
placement of the sprinkler head and the amount of water 

delivered from that sprinkler. Improper placement could 

lead to severe trunk damage and loss of the all important 

scaffold limbs and diminish the usefulness of this system. 

Therefore, extreme care should be taken in the installation 

and placement of the sprinkler head as to afford the high 

est degeee of effectiveness. Equally important is the vol 

ume of water supplied by the sprinkler head. It is recom 

mended that 1.9 to 5.7 liters-min1 (.5 - 1.5 gal/min) be 

supplied to the scaffold branch area of the citrus tree dur 

ing the advent of a severe freeze. The information ac 

cumulated during and after the 1989 freeze supports the 

conclusion that scaffold branch irrigation is a viable system 

for citrus freeze protection. 
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Abstract. Trees 6 and 8 months after field planting experi 

enced temperatures of 24° on 24 & 25 Dec. 1989. Ratings of 

freeze damage showed differences among scion cultivars and 

scion/rootstock combinations. 'Star Rub/ grapefruit (Citrus 

paradisi Macf.) and 'Fallglo' citrus hybrid, a cross of Bower 
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mandarin citrus hybrid x 'Temple' tangor, (C. temple Hort. ex 

Y. Tanaka) were the most severely damaged scion cultivars. 

'Rohde Red' Valencia orange selection 472-11-43 [C. sinensis 

(L.) Osbeck] was the least damaged scion cultivar. Scions bud 

ded to Cleopatra mandarin (C. reshni Hort. ex Tan.) and F-80-

18 citrumelo [C paradisi x Poncirus trifoliata (I.) Raf] 

rootstocks were damaged more than scions on other 

rootstocks. Scions budded to Smooth Flat Seville (C aurantium 

?) and P. trifoliata x Ridge pineapple sweet orange selection 

1573-26 (C sinensis (L.) Osbeck] showed the least damage. 

Visually assessing injury to plants following naturally 

occurring cold temperatures has long been the basis for 

determining their relative cold tolerance. Although a gen 

eral ranking of cold tolerance has been established among 

most citrus cultivars, the specific ranking can vary consid 

erably when evaluating results following natural freezes 

primarily because citrus cold hardiness is dependent upon 

climatic conditions prior to the period of freezing temper 

atures, and other factors (5). Cold hardiness of citrus is 

closely associated with dormancy. Trees that are dormant 

and have been exposed to low but not freezing tempera 

tures for some time often exhibit the most cold hardiness 

(5). Observations over many years and freeze events indi 

cate that in Florida, mandarins, 'Orlando' tangelo and 

'Hamlin' orange are the most cold-tolerant scion cultivars. 

In descending order these are followed by 'Valencia' 
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orange and grapefruit. These are then followed by 

'Pineapple' orange, 'Temple' and 'Dancy' tangerine (3, 7, 

8, 9, 10). in cold tolerance (2). The least cold tolerant are 

lime and lemon cultivars (4, 15). However, there have been 

many unexplained exceptions reported because the genet 

ically controlled ability of a citrus plant to survive freezing 

and the effect of environment on the acquisition of cold 

hardiness is not well understood. 

A rootstock influence on scion cold hardiness has also 

been observed (4, 7, 9, 10). Ranking of the most used 

rootstocks in Florida during the 1960's and 1970's in order 

of least to most cold hardy would be rough lemon, grape 

fruit, sweet orange, sour orange, Cleopatra mandarin and 

the trifoliate selections (8, 16). Among newer rootstocks, 

trees on Volkamer lemon and C. macrophylla would be simi 

lar in cold tolerance to those on rough lemon, Carrizo cit-

range is intermediate with sweet orange while Swingle cit-

rumelo seems similar to sour orange in having the best 

tolerance to cold (1). However, the ability of the rootstock 

to impart cold hardiness to the scion is subject to the en 

vironmental conditions during hardening period. 

Reports attempting to evaluate damage suffered by 

young 2- to 4-year-old trees on several rootstocks have 

shown 'Valencia' and 'Hamlin' selections to have less severe 

foliage and wood kill than grapefruit (12, 13). Trees of 

'Star Ruby' grapefruit have been found to lack cold hardi 

ness (13). Trees on some experimental rootstocks, such as 

hybrids of P. trifoliata, have been found to exhibit excep 

tional freeze tolerance (13). 

The Dec. 1989 freeze provided the opportunity to 

evaluate cold damage sustained by less than one-year-old 

trees. Twenty-seven commercial cultivars of citrus on most 

of the commercial rootstocks and several experimental 

rootstocks were in a single planting site at the time of the 

freeze. The objective of this study was to visually rate the 

cold damage sustained by individual cultivars in this plan 

ting following the Dec. 1989 freeze. 

