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ANNUAL PROGRESS RIIPORT

Erosion Control on Highway Backslopes

1959

During 1959, research was continued by the Agronomy Department in co-
operation with the Iowa Highway Commission on vegetative establishment and
erosion control on highway backslopes (Project 1010), The work was con-
tinued at previously established sites and also several new experiments
were initiated during the year. The work will be discussed for each sepa-
rate experiment and location in this rsport.

Topsoil Replacement Study

Chariton, Towa

A project started in the fall of 1958 on the McNay Memorial Farm near
Iucas was continued during 1959. The purpose of this study was to compare
the value of replacing topsoil on freshly~cut backslopes for vegetative
establishment, along with the comparison of various types of mulches.

In the fall of 1958 the area was half-covered with topsoil, seeded (alta
fescue, alsike and ladino clover, alfalfa, bromegrass and rye), and covered
with various mulches. Mulch treatments included: straw (3 T./A.), manure
(8 T./A.), plastic £ilm, asphalt emulsion, and a bare check plot. As re-
ported in the 1958 report, soil temperatures (1"-L") were highest under the
plastic film and coolest under straw mulch, soil moisture varied little,
while plant mmbers in the fall of 1958 were significantly higher under plas-
tic film and lowest under straw,

The plastic film was left on, as were the other mulches, over winter.
The temperatures under plastic remained slightly warmer and plant growth con-
tinuved longer in the late fall under plastic than on the other plots.

In the spring of 1959, the plastic was removed at which time the plant
growth was much farther advanced than on other plots due to warmer tempera-
tures and earlier growth in the spring. In June, 1959, plant matter yields
were taken on all plots by clipping a swath down the center of each plot
with a power sickle~type mower. Both fresh and dry plant matter yields are
shown in table 1.

It was found that manure gave significantly higher fresh matter yields
than all other treatments during the spring of 1959, while asphalt, straw
and plastic gave somewhat similar growth and check plots gave poorest yields.
It can be seen than plastic gave much better results on areas with no topsoil
applied than where topsoil was present, This may have some significance as to
the value of plastic film on improving soil moisture relationships, etc, on
poor soil areas. An analysis of variance showed no general significant in-
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Table 1. Fresh and dry plant matter yields - June, 1959.

Treatment Muleh Trt. Fresh Matter (Ibs.) Dry Matter (1bs.)

No topsoil Manure 10,56 L.63
Plastic 55 1’4 2 ® 86
Lsphalt L.00 2,12
Straw 3.15 1.82
Check 1.87 0,85

Topsoil Mamure 970 5.08
Asphalt 6.85 3.63
Straw 6 - 70 3035
Check 1. 1i0 2.38
Plastie he35 2.41

crease in yield due to topsoil application. However, for individual treat-
ments, slight increases could be seen in some cases, which might indicate

some valve of topsoil in some cases. This is especially noted in the case

of the check plot with no mulch, where the yield on topsoiled plots is much
higher. However, in the case of manure, a decrease was noted on the topsoiled
area. This may indicate that the mulches may compensate somewhat for the

lack of topsoil, especially in the case of manure where plant nutrients and
organic matter are supplied.

The same relationships were shown in the dry-matter yield, in general,
with manure again giving highest yields and asphalt, plastic and straw slightly
less with check plots again being poorest,

Erosion control was very good with all treatments except the check plots,
on which some rilling and washing was noticed, Erosion was net a serious
problem on this site, however, dve to the relatively modsrate slope.

In late July, a2 visual comparison of the percentage of plant cover on
the different treatments showed manure to have the best cover, with plastic
second, straw and asphalt about equal, and check plots having the poorest
percent cover. A plant count was made of the legumes and grasses on each
treatment using a 1 squere foot quadrat. The average number of legumes,
grasses, and total plants per square foot on each of the various treatments
is presented in table 2. These plant counts were made after the rye cover
crop had been mowed off.

Both straw and manmure had significantly larger numbers of grasses than
the check or plastic treatments, with asphalt being intermediate. However,
in legumes, manure had a significantly higher number than asphalt, straw or
check treatments, with plastic having the second highest number, In total
number of plants per square foot, manure and plastic were again highest,
with manure being significantly higher than the straw, asphalt or check, and
plastic being significantly higher than the check treatment. Thus, although
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Table 2. Avg. no, grasses, legumes, and total plants per square-foot.
July, 1959.

Treatmant Mulch Trt. Grasses legumes Total plants

No topsoil Manure 16.8 28,5 15,3
Straw 2)495 )-1-08 29,3
Asphalt 19.7 10,0 29.6
Plastic 12,3 18.3 30.6
Check 12,7 .2 16.8

Topsociled Manmre 27.3 23.6 51,0
Straw 23.5 Le5 28.2
Asphalt 16,5 7.0 23.5
Plastic 15.8 19.7 35.5
Check 8.3 3.8 12,2

marmire and plastic mulches gave lower numbers of grasses per squere foot,
they gave much larger numbers of legumes. Plastic was especially poor in
grass stands, especially on the non-topsoiled area. It appears that straw
mulch had a depressing effect on the growth of legumes, while grasses thrived
under the straw. Plastic, on the other hand, seemed to favor the establish-
ment of legumes over grasses, This phenomenon was commonly noticed by visual
comparison throughout the season. The cause for this cannot be explained,
although differences in soil temperature may be an important facpor. Top-
soiling apparently had no effect on the number of plants established,

In the fall of 1959, estimates were made of the percentage of total plant
cover on each treatment by means of density list quadrats. The percentage
of the total cover made up by legumes and by grasses was also estimated, as
shown in table 3.

Table 3. IEstimated percentage of total plant cover and percent of total
due to grasses and legumes. October, 1959,

Treatment Mulch Trt. % Total Cover % of Total Cover due to:
Legumes Grasses

No topsoil Straw 19 66 3L
Check 12 82 18
Manure 59 88 12
Plastic 18 92 8
Asohalt 35 95 5

Topsoiled Straw 21 66 34
Check 28 68 32
Manure 78 h 26
Plastic 33 75 25

Asphalt 71 97 3
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Manure gave much higher total plant cover than any of the other treat-
ments, especially on the "no-topsoil" area. Asphalt and plastic gave fairly
good cover on both areas, with asphalt being almost as high as the manure
plots on the topsociled. Both straw and check gave poor plant cover on both
areas, It may be noted, that with the exception of the plastic, all other
treaiments gave better total plant cover on the topsoiled area than on the
untopsoiled, ILegumes accounted for the major portion cf the total cover on
all treatments. However, legumes accounted for a much greater percentage
of the total cover on the plastic, asphalt and manure plois than they did
on the straw plots. This ggzain indicates that legumes were favored on the
plastic and asphalt plots, while grasses seemed to thrive more on straw-
mulched plots.

Plant matter yields were also taken by clipping the growth from each
treatment after cover estimates were determined. At the time of this repert,
these samples are being separated into legumes, grasses, and weeds to deter-
mine the percentage of the total plant matter made up by each. Since this
data is still incomplete, only fresh weights of the total plant-matter samples
will be reported (table L).

Table L. Fresh plant-matter yields., October, 1959.

Treatment Mulch Trt. Fresh wt. (1bs./plot)

No topsoil Manure 3,52
Asphalt 2.0l
Plastic 1.11
Check 1.09
Straw 0.60

Topsoiled Manure L .34
Asphslt 3.52
Straw 277
Plastic 1.5h
Check 1.36

The manure tresatment gave the highest fresh-weight yield of plant material
of all treatments, with asphalt giving the second-highest yields. However,
plastic, straw, and check plot ylelds were about equal and somewhat lower.
Visual observation indicated a larger number of weeds on the check plots that
may have accounted for check plot yields comparing more favorakly to straw and
plastic treatments. This factor may be revealed by the plant separations now
underway. It is interesting to note, however, that all treatments gave higher
fresh matter yvields on the topsoiled than on the non-topsoiled area.

Conclusions

—— i

In general, the topsoiling treatment had only slight effect in increasing
vegetative establishment in this study. The use of various mulches seemed to
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be sufficient to make up for lack of topsoil. Manure was especially effective
in establishing a good stand of grasses and legumes, and in promoting further
growth-perhaps due to the added mutrients and organic matter. Asphalt and
plastic film were of some value in increasing stand, although later growth
was not as great as on the manure plots., Plastic film was especially effective
in increasing germination and growth after seeding, and promoted earlier growth
in the spring, although this advantage was lost later in the season., Straw
mulch seemed to depress both stand and growth, especially during the earlier
stages of growth. Except for mamure, which continued to give high yields and
growth, the other mulches tended to become more or less equal in yield of plant
matter later in the season.

legumes seemed to be more favored under asphalt and plastic, while grasses
were favored under straw. Soll temperatures were highest under plastic and
asphalt and lowest under straw - which may be a factor as to which species is
favored.,

Erosion control, though not a serious problem on this site, was very good
with all the mulch treatments tried.

Mulch Experiment on Sandy Backslope

Granger, lowa

In the spring of 1959, an experiment was established on a backslope on
Highway 1L1 about 5 miles north of Granger, Iowa, The purpose of this study
is to compare the effectiveness of various types of mulches on controlling
erosion and establishing vegetation on very sandy backslope material. The
site of the experiment is on an approximately 2%:1 slope made in the fall of
1957 and is located between Highway station marks 2Ll and 24,7 on the east
side of the highway, The soil material concerned is predominantly looge fine
sand, The experimental area measures about 200 by 50 feet (10,000 £t.2 or
about 0.23 acre).

The experimental design is randomized block with 3 replications of 6
treatments each, along with 3 supnlementary plots not included in the design.
Mulch and soil treatments being studied are as follows:

1. Check (no mulch)

2. Straw mulch (2 T./A.)

3. Straw + netting

L. Asphalt (0.2 gal./yd.2)

5. Arquad (0,2% on dry soil wt. basis)
6, Starch (100 1bs./A.)

(Ad¢itional supplementary plots compared a close-weave "Erosionet!
netting with a check plot).

The experimental area was first lightly tilled by means of a tractor
and tiller implement in May, 1959, and fertilizer was applied broadcast cver
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the entire area at the rate of 100 1lbs./A. each of N, P and K, The follow-
ing seeding mixture was then sown broadecast:

Alfalfa - 11 1bs./A.

Red clémer - 10 1bs./A.
Bromegrass - 25 1bs./A.
Perennial ryegrass 5 1bs./A.
Alta fescue = 7 1bs./A.
Oats - % bu./A.

The above mulches and soil-treatments were then applied; the asphalt
and arquad solutions by power sprayer, the starch by hand in dry form, and
the nettings were staked by hand with wire staples.

PlantvCountS

On July 10, 1959, the number of grasses, legumes, and total plants per
square foot were determined on each treatment by means of count-list gquadrats.
Three counts were made on each plot - one at the bottom, middie and top.

The three quadrats were averaged to give the average number of plants per
square foot on each treatment as presented in table 5.

Table 5. Awvg. no. grasses, legumes and total plants per square foct.
July, 1959.

Avg. no. plants,sq. ft.

Treatment Grasses Leoume s Total
Check 26,8 3.7 30.5
Straw 23,2 8.6 L1.8
Straw + netting 2he1 562 29.3
Asphalt 36,1 11.6 L7.7
Arquad 46,2 8.9 55,1
Starch 39.1 7.8 Lh6.9
Avg. Bhoz 7-6 h1.8

Although an analysis of variance showed no significant differences among
treatments, a definite trend towards higher numbers of grasses, legumes and
total plants seems indicated on the asphalt treatment with arquad and starch
giving next highest counts. CStraw-mmlched plots were lower in plant numbers
than the other treatments (except check) and showed indication throughout
the season of a deprressing effect on plant germination and growth.

Plant counts were nct made at this time on the supplementary plots com=
paring close-weaved netting and non-mulched plots because little difference
between the two treatments were noticed by visual observation, Also, it
was felt that damage to the seeding would result if the netting was removed
in order to take the count at that time,



Erosion Control

Observations made on erosion control on the various treatments were
also made at this time. The asphalt plots suffered very little rilling
except where the asphalt film was broken in various places. Practically no
erosion was noticed on the straw, or straw + netting plots. The netting
seemed to be effective in holding the straw implace against blowing and
slippage and gave slightly better mulch coverage to the plot, Moderate
rilling was noticed on the starch, arquad, and check plots - the check
plots being more severe, Rills numbering 3 = li per plot and averaging
from 1 to 10 inches in depth were noted running three-fourths the length
of these plots. Erosion in general was most severe on the southern part
of the experimental area where the soil material contained higher amounts
of silt and clay., Where the material was mainly sand, rilling was very
slight,.

Plant Cover

Plant cover observations were made on each treatment by visual compari-
son. Asphalt plots had good but uneven cover. In some spots it seemed as if
the asphalt crust prevented seedling emergence, However, both straw and
asphalt had the best plant cover, starch, straw plus netting and arquad were
about equal and intermediate, and check plots had the poorest cover,

Fall Plant Matter Yields + Cover

Density -~ list quadrats were again made in the fall of 1959 to estimate
percentage plant cover on the different treatments, The percentage of the
total cover due to grass, legumes, and weeds was also estimated. Following
this, plant matter was clipped and weighed in the field to determine fresh
plant matter yields. These samples are presently being separated into spe=-
cies so that the percentage of plant matter yield due to each may be deter-
mined. Dry matter yields will then be determined for each treatment. Data
presently available on fresh weights and plant cover are presented in table 6.

Table 6. Plant matter yield and estimated percentage plant cover. October,

1959.

