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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THI. COMPARATIVIE MOISTURE-ABSORBING AND
MOISTURE-RETAINING CAPACITIES OF
PEAT AND SOIL MIXTURES

By 1. O Frosmen, gsxistanf ehennist, and o G, Byses, principel chemist, Soit
Chentistery and Physics Rescarch Division, Bureaw of (Shentistey and So:fs
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INTRODUCTION

!--- The nse of peat as a source of organic matter for improving
Qe physical condition ol wineral soils i beroming of increasing

Qmpm‘tn.nv(*. Numeraus pahlications have described such use and
have shown. particulacly in the growth of ”’IG(‘IIhOUSC crops and
awns. that definite Lenefits may Te obtained when peak is mixed
with cortain seils.  Peat improves the texture of clay and loose
sandy soils, and, presumably. the benefits derived from its use result
largely from l!l]}l]l)\'t‘ll physieal conditions in the soil medium.

Tt is Trequently stated by writers, in connection with soil-improve-
ment work, that pent nwaﬂv inereases the water-holding capacity
of the soil with whieh it i wixed and thereby inereases the available
moisture supply.  For exaniple. it is known that a sphagnum-moss
peat may absorb from 1.000 to 3.000 percent of water, whereas a
mineral. ®0il may absorh only 80 op 40 percent under the same con-
ditions.  On (his basis the assumption has been made that the appar-
ent increased moistnre-holding capacity resulting from the admix-
ture of peat to a mineral soil is of considerable value in supplying
water to plants over a period of drought.

No thorough or extensive study has plmicusly been made, so far
as the nuthors are aware, of the on pacity of peat and soil mixtures
to absorb and retain moisture available to plants against evapora-
tion losses as compared with the capacity of the seil alone. The put-

TA5$T 36— —1 1




2 URECHXNTCAL LULLETIX 332, 1. &5, DEPT. (F AGRICULITURE

pose of the present study was to evaluate the effect of different types
of peat in common use with respect to the moisture relationships in-
velved in the incorpovation of such material with soil. An effort
was muade to determine the eflects obtained from the use of peat as a
meang of inereasing the moisture-holding capucity of soil and also
15 u means of conserving mwisture during extended dry periods.
Information was also sought relative to the degree of dryness to
which plants could extract water frem peat and from peat and soil

mixtures before undergoing permanent wilting,
REVIEW OF LATERATURE

In experiments on a mixture of peat with sandy soil, Kriiger oy
conelnded that the peat held water too lightly for plants to obtain
ity althongh the content of water in the mixtire was greater than in
the ind alone. Treatment of a sandy soil with low-moor peal, ac-
cording to Nysirém (7). gave large increases in erop vield under
normal rainfall as well as under conditions of excessive precipitation,
Ahway and Neller (/) found, in working with a silt loam soil, that
fhe plofs richest in organic nniter retained the most water during
a cool wet smmwmer, but that much smaller differences in moisture
content oceurred during o warmer and somewhut drier sutmmer.
Monteith and Welton (&) presented some evidence, in connection with
stidies on golf greens, that the inerensed water-holding eapacity ac-
compunying the presence of peat in mixtures of equal proportions by
volime with soil has been overrated. Dachnowski-Stokes (4) and
Longley (7) believe that the high motstnre-holding capacity of peat
plays a part in the isprovement of physieal conditions in the soil.

Spragic and Mavrera (47} ealenlated the “availuble water-holding
capactv” Tor varions peat= and Tor mixtores of these peats with sev-
vral soils From the hyvaroseopie cocllicient and (he maxicom water-
holding capacity. The use of formulag such as those develaped by
Brigas and Shantz (2 p 72) for calenlation of wilting percentages s
ag vel nol justified in the ease of peat beeause confirmatory experi-
mental data oare Jaeking. Some wilting percentages for peat, how-
ever, iave been reported by Heinvieh (7). which ranged from 49.7
to 5287 percent, depending en the variety of plant used ax an indi-
vator. The characrer of the peat and the method cmiployed were
not deseribed.

The Tterature, therefore, i rather vague, particidarly with refer-
ence bo actial data as Lo the part played by peat in the motsture rela-
tionships of peat and soil wistures, The molsture condition<. hw-
proved or otheryise, resulting from the admixture of peat with soil
lave not been satisfuctorily evaluated.

MATERIALS USED

Three variotics of pest were seleeted for this investigation, namely,
an mmported sphagnum-moss peat, # sedue peat from Michigan, and
n enltivated reed peat from New Jersey,  These maleriuls represent
o gradation from a coursely fibrous material to one having very
little fiber and in a more advanved state of decomposition,  The moss

1 Iadie nombers in purentbesis refer o LIeealare Ciled, po 24,




MOISTURE CAPACITIE: OF PEAT AND S0IL MINTURES 3

peat was light brown, well preserved, and highly acid; the sedge peat
was somewhat darker, more finely fibrous, and slightly less acid than
the moss peat; and the reed peat was very dark brown, granutar,
and acid but markedly less so than the sedge and sphagnum peats.
The content of mineral matter (ash), as shown in table 1, ranged
from 1.62 percent in the moss peat to 10.22 percent in the reed peat.
These materials can be purchased on the market and are representa-
five of the types of peat most commonly sold for soil improvement
and other purposes.
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A clay loam «oil (Keyport clay loam} and a fine sandy soil (Nor-
folk loamy fine sand) were wsed in preparing the mixturves of peat
and soil. “The elay lowm soil, which was ebtained Trom the Arlinglon
(Va.) Experiment Iarm, contained 23.6 pereent of cluy, and the
fine sandy soil, obtained near Gunston Hall, Va., contained 1 per-
cent of fine sand and 26 pereent of wmedinm sand. .\ sample of pure
guartz sund was included Iater during the conrse of the experiments,
This was composed lareely of conrse sand comprising GE8 pereent
of the entive snple.  Complete mechanical analyses are shown in
tuble 2.
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PREPARATION GF MINTURES AND PHYSICAL DETERMINATIONS

The peat and soil sumples were sie-dried and ground to pass a
2-mny. mesh sieve.  If g essentinl that peat be eround to at least
this state of fineness in order to make possible thorough incorpora-
tion with soil,

The volume weight of each sample was determined by means of a
small glass cylinder flled with three suecessive layers of material.
The eylinder was gently tapped after the addition of each layer. The
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material required to Ail the container was then weighed and the
average of a number of determinations recorded. The actual volume
of the cylinder was estimated by fithing with water. The volume
weights of the mixtures were calenlated from those of the separate
materizls and were considered sufficiently accurate for comparative
purposes.

