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Abstract
Turfgrass seedings frequently have been sown in the late fall, which usually
results in a poor vegetative stand the following spring. This study evaluated the
effects of a spun-bonded polypropylene soil cover placed over a late-fall seeding
on subsequent seedling growth and overwintering. Clemfine, Mustang, Rebel
and Rebel I1 cultivars of tall fescue (Festuca arundinacea Schreb.) were sown
on a silt loam soil in late fall (on 17 October in 1989 and 19 October in 1990)
and allowed to grow with and without a soil cover until June. From mid-April
through May the temperature under the soil cover was more than 2 C higher
than the uncovered soil. Over the winter, leaf and root weights showed no
detrimental effects from being underthe cover. All cultivars had similar amounts
of growth under the cover and produced 2 to 11 times greater leaf yields ana
38 to 270% better stand establishment than those sown on the exposed soil.
However, plant winter injury was observed under the soil cover in small soil
depressions, which accumulated water originating from thawing. The covers
also promoted weed growth, which was negatively correlated to the yields of the
sown grass. Plant carbohydrate lcvels were lower beneath the soil cover than
in the control, but the reduction was not sufficient to reduce spring growth. The
soil cover was found to be beneficial to the establishment of late seedings of tall
fescue in cold areas.

For conversion of SI metric units to U.S./British customary units of measurement
consult ASTM Standard E380-89a, Standard Practice for Use of the International
System of Units, published by the American Society for Testing and Materials,
1916 Race St., Philadelphia, Pa. 19103.
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Promoting Late-Fall Establishment of Tall Fescue with Soil Covers

ANTONIO J. PALAZZO, RONALD N. BAILEY AND CARL DIENER

INTRODUCTION Nudge 1976, Youngner et al. 1978). Soil covers
could raise temperatures sufficiently for plant

Cool-season grasses are sown in the northern growth to continue into the fall and prevent carbo-
U.S. because they are able to provide a rapid and hydrate accumulation or reduce the amount that is
cost-effective plant cover. The best times to sow stored (Youngner and Nudge 1976). This lack of
cool-season grasses are in the spring or fall. Unfor- buildup of plant carbohydrates during the period
tunately many seedings are performed in late fall, of hardening may be detrimental to the survival of
which may lead to a poor stand of turfgrass the a late-fall seeding under these soil covers. Also,
following spring due to poor emergence of the daytime temperatures beneath the soil cover in the
sown seed, slow seedling development and subse- spring will fluctuate more widely than on a bare
quent winterkill of young seedlings. Poor turf soil surface. Thomas and Lazenby (1968) found
stands can lead directly to an increase in soil that survival of three tall fescue populations was
erosion and siltation of streams and wetlands. not as great when the daytime temperature fluctu-

Slitted plastic and spun-bonded fabric soil cov- ated widely as when there was continuous low
ers have been successful in promoting the germi- temperature for two weeks after a cold stress.
nation, emergence and seedling growth of veg- The objective of this study was to evaluate the
etable crops sown in the spring. Wells and Loy use of a spun-bonded polypropylene soil cover for
(1985) concluded that this occurred by increasing improving seedling establishment of cool-season
air temperatures below the cover during the day. grasses sown in the late fall. Tall fescue was se-
Soil covers have also been shown to lengthen the lected since it is reported to be one of the cool-
growing season for some vegetable crops (Wells season grasses that is susceptible to cold injury
and Loy 1985) and grasses (Palazzo 1989, Racine et (Cook and Duff 1976).
al. 1990). In preliminary studies Palazzo (1989)
and Racine et al. (1990) observed increased emer-
gence and better establishment of tall fescue (Festuca MATERIALS AND METHODS
arundinacea Schreb.) sown in the late fall under a
soil cover rather than on bare soil. Seeds of Clemfine, Mustang, Rebel and Rebel H

