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CHAPTEB I 

mTRODUCnOM 

The effect of eubsolllng hae been the eubjeet of amch 

Ixnreetlgetion, Howereri itoat of the Inreetigetione have been 

eoncemed with crop yield relationshipe• In only a few inetancee 

have att«»pte been nade to find the reason for yield differences 

that aomtims hawe occurred* This experiment was designed to study 

the effects of subsoiling a particular soil type on water runoff, 

soil moisture relationships, root dlstributim and crop yield. By 

comparing results of the effects of subsoiling some conolusiou nay 

be reached that will aid in the ewaluation of subsoiling. 



CHiPTBR 11 

UTmTURE Bsnskr 

Th« lltsratura ratLatlng to tho effect of aobeoiling «n nvp 

yield is extenslTe* la e few iastaaces crop yields sewn to be hic^«r 

as a result of subsoiling, but in gneral this is not true. 

Ifooers (10)reported results of subsoiling experiaonts on 

Cunberland loss in East Tennessee^ Baxter eherty silt loss in the 

Highland Bin region of Middle Tennesseei and OliYier and Lintonia ̂ t 

loans in West Tennessee* Results of erop yields on all of the soils 

studied eleaxiy indLeated that subsoUiag was not profitable* 

Huae (5) presented data relating erop yield to depth of plowing 

and subsoiling* Sxperiaents were conducted on Williaas silt loan 

using corn, wheat and sweetdoTer* The following treataants were 

included for the experiaentst aoldboard plowing 7 inches deep] 

aoldboard plowing U indies deep] aoldboard plowing 6 inches deep plus 

subsoiling] and subsoiling 8 inches deep without {lowing* The yield 

differences between treataents were not significant* 

Olastead (12) conducted a study ot tillage practices on a 

nearly lewel terrace soil with a noderate elaypan* Fall plowing 8 

inches deep and fall plowing 8 inches deep followed lay subsoiling 8 

inches deep in the bottom of the furrow were the treataents used* 

Results in faTorahle and unfavorable growing seasons showed that 

yields were not increased by subsoiling this particular soil type* 
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Fro« OM 7««n* data on tha affeota oC subaolXlng on corn 

yiald* Robartaonand fiakall (15) obtainad reaulta differani trm 

thoaa of Hum (5)» Mooara (10)and OXavtead (12)• Thay found a 

algniflcant inoraaaa in tha yiald of oorn from aubaoiling Laon allt 

loan and Ona ailt loan* Both of thaaa aoUa haaa hardpana near tha 

aurfaea. Woodruff and Saltii (25) obtainad ainilar reaulta fron 

aubaoiling a poorly drainad aoil with a claypan. 

Kohdca and Bartrand (7)« and Sehwantaa at al,(16)in 

aeraral aubaoiling a:Q>erinanta found that (heck plota out^yialdad 

aubaoiled plota in nore than 509( of tha triala• Cropa grown ware 

com for grain, com fear ailaga, wheat, oata, potatoaa, barley and 

xye• 

Odon (11) cooparad the affacta of aubaoiling nod aubaoiling and 

diacing with ordinazy turning aa a neana of initial aaadbed preparation 

for com. The effecta on yialda of com,uheat and red clover and on 

the moiature and organic natter content of tha aoil ware determined* 

the cropa were grown in a three year rotation (m each of 3 rangaa. 

Odon found that aubaoiling or aubaoiling and diacing did not aignifl* 

cantly increaee tha yield of corn or tha aucceeding cropa• He alao 

found that aubaoiling or aubaoiling and diacing did not aignificantly 

affect the moiature content or tha organic natter content of the 

aurface aoil or tlui aubaoil at the time of {^anting of com or after 

2 cyclea of rotation of aucceeding cropa* 

fha effecta of aubaoiling other than on crop yialda have not 

been atudiad extenaiTaly* Howerer, SiaboLd (3)in a atudy of different 

tillage praoUeea reported leaa water runoff, more water intake* and 
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less soil erosion on snbsoiled plots then on jdLots plowed 6 to 

8 indues deep. 

Snilh (17) stated tint svdasoiling creates nore total space 

for water in the soil, inproTes internal drainage, and will therefore 

reduce the Tolone of water runoff. He stated that siA>soiling a soil 

with a olaTpan was not suoeessful in nost eiqperinants because the 

operation of the sabsoiler gave a shearing rather than a shattering 

effect. 

Fehrdibaeher and Snider (U) conducted experiments on com 

root penetration on three soils with somewhat different physical 

features. Ihay found that fertility, bulk density, structure, 

aeration and moisture were soil properties which affected corn root 

penetration. Long (8) stated that soU structure is significant in 

determining the rooting pattern of com. 

fiertrand and Kohnke (1) reported an increase in the rooting 

d^th of corn as a result of subsoUing. Ihey found that a dense 

subsoil may act as a barrier to corn roots from not only a mechanioaL 

standpoint, but also because of a lade of oogrgen. Old corn roots did 

not frMly penetrate a silty cl^r subsoil diicfa had a bulk density of 

1.5 g* per CO., but the roots grew freely in a sdosoil with a bulk 

density of 1.2 g. per co. 

lioodruff and Smith (25) stated that the average Misturs content 

of a soil with a cLaypan, measured to a depth of 18 inches periodically 

during the growing season of corn was slightly hi^Mr in subsoiled 

plots than in chedc plots. 



CHAPTSR m 

MTERULS AMD NITBDSS 

SttbeoUlng BKperlment 

▲n MEpMTlMnt eonduet«d on VoIftifT«r eligr low was dsslgnsd 

to sttt^ ths offsets of subsoiling on wstor runoff, soil aoisturo 

relationships, root distribution and crop yield* the eiqwriasnt 

was laid out in a nodified randonissd blodc design with three 

replications* The treatoents werei {dots irtteio no subsoiling was 

done, plots subsoiled on the ecntour and plots subsoiled up and down 

the slope* Plot sise was 16.2 feet by 110 feet or 0*0^6 acre. 

