July, August, Segtember .... .... ....... 6.11 0.45 5.66 93 98 
October, Novem er, IDecember . ........ 9.91 3 .56 6.35 64 80 

•C lay Group-
January, February, March. ......... 8.91 4. 71 4.20 47 50 
April, May, June . .. ..... . .. ... · · · ···· 8.!\2 3.27 5.25 62 62 
July, August, September ...... . ........ 6 .11 0.85 5.26 86 88 
October, November, December . ... .... . 9.91 4.60 5.31 54 53 

EFFECT OF SULPHATE OF PO'l'.A.SH .A.ND MANURE ON PERCOLATION. 

Tahle No. 12 compares the percolation from the soils which received 
sulphate of :r;otash, and manure, with the zero pot. None of these soils 
were cultivated, except to. the extent necessary to work in the manure 
when.it was applied. 

Sulphate of potash caused an average increase of percolation with 
1;he sandy soils. This increase occurred with two of 'the four soils of 
the group; with the Miller fine sandy loam, there was a decided de
~;rease. On the other hand,, the sulphate of potash caused a decided de
crease in percolation with the loam and clay soib, amounting on an 
average to 8 .. 20 inches, and occurring with all the soils of the group. 
This is perhaps Qlle to the saline material causing the surface soil to. 
run together, decrem;ing the penetration of water, and causing it to re
majn near the surface to undergo evaporation. The Houston black 
day, particularly, showed a great decrease in percolation, due to the 
presence of the sulphate of potash. 

The quantity of sulphate of potash used in 1911 was equal to an 
annual application of 68 pounds potash (K2 0). In 1912, three times 
this quantity wa.s added to the Norfolk sand, Orangeburg fine sandy 
loam, Honston loam and Houston black clay, and five times as much to 
the Yazoo clay, Miller fine sandy loam, Crawford clay and Lufkin fine 
sandy loam, but there is no evidence that the increased application 
caused an increasecl evaporation during the year 1912 over that of 1911. 
According to these results, application of soluble salts to the heavy soils 
mav res·ult in no increased loss of moisture. 

1'he application of the manure resulted in a decreased loss of water 
by evaporation from i:he sandy soils especially. With the clay soils, the 
manure applied October 15 caused a decreased loss of water, while 
that applied March 15 increased the loss. With almost all the soils, 
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the fall application of manure resulted in a greater saving of moisture 
than the spring application. Some of the pots to which manure was 
applied evidently had something wrong with them and did not allow 
the water to percolate as it should. This is particularly true of the 
Miller fine sandy loam, and also the Lufkin fine sandy loam. 

TABLE NO. 12. 

Percolation in Inches from Uncultivated Soi Is. 

No Sulphate Manure. Manure, 
addition. of potash. Oct. 15. Mar. 15. 

Norfolk sane!-
1911. .. . . .. . . ....... 5.72 9.31 11.42 13.59 
!912 .. . ..... ... . .. . .. . .. . . .. . 4.57 7.05 8.30 8 .34 
11)13 ...... .... . .......... 0.28 5.77 7.21 10.36 

Average . ........... . . . . 3.52 7.38 8.98 10.36 

Orangeburg fine sandy loam-
8.38 1911 .. ......... .. . .... ···· · · · 7.45 12.39 8.94 

1912 ....... . ..... . ......... . . 6.32 5.91 7.94 6.50 
1i!!13 .· .......... . ... .. ...... . . 4.85 4.28 7.68 7.92 

Average . .. 6.21 6.17 9.34 7.79 

Miller fine sandy loam-
1911 . . 10.75 7 .93 10.53 1.19 
1912. 7.98 6.38 5.89 0.94 
1913. .. . ........... 5.84 4.94 2 .'00 1.22 

Average . .. 8.19 6.42 6 . 14 1.12 

Lufkin fine sandy loam-
1911. · ···· ... . ... . .. 10.74 11.13 13.20 13.67 
1912 . . . ..... . ... .. ...... 7.87 8 .23 8.86 6.04 
19113 .... . ... . .. .. ....... 4 .69 6 .36 6.66 1.53 

Average ............ 7.77 8.57 9.57 7.08 
Average of sands and loams. 6.42 7.14 8.51 6.69 

Houston loam-
1911. • • • • • • • • • • 0 16.07 14.84 18.80 16.11 
1912 .. . :: ... ...... . ... 11.56 10.49 12.78 10.50 
1913 .... 7 .53 8.88 11.67 10. 33 

Average . . 11.72 11 .40 14.42 12.31 

Houston black clay-
1911 ... .. ······· 17.92 4.73 14.71 12.69 
1912 .... 12.77 3.01 13.06 8.85 
1913 .... • • • • • • • • • 0 • 11.29 0.64 11.56 4.16 

Average . .. 13.99 2.79 13.11 8.57 

Yazoo clay-
1911 ... . .... ...... . ... 14.36 14.26 15 .17 15.25 
1912 .......... 9.98 9.79 10.71 8.53 
1913 ..... . . .. . 9.55 9.08 10.35 5.81 

Average . .. 11.30 11.04 12.08 9.86 

Crawford clay-
1911. .. . ... 19.52 17.64 18.64 17.29 
1912 ....... . . . . 11.14 10 .26 11.81 10.09 
1913 ...... . .... 10.92 10.66 9.34 10. 31 

Average .......... 13.86 12.85 J:l. 26 12.56 
Average of clays ........ 12.72 9 .52 13.22 10.83 

'l'(le average saving of moisture by the manure on the sandy and loam 
soils iB as follows: 

Manure-October 15 ........................... 2.09 
Manure-March 15 . . . . . ... . . . . . . . . . . . . . . . . . . . . . 0.27 
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The saving by cultivation is 3.52 inches. The saving due to the 
manure would suffice for the production of the following crops, if it 
could all be used : 

Manure, October 15. 
Cotton, pounds ................................ Hi7 
Corn, bushels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Wheat, bushels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Oats, bushels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Hay, pounds ................ . . ...... ........... 1600 

With the clays and heavy loams, the saving is much less. 
The important effect of manure on the saving of moisture with the 

sands and sandy loam Roils deserves especial emphasis. Manure or 
green crops are undoubtedly needed by these soils, not only for this pur
pose, hut for the other favorable effects upon the condition of the soil. 
But it appears that an application of ten tons of manure per year on the 
sands and sandy loam soils may result in a saving of moisture from loss 
by eYaporation sufficient to make more than an average crop of cotton, 
and nearly an aYerage crop of corn. 

PERCOLATION OF NITRATES. 

The plan of the w0rk at first included only the estimation of the 
JJitrates from the pots not cultivated, which received no addition, and 
which received manure March 15 and October 15. Later, however, 
the plan was expanded to include the estimation of nitrates in all the 
percolates. 

The nitrates were in each case estimated calorimetrically by the 
phenol-sulphuric acid method the same clay that the percolates were 
collec-ted. 

We will diRcuss first the results from the work which was carried 
' out on the original plan, and take up the other nitrate work on another 
page. 

'Table No. 13 shews the nitric nitrogen in the percolates for 1911, 
1912 and 1913 in parts per million of the percolating water. This gives 
the concentration of nitric nitrogen in the percolate. 

Table No. 14 shows the quantity of nitric nitrogen lost per pot per 
month, in the groups studied. 

As pointed out elsewhere in this Bulletin, a heavy rain in December, 
1913, exceeded both the capacity of the free space of the pots to retain 
on the surface, and the capacity of the bottles which received the per
colates, and, for this reason, December is not included in the work for 
the year. As, however, the analyses are of some interest, they are re
corded in the tables. 



TABLE NO. 13. 

Nitrates Percolated, Parts Per Million, 1911. 

Pot Number. I 
February. March. 

18-1 9th. 23rd. 3rd. 21st. 24th. 27th. 3rd. 5th . 
--- - -- - - - ------- - - ---

1. . . 
::: :: :::: ::: : :: .. ::: : :. l"i3' .. 

23 .. . .... . .. 30 . .... 22 
5 ... 10 ..... ... . . . . . 14 . .... 19 
6 .. . : : : .. .. .. : : : .. : "iii' ... ... . ... . . 33 '87 . 28 
7 .. 90 .. . . . . ... . . . . . . 111 95 

11 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 . .... . ... . . 54 43 40 
12 ... ... . . . . . . .... 87 71 66 
13 ....... . ::: . . . . . . . ·· ··· · · · "75" 35 · ·3o· · 17 . '36 . 33 33 26 
17 .. .... . .. . . . ... . .... . . ...... . ..... .. . 33 29 33 26 28 23 22 
18. . .. . ................. . . . .. . '58' 28 31 26 28 
19 ..... . .. . . .. .. . . ... .. .. . 62 59 58 62 41 37 36 
23 ....... . .. .. . ... . . . ..... ... .. .. . ... . 71 48 58 58 53 41 28 36 
21. ...... ... . 200 ... 'i33 .. . .... . ..... 50 . ..... 30 
25 ....... .. . . . .. .. .... . . . . . . . . . . . . . .. . . . .. .. 160 180 100 
29. . . . . . . . . . . .... . . . .. . 160 148 . ..... 57 166 95 138 
30 ............. . .................. . .. 133 125 100 91 i7' .. · ioo · .... . . .. 14. 31. .... .. .. .............. . .. . .. . . ' .. ... . . . . .... 105 .. . ... 93 
35 ........ . ' ' . .. . . ... .. . . . ... . . .. 103 . ... . . ...... . . . . .. 111 . .... 100 
36 .......... ... . .............. ' .. . . "i25' .. "6i .. ios · · ·io5 .. 117 138 
.17 .... . .. ..... .. . . ..... . . . ..... ....... ' . . 80 51 59 42 
41 ......... ... . . ......... . ... . ...... 38 80 55 105 100 66 55 '19 
42 . . . . . . . . . . . . . . . 

: -~~:: -~-~f .. ~g· 
...... 143 133 95 102 

43 .... . .... ..... . ... .. .. . . . ... . . .. . .... . . .. ... I ...... I 15 17 17 
47 ... ...... .. .. ... . .. . . . ... 36 33 44 
48 ........ . . . . .. . .... .. .. . . . . .. . . . .. ..... 24.4 29 35 .. . . . .. .... 

April. 

lOth. 14th. 20th. ' 25th. 
- - - ----- - -

14 . .. . .... 10 
14 . .. ... ···· ·· 10 
22 . . .. .. . . ... . 12 
74 . . ... . 38 
31 . .. . .. . . 19 
50 . . 29 
23 22 11 14 
16 14 9 13 
19 17 11 13 
26 22 12 19 
25 22 20 18 
26 . . . ... 20 
83 . .... 40 38 
95 . ... .. 53 47 
74 .. . .. . 53 40 
71 . ... . . ...... 40 
71 . ..... . ..... 42 

111 
36 .. '38" 62 

36 25 
40 37 . 37 24 
95 66 43 24 
12 11 5 20 
31 21 . ..... 21 
27 32 14 

28th. 
---

12 
10 
11 
36 
33 
31 
13 
14 
14 
20 
21 
23 
57 
66 
50 
45 
55 
62 
27 
33 
50 
2 

13 
28 

May. 