Using soil covers in the late fall onnewly seeded tall fescue (Festuca arundinacea Schreb.) were sown
turfgrasses could have deleterious effects. Since on 17 October 1988 and 19 October 1989 on a
the mean temperature near the plant is elevated, it Hartland silt loam soil (a coarse-silty, mixed, mesic
could be argued that the plant may go through the Dystric Eutrochrept), which overlies a well-drained
winter in a more cold-susceptible condition. It is gravel soil in Hanover, New Hampshire. All grasses
generally believed that plants need to harden off were seeded at a rate of 22 g m- 2 in 2-m 2 plots. The
and build up carbohydrate reserves to survive the randomized split-plot experimental design in-
winter dormant period. Soluble carbohydrates in- cluded four replications of each of the four culti-
crease in plants during the hardening process in vars (Fig. 1). Prior to seeding, the soils were fertil-
the fall when temperatures are below optimum for ized at a rate of 5 g m-2 of each :,cf nitrogen, P20 5
photosynthesis and growth (Okajima and Smith and K20. After seeding, the plots were rolled, and
1964, Balasko and Smith 1971, Youngner and half of each plot was covered with a spun-bonded
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polypropylene material called Typar, which is face in a 1-rn 2 area. Immediatehy after har\esting.
pure white, weighs (-4.4 g n -2 (I.,) OZ and a portion of thelharvested sown tislsue Wdasdried at
provides 60 ".. shade. File cover was secured with 100'C for one hour and at 70-'C for 48 hours to
long wire staples and rebar as recommended by constant wxxeight. Subsamples of the dried tall fes-
the manufacturer. (This product is manufactured cue tissue (each weighing 20 mag) were collected,
by the Reemav Company, P.O. Box 511, Old ground to pass a 40-mesh screen and prepared for
H1ickorv, Tennessee 37138.) analysis of the carbohydrates glucose, fructose.,

Soil temperatures were measured at the soil sucrose and fructans using the methods reported
surface at two locations on the plots. Copper- by Westhafer et al. (1982). Duplicate subsamples
constantan thermocouples attached to were analyzed, and the mean was recorded for
nonshielding cable were used; the s\'stem used each analvte. The remaining leaf tissue was sepa-
waýs similar to that described by Culik et al. (1982). rated as to sown and weedy species and dried for
Spring soil temperatures were measured hourly in 48 hours at 70'C. Root yields were recorded by
198•9, and the means of six-hour periods were digging plant roots to a depth of 15 cm from a 0.313-
recorded in 1990) with all Omnidata temperature m2 area; within the area the leaves were harvested.
recorder. Soil temperature measurements began Roots were washed clean, dried at 7I(C for 48
when the soil was no longer snow covered. Tern- hours and weighed.
peratures were recorded from 15 March to 15 June Although there was a split-plot experiMnenal
1980 and from 15 March to I May 1990. The moni- design for this study, the variances for the Yield
toring time was shorter in 1990 due to recording data for the cover and cultivar treatments within
eCqliipment problems. A paired t-test was used to each year were not found to be homogenous, and
determinedifferences in soil temperaturebetween therefore an analysis of \'ariance was not used to
the covered and uncovered plots from mid-April determine differences for means of both treat-
through May. ments. A paired t-test was used to show differ-

(Gencral observations of the turf stand were ences in yields and plant counts between the coy-
made on 16, November in 1981 and 1990. Plant ered and uncovered treatments. l)iffCrences in
stand counts were made on II April 1089 and I yields among cultivars within both cover treat-
May 190•) by counting the number of seedlings in lents for each v'ear were determined by obtainimg
a 0.33-m 2 area. leaf and root yields were recorded the error mean square and least significanf differ-
oi N1 I tine 1989 and 12 June 1990, immediately ence (LSI)) in means. The carbohy'drate results
after the cover ka! 'mm'ed. leaf tissue was iea- were analy'ed by analysis of variance; the factors
sured by clipping plants 5 cm above tlhe soil stIr- were cultivars and covers. I )ata from the two \ears,



Table 1. Mean daily air temperatures and total precipitation during the study.

