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Absiract

Five ditferent mulches and one mulch-amendment combination were
gvaluated in the rectamation of two different mine spoils, one in western
Kentucky and one in northern Alabama. The treatments evaluated were bark,
hardwood chips, straw, hay, hydromulich, and hydromulch plus Petroset SB
emulsion. Test plots, approximately 1 acre, were instrumented with flumes to
monitor discharge, erosion transects to measure erosion, suction lysimeters
for sampling groundwater, and devices to sample the runoff water, In the first
vears of the study. bark, hay, and straw generally produced the best vegetative
cover. Mulches high in biomass tended to favor the establishment of legumes
over grass. After 7 years, the effects of the different mulich treatments were
raadily apparent at the Alabama site where the hardwood-chip plot had strik-
ingly superior cover. Differences were not so apparent at the Kentucky site.
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introduction

About 200 thousand acres in the
United States are disturbed by sur-
face mining each vear. All of this
disturbed land is at least temporarily
bare of vegetation and exposed 1o
erosion. Miners are now required to
reciaim and revegetate the land they
have disturbed. Mulches andlor chem-
ical stabilizers or adhesives are fre-
guently applied to the spoil surface
to help reduce erosion and 1o speed
the revegetation process. Mulches
and soil stabilizers generally are
considered useful in spoil reclamas-
tion; however, the true value and
long-term effects on different spoils
and under different conditions of
siope, aspect, and climate have not
been investigated extensively. in this
study we evaluated the long-term
effects of six mulches (bark, wood
chips, straw, hay, hydromuich, and
Petroset plus hydromulch) on growth
of selected grasses and legumes and
on runoff and erosion from approxi-
mately 1-acre plots on two highly
different types of spoils.

Experimental Design

in the spring of 1976, two re-
search sites were established: the
Fabius site in northern Alabama and
the Ayrgem site in western Kentucky
(Fig. 1). The spoil at the Ayrgem site
was a gravelly sandy locam to sandy
foam and at the Fabius site was a
very gravelly borderiine sandy loam
to loam. At each site seven mulch
plots, each approximately 1 acre,
were delineated. Table 1 gives the
plot treatment, siope, length, LS fac-
tor, and aspect. Berms were con-
structed to separate the plots and to
direct runoff water into flumes instru-
mented with continuous discharge re-
corders and automatic water-sampling
devices. Four suction lysimeters were
installed on each plot so water for
chemica! analysis could be extracted
periodically from the spoil at a depth
of about 24 inches. Fifteen erosion
fransects, 48 inches across, of the
type described by Curtis and Cole
{1972) were installed on each plot in
five rows of three with each row offset
so that no gully would cross more
than one transect.

KENTUCKY

@ AYRGEM
SITE

TENNESSEE

FABIUS®
SITE

| ALABAMA

Figure 1.-~Map showing site locations.

Table 1.—Plot treatment, siope, length,
LS factor, and aspect

a Length Lgb

Treatment Slope of plots factor Aspect®

Percent Feer Degrees

AYRGEM
Patroset 12.8 400 4.00 48
Chips 126 400 3.90 48
Straw 12.3 460 3.76 48
Control 11.7 405 3.49 49
Hydromulch 12.3 415 3.83 47
Bark 11.4 410 3.38 46
Hay 12.3 380 3.71 46
FABIUS

Petroset 13.2 322 3.77 326
Chips 13.2 290 3.58 328
Straw 16.7 278 5.14 332
Control 17.6 286 5.69 335
Hydromulch 15.8 296 4.84 337
Bark 10.7 306 2.65 33¢
Hay 14.6 266 4.03 318

apiot seguence is from left to right when viewed looking uphiii.

bComputed product of slope (L) and gradient (8 from Wischmeier and
Smith (1965, p. 9) using the equation LS = VA (0.0076 + 0.0053s +
0.00768% wherein A is the field siope length in feet, and s is the gradient
expressed as siope percent. The LS factors presentied here indicats the
computed ratio of plot ercdibility to that of a “standard” plot 72.6 feet
tong with a 9% slope.

cAspect is viewed looking downsiope from {op of plots to the bottorm.