The subsoiling was dons Novsnber 20, 1956 when ths plots were 

in a sod of fescus, ordhardgrass, alfalfa, and Ladine oloTsr* Ats 

sttbsoiler, Ford model 10>89, was pulled l8 inches deep with an l6 

inch span between subsoiled furrows* The surface had 19*U)( moisture 

and the subsoil had 20.2$ moisture at ths time of subsoiling* 

On the oleventh, sixty-fourth, and ninety-fifth d^ after 

subsoiling water was applied with an oveihead irzlgation system at 

the rate of 0*75 inches per hour* Soil moisture ssmples from ths 

surface and subsoil were taken before and after water was applied* 

Water was collected in cans on ea^ plot to determine the amount of 

water applied* Time was recorded when runoff started toad the runoff 

was colleeted and measured la 5 gallon cans* Ths equipmnt used in 

catdxing and measuring runoff was not constructed to accurately 

measure runoff from all of the rainfall that fell on the treatments 

idiile this experimsnt was being conducted* 
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Ih* plots wers turnsd vith a moldboard plov May 10, 1957, 

and corn vaa planted on the contour vlth a two-row tractor-drawn 

corn planter* Rows were 1|2 inches apart and one kernel was planted 

ereiy 1; to 6 inches in the row. Fertiliser was applied in the row 

at the rate of 250 pounds of 6-12-12 per acre. The com was side-

dressed with 61 poui»is of nitrogen per acre applied as aanoniua 

nitrate on June 27, 1957* Twenty-six diys after planting the plots 

were hand thinned to one plant ewezy 15 inches or 10,000 plants per 

acre* Ihe plots wore cultivated three times during the growing season* 

Soil moisture saoples were taken from each plot when the 

plants wesre l8 to 2k inches tall and at 1 week intervals thereafter 

until the com was mature* The procedure consisted of taking three 

samples (approximately 300 g* per sample) of soil from both the 

surface (0 to 6 inches) amd the subsoil (6 to 18 inctws). Samples 

were dried in an oven at 105 degrees C* and percent moisture calculated* 

Evapotranspiration data was computed according to the procedture 

as described by van Bavel (23)* The initial quantity of available soil 

moisture in the effective rooting sons of com was measured by taking 

3 samples (approximately 300 g* per sample) of soil from both the 

topsoil and subsoil* The samplss were dried in an oven at 105 degrees 

C* and percent moisture calculated* The quantity of available soil 

moisture throughout the last seven weeks of the growing season was 

computed by adding daily precipitation rates axtd subtracting daily 

evapotranspiration rates* 
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Root dlstributioQ studies were conducted when the com wss 

in the late dent stage. Pits were dug in two check i^ots and in the two 

ad;]oining contour subsoilsd plots. Soil was taken frcm an area one* 

half the distance between rows and one-half the distance between plants 

on either side of the plant being sampled. The soil was removed in 

three successive layers of 8, 10, and 10 inches from the measured area. 

Each layer of soil was placed in a 55 gallon barrel that had been 

modified so that roots could be floated away from the soil. Separation 

of roots from the soil was accomplished by the upward action of water 

forced throu^ an inlet located near the bottom of the barrel. Roots 

floated to the top and were caught in a removable screen box located 

beneath a water outlet at the top of the barrel. The roots were 

cleaned, dried in an oven at 85 degrees C. and weired on a Torsion 

balance. 

The corn was harvested Hovember 15, 1957. The area harvested 

from each plot was 0.0053 acre. Acre yields were calculated on the 

15.55 moisture shelled corn bads. The percent moisture of the shelled 

com was determined with a Steinlite Moisture Meter. 

Soil Characterization 

In order to determine the variability of the area being studied 

three pits were dug, spaced diagonally across the experimental area 

approximately feet ̂ >art. The pits were approximately 36 inches 

deep. Sou profiles were described from the faces of excavations 

according to the procedure outlined in the U. S. Department of Agri 

culture Soil Survey Manual (19). Soil profile descriptions are given 

in Appendix A. 



�

 i 8
iMLk •amides w*r« taken from aadi horizon* The aoil aamplea 

vare air dried and emahed to paea throu^d^ a 2 an. aieTe* Soil pH 

waa determined with the fieeknan pH neter. Organic antter oontmt 

vaa detemined b]r the modified chronate oxidation method of Walklegr 

and HLack (23). 

Low moiature tenaiona were det«rmined by the poroua plate 

anthod aa deacribed bgr Ri<diaurda (13)| the higher aujiature tenaiona 

were de^nained with the preaanre membrane method alao deacribed 

bgr Moharda (lU)* Percentage aand and blagr were determined bgr a 

auxllfieation of the pipette method aa deacribed bgr Kilanr and 

Alexander (6). Sediawntation timea for the clay fraction were 

calculated uaing the noaogx^h of fanner and Jadcaon (21)* the 

detaila of laboratory procedurea uaed in thia study are glren in 

Appandix B* 



CMPTER 17 

RESULTS AliD DISCUSSION 

Soil CharactTlKatlon 

Rosults of partidLe oiso distribation glTon in table 1 

and table 10 ehoif that the toil studied has more clay in the Ap, 
and B22 horisons than vas estisutted in the field examinatlra. 

Acoording to the results of the mechanical analysis, the textuzal 

classes for the soil horisons arei Ap-c2ay loan, B2i-olaor, B22-clay, 
loan, and C-clay loan. There was little variation in the 

textures of the three sites studied. 

At the beginning of this experinent this soil vas thought to 

have a cLsypan. Data in table 1 diow that the B hoziaon did not have 

the required amount of increase in clay content for a elaypan soil 

(20). 

