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Abstract

The Wagle Water Hewnovation ciﬂii Conservation Project
Pennsylvania Blale K.Fui‘vm: ity was begun (o delermive the feasi
bttty and effecfivoness of land mag&mm ay 2 method of municipal
sewaye offfuent disposall

,s,zngmmn was begun in 1063 on an old-field area, a hardwood
stand, and a red pine plantation on Hublersh urg silt loam soil. In
1965, irrigalion was begun in a hardwood stand located ur& Mou‘ on
sandy joam soll op Slate Game Lands. The old-fie :

lnnd bardwood arca recelved application at z 13
we m. and the hardwood stond and red pine
week. ‘The ireigation period for the old-leld avea, hmdwae! iami
and red pive 71 ation was April through “Jovpmhu, while the
ne-dand bardweod area was irrigated year-round.

S0il samples were collected in the fall of 1963, 1887, and 1871

2 s were taken with a Vellmever tube by i-foot depth
aw,zmw«ss to & feel. The soll sampleg were analyzed 101 potassivm,
pateium, magnesivm, sodium, exchangesble hvdrogen, manganese,
boron, phosphorus, pi, tolal nitrogen, and organic maller. The
differonces in the amounts of the various elemenis were fested for
siguificance, using a factorial analysis of variance,

Of the 11 {’sm,ﬁz{tmm nalyzed, only polassium, sodimm, manga-
nese, exchanpeable nf*m@ﬂ boron, and phes’phﬂmq had significant
g in conventration over time. Potassium, manganese, ex-

*‘ww hvdrogen, and boren decreased significantly over lime
sodium and phospborus incrveased signilicantly over time.
Ai‘*z 4 years of spray frrigation with treated muinicipal waste.
there wore no indications thal the treatment had any detrk
Hevty oo the fwi
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INTRODUCTION

AS MAN'S population increnses, more com-
munities, towns, and cities are formed,
creating a greater demand on the nation’s
water resources. Along with this increasing
water demaund comes a problem of increasing
volumes of wastes, In the past, the nation’s
streams, rivers, and lakes have been used to
dilute these wastes; but now the steadily
increasing volume of wastes is exceeding the
dilution abilily of these waterways. When
the waterways can no longer dilute the
wastes satisfactorily, the increased concen-
tration of wastes causes an increase in nutri-
ent levels, which may result in excessive
growth of algae and aquatic weeds. This ex-
cassive growth can upset the ecology of the
ecosystem and reduce the aesthetic and rec-
reational value of the body of water.

An alternative to disposing of wastes di-
rectly into waterways was investigated at
The Pennsylvania State University. This
method involved the use of an irrigation sys-
tem to spray wastewater over croplands and
in forested areas. It wag hoped that by
sprayving the waslewaler over the land areas,
the soil would renovate and return most of
the water to the underground reservoir,
thus producing three important benefifs: (1)
the concentration of nutrients in the waste-
water would be reduced by the bhiological,
chemical, and physical processes in the soil;
(2) the nutrients removed by the soil could
he available to the vegetation growing on the
irrigated areas; and (8) the renovated
water could percolate down through the soil
profile and could be used fo vecharge the
aroundwater.

The Waste Water Renovation and Con-
servation Project at The Pennsylvaia State
University was begun in 1962, It was de-
signed to determine whether land irrigation
with wastewater is an effective and feasible
method of wastewater disposal and if poten-
tial benefits such as wastewaler renovation,
vegetation fertilization, and groundwater re-
charge could be realized.

The study reported here is a part of the
Waste Water Renovation and Conservation
Project. It deals with the investigation of
changes in the chemica] properties of the
goils in the forested areas as a result of ir-
rigation with wastewater over a 8-year
period.

A preliminary study of the changes in the
chemical properties of soils in the forested
irrigation areas was conducted on soils col-
lected in 1963, 1964, and 1965. This wag re-
ported by Kline (1967).

Since the wastewater, or sewage effluent,
contains appreciable concentrations of nu-
trients, this study was designed to deter-
mine whether any significant buildup of nu-
trients at various depthg in the treated for-
ested areas hias occurred as comparved to the
control arveas, and to measure the change in
element concentrations over time.

The study reported here is based on chem-
ical analysig of the soils collected from the
forested wastewater irrigation aveas in
1963, 1967, and 1971 for 11 constituents—
potassium, calcium, magnesium, sodium, ex-
changeable hydrogen, manganese, boron, or-
ganic maiter, pH, total nitrogen, and phos-
phorus.



DESCRIPTION OF STUDY AREA

Location and Design

The sewage effluent irrigation study areas
are located in compartment 19 of the Uni-
versity Farm Woodlands in Patton Town-
ship, Centre County, Pennsylvania, and in
State Gamelands No. 176 (fig, 13.

The study areas on the University Farms
consist of an old field, a natural hardwood
stand, and a ved pine plantation on a Hub-
lersburg silt loam soil. The fourth area, in
State Gamelands, was a natural hardwood
stand on a Morrison sandy loam soil. Hach
cover tvpe and soil site was delineated in
treatment and control areas.

Vegetative Cover Types

Old-field area~—The old field was once
agricultural land, but was subsequently
planted with white spruce. The spruce have
since dwindled in numbers as a result of deer

damage and theft of Christmas trees, and
thie area has heen invaded by herbaceous
vegetalion and grasses. In 19823 the white
spruce saplings vauged Trom 2 4o 5 feet in
hetght,

Fardmwaod stoad, - The hardwood stand in
the Hablersbure cousisls  malnly  of
mined ouk species with dominant and co-
dominant trees aboutl 70 years old, 14 inches
in diameter {dbh), and 75 feet in height.

Bed pine plantotion.—The red pine planta-
tion was established in 1939 at a spacing of
8 x 8 leet on abandoned agricultaral Jund, In
1663 the average tree height wug 40 feet,
and average diameter was & inches. The
forest floor is completely covered with a 2-
inch layer of pine needles, which is part of a
mor humus. There is no ground vegetation
except in a few isolated openings in the
plantation.

New Gameland Hordwood Area. — This

201

Figure |.—Map of study area.
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Table |.—Major vegetation on study plets

Common name Scientific name

OLD FIELD - HUBLERSBURG SOIL

Poverty grass Damthania spiceta Beauv.
Goldenrod Solidagn spp. Alt.
Dewherry Rubus flagellaris Willd,
White spruce Picea glauen Moench. Voss.
HARDWOOD STAND — HUBLEESBURG SO,
Overstory:
White onk

Querens olba (.
5 rel

Black oak

Red oak

Scarlet oak

Bed maple

Mockernut hickory
lack cherry

Flowering dogwood

Querens coceinea ¥Muench,
Acer ruhriom L.

Curya fomentesa Nutt.
Cornus floride L.
Understory:

Black raspherry Rubus orvidentaliz L.

Blueberry Viseodrmem supp. L

Poison ivy Tuzicodendron vadicans L.
Teuberry Gualtherin procuncheng L.
Vinlet, Viola spp. 1.