All mixtures of peat and soil were made on a volime basis as this
sremed to e the most practical. The volume weights of different
varieties of peat differ so widely that mixtures with soils on a weight
basis have hittle comparative signilicance, For exam ple. the sample
of sphagnum-moss peat used weighed only 7 pounds per cubic foot,
whereas the reed peat weighed approximately 24 pounds per cubic
foot. 1t is obvious, therefore, thut a 23-percent mixture by weight
of moss peat with soil weighing 70 pounds would require more than
3 cubic dfeet of peat to 1 of soil. Ouly 1 cubic foot o the reed peat
would he required to produce a mixture of the sume pereenlage com-
position.  Because of these differences it was helioved that the various
properties of peat and sotl wixtures shonld he companred where the
stme volumes of peat wore used, irvespective of their aetunl weighls,
The volume relationships could, of course. be reiddify converted to u
weight percentage basts. The proportions of peat to soil used in all
the experiments were in the ratio by volume of 13 LI andi:d or
one-half peat. one-thied peat, and one-fifth peat, respectively,  With
the quartz sund only two of the peats were et the moss and reed
peats in one-half and one-fifth proportions.  Matoerials were weighed
for the preparation of mixtures in such 1 manner that the regnired
volumetrie relationships were obtained. Mixing was aceomplished
by rolling and thorough incorporation with  spatula.

The nixtures, particuarly those of the sandy sotl and quaitz sand,
were muistened in preparation for the determination of the maximunm
woisture-holding capucity.  This facilitated mixing and prevented
segregation of the hght particles of organic matter from the sand.
The time required to reach the saturated condition ot peat, or mix-
tures vich in peat, was found to be greatly reduced by preliminary
mwistening since air-dried peat absorbs water with difliculty.

The naxinnme moisture-holding enpacity aid moisture cquivaient
of cach material and of cach mixtore of Materials were determined
in the usual manner. A layer of peat or soil approximately 1 cmn
thick, was placed in a small metal hox having a perforated hottons.
The material rested on a filter paper and was safurated by placing
the box and eondenis in g shallow pan of waler nnd allowing it to
soak.  After several hours the boxes were removed and allowed fo
drain overnight in g saturated :zi'n'msphorp. Any exeess water adbor.
Ing to the hottom was then earefully wiped off and the weight of
each box and contents recorded. The boxes were immediately phaced
in the moisture-equivalent apparatus and centrifuged at 1000 aravity
Tor 40 minutes. The samples were again weighed nnd finully placed
in the oven at 105° €., to obtain the oven-dry weight, The pereentage
of water held Ly the peat in the saturated condition is termed the
maxinnmm moistt.u'o-lm{(ling capacity, and that held after centrifug-
g s termed the moisture equivalent. The oven-dry weights were
used as u basis for all calculations.
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MOISTURE CAPACITIES OF PEAT AND SOIL MIXTURES
EVAPORATION EXPERIMENTS

The evaporation experiments were carried out under three condi-
tions: (1) With all peat and soil mixtures initially saturated; (2)
with all materinls having the same initial content of water; and- (3)
the same as the second but with growing plants. The experiments
were conducted in a greenhouse using glazed earthenware pots of
1-grallon eapacity. . _ )

The material for each pot was thoroughly mixed and moistene.’
with approximately 500 cc of water. Pots were selected which lad
the same diameter or ns nearly the same as possible and were flled
to a depth of about 514 inches. The material was added in three
portions with gentle tapping and light hand pressure after ecach
addition, so that a firm condition was obtained witheut excessive
packing, Water was then added to the surface with a small sprinkler
until the desired gnantity was present.

In the first experiment, water was added until a thin flm of water
persisted on the surface after an hour or more of standing when
covered o prevent evaporation. The amount of water requived to
satirate o given sample was less than that corvesponding to the
maxinmom moisture-holding capacity as determined in the laboratovy,
as is invarinbly the case when larger quantities of material ave used.
The weight of each empty pot, fhe total contents of dry material,
and the total weight of each pot with the saturated confents were
recorded. A beant balance with a sensitivity of about 2 g under full
loacl was nsed for the weighings. The pots were placed on a benceh
and shifted daeily to compensate for any possible variations in tem-
peralure or air currents in different loeations in the greenhouse,
Weighings were made periodicully as the experiment continued, aned
the progressive losses of moisture by evaporation were obtained by
the differences in the snccessive weights, Observations were niade
during a period of 92 days. All mixtures of materials and their
respective checks were run in duplicate.

The second experiment was carried out on the sune malerials,
Lut in this case cach pot had the same initial content of water, an
amount Jess than that required to saturate any of the materuls,
with the exception of the quartz sand. Al the samples were allowed
ta beeome air-dry and were resieved through s 2-mm mesh screen.
Tive hundred cubie contimeters of water was mixed with the mate-
rinl, and the pots were refilled in the same manner as in the previons
experiment.  The water content of each pot was then made up to
a fotal of 1,000 g by addition of water to the surface. The pots
were covered for 3 days before evaporation wuas allowed to proceed,
in order to allow distribution of the moisture.  Weighings were then
made at intervals over a period of 49 days, at which time some ol the
minterials had reached the peint of complete air-drymess.