Mean daily Tutal
air temperature precipitation

('C) (mm)

Time and dates 1988-89 1989-90 1988-89 1989-90

Prior to seeding 12 12 46 97
(1 Sept to 15 Oct)

Fall 4 4 129 236
(15 Oct to 30 Nov)

Spring 7 8 247 366
(1 Mar to 15 June)

were handled in separate analyses. Whenever a two years, while the site received 68% more pre-
statistically significant F value was found in the cipitation during the second year.
analysis of variance, means were separated using Spring soil temperatures for the bare soil sur-
the LSD test. face and under the soil cover for both years are

shown in Figure 2. During both years, mean soil
surface temperatures were significantly higher (-

RESULTS = 0.01) beneath the cover. The greatest tempera-
ture differences (greater than 2QC) occurred dur-

Seeds of four tall fescues cultivars were sown in ing the latter part of April. During the three re-
two successive years in mid-October. Table 1 shows cording periods from mid-April through May,
that mean daily temperatures were similar in the mean daily soil temperatures beneath the cover

25 1 I

* 1989 Cover
A 1989 No Cover

" 20 - o 1990 Cover
0 A 1990 No CoverT/
.a

T 15
CD
0.
E

10-

O /--4C"(U

Ca
CD

-5 I I I I I
15-30 1-15 15-30 1-15 15-30 1-15

March April May June
Temperature Recording Periods

Figure 2. Bimonthly soil surface temperatures recorded under a
soil cover and on bare soil for the two recording periods.
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Table 2. Plant growth in plots seeded with four tall fescue cultivars.

Sown species Weedy species

Leaf yield Plant count Leaf yield Root yield
(g rn-2) (no. ;n-2) (g n-2) (g 0.33 rn- 2)

Cultivar Cover 1989 1990 1989 1990 1989 1990 1989 1990

Mustang Yes 41.6a* 26.Oa 71a 185ab 15.6a 23.2ab 5.6a 15.5a
Mustang No 8.8b 6.Obc - 134b 13.6a 7.6c 4.5a 9.Oa

Rebel II Yes 55.2a 32.Oa 100a 182a 14.0a 12.4bc 3.9a 13.1a
Rebel II No 4.8b 4.4bc - 121b 18.4a 6.0c 4.3a 7.2a

Clemfine Yes 50.Oa 35.2a 81a 185a 14.8a 18.8bc 4.6a 12.6a
Clemfine No 15.6b 6.Obc - 89c 20.Oa 6.8& 4.2a 7.4a

Rebel Yes 16.4b 14.4b 12b 74c 20.Oa 32.4a 2.2a 16.1a
Rebel No 3.2b 1.2c - 20d 10.4a 5.6c 1.5a 7.2a

* Means followed by the same letter within each year were not significantly different at the 0.05
level of probability.

Figure 3. Soil cover prior to removal in June.
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were, 3 i. k3. and '.;-C' hig.her than thle bare soil. (Table ,2). 'Fhe I I April 1 98) coUn ti~ll" date is prior
Thee ws agenraldecinein iffrenes etwen to thle beginning of thle acti\,e spring regrowth

covered and Uncovcered soilsas ambient tempera- period inl New HampshIire. Due to slow seecd ger-
tures ino~crased. Therefore, thle principal beneftit inl mination inl thet controls, stanld coun11tS were made
raising soil temperatures by using soil covers was for only the covered plants. Thet 2 \Iav I 1~)Q0 rating
found to be during thle early spring, before the date was within the active spr~ing growing season,
growing season normally beg1in'., and stand counts were made inl all plotsý. -'ýtancI

11une1 leaf yields, inl NI t) anld 199j) Of thle four tall establishment wsconsistently better for all of the
fescue ~ ~ il cutilr soni id-OcLtoberare shown in cultivarsg-roli'i- ngtindra solcoe. .taid counts