5th. lOth. 
------

7 . .. 8 .. 
6 

10 12 
19 "i6" 16 
17 
II 11 
12 13 
12 16 
19 18 
23 26 

4 20 
29 48 
48 50 
33 48 

. 33 "36" 31 
50 1 
25 31 
24 40 
38 40 

1 1 
8 5 

20 21 
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TABLE NO. 13. 

Nitrates Percolated, Parts Per Million, 1911. 

Pot Number. 
July. Aug. October. November. December. January, 1912. 

------------- 1-------- 1 I 
lOth. I 20th. I 22nd. I 4th. I 16th. I 24th. I lOth. 1 16th. I 13th. 1 18th. I 24th. I 28th. I l~t 4th. I 6th. , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , __ _ 

1... . . ... ..... .... . .. . ... .. ... . .. .. -~- ... . . I 37.7 ···· · . ... ... ...... 4.3 . ..... 83.3 102 .5 78.4 67 .8 85.1 
5.. .. ........... ... . . .... .. .... . . . . . . .. ... . . . . . 51 .2 . ... .. 90 .9 ..... 86.9 90.9 95.2 40 .0 22.91. 6......... . . . . . . . . . . . . . . . . . . .. . . . . . . . . 40.0 72.7 83.3 59.6 95.2 88.8 53.3 21.0 10.2 . 
7...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.4 2.1 ... 8.3 173.9 121 .2 117.6 114.3 ..... 

11 .... ..... ... ' ....... . .. . . . ....... ... . ...... 111 .1 ... ... 95.2 125.0 148.1 125.0 90.9 

!!::·::: :::···· ::::::: .. :·:: :·:::: ::::::: ::1:·.::: 
6.3 ... . . . ······ 2.2 .... 2.0 . . . . . . I 6.8 170.8 100 .0 95.2 81 .6 

'34:81! 50.0 39.4 29.8 50.6 46.5 74.1 74.0 45.4 67.8 4!'1.3 44.9 33.3 
64.5 85 .1 27.0 88.8 74.0 80.0 83.3 63.5 56 .3 32.6 25.0 16.6 14.2 ... 
57.1 86.9 33.5 80.0 74 .0 90.0 80 .0 40.8 66.6 51.7 33.9 25.0 25 .9 .. 

19 ... . .. ... .... 66.6 115.0 20.0 129.0 105.2 153.8 166.6 90.9 102.5 54.7 45.4 37.9 40.5 23 ..... . ........ ......... : ........... .. . .. ... .. 68.2 137 .9 75.4 133 .3 105.2 173.9 190.4 117.6 85. 1 51.2 25.3 13.3 12 .2, . 
24 .... .. .. ........ . . . ... . .. . . ... ... ::: : ::: . 36.3 90.9 6.2 95.2 ..... 153 .8 .... .. 137.9 137.9 81 .6 81.6 64 .5 . .... 
25 ... . . . . . . . 45.4 173.9 .. .... 102 .5 ...... 210.5 235.3 200.0 235.3 142 .8 114.2 114.3 81 .6 29 ...... ::::: : .......... .. .. . ... .. 52.6 190 .4 5.4 160.0 102.5 235.3 250.0 222.2 250.0 133.3 125.0 93 .0 78.4 
30 .... .... . ..... . .. .. : ::: :::: : ::::::::: . . .. . . . . . 44.4 83.3 ... ... 108.1 .. .. .. 166.6 181 .8 235.3 266.6 160 .0 166 .6 95.2 102 .5, .. . 
31 ........................... .. . . .. . .. . . 33.3 ... . . . 75.4 ...... 111.1 114.2 105.2 148. 1 95.2 83.3 48.7 . 
35 .... . ... ......... ..... '•' ...... . . . .. : :: :: . 14 .4 . . . ... . ... 81.6 . . . . . . 111.1 125 .0 153 .8 :<00.0 114.2 88 .8 72.7 .... .. 
36 .... . . . . ................... .. .... ... ... 52.6 .. . ... 11 .6 . . ... . 4.8 ... . .. 166. 6 190.4 97.5 105 .2 85. 1 . . .. .. 
37 . . .. .. ................... . ..... . ... .... . . 66.0 45.4 153.8 . . . ... 138 .0 ...... 253.3 190.4 160.0 166.6 52 .6 74.0 58.8 57.1 
41... . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . .. . 45.4 235.3 ... 173 .9 ·· ··· · 253.3 190.4 181. 8 200.0 102.5 100.0 86.9 93.0 
42 ......................... . . . . . .. ... . . ... . 31.7 105 .3 ..... 148 . 1 . ..... 210.5 222.2 210 .5 250.0 125.0 105 .2 95.2 74.01 .. .. .. 
43 . . . . . .. . .. 31.7 . .... 4.2 54 .0 47.0 86.9 76.9 80.0 93.0 51.2 53.3 42.5 45 .9 47.0 
47 . . ...... . . ::::::::::::::::::: ::: :::::: ·.: . . . . .. . 45.4 .. . . . . 88.8 ...... 105.2 100.0 95.2 105.2 71.4 66.6 49.3 48.7 . 
48 . .. . ........ ·· ·· ···· . . . ................ .. . . 31.7 ... . . . . . . ... 23 .3 . . ... . 108.1 102 .5 117 .6 133.3 81.6 74 .0 62 .5 56.3 . 
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Pot Number. 

1 .. .. .. ... .... . .. . . .. .. . . .. .. . .. .. . 
5 ................. . .... .. .. . 
6 ....... ... ......... . . . .• . ... .. 
7 .... .. .. .... .. .. .... . . ... . ... . . 

11 .............. ... ..... . 
12 ........ . .. ... . . . . . .. ... . . . . 
13. .. . ........ .. . 
17 .... . . ................ . .... . 
18 .... .... . . .. . ... . . .. . .......... . . . 
19. . . . . . . . . . . .......... ....... . 
23.. .. .... .. .. .. .... .. . 
24 . ... .... .. ......... . .. ......... . . . 
25...... . .. .............. .... . 
29.... . .. . ... ..... .. ... . . . . .... . 
30 ...... .. .. . 
31... . .............. . 
35 . .. ... . .. . .. .. .... . . .... .... . . .. . 
36... . . . . . . . ... . . . . 
37 .. . 
41 . . .... . .. . . .. . . . . . ... . ... . . .. ... . . 
42 ...... . 
43 .. . 
47 .... .... .. .. . 
48 ........ . . 

TABLE NO. 13. 

Nitrates Percolated, Parts Per Million, 1912. 

J an. I February. March . April. May I June. I July I Aug. 

16th. 19th. 28th. ~ 18th. 23rd. \ 27th. ~~ 17th. ~~[ 15th.[ 25th. 25th. , __ 

91.7...... 50.6 37.5 18.1 11.9 6.3 1.3 1.3 ...... 1.4 .................. 

1 

.. ...... .. .. 
12.8...... 12 .2 14.2 9 .3 9.2 11 .3 12.8 13 .3 1.2.. .... 7.9 ...... 0.5 3 .0 .... .. 
5.7...... 3 . 1 4.6 3.2 6.6 5.5 4.2 3.4............ 2.7 0.1 0 .5 ....... . 

74.1 12.0 54.0 51.9 34.4 20.4 11 .3 12.3 8 .4 3.8 0.7.. .. .. .. .. .. .. 0 .5 
75.4 ...... 57.9 41.9 26.3 16 . 1 11.2 13.3 13.2 3.0 .... .. 14. 0 11.2 .... .. 1.0 .... 
65.5 4.2 54.7 57 . 1 40.0 30 .3 8 .7 11.6 7.5 1.3 .. .... .. .. .. .. 1.3 ...... 
42.2 23.0 13 .5 15 .8 9 . 5 8.2 4 .7 4.8 5.3 3.0 4.5 12 . 6 5.2 0. 5 12 .0 ... . . . 
15.8 10.9 11 .3 13 .4 6.9 7 .5 4 .9 7.0 8.2 5.9 9.1 28.1 10 .0 5.5 ...... . . .. . . 
28.1 25 .9 12.2 14.7 8.8 8.4 4 .8 6.5 6.6 4.5 5.5 20.0 6 .9.... . . 16 .0 .. . 
43.0 27.3 25 . 9 25.6 12 .9 11.9 5 .9 8.1 8 .0 7 .0 10.5 20 .0 13.1 8.9 17.0 , . . . 
12.9 11.2 9.4 10 .7 6.7 7.5 4.0 6.9 8 .0 2.3 8.8 17.0 15.6 12 .0 28 .0. 
83.3 34.0 43.0 35.3 7.4 12. 5 3 .8 10 .4 11 .1 1.5 12.5 25 .0 17.8 13 .0 34.8 ... 
85.1 80.0 68.9 75.4 33.3 38 .4 12.5 20.0 20.0 7.2 8.1 29.0 0.8...... 21.0 .. 
78.4 70.1 71.4 61 . 5 31.7 32.2 10 .6 18.8 16.6 8.7 16.1 31 .2 12.8 ..... 47.1 

100.01 95.2 86.9 81.1! 45.4 39.2 10.1 18.1 14.9 8.5 14.2 33.3 5.3 .... . . . 18.0 
34.8.... .. 23.5 26 .3 6.8 8 .5 3.0 3.2 4.5 10.9..... .. .. .. ·0.5 7.5 .. 
63.5...... 44.4 48.2 12.8 15 .1 7.5 13.1 13.9 7.2 .9 ...... .. .. . .. .. .. 14.01. 

·g~:~l- ·i8:& · -~n 
83 .3 57.9 64 .5 
48 .71 44.4 51.9 
5fi .3 43.4 . 44.4 
61.5 8.4 57.1 

37.5 13. 9 20.4 8.9 12.5 9 .0. ..... 3.2 0.5 0.8...... 27.0 

58.9 16.6 11.9 5.5 9.5 9 .0 3.8 7 .7 23 . 5 13 .5 . . .. .. 38.0 .. 
31 .9 13.3 12.3 6.4 8 . 0 9 . 1 5.4 7.9 27.0 37.2 . ... . . 46.31.. --

62.5 15.8 13. 1 6 . 9 11.9 12.0 7. 0 8. 7 20.0 8. 1 19 .0 40 .0 ... . . 
64.5 29.0 35 . 7 10 .9 40 .0 16 .6 9.0 .. . ... 12.0 10 .4 0 . 5 27 .0 . . . 
57.1 21.0 12 .2 6 .5 14.9 11.7 6.8 10.0 3.1 7.3...... 8 .0 .. .. 
54.7 33.3 29.4 7 .9 16 .6 15.1 14.7 4.4 18 .8 12 .0 
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TABLE NO. 13. 

Nitrates Percolated, Parts Per Million, 1912. 

Nov. December. 
Pot Number. Sept. I Oct. 