Istimated percentage plant cover
Treatment Fresh Matter (Ibs.) Total Graes legumes Weeds
Arquad 2,10 37 50 h L6
Starch 2.01 26 30 13 57
Check 1.77 29 33 10 57
Straw + netting 1,43 37 7 2 91
Asphalt 1,41 32 L 6 90
Straw 1.31 33 29 2 69

Supplemental Treatments:

Erosion netting 0,92 25 - _— -
Check 1,59 15 - - —




-8 -

Fresh weights of plant matter were higher on the arquad and starch plots,
with check plots being third highest in yield. Straw plus netting, asphalt
and straw mulch were lowest and about equal in yield of fresh matter. Total
percent plant cover was approximately equal on all plots, however, with ar-
quad and straw plus netting having greatest percent cover and starch being
lowest, The three treatments having the lowest fresh matter yield had the
highest percentage of ccver due to weeds, However, dus to some anmual weeds
being mature and dry at the time of sampling, they didn®t provide much cover,
but added greatly to the weight of the clippings. This may cause some treat=
ments to appear better than they actually are, in plant matter yield, but
the species separation data will give a more accurate corparison,

Of the two supplementary treatments, the erosion-netting gave less fresh-
matter yield, bul gave somewhat better plant cover. TIrosion was not serious
on either treatment,

Conclusions

Early in the season, plant germination and growth was very fast and
heaviest under the asphalt-treated plots, and slowest under the straw-mulched
plots. In the middle of the season, asphalt, arquad and starch had the high=-
est number of plants per square-foot - while the straw-mulched plots had the
smaller number of both grasses and legumes per sguare-foot. However, the
straw and straw~pius-netting along with the asphalt gave very good erosion
control, while the starch, arqusd and check plots suffered moderate to severe
rilling.

At the end of the growing season, both srquad and starch had the largest
yield of fresh-matter while asphalt dropped with the straw-mulched plots to
the lowest yields., Straw-mulch sgain seemed to depress plant germination
and growth, although giving good erosion control. Asphalt gave good germi-
nation and early growth, probably due to higher soil temperatures. However,
the stand under asphalt was patchy due to the ashpzlt crust preventing emer-
gence in some places,

The erosion-netting shows some promise for erosion control but the plant
stand was not improved greatly on this sandy area. Further conclusions can
be made on all treatments after the data on species separations and dry-matter
yields are completed.

Phosphate Rate Study on Calcareous lLoess

Moville, Towa

A study to determine the optimum rate of PpOg fertilizer for stand es=-
tablishment on calcarecus loess was initiated near Movilie on Highway 20 in
early June, 1959. The experimental area was located on the south backslope
between highway station numbers 116-119, and included an area of 200 by LO
feet on a 2:1 slope. The soil material was Ida silt loam. The area was
previously prepared and seeded by the Towa Highway Commission in the spring
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of 1959 with the following seeding mixture:

Bromegrass - .7 1bs./A.
Western wheatgrass - 5 U
Alfalfa - 5
Red clover - 3 "
Perennial ryegrass - 5 n

Fertilizer at the rate of 200 lbs./A, of 21-34~0 was also applied at
the time of seeding.

Following seeding and prior to seedling emergence, the following additional
fertilizer treatments were top-~dressed on the seeded area:

1. 80 1bs./A. N + 807 1bs./A. PoOg
1]

2., 80 N +160 " PoOg
3. 80 ® N +2L,0 ® Pp0
h. 80 b N’ +32O n P205Q

The experiment was arranged in a randomigzed block design of 3 replica-
tions. Thus, there were 12 plots, each 10 feet wide and oriented up=-and-down

slope.

Plant Matter Yields

Throughout the season, visual observation showed no large differences
in density of growth, rate of growth, or amount of plant cover density among
the treatments. In the fall of 1959, clippings were made on each plot to
determine the amount of plant-matter produced on each treatment., The clip~
pings were made from % -milacre quadrats (1/L000 A.) to facilitete conver-
sion of data to the tons-per-acre basis, as presented in table 7.

Table 7. TFresh-matter yields in Tons/Acre, October, 1959,

Treatment Fresh matter yields (T./A.)
807 1 + 80% P05 1.2l ,

80" ¥ +160% P,0c 1,50

807 W #2407 P,0g 1.62

8o 1 +320" Pyog 1.50

The yield of fresh-matter was noticed to increase with rate of PpOg
applied up to the rate of 240 1bs,/A. At the highest fertilizer rate, 320
Ibs./A. of PQOS’ the vield dropred slightly to the level obtained with 160
1bs./A. of Pp0E.

The plant material samples are being separated into legumes, grasses
and weeds for determination of the amounts of each species produced on each
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treatment. Also dry matter yields will be measured from these samples to
enable more complete conclusions to be obtained from this study.

Fertiliger Rate Trials on Kansan Till

Seymour, Lfowa

A fertiliger-rate trial was initiated in the fall of 1959 on a backslope
on Highway 55, 5 miles north of Seymour, Towa. The purpose of this study
is to determine the optimum fertilizer rate and combination of N and P for
establishment of vegetation on exposed Kansan till material.

The experimental area is 216 by 20 feet in size (120 ££.2 or 0,003 A,)
located on a west~facing 3:1 slope on exposed Kensan glacial till subsoil
material under a Seymour surface soil. It is located 917 feet south of the
Hwy. 55 and 2 intersection. This particular site was selected because of
the everness of the slope and due to the large amount of Kansan till material
exposed along with various other strata. The backslope face is transected
by several visible horizons of various soil materials., A topsoil layer of
0-2 feet of loess (Seymour siit loam) covers the top of the slope. Just
under the loessial cap is located a Li-6 foot wide layer of a distinct red-
dishferreto zone. The bulk of the exposed area was oxidized and leached
Kansan glacial till, however, towards the bottom of the slope, calcium car-
bonate concretions and depositions are noticeable, indicating the beginning
of an oxidized and unleached strata. Prior to applying the treatments, soil
samples were taken of each strata for analysis of nutrient content.

The area was then prepared for seeding by light tillage and harrowing,
The experiment consisted of a randomized-block design of 9 treatments and
i replications, giving a total of 36 plots. The following fertilizer treat-
ments were applied by hand:

1. 0-0-80

2. 0-80-80

3. 0-~160-80

L. 10-0-30

5. 10-80-80 (Same as Hwy. Comm. specifications)
6, 10-160-30

7. B80-0-80

8, 80~80-80

9. 80-160~80.

The fertilizer was lightly ralted in by hand and the following seeding
mixture applied broadcast:

Bromegrass - 10 1bs./h.
Orchard grass - 6
Timothy - L v
Lespedeza - 5 v

Alfalfa - 5



The area was again lightly harrowed and a mulch of 1% tons/acre of
straw applied by hand,

Observations will be made of early spring growth and it will be followed
through the growing season to notice plant cover density, plant and species
numbers, etc. Plant matter ylelds and cover density measurements will be
made, along with erosion control observations, to determine the optimum rate
of fertilizer application for vegetative establishment on this material,



HIGHWAY BACKSLOPE RESEARCH

Report on Agronomic Studies

1954 - 1956

Paul Peperzak ard W. D. Shrader®

Introduction

This report is an attempt to cover 2ll1 research dones by
the authors on the problem of highway beckslope vegetative
stabilization during the periokoanua?y 1, 1954 to April 1,
1956. This research was done under Project No. 1010, sponsored
jointly by the Agricultural Experiment Station, Iowa State
College and the Iowa State Highway Cqmmission.

Some of the data srd results have been previously reported
in:

a. Highway backslope vegetetive stabilization, 1954
Progreés Report in Agronomic Studics. Paul Peperzak and
W. D. Shrader.

b. Correlation of selecﬁed soil indices with plant
growthh on highway backslopes, Ph. D, Thesis, Iowa State College,
1956, Paul Peperzak.

In the course of the .present repert frequent references will be
made to the above papers.

Research done in the two year period, 1954-1956, included

the following:

# Formerly Graduate Assistant and Rescarch Assoclzte; and
Associate Professor of Soils, Iowa State College, Ames, Iowa,
respe. '



2,
3.

b,
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Three fleld expseriments were initiated and are still
being continucd. One of these experiments has furn;shed
pertinent data already.

Four grecnhouse experiments were initlated end harvested.
A survey of problem soils exposed on highway backslopes
was made.

Plant and soil samples were collected on 55 sites within
these problcm materials.

A total of 254 soil samplces thus taken were enalyzed on
both physicel and chemicel characteristics.

On the basis of these snalyscs, probliem solls were
described snd cheracterized.

A statistical anslysis was made to determine possible
relationships tetween the selscted £0il Indlces and

rlant growth on nighway backslopes.

A fairly well defincd reseerch plen was herewith completed

and it is nrow felt that a summsry of 211l date and rosults

obtained in this study will Tirove both desirable and informative.
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received durlng the course of the resesrch program.

Statement of Problem znd Objectives of Regearch Program

The problem in highway backslope revegetaticon is one of
excessive costs mainly. Costs involved in maintaining back-
slopes, (seceded or not secded), which are easily eroded; and
costs involved in high seeding retes arnd in weed control.

All of these costs might be reduced if a vegetative cover
could be established repiily so that crosicn is prevented;
reseeding is unnecessary and weed growth is limited,

Thus, the objectlve is the repii cstablishment of a
vegetative ccver on becksicopes cut in different meteriels,

A study of optimum seeding retcs and mcst sultable mixtures
for each of the major subscil materials is 2 botenical one end
has been handled by the Boteny Deportment, I. S. C., under the
seme projsect.

It 1s our problem to investigate which 1s a favorable
environment for plent growth on these materislis. It is,
thercefore, necessary

1. to know the materizls (see Introiuction 3, 4, 5 and 6)

2. to study the correletion of existing piant growth with

. the soil meterisls on which it was found (Introduction

4, 5 and 7)

3. to try to improve plent grcwth on these soil materials by

additives--fertilizers and/or soil conditionerg—-

(Introduction 1 =nd 2)

It will be seen that the prcblem has indeed been approached

from these three angles.
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EXPERIMENTAL

Problem Aress, Occurrence and hxtent

It was noticed, during e prelininery survey of highway
beckslopes, thet those which were cut and seeded prior to 1948
usually hed a dense vegetative cover. A 2 to 4-inch leyer of
topsoll has becn formed on these older cuts, so that differences
in plant growth between different s~il meterisls are usually
obliterated,

For the present study we cxemined especlally those slopes
which were cut and seeded rether recently, say in the lest five
years, and which showed a wide varisticn in subscil materlsls..

A summeary of thls survey crpyerrs in Table 1.

[0}

From the listing 1t 1s cbviocus thet vroblen erees especially.
cccur 1n western and scutiiern I-we. The almost level topography
of northern Iowa-=-with the exception of the stzsep slopes and cuts
in calcarecus rock meterisl in the northeastern psrt of the
State--excludes by its very nature the construction of backslopes
of eny significant size in the course of highway building.

Twe distinct patterns of beckslopes cen be found within
the problem sress. Eoci occurs in its own specific geographic
region. The boundary between the two regilons falls roughly
glong U. S. Highway 71. This boundery is spproximately the same
as the cne which limits the depnsit of decp loess (over 200 inches)
In western Iowa.

Highwey backslopes west of this boundery expose high cuts

in deep, mostly calcareous, loess, coverlaying calcarecus till.
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If insufficient vegetation has been established on these slopes,
severe erosion may occur, especially in the deep loess materilal.
Tili exposures in this area seem to suffer severe erosion only
when they are of pronounced sandy texture or when large sand
pockets occur.

Backslopes in thils category carried, in general, a fair to
poor vegetation on the different weathering zonés of loess and
till. Good vegetation was mostly observed on the oxidized and
calcareous zones in either loess or till. Of the two plant
species, bromegrass end alfealfa, bromegrass seémed to prevaill
on lecached loess. Bcth specles cccurred in almost even
proportion ¢on all other soll meterials,

In the second region of the survey, aprroximately east of
Highway 71, backslopcs often glve large cxposures of till in
meny stages of weathcring, covered by locss material to various
depths. Erosion occurs especislly in the more sandy materials
and it may become sericus on ordinery till if no satisfactory
vegetatlion has been established within = few years after grading.

Vegetetion usually mekes a falrly satisfactory growth in -

"thls zrea except on these specific problem zones which may
constlitute 2 large percentege of a beckslope surface., Plant
growth may be virtualliy nil in such cescs.

Slightly weathefed ti1ll wateriel suprorts, in generzl, a
falr to good vegetation, but it epperrs thet growing conditions
must be made almost ideal by a strict following of stendardized

seeding procedures in crder to insure a2 rzpid establishment of
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plant growth on these soils. The results of field and greenhouse
experiments have indicated that apﬁlicetien of fertilizer,
especlally of a combination of nitrogen and phosphorus will
greatly speed up this pfocess.

The best growth 1s, in generel, observed on the loess
material overlaying the ti l. Thers is =n indication that
vegetation on loess in this region is more luxurious than that in
the western part of the state. A higher degreec of weathering,
giving the materials properties which may maks them more like
meture solls, may account for thils phianomencn,.

Alfalfa and bronegrass occurrad tc aquel extent on the loess
weathered till material. Brcmegress sppzared to be the dominant
species on leached locss. In tloc case thaat any vegeteotion at all

was present on ferretto zmes snd B noriz-ns <f surficizl soils
]

)]

breomegrass plants again cutrumbsred alf=lfa,.
[am]

0

A generalized profile sequerce in thls arca includes the
following zones end horizons: (1) surficisl scil, (2) B-horizon
of surficial soil, (3) oxidized and lesched loess, (4) oxidized
and calcareous loess, (5) fossil A, horizon, (6) ferretto zone
(fossil B horizon), (7) oxidized snd lcezched till, (8) oxidized
and calcareous till, (9} un-oxidized end calcarcous till.

An almost simllar prefile may include gumbotil instead of
a ferretto zone.

One or two feet below the tcp of o backslope one may find
fairly poor growth on the exposed B, herizon of the surficial
soll. Not more than a scanty vegetation is usually supported by

the three problem materials which can be found below the present
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B, horizon. These materizls are a distinct very light gray or
white (when dry) fossil A, horizon, o contrasting reddish-brown
ferretto zone and a gray gumbotil zone with plastic sticky clay
when wet or hard and cracking when dry.

