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INTRODUCTION 

If increased winter survival of sugarbeets could be 

achieved in the cold temperate climates of the northern 

sugarbeet growing regions such as Michigan, improvement of 

this crop could be facilitated through less costly over

wintering methods of seed production. Currently, sugar-

beet stecklings are removed from the field in the fall and 

their roots, with crown buds intact, are packed in crates 

and stored in a cold room (4 C). The following spring, 

these roots with their florally induced buds are replanted 

in soil to promote flowering, cross pollination, and seed 

production. Although this process is effective, it re

duces the amount of sugarbeet breeding field research that 

can be accomplished in the northern temperate zones. 

Cold hardy temperate zone crop plants are able to 

withstand winter temperatures of -30 C or less, but in 

the spring and summer months, they are susceptible to cold 

and can be easily killed at temperatures near 0 C (12). 

Cold hardiness of these species is dependent on their ge

netically controlled acclimation to survive freezing tem

peratures and their ability to express this trait. 

Prevailing ambient temperature appears to be the most 

important environmental parameter for imparting cold har

diness to cereals (6,7). Low, above-freezing tempera

tures impart cold hardiness in the fall as most of these 

plants acclimate at temperatures gadually fall below 10 C 
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(1), with optimal temperatures for cold acclimation near 

3 C for cereals (6). 

Stage of plant growth is important to acclimation and 

the maintenance of hardiness to cold temperature. Winter 

wheat (Triticum a e stivum L.), growing 11 weeks or more in 

the fall, prior to cessation of growth, suffers more 

winter injury than younger plants (9). The four to six

leaf stage was the optimum stage for acquiring winter har

diness in this species. 

There is considerable controversy on the biochemical 

and physiological processes involved in cold hardiness of 

higher plants (11). Much of this research has delt with 

lipids in relation to the cold hardening phenomenon. 

Cereals exposed to optimum temperatures for cold hardening 

showed an increase in linolenic acid in the fatty acid 

portion of cell membrane lipids (2). Membrane lipids that 

contain a high percentage of unsaturated fatty acids have 

been shown to be more fluid at low temperatures, which 

would aid in maintaining membrane integrity at lower tem

peratures (5). However, additional research has shown 

that this shift toward greater fatty acid unsaturation in 

cereals may only be a low-temperature response and not in

volved in cold acclimation, per se (3). 

Chemical effects on membrane lipids and their rela

tionship to cold hardening and chilling injury also have 

been investigated. Willemot (12) found that BASF 13-338 

[4-chloro-5-(dimethylamino)-2- phenyl-3-(2H)-pyridazinone] 

inhibited linolenic acid accumulation and frost r~sistance 

in 12-day-old winter wheat plants. This chemical also af

fected cotton (Gos sypium hir s u t um L.) seedlings similarly, 

ultimately leaving the plants more susceptible to chilling 

injury (10). Other research demonstrated that the herbi

cides diethatyl [N-(chloroacetyl)-N-(2,6-diethylphenyl)

glycine] and vernolate increased cold hardiness in soybean 

(Gly c in e max (L.) Merr.) and this result corresponded to 

an increase in the unsaturated fatty acid content of plas

malemma in the root (8). Mahoney et ale (4) demonstrated 

that alachlor application to the foliage of 17-day-old 
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sugarbeet increased the unsaturated fatty acid content of 

mitochondria membrane and plasmalemma similar to a cold 

temperature treatment. 

Thus, the investigation was conducted to evaluate 

chemicals that increase the unsaturated faty acid content 

of plant cell membranes for their potential to increase 

winter survival of sugarbeet seedlings in the field. 

MATERIALS AND METHODS 

Two field experiments were conducted during the winter 

periods of 1980-81 and 1981-82, near East Lansing and Has

lett, Michigan, respectively. 

The first experiment was initiated on August 25, 1980 

in a sand loam soil. 'US H20' sugarbeet seeds were 

planted 2.5 cm deep and 5 cm apart in rows 0.3 m apart in 

in plots 1.2 m wide by 1.2 m long. On October 27, 1980, 

sugarbeets in the 6-to-8-leaf stage of growth received 

foliar applications of solutions of alachlor (Lasso 4E) at 

100 and 200 mgjl and vernolate (Vernam 7E) at 50 mgjl with 

0.5% vjv Tween 20 surfactant. Applications were made with 

a hand-pump sprayer to the foliage until solution runoff 

occurred. All treatments were replicated three times. 

