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LOSSES OF MOISTURE AND PLANT FOOD BY PERCOLATION

BY @,'S; ERAPRS; PH. D., CHBEMIST,

Certain fundamental conditions 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 conditions are those which, under ordinary agricultural
conditions, may be deficient and so control the growth of the plant and
the crop produced, and which. being deficient, may be supplied, to a
greater or less extent, or the deficiency controlled, by the farmer. In
other words, the practical farmer is mot much concerned with condi-
tions bheyond his control which limit plant growth, or those which are
favorable under ordinary agricultural practice. He is much concerned,
however, with deficiencies which he can correct or control. Tempera-
ture and light are little subject to control in agricultural practice, but
water, scil comditions, and plant foods ordinarily deficient—phosphoric
acid, nitrogen and potash—are more or less subject to control. The
quantity of rainfall cannot be regulated, but the amount of water stored
in the soil and that lost by ev anmahon may, more or less, be modified
by agricultural practices.

QUANTITY OF WATER NEEDED.

The quantity of water needed by the plant depends upon conditions,
~but is very large. According 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 produce one pound dry matter, and red clover
from 249 to 453 pounds. The quantity estimated by different investi-
gators varies, but we can assume, as a basis for calculation, that one
pound of dry malter requires 300 pounds of water. This quantltv of
water is taken up bv the roots of the plants and evaporated through
their leaves. An additional quantity of water is lost by evaporation
from the soil, during the period of growth of the plants.

The amount of water required by plants* depends upon several con-
ditions:

(a) Dryness of the air. 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.

(¢) Light. More moisture is used in light than in darkness.

(d) TFertility of the soil. Plants use less water when grown on a
fertile s0il than when grown on a poor soil. The addition of needed

*Fraps, Principles of Agricultural Chemistry, p. 120.
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plant food to a poor soil decreases 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-
duced. When same soil was manured. corn used only 350 pounds water
per pound of dry matter produced.

(e) Variety of plants. Different varieties vary considerably in their
requirecments 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 by the crop:

Cotton,: moundssling = by v il o S S SR e 80
@lornibushel s i mr s H o e e P 6
Wiheatsabuahelst (el tere e 2ot Soat b e et 4
Qate: bushelshe: vl et o iy e ot ko 9
AL D O A8l ot e et it Lp e e o g 760
gy tpounds gt < Ut E i RN e e e 760

The supply of water is undoubhtedly, at various times, the controlling
condition 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.

WATER AVAILABLE TO CROPS.

The amount of water at the disposal of the crop will depend upon:

(1) The quantity of available water in the soil at 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 heginning
of the growing season depends, in, turn, upon a number of conditions.
These include: (a) Character of soil, (b) depth of soil, (¢) charac-
ter and depth of subsoil, (d) rooting habits of the plant, (e) quantity
and distribution of the previous rainfall, (f) previous treatment of the
soil.

The character of the soil determines the amount of water it will hold
when saturated, its readiness to lose water by evaporation or percola-
tion, and the quantity of water which, though present, is held so firmly
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. Tt is ob-
vioug, for example, that when plant roots can occupy eighteen inches of
the soil, they have more water at 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 retained in the subsoil, and the quantity of water which can be
moved by soil forces, from areas below the roots, to within reach of the
roots.

The 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 climates, plants seem to send their roots
deeper than in humid sections.

The quantity and distribution of the previous rainfall determines the
degree of saturation of the soil at the time of planting. The soil may,
or may not, be saturated at this time. TIn soine sections, it is usual to
speak of havmg ‘a good season in the ground,” meaning thereby that
the previous rains have placed the soil in a dood condition of satura-
tion at the time of planting the crop.

The previcus treatment of the soil may have some effect upon the
depth of rooting of the plant and thus on the soil volume occupied.
Subsoiling may, with certain soils, be of advantage in this respect. The
previous treatment will also determine, to a certain extent, whether the
winter rains sink into the soil or run off on its surface. It will also
determine whether the soil has been in good condition to ahbsorb the
rains, and will affect the losses of water hy 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 purpose to discuss 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 only the quantity of water which pene-
trafes into the soil and the quantity which runs off, but also the length
of the period between rains governs the length of the time during which
the plant must rely upon the store of water in the soil.

The loss of the rainwater which runs off from 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 average precipi-
tation, is considered to he approximately as follows :*

. Run-off on
Rainfall.

Steep Gentle

slopes. slopes.
5 inches 0 inches 0 inches
10 inches. . 2 inches 0 inches

15 inches. 4 inches 1 inch
20 inches 8inches 3 inches
25 inches 12 inches 4 inches
L T T O e e i L A A AL, O 17 inches 8 inches
1y LT RS s em et e Bt ol e a Gl s e 22 inches 12 inches
T e e s oy T6 b 8 o r S 28 inches 15 inches
¢ T3 TY (T IR b ity S nm e P b B e = S e o S TR 20 inches

*Wilson, Irrigation Engineering.
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The run-off in dry climates is less than in humid. Tt is, of course,
difficult to estimate accurately the run-off from cultivated lands. The
above figures may be an aid in forming an estimate. 'The 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 percolation apparatus consists of a definite area of soil enclosed
in a water-ticht receptacle, with an outlet tube at the hottom, and a
vessel to receive the water which percolates. All the water which falls
in this apparatus must either evaporate or percolate through the soil.
There is no run-off. In some experiments, plants have been grown in
such vessels. Percolation apparatus are in use at the Rothamsted, Eng-
*anc, Hxperiment Station, at the New York Cornell Station, and at the
Florida Station. Other investigators and experiment stations have also
carried out experiments with this form 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. TFigures 1 and 2 are drawn to scale, and show
the arrangement 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 ahout ten days later. As the earth settled considerably, fur-
ther additions of soil, to the amounts shown in the table below, were
made on May 24, 1910. The soil was in all cages in a moist condition
as it was reeeived 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, which saturated
the soils thoroughly ; they therefore went into the experiment in a satu-
rated condition.

The following table shows the quantities of the soil added to the pots:

Pots Nos. 1-6 inc.—Norfolk sand, surface soil about 117 pounds,
No. 2377

Pots Nos. 7-12 ine.—Orangeburg fine sandy loam, 110 pounds, No.
2378.

Pots Nos. 13-18 inc.—Houston loam, 57 pounds surface soil, No.
3333 57 pounds subsoil, No. 3334.

Pots Nos. 19-24 inc. ——H011<t0n black clay, 45 pounds surface soil, No.
3335 ; 45 pounds subsoil, No. 3336.

Pots Nos. 25-30 inc.—Yazoo clay, 47 pounds surface soil, No. 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:

Pots Nos. 13-18—35 pounds soil No. 3333.

Pots Nos. 19-24—15 pounds soil No. 3335.

Pots Nos. 25-30—12 pounds soil No. 8341.

Pots Nos. 31-36—33 pounds soil No. 3337.

Pets Nos. 37-42—10 pounds soil No. 3343.

Pots Nos. 43-48-—33 pounds soil No. 3631.

On September 16, 1910, a small quantity of earth was removed from
each of the pots, so that the surface of the soil would be brought to a
distance cf 3 inches from the top of the pot. The object of this was to
allow room 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 percolating and on the losses of plant food in the percolating
water. The following table shows the treatment to which the various
pots were subjected :

TABLE NO. 1.

Plan of Treatment of Pots.

E’% E > & )
28 .| SR e T R
=2d |gog| 86 | 88 | o |ngd| $» |e9E
$5 (25|88 | 22 | § |255| 59 =58
) SES |+ o= 22 & e 9T | Eal
Treatment. > 5 ot = = s 5 :’]
Pot Pot Pot Pot Pot Pot Pot Pot
No o. No No. No No No. No
INO freatmentss S 0 Rl e 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 59 11 17 23 29 39 41 47
Manure, March 15. 6 12 18 24 30 36 42 48
Seilinunmberai s e SR 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.

Additions—Additions were made as follows:

Potash additions to pots 4, 10, 16, 22, 28, 34, 40, 46.

October 15, 1910—1 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.

March 1a, 191%—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. 45635.

Manure additions to pots 5, 11,.17, 23, 29, 36, 41. worked in to the
depth of 3 inches.

October 15, 1910—30 grams excrement No. 3

October 15, 1911—30 grams excrement No. 4

October 15, 1912—30 grams excrement No. 3258.

October 15, 1913—30 (rramq e\c1ement No. 3258.

Manure additions to pots 6, 12, 18, 24, 30, 36, 42, 48.

March 15, 1911—30 grams excremen’r No. 3223,

March 15, 1912—30 grams excrement No. 3258.

March 15, t No. 3258.

Nitrate additions:

March 15 and November 15, 1912—Added 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—Norfolk sand; gray sandy soil, surface; Jacksonville; culti-
vated 15 years; has been idle 6 years.

2378—Orangeburg fine sandy loam; red sandy soil; surface; on C.
D. Jarrett’s farm near Dialville; cultivated since 1855.