Table 2. I n eak hi year, leat growth was0ý significanltly for ealch cult iVar under the (-)%cvr range'd from 3S to
0.05i)- ) grater whZ'n the grasses w ere grown 2701 ( greater than for thle bare soil treat ment f Ii

underC thelt' til cover ( F1g. "anld -4). Yiield' tor each ~ .Stand cou nts for Rebel under the '-oil ct 'ver
cn I iv r nde th coer ere2 t IItim'-.greter were lower than for thet ot her cu ltiva r'-', but Hthe

fokr both 11ea rs thla n f or the i u ncovered cont ro~l.. I n d Itteren lltes wereL no()t alIways 1 ~igIiticanIIt. :1roIll this1
general, leaf vields were greater in ]I ,Sothan inl data it is, a'-.SLmed there was mrve mrýec

tit)))1at tr .-ippl ving the soil cover inl the tall and that

Rebel asthe It twest-vield ing cu Iti var u nder establish men'lt iminprovemen t carried overT to thet
the ',kcer eat h year, ko. hile yie~lds oft the( Other s ig
L~ Itl iva rs were- similar (T[able 2). ) iclds of Rebel ITotalI root \\i hlýIts ( 11-1 %\ Onil plu wedv p it'll

minder the (over. k m ta i ned 307"; It'lel biomass11 we-re ta ken immnediately t ollowi nl leaf lar\ ests

thanl tlteoHItheultivars. Ini theuncovecred controls, eatIli veal (data not shown). No si-niftaicat differ-
Rebe)(l wVa, also thle lowest yieIlder. but the melanls cnces f,,I.or root weighlts were, ftouind tor the soill
we-re not sttsialydfeetrom the othercu-L- cove r anld cul1tivar treatmen01ts. \ltan root vicids
tivars,. wvere 12.3 and 10.8 ill 2 inl IQSt) an1d .42. Land 2 d I

PIl'ant ko n lts were taken onl I I A\pril I ')S() anld _2 g ill 2 for thet covered anld un1coNTvered treatmen'1ts.
%IaV I~t()') to e'valuate thet et fect sOf thle soil1 cover respecktively.
anld cult ivar differenIces onl stand establishmen1C~t V'isualI obser'a tittus of thet grasses belt w thet
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cover showed that thle%, were more succuIClnt total Nil ill covered and uincovee lt. sQ

-il "-cre -ltý "v p

and darker green than those without thle co-ver. tiyelv, in l1). ilIn 1)(, weeds totaled o- and '•,
Observations made ol 16 November 1988 and of the leat wvei'hts harvested from the covered and
on the same date in 1189 showed that plants under uncovered plots, respectively. Tihere was a nega-
the cover were taller (3 0-50 mm taller in 1988) one tive linear correlation (r = -4).bb) between the lune
month after seeding. Observations on I1 April yield of the sown grasses and th, i nva,,onl of
1988, when plant counts were taken, showed weeds.
that the soil surface was cracked in the control Total root weights (sown plWu weed V s e,)
plots due to frost, while under the cover the soil were measured immediately follow\ing har\Csts
was settled due to thawing, which is a result of each yCar. No significant differences Jr .r ot
increased warming. Some grass seedlings were weights were found for the interaction of soil
killed in a few small patches (<30 mm diameter) coverand cultivars. In l1Q0, root vieldswere rcater
where water collected and froze beneath the when the plants weregrown tinder the soil c,,er.
covers. No differences were observed between varietiLes.

WaedyspeCies made up a substantial part of the Therefore, root 'ields were plollloted bV the soil
sward when harvests were made in June of each cover.
year (Table2). The weedvspeciesconsisted mostly Four types of carbohvdrates were analyzed in
of winter annual broadleaf species and clover the leavesof each ctiltivar in lSQ and lO•t).(arbo-
(Triftlihon sp.). Yields of the weedy species in both hydrate contents were usially lower ii plants that
covered and uncovered treatments were found to had the soil cover, with sucrose and frtictan, ct-n-
be similar in 1989. In 1990 there were more weeds tents showing the greatest decline (Table 3). The
Under the soil cover than on the e\posed soils. only e\ceptions were fructoseand ghlicosecon/cen-
Weeds Made tip anl average of 34 and 45'¼ of the trations in 19)S), which were greater in the covered
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Table 3. Mean carbohydrate contents of four tall fescue cultivars harvested
in June.