The organic natter content and pfi of the soil horisons are 

given in tables 1 and 10. The percent organio natter decreased vith 

soil depth fron 2.it in the Ap horison, to 0.5 in the B21, and to 0.2 
in the C horison. Soil values changed slightly throu^out the soil 

profile. The three tqqjer horisons had higher pH vdlues than the lover 

two horisons. In gnaeral, the reaction of the horisons was vexy 

strongly acid (U.2-5.5). 

Table 2 shows the bulk density of tiie different horisons of the 

soil studied. The bulk density vas about the same throuiJiout the soil 

profile. Vexy compact subsoils regardless of texture may have bulk 
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Tatila X iPartlcla alsa dlatrlbution and organic nattar.* 

Sand SilA ClAir Organie 
Horison Dapth 2«0-0.05nB. O.OS-O.0O2ani. -0.002mm. mattar 

Inchea * A % 

Ap 0-7 28.0 i43*U 26.6 2.1* 

7-16 22.A 31.8 li5.8 0.5®21 

B22 16-23 26.1; 33.7 1*0.5 0.1* 

B3 23-30 33.1 32.7 3l».6 0.2 

C 30 ♦ 39.1 30.7 27.8 0.2

» Avaraga of 3 sitas. 

iH:..: 

>lr.'5 

•f 
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Table 2.<»pB« balk deiuity and noleture at 1/3 and l5 
atmospheree tension•* 

Bulk Hater 1/3 Hater 1$ 
Horiaon Depth pH densit/ atmosphere atmospheres 

Inches g./co. % % 

Ap 0-7 5*0 1.5 22.0 11.3 

7-16 5.3 1.5 27.8 17.7% 

®22 16-23 5.2 1.5 26.7 16.0 

23-30 U.5 1.5 27.5 15.0®3 
c 30♦ U.3 1.5 26.8 13.8 

•Average of 3 eitea. 
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in th« nsig^ibwhood of 2.0 (?}• fhe bulk donaltioi of 1*5 

througiout tho horiscsit iodioato that this was not a ecnpaot soil. 

Iha parcant watsr hsld at 1/3 atmosphara (i^prozinata Hald 

capacity) and 15 atmoaptaaraa (appzoximata pamanant wilting pareantaga) 

is shown in tables 3 nd 11* in axaminatioo of these data indicates 

that the water holding ci^Micity of this soil varies with the content 

of clay* At 1/3 afaeosphare tension the noistura content averaged 

22*09( in the Ap horison* The B hozlson average was approxinately 

27*Q9( and the C horizon was 26*8j( noistura* At 15 atmosi^ras tension 

the Ap average was 11*3^» the B horisons around 16*0$, and C horison 

13*8$ noistura* 

Results of percolation and pameability deteminaticns are 

shown in tables 3 and 11* Water novanant thzougi this soil is 

relativti.y unrestrictad axoept for the cores sanpled in the B2x> Bj, 

and C horizons of site nunber 1 (table 11}* Zhasa results show a 

wide variation in lha pereolaticm and pamaabLlity of the different 

plots on whidi this experinsnt was conducted* However, several ssnples 

are required before any definite trend can be establish^^,d regarding 

percolation and pemeabllity rates of a particular soil {9), 

Water Runoff 

Ihe average anount of water applied and runoff of water fron 

subsoiled and unsubsoiled plots is givvi in table ii* The anount of 

water apiaied to treatnsnts varied, but the difference was not 

significant* The soil moisture before the first irrigation was low 

and the percent of apiH.led water that ran off was alraoet negligible* 
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Table li.*-Ap|)lieation axid runoff of vater froa snbaoiled 
and aaaubsolled pLets* 

First ^eond tliird 
Treatment Irrigation irrlgatlwi Irrigation 

Water applied, inches 

Not subsoUed 3.3 2*8 3*7 

Sttbsolled on contour 3*0 2*3 2»k 

Subsolled up and down slope 3*U 2*9 3*2 

L.S.D. at 0.05 N.S. N.S. N.S. 

fionoff, percent water applied 

Hot svbsolled 0.2 lli.3 23.3 T^^ri/i. 

Subsolled on contour 0.2 12.2 17*5 ^ 

Subsolled up and down slope 0.2 13*1 21.2 /A^ 

L.S.D. at 0.05 2*1 l.it 
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Statl8tic«l analysia ot the data was not computed because xunoff 

did not occur on all of the {dots during the first irzigation. 

The treatment of no subsoiling had a significantly hij^er 

percent of api^ied water runoff during the second and third 

irrigations than the treatment of contour subsoiling. The treat 

ment of no subsoiling hMd a small but significantly higher percent 

of applied water runoff during the third irrigation then the 

treatment of subsoiling up and down slope. It was noted that the 

runoff was slower on contour subsoiled areas than on the other two 

areas. The runoff was also slower on plots subsoiled up and down 

slope than on plots not subsoiled. The slowing down of the water 

runoff allowed more time for water infiltration on subsoiled areas 

and accounts for the difference in runoff. 

Field observations showed that after approximately 13 inches 

of water fell cm the subsoiled area, the channel left by the subsoller. 

was almost ccmpletely filled with soil particles. This probaUy 

explains why there was not a greater differcmce in runoff on the t^ree 

treatments studied. 