Table 2.—Vegetative yields from the Ayrgem and Fabius sites,

19789, 1980, and 1982, in pounds per acre (dry matten

Grass + Legumes Grass
Traatment S e e e
1979 1980 1982 1979 1980 1982
AYRGEM
Petroset 4810 5080 12,97C e 220 540
Chips 4,510 5,130 9,580 e 750 610
Straw 4960 6,170 12,740 — 100 400
Control 4090 5,470 14,020 - 300 550
Hydromuich 5,330 6,020 14,430 — 730 1,020
Bark 5,030 7,470 9,420 — 1,310 1,230
Hay 4,580 6,640 9,040 e 810 910
FABIUS
Petroset 4,140 — 8,060 3,070 i 2,180
Chips 6,180 e 23,100 210 — 40
Straw 2,540 e 8,280 350 —_ 940
Control 3,100 — 11,670 2,540 - 1,740
Hydromulch 4,000 - 14,920 1,640 - 990
Bark 4,450 — 21,980 2,220 o 190
Hay 8,650 18,270 1,310

Third season. Live vegetative
cover was down severely the third
vear compared to the second-year
cover on most plots partly because
the legumes had lost most of their
leaves just before measurement sither
from frost or drought. Nevertheless,
vegetative cover increased on the
control and Petroset plots. Despite
this partial leaf loss, the legumes
were still strongly predominant on all
pfots. If all litter, including mulch on
the ground, was counted as a part
of the total cover, then it is evident
that the spoil surface is largely pro-
tected on all sites and ranged from
97 percent cover for the bark muich
to a minimum of 56 percent for the
chip mulch.

Fourth season. Live cover was
nearly double what it had been at the
end of the third season. Legumes
were still strongly predominant on all
plots. There were no important differ-
gnces in jegume cover or total yields
attriputable to the muiches applied to
any of the seven plots. The hydro-
muich, hay, and Fetroset plots had
appreciably more grass cover than
the remaining plots.

Fifth season. Legumes were
strongly predominant on ali plots.
There was no appreciable difference
in the legume harvest between plots,
but the grass harvest was nearly
thirteenfold higher on the bark plot
than on the straw plot. The total vege-
tation harvested ranged from 6 1o 48
percent greater than the year before
on all treatments.

Sixth season. No observations
were made.

Seventh season. Legumes were
still strongly predominant on ali plots.
MNeither grass nior legume harvests
were appreciably different on any of
the seven plots. The total vegetation
harvested in this seventh season
{1982) ranged from 26 to 156 percent
greater than that harvested in the fifth
season. Grass yields were slightly
higher in 1982 on the chip and bark
plots than they had been in 1880, but
had declined appreciably on the re-
maining five plots during the same
interim,

410

Legumes
1979 1980 1682
e 4,860 12,420
e 4,380 8,990
— 6,060 12,340
— 5,180 13,480
— 5,280 13,410
— 6,170 8,200
e 6,030 8,130
1,080 — 5,980
5,870 — 23,060
2,200 — 7,350
560 e 8,920
2,360 — 13,940
2,230 — 21,790
7,340 — 17,860
Fabius Site

First season. Total vegetative
growth was best on the hay plot (61
percent live cover), the bark plot (41
percent), and the straw plot (36 per-
centi), Live cover on the chip, Petroset,
hydromulch, and control plots was 25,
19, 19, and 16 percent, respectively.
Legumes accounted for less than 12
percent of the live cover on all plots,
but were most in evidence on the hay
and bark plots.

Second season. Live vegetative
cover increased through the second
season on all except the straw plot
where it decreased from 38 to 7 per-
cent. The decline in live vegetation on
the straw plot can be attributed to the
wheat seed contained in the straw
mulch. This seed germinated ahead
of the planted seeds and produced a
quick-growing fush cover that crowded
out the seeded species. This dense
cover of wheat died having produced
little or no seed. Almost none of the
planted seeds ever produced viable
plants so the straw plot remained
almost veid of living vegetation, but
with an even heavier accumulation of
straw muich than had initially been



applied. At the end of the second sea-
son, grass was still the predominant
vegetaticn on aill plots, though le-
gumes had increased appreciably on
the bark and hay plots.