Carbohydrate content (g)

Year Cover Fructose Glucose Sucrose Fructans Total

1989 Yes 1.73 1.24 2.83 1.65 7.45
No 0.94 0.68 5.45 4.09 11.16

LSDo.U5 0.39 0.35 1.30 0.61 1.82
1990 Yes 2.89 1.74 0.67 0.67 5.97

No 4.08 2.21 8.18 4.96 19.43
LSDo.05 0.90 0.01 0.85 2.14 1.34

plots. Since yield levels were high, the reduced Yields of Rebel under the cover contained 30-
levels of carbohydrates in June samplings beneath 55% less leaf biomass than the other cultivars, but
the covers did not appear sufficient to imi 2de these differences were not usually significant. The
plant growth. reason for the lower yields is not known but could

be related to a low germination rate. No direct
measurements were taken, but this cultivar did

DISCUSSION have lower stand counts in early spring and later
yields.

The main microclimatic benefit from the use of The soil covers promoted weed growth, which
the polypropylene soil cover was to increase the was found to impede the establishment of the
air temperature at the soil surface. The soil cover sown species. The growth of the easily control-
promoted s'and establishment, increased leaf lable weeds (clovers and broadleafs) was pro-
yields and usually reduced carbohydrate concen- moted under the blanket during one growing sea-
trations of four tall fescue cultivars when sampled son, and they were prevalent during both years.
the following June. Beard (1973) reported that the The amount of weeds ranged from 34 to 65% by
optimum temperature range for shoot growth of weight of the total yield. Excessive weed growth
cool-season turfgrasses was between 15.5 and below the covers was also cited by Racine et al.
24.0°C and that growth can occur at temperatures (1990).
as low as 5.5'C. In this study these optimum Soluble plant carbohydrates in these tall fescues
temperatures were reached earlier in the spring were usually lower beneath the covers than in the
beneath the cover than on the bare soil. Palazzo bare soil controls. The drops in carbohydrate 1ev-
(1989) also reported both improved germination els, however, were not sufficient toimpedegrowth
rates and taller plants immediately after seeding the following spring and were probably a result of
beneath the same type of soil cover in the fall. the increased growth rate of the plants. Increa :ed
Grasses in this study growing below the cover growth rates of plants are known to reduce carbo-
were more succulent and darker green. The lower hydrate levels (Waite and Boyd 1953, Okajima and
yields (about 64%) recorded in the 1989-90 grow- Smith 1964).
ing season compared to the previous year were In summary, a soil cover was found to be useful
most likely due to a wetter period after planting for promoting tall fescue seedling growth and
that continued into the following spring, since the numbers (establishment) during late-fall seedings
sown cultivars, planting dates and air tempera- in uniform seedbeds. Although the cost of materi-
tures were similar both years. The only winter als and labor would be higher than in normal
injury observed beneath the blankets was found in seeding operations, the improved plant establish-
soil pockets, which accumulated water during ment and increased growth beneath the cover
thawing. The number of injured plants was not could mean the difference between success and
great enough to diminish stand and yield advan- failure in critical cold soil situations and hence
tages gained by using the soil cover, could be justified.

7



LITERATURE CITED neering Laboratory, Special Report 90-36.
Thomas, W.D. and A. Lazenby (1968) Growth