Wild sarsaparilla A ralic nudieanlis 1o,

RED PINE PLANTATION —
HUBLERSRBURG ROIL
DMrus resinosa Al
NEW GAMBELANDS HARDWOOD AREA .
MORRISON SOI1.

Red pine

Overstory:
White nai
Biack vuk
Red oak
ted maple
Black cherry
Flowering dogwood

QGuevens albe ¥
Querens velutina 1.
Quercas rieba 1.,

Aeer vubrum L,
Franug sevofina Fhrh,
Clornus floridn L.

Understory:
Black raspberry
Hlusherry
Touberry
Vialet
Wild sa

Bubng occidentalis 1.,
Vaceinium spp. L.
(seredtheria procumbens |,
Vil spp. L.

Avalia vurdicanlis L.

parilia

hardwood stand on the Morrison soil consists
mainly of mixed oaks and red maple, The
stand was about 50 vears old in 1983, The
height of the dominant and codominant trees
averaged about 40 feet, and the diameter
averaged about 8 inches,

Table 1 containg a list of all the major
species Tound on the areas.

Seils

The weathered mantle at the University
Farm Woodlot is composed of beds of mixed
clay, silt, and sand, which have accumulated
as relatively insoluble residue from carbonale
bedrock. The soil mantle ranges in depth

o

from 17 to 48 feet. The unconfined water
table is nbout 300 feet below the surface.

The soils at the old-field, hardwood, and
red pine plots at the University Farm Wood-
Tot are Hublersburg silt loam and silty clay
loam derived from the Mines and Ore Hill
members of the Gatesburg formation. The
soil at the new gameland hardwood plot is
Morrison sandy loam derived from the Upper
and Lower Sandy members of the Gateshurg
formation. The Morrison soil contains small-
er amounts of clay, and the cation and anion
exchange capacity nre less than that of the
Hublersburg soil.

A detailed description of the two soil series
is included in the appendix.

Climate

he study area is located at the western
edge of the Ridee and Valley section of the
Folded Appalachian Province, Elevation is
approximately 1,100 feet.

The climate is characteristic of central
Pennsylvania. 1 is a composite of the rela-
tively dry midwestern continental climate
and the more humid conditions found near
the eastern seaboard. Minimum tempera-
tures generallv remain below freezing from
mid-November through March, but only oc-
casionally do temperatures drop below zero.
The average date of the last 32° temperature
in spring js 29 April and first in the fall is
12 Qetober. Growing season iz 166 days.
Mean monthly temperatures range from
28.79F in January to T2.1°F in July. Precipi-
tati is well distributed thyoughout the
vear; average iz cloge to 40 inches (UL S.
Weather Bureau).

DESCRIPTION OF
SEWAGE EFFLUENT AND
IRRIGATION SYSTEM

Sewage Effluent

The sewage efftuent used at the study ares
comes from The Pennsylvania State TUni-
versity sewage-treatment plant. This facility
services both the University and the Borough
of State College; it is made up of two paral
lel, two-stage Lreatment plants, each baving
a design capacity of 2 million gallons per



s 1 &3
day. The p%(mt employs ¥, oth primary and
secondary freatments, Seeg,ndﬁlw treatment
congists of standard ang hig};}‘f;te %Y‘k{‘k}i%}‘g
filters and a modified active¢ eéc el m oy
cess, followed by final settling é-‘tri}i CM(,W; "o
tion to a residual of 0.5 M c-;xloii'né z}:}r
liter, The chemical COMposition ‘e:pf ﬁ!w Yn?;ﬁuu
ent varies from day to day. The t,vipiczéi
chemical composition of the efflyent is riven
in table 2,

The fertilizer value of the efilyent is re
ily evident. The amount of N.p.k applied
through spray irrigation of effiuent at the
rate of 2 inches per week during 1963-71 is
given in table 3. The effluent applications
annually provided commercial fertilizer con-
stituents equivalent, on the

ad-

€ average. to ap-
proximately 208 pounds of nitrogen, 200
pounds of phosphorus (P,0,), and 297
pounds of potash (K.OQY. This would be

equal to applying about 2 000 pounds of a
10-10-11 fertilizer annuslly.

Irrigation Sysfem
and Effluent Application

The pumping station that supplice efffuent
to the study arvea is located on a2 Linch by-
pass line. The station has two pumps, which
are alternated manually, one acling an o
standby. Fach plant includes a vertival cen.
trifugal pump, designed for an ontpul of 350
gallong per minute 2t 520 Teet total hewd, and
a §0-horsepower three-phizise clectriy mator,
An in-line meter that meansures the nnount
of effluent pumped also Jovated at the
pumping station,

A G-inch supply line carries the efiluent o
distance of 2 miles, where 1t divides One
G-inch line carries effluent to the old feld,
hardwood, and red pine aareas; the other 6-
inch line carries efMuent to the gumclds
hardwod area,

The irrigation system &
and 5-ineh aluminum main lines and 2- zm‘d
S-inch aluminum laternl lirtes. which dir«}iﬂ—
bute the effluent to regulaxrly spaced sw*m_kj
lers on steel risers. With the uSeQui’. special
sprinkler heads, spacing o©f s.zpm'a?{iesrs N
lateral lines, spacing of the Jaterallines and
adjustment of the pressure )ﬂt_ each viuieml
line, an application rate of V7 inch per hour
can be provided to all plots.

is

ig composed of

Table 5 .—Typical chemical composition of
’ municipal sewage effluent

. " Average Total amount
nnstituent concentration applied!
il 7.9 —
myf1 thafa
e AS 0.37 5.4
M e 132 230,75
Crrpanio-N 2.2 37.86
N iTer N 6.9 110.30
P 4.90 81.68
“n 31.3 536.41
7 12.3 201,52
i 41.3 711.20
e 151 257.14
W 20.6 357.01
o 4 8.44
#gf1
B 169 2.89
S 61 1.04
Cu 109 1.75
7o 211 3.72
Or 23 .28
Ph 164 1.89
o 9 A7
Co 62 1.13
NG 93 1.62

} Tetnd nmount applied during a 24-week irrigation
priord on areas that received 2 inches of efffuent per
word

Table 3. —Amount of N-P-K applied annually in the
old-fisld Hublersburg site through spray irrigation

of effluent
{”‘;mn iyt FEffuent . N .

period appiied N i K
Torkes lhsfa lbsfa lhafa
46 119 54 127
36 256 116 234
60 139 122 189
4 170 129 238
5K 157 98 176
B 652 351 119 261
1950 56 975 66 175
AL 50 217 43 120
19T 64 184 40 174
Mo 51 208 87 189

" Applied ot the rate of 2 inches per week.

foore detailed description of the irriga-
¥

ton sy stom can be found in Parizek et al.