Materials and Methods 

Damage to trees resulting from temperatures of 24°F 

on 24 and 25 Dec, 1989, was evaluated in March 1990. 

Actual minimum temperatures recorded each morning 

were 24°. Two hours were recorded at or below 26 the 

morning of 24 Dec. and 9 hr on 25 Dec. 

Field-grown nursery trees had been planted in April, 

1989 and June, 1989 in a citrus budwood foundation grove 

at the Southwest Florida Research and Education Center 

at Immokalee. This 20 acre citrus budwood foundation 

grove is maintained by the combined effort of the Florida 

Department of Agriculture, Division of Plant Industry 

(DPI) and the University of Florida, Institute of Food and 

Agricultural Sciences (IFAS). There are 27 scion cultivars 

in 3 replications on 21 different rootstocks (Table 1). Trees 

were 15 x 22 ft on 2-row beds with each row of 66 trees 

being a single scion cultivar. 

Each tree was individually examined to determine the 

location and severity of cold damage. Ratings of cold dam 

age were: 1 = no damage other than to immature and 

succulent growth, 2 = foliage loss and dieback on small 

terminal wood, 3 = bark splits on small and medium in 

terior wood, 4 = split wood on main scaffold, 5 = dead 

cambial tissue and split wood on the trunk. 
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Table 1. Scion and rootstock cultivars in the Immokalee Citrus Founda 

tion Grove. 

Scions 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

Fallglo mandarin hybrid 

Grapefruit, Flame 

Grapefruit, Marsh 

Grapefruit, Ray Ruby 

Grapefruit, Ruby Red 

Grapefruit, Star Ruby 

Hamlin 1-4-1 

Hamlin 8-1-4 

Midsweet Orange 

Navel, Cara Cara 

Navel 4-2-1 

Navel 56-12 

Navel 63-18-2 

Parson Brown 

Pineapple 1-27-11 

Robinson Tangerine 

Roble Orange 

Sunburst tangerine 

Tangelo, Minneola 

Tangelo, Nova 

Tangelo, Orlando 

Valencia 1-14-19 

Valencia 10-12-7 

Valencia 51-3-3 

Valencia 55-28 

Valencia, Rohde Red 472-3-26 

Valencia, Rohde Red 

Rootstocks 

Benton Citrange 

Bittersweet Sour Orange 

C-35 Citrange 

Calamandarin 

Cleopatra Mandarin 

Duncan Grapefruit 

F-80-3 Citrumelo 

F-80-8 Citrumelo 

F-80-18 Citrumelo 

Poncirus trifoliata 

Ridge Pineapple x P. Trif. 1573-26 

Rangpur x Troyer 

Ridge Pineapple 

Ridge Pineapple x Milam 1578-201 

Sanguine Gross Ronde 

Smooth Flat Seville 

Sour Orange 

Sun Chu Sha Mandarin 

Swingle Citrumelo 

Valencia Seedling 

Vangasay Lemon 

472-11-43 

Grove cultural practices from the time of planting have 

followed standard IFAS recommendations. Care included 

application of 1.0 pound per tree of 8N-3.5P-6.7K fer 

tilizer with micro-elements applied as a dry formulation 

five times per year, chemical weed control, and irrigation 

by a microsprayer system. Rigid thick-walled insulative 

polystyrene foam trunk wraps with liquid flasks (Reese Cit 

rus Insulators, Inc., Lakeland, Florida) were installed dur 

ing the winter months. The microsprayer irrigation system 

was operated during both nights with freezing tempera 

tures, but emitters used caps that directed the water toward 

the soil and water was not directed into the tree. 

Statistical analysis was performed on the data using the 

General Linear Models Procedure (GLM) with LSD calcu 

lated to separate means. Ratings reported for scions and 

rootstocks are means summed across either all scions or all 

rootstocks. 

Results and Discussion 

There were differences in cold damage among scion 

cultivars and scion/rootstock combinations resulting from 

freezing temperatures in December 1989 (Table 2). 'Rohde 

Red' Valencia (DPI selection 472-11-43), and 'Flame' 

grapefruit were among the least injured scion cultivars. 

Between the two selections of 'Rohde Red', selection 472-

11-43 had less damage than selection 472-3-26. 

'Star Ruby' grapefruit trees received the most cold 

damae and appeared to be least tolerant to freezing tem 

peratures. Yelenosky, et. al. (3) reported 'Star Ruby' to 

lack cold hardiness following the 1981 Florida freeze. Per 

sonal observations in Texas by the senior author following 

the 1983 freeze also support the susceptibility of 'Star 

Ruby' to freezing temperatures. In addition to 'Star Ruby', 

'Fallglo', Navel 63-18-2, 'Sunburst', Valencia 55-28, 'Cara 
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Cara' Navel, and Navel 56-12 were also among the worst 

damaged trees. 