Balasko, J.A. and D. Smith (1971) Influence of cabinet studies into cold-tolerance of Festuca
temperature and nitrogen fertilization on anthe- arundinacea populations. II. Responses to pretreat-
sis. Agronomy Journal, 63: 653-857. ment conditioning and to number and duration of
Beard, J.B. (1973) Turfgrass: Science and Culture. low temperature periods. Journal of Agricultural
Englewood Cliffs, New Jersey: Prentice-Hall. Science, 70: 347-353.
Cook, T.W. and D.T. Duff (1976) Effects of K Waite, R. and J. Boyd (1953) The water-soluble
fertilization on freezing tolerance and carbohy- carbohydrates of grasses. I. Changes occurring
dra te.. co- nt of Festuca arundinacea Schreb. main- during the normal life-cycle. Journal of Science and
ain,2d as turf. Agronomy Journal, 68:116-119. Food Agriculture, 4: 197-204.
Culik, M.N., J.S. Doran and K.A. Richards (1982) Wells, O.S. and J.B. Loy (1985) Intensive veg-
Corn.•raction of soil thermocouples for the novice. etable production with row covers. Horticultural
Soil Science Society of America Journal, 46: 882-884. Science, 20: 822-826.
Michigan State University (1987) MSTA (Version Westhaffer, M.A., J.T. Law, Jr. and D.T. Duff
4.0) Statistical Program. East Lansing, Michigan: (1982) Carbohydrate quantification and relation-
Michigin State University. ships with N nutrition in cool-season turfgrasses.
Okajima, H. and D. Smith (1964) Available carbo- Agronomy Journal, 74: 270-274.
hydrate fractions in the stem bases and seed of Youngner, V.B. and F.J. Nudge (1976) Soil tern-
timothy, smooth bromegrass, and several other perature, air temperature, and defoliation effects
northern grasses. Crop Science, 4: 317-320. of growth and nonstructural carbohydrates of
Palazzo, A.J. (1989) Effects of soil covers on late- Kentucky bluegrass. Agronomy Journal, 68: 257-
fall seedings of four tall fescue cultivars. USA Cold 260.
Regions Research and Engineering Laboratory, Youngner, V.B., F.J. Nudge and S. Spaulding
Special Report 89-17. (1978) Seasonal changes in nonstructural carbohy-
Racine, C.H., R.N. Bailey and A.J. Palazzo (1990) drate levels and innovation number of Kentucky
Scheduling fall seedings for cold-climate reveg- bluegrass turf growing in three plant-climate ar-
etation. USA Cold Regions Research and Engi- eas. Agronomy Journal, 70: 407-411.

8



Form Approved
REPORT DOCUMENTATION PAGE OMBNo. 0704-0188

Pubic reporting burden for this collection of informaton is estimated to average 1 hour per response, including the time tor reviewing instructions, searching existing data sources, gatherng and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of infonmation,
including suggestion for reducing this burden, to Washington Headquarters Services. Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway. Suite 1204, Arington.
VA 22202-4302. and to the Office of Management and Budget. Paperwork Reduction Project (0704-0188), Washington. DC 20503.

1. AGENCY USE ONLY (Leave blank) 12. REPORT DATE 3. REPORT TYPE AND DATES COVEREDI June 19931
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Promoting Late-Fall Establishment of Tall Fescue with Soil Covers PR: 4A762784AT42

WU: BS/020

6. AUTHORS

Antonio J. Palazzo, Ronald N. Bailey and Carl Diener

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

U.S. Army Cold Regions Research and Engineering Laboratory Special Report 93-10
72 Lyme Road
Hanover, N.H. 03755-1290

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING

AGENCY REPORT NUMBER
Office of the Chief of Engineers
Washington, D.C. 20314-1000

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTIONiAVAILABILITY oTATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.
Available from NTIS, Springfield, Virginia 22161

13. ABSTRACT (Maximum 200 words)

Turfgrass seedings frequently have been sown in the late fall, which usually results in a poor vegetative stand
the following spring. This study evaluated the effects of a spun-bonded polypropylene soil cover placed over a late-
fall seeding on subsequent seedling growth and overwintering. Clemfine, Mustang, Rebel and Rebel II cultivars
of tall fescue (Festuca arundinacea Schreb.) were sown on a silt loam soil in late fall (on 17 October in 1989 and 19
October in 1990) and allowed to grow with and without a soil cover until June. From mid-April through May the
temperature under the soil cover was more than 20C higher than the uncovered soil. Over the winter, leaf and root
weights showed no detrimental effects from being under the cover. All cultivars had similar amounts of growth
under the cover and produced 2 to 11 times greater leaf yields and 38 to 270% better stand establishment than those
sown on the exposed soil. However, plant winter injury was observed under the soil cover in small soil depressions,
which accumulated water originating from thawing. The covers also promoted weed growth, which was
negatively correlated to the yields of the sown grass. Plant carbohydrate levels were lower beneath the soil cover
than in the control, but the reduction was not sufficient to reduce spring growth. The soil cover was found to be
beneficial to the establishment of late seedings of tall fescue in cold areas.

14. SUBJECT TERMS 15. NUMBER OF PAGES

Grass Soil covers 14
Revegetation Turfgrass 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescnbed by ANSI Std Z39-18

298-102