;jzf) 73, Pennypacker (1964), and Sagmuller
HENI

The Foprgna, & el t .
e treated plots within each vegetative
ELAA L R B ESTPN

0 \ received a fixed amount of sewage
etfuont ..,
YU each week, The old field and game-



Table 4.—lrrigation programs for treated plots

lands hardwood trented plois received 2

Seasonal irrigation amounds, in inches

T i |
5‘2 ‘ i3 hod o | 2 1::% « M . £y 1% ) *
& 28 84 g inches per week, and the hardwood ‘md'teg
i % pine plantation treated plots 7‘-6(‘;91"6_’(3 1 ”lc :
e [ per week, The two weekly ci})ph(‘,ﬁtif{ﬂ rates
Sam B % RS o were chosen heepuse they are approximately
e ; and respectively equal o and double the
o du ‘ ol average weckly precipitation 1n central‘Pe'nn—
mas B 8 & S20og sylvania. A detailed desceription of the frriga-
i : tion program can he found in table 4.
¢ H
By I P o o, b
€ 22l ®w o« Pew!
= *‘«‘!j:/e 12 w1 XN ‘..':::‘\ ‘ [
- potE METHODS
I
o0 b I AND PROCEDURES
2 EER oW o~ =dEE: : P
R A -t Soil-Sampling Technigue
; I | Fach treatnent and control plot withio
g 0o as divi i six
T I, each vegetative type was divided into s
SSRGS gjv:j P subplots. A sampling puint was located ran-
| ‘ | domly within ench subplot. Care was taken
EEE w4 o | gy I tn avoid placing the sampling point in a na-
A S mi« = tura! depression, within 2 feet of a tree, or
?gm z j in an aren where vegetation might prevent
L N PR R effluent from reaching the ground.
R F L Soil sampling was performed with a Veih-
: mever fube by tfout inerements, Samples
2hs w w ol were taken fo oo depth of T feet and identified
R P by the greatest depth sampled. For example,
| i ( H 1 54 e P . - . NI 1
! ! | | the S.fost sample would consist of sell
: i : ! . y . \
82 ; 9 o> oo o | Pt colleeted from 2.0 to 3.4} Teet below the soil
o = = - B Y ! i .
RSt A surface.
{ i i - R
i o : Pwelve sail wonples were taken at each
depth frimn each vegetutive type, at gix posi-
P . tians in the treated plot and at six positions

| ‘ in the conteol plot, Boil samples were collect-
‘ ; ed {rom the old-field 2-inch, hardwood 1-inch,

| and red pine T-inch plots in 1983, 1967, and
T ;»‘; 1971, RSol samples were collected from the
i
t
|

gameland hardwood 2-inch plot only in 1967
and 1971, Al sampling was performed in

z g the fall of the vear aftev irrigation opera-
b aJe] . P . d d
¥ v £ 18 o tions had terminated.
S - & g g 2
2z T 2 i wh Eey Preporation of Soif Somples
E w7 e 25 | . .
¥ 0 = 5 0F L&y for Chemical Analysis
” p o R oA ale-¥- The soil samples were air-dried, crushed
i F . 5 N
2 | ZE with w mortar and pesile, and passed through
g p B £ g 22 a Z-mm sieve. Large root fragments and
s ] : 2 O A R . ) i > 2
B ifafcis Egl o pieves of chert and limestone were removed
& iggzp e 20 o s woril Defore el :
-3 L EmEws SER R from the soil before crushing, Soit samples

{ram vnly three randomly selected positions
of ihe =ix poxitions sampled within sach
trontment and control nled were unalvzed.



Chemical Asnalysis treatments at various depths, befween years,
The exchangeable cations (K, Ca, Mg, Na, and between vegetalive types,
and Mn) and boron were extracted from the The samples taken at various depths in the
s0il with ammoniam acetate (Jackson 19258) 1963, 1967, and 1971 control ureas were com-
and analyzed with an arc spectrometer pared to thelr respective treated aveas to
(Buker et ai. 1964). Exchangeable hydrogen determine the effects of treatment, The
was determined by using a barium chlovide changes af each deptl were evaluated for
buffering technique (Jackson 1958). Organic  the treated arveus and for the control areas.
matter was determined by using a potassiam  Sawmples tauken from the hardwood 1-inch
dichromate-sulfuric acid oxidation method ftreatment plot and red pine 1-inech treatment
(Peach ef al. 1947). Soil pH was measured plot in 1963, 1967, and 1971 were compared
with a glass electrode, using a 1:1 soil-to- 10 determine the difference in element con-
water mixture. Total nitrogen wasg analyzed ceniration between vegetation cover types.

by using a modified ¥jeldahl method to in-

clude nitrates (Jackson 1958). The phos- RESULTS AND DISCUSSION

phorus concentration was determined by The mean concentrations of potassium,

using the Bray extraction procedure (Jaek- calcium, magnesium, sodium, exchangeable

son 1948). hydrogen, manganese, boron, organic matter,
pH, total nitrogen, and phosphorus for all

Statistical Analysis the soil samples collected in the old-field 2-

The differences in the concentrations of the inch plot, the hardwoed 1-inch plot. and the
various elements in the soil were tested for red pine 1-inch plot in 1963, 1967, and 1971
significance by using a factorial analysis of  and the gameland hardwood 2-inch plot in
variance. The results were statistically an- 1867 und 1971 are given in tables 5 through
alyzed to determine differences between 15,

Text continues on page 10,

Table 5.~Mean constituent concentrations for the old-field 2-inch area in 1963

Dapth ) . P o
Ares 00 VPN S 1 e N HOM
e feud N Cy Mg Na H Mn P v ’
Cantrol oo, L 40 143 0.27 410 1184 71.60 R.7O 479 0088 2147
2 AT S.00 & A7 867 20,46 Vi6 523 016 370
3 47 113 1.27 20 G933 23.440 A8 4.81 i3 8 187
4 44 RiE .67 20 —— 18.60 A8 - L0 —
5 47 A7 1.53 43 - 18.13 %] 38 oo 010 -
Treatment ... 1 Kit .73 Rl 23 16.06 44,60 1.00  16.05 4.96 078 2.407
3 60 1.87 G0 200 1874 2080 KO 1.48 468 022 ,39@
3 Rk 1.08 1.4 A0 114R 26.00 .86 KA 4.45 KilRt) L83
4 O3 N L7 10 o 62,00 Rt —— 014 —
Y AT 07 T 10 o 17.92 00 —— Rt e
Table 6.—Mean constituent concentrations for the hardwood I-inch area in 1963
Depth > R N o
Ares th, e e H %N  %OM
roa feet ' g Na  H Mn B r 7 ?
Control ... 1 .33 1.36 0.20 1994  207.13 0.3 19.65 4.7% 0134 4.393
2 A6 173 SO 14.84 104.80 .26 2.38 4.72 061 L5032
32 A 1,60 A6 1582 70.66 B3 20 4.75 042 417
Treatment ........ 1 A0 1038 30 20,54 150.60 B0 1605 4.58 068 4.367
3 30 66 200 1160 67.40 46 2.4 4.68 BUib 643
3 3 5 026 247