The third experiment was conducted to demonstrate the compara-
tive ability of peat and soll mixtures to supply water to growing
plants over a period dwring which no water was added to compensate
for losses throngh evaporation and transpivation. Each pot in this
experiment contained 600 g of water which was entirely mixed with
the contents at the heginning of the experiment, Suflicient fertilizer
salts were added to produce good growth in such u medium as quartz
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sand. Lime was incorporated to correct acidity, in amounts which
by previous experimentation were found to give a pH reading of 6.5
10 days after mixing with moist matevials. Ceres spring wheat
(Trittcum. vdgure) was planted. and cight selected plants were al-
lowed to grow in each pot. The pats were kept at constant weight
by addition of water for rpproximately 3 weeks, during which time
the plants were growing, Water was then no longer added, and the
comlition of the plants was noted as the waton spply geadually
heewme depieted and wilting took place.  Weights of the pots were
perisdically recorded, as in the previous experiments,

WILTING-POINT DETER MINATIONS

The Iast experiment inentioned yielded some information as to the
ability of peat and soil mistures (o sUpply water to growing plants,
hut actual wilting percentages cannot by determined in this manner
since the maoisture s unequally disteib.ated throughout the pol as g
vesult of surface evaporation. Aecordingly, direct wilting percent-
ares of each separate peat and soil, as well as of the mixtures,
were delermined in order to ascertaln more aecurately the extent to
which e plant conld obtain readily available moistire from these
materials

The method # psed was one. recommended by I T Velhmeyer,
of the University of Californin Agricuitural Experiment Station at
Davis. Tin-ean containers with o eapacily of approximatoly 1 pint
cach were filled with the desived soil materinl having o molzture
content sullicient Tor good plant growth.  Fertilizor salts and Hwe
had been added as in the previons experiment. Dwart sunflowoers
(Helianthus diaus, var, wiins) were then planted, and. after ot
taming « height of 1 ineh ar more, a single plant in ench ean was
selected, A friction-top Iid with a Va-tneh hole through it was
placed on each ean. allowing the plant o grow through the hole.
The eang were kept in the greenhouse nt u constant wmoisture con-
fent until the plants had attained sullicient size te have four sets of
Teaves. At this siage cotton was phaced in the hole arcund the siem
te prevent evaporation, and the plant was allowed to wilt, The
experiment was earried out in {riplicade,

When permanent wilting ocenrred the plant was cut off at its
bitse. The ean and contents wope weighed, also the wiited plant.
The stawe of permanent wilting was established by failiire of the
wilted lower deaves of the plant to recover in o' dark satnrated
atmosphere overnight, This test. was made with only part of the
plants, s the condition of permanent wilting, as defined in o mare
or less arbitrary mouner. was Faivly ensily recognized.  Aftor cut-
ting the plants, the cans were placed’in the oven and dried at 1030
n order to obtain the dry weight of the soil.

The percentage of witor renmining in the soil when permanent
wilting takes place is termed the wilting percentage,  The weight
of the. roots ix stated by I T, Veihmeyer to be approximately ane-
half the weight of the tops and, further, the roots contain about
80 percent of water, A correction was, therefore, mnde for the
weight of the rools and their waler content jn caleulating the actual

2 Informailon privately communieonted o the il hors,
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soil-moisture content at the wilting point.  The tave weights of the
eans had been obtained at the heginning of (e experiment arul
were deducted from the gross oven-dry weight of =otl and can to
obtain the net contents. The correeted water content divided by the
weight of the oven-Ury soil and wultiplied by 100 gave the wilting
pereentage,

MANIMUM MOISTURE-ROLINNG CAPACITY AND MOISTURE
EQUIVALENT

The maximun moisture-inlding capacity and moisture eyuivaient
of each material and ol eaeh mixture are shown in the seeond and
third columns of table 3. The renmining colinms contain values
caleulatod on the husis of these Ove cobuns and Trom the voliume
weights of the separate materinls,

Paprs e epinton woisinre-hoiding capreily aid o molstire erpiivtlerf of
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Sphagnum-moss peat has o higher moixtre-holding pereentage
(han any other material used and as wueh as heee tines that of the
other poats. The relatively high value of LOGT pereent, however,
has actually far less sighificance when the ow volume weight s
considered.” On an equal volume hasis, the differences between the
peats are scen to be small with respeet to the velative quantities of
moisture which they ave eapable of ubsorbing,  The total moisture-
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absorbing capacities of the peats are only two or three times those
of the soils, including the quartz sand, which indicates n superiority
of peat in moisture-absorbing capacily much less than that inli-
cated by the corresponding percentnges by weight.,  Considerable
swelling takes place when peat is moistencd, but this is not tuken
into account since all determinations and ealeulations refer to dry
materinl as'u basig,

The addition of peat to soil increases the moist nre-holding capac-
iy in proportion to the quantity of peat adeled. Exeept for mmor
varintions, the valaes obtained for the mixtures are egsentinlly those
that would he expected from an inspection of values of tho sepi-
rate constituents.  This frel is more readily apparent from the fig-
res representing weieht of water absovhed by 100 cni® of dry mia-
terial than from the usual percentages by weight, No “groat
variations oceur in the quantity of water absorbad by the same pro-
portions of different. varieties of peat in a given soil. Thus, when
the threo varieties of peat are separately mixed with clay soil in
the 1:1 ratio, the water required to saturate 100 em® of cach par-
Gienlay dry mixture vavies only from 63to 67 ¢, The mixture of eqinatd
proportions of moss peat and sandy soil has the corresponding value
of 73 ¢ of water. The reason thut the latter is higher than that of
the clay soil mixture is not apparent. A similap regmlarity iy
noted in the 101 mixture of reed peat and quartz sand which hokis
somewhal more moisture on o volume basis than either of the -
tures of reed peat with soil,

