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Scheduling Fall Seedings
for Cold-Climate Revegetation

CHARLES H. RACINE. RONALD N. BAILEY
AND ANTONIO J. PALAZZ0O

INTRODUCTION

In cold climates. construction projects are frequently
completedin the fail. A decision must then be made con-
cerning the seeding schedule for revegetating disturbed
areas. The timing may be crucial for the successful estab-
lishment of grasses and legumes for soil erosion control.
There are four scenarios for fall-seeded species (Fig. 1),
and they depend on the time of seeding:

1) Germination in the {all and overwintering as an
established seedling. followed by the resumption
of growth in the spring (referred to here as “per-
manent seeding™);

2) Fall germination but high rates of seedling mor-
tality. or winterkill:

3) No germination until the following spring or
summer (referred to here as “dormant seeding™);
and

4) Amixof2and3or !l and 2.

Figure 1 shows that there is a one- to twe-month
transition period between e latest date for permanent
seeding and the earliest date for dormant seeding. If
seeding occurs between these dates. there is presumably
anincreasedrisk of seedling mortality due tolow fall and
winter temperatures. Depending on the date of project
completion and the site, permanent or dormant seedings
are more desirable than seeding within the transition
period.

The pathway that fall seeding takes depends on the
date of seeding. which directly relates to soil surface
temperatures (or the heat sums remaining in the growing
season) compared to what is required by the species
sown. Growing degree-days (GDDs) can be used to
express heat sums by subtracting a minimum (or maxi-
mum) temperature threshold from the average daily
temperature and accumulating these vaiues. The growth
and devclopment of most crop plants have been closely
correlated with air or soil thermal units, heat sums or

growing degree-days (Klepper et al. 1988). However.
cool-season turf and forage grass requireraents are poorly
known.

In addition. mulches or soil covers may. alter the
surface soil temperatures (Bristow 1988) and therefore
alter daily heat sums so that the timing of seed germina-
tion and establishment change. Soil moisture and light
have been reported to be less significant factors in plant
establishmentduring ihe northern fall (Gartner 1983).1In
the case of dormant seeding, spring temperatures and
moisture conditions are also important when the grow-
ing season begins again.

Fall seeding and mulching are in some ways analo-
gous to the natural cycle of seed ripening and dispersal
and leaf litter production that occurs in most temperate
ecosystems. However. in nature, most seeds produced
by cold-climate species in the fall remain dormant until
the following growing season (Gartner 1983). Germina-
tion is prevented by enforced dormancy (low tempera-
tures. shortage of moisture, etc.) rather than by an
intrinsic dormancy mechanism. Fall feaf litter cover in
natural systems (analogous to mulches) may further re-
duce light and temperatures conditions, encouraging
dormancy (Thompson and Grime 1979). Spring germi-
nation usually occurs at temperatures of 5-10°C in
northern species (Gartner 1983).

Figure 1 is based on seeding schedules from Johnson
(1981) and Hardy BBT Ltd.(1987) for Alaska and Can-
ada and on our studies in New Hampshire (Palazzo
1989). These schedules are based on experience rather
than on an analysis of seed germination and establish-
ment in relation to fall and spring temperatures.

There is clearly aneed to develop a less “hit or miss™
technique for scheduling fall seedings for a particular
site. The purpose of this study is to develop a more pre-
cise technique for predicting and scheduling fall seeding
and mulching with various materials using calculations
of growing degree-davs.
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Figure . Hypothetical scenarios describing the outcome of seeding cool-season grasses at four dutes dur-
ing the fall at different northern latitudes (compited from Johnson 1981, Hardy BBT Ltd. 1987 und Puluzzo

1989).

METHODS

Two related outdoor experiments were conducted in
Hanover, New Hampshire (latitude 45°N), during the
falls of 1988 and 1989. On | September and 23 October
1988. 1000 seeds of Mustang tall fescue (Festuca
arundinacea Schreb.) were sown into 1- X 1-m plots on
a west-facing slope. Two covers (and an uncovered con-
trol) were used to alter soil surface temperature, mois-
ture, etc. The covers included a straw erosion blanket (2
tons/acre) and Typar, a row cover used to increase
temperatures inthe spring and fall (Wells and Loy 1985).
The plots were randomly arranged in a row and repli-
cated three times each for a total of nine plots. Thermo-
couples placed on the soil surface in the center of each
plot were attached to a datalogger (Omnidata, Logan,
Utah). Soil surface temperatures (beneath the covers)
were monitored hourly, averaged and recorded on a six-
hour basis. We calculated daily growing degree-days by
summing the difference between the six-hour average
temperature and 5°C and dividing by four. Seed germi-
nation, seedling growth and seedling survival were
monitored in these plots during the fall and into the
following spring and summer.