Moisture Relationships 

There was a direct relationship between the amount of runoff 

(table k)and the moisture content of the surface and eubaoil (table 5) 

both before and after irrigations. The average moisture content 

of the eurface increased lh»5% and the average moisture content 

of the ovbeoll increased 6.05 Airing the first irrigation idisn there 



Ta
bl
tt
 5
*'
~M
ol
ft
ur
« 
co

nt
en

t 
of

 s
oi

l 
be

fo
re

 a
nd
 a
ft

er
 i
rr
ig
at
io
ns
, 

M
o
i
s
t
u
r
e
 

F
l
r
s
E
 

S
e
c
o
n
d
 

t
h
i
n
l
—
 

i
r
r
i
g
a
t
i
o
n
 

i
r
r
i
g
a
t
i
o
n
 

Ir
ri

ga
ti

^ 
T
r
e
a
t
a
w
s
t
 

*
%
 

%
i

%
*
 

S
u
r
f
a
c
e
 S
o
i
l
 

M
o
t
 s
u
b
s
o
i
l
e
d
 

1
7
.
7
 

3
3
.
3
 

2
8
.
9

2
0
.
7
 

1
8
.
3
 

2
2
.
7
 

S
u
b
s
o
i
l
e
d
 o
n
 c
o
n
t
o
u
r
 

1
9
.
3
 

3
3.
U
 

2l
».
$ 

3
1
.
5
 

1
9
.
8
 

2
1
.
5
 

Su
bs

oi
le

d 
an
d 
d
o
w
 s
lo
pe
 

1
8
.
3
 

3
1
.
9
 

2
2
.
9
 

2
8
.
6
 

2
0
.
6
 

28
.i
» 

L
S
D
 a
t
 0
.
0
5
 

M
.
S
.
 

M
.
S
.
 

1
.
9
 

M
.
S
.
 

1
.
3
 

3
.
6
 

S
u
b
s
o
i
l
 

M
o
t
 s
«
i
»
a
o
i
l
e
d
 

2
1
.
0
 

2
6
.
2
 

2
3
.
1
 

3
0
.
7
 

2
2
.
3
 

2l
i.
8 

S
a
d
w
o
i
l
e
d
 
o
n
 
c
o
n
t
o
u
r
 

2
8
.
2

2
1
.
7
 

2
$.
6
 

2
6
J»

3
2
.
9
 

2
1
.
3
 

Su
bs

oi
le

d 
u
p
 a
nd
 d
ow

n 
8
l
<
^
 

2
0
.
8
 

2
7
.
7
 

2
0
.
8
 

2
7
J
.
 

2
2
.
2
 

2
6
.
0
 

L
S
D
 a
t
0
.
0
$
 

I
.
S
.
 

M
.
S
.
 

h
.
6
 

1
.
8
 

M
.
S
.
 

M
.
S
.
 

f- .?"■
 .' 



17 

mM almost no zunoff frcm a ranga of 3.0 to 3.It Indias of applied 

water* The arerage moisture contenb of the surface increased from 

a range of It.6$ to 7 and the aTerags moisture content of the 

subsoil increased from a range of k»6$ to 7,0% during the seoond 

and third irrigations vhen there was a range of 12,2% to 23,0% 

runoff from a range of 2.3 to 3.7 inches of applied water. 

No significant differences occurred between treatsients or 

horiaons before and after the first irrigation. 

Before the second irrigation the moisture content of the 

surface was significantly highar on contour subsoiled plots than on 

plots subsoiled up and down slope or on plots not subsoiled (table $), 

AlaOf before the second irrigation the moisture content of the surface 

was significantly hi^er on plots subsoiled up and down slope than on 

plots not subsoiled (table $), Before the second irrigation the 

moisture content of the subsoil was significantly higher on plots 

subsoiled on the contour than on plots subsoiled up and down slope 

(table 5), 

ifter the second irrigation the moisture content of the subsoil 

was significantly hl^r on contour subsoiled plots than on plots 

subsoiled up and down slope or on plots not subsoiled. Also, after 

the second irrigation the moisture e<mtent of the subsoil was 

significantly lower on plots subsoiled up and down dlope than on 

plots not subsoiled. 

Before the third irrigation the moisture content of the surface 

was significantly hi|her on plots subsoiled on the contour sad plots 



la 

•ubsoiled up and down slope than on plots not subsoUed* After 

the third irrigation the moisture content of the surface was significantly 

higher on plots sobsoiled up and down slope than on plots subsoUed 

on the contour or cm plots not subsoiled. 

In most cases these results indicate that the moisture content 

of the surface soil before and after irrigations was higher on subsoiled 

plots than on plots not subsoiled. The significant differences between 

treatments that oocurred in the moisture content of the subsoil was 

before and after the second irrigation. Since these differences 

occurred only during the second irrigation, no definite conclusions 

could be drawn. 

Average moisture content of surface soils and svltsoils during 

the last sewen weAs of the growing season are presented in tables 6 

and 7* Table 6 shows the direct measurements calculated after taking 

a soil sample from the field to the laboratcuy. These measurements showed 

that there was only cme critical period for the growing crop. This was 

a brief interral during the open tassel-early dent stage when the soil 

moisture was close to the permanent wilting percentage in the surface 

and subsoil. 

There was only one time during this period when a significant 

difference in the soil moisture content occurred. This was in the 

surface when the stage of corn growth was shoulder hi^p. The moisture 

content of the surface was significantly hiiJier on treatments of subsoiling 

up and down slope and no subsoiling than on the treatment of contour 
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•absoiling. Table 6 ahova that from the time the com waa vaiat 

high until it vaa ahooldar hig;h there waa an average of ̂ ,1% noiature 

loaa on contour aubaoiXed treatmenta ooi^>ared to loea on the 

treatment of aubaoiling up and down alope and l,k% loaa on the treat-

Mnt of no aubaoiling* For an unezplaizuible reaaon, or reaac«a» 