3333—Houston loam, 0-10”:; J. N. Worthy’s farm, 4} miles from
Waco; good upland, rolling prairie; produces 25 to 30 bushels corn
and 1 to 3 hales cotton per acre; licht hrown sandy soil; suffers from
drought : known as mesquite and post oak land ; cotton and corn are the
principal crops: cultivated since 1882: mo fertilizer used: no green
crops plowed under, and no manure used. ’

3334-—Subsoil to 3333, 10-22” ; dark brown loam.

3335—Houston black clay, 0- 12" ; ; black clay: sticky when wet; Mrs.
Ellis Blake, Waco; known as “black waxy land”; very good soil; pro-
duces 1 bale cotton and 35 bushels corn; cotton and corn chiefly grown ;
no fertilizer used; soil packs, dries into clods; does not wash, and dirt
does mot wash onto it; cultivated 30 to 40 years; no green crops or
manure ever plowed under.

3336—Subsoil to 3335, 12-24”: black clay.

8341—Yazoo clay, 0-12”: 6 miles east of Waco; farm of Dr. Sander-
son; black clay; fertile hottom land, subject to OerﬂOW‘ produces &
ba]e cotton, 40 to 50 bushels oats, 45 bushels 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.

3342—Suhsoil to 3341, 12-24”.

3337—Miller fine sandy loam, 0-12”; Mrs. Ellis Blake, Waco; light
hrown sandy soil; behaves well in wet and dry seasons; good soil ; level
produces 30 to 35 bushels corn and 3 to 1 bale cotton: cotton, corn,
fruit and vegetables are grown: mno fertilizer used: soil crumbles and
does not pack, crack or wash; nor does dirt wash onto it; cultivated 30
to 40 years; no green crops or manure plowed under.

3338—Subsoil to 3337, 12-24” ; vellow clay.

3343—Crawford clay, depth 0-7”; 6 miles east of Waco; farm of Dr.
Sanderson ; rolling, dark brown 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 mnsed; 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.

3631—Lufkin fine sandy loam, 0-6”; moderate upland; 1} miles
southwest of Giddings: produoes 1200 poundq seed cotton, 45 bushels
corn; well drained; moist in dry seasons; does not Wash, crumbles ;
commelmal fert1117e1 and manure tripled the yield; mellow in wet sea-
sons; does not crack on drying; cultivated 25 years; 8 tons manure
apphed per acre.

3632—Subsoil to 3631, 6-12”.

Composition of Soils.—The chemical composition of the soils is given
in Table No. 2 following:



TABLE NO. 2.

Composition of Soils Used in Percolation Work.

ED% % > @ )
25 g a° = g = £ i
. o 5 o] o -
=g e SE 24 ° nDE e =98
&5 oad ? 78] ) SEG 2 ZEa
58 sE8.9 A 54 S =3S ] =)
Z s} T T 2 - O &
Surface | Subsoil | Surface [Subsoil [Surface [Subsoil | Surface |Subsoil |Surface |Subsoil |Surface |[Subsoil |Surface |[Subsoil
237 2378 3333 3334 3335 3336 341 3342 33 3338 3343 34 3631 3632
" Bercent.
IEhoSphoriCla cIaEREERRNSE SRR | i S, .02 .02 .012 ol .093 .254 .249 .05 .039 21 S8y .035 .045
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Pctas Al 112 .21 1 .79 78 70 1.04 .202 .28 .84 T 185 .39
Lime. . .09 a1 17 -195]843%30) 4.40 .86 2.57 o15 ke 1.12 1.29 +69 03!
Magne X _ .09 13 Ll =150 1. 12 1.05 .76 .81 .18 .285 o4 .60 16 .43
Alumina and oxide of iron. ... 121 4.16 2.73 SEO M| MITEG78 I E11585 23 ORI 2551 3.84 8.50 | 10.82 3.09 | 11.64
Insoluble and soluble silica...| 97.22 | 93.69 | 94.84 | 92.68 | 69.78 | 67.67 75.28 | 73,651 94.87 |193.20 | 79.83 | 76.79 { 91.93 | 76.22
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RAINFALL.

The rainfall by months and by quarters is shown in Tables Nos.
3 and 4. ‘

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

TABLE NO. 3.
Rainfall in Inches, 1911.

Days of Month.

January

February.
March
April

May.

June

July
September.
November.
December.
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TABLE NO. 3—Continued.
Rainfall in Inches, 1912.
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16 TEXAS AGRICULTURAL EXPERIMENT STATION.
TABLE NO. 4.
Rainfall in Inches, College Station, Texas—1911, 1912 and 1913.
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THE PERCOLATING WATER.

The following table—Table No. 5—shows the quantity of water which
percolated from the various pots, by months, during the calendar years
The symbols after the names of the soils refer

1911, 1912 and 1913.
to the treatment deseribed on page 10.



TABLE NO. 5.

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

Inches of Water Removed from Percolation Pots, 1912.
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TABLE NO. 5—Continued.

Inches of Water Percolated from Percolation Pots, 1913.
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TABLE NO. 3—Continued.

Inches of Water Percolated from Percolation Pots, 1913.
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Losses orF Mo1sTurRE AND PLANT Foop By PERCOLATION. 23

EFFECT OF SOIL TYPE ON PERCOLATION AND EVAPORATION.

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

Table No. 6 containg a summary of percolation from the uncultivated
soils by groups. ;

TABLE NO. 6.

Total Percolation in Inches from Uncultivated Soils.

1913 Aver: | Evapo- |
Pot No. Name. 1911. 1912. [(Decem- age. ration.

ber ex-
cluded). |
Norfollcisandi i 2 e ey o .72 4.52 .28 B EE Al K SR
Orangeburg fine sandy o am¥e T PN 7.45 6.32 4.85 (P LS et
31 Miller fine sandy loam............ 10.75 7.98 5.84 a3 I i PR e
43 Fufkinysand yaloamvaesisssEa e 10.74 1 4.69 753 H A A
Averages: Tt s aibn e 8.67 6.50 3.92 6.36 27.09
13 Houston§loamiy: s e e 16.07 11.56 72103, 720 i
19 IHoustontblackyeliay s s 17.92 07 11.29 115 Jale [l 2R e Bt
25 WViaZo OfClaym ow.q: v et gyttt E ooy 14.36 9.98 9.55 TILB08 et o0 )
37 CHENAITG LGNS 06 5 0% 000 0.8 40 50 0006 19.52 11.14 10.92 138 61E s s ts
AVeragesbig sl Lk st s 16.97 11.36 9.82 1272 20.73

Average ramfall December, 1913,

exclide il St e e B e s s e e e s SR R s 33.45

The average percolation from the clays is double 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 33.45 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
cstimated run-off by 6 inches.

The quantity of percolating water may be assumed to represent that
at the disposal of the crops. This is not strictly 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 soil only is heing considered. The following is the crop
vield for which the average amounts of percolating water given above
would suffice, based upon the assumption that the water required is the
quantity given on page 6 of this Bulletin.



24 TEXAS AGRICULTURAL EXPERIMENT STATION,

Water for Crop Production.

Sands and loams. Clays.
No run-off assumed— .
(B0 i 7)1 KRR Cier s S D R OB o S AL R S A i e e 510 1bs. lint 1,016 lbs. lint
Corn E e S R RS e S R et 38 bu. 76 bu.
Qatsy e oo TR R Bl e 57 bu. 114 bu.
AMfalfalop hay: st e e Sl i b L Sy e e o 4,860 lbs. 9,650 lbs.
Run-off of eight inches assumed—
(B8] 5 o) 1 e s s Pr D AR S e S e S | B e s e b 376 lbs.
(O ) o 1 T B T LRI s A R [ LM P Js AL (et 28 bu.
OALE i G SRS AT R S T s A SR O SRS e 43 bu.
Alfalfator:h oy s Bt Sl e s o el s b 3,570 lbs.

It must be remembered that these are uncultivated soils, and that,
when cultivation is given, much larger quantities of water are retained
by the cultivated soils.

The rainfall, percolation and evaporation at Rothamsted, England,
for an average of twenty years, are given below, together with similar
results of the Texas experiments:

‘ Rainfall. Percolation. Evaporation.
Rothamsted. ;5 A vade S et S ot SR 28.5 15.0 | 13.5
JLexnd Alightt aoilsir ot sl ntiide s il L e vl SO 7.67 27.09
lexastheavvesoils eyt el e diy e ral e 59, 1D 1ALl 20.73

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

Evaporation and Percolation by Quarters.—The following table, No.
7, shows the evaporation and percolation from the uncultivated soil
types by quarters. The results given are the average of the three years.

TABLE NO. 7.

Percolation by Quarters.

Janty April, July, Oct:,

Feb., May, Aug., Nov.,

Mar. June. Sept. Dec.

