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The stodies reporled in this bulletin were made af the Sandhill
Experiment Station, near Columbia, 8, C., during 1032-45. Theo
experiments were planned to oblain practieal information on & prob-
tem sandy soil located near Columbia. Dafa were obiained during
1932-38 on rates of loss of plant nutrients and carbon in the sandy
soil under various eropping conditions, especially followiag the addi-
tion of green manures, animal nianures, and fertilizers. The experi-
ments on the use of green manures in cotton production (1938—45
tests) were designed as a followup of the curlier experitments. A much
wider variety of green manuring sysfems was used in the rotations
with cotton.

A general lack of good information on 1he use of cover crops and
on leaching losses of plant nutrients on sandy Conastal Piain soils made
it practicable to publish the resuits of the above-listed studics. The
dlesivability of using cover crops as a conservation practice on sandy
Coastal Plain soils depends in part on their nutrient and meisture
nterrelations. Leaching losses, particularly of nitrogen applicd ofi-
season, is of real concern in the South.  The information given in this
bulletin not only will serve as a guide in the development of improved
cover crop practices, but it will also give insight te nutrient movement
in sandy soils, which is a key to developing sounder fertilizer practices.
The results are believed to be applicable to ofher similar soils if
allowance is made for elimatie differences. Tt is necessary to bear
in mind that the fertilizer rates used, especially in the earlier experi-
ment, although nermal for the time when the experiment was startoed,
are low by 1958 standards,

Washington, D. C, Issued May 1959
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Soil Fertility Studies in Lysimeters
Containing Lakeland Sand’

By F. E. Avuison, principal soil scientist; E. M. Rouier, formerly associate
chemist; and J. E. Apawss, formerly nssociate soil technologist, United States
Department of Agriculfure?

INTRODUCTION

Very sandy soils are frequently considered as problem soils, and
may oven be classed as marginal. Their low preluctivity is due
chiefly to their deficient supply of plant nutrients, which are commonly
found largely in the colloidal clay and organic iraction of soils. In
addition, sandy soils are not retentive of water and are usually very
droughty, Such soils are low in organic matter, which not osnly
supplies available nutrients and holds water but assures an active
biological population. Ewen if abundant amounts of plant residues
are supplied regularly, soil erganic matter will not be maintained at
nearly so high 2 level in a sandy soil as in a clay or loam soil. With
limited guantities of morganie colloid present, the formation of or-
eanic-inorganic complexes, which are important constituents of the
finer texiured soils, is correspondingly limited.

Sandy soils are not wholly without merit, however, and have
several advantages over c¢lays. Sandy soils have excellenl aeralion,
good drainsge, and provide ease of reot penetration. In addition,
plowing and cultivation may be done at any time without danger of
harmful effects. For crops such as melons and many vegetables,
sandy soils are ideal. Some deep-rooted crops, such as alfalfa, also
make excellent growths on very sandy soils if moisture is nolL too
deficient and the necessary nutrients are supplied as nceded. TFor
most general farm crops, sandy soils are likely to be unsatisfactory or
al least of limited value under most climatic conditions. For cotton
or other long-season summer crops, very sandy soils present a problem
of considerable magnitude o the grower.

U This study was made in cooperation with the South Carolina Agriculiural
Txperiment Stalion.

* The experhinental plan was drawa up by Oswald Sehreiner, J. J. Skinner,
and Rolund AMeKee, of the former Bureau of Plant Industry, U, 8. Department,
of Agriculture; the experiments were conducted by J, E. Adams, . M. Relier,
Nejson MeRaig, Jr., and A, B, Bowen, also from the former Burcan; and the
nechanical and chemical analyses of soil were mnde under the dircetion ol
L. T. Alexunder, U. 8. Soit Couservation Service, The experimental data were
assembled by F. E. Allizon, Boil and Water Conservution Research [ivision,
Agrienltural Hesearch Service. . ML Roller died Jannary |, 1855,
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NUTRIENT LOSSES, ORGANIC MATTER CHANGES, AND

EVAPOTRANSPIRATION UNDER VARIOUS MANUR- Y

ING AND CROPPING SYSTEMS, 1932-38°

The experiments reported for 1932-38 were planned to obtain data
on rates of loss of plant nutrients and carbon under various eropping
conditions on Lakeland sand, especially fellowing the addition of
green manures, amimal manures, and fertilizers.

EXPERIMENTAL PLAN

Description of Lysimeters

The lysimeters used are described briefly eolsewhere They were
installed af the Sandhill Experiment Station, Columbia, 8. C., in 1932,
The complete installation included 24 cyvlindrieal steel tanks, 63
inches in diameter (Mese acre) and 48 inches in depth. They were
bhuried in soil o within 4 inches of the lop.  The arrangement of these

Figrar L. —Enclosure showing arrangement of lysimeters,

24 lysimeters is shown in figure 1. A view of some of the lysimeters
in the process of being installed is shown in figure 2. Tn this figure
the steel tank in the foreground is inverted.  Each of these tanks was
connectod by means of a bleck-tin tibe (shown in fig, 2) with a steel
receplacle 20 inches in diameter and 40 inches i deptl into which the
leachates from the seil tanks could drain, These receiving Lianks,
which were located below the soil tanks, are shown in figure 3. The

3 This seetion was prepared by T, 15, Allison, 10 M, Roilor, and J. 12, Adums,
1Apans, J. B GREEN MANURING AND FERTILIZER STUDIES 1N vysieerers. 5. C.
Agr. Bxpt. St Ann. Rpt, 46: 154-156, illus. 1838,
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4 TECHNICAL BULLETIN 1199, U.8, DEPARTMENT OF AGRICULTURE

lysimeters, obtained from a wooded arca on the experiment station
grounds, was excavated by layers representing the natural formation,
1. c., 0 to 10, 10 to 20, 20 to 40, and 40 to 43 mches.  Each layer was
thoroughly mixed on platform and placed in the tanks in the same
order as it was in the field.  After filling, the soils were allowed to settle
from July 1932, until the beginning of the ¢ropping season of 1933,

Two shallow tanks of the same diameter as the soil tanks, and
located near them, were used to measure the rainfall.

The Seil

The soil used in the Iysimeters is described as a Lakeland sand by
the United States Soil Conservation Service. Meéchanical analyses
of soil sampies taken from different parts of the horizon are given in
TapLe L—>0echunicel analysis of Lokeland .saml _."rmu Sandhifl  Erperinent

Station, Colvmbia, 8.
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SOIL FERTILITY STUDIES TN LYSIMETERS 5

table 1, and certain chemical data on these soils in table 2. Thesa
tables also give corresponding data on the 4 layers of soil taken at
the time of filling the lysimeters.  Very little difference in the mechan-
jeal nature of the soil occurs down to a depth of 6 feet. The data in
table 1 emphasize the extremely sandy nature of the soil; the average
clay content of the whole horizon was only a little more than 3 per-
ecent, and the total elay and silt was only 10 percent.  This scarcity
of fine particles explains the lack of development of & markedly differ-
ertinted profile.  Since the soil was taken from a wooded area, there
was & considerable accumulation of organic matier in the upper part
of the A horizon but very little below the 18-inch depth. The wide
carhbon-nitrogen ratio of 30 to I in the surface 10 inches is owing
chieflv to the presence of considerable clemental carbon that had ac-
cumulated as a result of the burning of forests in the unknown past.
The extreme deficiency of the soil in nitrogen also limits the decompo-
sition of Uwe woody, highly carbonaceous, residucs that are returnec
to the soil annually in forested arcas and tend to accumulate at or
near the surface.  When placed in the lysimeters the soil in the 0 to
40-ineh laver (soe table 2) had a pH of 5.2 Lo 5.5 and was very deficient
in all of the important soil bases.

Cropping and Fertilization

The eropping svstem for the 5-yenr experimental period for both
summer and winter crops is shown lor each of the lysumeters in table
3 the fertilizer and manure additions are given in table 4. None of
the treatments was replicated.  Sinee the crop and fertilizer treat-

X -Gl
Fravire 4.-—Ceolalaria mrerantln (striafa) growing on lysimeters, I"hutograph
taken in Jaly.
487004 ~50 —2
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ments included a large number of variables, a summary of the main
subjects upon which :nformation was desired is given below.,

Crotalaria {fig. 4) was grown on nine tanks.  This portion of the
experiment was designed to give information on the conservation of
organic matter where crotalaria was Lurned as o green manure, where
1t was incorporated with the soil as g mature plant, and where the
mature plants were used as a muleh. These three management
praclices were repeated wilh rye used as a winter cover. Tlhe use of
mature crotalaria as a muleh with and without rye and of crotalaria
harvested yearly was designed to give an index of the extent to
which this crop serves as 8 soil-builder, and of the capacity of the
soil to retain erganic matter. Two additional tanks (Nos. 17 and
18), not cropped during the first 2 years, received an amount of fresh
cow manure that furnished approximately the same quantily of nitro-
gen as added in the crotalaria. One of these tanks was cropped to
tye each winter, wliereas the other was loft bare,

TABLE 3.—The cropping System al the Sandhitl Experiment Station, 1933-87

Sumimer erops ! Winter vrops *
Lyshmpeter
No,

195334 : 1957 1934 193547

—_—

Crotalarla, turned . 3let cut . None...._.. .} Nong,
rroen, :
Crotalaria, tormed | [ . o,
miture, 1
Crotalarin, nutlehed ;. ._._do._.. [ SR {1 T . .de Mo,
Crotalariz,  turped | 1 Rye, turmed___ | R ve, har- Da.
preen, 1 Vested,
Crotalorfa, turged ¢, R | B Y - T,
mature, !
Crotadaria, mulehed — T BT | o,
Cowpens, turned | d None... L None.. 01 D,
muture.
woceatlon oL R | JO L Rwe, tumed ., Ryea, har- Do
vestedl,
Corn-crotalaria, W0 e None._. Nune.... . Do,
mukchuel, B
U {1 S, P N 1< D Rye, urned.._ Bye, har- 1,
H vasted.
Nonea .o Nome..o.. . Na,
B [ I Rre, orped Hye, har- ye, Litrnvd, 2
: : vested,
Crotalurla, har- ¢ Crotalarla, har. Noneo.__..___..f None_.... cee L Nune,
vested. I vesked,
None..... ... . None,... IR ce—— Do,
' Corn stuver, lurned. | Allllet, eut_..._ . . et L Do,
I None......_ 0T None. . [P o ... 3o,
. .tlo. —o 1 Millet, eut i ! cLoWda o o,
N ;T dg Rye, turned.. 1 Rye, har Do.
vesteg,
Aot et ) Mixture, turngd. | Mixiure, har. Mixtore, hor-
o vesle, i vested,

edoo oo
PR 1 [

Mool L
Cowpens, turnet I
maksre, + veslegl,
S P | Y BT I S B - S
1 B :

! Crofploria miverenatn fatrimier) was used throughout the experiment. Al mlllet was cut 3 o & e
eneh setson and removel,

FThe green manure mixtore rown n lysimeters 19 Lo 22 eonststed ol rye, oats, barley, anel veteh,

¥ Harvested the Jast yeur of the experiment,
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‘SOIL FERTILITY STUDIES IN LYSIMETERS

TaABLE 4.—Fertilizer and manure freatments al the Sandhill Ezperiment Stalion,

183337 .

ELyslineter
No.

Wingd of treatnent t

Amount per acre and year

Nitrogen in croteisria turned ander.

N

i n i cowpeds turncd tader. .

N 4 L

Sodinm nitrate added as stde dressing to
corm.  Nitrogen sdded i erotalerin not
delermined.

Nltrggen in crotalaria, mulched

do

Nitrogen removed in crotaiaria hay crop__

No additions! fertilizer

Sodium nltrate added ss side dressing to
COT.

No fertliizer

Fresh cow manure added In fall

Fresh cow e added

Sedlum nitrate added

mixed with oat straw.

Simliar to lysimeter 19, exeopt manure
was sernideep =tall manure with oat
straw vsed as bedding moterial.

Bimilar to lysimoter %, except msmirg
was deep stall manure.

{ Nltrogen in cowpens tamed under

Dolomitic iimestone epplicd...... ...