tiiere aeeaa to have been a hif^er evapotranapiration rate on contour 

aubaoiled treatmenta during tha ahoulder hi^ atage of com growth* 

Generally apeAing, an inaolated oaae auA aa thia haa little meaning 

atatiatieally* 

Available aoil moisture using available climatologieal data la 

shown in table 7* Data oollectMl using this method show that there 

waa availaUa moisture throughout the last seven weeks of the growing 

season* Results using this method are similar to results obtained bjr 

direct moisture readings frcm aoil sasplea taken throughout tha last 

seven weeks of the growing season* 

Root Distribution 

The percent total roots and calculated root weights on an acre 

basis are presented in table 8* The total weight of dry roots per 

acre on the four plots sampled ranged frraa 6li3 pounds to 1,372 pounds* 

Plots mmber 2 and 9 which had been subsoiled had similar 

percentages of roots in the 0-10 indi and 10-18 inch liyers* Hot 

number 2 had 82.1ijC of the total amount of roots in the 0-10 

layer and 8*6$ of the total amount of roots in the 10-18 inch layer* 

Hot lumber 9 had 89*6$ of the total amount of roots in the 0-10 ineb 

laysr and 9*5$ of the total amount of roots in the 10-18 inch layer* 
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In thn 18-28 inch layer of plot nuaber 2 had 9,0% of tho total aa 

eoapared to 0,9% in the 16-28 inch layor of plot nunber 9« 

Plots nuabor 3 and 8 which had not boon subsoilad also had 

sinilar root pereantagss in the first two layers. Plot nuaber 3 

had Ti»0% of the total aaount of roots in the 0-10 inch layer and 

15.8$ in the IO-I8 inch layer. Plot ntaaber 6 had 86.1)^ in the 0-10 

inch layer and 11.5$ in the 10-18 indi layer. In the 18-28 inch layer 

plot nuaber 3 had 11.2$ as oo^uured to 2 found in plot nuaber 8. 

Subsoiled trea1»ents oompand to treat^oents not subsoiled iiow 

no wide variation in the percent of the total aaount of roots Ibund 

in 0-10, 10-18 ixach layer. However, there is a variation in the 

percent of the total aaount of roots in the 18-26 inch layers of the 

sites saapled. Since adjoining samples had aj^roxiaataly the same 

root percentages, this variation is probably due to the raiq;e in 

penaeabllity in the mbsoil where the experlaent was conducted. 

In plot nuaber 2 which was subsoiled there was 1,130 pounds of 

roots per acre in the 0-10 inch layer as compared to k69 pounds per 

acre in the 0-10 inch layer of plot number 3 uhich was not subsoiled. 

In the 10-16 inch layer plot nuaber 2 had 119 poxuids per acre as 

eoapared to 102 pounds per acre in plot nuoher diree. Coiq>aring plot 

nuaber 2 with plot nuaber 3 there was considerably acre roots in the 

subsoiled treatment. 

Plot nuaber 9 (subsoiled) ooapsred to plot nuaber 8 (not 

subsoiled) shows no wide variation in total amount of roots per acre 

in the 0*10 inch layer and the 10-18 inch laysr. However, in the 
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16-28 inch Ifliy^er of plot nuabar 9 there was 10 pounds per acre as 

eoBupared to 27 pounds per acre in plot nunber 8* Sewezel samples 

would be required before angr definite oondusions could be drawn 

regarding root distribution. 

Yield 

Corn yield data are suamarised in table 9* these data were 

subjected to statistical procedures outlined by Cochran and Cok (2) 

and Snedecor (18). 

Plots mibsoiled up and down slope aweraged 6k>S bushels per 

acre, plots subsoiled on contour averaged 62.7 bushels per acre and 

plots not subsoiled averaged 59*8 bushels per acre. Subsoiling did 

not significantly affect yields. The lack: of response of com yield 

to subsoiling in this experiment is sinilar to the oonduslon made in 

a previous study J. H. Odom (11). 

is. ■> 
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ftbl« 9.»*Corn jl^df «• laflwmatd tgr aubaoUing. 

tvaXn&at Ba./Acre 

Not aubaoilad $9.8 

Subaollad on o(mtoor 62.7 

Sabaoilad ap and down alopa 6^.5 

LSD 0.05 H.S. 



CHAPTER T 

SOttfAR; AMD CONCLUSION 

Tbe vaa aadt la aa to eatablish nore doflaita 

ralationshlps awoag saR* ot 1h« affsets of aubsoilli^g. The effects 

studied veret water runoff, ssU moisture zelationahips, root 

distribution, and crop yield. The experiment was conducted on 

Wolftever clay loam which is a moderately well drained Red-Idloir 

Podsolio soil. j 

Results of medianical analyses showed the textural classes to 

bes Ap-day loan, B22^»olay, B22*clay, B^^^-clay loam, and C-clay Ion. 

Laboratoxy data and Held exninatioa showed that the soil did not hare 

the required increase in day content in the B2 horicon to be a claypn 

ELanosol. The water holdizig capacity of the soil was relatlTely 

high. Percolation and permeability studies indicated that water 

mowemeats through this soil were relatlTOly unrestzleted. 

The amount of water runoff varied directly with the percent 

moisture in the soil. When the soil was low in moisture a low percent 

of the Implied water was lost by runoff) idien the soil was high in 

moisture a hif^er percent was lost. 