___________ ______ _.:_ ________ 
1 
____ 1 25th.l~! 12th.jl7th. j 31st. j23rd.i28th. j31st. 

1.... . . . . . ...... .. . ... . . . . . .... . . .. . . . .. .. . . .. ... . ..... . . . . . . .... . . . . . 
5 . .. . . . .. . ... . . . .. . . ......................... .. . . . ................. . 
6... . ......... ... . . . ... . ..... . .......... ... ..... .. . . .. . . . ...... . ....... . 
7. . .. .. . . . . . ... ... . . . . .. . . ...................... . . .. . . . . .. . ..... . . . 

11... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ ... . . . . . ... ... . .. .. ........... . 
12 .... . .. . .. . . .. ... ... . .. . .. · ..... ... .. .. . .. .. . . . . .. . . . . .... . . .. . .. . . .. ... . 
13.... . . . . . . . . . . . . . . . . . ............. . ........ . . . ... . .......... . . 
17... . .. .. ... . .. . . ..... . . . ..... .. .... . . . . ..... . . . . . .. .. . . . . . . . . . . 
18 .. . .. .. .... . . . .. . . . . .. . . . ... : . . .. . . .... •..... . .. . ... .. .. . ... . . . .. .. . . . .. . . 
19. .... . .. . ... . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
23... . .... .. . . .... .. .. . .... . . ... . . . . .. .. . . .. . . . . . .. . . . .. . . . . . . . . ... .. . . . 
24. ... . . . .... . .. . ... . . . . . . . . . . . .... . .. . ... . . ....... . ....... . 
25 ....... . .. . .. . .. .. . . . ....... . . ... . ..... . .. .... . 
29 ... .. . .. . . ... . . . . . . ... . .. . .. . . . . .. . ... . . . . ............. . ... . .... . . . ... . .. . 
30..... . ...................... . . . • .. . . . 
31 . •.• . . .. . ...... . .. ......... . . . . ... ... ... .... ... . . . .... . .. . 
35.... . ... . . . ... .. ........... . . . . . . . . . . . . . . . . ... . ... . .. . . . 
36. . . . . .. . .. ...... . . .. ..... . .. . .... .. .. . . . ....... . ........ . . 
37 .. .... . ... .. .. . . . .. . . .. . . .. . . .. . . . ... . ... .. . . . . . .. . . . . . .. . . . . . . . . . .. . 
41 ... . ........ . ... .... ........... . . . ... . . . .. ....... . . 
42 ..... . . ............ . .... . ..... .. ... . .. ... .. . . .. . .. .. . . . . . . . . 
43 . .. . . . . . .. .. .. . . . . . . .. .. . . . . . . ..... . . . . . . ..... . .......... . . . . ... . .. . .. . . 
47 ........... .. .. .. . .... ..... . . . ... .. . .. ... . .... . . ........ . . . .. . . . . ..... . 
48 . . . . . . . . . . .. . . . ... . . . . . ........... . . . . . . .. . . . . . . . . ... . .. .. . . . : . . . . . . .. . 

5.0 0.3...... 7.6 .... .. .. .. .. 79 . 5 1 . ..... 
.. .... , .. .. .. 5 .0 0.3 83.3 32.3 ...... 100.0 112.5 106.5 
.. .... 

1
...... .. .. .. .. .. .. .. .. .. 117.0 .. .. .. 100.0 88 . 5 84.0 

. . . . . . . . . . . . 5.0 0.3 0 . 2 100.0 150.0 135.0 

. . . . . . . . . . . . 5.0 12 . 8 100 .0 166 . 7 161.3 .. .... I... .. . .. .. .. .. .. .. . .. .. . 0.2 200 .0 166.7 150.0 

. .. .. .. .. .. .. 5.0 24.4 33.0 17 .3 166.6 15.0 24 . 0 
8.0 36.4 57 . 7 57 .2 ...... 113 .6 31.5 39.0 

95.0 26.4 60.0 45.4 .. . . . . 125.0 33.0 43 . 5 
9 .0 64.5 83 . 3 60 . 9 . . . . . . 104 .1 73.5 88 .5 

10.0 62.5 90 . 9 74 .4 . .. . . . 219. 8 79.5 109 . 5 
.. .. .. 69.0 96 . 8 21.1 .. .. .. 250.0 103 .5 .. .... 

20.0 . .... . 120.0 203 . 0 .. .. .. 210.5 2 17 .4 230. 8 
35 .0 ~ 69.0 uoo.o 227.3 . . .... 215 .0 194 . 8 150.0 
25.0 83.41111.1 214.2 ..... 192.4 . . . .. . 

; '" "I 8.0 10 . 0 43.5 67.5 104 .1 69.0 75.0 
10 . 0 .. .. .. .. .. .. 72.0 .. .. .. 259 . 7 94.5 .... .. 

.. .. .. .. .. .. .. .. .. 48.0...... .. .. .. 57.0 . .. .. . 
20.0 83.4 85.7 117.0 ...... 106.3 87.0 .. .. . 
15.0 60.6 79.0 158.0 . . . .. . 222.2 172.5 185 .2 
.. . 80.0 93.8 176.4 ...... 184. 0 166.7 136. 5 
5.0 25.0 .. .. .. 52.5 40.5 .. .. .. 48 .0 55 . 5 
5 . 0 .. .. .. .. • • .. 60. 0 .. . .. . 111 . 1 66 . 0 73 . 5 

. .. ... .. .......... 217 . 5 .... .. 263 .1 82 . 5 ...... 
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TABLE NO. 13. 

Nitrates, Parts Per Million, 1913. 

Pot Number. 
January. February. March. April. 

lOth. 14th. 25t h. 28th. !st. lOth. 15th. 1 24th. 3rd. 12th. 1 17th. 1 25th. 7th. 12th. 28th. 

1. . .. . . .. ........ ........... . .. . ......... -. _-_ - . ----:-;; -.. -. -_. 48.0 -. _-_-__ -_ -_ .-.-.. - . -~~~-;r~~ = ~~~~--.-.-.. -. -_-_-_ .-. -__ -_-_ .-~ 
5........ .. . .. .. .. .. .. . . .. .. .. .. .. . . . 42 .0 68 .0 49.0 ..... 0 17.0 6.0...... 4.0 6.0 4.5..... . 2.5 2.5 5.0 
6 ..... . ... .... .. .... .. ...... . ........ ...... . 0 • 36.0 50 0 36.0...... 11.0 6.0 ..... 0 6 .0 5 . 5 5.0 0 .. 0 3.5 5 .0 5.0 
7 .... . .............. 0 0 .... 0 0 0 0 .... . .... .. 0 .. .. .. • 88.0 100.0 ..... 0 51.0 38 .0 ..... 0 18.0 15. 5 14.0 .. .... 3.0 .... 0.5 

11 ............... .. ... ..... 0.. ...... • .. .. 67.5 163. 9 147.0...... 67.0 38.0...... 22.5 16.0 9.5 1...... .. .. .. 5.5 8.0 
12 ...................... . ..... ............. .. ...... .. . 138.9 137.0. ..... 58.0 34.0 ...... 17. 5 19.0 15.0...... 2.0 6.0 9.0 
13 ............ .. ............ ...... ...... . ·. .. .. .. 12.0 20.0 9.0..... . 4.0 2.0 3.0 5.0 3.5 3.0 ..... 2.5...... 5.0 
17.... .. .. ....... .... .... .... ... . ..... .. .. . .. . 22 . 5 42 .0 26.0 . .... 0 15.0 15.0 17 . 0 17. 5 12.0 7. 5 7 .5 15 .0 8.5 11.5 
18.. ........................... ...... .... .. .. .. .. 13.5 32.0 13.0..... . 5.0 7 .0.. .... 7.5 10.0 6.5.... .. 14.0 12.0 13 .0 
19.... .. ... .... .. .... .. ............ .. ...... .. . 40.5 78 . 0 55.0..... . 23.0 15.0...... 10.0 8.5 7.5...... 12. 5 10.0 13.0 
23 ............ .. ............ :....... .. . .. .. .. . .. 49 . 5 80.0 60 .0...... 42. 0 36.0...... 21.0 18.0 16. 5 .. .. .. 2.5 8.0 11 .5 
24................................. .. .. .. .. .. .. .. .. .. .. .. .. .. 79 .0.. .... '12.0 39.0...... 13.0 20 . 0 20 .0...... 3.5...... 10 .5 
25.... . ............................. .. ..... .. .. .. 93.0 185.3 164.0...... 64.0 46.0...... 36 .0 25.0 18.0...... 2.0...... 15.5 
29........................ ..... .... .. ...... .. .. .. 93.0 135.6 131.6...... 83.0 55.0 ... .. 0 55.6 37.5 32.0 ..... 0 79.4 32.0 40.0 
30 .. .. ......... .. ........ .. ... .. 00......... .. .. 82.5 114.9 153.9 .. . .. 0 .. • .. 80.0.. .. .. 50.0 . 35.0 32 .5...... 75.8 33.0 34.0 
31. ............... .. ............ 00 .. .. .............. .. 0 55.0 43.0... . .. 15.0 11.0 ... .. 0 6.0 7 . 5 4.5..... . 15.0 
35 .... .. ...... .. ................. .... .. .. .. ........ ... 0 ..... 0 99.0 .... .. ..... 0 40.0..... . .. .. .. 22.0 20.0 .. .. .. 
36............................ .. ... .. .. .. . .. .. . 3 .0.... .. 54 .0. ..... .. .. .. 43.0 .. ... 0 ..... 0 21.5 22.5 ..... 0 

37 00 .. .. .. .. .. .. .. .. .. .. .. .. .. • .. .. .. .. .. .. .. • 43 . 5 .. .. .. 70. 0 .. .. .. 70 0 0 79 . 0 .. .. .. 36 . 0 32 0 0 32 . 5 .. .. -- I 49 . 0 
41 ............ .. .. . .. ......... 0.......... .. .. . 87.0 181.8 147.0...... 73 .0 86.0...... 3.8 35.0 23.0 ... .. 0 4.5 

43 .. ........ ..... .... .. .. 00 00 ... ........ .. . 48 .0 31. 5 73.0 620 .0 54 .0.... .. 47.0 42.5 26.0 25.0 30.0 22.5. 
47.... . ..................... . .. ... . .. .. .. 18.0 149 .2 57.0 53.0.... .. 42.0 35.0 26.0 22 . 5 22.0 ....... 

32.5 
7 .0 

30.0 
5.5 

42.... .... .... .. ........ .. .. .... .... .. .... . .. 88 . 5 60.0 147.0..... . 75.0 66.0 ..... 0 37.5 32 .5 37. 51...... 42 . 5 

48 .. . . 0 . 0. 0 •• • • 0 0 •• 0. 0 · _· · _ · ·_ · :~--~.. .. • .. • .. • .. • • .. • .. 45.0... ... .. .. .. 40.0 . .... 0 ..... 0 25.0 20 .0.. .... 5.01 ..... 
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TABLE NO. 18. 

Nitrates Removed in Parts Per Million in 1913. 

Pot Number. 
May. July October. November. December. Jan. 