g6 1Lo4 7298 i) B2 4.6

6



Table 7.—Mean constituent concentrations for the red pine i-inch area in 1963

ME/100gms

PrFM

Depth, — H N %OM
Area feet K Ca Mg Na H Mn B b & ’
“Control 1 026  1.30 023 016 1271 12580 020 1250 495 0.070 2497
2 40 2.00 73 18 12.93 36.46 .46 1.18  4.76 Kixit 377
3 .36 96 1.6 A0 14.07 49.20 33 b8 4.57 014 J97
4 36 b6 1.38 16 - 3613 46 - — 014 —
b A0 .80 1.36 A3 — 41.60 .22 - - (OB o
Treatment ... 1 46 1.28 .50 A0 1782 121.60 A6 17.80 5.04 088 8.128
2 .30 1.9¢ 58 130 16,54 47.73 26 1.15 4.70 021 280
3 36 1.36 NiD A3 1509 48.13 3% .50 4,79 ROF:) 70
4 Rt 1.06 Ru A3 i 55,52 40 . e 014 .
3 56 LT3 S8 16 - 45,60 .60 e e 010 —
Table 8.—Mean constituent concentrations for the old-field 2-inch area in 1967
o ME/100gms PPM
. Depth, e e — H %N  %OM
Area feet K Ca Mg Na H Mo TP MHOAN %
Control .ooievnenns 1 0.03 1.20 (1L.20 0.20  16.37 53.80 .18 13.55 4.81 — 1.792
2 30 1.63 1.00 200 17.10 37.86 B34 1.25 4.64 s 663
B 03 A6 166 20 14.86 53.26 KLy 00 4.62 - 467
4 18 .93 2,16 20 - 78.00 20 1.%4 - - -
5 06 B3 1.76 20 e 39.66 13 1.25 e — e
Treatment ... 1 26 3.6 1.36 B3 196t 61.40 200 42,05 5.20 — 2783
2 13 2,23 .10 B3 1995 55.40 18 2.11 4.79 R 973
3 10 1.76 1.23 A% 1877 3 .13 1.58  4.68 . 420
4 00 Re 1.00 26 — 5.33 .06 2.15 - - e
5 .08 L83 1.03 26 . 48.80 .06 1.7¢ - — —_—
Table 9.—Maoan constituent concentrations for the hardwooed i-inch area in 1967
\ ME/100gms PPM
Depth ’
A o [ B i et e+ = ot 1e et o e < N 7/
e feet K Ca Mg Na H Mn B p pH BN %OM
Control .o, 1 0.8 196 0.43 4.20  24.71 138,40 053 2830 470 — 4330
2 .40 130 1.26 20 1863 70.48 A0 2.80  4.61 [ 903
3 40 1.60 1.83 28 2189 04.46 .33 2.70 4.59 - 7138
4 48 1.26 1.70 a8 e 65,40 40 2.60 o — p—
) 13 1.50 1.63 16 — 8773 13 2,88 — — —_
Treatment ... 1 .16 1.80 66 23 1522 113 B3 2h.L 4.83 3.650
2 20 1.13 RIS o4 1579 77.26 A3 2.60 4.76 - 623
3 30 0 L3G 33 1296 86.20 .33 216 4.82 e BT0
4 33 88 1,90 B3 e 89.66 33 2.86 — - p—
5 33 .60 1.78 33 . 72.46 A6 3.20 — — —




Table 1D.—Mean constituent concentrations for the red pine |-inch area in 1967

SME/100gms PPM

Depth,

Aveon B - I AN O]
Area feet K Ca Mg Na H Mn g p pH TN OM
COntrol o 1 026 146 026 020 1490  97.06 040 1565 460 —  2.138
2 T3 143 53 16 1487 026 .20 Las 464 497
i1 a6 % 1.03 60 17.48 3, 0 A0 1.00 4.62 250
4 26 40 JTO Redl] . 26 1.80 e e
B A6 43 b8 138 e 13 2.68 e ——
Treatment .. | 36 L9660 30 1783 663560 5.06 3.178
2 B8 1B 70 43 1283 B3 142 492 — 840
3 26 103 110 30 1573 40 105 47T — a%p
1 66 102 150 80 Y S
5 26 2

SO 180 22D 23 - 59,

|
|
i
i

Table 11.—Mean consfituent concenirations for the new gamelands hardwood 2-inch area in 1967

Depth, ~ ME/100gms _ PEM
{oet K Ca Mg Na H Mn B 5

Ares pH %N %OM

“Control ...

0.16 Q.90 010 016 1343 55,98 0.26 1850 4.54 — 2210
BRI it 32 A6 12,07 16.46 13 213 487 547
16 46 .33 200 1038 10.46 13 1.28 476 — 223
26 Al b 20 e 4.80 34 .83 - — e
06 A6 6 20 o 10.13 08 .88 —— e —m

A% 1a8 40 280 1284 19.98 26 TALS 550 — 1240
06 a0 30 23 1078 1186 O 490 4.99 - LA
R 46 .86 23 18.37 19.20 R 28 4.594 L350
6 il a6 .20 o 14 .02 .
248 1.46 110 26 e 20 1.50 — — —

ST 0 B v

Treatment ...

P S

Table 12 —Mean constituent concentrations for the old-field 2-inch area in 1971

res Depth, . MBS pPM
' feet K Ca Mg Na H M B P

Control ooviveeen 1 L10 2.00 LU 423 1491 15.86 0.06 1004 A.06

P/ A0 R0 .80 28 1056 12,13 Kil$ A1 489 016 213
1 00 LRO 148 231205 10,60 .60 1L0G 4.84 000 167
4% LA 163 20 e 446 .06 00 —_— 605 —
I 000 16 1k 220 - £.86 .00 1.78 e 005 s

Treatment ... 1 A% 333 LT3 33 14.53 A0 G080 nae 005 2300
2 2000 2000 18R 30 17.20 20 A48 4.99 026 344
D6 L4012 a3 1668 1080 06 190 4.82 RN 190
4 Q60 Len 136 0 — 1566 A6 1.668 — 02000
H R 1.0 143 33 e 16,06 3 175 028

pH 4N SLOM

0.082 2682
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Table 13.—Mean constituent concentrations for the hardwood i-inch area in 197}

M/ 100gms PPM

%N

ToOM

, Depth,

Area feet K Ca Mg Na H Mn B p PH
Conbrol oo 1 0.1%  0.96  0.28 0.6 9526 5293 0.8 1525 4.60
2 26 123 123 .20 1818 8245 26 .08 483

3 Dy 110 178 30 1259 9383 13 .45 4.88

1 6100 o6 20 - 1486 06 .76

5 M3 80 170 w0 — 1312 w3 a0 —

Treaiment .. 1 23 186 LOK .30 1647 26.9% 26 3160 5.01
9 B0 118 L4898 1469 1886 28 .50 4.85

3 B3 100 186 a6 1285 17.40 a3 20 488

i GG 140 120 A6 1683 26 60—

) A6 110 126 I 1 S—— 21,40 26 1.56 .

