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CASPAR CRLEK CROSION STUDY

o . . |
Norman N. Stoneman, Dauvid M. Burns and Clifford =. raQOA/

In the Horth Coast reglon of California, there are many streams which are
used by anadromous fish for spawning grounds; therefore, siltation caused by
logging activity and road construction near‘streams can affect stream ecology,
water gquality, and water guantity. Finding a method of protecting suitable
gravel for gpawning and minimizing erosion and resultant siltation due to log-
ging is a problem facing every timber operator and timberland owner.

A study and derionstration of road spoil erosion control was initiated on
Jackson State Forest in October 1964. The purpose of this study was to find an
efficient and practical method of controlling erosion on road spoil and fills
The problem was to find a minimum cost approach that anyone engaged in timber
harvesting c¢an use with the equipment and masnpower normally employed. HNatural
revecctation of fresh spoil with native forbs, rrasses, and herbaceous plants,
in the.ﬁtudy arez, reguires a pericd of four to five years to become established.
Since this is too leng a durakion to expose the site to all the erosion factors,
rrotection should be preovided to prevent excessive erosion.

The study arca selected was in the Caspar Creek watershed which has a

redwood (3equoin sempervirens) and Douplas-fir (Fsuedotsurs menziesii) assoc-—

ciationg/ as vegetative cover. The study was divided into two phases: (1) a
grass plot trial to determine which type of vepetation and fertilizer combina-

tion would be Lest {or the ares, and (2) an erosion study that would use the

1/ The authors are Torester, Jackson State Forest; Assistant Iorest Lanager,
Jackson Gtate Forest; and Forest llanager, Dogss Nountain State Yorest, re-
spectively, all of the California Division of Forestry.

2/ Also AOUud as minor conifers in the timber type are prand fir (Abies rrandis),
western hemleck (Tsuza heterophylla) and bishop pine (Uinug mw

inuG e

.c;m).
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seed - fertilizer tri:l plot location in Caspar (reek arosion study.
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Most successful prass—-fertilizer combination to treat a large area of road

spoll.

SEDD ALD TFERTILIZLR TRIALS

The seed and fertilizer triel plots were established in two separate loca-
tions, Area A and Orc¢hard CGulch. DGach Jocation had 12 plots one cheain in length
with the width being determined by the road £ill width (fig. 1). The plots were
selected randomly for four replications of six different treatments. The six
treatments used were as follows:

1. Control - undisturbed road fill.

2, lana Vetch (50 lbs/acre) and Suver Fhosphate (0-20-0) at 200 lbs/acre.

3. fnnual Rye (100 lbs/acre) and Urea (45-0-0) at 100 1lbs/acre.

4, DBarley, in rows (150 lbs/acre) and Urea (45-0-0) at 1C0 lbsg/acre.

5. Barley, brozdcast, (150 lbs/acre) and Amnonium Fhosphate Sulfate

(16-20-0) at 1CO lbs/acre.

6. Annual Rye (50 lbs/acre) and Barley (50 lbs/acre) angd Urea {(45-0-0)

at 100 lbs/acre.

Treaiments one, two, and three were applied to the plots October 27, 1064,
Treatments four, five, and six were applied to the plots Januwary 15, 1965.
Cbservations were pericdically taken during the first year after the plois were
established. Table 1 is a record of the plot observations which were made of
five individual plot conditions.

Several methods can be used in sowing seed and spreading fertilizer but
the method used depends on the equipment that is readily avail-ble. In this
study the hand operatea Yeyclone seeder' was used be&uuse it was thought to he
the most practical on an area this size. The description of cach treaxtment ang

a summarization of the observation results follows.


http:broadc!1.st

1.

2o

Control.
Four plots were randomly selected as control areas with no attempt
made to chance surface conditions of the plots after road construc-

tion (fig. 2). A1l the plots observed revealed that five percent or

Mig. 2 Plot 9, control established in
Crechard Gulch showing an examvle of ths
road spoils

less of the total area was covered by native vegetntion, mostly
red glder (ilnas ggggg) geedlincs, with silt and sully erosion
guite pronounced. There was evidence in some areas that small
slides and dropouts had occurred. Also it was indicated that a
certaih amount of silt had reached the live stream below the toe
of the Iill. 'The amount of silt reaching the stream appearsd to
be somewhai reduced on those areas where slash cover was directly
below the side cast.

Lanz Vetch - Super Phosphate.

