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Effects of Soil Covers on Late-Fall
Seedings of Four Tall Fescue Varieties

ANTONIO J. PALAZZO

INTRODUCTION

Soil covers may be beneficial for late-fall turfgrass
seedings because they reduce heatloss immediately
above the seedbed. General observations have
shown that plants germinate and grow more rapid-
ly whena cover keeps the soil surface temperatures
higher than the ambient air temperature.

Insomesituations, soil covers are used in the late
fall to conserve heat, thereby lengthening the grow-
ing season and permitting plants to germinate be-
fore winter. This technique may help preventinjury
to seedlings when the seeds are sown late in the
season. When plants are able to grow at tempera-
tures 2°C lower than their presentlimit, they could
increase their growing season by twoweeks (Young
1988). In a review on low-temperature stress in
field and forage crops, Andrews (1987) reported
that lower-than-optimum temperatures in the
growing seasonmay reduce germination. Miedema
(1982) reported thatlower-than-optimum tempera-
tures reduce the growth of roots, which are then
less effective during later stress periods, while
nongerminating or slowly germinating seeds may
be damaged by fungal or bacterial pathogens.

Late seedings under a cover, however, produce
succulent plants that may be more susceptible to
cold injury because they do not go through the
hardening-off process. Winter survival of plants
partially depends on adequate energy reserves
and carbohydrates. Theamountof reserves present
isrelated to therates of photosynthesis, respiration
and growth (Schmidt and Blaser 1967). Active
shoot and root growth during the fall }=s hean
known to decrease the carbohydrate cc.ren’ of
plantsand prevent them from buildingup« = -
hydrate reserve to carry them through the wiuter
months. Carrol and Welton (1939) showed that
late-fall applications of nitrogen reduced the cold
tolerance of turfgrasses. Wilkinsonand Duff (1972)
showed that the cold resistance of Kentucky blue-
grass in Rhode Island increased in the fall and
early winter, peaked near the end of January, de-
creased slowly through February, and was lost

rapidly in March and April. Early-fall fertilization,
which probably promoted the growth rate, reduced
the cold resistance in the fall. Duff (1974) and Duff
and Beard (1974) noted that carbohydrate content
of turfgrass plants was lowest when shoot growth
was greatest.

There are generally four components of the
carbohydrates in grasses. The reducing sugars are
fructoseand glucose, while the nonreducing sugar
is primarily sucrose (Cooper et al. 1988, Okajima
and Smith 1964, White 1973). The principal storage
carbohydrates in cool-season grasses are fructose
polymers of varying lengths, known as fructans.
Cultural practices that promote the rapid growth
of plants decrease the quantity of fructans {Okajima
and Smith 1964, Younger and Nudge 1968).

During cold-hardening the growth rate and meta-
bolicactivity decrease but photosynthesis remains
strong, which leads to a build-up of carbohydrates
(Housley and Polluck 1985). Excess nonstructural
carbohydrate may accumulate to greater than 50%
of the dry weight of many field crops (Smith 1972).
Housley and Polluck (1985), studying Lolitcu tem-
lentum L., found that sucrose and fructans are
stored in the vacuoles of leaves when there is
greater supply than demand. Once stored, carbo-
hydrates are sensitive to demands made by the
plantand its growthenvironmentand can therefore
be depleted when the growth rate increases, as
may take place below the soil covers used in this
study. Andrews (1987), in a review of low-temper-
ature stress in field and forage crops, reported that
fructans accumulate in plants when the use of car-
bohydrates slows, because the fructan-synthesizing
enzyme has a remarkably low optimum tempera-
ture.

The objective of this study is to evaluate the
effects of soil coverson late-fall germination, winter
survival and spring regrowth of four varieties of
tall fescue. This information will provide a greater
understanding of low-temperature effects on turf-
grass seedlings and the use of soil covers toconserve
soil heat and extend the fall seeding season.
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MATERIALS AND METHODS

Seeds of Clemfine, Mustang, Rebel and Rebel IT’
tall fescue (Festuca arundinacea Schreb.) were sown
on 15 October 1987 on a silty loam soil in Hanover,
N.H. All grasses were seeded at a rate of 0.22 kg/
m? The experimental design included three rep-
lications each of the four tall fescue varieties. Each
plot was 2 m square. Prior to seeding, the soils
were fertilized at a rate of 5 g/ m? for each of nitro-
gen, phosphorus and potassium. After seeding,
the soils were rolled, and half of each plot was cov-
ered with a spun-bonded polypropylene material
call Typar, manufactured by the Reemay Company,
Old Hickory, Tennessee.