Runoff was less from subsoHed plots ^an from plots not 

subsoiled. It appeared that this difference was the result of better 

permeability of the subsoil on mxbsoiled areas. There was a sli^tly 

smaller amount of runoff from ccmtour subsoiled plots than from plots 
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subsoiled up and dovn slopes* The runoff from contour subsoUed 

areas was also slower than on plots subsoiled up and down slope or 

from i^ots not subsoiled* lliis allowed more time for water infiltra 

tion on contour subsoiled plots and accounts fcr the difference in 

runoff* 

The channel left by ̂ e subsoiler was almost compd.etflly filled 

with soil particles after 13 inches of applied water and rainfall fell 

on the area* 

In most cases the moisture content of the surfaM soil was higher 

before and after irrigations on subsoiled areas than on areas not 

subsoiled* The moisture content of the surface was hi^r before and 

after irrigations on contour subsoiled plots than on plots subsoiled 

up and down slope* The significant differences between treatments 

that occurred in the moisture content of the subsoil wero before and 

after the second irrigation only* 

There was little difference in the moisture content of the 

soil during the last seren we^s of the growing season of com 

IrrespectlTe of treatment. Results obtained by ccmputation of aTall-

able moisture using available dimatological data were dmilar with 

direct soil moisture readings in estimating the amount of available 

moisture during the growing season of com* 

Cora roots penetrated the subsoil of Wolftever day loam adequately 

on all traatrnwits* Subsoiling did not affect root pemtratlon or 

significantly increase corn yields* 
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APFENDIX A 

SOU. PBOFILB OSSCRIPTIONS 

Sit* Mo. It Wolft«Y«r Clagr Lean 

Sit* Locations 

Knox Countisr Tennoas**, University of Tonnesse* Farm. Subsoilii^ 
runoff plotSf 250 yards southeast of intersection of Highway 73 
and Nsyland Drive, 150 yards north of Fort Loudon Lake 
(Tennaas** River}• 

Sit* Descriptions 

Sloping (8-10^), moderate erosion} has been previously used in 
plot work and is pr*s«itly in old sod of alfalfa,fescue, 
orchardgrass and Ladino clover. Moist when samj^ed. 

Riyaiogr^phio Positions ferrace 

Profile Descriptions 

Ap 0-5* Veiy dark gray (5TR 5A)^oy loam, moderate, 
medium granular stn;»tare| friable) clear aaooth 
boui^Uuyj many pores, many roots and many worn 
holes. 

Bgj, 5-13* Tellowiah red (5lR 5/6) city variegated with 
(10 XR V^) grayish brown) weak medium to 
ooturse subangular blooky structure) clay skins 
continuous) natural fracture vertical) overlap 
small) friable to firm) clear smooth boundary) 
nuKiy z>oots, many pores, many worn holes and 
SCBW mixing of material fzom above. 

B22 X3-19" Tellowish red (5XR k/d) day with a few fadnt 
mottles of brownish yellow (lOTR 6/8)) moderate, 
aMdium to coarse subangular blooky stzoictttre) 
cltQr iricins patchy) friable to firm) gradual 
smooth boundary) many roots, few large pores, 
few worm holes. 

E. 19-31" Yellowish red (5YR 5/6)clay loam with a few 
faint mottles of brownish yellow (lOYR 6/6)) 
moderate, medium angular blocky structure) day 
skins thin, continuous) friable to fim) gradual 
smooth boundaiy) few large pores, a few fine 
roots. 
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31"♦ Itf-lowlA r«d (5tR 5/6) clay loa» with 
eoBuaon> diatinet nottlea of browniah yellow 
(lOIR 6/6)) waak ooarao blocky to naaaiva 
atructure;fim; no porea, few roota,few 
fine root ohannela* 

Sita lb. 2i Wolfterer Clay Loam 

Site Location: 

Knox County Tennessee, University of Tennessee Fara* Subsoilit^ 
runoff plots, 250 yards southeast of intersection of Highway 
73 and Newla^ Drive, 150 yards north of Fort London Lake 
(Xemeaaee River). 

Site Oeacriptiont 

Sloping (8«>1.05), moderate erosion; has been pi*eviously used 
in plot work and is presently in old sod of alfalfa, fescue, 
orcbardgrass and Ladino clover. Moist when sampled. 

Physiographic Position! Terrace 

Profile Description! 

Ap 0-8" Oa^ brown {7»5XR 3/2) clay loamj moderate. 
medium coarse granular structure) friable) 
dear snooth boundary) many z*oots, maiy pores 
and many worm holes. 

^ 8-15" Idlowidi red (5rR 5/6 to k/6) day; weaic medium 
to coarse subangular blocky structure) day skins 
continuous) natural fracture vertical) overlap 
small) friable to fixvi) dear smooth boundary) 
maigr worm holes and a large amount of mixing 
of material from above, also a few cobbles. 

®22 l5-2li" lellowiah red ($ia 5/6) clay lost with a few 
faint mottles of reddish yeUow (7»5ni 6/6)) 
moderate, medium to ccarse subangular blocky 
structure) clay skins patchy; friable to firm; 
gradual smooth boundary; many roots, few large 
pores and few worm hdes. 

2I4-3O" lellowiah red (5lR 5/8)day loam with a few faint 
mottles of reddish yellow (7.5YR 6/8); moderate, 
medium to coarse subangdar blodqr structure; day 
skins thin and continuous) friable to firm; 
gradual smooth boundary; a few large pores and a 
few fine roots. 
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C. 30" + lallovish red (5lR 5/8) clay Ion with 
oonaon mottles of reddish yellov (7*5lR 6/8)| 
trade sobangulsr blocky to nssiTe struoturei 
firm} no poreS|» a fev roots and a few fine 
root channels• 

Site No. 3t Wolfte-rsr Clay Loan 

Site Locationt 

Knox County Tennessee, Itoiversity of Tttinessee Fam. Subsoiling 
runoff plots, 250 yards southeast of interseotiem of Highway 73 
and Newland Drive, 150 yards north of Fort Loudon Lake 
(Tennessee River). 

Site Description! 
(' 

Sloping (6-10^), moderate erosion} has been previously used in 
plot wozic and is presently in old sod of alfalfa, fescue, 
orehardgrass and Ladino clover. Moist when 8anid.ed. 

Physiographic Positicmt Terrace 

Profile Description! 

Ap 0-8" Daxk brown (7.5TR 3/2)clay loam} moderate, 
medima to coarse granular structure} clear smooth 
boundary} many roots, many pores and many worm 
holes. 