The only variation found between plots was exposure and aspects

2
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Area A had a north aspect and Orchard Gulch had a westerly aspecct.
One problem became apparent during seeding and this was that since .
the vetch sced was large and round in shape, 1t had the tendency

to roll off the fill slopes durineg the seed application. This
treatment had geod results on the two plots in Orchard CGulch but
did not do well at all on the two similar plots in Area A, This
may be attributed to the difference in aspects. The vetch on all
plots had a high rate of germination within one week after seeding,
but failed to put on satisfactory growth. Four months after seed-
ing, the vetch averaged two inches in height, appeared vefy sparse
in most areas, and had started to die out. From all evidence, deer
cropping was responsible for the short vetch height. In area A the
fow remaining plants were green and flowering as late as fugust 18,
but very sparse with 1% percent or less of the area covered. The
trailing stems cn individual plants measured 18 to 96 inches in
length, Sheet cerosion measured one to one and one-half inches

with some rill or pullying evident up to four inches deep.

The two plots in the Orchard Guleh supported a fairly dense cover
of vetch in & mature mat at the Aupust 18 observational check

{fig. 2), and the erosion did not appear as advanced on thege

plots as it did in Area A,

Armial Rye - Urea.

Two and a half months after sceding, the rye prass on the plois
averaged six to eleven inches high and formed a donse ground cover,
At maturity the annuval rye measured 2h to 36 inches high and density
was 65 to 95 percent of the plot areas (fig. 4). Sheet erosion to

5
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a gparse grass cover; however, only slight rill erosion was evident.
The annual rye grass on unfertilized arecas outside the plots was
only twe inches high at two and a half months, very sparse, and
formed no continucus pround cover. At maturity, the average height
measured about six to eight inches, was still very sparse, and had
some evidence of moderate erosion.

Barlev (in rows) - Urea.

Germination and initial growth was very rapid and six weeks after
planting, the barley was four to six inches high. The mature plants
(fig. 5) measured 20 to 30 inches high and were very dense in the
rovws. Yashing across the rows downslope was quile apparent on the
steeper plots and there was also an indication of erosion between

the rous.

Fige 5e Barley, in rows, Sept. 1865,
The so0il between the rows had litile pro-
tection,

The erosion between the rows was preater than expected and Lt was

s
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determined that barley planted in this manner has only a miniomm
degree of soil holding ability. Excessive time and labor was re-
guired for the seeding, since approximately one man day is required
to row plant 200 feet of road spoil having an average width of 20
feet. In addition, the barley heads appeared to be browsed heavily
by deer or harvested by rodents thereby making the chances of ade-
quate reseeding very uncertain,

Barley {(broadcast) = Amponium Phosphate Sulfate.

Germination and initial growth was similar to the barley in rows,
but had a sparse cover from the early growing stages to maturity.
At maturity the barley was 18 to 24 inches high with 10 to 20 plants
per square fooi and provided a ground cover of 40 to 70 percent

{fig. 6)+ Surface erosion was more voticeable under the barley

i e |
_q: rrr—ﬂ . , = “72_!?". fr""'\!:'-' ,.:-:IT(':.?:_-_I—-.-.W. o e o |

Fig. 6. Broadcast barley, on plot 10

in Orchard Gulch, with a dense grass stand
of about P0 percent coverage.,

than it was in the case of rye or the barley-rye combinations

Because of weather conditions, it was not possiblo to compare
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the early growth stapges of this treatment with the broadcast rye
treatment as the two applications were planted two and one-half
monthis apart.

innual Rye-Barley - Urea.

5ix weeks after seeding, the barley was four to six inches hipgh

and was sparse in density. The rye grass erew guite dense at 50
lbs. per acre, btui the initial srowth was slower when compared to
the barley seeded at the same rate at the ceis time. VYhen maturity
was reached, the cover appenred to be predominstely annual rye grass

(fir. 7) ranginz from 2b to 36 inches high and covered the plot 70 to

Fig. 7. Plot 12, annual rye and b=rley.
Grass, Sert. 1965, showin; mature dense mat
with rye predominatinc.

90 percent. lLrosion conditions on these plots appeared to be com-
parable to the plots seeded entirely with annual rye erass., In com-
paring the treatrents it was felt thot the density characteristics
of the prass seeded at 100 1bs. per sere was not much differsnt than

the density at 50 1lbs. ner acre.
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Seed which accidentally was spread beyond the unfertilized plot boundaries
scemed to ferminate well, but did not grow at all or had a slower rate of growth
when compared to the seed which had been treated with fertilizer. From all
ocboervations it was found that fertilizer was needed for the prowth desired.