INorfolldsand il st iy e Dispa i i RIL e g 1.41 1.08 0.07 0.95
Orangebuingtfinelsandyilo amy S S E Se 2.92 1.80 0.02 1.47
IVITlIETfin esand vl o a R 3.17 210 0.19 2.64
U flcingfinetsand Valo a s e S s G 2523 283! 0.26 2.73
Aerage iy Sta sy I S e 2.43 1.85 0.14 1.95
Houston¥loam's .o ptatineanapb (6 e i e SR A 64 3.43 0.59 4.39
Houstonsblackiclay Sfneets S e aa it e s 5.08 3.56 0.76 4.96
Nazoofclay. i TR Th 1 THL Rl SR0 AR O BT 4.10 2.43 0.45 4.32
Crawiondiclay SHEst Bnt b S e b ks PR S 4.05 3.40 1.09 4.99
Average B REr g 5B S S da M iR 4.47 SE2l) 0.72 4.67
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TABLE A.
Group 1, Sands.

Precipitation. | Percolation. | Evaporation.| Per cent
evaporated.
January, February, March......... 8.91 2.43 6.48 7
ADTlENays Snne St el S o= @it 8.52 1.85 6.67 78
July, August, September. . ........ 6.11 0.14 D97 98
‘October, November, December. . . .. 9.91 1595 7.96 80

Group 2, Clays.

Precipitation. | Percolation. | Evaporation. Per cent

evaporated.
January, February, March. 8.91 4.47 4.44 50
April, May, June.......... 8.52 3121 5:31 62
July, August, September. . (&1l 0. 72 5.39 88
9.91 .67 5.24 58

{October, November, December

If we assume that all the water precipitated during the quarter
either 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.

Aftention should bhe directed to the high percentages of water evap-
orated, especially during the summer months. This emphasizes the need
for storing water in the soil.

EFFECT 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,
ag 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 percolation from all the soils in Group 1.

TABLE NO. 8.

Percolation in Inches from Soiis.

Cultivated.
No
cultivation. B
2 inches. 3 inches.
Norfolk sand—

1600 L L et SRl T LR A S e T o i S By 16.94 13897
L e N i g L R e 4.52 1112 5.64
0L Edne s eI B e e S 0.28 8.93 0.31
AVETAZe ot s g Tt s s T | 3abil} 12.33 6.64

QOrangeburg fine sandy loam—
...................................... 77715 13.22 13.26
L S T e s b R R L b T 6:32 9.51 9.65
LD N RS e e STt o ey e LR el 4.85 6.48 8.00
‘Average =Sr-tiE Se T a S R L e 6.21 9.74 10.30
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TABLE NO. 8—Continued.

Percolation in Inches from Soils.

No Cultivated.
cultivation.
2 inches. 3 inches.
10.75 10.93 12.85
7.98 7l 8.62
5.84 7.74 8.27
AVETage ik i R T R e 8.19 8.61 9.91
Lufkin fine sandy loam—
LN e e e S R e 10.74 13.05 13.62
PO v s D e e S s S 7.87 9.18 8.23
S e o e b e e e i 4.69 5.01 7.78
ESTEHYD4% 6 D tob 6 an a6 660 60 0.0 56 oAl eNTi, 9.08 9.88
Groupiaverage: < st iiael e 6.42 9.94 9.18
Houston loam—
LRI e e L A B N S 16.07 15.07 16.60
L i e e R 56 10.32 10.76
JOI S i e e s S 7.-53 9.61 9.09
Average bl e vl wa e S e 16172 11.67 12715
Houston black clay—
L e R 17:92 18.52 1913
1 AU R S SR A PR RN e o e 1277 12.20 12076
QO3 oot L o s e 11.29 10.80 12.26
YA Verage iphae weatis. o LA RN SR R e 13.99 13.84 14.72
Yazoo clay—
TOEDC = s s S DR D CRRR R i 14.30 13201 17.20
OISt e Sy i Wb o s P R 9.98 10.89 11.21
DI e e s e e B T e 9.55 8.31 11.03
AVETAEE v e e v S 11.30 11.04 1315
Crawford clay—
1911 19.52 17105 19.55
1912, . e 11.14 10.57 10.88
L e R e K N s e Lo ik 10.92 8.25 11.45
AVETageramut o it a | 3% 11.86 11.96 13.96
GroUDTAVeragerr. vy st s n O 1:2522, DIS1I3) 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.

Cultivation 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 ig 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 Lufkin 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.

No Cultivated.
cultivation. -
2 inches. I 3 inches.
IHourisandsian Ao ant's e s DiE N P e g 27.03 23.51 24.27
IEouniloamstandiclays e e e 21.23 21.32 19.95
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It is evident, from the foregoing discussion, that cultivation is much
mere effective in decreasing evaporation from some soils than from
others, and that those on which it is effective are the sands or loam
soils which 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 may 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 averages 3.52 inches per year. If this
saving of moisture occurred during the crop season, and could all be
utilized by the crop, it would be sufficient approximately for the fol-
lowing production :

@lottonWponndgliniee e S S e 280
CorntShushelggs o r e rin d e e i 21
WihieatiebushelsiedSiue st ans  flo il i L h 14
@ataibushelsmdsiigg ool ke ol T h B e 33

Tahle No. 9 shows the percolation by quarters from the cultivated
and uncultivated soils. Table 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 during 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 Cultivated.
cultivation.
2 inches. 3 inches.
January, February, March, 1911-1912—

INoxfolkisand S Eees: 1.41 4.47 2.31
Orangeburg fine sandy loam 2.92 4.10 4.19
Miller fine sandy loam.. ... i 17 2.92 B0
Fufkintinelsandyaloamise s 2823 2.26 2.82

PAVerage el i i S iy At 2.43 3.44 3.21
Houstontlo ame s ey e 4.64 3.60 3.59
IHoustontblackdclay: s SIS e i e v 5.08 4.99 5.54
Yiaz00: Clay by narse Bl e e e TN 4.10 4.56 4.93
Grawiordiclay: e sl s L TRy ERetifs il 4.05 4.92 4.79

AveragesilulEi Bl Aras N Kotk Sl A §08 4.47 4.50 4.71

April, May, June, 1911-1912— .

INOrfolkfsand iy il SO gt i re e 1.08 2.99 2.54
Orangeburg fine sandy loam 1.80 2.45 2.43
Miller fine sandy loam.. ... 2.19 1.98 2.18
Lufkin fine sandy loam. . . .. 3 2931 2551 2.94

Average g e il ivad nisartans Ui g 1.85 2.48 2.52
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TABLE NO. 9—Continued.

Percolation in Inches by Quarters.

No Cultivated.
cultivation.
2 inches. 3 inches.
Houston loam: ot S i S o, Y et 3.43 3.20 3.06
Houston black cla 3.56 3.39 3.62
Nazookclay ratee s A5 2.43 SRS 3.09
Crawlordiclay e g s ate; Saeari b 3.40 2.56 SRSl
AVerage st eamnbl e s (o s 3= 3.08 327
July, August, September, 1911-1912— ¢
Nor?ol;k sand¥iy SR L s Eres R 3 A .07 .72 .66
Orangeburgfineisandyiloam’y: Sy S e .02 .26 S2i1
Millen inelsandyeloam s e o e - 18 .37 .44
Enfkintfineisandysloamie frrs na v et .26 843 .44
Average s enaln b Ui Sy R e .14 .45 .44
Houstonzloam i st t 4 e el o et 559, .50 .86
Houstoniblacklclay. kit sd ey Sl .76 .83 .90
AZOO L ClAY : ie it i L e SRl S e .45 .64 .66
Crawfordfelay elics s ' i gidyhn e e 1.09 .78 .98
AVerage saaie S K0 LI S e 2 .54 .85
October, November, December, 1911-1912—
Norfollkisand VTRl s .. o AR .95 4.15 1.13
Orangeburg fine sandy loam. ................ 1547 3.30 3.44
Viillersfinesand vAlo axn it b S i e 2.64 3.34 8377/
Tufkintfinelsandy loam s st it e e 2873 3.44 3.99
AVerage i e o e T o R I R 195 3.56 3.08
Houstonloam . =i o s 4.39 4.33 4.41
IHoustonsblackiclayi st e S o 4.96 4.63 4.65
(07003 ClaY . N T SRS oL s e 4.32 3.28 4.47
Grawiordiclayt il SN L LTINS e 4.99 3169 4.88
Average sl gt i T SR AN 4.67 3.98 4.60
TABLE NO. 10.
Increase in Quantity of Water Percolated, by Quarters, Over Uncultivated Soil.
Cultivated | Cultivated
2 inches. 3 inches.
Sand Group—
Janu Ay Ee DLUany VI ArChis e s ey e e e e S it 1.01 0.78
April M ayiunesd Bl s i a e e S . 0.63 0.67
Y AT gUSt S Septem e s o et e 0.31 0.30
October; iiNoVemben: D e cemm D en st i s e e 1.61 1513
Clay Group—
January tHebruary M archif i st S s s 805, 24
AprildMaysiune SRt el SRy s gl Ao i S g e .13 .06
JulyYAugustr September Fia s S G e e S v .18 15
Octoher; November, December. . . if s s et .69 .07

The 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 he two-thirds of the average cotton
erop or two-fifths of the average corn crop. It might, indeed, be much
more.

Table 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 percentage evaporation during the summer
months, which are probably really higher than the figures given.

TABLE NO. 11.

Percentages Evaporated and Percolated (estimated).