Un-oxidized till may occur in the lower part of o backslope.
Vegetation on this materilal 1s in most places feir, but always
for less satisfactory than it is on the oxidized material
immediately above it., Extremely poor rlant growth was observed
in a few lnstances on un-oxidized till, but it is believed that
cther clrcumstonces rather then unfaveraovle soil conditions are
to be blamed for this condition.

T™wo other kinds of material havs besn surveyed and sampled
which, however, do not strictly belong in the above-described
pattefnu

Some slcpes expose brth acid end non-ocid shale material,
Growth 1s extremely poor cn the acll meterial and falr to poor
on tne non-zcid shale,” Exposures of shiele on highway backslopes
are not of common occurrence snd nave, therefore, been little
studied in this connection.

Sendy materials have becen an object of study, either in
the form of seolisn sand ncer big rivers or in the form of
colluvium at the foot of backslopes in drift material, Plant
growth on these materials 1s irregulesr and renges from very poor
to excellent. This difference in growth appears to have been
caused by a wide renge in sgoil physicael and chemicel properties

within this group of seemingly like material,
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Characterization of Majorvlndividual Zcnes in Backslopes

Of 241 samples taken, at 55 sites (see figure 1 snd pp.
142-147, reference b,), from differcnt backslope materials, 192
samples were sclected as representative of spvecifie zones.

Averages of analytical data* sre given in Tables 2 to b.
Till and loess materiels are here dlvided into their distinct
zones of weathering. Data for oxidized and calcareous, oxidized
and leached and de-oxidized and lsached loess are, moreover,
separated according to their gecgrsnhic lecestion,

Till matericl., As a group thkils materisl includes all t11ll

in which weathering has progressed but i1ittle, Ferretto,
gumbotil and fossil Az'horizons, oriminally develcped from till,
are not included in this group but will be described separately.
Till materials are, in zenersl, loany and include sandy loams

end clay loams. Color range from dark olive gray for un-oxildized
zones to yellowlsh breown for oxidizel stages.

Values for volume weight zrl aggregeticon for all till
samples appesr tc be higher then the averzge of the baékslope
raterials. Eighty percent of the s=mples fell in the lower
category of totel porosity which is mestly dus to a generel
lower capillary rorosity. Wilting percentege 1s on the low side
while 2ll but 10 percent of the semples f2ll in the two lower
intervals for moisture equivalent. (M. E. 24.65%). Available
water as reasured by (M. E. - W. P,}) is, consequently, lower

than average. Initial nitrate snd nitrifiable nitrogen are

*¥Individual analytical data are presented in the Appendix
of reference b: pp. 148-182.
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slightly higher than average while avallable phosphorus shows
a relatively even distributicn, except for the fact that only
6 percent of the samples have more available phosphorus then
3 lbs./acre. Seventy-three percent of the till samples have a
pH higher than ?7.25. The lerge number of samples with low
cation exchange capacity, low exchangeable hydrogen, low total
exchangeable bases and high base saturaticn is apparent from
frequency distributions of enalytical values (see reference b:
pp. 41-50).

Loess material. Texture of loess materizls in the surveyed

region ranges from silt lcem to silt; c¢lay loam depending on
location and degree of weathering., Cclors vary from‘yellowish
brown and light clive brown for the cxilized state, to light
brown gray and light olive for the de-oxidlzed zomes.

Eighty percent of this meterinl hes ylelds which fall in
the upper two yield classes =8 was 2180 observed in the case of
t1l1ll materials. A further comuerison with till reveals that
many of the attributes cf loess arc complerentzry to those of
till., This 1s especially striking in the case of send and silt
content, volume welght, the variocus moclsture percenteges,
aggregation, tctal porosity ond svallsble phosphorus. This might
“indicate that & high intercorrelatiom exists between these
faétors, the primary cause being loceatesd in textural differences.
Thus, 1n the case of loess, ¢cne may expect that low sand and high
silt contents can be releted to low volume weight, a higher water
avallability (as measured by M. E. = W. P.), a lower percentage

of water stable aggregates and a high total porosity. It is ... °
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doubtful if the amount of available phosphate is directly
related to the texture per se. It might be explained by the
fact that the major phosphate carrylng mineral, appatite, occurs
in the silt fraction predominant in loess.

All other chemibal characteristics follow a relatively
even distribution except for the cation exchange capacity. With
50 percent of all loess samples having a clay content of 20-29%,
a rough calculation glves an average cation exchange capacilty
for this clay fraction in the neighborhood of 80 me. Assuming
that organic matter is practically absent, this indicates that
clay minerals present in loess must be largely of tne mont-
morillonite typee.

Tablc 3 snhows some obvious chenge in properties of oxidized
loess material with the degrec of weathering. This is recog-
nizable not only.by the degree of leaching but also by the
geographical location of the locss materials. Previous authors
have found that weathering in losss hes vprogressed with the
distance between sourcec and location of depdsit. The present
findings indicate that leachcd loess has a lower sand and higher
clay content then calcareous loess, |

The most prominent differeonces betweeﬁ calcareous and leached
loess are increased aggregation (from .019 mm. to ,398 mm.),
wilting point (from 8.9% to 13.9%), moisture cquivalent (from
22.7% to 26.5%), and cetion exchenge cepacity (from 15.1 me., to
20.2 me.).¥ All these incresscs may be correlated again with

a simultaneous increase in clay content (from 15.5% to 28.3%)

*¥Figures quoted here refer to loess materisal 1n the eastern
part of thc state, but similer differences are observed in the
western part.
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which in this case does not seem to have been affected by
deposition but by increased weathering. A further increase in
clay content and a relative decrease in aeration and caplllary
porosity 1s caused by difference in distance between source and
locaticn of loess deposits. A remarkablc decrease in avallable
potassium occurs also from west to east, both in leached and
unleached loess.,

B horizons. Materials included in this grcup may have

developed under different conditions of plant growth (grass or
trees) and may belong to quite differen’ soll types., Hetero-
geneous though they may be, they ars grouped here together
because they may have several fretors in common with respect to
re-Vegetation of backslopes. They sre, in genecral, of silty
clay loam texture ond renge in cclor from dark yellowlsh brown
to light gray bfown. 411 B heorizons studied appeared to have
been developed from loess, Conssquently, they mey be consildered
as loess zones in which weathering has progressed té a great
extent.

Texturally, they contein an average of seven percent more
clay than the oxidized lecched lcess In eastern Iowa. Due to
their higher clay content they have = higher aggregation, lower
aeration porosity, higher wilting poi=nt and moisture equivalent
and higher cation exchange caopacity then 1s aversge for loess
materials.

Average values for B horizens (Table 4) as compered with
those for oxidized or leached loess {(Table 3), however, reveal

that both groups of moterials are very much alike in soil physical
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properties. In thils respect it is interesting to note that even
though the B horlzons have a2 distinctly higher clay content, the
total content of fine material, silt plus clay, is approximately
the same in both cases. One might infer from this that physical
conditions are as well determlined by the total silt and clay
content as by the clay content alone. The 1arges£ difference
between B horizons and oxidized and leached loess occurs in the
content of nitrifiable nitrogen which is only 5.8 lbs./acre in
B horizons as compared to 21,0 to 38.4 lbs./acre in the latter
group. The average phosphorus content of B horizons 1s remarkably
high in comparison with that of all‘other backslope materials.
Another high value occurs in the form of exchangeable hydrogen
(5.3 me.) which 1is only second to that in acid shales (8.5 me.).
Base saturation percentage and pH are, consequently, exceptionally
low and follow the simllar relstiomships.

Buried A2 horizons. These burled solls have been formed 1in

till either under grass or forest vegetation. This light-colored
material (yellowish brown to pale olive and with occasional light
gray fine mottling) has a wide range in texture from silt loam
via loam to sandy cley loam. Similaritles between A, horizons
and till material, from which they may in part be derived, may
be observed from the frequency distribution of the samples,
Notable deviations occur in aggregation, moisture equivalent and
available water (M. E. - W, P.).. The nature of Ay material
warfants comparison with average values of leached till zones.
Aggregation appears to be far less and volume weight 1s somewhat

higher in the case of Ap materizl. Wilting point and moisture
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equivalent are indeed lower but the difference between these two
values yilelds an amount of available water which 1% almost equal
to that in oxidizedlleached t1ll. Porosit& date are slightly
lower too. Average data for nitrogen and potassium indicate

the extremely leached and chemically poor character of these Ap
meterials. Nitrifiable nitrogen content in Ap horizons is 4.3
lbs./2cre as compared to 29,6 lbs./zcre in oxidized and leached
till. Availeble potassium is likewise decreasced from 257 1lbs./
acre to 119 1bs./acre, Compared with leached till, there is a
larger difference in cation exchange cepacities (from 17.2 me.
for leached till to 12.0 me. for A, materials) then in exchange-
able hydrogen (from 1.8 me. to 2.0 me. respectively) resulting in
a lower percent base séturation for A, material.

Ferretto zones, DBoth ferrctto zonss and gumbotil are

highly weathered zones of meximum cley accumulation comparable
with B horizons in modern soil proflles., The differcnce between
ferretto zones and gumbctil seems to be caused by prevalling
drainage conditions and vegetation at the time of formation.
Ferretto zones included in this survey have materials of
clay loam texture, which often times grade into the more sandy
loam and loam classes. Their colors vary from brownlish yellow
and yellowlsh brown to strong brown, mostly variegated with red
and yellow red. They are somewnat richer in clay than the till
material from which they are derived. Consequently, they have a
higher than average willting point and molsture egquivalent but
are like till in total water availsbility (M. E. - W. P,). Most

(75%) of the ferretto samples have an aseration porosity lower
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than 8,6 percent and a high capillary porosity. This again is
in apparent correlation with their high clay content. Compared
with ordinary oxidized and leached till (Table 2) ferretto
materials appear to have a lower value for water stable aggregates
(.380 mm. versus .633 mm, in leached till) which in this instance
might be related to a higher degrec of weathering, A similar
rclationship of decreesed aggregetion with degree of weathering
was noted szmong the verious weathering groups of till.

Average values for nltrogen and phosphorus are even lower
than those for A; materials, snd are, as a matter of fact, lower
than in any other backslope material with the exception of shales.

Catlion exchange cepacity is approximately 25 percent higher
than in oxidized and leached till, but is 2lmost the same 2s in
the deoxidized and leached till,

Cumbotil. Materlel belonging to this group is generally of
distinet clayey textufe. The color isllight brownish gray or |
light olive, variegated in diffcrent degrees with yellow, yellowish
brown, strong brown or yellow red., It may easlily be distinguished
from ferretto meterial by its color =nd texture., Its clay content
is considerably higher then thet of ordinsry dc-oxidized leached
till, with which it may be compared and is, in fact, meximal in
comparison with eny other backslope material (with the exception
of the two non-acid shale samples). Ninety percent of the sampled
gumbotils hed cley contents higher then 36.9 percent, while the
average clay content was 48.2 percent.

Volume weight (1.37 gr./cc.) is about 10 percent less than

that of any of the other till meterisls including ferretto, Thils
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may-be attributed to its high cepillary porosity. Aerstion
porosity is as low as that of ferretto material, Aggregetion is
between that for ferretto snd de-oxidized 2nd leached till.
Wilting point, moisture equivalent end meximum weter a2vallability
are higher than for any other meterial found on backslopes. The
averzge value for wilting point 1s 21.2 percent and for molsture
equivalent, 37.5 percent. As in all problem materisls, nitrifiable
nitrogen is low. Aveilable potessium is very high for till-
derived moterial and cation exchenge coprctiy (averszge of 25.8 me,)
appears to be again a2 nmaximun vélue. Both high velues may be
explained by the high content of, presumsbly, highly weathered
clay material,

Sand material. This group contezins rathor heterogeneous

material (as has been noted before), but due to the distinct
textural feature of very high send, associated with low clay and
silt contents, it is interesting to observe possible simultaneous
chenges in various soll properties. The following close corre-
lation with texture may be observed: A high average volume
weight of 1,60, a value which was found only in buried A, material;
extremely low averages for wilting peint (3.1%), moilsture equiva-
lent (7.2%), M. E. - W, P. (4.1%), capillary porosity (18.1%) and. |
total porosity (35.7%); and = simultaneous maximum average value
for aeration porosity (17.6%). None of these values is equalled
by those in other soll materials except for total porosity which
is minimal in the cese of As material (32,4%). The contents of
initial and nitrifisble nitrogen are remarkebly high--as a matter

of fact, maxinzsl--while available potassiurm is second lowest, with



-16~
139 1lbs./acre, after that in A meterial, with 119 1lbs,/acre.
The cation exchenge capacity 1s, according to expectations, qulte
low (6.3 me.).

The cclor of these sand meterisls is predominantly light
olive brown indicating the presence of some orgenic matter, which,
in its turn, acccunts for the high filgures for nitrogen.

Shale. A few of the prominent features of this materiel
will be discussed here even though only two semples of each kind,
acld end non-acid shale, were obtained.

| The acid shale materisl 1s gray brown or yellowish brown
and of clay loam texture, In physical cherscteristics it is
.much like t11l. The distinet feature is, of course, its acidlty
recognizable by low pH (4.6), high exchangeable hydrogen (8.5 me.)
and low base saturation (36%). Vegetation is obviously limited
due to this high acidity which may be toxic to the plents. The
high phosphorus content (7.8 1lbs./acre) is curious.

The two samples of the non-acid meterisl were dark gray-
brown and olive respectively. Both had a clay texture with en
average maximal amount of clay of 55.8%. The usual prcperties of
water percentages and porosity are again correlated with this
high clay content.

From the above discussion on soil meterlals it 1s quite
obvious that many of the measured soil properties are intercorre=
lated. It sppeers thet many of these correlations esre caused
primarily by associaticn with speclfic textural features. These
agaln eappear to be lergely deﬁermined by the way in which depo-

sition of the material occurred (in the cese of loess materials)
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or by the degree of weathering to which the material has been
subjected,

Creenhouse Experiments

HG 01l. The effect of addition of fertilizers =snd soil con-

ditioners to four different backslope soil materials on plant

growth thereon. The four soll materials used in this experiment

wére: gumbotil, oxidized Kensan till, calcareous loess and aeolian
sand., Plant growth was measured with sudangrass as indicator
crop. Detalls and final results of this experiment appeared in
the first progress report (reference a: pp. 9-19).