1

1 st. 
19th. 26th. 5th. 2nd. 7th. 20th. lOth. I 27th 2nd . 4th. 4th. 4th. 5th. 6th. lOth. 16th . I 27 th . (1914) 

No.2. No . 3 
--------~------------

!:... . .......... . ..... . . . . . 0.4 . . . . . 13.4. .... . . . . . . . . . . . . . . . 18.0 20.0.... . . . . . . . . . . . . 0.5 2.0 ..... ... . 
5. . . . . . . . . . . . . . . . . . . . . . . . . 7. o o. 7 61 . 6 24. o 26 . o 1. o 24. o 59. o 7. o . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... ·I· ... ·1 . . . . . 
6...... . ... . . . . . 3 0 7.6 2.0 46.4 J.07.0 112.0 90 .0 55.0 18 .0 7.0 1.0 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . 
7 .. ·' ... . ...... . . . . . . . . . 0.6 1.2 2.4 56.0.... .. 12.0 6.0 74.0 60.0 30.0 .. . ... 1 6.0 , ... .. . 1 4.0 ...... 1 2.5 2.0 

11 .... . . . . . . . . . . . . 9.4 0.7 52.0 78.0 124.0 80.0 120.0 112.0 58.0 1.0 
12.... . . . . . . . . . . . . . . . . 3.0. ... .. 44 . 6 70.0 128.0 148 .0 128.0 74.0 23.0 1.01 .... . . 
13.... 0.8 6.2 0.6 31.2 32.0 26.0 21.0 20.0 9.0 2.0 1.0 .... . 
17 . . . . . . . . . . . . . . . . . . . . . 4 . 0 7. 0 . . . . . . 54 .0 55.0 48.0 4 6. 0 40.0 18.0 2. 0 . . . . . . . . 
18.... . . . ...... . . . . . . . 0.4 7 .4 0 .5 49.2 53.0 4 1.0 33.0 30.0 17 .0 3 .0 1.0 .. 
19.. ... . .... .. .. 4.0 16.8 0.4 45 .6 68.0 68.0 73.0 67.0 49 .0 3.0 .... . . , .. 
23.... . . . . . 2.0 14.0 0.5 49.8 86.0 88.0 76.0 62.0 48.0 7 .0 ... .. . 
24 . . . . .. . . . . . . . . . . . . . . . . . . . . . 1.0...... 48.0...... 15.0 29 .0 60.0 90.0 14.0 

29.... . . . . . . . . . . . . . . . . . 0.8 1.4 0. 4 80.0 144.0 166.0 156.0 130.0 150.0 63.0 25 .0 . . .. . 

1.0 
4.0 .. 
1.0 

4.0 

6.0 
5 . 0 

25.... . . ... .. . .... . . 1.2 1 .6 0.7 49 . 6 72.0 93.0 104.0 128.0 96.0 88.01······1····· 

30.. ... .... . .... .. ... 1 .0 26.8 0.7 87 .0 130.0 140.0 116.0 140.0 120.0 50.0 ............ , .•.. . .. 
31.... ... ............. 1.0...... 2.0 18.4 43.0 8.0 9.0 42 .0 11.0 1.0 .... . 
35 .. .. . ... .... . .... .. . . . . . . . . . . . . . . . . . . . . 37.2 100.0 . . . . . . . . . . . . . . . . 92.0 12.0 
36.... . . . . ....... . ... . . . . . . . . . . . . . . . . . . . . 77.0 154.0 15.0. . . . . . . . 75.0 75.0 
:n.... . . . . . . . . . . . . . . . . . o.G .. . . . . . . . . . . s2.ol 1o-.t.o 116.0 1oo.o 9~ .o 72.0 10.0 ..... . 
41... . ..... . .. .. .. ..... 0.8...... 0. 7 41.4 84.0 76 .0 92.0 106.0 76.0 20.0 ..... . 
42 .... . ... . ........ "'". 30.8 30.4 0 . 7 66.01 154.0 116.0 146.0 148.0 80.0 33.0 ..... . 
43 . . .. ... . . .... . . . ..... . . . . . . . . . . . . 1.9 13.2 24.0...... 30.0 40.0 15.0 9.0 ..... . 
47... . ..... . . ...... .... . . . . . . 1. 6...... 40.0 50.0 22.0 49.0 60.0 54 .0 60.0 . . ... . 
48 .. . .. . .. . .. . . . . . . . . . . . . . . . . 0.6 . .... . 45.0 100.0 20.0. . . . .. 85.0 65 0 7.0 ..... . 

· ·4:o ..... . 
1.0 ..... . 

12.0 ... .. . 
4.0 5 .. 0 

43.0 .... : . 
3.0 ..... . 

·4:o · i4:o 
8.0 20.0 
4.0 12. 0 
2.0 4.0 
4.0 . 4.0 
3.5 ..... . 
9.0 9.0 
4.0 6.0 
4 .5 2.0 
1.0 2.0 
9.5 .. . 

37.5 . . . 
4.0 7.0 
3 .0 1.0 

17.5 12.0 
5.5 20.0 

31 .0 77.0 
6.0 26.0 

0.5 
5.0 
8.5 
7.0 
3.0 
3.0 
2.5 
8.5 
6.0 
3.5 
2.0 

15.0 
29.0 
6.5 
3.5 
8.5 
8.0 

28.5 
22.0 

1.0 
2.0 
4.5 
4 .5 
3.0 
4 .0 
3.5 
7.0 
5.0 
5.0 
2 .5 

10.5 
24 .5 
8.0 
4 .5 
8.0 
4.5 

24.0 
12.0 

15 
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TABLE NO. 14. 

Nitrate in Milligrams, Per Pot Per Month, 1911. 

Pot Number.~ Feb. Mar. April. May. 

------ - -----
I Norfolk sand . . .. .......... .. ............ . .... . .. . ............. 15 45 40 2 5 Norfolk sand, manure October 15 ................. . . . .. ... . .. . . 23 17 80 7 6 Norfolk sand, manure, March 15 .. . .. . ... . . . ...... .. ............ · io7· · 27 139 19 7 Orangeburg fine sandy laom. . . . . . . . . . . . . . . . . . . . . .. .... . .. . . . . . 18 358 19 11 Orangeburg fine sandy loam, manure, October 15 .. .. ............. 167 8 327 26 12 Orangeburg fine sandy loam, manure, March 15. . ......... ...... . ii3 . . 34 299 17 13 Houston loam ... . ... .. .. . ... . . . ... . .... . ....... . . . ... ...... . .. 62 134 24 17 Houston loam, manure, October 15.. . . . . . .. . .. . . ..... .. . ... ... 134 75 133 25 18 Houston loam, manure, March 15 ........... ... . . ... .. ...... .. ... "3i5 .. 61 127 25 19 Houston black clay.... . . . . . . . . . . . . . . . . . . . ... . . .. ..... : .... .. .. 126 194 38 23 Houston black clay, manure, October 15 ........ ... . ........ ... .... 214 123 200 50 24 Houston black clay, m anure, March 15 ........ .. . . . . ... . ... . . . . 117 98 14 25 Yazoo clay ... .. . .. ......................... .. ... ... ........ 450 400 425 65 29 Yazoo clay, manure, October 15 ................. .... ........ .. .. 379 369 544 89 30 Yazoo clay, manure, lVIarch 15 . ...... . ...•.... .. . . . . . .... . .... ... 279 431 68 31 Mi ller fine sandy loam . . . .. .... . .... .. ........ , .. .. . ......... . .. 101 66 370 33 35 Miller fine sandy loam, manure, October 15 .. . . ... ........ .. ...... 85 72 350 32 36 Miller fine sandy loam, manure, March 15 ...... .. ... . . . .. . .. . ... . '386 .. 59 141 4 37 Crawford clay ...... .. .... . ............. . . . .. .. . .. .... ......... 196 266 38 41 Crawford clay, manure, October 15 ... . ........... • . . . ............ 348 193 289 79 42 Crawford clay, manure, March 15 ..... ...... . ....... . . ....... .. .. 

"46" 314 531 92 43 Lufkin fine sandy loam . ............... ... ...................... 5 69 4 47 Lufkin fine sandy loam, manure, October 15 ... . . . .... . ... .. ....... 36 112 91 9 48 Lufkin fine sandy loam, manure, March 15 ....... ... . . .. .. ..... . .. 67 192 23 

6, 12, 18 , 24, 30, 36, 42 , 48, nitrate not begun until after manure added, March 15th. 

July. Aug. Oct. 

---------
14 . ..... .... .. 
29 .. .... . i36 .. '64 ...... 

..... . . .. ... . . .... 

... . .. . ..... ...... 

. i39 .. ··is · · .. 97 .. 
187 64 211 
173 52 167 
210 100 206 
196 103 349 
112 64 221 

89 83 208 
135 100 303 
104 46 170 
33 .... . . 23 
21 .. .... 37 
13 . i77'. 1 

152 359 
155 188 443 
101 84 330 
41 ...... 54 
84 . ..... 89 
43 . . . . . . 67 

Nov. Dec. 

------

. i68 .. 400 
685 

163 586 
.. 67 .. 663 

1090 
. iii .. 740 

457 
191 439 
134 422 
289 679 
353 671 
192 797 
281 1477 
396 1609 
257 1635 

30 833 
166 1106 

"444'. 217 
1045 

480 1420 
390 1473 

58 445 
145 687 

56 751 

Total. 

---
516 

1009 
11 34 
1165 
1685 
1090 
11 55 
1459 
1161 
2157 
2259 
1605 
3478 
3924 
2990 
1489 
1869 
435 

3063 
3595 
3315 

716 
1253 
1199 
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TABLE NO. 14. 

Nitrate in Milligrams Per Pot Per Month, 1912. 

Pot Number. l ~~~ Feb. Mar. April. May. 