¥ s ! _n_‘)' ' EE
£ N 2 & 3 | 3g
= o 5 e § S50
0] = =} DX # oL
55 5 & 2o 2 B9.2
=l 3 (=] o9 09=
3 S =1 SR~ (5] ?v' =
2 5 B S
a9 Ay j<3] A [aW
‘Sandy Group—
January, February, March 8.91 3.44 DR T 61 2
April, May, June........ 8.52 2.48 6.02 71 78
July, August, September. . . . A &I 0.45 5.66 93 98
October, November, December. ........ 9.91 3.56 6.35 64 80
‘Clay Group—
JanuanviiBebriany S anc hESRSHEREE e 8.91 A 570 4.20 47 50
ApritsvIayaTune sl iRl 8.52 3.27 9525 62 62
JulysvAugustsSeptemberitnif tie . 6.11 0.85 5.26 86 88
October, November, December. ........ 9.91 4.60 ST 54 %)

EFFECT OF SULPHATE OF POTASH AND MANURE ON PERCOLATION.

Table No. 12 compares the percolation from the soils which received
sulphate of potash, 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 appiied.

Sulphate of potash caused an average increase of percolation with
the sandy soils. This increase occurrved with two of the four soils of
the group; with the Miller fine sandy loam, there was a decided de-
crease. On the other hand, the sulphate of potash caused a decided de-
crease in percolation with the lecam and clay soils, amounting on an
average to 3.20 inches, and occurring with all the soils of the group.
This is perhaps due to the saline material causing the surface soil to
run together, decreasing the penetration of water, and causing it to re-
main near the surface to undergo evaporation. The Houston black
clay, 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 (K,0). In 1912, three times
this quantity was added to the Norfolk sand, Orangeburg fine sandy
loam, Houston loam and Houston hlack 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 increased evaporation during the year 1912 over that of 1911.
According te these results, application of soluble salts to the heavy soils
may result in no increased loss of moisture.

The application of the manure resulted in a decreased loss of water
by evaporation from the 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 Soils.

No Sulphate Manure, Manure,
addition. of potash. Oct. 15. Mar. 15.
Norfolk sand—
10 N D e e e N 5,72 9.31 11.42 18959
TOLDS T g R oy RO . 4En7 7.05 8.30 8.34
N R Bt S B S T A 85 0.28 iz 721 10.36
Average s el i S e 3.52 7.38 8.98 10.36
Orangeburg fine sandy loam—
L7 L SRRl e L RO L 7.45 8.38 12.39 8.94
i § T BT R B e S 6.32 9101 7.94 6.50
T IS e sl B R T R 4.85 4.28 7.68 7.92
AVerage s ol Sl SRR 6.21 6.17 9.34 7279)
10.75 7.93 10.53 119
7.98 6.38 5.89 0.94
5.84 4.94 2.00 1422
8.19 6.42 6.14 1212
10.74 11913 13.20 13.67
7.87 8.23 8.86 6.04
4.69 6.36 6.66 53
T &.57 9.57 7.08
6.42 7.14 851, 6.69
16.07 14.84 18.80 16.11
11.56 10.49 12.78 10.50
7453 8.88 11.67 10.33
AVerage it bt ey iU 11.72 11.40 14.42 12531
Houston black clay—
........................ 17.92 4.73 14.71 12.69
L P e e B e i R S g 12.77 3.01 13.06 8.85
LR e O O RO S TR e e 11.29 0.64 11.56 4.16
AVerage S e L I 13.99 2.79 1163, 1l .65
Yazoo clay—
kel I [ el e N e R 14.36 14.26 15817 15.25
JOTd sl e R s 9.98 9.79 10.71 8.53
OB e R e I B R D L TP 9.55 9.08 10.35 5.81
everage TR s T A 11.30 11.04 12.08 9.86
Crawford clay—
1 05 3 R B R T 19.52 17.64 18.64 17.29
1R AP el A AR S S 11.14 10.26 11.81 10.09
19130 st @it R ol 10.92 10.66 9.34 10.31
AVerageltigtn St LR 13.86 12.85 13.26 12.56
‘Alverageroffclay s e o 127572 9.52 13.22 10.83

The average saving of moisture by the manure on the sandy and loam
goils is as follows:

IMiamume=—0) CHOlE Tl B e e 2.09
Manure—March 15 ...... e e T 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.

ottonsponntsis saetmssit clni s s e 167
Corn: thushelgiaasss mesr bl i S e s 13
Wiheatishushelsfstas suedte o5 f ok e i i 8
@atsipbushelg i tarnaitn Jol sl L oy seuial s s 19
Elaypounds il s i S g e 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 soils deserves especial emphasm Manure or
green crops are undovbtedlv needed by these soils, not only for this pur-
pose, hut for the other favorable effects upon fhe 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 evaporation sufficient tc make more than an average crop of cotton,
and nearly an average crop of corn.

PERCOLATION OF NITRATES.

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

The nitrates were in each case estimated colorimetrically by the
phenol-sulphuric acid method the same day that the percolates were
collected.

We will discuss first the vesults 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 quantl’ry 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 vear. Ae however, the analyses are of some interest, they are re-
corded in the tables.



TABLE NO. 13.
Nitrates Percolated, Parts Per Million, 1911.

February. March. April. May.
18-19th.| 23rd. | 3rd. | 21st. | 24th. | 27th. | 3rd. | 5th. | 10th. | 14th. | 20th. ! 25th. | 28th. | 5th. | 10th.

Pot Number.

(44

T S R e 10 12 7| R
1 1: SR e R - B 10 10 6
R RS i S 12 11 10 12
A S e R 38 36 L e e A
S| s 19 33 16 16
b0 [ S e 29 31 17 | e e
23 22 11 14 13 11 11
16 14 &) 13 14 12 13
19 17 11 13 14 12 16
26 22 1 19 20 19 18
25 22 20 18 21 23 26
A T (e B 20 23 20
R ey R 40 38 57 29 48
DD st e 53 47 66 48 50
7L e iy 53 40 50 33 48
/1R | Eghed v [ 40 45 S e
dieh oo DR Daat 42 55 31 36
113 g W S T e 62 62 50 1
6 36 38 25 27 25 31
40 37 37 24 33 24 40
95 66 43 24 50 38 40
12 113l 5 20 1 1
31 21 S e 21 13 5
27 320 14 28 20 21

‘NOILVIS INTWINHIX[H TVIALTIAOIIDY SVXAT, .
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TABLE NO. 13.

Nitrates Percolated, Parts Per Million, 1911.
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TABLE NO. 13.
Nitrates Percolated, Parts Per Million, 1912.
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TABLE NO. 13.
Nitrates, Parts Per Million, 1913.
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TABLE NO. 13.
Nitrates Removed in Parts Per Million in 1913.

= 1 1O :OOWINOOIOOOVINIOIOIOO
S st e AN N H NN O HoOHoOHHAN
Rz S P S poia)
gy :

R . .

. S .—O. OO OONNDNOOD VN0 INO
= DA SR MmN NOn e GOm0 Rdl
~ SRR AN
N AR i

d S : - 0O000 0000 ' 000000
e e DD SO SO0,
=) O\ FQAFH oo SOOI
B | R S i AN
SORRY | TR R el ;

I 15 T 'O : - CO0O0OoOOBNOONINOO
M SERELEIR LA DEE L R EIN LI
=
i
=)
<o

=

)

< g

il

S

e

Al s
S35
7

o
=i
v
= QT GRRANBNDN I BRSNS BB SIS
- QN OO == NN <&

g 00000000000 000000000000
= OROHINHRONDONOVOOONNONL OO HID
= DN =N A OO NHS N0 = 10O
= = 2

: 000000000000 000 - :O00000

) RO ONOODNNORODS - DO

o) |15 A5 AAAIRCODART : :FOIIDD

2la . —_—— e e

m : O00000000000000 « 00000 -

S |S MO NOR—ONNORHBDBN « - SNOSS -
= T SHRHNIORNNSH= " - SHIDT

Z = : e 5

: ‘00 00000000000 [ (0000 OO0
S SO HRDRO—ORIDMDOD + 1BCDOD NS
= N AANIHORHS ST - e N
R IR R CTRETR

) EEEEEEEEER 000000000000
= HINORONONHND - NFONOFFIHHHOS
o | e CNQLOIDSIN MO O 74340_7085250
13} ~ . Y

o

7 FOTTOONONONODOOITNOOIONOO
= N=ONNFH = HDRODNOBZONOSNN=OMNOLY
% O IOFMOH I H K00 =MD FHO —~HH

NSO O D DNTIINO INDNOY -
W = ‘ONHO O 000 000N ‘oo -
S B 3 A 3 i
5 OO FONOHROS O D 00
55 OININO G MO ININ O i = €O ‘O O
= N B -
B [Re :
W X =) EEEEERLEEE) S
= |l = i - CHOHN O

= R : =4

= S :

Pot Number.

37



TABLE NO. 14.
Nitrate in Milligrams, Per Pot Per Month, 1911.