The plot data indicated that the best seedin approach was annuzl rye broadecast
seeded and treated with Urea fertilizer (Treatment #3). Urea, with a higher
nitrogen level than the other fertilizers used, appeared to be the best ferti-
lizer to use in the study area. However in the second phase of this study pro-
visions were made to compare it with another fertilizer not used in the plot
study, the other fertilizer beinsg di-ammonium phosphate (D. A. P, 21-23-0).

In summary, baced on the data gatliered, the best seed/fertiliver corbina-
tion was annual rye and Yrea each applied at H0 to 100 lbs. per acre. The
optimum time to seed and fertilize appeared to be shortly after the first light
rain. UYhen seeding before any rain, "dry creep'" on the steep fills tends to
carry wuch of the seed fto the toe of the fill. However if the seeding is delayed
too loqg into the rainy season, the soil can become comnletely saturated and the
fresh fills become irposnible to work on because of mud flows that occur when
they are disturbed. Cne of the most efficient and practical methods of sowing
the rrass seed and sprexdings the fertilizer is by using the hand operated cyclone
seeder. The annual rye and Urca are particularly well adapted to this method
because of the shave of the rye seed and the pellet form of the fertilizer.

The ground coverage is good and the distance the seeder can cast the seed and
foertilizer is adecuate.

The results gained from the seed trial plots indicated the procedure to
use in the second phase of the study, the procedure and results of which are

given belov.
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DLSCRIPTION OF DROSION STURY

The second phase of the erosion study is located on five miles of access
road built by logging contractors as part of a timber sale. Twenty plots,
averaging 1.5 acres each, were established at 20 chain intervals along the
road 111 (fig. 8). The plots were seeded with annual rye gsrass at the rate of
50 pounds per ecre and were selected randemly to determine which fertilizer
would be used on each. The plot data are given in Table 2 and summarize the
treatments applied., The two fertilizers were both applied at approximately 50
pounds per acre. <The average slope of the plots was 59 percent with a range of
10 to 95 rercent and had an averapge slope distance of 57 feet which ranged
between 14 and 150 feet. A1l five miles of road were constructed in the Hugo
501l meries which is a moderately steble soil. Some clay deposits and rock
outcroppings were found, but these were rare in relation to the totzl acreage
involved. The entire road was well ditched, culverted and had water bars
installed on the road surface to minimize runoff on the Till side.

S5ixteen transects were set up in the first two study plots to measure the
anount of erosiocn and were placed .5 to 1.5 chains apsrt alons the roed. Lach
transect had 10 points, five to eipght feet apart, where an erosion pin was driven
into the soil (fig. 9). The pin was constructed of number 9 iron wire, 1& inches
long with an aluminum tag secured to the ftop. A notch was etched into the pin
about six inches from the top and was placed in the soil until the notch was
level with the fill surface (fig. 10) thereby allowinr the recordines of any
change in surface level. The transects were established on a diaponal line to
the slope direction and ran from the edre of the road to the bottom of the slope.
A 2" x 2" redwood stake maried the beginning and end points of each transect.

Four of these transects were ploced on unseeded fill slopes tc act as the control.,
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Table 2. Crass and fertilizer used on erosion plots.

Plot Date Plot Pounds Per hcre Fertilizer
No. Seeded hores Seed _ Vertilirer Used
1 Sept. 29, 1965 1,54 51.9 91.0 . . p ¥
2 Sept. 29; 1965 1,56 51.3 54.5 De 4a P,
3 Sept. 22, 1965 1.88 57:5 5343 Urea /
b4 Sept. 29, 1969 1.09 5&.8 779 Do As Po
5 Sept. 29, 1965 1.99 50,3 50.3 Urea
6 Sept. 29, 1965 1,96 51.0 51.1 Brea
7 Sept. 29, 1965 1.3k 5243 6,2 D. A. P.
8 Sept. 28, 1965 2,21 5647 51.6 D. he P
9 Sept. 28, 1965 1.70 53,0 50.0 Urea
10 Sept. 28, 1965 1.71 Lg,7 49,7 Do Ae P.
11 Sept. 28, 1965 1.92 52,0 3,7 De 4. P
12 Octe 5, 1965 1.95 51.3 51.b Urea
13 Oct, 5, 1965 146 51.4 68.5 Do A, Pa
14 'dOct, 5, 1965 2.10 52.5 6647 D. A. P.
15 Mov., 2, 1965 1.57 Ly ,5 Sh,1 D. A. P.
16 Rove, 2, 1965 0.60 50.0 83,3 D. A, Po
17 Mov. 2, 1965 1.19 31.6 58.8 D. 4. P,
18 Hov, 2, 1965 1.60 h3.6 53.1 Do Ao Po
19 Hove 2, 1665 1.05 5244 66.7 Do Ao Po
20 Nove 2, 1965 0,78 51.4 £9.8 D. A. P,
Totals | 31.20 1,009.2 1,229.7

