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Frost damage to cabbage plants was markedly reduced by application of growth- 
retardant chemicals prior to exposure of the plants to low temperatures. Young plants 
were spirayed in the fall with the retardants B-Nine or Cycocel, and exposed during the 
winter to existing outdoor temperatures, the critical range being from 30" to - 1 F. 
All of these plants survived and 90% quickly resumed growth when brought into a warm 
greenhouse the following spring. In contrast, 40 to 6OyO of the control plants were 
killed by winter frost. In the spring the surviving control plants grew very slowly and 
the total amount of vegetative growth was greatly reduced. The number of plants 
that flowered in a late-maturing variety increased when B-Nine was applied at a low 
dosage of 625 p.p.m. However, at 2500 and 5000 p.p.m., flowering was suppressed 
and all the plants formed heads instead of flower stalks. 

RowTH-retardant chemicals are re- G ceiving much attention for use in 
rhe regulation of plant growth and flo\rer- 
ing (5). Acceptance has been particu- 
larly prevalent among horticulturists \rho 
use the retardants to produce short plants 
with intense green foliage. Flo\vering can 
be affected by thlse compounds and: 
with proper treatment and cultural 
management, such \roody plants as 
azalea and rhododendron can be made 
to bloom at any time during the year. 
The flowering response is of particular 
interest because riztardants have been 
used experimentall;; to decrease the time 
required for such plants as apple, pear, 
and holly to reach the fruit-bearing 
stage (7, 3, 9> 77). 

Earlier reports from this laboratory 
showed that plants treated with retard- 
ants became more resistant than did un- 
treated ones to aging 177 ,  72); certain 
unidentified soil-borne diseases ( 7  7) ; 
loss of water resulting in wilting (70) ;  
and death of plants due to high salt con- 
rent of the soil (70). Others reported in- 
creased resistance to heat (78) and con- 
firmed the effect on wilting and tolerance 
TO salts (6, 74). 

Resistance to heat? ivilting, and high 
salt content in th.e soil is, of course, 
directly associated with the behavior of 
water molecules .irithin plants. The 
resistance or susceptibility of plants to 
frost damage is governed also to a large 
extent by the behavior of water molecules 
\vithin their various tissues (73, 75). 

Since frost damage is one of the limit- 
ing factors in the culture of many 
economically important plants, the pres- 
ent study was initiated to determine 
whether some growth-retardant com- 

pounds can be used experimentally 10 

make plants better able to withstand 
frost injury. Cabbage (Brassica oleracea 
var. capitata L.) \vas selected as the test 
plant because of its ability to develop 
resistance to lo\\. temperatures (8). 

Methods 
Young cabbage plants of the early- 

maturing variety, Early Jersey Wake- 
field, and others of the late-maturing 
variety, Late Flat Dutch, were grown in 
the greenhouse in composted soil in 3- 
inch clay pots. By October 3, 1963, 
the plants had developed three secondary 
leaves 1 to 3 inches long. Lots of 20 
uniform plants of the early variety were 
sprayed with Cycocel, (2-chloroethy1)- 
trimethylammonium chloride, one lot 
receiving 2500 p.p.m., another 5000 
p.p.m. Two other lots were sprayed 
with B-Nine, N-dimethylaminosuccin- 
amic acid, in a comparable way at the 
same concentrations of this retardant. 
.4n additional lot of 20 plants was left 
untreated as controls. 

One hundred uniform plants of the 
late variety were divided into groups of 

20. Each group received one applica- 
tion of B-Nine at O? 625: 1250, 2500, and 
5000 p.p.m., respectively. All of thr 
aqueous spray solutions used for both 
varieties contained 0.1% Tween 20 and 
were applied on October 9> 1963. 

'The plants were left in the greenhouse 
(70' to 95' F.) for 1 week after treatmrnt 
and then moved out of doors. The 
pots were placed in sandy soil so that 
they were completely covered and the 
plant part2 above the cotyledonary 
leaves exposed. Individual lots of five 
plants of each treatment and the control 
were arranged at  random in four ad- 
jacent rows. 

The plants remained out of doors to 
overwinter approximately 4 months 
(October 16, 1963, to March 5, 1964). 
Climatological data covering this period 
are shown in Table I (20). The plants 
were brought into a greenhouse main- 
tained at 70' to 80' F. on March 5, 
1964, and transferred into larger clay 
pots (5-inch) containing composted soil. 
These were arranged in randomized rows 
of five plants each per treatment on a 
greenhouse bench. Observational and 
other data concerning survival and 

Table 1. Temperatures (OF.) to Which Cabbage Was Exposed under 
Field Conditions 

Beltsville, Md. 
Data supplied by U. S. Weather Bureau (20) 

Av. Maximum Av. Minimum Lowesf 
Monfh Doily Doily Av. Doily Recorded 

October 
November 
December 
January 
February 
March 

72 .9  40 .6  56 .8  
58 .0  36 .8  47 .4  
37 .4  1 9 . 8  28 .6  
46 .7  23 .9  35 .3  
45 .1  2 3 . 3  32.5 
56 .0  31 .5  43 .8  

3 0 
22 

-1 
-2 

0 
19 
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Table II. Effect of Growth Retardants Cycocel and 6-Nine on Overwinter 
Surivival and Flowering of Two Varieties of Cabbage 

Plants sprayed in greenhouse Oct. 9, 1963, and placed out of doors from Oct. 16, 1963, until 
March 5, 1964. Survival and Howering data obtained May 26, 1964, and final weights 

June 19, 1964 
S P W .  % % Av. Weight, G. 

