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ABSTRACT

Seed-soil and plant-soil relations were observed on a sandy loam
soil given various mulching and firming treatments. Special emphasis
was given to soill moisture trends.

The soil is sandy loam to a depth of about 12 inches where a semi-
permeable B horizon is found. Plant roots penetrate the B horizon and
extend through the underlying layer of sand to a depth of 3 feet where
& caliche hardpan is encountered.

Rolling to firm the seedbed provided advantages in moisture re-
tention, rate of seedling emergence, seedling growth, survivael, lateral
root distribution, and the occurrence of root hairs near the surface.
Heavy rolling above the seed was undesirable in terms of mechanical
restriction to emergence, soll aeration and subsequent restriction to
germination under continued precipitation, number of primaxy roots, and
lateral root distribution when cleavage lines were encountered.

A soil mulch above firm soil as obtained by rolling and shallow
harrowing, and rolling in strips were especially beneficial in terms
of moisture retention and grass survival,
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Publications on range reseeding commonly state that a firm seedbed
is essential, but offer few facts dealing with the apvlication of that
advice. Even though recommendations for rolling to firm the seedbed are
found in the literature (1, 12, 13, 14), the practice is seldom used in
range reseeding operations.

Range seeding failures are most often attributed to drought con-
ditions; but site selection, elimination of competition, species and
quality of seed, distribution and placement of seed, season of planting,
and protection during establishment are critically important to seeding
success. Attention has been given to the improvement of all phases of
the seeding operation from site selection to prctection during establish-
ment. To reduce the risk of failure by drought, attention has been
generally directed to elimination of competition, season of planting,
and application of the preparatory crop method (3, 9).

The ideal seeding operation would plant the seed evenly at a uniform
and proper depth immediately prior to the season when germiration is
desired. Practical considerations often justify late fall seeding in
anticipation of spring emergence. Competition from other plants for
moisture and nutrients would have been eliminated. For best germination,
emergence, and growth, the optimum seed- and plant-soil relations would
be attained. If moisture is abundant, a high macropore space is
desirable, but if moisture is in short supply, attention must be directed
to increasing the micropore space and the retention of moisture in the
surface soil. Plowing increases macropore space, and is often the only
operation employed in seedbed preparation for range seeding. It seems
likely that soil firming operations could be devised to further reduce
the risk of failure by drcught.

Because of the need for clarification of the importance of a firm
seedbed, research was initiated to find the value of rolling to seeding
success as invoived in seed- and plant-soil relations. The information
should be of value in improving range reseeding operations on light
textured soils, and in the development of seeding equipment more
specifically suited to range conditions.

REVIEW OF LITERATURE

Among writers the relative importance attributed to seedbed Firm-
ness appears to vary grzatly. OSome writers omit the definition of
practices deemed necessary to obtain soil firmness. Others advise that
a plowed seedbed be given time for settling prior to seeding, bat have
not stated the dogree _of settling desired, or whether natural fiiming
is adequate. Colbert® rerorted that settling for 18 months after plow-
ing was not better than settling for 6 months, and on each of those seed-
beds rolling increased grass density.

3Colbert, F. T. The effect of firming seedbeds on the emergence and
establishment of four introduced species of Agropyron. M.S. thesis.
Utah State Agr. College, Logan. Mimeo. (1950).



The preparatory crop method has been highly recommended because,
among other things, the seedbed is firm.

In literature concerning the seeding of cultivated pastures,
rolling to obtain seedbed firmness is commonly advised and practiced
(4, 6, 8, 10). Nevertheless, the values to be gained are largely
undefined.

Although largely empirical, it is known that the compactness of
the soil can influence either directly or indirectly: depth of seeding,
rate and uniformity of germination, seedling emergence, seedling estab-
lishment, root development and distribution, root-top ratio, yield of
roots and tops, soil structure, moisture holding capacity, moisture
transfer in the soil, evaporation, activity of soil micro-organisms,
soil temperature, availability of nutrients, aeration, infiltration, and
erosion. The sources of literature concerning those various topics are
numerous, but they have been discussed with a thorough review of
literature (Shew et al. 11).

DESCRIPTION OF THE AREA

Squaw Butte Range is 4O miles west of Burns, Oregon, at an ele-
vation of 4,600 feet. Average precipitation is about 11 inches, most
of which falls in the form of snow.

The native vegetation is dominated by big sagebrush (Artemisia
tridentata) with a variable understory of perennial bunchgrasses. rore-
most among the bunchgrasses are Sandberg bluegrass (Poa secunda), squirrel-
tail (Sitenion hystrix), Junegrass (Koeleria cristata), bluebunch wheat-
grass (Agropyron spicatum), Thurber needlegress (o:ipa thurberiana), and
Idaho fescue (Festuca idahoensis).