A statistical analysls of the results is gilven in Tebles 5
to 8. Fertilizer and conditioner trestments, singly and in
combination, resulted in highly significant increases in plant

growth on all solls, except on Kansan till., On this material

conditioner treatments falled to improve plant growth, probably

- because of the coarse and loose¢ pseudo-aggregated structure of

this soil material even without treatment with soil conditioners.
On gumbotil all fertilizer treatments including nitrogen

appear to increase plent growtn significantly; end if in combi<

natibn with phosphate, ylelds of vlant tops are roughly four

times as high as those of the nltrogen treatment alone,

Simlilar results are obtained on seollan sznd: nitrogen and

phosphate in combinaticn give yilelds which are double of those of
the nitrogen treatment alcone.

Plant growth on Kansan till 1s especially helped by the

addition of nitrogen and phosphate in combination. Nitrogen

alone falls to give an appreclable increase here.
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Yields on calcareous loess are doubled by an addition of

phosphate alone, but are again tremendously increased by en appli-
cation of nitrogen and phosrhate together. Nitrogen alone has
apprarently no effect. |

' Except in the case of gumbotil, which already has a high
K-content, addition of potash to the N + P fertilizer appears to
increase somewhat the effect on plant growth,

All conditioner treatments increased yields on gumbotil,
but the increase was significant 6n1y in the case of the F2 con-
ditioner (a latex preparation).

Resin powder, used as soil conditiéner, gave marked increases
in plant growth on both the loose textured materials, loess and
sand.

All other conditiconers improved growth on send, but none of
the conditioners had any appreclably effect on Kansan till.

Interaction between fertilizers and soil conditiloners were
significantly present on all solls except on Kansan till agaln.
Individual data (see reference a: pp. 14-17) show that combi-
vnation of fertilizers and conditloners are especially successful
where the right fertilizer mixture has been used (see above
discussion on fertilizer effects).

Root growth (see reference a: pp. 10, 14-18) showed in most
cases relative increases due to fertilizer and/ or soil con-
ditioner treatments in a similar fashion as top growth. Per-
centage wise, however, increments in root growth were half as

large as those in top growth.
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HG 02. The effectvof fertilizer«-NP 2nd NPK--zdditions to

gumbotil and oxidized Kansen till on plant growth thereon.

Details end results of this experiment heve previously been
reported in reference a: pp. 19-22. Two indicator plents were
used: sudengrass and rice.¥

Both wet and dry weights of plant tops were recorded. Wet
weights secem to give o better measure of-plant growth, as 1t
includes the water teken up by the plant under actual growing
conditions.

An analysis of veriance plus summery of averages of plant
weilghts (sudangrass) on gumbotil is presented in Table 9.

The anslysis shows thet nitrogen alone has 2 definite
effect on plant growth, which appears to be increased when phos= -
phate 1s added to the nitrogen. Phosphaté additions slone in-
erease vegetative growth too; the effect is, however, not
significant,®# ‘ 7

In gener=l, it may be concluded that increasing phosphate
applicetions did not improve plent growth st 2 low nitrogen level
(N1)e At higher nitrogen levels (Np & N3, 200 and 300 lbs. N/A

resp.),

#In view of the snomelous behavior of rice in this experiment,
we wlll exclude the results obteined with this indicstor plarnt
from the discussion.

#%#Tn this series of experimonts veriation between individual
pots was so large thet, together with the small ﬁumber of repet-
itions (2), it was virtually impossible to obtain differences

which were statistically signiflcant,
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however, increased pnosrhate apnlications result in successive
increments in growth. The highest level of combined nitrogen
and phosphate (NBPB = 300 1bs, N/A + 300 1bs. P205/A) more than
doubled plant growth in comparison with the NjP; treatment.

A second part of the same experiment involved oxidized
Kansan ti1ll. An analyslis of a pert of these data is given in
Tables 1l0a and 10b,

Even thdugh the anelysis indicates significent effects,
there are few significant differences between individuzl treat-
ments or lévels, due tc the relatively large varience snd stend-
ard deviation,

An increasse 1n nitrogcen levels alone dccreases plant ylelds
insteed of increasing them. Incressed phosphate spplications,
however, result in large increments in plant growth.

Interaction between nitrogen and phosphate is such that,
in combination with higher phosphate zpplications, increased
nitrogen levels cventuslly have a positive effect on plent
growth. From this it would eppesr that the right balarced comtl-
nation of nitrogen and phosphate is of the utmost 1ﬁportance
in the case of Kensan till,

Similer conclusions may be drewn from Teble 10b where
successlve increases of the NP level result in yleld increments
from 21% to 134%. A rclatively low applicaticn of potash
(K3 = 100 1lbs. KZO/A) irproved plant growth slightly to moderately

at each of the different NP levels.
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HG 03. The effect of fertilizers and soil conditioner

on the growth of sudangrass on four subsolls and one topsoil,

The four backslope materials in thls experlment were:
1) unoxidized till, 2) gumbotil, 3) ferretto and 4) buried
Ar. Plant growth on these (poor) subsoils was compared with
that on a relatively fertile Tama topsoil.

Treatments were chosen on the basis of the results of
the two previous Zreenhouse experiments: HG Ol and HG 02,
and on the chemical analysis of each soil material separately.

Chemical Analysls of Soil Materilals
Used in Experiment HG 03 & HG 04

exche H C.E.C. inlt N avail P avall X moist

Soil material PH me/100 me/100 (1lbs/A) (lbs/A) (lbs/A) egquiv,

gr. gr. (50
Unoxidized Till 7.4 0.00 2.1 3 <1 208 13,0
Gumbotil 7.3 3.30 26.2 6 L1 296 31.5
Ferretto 5,85 2.72 15.7 a <1 124 18,4
Burled A, 5.3 3.58 8.0 3 L1 84 15.6
Tama topsoil 5.95 7.22 - - - 710 -

The fertilizer treatments included combinations of
N3 (300 1bs N/A), 4 levels of phosphate (100 to 400 lbs.
P205/A), K (different zmounts of =added potesh, depending on
avalleble K in soil meteriel; meximum total amount = 300 lbs
availeble KZO/A) and minor nutrients (B, Mn, Zn, Cu, Mo and
Fe). The conditioner employed in this experiment wes powdered
resin, the same 2s used in HG Ol (R). PFrom a preliminery
laborestory experiment, 1t wes dctermined thet addition of
resin at the rate of 0.2% of totel soil weight at molsture

near
equivalent gave/optimum sgegregetion end aggregate stability.
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A summary snd snrlyses of verliance of the results of
this experiment sre given in Tables 11-17.

A glance at Tetle 11 shows thet the proper combinstion of
fertilizers may boost yields on subsoils as high as 22 times -
those of the check treatments. Off hend, 1t seems that the
addition of soil conditioner does not greatly improve yields,
except where the fertility status 1s at an optimum, In that
case, conditioner may sizably increase the already relatively
high growth response. |

It also appears that with bptimum fertilizer additions,
plant growth on these subsoll materials may be almost as good
as on the fairly fertile, but non-fertilized, topsoil. This
point especlally is of importence since it proves that--apa:c
from the dlsadvantage due to slope-éthese subsoils have the
capaclty to support a decent vegstation, provided that thelr
fertility is raised to e sufficient level.

Tables 12-16 indicate the effects (znd their significance)
of the different fertilizers end conditioner singly or in
combination on the plsnt growth on each of the various soil
materials.

The resin effect, teken over oll fertilizer treatments
including nitrogen and the control treatment, is significent
only in the csse of burled Az soll mesterial. The lack of
natural aggregetion of this closely-packed fine silt material
explains, of course, the beneflcial effect of a soil coh-
ditioner in providing a better eeration for plant growth. The
average effect of resin over all combinations with N3P3

(NoP,, NoP,K and N.P.KM) is =lso significent on the same soil
3732 733 33
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material; so are the interactions of the conditioner with
several fertilizer combinations.

The only other soil material which showe some response,
though non-significant, with resin is the unoxidized till.

In this case, however, the effccts are negative, instead of
positive. The release of toxic substances from the till
material may be ths cause of this adverse effect.

Nitrogen alone gives no significant incresse in plant
growth except in the case of the topsoll. Phosphorus alone,
however, has on all solls a highly signifioant effect, which
is even increzssed by nitrogen on the ferretto material and
topsoll. The phosphorus effect 1s the highest of all effects
on unoxidized till and gumbotil.

Table 17 gives an estimate of the linear response of
plant'growth on all soil materials to five successive levelé'
of P (each level represents an increase of 100 lbs P205/A,
starting with zero).
| Unoxidized till and gumbotll experience a significant
linear effect, but on all solls, including these two, P has a
highly significant residual or curvilinear effect. The top-
soil forms a notable exception:; the linear effect of P is
highly significant but small (.0380), and the residual,
curvilinear effect 1s non-significant.

The effect of potassium, averaged over the N P level, 1is
significant but negative in the case of unoxidized till. Om
the other low-K soil materials, its effect is positive but

not significant.



-2l

Minor elements, aversged over the N3P3(K) level, are
Inconsistent in thelr effects on plant growth. The effect is
negative on unoxidized till, ferretto and topsoil, and positive
on gumbotil and burled Ap. The effect 1s significant in the
latter case only.

Tne combination of nitrogen and phosphorus has already
been mentioned. The combined effect is highly significant
on 2ll soil materisls and is usually of the seme order as, or
higher thah, the offect of phosphorus alone (averaged over the
same N level).

The addition of potash to the NP combination glves an
increased effect both on ferretto and buried Aé.

Addition of minor elements to the NP level glves a
higher effect on ferretto, but this effect 1s lower than
that of the NPK combination. Something similar happené in
the case of gumbotil, where the NPM effecct is higher than
the NP effect, but lower than the effect of P slone. Burled
Az is the only soil material which gives an increased response
to the addition of minor elements: the NPKM combination has
the highest effect of 21l combirstions on this subsoil.

Summerizing these results, it appesrs that plant growth
on 2ll subsoils shows a highly signiflcant response to the
addition of a_combined N end P fertilizer. The combinaticn
.of 300 1bs N/A + 300 lbs PZOS/A seems to be very sulteble.
The level of phosphorus may even be reised znother 100 lbs/A
In the case of unoxidized till and gumbotil, in view of the

linear response on these subsoils.
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Addition of potash and minor elements may give an extra
response on ferretto and buried Ay material, Soil conditioner
may improve the structure of buried Ay material considerably
at the higher fertility levels. This last point may be
important in case an 0ld backslope has a satisfactory vege-
tation, except for that zone. Simultaneous addition of
conditioner and fertilizers may eliminate this "bare zone."

HG 04, The effect of fertilizers and soil conditioner on

the growth of zlfalfa and bromegrass on four subsoils =nd one

topsoll, Soil materials, fertilizers =nd conditioner were

the same in this experiment as in Experiment HG 03, with the .
exception that lime wes edded to three soills with pH lower
than 6.0. A factorizl design was used as much as possible, but
several treatments, such s phosphorus levels and minor
elements, were added in non-~-fectorisl combinations.

Tables 18-22 give the results in dry weights of plant
foots and tops. Agein, 1t may be seen that many combinations
of fertilizers have 2 tremendous positive effect on plant
growti, 1lncreasing both top and root growth. It is also
evident thet the ratio of 21felfa 2nd brome vegetation can be
changed or controlled by diffcrent combinations of fertilizers.,
The same is true for thc ratio of roots to tops.

The combination of nitrogen and phosphorus gives large
increases in plent growth, both slfalfa end brome, on all
8011 materials, Total plent growth 1s incressed by addition
of scil conditionecr ard other fertilizers, besides N and P,
only in the case of ferrctto and burled Az. Growth of

bromegrass alone is notably impreved by the RN2P3KM treatment
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on unoxidized till. Addition of lime and potash to the
N2P3 combination on buried Az boosts top growth of bromegrass
from 8 to 24%.

The ratio of a2lfalfa to brome is roughly 70:30 on =2ll
so01l materials, except on gumbotil where it is 45:55. FPhos~-
phorus alone, or in combination with lime or potash, increases
especlally alfalfa growth so thet the ratio approaches 290:10.
Nitrogen combinatiocns tend to shift the ratio somewhat 1in
favor of bromegrass. Rarely, however, 1s the weight of brome
tops larger than that of alfalfn tops, at least with the
particulaf seeding ratio used in this experiment.

Root growth follows top growth cldsely end is incressed
by the seme favoratle fértilizer combinations., S0il con-
ditioner has e speclal lerge effect on root growth on unoxldized
till and ferretto, Addition cf lime, potash 2nd minor elements
to NP combinations increrse root growth snother 30 to 100%.

Totzl weight of rcots is, in most casss, 60 to 70% that
of tops, ekcept on buried 42 and Tama topsoil where root growth
exceeds top growth by 20 to 3C%. The retic of roots to tops
is almost doubled on_uncxidiied till by the addition of soil
conditloner tc the N2P3KM treatment, This effect 1s nct
seen on eny of the cther soil materials.,

Tables 23-27 present the cnalyses of varliance of the
factorlial treatments, including N end P treatments, and--
some=~=-21ls0 K and/or L trestments. Nitrogen alone has, in no
cese, 2 significent effect on alfalfe top growth as is to be
expected., The effect on brome tops (end roots to a lesser

extent), however, is highly significsnt in all cases. Phos-
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phorus azlone has a high positive effect on alfalfa and brome
top and root growth on all sclls. The effect on alfalfa tops
is higheét on unocxidized till (5.0275), on brome tops and on
roots 1n the case of gumbotil (2.1517 and 4.,7633, respectively).