Third season. By the end of the
third season, the bark, hay, and chip
plots had the heaviest live cover (58,
5%, and 52 percent, respectively). Live
cover had increased on all except the
hay and bark plots, both of which
decreased from the previous season,
The chip and straw plots both showed
remarkable increases in live cover
over the previous season, in both
cases an increase almost totally at-
tributabla 10 the sudden establigh-
ment of a good stand of legumes
which now was the dominant vegeta-
tion, 94 and 79 percent, respectively,
of the total live cover. The other five
plots were still predominantly grass,
though the hay plot showed an appre-
ciable legume concentration (47 per-
cent of the live cover). The steep
decline in grass on the chip and hay
plots may have been caused by com-
petition from the decomposers for
the available nitrogen.

Fourth season. There was no
appreciable change in grass cover on
any of the seven plots during the
fourth season, but legume cover in-
creased markedly on all plots. Le-
gumes predominated on five of the
piots by the end of this season: 97
percent of the vegetative cover on the
chip plot, 88 percent on the straw, 71
percent on the hay, 66 percent on the
hydromuich, and 51 percent on the
Petroset plots. Total yields and cover
were highest on the hay plot.

Fifth and sixth seasons. No ob-
servations were made.

Seventh seasorn. Legumes strongly
predominated on all plots at Fabius
by the end of the seventh season
(1982). Legumes as a percent of total
yield increased on all plots over that
recorded for the fourth season and
ranged from 72 percent on the Petro-
set piot {o essentially 100 percent on
the chip plot. The grass yield was
lower than it had been 3 years sarlier
on all except the straw plot.

Erosion and Transport
of Suspended Solids

Erosion on the study plots was
evaluated for a period of aboul a year
and a haif starting in the spring of
1976, The two methods of evaluation
were: (1) erosion transect measure-
ments, and (2) suspended solids mea-
sured in the runoff water.

in theory, the erosion transects
should give a direct measurement of
erosion from each plot. The data ob-
tained from these transects are pre-

sented in Table 3 and seem to indicale
that they sometimes measured some-
thing other than erosion. At both sites,
the control had the most erosion as
indicated by the transect measure-
ments as would be expecied. During
measurements it was noted that the
metal measuring pins frequently
rested on clumps of sod, so did not
penetrate all the way to the ground,
thus sometimes causing the appear
ance of deposition when none had
ocourred.

Table 3.—Erosion as indicated by erosion transecis and
by suspended solids in surface runoff

Theoreticald

Mulch® Change in surface Suspended suspended
) elevation® s0lids® solids on
standard plot
mm Rank® mgf! Rank mgll Rank
AYRGEM
Petroset -~ 7.8 4] 2,334 4 584 3
Chips -1.1 3 3,422 5 877 5
Straw ~-0.7 1 4,225 7 1,124 7
Control —12.3 7 1,765 2 508 2
Hydromuich -0.9 2 3612 6 243 8
Bark -56 5 2,066 3 611 4
Hay -26 4 1,681 1 453 1
FABIUS

Petroset ~5.4 8 8,834 5 2,343 6
Chips ~2.9 4 5,212 3 1,456 3
Straw ~2.1 3 1,178 2 229 2
Control ~10.3 7 9,257 6 1,627 4
Hydromulch —~3.9 5 13,280 7 2,744 7
Bark +4.9 1 5,572 4 2,103 5
Hay ~0.5 2 868 1 215 1

aMulches are listed in sequence from left to right, looking uphill,

bChange in surface slevation relative to 1ops of erosion transect posts driven into the
spoil. Negative values indicate erosion, positive values indicate deposition, swelling of
spoil, or settling of the erosion transect posts into the spoll. These elevation changes
are for the pericd May 19, 1978, to October 5, 1977, at Ayrgem and May 27, 1976, to
May 3, 1977, at Fabius.

cSuspended solids sampies were effluent from small holes drilled in the side of each
flume. These outlets were at elevations of 1.3/8, 2-3/8, 6, and 12 inches from the boitom
of the flume. Suspended solids values presented here are averagse values for sampies
taken at all outlets during the major Hoods from August 4, 1976, to September 13, 1877,
(2 1o B samples per flume). Suspended solids concentrations averaged about the same
from the four cutlets at each flume.

dTheoretical suspended solids that would have been found on a “standard” 9%
siope, 72.6 fest in length. The adjusiment to standard slope was made by dividing the
measured suspended solids concentration by the L8 factor in table 1. 1t is assumed that
the ratic of suspended solids to erosion would remain the same on ‘‘standard” slopes
as that observed for actual slopes—a rather debatable assumption.