The soil is light textured (sandy loam by feel) to a depth of about
12 inches, where a semi-permeable B horizon is found. Even in the hardest
portions, plant roots penetrate this zone of deposition, and extend
through the underlying layer of sand to a depth of about 3 feet where
& caliche hardpan is encountered.

The surface soil has essentially single-grain components. A come
posite sample of the surface soil taken after plowing had a wilting
percentage (7) of 8.1% and a moisture equivalent (2) of 16.8% as shown
in table 1,



Table 1. Moisture tension values in the surface 6 inches of soil.

e — — — — e e e ———3
Moisture tension (atmospheres) Moisture content (percent)

0.05 377

0.1 26.2

(1/3)* 16.8

0.5 15.7

1 14.0

5 9.4

10 8.7

15 (wilting) 8.1

*Moisture equivalent.
EXPERIMENTAT, PROCEDURE

A depleted sagebrush site was cleared 1 year prior to seeding on
July 1, 1952 and June 2, 1953. The seedbed was firm underfoot and was
harrowed about 2 inches deep to break the surface crust prior to seeding.
Crested wheatgress seed was broadcast from a grain drill box at a rate
of 3 pounds per acre in 1952, and at 5 pounds per acre in 1953.

The time of seeding followed natural precipitation and when soil
temperature was suitable for germination. Season of planting did not
coincide with the common practice of late fall seeding.

Following broadcasting, the seed was covered by the following soil
treatments: (&) herrowing to a depth of 2 jinches or less, (b) light
rolling with an 8-foot farm cultipacker weighing 1 ton, (c) heavy rolling
with an 8-foot roller weighing 3 tons shown in fig.ll{ left, (d) heavy
rolling following by harrowing, and (e) strip rolling. In 1952 strip
rolling was accomplished with the wheelé of a pickup truck, and in 1953
was accomplished with equipment bearing concrete wheels 5 inches wide,

[ inches apart and weighing sbout 625 pounds per wheel as shown in
figure ll~right. Seed was dropped in front of the press wheels,

The 5 treatments were applied to plots 12 by 50 feet arranged in
L randomized blocks. An area of undisturbed soil and vegetation wes
preserved adjacent to the plots for comparative study.

All sampling was conducted in the intervals between tractor tracks,
On strip rolled plots, soil samples were taken in the pressed furrows.

Composite soll samples were taken from each plot for the deter-
mination of moisture content. In 1952 samples were taken from the
surface 2 inches of soil from 8 to 10 a.m. In 1953 samples were taken
from the surface inch of soil from 6:00 to 6:30 a.m. and 3:00 to 3:30 p.m.

g%icturea in original reprint cannot be duplicated here.




Soil moisture samples were also takem periodically at 6 and 12 inches
below the surface in 1953.

Semples of the surface 2 inches of soil were taken in 1953 for
volume weight determinstions. One random point was taken on each plot
for a total of four samples per treatment. Four samples were taken on
undisturbed soil.

A list count of emerged seedlings was obtained periodically on ten
5-square-foot permenent samples per plot. Due to surface soil tem-
peratures in excess of 120°F. mortality was high in late July, 1952, and
those plots were abandoned. Survival on 1953 plots was obtained in the
spring 1954,

RESULTS
Soil Moisture

At seeding time on July 1, 1952, the soil was moist to field capacity
below a depth of 2 inches. Rolling brought more moist soil to the surface
D inches as shown in teble 2. Differences smong treatments remeined
fairly consistent throughout the period of study. Within 1 to L days,
moisture levels had dropped below the wilting coefficient of 8.1%. It
was believed thet sampling at an earlier hour in the morning would have
given better indications of seed-soil relations.

Table 2. Moisture trends in the upper 2 inches of soil during July
1952, as affected by treatments.

Rolled
Time heavily
after Rolled Rolled and Strip
seeding Harrowed lightly heavily harrowed rolled
" (days) (percent moisture)
0 8.5 9.4 9.9 10.0 12.6
1 7.9 7.8 9.1 8.9 10.5
2 76 6.5 8.7 7.2 T
4 5.8 5.5 6.5 6.4 7.8
6 3.5 L.h 5.6 T.1 T
8 3.4 3.8 L.2 5.2 6.0
16 2.6 3.2 3.9 k.0 L.2
23 2.4 2.6 2.3 3l L.6

At seeding time on June 2, 1953, the soil was moist to field capacity
throughout the top 2 feet or more. A composite sample of the surface
inch of soil contained 12.2% moisture prior to seeding. Immediately after
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seeding, moisture levels were 10.5, 10.k, 12.2, 11.6, and 10.9% respecti-
vely for herrowed, lightly rolled, heavily rolled, heavily rolled and
harrowed, and strip rolled soils. Precipitation interrupted the study of
soil moisture trends in the first 16 days after seeding. On the 9th and
16th days after seeding, soil moisture samples were taken spproximately
2l nours following cessation of rain. Differences in moisture content
following those drainage periods were highly significant among treat-
ments and the two dates gave similar results. The average moisture
content retained in the surface inch of soil was 10.7, 11.1, 11.2, 12.8,
and 13.5%, respectively for treatments in the order stated above.
Harrowed soil held 2.6% of available moisture and strip rolled soil held

5.4%.