JSIErogL‘n in cowpens turned under_ __

Slmilar to lysimeter 19, except manores :

ib. N and 81.4 1b. N, resp,, 1933 and 1934,
1b. N and 86,6 1o N, resp., 1933 and 1934.
1b. N, annualiy, 1933 and 1934,
ib, N, anuualiy, 1933 and 1934,

73 lb. and 150 1b., resp., 1933 and 1934,

72,0, 81.4, 142.8, 110.2, and 89.7 Ib., resp., lor 1933,
1934, 1035, 1946, 1937, :

T2.0, B6.8, 137.8, 97.0, ond 955 1b,, resp., for 1933,
1334, 1935, 1936, ond 1937,

720, Tr.4, 1204, 814, and 352 Yb, N removed,
resp., 1943, 1934, 1935, 1936, 1937,

75 ib, and 150 ib., resp., 1833 and 1631,

118 tons (72.0 ib. N sod 14.9 tons (814 lb. N},
resp., 1933 and 1034,
2.8 tons (1450 b, ), spring 1833,
1.5 tons (84.4 1b. N}, summer 19340
5.0 tans (26.9 b, ¥Y, foll 1934,
.0 tons (38.5 1h. N}, spring 1535,
3 tons (34.8 1h. N, {al] 1635,
5.0 tons (3.0 ih, N), spring 1936,
5.0 tons (31.2 1b. N, fali 1636,
5.0 tons (8.4 Ib, -.\‘;, spring 1937,
3.0 tons (36,1 1h, X3, a0l 1835,
W5 b, summer 1934, and 16 ib.. winter 1934,
Totsl nitrogen added same os for iysimeter 19,

Do.

Do,

43.8 b, N annusily, 1933 and 1934,

1,200 th. in 1933
129 1h, N annuslly, 1933 and 1934,
100 ib, In 1033,

{Doiomluc tHmestone applied__.___

Muriate potash applled. ... ...} 100 Ib. in 1933,

1400 pounds of $=8-1 fertillzer added snnpally each spring to all lysinwetsrs except Xo. 06 for the 5 years
amtl 10 Nos, 17 and 18 for 1935 and 1984, An additional 400-pound sppileation was made to fall erops on
tysimeters Nos. 19 10 22 for each year, 1934 {o 1937,

Cowpeas were grown on four tanks in order to compsre & common
summer legume with crotalaria. The soil in two of the tanks was not
limed, whereas the other two received 1,200 pounds per acre of dolo-
mitic limestone. One tank that was not Iimed had a winter rye
cover, but both tanks that were limed were planted to rye. One of
these lysimeters received an application of 100 pounds of muriste of
potash in addition to the basic fertilizer treatment, in order to over-
come any potash deficiency induced or intensified by the use of
limestone.

The series included both a fertilized and an unfertilized uncropped
soil. The basic ireatment (scc table 4} was 400 pounds of & 4-8-4
fertilizer added annually.

Corn was grown con three tanks for the 2 years. Two of these were
interplonted with crotalaria at the last cultivation, and one of these
corn-crotalarin tanks also had ryc as a winler cover.
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Four lysimeters were used to study four types of manure produced
at the dairy: (a) fresh solid manwre without licter; (8) fresh manure
plus oats straw corresponding to that obtained in the daily cleaning
of the rest stalls; (¢) manure collected in the semidecp (8-10 inches)
stall method where sufficient litter was added to keep the animals
clean; and (d} deep stall manure. These four tanks were cropped io
pearl millet during the sumser and (o a mived erop of rye, oats,
barley, and veteh during the winter. The millel was elipped and
removed periodically in order to simulate grazing conditions.

Methods of Analysis

The methods of analysis used were for the most purt the ones used
by the Association of Official Agricultural Chemists (A. 0. A CH:

Organic nitrogen was determined by the Kjeldahl method, using 1
salt mixture consisling of N80, FeS0,, and CuS0,. Where total
nitrogen, including nitrates, was desired the salicylie acid modification
was used. Nitrates were determined by the phenoldisulfonic acid
method.

Carbon was oxidized by boiling in concentrated H.80, and KoCr);
for 30 to 40 minutes, collecting the carbon dioxide in atkali, and fitrat-
ing according to the method of Adams.®

Potassium was precipitated as KoPLClg, the precipitate dissolved in
HCI, reduced with magnesia, filtered, washed, and ignited, and the
platinum weighed,

Calcium was precipitated as CaCy0,, H.80, added, and titrated
with standard KAnO,.

Magnesium was precipilated as MgNH,PO,, the precipitate washed,
ignited, and weighed as magnesium pyropliosphate.

Phosphorus was determined volumetrically by the molybilate
method.

The methods used for mauganese, sulfur, and chlorine were the
official A. O. A. C. methods.

Soil veaction, expressed as pH, was determined by the potentiometric

method of Snyder)?

RESULTS

Crop Yields and Nitrogen Contents

The dry weights of the summer and winter erops, and the nifrogen
removed in the crops, are given in tables 5 and 6, respectively.,

® ASSOCIATION OF OFFICIAL AGRICULTERAL CHEMISTS. OMFICIAL AND TENTATIVE
METHODS OF ANALYSIS OF THE ASSOCIATION OF OFFICIAL AGRICULTURAL CHENISTS.
LEd. 3. 593 pp., illus. 1923,

®Abams, J. B, DETERMINATION OF TOTAL CARRON IN SOILE BY THE WET OXiDA-
1108 METHOD.  Indus. and Bngin. Chem., Analyt. RBd. §: 277-279, ilius. 1934,

"8xvneR, E. F. METHODE £OR DETEHMINING PHE HYDROGEN-IDN CONCENTRA-
TI0x¥ of soms. U, 8. Dept. Age. Cir, 36, 29 pp., illus. 1928,
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SOIL FERTILITY STUDIES IN LYS:METERS "

FarLE 5.—Crop yields as tons of dry maltor in the lops per acre, Sandhill Ezperiment
Station, 1933-38

Sumnter crops Winter crops
Lg-
simm- ' Years ] Years Yaars
olor Kindal 1___ Kind of Kind of
N [eron, MR- - erop HHds-37 | crep
RIS pi93Ee 1935/ 1930: 1937, Tatnl -] 14| 1985-) 1006 1987~
H 35 | 37 a8
i.. Crotaburils !.4!3i Aot (L OF B0, 67) 2.
2 - 1. 63 L 2,
4 1. 50 1. 2
4 i.58 2
3 1, 60 4,
i 1. 63 2.
7 . 7] I
85_. L7 2.
e 208 Nomroooo L)oo
[T SR I+ S D B ¢ N 1] R U] | — PR P
1. .| Crotelariy, | £.30] 153 15| None e
120 |eaoodoaoo | 130] 160 22| Byeaneaaas [ON I V) 0.8} 0. 51
[ JR PR 4 I, S Lo3g] 1. 85 £ Note__ oo | VN P,
RSN I £ TSR DRSPS DU [T RO SO P R DO .-tlo -
f.... Corn L. LB &% do____ ) (SRR NS WS RN S,
furaind.
ib.. . None_______ Y < T,
H . 2,59 . ..o
2.70) Ryeo. ...
1 4.14] Mixtere A,
el 3. 5401 et L
2.¢5(1 sait. 80! 574 Zdou 1T
COpL A3 3G, 86, 4
RN -
118 A'Jll .8

L he wolrht of crelodorin was determined for lysimoter 13 only; tise vnlues for thic- other |ysimeters for
Lhe yoar 19493 wer e asshmmed o be the same.

T he weights of cowpeas modd corn viven in Lis calummmn sire Bobals e 19558 il 19084,

3 wal determined,

1'he mixture consisted of rye, oats, harkey, and veteb.,

The effect of 2 successive crops of crolalaria used as a green manure
on the growth and nitrogen content of millet during the following 3
vears was determined in lysimeters 7 to 6. In general, the recovery
of niirogen in the crops doscly paralleled the dry weights of the
millet. When the crotalariaz was turned under green, the yields of
millet were somewhat less than where it was allowed to grow to
meburity. This was probably owing chiefly to the larger quantity of
nitrogen fixed by the longer growing crotalarin.  The nitrogen in the
mature plants would also be held to a slightly greater extont against
leaching. No appreciable diffevence belween the results was obtained
where the mature crotalaria was turned into the soil and where it was
lelt &8s & surfece mulch, The use of a winter cover crop of rye was
beneficial for all three systems of utilization of the summer green
manure crop.  The rye reduced he leaching of nitrate nitrogen during
the winler season, and this nitrogen was later released through decay
to the millet.

Where cow manure was added to Iysimeters 17 and 18 in such
quantily &s Lo supply approximately the same amount of nilrogen as
fixed by the young crotalaria (lysimeter 1), the yields were not greatly
different from those obtained whiere the nitrogen source was green
crotalaria.  The results from lysimeters 17 and 18 are not, however,
strictly comparable with those obiained where crotalarin was grown,
because no nitrogen additions as complete fertifizer were made to
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these lysimeters during the first 2 years. This deficit amounted to
32 poundss of nitrogen. Furthermore, both lysimeters were uncropped
during the first 2 summers of the experiment, thus allowing consider~
able loss of nitrogen through leaching.

TABLE 6.—Nilrogen removed in crops us pounds per arve, Sandhill Erperimeni
Statien, 1538-38 .
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The yields of millet from lysimeters 7 and 8, where COWDRLS Were
turned under as & green menure, were much smaller then from the
corresponding soils (lysimeters 2 and 5) where crotalaria was grown,
This was obviously due to the much smaller quantity of nitrogen
fixed by the 2 crops of cowpeas. In lysimeters 23 and 24, where

_dolomite wes added, the cowpeas made a better growth and fixed
more nitrogen. This better green erop produced larger yields of
millet during the following 3 years. Potassium, supplied as muriate
of potash, in addition to that supplied annually in the 4~8—4 fertilizer
was without effect. In this sandy soil the main factor, other than
water, that determined yields was apparently the quanliy of nitrogen
avallable for use at the time the crop needed it. Wheon the green
crop was turned under, the data (tables 5 and 6) show that although
the main benefit was to the first crop, there were still appreciable
benefits to the second and third crops.

The value of the green manures, especially crotalaria, to the crops
that followed, is shown by comparison of the 3-year millet yields
(1935-37) from these lysimeters with the corresponding yields where
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corn was grown (lysimeter 15) during the initial 2-year period. Cow-
peas (lysimeter 7) ivcreased the yiclds of millet by about 21 percent
and crotalaria (Iysimeters 1 to 3} by 60 percent. The inclusion of a
rye cover crop increased these percentages to about 44 and 85, respec-
tively. These differences were obtained regardiess of the fact that
corn received sidedressings of 37 pounds of nitrogen as sodium nitrate
that were not given to the 2 legume crops during the initial 2-year
pericd.  Where corn was interplanted with srofalaria, the subsequent
millet crops were nearly a third larger. These results again emphasize
t-hﬁ importence of avalable nitrogen in crop production on this sandy
soil.

In two lysimeters crotalaria was grown each summer for 5 years
and returned to the soil as a mulch. In one of these (Iysimeter 12)
@ rye cover crop was used, whercas in the other (lysimster 11) the
so0il was left bare. The crotalaria yiclds averaged 2 tons of dry
matter per acre per vear for both treatments. In a third lysimeter
(No. 13) where crotalaria was cut and removed, the average yield
was 1.7 tons.  Since the crotalaria could obtain its nitrogen from the
air, it is likely that the lower yield on lysimeter 13 was due chiefly

10 the removal of essential mineral nutrients.  Although the crotalaria .

yiclds (table 5} on the 3 lysimeters were identical for the first 2 years,
they were markedly less during subsequent years where the crop was
removed (lysimeter 13) than where it was returned as a muleh (ly-
simeters 1} and 12},

The dry weights and nitrogen contents of the millet and winter
cover crops ferlilized with four kinds of manure (lysimeters 19 to 22}
show that semideep stall manure produced the greatest returns,
whercas fresh manure and deep stall manures gave the poorest results,
Yiclds were closely correlated with. the nitrogen contents of the crops.
The highest yields and nitrogen recoveries, obtained with the semideep
stull manure, were about 20 percent greater than those for the fresh
manure a2nd deep stall manuve. In evaluating these data it should be
remembered that, although the same quantity of nitrogen was added
to ench of the four lysimeters, the comparisons are a litéle confused
by the inelusion of veteh in the winter cover crop mixture. Data
Lo be presented later (see table 13) show that a considerable portion
of the nitrogen added in the four manures remained in the soil at
the end of the experiment. The differences in retained nitrogen
between manures were small.  Furthermore, little nitrogen was lost,
ag will be shown later (sec table 12) through leaching, In view of
these facts and the lack of knowledge of the carbon-nitrogen ratios
of the added manures, it is impossible to account witi certainty for
the differences obtained. They were likely determined  the quantity
of nitrogen fixed by the vetch, by the amount lost t.- -gh volatiliza-
tion, by rate of release of nitrogen from. the manures, and by the
presence or absence of an adequate crop to ufilize it as released.