a/ Do A, P. (21-23-0)
b/ Urca (45-0-0)
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The erosion pins within these transects failed to give the desired infor-
mation on how much erosion occurred. The reasons that they did not function
properly were due to the following: (1) the whole fill ares was loose when the
pins were established and with the normal settling and compaction of the fill,
this in itself would give an erroneous reading on the pin; (2) when sheet ero-
sion occurred, the top layer of s0il became saturated and moved en masse down
the slope. This dislodged several pins and bent others so that if a measure-
mert were taken it was worthless.

The transect portion of the project has been abondoned with only visual
observations veing recorded. Photographs were token of each plot over a two-
year period from permanent photo points. These photogrephs have recorded
valuable cobservations on types of crosion and soll movement and alse show how
effective the grass cover was in relation to the cerosive factors affecting each

plot.

STUDY PLOT OBSERVATIONS

Plots Before Germination

Dry creep was a problem on the plots that had a slope of 60 percent or
more. On these steep slopes the soil was very loose and & man walking across
the fill when seeding or fertilizing would usually start small landslides. The
best procedure when working on slopes this steep was to walt until the slides
had subsided and then reseed or refertilize the exposed soil. In many cases
the angle of repose was so steep that tho addition of seed or fertilizer would
generate soll movement in rills which would carry the seed and fertilizer to
the toe of the slope. Also when these same areas became sz2turated during an
intensive storm, the consistency of the top inch or two of soil becawme plastic

in form and flowed down the slope takings the pgrass seed with it. This problenm
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might be corrected by mulching or terracing, but the costs invelved should be

investigated.

Flots Durine Cerminotion

The grass seed germinated in six to nine days after the first fall rains.
Grass became established under a1l plot conditions (fig. 11), including clay
deposits and rocky areag, when enough soil was present to support reoot develop-

ment.

Fig. 11, Station 9, Oct. 1965, showing
grass germinating on steep {ill.

Cn the neist north-facing slopes, grass germinsted sooner than on plots
more exposed to sun. lHowever chortly after germination, growth stagnated until
more rains came. The stagnation of growth on these plots allowed the other
plots to overtake them, but by the end of the growing season all the plots had

about equal prass height and density.
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Flots After Germination

The intensity and duration of the first few rain storms determined how
much damage the grass plots could sustein and still remain a check on erosion,
Rainfall duration and the measured amounts cccurring during the germination and
initial growth period are shown in Table 3 for the two growins; seasons. In
many cases the top few inches of soil would'become paturated and gluffed off the
slope in sections. The zlip would occur even when a rqot mat had developed and
the grass would be two or three inches high. If the reot mat was well developed
and extended deeper than the saturation level, the grass would prevent the sliope

from sluffing (fie. 22). The ideal situation is to have moderate rzinfall,

Figs. 12. Harch 1966 prass at Station 9
in intersediate prowth stare. NHote absence
of large slash, appearing in first picture
(fig. 11), uhich apparently moved to the
toe of the fill. The berm has also slipped.

enouch to support plant growth, but not enoush to cause the described slippage.
Gully erosion was found in several places in the study area, but in most cases

the grass did not have a chance to become established before this occurred.



Table 3., Rainfall during germination and initial growing stages of grass.é/

g5
1965 1966

bate Progiptabion Pate Proespisation
Sept. 25 0.0k Sept. 13 0,02
Gct. S 0.32 Oct, 1-31 0.0
Oct. 14 Q.15 Hove 7 0.83
Cet. 20 0.10 Nov. 1k 3,20
Nov. 4 0.50 Nov. 15 0.2%
Nov. & 1.60 Nov. 16 0.89
Nov, 12 1.%2 Hov. 20 1.07
Nov. 15 2,320 Hov, 23 1.05
Hov, 18 1.%0 Nov. 22 Q.64
Nov. 19 0.20 Nov. 23 0,02
Hov, 23 0.05 Nove. 28 0.28
Nov. 2l 1,20 Hov. 29 | Ou5h
Nowv. 27 l.42