Moisture samples taken on and after the 16th day represent moisture
trends without replacement by precipitation as shown in table 3. Strip
rolled soil maintained the highest level of moisture; soil heavily
rolled and harrowed maintained the second highest level. Within 6 days
after precipitation (21st day after seeding), the harrowed soil was
permanently below T% moisture, and may have been permanently below the
wilting coefficient within 4 days.

Although evaporation trends, as indicated by the changes in moisture
from 6:00 a.m.to 3:00 p.m., appear different among treatments, with
faster losses from harrowed soil, the differences in average daily losses
were not significant. Those losses fluctuated directly with maximum
daily temperatures and became of less magnitude as soll moisture
decreased.

The amount of average gain in moisture overnight was highest for
heavily rolled soil (2.5%), and lowest for the lightly rolled and the
haerrowed soil (1.9 and 2.0%, respectively). However, those differences
were not significant at the 0.05 probability level.

When taken at 6 and 12 inches below the surface, differences in soil
moisture among treatments were not significent at any time. Under the
developing stands of grass, the moisture content at 6 inches dropped
from an average of 18.9% on June 3 to 11.7% on August 4, and the
moisture content at 12 inches dropped from 19.1 to 1k4.5%.



Table 3. Moisture trends in the upper 1 inch of soil during June 1953,
as affected by treatments.

Rolled
Time . Time heavily
after of Rolled Rolled and Strip
seeding sample Harrowed  lightly heavily harrowed rolled

{days) (hour) (percent moisture)

9 & 16 * 107 e 11.2 12.8 13.5
16 3 p.m. 6.8 8.1 8.1 9.6 9.6
27 6 a.m. 9.7 10.4 1i.4 11.8 12.3
17 3 p.m. TaT 7.8 9.5 10.1 10.8
21 6 a.m. 6.8 8.6 9.0 9.9 11
21 3 p.m. T 6.3 6.7 7.2 8.2
22 6 a.n. 6.8 9.2 10.0 10.6 10.5
22 3 p.m 5. 7.4 il 8.2 9.0
23 6 a.m 6.5 T3 8.2 ekt 10.0
27 3 p.m. 3.8 5,2 6.3 6.8 6.9
28 6 a.m. 5.1 T8 8.5 8.4k 9.3
28 3 p.m. 3.6 5.6 6.0 6.2 6.5

*Samples on the 9th and 16th days after seeding were obtained
approximately 24 hours following cessation of rain.

Soil Density

In 1953 harrowed soil appeared to be well firmed by the unusually
heavy precipitation, but was less dense than undisturbed soil, The
weights of soils taken from the surface 2 inches were 1.13, 1.05, 1.08,
1.21, 1.19, and 1.07 g. per cubic cm.; respectively, for soils undis-
turbed, harrowed, lightly rolled, heavily rolled, heavily rolled and
harrowed, and strip rolled. The weight of 1.07 g. per cc. taken from
pressed furrows of strip rolled soils is surprisingly light. Soil
sloughing from ridges into pressed furrows is the most likely cause of
the light soil weight with this treatment.

Volume weights were not significantly correlated with moisture values
taken 24 hours after cessation of rain because the heavy rolling plus
harrowing and strip rolling treatments provided gains in moisture reten-
tion that were not reflected by an increase in soil density. The effects
of those treatments upon moisture exchange warrant more specific con-
sideration than was given in this experiment.



Seedling Emergence and Initial Growth

In 1952 a greater number of seedlings emerged on soil heavily rolled
and harrowed than on other soils as shown in taeble 4. Seedling stands
were also satisfactory on heavily rolled soil, but other treztments were
unsuccessful. The inadequacy of strip rolling was lergely due to soil
sloughing into pressed furrows as this covered the seed too deeply.
Emergence appeared to be eariier on heavily rolled soil. Surface soil
temperatures in excess of 120°F. caused rapid mortality of seedlings.
Survival appeared stronger on strip rolled soil and heavily rolled and
harrowed soil.