The only significant effect of potash alone is on root
growth in the case of ferretto, while the effect on rocts on
buried Az is even higher but non-significant (.8554 versus
.7621).,

Lime alone glves sligniflcant effects on buried Az
(alfalfa tops: .7596) end Tama topsoil (alfalfa tops: -1.3525;
brome tops: 1.?517} roots: =3.3958). It should be noted that
the effect of liming on the topscil is largely negative.

Of the fertilizer combinaticns, 1t is again the NpPj
interaction which yields the highest results on all subsoil
meterlals, especially on breome tops and total roct growth.

The only other combinstiocns which merit attention are:
NoLK on alfalfa tops (.5692); P3K znd NpoP3K (.7429 and 4846,
respectively) on ferretto; LP3 end P3K on alfelfa tops on
buried A, (.7321 and .5662, respectively); and NoL on brome
tops on the topscil (1.1233).

The analysis of varlance of phosphorus levels 1s given
in Table 28. As in the previous experiment, unoxidized till
and gumbotil are the only two subsolls which show a linear
response of plant growth to successive levels of phosphorus.
The effect is largest in the case of gumbotil. Curvilinear
effect of P-levels is highly significant for all plant growth

on ferretto and for brome on buried Ap,
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The effects of minor elements and soll conditloner alone,
taken over a full nutrient level, are presented in Tables 29~
32, Table 33 gives the same, including the effect of and
interaction with lime on topsoil. Soil conditioner fails to
‘exert a significant effect on gumbotil but increases brome
tops (and roots) apparently on all other subsoils. Only in
the case of burled A; can one find a significent effect of
miﬁor elements on plant growth; but the effect 1s positive
in the case of alfalfa and negative on brome, resulting in
a non-significant effect on root growth.

The effects of liming the topsoill on plant growth are
largely negative, except on bromegrass where both lime and
soil conditioner, but not their interactions, show a high
positive effect,

The results of this experiment lead, in general, to the
same conclusions as in Experiment HG 03. The advantage of the
present experiment 1s that the same plant specles were used
as are actually employed in backslope sceding so that these
results are directly applicaeble to the establishment of a
vegetative cover on highwzy backslopes.

We arrive to the following conclusions:

1. A basic fertilizer mixture of 200 lbs N/A + 300 1lbs
P205/A is ideal for = rapid and dense esteblishment of a mixed
alfalfa-brome vegetation on the ma jor subsoil materials as
exposed on highway backslcopes.

An additlonal 100 lbs P205/A may give a more luxurious



rlant growth; but since we are alming at a sufficient vege-

tative cover and not at a.maximum yield, the N2P3 combination
1s at least as good as the NP4 combination and more economical,
2. Addition of 200 1bs K20/A to the basic NpP3 combi-
nation will increase especially root growth on ferretto and
buried A, zones. These two zones are ususlly located side
by side, which makes a specisl treatment more convenient.
The heavy gully-erosion usually occurring on theseAmaterials
emphaslzes the lmpertence of extre root growth, |
Je Further addition of lime, minor elcments end soil
conditionér may give additional incresases in plant growth.
This seems, however, unnecessary from a practlical as well
as from an economic sténdpoint, since the vegetative cover
obtained before the zdditicn of these "extras" appesars to be

fully adeguate.



Teble 1 .

Occurrence and extent of highway backslopes

of problematic nature

21 (State)

Deecp River

Highway -
Number From: To:
1 (State) Kalona Washington
1 (State) Washington  Brighton
1 (State) Failrfield #16 (State)
2 (State) Sidney Shenandoah
6 { US ) Colfax Newton
6 ( US ) Newton Grinnell
14 (State) Monros Red Rock
14 (State) BRed Rock Knoxville
14 (State) Knoxville Charitcn
14 (State) Chariton Corydcn
15 (State) Eddyville Ottumwa
16 (State) #218 (US) Denmark

What Cheer

Classifi-
County cation®
Washington BC1
Washington ch
Jafferson/
Ven Buren ch
Fremont C4
Jasper CDL4/6
Jesper ch
Mepricn B2
Merion Cch
Marion/Tuces BCD4
Lucas/Wayne  BCD4/6
Wescilo BC4/6
Lec BCY4
Poweshiek/
Feokuk RChL

oo STWOREDQE I ®

Classificetion

level country, no cuts

low cuts (<£151)

medium high cuts (15' - 30!)

high cuts ( >30!')
vertical cuts

graded, no vegetetiom

just seeded

new vegetation, poor take, bare zones
old vegetation, pcor teke, bare zones

new vegetation, fair
cld vegetation, fair
new vegetaticn, good
cld vegstaticn, good



Table 1,

Highway
Number

137
141
141

141

148
148

169
169
169
169

183
212
268
273

(State)
(State)
(State)

L X an W an N
(=]
nn
S Y N N

(State)
(State)

(State)
(State)

(State)
(State)
(State)

(State)

(State)
(State)

(State)
(state)
(State)

(Continued).

of problematic nature

Occurrence and extent of highway backslopes

From:

#6 (US)
Greenfield
Quimby

10 mi. W. of
Albla
Ottumwa
Lockridge
Mt, Plezssant

Soldier

Cherokee
Wapello

Lucas
Leon
Brighton

Winfield
Madrid
Dexter

Council Bluffs

#189 (State)
Oskealcosa .

Oskaloosa
Sioux City
Coon Raplds

Bagley

#95 (State)
Bedford

#141 (State)
#90 (State)
Winterset
Mt. Ayr

Ute
#21 (State)

#59 (US)
Dreakesville

To:

Greenfield
Creston
Washta

Albls
Batavia

Mt, Pleasant
Denville

Dunlap

Holstein
Medlapolis

#306 (St=te)
Lamoni
Olds

Morning Sun
Woodward

W. Des Moines Dallas/Polk

12 mi. E. of

Council Bluffs Pottawattamie
_ Greenfield

#21 (State)

Eddyviile
Mapleton
#25 (State)

Perry

Corning
Missouri
State
Adel
Winterset
Lorimor
Missourl
Stete
Soldizsr
Marengo
Irwin

#63 (Us)

Classglifi-
County cation¥*

Adair 033117
Adair/Union CDL4/6
Cherokee Dl
Monroe D4
Wapello CDh2
Henry c4
Henry/ . S
Des Moines ch/6
Monona/
Crawford cD1/2
Cherokee/Ida Cch
Louisa/
Des Moines CD4/8
Lucss CDh2
Decatur CD3
Washington/
Henry cz2/6
Henry/Loulsa cz2
Boone CD4

cD1/2

EL

Adair CDhL4/6
Maheaska/
Keokuk CDL/8
Mahaska ch
Wondbury B4
Carroll/
Grecne CD4/6
Guthrie/
Dallas B4/6
Adans Ch
Taylor Ch/6
Dalles ch/6
Madiscn CD4/6
Madison B4/6/8
Ringgold CD1/3
Moncna D1
Iowa C3
Shelby CD4
Davis Cc4



Table 2., Average values of plant yilelds and 20 soll factors

in four westhering zones in till material

U.U.T,2 0.U,T. 0.L.T. D.L.T.
(17)b (20) (17) (5)
Yield (gm./plot) 1(4)- 43,0 38.3 36.6
92(13)
Sand (%) 38.3 43,0 38.3 36.6
Silt (%) 32.4 28.8 31.8 28.2
Clay (%) 29.2 28,2 29.9 35.2
Mean aggr. diam. (mm.) 817 .927 +633 486
Vol. wt. (gm./cc.) 1,50 1.56 1.51 1.53
Wilting point (%) 11.0 10.1 12,7 144
Moist. equiv. (%) 20,7 20.5 22,7 21.1
M. E- - W. Po C(%) 907 lO-L!’ 10.0 6‘?
Total porosity (%) 39.6 39,0 38,2 41.6
Aeration porosity (%) 8.9 10,0 8.5 4,5
Capillary porosity (%) 30.7 29.0 29.7 37.1
pH 7.9 8.0 7.1 6.8
Initial N (1lbs./A.) 3.4 4.5 L,2 3,0
Nitrif. N (1lbs./A.) 22,4 28.2 29,6 24,0
Avail. P (lbs./A.) 0.9 0.7 1.5 0.6
Avail. K (lbs./A.) 299 243 257 246
Cation exch. cap. (me.) 12,1 13.6 17.2 . 20,0
Exchangeable H (me.) 0.0 0.0 1.8 2.4
Total exch. bases (me.) 12.1 13.6 15.4 17.6
Base saturation (%) 100 100 89 88

unoxidized and unleached till
oxidized and unleached till
oxidized and leached till
deoxidized and leached till

Hwnn

bFigures in perentheses refer to number of semples of

which average values were obtained.
g

Cavailable water mezsured as difference of moisture
equivalent and wilting point.



Table 3. Average values of plant ylelds and 20 soil factors
for two weathering zones 1n loess materlal
in different regions of deposition

Oxidized and Oxidized and

unleached loess leached loess

we. E- W C B

(6)P (7) (4) (5) (14)
Yields (gm./plot) 104 165 39 158 121
Send (%) 18,7 16.3 12,9 15.2 12.4
Silt (%) 69.9 £8.2 63,2 61.9 59.3
Clay (%) 11.4 15.5 23,9 22.9 28.3
Mean a2ggr. diam, (mm.) .036 .019 ¢ 367 Al .398
Vol. wt. (gm./oc ) 1.27 1,24 1.28 1.31 1.34
Wilt. POlnt (/0) 900 809 1632 12-0 13t9
Moist. equiv. (7) 21,0 22,7 25,8 27.9 26.5
M. E« - W. P. © (%) 12,0 13.8 9.6 15.9 12,6
Total porosity (%) 51.3 50,1 53.8 50.5 L b
Aeration porosity (%) 10.8 11.6 13.6 11.7 9.5
Capillary porosity (%) 40.5 38.5 40,2 38.8 34.9
pH 8.2 8.2 6.8 7.0 6.7
Initial N (1lbs./A.) 3.5 2.6 3.8 5,4 3.8
Nitrif, N (1bs./A.) 24,0 14.0 21,0 21,0 2Lh.9
Avail, P (1lbs./A.) 1.2 3.1 3,8 6.4 5¢5
Avail, K (1bs./A.) 338 188 327 298 241
Cation exch, cap.(me.) 16.6 15,1 21,5 18.6 20,2
Exchangeable H (me.) 0,0 0.0 3.1 2.7 2.7
Total exch, bases(mao) 16.6 15,1 18.4 15.9 17.5
Base saturation (%) 100 100 86 85 87

W = region west of Highway 71.
C = reglon including backslope numbers 10, 14, 15, 16, 17

and 18,

E = region including all backslopes east of Highway 69.

)

bFigures in parentheses refer to number of samples of which

average values were obtalned.

Cavallable water measured s difference of molsture equivalent
and wilting point.



Table 4, Average values of plant ylelds and 20 soil factors
for six backslope materials

B hor. Buriled Ferretto Gumbo~- Sand Shale
A, hor, zone til material acid alk.
(10)® (10) (14) (16) (?7) (2) (2)
Yields (gm./plot) 17 12 8 9 52 b4 37
Sand (%) 11.0 3509 42.2 2006 ?7-1 35.1‘" 9'0
S11t (%) 53,2 Lo,8 22.5 31,2 17.0 32,7 35.2
Clay (%) 35.8 23.3 35.3 48,2 5.9 31.9 55.8
Mean aggr. diam., {(mm,) . 349 .201 .380 J26 211 .318 .216
Vol, wt. (gm./cc.) 1.32 1.60 1.51 1.37 1.60 1.52 - 1.39
Wilt. point (%) 16.3 7.7 15.9 21.2 3,1 11.5 15.5
Moist, GQuiv.b(%) 29.6 19.3 27.2 37.5 7.2 21.4 25.9
M. E. - W, P.P(% 13.3 11.6 11.3 16.3 4.1 9.9 10.4
Total porosity (%) 50,9 32.4 42,8 55,4 35,7 40,2 49,9
Aeration porosity (%) 10,6 7.0 5.7 5.8 17.6 9.0 8.3
Capillary porosity (%) 40,3 25.4 37.1 49.6 18,1 31.2 41,6
PH 6.0 6.8 7.1 7.1 8,14 4.6 8.1
Initial N (1bs./A,) 2.8 3.0 2.6 2.9 5.6 1.8 0.5
Nitrif, N (1bs./A.) 5.8 4,3 2,7 3.2 39.0 1.8 6.0
Avall, P (1lbs,/A.) 9.8 0.6 0.5 0.5 2.1 7.8 0.5
Avall, K (1bs./A,) 280 119 209 296 139 240 172
Cation exch, cap. (me.) 23.0 12.0 21.3 25.8 6.3 13.4 16.0
Exchangeable H (me.,) 5.3 2.0 1.9 2,6 0.2 8.5 0,0
Total exch. bases (me,) 17.7 10.0 19.4 23.2 6.1 4,9 16.0
Base saturation (%) 77 83 91 90 97 36 100

8Figures in parentheses refer to number of samples of which average values were obtained.
bAvailable water measured as difference of molsture equivalent and wilting point.