Aecording o the tabulated results the moss peat (in the one-half
mixtures) caused a H-percent inereuse in the moisture-holding
apacily of eluy soil, a TH-pereent fucrease in that of the sandy soil,
and & 72-pereent incresst 1 thal of quartz sand. The correspond-
ing values for roed peat ave -0, G0, and 82 pereent, respeetively,
Thus it may be seen. a prreater advantage. with respect (o moisiure
abrorhed. from the addition of peat is obtained on sand or o sandy
soil,

The moisture-equivalent values of (he separale matorials show
stemificant differences among the peats ag well as among the soils,
The reed peat, being the most decomposed of the peits and having
the greatest content of colloidul constituents, retuined 38 & oof wuter
per 100 em® of dry material compured with only 16 ¢ for the fibrous
moss peat. This fact immediately snggests o corrgsponding ditler-
ence i the extent to whieh plants may edreaet wator from fhese
materials before wilting.  That this is the ease will be shown in a
discussion of the wilting pereentages. On a pereeninge husis, the
moisture equivalents of the peats are not indieative of the frue char.
aeter of the materinds and ave even in the reverse order Trom values
on & volume basis, which further emphasizes the nocessity of ta king
mto account the greatly varying volume weights, P sreentage values
of soils arve, however, adequate for comparisons of une soil wilh @n-
other since (he variations in vohme weight ure not so groat as
among dillerent {ypes of peat.

Mixtures of moss peat and quartz sand contain the least st re-
equivalent waler and those of reed peat and clay soll the most
among the mixtures studied,  This is as would be expected, and
the values for a given mixture can be anticipaied from values of
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the separate constituents. The moss peat has a lower value on 1
volume basis than the clay soil, and accordingly the mixtures of
clay soil and moss peat contain less moisture-equivalent water than
the soil by itself. Owing to their highex original values, the sedge
and reed peals increased the moisture equivalents of the soils with
which they were mixed,

RESULTS OF EVAPORATION EXPERIMENTS

RATE OF EVAPORATION FRUM PEAT AND SOIL MINTURES INITIALLY
SATURATED

The three vavieties of peat which were in a saturated condition nat
the beginning of the experiment evaporated moisture us shown by
the curves® of figure 1. At first liltle dilferences were found in
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tha respective rafes, bus Tater (he moss peal, which continued to
jose water al nearly the same rate thronghont, had o distinetiy higher
rate of evaporation than either the reed or sedge peats. Fhe sedge
peat was Towmd to bave an evaporation rate intermediate between
{hose of the mast and roed peats, and it Is of interest to note that
throughout the experiments this velative order applied to the mix-
tures as well,

A comparison of the evaporation rate of clay loam sotl with those
of mixtures of this soil with peat is presented in figure 2. The peats
separately lost water wore rapidly than did the clay soil, and the
effect of ‘mixing peat with soil was o increase the rate of woisture
losx, oxcept duving the carly part of the evaporation period, when
alt the rates were very similar. Moss peat increased the rate of evapo-
ration of the soil (o the wreatest extent and reed peat to the least. A
comparable sebof conditions was found in a study of the effect of peat

IPhe enpyes shown in conneetion wiil (g fnvestimtion were deawn by uenas of
stenieh] lined fromy point o point maud deteeminadlons mnde o the sone roguinelty o
Indervals dnocneh e,

FTAGKT O G
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with sandy soil (fig. 3), except that at frst the soil choek lost moisture
more rapidly than any of the peat mixtures,  Later, as the drv
condition was appronched, the evaporation rates were in the same
relative order as in the ease of elay soil.
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Curves for the mixtures contabining less than one-haif poat by
volwume are not presentod, These were Tound Lo bo intermedinte in
character, the evaporation rate approaching that of the respeetive
nntreited soil as the quantity of peat in the mixture was deerenaed.

The resthunl moisture conent of cach pol was vecorded {table 4)
ab the end of 33 days and again at the conelusion of the experiment.
The final residual moisture content is also indiented by the dotted
portions of the curves of figures 1. 2. and 8. which extend the experi-
mental curves to the corresponding points of complete air-drynegs.
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At the expivation of the lirst-mentioned period of 33 duys the soils
had been dried to the extent thut only 85 percent of the oviginal
moisture content of the elay soil vemained and 5.7 percent of the
content of the sondy soil. The peats, however, still retained com-
paratively Large quantities of moisture, moss peat ut this poing re-
taining the most. Later, reed peat showed a slightly greater resid-
nal moislure content beeanse of its Jower evaporation rate, as previ-
oisly menlioned.

The mixtures of peat with clay soil contained more moisture during
{he course of (he experiment than did the soil alone but nob in sufii-
erient quantity to be of greut significance. Very little difference was
shown by the different varieties of peat when mixed with elay soil,
with respeet cithier to the actual content of residual moisture or to
fhe percentage of the initial confent of moisture retained.

Although the adhnisture of peat inereases the ultimate evaporalion
rate from sandy soil as well as from elay soil, it will he seen from
an mspeetion of the curves and Trom the values of table 4 that the
sandy soil' approaches its dey condition more rapidly than the clay
soil.” Ag a resull, moisture contents of the mixtures relative to the
corresponding soil checks are greater an sandy soil than on clay soil.
Sedee mnd reed peats were more effective than mess peat retain-
ing moisture on sandy sotl,

Threnghont these studies the vate of evaporation was, in general,
observed to be more or less independent of the nature of material
nndergoing evaporation ns long as the surfaees remained moist. In
other words the evaporation raie tended toward being constant
during the time that. maisture was supplied by apillarity to the
curface as quickly as it was evaporated. Tt will be noted that in the
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various sets of curves all the rates at first tonded to be similar, and
the point ub which the surfaces of the materials began to dry ont is
indicated by a falling off in the evaporation rate, The different
effects of di}ferent types of peat. as regards theiv respective evaporn-
tion rates. must be attributed to corresponding differences in their
capillary properties.