Visible differences were noted, and the heights
of germinated seedlings were measured on 16 No-
vember 1987 and 19 April, 5 May and 1 June 1988.
Yields were taken on 8 June (immediately after the
cover was removed) and 22 August 1988. Biomass
was measured by clipping the plants 5 cm above
the soil surface over 1 m? tissue collected for the
June harvest was dried at 100°C for one hour and
at 70°C for 48 hours to constant weight and then
weighed. A 20-mg subsample of the dried tissue
was collected, ground through a 40-mesh screen
and prepared for carbohydrate analysis. The leaf
tissue was analyzed for the carbohydrates glucose,
fructose, sucrose and fructans using the method
reported by Westhafer et al. (1982). Duplicate sub-
samples were taken and analyzed, and the mean of
each pair of analytes was recorded. Tissue from
the second harvest was dried for 48 hours at 70°C
and weighed to obtain yields.

Allresults from the plant yield and carbohydrate
concentration data were subjected to an analysis of
variance, and the means were separated using the
Duncan’s Multiple Range Test (Little and Hills
1978).

RESULTS AND DISCUSSION

The tall fescues in this study were sown on 15
October, which is considered late fall in New
Hampshire, and the plants were evaluated one
month after seeding. The soil covers improved fall
germination of all tall fescue varieties. The heights
of the grass seedlings under the covers had amean
of 3cmon 16 November (Table 1). Where the cover
was not used, only a small number of seeds had

* According to the Loft's Seed Co., there is no special genetic
relationship between Rebel and Rebel I

germinated, and the mean height was less than 1
cm. The mean ambient temperature from 15 Octo-
ber to 30 October was 8°C; for November it was
4°C. Grasses below the cover were more succulent
and had a darker green color than those without
thecover. There were no major differences between
varieties.

The plants were next rated on 19 April, before
the beginning of the normal growing season at
Hanover (Table 1). All varieties of tall fescue
growing under the cover were similar and were
darker green than those without the cover. There
wereonly minorincreases in plantheights between
the April and May ratings, so the covers did not
promote leaf growth until after 5 May. The mean
monthly temperature in April was about 6°C,
which wasapparently toolow toimprove growing
conditions below the covers. There were also no
relevant differences between varieties during the
& May rating.

Atthe 1 June rating, grasses under the cover had
developed more rapidly than earlier in the year
(Table 1). The covered plants were nearly twice as
tall and were darker green than those without the
cover.InMay the mean ambient temperature above
the covers had increased to 14°C.

Tissue from the June harvest was analyzed for
reducing sugars (fructose and glucose), nonreduc-
ing sugars (sucrose) and storage carbohydrates
(fructans) to evaluate the effect of the covers on
changes in carbohydrate concentrations in plants.
This harvest was taken after a period of rapid plant
growth. All of the correlations between yields and
carbohydrate concentrations were negative (Table
2). This was also observed by Duff and Beard
(1974) for bentgrasses, Cooper et al. (1988) for an-
nual bluegrass, Okajima and Smith (1964) for tall
fescueand Youngerand Nudge (1968) for Kentucky
bluegrasses. The negative correlations between

Table 1. Plantheights of fourtall fescue varieties.

Soil Heights (cm) o
Variety  cover 11/16/87 4/19/88  5/5/88  6/1/88
Rebelll  Yes 3 3 3 12
No <1 <1 <1 8
Rebel Yes 3 2 3 9
No <1 <1 <1 5
Clemfine Yes 3 2 3 10
No <1 <1 <1 5
Mustang  Yes 3 3 3 11
No <1 <1 ) 2 6




Table 2. Correlations (r) of various carbohydrate forms and plant yields.

. . _Fructose  Glucose
Fructose 1.00

Glucose 0.84 1.00
Sucrose 0.22 -0.13
Fructan 0.82 0.45
Total carbohydratc 0.96 072
Yield 055 - 045

carbohydrate concentrations and yields found in
this study were similar for three of the carbo-
hydrates and for the total amount of carbohydrate.
The mean sucrose concentrations in the plants
only ranged from 0.0 to 1.47% of the sample and
therefore were too Jow to allow a meaningful test
on differences.

High correlations were found between the vari-
ous carbohydrates and the total amount in the
plants (Table 2). This was because fructans made
up between 43 and 50% of the carbohydrates in the
plant. This was especially true for fructose (r =
0.96) and fructans (r = 0.93), which were similarly
affected by changes in carbohydrate concentra-
tions.

Fructose and glucose had a correlation of 0.84.
These are similar reducing sugars, and they
changed in similar amounts as conditions or vari-
eties changed. Fructose was 2lso highly correlated
with fructans (0.82), which is understandable, since
the latter is primarily a grouping of fructose poly-
mers. The lowest correlations were those related to
sucrose, probably because of the low concentra-
tion of this carbohydrate in these plants.

Table3. Plantyields foreach vari-
ety at the two harvests.

Soil Yield (gm/plot)
Variety _cover  "T6/8" " 8247
Rebel 11 Yes 49.5 a* 644 ab
No 255¢ 51.3 abe
Rebel Yes 155d 356¢
No 302¢ 43.0 be
Clemfine Yes 472 a 743 a
No 243 ¢ 57.2 abc
Mustang  Yes 367D 45.9 be
No 8.7d 45.0 be

* Means followed by the same letter were
not significantly diffcrent for cach harvest
according to the Duncan’s Multiple Range
Tesi at the 0.05 level of probability.