Effect cf Crop on Quantity of Leachate

The rainfall during the 5-year cxperimental period is given in
inches by months and years in table 7. The quantity of water that
percolated through the various lysimeters is shown in table 8. Cal-
culations made from ihe data in these two tabies show that an average
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TasLe 7—Rainfoll during the d-year experimenial period b Sandhill Epperiment
Station, 1933-38
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TaBLE B—CQuaniities of percolaie expressed as inches per unit surface of | ysimiolors,
Sandhill Experiment Stalion, 1933-88
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of 47.4 percent of the rain that fell on the 24 lysimeters leached
through the soils. The largest amount of percolate—62.5 percent—
was collected from the two uncropped lysimeters, and the least
amount, 33.6 percent, from Iysimeter 12, which grew a very heavy
crop of crotalaria each summer and had a rye cover during the
winters, The intermediate values for the other treatments were
inversely related to the size of the ¢rops grown.

Crop Yields and Evapotranspitation

The water losses by evapotranspiration {evaporation from soil plus
lranspiration) from the various Iysimeters, together with the crop
vields, are shown in table 8. The vesults of calculations of the effi-
ciency of water use in terms of production of units of dry matter are
alsa given. :

Tasue ©.—The use of waler by craps grown. in rotation in lysimeters for 5 years,
Sandbill Experiment Stetion, 1933-38
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When the pounds of dry matter produced in the tops are. plotted
ngainst evapotranspiration, as in figure 5, a straight line with a corre-
lntion coefficient of 0.886 is ohtained. "This line intercepts the X-axis
at a point nearly corresponding to the water loss from & bare soil.
If the yields from lysimeters 18 Lo 22, inclusive, which received much
larger additions of nutrients, are eliminated, then the correlation
coeflicient is 0.957.  The maximum evapotrnspiration was about 28
inchies of water per vear from cropped soil, whereas the loss from bare
soil was 14 inches.

487564 — 58— -3
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Figrre 5.—The relationship between crop vields and evapotranspiration.

The total evapotranspiration (table 8, col. 8) ranged from 935 to
4,485 pounds of water per pound of dry matter produced, with an
average value of 1,872 pounds. Cropping systems that left the soil
bare for a minimum part of the time and produced the largest yields
required the least water per unit of erop produced.

The cconomics of water use is better shown if crop yiclds are
plotted against the efficiency of water use, as is done in figure 6. This
plot gives a straight line with & correlation coefficient of 0.995. The
more dry matter produced per unit ares, or per inch of rainfall, the
greater 15 the efficiency of use. This holds true regardless of kind of
crop or rotation used.
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Frevre 6.—The relutionship between crop yields and efficiency of water use.

P11

The 10-inch Joss of water from an uncropped soil (table 9 and fig. 5)
constitutes in net effeet an overhead loss; it is the minimum loss that
oceurs under any condition. As crop growth proceeds from the
seedling stage until near maturity the loss of water by evaporation
from the soil surface gradually decreases, owing chiefly to increased
soil water tension, shading, and mulching effects of the crop. During
the same time, however, this loss is more than offset by increasing
transpiratlion that tends to parallel crop growth. During the entire
growth period of the crop the water loss by evaporation can be
expected to be about one-half as great as the loss by transpiration.




16 TECHNICAL BULLETIN 1199, U.8. DEPARTMENT OF AGRICULTURE

In meking use of these evapotranspiration results’ it is well to
remember that Ivsimeter data of the type reported here cannot be
expected to agree exactly with those obtained in the feld. Under
both conditions water losses by evapotranspiration are delermined
chiefly by the available moisture supply and the amount of radiant
energy that strikes the plant. At certain times crops growing in the
ficld, especially if deep rooted, may have more moistare available
than if growing in the limited amount of soil in & Iysimeter.  In very
dry years this difference may be important.  There are other times,
however, when Iysimeter soils, due to the broken seil column and lack
of downward capillary pull, may supply more water to the crop than
would & corresponding ficld soil. The very sandy soil used m the
present experiments, together with the depth of lysimeter, should
have minimized these factors,

sSecondary  factors affecting  evapotranspiration include  wind
velocity, relative humidity, air temperature, and density of vegetn-
tion. In the lysimefer experiments no crops were grown on the area
i their immediate vicinity, and hence some of the energyv that fell on
this area was reflected against the vegetation in the |vsimeters, or
helped to warm the sofs. Furthermore, the exposed isolated plants
also intercepted more wind than they would have if growing m the
field. The larger plants may also have received a liftle more light
than would normally have fallen on the surfaces of the Ivsimeter, but
this 15 offset in part at least by the greater amount of rain that such
plants would intercept, All these effects are not helieved to have
affected appreciably the main conelusions to be drawn from the
experiment. Certamnly, in any general evaluation of the data, con-
sideration should be given to the high accuracy with which water use
can be measured in lysimeters it contrast to the Jack of accuracy with
which it ean be measured in field experimonts.

These studies, which show that high efficiency of water use is
dependent upon high crop yields, also by inference show that any
factor that increases these vields, such as fertilizers, a more fertile
soil, better soil tilth, more available soil meisture, higher vielding
types of crops, and better varieties, would be expected to merease
the efficiency of water use.  The type of ¢rop grown and the rotation
used are of minor importance except as these affect the total produe-
tion of dry matter. A cropping system thal keeps a growing erop
on the soil for as large 2 percentage of lhe time as feasible would also
favor the more economic use of the waler.

These findmgs, when applied to irvigation farming, suggest that it
would be inadvisable o bring new lands under irrigation unless they
are capable of producing bumper crops., Furthermore, if waler is
hmited, it would be better Lo irrigate o limited acreage adequately
than to use the same water sparingly on a much larger arca.

® Aluison, F. I, Rouwesr, B M., and Raxey, W, AL rug meuaTiossmy pa-
TWEEN EVAPOTHANRPIRATION AXD YIELDS GOF CROPS GROWN JN LYSIMETERS HLE-
CEIVING NATVRAL RAINFALL.  Agron, Jour. 50:506-511. 1938,
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Nitrogen in Leachates

The losses of nitrate nitrogen from the soils by leaching during the
5-year period of the experiment, shown in fable 10, ranged for the
various treatments from an extremely high value of 178 p.ands to
a2 low value of 10 pounds per acre. Although there was some relation-
ship between rainfall and the quantity of nitrate in the percolates,
this was not the most important factor. ILoss was determined pri-
marily by the quantity of nitrate in the soil at the time that leaching
oveurred, which was in tum determined by the quantity of nitrogen
recently added in the various forms and by the extent to which the
cropping treatments succeeded n removing the nitrates as formed.

TasLe 10.—Nitrate nitragen in pereolales expressed as pounds per ucre, Sandhill
Experiment Stativn, 1933-38
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Analyses for nitrates in the upper 4.5 inches of soil were made at
icvegular but frequent intervals during the 5-year experimental period.
Part of these results is given in table 11; in figure 7 the data for four
of the lysimeters arve plotted in detail. For ready comparison the
monthly rainfall figures are shown just below the sotl nitrate graphs,
These charts emphasize the rapidity with which nitrate was formed
from organic nitrogen sources and accumulated when the soil tempera-
Lure and moistire were satisfaclory, and when (here was no crop and
inadequale rain to remove the nitrate, The graphs also show how
quickly a moderately sized rain lowors the nitrate level in the surface
soil 1o near zero. A vigorously growing crop will alse prevent nitrate
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T'raors 7.—Changes in nitrate nitrogen content of the surface soils in four selected
Irsimeters during the 3-year period of the experiment,
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accumulation; in fact, on Lakeland sand the only practical way Lo
prevent large losses of nitrogen by leaching following fertilization is
to grow such a crop. _

A comparison of the nitrate nitrogen removed in the percolates
(table 10} with the total uitrogen eontent of the same percolutes
(table 12) shows thet, on the average, 85.2 percent of the nitrogen in
the Ieachates was nitrale nitrogen.  During the summer of 1934 and
the following winter it was observed that quantities of organic matter
varving from near zero Lo the equivalent of 11 pounds of nitrogen
per acre were found in the lesenates from the various eylinders. The
total organic matter collected during this period is given in table 12,
At other times during the experimentsd peried no more than traces of
organic matter wers observed in the percolates. This tendency for
some organic matter to leach through thie 43-inch columns of sand
probably largely accounts for the nonniteate nitrogen in the pereolates.
1t is also pussible that some of the 15-pereent difference hetween the
resulis in tables 10 and 12 may he due to variations in analylical
results by the 2 methods used.




TasLe 11.—Nitrale nitrogen conlents of soils in lysimelers as 'purl.; ‘pc:; ‘)‘;téllion of dry soil in upper 4.5 inches, Sandhill Experiment Slation,
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Tante Tl—~Nitrate nitrogen contents of soils in lysimelérs as parts per million of ¢Ir1/ soilin upper 4.5 inches, Sandhill Experiment Station,
) 1933-38—Continned
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TanLe 12—Tolal witrogen for 1933-38 and organic maller-for 1934=35, as pounds per acre, in percolales of tysimeters; Sandhill Experiment
Station :
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Changes in Soil Nitrcgen and Carbon

Changes in the organic nitrogen contents for successive years of
the upper 4.5 inches ol soil in the 24 lysimeters are given in table 13,
and for the carbon contents in table 14.  All the lysimeters except
the two uncropped ones showed at least some gain in both soil nitrogen
and earbon as a result ol the various fertilizer and cropping treatmen|s.
The average gain in carbon was 1,170 pounds per acre 4.5 inches of
soil during the 3-year period: the lIargest gains (average=2373
pounds) occurred where animal ma ures were added annually and
where crotalaria was grown continuously withoui removal of the erop.
The correspending average value for the remaining 16 cropped soils
was 718 pounds. On the average, lor every gain of 10 pounds of
carbon there was a corresponding gain of nearly 1 pound of nitrogen.
The carbon-nitrogen ratio of the organic maiter formed duringthe
experiment 1n the 4 Iysimeters that reecived annual applications ol
animal manures averaged 10.9, whereas the ratio for the remaining
18 cropped lysimeters was 9.4, Wlhere the larger gains oceurred, the
ratios were lairly consiant for the various lysimeters, but the fizures
rianged rather widely for the smaller gains, sinee at (his tevel (he
analytieal crrors became more important.

Tarue 13.—Changes In organie nitrogen in wpper 4.5 {nch layer of sofl, Sandhifl
Experiment Station, 1953-38
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Accurate values for the percentages of carbon added to the various

Iysimeters that were still present al the end of the experimental peried
cannot be given, since the carbon conients of the added organic
materials are not known.  Apparentiy the gains in soil carlion, where
green manures and crop residues were added, are closely correluted
with the quantity of carbon added. In this respect, the manure
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additions are in a different class. This carbon represents much
more resistant material, since it 1s the carbon left after much decom-
position has already occurred. Futhermore, the yearly additions
of carbon to lysimeters 19 to 22 were greater than to the others with
the possible exeeption of Nos, 11 und 12.

TanLe 14, —Changes in carbon contents of wpper 4.5 inch layer of soil, Sandhill

Ezperiment Station, 1933-38
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The inereases in soil organic majter oblained in these studies may
seem small but the inereases are actually as large as could be expected,
considering that Lhere was littie inorganic colleid present to hold the
carbon compounds and soil aerntion and climate {avored biological
sctivity.  Undoubtedly the initial low organic matter level of the
soil was an important Inctor lavoring carbon retention. This level
was very stable, as shown by the small loss of carbon from the two
uncropped soils after removal to the lvsimeters.  1f an attempt woere
made (o raise the organic matier content to higher levels, increasing
resistance 1o suclt o buildup would be expected,  BEven in much
finer textured soils, maintained under similar conditions, marked
increases in earbon are seldom observed.,

Nitrogen Balance Sheet

Accurate nitrogen balance data eannot he given for most of the
lysimelets, beeause legumies were grown for at leasit a part of the
time in all but 3 of the 22 cropped Iysimeters. ‘Fhe exact amountl
of nitrogen fixed by the legumes is not known, The above-ground
parts of the crops were analvzed, however, and from these doln o
fairly accurate value can be given for the quantity of atmospheric
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‘TaBLE 15.—Nitrogen balance sheet expressed as pounds per acre.t during the 5-year period (1 933-38), Sandhill Experiment Station.