Pot Number. Feb. | Mar. | April. | May. | July. | Aug. | Oct. | Nov. | Dec. | Total.
1 INorfollisand = aiaiimn i s lar v S S SRR A B L L 15 45 40 2 14 Sea o te i s o R R e 400 516
) INorfolldsandimanuref@ctobenilbpi el SRS N SRS 23 17 80 7/ 298l S 168 685 1009
6 INoEfolldsandgniarniin e SIVIaTc 5Tt S it 8| S 27, 139 19 § o7 B e 136 163 586 1134
7 OnangebnigihnelsandyalaoToiprsassesEsS e Sl S ele SONRIE e N 107 18 358 VRS I R e R b 663 1165

11 Orangeburg fine sandy loam, manure, October 15. . . ... ... ......... 167 8 327 P L S (T el [ e 67 1090 1685
1) Orangeburg fine sandy loam, manure, March 15. . . . . ............. .0 .. 34 299 1Ly PRGN St (e iR e e 740 1090
15 Houstondloami s i nesert e s el e e 113 62 134 24 139 18 97 111 457 1155
17 Eloustontl oariiemaniire O CEOhErILUMOE RS SRR SR So s 134 75, 133 25 187 64 211 191 439 1459
18 Ilonstontloamismanure wIylaTeR )RSyl o SRS | 61 127 29 173 52 167 134 422, 1161
19 H o ustonsblacliclayti st ot sal et S0 N e A e 315 126 194 38 210 100 206 289 679 2157
29 Houstonsblackielay imanure; O ctober 15kt i Sus S Sl 214 123 200 50 196 103 349 353 671 2259
24 blonstonSblaCIECT v STRanTTCSIM AT CHbllH MESERHE S S | R 117 98 14 112 64 221 192 797 1605
25 YazookclayRrases B RNIRL et S e R e e 450 400 425 65 89 83 208 281 1477 3478
29 Niazoolclaymanure O ctoberillb SuiSis SRS aaR IR S 379 369 544 89 135 100 303 396 1609 3924
30 Yazoo clay, manure, March 15........... e R e R e B 279 431 68 104 46 170 257 11635 2990
31 MillexthinefsandyaloarnWReenibe S8 i U as s SR el 101 .66 370 55 S8t 23 30 833 1489
35, Miller fine sandy loam, manure, October 15. . ... .....ouurvsrennnns 85 72 350 32 PR LT R e 37 166 |1106 1869
36 Miller fine sandy loam, manure, March 15. . .........oovovidoin, 59 141 4 135 3 B Lot 217 435
37 Crawfordiclay i Eievimmampt et cinse RN Gt el e R e S 386 196 266 38 152 i 359 444 1045 3063
41 Crawiordiclay, fmannrefOctobenilbusmseEiaiiupne e SE SR EN 348 193 289 79 155 188 443 480 1420 3595
42 Crawfondiclayiimanine SV rchRlH NSO ES SN eSS 314 531 92 101 84 330 | 390 (1473 3315
43 IfufiingfinefSan dyAlo Ayl BE e G 40 5 69 4 A |t 54 58 445 716
47 Lufkin fine sandy loam, manure, October 15. .. . .......oovoveoinis 36 112 91 9 L 89 145 687 1253
48 Lufkin fine sandy loam, manure, March 15.. .. .......c..oovivevoviidevnn.. 67 192 23 431 [ 67 56 751 1199

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

8¢
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TABLE NO. 14.
Nitrate in Milligrams Per Pot Per Month, 1912.

Pot Number.

Vi 00 L R Sl R R e SR

INorfolkssand Emanune @) ctob el b S ot

Norfolk sand, manure, March 15..........
Orangeburg fine sandy loam. .............

Orangeburg fine sandy loam, manure, October 15..................
Orangeburg fine sandy loam, manure, March 15. .. ................

15 (X ENKON ORIt & o S oia b oo a0 o teas o b oo

Houston loam, manure, October 15.......
Houston loam, manure, March 15........
Houstoniblackiclay B S e e P e
Houston black clay, manure, October 15. .
Houston black clay, manure, March 15, ..
V0200 Clay R T s Lo e s

Yazoo clay, manure, October 15..........
Yazoo'clay, manure; Marchtl'5rms ot i oos

IMalleTfineiSand Yl 0 AT b

Miller fine sandy loam, manure, October 15.

Miller fine sandy loam, manure, March 15.
Ersoviordiclas: S UEIR aEBls 1 il St
Crawford clay, manure, October 1
Crawford clay, manure, March 15
Eufkinifinetsandyaloam) St me s

Lufkin fine sandy loam, manure, October 15.

Lufkin fine sandy loam, manure, March 15

Jan.

4.
3.

1

5.
181

8
15.

00NN 00 NI WG O O 00 NI G0 O NI

S TCIoTE

Feb. | Mar. | April. | May. | June. | July. | Nov. ; Dec. | Total
205281876159 3.3 0551 L P e R L I 26578 B131R8!
A Lk || 28 s s as0n 1.0 QRO BRI 388.4 | 510.9

L e A e e R T [ L s S b Sl e v S50 IRIR A5t

9L 28 174578828120 QRS R S e A g 177538839552
91,5 |144.3 | 46.6 |.....: 6.5 L A e 228.2 | 536.0
1ot i s s leese S35 Dog BERSRIE A b it sl X SR N 295.0 |°578.9
89:201855.3°1020.0 3.5, 28.4 (0 E GEge s 419.0 | 576.9
25.2 | 60.3 | 30.9 SR2BIRO0TORI FEREIE 0.1 [439.8 | 629.1
19.3:11:56.0"{720.4 3503709 5.6 0.2 |380.0 | 528.5
66.4 1107.5 | 31'.2 9.9 | 41.8 Sl B a3 TS
26.4 | 56.4 | 29.0 8.8 | 38.7 | 13.3 0.1 (832.8 |1007.8
50.0 |108.7 | 31.0 e A 8BS RIS TSRO Fe s 495.6 | 756.4
127.9 [262.2 |-69.9 4.4 | 40.0 1 Al e 877.8 |1380.5
1654528 D2IN6HINH 7438 M2 S N5 STAR BT 048 .2 |840.6 |1355.7
148.4 |283.4 | 42.1 9.2 | 45.4 0, .3 | 898.8

Bl || B9s3 || 1eL0) DRI es 0. .1 | 423.2
703 =065 5467 on e il .6 | 456.6
...... 16.0 487 (R PSS e () o 33.3
98.4 | 93.0 | 29.7 8.3 | 65.3 .11]899.3
191.2 [1561.7 | 36.3 8.2 | 60.3 .7 11295.0
130.5 (137.7. | 38.2 7.4 | 40.1 .5 [1121.9
24.0 | 86.9 | 95.5 2.8 1111 .0 | 448.5
1764150924 1066.1 1. o . o 8.1 .6 | 498.2
22.1 [127.6 | 52.7 [0 0 e B U PO 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 INOEfolkIsand E s e e 7(e0) ©s7 5 s ahion RO s QEQ I ie s 9312086
o Norfolk sand, manure, October 15 183°215 47 5199 7 3.2 2,87 .021f 80 2 0.6| 290.3|51.5
6 Norfok sand, manure, March 15........... 0386/ B 27 S| 8 9.1/ 6.20 .03| 150.5| 200.9| 509.5(31.5
7 Orangeburgifinetsandysloamtes s Sese S guriuiss S o S S 25056815253 S48 () 0.1 .01 .036 BE6! 0561545582515

it Orangeburg fine sandy loam, manure, October 15. . . ............... 37082033 6972, 7 e300 (=== 014 SR03E9 IF 0N 6| B766.58 (S50
12 Orangeburg fine sandy loam, manure, March 15. .. ................ SO IS16 855 ST HES! sl S n g 84.7| 290.8| 960.9| 53
13 Houstontlomrg Lo R e e T e e 26:71 12 60 14 .5 4 12105510024 1090510 29 0 211 .9]- 49
7 Houstontloamismanurest® ctohe il b e =9 [EE5 7516 L 4() N1 Q1S5 B A B3 R FReie 239.2| 92.7| 543.6| 83
18 Eoustontloans manure N e e e SO/ BENT S 3 B 3 OS5 | MDA NS RS R70, B O35 BTG HEC 7 F2 RS A5 | 7.8
19 Houstontblacks clayisi e iiinseiio e e e il e Chaa i e el b .1 78.0| 42.2f 17.5| 7.49| .036] 206.9! 132.7| 646.9| 151
D3 Houstontblackfclaytmanure SO ciobert I HEe s ai Sl e e B0 [RElH SRS 1R DF7 BT AN S5 RS 51 () SN 822 AR SIESIS ORI IR 83 ON5 (811671
24 HoustonkblackiclayifmantreViarchuloFFS i Seii s e e 56! 10515 [EE 51530/ 4.0 Lo Pl Tl 6.9| 316.3| 143
25 Nazgoielaye: =8 G N i e e P4 S200/59 (889 853 | S042 SO81 021192291 198 [DIT 150, 315633
29 Nazoozclayssmanure t0ctobensliHRE S F s wr e o S el e e SR 267 S b IR0 .01 .012| 372.6| 276.1|1489.9( 699
30 Niazooselayimanure SIVIatchsl o e e e e .6| 175.2| 109.1| 47.9 .27/ .028| 118.8| 66.6| 803.5( 72
aill Millersfineisandyiloamy s e i e e e 2| R OIS (08D OE5 [FEReE .04 8.8 0298103875137
35 Miller fine sandy loam, manure, October 15. 45| BRAPIR0) BT (89 Pt S e 2220 (Mt e 22083 IEe5 7.
36 Miller fine sandy loam, manure, March 15. . 2.8 0.9 ) B s e S Y Ll {5953 (R i7
37 Erawiord:clayeis s e i o e LS| R24282 IIGORA ERA RQ ST e 257.4| 206.6(1060.2| 251
41 Crawfordiclayarmanure;t0ctober sl s e e 7IB2.6 803115 65 ISR 303 1 ES S .021]| 327.3| 155.2(1276.0| 291
42 CrawfordiclayiimanureViarchel oS m el Vi Pae e .9| 234.5| 140.2| 43.0| 16.45| .042| 318.9| 264.7|1383.7| 370
43 Eaifkinsfine sand v loamyes Soslind e e S R ey o e 7ZoLN175511 4319 (Dt S .038 Q7[RRI 285106 97521 =899
47 Lufkin fine sandy loam, manure, October 15 N7 13 5687 X 0.1 O e ianss S Loles ey 27.9| 354.4| 455
48 Fufkindfinefsandyalo am’smanure  MViarchilis e e 2.9 6.8 14.6 0.8 TOIREe Rl SHAIRRH 85 |36