RATE OF EVAPORATION FROM PEAT AND SOIL MIXTURES HAYING THE SAME
INITIAL MOISTURE CONTHENT

As has already been stated, the gnantity of water in each pot al the
beginning of the experimoent was 1,000 g. In this case more direct
comparisons were made of the ability of peat to retain moisture
against evaporation since the initial water content of each material
was identical.

An inspection of the curves showing the rosults for the peats alone
(fig. 4) ndieates that the relative order of evaporation rale s the
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same ag when they were initially suturated. The reed peat s defi-
nitely more relentive of moisturo than moss peat, nnd sedge peat is
intermediate between the two. At the conclugion of this experiment
reed peal held more than twice as much water as moss pent, 288
g compared with 131 g (table 5).

It may be neted in ficwre 5 that the wmixtures of cqual parts of
peat with clay soil brought abont a reduction in the evaporation rate
as compared with {he soil check, except in the case of moss poat,
which slightly increased the rale toward the latter part of the
experiment.  This may seent contradictory to the results obtained
when the muterials were initially saturated, in which it was shown
that the evaporation rales of the peat mixtnres exeeeded that of cojl.
It must be remembered, however, that in the ecarlior experinient
imitinl contents of water in the peat mixtires were greater than in
the soil checks, which caused an inerease in the evaporation rate
saflicient to exceed thar of the soil rate. The general tendency in
both experiments was for the peat mixtures. especially those con-
taining the greatest proportion of peat, to maintain a residual con-
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tent of water in excess of that of the soil chock during the conrse of
evaporation, When the initial contents of water were equal 16 was
always found that reed-peat mixtares retained the most niigture and
moss peat the leust of the three vaviekies of peat mixtures,
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The effect of varying proportions of moss pead on the ¢ aporation
of moisture front clay loum soil is shown graphically in figure G
These curves show litlie differences except that the mixture contain-
ing onc-third moss peat has a slightly bigher rate than etther the
soil cheek or the other mixtares. The eurve for moss peat alone is
shown for comparison.  Corresponding results on sandy soil (lig. 7)
indieate that the mixture of one-half moss peat reduced the evapora-
tion rate of this soil materially, The mixture of one-fifth mess peat
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had_essentially no effect on the evaporation rate of vither clay or
sandy soil,

The ceffects of reed peuat in the different proportions on clay soil
(fig. 8) nre in contrast with those of moss peat on the same soil.
Eich of the reed-peat mixtures, including even that of one-filth pent.
aused a definite decrense in evaporation.  On sandy soil (fig. 9)
the effect of reed peat in reducing the rate of evaporation is greater
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than on clay soil. The one-third and one-lifth mixtures showed
essentiatly identical ability to retain moisture, but. the one-liglt nyix-
ture had o considerably” lower evaporation rate. In general the
ovder of evaporation decrease was in the order of increasing quantity
of peat in the mixtnre with soil.

A comparison of the offeet of different varicties of peat on sandy
soll is shown in figure 16, These evaporation curves show that the
tendency for cach peat is to reduce evaporation (o a greater extent
on sandy thun on clay soil,  This conelusion is in harmony with the
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results previously discussed in connection with the evaporation rates
Trom initially satnrated materials. In the Intter it was also evident
that peat and sandy soil mixtures were more retentive of moisture
with respeet to soil alone than were peat and clay soil mixtures.
The effect of moss and reed peats on quartz sand (fig. 11} is come-
what greater than their respective effeets on saidy soil.
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The mixture of equal quantitios of reed peat and quartz sund re-
tained nearly as mueh moistire at the conelusion of the experiment
i the reed peat check and even more than the moss peal check {table
a). The sandy soil and the quartz sand alone were found to be on-
e Dy dry ab this point. This was alse true of the one-third and one-
ATt mixtures of mess peat with sandy soil,

EFFECT OF PEAT ON RETENTION OF MOISTURE AVAILARLE TO PLANTS

The pot experiments, which thus far have not dealt with vegeta-
ton, were nest vondueted with growing wheat plants,  LEach pot
containett 600 ¢ of water and was maintained at this moisture contont
for approximately 3 weeks, after which ne additionn] water was
upplied. Noon after watering veased some of the jlants showed
sigus of being wilted in the afternoon hut recovered during the night,
Jt was very diflienlt, however, to deterniine a point ot which it eould
be sabd that any wheat plant was definitely wilted.  The resules
(table Gy =how only the condition of the plants after considerable
time hael elapsed. when there was little doubt about the relative con-
ditivns. After 28 days the plants on quartz sund were dosd il
completely dried. AlL were wilted, but the plants on the reed peat
cheek and those on the one-half reed peat mixture with quariz sand
were Sl fair condition, ‘Fhese observations represent the ex-
tremes. aml the plans on the other materials were intermediate in
stage of wilt, Until just o few davs before these obscryvations were
recorded the plants on the moss and sedge peat checks appenred to
be in as good condiiion as thase on the reed peat. Tha plants of the
entire experhment which survived the longest were thase on the
reed peat ehecl,
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Moss and sedee peats had ne beneficinl moistnre-holding ability
when mixed with clay soil. but read peat in the one-hali mixture
showed a slight advantage. The reed peat proved to be morve advan-
tagreons on sandy than on clay xoil. Sedge peal also proved of some
advantage on sandy soil, but moxss peat hastened wilting of the plants,
Moss peat however was hencficial when mixed with quartz sand.
The comparative oflects of moss peat and reed peat on quartz sand
are vhown in fewre 120 The plants on e one-fifth mixture of reed
pent were in better condition than those on the one-half wixture of
tross peat with quartz sand. although fais is pot so veadily apparent
from the Hustration,