Nitrogen additions Nitrogen removed }
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nitrogen that was fixed and returned to the lysimeters. The nitrogen .
balance data, which are reported in table 15, seem to show that the -
nitrogen in the legume tops represents rather closely the amount.
that was fixed by these plants. The plants obtained little nitrogen
from the soil because of the low percentage present. The nitrogen
taken from the seil, and not from the air, happens to correspond
closely with that in the roots of the crotalaria and cowpeas.

The net nitrogen gain or loss figures for the 24 lysimeters are given
in table 15. 1In arriving at these figures it was assumed that all of the.
nitrogen in the harvested parts of the legume crops came from the air,
except where mixed legumes and noulegumes were grown. In these
mixtures no determinations were made of the nitrogen in the legumes,
and the figures in the last column of table 15 make no allowance for
such fixatlon. The nitrogen gain or loss figures for Iysimeters 1 to 8
and for 23 and 24, where the nitrogen in the tops was considered in
arriving at the balance, are surprisingly near zero in esch of the 10
lysimeters. The extreme variations are hetween 4-18.5 and —860.6
pounds of nitrogen per acre with an average value of —14.0 pounds.
ff the many obvious sources of error in arriving at net values, the
uncertainty as to the exact portion of the legume nitrogen that came
from the air, and the lack of replication are considered, all the resulis
are within experimental error. Cerlainly, there is no evidence for
appreciable losses of nitrogen from these 10 lysimeters by volatiliza-
Lo,

Where corn was grown for 2 years, followed by millet for 3 summers
(ysimeter 15), the net nitrogen loss for the period was 19.2 pounds per
acre.  Under similar conditions, where erotalaria was sown in the
corn for 2 seasons, the nitrogen balance figures show a gain of 38.4
pounds without winter cover (lysimeter 9) and 46.5 pounds with rye
cover (lysimeter 10). In arriving at these net gains the unknown
amount of nitrogen fixed by the crotalaria was not considered; in fact,
these gains, i real, probably represent the approximate amount of
nitrogen fixed during the 2 scasons by the late-sown companion crop.

The nitrogen balance value obtained where erotalaria was grown for
5 years and harvested (Iysimeter 13) was 1-462.8 pounds. Most or
all of this gain is the result of symbiotic nitrogen fixation, and, doubt-
less, would have been considerably greater if more nutrients other
than nilrogen had been added.

Where crotalaria was grown for 5 vears, with or without a rye cover
crop and the crotalaria reburned to the seil (Iysimeters 12 and 11), the
nitrogen balance figures were —245.3 and — 142.2 pounds per sere if
all the nitrogen in the tops and none of that in the roots are considered
s fived from the air and included in the calculations. Two main
explensations for the negative values scemn to be invelved. First, the
crops onl these two lysimeters were not harvested but returned to the
soil each year., This return of so much nilrogenous plant material
would be expected 1o increase crop vields and at the same time de-
crease nitrogen fixation, Table 15 shows that the nitrogen in the
tops from the 2 crotalaria-mulched soils was an average of 76 pounds
grester than from the tops grown on the soil from which the crop was
removed (lysimeter 13). Nitrogen fixation figures are not available,
but the fixation in lysimeters 11 and 12 was almost certainly con-
siderably below that oceurring in the latter,  If this is Lrue, then the
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Jarge negative velues for Iysimeters 11 and 12 gare not real; they are
large because much of the nitrogen in the legume tops actually came
from the decomposing crotalaria instead of from the air, as the table
indicates. A second possibility Js that & considerable loss of gaseous
nitrogen from these soils occurred. Since the legume tops decomposed
on the soil surface some gaseous losses, chiefly as ammonia, would be

. expected. Although both of these two possibilities probably coniri-
buted to the negative nitrogen balance values for lysimeters 11 and 12,
the first was probably the more important,

The addition of fresh manure for 2 years to fallow seils, followed by
the growth of millet during the succeeding 3 vears without g winter
cover crop (Lysimeter 17), resulted in 8 positive nitrogen halance of
33.7 pounds per acre over the 5-year period. In a similarly treated
soil, except for the addition of & rve cover crop (Iysimeter 18), the net
balance was —34.4 pounds. Both values are doubtless within
experitmental error,

Where four types of manure were applied twice & year over the
5-year period and the soils cropped to millet during the summer an«
to & legume-nonlegume mixture during the winler (Iysimeters 19 to
22j, the loss of nitrogen averaged 120 pounds. The losses from the
4 lysimeters ranged from 74 to 161 pounds per scre. These are
minimum values, since no allowance is made for any fixation during
the winter by the vetch growing in the rye—oats—harley—vetch cover.
This fixation is oot believed to have been large. The data seem to
show rather positively that some gaseous losses of nitrogen occurred
from this soil where manure was added each year. Although these
losses were greatest where fresh manure was added and least where
semidecp sball manure was used, it is possible that the differences
between manures may not be significant. In the interpretation of
these results it is necessary to remember that each of these 4 lysimeters
received 144 pounds of nitrogen in the form of & 4-8-4 commercial
fertilizer and about 25 poun(Ts of nitrogen as sodium nitrate during
the oxperimental period. From published resulls® the unaccounted-
{or losses of nitrogep could have been either as ammounin, nitrogen
gas, or oxitles of uitrogen. The chiel loss was probably as aminonia,
but some reduction of nitrate, added or formed in the soil, mayhave
oceurred.

The nitrogen balance results for the two uncropped tanks (Nos.
14 and 16) show unaccounted-for gains rather than losses. In
the soil of lysimeter 14, where 16 pounds of fertilizer aitrogen was
added apnually during the experiment, the nitrogen found in the
leachate exceeded by 38 pounds the sum of the nitrogen added in the
fertilizer and rain and released {rom the soil. This positive value may
indicate some nonsymbiotic nitrogen fixation, but more likely 1s
experimental error. Lysimeter 16, which contained untreated soil,
showed 1 nitrogen gain of 100 pounds per acre. The extremely small
amount of avallable energy materisls present would seem to rule
out bacterial fixation of nitrogen. If the gain of 100 poundsis signifi-
cant, the most likely explanation is that the nitrogen was fixed by
blue-green slgne. Recent researches have shown that these chloro-

P Avuison, F. 5. 1B ENIGMA OF SOIL NITRGGEN BALANCE SuHpkrs. Adv. in
Agron, 7: 2313-250, iflus. 1933.
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phyll-containing micro-organisms are of considerable importunce
under some field conditions, especially in rice paddies.

Potassium in Leachates

In the search for the best fertilizing and cropping practices for very
sanay soils, it is essential that information be obtained on the rates
and extent of loss of all the more important plant nutrients under a
variety of cropping conditions. The contents of potassium in the
leachates from the various lysimeters are given in table 16.

Tapue 16—Potasstun centents of percolales as pounds of Ka0 per acre, Sandhill
Ezperiment Stalion, 1933-38

1 | :
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L Additional potash, not detenimloed, was sdded In the animal naoures.

The potash content of the leachate from the unfertilized Tallow
soil (lysimeter 18) was 69 pounds K,Q per acre for the 3-vear period:
where 80 pounds was added as fertilizer (lysimeter 14) the leachate
contained 106 pounds of potash. Among the other 22 leachates
{rem cropped soils only one (lvsimeter 21) had a potassium content
greater than that from the unfertilized fallow seil, and this one re-
ceived considerably more potash in the form of 4-8-4 fertilizer and an
undetermined amount in the cow manure added semiasnnually during
the experimental period. The average K0 content of the leachates
from the 15 cropped lysimeters that received 80 pounds of potash
as complete fertilizer and no animal manure was 21 pounds. The
data in table 16, taken as a whole, emphasize that potash was lost
from this saney soil very readily in the absence of 5 erop. The various
cropping treatments reduced the leaching losses by 80 pereent.
Winter cover arops had little effect, because the summer crops had
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apparently left little soluble potassium in the soil. Tf fall applica-
tions of potash had been made, it is likely that winter cover crops
would have markedly reduced the potassium contents of the percolates.

The leaching losses where manure was added were usually somewhat
greater than where no manure was applied, both because more potash
wes added and also because fall applications of manure were made.
The leaching data for potassium bear a close resemblance to those for
nitrogen in the sense that where cither element was present in a
soluble form it was removed readily by rains. Obviously this can
best be prevented by keeping the soil cropped as muceh of the time as
possible and by avoiding applications at & time when the vegetation
18 not adequate to assimilate iL.

Calcium and Magnesium in Leachates

The caleium contents of the leachsates from the various Iysimeters
are given in table 17 and the magnesium contents in table 18, The
data for the Lwo clements, when related {o the {reatments, bear &
close resemblance, as would be expected, except that soils normally
contain more caleium than magnesium and this is reflected in the

TabLe I7—Calcium contenls of percolales us pounds CaQ per ecre, Sandhill Experi-
ment Staiion, 1935-38
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quantities present in the leachates. The largest quantities of both
elements leached from the soil were from the fertilized fallow soil,
but these quantities were only slightly miore than where crotalaria
was grown without winter cover and returned as a mulch. Winter
cover crops usually decreased the losses of both elements. Undoubted-
Iy, crops tend to reduce losses in the drainage waters through their
assimilation or transformation of the soluble salts of thesc elements,
especially the nitrates. Such compounds as calefum nitrate may be
assimilafed completely, or only lhe nitrate ion may be utilized,
leaving at least a part of the calcium to form carbonates, sulfates, or
other less soluble salts, or the caleium may enter the exchange complex.

TaBLE 18.—23Magnesium conlents of percolates as pounds AU gO per vere, Sandhill
Experiment Stution, 193338
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Sodium in Leachates

The quanti(y of sodium in the leachates from the various lysimeters
is reported in table 19, Where no fertilizer was added and no crop
- was grown (lysimeter 16), 35.6 pounds of Na,O was present in the
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percolates. Addition of the usual 400 pounds per acre of 4-8-4
fertilizer annually increased the sodium value in the absence of a crop
(ysimeter 14) to 98.5 pounds. The leachates from all the other
Iysimeters that received the same quantity of fertilizer but were var-
1ously cropped, gave values that were ncar but slightly below this
figure. Larger quantitics of sodium in other leachates are due cither
to additions of complete fertilizer containing sodium, to lertilization
with sodium nitrate, or to additions of animal manures. The crops
had litile effect on the values obtained.

Manganese in Leachates

Manganese was determined in the various leachates, even though
these values are of minor interest in the present study. They are
reported in table 20, The highest value, 2.9 pounds Mn,O, for the
S-year period, was obtained in the percolate from the fertilized fallow,
Under similar conditions, where no fertilizer was added, the quantity
was 1.85 pounds. The leachates from the fortilized cropped soils con-
tained an average of 1.2 pounds of Mn 0, which is a reduction of 39
percent caused by the crops.

Taste 18—S8odium contenls of percolulen ug pornds Nua.0 per acre, Sandhill
Eeperinient Station, 1933-38
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Tance 20.—AMangarese conlents of percolates as pounds M0, per acre, Sandhill
Ezperimeni Slatian, 1953-38
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Phosphorus in Leachates

Anolyses for phosphorus in the leachates, reported in table 21,
show that even this very sandy soil released Iittle of this element.
The larst quantity, 2.1 pounds, was present in the percelate lrom
the ferutized fallow; the value for the unfertilized fallow soil was
1.5 pouls P05, Cropping treaiment had litile effect, as all other
values fell within the range of 0.9 {o 1.7 pounds P:O; for the 3-yvenr
period. It is fortunate that this very sandy soil retains phosphorus
against leaching to almost the same extent as does a much finer
textured soil,

Sulfur in Leachates

The sulfur contents of the various leachates are shown in table 22,
The lowest amount, 124 pounds SO, per acre for 5 vears, was in the
leachate from ihe unfertilized fallow soil.  ‘T'he addition ol 400 pounds
per acre annually of 4-8—4 [ertilizer raised this value to 269 pounds,
The lysimeters (Nos. 19 to 22) that received additional complete
fertilizer and also animal manures released an average of 408 pounds
of 850, Lo (he leachate, Crops usuully decreased the sulfur content
of the leachates only slightly.
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TaBLE 21— Phosphorus conlenis of percolates as pounds P:0s per gere, Sandhill
Ezperiment Slation, 1935-38
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TaBLE 22.—Sulfur condenls of pereploles s pounds SOy per acre, Sandhill Experi-
mend Slation, 1083-88
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Chiorine in Leachates

The chlorine contents of the leachates from the various lysimeters,
shown in table 23, averaged about 150 pounds per acre for the experi-
mental period. Most of the chlorides came from the soil, as shown by
the value (141 pounds) for the untreated and uncropped lysimeter 16.
Fertilization with 400 pounds of 4-8-4 fertilizer increased this quantity
(ysimeter 14) to 183 pounds. Only three values higher than this
were obtained; two of these were where larger additions of complete
fertilizer were made together with manure, and the third was where
muriate of potash was added. All cropping systems decreased the
chlorine content of the leachates, but the effect was not marked for
most Ivsimeters.