0.116
040
015
0618
05

089
034
16
020
018

3.648
BT
267

Table 14.—Mean constituent concentrations for the red pine I-inch area in 197!

o ;):W T ME/00gms PPM
Avep TP H %N  %0M
rea fet ' K an Mg Na 0 Mn 5 r P o e
Control e 1 (.06 176 0.40 .20 1590 34.40 0.06 w60 4860 001 2077
2 W30 1.63 1.20 L 1L 12.86G 26 665 5.04 529 268
3 A2 183 14s A0 1182 12.00 06 A1 4.90 021 187
4 A6 188 LA 23 o 153 26 .66 e 018 e
53 43 1.43 1,08 33 e 9.60 08 10O — 17 e
Treatmeut ... i A5 A 128 B0 1674 232,03 L0 36200 542 104 2.653
2 3 1.66 A8 1082 R4 20 .05 4.93 L20 437
3 A0 8 G0 13,03 19,86 20 Bty 4.85 010 160
4 36 A6 A3 e 16,33 26 65 s 013 e
5 A0 AR .36 17.40 38 Rikd 010

Table 15.—Mean constituent concentrations for the new gameland hardwood 2-inch area in

1971

1,”}‘ C ME/100gms PPM 0 an con
Ares Ly s Jo— P [ LN AR
res feet K ¢a Mz Na H Mn B p PR e
Control o 1 000 0.52 010 0.0 1372 8253 0.06 6.25 496 009  2.867
2 A6 143 80 20 1836 1100 20 3016 497 086 800
2676 103 .20 1154 108G 26 .66 490 028 230
4 S0 a3 Ry 2g 986 20 106 — 083 —
5 00 50 e A8 - 726 00 68  — 016  —
Treatment, ....... 1 06 L8 53 .23 7.35 413 13 X765 615 084  1.483
2 D396 36 206 520 493 .20 2160 5A1 052 413
3 GO tae s 300 984 A3 13 905 506 037 243
4 03 11 83 83 640 06 198 — o8 =
5 7380 .23 - 420 20 .98 — 032  —

A3 T




TOTAL NITROGEMN ~ %

The effects of effluent irvigation o ex.
changeabde potassium, horor, OYEanic muttor
pH, and total nitrogen were small and ineon-
gistent. Fxchangeable hydrogen concentra-
tions were inconsistently affected by waste-
water treatment except in the upper foot of
the sandy Morvison soil on the wamelnnd
hardwood 2-inch plot, At this lneating and
depth the exchangeable hydrogen in 1971 was
137 mee./100g in the conteol tren and only
78 mee./100g in the treatment aregq, \

Although total nitrogen had no significant
change in concentration as u resull of treai-
ment, it is an important constituent associ-
ated with wastewater disposal. For this res-
son, the average concentrations of total nitro-
wen at various depths in the treated and eons
trol old-fleld Z-inch plet for 1963, 1967, and
1971 and gameland hardwood 2-ineh plot for
1967 nnd 1971 are indieated in figures 2
and 3.

Element Concentrations Affected
by Effluent Irrigation

The element concentralions that weore nire
frequently affected signiticantly by etfluent

Figure 2.—Avarage concentration of percent
total nitrogen at various depths in the treated
and control old-field Z-inch plots (Hublsrsbury
silt toam),
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3XMAvamg9"C°“Ce“?r&ﬁﬂﬁ of percent
total pifrogen at various depths ?ﬁ tha treated
and control gamaiaﬂd hardwood Z-inch plots

{Morrison sandy loam)-
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Trvisstion woere ealeiun, magnesivm, sodium,
nuingnnew, pud phosphorus,

N

(e ared revrnesinom concentrations in-

wnantly ot the T-foot depthe. For
the concentratinns of caleium and
msenesinin it the Fublershurg silt losm on
the cddefiold 2-inels plot in 1971 were 2.0 and
B omee /106 for the calcium control and
treatinent, respectively, and 0.2 and 1Y
e/ By for the magnesium  control and
trestment, respectively.

e hnerenses may he due to the strong
adsorptive power that sl colloids have for
eabvivm and magmesinm, Caleium and hydro-
gen have spproximntely the same bonding
strength with vespect Lo woll colloids, T cal-
iy appliedt 0 {he soil, the
exciimee reaclion ju peversed, and hvdrogen
sind wenker Bonded cationy are replaced by a
action of aetive caleium jons. As a re-
st the soil bovomes bigher in exchangeable
catclum amd lowey iy hﬁyggen_ As the soil
adjusts to this ;16é:m*eci‘bmi;ﬁrtion of bases
;i‘mi Efﬁ’t{!‘ﬂil‘ti%‘m the nail pH s raised and the
SReDICIEINTRCA D §y madified.

nre

Fhe aved a0 conicentyntions of caleium and

crense] s

&
§

L

examipie

eation-

B




magnesitm at various depthe in the trented
and contrul old-field -mc”? plot for 1984,
1967, and 1971 and the new gameland Foirdl-
wooud Z-inch plot for 1967 und 171 ave indi.
cated in figures 1 through 7

The concentration of exchangenble socdingm
increased in all the depths as a vesult of
treatment, The increase in :f‘(\,m'm%w%im;
WS !;»we‘*rimvw’. in all th etilive {vpe
and an increase was scen throowshont the g;
yeurs of {reatment. The %;;mm\ taken in
1971 from the trented plots showed a e e
i maximom exchangeable sodivm from 0.5
m.e./100g in the red pine {-ineh avea on the
fine-textuved Hublershurg soil o 6.2 e
/1008 in the new pameland hardswond 2-ineh
area the sandy Morrison soll,  These
values are equivadent, respectively, to ox-
changeable sodium percentage values of 2.9
and 3.2,

In a review of the lterature by Bdwards
(IRG8) L fredicnted that much of the
concern abont soil chemiend changes foensed
ofr changes in sodign concanty
to the other exebungenble enti
This with  exchangenble
stems from the Wf»?Z«(iwu;smnis?d yesgareh in
rrigution ‘ulture,  whieh  hus
hal, when dw exchangeable sodium percesn-
a value of about 15, a deteriorn-
meoof soil stracture and adverse effecls on
infiltration can be expected in medinon- and
fine-fedtured soils, T it appears highly
probuble that, with the present offfuent qual-
iy and applicntoion vates, 2odinm will not
present a bazard o soil structure and per-
lneamhty,

The average ¢
wrious de

01

Wik

ations relative
the

0% in suil,

cOnCern senlitig

shown

Ay

e renchon

i
H
1
%

ot
.

entrations of sodium at
Vi s from applications of
1 ex of effluent per week in the
ha T-inch and old-field 2-ineh plots,
ms,pw;'tm:siy, are indicated in figure &,