The avernge content of water in each pot, as recorded in table 6,
indicates the extent to which the respective materials were dried, but
such values cannot he used for calenlating the wilting pereentages,
The moisture contained in the pots was not equally distributed
throughout the mass of soil bul was present only in the Jower part,

FIELD OBSERVATIONS

Tield plots for expertmentation with lawn grsses weve prepared
by the United States Golf Axsociation Green Seclion, in cooperation
with the Burean of Plant Tndustry and this Dorexn. Different types
of peat wore mixed with a ety loam soil to study the effeet of snch
mixtures on the general condition of a lawn grass. Throngh the
courtesy of John Monteith. Jr.. the authors were permitted to make
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some moisture observations of the plots, in connection with green-
house studies. Accordingly, samples were taken to determmine the
relative amounts of moisture absorbed by the peat and soil mixtures,
as compared with the soil check. The rate at which the water supply
became depleted during o dry peried was also determined. Tho
plots had been in operation approximately 3 years at the time these
experiments were made,

Fuovne 1t Bffeet_of differenl vuricties of peat on retenden of avaibahie welslure In
gunrre sand as Tmdivice] I the reldtive comdithon af whiad plaats: A, Pure s 3
£, onehall moss st 0 0, one-eddt veed pest 3 2, one-fiftle reed pead.

The soil used was similar to that used in the greenhonse and
previously described, as were also the moss and sedge peats used in
the mixtures. Additional varvicties of peat matertals included a
slightly decomposed fibrous sawgrass peat from Florida, and two
siniples of veed monck—aone well decomposed, Trom iineis, and the
uther, somewhat less decomposed, frows Ohio,  The ash contents of the
reed mucks Trom Tlineis and Ohlo were 2004 and 1831 percent,
respectively,  The materials were wsed in cqual proportions by
volume and were thoroughly mixed with the topuost 4-inch layer
of soll. The area occupied by the plots was graded fo provide aile-
quate. surface drainage. Preliminary data and a more detailed
deseription have alveady been published (4. o).

All samples were taken with the aid of a speeial volinne-weiaht
sampler previously deseribed (). A core of definite volmne (43.2
em®) was tiken from the seil. This core extended from a point im-
medizlely bheneath the turf sod to a depth of approximately 2
inches.  The borings were made in duplicate from different loea-
tions on cach plot, and all samples were immiediately placed in small
containers with tight-fitting lids, The containers and contents were
then faken to the Inboratory. weighed, dried in the oven at 105° C..
and agnin weighed {o dotermine the content of woisture. The holes
in the plots from which the cores had heen tafen were vefilled with
the proper soil mixture, and the sod replaced.

At the beginning of (he evaporation experiment he plots had
received a heavy rain and also had been sprinkled as ovenly as pos-
sible to obtain a moisture condition near the field-saturation capacity
of cach plot. Samples were {aken at this point and periodically for
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n period of 14 days to determine the velative rates of moisture loss,
Ab the end of this time, continued rains (more than 11 inches of
rainfall within 14 days) oceurved, making further evaporation
studies impossible,  After this period sumples were again taken to
determine the amotnt of moisture expable of being absorbed under
field conditions.  Additional determinations of the maximum mois-
ture-holding capacity, volume weight, and air-dey moisture were
made in the laboratory by wethods previously described in this
Lulietin.

The resnlts of oh=ervations made on the goif-green plots are shown
in tables 7 and 8. The first column of figures in table 7 gives the
pereentage values. on a weight basis, for the maxinum moisture-
holding capaecity as deterniined in the laboratory.  With vespect
to these percentages the woil check is very inferior to the peat mix-
(ures, particularly the mixture containing moss peat.  The moisture
contents were recaleulated on o volume basis of 100 em?;, and the
resniting valnes are shown in the second column.  According to
these figures the soil cheele iy still inferior in moisture-boliding ca-
pacity to that of any of the peat mixtures. bhut the ditferences are
muel less marked.  In tis case the woss-peat mixture held only
37.5 percent more water than the cheek. although the percentages
on n weight basls indieate an absorbing eapacity of the latter of
nearly three thues that of the cheel. The sample capable of absorh-
ingr the most water. necording to the Inburatory determinations,
namely. the well«lecompesed veed-nniek mixture, contained nearly
G0 pereent more moisture than the cheek.
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The moigture delerminations made on the thoreughly moistenced
plots {alter more than 11 inches of rain} maz be taken to represent
the Lot fiekd-saturation capacily of the materials. A murked simi-
larity is seen in the moisture content of all the mixtures in a com-
parison of the volume preportions of swater per 100 em® of moist
sample. The values ranging from 33.7 to #6.9 ¢ of water contained
in the peat mixtures compare with 37.3 g in the soil check (table 7).
The lower megnitude of these values, compmred with the labortory
determinations, is due to the fact that the ficld-moisture eapacity is
always lesse than the capacily as detarmined by the luboratory method
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used.  The peats inereaged the feld capacity approximutely 50 per-
cent, which is considered (o be in general ngvecment with the present
and previously discussed Inboratory results.  The moss-peat mixture,
aceording to fiekl results as well ax in Inboratory determinations,
possesses no significant superiority to any of the other peat mixtures
with regard lo moisture-holding power. although this has been as-
stuned by many to be the case.  The difforent varietios of peat must
be regarded essentintly equivalent in theip ability to increase the
woisture-holding capacity of the soit when mixed in volumetric
proportions,

Wanny S—Rffeel of aduirture of peal on craporation tosses from gotf-preci
fiold plots

i is ATpisbire
o Moistare | dloistorg . ' 1
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ik by C o0 e 0 melsinee ‘“!‘Ci' !
Dl emtol of malerial ! durioe 14- ';.:“‘ crind
3301 I8 Wher 14 day period | i“ Erlprinv
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1
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Aoes e, poarly decomiposd Wl P
Sawerr preat, ooy decatn)eml a1
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Bewd ek, Ineely desosagrsed 525
Ttoed ek, well deengiursed
Chy Bt <l vohpel

(irtims Grntas
2] 1.9

AN mistures vonsisled of galed propoctues by slitie.