()%
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Losses oF MoisTURE AND PrANT Foop BY PERCOLATION. 41
QUANTITY OF NTTRIC NITROGEN PERCOLATING.

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

An examination of the tables show that the concentration of the
nitrates in the water percolating from the pots reaches its maximum in
the fall, 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 that the nitric nitrogen washed out
in December forms a large proportion of the total loss.

NITROGEN LOST IN POUNDS PER ACRE.

The 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
vear for the several soils (December, 1913, excluded). The loss varies
from 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
and subsoil is also stated in the table. It is seen that the loss of nitrates
is related to the total nitrogen of the soil. The quantity increases with
the content of soil and subsoil in nitrogen. As it takes approximately
1.5 peunds 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 hushels for the second.

TABLE NO. 15.

Loss of Nitric Nitrogen Per Year Per Acre.

Per cent | Per cent Average Corn in

Pounds nitrogen. | nitrogen. | of surface | bushels

per acre. | Surface. Subsoil. and equal to

subsoil. nitrates.
Norfolkésand i nu bV A 103 stul et R e .03 18
Orangeburg fine sandy loam. ..... 81.9 QAP R e T .04 54
Miller fine sandy loam........... 85.5 .05 035 .04 57
Eufkintsandvaloam s - e euSE s 7580, .05 .063 .059 51
Average for group......... 67.2 044 (0r e P S 45
Houstoniloam ta: Fhires e 78.9 .034 .040 .037 51
Houstoniblackiclay petesipripss 147.0 Gl .079 .099 99
/aZ00jCl Ay N e 244.2 .149 .152 =151 162
Crawfordiclay s e S 203.1 S151! .098 125 135
Average for group......... 168.6 .113 0L AR S T s 114

While it is not probable that all the nitrates produced were washed
from the soil each year, yet the figures ought to give us a fairly good
idea of the amount formed. We can also compare these figures with
the corn possibility hased upon the nitrogen taken up in pot experiments
as follows:
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Per cent Corn
nitrogen Corn possibility
average of equal to of total
soil and nitrates. nitrogen.
subsoil . (Bushels
per acre.)
INOrfollcgard. s e TRty Sun & £ B S e ke S 18 13
Houstonloami s Toai Juiie s e Utv Rt S B 037 51 13
Orangeburg fine sandy loam. .................... .04 54 18
T b TG 0 b 0 (7 v s b it B N SORSa o b vy 20 .04 57 18
ANerage ot Arstegronpd -t o s s, S T P s e .044 45 18
P einiEan dvalo A e T e e .059 51 18
KX N Y RO R GG e s i s Ao o B o B B AL d G s & .099 99 28
AVernagelofisecOn A ETOUD - it bt b S ST .092 104 28
Crawtardielay it T e L A e e 125! 135 38
Y azoof clay?rr s ia N s uta i Sid b Sirei 4 eaT S5 I 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.
The percolation would be reduced, both by the water evaporated from
the crops, and by water running off on the surface.

Nevertheless, considerable losses of plant food may occur from bare,
uncropped soils during the winter months. The nitrates are not all
taken up by the plants, and a portion of the water percolates from the
soil.

NITRATES FROM 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 added 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 due 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
manure applied October 15 is as follows:

et Sufficient
Milligrams Pounds for bushels
per pot. per acre. corn per
acre.
T T s b o o s b T 9 0.0 6 B Dl o DL 0L B0 B O DD IR G0 T 234 28.5 19
CETOIN0) P B o0 R B0 0 5.0 5080 010 B o b o o 0,0 b B0 0 256 Sl 2 21
ST D0 5 B8 ho 6 G0 A E OB G000 00 B OB B6 HAD A 245 29.8 20




Losses or MoIisTure axp PrAxT Foop BY PERCOLATION.

This is 53.7 per cent. of the 456 milligrams nitrogen applied in the
manure each year. According to thig, an application of 9 tons manure

per acre annually would raise the corn possibility (so far as nitrogen is

concerned) 20 bushels per acre.

TABLE NO. 16.

Nitrogen Percolated as Nitrates in Milligrams Per Pot.

No Manure Manure
addition. October 15. March 15.
\

Norfollcsand IO = ol dlne fe SIod SRl v e dene g 516.0 1009.0 1134.0
IN oL O] RS am O T e L s 131.8 510.9 412.4
INorfolKEsan drio 13 RN B IR N S 943 209.3 509.5
Average o2 iRl SR et Ret L0 e il 219.0 603 .4 685.3
Orangeburg fine sandy loam, 1911................ 116.5 168.5 1090.0
Orangeburg fine sandy loam, 1912................ 395.2 536.0 578.9
Orangeburg fine sandy loam, 1913................ 455.2 766.8 960.9
Average Syl el i N e St S e L S 671.8 995.9 876.6
Millersfinefsandygloam LN EEESSSIETSSES SR S 1489.0 1869.0 435.0
Millent inefsand yalo a0/l D S e s 423.2 456.6 3383
Millerifine sandyiloam PGS M s cue v b e 1037 220.3 159.3
ANerager il St R S 702.0 848.6 209.2
Inflkinisandygloamtel o)1 sy e s 716.0 1253.0 1199.0
Eufkintsanidviloam: =1919 Smienia bt ienis A e 448.5 498.2 51985
FEufkintsan dyglo a1 S 697.2 354.4 58.5
Awerage i s e g e e S 620.6 701.9 592.4
‘Average forigroup vy S tid i L8 i 553.4 787.5 590.9
Houstonfloamyanuust Sett i ges e i S 1155.0 1459.0 1161.0
Houatoniloanr 191D sl e o planlen Rl il e e i 576.9 629.1 528.5
Houston:loant il g ISk s ot eI I ST et i S 211.9 543.6 349.5
AlVerage spensimae i s gty e et ) o 647.9 877.2 679.7
IEHoustontbla cldCl ay il e e e 2157.0 2259.0 1605.0
HoustonE bl ac ey e N L 812.1 1007.8 756.4
(Houston¥hlackc] ayAml O o o i 646.9 830.5 316.3
Averaget Lo Bttt s CE N e e e T .3 1365.8 892.6

N azooxclay Rl OMil e st s e e S o e iy .0 3924.0 2990.0
Yazoo clay, 1912.. A5} 135517 898.8
Yazoo clay, 1913.. >3 1489.9 803.5
AvVerage e i AR el b iR T e B SR .6 2256.5 1564.1
Crawford clay, 1911. ... .0 3595.0 331520,
Crawford clay, 1912. . )i 1295.0 11219
Crawford clay, 1913. . .. 2 1276.0 1383.7
AVErager iy oS sind Chadiisiasi o ta e n B .2 2055..3 1940.2