1 Norfolk sand . . .............................. .. .......... . ..... 4.6 20.2 76.9 3.3 0.1 
5 Norfolk sand, manure, October 15 .................. .. ............ 3.2 11.6 61.5 44.3 .... .. 
6 Norfolk sand, manure, March 15 .................. ..... ... . ...... 1.6 2.9 39.1 11 .8 .. o:i· 7 Orangeburg fme sandy loam . .... . ....... ............. ... ...... .. 5.9 9.2 174.7 28.0 

11 Orangeburg fine sandy loam, manure, October 15. . . . . . . . . 18.8 91.5 144 .3 46.6 ... ... 
12 Orangeburg fine sandy loam, manure, March 15 .... ... .. ........ . .. 8.2 18.3 230.5 26.9 . '3: 5 13 Houston loam .............. . ... · . . ......... . . . ... .. . ...... ... .. 15.8 39.2 55.3 20.0 
17 Houston loam, manure, October 15 ................ . ... . .......... 4.6 25.2 60.3 30.9 8.2 
18 Houston loam , manure, March 15 .. ........ . . . . . ... ..... ... . . . . .. 5.6 19.3 56.0 20.4 3.5 
19 Houston black clay. . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . ......... 8.6 66.4 107.5 31.2 9.9 
23 Houston black clay, manure, October 15 .............. ... . ........ 3.3 26.4 55.4 29.0 8.8 
24 Houston black clay , manure, March 15 ............... . . . ......... 1.2 50 .0 108.7 31.0 7.7 
25 Yazoo clay ..... .. ..... . ....... . ..................... . ......... 3.8 127.9 262.2 69.9 4.4 
29 Yazoo clay, manure, October 15 ..... ......... . . .. .. . .. .. ........ 5.5 154.2 221.6 57.3 12.1 
30 Yazoo clay, manure, March 15 ...... . ....... .... ..... . . .. . . ..... 7.5 148.4 283.4 42.1 9.2 
31 Miller fine sandy loam .............................. . .... . ..... 6.6 8.5 59.3 14.0 0.1 
35 Miller fine sandy loam, manure, October 15 ........ . . . .. .... . ..... 2.8 17 .3 96 . 5 46.7 · ·o:2 · 36 Miller fine sandy loam, manure, March 15 .. .......... . . . ... ...... . i3:i . '98:4' 16.0 4.7 
37 Crawford clay . .... ............ .. . ...... . ............... ..... .. 93.0 29 . 7 8.3 
41 Crawford clay, manure, October 15 .... . ........... .. . ... . ..... . .. 20.8 191 . 2 151.7 36.3 8.2 
42 Crawford clay, manure, March 15 .. ... .....•................. .. .. 14.1 130.5 137.7 38.2 7 .4 
43 Lufkin fine sandy loam ........ , . ......................... . . ... . 28.0 24.0 86.9 95.5 2.8 
47 Lufkin fine sandy loam, manure, October 15 ........... . ...... . .... 6 . 2 17 . 6 97 .4 66.1 · ·o:2· 48 Lufkin fine sandy loam, manure, March 15 .. ...... .. ........ .• .... 2.5 22.1 127.6 52.7 

June. I July. 

.. i :o· · ·o:9 · 
l.T · ·· · ·· 

·· · ·· . . . . . . . 
6.5 0.1 

... . .. · · · · ·· 23.4 0 . 7 
60.0 "5:6· 37.9 
41.8 3.6 
38.7 13.3 
48.3 13.9 
40.0 1.5 
53.4 10. 8 
45.4 0.5 
...... 0.5 
...... 1.7 

'65:3· 0.9 
34.4 

60 .3 29.8 
40 . 1 19.4 
11.1 1.1 
8.1 0 . 1 

13.3 .... .. 

Nov." I Dec. I Total. 

------
. . .... 26.7 131.8 

388.4 510.9 
...... 355 .3 412.4 
.. .. .. 177. 3 395.2 
. ... . . 228.2 536.0 
...... 295.0 578.9 
. . . ... 419.0 576.9 

0.1 439.8 629.1 
0.2 380.0 528.5 

. ..... 543:1 812.1 
0 . 1 832.8 1007.8 

.. .... 495.6 756.4 

. . . . . . 877 .8 1380.5 
0.2 840.6 1355.7 

. .. · . .. 362.3 898 .8 
0.1 334 .1 423.2 

...... 291.6 456.6 

. . ... . 11.5 33.3 
557.1 899.3 

. .. ... 796.7 1295.0 

. . .... 734.5 1121.9 
0.1 199.0 ' 448.5 
0 . 1 302.6 498.2 

... ... 301.2 519.6 
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TABLE NO. 14. 

Nitrates Percolated in Milligrams Per Pot in 1913. 

Pot Number. Jan. Feb. Mar. April. May. July. Oct. Nov. Total. Dec. 

------------------------------
1 Norfolk sand .. ... .. .... .. ... . ... .. ........ . ...... . ......... .. .. 7.0 0.7 0.8. . ... .01.. .... 0.8...... 9.3 0.6 
5 Norfolk sand, manure , October 15 .. . .... . .............. . .. . . . . ... 133 .2 47.5 22.7 3.2 2.87 .021 80.2 0.6 290.3 51.5 
6 Norfok sand, manure, March 15....................... .... .. . . . 93.6 27.4 21.8 9.1 6.20 .03 150.5 200.9 509.5 31.5 
7 Orangeburgfinesandyloam... .. ... . .......... ... 250 . 6 152.3 48.0 0.1 .01 .036 3.6 0.6 455.251.5 

11 Orangeburg fine sandy loam, manure, October 15. . .. . . . . . . .. .. . . . 370.7 203 .3 69.2 7 . I 3. 00 . 014 93.9 19.6 766.8 50 
12 Orangeburg fine sandy loam, manure, March 15 ... ..... ... . ..... . . 351.7 168.5 58.1 6.3 .84... 84.7 290.8 960.9 53 
13 Houstonloam............. ..... .... .. .......... ..... 26 . 7 12 . 6 14.5 4.1 1.55 .024 109. 5 29.0 211.9 49 
17 Houston loam, manure, October 15.. . . . . . . . . . . . . . . . . . . . . . . . . . . 77.2 57.6 54.0 18. 5 4. 38 . . . . 239.2 92.7 543.6 83 
18 Houston loam, manure, March 15....... .. . ... .. . . . . . . . . . . . 35 . 9 18 .3 32.5 24.5 1.70 .035 165.4 71.2 349.5 78 
19 I-Iouston black clay....................... .. .. .. ... . ....... . ... 162.1 78.0 42.2 17.5 7.49 .036 206.9 132.7 646.9 151 
23 Houston black clay, manure, October 15.... .. .. .. . .. . . . .. 199.6 154.3 92.7 14.1 5 . 55 .03 224.3 139.9 830.5 164 
2<1 Houstonblackclay,manure,March15 .. ... ... . ............. . . 136.6105.1 51 . 9 4.0 .02 .021 11.8 6.9 316.3 143 
25 Yazoo clay ... . .......................... .. . . . . .. .. ... . .. ..... . 422.4 200.9 98.3 10.2 .08 .021 222.2 198.2 1152.3 633 
29 Yazoo clay, manure, October 15............ ...... . . . .. .. . 348.7 267.3 175.1 50.1 .01 .012 372.6 276.1 1489.9 699 
30 Yazoo clay, manure, March 15.. . . .......... ..... ..... ......... 285.6 175.2 109.1 47.9 .27 .028 118.8 66.6 803.5 72 
3 1 Millerfinesandyloam .. .... . ... .. ... . .... .... .. . ..... .. .. ..... " 113.2 49.1 21.2 0.5 ....... 04 8.8 0.9 193.7 137 
35 Miller fine sandy loam., manure, October 15 . . .. . . . . . . . . . .. . . . . .. . . 144.5 4-2 .0 1.0. 9 . .. .. . . . . .. . .. . . .. 22.9 .. . . . . 220.3 57 
36 Miller fine sandy loam, manure, March 15 .. ·...................... 2 . 8 0 . 9 1 .1 . .. . . . .. .. . . .. . . .. 154. 5 . . .. . . 159.3 17 
37 Crawford clay .............................. .. .... ... .. ........ 160.8 242 .2 152.4 40.8.... . . . . . 257.4 206.61060.2 251 
4 1 Crawford clay, manure, October 15 .............. .. .. ..... . ... .. .. 355.7 268.3 156.2 13.3...... .021 327.3 155.21276.0 291 
42 Crawford clay, manure, March 15 ....................... . ... . .. .. 365 . 9 234.5 140.2 43.0 16.45 .042 318.9 264.7 1383.7 370 
43 Lufkinfinesandyloam.. ........... .. ............. . ........... 67.1 175.1 431.9 0.9 ....... 038 9.7 12. 5 697.2 99 
47 Lufkinfinesandyloam,manure,October15 ....................... 120.7 " 135.6 70.1 0.1 .02 ............ 27.9 354.4 455 
48 Lufkin fine sandy loam, manure, March 15.......... .. .......... .. 32.9 6.8 14.6 0.8 .01 .. .. .. .. .. .. 3.4 58,5 36 
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LOSSES OF MOISTURE AND PLANT FOOD BY PERCOLATION. 41 

QUANTITY OF NITRIC N lTROGEN PERCOLATING. 

Table No. 16 is a summary of Table No. 14 and shows the total quan
tities of nitric nitrogen percolating from the uncultivated soil, both 
those which receiverl no additions and those which received manure. 

An examination of the tables show that the concentration of the 
nitrates in the 'Yater percolating from the pots reaches its maximum in 
the fr..1I, usually in December, and its minimum in the spring, usually 
in April. This may be due to the accumulation of nitrates during the 
summer months, when the temperature is favorable to nitrification, and 
there is little percolation, and to washing the nitrates out by the fall 
and winter rains. Nitrification is of course less active during the win
ter months. From Table No. 14, showing the nitrates in milligrams 
percolated per pot, we likewise see '!:hat the nitric nitrogen washed out 
in December forms a Jnrge proportion of the total loss. 

NITROGEN LOST IN POUNDS PER ACRE. 

Tlw loss of 1 mg. per pot represents a loss of 0.122 pounds per acre. 
'Table No. 15 shows the average loss of nitrogen in pounds per acre per 
year for the <;everal soils (December, 1913, excluded). The loss varies 
frol'n 26.7 to 244.2 pounds per acre. The average for the sandy group is 
67.2 pounds and for the clay group 168.6. The nitrogen content of soil 
Gnrl subsoil is also stated in the table. It is seen that the loss of nitrates 
is rclaterl to the total nitrogen of the soil. 'l'he quantity increases with 
the content of soil and subsoil in nitrogen. As it takes approximately 
1.5 pounds nitrogen for grain, stalk, leaves, etc., for a bushel of corn, 
we have also calculated the loss of nitrogen to bushels corn per acre. 
This is 45 bushels for the first group and 114 bushels for the second. 

TABLE NO. 15. 

Loss of Nitric Nitrogen Per Year Per Acre. 

Norfolk sand .. ... .............. 
Orangeburg fine sandy loam . ..... 
Miller fine sandy loam . . ......... 
Lufkin sandy loam .. .... ........ 

Average for group . .. . .... . 

Houston loam ...... ... . . ... .... 
Houston black clay ....... . ... .. . 
Yazoo clay .............. . . ... . . 
Crawford clay ... . .. ... .. . .. . ... 

Average for group ..... .. . . 

Pounds 
per acre. 

26.7 
81.9 
85.5 
75 .6 

67.2 

78.9 
147.0 
244 .2 
203.1 

168.6 

Per cent 
nitrogen. 
Surface. 

.03 

.04 

.05 

.05 

.044 

.034 

.119 

. 149 

.151 

.113 

Per cent 
nitrogen. 
Subsoil. 

1 .......... 

· · · :o35 · · · 
.063 

.044 

.040 

.079 

. 152 

.098 

.092 

Average 
of surface 

and 
subsoil. 

.03 

.04 

.04 

.059 

. . ···· · · · · 
.037 
.099 
.151 
.125 

. . . .. .. . .. 

Corn in 
bushels 
equal to 
nitrates. 

.18 
54 
57 
51 

45 

51 
99 

162 
135 

114 

While it is not probable that all the nitrates produced were washed 
fr<1m the soil ea.ch year, yet the figm<:>s ought to give us a fairly good 
idea of the nmonnt formerl IN e can also compare these figures with 
the corn possibility based npon the nitrogen taken up in pot experiments 
as follows: 



42 'l'EXAS AGRICULTURAL EXPERIMENT STATION. 