Ranked in order of increasing erosion or suspended solids.



The suspended solids content
of water samples collected at the
flumes was determined and should
provide an independent, though indi-
rect, measure of the relative rates of
erosion on each plot. Average sus-
pended solids concentrations are
given in Table 3 and were collected in
accordance with the procedure de-
scribed in Table 3, footnote ¢.

Slope and length of plot vary
enough to significantly affect erosion
and, in turn, the suspended solids
concentrations that were measured
during the course of this study. f it is
assumed that the suspended solids
concentrations observed in runoff
water are proportional to erosion on
the watershed (not a completely valid
assumption), then it is possible to
adjust the observed suspended solids
concentrations to what should have
been present from plots of uniform
slope and length. Using methods
described by Wischmeyer and Smith
{1965, p. 9), we correcied the observed
suspended solids concentrations us-
ing the LS factors (Table 1) to give the
theoretical concentrations shown in
Table 3 to be expected from a “stan-
dard plot™ 72.6 feet in length with a
g-percent slope.

At the Ayrgem site, the erosion
transects indicated that the ieast ero-
sion was on the straw, hydromulch,
and chip plots, while the unadjusted
suspended solids data indicated the

least erosion had been on the hay,
control, and bark plots-—or almost
the reverse. Erosion deduced from the
theoretical suspended solids concen-
trations expected on standard plots
would have this same ranking, except
that Petroset would replace the bark
for third place. We believe that the
suspended solids data are a better
measure of erosion than the erosion
transect data; but erosion as mea-
sured at the Ayrgem site by either of
these methods cannot be explained
in terms of physical characteristics of
the muiches. However, the relatively
dense vegetation on the bark and hay
plots in 1976 and 1977 could account
for the lower levels of suspended
solids concentrations obsarved on
these plots.

At the Fabius site the erosion
transects showed an average of 4.9 mm
deposition (o7 growth of sod) on the
bark plot, while the hay, straw, and
chip plots showed the least measursd
erosion. The unadjusted suspended
solids data indicated that the least
grosion was on the hay, straw, chip,
and bark plots—pretty much in agree-
ment with the erosion transect mea-
surements, and in accord with what
would be expected from erosion re-
ducing mulches. Erosion deduced
from the theoretical suspended solid
concentrations expected on standard
plots would have this same ranking
except that the contrel would replace
bark for fourth place.

Discussion

The response to a given muich
was not uniform from site to site.
Numerous factors can contribute to
this. in essentially all situations it
seems likely that mulches help conirol
grosion. In most instances, mulches
heip establish vegetation, but muiches
can hinder, or even prevent vegetative
growth. A discussion of the more im-
portant variables affecting muich
responses follows.

Variations Within a Given Muich

Some muiches such as hydro-
mulch may be uniform everywhere,
yet most will vary greatly according
to source. Bark, wood chips, and
leaves can be from either hardwood
trees or softwood trees, and they can
be from either one tree species or
from a mix of numerous tree species.
Bark, wood chips, and leaves from
some trees such as walinut may con-
tain phytotoxic substances that actu-
ally repress plant growth. Allison and
others (1963} found that finely ground
wood or bark from 6 of the 28 species
tested exhibited some degree of
toxicity to garden peas. !t is believed
that the bark used at the Fabius site
was predominantly softwood (conifer),
while that used at the Ayrgem site
was predominantly hardwood. Hard-
wood chips were used on both sites.

Hay used for mulch in the study
area is usually a tall fescue hay that
often contains mature seed of fescue



and possibly scme fegume and weed
seed. Seed from the hay would add to
that which was deliberately sown and
may account for the especially dense
stand of fescue that quickly became
established on the hay piot at the
Fabius site.

The wheat straw used at the
Fabius site contained much seed that
produced plants that almaost totally
crowded out those that were delib-
grately seeded to reclaim the spoil.

Weathering of Mulch Materials

Fresh mulch materials may have
different effects from muliches that
are allowed to weather or age for a
year or two prior {0 application. The
weathering of mulch matenals may
cause partial decomposition and thus
reduce their erosion retarding proper-
ties somewhat, but at the same time,
it may reduce nutrient demand from
the mulch material or promote release
of nutrients from the mulch, thus
improving the value of the muich to
growing vegetation. Weathering may
gradually leach away any toxic com-
ponents that may be in the muich.
Weathering also will likely reduce
viability of seeds contained in the
mulch materials. Wood bark used at
Fabius had weathered only a few
months, while that used at Ayrgermn had
heen exposed at a dump for more than
a year. Straw and hay had weathered
in the bales for only a few months at
hoth sites. Wood chips were applied
the day they were chipped at the
Ayrgem site, and were only a few
days oid when applied at the Fabius
site.