TaBLE 23 —Chlorine rontenls of percolates ux pounds of Cl per acre, Sandhill
Experiment Stution, 1333-38
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SUMMARY

Lysimeter studies are reported that were designed to obtain both
fundemental and practical information on methods of crop production
on a very sandy soil low in organic matter and water-holding capacity.
Emphasis was placed on the determination of the value of green
manures in comparison with animal manures in crop production and
in soil organic matter maintenance. Leaching losses of several of the
elements are also reported and nitrogen balance data calculated.
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Where crotalaria was grown for 2 years and returned to the soil
each Year, the crops of millet that followed were markedly increased
and the effect was in evidenee for three successive millet crops.
Crotalaria turned at maturity gave larger vields of millet than when
crotalaria was turned early. The }'iei:([s of millet were almost the
same where the mature crotalaria was added to the soil as a mulch as
where it was incorporated with it. A rve cover crop greatly decreased
the losses through leaching and thereby increased vields, Cowpeas
was much less effective as a.green manure than was crotalaria.  Fresh
cow manure, added at such rate as to supply the same quantitv of
nitrogen as that fixed by crotalaria, gave about the same vield increase.
Obviously. the main factor determining the millet vields was the
amount of nitrogen available, which was determined by the quantity
added or fixed and by the extent to which nitrogen was assimilated
before heing removed by leaching.

Where cow r.anure was applied regularly at equal nitrogen levels
and the millet crop clipped frequently, the total tons (dry weight) of
millet per acre for the 5-year period were: (1) 7.5 for fresh cow
manure; (2) 8.6 for fresh cow manure plus oats straw; (3) 9.7 for semi-
deep stall manure containing oat straw; and (4) 7.6 for decp stall
manure containing pine neecles. s these yields are direetly correlated
with the nitrogen contents of the crops and little loss occurred through
leaching, it would appear that the differences between manures were
duc chicfly to the variations in loss of volatile forms of nitrogen.

The water lost by evaporation or evapotranspiration ranged from
16 inches from the uncropped soils to 28 inches from the soil planted
to crotalaria and rye. The annual rainfall averaged 42.5 inches. A
direet and high degree of correlation occurred between the dry weights
of crops produced and evapotranspiration from these cropped soils,
Likewise, the efficieney of water use was direetly correlated with
dry matter production. These relationships held for all cropping
systems, showing that the tape of crop grown was not important
except as it affects the total dry matter produeed.  Water is also used
more cfficiently if the soil is kept covered with vegetation.

Losses of nitrate nitrogen in the leachates ranged from 11 to 178
pounds per acre for the 3-vear period.  Such losses were Jow whoere a
crop was grown. almost continuously on the soil, and high where the
fertilization and cropping systems were such as to allow considoerabic
nitrate formation without simultancous crop utilization. About 15
percent of the nitrogen in the leachates was in forms other than
nitrate,

Organic carbon and nitrogen were inercased to at least a slight
extent by all the 22 cropping treatments, The average increase in
carbon during the 3-year period was 1,169 pounds per acre for the
surface 4.5 inches of soil.  The average inerease in carbon for the 4
soils that received animal manures semiannually was 2,434 pounds;
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for the two soils where erotlalaria was returned as a mulch, 2,250
pounds; and for the remaining 16 cropped soils, 718 pounds. The
gains in soil carbon where green crops and crop residues wereadded
appeared to be correlated closely with the quantity of carbon added.
The stage of maturity at which the green crop was added to the soil
and the method of addition did not appreciably affect the organic
matter buildup.  Winter cover crops were beneficial, both in con-
serving nitrogen and in helping to raise the soil organic matter level.
Increases in soil carbon were accompanied by increases in nitrogen in
the approximate vatio of 1 part of nitrogen {o 10 parts of carbon.

Crotalaria fixed about 75 to 90 pounds of nitrogen per acre annually,
and cowpeas 40 pounds. The quantity fixed corresponded closcly with
the total nitrogen in the tops of the plants when grown under con-
ditions of low available soil nitrogen.

Accurate nitrogen balance figures for the various lysimelers could
not bi- ealeulated, because legumes were grown in all but three of the
cropped lysumelers.  The data indicate, however, that cssentially all
uf the added nitrogen could be aceounted lor except where crotalaria
Was grown annually and returned as a mulch, and where animal
manures were used.  In the crotalaria lysimeters, either some gasecous
losses of nitrogen occurred or the fixation by the legumes was less than
estimated.  Where animal manures were used, 10 to 20 percent of the
added nitrogen evidently escaped as gas, probably ammonia.

Potassium was readily leached from fallow soils, but sumumner crops
prevented mueh of the loss. Winter crops had little effect on the
quantity of polassium leached, as summer crops had already removed
most of the soluble potassium.

The quantities of sodium in the leachates were usually groater than
that of polassium and were not greatly affected by the cropping
{reatmonts.

Calcium and magnesium losses from the soil, which were fairly
Inrge in the absence of a crop, were reduced by both summer and
winler ¢rops.

Mangancse in the leachates ranged from 0.6 to 3.0 pounds Mn,0,
per acre for the 5-year period.  In most cases cropping decreased the
amounts in the leachates.

The loss of phosphorus through leaching was negligible, the maxi-
mum value for the experimental period being 2.1 pounds P.0; per nere
from the fertilized fnallow s0ii.

Losses of sulfur ranged from 124 to 427 pounds SO, per acre for the
s-year period.  These losses were determmined more by the additions
made than by the cropping treatiment.

The chlorine contents of the leachates averaged aboul 150 pounds
for the lonl.i:‘{' experiment.  Crops usually reduced the losses, but not
markedly.
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USE OF GREEN MANURES IN COTTON PRODUCTION,
WITH INFORMATION ON NUTRIENT LOSSES, SOIL
ORGANIC MATTER CHANGES, AND EVAPOTRANS-
PIRATION, 1938-45"

In the earlier experiment, the use 6f green manure crops, especially
crotalaria, on Lakeland sand was very effeclive in increasing crop
yields. The effects of such fegume crops were caused chiofly by the
nitrogen fixed by the legume rather than by the inerease in soil organic
matter. A rye winter cover crop was also cffective in producing
larger yields through the conservation of nitrogen that would other-
wige have escaped m the drainage waters. Any cropping system that
tended to reduce such nitrogen losses also brought about larger yiclds.
‘The addition of summer green manures, winter cover crops, and
animal manures resulted in some increases in soil organic matter, but
these increases were apparently not sufficiently large to affect appre-
ciably the physical properties of the soils or the crop yields other than
through the additional nutrients supplied.

The experinments reported in this section were destgnod as a followup
of the experiments reported in the preceding seetion. A much wider
variely of green manuring systems was used in rotations that always
contained cotton as the indicator crop.  Yield duta are supplemented
by leaching data and soil analyses for carbon and nitrogen.

EXPERIMENTAL PLAN

Lysimeters and Soil

The 24 lysimeters used in these studies were the same as those used
in the studics deseribed in the carlier section (pp. 2 to 4). The
lysimeters were located at the Sandhill Experiment Station near
Columbia, S, C,

The soil was the same Lakeland sand that was placed in (he lysim-
clers in 1932 and used for the first experiment.  Mechanieal and
chemical anatyses of this soil are given in tables 1 and 2. In preparing
the soil for use in the second experiment it was removed from all
Iysimeters according to three horizons; namely, 0 to 10, 10 to 20, and
20 to 43 inches.  The soil from any given horizon from ali 24 lysim-
eters was placed in a single pile for mixing. Since a 2-inch setiling
had oceurred subsequent to the original filling, sufficient new soil was
obinined from the original location and added proportionately to each
herizon to bring the tolal depth to 43 inches.  After eleaning and
painting the insides of the tanks wilh asphaltum paint, the mixed
soil was placed in the fysimeters according to horizons, Before adding
the soil, however, 37 pounds of coarse gravel was placed in the bottom
of each tank over the drain, and above this 70 pounds of voarse sand,

o This section wus prepared by F, B, Alison and i, M. Koller,
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gts in the original installation. All these refilling operations took place
in the latter part of May 1938, immediately after completion of the
first experiment.

Cropping Systems

The crops grown in summer and winter on each of the lysimeters
during the experimental period 1938-45 arc given in table 24,

After filling the lysimeters, no crops were grown in 1938. During
this period the leachates were collected and analyzed from time to
lime for salt conceniration to note the degree of uniformity. All
[ysimeters were planted to cotlon the second summer (1939) in order
to get the soils in better condition for the experiment to follow and
lo obtain more informatinn on the degree of uniformity of the soils
in the various lysimeters.  Owing lo the extremely severe boll weevil
injury to cotton in some lysimeters, however, it was impossible to
obinin crop data on uniformity of the soil in the lysimeters.

A large pumber of ¢rop combinations (table 24) invelving the use
of summer and winter green manure crops was used. During the
main 6-year experimental period, the indicator crop, cotton, was
grown in the various lysimeters from § (o 6 seasons. One lysimeter
was kept fallow for all but the last year. The treatments were not
replicated.

Fertilization

The additions of all plant nutrients and lime to the lysimeters
during the experimental period are given in table 25 in chronological

order. Tt should be noted that in any one scason all lysimeters
received the same additions of inorganic nutrients. All crop residues
were returned to the soils.  With the exception of the cotton residues
for the 1939 season, these were returned to the lysimeters on which
they were grown.  In the 1939 season the residues from all lysimeters
were pooled and the same proportion returned to cach lysimeter.
The total quantity of cach of the main elements added is given by
growlh periods in table 26, Sufficient dolomitic limestone was added
from time to time to keep the soil reaction hetween pH 6.0 and 6.5.

Methods of Analysis

The chemical methods used were the same sas deseribed in the
carlier experiment, except that total carbon was determined by dry
combustion rather than by the Adams wet-oxidation method.'t Com-
parative analyses of the Lakeland sand gave values that were 6.8
perceni higher with the dry combustion method than with the
wet-oxidation procedure.

U See footnote 6, p. 8.




“Tasue 24—"The cropping syslem. for the T-year experimental period, 193945, at the Sandhill Experinient Station

Summer Crops

‘Winter Crops
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Cotton

Soybeans e

Velvetbeans .

- S')yhn-m:

SO [+ SO

Crotalaria mucro-
nula.

Crolalaria spectab-
ilis,

Soybeans,

Crotalaria- miucro-
nala.

Crotularia spectab-
ilis.

Crotalaria  mucro-
nata,

Millet.

Cottor -

Falwow.. ... ama

Crotalaria speclub-
ilis,
Crotalaria inier-

Crotalaria micro-
nata,
RO 1)

Crotalaria spectab-

ilis.
Soyheans....

Fallow. .. oo vmaul.

Crotalaria mcro-
nata.
Crotaluria spectab-

ilis.
Crotalaria mucro-
nata,
Millet_.
Cotton.
Fallow. ..

Fallow.. ..

Rye.

Oats,
Vetch,
Peus,
Fallow.

Rye and vetch, mixed.

Peas und vetch, alt.

yeal
Ryu and veteh, alt,

Rye wlth nitrogen,

Do.
Rye and veteh,
years,
Rye.
Do.
Do,

Do,

L Crotalaria mucronata allowed to volunteer in cotton,
2 Turned at maturity.
32 cropys of millet turned af an early growth stage.

alt.