AV erag el fORNCT 0TI s A SN A 1382.8 1638.7 1269.2




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

TABLE NO. 17.
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TNorfolkssand; 04—t s St oy 11989 [E61:3 103 (1P BT 51 Pea N | s e[ res 5 Gl s 79380 S
2 Norfolkssandii2Z&andsntratesi SEaate s SLOIN8HI N6 S I255[E8NG! 3313 A0 N0 [N s 9 S Fh 10. Ot e BOSOIE7200[EEies
7|0Orangeburg fine sandy loam, 0"’ . 2084 SRS PRSI RIS B3 NS B I s [ S OB 5 SR 100.0{150.0/105.0
8|Orangeburg fine sandy loam, 2’/ and nitrates. | 7.9| 7.3| 9.0(16.6(35.7|35.3|31.5|. ... [....|....|..[.;|..|..... e 107.5|117.0|189.5
13| EHeoustontloams;, 0/ e et e SH2 A A SINGES (F S0 ARSI 6 [S58)| RON5! 280 1 Y e 166.6( 15.0| 24.0
14|Houston loam), 22 and nitrates. . . ... . ... 9.6 6.9/15.1|28.5(28.1(27.4(33.3(25.0({20.0(38.0]. . 100. SO B s 45.0 58.5H
19|Houston blackiclay (/2 s S SEe o= m et 11.991-5.91 811" 8.0 7.0/10.5/120 0113118 9l17.0| . 9. S0 e 104.1| 73.5| 88.5
20|Houston black clay, 2’/ and nitrates. ...... 16.6(11.7/38.9(38.0(29.0(30.3(31.2{30.0|15.0(34.0|. . 83.0 B (Aes 212.8|117.0({150.5
25| Niazoorclay 02 Ber e e .4(12.5|20.0{20.0( 7.2| 8.1({29.0| 0.8]....|21.0|.. 20. SO 210.5|217.4{230.8
26|Yazoo clay, 2’7 and nitrates.. .. .7|111.5|58.8(85.1166.6(47.0(43.9|28 .5{.:..|....|.. 30. R/l s DLORS D7 |2 S
31|Miller fine sandy loam, 0’ . soll Sl Sl 2Ll ol WL L s ol s ol OB 75 8. Hhy [ m 104.1| 69.0| 75
32(Miller fine sandy loam, 2’/ and nitrates. .. .. |78.8/59.0(60.6(64.5/66.6|45.4/56.6/60.6/ 1.5/ 9.0].. 755 A5y e 26358 HI B0 |Erese
S7iCrawiondlelay 02 - o R e 12733860418 810 MOSTH BN A 8789 D750 3702 I S A 613 1= 20 20l 106.3 8401 &
38|Crawford clay, 2’/ and nitrates............ 12 8 0128 SIS0 068 SEE AUE0. G, o ool 228 70l b b elhice ST s 208.3|189.9|120.0
A3l Lutkin sandyviloam, 0. . 0 L 00 35.7(10.9|40.0(16.6| 9.0(10.0{12.0(10.4| 0.5|27.0]. . i VB dOEs e AR Ol 555
44|Lufkin sandy loam, 2’ and nitrates. ....... 24.1| 8.4/37.9|43.4|44.4(35.0(41.6|51.0| 9.5(38.0]. . 20 | 7.0 =) e 82.5| 81.0
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The results here given show a high nitrification of the manure ac-
companied with a high- percolation of 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 extent. :

LOSS OF NITRATES BY PERCOLATION.

On March 15, 1912, and again on November 15, 1 gram nitrate of
soda containing 152 mg. nitrogen was 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
was 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 comp‘ulqon in parts per million of nitric nitro-
gen of these pots and the soils receiving no additions. With two of the
soils, an increase in the proportion of nitrates is seen at once, but with
the other six the nitrates had mno 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 month for the year is shown in Table No. 18.

TABLE NO. 18.
Milligrams Nitric Nitrogen Removed Per Pot, 1912.

1

B o . .

= n‘i',g ‘ 3 3

B I ) g

) a g (=t

7 5o = g < 2 aE> =

= GE R E e s 8 3

) =% =} = © o )

m = =i S S SRR e &
1iiNorfollkisan df QL S e s e e e Yol W e e AV | RUSIREERCH S e 26.7]° 67.0
2|Norfolk sand, 2.. and nitrates. .. .... SOARIB2959 [EATE61N76E0 1815 (RSN 241.8( 433.6
7|0Orangeburg fine sandy loam, O..... .. 32.6| 28.0 1 B ar it AR E 00 S 177531823850,
8|Orangeburg fine sandy loam, 2.. and

it te s i PR A e R i [ZORSIES A5 B2 6816 B()| e F 312.5[ 504.3

13iHoustonloams Qv o0 i it PN 1 515 B2 ()0 R ST | SO 3 A (R RV [ Fe e 419.0| 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 blackcay,O .............. A9%6)83TH2 RGN0 | TR BN [ S 543.111:679.2

20|Houston black clay, 2.. and nitrates. .| 71.3|123.0| 30.3| 64.6| 15.0| 0.2|787.1/1091.5
251¥azooelay a0 1 o CRRERTNEE |128.3| 62.9| 4.4| 40.0| 1.5|..... 877.8/1114.9
26|Yazoo clay, 2.. and nitrates......... 8486/ 27653 [ES MO |87 855 |G| ey e 788.0(1267.3

31|Miller fine sandy loam, 0........... S1GTA STtAS() (SRS [P Q5O SB4TSI B3 6 R,

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 olay, OLn. 10200, el 17. 8120718 J065 3 Bd djio o8 b57.11.712.6

38|Crawford clay, 2.. and nitrates. . .. .. 40.4| 49.5| 35.5| 62.2| 0.1}..... 776.5| 964.2

43\ Lufkin sandviloam, 0... . 1. ois ve s 1471956100 2 8la it i 1 A0 11199 039413

44|Lufkin sandy loam, 2.. and nitrates. .| 13.9(172.6| 17.5| 42.0| 1.0|..... 414.2( 661.2

The 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 which the nitrates were added being cultivated, and the pots to which
no addition was made not being cultivated. Tt is difficult to allow for
this difference. The 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 Qctober 15, 1910, 1911, 1912 and 1913. In addi-
tion, two grams were added to pots Nos. 4, 10, 16 and 22 and 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 potash used contained 50.1 per cent. potash (K,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.
& kel SeTERe e Pl e
5 = Sl Ss dflad gl @0 e B
= - (2 88 H|e B =S
g Sieline ) wislls Lo e sl alier
B ) "‘-Sl,: SS Sl afE ol oes P al agd =
Z () = v-E - a ™ | = v; ; | - v; -; v-'
i g Bla g|8 |l 2|2 8|8 2|2 8
& g 2|< 3|2 8|8 E|E 8|5 5|E 4
1IN O Tf Ol K S T (] e S T 1 e e 17/ ) R B L S R e
4|Norfolk sand and potash........... 16 19 15 11 1 9.1 51886
7|0Orangeburg fine sandy loam........ 27.7 30 26 22 26 17/l 24.3
10|Orangeburg fine sandy loam and pot-
T R R Rt O e e S 32 33 27 P AR 20.5 21 6
13| ElouStONYLo AT EER g 5 N I N 7 9 8 6 5 4.2 8.2
16|/Houston loam and potash.......... 11 9 7 4 7/ 4.8 10.9
19|Houstonblackiclayii . S hnvas s 3 4 5 5 3 2.2 BEO)
22|Houston black clay and potash...... DR | E s 5 O | e e S A e S
25 Y(azoo clayis i sset sy i a b E IS 36 31 31 22 28 16.0 25.9
28| ¥azoo:claviand potashty - o 33 29 33 20 30 18.8 St/
31|Miller fine sandy loam............. 24 26 24 24 17 L7 20.9
34|Miller fine sandy loam and potash...| 34 41 32 30 36 26.9 29.8
BilGrawfordicl ay e Bt ey 117/ 183 16 12 12 3.0 12.6
40|Crawford clay and potash.......... 22 13 17 15 15 (0 14.7
43|Lufkin fine sandy loam............. 2 4 4 5 3 2l 5.4
46|Lufkin fine sandy loam and potash...| 3 4 6 13 6 2.6 8.1

Table No. 20 shows the potash, in mgr., percolating from the un-
treated soils, and those which received 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 than 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 Potash Loss. Pot-
addition. added. ash
addd—
ed,
1911{1912{1913| Total.[1911{1912({1913|1911{1912{1913| Total.| Mgs.
Norfolk sand? o ¥t ik 16575 Sl R 408 D811 262 10TV TT5 871 01 303| 2500
Orangeburg ﬁne sandy
loam. . : s 7LIE2 61 W1156 788| 450| 235| 159 2 2500
Houston loam . SIR23 61123 [RN08 457 2301 95| 112].... 2500
Houston black clay T4 0485269 RIS (S 8 e 2500
Niazooselay Tt e e 851| 438| 350 1639| 845| 412| 390|. ... 3500
Miller fine sandy loam. . .| 508| 323| 138 959| 506| 368| 247|. ... 3500
Crawfordiclay et 567| 253| 129 949| 577| 285| 150| 10| 32| 21 63| 3500
Lufkin fine sandy loam ..| 73| 58| 24 145 941 168} 51| 21{ 110 =27 158 w3500

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
cither evaporated or went through. Growing crops would, of course,
use the potash in solution, and decrease the percolation of water, as they
evaporate it also. Hence the loss of potash due to the fertilizer would
he 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 (o 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 applied. The loss varies from 9.7 to 66.6 pounds per acre. These
losses would, of course, he much less when crovs are grown on the soil.

TABLE NOQ. 21.
Average Loss Per Year in Pounds Per Acre.