A second field study was conducted in the fall of
1989. Prior to plot establishment, the vegetation in a
level 10- x 20-m plot was killed with an herbicide

(Roundup). and 25 holes (30 cm in diameter by 50 cm
deep) were dug 1 m apart in a checkerboard design.
Plastic pots (25 x 25 cm) were placed in these holes, and
sand was packed around the sides so that only the rim of
each pot was above the ground. These pots were filled
with a mixture of potting soil. peat moss and perlite in
equal proportions. Atone-week intervals beginningon 5
October and ending on 2 November, 100 tall fescue
seeds were planted into each of eight randomly selected
pots. After each seeding four of the eight pots were
covered with the row cover (Typar) so that each treat-
ment (time of seeding and cover) was replicated four
times. Seed germination, leaf development and tempera-
tures were monitored in each pot.

RESULTS

Fall decline in remaining
growing degrec-days

The number of growing degree-days at the soil sur-
face declines rapidly in the fall. We plotted the number
of soil surface growing degree-days remaining in the
growing season after each onc week interval beginning
on 5 October 1988 for straw mulch, Typar and control
plots (Fig. 2). In the uncovered and straw-mulched plots
on | September 1988, there were about 500 GDDs re-




T asssssssssssosant
Oct 23 c LAt anlY |
s sodl  lasssssa ansaddill
0T T T T T
® Typar
O Control
W Straw
200} O Air -
A
< 150 Py
o
Q a
a 5
O
2 2
[ 1]
& 100 5
3] =]
£ g
e (&}
50
0

Oct5 19 Nov2 16
Fall 1988

Mar22 Apr5 19
Spring 1989

May3 17

Figure 2. Soil surface and air growing degree-days remaining at various
dates during the fall of 1988 and accumulated during the spring of 1989
under straw, Typar and control on a west-facing slope in Hanover, New
Hampshire. Degree-days were calculated using 5°C as a low-temperature
threshold. Also shown is the timing of spring germination in 23 October seedings

under Typar, straw and control.

maining in the growing season. By | October, only 140
GDDs onthe slopes and 190 GDDs in the pots remained.
Typar added about 20-30 GDDs to the amount remain-
ing on 5 October and 15-20 to the amount remaining on
15 October.

Growing degree-day values based on air temperature
data from the U.S. Weather Bureau station in Hanover,
New Hampshire, were also calculated for comparison
with the soil surface temperature data (Fig. 2). The
shapes of these curves are similar to those for the soil
surface temperatures but were generally lower by 25-50
degree-days because of the greater thermal stability of
soil vs air.

Spring growing
degree-day accumulation

In Hanover the rapid buildup of soil surface growing
degree-days began in late March, reaching 150 GDDs by
1 May in the flat plot (Fig. 2 and 3). In contrast with the

fall, there were strong differences in the accumulation of
GDDs between the various straw-mulched plots and the
control plots.

Seed germination
and seedling growth

Seedingon 1 Septemberinthe 1-x 1-m plots resulted
in the establishment of a permanent stand of tall fescue,
while seeding on 23 October resulted in no germination
until the following spring (Fig. 2). A 15 October seeding
of tall fescue resulted in permanent establishment under
Typar and mixed (both germination and dormant) in the
control plot without acover. Most of the seedlings in this
control plot died during the winter.

In the dormant plots (seeded on 23 October), spring
tall fescue germination began about 1 May in the plots
covered with Typar. This corresponds to the accumula-
tionof about 120GDDs at the soil surface (Fig. 2). Atthis
time there was no germination in the straw-covered
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plots. which did not have comparable germination until
15 May. The uncovered control plots showed slightly
later (5 May) germination than the Typar-covered plots.
Large populations of weeds (Oxalis sp.) germinated dur-
ing this same period in all plots and eventually replaced
the grass seedlings. Harvests of these plots in July 1989
indicated that tall fescue yields were over four times
higherinthe 1 September permanent seedings thaninthe
23 October dormant seedings.

Of the five pot seedings at one-week intervals, only
the first (5 October) and second (12 October) reached at
least 50% germination in both the control and Typar-

Figure4.Average dry weight per pot on
[ June, 1990, of above-ground tall fes-
2 Nov cue tissue inTypar-covered pots seeded
at five dates during the fall of 1989.

covered pots by the end of the growing season in mid-
November (Fig. 3). Of the eight pots seeded on 19
October, only the four Typar-covered pots reached 50%
germination. Germination of the tall fescue therefore re-
quired about 100-150 growing degree-days, or 16-20
days under the Typar and 22-30 days without the Typar.