The samples takeo at the beginning of the evaporation exporiment
had not veceived ns mnieh water as those taken after 11 inches of
rainfall. wnd, consequently. the contents of moisture were somowhat
lower, except i the sedao-peat mixture.  The loss of water by evap-
oration and transpivation Trom the plots was recorded over a 1d-day
pertod, doring which time only one brief shower of min feil. The
total moisture Tass is veported in table 8 and shows clearly that the
witer loss Trom the plots containiig peat was definitely greater than
that from the soil check.

The plots containing the more fibrous peats lost waker at o more
rapid rate than those containing the more decomposed  varietios.
These obzervations are n agreement with the greenhouse experiment
dealing with the saturaled mixtures.

The mot<ture content of three plots was determined (he following
yeap after s prolonged dey period when the grass appeared to be
suffoving from dronghl on’ all the plots. These values are given in
the last column of table 8, The wass peat bad ouly a slightly greater
moisture content than the soll choek, but the well-decomposed reed
peat had nearly twiee that of the soil. 224 g as compared with 12 i
This difference i necessavily of Tess significance than the figures in-
dieate, sinee the wilting pereentage. or content of unavailnble mois-
ture, is distine(ly greater in this type of peat mixtare, in Tact, ap-
proximately twice that of the soil afone as will be shown later, Tl
condition of the grass indiented no readily discernible advantage of
any of the peat mixtures with respeet to muisture availability during

dry perieds. The Tact that peat snd mixtures of pent with soil nro
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diffienlt to moisten, once they have been allowed to become dry,
places peat at a disadvantage nuder conditions of Dinited waterng
or rainfall, as previously pointed out by Sprague and Marrero (10},

RESULTS OF WILTING-POINT DETERMINATIONS

The wilting percentage, or content of moisture not readily avail-
able to plants, was determined according to the methed already
deseribed, using dwart sunflowers as indieator plants. The so-called
poiné of permanent wilting was defined arbitearily, as this eondition
would otherwise have beon indefinite.  Flowoever, the rite of moisture
transpiration is greatly reduced when wilting begins, and variations
in recognizing the state of permanent wilting canses comparaiively
small errors In the wilting percentage,

The results of determinations made on the separate malerials and
on the mixtures are recorded in table 9. The wilting pereeatages
of each of the peats was found to be very Igh. whereas that of
quartz sand was extreniely low. The cluy goil had a valwe wdgnifi-
cantly higher than the sand or sandy soil. but it did not compare in
magnitude with the percentages of the peats,

Tanviz O —Wilting percentages of peal gwd soit and of wicinres ereof

aleatated Mn!islu]rtilm-
Wikl aleulatmd | tined Dy
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| TR pereentapet’ aederind at

: :‘\nllfn;:iminl
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Omne-haif remd peat_ .
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B ——

P =X

Caleuloated fromt the mpisture prmivebent, by (e Briges and Shantz formala e 2, po 3o

The amount of moisture held by 100 emi® of each material ab the
wilting point was caleulaied and tabulated for comparisons on a vol-
ume basis.  The percontages of the peats in readity were found (o have
litile sigmificance when directly compared cither with each other or
with the seil pereenlages, as was the case when compurisons were
made of maxinnm mosture-holding pereentages,  Moss peat, had o
higher wilting perceatage than veed peat, Lut actually a wmvked <lil-
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ference existed in the reverse ovder on u volume basis. The volume
vonfent of moisture at the wilting point of moss peat was ouly
slightly greater than that of clay soil, although the vespeetive por-
centages by weight indicated an entively diflerent relationship.

Reed peat. being more decomposed and containing the Targer pro-
portion of colloidal constituents, retained 24 g of moisture per 100
em® at the wilting point compared with § g for the fibrous-moss peat.
Sedge peat was intermedinte, as would be expected Trom its physical
character.  These differences were retleeted in the corresponding mix-
tures with soil,

The addition of peat to soil increased the wilting mioistiure content,
and the greatest tnerepses resulted from the largest proportions of
peat in the mixture. Moss pent raised the wilting point (o the least
extent sinee it had the Towest amount of anavailable moistire to eon-
tribute to the soll mixtures.  Reed peat, on the other hand, bronght
whout the greatest inereases, as wonld be expeeted Trom its eriginal
high value.  Adddition of equnl parts by volume of reel peat (o soil
or to quartz sand raised the wilting point in each case to approxi-
mately the same value,

Wilting percentages ealenlated from the Briggs and Shuantz for-
mula (20 po 7Y,

Wilting poreentagess AMoisd l-l-!-.i-f-(_‘l-“-” alent,

: L&t

are also shown in table 90 Tu mest easess these values are sumewhat
greater than the experimental values but not consistently so through-
aut, i general, the agreement was appropriate, and the Tornila
seems applicuble (o peat wxd peat mixtures in oo gualitative manner.