Table 5. Analysis of Variance of Plant Weights
(tops only) in Fertilizer-Soil Conditioner
Experiment on Gumbotil

d.f, _MeSe Significance
Fertilizer treatments ? 665.,4934 #
Conditicner treatments L 2.3239 *H
F x C interaction 28 2.1471 w%
Replicates 1 0088
Error © 39 23538
Total ' 79
P = ,05 P= ,01

LSD fertilizer treat-

ments 1.076 1,441
LSD conditioner treat-

ments . 854 1.143
LSD F x C treatments 2,407 © 3.222
Fertilizer treatments

X MK N XN P C PK K

NP (19.22) -
NPK (18.95) -~ -
N ( L,, .00 ) % %3 -
NK ( 3.72) wE *% - -
P ( ~.69) 3t P e3¢ et -
¢ ( R 66 ) % 44 T sy - -
PK ( .65) 263t g3t *3 e - - -
K ( . 63, \ L -3 -}9* e Ll 3 - - - -

Conditioner treatments

F2 R L Kk ¢
F2 (6055) -
R (6.16) - -
Fl (6013) - - -
KI‘ (5-98) - ind - ke
C (5050) * - - - -



Table 6. Analysis of Variance of Plant Weights

(tops only) in Fertilizer-Soil Conditioner
Experiment on Kansan Till

def, MeSe significence
Fertilizer treatments 7 . 107.9141 *t
Conditioner treatments L 4199 NS
F x C interaction 28 3724 NS
Replicates 1 2.8350
Error ' 39 . 8249
Total 79
P = ,05 P = ,01
LSD fertilizer treat-
ments 1.643 2,1¢9
Fertilizer treatments
MK M 0N N P P C K
NP (6070) #* -
N ( '80) Se3F P23 -
NK ( .73) 35 3 - -
P { +59) P #x% - - -
PK ( .52) 3% #3 - - - -
C ( .52) 4 3 - - - - -
K ( .48) s 4 - - _ - _ -

Conditioner treatments

Kr (2.50) )
R (2.50) )
F1  (2.42) ) no significant differences
F2  (2.25) ;

c (2.14)



Table 7. Analysls of Varlance of Plant Welghts
(tops only) in Fertilizer-Soil Conditioner

Experiment on Calcareous Loess

Fertilizer treatments
Conditioner treatments
F x C interzction
Replicates

Error

Total

ISD fertilizer treatments

LSD conditioner treatments

ISD P x C treatments

Fertillzer treatments

NPK
NP (10075) -
P ( 1.79) ol
PK  ( 1.61) *a
C ( .96) ol
X ( .87) e

- NK ( .75) e
N ( +73) fd

Conditioner treatments

B
Kr ( 3.88) -
c ( 3.35) *®
Fl ( 3.32) *x
F2  ( 3.30) i

MeSe
215.9796
2.8314
1.8575
+0103
2166
P +05 P=,01
842 1.126
665 . 890
1,883 2.520
¥ B K C
.
£ - -
% (%) - -
%3 * - -
53 2 3 -
Y % "% -
ke ¢ P R

significance

B2

%3
LA
L2

1=



Table 8, Analysis of Variance of Plant Weights
(tops only) in Fertilizer-Soil Corditioner
Experiment on Aeollan Sand

d.f, MuSe slpgnificance
Fertilizer treatments 7 266,8380 it
Conditionsr treatments L 11,1763 i
F x C interaction 28 2.7327 *¥%
Replicates 1 6408
Error 39 «2030
Total 79

P =,05 P =,01

LSD fertilizer treatments .815 1,091
LSD conditioner treatments « 644 .862
LSD F x C treatments 1,823 2440

Fertilizer treatments

NPK NP NN K B B ¢
NPK (13.49) -
NK  (7.37) @ % e -
N (6.55)  mx * -
K ( .84) 3636 3 3 %38 -
PK ( .83) 4232 %% £ X 3% - -
P ( .81) 4 2 L %3 - - -
C ( .80) %36 3 %36 L2 3 - - - -
Cornditioner treatments
R Kr F2 F ¢
B. ( 6-19) -
KI‘ ( 5‘87) - -
Fl ( 4,78) ¥ *% - -
C ( Ll,‘ll) de3t L 23 e3¢ * -



Table 9. Analysis of Varlance of Average Welghts
of Plant Tops on Gumbotil

d.f, MeSe significance
Treatments 5 109.9028 NS
N levels 1 409,5008 *
P levels 2 L4 ,81C8 NS
NP levels 2 25,1958 NS
Error 6 66,0491 '
Total 11
P = ,05 P = .01
1LSD N levels 22.961 3,784
Treatments

N2P5 (38,1

NPy (33.0

NP3 (27.80)

NP2 §26,9o)
£

283 (72:52)
262 (38-10)
5)

no significant differences

S Cee® s S Sra” e N

NiP7 (26.15)

Z:Z gi i:ggi: ggg'gg; g ro significant differences
ave Pq levels  (36.28) )

ave P2 levels (32,50) ) ne significant differences
ave P71 levels  (29.60) )

a
not included in A, 0., V.



Table 10a. Anslysis of Variance of Average Welghts

of Plant Tops on Kensan Tille=-
NP Treatments

d.fo MeSe significance

Treatments 8 100,1206 helad

N levels 2 56,7372 *

P levels 2 236.8822 i

NP interaction 4 53,4314 *
Error 9 10.3361
Total 17

P = ,05 P=,01 _
LSD individusl treatments T4 E5L 20.897
1SD N or P treatments 8.396 12,063
Treatments NpPy NyPy NPy NjPp NoPy Py NpPy NpPy NyPy
NoP3 (25.85)a -
NyPL (22.60)
N1P3 (22.05) - -
N1P2 (17,70) - - -
N3P2 (16b65) ~ - o~ -~
N3Pq (13.85) = - - - -
N1P] (12435) - - - - - -
NoP2 ( 8.75) * - - - - - -
NgPj ( 8.40) * - - - - - - -
N3Py ( 3.30) *®* ¥ (%) - - - - - -
ave N1 levels  (17.37) )
ave Np levels  (14.33) ) no significant differences
ave N3 levels (11.22) )
P53 2 [

ave P3 levels (20.58) -
ave P2 levels  (14,32) = -
ave P1 levels ( 8,02)  #¥ - -

2not included in A. 0. V.



Table 10b, Analysis of Variance of Average Weights
of Plant Tops on Kansan Tille-
NP vs. NPK Treatments

defs MeSe significance
Treatments 7 91,3120 #*
(NP) levels 3 1724440 ¥
K 1levels 1 34,5156 NS -
(NP)K interaction 3 29,1123 NS
Error 8 24 4269
Total 15

P = ,05 P = .01

LSD individual treatments 22.794 33.163
LSD (NP) levels 16,118 23,450
Treatments

NyPyKy;  (28.45) )

CNyPuKo  (22.60) )

NoPoKy  (17.65) )

N3P3Kg  (13.85) )

N3P3K3 (13.75) ) no significant differences
NlPlKO (12.35) )

N1P3Ky  ( 9.45) )

NoPoKg  ( 8.75) )

ave NyPy level (25.52) )
ave NgP3 level (13.80) )  no significant differences
ave NP5 level (13,20) )
ave NPy level (10,90) )

)

)

ave Ko level (14.39)

ave Kj level (17.35) no significant differences



Table 11, Average Plant Weights (tops) of Sudangrass
Grown on Four Subsoils and One Topsoil,
as Affected by Fertilizer and
Soil-conditioner Treatments

Unoxidized

Treatment 711l Gumbo Ferretto Burled As Topsoll
02 0.62P 0.55 0,46 0.61 11,77
N3 0.49 0.U4C 0,46 0.63 16.23
N3P1 2.30 2.69 5.46 €.07 17.33
N3P2 3.18 6. b5 5.91 742 18,10
N3P3 6.10 8,39 9. L7 7037 21.94
N3PL 6,58 10,51 8.27 634 21.61
N3P3K 4,38 - 10,26 9.48 -
N3P3(K)M 3.27 8.07 9.17 10,34 20, 4L
R 0,39 0.42 040 0.62 10.69
RN3 0.39 0.42 0.43 0055 14,77
RN3P3 572 9.79 9.82 11.99 27.76
RNBPBK L"o 08 Lod 12: 80 12983 . bt
RN3P3(K)M 4,97 10,90 11.86 16,29 24 .68

a9 = check

N3 = 300 lbs N/A

Pag = a x 100 1lbs P05/

K = x lbs Ky0/4, so thet x + avallable K,0 = 300 lbs K,0/A

M = minor nutrient solution

R = soil conditioner (resin)

bgrams dry welilght/3 pots, multiply with 500 to obtain
readings in lbs/A, or divide by 4 to convert to
tons/A



Table 12. Analysis of Varlance of Plant Welghts
on Unoxidized Till

source ‘d-fo MeSe ) effectP
Treatments 12 669741 L7, 53 %%
Beplicates 2
Error 22 .014089
Total 3
Fertilizer ' L g
(O,N sN3P3 , 133K, N PBKM) 1.820911 129.23 ¢
R-effect Resin® (#2200 0 "7 1 .003343 ~.033352
F x R L .030858 2,190
Fertilizer (0,N3) 1 ,009134 -,055180
N-effect Resin (+,-) 1 .061596 L.371%  -.143290
FxBR 1 .011362 061543
Fortilizor (N3,N3P3) 1 3.879842 275.380%% 1,137225
P-effect Resin (+,-) 1 . 008927 -.054552
P-x R 1 002218 027195
Fertilizer (NgP3,N3P3K) 1 081442 5,780% ~,164765
K-effect Resin (+,-) 1 .003814 -.035658
FxR 1 .000206 -.008302




Table 12, (continued). Analysis of Varilance of Plant Weights
on Unoxidized Till

source d.f. M.Se Fa effect
Fertilizer (N3P3K,N3P3KM) 1 .000172 -.007573
M-effect Resin (+,-~) - - 1 .016244 1.152 .073586
F xR 1 JOl1451 2.942 117546
Fertilizér (0,N5P3) 1 3.512464 249, 305%* 1.082045
NP-effect Resin (+,-) 1 < 0llOL 34 2.869 -,116095
F xR 1 +023623 1.676 .088738
Fertilizér (0,N3P3K) 1 2. 524207 179,161 %% .917280
N3P3K-effect Resin (+,-) 1 .0L6423 3.294 -.124397
F xR 1 .019410 1.377 . » 080437
Fertilizér (0,N3P3KM) 1 2,482700 176,215%%* 2909707
N3P3KM-effect Resin (+,-) 1 .000140 -.006850
F xR 1 «117591 8.3L6%* .197983

8F 1 = 4,30 (P.05), 7.94 (P.01)

22

bEffect is expressed in figures after transformation (xij = 1 + log yij)



Table 13. Analysis of Varilance of Plant Weights

on Gumbotil

source d.f, m.S, _R& effect?
Treatments 10 1.215463 103,37k
Replicates 2
Error 20 2011757
Total 32
F?rtilizer g ) p S,
0,N3,N3P3,N3P3M) 3 3.42751 291,508%#%
R-effect Resin i+,-3s >3 1 ,002518 . 020486
F xR 3 .015532 1,406
Fertilizér (O,N3) 1 .019615 1.668 -. 080860
N-effect Resin (+,-) 1 008849 -.054313
F x R 1 + 009544 «056403
Fertilizeér (N3,N3P3) 1 5.327324 453.119%#  1,332582
P-effect Resin (+,-) 1 .001942 025445
F xR 1 «001636 .023355
Fertilizer (N3P3,N3P3M) 1 .002776 . 030417
M-effect Resin (+,-) 1 .027238 2.316 095285
F xR 1 .006482

+OL6L85




1 . i’

' ) i [ 1 ;.' A
Table 13, (Continued). Analysis of Variancé Of Plant Weights: ,
on Gumbotil : B o :

4

t i R

source d.fa MeSy Fe . effect?

NP-effect Fertilizer (0,N3P3) 1 _4°7oo@za’ . 399.797%% 1.,251722
Resin (+,-) 1 002873 ~.030958
F xR 1 .019084 ©1,A23 079758

Fertilizer {0, N3P3M) 1 4,938443 529,872%% 1.282763
NPM-effect Resin {(+,~) - 1 000723 Co 015527
F xR 1 . OU7812 4,064 « 126243
ap 1 = 4.35 (P.05), 8.10 (P.01)
20

b prrect is expressed in figures after transfofmation (Xij =1+ log yij)



Table 14, Analysis of Variance of Plant Weights
on Ferretto

source _d.f. meS., Fe effectP
gre?gme%ts v 12 1,175391 103 475%*
eplicates :

Error 24 .011359

Total 38

F?rtilizer ' Lo 4 Grpk

0,N3,NgPq NP NaPaili) 4 3349499 294 . 8727 ,

R-effect Resin” (#2-3°,7 27+ 3%3 1 . 007353 .032431

FxBR L . L,008774

Fertilizer (0,N3) 1 004814 . 040060
N-effect Resin (+,-) 1 . 001461 -,022073

F xR 1 . 005350 042233

Fertilizer (N3,N3P3) 1 5,120C50 50,7488 .651515
P-effect Resin (+,-) 1 . 00081 ,016788

F xR 1 . 000034 -.003372

Fertilizer (NaPq,NaF2K) 1 .018523 1.630 .078577
K-effect Resin. (+,~) FIEFS 1 . 009094 ' .055057

FxR 1 ,005202 .0L1640




Table 14, (Continued),

Analysis of Variance of Plant Welghts

on Ferretto

source d.f, MeS., Fo effect?
Fertilizer (NgP3K,NgP4KM) 1 0006822 -.047686
M~effect Resin (+,-) 1 « 027904 2.456 . 096443
FxR 1 . 0000002 -.000253
Fertilizer (O’N3P3) 1 5.438880 478,.816%% 1.346462
NP-effect Resin (+,-) 1 .001942 -.025445
FxR 1 004530 - «038862
Fertilizer (0,N3P3K) 1 6.092200 536,332%% 1.425038
NPK-effect Resin (+,-) 1 .000787 .016195
FxR 1 019442 1,711 .080502
Fertilizer (O,N3P3KM) 1 5.691296 501,038%% 1.377352
NPKM-effect Resin (+,-) 1 .000762 «015942
FxR 1 +019319 1.700 . 080248

a F~}E = 4,26 (P,05), 7.82 (P,01)

2

b Effect is expressed in flgures after transformation (xij =1 + log yij)



-

Table 15, Analysis of Varlance
on Burled A»

of Plant Weights

source d,f. m,S, re effect?
Treatments 12 1.017229 258,339%#
Replicates 2
Error 24 .003937
Total 38
Fertilizer
(0 N3,N3P3,N3P3K N3P3{M) b 2.875112 730, 174%%
R-effect Resin (+,~) 1 066476 16,882%%* JO09U146
FxR L 020960 5.323%
Fertilizer (0,N3) 1 .001386 -o021495
N-effect Resin (+,-) 1 ,002266 -. 027485
' FxR 1 .003141 -,032358
Fertilizer (N3’N3P3) 1 L.337925 1101.835%% 1.,202487
P-offect Resin (+,-) 1 .016375 4,159 .073880
F xR : 1 053645 13.625%% «133723
| Fertllizer (N,P4,NqP4K) 1 «012109 3.075 «063532
K-effect Resin (+,-) 1 080922 20,550 %% .164238
F xR 1 .005642 1.433 -. 043365




Table 15. (Continued).