Total
Sucrose Fructan carbohydrate  Yield
1.00
(.51 1.00
0.42 0.93 1.00
~0.03 -0.38 ~0.47 1.00

Plant yields were measured inunediately after
the covers were removed on 8 June. In all cases ex-
cept Rebel, the grasses grown beneath the covers
produced greater yields than those without the
cover (Table 3). The greatest increase in growth
was for Mustang. The growth of Rebel Il and
Clemfine increased by about 100% with the soil
cover. Rebel was the only variety to produce greater
yields without the cover than with the cover. The
reason for this is not known. The yield differences
were observed in all three replications. With a soil
cover, Rebel was the lowest yielder; without the
cover, Mustang was the lowest yielder

Yields were again recorded in August (Table 3).
Although the covers had been removed for most of
the growing season, the effects of the cover were
still evident. However, differences in yields were
not as great as at the 8 June harvest. Rebel still pro-
duced higher yields on plots that had not been cov-
ered. The yields of Rebel II and Clemfine were 26
and 30% in the plots that had been covered, while
the yield of Mustang was nearly the same in both
plots.

The amount of carbohydrates in the plants was
greater when the soil cover was not used (Table 4)
and was related to the lower yields (Table 3). Fruc-
tans were the dominant form of carbohydrates in
the plantleaves. Duff(1974) found that the greatest
concentrations of carbohydrates in Kentucky blue-
grass plants were of the long-chain variety, which
is primarily fructans. Cooper et al. (1988), working
with annual bluegrass, and Okajima and Smith
(1964), working with tall fescue, found that fructans
were still the predominant form of carbohydrates.
Total carbohydrate concentrations found here and
shown in Table4 agree with those reported by Zar-
rough and Nelson (1980) for tall fescue.

Differences in carbohydrate concentrations were
noted between varieties of tall fescues (Table 4).
Rebel, the variety that had greater yields, did have
more of the reducing sugars in plants that were
covered by the blankets. This effect appears to be
largely due to this variety’s lower growthrateor to
other varietal differences. All other varieties had




Table 4. Mean carbohydrate concentrations in tall
fescue leaves for the 8 June harvest.

Soil Concentration (% of sample)

Variety  cover Fructose Glucose  Sucrose  Fructan Total
Rebel II  Yes 3.0 31 0.3 5.1 115
No 4.0 35 0.6 6.5 14.6

Rebel Yes 28 25 0.3 4.1 9.7
No 2.7 1.3 1.1 5.6 1.3

Clemfine Yes 2.0 1.3 0.1 33 6.7
No 3.3 23 0.4 7.2 12.2

Mustang  Yes 23 23 0.0 33 8.0
No 35 3.6 0.0 54 125

lower concentrations of the various types of carbo-
hydrates when they were covered with the blanket
and therefore producing more biomass.

Greater reductions of total carbohydrates were
observed for Rebel I, Mustang and Clemfine than
for Rebel (Table 5). This supports the results of
Duff and Beard (1974), who reported decreases in
reserve carbohydrates during increased growth.
Davidson (1968), :ivhmidt and Blaser (1967), Wat-
schke et al. (1970) and Younger and Nudge (1976)
have found negativerelationships between temper-
ature and total carbohydrates of various turf spe-
cies. The carbohydrate levels of Rebel were least
affected by the cover; this is probably directly
related to its lack of aggressive growth in this situ-
ation. Interestingly, fructose and glucose levels of
Rebel were 14 and 32% higher, respectively, in
plants under the cover; this may be related to the
lower yields recorded in that environment.

CONCLUSIONS

This study shows that soil covers can extend the
fall planting season for tall fescues in cold climates
such as New Hampshire. Seeds germinated more
rapidly in the fall, the seedlings had good color in
the early spring, and additional growth was ob-
served inMay. The cover had only a small effect on
growth in early spring, however. Although the
carbohydrates of the tall fescue varieties were
reduced under the covers at the June sampling,
they apparently were still at a sufficient level to
maintain growth during the summer.

Rebel was the only variety that did not produce
greater yields under the cover. The reason for this
resultis notknown. Since plant heights were greater

Table 5. Percent reductions in carbohydrate
forms of tall fescue varieties when covered
with a soil cover.

_ Reduction in carbolydrate (%)

Variety  Fructose ~ Glucose  Sucrose Fructan  Total
Rebel I 25 1 NA* 22 21
Rebel  +14 +32 NA 27 14
Clemfine 34 36 NA 39 36
Mustang 39 43 NA M 49

*NA—Numbers too small to be meaningful.

beneath the cover, the lower yields seem to be
directly related to a lower germination rate and
therefore a lower stand density below the cover.
From the results of this one-year study, Rebel
should be considered for late seedings when no
soil covers are used.
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