Total 10.50 Total 8.77

a/ Rainfall data was taken from standard rain papge located at Jackson
State Forest Headquarters, Fort Irapg, California.
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During observations of what was cccurring on the plots, one other factor
became evident. In many places along the toe of the fill when slash was found,
it prevented crosion from reaching the stream. The only exception ncted was‘
some pully erosion that penetrated this slash, but even then, it was pgreatly
reduced whoen comparced to the locations that had little or no slash below the

read fill,

Plots With a Mature Grass Stand

Two conditions promoted stability in the mature prass stand. The first
condition vas soil erodibility. By the time a mature grass stand had develored,
rost of the £ill shrinkaze had {aken place and the loose fine material had
either compacted or washed down slope during the first roins (fics. 13 angd 14)

leaving a soll pavement which tended to reduce any further ercsion. Second,

VPP SO 0 SR 1%

|

Fige 13+ Showiny road and berm at Sta-
tien 5 during perwination and before first
heavy rains. Photo taken Cct. 1965,

the grass developed a turf which shed water and helped reduce erosion (fig, 15),

On areas where grass was sparse it was noted that partial protection was rained
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Plots During Second Growinm Scason

The plots usually became stabilized during the first year and the areas

which had slipped were naturally reseeded from the surrounding; parent stock the

second year. The residual prass formed a mat of dead grass which provided a

thatch-like turf that served the same function as mature live grass (fig. 16).

g
]

. j2§ i R i
—_— i s
Fige 16. Mat of first year's prowth
and second year's growth during initial
growth period.
With the erosion pavement which had formed and the increase in total grass

cover, the ercslon observed the second winter was mininal.

GRASS COVLR DENSITY

In the areas where the prass cover was firmly established it had excellent
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ground coverage with the density about 85 percent the first year and almost 100
percent the scecond year. Including the areas that had damaging e¢rosion, the
grass cover the first year was observed to be about 70 percent. During the
second year, the density increased to about £0 percent overall. Fven with the
problens of maintaining the initial nross cover, the density percentare achieved

acconplished the objective of vrotecting the road speil.

COMPARISCHN OF FERTILIZER TREATMINTS

The plots were randomly plicked for the two fertilizer treatments. The
Urea treatment had five replic~tions and the D. A. P. treatment had 15 revlica-
tions. Both the Urea and the D, A. P. were applied at approximately 50 pounds
per acrea. The D A. P., because it is in powder form, had to be sprezd by hand.
This caused if to be spread more unevenly and was somewhat slower in applica-
tion than Yrea. The Urea was in pellet form and could be syread raridly and
uniforgly with the cyclone seeder,’

The first measurement was taken during the first week in December 1965
and resulted in finding that the plots which had been {reated with Urea had an
average growth of 4 inches more than the plots treated with D. A. P. The second
measurerent was taken in June 1966 near the end of the growing season and it was
found that the Urea plots had a growth average of § inches more than the D. A. P,
plots. There was no noticeable difference in the germination or percentase of

area covered with prass between the two treatmente,



SUMMARY

It wags found that a grass cover is effective in controlling erosion on
fresh spoil areas, but there are many variables which affect both grass estab-
lighment and how effective it is after establishment.

The intensity of the precipitation, its duration, and when it occurs
during the development of the grass stand are the most critical factors ia this
study. If the first few rains were intensive and came before an adequate root
mat had developed, the plot suffered severe damage. The steep slopes (5070+)
had more ercsion of a1 types than the more moderate slopes and prass estabe
lishment wos more dif{ficult because of this accelerated erosion.

Where the fill slopes had slash deposits between the foe of the siope
ond the stream, very little, if any, soil movement reached the stream. ¥From
tho observations made in this study, the slash could be spread below arecas which
have potential erosion problems and would give interim protection vhile the
grass mat was developing.

The plots treated with Urea (45-0-0) had more growth than the plots treated
with Ds As P, (21=23-0). Apparently this was due %o Urea's having more than
double the nitrogen when compared to D, A. . The phosphate in the D. A. P, did
not compensate for its lower nitrogen level. The two fertillzation treatments
indicated that nitrogen is more criticel than phosphate for growth under the

conditions of this study.
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B.

Ce

D.

Grass
Annual rye
Application rate

Application time

Fertilizer

l. Urea {45-0-0)

2« Do A Py (22~23%-0)
Application rate

Applicatlon tiue

Cyclone seeder

Purchane cost

Cost per acre
l. Seed

2s Man

3. TFertildger
L, lan

5. Sceder

Cost per acre

&

CCST DATA

$120.00 per ton

50 1bs. per acre

One man can seed one acre per hour

$108.00 per ton
3309.,00 per ton

50 1bs. por acre

Cne man cen fertilize one and a

third acres per houy

36.00 approximately

¢ 9.5¢/1b.

& 50 1bs.

@ 5.4¢/10., @ 50 1lbs.
& $4.00/hre 3/4 hrs.
@ $6.00 50¢

i

1

i

20.