FUALTAOTHHY IO INTWIHVAEQ S'1L ‘6611 mmnfmaf"l\s‘rormdsr.‘n




'SOIL FERTILITY STUDIES IN LYSIMETERS

TaBLE 25~ Fertilizers ! and lime, as pounds per acre, added lo the B4 lysimelers at
the Sandhill Experiment Station during the period Oclober 25, 18358, to Sep!smbm
‘9?' 1945

Commergiul fertilizer

Dale applied Dalomitic
limestone

Amournt Muterla] 3 Tysimeters

First winter and summer
(l‘lﬁ&-dﬂ] Fouride LPounds
1. 000

Sodium nitrate
\'itmtelumm(:niu

(194

(10—}

Nitrate-cmimonis. UI Lxuepl. No. 9.
Z\ltr:l.\r.e -t i Nos. 1-11, 23
4 17 - -

(184142}
OcL. 7 L) 1] -84, ..
Fub, 24 Nitrute-anmmot

NN | I

Nuos, 19-32, 4
Nos. 1-18, %5, .
Nitrote-amnonia. All exeent Noo B
NHrate-ammonla, Nuoa, 1-18, 2
:\"{.;5. 1-18, 24,

- | R,
Nitrate-ammonia

nny
Moy & .
June 6. ... i P
Bixth winler and summer
(A1)
SopL. 18
Got. ...
. 1R

N itmtu-zmlmnnin____

N 1Lr:uc-11mlmmln
My 22 35 . d e eeemee
June 12 L i .

June 28...

s oot aetes al e ol table.
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TaBLE 25 —Ferlilizers! and lime, as pounds per acre, gdded o the 24 lysimeters al
the Sandhill Ezperiment Station during the period Oclaber 25, 1938, {0 Seplember
27, 1845—Continued

’ Commerclai ferthizer
Date npplled Dolomitic
iimestane

Amaount Binterhl 1 Lysinielers

Seventh winter and sum-
mier, [ 5): £ Pounida
Ch. 25 . .ol : . L.
Sodium nitrnte___
Apr. 5 i\ltrnt_v_-fi.lz_r_n_:f)n!n
Apr, 21 . Nlteate-smmonis
il 2-8-52 ... ...
Sodium nivrate
PR i 1+ P,

VAN eobton residues, neluding the seed, were returned to the solf cuch year in September or Oetober.

TAIL formulns refer to nitrogen (N, phosphorus (Fr0s), sl potassinm {K:0), In this order. Nitnute-
osmmonin consisted of equal parfs of nitrogen supplied s sodinm nitrate ung ammoenium suifate, The
saitte combination was used In the mixed fertilizers except for the spplieation made on Apr. 27, HM5.

3 Al nftrogen 8 sodinm nitmite,

TapLe 26— Additions of plant nulrients,! erpressed as pounds per acre, lo the
tysimeters, Sandhill BExperiment Station, 1938—45

N Call MO

3

Winter, (933-3%
Sumipmer, 1999 __
Winter, 163841
Summer, 1940
Winter, 154041
Summer, 141

Winter, W3~ ____._ ______C
Summer, 944, . ____
Winter, 1i44-45
Suntmer, 14

Talel___ .

' Composition of malerlals: .
N us 20 percent ninmoninm nhtraic or 16 pereent sodivin nivrife;
P20s us 18 pereent superphosphites
20 ns M) pereent muriate of putnsh;
Ca0 a5 23,8 pereent superphosphate snd 30,3 pereetit dhivasnitic Tinestone;
MgG s 208 pereeait delonitic Jimestane,

RESULTS
Crop Yields

The yields of the winter rrops for the entire experiment are shown
in table 27. Figures 8 to 13 show the growth of some of these crops,
as well as the layout of the lysimeters.
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Tasre 27.—¥ields of winler crops ecpressed as pounds of dry maller per acre,
Sandhill Ecperiment Station, 1539-43

Lasimeter Eind of arop 109840 T 1404 [ 164012 D243 | 1344 | 18445 Total,
No. 183840
Ponndy} Ponnds| Ponnds| Pounds| Pounds! Pounds| Poundn
L 135 2,748 3, 300 L] o, B 2,217 15, 428
A0% 1, 782 2,50 &y 2,525 1,122 B, 555
1,174 b 310 568 246 632 B A7
209 ) 588 338 586G 960 3, 82
G 1] &
Ryeand velch, mixed . ______..] 1,821 2858 | 2h ) LI 3,254 Z 458 14, 582
Pous und veted, slicrnite vears. 153 898 Wi 542 586 632 3, 745
Jyoand voleh, lternnte venrs | Lk | 3,20 Wig [ 3,082 967 | 12,264
3o with nitregen L2 3348 1] 4, 354 2,160 An, 423
Rye... 2, 501 4230 i, 703 4, 342 2, 830 16, 487
.............. 2,446 d4, 251 % 4,400 ¢ 2, lob 15, (487
2, 348 3,45 T, 550 4,473 2. 458 |+ 15, Bub
2,083 24 Bl 4. alih 20414 14, 79
4, 150 3, 431 1L 4,475 21 16, 094
39 2,542 SB% 3,341 27 11, 518
. . I 42 2 o2 1 3,155 1L u2% 1, &5
PR 1 1,070 22| 3,000 186 ¢ 4478 3,71 17, B(H
o and veieh, alternale yeors | 1LOM 3,523 G307 4,430 {130 12, 9493
2,74 4,528 | 2557 A6 3 e 1w, 930
3, 358 JoaH | 2oua2 4. 475 2,747 16, 780
2, 845 3251 2205 4,610 | 3,519 18 ED¢
I 3, 5% 3 3,573 1, 4G L, 8%
LR 3.7 00 1 8,700 1,783 13,081
Failow o h] a 5] a

Xt

Fraves S.—-Awsirinh Winter peas on lvsimelor 7 i foregeound and rve in the
backpround.  Photogriuphed Mareh 20, 1942,

|
o
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Py
Fiarns 9.~y oo lysimeiers 17 and 18, Photographoed March 20, 1942,

[SESALY]

Fravis 10.-Ouis on Iyshneter 2. Photographed  March 13, 103145




)
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Px =324
Fiarar 11.~Veteh on lysimeter 3 in foreground, peas on lysimeter b in the feft
rear, and oats on lvsimeior 2 in1he right rear,  Photographed Aaeeh 13, 1944,

Py Gan
2o Antrian Winter peas oun besitmerer £, Phiotogeaphed March 19, 1913,

2

Friven
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Frovier 13- =Yeteh on besimeter 8 o Toregronnd and rve in the beekoronnd.
Fhotographed Mareh 1), 1343,

The svields of the sununer crops for the § vears of e experiment,
begluning tn 1940, are given in table 280 Figures 14 to 16 show the
appegrance of some of these crops,

The cotton for the year 18349 was vot harvested, beeause of vory
severe holl weevtd tnjury, but the plants were cut green, dried, mixed,
and an equal portion of the tolal returned Lo each Ivsimeter.  Ior the
same reason, the seed colton was not harvested in 1941 bl the planis
were cud, dried, weighed, and returned (o the seil of the Tvsimeler
where grown.  For ease of comparizon, some of the data in fable 28
are rearranged in (able 29 fo show more diveetiy the effect of the crop-
ping svstems o bhe yiclds of cotten, the indientor erop.

®




$0LL FERTILTIMY, STCEDIES IN LYSIMETERS

'S ik

Figirme 15.- Crofadoren wmecanotn tsPate on Dvsimeter 1L Photographed
July 18, 14U,
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TasLe 28.—V¥iclds of swmmer crops 1 ecpressed us pounds of dry metler per acre,
Sundhill Erperiment Station, 1939—15

1539 1940 gl T2

Lrsimeter i
No. Resi- | 8 Rogi- | Soed Resi- Resl-
e 2 due dug . due

1,451 ¢ . 1, 566
. 1, 302

™
GOf 4
85
L3
i
G0
5
102
23
05
4
L3

B e e e

oy,
C.m.
C.s.
oy,
oy,
Clat,
o

| omsenegam
N T

1843 _ - 1144 : 1930-15

3 N n 3
Liysim-; ! ; : Tatal ’ ) Tounl
eter | . \ sim- Twal  sunmer
No. -t R LI EH - Sepd 4 omer U spel atel
Crop coeobion 4 winger
rosle ©rosi-
s otluesd; dapes &

TOAG 13 30 8t
- 65,531 . T

[ - K
700 AN (3
1982 1y
e
g T
hoBHE Pge
13
Tdr.
(3
LSRR

ntd

[ 13

hiH

. Cot.
Cor.
- i,
e,
- Cat. LA

a0 AL TR ) 3, 4

A PR 11 ; AR

U LG 1. AN 2988 - e, 9 DAL GEN T R T (Y
[T | | - .__..:....“.lf' Cat. ] 1 2,164 {11

VA Dbrevistions msalr
Cot. =cotlon
O o= Crolidarin verninin
C.o5,= Crafwlncin spectabific
C. L=0"ratwlurin isls raetdin
sy hegns
. elvig by
ATih =Mt
2 The e ersiidiie, 03 used ere, rofees (o the whioke erapor any pertlon af i thal wae pedorned Lo the salk,
extepl Lt In the List year of the ecpeckmind (e entan cosid s were il reneerisd,
HThe values riven Inelude the 1915 re<idues 1 bl wer aat eedeenetd in i sl
ENGanlrers in paventbeces pofer 1o the mamter of rotion o i vester),
£ Pl aetaiits of the winher vrops, w el age ehnk e, are givern m pulde 2y,
& Notl determimal.
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Fravri 16, -Cotton on lysimeter 20 Photogeaphed August 8, 1043,

Tavnr 2. - Viefds of ceed putlow fa the various rroppiug sistems, Sandhilt Frperiment
h.:'m’mm J"‘!.)"J—" T

_ rope gran Ferad Cultotl (pouneds ger e
Lygine-
15 TN

SULNTEr Pl L ) Wipter 1415 1041 aned HH2, 0490,
FH ] Al MG

SODL-Cul =0 -l ot o 3,80 5,244
U Com - Con, el [
o -Cot- Clon-Cad, ot
. f'm.—(‘nl.-(‘ ar ot -{"m
Cob Ot Cor-Uor
Onte-Cop=0", -t'ot.- (ol Hird veteh
Cn-f m.-{ot-{, ul.—('ru -CTal o o spted 4
el -Onr -0 e - Ut o Hye ued votehy 2
'. FEERRN O S A7 SR AR 75 W AP S T Ry with piirasen
S et ot T, el et Ryr
\u\ —( 2L IR B (TL O o
L1 'tV b,
. (ut SOnt ]
A-CoteCor -0,

LIRS T S TT SRR Y )

o .~ . \ 4

[T . N LXCRTTL RYR NI
[ TH : .
8.~

G, Sey,

Ay - -0y \111‘ ;

Cod - Cat ~Cor- i

IO Db,

D ALLreyiarions tiseis

Cal. THTE

C.m “Tofufiein myrTgngty

Cus e Urofafuri e b'adic

Cut = Crnfularm pebes oy

Sox. = soy beans

Vobe cselvel et

M nalet
BT e WOEE RO I N G T Teeame i Tl ek e g,
FOCputalarin wos s Ja vapniterr g2t ntion
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In the comparison of the cotion yields from lysimeters 1 to 10,
where the summer rotation was the same but the winter ecover crops
varied, the Iysimeters that gave the lowest yields were the ones that
either had no winter cover crop or one that made a very poor growth.
Rye alone, or in mixture, was an excellent cover, oats was mediocre,
and peas and vetch were very unsatisfactory. Meadow nematodes
were found in considerable numbers by G. Steiner, U. 8. Department
of Agriculture, at Beltsville, on cotton plant samples taken from field
plots at the experiment station where peas and veteh had been grown.
These organisms may have been responsible in part for the low yields
of these two legume cover crops. They are known to be susceptible
Lo this pest.

Reference to table 28 will show that during the last 2 years of
Lhis experiment a lotal of 332 pounds per acre of commercial nitrogen
was applied (o each of the lysimeters, and 42 pereent of this was
supplied to the winter cover crop. This explains why the cotton
yields during these 2 years were so dependent upon good growths of
the winter vover crops. Losses of nitregen through leaching are
inversely correlated with the amount of winter cover, as will be
brought out in a later table. Colton yields in this experiment were
apparently determined primarily by nitrogen supply at the time the
cotton plants needed it, as was found to be true in the carlier ox-
periment on this soil.