Two weeks following treatments, all plots were covered 

with 30 cm of wheat straw. 

The second experiment was initiated on August 

21, 1981 in a loamy sand soil. All plots contained one 

row each of three sugarbeet lines [G-O (seed mixture pro

duced at Sorenson in 1980), J-O (81Bl-l) and 1-0 (50% each 

81B2-00 and 81B5-00) types] planted 2.5 cm deep ana 5 cm 

apart in rows 0.6 m apart and 4.3 m long. On October 28, 

1981, sugarbeets in the 6-to-8-leaf stage of growth re

ceived foliar applications of alachlor at 100 and 200 mgjl 

and vernolate at 25, 50 and 100 mgjl in 73 ljha H20 with 

0.5% (vjv) X-77 surfactant. Treatments were made with a 

knap-sack sprayer, under 2.1 kgjcm 2 pressure supplied by a 

cartridge of compressed C02. Treatments were replicated 

four times and all sugarbeet lines were randomized within 

each plot. There were two sets of treatments for this ex

periment. One set received a cover of 30 cm of wheat 
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straw three weeks after application, and the other set re

ceived no straw cover. 

Each spring (March 30 and April 16 for experiments one 

and two, respectively) the straw was removed from the 

plots, stand counts taken, and flowering observed . The 

data were analyzed by analysis of variance and treatment 

means compared by Duncan's multiple range test. 

RESULTS AND DISCUSSION 

In the first experiment, alachlor at 100 mgjl and ver

nolate at 50 mgjl applied to runoff, increased the number 

of sugarbeets that survived during the winter compared to 

the untreated control (Table 1). This indicates that a 

Table 1. Effect of foliar applications of alachlor and vernolate on 
the survival of 'US H20' sugarbeets in the field during the 
winter (1980-1981)a. 

Number of 
Treatment Rate Surviving Plantsb 

(mg/l) 

Check a 17 a 
Alachlor 100 43 b 
Alachlor 200 31 ab 
Vernolate 50 44 b 

aMeans followed by the same letter are not significantly different at 
the 5% level according to Duncan's multiple range test. 

bAverage number of plants per plot for each treatment. 

relationship may exist between herbicides that increase 

the fatty acid unsaturation and their ability to impart 

cold tolerance to plants as reported by Rivera (8). The 

percentage of plants that survived during the winter was 

not calculated because stand counts were not taken in the 

fall. Of those plants that survived, approximately 80 

percent of them flowered, indicating that the chemicals 

had no adverse effect on flowering. 

In the second experiment, the chemical treatments had 

no effect on winter survival of sugarbeets (Table 2). In 

this study 100 percent of the plants without cover and 80 

percent of the plants with straw-cover survived the 

winter. Snowfall during the winters of 1980-81 and 1981

82 was 88.1 and 133.6 em, respectively (Table 3). The 
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Table 2. Effect of foliar applications of alachlor and vernolate 
the survival of 'US H20' sugarbeets in the field during 
winter (1981-1982)a. 

on 
the 

Number of Plants Survivingb 

Treatment Rate G-O Type J-O Type 1-0 Type 

(mg/l ) 

Check 0 24 a 19 a 25 a 
Alachlor 100 25 a 25 a 28 a 
Alachlor 200 24 a 29 a 25 a 
Vernolate 25 24 a 26 a 28 a 
Vernolate 50 31 a 21 a 23 a 
Vernolate 100 25 a 24 a 23 a 

aMeans followed by the same letter are not significantly different at 
the 5% level according to Duncan's multiple range test. 

bAverage number of plants per plot for each treatment. 

Table 3. 	 Total monthly snowfall and average monthly temperature for 
1980-1981 and 1981-1982 1 . 