P er cent Corn 
nitrogen Corn po.~sibility 

average of equal to of total 
so il and nitrates. nitro~en. 
subsoil. (B us els 

per acre.) 
----

Norfolk sand. ............ . . . . .......... .. . .03 18 13 
Houston loam . ..... . .......... . .. . . . ... . .. . 
Orangeburg fine sandy loam . 
Miller fin e sandy loam ......... .. . .. . . . . . . .. . . . . 
-Average of first group .. . 
Lufk in sandy loam .... . .. . 
!Houston black clay .... ... . 
Average of second grou p . . . 

:Crawford clay . . ........... . . .. . .. .. . . 
Yazoo clay ... 

.037 fit 13 

.04 54 18 

.04 fi7 18 

.044 45 18 

.059 51 18 

.099 99 28 

.092 104 28 

.125 135 38 

. 151 162 43 

It is evident that the average quantity of nitrates produced is large. 
The losses from cropped land would, of course, be much less than 

these given here. The nitrates formed would be absorbed by the crops. 
'I'he percolation would be reduced, both by the water evaporated from 
the erop8, and by water running off on the surfape. 

N everthele.ss, com;iderable losses of plant food may occur from bare, 
uncropped soils during the winter months. The nitrates are not all 
taken l1p by the plants, and a portion of the water percolates from the 
soi l. 

NITRATES FROl\f :MANURE. 

Table No. 16 shows the nitric nitrogen, in milligrams per pot, perco
lating from the manured and unmanured pots. As previously stated, 
manure was adder1 at the rate of 30 grams of dried sheep excrement per 
pot, on October 15 or March 15. This represented an application of 
9.15 tons per acre of manure containing 80 per cent water. The quan
tity of nitrogen added was equal to 456 milligrams per year, October 
15, and 474 milligrams March 15, or 55.6 pounds per acre for the 
former. 

An examination of the table shows that, with one exception, more 
nitrates percolated from the manure applied October 15 than from 
that applied March 15. This may be compared with the fact, dis
cussed elsewhere in this Bulletin, that the manure applied October 15 
decreased evaporation better than that applied March 15. The dif
ference may be partly clue to the fact that some of the pots to which the 
manure was applied March 15 did not percolate properly. 

The average quantity of nitric nitrogen per year produced from the 
manme applied October 15 is as follows: 

Group 1 .... ....... ... ... .... . . ....... . . .. . 
Group 2 . ... .. .. . 

Average . . . .. ... .... . . .. ..•.... . ..... 

Milligrams 
per pot. 

234 
256 

245 

Pounds 
per acre. 

28.5 
31.2 

29.8 

Sufficient 
for bushels 

corn per 
acre. 

1!1 
21 

20 
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This is 53.7 per cent. of the 456 milligTiuns nitTogen applied in the 
manure each year. According to this, an application of 9 tons manure 
per acre annually would raise the corn possibility (so far as nitroge:o. is 
concernerl) 20 bushels per acre. 

TABLE NO. 16. 

Nitrogen Percolated as Nitrates in Milligrams Per Pot. 

Norfolk sand, 1911. ... ... . . .. . . . .. ....... . . . . . . 
Norfolk sand, 1912 ........... .. . 
Norfolk sand, 1913 .. . .... .... . . 

Average .............. . . 

Orangeburg fine sandy loam, 1911. 
Orangeburg fine sandy loam, 1912. 
Orangeburg fine sandy loam , 1913. 

Average . . ... 

Miller fine sandy loam, 1911 .. . .... . .. ... . .... .. . 
Miller fine sandy loam, 1912 .... . .... . . . . .. . 
Miller fine sandy loam, 1913 .... . ... . . 

Average . . . . 

Lufkin sandy loam, 1911. . . . 
Lufkin sandy loam, 1912 ....... . 
Lufkin sandy loam, 1913 .. 

Average .... . 
Average for group . ... 

No 
addition. 

516.0 
131.8 

9.3 

219.0 

116.5 
395.2 
455.2 

671.8 

1489.0 
423.2 
193.7 

702.0 

716.0 
448.5 
697.2 

620.6 
553.4 

Manure Manure 
October 15. March 15. 

1009 .0 
510.9 
209.3 

603.4 

168 . 5 
536.0 
766.8 

995.9 

1869.0 
456.6 
220.3 

848.6 

1253.0 
498.2 
354.4 

701.9 
787 . 5 

1134 .. 0 
412.4 
509.5 

685.3 

1090.0 
578.9 
960.9 

876.6 

435.0 
33 . 3 

159.3 

209.2 

1199.0 
519.5 

58.5 

592.4 
590.9 

Houston loam, 1911. 
Houston loam, 1912. 
Houston loam , 1913. I 

1155.0 I 1459.0 1161.0 

::: ___ 5_7_6_.9 ___ ·- :----6-29_._1 ___ , ____ 5_2_8_.5 __ _ 211.9 543.6 ,- 349.5 

Average . . . 647.9 877.2 679.7 

2157.0 2259.0 1605.0 
812.1 1007.8 756.4 
646.9 830.5 316.3 

Houston black clay, 1911 .. . 
Houston black clay, 1912 ...... . . . .. .. . 
Houston black clay, 1913. . .. . . ... . 

Average . . . .. ....... . . . . .. . ... . . 1205.3 1365.8 892.6 

3478. 0 3924.0 2990.0 
1380.5 1355.7 898.8 
1152.3 1489.9 803.5 

Yazoo clay, 1911. ................ ... ....... . 
Yazoo clay, 1912 . ... ........ . . . .. . ........ . 
Yazoo clay, 1913... . ......... .. . . 

Average ........ .... ... . . . .. . ... ... . 2003.6 2256.5 1564.1 

3063.0 3595.0 3315.0 
899.3 1295 .0 1121.9 

1060.2 1276.0 1383.7 

Crawford clay, 1911. . ............ . .. . . 
Crawford clay, 1912 .. .. . ... .. .. . . ... . .. ..... . . . 
Crawford clay, 1913 .. 

Average ..... . .. . 
Average for group. . .. I . .. 

1674.2 2055.3 1940 .2 
1382.8 1638.7 1269 .2 



TABLE NO. 17. 

Nitrates Percolated Parts per Million 1912 (March 23 to December 31.) 
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" .Q 

s 
" z ... 
0 
0.. 

r Norfolk sand, 0" . ........... . 
2 Norfolk sand, 2" and nitrates ... . ........ . 
7 Orangeburg fine sandy loam, 0" ........ . . . 
8 Orangeburg fine sandy loam, 2" and nitrates. 

13 Houston loam, 0" .... . ................. . 
14 Houston loam, 2" and nitrates .. . 
19 Houston black clay, 0" ............. . 
20 Houston black clay, 2" and nitrates .. 
25 Yazoo clay, 0" . ... ........... . . . 
26 Yazoo clay, 2" and nitrates ..... . 
31 Miller fine sandy loam, 0" ....... . ..... . 
32 Miller fine sandy loam, 2" and nitrates .. 
37 Crawford clay, 0" .... . . . ...... . .. . .. . 
38 Crawford clay, 2" and nitrates ...... . 
43 Lufkin sandy loam, 0" ..... . ........ . 
44 Lufkin sandy loam, 2" and nitrates . . . 
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11 . 9 5.9 8.1 8.0 7.010.5 20.013.1 8.917.0 
16.611.7 38.9 38.0 29.0 30.3 31.2 30.0 15.0 34.0 
38 . 4 12 . 5 20 . 0 20. 0 7. 2 8 . 1 29 . 0 0 . 8 . . . . 21 . 0 
21. 7 ll . 5 58. 8 85. 1 66. 6 4 7. 0 43 . 9 28 . 5 .... 
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Tl'le results here given show a high nitrification of the manure ac
companied with a high percolation o·f the nitrates produced. The 
manure applied was dry, finely ground sheep excrement, and should not 
nitrify as readily as ordinary barnyard manure, which has usually fer-
mented to some exteni. · 

LOSS OF NI'TRATES BY PERCOLATION. 

On March 15, 1912, and again on November 15, 1 gram nitrate of 
soda containing 152 mg. nitrogen 1ras added to four cultivated pots, 
Nos. 2, 8, 14 and 20, and two grams were added to four others, of 
different soils, Nos. 26, 32, 38 and 44. The object of the application 
:vas to ascertain how rapidly the nitrates would percolate. The addi
tions made were at the rate of 122 and 244 pounds nitrate of soda 
per acre. 

Table No. 17 shows a comparison in parts per million of nitric nitro
gen of these pots and the soils receiving no additions. With two of the 
soils, ?.n increase in the proportion of nitrates is seen at once, but with 
the other six the nitrates had no effect on the percolating water until 
the collection of April 6th or April 11th, the third or fourth percola
tion since the nitrates were added. The loss of nitrogen in milligrams 
per mohth for the year is shown in Table No. 18. 

TABLE NO. 18 . 

Milligrams Nitric Nitrogen Removed Per Pot, 19l2. 

,_; 

I I I 
I 

I I I " I ~. I ,_; s ,_,..c:: ..: ,., .... 
" " 

I 
"'" 

I I 
I 

I 
-" -" 

I 
::l 

I.e::~ El z ~ 
I I 

El 2c: :>. ..; i> " " ! > _,__, 

"'"' "' " 0 " 0 ::8 "' ::8 ::l ::l " 0 
p.. < ...., ...., z 0 E-< 

1 Norfolk sand, 0 . . ......... . . ____ . _. 36.9 3.3 0.11.- --- . .... -- - 26.7 67.0 
2 Norfolk sand. 2 .. and nitrates. __ ____ 30 .8 29.9 41.6 76.0 13.5 -- -- 241.8 433.6 
7 Orangeburg fine sandy loam, 0 . _ ... __ 32.6 28.0 0.1 .... . . . . . - - . -. 177. 3 238.0 
8 Orangeburg fine sandy loam, 2 .. and 

nitrates .. _ . _ . . _ . _______ . ........ 70.8 54.5 20.5 46.0 . .. . --. -- 312.5 504 . 3 
13 Houston loam, 0 .. .... . . _ .. __ __ · __ __ 15 .5 20.0 3.5 23.4 0 .7 . . ... 4P9 . 0 482 .1 
14 Houston loam, 2 .. and nitrates ... __ - · 12.4 10.0 28.3 69 . 8 14-.4 1.2 273.3 499 . 7 
19 Houston b lack clay, 0 .. __ 49.6 31.2 9.9 41.8 3.6 - .... 543.1 679.2 
20 Houston black clay, 2 .. and n-i i ~~tes. _ 71.3 123.0 30 . 3 64.6 15.0 0.2 787.1 1091. 5 
25 Yazoo clay, 0 ... __________ ... .. .. 128 .3 62.9 4 .4 40.0 1. 5 ..... 877.8 1114.9 
26 Yazoo clay, 2 .. and nitrates_ . __ ____ _ 84.6 276.3 39.9 78.5 .. .. . · -- 788.0 1267 . 3 
31 Miller fine sandy loam, 0 .. . . __ . ___ . 16.4 14.0 0. 1 ..... 0.5 0.1 334.1 365.2 
32 Miller fine sandy loam, 2 .. and nitrates 192.8 179 . 9 18.2 43 . 2 0.2 0.2 599.1 1033.6 
37 Crawford clay, 0 .. ..... _. ___ . _. _. _. 17.8 29.7 8.3 65.3 34 .4 --- 557 . 1 712.6 
38 Crawford clay, 2 .. and nitrates .. .. .. 40.4 49.5 35.5 62.2 0.1 . - -- - 776.5 964.2 
43 Lufkin sandy loam, 0 . . . ___ . _. _. ___ _ 14.7 95.5 2.8 11.1 1.1 0.1 199.0 324.3 
44 Lufkin sandy I oam, 2 .. and nitrates . _ 13.9 172.6 17.5 42.0 1.0 . .... 414.2 661 .2 

'-rhe difference in the nitrates from these pots is due, however, not 
only to the addition of nitrates, but also to the cultivation, the pots 
to whi ch the nitrates ·were adcled being cultivated, and the pots to which 
no addition was made not being cultivated. It is difficult to allow for 
this difference. 'l'he cultivation caused a greater percolation through 
a number of the pots, and consequently a greater removal of the nitrates. 
There appears to be little danger of loss of nitrates during the growing 
reason. 
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PERCOLATION OF POTASH. 