The average concentrations of sodium atl
various depths in the treated and control old-
field 2-inch plot for 1963, 1967, and 19771 and
the gameland hardwood 2-inch plot for 1967
and 1971 are indieated in figures 8 and 19,

Manganese, although not commonly men-
sured amony exchangeable wis i
cluded bevause of the possible effect of the

epthy
dind ineh

i wisoed

cations,

11

6] webness the solubilization of
mufigavess by oxidation-reduction reactions,

The wverage concentration of manganese
devreased signifivantly in the upper 8 feet of
the hardwood 1. on the fine-textured

3%

wit Mq

Hublersbore <ol and the upper 3 feet of the
gameland hardwoeod ’:,d»ix ? plot on the sandy
dMorvriven soil, The n*'?"@r areas and depths

tad small and inconsistent changes, This re-
doaction fu the nu’m;,r;:ames@ concentration
conlid he due Lo the slightly morve acidic con-
dilinre in the hardwood  1-inch treated plot
and the exira eifluent ndded vear vound in
the pamelund hawdwood 2-inch treated plot.
Manmanese terds fo dissolve and wash out in
soils with conditions surh as low pH and
incrensed wetnosa,

The average concentrations of manganese
ab various depths in the treaied and control
aldudield Seineh plot for 1983, 5964‘ and 1971
andd the gameland hardwooed 2-inch plot for

MV

W7 nrdd 97T are indicated in figures 11
w1
Boron conventvations  fncressed  signifi-

cantiv at the {-luot depth in the Hublersburg
aoit on the nlde 2-ineh, bardwood T-inch,
and red pine Linch plots and in the 1-Tootl
depth of the Morrison soil on the gameland

m! wood 2dnch plol. Boron concentrations

wid pot e expecied Lo change much as a
i'éfb‘eiﬁ? of trvigation. Soil hus a poor ability to
build up boron due purlly to the relatively
wank bonding belwoen boron ions and soil
celloids, Also, horon concentrations in the
uent were relafively low compared to ca-
tion vopesnivations present,

The averuge concentrations of bovon at
vitions depths in the treated and control old-
field Zeineh plot for 1963, 1967, and 1971 and
the gameland lurdwood 2-inch plot for 1967
amd 1971 are ated in figures 1% and 14,

When phosplioras s added to soile i usual-
ly i in the soluble orthophosphate form. The
orthophosphate anions bond chemically with
surfaces of tron and aluminum oxyhydrox-
ides and will form precipitates with jron and
aluminum: when these are in solution. The
strength of the bonds formed from surface
and precipitation reactions varies. The weak-
est bonded are the most selyble phosphates

ficid

indie

LRL



which readily equilibrate with the soil solu-
tion and become available to plants. A zood
measure of the amount of available phos-
phorus is the Bray dilute-acid/ dilute-fluoride
extraction,

There was a significant increase in the
concentration of Bray-tested phosphorus at
the 1-fool depth in the Hublersburg silt loam
soil on the old-field 2-inch plot, the hardwood
t-inch plot, and the red pine 1-inch plot.
There was no significant change in the con-
centration of Bray phosphorus below the 1-
foot depth. Since the vegetation was not re-
moved from the plots, the phosphorus con-
tained in the vegetation was recveled
through and buil up in the soil.

Bray phosphorus concentrations increased
significantly 1o a depth of b feet in the Morryi-
son sandy loam soil on the gameland hard-

wood 2-inch plot. The Morrison sandy loam
soil had a very large increase in Bray phos-
phorus in response to the year-round effluent
irrigation, In 1971, after 7 years of treat-
ment, the irrigated plots had 143.8, 31.6, and
9.9 ug P/gram of soil while the control had
6.3, 3.2, and 0.7, P/gramn of soil in the re-
spective depths,

The average concentrations of phosphorus
at various depths in the treated old-field 2-
inch and hardwood 1-inch plots on Hublers-
burg silt loam for 1963, 1967, and 1971 are
indicated in figure 15,

The average concentrations of phosphorus
ab various depths in the treated and control
old-field 2-inch plot for 1963, 1967, and 1971
and the gameland hardwood 2-inch plot for
1967 and 1971 are indicated in figures 16
and 17,

Text continues on page 19.

Figure 4.—Average concentration of calcium at various depths in the
treated and control old-field 2-inch plots [Hublersburg silt loam).
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[J conTroL Figure 5.—Average conceniration of calcium
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Figure é——Average concentration of magnesium at various depths in
the treated and control old-field 2-inch plots {Hublersburg silt loam).
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Figure 7.-~Average conceniration of magne- [ CONTROL
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sium at various depths in the freated and
control gameland hardwood 2-inch plots {Mor-
rison sandy foam).
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Figure 8.—Average concentration of sodium at various depths in the
treated old-field 2-inch and hardwood I-inch plots (Hublersburg silt
tvam).
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SODIUM - ME /100 GMS.

Figure 9.—Average concentration of sodium at varicus depths in the
treated and control old-fleld 2-inch plots (Hublersburg silt loam].
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Figure |l.—Average concentration of manganese at various depths in
the treated and control old-field Z-inch plots {Hublersburg silt leam).
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Figure 12.—Average concentration of manga-

L L nese at various depths in the treated and con-
24 36 trol gameland hardwood 2-inch plots {Merrison
1871 sandy loam).
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Péguf@ 13.—Average concantration of boron at various depths in
the treated and control old-field 2-inch plots [Mublersburg silt loam).
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Figure |4.—Avorage cencentration of boron at various depths in the
treated and control gameland hardwood Z-inch plots (Maorrison sandy
foam).
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Figure 15.-—Average concentration of phosphorus at varivus depths in
the freated old-field Z-inch and hardwood l-inch plots {Mublersburg

silt loam].
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Figure 16.—Average concentration of phosphorus at various depths in
the treated and control old-field 2-inch plots {Hublersburg silt loam).
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Figure 1
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Effect of Yegetative Cover Type
on Element Concentrotions
The effect of vegelutive vover fpye on the
vanrentration. of the various clemonts was

deterpined by comparing the moan constity-
ent in the | T-inch
treatmend plot avd the rod p finvh treats
ment  plof, Herts et
Hublorsbury ‘mm‘s. tinth
apph

cpncentyiiions sardweond

P

4G
and FeA
cab the vade of

, -
Hoth on

ived
ineh

wily

abtions of oitye

per week, Doth i sume avasonsd
and total amounts of ¢ffue :25 applied ovey the
Govear wtudy period, 'f e two arens had sime-

tar slopes and aspects and were jJocated ad-
incent io each other,

Of the 11 constituente anal
caleium, magnesium,
ter showed signifieant
Areis,

Potnssagm
throughaat

Tvzed, potassium,
oo, ard o mat-
i wlween

ﬁi‘,}_nx/

Torenees
sianitienntly

depths of

W

fi

the rod

i

Al five i pine

higher

1%

Toineh frecbmoent plet in 1967, There were no
AigniBennt differences for the 1963 aad 1978

saniples,

Calelum comeentrations were aignificantly
Biwher o the xorond and third fool of the ved
pine fineh treatment plot in 63 In 1967

wers inconsistent, In 1971
the calriun conrentrations were siguificant!s
Bivher 1o the lower 3 foet of the hardwood
T-ineh Lreatmoend plot,
Mugnesiur concentyrations were not signi-
freantly different in 1963 and 1967, but were
cantly in the lower 4 feot of the
hardwood T-ineh treatment plot in 1974
Poron  concentrations were  sigaificantly
figher in the upper 2 feet of the hardwood
teineh treatment plots in 1963, 1n 1967 boron
differences wers neonsistent excepl in the
upper 2 feel, whuere the red ping Lineh treat-
ifirantly higher concen-
e rad pine 1-inch treat-

flus differences

signifl highey

ment plot b sirn:
Prations, [n 1971, &



Table 16.—Average chemical content of the tree foliage in the hardwood I-inch and red pine l-inch plots
at the end of the 1971 irrigation season