1980-1981 1981-1982 
Month Snowfal1 2 Temperature 3 Snowfall Te~perature 

(cm) (C) (cm) (C) 

December 36.1 -4.6 40.4 -2.7 
January 15.0 -8.0 39.6 -9.4 
February 31.0 -2.1 20.8 -6.8 
March 6.0 1.9 32.8 -0.5 

TOTAL 88.1 133.6 

lClimatic data was obtained from the National Weather Service Office 
at Lansing, Michigan. 

2Total monthly snowfall. 

3Averag€ ambient temperature. 

larger amount of snow-cover during the second winter -might 

explain the increased sugarbeet survival in this experi

ment despite the lower temperatures. Snowfall during 

January, 1981 was considerably less than in January, 1982 

with similar temperatures. Because of the unexpectedly 

high survival rate of plants without cover, chemical ef

fects on winter survival could not be adequately assessed 

in experiment two. The lower survival rate of plants 

under the straw-cover than those with no cover was probab

ly the result of rodent damage. As in experiment one, 

over 80 percent of the plants flowered in all treatments. 
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CONCLUSION 

Treatments of alachlor at 100 mg/l and vernolate at 50 

mg/l increased the number of 'US H20' sugarbeets that sur

vived in the field during the winter of 1980-1981. The 

survival rate of the untreated controls of covered and un

covered sugarbeets was too high to assess herbicide ef

fects on survival during the winter of 1981-82. Approxi

mately 80 percent of the sugarbeets flowered the following 

spring irrespective of chemical treatment or year. 

LITERATURE CITED 

1. 	 Alden, J. and R. K. Hermann. 1981. Aspects of the 
cold hardiness mechanism in plants. Bot. Rev. 
37:37-142. 

2. 	 De la Roche, I. A., C. J. Andrews, M. K. Pomeroy, P. 
Weinberger and M. Kates. 1972. Lipid changes in 
winter wheat seedlings (Tritirum aestivum) at tem
peratures inducing cold hardiness. Can J. Bot. 
50:2401-2409. 

3. 	 De la Roche, I. A., M. K. Pomeroy and C. J. Andrews. 
1975. Changes in fatty acid composition in wheat 
cultivars of contrasting hardiness. Cryobiology 
12:506-512. 

4. 	 Mahoney, M. D., G. J. Hogaboam and D. Penner. 1985. 
Influence of low temperature, GA3 and herbicide com
binations on membrane lipid composition in sugarbeet. 
Plant Physiol. (submi t ted) . 

5. 	 Nozawa, Y., H. Tida, H. Fukushima, K. Ohki and S. 
Ohnishi. 1974. Studies on Tet rahymena membranes: 
Temperature induced alterations in fatty acid compo
sition of various membrane fractions Tetrahymena py
riformis and its effect on membrane fluidify as in
ferred by spin-label study. Biochemica et Biophysica 
Acta 367:134-147. 

6. 	 Olien, C. R. 1967. Freezing stresses and survival. 
Ann. Rev. Plant Physiol. 18:387-408. 

7. 	 Paulsen, G. M. 2968. Effect of photoperiod and tem
perature on cold hardening in winter wheat. Crop. 
Sci. 8:29-32. 

8. 	 Rivera, C. M. 1977. Effect of temperature and 
various agricultural chemicals on phospholipid fatty 
a c i d comp 0 sit ion 0 f soyb e a n ( G 1 y c i n e ma x ( L . ) 
Merr.). pp. 80-99. PhD Dissertation, Michigan State 
University. 



240 JOURNAL OF THE A.S.S.B.T. 

9. 	 Roberts, D. W. A. and M. N. Grant. 1968. Change in 
cold hardiness accompanying development in winter 
wheat. Can. J. Plant Sci. 48:369-376. 

10. 	 St. John, J. B. and M. N. Christiansen. 1976. Inhi
bition of linolenic acid synthesis and modification 
of chilling resistance in cotton seedlings. Plant 
Physiol. 57:257-259. 

11. 	 Steponkus, P. L. 1978. Cold hardiness and freezing 
injury of agronomic crops. Advances in Agronomy 
30:51-98. 

12. 	 Willemot, C. 1977. Simultaneous inhibition of lino
lenic acid synthesis in winter wheat roots and frost 
hardening by BASF 13-338, a derivative of pyridazi
none. Plant Physiol. 60:1-4. 