One gram sulphate of potash was added to pots Nos. 4, 10, 16, 22, 
28, 34, 40 and 46 on October 15, 1910, 1911, 1912 and 1913. In addi
tion, two grams were added to pots Nos. 4, 10, 16 and 22 a.nd four 
grams to 28, 34, 40 and 46 on March 15, 1912. The object of these 
extra additions was to see if they increased the loss of potash. The 
sulphate of potaRh used contained 50.1 per cent. potash (K2 0). One 
gram of sulphate of potash is equal to an application of 122 pounds 
per acre of sulphate of potash, or 61 pounds actual potash per acre. 

The parts per million of potash in the percolates is given in Table 
No. 19. The addition of fertilizer potash increased the potash content 
of the percolates in several instances. 

TABLE NO. 19. 

Parts Per Million of Potash in Percolates. 

Potash. 

I · ·1 · I I I I 
..: ...-4.. ~ ::: ::::: ;::: N C'J.. C\i C'l.. M Cf)... M ~ M 
" ..-4 m m ~ m _ _ - - _ _ - - -..0 
El 0,~ 1 ~0~ ~,o l o,o o,o 10,0 .,. 
" ................... ~ ~ .... · ..... - ~ -.... · ...... 1 .......... z ..... ~ ~ I ..... ..... ..... ..... ..... ..... ..... ..... 

...... 1-o (1.) (1.) •• ~ ~ • • i>l ~ c.) ..., ~=~ao.~ ~s:ls:l--s:l s:~ - .... Q.) 
0 

~ < < ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Q 0.. 

1 Norfolk sand ........ ... ... ... ..... 14 "jg" 17 9 . .. . . . ... .. . ... . 
4 Norfolk sand and potash ...... . . . .. 16 15 11 18 9.1 11.6 
7 Orangeburg fine sandy loam ........ 27.7 30 26 · 22 26 17.1 24.3 

10 Orangeburg fine sandy loam and pot-
ash .... . ................ . . . . .. . 32 33 27 22 .... 20.5 21.9 

13 Houston loam ............... . ... .. 7 9 8 6 5 4.2 8 .2 
16 Houston loam and potash ...... 11 9 7 4 7 4.8 10.9 
Ill Houston black clay ............... 3 4 5 5 3 2.2 5.5 
22 Houston black clay and potash .... 2 . . 3i. 5 5 .. . ... ·i6:o· .. 

25:9 25 Yazoo clay. . . . . · . ... . . . . ..... 36 31 22 28 
28 Yazoo clay and potash .. .. ...... 33 29 33 20 30 18.8 3 1.7 
31 Miller fine sandy loam ............ 24 26 24 24 17 11.7 20 .9 
34 Miller fine sandy loam and potash. 34 4 1 32 30 36 26.\l 29.8 
37 Crawford clay .................. .. 17 13 16 12 12 3.0 12. 6 
40 Crawford clay and potash ....... 22 13 17 15 15 3.0 14.7 
43 Lufkin fine sandy loam ............. 2 4 4 5 3 2.1 

I 
5.4 

46 Lufkin fine sandy loam and potash .. 3 4 6 13 6 2.6 8.1 
I 

Table No. 20 shows the potash, in mgr., percolating from the un
treated soils, and those which r0ceived potash. In considering the 
potash applied, that introduced October 15, 1910, is excluded. The 
maximum loss in the three years on any one soil, is 303 mg. with the 
Norfolk sand, which is 12 per cent. of the potash added. Next comes 
the Miller fine sandy loam, 142 mg. or 4 per cent. of that added, and 
the Lufkin fine sandy loam, 4.5 per cent. loss. The Crawford clay lost 
a little less thari 2 per cent., the Orangeburg fine sandy loam 2.2 per 
cent., the Yazoo clay 0.3 per cent. and the Houston loam and Houston 
black clay, none. 
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TABLE NO. 20. 
Potash in Milligrams Per Part from Untreated Soils and Soils Which Received Potash. 

No 
addition. 

Potash 
added. 

Loss. 

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

Pot
ash 

add
ed, 

191119121913 Total. 1911 19121913 1911 19121913 Total. Mgs. 

Norfolk sand. . . . . 165 
Orangeburg fine ·;~ndy 

75 .... 

261 156 
123 98 
104 69 
438 350 
323 138 
253 129 

240 

788 
457 
211 

281 162 101 115 87 101 303 2500 

loam ............. .... 371 
Houston loam . . . . . . 236 
Houston black clay. . . 141 
Yazoo clay. . . . . . . . . . . . . 851 
Miller fine sandy loam.. 508 
Crawford clay. . . . . . . . . . 567 
Lufkin fine sandy loam . . 73 58 24 