GENERAL DISCUSSION

Moisture relationships must. be considered primarily on the basis
of equal yolumes ol materiall in order to malke accurate conparisons
between cifferent types of peat or belween peal and mineral soils,
The volume weights of these walerinls differ so widely as to make
many  of the comparisons on the usual percentage hasis very
iislealing,

Fhe evidenee in connection with elay lonm soil indicates little or
no advantage to he gained in moistitee ceonomy resulting from the
admixture of peat in yuantities as lnege s equal proportions by
velume. The types of peat used ranged from raw fibrous-moss peat.
to well-decomposed rectd mnek, Sueh mixtueees with soil were capa-
ble of absorbing from 40 1o 50 percent miore moistnre than {he soil
alone, but the inereased evaporation rate and greater content of mois-
tare at the wilting point largely connteracted the initially higher
moisture-holding enpacity. Liawn grasses on field plots appeared to
suffer to the same extentc dirving dry periods, whether growing on
soil alone or on peat mixtures, A greenhouse experiment with wheat
on similine mistures showed no advantage of peat regarding retentive-
ness o availuble noisture, with o possible exception of decomposed
reed peat, The choiee of o purticular variety of peat 1o be used tor
soil-improvement purposes with olay loam soil need not be concorned
with relative moisture-holding percentages but should be governed by
olher desirnble physical or chewmical characteristics not considered in
this study.
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Improved muisture conditions may, however. he expeeted from
the incorporation of pewe with a sand. This was shown by the ex-
periment with growing wheat, in which peat mixtures with quartz
sand supported plants sfier those on the sand alone were dead from
Tack of moisture. ‘The fibrous type of peat was less effeetive in this
respect than the more decomposed material, s a result of icorpo-
ration of peat, the moisture-holding capaeity of sand or of a sandy
coil wag increnved Lo g greator extent than ihat of a cloy soil. This in-
erease amonnted 1o as muel s 80 pereent in the case ol guartz sand,
Toat mixtures with sand were Tound to be more retentive of maistare
relative to the sand alone than were corresponding elay loano nix-
tures, and, thevefore, greater value ix obtnined with {he sand in
regnrd Lo maisture-supplying sbility.

More Tavorable elfocts might possihiy have heen oblained by the
nae of peat in proportions greater than equal parts by volume, but
siel amonnts are not considered practical or econemical Tor general
nse a8 soil amendments,

Teats by themselves were superior to any mixture of peat with sail,
not only I moisture-nbsorbing ability, but also in the retention of
wvailabie moisture ngainst evaporation lost The relative arder of
evaporation rate of the peatso ax well as of the respective mixtures,
was always (he same. Decomposed reed peat had the lowest rate and
fibrous-mos pent the highest, with partly decomposed sedge peat
intermedinte,

Moss peat is somewhat ecomparable {o a sponge.  TE ean maove
readily transfor Internal moisture by capillarity to the surface where
evaporation ix most repid. Reed peat is more weanadar aod s
strueture such that (he ecapithoy continuity ix broken and henee
tendls Lo have an insulating effeet on meisture immediately belaw
the surface,  These inherent characleristies were apparent even in
the respeelive mixtures with eithor soil type or with quartz sand.
The moishure eonfents of the peats at the wilting point were in the
reverse order of magnitide to their respeetive evaporid fon rates,

The Ingher wilting point of soil, whivh resulied Trom the in-
corporation of peat, was propertional to (he quantity of peat added
and o the ot of unavailable moisture held by the particulay
peat over and above that held by the soil hefore mixing, in the
event that o seil hud o higher wilting point than that of a peat the
result would undoubtedly e a lowering of the unavailable moistire
content of the soil.

SUMMARY AND CONCLUSIONS

Moisture relationships of various types of peat and soil were de-
termined with parteular reference o the effect of incorporation of
peal with soil in varying proportions.

The waximum moisture-halding eapaeity of peat s more than
twice that of soil, compared on g hasis of equal volimes of material.
Mixtures of peat with soil o equal proportions by volume absorbed
from 40 to 50 percent more moistire than the untreated soil in the
wse of o clay loam and ax mueh as 80 pereent more i ihe case of
pure quartz sand. Vadues for a loamy fine sand soil were inter-
mediate,
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IEvaporation vates from initially saturnted soils and peat mixtires
were similar during the first part of the evaporation period, but
luter the presence of pent resulted in a definite inerease in the evaNo-
ration rafe,  Fibrous-moss peat lost moisture at o greater rate than
the more deconposed and granular reed peat. This was character-
istie also of the respeetive mixtores with soil,  When the materials
hacd a Jower but identical initinl moisture content. peat cansed o
vedetion in the evaporation rate of soil, exeept in the ease of moss
peat with elay onm soil. Rewd peat peduced eviporation fo the
grealest extent, whereas sedge peat was infermediate in it elfoets,
Mixtures of peat with sand retained more moisture relufive to the
sitid wlone than did the correspondling clay loam goil mixtures.

Observations In conneetion with field plots and greenbouse pots
indieated litle or no advantage in the use of any vaviety of peat with
elay Towm xail with regard to the supply of maoisture. available to
plants during a0 dey period, with the possible exception of docom-
posed reed peat. Beneficial elfeets in moisture ceouomy, however,
were obtained on qraetz sand and (o », loss degree on loamy fine sand
sotl.  Reed peat was move vifective than moss peat,

Wilting-point doterminations, nsing dwarf sunilowors {Helinnthus
dunirns, var., pinid s indieator plants, showed that o deconpored
trpe of peat had a considersbly greater content of unavailable moje.
tive than fibrous varieties. Moss peat had n content only slight!y
greater than ey Tonm soil,

Adldition af peat o soil inereased the wilting moisture content by
an swmount proportional to the quantity of peat used and to the Iihge-
nithde of available moisture, as compared with that of the soil
hefore mixing,

Willing pereentages of peat und of wmixtiurves of peat with soil
were found 1o he n general qualitafive agrecment with vulnes ealen-
tated Tromy the woisture equivalent by the Briggs and Shuntz
formula,

The ase of peat as n soil anendment for the sole purpose of con-
serving a supply of avaitable moisture is not recommended, exeept,
pussilily, in the case of a decomposed type of peat with a sand or
i very sandy soil The textural and other physical or chomieal
effects have pot heen considered in this study. ‘These ntust be evalu-
ated. however, in jodging the benefit which may be realized frong
the scldition of peat 1o soil,
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