Dm 8-15" lellowiidi red (5lR 5/8) clay} moderate to strong
^ subangular blodigr structure} clay skins continuous} 

natural fracture vertical} overlap small} clear 
smooth boundary} maqr roots in clusters} many 
pores} many worm holes and some mixing of material 
from above} a few small cobbles. 

iBne 15«'25" lellowish red (5lR U/6) day loam with a few faint 
mottles of reddidi yellow (7.5IR 6/8)j moderate to 
strong, medium subangular blocky structure} clay 
skins continuous, but thin} natural fracture 
vertical} overlap small} gradual smooth boundary} 
a few medium pores, a few roots and a few worn 
holes. 

®31 25-30" Yellowish red (5lR 5/8) clay loam with a few faint 
mottles of reddish yellow (7*5lR 6/6)} weak, 
medium to coarse subangular blocky to massive 
structure} friable to fira} gradual smooth boundary; 
vezy few pores and few roots. 

https://8anid.ed
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30" * Idllowlah r«d (5XR 5/8) oiLay loam with ooamon 
mottles of reddish yellow (7*5lR 6/8); wsaic« 
medium to coarse subangular blocky to masslTe 
structure, filable to flrmj rezy few pores 
and a few very fine roots. 
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APPSKDIZ B 

/ UBORATCmi: I^OCSOUBBS 

I. Soil 

A* FLace about 25 g« of air«<iry soil (ground to a finanast 
to pasa a 2 na. alera) in a 50 beaker. 

B« Add distilled water until thin, past/ nizture is obtaiiMd. 

C. Allow to sat until soil beeoaes wall saturated. 

S. Ba-aix and pLaea eleotrodes of pH water into the soil 
aistura and read pH directly. 

11. Organic Matter 

A. Reagents 

1. Potassiua dichroaata, 1.0 If.I . ■> ,' 

2. Ferrous sulfate, 0.5 V. 

3. Concentrated H2S0|^. 
It. Ortho-phsnanthrolina ferrous ainqjlaK indicator, 

i. Froeadiura 

Qrind soil to pass an 80 wiii sisTs, aroiding contact 
with iron or steal. Vei|^ a 1.00 g. saiqjle and transfer 
to a 500 Bl. Erlexawyer flask. Add 10 aO.. of K2Cr207 
followed by 20 ml. of concentrated H2S0j[|. Swirl gently 
to mix. Avoid throwing soil up onto the flask out of 
contact with the reagents. Stand on an asbestos pad
for thirty minutes. Add 200 oQ.. of distilled water, ii 
drops of indicator solution and titrate with FeSO|^.
The color change is from green to red. 

Percentage of organic natter is equal tot 

(al. ZoCroOy x B) «» (al. PaSOi, x B) (0.69) 
waij^t of 8«iple in grams 
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APPENDIX B (Continued) 

Mechenicai Anelyeia by toe Pipette Method 

A. Reagents 

X. Rjrdrogen Peroxide (303f)* 

2* Hydrochlorlo Aeld 0.1 N. 

3* Ethyl Alcohol 9$%» 

h* Sodiun Hydroxide OJ. N. 

B. Procedure 

¥elgh 10.00 g. of elr-dry soli Into a beaker. liMlgh 
another 10.00 g. sanqple and determine moisture content 
to calculate exact amount of soil used. Add 10 ml. H2O 
and stir. Place on a hot plate at lov heat. Add 10 ml. 
H2O21 stir and continue lov heat treatments. Bepeat " , 
until there Is no further oxidation of organic matter 
after the addition of the H2O2. Add water as necessary 
to ke^p soil In suspension. Add 50 ml. H2O and mix. 
Transfer soil to a Buchner funiMl fitted with a Whatman 
No. U2 filter paper. Use more water to complete transfer. 
Leach soil with I4OO ml. 0.1 N HC^^. Wash out excess HC^ 
with 50 ml. H2O and then 150 ml. ethyl alcohol. Allow 
soil to dzy and then transfer to a 500 nOL. Erlenmeyer 
flaidE. Add 200 ml. 1^0, Ra(^(6 ml. to sands and sllt8« 
10 ml. to loams li» ml. to clays* sUty clays). Shake In 
a reciprocating shaker owernlght. The pH should be 
between 6 and 9. Txmnsfer soil suspension to a 300 mesh 
slewe* catching the filtrate In a 1000 ml. graduated 
cylinder. Wash the slewe until all the silt and day has 
entered the graduate. The sand will remain on the screen 
and should be transferred to a tared beaker* dried at 
105° C. for 2li hours* coded and weighed. 

(wt. of beaker ♦ sand)- (wt. of bejdcer x ICQ)-($ sand) 
wt. of soil 8azit[3n 

Dilute the filtrate containing the silt and clay to 1 
litter* mix well and allow to stand. At the end of k 
minutes and kO sectmods pipette a 25 al* dlquot at 10 cm. 
dep^ using an aspirator bottle so as to take approxliaately 
15 to 20 seconds in obtaining the sample. Transfer the 
aliquot to a tared weighing bottle* evaporate to dryness 
at 105*^ C.* cool and wel|^. Sedimentation time Is based 
on a suspension temperature of 20° C. 
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APPENDIX B (Continuad) 

(ift, of bottle ♦ silt k of bottls) ItOOO * {% silt k day) 
wt. of toil 8«i^e 

At tha and of 7 boura and it! alnutaa plpatta a 25 
aliquot at 10 em. dapth using an aspirator bottle so as 
to taka approximataljr UO saconds in obtaining tha 
samjaa. Transfar tha aliquot to a tared vaigbing bottla* 
araporata to dzyxiass at 105*^ C.» cool and waigh. Sadimenta-
tion tina is based on a suspension ttfiqparatura of 20® C* 

(wt. of bottle ♦ day •» wt. of bottle) itOOO * {% clay) 
of soil sam^a 

% silt and clay > % clay"% silt (.02 mm. > .002 ma.) 
100 - {% sand ♦ % silt % clay) •* % coarse silt (.05 
m.- .02 m.) 