1639 
959 
949 
145 

450 
230 
33 

845 
506 
577 
94 

235 159 79 . 3 55 2500 
95 112 . 14 . . . . . . 2500 

4r~ 39o .. 4o .... i4 ~ggg 
~~~ it6 · · io ~~ ~~i ~ ~~ ~ggg 
168 51 21 110 27 158 3500 

IT• 

We must take into consideration the fact that these soils were un
cropped and uncultivated, and that all the water which fell on the soil 
oither evaporated or went through. Growing crops would, of course, 
nse the potash in solution, and decrease the percolation of water, as they 
evaporate it also. Hence the loss of potash dne to the fertilizer would 
be less on a cropped soil. We should judge from these results that 
there is little loss of potash of fertilizer, due to percolation, when the 
potash is applied to a soil on which crops are growing. Even on the 
light sandy soil, the Norfolk sand, there should be only small loss, if any. 

Table No. 21 shows the loss of potash in pounds per acre, from the 
uncultivated, unfertilized, uncropped soils, to which no fertilizer had 
been nppliei!. The loRs varies from 9. 7 to 66.6 pounds per acre. These 
losf:es would, of course, be much less when cro;1s are grown on the soil. 

TABLE NO. 21. 
Average Loss Per Year in Pounds Per Acre. 

Norfolk sand ... . .. . . ..... . 
Orangeburg fine sandy loam .. 
Houston loam .............. . 
Houston black clay .. : ....... . 
Yazoo clay .. . . .. ...... ... ..... ....... . . . 
Miller fine sandy loam ..... . . .. . 
Crawford clay ............ . . . . 
Lufkin fine sandy loam . . ... . 

Potash. 

9.7 
32.1 
18.5 
8. 2 

66.6 
39.0 
38.6 
58.6 

Lime. 

70.4 
181.0 
258.1 
441 . 7 
582.0 
259.0 
569.0 
172.0 

·Magnesia. 

13.0 
26.8 
46.8 
40.5 
51.1 
49.2 
43.3 
52.7 

Let us assume that a bushel of corn requires one pound of potash. 
'l'hen the quantity of potash lost by percolation would produce the.quan
tity of corn given in the following table. We also give the average 
active potash content 0f these soils, and the corn possibility as based on 
the active potash: 

Corn equal Active Corn 
to potash potash of possibility 
removed soil. of active 

in soil 
percolate. potash. 

-----
Houston black clay ..... ... ........ . 
Norfolk sand. . . . . . . . . . ... .......... . . . . . .. . . 

8 .7 362 157 
9.7 69 37 

Houston loam .... . . . ....... .. .. . . .. .. . ... . . . . . 18.5 134 51 
Orangeburg fine sandy loam .................... . 
Crawford clay ............ .. ...... . . ... . . . .. . . . 
Miller fine sandy loam .................. .... . . . . 
Lufkin fine sandy loam ............. . .. . ...... . 
Yazoo clay ................ . ... . .. ...... .... . .. . 

32 .1 153 80 
38 .6 515 182 
39 .0 275 120 
58.6 280 120 . 
66.6 911 230 
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There is little relation between these :figures, except that, in a gen
eral way, with the exception of the Houston black clay, a higher per
cent:::.ge of active potash is accompanied by a higher percolation of 
potash. The percolation of potash depends, however, not only on the 
soln bility of the soil potash but also on the fixing power of the soil, 
and, as we have seen, the :fixing powers of these soils are such as to 
reduce to a minimum the loss of fertilizer potash by percolation, except 
with the Norfolk sand . It is of some interest to note, however, the 
L]Uantities of potash which percolated from the uncultivated soil. It is 
C;viclent that losses of soil potash take place during the winter and spring 
montilR, when there are often heavy rains, and the soils are not covered 
with crops. 

PHOSPHORIC ACID. 

The quantity of phosphoric acid in some of the percolates is given 
in Table No. 22, but the quantities are very small. The maximum 
quantity lost in 1913 is 11.5 milligrams, or about 1.5 pounds per acre. 
The average quantity lost is 4.1 mg. per pot or 0.5 pounds per acre. 
These figures serve to · show the small losses of phosphoric acid from 
these unfertilized soils. 

LIME . 

. As \\'as to he expected, large losses of lime occurred. Table .No. 23 
shows the lime and magnesia in parts per million, and Table No. 24 
in milligrams per pot. With one exception, the addition of potash in
crensed the loss of lime, although the increase is slight with several of 
the soile. 

TABLE NO. 22. 

Phosphoric Acid in Percolates. 

I Parts per million. I. _ Magnesia p.er pot. 

g ~I;·~~~~!§~~~ ~ -1 § ~I ~ 
:s: l:s: :s~ ~s: :s: ~s:l 

I 
~I 

~I ,b d d ,bl,b~ ,b d d ,b l.b <3 s 
::1 cu ctl ;I ::s C) ::s (lj co: ::s ::I 4l,) 0 ..., ..., ..., ..., ..., 0 ..., ..., ..., ..., ..., Q E-< 

1 Norfolk sand . . . . .. ox 4 Norfolk sand and potash.'.' ...... .. 0.3 -'2>7 -o:5· 3:2 
0.2 0.2 1.8 0.2 2 .0 7 Orangeburg fine sandy loam ........ 

10 Orangeburg fine sandy loam and potash . 0.2 0.3 1.5 0.1 1.6 
13 Hooston loam ...................... 0.3 0.3 3.6 5.4 1. 8 
16 Houston lo·am and potash ... .. .. .. 0.2 0.5 .. ' ... 2.2 2.8 5.0 
19 Houston black clay ................ 0.3 0.25 4 .1 1.7 5.8 
22 Houston black clay and potash .... 

2.0 25 Yazoo clay ... . . . ...... . .......... 1.3 1.4 0.3 6.5 1.4 3.4 
28 Yazoo clay and potash ... .. . . . . .... 1.3 1.4 0.7 6.5 1.4 4.3 5.7 
31 Miller fine sandy loam ............. 0 .5 0.5 0.65 2.4 4.7 0 .8 5 .5 
34 Miller fine sandy loam and potash .... 0.5 0.4 0.6 1. 6 2 . 6 1.3 3.9 
37 Crawford clay ... . ................. 0.5 0.6 0 .2 3 .0 7.2 1.5 8.7 
40 Crawford clay and potash . ......... 0.5 0.7 0.4 3.0 8.4 3.1 11.5 
43 Lufkin fine sandy loam ............. 0 .5 0 .3 0.2 2.2 2.0 0.4 2.6 
46 Lufkin fine sandy loam and potash 0.4 0.2 0.4 2.0 1.7 1.4 3.1 

'rable No. 21 shows the loss of lime and magnesia in pounds per 
acre. The loss of lime varies from 70 to 582 pounds per acre per year, 
on the average of three years. The loss of lime and magnesia is, in a 
general way, related to the lime soluble in strong hydrochloric acid. 
This is brought out in the table below. 
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1 Norfolk sand , 0. . . . . . . . . . . . . . . . . .. ... ... . .... 
4 Norfolk sand and potash .................... 
7 Orangeburg fine sand y loam, 0 ............ . . .. . 

10 Orangeburg fine sandy loam and potash. 
13 Houston loam, 0 ...................... . ...... 
16 Houston loam and potash . . . .... . 
19 Houston black clay, 0 ... . ........... . . ..... ... 
22 Houston black clay and potash .. . . . ... ... . ... 
25 Yazoo clay, 0 .................... .. .. ... .. . .. 
28 Yazoo clay and potash . . ............... •. .. 
31 Miller fine sand y loam , 0 . . .......... ... ...... . 
34 Miller fine sandy loam and potash ... . ,,, . .. .... 
37 Crawford clay, 0 . . ............... . . , ... . . .... 
40 Crawford clay and potash ............ , , .... .. . . 
43 Lufkin fine simdy loam, 0 ... . ....... . .. . ....... 
46 Lufkin fine sandy loarri and po tash .... .. . . .. ... . 

TABLE NO. 23. 

Parts Per Million of Lime and Magnesia in Percolates. 

I .. . ....; ,.; Lime. . . I . . ....; ~· Ma-gn_e_si,--a._.......,-----;-· 

J ..: ~ I' ~~ I ~ ~ I N ~ J N ~ IM ~IM ~ / ..:~ I ~ ~ I ~ ~IN~ IN ~IM ~/M ~ 
1

8 e ~ ~ - ~ ~ ~ ~ ~ ; ~ ; ~ ~ ~ ~ ~ - ; ~ ~ D ~ 8 ~ ~ 8 

~s~ ~ ~s~~~s~ ~ ~s~ J~ ~s~ ~ ~s~ ~ ~s~ ~ ~s~ ~ ~s~~~s~~~s~~~s~ ~ ~s~ ~ ~s~ 
I ~ ~ ~ ~ ~ ro ~ ~ ~ ro /ro ~ = ro ro ~ ~ = = ro ro = = ro ~ = = ~ 
~ < < ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ < < ~ ~ ~ ~ ~ ~ ~ ~ ~ ~- Q 

83 69 140 50 130 I 43.2 46.0 5 I G I 32 13 19 13.7 22.0 
79 66 145 51 266 111. 2 78.0 5 19 29 10 38 22.8 21.5 

233 127 193 66 198 100 2 73.5 22 18 31 II 26 20.8 24.0 
274 147 171 71 202 147.6 97.0 34 25 32 14 29 31.1 27.5 
144 117 148 53 98 49.0 44.0 23 24 24 10 20 15.0 13. 5 
!58 86 126 76 145 85.6 71. 0 24 25 29 17 ~7 17 .4 1\1. 5 
20.3 107 198 66 208 100.6 97 .0 10 12 18 9 15 8.2 20.5 
189 108 136 90 97 121 .8 105.5 10 11 15 7 4 10.0 19 .0 
413 199 276 118 342 182 .1 154.5 14 21 29 8 ~7 21.6 24.0 
286 102 307 134 381 222.4 196.0 15 17 30 9 29 23.5 25.5 
268 170 233 32 146 74.2 66.5 51 32 38 9 15 22.8 24.5 
2\l9 232 233 89 279 170.2 90.0 49 47 50 8 56 38.7 28.5 
250 150 247 91 250 151. 1 138.5 17 9 19 7 13 14.5 14.5 
299 162 310 100 398 245.3 192 .0 17 9 25 14 17 15.4 19.0 
Ill 115 137 52 122 75.2 72.5 43 31 41 14 

I 
28 32.0 22.0 

119 117 !52 75 216 119 .4 87.5 45 34 49 12 57 30. 1 42. 0 
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50 TEXAS AGRICULTURAL EXPERIMENT STATION. 

The soils containing le_ss than 0. 7 per cent. lime soluble in acids lose 
from 172 to 259 pounds lime per acre per year. Those containing over 
1 per cent. lime soluble in acids lose 442 to 582 pounds per acre per 
year. This loss would he replaced by about 500 pounds ground lime
stone on the first soils and 1000 pounds on the second. With t he de
creased ·percolation of soils growing cultivated crops, these soils would, 
of course, lose much less lime. · These soils are in no case acid. 
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TABLE NO. 24. 

Milligrams Per Pot of Lime and Magnesia in Percolates. 

0 Lime. Per Magnesia. 
z cent 

0 lime 
lll D. 1911 1912 1913 TotaL soil. 1911 1912 1913 TotaL 

------------------
1 Norfolk sand, 0 ..... . ..... . ..... . 1256 454 22 1732 0.09 204 112 7 323 
4 Norfolk sand and potash .......... 1944 1220 1151 4315 ·····. 358 203 244 805 
7 Orangeburg fine sandy loam ..... .. 2575 1011 867 4453 . 0.11 319 156 186 659 

10 Orangeburg fine sandy loam and 
2981 865 1138 potash .......... . .. . .... : . . .. . 4984 ...... 464 162 240 866 

13 Houston loam ............. .. .. .. 4132 1389 835 6348 0.17 625 271 256 1152 
16 Houston loam and potash . .. . ..... 3507 1874 1326 6704 --3 :3o 732 382 298 1412 
19 Houston black clay ... ........... . 6378 2449 2056 10863 492 249 256 997 
22 Houston black clay and potash . .. .- 1283 500 142 1925 ...... 108 38 13 152 
'25 Yazoo clay ........ . ........... . . 7935 3340 3038 14313 2.86 610 246 398 1354 
'28 Yazoo clay and potash . ........... 7037 3635 3504 14176 ...... 620 261 400 1281 
3 1 Miller fine sandy loam ............ 4596 982 792 6370 0.15 805 160 248 1213 
-34 Miller fine sandy loam and po1 ash .. 3600 1649 1350 6599 .... .. 717 250 324 1291 
37 Crawford clay ........ ....... .. .. 8174 2971 2847 13992 1.12 597 187 281 1065 
40 Crawford clay and potash .. . .. . . .. 9152 3722 4440 17314 : :~:~9 1 

645 284 331 1260 
43 Lufkin fine sandy loam ........... 2556 994 649 4229 789 247 260 1296 
46 Lufkin fine sandy loam and potash. 2807 8748 1339 5894 896 377 409 1682 

Lime Average per cent 
lost, pounds CaO soil and 

per acre. subsoil. 

Norfolk sand . . ...... . ................ . .... 70 0.09 
Lufkin fine sandy loam ...... .. ...... ... ..... 172 0.56 
Orangeburg fine sandy loam ................. 181 0.11 
Miller fine sandy loam . .................. . .. 259 . 0 . 15 
Houston loam .. ....... . . . ..... . ..... . . .. .. . 258 0.18 
Houston black clay ... .. . ...•... . ... . .. ... . . 442 3.85 
Crawford clay .............................. 569 1.20 
Yazoo clay . ... . . ..... . .......... . . . .. .... . 582 2.72 

SUMMARY AND CONCLUSIONS. 

1. 'rhis Bulletin contains the results of three years' experiments on 
the percolation of water and mineral matt~r through Texas soils, m 
12-inch pots, under Texas conditions. 

2. Uncultivated clays and loa.ms allowed more water to percolate 
than uncultivated sanils and sandv loams. 

3. Cultivation · increased percolation through the sands and sandy . 
loams, but had little effect upon the percolation through the loams 
.and clays. • 



LOSSES OF MOISTURE AND PLANT FoOD BY PERCOLATION. 5.t 

4. Snlphnie ef potnsh increaeed percolation through the sandy soils 
but decreased percolation through the clay soils. 

5. Application of manure incrensed percolntion from the sandy soils 
EGpecially. The fall application of m:mure was more effective than the 
spring application. 

6. The nitrates in the water percolating from the uncultivated soils 
is related to a certain extent to tl1e total nitrogen of soil and subsoil. 

7. More nitrates appeaTed in the percolates from manure applied 
October 15 than from that applied March 15. On an average, 53.7 
per cent. of: the nitrogen was thus changed. The nitrates produced 
from 9 tons of manure per yenr were sufficient for about 20 bushels 
of corn. 

8 .. An application ofnitrate of soda gave an increase in the nitrates 
in the succeeding percolates of: two of the soil~, but, with the other six 
soils, no effect was observed until three or four weeks later. 

0. Only small quantities of potash appenred in the percolates from 
most of the soils, even after heavy applications of potash were made. In 
three years, the maximum loss was 12 per cent. with the Norfolk sand, 
and from 0 to 4.5 per cent. with the other soils. 

10. From 9.7 to 66.6 pounds per acre per year of potash were lost 
by percolation from the uncropped, uncultivated soils. Losses from 
cropped soils would, of course, be much less. The losses are to a cer
tain extent ·related to the active potash of the soil. 

11. Losses of phosphoric acid in tlw percolates was very small. 
12. Losses of lime from the uncropped, uncultivated soils vary from 

70 to 5.'12 ponndR per acre and is, in a general way, related to the qmm
tity o:f 1 ime soluble in ~trong hydrochloric acid. 

The conclusions given above may be modified or supplemented by 
related work carried on at the same time, in which the· soils were 
weighed, and which has not yet been digested for publication. 
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