Rootstock behavior appeared less clearly defined in re 

spect to their influence scion cold damage (Table 2). Al 

though scions budded to the hybrid of Ridge Pineapple x 

P. trifoliate, (1573-26) had the lowest damage rating, there 
was little difference between trees on this rootstock and 

those on the other 8 rootstocks with the lowest injury rat 

ings. Similarly, scions budded to the 11 rootstocks with the 

highest injury ratings were not significantly different. 

The interspecific hybrids, Ridge Pineapple x P. 

trifoliata (1573-26) and Ridge Pineapple x Milam (1578-

Table 2. Cold damage ratings for scion and rootstock cultivars in Im-

mokalee Citrus Foundation Grove resulting from the December 1989 

freeze. Rated on a scale of 1 to 5 where 1 = no damage. 

Cultivar Damage Rating 

Scions 

Rohde Red Valencia 472-11-43 

Flame Grapefruit 

Pineapple 1-27-11 

Minneola Tangelo 

Ruby Red Grapefruit 

Parson Brown 

Hamlin 8-1-4 

Midsweet Orange 

Navel 4-2-1 

Nova Tangelo 

Valencia 51-3-3 

Robe Orange 

Rohde Red Valencia 472-3-26 

Valencia 1-14-19 

Valencia 10-12-7 

Ray Ruby Grapfruit 

Robinson Tangerine 

Hamlin 1-4-1 

Marsh Grapefruit 

Orlando Tangelo 

Navel 56-12 

Cara Cara Navel 

Valencia 55-28 

Sunburst Tangerine 

Navel 63-18-2 

Fallglo Mandarin Hybrid 

Star Ruby Grapefruit 

LSD 5% 

Rootstocks 

Ridge Pineapple x P. trofoliata 1573-26 

Smooth Flat Seville 

Duncan Grapefruit 

C-35 Citrange 

Valencia Seedling 

Sour Orange 

Bittersweet Sour Orange 

Rangpur x Troyer 

Swingle Citrumelo 

Poncirus trifoliata 

Ridge Pineapple 

Sun Chu Sha Mandarin 

Ridge Pineapple x Milam 1578-201 

F-80-3 Citrumelo 

Sanguine Gross Ronde 

F-80-8 Citrumelo 

Vangasay Lemon 

Benton Citrange 

Calamandarin 

F-80-18 Citrumelo 

Cleopatra Mandarin 

LSD 5% 

1.87 

2.02 

2.44 

2.48 

2.49 

2.54 

2.60 

2.62 

2.64 

2.80 

2.83 

2.83 

2.98 

3.03 

3.05 

3.10 

3.14 

3.14 

3.19 

3.22 

3.33 

3.35 

3.38 

3.56 

3.64 

3.73 

3.77 

0.51 

2.42 

2.48 

2.51 

2.62 

2.68 

2.73 

2.74 

2.78 

2.86 

2.94 

3.03 

3.04 

3.07 

3.12 

3.13 

3.21 

3.24 

3.35 

3.39 

3.41 

0.45 
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201) are two of seven selections developed by Ford (6) in 

an attempt to improve the citrus nematode (Tylenchulus 

semipenetrans Cobb) resistance, and foot rot {Phytophthora 

parasitica) tolerance of Milam lemon {Citrus sp.) and Ridge 

Pineapple [C. sinensis]. These selections were found resis 

tant to burrowing nematodes (Radolpholus citrophilus Huet-

tel) formerly R. Similis, but have not been evaluated for 

resistance to citrus nematodes (T. semipenetrans), foot rot 

(P. parasitica), cold tolerance, drought resistance, or yield 

and fruit quality of scion cultivars to which they may be 

budded. The minimum cold damage sustained by scion 

cultivars budded to Ridge Pineapple x P. trifoliata 1573-26 

in this evaluation may be an important when considering 

this rootstock for commercial use. 

Other rootstocks of interest in this evaluation of cold 

injury are Smooth Flat Seville and C-35 citrange. Smooth 

Flat Seville performed as might be expected for a sour 

orange type. C-35 citrange is a moderately vigorous, high 

yielding rootstock with potential for Florida. Trees on C-35 

rootstock have performed well in California trials. Scions 

budded to Swingle citrumelo ranked intermediate in cold 

damage in this evaluation as has been reported previously 

(1). 
Damage ratings for scions budded on Sun Chu Sha 

and Ridge Pineapple x Milam 1578-201 were not signifi 

cantly different from the rootstocks that sustained the most 

freeze damage. Scions budded to Cleopatra mandarin 

rootstock were among those receiving the most freeze 

damage, This in contrast to previous reports where scions 

on Cleopatra mandarin sustained the least damage (8, 16). 