Analysls of Variance of Plant Weights

on Buried Ao

source d.f. Mm.S. Fe effectP
Fertilizer (N3P3K,N3P3KM) 1 018683 b.7hs5* .078915
M-effect Resin (+,-) 1 .075889 19.275%% «159048
F xR 1 .004372 1.110 .038175
Fertilizer (0,N3P3) 1 L.184226 1062,795%% 1.180992
NP-effect Resin (+,-) 1 .033859 8.600%# .106238
FxBR 1 .030824 7.829% .101365
Fertilizer (0,N3P3K) 1 L,646512 1180,216%% 1.244523
NPK-effect Resin (+,-) 1 .011859 3.012 .062873
F x R 1 .009408 2.389 .056000
Fertilizer (0,N3P3KM) 1 54254064 1334.636%% 1.323438
NPKM-effect Resin (+,-) 1 .030632 7.780% .101048
F xR 1 027749 74048% .096175
8 rl =u4.35 (P.05), 8,10 (P.01)
20

b

Effect 1s expressed in figures after transformation (Xij =1+ log yij)



Table 16, Analysis of Variance of Plant Weights
on Tama Topsoil

Source d.f. m.Se Fe effect?P

Treatments 10 +050082 6.108%%

Beplicates 2

Error 20 000168

Total 32

F?rtilizer p ¢

0,N3,N3P3,N3P3M) 3 14972 18.262%#

B~-effect Rés§n32+?-35 33 1 002329 019704

FxR 3 . 008488 1.035

Fertilizer (0,N3) 1 058483 7,133% ,139622
N-effect Resin (+,-) 1 005926 - OLLLL5

F xR 1 .000093 005562

Fertilizer (N3,N3P3) 1 .128400 15,662%* .206882
P-effect Resin (+,-) 1 .002701 .030005

FxR 1 .014238 1.736 .068892

Fertilizer (N3P3,N3P3M) 1 . 006757 ~ . OL7460
M-effect Resin (+,-) : 1 .0210%6 2.573 »083857




Table 16. (Continued). Analysis of Variance of Plant Weights

on Tama Topsoil

source d.f. m.S. Fa effectb
Fertilizer (0,N4P4) 1 360193 h3.936%% » 346503
NP-effect Resin (+,«) 1 .001792 024443
FxR 1 016630 2,028 074453
Fertilizer (0,N;P;M) 1 .268281 32,725%% «299043
NPM-effect Resin (+,-) 1 .000265 +0094C3
F x R 1 .010590 1.291 «059413
& F ,i_ = 4,35 (P.05), 8,10 (P.01)

b Effect is expressed in figures after transformation (xij =1+ log yy )
‘ J



Table 17,

Analysis of Variance of Plant Welghts
as Affected by Levels of P

soll material  source d.fe MeS, F b2
Unoxidized Linear 1 2.179182 18,558% .2695
Ti11 Residual 3 117423 8.334%%
Total L -
(Error) (22) (,014089)
Gumbotil Linear 1 3.2361865 13.850% .3284
Hesidual 3 «2335658 19,872%%*
Total 4 -
(Error) (20) (.,011758)
Ferretto inear 1 2,056203 L7749 ,2618
Residual 3 432999 38,119%#*
Totzl 4 .
(Error) (24) (,011359)
Buried A Linear 1 1.307343 3,118 .2087
Residual 3 419318  106,.480%*
Total L -
(Error) (24) (,003938)
Tama Topsoil Linear 1 043369 46,236%*%  ,0380
Residual 3 .000638 114
Total L -
(BErrcr) (20) (,008198)

& b is the slope of the linear response of plant
growth to 5 successive levels of P



Table 18, lant Weights (Tops and Roots) of Alfalfa
and Bromegrass Grown on Unoxidized Till as
Affected by Fertilizer and
Soil-conditioner Treatments

Tops Roots Roots/Tops
Treatment Alfalfa Brome Total Alf:Brome Total Ratio
o? 2.65P 1,18 3,83  69:31 2,06 .54
N2 ‘ 3.03 1.21 L,24 71:29 1,76 J42
P3 11.80 1.01 12,81 92:8 755 59
N2P1 13.72 3.93 17.65 ~ 78:22 13.26 «75
N2oP2 17,17 4.87 22.084" 78:22 15,83 .72
N2P3 22,17 8.14 304,31 73:27 20,13 .66
NoPy 19.58 6.74 26.32 7424 17,15 65
K 3.33 1.30 L.63 72:28 239" <52
NoK . 3,05 1.03 4,08 75:25 1.69 JH1
PBK 1?096 lc06 19002 9“’:6 6060 035
N5P2K 20.46 8,68 29,14 70:30 20,15 .69
2-3
NZPBKM 20,81 6.14 26,95 77:23 20,44 .76
RN 3KM 15.86 10,93 26.79 29:41 35,04 1.31

80 = check

Nz = 200 1bs N/Aa

Pa = a x 100 1bs P05/A

K = x 1lbs Kp0/A, so that x + available K20 == 30C lbs
M = minor element solution K20/4

B = soll conditicner (resin)

b grams dry weight/3 pots, multiply with 500 to obtain
readings in lbs/A, or divide by 4 to convert to tons/A



Table 19, Plant Weights (Tops and Roots) of Alfalfa and
Bromegrass Grown on Gumbotll as Affected by
Fertilizer and Soil-conditioner Treatments

Tops Roots Roots/Tops
Treatment Alfalfa = Brome Total Alf:Brome Total Ratio
0® »75P .90 1.65 45:55 1.58 .96
N2 .88 Q75 1'63 54:“’6 093 057
P3 13.71 1.09 14,80 93:7 2.91 67
N2P1 4,52 11.15 15,67 29:71 10.90 +70
N2P2 13.56 11,24 24,80 £5:45 14,53 «59
N2P3 15.47  13.47 28,94 53:47 21.18 .73
N2PL 19,61 15.80 35,41 55:45 25,90 o3
N2P3M 16.66 12,94 29,60 56344 23.79 ¢80
RN2P3M 18,46 12,09 30,55 60:40 23,00 «75

@ 0 = check
Nz = 200 lbs N/A
Pa = a x 100 1bs P0s5/A
M = minor element solution
R = soil conditioner (resin)

b grams dry weight/3 pots, multiply with 500 to obtain
readings in lbs/A, or divide by 4 to convert to tons/A



Table 20,
Brome grass Grown on Ferretto as Affected by
Fertilizer and Soil-conditiorer Treatments

Plant Weights (Tops and Roots) of Alfalfa and

Tops Roots Rocots/Tops
Treatment Alfalfa Brome® Total Alf:Brome Total Ratio
e 1.11P W57 1,68 66334 1.52 .90
L 1.48 +87 2,35 63337 1.47 .62
N2 1542 1.1“‘ 2056 52'{%5 1.“’8 058
LN2 1,67 «90 2.57 65:35 o 76 « 30
P 6.50 088 7938 88;12 2.83 .38
Lp3 11.58 1.32 12.20 90:10 3.36 .26
N2Py 11,68 11,00 22,68 51:49 12.51 «55
eE o W omg o s un b
2 o e e CD _")"-..:"‘1:‘, ° P
NgPi 12a53 8,67 27.50 Lig:53 15,87 58
LN2P3 9.55 13.10 22,65 L2.:588 15.61 .69
K 4,22 .96 5.18 81:19 1,80 .35
1K 1.57 1°1§ 2.69 5?:42 1.36 .50
N2K 1,00 e 95 1.95 §¢:49 1.28 .66
LNZK 1@27 .9@ 2-23 57:43 1&02 i“‘é
PaK 11gfo .96 12,66 92:8 4,93 <39
LP2K 7.73 698 8,71 89:11 4.53 .52
NoP3K 16.64 14.15 30.79 sh:Lp 20.19 .66
LNZ 3K 13038 1251‘;‘6 25.8’4’ 52-“’8 20955 t80
LNoP3KM 11.93 Q.73 21,66 55:45 21.31 .98
RLN2%3KM 17.65 14,51 32,16 55:45 27.73 .86
0 = check

L = lime, adjusted to Ca-requirement level

N, = 200 1lbs N/A

Pa = a x 100 1bs Py05/A

K = x 1bs K20/A, so thet x + available K20 = 300 1lbs K20/4

M = minor element solution

B = s0ll conditioner (resin)

b grams dry weight/3 pots, multiply with 500 to obtain
readings in 1lbs/A, or divide by 4 to convert to tons/A.



Table 21. Plant Weights (Tops and Roots) of alfalfa and
Broiegrass Grown on Buried Az as Affected by
Fertilizer and Scll-conditioner Treatments

Tops Roots Roots/Tops

Treatment Alfalfa Brome Total Alf :brome Total Ratlo
o? 1.51P .54 2,05 74:26 1.57 .77
N2 . 2.05 .51 2056 80:20 2.08 .81
LN2 1.30 .70 2,00 65:35 1.97 .98
P 5.49 1.85 7« 34 75:25 7 .48 l.02
LP3 11.88 2.36 14.24 83:17 7492 56
N2Pl 6.28 7‘0 09 13537 47:53 6020 -46
NoP2 6,40 9.20 15,60 41:59 10.93 «70
NoP3 6.08 9,79 15,87 38:62 22.49  1.42
NZPL}, 8092 9996 18.88 47:53 17.90 095
LN2P3 8.96 10.64 19.60 L46:54 15.63 .80
K 79 t73 1o52 52:48 3.01 1.98
LK 1.75 .80 2.55 69:3 2.95 1.16
N2K 1.21 .89 2.10 58:42 2.56 1.22
LN2K 1.12 .80 1,92 58:42 1.99 1.04
P2K 7.69 1.77 9.46 81:19 - 7.87 .83
LP3K 13.96 . 2.18 16,14 86:14 8.52 .53
NZPBK 10.14 10.92 21,06 L8:52 25.01 1.19
LN2P3K 12.50 11.84 24,34 51:49 29.59 1l.22
LN2P3KM 16,97 6.67  23.64 72:28 22,24 . 9k
RLN2P3KM 14.30 12.16 26.46 546 27.54 1.04

20 = check

L = lime, adjusted to Ca-requirement level

Ny = 200 1lbs N/A

Pa = a2 x 100 1bs P,0 /A

K = x lbs K;0/A, So”“that x + available K0 = 300 lbs K,0/A

M = minor element solution

R = soll conditioner (resin)

bgrams dry welght/3 pots, multiply with 500 to obtain
readings in lbs/A, or divide by 4 to convert to tons/A



Table 22, Plant Weights (Tops and Rootg) of Alfalfa and
Bromegrass Grown on Tama Topsoil as Affected
by Fertilizer and Soil-conditioner Treatments
Tops Roots Roots/Tops
Treatment Alfalfa Brome Total Alf:Brome Total Ratio .
0% 18,60P 8.4l 27,04 69:31 36.76  1.36
L 15,61 6.87 22,48 69:231 20,85 «93
N2 20,65 9,88  30.53 68:32 39,64 1,30
LN2 17.38 18,30 35.68 49:51 36.15 1.01
P 26.32 8,24 34,56 76:24 4,13 1.28
LP3 21.80 13.58 35,38 £2:78 37.71 1.07
NoP3 23.22 13.31 36.53 6456 49,15 1,34
Ngpo 24,17 12,11 36.28 67:33 52.38 1.44
NzP3 26.37 15,32 41.469 63:37 53,64 1.29
NoPy 29,82 15.47 45.29 66: 34 43,07 .95
LN2P3 20,92 24,15  45.07 Lé: =4 38.71 .86
N2P3M 29.38 12,44 41,82 70: 30 55.76 1.33
LN2P3M 19.14 20,67 39,81 L8:52 32.66 .82
BN2P3M 22,78 23,20 45,98 49:51 66.79 1l.45
RLN2P3M 19.26 25,07  44.33 43:57 39.50 .89
& 0 = check

L = lime, adjusted to Ca-requirement level

N, = 200 lbs N/A

P& = a x 100 1bs P,0-/A

M = minor element sdlution

R = so0il conditioner (resin)

bgrams dry weight/3 pots, multiply with 500 to obtein
readings in 1lbs/A, or divide by 4 to convert to tons/A



Table 23. Analysis of Variance of Plant Weights
on Unoxidized Till as Affected by N»p,
P3 and K Factorial Treatments.

gource d.f, MeSa 7 effect

Alfalfa No 1 7.0092 3.279 1.0808

Tops P13 1 151.6545 70.966%%* 5.0275

K 1 1.1051 0517 A292
NoP3 1 6.7947 3.179 1.0642
NoK 1 3.0317 1.418 -.7108
PsK 1 . 5859 o274 .3125
N2P3K 1 2.1660 1.013 -.6008
Error 24 2.1370

Brome

Tops N2 1 8.7725 20.901 %% 1.2092

P 1 8,3652 19.933%* 1.1808
K 1 sCL2Y 027 LOLL2
N2P3 1 9,362 22.307%% 1.2492
NoK 1 .0C15 003 .0158
P3K 1 0175 SOU1 . 0542
N2P5K 1 L0260  ,061 . 0658
Error 24 4197

Roots No 1 26.3132 7.268% 2.0942
P3 1 G0.2100 24,91 9% 3.8775
K 1 . 0187 <005 ~-.,0558
NpP3 1 30.6678 B L71x* 2.2608
NoX 1 .0135 »003 .0475
PaK 1 0590 <016 ~.0992
NZP3K 1 -0782 .021 L1141
Error 24 3.6200
a

1 _
F oy = L,26 (P,05), 7.82 (P.01)