A second leaf developed on at least 50% of the
seedlings from seedings made on 5 October, both with
and without Typar. The 12 October seeding under Typar
also developed seedlings with two leaves before the end
of the growing season. Therefore, once germinated,
development of a second leaf required an additional




50-75 GDDs. or 10-18 days. Seeds sown on 5 October
without Typar reached the second leaf stage at about the
same time as those sown a week later (12 October) with
Typar.

Harvest of these tall-seeded peis in the spring (!
June) showed little or no survival without a Typar cover.
In the Typar-covered pots the yield was highest in the
earliest seeding (5 October) and in the lotest dormant
seeding (2 November) (Fig. 4). The 26 October seeding
failed to produce any seedlings in the spring.

DISCUSSION AND
CONCLUSIONS

By calculating the number of growing degree-days
remaining in the growing season for various fall seeding
dates. it is easier to predict the success of fall seedings.
The date necessary to produce a dormant seeding and
avoid late-fall germination and winterkill can also be
calculated more precisely. Curves of the remaining
growing degree-days at the soil surface in Hanover (Fig.
3) can be approximated with a power function of the
form

Julian date = 360 x (GDDs)™".

If the heat sum requirement (expressed as GDDs) for
the various developmental stages of a particular species
is known, then the date on which seeding must take place
in Hanover to obtain germination or reach various leaf
or tillering stages can be calculated. If dormant seeding
is desired. then seeding should occur after the date on

which the 100 GDDs necessary for germination remain
in the growing season. Using the cquation above for
Hanover yieids duy 283 (10 October). To obtain estab-
lished tall f2scue seedlings with aconibined germination
and second leaf requirement of 175 GDDs. a seeding
date of day 278 (5 October) was obtained.

We do not know the optimum seedling age or growth
stage for cold tolerance of tall fescue. However. Arakeri
and Schmid (1949) found that young grass seedlings are
very susceptible 1o low temperatures. Kellner et al.
(1978) showed that in Italian ryegrass (Loliunt nudtiflo-
rum) cultivars the highest rate of tiller survival during
treezing temperatures was at seedling ages between 58
and 68 days.

Since it is not always practical or possible to obtain
soil surface growing degree-days for a particular loca-
tion. published U.S. Weather Bureau daily maximum
and minimum air temperatures can be used to calculate
aGDD curve. Because of soil surface radiant heating. the
actual number of growing degree-days available at the
soil surface in the fall is usually 10-20% higher than the
air temperature GDD curve. Therefore. a lower air tem-
perature GDD requirement for germination and leaf de-
velopment should be used. Forexample. Figure S shows
the fall decline in growing degree-days using 1986 air
temperature data from Fairbanks, Alaska. The new power
curve equation forremaining GDDs using this Fairbanks
air temperature record is

Julian date = 300 x (GDDs)™*.

Using this equation. dermant seeding could be
achieved by seeding after 1 September.

300

200 —
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T

Figure 5. Fall growingdegree-day curve
for Eairbanks, Alaska, construcred from
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Dormant seedings ave encouraged inarid areas where
the major source of soil moisture is early spring snow-
melt. Some regions of Alaska tall into this category, and
dommant seeding was used in the construction of the oil
pipeline (Johnson 1981). Disadvantages of dormant
seeding include the loss of seeds to erosion on slopes or
predation by seed-eating birds or other animals. In
Hanover, our dormant-seeded plots sometimes showed
poor yields due to the large numbers of weed seeds that
germinated in the spring ahead of the seeded species.
This problem was exaggerated under the Typar row
cover.

While mulches used during the fall did not appear to
change the growing degree-day refationships and there-
fore the seeding dates, certain mulches may delay germi-
nation of dormant seedings by as much as two weeks in
the spring. By this time in some areas. the soil moisture
provided by snowmelt may no longer be available.

LITERATURE CITED

Arakeri, H.R.and A.R.Schmid (1949) Cold resistance
of various legumes and grasses. Agroromy Journal,
41:182-185.

Bristow, K.L. (1988) The role of mulch and its architec-
ture in modifying soil temperature. Australian Journal
of Soil Research, 26:269-280.

Gartner, B.1.. (1983 Geminaton characteristics of
arctic plants. le Proceedings Sl international Confer-
cence on Permafrost, July 1722 Pairbanks . Alaska.
Washington, DO National Acaderny Press,p. i 7 258,
Hardy BBT Lid. (1987) Reclinanion Guidei:ios 1or
Northern Canada. Indian and Northern Atfarrs Canndda,
Johnson, L.A. (198 ) Revegetanon and selected terramn
disturbances along the trans-Alaskapipeline 19751987,
USA Cold Regions Research and Engineering Labora-
tory, CRREL Report 81-12.