Time of Application
of Mulch and Seed

The effects of mulches on growth
of vegetation may vary according {o
the season of seeding and time of
mulch application relative to the date
of seeding. Muiches tend to conserve
moisture in the soil and {0 prevent
extremes of temperature in the soil.
Conseguently, plants seeded in the
hot or dry seasan are likely to benefit
more from mulches than those seeded
in a cool or moist season. Mulches
applied in a cool or moist season may
hinder the establishment of vegeta-
tion, though there is no evidence they
did so at either of the sites investi-
gated in this study.

Muiches were apptied from 1 to
23 days after sgeding in this study,
and germination of seeds may have
been different had each mulch been
applied at a different time. Most
seeds shouid have germinated by the
time the bark and chips were applied
{0 the Ayrgern plots 23 days after
seeding, so only a post-germination
effect due to these mulches couid be
observed. At Fabius, bark and chips
were applied the day after seeding,
30 both pre- and post-germination
effects of these mulches should have
been observed here. Jim Powell®
surmises that the natural organic
substances produced by bark or wood
chips will scarify the seeds of hard
seeded legumes such as the lespe-
dezas, thus speeding up their ger-
mination. Therefore, at Fabius we
may be observing the chemical ef-
fects as well as physical effects of
these muiches.

dim Powell, Peabody Coal Co., Green-
ville, Kentucky. Personal communication
August 4, 1983

Eftect of Applied Fertilizers
on Observed Plant Growth

The initial heavy application of
nitrogen fertilizer would be expected
to favor growth of grasses over le-
gumes. After a year or two when the
nitrogen is leached from the spoil or
tied up in organic material, legumes,
because of their ability 1o supply their
own nitrogen, would have a distinct
advantage over the grasses. The first
year's growth on all plots at the Fabius
site and on three plots at the Ayrgem
site was predominantly grass as had
been expected. Grasses still predomi-
nated at all Fabius plots the second
vear. Legumes predominated the first
year on four of the Ayrgem plots;
namely, bark, chips, straw, and hay—
those with the greatest mass of added
organic materials. These four mulches
not only seemed {o retard the growth
of grasses, perhaps by competing for
nutrients as discussed in the next
section, but they also generally pro-
moted a growth of legumes more than
adequate 1o compensate for any pos-
sible suppression of grasses.

Demand of Mulch Decomposers
for Nutrients

All prganic mulch materials will
eventually decompose, and as they
do so, the microprganisms that di-
gest them extract nutrients from the
spoils they contact. Partially decom-
posed mulches and coarse textured
mulches are likely 1o be less demand-
ing of nutrients than are unweathered
or finely divided mulches. Muleh-
decomposing bacteria demand nu-
trients, especialiy nitrogen, and are
in direct competition with giowing
pianis; and plant growth may be
severely retarded by this competition.
In the reclamation of mine spolls, it
is common practice to apply enocugh



fertilizer to supply the needs of grow-
ing plants for the firsl year or two,
but not necessarily encugh for the
needs of mulch-decomposing bacteria.
Eventually a shortage of nitrogen is
likely to develop on spoiis that are
being mulched during reclamation,
uniess they have been seeded to
nitrogen fixing legumes. At the Fabius
site, a severe shortage of nitrogen
seems to have developed on the wood-
chip and straw plots by the third year.
This may account, at least in part, for
the great increase in legume cover on
these sites during the third year and
the relative or absolute decline in
grass cover.

Aspect

The potential value of a given
muich depends greatly on the aspect
of the siope to which it is applied. A
slope facing south or west is much
more likely to benefit from the cooling
and moisture refaining characteristics
of a muich than one facing north or
east. The greater insolaticn on south-
erly and westerly slopes generates
higher soil temperatures and causes
the slopes to be much more droughty.
A heavy mulch applied 1o a northerly
or easterly slope may retard the es-
tablishment of vegetation, especially
during the cooler or damper months.