Table 24,

Analysis of Variance of Plant Welghts

on Gumbotil as Affected by Nz, P3
Factorial Treatments

Alfalfa
Tops

Brome
Tops

Roots

source
N2

P3
NoP3

Error

N2P3

Error

d.f, MmeS. Fa

1 .2977 243

1 63.2507 51,704%%
1 .2214 .180
16 1.,2233

1 12,4642 19,907%%
1 13.8892 22,183%%
1 13,0832 20.896%*
16 .6261

1 9.3987 5.619%
1 68,0676 40,698%*
1 11.8407 7.079%
16 1.6725

effect

.3150
4,5917
.2716

2.0383
2.1517
2.0883

1,7700
L.7633
1.9867

a

1
Fi6

= 4,49 (P,05), 8.53 (P.O1)



Table 25. Analysis of Variance of FPlant Weights
' on Ferretto as Affected by Np, L, P3
and K Factorial Treatments
source d.f. M, S, Fe effect
Alfalfa N2 1 3.7520 L.o72 .5592
Tops L 1 1.5914 1.727 -03642
P3 1 125.8416 136.576%% 3.2383
K 1l 2,0090 2.180 L4092
N2L 1 Q8533 9926 "'¢2667
N2P3 1 7o 889“’ 80 562%* 38108
NoK 1 .0108 012 .0300
Lrg 1 <5677 616 -.2175
LK 1 2,2881 2.483 - 1367
P3K 1 «5334 579 «2108
N2LP3 1 3.0C00 3.256 ~.5000
NoIK 1 3.8874 L4, 239% . 5692
NpP3K 1 1.5587 1,735 3650
LPEK 1 e L,’.Lel e)‘J’SL,' ~a 1867
NpLP3X 1 1.19%0 1,299 +3158
Error Lo 9214
Brome No 1 L5,0081 110.803%* 1.9367
Tops L 1 ,0547 0135 .0675
P3 1 by, 7471 112,622%% 1.9525
K 1 2241 +552 1367
N2L 1 . 0010 002 -,0002
NoP 1 43,3579 106, 7h40%* 1.9008
NoK 1 023273 0326 .1050
LP3 l 06280 0069 .0483
LK 1 Sl 1.095 -.1925
P3K 1 - 1084 262 . 0942
NZLP3 1 00280 0069 .0483
NoLK 1 02552 .628 ~-.1458
N2P3K 1 « SH34 845 1692
LPEK 1 45880 l.201 ~-.2017
NoLP3K 1 <3316 939 -.1783
Error 40 062




Table 25. (Continued).

Analysis of Variance of Plant Welights
on Ferretto as Affected by Np, L, Py
and K Factorial Treatments

source d.f. MoS, F& effect
Roots N2 1l 50.9075 06,106%% 2.0596
L ‘1 .3834 . 724 .1788
P3 1l 106.9526 201,91 2%#* 2.9854
K 1 6.9692 13.157%* .7621
NoL 1 5234 .988 .2088
N2P3 1 57.7505 109.,025%% 2.1938
N2K 1 2.7123 5.120% L4754
LP3 1 1.0860 2.056 «3012
LK l 06936 1.309 "02“’0“’
P3K 1 6.6231 12.503%# L7429
NpoLP3 1 <7475 1.412 . 2496
NoLK 1 .2041 .385 ~.1304
NpP3K 1 2.8179 5.320% L4846
LP g 1 7277 1.374 -.2462
NpLP3K 1 L4860 .918 -.2012
Error 40 5297
&pl  =14,08 (P.O5), 7.31 (P.01)



Table 26,

Analysis of Variance of Plant Weights
on Buried Az as Affected by N2, L, P3
and K Factorlal Treatments

Alfalfa
Tops

Brome
Tops

source

d--f.

No

- L

P3
K
NoL

NoP
N2K3

=

O bt bl b ot (o ot el e b e fed el et et

L e e oy

MoSa e
0426 056
6.9236 9.137%%
88,6991 117,064 %%
2,1548 2.844
1.8526 2.445
.0326 0473
+1863 . 246
6.4313 8.488%%*
0124 016
3.8477 5.078%
.6098 .805
.0032 004
2776 + 366
, 0876 116
. 0020 003

7577

25,4916 73,484 %%
.2133 615

43,1302 124 ,3R0%*%
o LUT7H 425
,0061 .018

25.6377 73.905%%
,1825 . 526
«0990 .285
.0070 . 020
0456 131
.0280 081
+0005 .001
«1027 296
. 0056 016
.0007 002

. 3469

effect

~.0596
7596
2.7187
14237
~-.3929
-.0521
<1246
.7321
.0321
. 5662
-.2254
«1521
-,0854
-.0129

1.4575
»1333
1.8958
«1108
.0225
14617
21233
. 0908
"'021“’2
0617
. 0483
. 0067
.0925
.0217
.0075



Table 26. (Continued). Analysis of Varisnce of Plant Weights
on Buried Az as Affected by N2, L, Pq
end K Factorial Treatments

gource d.f, M, S Fo effect

Roots N2 1 75.3634 30.432%% 2.5071
L 1 ,0581 <023 -, 0696
P3 1 236.6067 95, Slly Ly Ll ol
K 1 8.78C7 3.546 . 8554
Nz L 1 23753 0152 -.1771
NzP3 1 79,2840 32.015%% 2.5704
NoK 1 3.7577 1,517 .5596
LPs 1 .C105 <004 -.0296
LK 1 2. 4’15 0 90U 14529
PaK 1 54,2259 1.747 5004
N2I.P3 1 1202 052 -,1036
NoLK 1 Z,ﬁo;i 1,035 4621
NZ*%K 1 5,4171 24591 .7312

1 3a2187 1,300 05179

NgLPBK 1 2.6936 1,088 4738
EI‘ L“'O 20’4’76"—”
@ rl  =4,06 (P.C5), 7.31 (P.O1)

40



Table 27. Analysis of Varlance of Plant Weights
on Tama Topsoil as Affected by Np, L
and P3 Factorial Treatments.

gsource A.F MeSe F effect

Alfalfa N2 1 <3726 .155 . 2492

Tops L 1 10.9755 L,574% -1.3525
P3 1 22.3683 9.,323%% 1.9308
N2L 1 .0590 .024 -.0992
N2P3 1 . 9009 375 ~-.3875
LP 1l 5736 «239 -.3092
N23P3 1 .0176 .007 -.0542
Error 28 2.3992

Brome N2 1 38.8108 25.303%%* 2.5433

Tops L 1 18.4104 12,003%* 1.7517
P3 1 13.2014 8.606%%* 1.4833
NoL 1 7.5710 L,936% 1.1233
NP3 1 .9519 620 .3983
LPj3 1 2.2326 l.455 .6100
N2LP3 1 1.7605 1.147 -~ 5417
Error 28 1.5338

Roots N2 -1 34.2960 2.406 2.3908
L 1 69,1894 L.855% ~-3.3956
P3 1l 69.3266 L 864%* 3.3992
NP3 1 2.4513 .172 -.6392
LP 1 1584 «011 -.1625
N22P3 1 18.2531 1.280 -1.7442
Error 28 14,2505

2 F 35 = 4.20 (Pi05), 7.64 (P,01)



Table 28, Analysis of Variance of Alfalfa and Bromegrass Plant Weights
as Affected by Levels of P

s( 1l material plant part source d.f, RcBe F o
Unoxidized Alfalfa Tops Linear 1 575468 10.509% 1,3850
T11l Residual 3 5,4759 2.562
(Error) (24) (2.1370)
T 77 7 7 Brome Tops  Linear 1 7.p7ek  13.738* 5090
Residual 3 02659 1.348
(Error) (24) ( 4197)
———————— Roots  Idnear 1 B7.2508 " 7.236  1.2550
Pasidual 3 665291 1.603
L‘(‘i."l J.L; (24‘) (306200)
Gumbotil Alfalfa Tops Linear 1 78.1176 66.738%# 1.6137
Residual 3 1.,1705 . 956
(Brror) (156) (1.2233)
_________ Brome Tops Lincar 1 35,0352 11.327% 1,0807
Residual 3 3.0929 L,939%
(Error) (16) ( .6261)
T T T T T T TRoots 7 T ILimear 1 120.8816  122.697 2,0073
Residual 3 9852 589
(Error) (16) (1.6725)
Ferwutto Alfalfa Tops ILinear 1 21,7090 4,106 8507
Residual 3 5,2866 5.737%%
(Error) (40) (.92
T T T T 7777 Brome Tops  Linear 1  23.4790 907 8847
Residual 3 3,3991 8.368%¥%
(Error) (L0) ( ooz)
T T TRt T T T Thamesr 10 2300 2752 3870
Residual 3 8.4822 16,013%%
(Error) (40) ( .5297)




Table 28. (Continued), Analysis of Variance of Alfalfa and Bromegrass-Plant Weights
as Affected by Levels of P

s0il material plant part source d.f, m.S. F be
Buried Ap Alfalfa Tops Linear 1 6.1111 , 9.127 4513
Residual 3 6695 «883
(Error) (40) ( «7577)
7 77 Brome Tops  TLimesr 1 1s.s520 8.546 .7020
Residual 3 1.8197 5424 5%%
(Error) (40) { .3469)
T T T T T TRoots T T T T Timear 17 T 76Lsmez T T T Th.emw T T T 1.2643
Residual 3 5.3645 2.166
(Error) (40) (2.4764)
Tama Alfalfa Tops Linear 1 15,3940 87218%#* .7163
Topsoil Residual 3 «1765 .073
(Error) (28) (2.3992)
T T T T 77 Brome Tops | Timear 1 Ts.999z T T T1Le73% - T T T 4397
Residual 3 14968 ¢ 323
(Error) (28) (1.5338)
B e 5753
Residual 3 14,7478 1.034
(Error) (28) (14,2505)

b is the slope of the linear response of plant growth to 5 successilve
levels of P.



Table 29, Analysis of Variance of Plant Weights
on Unoxidized Till as Affected by
Soil Conditioner (R} and
Minor Elements (M)
source dof, M.S. F 2 effect
Alfzlfa R 1 4,0837 1.910 -1.6500
Tops
M 1 . 0204 . 009 .1167
Error 24 2.1370
Brome R 1 3.8240 Q,111%% 1,5G67
Tops
M 1 1.0753 2,562 -, 8467
Error 24 JH137
Roots R 1 35.5270 9.814%% L, BAEY
M 1 0140 . 003 . 0067
Error 24 3.6200

1

® F 5y = 4.26 (P.05), 7.82 (P,01)



Table 30. Analysis of Variance of Plant Weights
on Gumbotll as Affected by
Soil Conditioner (R) and
Minor Elements (M)
source defe MeS. F e effect
Alfalfa R 1 . 5400 oS4l .6000
Tops
M 1 2360 «193 . 3967
Error 16 1.2233
Brome R 1 L1204 0192 -.2833
Tops
M 1 . 0468 .075 -.1767
Error 16 6261
Roots R 1 1040 » 062 -.2633
M 1 1.1354 679 .8700
Error 16 1.6725
a 1 -



Table 31. Analysis of Variance of Plant Weights
on Ferretto as Affected by
Soil Corditioner (R) and
Minor Elements (M)

source defa MaSo iy effect
Alfalfa R 1 5.4532 5.018% 1.9067
Tops
M 1 . 3504 » 380 -.4833
Error 40 .9214
Brome R 1 3.8081 9.375%% 1,5933
Tops
M l 1022‘;’21 3:058 —09100
Error 40 052
Roots R 1 6.8694 12,968%% 2 ,1400
M 1 L0952 182 «2533
Error Lo « 5297
a 1

F o = 4.08 (P.05), 7.31 (P.O1)




Table 32. Analysls of Variance of Plant Weights
on Buried Az as Affected by
Soil Conditicner (R) and
Minor Elements (M)
source d.f. MeS. F & effect
Alfalfa R 1 1,1881 1.568  -.8900
Tops
M 1 3.3300 L, 394% 1.4900
Error 4o + 7577
Brome B 1 5.0233 14.480%% 1,8300
Tops
M 1 L, 4548 12,841%% 21,7233
Error Lo . 3469
Roots R 1 L,6816 1,890 1.7667
M 1 9.0037 3.635  =2.4500
‘Error 4o 2.4764
a 1

F a0

= 4.08 (P005)’ 7031 (P.OJ.)



Table 33, Analysis of Varlance of Plant Weights
on Tama Topsoil as Affected by
Lime (L), Soil Conditioner (R)
and Minor Elements (M}

source dsTe MeSa F 2 effect
Alfalfa _ L _ 1 2h,9830  _ _10.413%#* -1,6661 _
Tops R 1 3.4992 T.4k58 ~ =1,0800
L 1 15,7781 6.,576% =2.2933
_BL_ _ _ __ _ 1 _ __3.7632 _ _ 1.568 _ _1.1200
M 1 . 1281 .052 .2050
L 1 20,5147 8.550%% .2,6150
ML 1 _ 19120 _ _ _.797 _ _-.7983 _
Error 28 Z2.,3992
Brome _L__ 1 26,9015  17.539%*% 1,7288 _
Tops R 1 19,1321 17  LBG*%* ~ 275266
L 1 8,5G08 5.542%  1,6833
_BL_ _ 1 _ . _3-2708 _ _ 2,197 _ ~=1.0600 _
M 1 3.3708 2,197 — =1,0600
L 1 24,2538 15.812%% 2,8L33
ML 0300 _ _ _.019 _ _-.1000 _
Error 28 1.5338
Roots L _ 1__ _230.736) _ _16.191%* -5,0633 _
R 1 26.61Th 1.867 2.9783
L 1 211.5950 14 .848%* ~8,3983
— B_L ______ 1 e e ;‘_%6.3.0_ — _e_];og- — "06983
M 1 1.2870 ,090 =~ T-.6550
L 1 120,5234 8. U57%% _6,3383
ML 1 o _ 5562k _.390 _ =1.3617 _
Error 28 14,2505
& pl =un.20 (P.O5), 7.64 (P.O1)

28



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