A series of comparisons of the effects of various summer cropping
systems, where ryve was always used as a cover, is given by the 1945
colton vields from lysimeters 1, 9-17, and 19-23, inclusive {(table
29). The yiwelds of cotton from all these lysimeters, except where
cotlon was grown continwously, ranged from 3,183 (o 4,057 pounds
of seed cotton per acre. This represents approximately 2 to slightly
less than 3 bales of lint cotton. Even the soil that grew cotton
annuaily produced 2,736 pounds of sced cotlon the last year of the
experiment.  Again, this shows that colton yiclds were controlled
primarily hy nitrogen supply, which the rye cover helped lo retain
during the lime when cotton was not growing on the soils. The
surprisingly good vields of eotton from lysimeters 15 and 16, which
agrew millet and no legumes, shows that the fertilizer nitrogen added
was adequate for exeellent cotlon production where precautions were
taken lo keep the leaching losses ns smail as possible.  Under these
conditions of high application of nitrogen and apparently adeguate
amounts of Lhe other essential clements, it seems that the previous
cropping system exerts a comparatively minor effect upon colion
production on this sandy soil.

A comparison of the cotton yield on lysimeter 17 with that on
No. 18 shows that # cover erop of rye and veteh in alternate years
gave a slightly higher yield of cotton in 1945 than did rye cover. The
difference is doubtless within experimental error. The higher vield of
cotton on lysimeler 18 than on § is probably ¢aused largely by (he
crop of soybeans grown on No. 18 and turned under the preecding year.

Where a lallow svatem was maintained hoth winter and summer
for 5 years and then a erop of cotion grown, the yield was 2,164
pounds of seed colton per acre. Although this vield of nearly 14
bales of linl cotion was the lowest obtuined on any of the hrsimotors,
it is mot low when compared wilh yields commonly obtained in the
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area in common farm practice. This agrin emphasizes the role that
commercial lertilizers play. Appﬂrﬂnti’y, the addition of adequale
plant nutrients, especially nitrogen, directly to the cotton crop at
the time needed ean largely substitute for the residunl offects of ex-
ceilent groen manuring and crop residue management practices during
several preceding yenrs.

Nitrogen Removed in Crops

The approximate amount of nitrogen removed in the erops from
each of the lysimeters during the experimental period is given in
table 30.  As stated above, all summer and winter green crops, after
being oven-dried, were returned immediately to the respective
Iysimeters and spaded into the upper 4.5-inch Inyer of soil.  For the
final year of the experiment the cotton residues were not returned
but were weighed and analyzed for toial nitrogen (table 30). The
numbers ol crops of seed cotion that were harvested ranged from
1 Lo 4 for the various cropping systems. The cottonseced and lint were
removed but were not anatyzed. It is believed, however, that cotton-
sced produced by plants growing at similar levels of soil nitrogen
should be fairly uniform in composition. In obtaining the data in
table 30 it was assumed that cottonsced contains 4.47 percent nirogen,
or 2.98 percent for the seed plus Iint.  The information in table 30 is
of value chiefly in drawing up a soil nitrogen balance sheet, a3 is
done in a subsequent table.

Tasee 30.- - Nilrogen remored fn collon erops crpreseed as ponnids per avre, Sandhill
Erperimenl Slalion, 193847

Fped coTion " staiks {115 iyt

TS . Total)
Lysinwier No. ! ter ol . I } uktropen
[T Py 0 Nitrg- ¢ Wiy Nitro- | in crops
. weight | gent L owelght + gen
H : : i 1
i " Pounds i Poumly | Peunds i FMannds | Pounds
1., - PRI S B~ N B Y I ;i w7
T ! 3 . : A G I A | 240
I : LI B, @ 1.7 .0
4 .. i 3 {088 136,60 [ ik, 3
3. ; q - A ORE g i.é Al
Bo.. | Ki T 3. 13
T 3 3.8 L 3,
5 1 B AH | -1
HE 3. Nt t 3,
iy, . | L I i 2.
it . 3 k, 3
2. N 4 7 2
i i 3 T
M. : ER)
i3 H K] oA 3
1 3 5, 4 4
Ey - 2. 0 o4
w0 3 4.1 A
{CI 1] 4. 4,
L1 [T (% 2.5
4 L 3, R
22 1: 3 418
X 4, .. 2, abils
a4 (I 15t

b seed eobion wis neb anuiyeed for ndfroeen. The quointities of nitroren phven are basm? gn the as-
apmrption that seed eotion taed noud lints eontains 295 prresnt N,

4 The eotton stadks and deaves for the last suson were barvesied, drled, wolghed, wne pneivzed bol not
returied 1o Lhe gall,
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Effect of Crop on Quantity of Leachate

The monthly and yearly ramfall values, as measured on a rain
gage located near the lysimeters, are given in table 31. The annual
precipitation during the experimental period ranged from 35.1 to
56.8 inches, with an average value of 43.7 inches.

TasLE 31 —Reinfell during the ezpcrf:gen!a! pertod (198845}, Sandhill Ezperiment
lation

Annuwl roinfndl ! in lnches
Mooth

g
o

1841 1942

January.

=
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=i 1e 00

by ake 0 50 e

LS, s
=
S

i3
ikt etk ot ukub ol al o

BESERISRE

(=]

de B D =T = T I B N R

UHRESIAISANEY
e S G0
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BI‘ N
2k
o5
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Totalooeene .. 8. 4.

&
B

5

35.49 |
i

&
b4
o
£
[T=)
]

I Averuer antnual minfall=43.72 inches.

TanLe 32—Quantities of waler thal percolaled through the lystmelers during the
7-year experimental period (1938-43}, Sandhill Experiment Station
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RATNFALL AND IRRIGATION WATEN' HEQEIVED A5 INCHES FER UNIT

: H : : ! ' :
Hain. .. - : 13,50 1740 13,9 21.8 19.7: 3ti.l.'r" IS.li, 5.2 224 TR 15F 3.3
Irrlgution L2 A8 L9 LE LY %1 .3 24 4 L0 O LE ..

Total | 25,0 225 17 2L 4R 2340210 38,7 18,8 4.6 225 288 1652 3L . .

! Total rainfull (3U5.5 Irnches} Plus total Leripatlon water (1000 Inehes) =325.4 Inehas, or an avernge of 46.5
inchies annunlly,  An average of 40.5 porcent of this was collected in the percolates,
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The quantities of water, expressed as surface inches, that percolated
through the soils in the 24 lysimeters are shown in table 32. This
table also gives the quantities of irrigation water added during the
period. Such additions were made only as necessary, in order to
keep the crops alive during very dry periods or to assure quick germi-
nation of seeds planted during such periods.

An average of 40.5 percent of the water that reached the soils was
collected in the percolates. The extreme ranges were between 31.2
and 56.6 percent. The larger the crop that was produced during the
experimental period the smaller was the percentage of water that was
lost in the drainage.

Crop Yields and Evapotranspiration

The data showing the relationship between crop yields and water
use are given in table 33. Included are the results of calculations
of the efficiency of water use in terms of units of dry matter produced.
Figure 17 is a plot of dry matter (summer plus winter crops) produced
per year vs. inches of water lost: through evapotranspiration {evapora-
tion from soi] plus transpiration from plants). The data thus plotted
fallin a linear pattern (r=0.963) with the best straight line intersecling
the abcissa at a point corresponding to the water loss from a bare soil
‘This point of interscetion is at 18.7 inches of water per yearin conirast
to 16 inches observed in the earlier experiment conducted in these
lysimeters.  The higher value is due chiefly to the 2.8 inches of irri-

Tanvue 33.—7The use of water by erops grown in rolation Jor T years, Sandhill Experi-
mend Stalion, 1038-45

Evagrrinspiration
Avenge

dry matr ]

Lyshteeter No, produeed Avernge Inelwes of 1 Pounds of
er yenr Inehes of | Pounds of wuler b owater per
(puunds 1 owaler per | dey matier | opee L6000 pound of
per aere} yenr per el 1Wunds | ley matter
dry matler:

ZafEY
19963
138, 1H
158, 40
136, 84
228,04
158, 493
202, 59
230, 09
231, &Y

967
I, 140
1, 432
1,478

s

=

HERNRELEINE

S e T O LD R e Gl e e 2 e (D

=

REHES

bt el o e

Welghted nvernge. . ooooon 0 e e rmeas

+ Crotalarke was allowed to valuntper in the cotlon ench year, but (i ylelilz were nnt determined; henee,
the waler 1titizonf;g volues glven are high.
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- . gation water added in.small amounts during very dry periods. Evi-
- dently most of this extra water was lost by evaporation, or evapotran-
gpiration, and little of it was caught in the percolates.
.. The maximum evapotranspiration was approximately 32 inches of
water per year from the lysimeters with the largest crops. In the
earlier experiment, where the crop yield was only a little more than
-+ half as large, the maximum evapotranspiration was 28 inches, or
seven-sighths as large, :

Dry matter produced - Pounds per year X IIOOO

Ilsul»lli-alouj |x|.2!§_.l.l.t.3|2_[

Evapotranspirotion — Inches per year

TF'igure 17.—The relationship between crop yiclds and evapotranspiration.




SOIL FERTILITY smms N LYSBIET:E}RS '5 .'_r'-_ : .53;'_? .

Evapot.:m;spimmon {table 33, col. 6) r&nged from 211 to 5 791- ’
pounds of water per pound of dry matter produced, wxuh AN BVErags
weighted value of 1,079 pounds. Cropping systems that left the sod .
bare for a minimum time and produced the largest yields required the - -
least, water per unit of crop produced. This agrees with the results. - -
of the earlier Iysimeter experiment. The facts are more easily seen -
when crop vields are plotied against the efficiency of water mse .
{fig. 18). " The best straight line drawn through the various pomts_ .
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Ficure I8, —The rclulionship between crop yields and efficiency of water use,
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shows a correlation cocflicient of 0.984. Kind of crop or rotation
used wus of minor importance, except as this affected total dry
matter production.

The evapotranspiration data reported here, obtained in lysuncter
experiments, should not be interpreted as strictly identical with data
that might be obtzived in the fleld. Water losses from lvsimeters are
likely to be somewhat higher than from field soils for reasons discussed
in another report ? and m the preceding section. The conclusions to
be drawn from such lysimeter data are, however, believed to be
applicable to field conditions. The conclusions given for the eaclier
experiment, also apply to the present experiment and need not be
repeated. Any factor that increases the amount of dry matter
produced per unit area, regardless of kind of crop or rotation , will
increase the efficiency with which water is used.

Nitrogen in Leachates

The total uitrogen that was leached from each of the 24 lysimetors
during the time of the experiment for the winter and summer periods
is given in table 34. Bach lysimeter reccived a total of 748 pounds
of Tertilizer nitrogen during the 7-year period. In addition, all but
four of the lysimeters grew legiumes for 2 to 5 years out of the 7 years
and fixed considerable, but unknown, amounts of nitrogen.

TapLe 34 —Tolal niirogen in percolates, expressed as pounds per acre, Sandhill
Experiment Siation, 1985 -45
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The average loss of nitrogen in the percolates for the period was
566 pounds. The largest loss (890 pounds) was from Ivsimeter 24,
which was in fallow most of the time. The smallest loss (235 pounds)
was from lysimeter 22 that grew sovbeans, millet, cotton, and rye.
Although these losses are unusually large, it should be remembered
that usually only three, and in some Iysimetoers only one or two, crops
were harvested during the 7-vear period.  All other crops, and also
the cotton residues, were returned to the soil, In ihis sorl of a
cropping system it is not surprising that so much of the nitrogen
was collected in the leachate. It could not be expected to aceumulate
in large quantities as soil organic matter, especially in this very sandy
soil. The only other possibility would be for it to be lost in ZRSEOUS
forms.  Certainly under more normal farming conditions much more
of the nitrogen would have been recovered in the crops.

The leaching data show in general that soluble forms of nitrogen
do not long remain in a soil, such as this Lakeland sand, follewing
raing suffictent to produce much leaching. The best way to prevent
thisis to have a crop growing on the soil as much of the time as possible
and to add soluble mitrogen only at times when the Crop can use it
quickly.  Nitrogen added as plant materials (see table 34) is also
raptdly converted into soluble forms if soil moisture and temperature
are such as to favor decomposition,

Changes in Soil Nitrogen ard Carbon

The nitrogen and carbon analyses of the soils in each of the ysim-
cters, made at the beginning and cnd of Lhe experiment, are given
mn table 35, The initial nitrogen contents of the soils in the various
Iysimeters i ow good agreement, which indicates that the soils were
well mixed.  Unfortunately, however, the carbon analyses are nos
entirely satisfactory, as shown by the ranges in the carbon values
for the various Iysimeters at the beginning of the experiment. These
vafues shouid have been nearly identical.,  Later work showed that
these variations were the result chiefly of the use for unalyvsis of a
small (I gramn} sample of soil that had not been ground to a sufficient,
degree of fineness. ~ Such fine grinding of at least & [00-gram sumple
of the soil to be snalvzed is essential, especially for o coarse-lextured
soll of low carbon content. 1In addilion, some variation in the fnal
ciarbon analyses may he attributed to sampling procedures.  During
the 7 years of the experiment the plant materials that were added to
the soils were merely spaded into the upper 4-inch layer. At the
end of the experiment cores were taken to a depth of 10 inches for
analysis.  The poor corrclation between gains in soil carbon {table
35, col. 3) and crop yields (lable 33, col. 2) is prebably owing in
considerable part to Lhe shove factors that affected (he analyses.
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TanLE 33— The lotal carbon and nitrogen conlents af the upper 10-inch luyer of sodl
in fysimelers, Sandhil! Experiment Station, May 27, 1938, and Seplember 27, 1945
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T Calenlaginngs are Mased on 3,400,000 pounds per acre 1-neh Inyer of soll.