Table 4. Number of seedlings emerged in 1952 and 1953 as affected by

treatments.
Rolled
Time heavily
after Rolled Rolled and Strip
seeding Harrowed lightly heavily harrowed rolled
(days) (No. of seedlings/sq. ft. in 1952)

7 O 0.1 0.3 0.3 0.1
9 0.4 0.3 0.9 2.8 0.2
12 0.6 0.3 1:3 3.9 0.3
18 O 0.3 3.7 L.3 0.5
18 L.S.D. among treatments = 0.4 seedling/sq. ft.

(No. of seedlings/sq: ft. in 1953)

9 0.0 0.1 0.1 0.1 Q.0
11 0.9 1.6 1.3 1.0 0.7
37 4.6 bk 2.5 k.1 2.8
37 L.S.D. among treatments = 0.3 seedlings/sd. ft.

All treatments resulted in good stands of grass under the favorable
moisture conditions in 1953. Stands were least dense on heavily rolled
and strip rolled soils. Fmergence was later on harrowed and strip rolled
plots than on those receiving other treatments. Seedlings on heavily
rolled soil emerged from very shallow depths indicating the possibility
of restricted germination due to poor soil aeration, and limited emergence
due to mechanicel restriction for those seeds planted deeper than 1/4 inch.
Once again the weakness of strip rolling sppeared to be due to soil
sloughing which covered the seed too deeply.

As observed in August, 1953, the grasses growing in harrowed soil
were decumbent with very few seed heads; whereas, those growing in soils
heavily rolled and strip rolled were erect with an abundance of seed
heads. Grasses growing in lightly rolled soil were decumbent like those
in harrowed soil. Differences equally striking were found below the
soil surface. Fewer main roots were found in heavily rolled soil than
in harrowed soil, but the roots in heavily rolled soil were more widely



distributed in the surface 6 inches. Hair roots occurred within the
surface inch of heavily rolled soil, but were not prevalent above the
L-inch depth in harrowed soil. The heavy roller created occasional
cleavage lines in the soil that were detrimental to root distribution.

Grags Survival in First Year

Differences among survived stands of grass seeded in 1953 were
highly significant among treatments when adjusted by the density of
seedling stands in analysis of covariance. Grass survival depended
upon seedling density and soil treatment. Adjusted survival percentages
were 39, Sk, 52, 57, and 61%, respectively, for soil harrowed, lightly
rolled, heavily rolled, heavily rolled and harrowed, and strip rolled.

On harrowed and lightly rolled soils seedling density had less influence
on survival rates than on soils given the other treatments.

Mean survived densities, as adjusted to the mean seedling density,
are interpreted to represent the optimum grass densities under the con-
ditions of this experiment. Adjusted mean survived densities were 1.41,
1.96, 1.91, 2.09, and 2.21 grasses per square foot, respectively, on
solls treated in the order listed above.

Discussion and Conclusions

The most optimistic interpretation is thet seeding failures
caused by drought may be banned forever. However, the practical con-
sideration of time required to complete seeding operations limits the
choice of seeding time., For small area seedings, planting may be
accomplished when soil moisture and temperature sre satisfactory; with
assurance of success even though subsequent precipitation does not occur.

Natural settling of the soil was not adequate even when an unusually
high amount of precipitation fell. Soil firming operations improved
seed-soil and plant-soil relations, but the effects noted were not all
beneficial. In particular, firming sbove the seed was undesirable, and
too much compaction created cleavage lines in the soil which affected
root distribution. It is concluded that undisturbed soil represents
near optimum soil density, and that a roller weight of 400 to 500
pounds per foot of axle will provide satisfactory firmness in a plowed
seedbed.,

Shallow herrowing to loosen the surface of firmed soils and strip
rolling were especially beneficisl in terms of moisture retention.
Strip rolling seems especially applicable to range seeding conditions.
Lighter wheel weights and wider treads than those used in this experiment
would prevent soll sloughing and covering the seed too deeply. Atten-
tion is being given to the possibility of developing range seeding
equipment which will plant the seed at a uniform depth in pressed
furrows with firm soil below and loose soil above the seed. It is
anticipated that as equipment development progresses seed-soil and
plant-soil relations must be better defined; especially so with reference
to moisture and nitrate availsbility.
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Of special interest would be the definition of minimum moisture
levels required for germination in soils receiving different degrees
of compaction. In 1952 germination apparently occurred when moisture
was available for less than 4 days. The mode of moisture transfer and
its occurrence on other soils will be important in guiding equipment
development and the application of the procedures defined. Moisture
penetration was apparently restricted by the B horizon, and a reservoir
was created from which moisture could rise by capillarity.

It is believed that stronger seedling vigor and decreased mortality
found on firmed soils was an expression of improved nitrate availability
resulting from the nature of moisture retention and root distribution.
This phenomena warrants definition in its relation to grass establish-
ment, yield, and the re-invasion of big sagebrush.
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