Plot. N P Ca Mg Mn  Fe Cu B Al Zn
o o R Pmcmﬂtofdm/ weight - - - -1 -~ - - - - - - ougfe - - - - .- o
Hardwood 1-inch: i ‘
Irrigated 264 018 17 L1 012 | 1,101 22 11 57 7 3% 18
Control 2.99 20 LA 98 J8900 1 ,623 133 ) 86 f1 28 17
Red pine 1-incl: ‘
Irrigrated 1.40 14 44 25 06 1,278 6Hh 4 5 206 a7 3
( olm M 2 H RE Al 2 A8 7‘)“ 52 4 22 92 24

ment plot had a significantly higher horon
concentration in the first foot.

Organic matter was significantly higher
in the second- and third-foot depths of the
hardwood T-inch treatment plot in 1963 and
1967, but was not significant in 1971,

The differences hetween the concentrations
of ~alcium, mugnesium, and boron in the
Hublersburg soil on the hardwond 1-inch and
red pine 1-inch treated plots are possibly due
to the effects of the foliage. Foliage in hard-
wood stands containg higher concentrations
of caleinm, magnesium, and boron than the
fu inge in red pine stands (table 16). When

his folinge drops to the ground and decom-
the nutrient concentrations ave re-
cveled in the sofl, causing an inerease in the
soil’s nutrient concentrations,

The decrense in the polassivm concenira-
tiens vould be caused by the replacement of
the weaker bonded polassium iens hy the
atronger honded ealeium and magnesium fons
supplied by the decomporing litler.

The difference in the percentuge of organic
matier between the two vegetilive types was
nrezent at the begloning of the study and
therefore could be due to the characteristios
of the study site rather than differences due
to diff erent vegetative cover effecis

JHOSOS,

Change in Element Ceoncenfrations

Of the 11 constitvents anulyzed,
changeable potassium, sodinm, manganese,
and hydrogen and extractable boron and
phosphorus had significant changes in time,

The polassium concentrations decreased
significantly from 1963 to 1967 in all five
deptlis of the Hublersburg soil in the old-
field 2-inch treated plots. This ehange was

only ex-

5

W

20

accormpanied by a significant decreage in the
potassium concentrations in all five depths
in the control plots of the old-field 2-inch
area. Since the change occurred in both the
treated and vontrol areas, unknowsn fuctors
other than effluent treatment must have been
responsible,
Sodium concentrations increased signifi-
"mtlv from 1063 to 1967 in the five depths of
the Hublershureg soil on the old-field 2-inch
treated plof, the second- and third-foot
depths of the hardwood 1-inch treated plot,
and the lower 3 feet of the red pine 1-inch
treated plot. A\ the sodium was applied to
the soil by the effluent irrigation, the concen-
trations increased until an equilibrium ex-
changeahle sodium level wag reached. This
point was reached by the time the 1967 sam-
plew weve taken, since there was ne change
in exchangeable sodium levels from 1967 to
1571,
Mangunese concentrations decreased signi-
ficantly from 1967 to 1971 in all five depths
of the Hublersburg soil on the old-field 2-
ineh, hardwood l-ineh, and red pine l-inch
{reated plots, and in all five deplhs of the
Morrizon soil on the gameland hardwood 2-
inch treated plots. These changes in concen-
trations in the treuted plots were accompan-
ied by sienificant decreases in manganese
from 1967 to 1971 in all five depths of the
conirel plots. Since there was a high concen-
iration of manganese present in the soil be-
fore freatment began, it is possible that the
changes in the control and treated areas were
cuused by differences in sampling positions
and the greater leaching that occurred in the
wetter meterological years from 1067 to
1971,



The exchangeable hydrogen concentrations
decreased significantly from 1967 to 1971 in
the upper 3 feet of the Morrison soil on the
gameland hardwood 2-inch treated plot.
This change could be due to the increased ad-
sorption of calcium and magnesium from the
effluent applied throughout the year at a level
of 2 inches per week.

The changes in boron concentrations were
small and inconsistent in the treated areas.
In the control areas, however, the boron con-
centrations decreased significantly in all five
depths of the Hublersburg soil on the old-field
2-inch and red pine l-inch plots from 1963
to 1971. These changes in the boron con-
centrations could be reflections of the higher
annual precipitation and leaching in the
study area since 1967.

Phosphorus concentrations increased sig-
nificantly from 1963 to 1971 in the upper
foot of the Hublersburg soil on the hardwood
1-inch and red pine 1-inch treated areas, and
in the upper 3 feet of the Hublersburg and
Morrison soils on the old-field 2-inch and
gameland hardwood 2-inch plots respectively.
These buildups in the phosphorus concentra-
tions over time reflect the soil’s ability to fix
and hold phosphorus in an unavailable form.
Changes in phosphorus concentrations were
small and inconsistent in the control areas.

SUMMARY AND CONCLUSIONS

From the results reported here, we made
the following conclusions about what effects
sewage effluent irrigation had on the chemi-
cal properties of Hublersburg silt loam and
Morrison sandy loam:

1. The plots irrigated with sewage effluent
had significant increases in the concentra-
tions of calcium, magnesium, sodium,
boron, uand phosphorus, and significant
decreases in manganese concentrations,

Caleium and magnesium concentrations
increased significantly at the 1-foot depth
in all plots. Changes below the 1-foot
depth were small and inconsistent.

Sodium concentrations increased signi-
ficantly at all depths in all plots,

Boron concentrations increased signifi-
cantly in the upper foot of all plots.
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3.

Phosphorus concentrations increased
significantly in the Hublersburg soil in
the 1-foot depth of the hardwood 1-inch
plot, the upper 2 feet of the old-field 2-
inch and red pine l-inch plots; and at all
depths of the Morrison soil on the game-
land hardwood 2-inch plot.

Manganese concentrations decreased
significantly in the upper 3 feet of the
Hublersburg soil on the hardwood 1-inch
treated plot and the upper 3 feet of the
Meorrison soil on the gameland hardwood
2-inch treated plot.