The average of all analyses shows & gain of 1,007 pounds of carbon
and 142 pounds of nitrogen per acre. If all negative values were dis-
regarded, which is not justified, the corresponding gains are 1,784 and
172 pounds, respectively.  The carbon-nitrogen ratio of the new or-
ganic matter is, therefore, between 7 and 10. This is a slightly
narrower ratio than obtained in the carlier experiment on these
lysimetlers. The quantity of carbon added as plant material during
the experiment was not determined, buf from the erop yields a fair
vstimnale can be made.  The average addition (o the 24 [ysimeters was
probably about 15,000 to 16,000 pounds Juring the entire experunent,
This means that only 6 1o 10 percent of the added plant earbon
remained. in the soil as 501l organic matter st the end of the experi-
ment, and sorme of this carbon had been added se recently thal 1 may
not have been thoroughly decomposed.  These results emphasize the
futility of trying to build up soil organic matier in a sundy soil under
warm climatic conditions.

Nitragen Balance Sheet

Since legumes were grown in all but four of (he Tvsimeters for two
or more years during the experiment and the wmwonnt of nitrogen fixed
by them is not known, it is unpossible Lo diraw up o complete nitrogen
balance sheel for any lysimeter exeept the four lysimeters thal grew
only nonlcgumes, A partial balance sheet is, however, shown in table
36. The four lysimeters {Nos. 15, 16, 23, and 24} that were cropped
to nonlegumes only show an average of 82 pounds per acre of nitrogen
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unsccounted for during the 7 years, or approximately 10 percent of
thet added. Considering the errors in soil sampling, discussed above,
this value may be within experimental error. The othor lysimeters
that grew legumes showed nitrogen balances, disregarding legume
fixation, ranging from —143 to 4387 pounds of nitrogen per acre;
the average value was 4172 pounds for the experimental period. This
corresponds to ar average fixation of 65 pounds of nitrogen per year by
every summer legume crop, if it be assumed that no gascous losses of
nitrogen occurred. Five of the Ivsimeter soils grew legume cover crops
or legume-nonlegume cover crop mixtures. If these are included,
then the average snnual fixation per legume crop was approximately
50 pounds,

Tanee 36.—Nitrogen blance sheel for the ezperimental period (1938=47), erpressed
os pounds of nitrogen per arre, Sandhill Experiment Station
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! Tl gains shown sre ehiefly owing to fixatfon of nitragen by the logrnes,

Ingsmuch as nitrogen fixation was depressed each veur by an aver-
age addition of 107 pounds of fertilizer nitrogen, it seems fikely that
the quantities of nitrogen fixed by the legumes were not very much
greater than these values would indicate.  I1 this is true, the experi-
ment shows thal, on the average, gnseous losses of nitrogen were
negligible or at least small.  This finding, so far as the results are
comparable, agrees with that reported for the curfier cxperiment
conducted on this soil, even though the quantitics of fertilizer nitrogern
added were mueh larger in the second experiment.

Potassium in Leachates

The potassium contents of the pereolates from the 24 Ivsimeters are
given in table 37 by winter and summer periods, wind summarized in
the last colunn. During the experimental period each lysimeter
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received 444 pounds of KO as commercial fertilizer.  Approximately
one-fourth of this was applied during OQctober and the rest in April,
Mayx, or June.

The greatest loss of potash (368 pounds per acre) in the percolaies
was from lysimeter 24, which was uncropped for most of the experi-
mental period. The sverage loss from all the lysimeters was 192
pounds, with the ranges covering 110 to 368 pounds. Al crops were
effective in redueing the leaching losses, even though most of the
plant material was returned to the soil.  The combination of a large
summer crop and a good winter cover, especially rye, was most cffec-
tive in reducing leaching losses.

Tasue 37.—Potaseium ? cantents of perealales, erpressed ax pouwnds of Ko per were
in fysimeters, Sundhill Erpeciment Station, 193843
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The average losses of polash during the winter and summer periods
were 36 and 64 percent, respectively. ‘Fhis rellects in part the smalier
additions of fertilizer potash during the fall than during the spring
scason. Fhe most important factor delermining losses was, ap-
parently, the amount of soluble polash presenl at the time that heavy
rains occeurred.  This is well Hustrated by the potash contents of the
leachates during thie summer of 1942 when the rainfall was especially
kigh (table 31). During this 5-month period, 23 pereent of the polash
removed during the entire 7 vears was collected in the leachates.
Obviously, polash is not retained to any marked extent by a very
sandy soil and, Itke nitrogen, is removed readily by heavy rains
unless the crop present is sdequate to assimilate and hold it in an
insoluble form.
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Calcivm and Maganesium in Leachates

The calcium contents of tfic percolates from the 24 lysimeters are
shown in table 38, and the magnesium contents in table 39. Dhiring
the time of the experiment 1,751 pounds of CaQ were added in fortilizer
and as dolomitic limestone.  During this period calcium was removed
in the leachings at the average rate of 55 percent of the amount
added. If one excludes the lime added the last season of the experi-
ment, the leachates contained 70 percent of the added caleium.

Tante 38.—~Cealeinm ! contenls of percolales, expressed as pounds of Ca0 per acre,
in dysinelers, Saadhill Experiment Slation, 1938—45
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TUhe tetad quanticy of calelom adided to ] dsimeters in fertlizers and
eaperbinentil period was 1750 pounds Cat,

us dolomite during the 7-year

Additions of magnesium during the 7-vear period amounted to 814
pounds MgQ, and an average of 32 percent of this was removed in the
leachates.  Exclusive of the magnesium added us dolomite the final
year, the removal was 53 percent.

The minimum losses of CaQ) and NMgO from any of the lysimeters
through leaching during the 7-veur period wers 630 pounds (a0 and
186 pounds of MgO. The losses were reduced 1o some extent by
good winter cover erop, but regamiless of cropping system |arge losses
of these two nutrients can be expocted.
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TasLe 39.—Magnesium * conienls of percolales, ezpressed as pounds of MygO per
ucre, Tn lysimeters, Sandhill Experiment .Siataou 1938-45
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SUMMARY

The resulls of & lysimeter experiment, designed Lo obtain both
practical and fundamentsl information on the use of green manure
crops and leetilizers in cotton production on a Lakeland sand, are
reported,

Heavy growths of summoer legume crops that were incorporated
into the soil had n very hensficial effect upen the growth of a cotton
crop that followed.  This was owing largely to the nilregen fixed from
the air by the legume. No very marked advaniage in the use of
legumes rather than nonlegumes oecurred where abundant commereiai
Tertilizer was supplied under conditions that kept leaching losses (o
a minimun,

2. A heavy growth of & winter cover ¢rop, such as ryve, was very
beneficial (0 the erop that followed, chicfly because it decreased
tne loss of nulrients by leaching.  Less vigorous growing cover erops,
such as peas and veieh, were not so satisfactory,

3. Any svslern of fertihzation and cover crops that was effective
in providing cotlon with an adequale supply of nutrients, especially
nitrogen, at the time that cotton needed 1L, was effective.  Past erop-
ping svstems, excepl in some cases for the preceding your, were com-
]}m'lii\'{'l\ unimportant,

4. Under Ivsimeter conditions, te loss of water from cropperd soils
by evapotranspiration was always grester than the loss from un-
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cropped soils by evaporation. A direct and high degree of correlation
ovcurred between the dry weights of the crops and evapotranspiration,
regardless of the kind of crop or rotation used. The cfficiency of use
of waler was also direetly correlated with dry matter production.  Ap-
parently any [actor Lhat favors inereased crop yields also results in the
more ellicient use of water,

5. Phe quantity of nitrogen in the pereolates for the 7—year ex-
perimental period ranged from 235 to 890 pounds per acre for the
24 Iyvsimeters. The average loss of nitrogen was 566 pounds, or 75
pereent of Lhat added as fertilizer.  Some of (his nitrogen was nitrogen
akled by Tegumes rather than in fertilizer. These extremely high
losses are due in targe part o the fact that during the T-vear experiment
usually only 3, and i some lysimeters only 1 or 2, crops were harvested.,
Continuous cropping, summer und winter, markedly decreased leaching
losses,

6. The gains in soil carbon and nitrogen during the experiment
averaged 1,007 and 142 pounds per acre, respectively, with several soils
showing losses for one or the other of thesc elements. It is estimated
that, on the average, only 6 to 10 percent of the carbon added during
the 7 years remained in the soil al the end of the experiment. ‘These
results emphasize the futility of trying to increase markedly the organic
matler content of sandy soils in & warm ¢limate

7. Complete nitrogen balance sheels for the various lysimeter soils
could not be caleulated, because all but four grew fegumes. An
approximate, but fairly accurate, balance indicates, however, that
on the average gascous fosses of nitrogen were negligible. The
figures also indicate that under conditions where legumes received
approximately 107 pounds of fertilizer nitrogen annually, the fixation
per legume crop averaged about 50 1o 65 pounds each scason.  If the
fixation was greater than this the additional nitregen fixed was later
losl in gaseous forms.

8. Potassium losses from the various soils ranged from 116 to 368
pounds per acre for the 7-year period; the average loss was 192
peunds, or 43 percent of that added as fertilizer.  Potassium, like
nitrogen, was readily leached from the soil unless the crop present
was adegunte to wlilize .

9. About 533 percent or slightly more of the ealcium added us
fertilizer and dolomite during the experiment was removed hy loaching.
The loss of magnesium, added as dolomite alone, was 55 percent.
These losses were from soils that were approximately neuteal at alf
tines.

SOME PRACTICAL CONCLUSIONS

The main practical conclusions from these experiinents that are
applicable to very sandy soils in warmn, hwnid climates are as follows.

L. Summer legumes, used as green manures, are highly beneficial
to crops that follow. This is owing chiefly to the nitrogen fixed
from the air by the legumes.  Nonleguminons crops that receive
abundant fertilizer nitrogen behave similadly {o legumes when used
48 Ereen manures,



http:a('("ura.tl
http:u.vpr�u.gt

.
62 ‘'ECHNICAL BULLETIN 1199, U.S. DEPARTMENT OF AGRICULTURE

2. For maximum utilization of added nutrients, it is cssential that
the soil be kept in crops as much of the time as possible.  Winter
cover crops are very cffective in reducing leaching losses.

3. Comparatively heavy fertilization with complete fertilizers is
essential on very sandy sotls. The nutrients, especially nitrogen and
potassium, which are readily removed by leaching, should be supplied
at intervals during the growing season and at a time when the crop
can utilize them quickly.

4. Green manures and winter cover crops should be grown on very
sandy soils primarily for the purpose of fixing or conserving nitrogen
for the crop that follows; they will not increase appreciably the level
of soil organic matter,

5. The efficienl use of ithe nitrogen in animal manures is favored
by prompt incorporation of the manures with the soil and by keeping
the soil in ¢rop for a maximum percentage of the time.

6. As moisture deficiency is common in sandy soils, it is advisabie
le grow drought-resistanl, deep-rooted erops unless supplemental
irrigation is available. Excellent yields of & crop such as cotton can,
however, often be obtained with natural rainfall if adequate atiention
is given to time and rate of fertilization and the nse of cover crops.
Inclusion of summer green manure crops in the rotafion is not essential
if adequale fertilizer nitrogen is supplied.

7. Much more emphasis should be given to the efficiency of use of
waler in erep production, bearing in mind that any factor, such as
fertilizer, that increases crop yields lavors efficiency. This applies
rather uniformly to all ¢raps.

L, 3, GDwLRAYINT FIOATING UFFILE 1G53