Kellner, E., E. Serbanescu and 1. Moga (1978) Rela-
tionships between cold tolerance and seedling age in
Italian rycgrass cultivars with different vernalization re-
quirements, Proceedings of the 7th General Meeting of
the European Grassiand Federation, Gent, Belgium.
Klepper, B., R.W. Rickman, J.F. Zuzel and S.E.
Waldman (1988) Use of growing degree days to project
sample dates for cereal crops. Agronomy Journul,
80:850-852.

Palazzo, A.J. (1989) Effects of soil covers on late-fall
seedings of four tall fescue varieties. USA Cold Regions
Research and Engineering Laboratory. Specia: Report
89-17.

Thompson, K. and J.P. Grime (1979) Seasonal vari-
ation in the seed banks of herbaceous species in ten
contrasting habitats. Journal of Ecology, 66:893-921.
Wells, O.S. and J.B. Loy (1985) Intensive vegetable
production w th row covers. HortScience, 20:822-826.




REPORT DOCUMENTATION PAGE B o188

!"ut?lic 1eporling burdai for s colfoction of INformation 18 ealimaled 10 Bverage 1 POUT PeT T8LPONES, CIoding the Time 107 reviewing INSIFUCIIONE, SEaICTing eAlsUng OAL8 & ~ T r g
" v lon. Bend d

0 the data neaded, and pleting lm?“ L ing n.\.o L of ) n nents rege ding this burden estimate or any other aspect of 1his collectiorn of Informatinn
e 3'3'5‘3;‘4’38‘5,".1‘32"‘3','.?." ﬁf&'?i’&éﬁ;ﬁ#ﬁm and Budget, Pap'om:&'mo'é :mm (on;‘:'-owa), Wnlv;‘nrqlon: B0 2o50s.Tor: 1210 deflerson Davis Highwey. Sute 1204, Arington.
1, AGENCY USE ONLY (Leave blank) 2, REPORT DATE 3. REPORY TYPE AND DATES COVERED
October 1990
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Scheduling Fall Seedings for Cold-Climate Revegetation

6. AUTHOHS

Charles H. Racine, Ronald N. Bailey and Antonio J. Palazzo

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PEAFORMING ORGANIZATION
REPORT NUMBER

U.S. Army Cold Regions Research and Engineering Laboratory

72 Lymie Road Special Report 90-36
Hanover, New Hampshire 03755-1290
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) ) 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

Natura! and Cultural Resources Division
U... Army Engineering and Housing Support Center
Ft. Belvair, Virigina

frraeme

11. SUPPLEMEHTARY NOT=S

12a. DISTRIBUTION/AVARLABILITY STATEMENT 12b, DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

Available from NTIS, Springfield, Virginia 22161

"|13..ABSTRACT (Maximum 200 words)

Revegetating construction sites in the fall requires the scheduling of seeding and mulching for either permanent or dormant
scedings. Dormant scedings must be late enough in the fall to prevent germination, while permanent szedings must be early
enough to permit scedling establishment and avoid winterkill. A technique for determining optimum seeding dates using
growing degree-day curves was developed and tested. Small outdoor plots and buried pots in Hanover, New Hampshire, were
seeded with tall fescue at intervals during October 1988 and 1989, respectively, and covered with either s’raw mulch ora
Typar row cover. Soil surface temperatures, germénation and growth were monijored into the following spring .. Fallorspring
germination of fall-sown tall fescue seeds required about 100 GDDs (over 5/C), while the development of a second leaf
required an additional 70 GDDs. In the experimental plots without any cover, these requirements were met with 12 October
and 5 October seedings, respectively; with a Typar cover, seeding dates could be delayed by one week. In pots the greatest
spring yields were obtained under Typar at the earliest (5 October) seeding date and the latest dormmant seeding date (2
November). Straw mulch applied during the fall had little or no effect on the number of growing degree-days remaining.
However, during the following spring, it slowed soil warming and germination of dormant seedings. The appropriate fall
seeding date for nortHern argas can be calculated d.l ing a power curve for Hanover, New Hampshire: Julian date =360 x
(GDDs rcquired)“’f’. Ny, u/[-'_t{u X e LA (Fera T o7 ytjelalcen (2 P
= - s . s . ~. .

¢ ;{’/ ’[d.r S AR S (‘} , O I')' o &l l'—' T-‘j { -

14, SUBJECT TERMS : ! ’ 15.NUMBER OF PAGES |

Grasses Revegetation 16. PRICE CODE

Mulches Seed germination
17, BECURITY CLAGSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20, LIMITATION OF ABSTRACT

OF REPORT OF THIB PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7840-01-280-5500 ‘ A Standard Form 208 (Rev. 2-89)

Prosoribed by ANSI 59, ZW-18
DB, GATIHMINT TRIFTING (5 1D T D0~ 1702081 w8102