The aspect of each plot is given
in Table 1. The Ayrgem plots slope in
a northeasterly direction; neverthe-
less, mulches still had a beneficial
effect at this location because the
Ayrgem spoils were very sandy and
tended to be droughty. They were
seeded late enough in the season
for moisture 1o be less than oplimum,
so the moisture conserved by the
muiches was beneficial in establish-
ing a good plant cover.

The Fabius plots face west toward
a high wall that shields the lower por
tions of the plots from the full effect
of the late evening sun. Mulches at
Fabius had a beneficial effect.

Spoil Physical Characteristics

Data on particle-size distribution,
spoil texture, and moisture retention
characteristics are given in Table 4.
Despite the striking differences in
available water, Figure 2 and Table 2
show that overall vegetative growth
was similar at the Ayrgem and Fabius
sites. The Ayrgem spoils perhaps
compensated for the lower percentage
of available water with a deeper root
zone and greater permeability. The
greater percentage of coarse frag-
ments in the Fabius spoil would also
have been a compensating factor.

Spoil Chemical Characteristics

A summary of selected spoil
chemical characteristics is given in
Table § for the years 1978, 1977, and
1882-83. Specific conductance and
sulfate measurements indicate that
both the Ayrgem and Fabius sites
contain relatively low and decreasing
concentrations of dissolved solids.

Median pH values (from Table §)
of all seven plots at the Ayrgem site
averaged 6.9 in all three sets of spoil
samples. Median pH values from the
Fabius site averaged 5.0, 4.8, and
5.3, respectively, for the 1976, 1977,
and 1982 spoil samples. The pH shifts
over time in the Fabius spoil cannot
be readily explained, but may be
attributable largely to the difficulty
in obtaining samples fully representa-
tive of these highly variable spoils.
Afler almost 7 years, the chip plot at
Fabius had the highest biomass as
shown in Table 2; yet, it had one of
the lowest pH levels (Table 5}, a pH
that in agronomic circles is consid-
ered just barely adequate for good
plant growth. Data in Table § indicate
that appreciable increases in ex-
changeable acidity and exchangeable
aluminum occurred on the Fabius
plots between 1877 and 1982 and that
the site might benefit from a light
application of lime.



Table 4. —Summary of spoil texiure, particle-size distribution, and moisture retention

Treatment®

Petroset
Chips
Straw
Control
Hydromuich
Hark

Hay

Petroset
Chips
Straw
Control
Hydromuich
Bark

Hay

characteristics at 0-6 inch depth, 1982-1983 samples, in percent

Coarse
fragments

38
38
40
45
40
36

47

Particle-size
distribution
of soil fraction

Sand Silt  Clay

Spoil
texture

AYRGEM

B2 12 &  Gravelly sandy loam
81 13 &  Gravelly sandy loam
82 12 6  Gravelly sandy loam
80 12 8  Gravelly sandy loam
82 11 7 Gravelly sandy loam
84 11 5  Sandy loam
82 11 7 Gravelly sandy loam
FABIUS

58 33 9  Very gravelly

sandy loam
58 31 11 Vary gravelly

sandy loam
54 35 11 Very graveily

sandy (oam
52 35 13 Very gravelly

sandy loam-loam
52 37 11 Very gravelly

sandy loam-loam
55 34 H Very gravelly

sandy loam

48 3g 13

Very gravelly loam

aPiot sequence is from left to right when viewed looking uphill,
bWater available for plant use was assumed o be equal 1o the difference in moisture retained at ¥ bar and at
15 bars pressure.

Moisture
retention

by soll fraction

Vs bar 15 barsg

O~Nmoomw®

20
18
18
17
18
21
18

MNP R R

-~

8
B
7

Available
water in
s0il
fraction®

RO HDD

13

10
13

11
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Conclusions

1.

AN

(3]

In general, bark mulch was the most
satisfactory of the six mulches and
hay mulch followed closely. Petro-
set and hydromulch plots generally
differsd littie from the control.

No one mulch is best for all spoils
and for all purposes.

. The great variability within certain

types of muich materials such as
straw, hay, leaves, and wood bark
must be taken into consideration
when selecting a mulich.

An inappropriate mulch may have
negative effects on some or ail
forms of vegetation.

. The use of mulches high in organic

matter such as bark, chips, hay,
and straw tends to encourage
the growth of legumes more than
grasses,
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