C0mpO"nd P.P.M. Survival" Floweringh Stolkr Heods 

EARLY JERSEY WAKEFIELD VARIETY 
Control 0 60 60 123 
Cy c o c e l 2500 100 100 284 

5000 1 no 100 310 
B-Nine 2500 I no 100 295 

5000 loo i o n  305 

retardants resulted in markedly increased 
cold hardiness in both the early- and 
late-maturing varieties of cabbage. 
Since cold hardening (physiological 
changes that make plants resistant to 
frost) is generally associated with a de- 
crease in rate of growth, it is of interest in 
the present study that the fast-growing 
type of cabbage when treated with 
retardants resisted low temperatures as 
well as did plants of the slow-growinz 

All of the Early Jersey Wakefield lots 
of cabbage, both the controls that sur- 
vived and the ones treated with retard- 

type. 

I plants per treatment 
dculated on basis of 

L a x  FLAT DUTCH VARIETY 
Control 0 40 

100 B-Nine 625 
1250 

5000 

. mm 

2500 

2( 
b c. ,lanu that si - 

flowering were recorded periodic2 
from 2 weeks after removal to the grc 
house until June 19, 1964. when f 
weight measurements were made. 

so 160 
100 380 

< "  
l "" I"  

100 0 
100 0 

xvived. 

Resulfs and Discussion 

The rapid rate of gmwth after over- 
wintering and removal to the greenhouse 
of the plants treated with retardants was 

d y ,  untreated plants amse 
'en- because the terminal 
l n a l  killed. This developn 

L . A r  m"..ltnrl in II A 

ants, produced flower stalks. This sug- 
gests that the physiological processes 
associated with flowering may have been 
well advanced at the time of treatment. 
When the experiment was initiated, the 
plants of this variety were slightly larger 
than those of the late-maturing variety. 
Boswell showed that with cabbage large 
plant size a t  time of hardening favors 

im lateral buds bolting (2). 
uds had been The enhancement of Howering brought 

645 
780 
695 

~ Z~..~.. ,.-.~.., ^L L ,:-._:._ .L.-: 

frc 
b 

ienL iium idicia 
uuuI ..IU.L.U ,clay in over-all 
growth and, therefore, a reduction in 
average weight of the plants at the end 
oftheexperiment (Table 11). Vegetative 
growth of the plants of bath varieties 
treated with the retardants arose from 
vigorous terminal buds and ultimately 

d W U L  uy npp,rcdrw,L "1 LSLdlUdllL CLLCLILL- 

cals is significant fmm the standpoint of 
basic research and practical use. Control 
of flowering with a retardant was ab- 
tained with several kinds of plants other 
than cabbage (5).  The fact that dosage 
level of the retardant chemical is critical 
in inducing- thr Hawering response has not 



Figure 2. Effect of growth r 

A. Early-maturing ~ o r i e t y  
Left to right. Control, 8-Nine 2 5 0 0  p.p.m., Cycocel 2500 
p.p.m., Cycocei 5000 p.p.m. 

category. Biochemical changes on the 
cellular level following treatment with 
retardants have not yet been widely 
studied. Studies with poinsettia, how- 
ever, have shown an increase in chloro- 
phyll content in the foliage following 
treatment with B-Nine. The iron, 
copper, and manganese content was also 
a t  a higher level (4).  Rosa and othen 
(73, 75) associated a high level of poly- 
saccharides, particularly pentosans, with 
increased cold hardening. The pento- 
sans seemed of particular importance 
because of their rapid and high degree of 
water uptake and swelling to form 
colloidal mixtures. Cellular contents of 
bean leaves of plants treated with re- 
tardants were much denser than those of 
controls. The cell walls were much 
thicker than the controls (76), a response 
that would provide a physical harrier ti 
puncture by ice crystals. 

There has been much speculation or 
the possibility of loading the plant systen 
with a chemical that may serve as a! 
“antifreeze.” I t  has heen demonstrated 
for instance, that polyethylene glyco 
20,000 M moves through plants from th, 
roots to the leaves without causing ad 
verse plant growth effects (27); but thi 
phenomenon has not been studied fron 
the standpoint of frost resistance. Re 
cently, investigators a t  the Cannecticu 
Agricultural Experiment Station showei 

t 
i 

etardantr on flowering of cabbage  

E. Lde-moturing Yoriiety, 
Left lo right, 8-Nine 0,625, 1250, 2500 p.p.m. 

creased the resis 
damage. One or these, n-aecenyl- 
succinic acid, appean to be particularly 
promising in increasing the frost re- 
sistance of flowering peach, apple, and 
pear, as well as young bean plants (7). 
Kuiper reported a decrease in leaf growth 
and more intense green coloration follow- 
ing treatment with this acid. This sug- 
gests that this chemical may he of the - 
growth-retardant type. 
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