A comparison of the 11 constituent con-
centrations in the hardwood 1-inch and
red pine 1-inch plots indicated that potas-
sium, calcium, magnesium, boron, and
organic matter had significant differ.
ences, Of these five, only calcium and
magnesium had significant differences
after the ninth year of treatment. Both
calcium and magnesium concentrations
were significantly higher in the lower
3 feet of the soil in the hardwood 1-inch
plot.

Of the 11 constituents analyzed, only po-
tassium, sodium, manganese, exchange-
able hydrogen, boron, and phosphorus had
significant changes over time,

Potassium concentrations decreased
from 1963 to 1967 in all five depths of
the treated and econtrol plots in the
Hublersburg soil on the old-field 2-inch
plots.

Sodium concentrations increased signi-
ficantly from 1963 to 1967 in all five
depths of the Hublersburg soil in the old-
field 2-inch treated plot, the second- and
third-foot depths of the hardwood 1-inch
treated plot, and the lower 3 feet of the
red pine 1-inch treated plots.

Manganese concentrations decreased
significantly from 1967 to 1971 in all five
depths of the Hublersburg soil on the old-
field 2-inch, hardwod 1-inch, and red pine
1-inch treated plots, and in all five depths
of the Morrison soil on the gameland
hardwood 2-inch treated plot.

Exchangeable hydrogen concentrations
decreased significantly from 1967 to 1971



in the upper 3 feet of the Morrison soil
on the gameland hardwood 2-inch treated
plot.

Roron decreased significantly in all five
depths of the Hublersburg soil on the old-
field 2-inch and red pine l-inch treated
plots from 1963 to 1971,

Phosphorus  increased  significantly
from 1963 to 1971 in the upper foot of
the Hublersburg soil on the hardwood

j-inch and red pine I-inch treated plots,
and in the upper 3 feet of the Hublers-
burg soil on the old-field 2-inch and the
Morrison soil on the gameland hardwood
e2-inch treated plots.

4. It can be concluded that, after 9 yvears of
spray irrigalion with treated municipal
waste water, there were no Indications
that the treatment had any detrimental
effects on the soil.
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APPENDIX

Table 17.—Description of Hublersburg soil series
[Hublersburg silt-loam, cultivated (B-1, 3-8% slope)]
GENERAL

Hublersburg is a deep, well-drained intergrade of red and yellow and
gray-brown podzolic soils developed from limestone and dolomite. It
differs from the Hagerstown by being yellower in the B horizon (7.5 yr
hue and yellower) and generally having more chert in all the horizons;
and it differs from the Morrison by having finer textured B horizons.
Hublersburg stands alone in the catena in Centre County except for a
shallow phase, The moderately-well to somewhat poorly-drained Lawrence
poorly-drained Guthrie and the very-poorly-drained Burgin — the usual
associates of Hagerstown and Hublersburg in the drainage catena—are,
in_ lCentre County, associated with Araby and Wiltshire as local alluvium
soils.

Profile -
m Description
Inches
Ap ... 0-8 ... Silt loam; moderate, very fine erumb or granular

structure; brown to yellowish brown (10 yr 4/3-5/4
moist) ; friable when moist, slightly sticky when wet.
pH 5.8. Chert fragments numerous.

B2t e 8-24........ Silty clay or clay loam; moderately durable, fine to
medium subangular blocky structure; brownish yellow
or yellowish brown (10 yr 6/6-5/6 moist); very firm
when moist, plastic when wet. pH 5.8.

B2 ... 24-48........ Heavy silty clay or clay; tough, moderately durable,
coarse blocky structure; yellowish brown to brownish
yellow (10 yr 5/4-6/6 moist) with some dark brown
(7.5 yr 4/2-4/4 moist) very firm when moist; plastic
when wet. pH 5.6.

C e 48+ ........ Limestone

Range in Characteristics . .

Small areas of brown and reddish-brown soils occur. Fragments of
chert and limestone are scattered locally over the surface and in profile.
Outcroppings of limestone are common.

Phystography and Relief

Slightly to steeply rolling upland. Some karst topography.

Drainage .

Well-drained. Permeability is moderate to moderately rapid.
Vegetation X : .

A high percentage is under cultivation. Forested areas contain mixed
hardwoods.




Table 18.—Description of Morrison soil series

[Morrison sandy loam; woods site near cropland (B-1, 3-8% slope) ]
GENERAL

Morrison is a deep, well-drained intergrade of the red and yellow and
gray-brown podzolic soils developed from sandstone and low-grade lime-
stone and dolomite. It develops from the Gatesburg formation. It is
redder and finer textured than the Gatesburg series. It differs from the
Hagerstown and Hublersburg by being sandy throughout the profile.
Normally it is deeper to bedrock. It is redder throughout the profile than
the Hublersburg. Morrison stands alone in the drainage catena.

Profile

e e Description
Horizon Depth !
Inches
Ay e 04 Sandy loam to fine sandy loam; moderate, very fine
granular structure when moist; very dark gray-brown
(10 yr 3/% moist) ; very friable when moist, non-sticky
when wet. pH 5.2. Numerous small chert fragments
present, with some larger sandstone pieces.
Ar .l 4-11.... Sandy clay loam; moderate very fine granular strue-

ture when moist; vellowish-brown (10 yr 5/6-5/8
moist) ; slightly sticky when wet. Lower boundary
coarse-wavy. pH 5.2, Numerous small chert frag-
ments present.

Bz ... 11-20........ Clay loam; moderate, very fine angular-block, struec-
ture when moist; strong brown (7.0 yr 5/6 moist);
firm consistency when moist, very sticky when wet.

Coarse-wavy lower boundary. pH 5.4.

Boz .....20-60 4 ....Clay loam ; moderate, coarse-angular, blocky stractuve
with some platyness when moist; strong brown (7.5
yr 5/B moist) ; firm consistency when moist, very
sticky to plastic wheu wet. pH 5.4, Chert fragments
and sandstone channers are present. Very few roots in
thig zone. Manguanese dioxide coatings are very wnu-
merous, with small bits of iron ore giving this horizen
a blackish look.

Range in Characteristics

On cultivated land the range in color as desceribed may not be present
because of disturbance. 7.5 yr 5/8 moist to 5 yr 5/8 moist seems to pre-
dominate. The Ag, as a rule, is incorporated in the Ap, and the other
horizons will be clay loam. The textures of the surface will range from
fine to coarse sandy loam. The chert content will vary considerably from
slightly cherty to very cherty. The platy structure is not always found
in the B,
Physiography and Relief

Igoliéng uplands with some karst topography; slopes 1 to 12%. Occa-
sional sinkholes outside karst topography.

Drainage )
Weli-drained. Permeability is moderately rapid to rapid.
Vegetation

In wooded areas, the vegetation is mostly white and black oak, ash,
maple, white pine, and other species of hardwoods.
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