IT. Lorn Moisture Yansions - Porous Plata Method 

A. Materials 

1. Source of Compressed Air. 

2. Porous Plata. 

3. Bubber Rings. 

it. Pressure Cooker. 

5* Pressure Regulator and Qsngas. 

6. Torsion Balances and Aluminum Dishes. 

7. Oran. 

B. Procedure 

Wat tha porous plate thorou^y, place tha small rubber 
rings on tha plate, and fill with air-dry soil. Pack 
soil slightly whan dry. Add water to plate to wet soil 
froa tha bottom. Allow to stand overnight with free 
water to oomid.eta saturation. FLaoa plate in cooker and 
inroparly seal all openings. Adjust air pressure to five 
pomids and allow 2li hours for the soil to reach equilibrium. 
Rffsove samples, weigh, dry in oven at 110® C., cool and 
weigh. To calculate moisture content on an oven dry basis: 
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APFSNDIX B (ContlniMd} 

(lit. \»t soil) - (wt« dry aoll) {% »oll molstura) 
wt» of 'irf soil 

Molsturs content at 5 lbs."I/3 atmosphere or 
approactnate field capacity, 

T. Hl^er Molstttre fnslcns « Pressnre Menbrane Method 

A, Materials 

1, Tank of Coa^ressed Kltrogen, 

2. Pzwsure MeiriBrane Apparatus* 

3* Kubber Rings, 

It* Pressure Regulator and Gauges. 

$, Torsion Balance and AluBlnun Dishes, 

6, (hr«i, 

B, Procedurs 

Soak the sausage casing mmbrane 12 hours before use, 
Plaoe the m«nbrane over a copper screen extractor plate. 
Place small rubber rings on the aaabrane and fill then 
with soil. Add water to wet from bottom, allowing 12 
to 2it hours to conplete hydratlon. Remove excess H2O 
fron plate wi^ a pipette and fit top of apparatus 
correctly, ^ly gas pressure slowly (nitrogen here) to 
30 pounds (per square Indi), and allow 2it hours for 
eqv^lbrlum, Rmove i^>paratus top, transfer soil samples 
to aluminum dishes and welfi^* Dry at 110**C, and weigh. 
To calculate moisture content on oven dry basist 

(wt. wet soil)- (wt. dry soil)* $ soil moisture) 
wt. of dry soli 

Repeat using 220 pounds pressure (15 atmospheres, 
approximate wilting point). 
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APfSNDIZ C 

Tabu lO.ooPhyslcd. and diamical proportiet for najor horliom 
of three eltea of Volftever clay lom* 

Horison 

Ap 
Parent Bm 
•and Boo 

2.0-0.05 n. B. 
tr 

Feroent k 
allt ^99 

0.05-0.002 aa. 
C 

Percent 
Ap 
B21 

clay B22 
- 0.002 m. B^ 

Ap 
Percent B21 
organle B22 
natter 

pH 
▼aLoea B22 

P 

Bulk 
density
g./cc. 

B§i
B22 
B3 
C 

Depth 

0-7" 
7-16" 

16-23" 
23-30" 
30"♦

0-7" 
7-16" 

16-23" 
23-30" 
30" ♦

0-7" 
7-16" 
16-23" 
23-30" 
30"♦

0-7" 
7-16" 
16-23" 
23-30" 
30" ♦

0-7" 
7-16" 

16-23" 
23-30" 
30" * 

0-7" 
7-16" 

16-23" 
23-30" 
30" ♦

I 

29.1 
21.6 
22.1 
28.2 
38.6

ia.9 
32.6 
33.8 
3U.3 
30.9

29.0 
15.8 
U}.l 
yi.s 
30.5

2.7 
0.6 
0.7 
0.I1 
0.1

5.1 
5.5 
5.5 
U.7 
u.u 

1.5 
1.5 
1.5 
1.5 
1.5

Site nunber 
II HI 

27.5 27.2 
22a 23.5 
2U.7 30.6 
3ii.3 36.7 
37.3 ia.5 

U3.5 1*U.8 
31.7 31.2 
35.3 32.0 
31.7 32.0 
27.9 33.2

29.0 28.0 
1*6.2 1*5.1* 
1*0.0 37.5 
31*.9 31.3 
27.5 25U* 

1.9 2.6 
0.2 0.7 
0.2 0.1* 
0.2 0.2 
0.1 0.2

5.1 5.0 
5.3 5.1 
5.2 5.0 
1*.5 1*.2 
U.3 1*.2 

1.5 1.1* 
1.5 1.5 
1.5 1.5 
1.5 1.5 
1.5 1.5
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AFPSNDIZ 0 (Continutd) 

Uh 

Psreent 
watwr 1/3 

•taotplMirc 

P«rc«nb 

wat«r 1$ 
•tBoaphtm 

Horlsoa 

4l 
B22 

C 

Ap 
Ba 

^2
!3 
cr 

D«p^ 

0-7" 
7-16" 

16-23" 
23-30" 
30" * 

0-7" 
7-16" 
16-23" 
23-30" 
30"♦

"1 

20.6 
27,9 
27,h 
29,7 
27,k 

11.7 
18.0 
17.7 
17.0 
15.3

Sit* nunber 
11 

a.3 
26.0 
2h,7 
2k,3 
2h,2 

10.9 
16.6 
13.3 
12.5 
12.0

III 

23.9 
29.3 
28.1 
28 
27.9 

11.5 
18.6 
17.2 
15.5 
lk,l 

> 

« t :,• 
1, '"J 

i: 

r'f'--

.'•>•I,
> 
;r 

VI-
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tiLi 
'"r 

i 
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