However, on Cleopatra young trees have been reported to 

have sustained more damage than other rootstocks in some 

tests (11). Sun Chu Sha and Cleopatra, often considered 

similar in many respects, were not significantly different 

in the amount of cold damage sustained in this test. 

In summarizing the results of this evaluation, it is im 

portant to note that the trees were exposed to freezing 

temperatures 6 to 8 months after planting and conditions 

vary considerably from one freeze to another. Rankings of 

cold tolerance are usually based on damage and survival 

of mature trees. Trees in this evaluation were vulnerable 

in that they were young and more activity growing at the 

time of the freeze than mature trees. These less than 1-

year-old trees in the field had not developed a canopy that 

could trap radiant heat from the soil and were not large 

enough to afford protection to each other by close proxim 

ity. Statistically, since ratings were done in whole nmbers, 

only scions and rootstocks with ratings of 1.0 or larger 

should be considered different. By this criteria scions rated 

low in Table 2 could be considered to have received less 

damage than those receiving high ratings. Rootstock dif 

ferences should not be considered significant without addi 

tional reports. There were obvious visual differences in 

the amount of damage to the different scion cultivars and 

the results presented represent the situation seen in the 

field. Although some cultivars experienced unexpected 

damage, it may be representative of fully-exposed newly 

planted trees. 
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Abstract. The decade of the 1980s was one of the most devas 

tating in citrus losses because of freezes in 1981, 1982, 1983, 

1985, and 1989. Abandonment of grove heaters in the late 

1970s, largely because of unacceptable cost increases and air 

pollution regulations is challenging the economic framework 

of citrus management. The specter of large citrus trees killed 

to the ground, the mass abandonment of frozen groves once 

highly productive, and the general reluctance to reinvest in 

new plantings after repeated freeze kill vividly illustrate the 

large void brought about by the nonavailability of systems to 

protect highly valued, producing trees during critical winter 

periods. Past and present successes in heater protection, intro 

duction of new citrus cultivars and greater competition in 

world markets suggest that a partial return to grove heating 

may be a viable option in some instances regardless of strin 

gent DER and EPA regulations and unstable petroleum prices. 

During the past decade, five freezes have largely 

brought the Florida citrus industry to an uncertain stage 

of transition. Estimated Frozen Can Orange Juice produc 

tion losses of 42% for the 1989 freeze alone and at least 

six counties declared freeze disaster areas (9, 11) reflected 

economic hardships in the loss of livelihoods and a growing 

passiveness to regain world leadership in citrus production 

lost to Brazil. Growers in Citrus, Hernando, Lake, Marion, 

Orange, Pasco, Polk, Seminole, Sumter, and Volusia coun-

Mention of a trademark, warranty, proprietary product, or vendor 

does not constitute a guarantee by the U.S. Department of Agriculture 

and does not imply its approval to the exclusion of other products or 

vendors that may also be suitable. 
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ties are making decisions which for the moment they wish 

they could avoid. Once unthinkable, growers now express 

sentiments that growing citrus is no longer a viable 

economic option in counties such as Orange, and that it 

probably is better to pursue other land uses in view of 

repeated freeze kills coinciding with accelerating urban 

growth (6). There are already economic comparisons 

where "pros" and "cons" are being weighed for growing 

citrus in the southern vs. northern counties of Florida (10, 

23). Evidence is rather overwhelming that growers are 

faced with extremely complex long-term vs. short invest 

ment/management decisions that involve climatic, 

economic, and political concerns. Decisions, being made 

every day and for the next 10 years because of the freeze 

impact, will largely position the industry and set its course 

into the 21st Century. Whether the path will be one of an 

aggressive competitor or a passive player in world citrus 

markets is a troubling challenge to the individual grower. 

For it is the grower who is the keystone of the Florida 

citrus industry spectrum that ranges from research to 

economic vitality. 

Grower Concerns 

This is not the first time, nor the last time, that Florida 

citrus growers will be making crucial decisions for world 

leadership in citrus production. The frequency and sever 

ity of freezes in the 1980s were totally unexpected. Predic 

tability was increasingly more difficult because of unusual 

atmospheric conditions, probability tables were misleading, 

and freeze protection resources were not adequate at the 

local, state, nor federal level. Much of the "safety net" dis 

appeared in the late 1970s when the general consensus of 

the industry was to abandon grove heating because of un 

acceptable cost increases and unreliable availability of pet 

roleum fuels. This made producing groves in freeze-prone 

areas extremely vulnerable to freeze damage with only site 

location, trunk protection measures, and existing scion/ 
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