Potash. Lime. Magnesia.
INoOTfolkisandi 26 A s d FLiims E S LR a8 S g s 9.7 70.4 13.0
Orangeburg fine'sandy loamt S s S SRR . 32.1 181.0 26.8
Houstontloam HAE s TiEiee VWS sl DN i & i 18.5 258.1 46.8
Houstonsblack clay. .. &0 Somas SR e b 8.2 441.7 40.5
Y azoolclay: iy st vl et e e 3 66.6 582.0 Bl il
Miller fine sandy loam 39.0 259.0 49.2
Crawford clay....... 38.6 569.0 43.3
Eufleinifine -Sandyrloamii s sttt i oy s 58.6 172.0 D287,

Let us assume that a bushel of corn requires one pound of potash.
Then 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 of 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.

1SN 1 B BN v a6 oo aom 8008 bana o s da 8.7 362 157
INorfolkasandi f i d Moass s s R R )7 69 37
FOUSEO D] O ATy e o T e g e e 18.5 134 51
Orangeburq finetsandygloamis. S e et et S28! 153 80
CraWTOT AR Cl A P aR st a . e v s s, o A M s 38.6 515 182
Vil erifinels andyalo am s e et 39.0 275 120
Eufkintfinelsandyaloamie e Het S s orn i b g o 58.6 280 120
V7008 Cla Vit et e e o R A 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-
centage of active potash is accompanied by a higher percolation of
potash. The percolation of potash depends, however, not only on the
solubility 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
quantities of potash which percolated from the uncultivated soil. It is
cvident that losses of soil potash take place during the winter and spring
months, 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 iz 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 was to be 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-
creased the loss of lime, although the increase is slight with several of
the soils.

TABLE NO. 22.
Phosphoric Acid in Percolates.

Parts per million. - Magnesia per pot.

5 o el B | < N Sl 5|8 & R

2 ST e e

i e e | e O | R ey s P i | B P =2

2 Ter el Pop Shon s opl e R 0o

g i,

= 2dld &l 5|8 dls 2|8 8| B

& S R A e A =T B~
1i|Norfol kesand' ez i iiaiandiie i o albalavien apulies hotse e S DS St it el o eehe sl st
4|Norfolk sand and potash. .. 0.3 0.3 0.5 3.2
7|0rangeburg fine sandy loam. ....... 0.2 0.2 022 2.0
10|Orangeburg fine sandy loam and potash|. A 052 023 0.1 196,
13 H oISt N 110 ATt e S e [ 8 0.3 0.3 1.8 5.4
16|Houston loam and potash..........|...... 0.2 0.5 2.8 5.0
19 /e oustontbl 8k Cl Ay i | s 0.3 0.2 g 1557 5.8
22| Houston®blacksclavirand=potashies sl s | | e 1| B8 B | S s I E | R
25/ NaZo 0FClay N U S 118 1.4 D=3 6.5 1.4 2.0 3.4
28 ¥iazooclay and potashy L En s EE s 153 1.4 0.7 3.5 1.4 48 R
31| Millersfinefsandyaloamii i e 0.5 0.5 0.65| 2.4 A7 0.8 (59453
34|Miller fine sandy loam and potash....| 0.5 0.4 0.6 145 2.6 1,33 3.9
Bl G awT o aR R o o 0.5 0.6 0.2 SE() 2 135 8.7
40|Crawford clay and potash........... 0.5 0.7 0.4 30 8.4 &iall 15
43|Lufkin fine sandy loam............. 0258|053 0.2 2.2 2.0 0.4 2.6
46|Lufkin fine sandy loam and potash| 0.4 032 0.4 2.0 117/ 1Lt &3a 1l

Table 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.



TABLE NO. 23.

Parts Per Million of Lime and Magnesia in Percolates.

, Lime. Magnesia.

g = =i 2 sl alla &l Flla oS SlE sl s s Sl &le =
= o | o — - — sy sy ke 2 Sl O R e MR At
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> e s G| el R | 25T L TS e | s e S | T | A A=A
& e OB B SR |  R D T e R R | e e
5 |§ 2|8 5|5 §|§ 5|5 5|8 5|5 5|8 2|5 5|5 E|§ =|5 5|5 5|3 8
& |= <<€ "R s|s 5[R s|n BB Rk << A8 sln 5K 5|8 /|5 A

. |
hitdorfollei SandROshor o pery el St s e e 83 69 140 50 130 43.2| 46.0 5 16 32 13 IS13 87, 250
4INoxfolkdsandiandSpotash s e e 79 66 145 il 266 TUSS2 | E7. 850 5y 19 29 10 1°22.8 215
7|Orangeburg fine sandy loam, 0. . ................ 233 127 193 66 198 1002 535 | e, 18 31 11 : | 20.8 4.0
10|Orangeburg fine sandy loam and potash.......... 274 147 177l 71 202 147.6| 97.0| 34 25 32 14 S o)
HiSIEHoustontl oamy 0N s sa S I S S e 144 il 148 59 98 49.0f 44.0) 23 24 24 10 2 15.0 S0,
16| Houstondeath and petash..... o i e s et 158 86 126 76 145 85.6[ 71.0] 24 25 29 ik7 ATk ] 9.5
119/ Elotistontb] ackiclay i OR St e e e 203 107 198 66 208 100.6j> 97.0]" 10 12 18 9 1oy B e 30
22/Houston black clay and potash. ................ 189 108 136 90 97 121.8| 105.5| 10 11 15 7/ 4 . 9.0
20 NiazooTcl Ay OF H¥ce i s e e R e 413 199 276 118 342 18211 154.5( 14 21 29 8 27 .6 .0
28iaz008cl aviand D0 tashees SRS e 286 102 307 134 381 222.4| 196.0| 15 17 30 9 29 1) 05
ST BT ST 2R 0Ybstks (D5 4 s iy ch o 2 s s O o 268 170 233 32 146 7452 886685 FEDl! 32 38 9 15 .8 4.5
34|Miller fine sandy loam and potash............... 299 232 233 89 279 170.2| 90.0{ 49 47 50 8 56 L o5
37| Crawfordiclay ¥ Qe o e R=at SRERI e S s G 250 150 247 91 250 S1PS1} SIS 855 | ] 7 9 19 7 13 551 o3}
40{CGrawfordiclayiandpotasht .. i i 299 162 310 100 398 2458315119230 S=81¢7, 9 25 14 7 Ll 9.0
43 Eutlanifinelsandyiloami0s & &t RO SEE e S 111 115 137 52 122 OE 2 20| e ds 31 41 14 28 ‘ B2E() +40)
46|Lufkin fine sandy loam and potash.............. 119 117 152 75 216 111904 B8 7S5 S AT 34 49 1 By | 1l .0
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The soils containing less 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 bhe replaced by about 500 pounds ground lime-
stone on the first soils and 1000 poundb on the second. Wlth the 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.

1911/1912{1913| Total.| soil. [1911]1912{1913| Total.

s Lime. Per Magnesia.
Z cent

- lime

O°< in

TINorfolk sand A0 10 il 15 oy 1256| 454| 22| 1732f 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
potashi=t ity T . 2981| 86511138 4984|...... 464| 162| 240 866
18! Holstor loan S el e sni o 4132(1389) 835| 6348 0.17| 625 271| 256 1152
16/ Houston loam and potash......... 3507(1874|1326 6704]...... 732| 382| 298| 1412
19| HoustontblackiclayA S Bisasisrag s 6378|2449(2056| 10863| 3.30| 492| 249| 256 997
22|Houston black clay and potash. .. .{1283| 500 142| 1925(...... 108| 38| 13 152
25| ¥iazoo:clayAres s e e 74 40|: 5 1354
28| Yazoo clay and potash.. 1281
31|Miller fine sandy loam 1213
34| Miller fine sandy loam and poiash 1291
37| (Grawfordiclay wisrsssen: 1065

40| Crawford clay and potash

43| Lufkin fine sandy loam. . . ... 5 .59| 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.
INoxrfolkssand e st g 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......... e 258 0.18
Houston black clay. : 442 3.85
Crawford clay.... 569 1.20
Yazoo clay. ... 582 2072

SUMMARY AND CONCLUSIONS.

1. This Bulletin contains the results of three years’ experiments on
the percolation of water and mineral matter through Texas soils, in
12-inch pots, under Texas conditions.

2. TUncultivated clays and loams allowed more water to percolate
than uncultivated sands and sandy loams.

3. Cultivation ‘increased percolation through the sands and sandy
loams, but had little effect upon the percolation through the loams
and clays.
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4. Sulphate of potash increased percolation through the sandy soils
but decreased percolation through the clay soils.

5. Application of manure increased percolation from the sandy soils
especiallv.  The fall application of manure 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 the total nitrogen of soil and subsoil.

7. More nitrates appeared 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 year were sufficient for about 20 bushels
of corn.

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

9. Only small quantities of potash appeared in the percolates from
most of the soils, even after heavy applications of potash were made. In
three vears, the maximum losg was 12 per cent. with the Norfolk sand,
and {rom 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 coil.

11. Tosses of phosphoric acid in the percolates was very small.

12. TLosses of lime from the uncropped, uncultivated soils vary from
70 to 532 pounds per acre and ig, in a general way, related to the quan-
tity of lime soiuble in strong hydrechloric 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 heen digested for publication.
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